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lines while the eyes with type 1 vessels achieved visual stabilization. The number of office 
visits and injections was reduced by 25-50% compared to a monthiy dos;ng regimen. 

A second goal of the "Treat and Extend" dosing regimen is to reduce the risk of new 
sight-threatening submacular hemorrhages. We recentiy demonstrated a statistically 
significant increase in macular hemorrhages when patients in the PiER trial were 
switched from a monthly to quarterly dosing regimen 6 Unfortunately, large and potent;al!y 
devastating submacular hemorrhages may occur almost immediateiy after a high-quaiity 
OCT examination showing an absence of tluid. 7

· 
8 Theoret;cally, eyes treated with an 

OCT-guided "as needed" regimen, in which patients may go iong intervais without VEGF 
suppression, couid tie at a greater risk for sigt1t-threatening submacular hemorrhages 
compared to eyes receiving more frequent and reguiar anti-VEGF treatments. In our two 
retrospective series, we did not obse1ve any sight-threatening macular hemorr~1ages. 
Aiso, uniike tt1e ANCHOR, MARINA and PrONTO studies wt1ich are iimited to 24 months 
of foliow-up, 17 of our 28 patients completed 36 month follow-up. We are not aware of 
any ot~1er dosing regimen of anti-VEGF therapy that ~1as demonstrated stable or improved 
VA out to tt1ree years. 

While initial results of the "Treat and Extend" dosing regimen appear promising, the 
strate9y requires further validation in a larger randomized t1iai. Ciinicians should view the 
current data regarding different regimens criticaliy when deciding whicll dosing strategy is 
best for individuai patients. 
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Erratum 

We apologize that !ast month's article, Comparison of Two Doses of /ntravitrea/ 
Bevacizumab as P11mary Treatment for Su/Jfovea! CNV Associated wit/J AMO at 24 
Months: The Pan-American Coi/aborative Retina Study Group by J. Fernando Arevalo, 
MD. FACS and IVlartin A Serrano, IVID was Of'iginally scheduled fof' a later issue but 
was in error released in May 2010. 
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HIGHLIGHTS m' PRESCRIBING INl<'OllL4'.TION 
These highlights do ilOt iilclude all the foformatioil needed to use KVLli~A 
safely and effe1.'tively. See full prescribing information for EYLEA. 

EYLEA" (aflibercept) liljectioil, for Intravitreal Injection 
Initial U.S. Approval: 2011 

-------RECENT JVIAJOR CHANGES------
Dosage and Ad.'Tlinistra1ion (2) 
Warnings and Precautions, Thromboembolic Events (':i '3) 

8/2018 
8/2018 

--------lNlllCATIONS MW USAGli~ -------
EYLEA is a vascular endothelial growth factor (VEGF) inhibitor irrtlicated for 
the treatment of patients with: 
• Neovascular (Wet) Age-Related Macular De generation (Al'v!D) ( L l) 
• Macular Edema Following Retinal Vein Occlusion (RVO) (L2) 

Diabetic Nfacular Eden1a (DNfE) (-! 'J) 

Diabetic Retinopathy (DR) in Patients withDME (l,4) 

------DOSAGli~ AND ADMINISTRATION------
• Neova,cular (\Vet) Age-Related Macuiar Degeneration (AJ\'lD) 

• The recornrnendftl dose for EYLEA is 2 mg (0,05 mL) administeffd by 
intravitreal injection every 4 weeks (approximately every 28 days. 
morrthiy) for the first 3 mcm!hs, followed by 2 mg (0,05 mL) via 
intravitreal injection once every 8 weeks (2 months), (2.2) 

• Although E YLEA may bf dosed as frfqufntly as 2 mg every 4 weeks 
(approximately every 25 days, monthly). additional efficacy was not 
demonstrated in most patients when EYLEA was dosed every 4 wefks 
compared to every 8 weeks, Some patients may need every 4 week 
(mon11'Jy) dosing after the first l2 weeks (3 months)_ (2,2) 
Althou.gh not as effectlVe as the recommended every 8 week dosing 
regimen, patients may also be treated with one dose every 12 weeks after 
one year of effective lherapy, Patients should be assessed regularly, 

• Macular Edema Following Retinal Vein Occlusioil (RVO) 
• The recommended dose for EYLEA is 2 mg (0,05 mL) adrnimstered by 

in1ravitreai irJectiorr once every 4 weeks (approximately every 25 days. 
monthly), (2,3) 

li'lli.l. PRl!:SCRIHING INl<'ORM.ATION: CONTl<'.NTS* 

2 

1NIHCAT10NS ANH USAG.!i'. 
l. l Necya:;cuL:r (\Vet) /-\g%-~R%J:n%-d Jvtacular Di:gi:necnjca u~-.J\iD) 
l.2 I\{JndarEdt:ma F'clk>-,,:l!3g Rt:tirn~J V~-:in Oc•,.Jnsion (RVO) 
J .3 D:~:bet~c rvta:..~i_:Jar Ed?::.11a {DfvtE-J 
J .4 DiahttiG Reti11opafrry ~DR) i1lPatlelltS. ~Nlth Dl\'1E 
UOSAG.!i'. AND AlHHNlSTRATlON 
2.l lmportant fr:jection IrEtn;ctions 

Nee,,ascuJa1 (\'/et) _Ag~-:~ll~-:lnk:d l'-.-1acu1ar Dfgfn1~1ntie::-1 (AJ\1fD) 
?.3 -r-.,tar.ul.0:: Ed.~1~_13 _FelkH-;1j:.1_g H~ti.nal V?:ln Ck~:..~lusi.on (R VO) 
2.4 DiahttiG l\'1act:Jar Ederna {Dl\.fE) 
.r.~; _:_;:_0be:j_:.,~ Ueti.nopathy (_:)R ! in I\~tjents tvjth_ D:\JE 
2.f; Pl\.:{>~:ratjon frn- Ad1n£nj:;tration 
·• r !njfcfj_(Hl Proc1~du1t-: 
llOSAGf; FORJHS ANH §TlffNGTHS 
CONTRAiNDKATlONS 
4. l Or.ul.0:: e: P?::::oc~d~~r l!.\fr;;:ctjn:.1_3 
-I.2 ,~\c1i,.,,-e Imrt:.oct:lar Ir:.::.:1amn1aiion 

WARNINGS Af'sD 1'm;CAlJT10NS 
5. l E:xlaphthnhr:.dis ;::.::-1d R-..~tin;;:.l Dctach::-ricnts 

lncrf;as~ ju lntraoct:Jar T-1H':3Surf; 

Thrornbot:mbolic Evtm:; 
6 AllVfll§E Rf.'.ACfWJ'sS 

6.J 
6,2 

Clin3 c~:! T r3 aj :; -Expe~·ii: nee 
lr::-1H1UDDJ!f:t1lcity 
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• Diabetic Macular Edema (DME) and Diabetic Retinopathy (DR) in 
Patients with niabetic Macular li~denrn 
• The recommended dose for EYLEA is 2 mg (0,05 mL) adrnimstered by 

in1ravitreai irJectiorr every 4 weeks (approximately every 28 days, 
monthly) for lhe first 5 i~jectiorrs followed by 2 mg (0,05 rnL) via 
intravitreal injection once every 8 weeks (2 months), (},4. L~·) 

* Although EYLEA may be dosed as frequently as 2 mg every 4 weeks 
(approximately every 25 days. monthly), additional efficacy was no1 
demonstrated in most patients when EYLEA was dosed every 4 weeks 
compared to every 8 weeks. Some patients may need every 4 week 
(monthly) dosing aftsc·r the first 20 weeks (5 months), (2A. 2 5) 

------DOSAGE FORMS AND STRENGTHS-----
ln1ect1on: 2 mg/0JJ5 mL solution for intravitreal rnjection in a single-dose vial 
(3) 
---------<'ONTRAINDICATIONS--------
• Ocular or periocnlar infection ( s-.J) 
• Active intraocular i11i1a..,11mation ('+,2) 
• Hypersensitivity ( 4, 3) 

------WARNINGS AND PRi!X~AllTIONS ------
• Endophthalmitis and retinal detachments may occur following intravitreal 

ittjfctions, Patients should be instructed to report any symptoms suggfstive 
of endophthalmitis or retinal detachment without delay and should be 
managed appropriately. (5, l) 

• lncreases in intraocular pressure have been seen within 60 minutes of an 
intravitreal injec1ion_ (5,2) 

• There is a potential risk of arterial thromboembolic events following 
intravitreal use ofVEGF inhibitors. (~,3) 

--------ADVF~RSE RF~ACTlONS -------
The most common adverse reactions (~5';,o) reported in patien1s receiving 
EYLEA were conjunctival hcmonhag1.\ eye pain. cataract vitreous 
detachment, vitreous floaters, and intraocular pressure increased. (6, l) 

To report SUSPl''.CTlrn ADVERSJI REACTIONS, contact Regeuerou at 
1-855-395-3248 or FDA at 1-800-FDA-1088 or tt'Hw,fda.govlmedwatch. 

See 17 for PA TIE NT COUNSELING INFORMATION. 

H.J ·Pregnancy 
8,2 L.actation 
i'U Females and :\,[:;,ts of Reprndi.:.cti,e Poknlial 
8A Pedlatdc lJ St: 

R.~ Gerjatric Us~ 
Di!:§CR.l.PTlON 
CUNJCAI. PHARMACOI.OGY 
12.; Mcchar,t;;m of /\cl.ion 
12.2 P};.:un1ac•xlyr:.atr:.:.cs 
J 2.3 r1hnn1uK:okinet:cs 
NONCUNKAI. TOXlCOLOGY 

Revised: 08/2018 

13.1 c~~rd:.102-enes~s. ·r-.,tutag;;;:n;;;:sjs_ hnpairrr~~r~l of F~Th!jty 
LLl Aai1nal Toxicology .:md/o~· ·pJwrrnacolog3,
CUN1CAL STUDrnS 
J 4. _t J\:e0vascuJ:3r (\?./i:t _i Age'"r-Lelated l\.'J;Ki]hr Deger:_erati0n (A_r·vrJ) _i 

J 4.2 f-..·iacult:.r Ede1l1t:_ 1-:;·otiG'.:vi:ng Cer:tral Retlnat \/ti11 Occil1:;l(~!3 
(CU\/0) 

1 :L J I\{Jndar Edt: ma F'clk>-,,:l!3g Br;n1cb Rt:£inn1 Veir:_ Occlusim1 
(BRVO} 

J 4.4 Di~:hi:tk f\-laccJar Ederna H)f\-lE) 
14.5 Dj_abC;:'llc Rt'tj_n(1pathy (DR) ir:_ Patit'rHs ~.,,ith DA-tE 
HOW SUPl'Uf.:1)/STORAGi'. AJ'sD HA:'>/HUNG 
PATffNT COUNSEUNG lN1IORJ\V·,TWN 

*Sections or subsections omitted from the full prescrihiug iilformatioil 
are not listed 
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:FULL PRESCRIBING INFORl\1ATION 

1 INDICATIONS AND USAGE 

EYLEA is indicated for the treatment of: 

1.1 Neovascular (\Vet) Age-Related l\!lacufar Degeneration (Al\!ID) 

1.2 :M:acular Edema Following Retinal Vein Occlusion (RVO) 

1.3 Diabetic lVIacular Edema (Dl\!lE) 

1.4 Diabetic Retinopathy (DR) in Patients with DJVIE 

2 DOSAGE AND ADl\HNISTRATION 

2.1 Important Injection Instructions 

For ophthalmic intravitreai injection. EYLEA must only be administered by a qualified 
physician. 

A 5-micron sterile filter needle (19-gauge x l 112-inch), a 1-rnL Luer lock syringe and a 30-gauge 
,, ~0.-inch sterile injection needle are needed. 

EYLEA is available packaged as follows: 

• Vial Only 

• Vial Kit with Injection Components (filter needle, syringe, injection needle) 

I [see Hmv Supplied (16)]. 

2.2 Neovascular (\Vet) Age-Related l\Iacufar Degeneration (Al\U)) 

The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by 
intravitreai injection every 4 weeks (approximately every 28 days, monthly) for the first 
12 weeks (3 months), followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks 
(2 months). Although EYLEA may be dosed as frequently as 2 mg every 4 weeks 
(approximately every 25 days, monthly), additional efficacy was not demonstrated in most 
patients when E'YLEA was dosed every 4 weeks compared to every 8 weeks 
[see Clinical Studies (1-f. l)]. Some patients may need every 4 week (monthly) dosing after the 
first l2 weeks (3 months). Although not as effective as the recommended every 8 week dosing 
regimen, patients may al so be treated with one dose every 12 weeks after one year of effective 
therapy. Patients should be assessed regularly. 

Reference ID: 4308227 
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2.3 l\ilacular Edema Following Retinal Vein Occlusion (RVO) 

The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by 
intravitreal injection once every 4 weeks (approximately every 25 days, monthly) [see 
C!iuica! Studies (! 4. 2), (! 43)]. 

2.4 Diabetic l\'Iacular Edema (DivIE) 

The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by 
intravitreal injection every 4 weeks (approximately every 28 days, monthly) for the first 
5 injections, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks 
(2 months). Although EYLEA may be dosed as frequently as 2 mg every 4 weeks 
(approximately every 25 days, monthly), additional efficacy was not demonstrated in most 
patients when EYLEA was dosed every 4 \veeks compared to every 8 weeks [see C!iuica! 
Studies (f 4. -!)]. Some patients may need every 4 week (monthly) dosing after the first 20 weeks 
(5 months). 

2.5 Diabetic Retinopathy (DR) in Patients with Dl\ilE 

The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by 
intravitreal injection every 4 weeks (approximately every 28 days, monthly) for the first 
5 injections, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks 
(2 months). Although EYLEA may be dosed as frequently as 2 mg every 4 weeks 
(approximately every 25 days, monthly), additional efficacy ,vas not demonstrated in most 
patients when E'YLEA was dosed every 4 weeks compared to every 8 weeks [see C!iuica! 
Studies (l 4.5)]. Some patients may need every 4 week (monthly) dosing afrer the first 20 weeks 
(5 months). 

2.6 Preparation for Administration 

E'YLEA should be inspected visually prior to administration. If particulates, cloudiness, or 
discoloration are visible, the vial must not be used. 

The glass vial is for single use only. 

EYLEA is available packaged as follows: 

• Vial Only 

• Vial Kit with Injection Components (filter needle, syringe, injection needle) 

[ see Ho,i.· Supplied (I 6)]. 

Use aseptic technique to carry out the following preparation steps: 

Prepare for intravitreal injection with the following medical devices for single use: 
• a 5-micron sterile filter needle (19-gauge x l ~'2-inch) 
• a 1-mL sterile Luer lock syringe (with marking to measure 0.05 mL) 
• a sterile injection needle (30-gauge x 112-inch) 

l Remove the protective plastic cap from the vial (see Figure I) 

Reference ID: 4308227 
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Figure l: 

2. Clean the top of the vial with an alcohol wipe (see Figure 2). 

Figure 2: 

3 Remove the 19-gauge x l 112-inch, 5-micron, filter needle and the 1-rnL syringe from their 
packaging. Attach the filter needle to the syringe by t\visting it onto the Luer lock syringe tip 
(see Figure 3). 

Figure 3: 

4. Push the filter needle into the center of the vial stopper until the needle is completely inserted 
into the vial and the tip touches the bottom or bottom edge of the vial 

Reference ID: 4308227 
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5. Using aseptic technique withdraw all of the EYLEA vial contents into the syringe, keeping 
the vial in an upright position, slightly inclined to ease complete withdrawal. To deter the 
introduction of air, ensure the bevel of the filter needle is submerged into the liquid. Continue 
to tilt the vial during 'vvithdrnvval keeping the bevel of the filter needle submerged in the 
liquid (see Figures 4a and 4b ). 

Figure 4a: Figure 4b: 

------.'\ 

' '\ 
/ l 

\ 

--\ 
""'"·'·....,,_- Needle Bevei 

Solution 

, Pointing Down 

\ 

6. Ensure that the plunger rod is drawn sufficiently back when emptying the vial in order to 
completely empty the filter needle. 

7. Remove the filter needle from the syringe and properly dispose of the filter needle. 
Note: Filter needle is not to be used for intravitreal injection. 

8. Remove the 30-gauge x \0.-inch injection needle from its packaging and attach the injection 
needle to the syringe by fim1ly twisting the injection needle onto the Luer lock syringe tip 
(see Figure 5). 

Figure 5: 

q \Vhen ready to administer EYLEA, remove the plastic needle shield from the needle. 

10. Holding the syringe with the needle pointing up, check the syringe for bubbles. If there are 
bubbles, gently tap the syringe with your finger until the bubbles rise to the top 
(see Figure 6). 
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Figure 6: 

11. To eliminate all of the bubbles and to expel excess drug, SLO\VL Y depress the plunger so 
that the plunger tip aligns with the line that marks 0.05 rnL on the syringe 
(see Figures 7a and 7b). 

Figure 7a: 

;,,:::tfa:t:::::~:·<1 ... 
2. 7 Injection Procedure 

Figure 7b: 

Solution after 
expelling air bubbles 
and excess drug 

Flat Plunger 
Edge 

The intravitreal injection procedure should be carried out under controlled aseptic conditions, 
which include surgical hand disinfection and the use of sterile gloves, a sterile drape, and a 
sterile eyelid speculum ( or equivalent). Adequate anesthesia and a topical broad---spectrum 
microbicide should be given prior to the injection. 

Immediately following the intravitreal injection, patients should be rnonitored for elevation in 
intraocular pressure. Appropriate monitoring may consist of a check for perfusion of the optic 
nerve head or tonometry. If required, a sterile paracentesis needle should be available. 

Following intravitreal injection, patients should be instructed to report any symptoms suggestive 
of endophthalmitis or retinal detachment ( e.g., eye pain, redness of the eye, photophobia, 
blurring of vision) without delay [see Patient Counseling information (J 7)]. 

Each vial should only be used for the treatment of a single eye. If the contralateral eye requires 
treatment, a new vial should be used and the sterile field, syringe, gloves, drapes, eyelid 
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speculum, filter, and injection needles should be changed before EYLEA is administered to the 
other eye. 

After injection, any unused product must be discarded. 

3 DOSAGE FORl\!IS AND STRENGTHS 

Injection: 2 mg/0.05 mL clear, colorless to pale yellow solution in a single-dose, glass vial for 
intravitreal injection. 

4 CONTRAINDICATIONS 

4.1 Ocular or Periocular Infections 

E'YLEA is contraindicated in patients with ocular or periocular infections. 

4.2 Active Intraocular Inflammation 

E'YLEA is contraindicated in patients with active intraocular inflammation. 

4.3 Hypersensitivity 

EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the 
excipients in EYLEA. Hypersensitivity reactions rnay manifest as rash, pruritus, urticaria, severe 
anaphylactic/anaphylactoid reactions, or severe intraocular inflammation. 

5 \VARNINGS AND PRECAUTIONS 

5.1 Endophthahnitis and Retinal Detachments 

Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis 
and retinal detadunents [see Adverse Reactlons (ti.!)] Proper aseptic injection technique must 
always be used when administering EYLEA. Patients should be instructed to report any 
symptoms suggestive of endophthalmitis or retinal detachment without delay and should be 
managed appropriately [see Dosage and Administration (2. 7) and 
_f) ct tie n! (~crutrse l i11g ll{,ffJr1ru1t1t>.n (17)]. 

5.2 Increase in lntraocular Pressure 

Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, 
including with EYLEA [see Adverse Reactions (6. !)]. Sustained increases in intraocular pressure 
have aiso been reported after repeated intravitreai dosing with vascular endothelial growth factor 
(VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be 
monitored and managed appropriately [see Do.§ag:e and Administration (2. 7)] 
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5.3 Thromboembolic Events 

There is a potential risk of arterial thromboemboiic events (ATEs) following intravitreal use of 
VEGF inhibitors, including E\7LEA. ATEs are defined as nonfatal stroke, nonfatal myocardial 
infarction, or vascular death (including deaths of unknown cause). The incidence ofreported 
thromboembolic events in ,vet Al'v1D studies during the first year was 1 .8%; (32 out of 1824) in 
the combined group of patients treated with EYLEA compared \vith 1.5<;,o (9 out of 595) in 
patients treated with ranibizumab; through 96 weeks, the incidence was 3.3% (60 out of 1824) in 
the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence 
in the DME studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of 
patients treated with EYLEA compared with 2.8~o (8 out of 287) in the control group; from 
baseline to week 100, the incidence was 6.4~'°o (37 out of 578) in the combined group of patients 
treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no 
reported thromboembolic events in the patients treated with EYLEA in the first six months of the 
RVO studies. 

6 ADVERSE REACTIONS 

The following potentially serious adverse reactions are described elsewhere in the labeling: 

• Hypersensitivity [see Contraindications (t3)] 

• Endophthalmitis and retinal detachments [see iVamings and Precautions (5.1)] 

• Increase in intra ocular pressure [see JiVarnings aud Precautions (5. 2)] 

• Thromboembolic events [see rvornings and Precautions (5.3)] 

6.1 Clinical Trials Experience 

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in other clinical trials 
of the same or another drug and may not reflect the rates observed in practice. 

A total of 2711 patients treated with EYLEA constituted the safety population in seven phase 3 
studies. Among those, 2110 patients were treated with the reconunended dose of 2 mg. Serious 
adverse reactions related to the injection procedure have occurred in <0.1 % of intravitreal 
injections with E\7LEA including endophthalmitis and retinal detachment. The most common 
adverse reactions (?:5(;;o) reported in patients receiving EYLEA were conjunctiva] hemmThage, 
eye pain, cataract, vitreous detachment, vitreous floaters, and intraocular pressure increased. 

Neovascular (\Vet) Age-Related I\,facular Degeneration (Al'vID) 

The data described below reflect exposure to EYLEA in 1824 patients with wet A.1\,ID, including 
1223 patients treated with the 2-mg dose, in 2 double-masked, controlled clinical studies 
(VIEWl and VIEW2) for 24 months (with active control in year 1) [see C'!iuica! Studies 04.l)]. 

Safety data observed in the EYLEA group in a 52-week, double-masked, Phase 2 study were 
consistent with these results. 
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Table 1: Most Common Adverse Reactions (:2:1 °A,) in \Vet AMD Studies 

Adverse Reactions Baseline to Week 52 Baseline to Week 96 

EYLEA Active Control EYLEA Control 

(N=1824) (ranibi:mmab) (N=1824) (ranibizumab) 

(N=595) (N=595) 

Conjunctival hemorrhage 25% 28% 27% 30% 

Eye pain 90; /0 9% 10% 10% 

Cataract 7°/o 70/ /0 13(1/o 10% 

Vitreous detachment 6%, 6% 8~~J 8% 

Vitreous floaters 6% 7%) 8% 10% 

Intraocular pressure increased 5% 7~/~; 70; /0 11% 

Ocular hyperemia 4% 8%, 5% 10% 

Corneal epithelium defect 4% 5%, 5% 6'1/o 

Detachment of the retinal pigment 101 _, /0 3% 
,...(,,' 
:, 1/o 5%~ 

epithelium 

Injection site pain 3% 3% .... ()/ 
j /0 4% 

Foreign body sensation in eyes 3% 4%, 4% 4% 

Lacrimation increased 3% 1%, 4% 2% 

Vision blurred 2% 2% 4%, 3%~ 

lntraocular infiammation 201 ,/0 3%) 3% 4%, 

Retinal pigment epithelium tear )Oi ~lo 1% 2% 2% 

Injection site hemorrhage 1% 20/ /0 2% 201 /0 

Eyelid edema 1%, ')0/ ~10 2% 3~~ 

Corneal edema 1%, l o.1 /0 1% l oi /0 

Retinal detachment <1%; <1% 101 /0 1%; 

Less common serious adverse reactions reported in < 1 ~o of the patients treated with EYLEA 
were hypersensitivity, retinal tear, and endophthalmitis. 
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Macular Edema Following Retinal Vein Occlusion (RVO) 

The data described below reflect 6 months exposure to EYLEA with a monthly 2 mg dose in 
218 patients followfog CRVO in 2 clinical studies (COPERNICUS and GALILEO) and 
91 patients following BRVO in one clinical study (VIBRANT) [see Clinical Studies U-t2), 
(l-1.3)]. 

Table 2: Most Common Adverse Reactions (:::::1 % ) in RVO Studies 

Adverse Reactions CRVO BRVO 

EYLEA Control EYLEA Control 
(N=2l8) (N=142) (N=91) (N=92) 

Eye pain ]3%~ 5% 4% ,o-' _, lo 

Conjunctiva! hemorrhage lX% 1lt>{, 2O%i 4t1{, 

Intraocular pressure increased 8% 60/ /0 
-,o, 
.., 1/o oo;;) 

Corneal epithelium defect 5%, 4% 2'1/~ 0% 

Vitreous floaters 5% 1% l %~ 0% 

Ocular hyperemia 5% ·10-' _, lo 2%~ 2% 

Foreign body sensation in eyes 3%) 5t1{, 3%i 0% 

Vitreous detachment "0/ .) /0 4% 2% O%i 

Lacrimation increased ".'10/ _, /o 4% 3~,~ 0% 

injection site pain ''."01 _, /o 1% l o1 /0 0% 

Vision blurred 1%) <1% 1%; l t1{, 

Intraocular inflammation 1%) 1% 0%; (/'{, 

Cataract <1% 10/ 
/0 50' - 1/o 0% 

Eyelid edema <1% 1% 1% 0% 

Less common adverse reactions reported in <l % of the patients treated with EYLEA in the 
CR VO studies ,vere corneal edema, retinal tear, hypersensitivity, and endophthalmitis. 

Diabetic JVfacular Edema (DJVIE) 

The data described below reflect exposure to E\7LEA in 578 patients with DME treated with the 
2-mg dose in 2 double-masked, controlled clinical studies (VIVID and VISTA) from baseline to 
week 52 and from baseline to week 100 [see Clinical Studies (!4A)]. 
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Table 3: Most Common Adverse Reactions (:2:1 °A,) in DMlI Studies 

Adverse Reactions Baseline to Week 52 Baseline to Week 100 

EYLEA Control EYLEA Control 

(N====578) (N===287) (N===578) (N===287) 

Conjunctival 28°1i 17% 31% 21% 
hemorrhane b 

Eye pain 9% 6()/ 
/0 11% 9% 

Cataract 8% 90/ 
/0 19% 17% 

Vitreous floaters 6% ., ()/ 
_, /0 8% 6% 

Corneal epithelium 5% ., ()/ 
_, /0 7~-~ 5% 

defect 

lntraocular pressure .:;o/ 
-· /0 3% 90' • 1/o 5% 

increased 

Ocular hyperemia 5% 6(1/~ 5% 6%, 

Vitreous detachment 3% ., ()/ 
_, /0 8% 6% 

Foreign body 3% ., ()/ 
_, /0 3% 3% 

sensation in eyes 

Lacrimation increased 3% 2% 4'1/~ 20/ /0 

Vision blurred 2% 2% 3% 40/ /0 

lntraocular )Oi ~lo <1% .... ()I 
.i 1/o 1% 

inflammation 

Ir~jection site pain 2% <1% 201 /0 <1% 

Eyelid edema <]% 1% 201 /0 1%, 

Less common adverse reactions reported in <l ~1'<> of the patients treated with EYLEA were 
hypersensitivity, retinal detachment, retinal tear, corneal edema, and injection site hemorrhage. 

6.2 Immunogenicity 

As with all therapeutic proteins, there is a potential for an immune response in patients treated 
with EYLEA. The immunogenicity of EYLEA was evaluated in sernm samples. The 
immunogenicity data reflect the percentage of patients whose test results were considered 
positive for antibodies to EYLEA in immunoassays. The detection of an immune response is 
highly dependent on the sensitivity and specificity of the assays used, sample handling, timing of 
sample collection, concomitant medications, and underlying disease. For these reasons, 
comparison of the incidence of antibodies to EYLEA with the incidence of antibodies to other 
products may be misleading. 

In the wet AMD, RVO, and DME studies, the pre-treatment incidence of immunoreactivity to 
EYLEA was approximately l % to 3% across treatment groups. After dosing with EYLEA for 
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24-100 weeks, antibodies to EYLEA were detected in a similar percentage range of patients. 
There were no differences in efficacy or safety between patients with or without 
immunoreactivity. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Risk Summarv 

Adequate and well-controlled studies with EYLEA have not been conducted in pregnant women. 
Aflibercept produced adverse embryofetal effects in rabbits, including external, visceral, and 
skeletal malformations. A fetal No Observed Adverse Effect Level (NOAEL) was not identified. 
At the lowest dose shown to produce adverse embryofetal effects, systemic exposures (based on 
AUC for free aflibercept) \Vere approximately 6 times higher than AUC values observed in 
humans after a single intravitrea! treatment at the recommended clinical dose [see Animal Data]. 

Animal reproduction studies are not always predictive of human response, and it is not known 
whether EYLEA can cause fetal harm when administered to a pregnant woman. Based on the 
anti-VEGF mechanism of action for aflibercept [see Clinical Pharmacologv (12. l)], treatment 
with EYLEA may pose a risk to human embryofetal development. E'YLEA should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Ail pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The 
background risk of major birth defects and miscaITiage for the indicated population is unknown. 
In the U S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4%i and 15-20%i, respectively. 

Data 

Animal Data 

In two embryofetal development studies, aflibercept produced adverse embryofetal effects when 
administered every three days during organogenesis to pregnant rabbits at intravenous doses 
~::3 mg per kg, or every six days during organogenesis at subcutaneous doses ?:0.1 rng per kg. 

Adverse embryofetal effects included increased incidences of postimp!antation loss and fetal 
malformations, including anasarca, umbilical hernia, diaphragmatic hernia, gastroschisis, cleft 
palate, ectrodactyly, intestinal atresia, spina bifida, encephalomeningocele, heart and major 
vessel defects, and skeletal ma!fom1ations (fused vertebrae, sternebrae, and ribs; supernumerary 
vertebral arches and ribs; and incomplete ossification). The maternal No Observed Adverse 
Effect Level (NOAEL) in these studies was 3 mg per kg. Aflibercept produced fetal 
malforn1ations at all doses assessed in rabbits and the fetal NOAEL was not identified. At the 
lowest dose shown to produce adverse embryofetal effects in rabbits (0.1 mg per kg), systemic 
exposure (AUC) of free aflibercept ,vas approximately 6 times higher than systemic exposure 
(AUC) observed in humans after a single intravitreal dose of 2 mg. 
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8.2 Lactation 

Risk Summarv 

There is no information regarding the presence of aflibercept in human milk, the effects of the 
drug on the breastfed infant, or the effects of the dmg on milk production/excretion. Because 
many dmgs are excreted in human milk, and because the potential for absorption and harm to 
infant grovvth and development exists, E\7LEA is not recommended during breastfeeding. 

The developmental and health benefits of breastfeeding should be considered along with the 
mother's clinical need for EYLEA and any potential adverse effects on the breastfed child from 
E\7LEA. 

8.3 f~emaies and l\laies of Reproductive Potential 

Contraception 

Females of reproductive potential are advised to use effective contraception prior to the initial 
dose, during treatment, and for at least 3 months after the last intravitreal injection of EYLEA. 

Infertilitv 

There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely 
affected female and male reproductive systems in cynomolgus monkeys when administered by 
intravenous injection at a dose approximately 1500 times higher than the systemic level observed 
humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOA.EL) ,vas 
not identified. These findings were reversible within 20 weeks after cessation of treatment [see 
_"/\.hJncliJ1ic{1l •1re)xicf.:l{}g_v (i 3.1)]. 

8.4 Pediatric Use 

The safety and effectiveness of EYLEA in pediatric patients have not been established. 

8.5 Geriatric Use 

In the clinical studies, approximately 7M1rJ (2049/2701) of patients randomized to treatment with 
EYLEA were ~::65 years of age and approximately 46<;,o (1250/2701) were ?:75 years of age. 
No significant differences in efficacy or safety were seen with increasing age in these studies. 

11 DESCRIPTION 

Aflibercept is a recombinant fusion protein consisting of portions of human VEGF receptors l 
and 2 extracellular domains fused to the Fe portion of human lgG 1 formulated as an iso-osmotic 
solution for intravitreal administration. Aflibercept is a dimeric glycoprotein with a protein 
molecular weight of 97 kilodaltons (kDa) and contains glycosylation, constituting an additional 
15% of the total molecular mass, resulting in a total molecular weight of l 15 kDa. Aflibercept is 
produced in recombinant Chinese hamster ovary (CHO) cells. 

EYLEA (aflibercept) Injection is a sterile, dear, and colorless to pale yellmN solution. EYLEA is 
supplied as a preservative-free, sterile, aqueous solution for intravitreal injection in a single-dose, 
glass vial designed to deliver 0.05 mL (50 microliters) of solution containing 2 mg ofEYLEA 
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( 40 mg/mL in 10 mM sodium phosphate, 40 mM sodium chloride, 0.03% polysorbate 20, and 
5% sucrose, pH 6.2). 

12 CLINICAL PHARJ\i1ACOLOGY 

12.1 J\i'lechanism of Action 

Vascular endothelial growth factor-A (VEGF-A) and placental grmvth factor (PlGF) are 
members of the VEGF family of angiogenic factors that can act as mitogeni c, chemotactic, and 
vascular permeability factors for endothelial cells. VEGF acts via two receptor tyrosine kinases, 
VEGFR-1 and VEGFR-2, present on the surface of endothelial cells. PlGF binds only to 
VEGFR-l, 'vvhich is also present on the surface ofleucocytes. Activation of these receptors by 
VEGF-A can result in neovascularization and vascular permeability. 

Aflibercept acts as a soluble decoy receptor that binds VEGF-A and PlGF, and thereby can 
inhibit the binding and activation of these cognate VEGF receptors. 

12.2 Pharmacodynamics 

Neovascular (Wet) Age-Related l\,facular Degeneration (AMD) 

In the clinical studies anatomic measures of disease activity improved similarly in al! treatment 
groups from baseline to week 52. Anatomic data were not used to influence treatment decisions 
during the first year. 

Macufar Edema Following Retinal Vein Occlusion (RVO) 

Reductions in mean retinal thickness were observed in COPERNICUS, GALILEO, and 
VIBRANT at week 24 cornpared to baseline. Anatomic data were not used to influence treatment 
decisions [see Clinical Studies (14.2), (Il3)]. 

Diabetic l\facular Edema (DI\IE) 

Reductions in mean retinal thickness were observed in VIVID and VISTA at weeks 52 and 100 
compared to baseline. Anatomic data were not used to influence EYLEA treatment decisions 
[ see Ch nirn! Studies (J -!. •!)]. 

12.3 Pharmacokinetics 

E"YLEA is administered intravitreally to exert local effects in the eye. In patients with wet AJ\;ID, 
RVO, or DME, following intravitreal adrninistration of EYLEA, a fraction of the administered 
dose is expected to bind with endogenous VEGF in the eye to form an inactive afiibercept: 
VEGF complex. Once absorbed into the systemic circulation, aflibercept presents in the plasma 
as free aflibercept (unbound to VEGF) and a more predominant stable inactive form with 
circulating endogenous \lEGF (i.e., afiibercept: VEGF complex). 

Absmption/Distribution 

Following intravitreal administration of2 mg per eye of EYLEA to patients with wet AMD, 
RVO, and Dl'v1E, the mean Cmax of free aflibercept in the plasma ,vas 0.02 mcg/mL (range: 0 to 
0.054 mcg/mL), 0.05 mcg/mL (range: 0 to 0.081 mcg/mL), and 0.03 mcg/mL (range: 0 to 
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0.076 mcg/mL), respectively and was attained in 1 to 3 days. The free atlibercept plasma 
concentrations were undetectable two weeks post-dosing in all patients. Aflibercept did not 
accumulate in plasma \vhen administered as repeated doses intravitreally every 4 weeks. It is 
estimated that after intravitreal administration of 2 mg to patients, the mean maximum plasma 
concentration of free aflibercept is more than 100 fold lower than the concentration of aflibercept 
required to half-maximally bind systemic VEGF. 

The volume of distribution of free aflibercept following intravenous (l.V.) administration of 
aflibercept has been determined to be approximately 6L. 

A1etabolism/E'limination 

Aflibercept is a therapeutic protein and no drug metabolism studies have been conducted. 
Aflibercept is expected to undergo elimination through both target-mediated disposition via 
binding to free endogenous VEGF and metabolism via proteolysis. The terminal elimination 
half-life (tl/2) of free aflibercept in plasma was approximately 5 to 6 days after LV. 
administration of doses of 2 to 4 mg/kg aflibercept. 

Spedfic Populations 

Renal Impairment 

Pharmacokinetic analysis of a subgroup of patients (n=492) in one wet Al'vID study, of ,vvhich 
43% had renal impairment (mild n=120, moderate n=74, and severe n=16), revealed no 
differences with respect to plasma concentrations of free aflibercept after intravitrea! 
administration every 4 or 8 weeks. Similar results were seen in patients in a RVO study and in 
patients in a DME study. No dose adjustment based on renal impailment status is needed for 
either wet AJMD, RVO, or D:ME patients. 

Other 

No special dosage modification is required for any of the populations that have been studied 
(e.g., gender, elderly). 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, l\ilutagenesis, Impairment of :Fertility 

No studies have been conducted on the mutagenic or carcinogenic potential of aflibercept. 
Effects on male and female fertility were assessed as part of a 6-month study in monkeys with 
intravenous administration of afli bercept at weekly doses ranging from 3 to 30 mg per kg. 
Absent or irregular menses associated with alterations in female reproductive hom10ne levels and 
changes in sperm morphology and motility were observed at all dose levels. In addition, females 
showed decreased ovarian and uterine weight accompanied by compromised luteal development 
and reduction of maturing follicles. These changes correlated with uterine and vaginal atrophy. A 
No Observed Adverse Effect Level (NOA.EL) was not identified. Intravenous administration of 
the lowest dose of aflibercept assessed in monkeys (3 mg per kg) resulted in systemic exposure 
(AUC) for free aflibercept that was approximately 1500 times higher than the systemic exposure 
observed in humans after an intravitreal dose of 2 mg. All changes were reversible within 20 
weeks after cessation of treatment. 
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13.2 Animal Toxicology and/or Pharmacology 

Erosions and ulcerations of the respiratory epithelium in nasal turbinates in monkeys treated with 
aflibercept intravitreally were observed at intravitreal doses of 2 or 4 mg per eye. At the NOAEL 
of0.5 mg per eye in monkeys, the systemic exposure (AUC) \Vas 56 times higher than the 
exposure observed in humans after an intravitreal dose of 2 mg. Similar effects ,vere not seen in 
clinical studies [see C!iuica! Studies (! 4)]. 

14 CLINICAL STUDIES 

14.1 Neovascular (\-Vet) Age-Related l\'Iacular Degeneration (A:M:D) 

The safety and efficacy of EYLEA were assessed in two randornized, multi-center, 
double-masked, active-controlled studies in patients with wet Al'vID. A total of 2412 patients 
were treated and evaluable for efficacy (1817 with EYLEA) in the t\vo studies (VIEW l and 
VIEW2). In each study, up to week 52, patients were randomly assigned in a l: 1.1. l ratio to 1 of 
4 dosing regimens: 1) EYLEA administered 2 mg every 8 weeks following 3 initial monthly 
doses (EYLEA 2Q8); 2) EYLEA administered 2 mg every 4 weeks (EYLEA 2Q4); 3) EYLEA 
0.5 mg administered every 4 ,veeks (EYLEA 0.5Q4); and 4) ranibizumab administered 0.5 mg 
every 4 weeks (ranibizmnab 0.5 mg Q4). Protocol-specified visits occurred every 28£3 days. 
Patient ages ranged from 49 to 99 years with a mean of 76 years. 

In both studies, the primary efficacy endpoint was the proportion of patients who maintained 
vision, defined as losing fewer than 15 letters of visual acuity at week 52 compared to baseline. 
Both EYLEA 2Q8 and EYLEA 2Q4 groups were shown to have efficacy that was clinically 
equivalent to the ranibizumab 0. 5 mg Q4 group in year 1. Detailed results from the analysis of 
the VIEWl and VIEW2 studies are shown in Table 4 and Figure 8 below 
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Table 4: ]Uficacy Outcomes at Week 52 (Full Analysis Set with LOCF) in VIKW1 and 
VIK\V2 Studies 

vmw1 vmw2 

EYLEA EYLEA ranibi:m- EYLEA EYLEA ranibi:m-

2mg 2 mg mab 2mg 2 mg mab 

Q8 Q4 0.5 mg Q8 Q4 0.5mg 
weeks a weeks Q4 'Weeks a weeks Q4 

weeks weeks 

Full Analysis Set N=301 N=304 N=304 N=306 N=309 N=291 

Efficacy Oukomes 

Proportion of patients who maintained visual 94% 95~{. 94%i 95% 95% 95%i 
acuity(%) 

(<15 letters of BCVA loss) 

Differenceb (i%) 0.6 1.3 0.6 -0.3 

(95.1% Cl) (-3.2, (-2.4, (-2.9, (-4.0, 
4.4) 5.0) 4.0) 3.3) 

Mean change in BCV A as measured by ETDRS 7.9 10.9 8.1 8.9 7.6 9.4 
ietier score from Baseline 

Difference" in LS mean 0.3 3.2 -0.9 -2.0 

(95.1% CI) 
(-2.0, (0.9, (-3.l, (-4.L 
2.5) 5.4) l.3) 0.2) 

Number of patients who gained at least 15 letters 92 114 94 96 91 99 
of vision from Baseline (%i) (31%i) (38%) (31%) (31%) (29%) (34%) 

Differenceb (%) -0.4 6.6 -2.6 -4.6 

(95. l '% CI) 
C,..,,.., 
(_- ! . ! ' (-1.0, (-10.2, (-12.1, 
7.0) 14.]) 4.9) 2.9) 

BCVA cc Best Corrected Visual Acuity; CI cc Confidence Interval; ETDRS cc Early Treatment Diabetic Retinopathy 
Study; LOCF cc, Last Observation Canied Forward (baseline values are not carried forward): 95. l % confidence 
intervals were presented to adjust for safety assessment conducted during the study. 

a After treatment initiation with 3 monthly doses 
0 EYLEA group minus the ranibizumab group 

Treatment effects in evaluable subgroups (e.g., age, gender, race, baseline visual acuity) in each 
study were in general consistent with the results in the overall populations. 
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Figure 8: 
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Mean Change in Visual Acuity from Baseline to Week 96* in VJEWl and 
VIK\V2 Studies 
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*Patient dosing schedules were individualized from weeks 52 io 96 using a modified i 2-week dosing regimen, 

VIE\V l and VIEW2 studies were both 96 weeks in duration. However after 52 weeks patients no 
longer followed a fixed dosing schedule. Between week 52 and week 96, patients continued to 
receive the drug and dosage strength to which they were initially randomized on a modified l2 
week dosing schedule (doses at least every 12 weeks and additional doses as needed). Therefore, 
during the second year of these studies there was no active control comparison arm. 

14.2 l\!lacular Edema Following Central Retinal Vein Occlusion (CRVO) 

The safety and efficacy ofEYLEA were assessed in two randomized, multi-center, 
double-masked, sham-controlled studies in patients with macular edema following CRVO. A 
total of 358 patients were treated and evaluable for efficacy (217 with EYLEA) in the two 
studies (COPERNICUS and GALILEO). In both studies, patients were randomly assigned in a 
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3:2 ratio to either 2 mg EYLEA administered every 4 weeks (2Q4), or sham injections (control 
group) administered every 4 weeks for a total of 6 injections. Protocol-specified visits occurred 
every 28,.i::7 days. Patient ages ranged frorn 22 to 89 years with a mean of 64 years. 

In both studies, the primary efficacy endpoint was the proportion of patients who gained at least 
15 letters in BCVA compared to baseline. At week 24, the EYLEA 2 mg Q4 group was superior 
to the control group for the primary endpoint. 

Results from the analysis of the COPERNICUS and GALILEO studies are shown in Table 5 and 
Figure 9 below. 

Table 5: Efficacy Outcomes at Week 24 (Full Analysis Set with LOCF) in 
COPERNICUS and GAlJLEO Studies 

COPERi"IIICUS GALILEO 

Control EYLEA Control EYLEA 

2 mg Q4 weeks 2 mg Q4 weeks 

N=73 N=ll4 N=68 N=103 

Efficacy Outcomes 

Proportion of patients vvho 12% 56'1/~ 22% 60(1/~ 
gained at least 15 letters in 
BCV A from Baseline(%) 

Weighted Difference a, b (%) 44.8%C 38.3'1/iJC 

(95.1% Cl) (32.9, 56.6) (24.4, 52.1) 

Mean change in BCV A as -4.0 17.3 3.3 18.0 
measured by ETDRS letter score (l 8.0) (12.8) (14.1) (12.2) 
from Baseline (SD) 

Difference in LS mean a, ct 21.7c 14.7C 

(95.l'%CI) (17.3, 26.1) (10.7, 18.7) 

a Difference is EYLEA 2 mg Q4 weeks minus Control 
Difference and CJ are calculated using Coclmm-Mantel-Haenszel ( CI'v1H) test adjusted for baseline factors; 95 .1 %, 
confidence intervals were presented to adjust for the multiple assessments conducted during the s1.udy. 

c p<O.Oi compared with Control 
,:1 LS mean and CI based on an ANCOVA model 
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Figure 9: Mean Change in BCVA as Measured by KI'nRS Letter Score from Baseline 
to \Veek 24 in COPERNICUS and GALILEO Studies 
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Treatment effects in evaluable subgroups (e.g., age, gender, race, baseline visual acuity, retinal 
perfusion status, and CR VO duration) in each study and in the combined analysis were in general 
consistent with the results in the overall populations. 

14.3 ]Vlacufar Edema F'ollowing Branch Retinal Vein Occlusion (BRVO) 

The safety and efficacy of EYLEA were assessed in a 24-'vveek, randomized, multi-center, 
double-masked, controlled study in patients with rnacular edema following BRVO. A total of 
181 patients ,vere treated and evaluable for efficacy (91 with EYLEA) in the VIBRANT study. 
In the study, patients were randomly assigned in a 1: l ratio to either 2 mg EYLEA administered 
every 4 weeks (2Q4) or laser photocoaguiation administered at baseline and subsequently as 
needed (control group). Protocol-specified visits occurred every 28±7 days. Patient ages ranged 
from 42 to 94 years with a mean of 65 years. 
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In the VIBRANT study, the primary efficacy endpoint was the proportion of patients who gained 
at least 15 letters in BCVA at week 24 compared to baseline. At week 24, the EYLEA 2 mg Q4 
group was superior to the control group for the primary endpoint. 

Detailed results from the analysis of the VIBRANT study are shown in Table 6 and Figure 10 
below. 

Table 6: Efficacy Outcomes at Week 24 (Full Analysis Set with LOCF) in VIBRA.NT 
Study 

VIBRANT 

Control E'ff.EA 

2 mg Q4 weeks 

Ncc90 Nccc9l 

Efficacy Outcomes 

Proportion of patients who gained at 26.7%i 52.7~,,::, 
least l 5 letters in BCV A from 
Baseline (%) 

Weighted Difference a, b (%) 26.6%C 

(95% Cl) (13.0. 40.1) 

Mean change in BCVA as measured 6.9 17.0 
by ETDRS letter score from (12.9) ( 11. 9) 
Baseline (SD) 

Difference in LS mean "· d 10.SC 

(95~{. CI) (7.L 14.0) 

a Difference is EYLEA 2 mg Q4 weeks minus Control 
b Difference and CI are calculated using lviantel-Haenszel weighting scheme adjusted for region (North America vs. 

Japan) and baseline BCV A category (> 20/200 and:::; 20/200) 
c p<0.01 compared vvith Control 
ct LS mean and Cl based on an ANCOV A model 
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Figure 10: Mean Change in BCVA as Measured by KI'nRS Letter Score from Baseline 
to \Veek 24 in VIBRA,NT Study 

W VIBRANT 

4 B 12 

\
1Veeks 

"""_.""'"' EYlLi\. 2 mg Q4 w~ks 

16 20 24 

Treatment effects in evaluable subgroups (e.g., age, gender, and baseline retinal perfusion status) 
in the study were in general consistent with the results in the overall populations. 

14.4 Diabetic l\!Iacular Edema (DJ\'lE) 

The safety and efficacy of EYLEA ,vere assessed in two randomized, multi-center, 
double-masked, controlled studies in patients with Dl\!IE. A total of 862 randorni zed and treated 
patients were evaluable for efficacy. Protocol-specified visits occurred every 28,+c7 days. Patient 
ages ranged from 23 to 87 years with a mean of 63 years. 

Of those, 576 were randomized to EYLEA groups in the two studies (VIVID and VISTA) In 
each study, patients were randomly assigned in a 1.1: 1 ratio to l of 3 dosing regimens: 
1) EYLEA administered 2 mg every 8 weeks following 5 initial monthly injections 
(EYLEA 2Q8); 2) EYLEA administered 2 mg every 4 weeks (EYLEA 2Q4); and 3) macuiar 
laser photocoagulation (at baseline and then as needed). Beginning at week 24, patients meeting 
a pre-specified threshold of vision loss \Vere eligible to receive additional treatment: patients in 
the EYLEA groups could receive laser and patients in the laser group could receive EYLEA. 

In both studies, the primary efficacy endpoint was the mean change from baseline in BCVA at 
week 52 as rneasured by ETDRS letter score. Efficacy of both EYLEA 2Q8 and EYLEA 2Q4 
groups was statistically superior to the control group. This statistically superior improvement in 
BCV A was maintained at week l 00 in both studies. 

Results from the analysis of the VIVID and VISTA studies are shown in Table 7 and Figure 11 
below. 
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Table 7: ]Uficacy Outcomes at Weeks 52 and 100 (Full Analysis Set with LOCF) in 
VIVID and VISTA Studies 

VIVID VISTA 

EYLEA EYT.EA Control E'\'1,EA EYLEA Control 

2 mgQ8 2 mgQ4 2mgQ8 2mgQ4 
weeks" ·weeks weeks a weeks 

Full Analysis Set N=135 N=l36 N=i32 N=l51 N=l54 N=l54 

FJficacy Outcomes at Week 52 

Mean change in l0.7 10.5 1.2 10.7 12.5 0.2 
BCVA as measured by (9.3) (9.6) 
ETDRS letter score 

(10.6) (8.2) (9.5) (i 2.5) 

from Baseline (SD) 

Differenceb, c in LS 9. 1 d 9.3d J05d l2.2d 
mean 

(97.5'% CI) (6.3, l i.8) (6.5. 12.0) (7,7~ 13.2) (9.4, 15.0) 

Propmtion of patients 33.3% 32.4% 9.1% 31.1% 41.6% 7.8% 
·who gained at least 
15 letters in BCVA 
from Baseline (i%) 

Adjusted Differencec, e 24.2~.{,d 23.3%d 23.3'}od 34.2%d 
(%) 

(97.5% CI) (13.5. 34.9) (12.6. 33.9) (!35,33.l) (24.l, 44.4) 

Efficacy Outcomes at Week 100 

Mean change in 9.4 lL4 0.7 i l.l 11.5 0.9 
BCV A as measured by (10.5) (11.2) (11.8) (10.7) (13.8) (13.9) 
ETDRS letter score 
from Baseline (SD) 

Differenceb, c in LS 8.)d l0.7d 10. Jd 10.6d 
mean 

(97.5% CI) (5.2. 11.3) (7.6, 13.8) (7.0, 13.3) (7.l, 14.2) 

Proportion of patients 31.1% 38.2%, 12.1% 33.1% 38.3% 13.0% 
wbo gained at least 
15 letters in BCVA 
from Baseline (%) 

Adjusted Differencec. e 19.0%d 26.1%d 20.1%d 25.8%d 
(%) 

(97.5% Cl) (8.0, 29.9) (14.8, 37.5) (9.6, 30.6) (15.L 36.6) 

a Afier treatment initiation with 5 monthly injections 
" LS mean and CJ based on an ANCOV A model with baseline BCVA measurement as a covariate and a factor for 

treatment group. Additionally. protocol specified stratification factors were included in the model. 
Difference is EYT.EA group minus Control group 

d p<0.01 compared with Control 
Difference witb confidence interval (CI) and statistical test is calculated using Mantel-Haenszel weighting scheme 
adjusted by protocol specified stratification factors. 
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Figure 11: 
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Treatment effects in the subgroup of patients who had previously been treated with a VEGF 
inhibitor prior to study participation were similar to those seen in patients who were VEGF 
inhibitor nai"ve prior to study participation. 

Treatment effects in evaluable subgroups ( e.g., age, gender, race, baseline HbA l c, baseline 
visual acuity, prior anti-VEGF therapy) in each study were in general consistent with the results 
in the overall populations. 
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14.5 Diabetic Retinopathy (DR) in Patients with DlVIE 

In the VIVID and VISTA studies, an efficacy outcome was the change in the Early Treatment 
Diabetic Retinopathy Study (ETDRS) Diabetic Retinopathy Severity Scale (ETDRS-DRSS). The 
ETDRS-DRSS score was assessed at baseline and approximately every 6 rnonths thereafter for 
the duration of the studies [see Clinical Studies (14.4)]. 

All enrolled patients had DR and DME at baseline. The majority of patients enrolled in these 
studies (77%) had moderate-to-severe nonproliferative diabetic retinopathy (NPDR) based on the 
ETDRS-DRSS. At week 100, the proportion of patients improving by at least 2 steps on the 
ETDRS-DRSS was significantly greater in both EYLEA treatment groups (2Q4 and 2Q8) when 
compared to the control group. 

Results from the analysis ofETDRS-DRSS at week 100 in the VIVID and VISTA studies are 
shown in Table 8 below 

Table 8: Proportion of Patients who Achieved a ?.2-Step Improvement from Baseline 
in the ETDRS-DRSS Score at \Veek 100 (LOCF2

) in VIVID and VISTA 
Studies 

VIVID VISTA 

EYLEA EYLEA Control EYLEA EYLEA Control 

2mgQ8 2 mg Q4 2mgQ8 2 mgQ4 
weeks 0 weeks weeksb weeks 

Evaluable Patientsc N=lOl N=97 N=99 N=l48 N=l53 N=l50 

Number of patients 32 
,.,..., ..., 

56 58 24 .;..,/ I 

witb a ~2-step 
improvement on 

(32~{.) (W%) (7%,) (38%) (38%) (]6'%) 
ETDRS-DRSS from 
Baseline ('%) 

Differenced, 0(%,) 24%f 21%/ ..... ,.,0/ f 
L,,:., /0 22%/ 

(97.5'% CI) (12,36) (9, 33) (l l, 33) (l L 33) 

" Non-gradable post-baseline ETDRS-DRSS values were treated as missing and were imputed using the last 
gradable ETDRS-DRSS values (including baseline values if all post-baseline values were missing or non
gradable) 

0 After treatment initiation vvith 5 monthly injectiom 
The nmnber of evaluable patients included all patients who had valid ETDRS-DRSS data at baseline 

d Difference with confidence interval (Cl) was calculated using Mantel-Haenszel weighting scheme adjusted by 
protocol specified stratification factors 

0 Difference is EYLEA minus Control group 
r p<0.01 compared with Control 

Results of the evaluable subgroups (e.g., age, gender, race, baseline HbAlc, baseline visual 
acuity) on the proportion of patients who achieved a ?:2-step improvement on the ETDRS-DRSS 
from baseline to week 100 were, in general, consistent with those in the overall population. 
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16 HO\V SUPPLIED/STORAGE AND HANDLING 

NDCNUMBER CARTON TYPE CARTON CONTENTS 

61755-005-02 Vial Kit with Injection one EYLEA 2 mg/0.05 mL single-dose glass vial 
Components one 19-gauge x l \12-inch, 5-micron, filter needle for 

withdrawal of the vial contents 

one 30-gauge x 112-inch injection needle frx intravitreal 
injection 

one 1-mL syringe for administration 

one package insert 

6 l 755-005-03 Vial Only one EYLEA 2 mg/0.05 mL single-dose glass vial 

one package insert 

Storage 

Refrigerate EYLEA at 2°C to 8°C (36°F to 46°F). Do Not Freeze. Do not use beyond the date 
stamped on the carton and container label. Store in the original carton until time of use to protect 
from light. 

17 PATIENT COUNSELING INPORl\iIATION 

In the days following EYLEA administration, patients are at risk of developing endophthalmitis 
or retinal detachment. If the eye becomes red, sensitive to light, painful, or develops a change in 
vision, advise patients to seek immediate care from an ophthalmologist [see 
f/F/-,,;~w~1·1--q·-s' .... ,.,,-/ Dt"•")•-•{'f"''f-<{'nv~c /~ l \] ,,a 1<! 'i'>' u!,L ! t., .. , .. h/. ,,!,.,., \--·· ,J .. 

Patients rnay experience temporary visual disturbances after an intravitreal injection with 
EYLEA and the associated eye examinations [see Adverse Reactions (6)] Advise patients not to 
drive or use machinery until visual function has recovered sufficiently. 

Manufactured by · 

Regeneron Pharmaceuticals, Inc. 

777 Old Saw Mill River Road 

Tarrytown, NY l 0591-6707 

U S. License Number 1760 

EYLEA is a registered trademark ofRegeneron Pharmaceuticals, Inc. 

~) 2018, Regeneron Pharmaceuticals, Inc. 

Ail rights reserved. 

Revised Date: August 2018 
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An Optical Coherence Ton1ography-Guided, Variable 
Dosing Regimen vvith lntravitreal Ranibizumab 

(Lucentis) for Neovascular Age-related 
Macular Degeneration 

ANNE E. FUNG, GEETA A. LALWANI, PHIUP j. ROSENFHD, SANDER R. DUBOVY, STEPHAN MICHHS, 
WILLIAM J. FEUER, CARMEN A. PUUAFITO, JANET L DAVIS, HARRY W. FLYNN, IR, 

AND MARIA ESQUIABRO 

ii PURPOSE: To evaluate an optical coherence tomogra
phy (OCT)-guided, variable-dosing regimen with intrav
itreal ranibizumab for the treatment of patients with 
neovascuiar age-related macular degeneration (Al\1D). 
ii DESIGN: Open-label, prospective, single-center, non
randomized, investigator-sponsored clinical study. 
• METHODS: In this two-year study, neovascular 1\lvfD 
patients with subfoveal choroidal neovascularization 
(CNV) (n = 40) and a central retinal thickness of at 
least 300 µm as measured by OCT were enrolled to 
receive three consecutive monthly intravitreal injections 
of ranihizumab (0.5 mg). Thereafter, retreatment with 
ranibizumab was performed if one of the following 
changes was observed between visits: a loss of five letters 
in conjunction with fluid in the macula as detected by 
OCT, an increase in OCT central retinal thickness of at 
least 100 µm, new-onset classic CNV, nnv macular 
hemorrhage, or persistent macular fluid detected by OCT 
at least one month after the previous injection of ranibi, 
zumah. 
ii RESULTS: At month 12, the mean visual acuity im
proved by 9.3 letters (P < .001} and the mean OCT 
central retinal thickness decreased by 178 µm (P < 
.001). Visual acuity improved L5 or more letters in 35% 
of patients. These visual acuity and OCT outcomes were 
achieved with an average of 5.6 injections over 12 
months. After a fluid-free macula ,vas achieved, the mean 
injection-free interval was 4.5 months before another 
reinjection was necessary. 
111 CONCLUSION: This OCT-guided, variable-dosing reg
imen with ranibizumab resulted in visual acuity outcomes 
similar to the Phase III clinical studies, but required 
fewer intravitreal injections. OCT appears useful for 

See accompanying Editorial on page 679. 
Accepted for publication _fan 13, 2007. 

From the Bascom PalnH::'r Eye lnstitute) University of [vliarni J\lliller 
Schmi of Medicine, Miami, Florid3 (G.A.L., P.J.R., S.R.D., \X/.J.F., 
C.A.P., J.L.D., }-J.'J?.F., J\ILE.); Pacifrc Eye _Associ2tes, C2lifornia P2cific 
Medical Center, San Francisco, California (A.E.F.); Universiry Eye 
1-Iospltal Vienna, ~Austria (SJ,,1.). 

Jn.._1uiries to P}1ilip J, Rosenfeld, Basconl Palmer Eye Institute) Univer~ 
sity of }v1ian1i lvliller School of lv1edicint\ 900 N, \X/, l 7rh Street, l\1iarn.i, 
FL 33136; e~rrrnil: prcx,enfeld@rned.n1iami.edu 

determining when retreatment with ranibizumab is 
necessary. (Am J Ophthalmol 2007;143:566---583. 
© 2007 by Elsevier lnc. All rights reserved.) 

I NH!B!TION OF VASCULAR ENDOTHELlAL GROWTH FAC 

to_r--A (VEGF: is an effe~tive strategy' for the treatment 
of neovascular age-related macuiar degeneration 

(AMD). t- 4 The most effective treatment uses ranibizumab 

(Lucentis, Genentech Inc, South San Francisco, Califor-· 
nia, USA), a recombinant, humanized, monoclonal anti

body antigen-binding fragment (Fab) that neutralizes all 
biologically active forms of VEGF.5 ln the two Phase III 

clinical studies using inrravitreal injections of ranibizumab, 
mean visual acuity improved over 21+ and 12 months, 
respectively. 2·3 This was the first therapy for neovascular 
,&Jv1D to show any improvement in mean visual acuity. In 

these studies, statistically significant benefos were observed 
for aH the primary and secondary efficacy endpoints when 
compared with control groups. To obtain these impressive 
results, investigators followed a fi.xed-dosing regimen re

quiring an injection of ranibizumab, 0.5 mg or 0.3 mg, 
every month for two years. 

The first suggesrion that frequent imravitreal injections 
of ranibizumab could result in improved visual acuity came 
from the earlier Phase I/Il snidies.6 -7 In these studies, 
ranibizumab was injected every two or four \veeks into eyes 

of pa!ients with neovascular /\MD and rbese patients \Vere 
followed for 140 days or 210 davs. The number of ranibi
zumab injections ranged from five to nine depending on 
the study and the cohort within each study. Despite 
differences in the overall number of injections, rbe out
comes from these studies were ve1y similar. ~1ean visual 

acuiry improved and these improvements were assodared 
,vith an absence of angiographic leakage from choroidal 
neovascularization (CNV) and an absence of fluid in the 

macula as assessed bv optical coherence tomography 
(OCT) (Rosenfeld PJ, unpublished data, 2003), 

Afrer completion of rhese Phase I/II studies, most of the 

study participants enrolled in an open-label extension 
study to evaluate the safety and tolerability of long-term 
( up to four years) continued treatment with intravitreal 

566 (\') '.1 007 BY tLSEV!f:R INC. Au. RICH rs RESF:RVHJ. 0002-9394/07/$32 .00 
doi:10.1016/j.ajo.2007.01 028  
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injections of ranibizumab (Heier JS and assodates. ARVO 
2005, E-Abstract 1393 ). Although the extension study 
initially required monthly injections of ranibizumab after 
the patien! was enrolled, the study was subsequently 
amended to permit reinjecrion only if needed as deter
mined by the treating physician. As a result of retreatment 
being offered at the discretion of the investigator, some 
patients received monrhly injections with ranibizumab to 
maintain their visual acuity, whereas others were rein
jened less frequently or not at all. During this extension 
study at the Bascom Palmer Eye Insritute, OCT imaging 
was used to follmv many of these patients in conjunction 
with fluorescein angiography, and OCT appeared to detect 
rhe earliest signs of fluid reaccumulating in rhe macula 
even before leakage could be detected by fluorescein 
angiography (Rosenfeld PJ, unpublished data, 2003 ). 

Based on these observations from the Phase I/II and 
extension studies, an investigamr sponsored trial known as 
the Prospecrive Optical coherence romography imaging of 
patients with Neovascular AMD Treated wilh intra--Ocu
lar ranibizumab {Lucentis) [PrONTO] srndy was designed 
m investigate the role of OCT imaging in a variable closing 
regimen with ranibizumab at the Bascom Palmer Eye 
lnstirnte. This repon describes the 12 month results of rhe 
PrONTO Study. 

METHODS 

PRONTO IS A TIX/0-YEAR, OPEN-LABEL. PROSPECTIVE, S!N

gle-center clinical study designed to investigate the effi
cacy, durability, and safety of a variable dosing regimen 
with intravitreal ranibizumab in patients with neovascular 
AMD. The PrONTO Study is an investigator sponsored 
trial supported by Cenentech, Inc, and performed wirh rhe 
approval of the Food and [lrug Aclminisrration. Before 
rhe initiation of the srndy, additional approval for the 
PrONTO study was obtained from the institutional Re
view Board at the Universiry of Miami Miller School of 
Medicine. Informed consent was obtained from all parients 
before determination of full eligibility, and the study was 
performed in accordance \vith the Health Insurance Port
ability and Accountability Act (HIPAA). The PrONTO 
Study is registered at www.clinicaltrials.gov, and the clin
ical trial accession number is NCT003 1+4227. 

The major efficacy end points were the change in visual 
acuity and OCT measurements from baseline and rhe 
number of ranibizumab injections required over two years. 
Orher efficacy end points included the number of consec
utive monthly injections required from baseline to achieve 
a fluid-free macula as determined by OCT. Afrer a fluid
free macula was achieved, the durability of the treatmenr 
effect was determined calculating the time until the 
next injection was needed because of fluid reaccumularing 
in the macula, otherwise known as the injection-free 
interval. Finally, after the injections resumed, we calcu-

Age 50 years or older. 

secondary to Nv:D involving the central fovea ir; the study 

OCT cer;irai retina! ttiickness ~,300 microns. 

to 20/400 (Snelien equivaient) in the study eye_ 

More ttian tt,ree prior treatments wii11 verteportin 

Previous pariiclpation in a clinical triai (for either eye) 

anecortave acetaie. protein kinase C inhibitors). 

eye. 

study eye within one month preceding day 0. 

H;story of vitmctomy surgery in the study eye. 

eye. 

eitt,er eye. 

lated the follow--up number of reinjections required to once 
again achieve a fluid-free macula. 

At ihe start of the study, only one eye of a patient was 
determined m be eligible and assigned as the study eye. 
The major eligibility criteria are shown in Table l. The 
major inclusion criteria included a diagnosis of neovascular 
/\JviD with a baseline protocol visual acuity lener score 
from 20 to 70 letters using the Early Treatment Diabetic 
Retinopathy Srndy chart at two meters (Snellen equiva-
lent of 20/40 to 20/400) obrained using a standard refrac
tion protocol8 and an OCT 1 mm central retinal rh ickness 
of at least 300 µm. There were no exclusion criteria for 
preexisting cardiovascular, cerebrovascular, or peripheral 
vascular conditions. Of note, all fluorescein angiographic 
lesion iypes and lesion sizes were eligible frJr the study. The 
angiographic lesion types at baseline were independently 
assessed by three of the investigators (P.J.R., S.R.D., and 
G .A.L) and agreemern was reached on all interprerarions. 
The diagnosis of retinal angiomatous proliferation (RAP) 
,vas independently assessed for each lesion using the 
characteristic features which included intraretinal hemor-
rhage, intrarerinal vascular anastomoses, and the OCT 
appearance of a retinal pigment epithelial detachmen! 
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Only one criterion Vision !oss (~::-::5 !etters) increase in central 

Retreat111ent criteria 

observed tor 

retreatrnent 

associated vvith fluid retinal thickness r~ew-onset f\Je,N classic 

detec.ted by OCT _:,c..·100 microns hemorrhage CN\i 

Increase in central retinal thickness 2: ·1 00 microns 

New classic Ct-JV 

with overlying cystic changes in the retina. In calculating 
lesion areas, we assumed a srnndard disk diameter of 1.8 
mm and a standard disk area {DA) of 2.54 mm2 • All digital 
fundus photography was performed using Topcon TRC
SOIX rerinal cameras {Topcon America Corp (TAC), 
Paramus, Ne\v Jersey, USA) with a 35 degree viewing 
angle and the images were stored using the T opcon 
Imagenet software (version 2.14, \Vindows 2000 v.5.0; 
Paramus, New Jersey, USA). Images were rhen transferred 
to an OIS worbrntion ( OIS \Vinstation XP l O 3000 Auto 
Import Capture version 10.2 .59; Sacramenro, California, 
USA) where the lesion areas were measured. 

OCT (Stratus OCT, Carl Zeiss Meditec, Dublin, Cali
fornia, USA) quantitative assessments were obtained using 
six diagonal fast, low density scans (low resolution, 128 
A-scans per diagonal). The central l mm central retinal 
thickness measurements were obrained from the macular 
thickness maps calculated from the six low-resolution fasr 
scans after it was confirmed that the two boundaries 
delineated as the inremal limiting membrane (inner 
boundary) and the rerinal pigment epithelium (RPE) and 
the Brnch membrane (outer boundary) were appropriately 
identified by the validated internal algorithm. If bound
aries were incorrectly idenrified, then the scans were 
repeated until the boundaries ,vere accurately identified by 
the algorithm. The central retinal thickness was defined as 
rhe distance between these inner and outer boundaries and 
did not include any fluid under the RPE. Eligible patienrs 
were required to have a 1 mm central rerinal thickness of 
at least 300 µ.m. OCT qualitalive assessmen!s were per
formed using all six diagonal slow, high density scans (high 
resolution, 512. A-scans per diagonal). These high resolu
tion diagonal scans were used w evaluate whether fluid was 
presen! in rhe macuh and whether retreatment \vas 
needed_ For the purposes of rhis srndy, fluid in the macula 
was idenrified as intraretinal fluid (cysts) and subretinal 
fluid, and a fluid-free macula was defined by the absence of 
retinal cysts and subretinal fluid as determined by OCT. 

12 4* 4* 0 

7 0 Q 

Fluid under the RPE, otl1er,vise known as a pigmenr 
epithelial detachment (PED), was recorded as an OCT 
finding in the macula but not included in any of the 
retreatment criteria. The decision not to include a PED in 
the retreatment criteria was based on prior anecdotal 
observations from the Phase Ijll extension srndy with 
ranibizumab. In the extension study, there appeared to be 
little correlation between the presence of a PED and visual 
acuiry_ In addition, PEDs could remain srable for months 
and resolution of fluid \Vi thin rhe PED was thought to be 
a lagging indicator of VEGF activity. In contrast, macular 
cysts and subretinal fluid appeared to respond more rapidly 
to the presence or absence of VEGF. 

During the screening process, patients underwent a 
complete physical exam wirh laboratory testing. Labora
tory testing consisted of an electrocardiogram, complete 
blood count, and chemistry panel performed at baseline 
and at monrh 12.. Blood pressure measurements were 
performed at every visit. Eligible parients underwern visual 
acuity testing and ophthalmoscopic examinations at base.
line, day 14, day 30, day 45, day 60, and monthly 
thereafrer. Fundus pbomgraphy and OCT imaging were 
performed at baseline and on days one, two, four, seven, 
14, and 30 afrer the first two monthly injenions, and 
monthly thereafter. Fluorescein angiography was per
formed at baseline, month 1, month 2., month 3, and every 
three mornhs rhereafter. All ophthalmic photographers 
and OCT technicians involved in the study were previ•
ously certified to participate in Food and Drug Adminstra
tion--approved clinical trials at the Bascom Palmer Eye 
Institute. 

After determination of eligibility, patients received an 
intravitreal injection of ranibizumab (LUCENTIS, Ge
nentech, inc) using a standard protocol at the Bascom 
Palmer Eye Institute. The eye was topically anesthetized 
with sterile 4% lidocaine and a povidone-iodine (10%) 
scrub was performed on rhe lids and lashes_ A sterile 
speculum was placed bet\veen the lids, and povidone-

568 /\Mf:RiCAN JOURNAL 0~ 0PHTHALMO!.OCY APRIL 2007 
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 685



Ct1ange in visual acuity 

letter scores tram 

Baseline visuai z1cuity Day ·14 visual acuity Monti, 1 visuai ac.uity Month 3 visuai acuity Monti, 12 visual z1cuity baseline to month 12 

Patients' study eyes 

{n -_- 40} 

letters {Sne:!en 

equivaient) 

letters (Snellen 

equivalent) 

letters (Snellen 

equivalent) 

letters {Snellen 

equivalent) 

letters {Snellen 

equivaient) 

visual acuity letters 

(Snellen equivalent} 

Cl1ange in central retina.I 

Patients· study eyes Baseline central Day 1 centrai retina: Month 1 central retinai Month 3 centrai retina: Month 12 centrai retinal thickness (11,M) from 
(n _-_c 40) retina! tl1ickness (/Lill) tl1ickness (:Lrn) thickness {µm) thickness (p.rn) thickness (µm) bz1se!ine to montl1 12 

OCT lesion characte;;stics 

(n -_- 40) 

Subretinal f!uid 

Epiretinal membrane 

Day 0 

30 (75%) 

Day 7 

n {%) 

19(47.5%) 

iodine ( 5 % ) drops were applied over the ocular surface 
three rimes over several minutes. Additional topical anes
thesia was achieved by applying a sterile conon swab 
soaked in sterile 4% lidocaine to the area designared for 
injection in the in{emtemporal quadran!. Ranibizurnab 
(0.05 ml, 0.5 mg) in a tuberculin syringe with a 30-gauge 
needle was injected through the pars pLma into rbe 
viueous cavity rhrough the sdera 3 to 4 mm posterior ro 
rbe limbus. Post-injection light perception was assessed 
and the intraocular pressure was monitored urntl it was 
lower than 30 mm Hg. The patient was instruned m apply 

Day 14 

n (%) 

15 (37.5%) 

9 (22.5%) 

Montt1 1 

n (%) 

9 f22.5g'b) 

9(22.5%) 

Month 2 

3(7.5%) 

\) (22.5%) 

Month 3 

n (%) 

9 (22.5%) 

moxitloxadn antibiO!ic drops ( vigamox 0.59f, solution) to 
the study eye four times per day for three days. All patients 
received a call within 24 hours to assess rbeir status and 
remind them to use their antibiotic drops. 

Intravitreal injections of ranibizumab were administered 
to all patierns at baseline, month 1, and month 2. 
/\ddirional reinjections were given if any of the following 
changes were observed by the evaluaring physician as 
shown in Table 2: (1) visual acuily loss of at least five 
lerters wirh OCT evidence of fluid in the macula, (2) an 
increase in OCT central retinal rbickness of at least 100 
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FIGURE 1. Mean and median change in visual acuity through 
12 months of eyes with neovascuiar age-related macular degen
eration (AMD) treated with a variable dosing intravitreal 
ranibizumab regimen. Vertical lines are 1 standard errnr of the 
means. 

Change in visual acuity from 

baseline through 12 months 

23 line to < 6 !ine increase 

No change 

23 line decrease 

Month 3 

40 eyes n (%) 

11 (27.59-b) 

5(12.5%) 

1 (2.5%) 

Month 12 

40 eyes n (%) 

11 (27.5%) 

5(12.5%) 

2 (5S"b) 

µm, (3) new macular hemorrhage, ( 4) new area of classic 
C--::NV, or (5) evidence of persistent fluid on OCT at least 

one month afrer the previous injection. All criteria were 
based on comparisons 1:vith the previously scheduled visit. 

If a reinjecrion was performed as part of an unscheduled 
visit, then the patient returned at the next scheduled visit 

for follow-up, but all subsequent reinjection decisions were 
postponed until the next scheduled visit at least one 

month after the injection. If any single criterion for 
reinjection 1:vas fulfilled, then the imravitreal injection was 

performed as previously described. 
The major outcome measurements in the PrONTO 

study included Earlv Treatment Diabetic Rerinopathv 
Study visual acuity letter scores, OCT central retinal 

FIGURE 2. Mean and median change in the optical coherence 
tomography ( OCT) central retinal rhidrness through 12 
months of eyes with neovascular age-related macular degener
ation (AMD) treated with a variable dosing intnwitreal ranihi
zumab regimen. Vertical lines are 1 standard error of the 
means. 

10 · -

Tota! number ofinjecti(ms through 12 mon!hs 

·FIGURE 3. Distribution of the total number of injections of 
ranihizumab administered per neovascular age-related macular 
degeneration (A.MD) patient through 12 months according to 
the Prospective Optical coherence tomography imaging of 
patients with Neovascular M1D Treated with intra--Ocular 
ranihizumab (PrONTO) study criteria. 

thickness measurements, the change in visual acuity letter 

scores and OCT measurements from baseline, the consec
utive number of injections required to achieve a fluid-free 

macula from baseline, the injection-free interval after a 
fluid-free macula was achieved, the number of consecutive 

reinjections required to achieve a fluid-free macula after 
the fluid started to reaccumulate and injections 1:vere 

FIGURE 4. Case 1: A 100-year,old woman with neovascular age-:rdated macular degeneration (Al\,iD) diagnosed with 
predominantly classic choroidal neovascularization (CNV} in her left eye, given three mnibizumab inJections, and then followed 
through month 12. Color fundus images with early and late phase fluorescein angiographic images are shown at baseline, at month 
3 (one month after the third injection}, and then at month 6, month 9, and month 12 without any additional injections of 
ranibizumab, At months 6 and 12, fundus photography was performed using a .50 degree viewing angle rather than the protocol 3.5 
degree angle. 
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resumed, and the total number of injections received by a 
patient during one year. 

For the mean visual acuity letrer scores and central 
retinal thickness measuremen!s during the first 12 months, 
rhe darn were srndsrically compared with mean baseline 
values using the paired Student t tes!. Median measure
ments were compared with median baseline values using 
the paired \Vikoxon signed-rank test. The influence of 
baseline fluorescein angiographic lesion types on the num
ber of injections over 12 months was assessed using 
one-way analysis of variance and the Kruskal-W allis test. 
The influence of baseline acuity and lesion size in disk 
areas on the number of injections and the influence of the 
number of injecrions on visual acuity outcomes were 
assessed using the Pearson correlation analysis and Spear
man nonparametric correlation analysis. Srarisrical signif
icance ,vas defined as P < .05. 

RESULTS 

111 BASELINE CHARACTERISTICS: Between Augus! 2004 
and Aprtl 2005, 69 patients were screened for the study 
and 40 patienrs were enrolled. Twenty-nine patien!s were 
excluded from the study for the following reasons: OCT 
central retinal thickness less rhan 300 p.m (nine patients), 
declined participation in the study afrer screening because 
of the rigorous follow-up schedule (seven parients), visual 
acuity either berter rhan 20i40 or worse than 20/400 (four 
patients), inability to obrain reproducible OCT central 
retinal thkkness measurements because of unreliable 
boundary derection (three parients), localized retinal de
rnchment { two patients), previous enrollment in a clinical 
trial involving anti-angiogenic drugs ( two patients), R PE 
tear (one patienr), and no evidence of macular neovascu
larization (one patienr). Of the 40 patients enrolled in rhe 
study, the mean age was 83.5 years (standard deviation 
[SD] =7.2) and the median age was 83 years (range, 69 to 

100 years), 26 were women (65%,), and all the participants 
were white. Fifteen eyes (37.5%,) were phakic and 25 eyes 
(62.S'X,) were pseudophahc. Fourteen of the 1+o eyes had 
undergone some prior treatment for neovascular AMD 
including intravitreal pegaptanib (four eyes), photody
namic rherapy (PDT) alone (three eyes), PDT with intra
viueal triamdnolone acetonide (five eyes), PDT followed 
by intravitreal pegaptanib (one eye), and laser photocoag
ulation (one eye). 

At baseline, the mean and median visual acuity letter 
scores were 56 {20/80; l) and 57 (20/80 12

), respectively 

(Table 3). Baseline mean and median OCT 1 mm cernral 
retinal rhickness measurements were 394 µ..m and 385 µ..m, 
respectively (Table 4). Tl1e OCT findings at baseline 
included retinal cysts (36 eyes; 90'3/o), subretinal fluid (30 
eyes; 759{1), PED (29 eyes; '72.5%), and epirettnal mem
brane (nine eyes, 22.5%,; Table 5). At baseline, the 
neovascular lesions were categorized by fluorescein angiog
raphy as occult with no classic lesions (10 eyes; 259{1), 
minimally classic lesions (23 eyes; 57.5%), and predomi
nantly classic lesions (seven eyes; 17.5'1/rJ). Overall, 10 of 
the 40 lesions (25%) \Vere categorized as RAP lesions. The 
mem1 and median baseline lesion areas were 3.5 DAs (SD = 
2.4) and 2.8 DAs (range, 0.6 to 10), respectively. The 
baseline mean systolic/diastolic blood pressure was 149/78. 

• VISUAL ACUITY AND OCT OUTCOMES AT THREE 

MONTHS: After the first injection of ranibizumab at base
line, an improvement in visual acuiry was detected by day 
l4, the firsr follrn:v-up visit when visual acuity was mea
sured after the first injectton (Table 3; Figure 1). The mean 
and median visual acuity scores improved by 6.9 letters 
(P < .001) and 7.5 letters (P < .001), respectively. During 
the first three months, visual acuity continued to improve. 
By month three, one month after the third injection, there 
was a mean and median visual acuity increase of 10.8 
letters (P < .001) and l 0.5 letters (P < .001 ), respectively. 
Ar month three, 13 eyes (32.5%) gained at least 3 lines of 
visual acuity, with two eyes (5°,{,) gaining at least 6 lines 
compared with baseline. One eye lost more than 3 Unes of 
visual acuity by rhree months because a tear of the RPE 
developed within seven days after the firsr injection 
(Tables 5 and 6). 

The improvement in visual acuity was associated \Vith a 
decrease in central retinal thickness (Table 4, Egure 2). 
One clay after the first injection of ranibizumab, a statisti-
cally significant decrease in the central retinal rhickness 
was detected with the mean and median thickness mea
surements decreasing by 47 µm (P < .001) and 48.5 1-~m 
(P < .001), respectively. The central rerinal thickness 
conttnued to decrease over the next rhree monrhs. By 
month three, the mean and median central retinal rhick
ness measurements had decreased by 189.7 µm (P < .001) 
and 198.5 f1m (P < .OOl), respecrively. 

The correlations between rhe decrease in OCT central 
retinal thickness and the improvement in visual acuity 
\Vere explored using both Pearson correlation and Spear.~ 
man nonparametric correlation analyses. At one month, 
there were no statistically significant correlations between 
the decrease in central retinal rhkkness and the improve-

flGURE 5. Case 1: Optical coherence mmography (OCT) response m the first ranihizumah injection from baseline througb momb 1 in an eye 
'with neovascular age-related macular degeneration (Ai\,ID) and predominantly classic chrn:oidal neovascularizarion (Cl'>.'V), Vertical (left side) 
and horimntal (dghr side} OCT scans and central retinal rbickness measurements of her left eye are sbm,vn at baseline (406 µ.m; visual acuity 
[VA]: 20/80), ranibizumab no. 1 injected.; day 1 (327 1.1.m); day 2 (307 µm); day 4 (281 µm); day 7 (225 µm); day 14 (219 µm; VA: 20/50); 
momb 1 (183 11m; VA: 20i50), ranihimmab no. 2 injected. 
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Follow-up 

visit 

Month 4 

Month fi 

Month 8 

MonH1 10 

Monti1 12 

!\lumber (%) receiving tl1e 

first rein.iection after 

month 2 {n c-_- 33) 

fi (15.0) 

3 (7.5) 

0 

1 (2.S) 

3 {7.5) 

Totai number(%) reinjected 

at monthly follow-up 

visits(n ---- 33) 

B (22.5) 

7 (17.5) 

6(15.0) 

6(15.0) 

19 (47.5) 

ment in visual acuity (Pearson, r = .25, P = Spear
man, r = .23, P = .15). However, there were significant 
correlations between the decrease in central retinal thick
ness at one month and the subsequent improvement in 
visual acuity seen at two months (Pearson, r = .57, P < 
.001; Spearman, r = .47, P = .002) and three mornhs 
(Pearson, r = .51, P = .001; Spearman, r = .36, P = .021 ). 
In addition, significant correlations were identified be
tween the change in thickness at two months and the 
visual acuiry changes at two mornhs (Pearson, r = .36, P = 
.023; Spearman, r = .41, P = .009) and three months 
(Pearson, r = .31, P = .05; Spearman, r = .38, P = .017). 
Finally, significant correlations were observed between the 
decrease in retinal thickness and the improvement in 
visual acuity at three months (Pearson, r = .36, P = .024; 
Spearman, r = .34, P = .034). 

The PrONTO OCT definition of fluid in the macula 
included retinal cysrs and subretinal fluid, bur not sub-RPE 
fluid, otherwise known as a PED. Of the 36 eyes with cystic 
changes in the retina at baseline, 30 eyes showed complete 
resolution of the retinal cysts by clay 7 (Table 5). By one 
month after the injection, only six eyes were found ro 
contain retinal cysts, with three eyes containing retinal 
cysts at month 2 and month 3. Of the 30 eyes with 
subretinal fluid at baseline as detected by OCT, 19 eyes 
continued to have subretinal fluid at day 7 afrer the first 
injection, nine eyes continued to have subretinal fluid at 

month 1, three eyes at month 2, and only one eye at 
month 3. At the month 3 visit, only three eyes required an 
injection of ranibizumab because of persistent fluid in the 
macula; two eyes with residual retinal cysrs and one eye 
with both residual cysts and subretinal fluid (Table 5). 

Fluid contained within a PED appeared to take longer to 
resolve compared with irnraretinal cysts and subretinal 
fluid (Table 5). Of the 29 eyes with evidence of a PED at 
base] ine, only 14 eyes showed resolution of the PED by 
month 3 with the remaining 15 eyes showing at least some 
decrease in the amount of fluid \Vithin the PED. One of the 
eyes with a PED at base] ine was the same eye that 
developed a tear of the RPE within seven days after the 
fmt injection. 

At the momh 3 visit, 37 of the 40 eyes did not receive 
an injection. Of rhe three eyes that did receive an 
injection, two had persistent intraretinal cysts and one had 
both persistent cysts and subretinal fluid (Table 5). /-.,. 

fluid-free macula was eventually achieved in two of the 
eyes; vvith one eye requiring two tnore consecutive 
monrhly injections and the orher eve requiring three more 
consecutive monthly injections. One eye never became 
fluid-free during the first year of the study and required 1.3 
injections through month 12. 

• RETREA TMENT WITH RANIBIZUMAB FROM MONTH 3 

TO MONTH 12: At month 12, 100% of patients returned 
for follow-up. Of the 880 study visits scheduled during the 

first 12 months, only eight scheduled study visits \Vere 
missed by different patients at different times resulting in 
an overall study compliance of 99. l %,. A total of 11 
unscheduled visits occurred primarily because of patients 
reporting a worsening of their visual acuitv, and four of 
these visits resulted in a reinjection based on the retreat

ment criteria. All patients evaluated at an unscheduled 
visit rernrned for their next regularlv scheduled visir. 

After the month 2 visit, only one of the reinjection 
criteria needed to be fulfilled; however, at any given visit, 
several criteria could be fulfilled (Table 2). A total of 102 
reinjections 1:vere performed beginning at month 3 through 
month 12 based on our retreatment criteria. The most 
common reason for reinjection was the loss of at least five 
letters of visual acuity in association with macular fluid 

detected by OCT. Two of the criteria did not require any 
OCT imaging, and these criteria were the presence of a 
new hemorrhage and the appearance of new classic CNV. 
Twenty of the l 02 reinjections were performed because of 

FIGURE 6. Case 1: Optical coherence tomography (OCT) response from baseline through month 12 in an eye with neovascular 
age--related macular degeneration (AMD) and predominantly classic choroidal neovascularization (CNV) given a total of three 
injections through month 2 with no additional inJections performed through month 12. Vertical Odt side} and ho:rizontal (right 
side) OCT scans and central retinal thickness measurements are shown of her left eye at baseline (406 µm; visual acuity IVAJ: 
20/80), :ranibizumah no. 1 in.Jeered; month 1 (183 fR.m; VA: 20/50), ranihizmnab no. 2 injected; month 2 (180 µ.m; VA: 20i50), 
ranibizumab no. 3 injected; month 3 (184µm; VA: 20i32), observed; month 6 (179 µm; VA: 20/50), observed; month 9 (203 
fR.m; VA: 20/50), observed; montb 12 (180 µm; VA: 20/40), observed. 
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new hemorrhage or new classic CNV alone or in combi
nation. Even though both of these retreatment criteria did 
nor rely on OCT imaging, investigators did observe either 
an increase in intraretinal cysts or subretinal fluid at these 
visits, which are qualitative OCT changes consistent with 
rhe appearance of recurrent fluid. However, the increase in 
the OCT central retinal thickness measuremenrs at these 
visits were less than the 100 µ.m increases required to 
uigger a retreatment. 

The mean and median number of injections for the first 
year were 5.6 (SD 23) and 5.0 (range, three to 13), 
respectively, of a possible 13 injections from clay O through 
month 12. Three of these injections were mandated by the 
protocol and given during the first three months. After the 
first three injections, seven patients never needed another 
injection (Figure 3). Figures 4, 5, and 6 shmv the images of 
an eye with a predominantly classic lesion that required a 
mtal of only three injections over 12 months. In contrast 
to the seven eyes that received jusr the rhree injections 
over 12 months, one eye never became fluid-free and 
received a total of 13 injecrions. Cf the 39 eyes that 
eventually achieved a fluid--free macula, the mean and 
median number of monrhly consecutive injections from 
baseline that were required to achieve a fluid--free macula 
were 1.5 (SD 1.1) and 1.0 (range, one to six), respectively. 

Thus a total of 39 eyes eventually became fluid-free; 3 7 
of rhese eyes eventually developed some recurrent fluid 
during the first year. Of the 3 7 eyes that developed some 
recurrent fluid, 32 received a retreatment during the first 
12 months. Of the 39 eyes that became fluid-free, seven 
never needed another injection after the lasr scheduled 
injection at monrh 2. Therefore, five of the 37 eyes thar 
developed some recurrent fluid did not meet any of the 
criteria for retreatment during the first year. For the 32 eyes 
that did develop recurrent fluid and ,vere reinjected after 
monrh 2, the mean and median duration of the injection
free interval was 1+.5 months (SD 2.7) and 3.0 mornhs 
(range, two to 10 months), respectively. After achieving a 
fluid-free status following the last scheduled injecrion at 
monrh 2, Table 7 shows the monthly visit when eyes 
received their first reinjecrion based on the criteria in 
Table 2. Table 7 also shows the total number of eyes 
requiring any injection at each monthly visit. Of the 32 
eyes rhat were reinjectecl, 27 eyes returned to a fluid--free 
state before month 12. The mean and median number of 
consecutive monthly reinjections required until the mac
ula was once again fluid-free was 1.2 (SD 0.6) and one 
(range, one !CJ four), respectively. Figures 7 to 10 show rhe 

images of an eye with a RAP lesion that required a rotal of 
seven injections 1:vith injection--free intervals ranging from 
two to three months. 

411 VISUAL ACUlTY AND OCT OUTCOMES AT 12 MONTHS: 

/\t 12 months, the mean and median visual acuity 

scores improved compared wirh baseline by 9.3 letters 
(P < .001) and 11 letters (P < .001 ), respecrively (Table 
3; Figure 1). Fourteen eyes (35%) gained at least 3 lines of 
vision with three eyes (7.5%,) gaining at least 6 lines of 
vision (Table 6). Thirty-three eyes (82.5%) avoided any 
loss of letters with 38 eyes (959{1) avoiding a loss of at least 
three lines (15 letters) of visual acuity 12 months. The 

overall improvement in visual acuity was associared with a 
decrease in central retinal thickness. The mean and 
median thickness measurements decreased by 177.8 µ.m 
(P < .001) and 185.5 µm (P < .001), respectively (Table 4; 
Figure 2). The correlations between the improvement in 

visual acuity and decrease in OCT central retinal thickness 
measurements at 12 months were found to be significant 
for the Pearson analysis, but borderline for the Spearman 

analysis (Pearson, r = .38, P = .016; Spearrnan, r = .31, 
P = .051). However, both analyses showed significance 

when the change in OCT central retinal thickness at one 
month was correlated with the eventual change in visual 

acuiry at 12 monrhs (Pearson; r = .3 7, P = .019; 
Spearman, r = .38, P = .015). These results suggesr that 

the initial decrease in OCT measurements are predictive of 
future visual acuity improvements, whereas the subsequent 
OCT measurements that can tlucrnate as part of a variable 
dosing regimen are less reliable predictors of visual acuity 

at any given month. 
Retreatment was guided primarily by the presence of 

fluid in the macula as defined by intraretinal cysts and 
subretinal fluid which were also the major contributors to 

the overall central retinal thickness measurement, and a 
positive correlation was found between the central retinal 
thickness measurements and visual acuity outcomes. How-

ever, retreatment decisions were nor guided bv the pres
ence or absence of a PED. One way to assess wherher the 
existence of a PED was a variable that influenced visual 
acuity outcomes would be to analyze whether the presence 
or absence of a PED at baseline and after the first three 

consecutive monthly injections were associared with visual 
acuity outcomes ar 12 months. Using the Student t test 
and the Mann--\Vhitney U nonparametric test, 1:ve found 

no association between a PED at baseline with visual 

FIGURE 7. Case 2: A 82-year .. old woman with neovascula:r age-related macular degene:ration (AMD) and a history of three prior 
photodynamic therapy treatments to he:r left eye subsequently diagnosed with rednai angiomatous proliferation that appeared as 
occult ·with no classic choroidal neovascularization (CNV) by fluorescein angiography and received seven intravitreal injections of 
ranihizumah over 12 months. Color fondus images with early- and law-phase tluorescein angiographk images are shown at baseline, 
month 3 (1 month after the third injection), month 6, month 9, and month 12. Four additional ranibizumah injections were given 
at month 5, month 7, month 9, and month 12. 
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acuity at 12 months (P = .78; P = .57 or a PED at three 
months wirh visual acuity at 12 monrhs P = .79; P = .68). 

There was no statistically significant correlation be
tween the need for retreatment over 12 months and 
baseline visual acuity or baseline lesion size. 111-e influence 
of baseline acuity and lesion size in disk areas on the 
number of reinjections was assessed with both Pearson 
correlation and Spearman nonparametric correlation anal
yses. No correlation was found between number of rein
jenions and baseline acuity (Pearson, r = --- .03, P = .88; 
Spearman, r = .14, P = .39) or lesion size and (Pearson, 
r = ---.06, P = .71; Spearman r = ---.04, P = .83). 

\Y/hen the major baseline angiographic lesion types 
were analyzed over 12 months, they all required about 
the same number of injections. Overall, occulr with no 
classic lesions (n = 10) received 5.4 injections (SD 2.2), 
minimally classic lesions {n = 23) received 5.6 injec
rions (SD 2.1 ), and predominandy classic lesions (n = 
7) received 5.7 injections (SD 3.4). A one-way para
merric analysis of variance showed no srntisticall y sig
nificarn difference between these lesion types with 
respect to the number of injections performed (P = .96). 
However, there was statistical significance when com
paring RAP lesions (n = 10) with non-RAP lesions 
(n = 30) (P = .013). RAP lesions received 7.1 injec
rions (SD 2.2), \vhereas non-RAP lesions received 5.0 
injections (SD 2.2). Similarly, when a one-way non
parametric analysis \vas performed (the Kruskal-\vallis 

no statistically significant difference was found 
between occult with no classic, minimally classic, or 
predominandy classic lesions with respect to the num
ber of injecrions performed (P = .89); however, a 
significant difference ,vas found when comparing RAP 
lesions with non-RAP lesions (P = .003). 

The influence of reinjections on rhe change in visual 
acuity lener scores at 12 monrhs \vas assessed with both 
Pearson and Spearman correlation analyses. Although no 
statistically significant correlation was found with ei tber 
analysis (Pearson, r = -.25, P = .13; Spearman, r = -.31, 
P = .054), the resulrs suggest a trend towards a possible 
correlation between more frequent injections and worse 
visual acuity outcome. 

<11> SAFETY: There were no ocular or systemic adverse 
events attriburable to the injection of ranibizumab. A total 
of 222 injections were performed and there were no 
episodes of endophrhalmitis, uveitis, retinal detachment, 
retinal tear, vitreous hemorrhage, lens damage, cataracr 
progression, or prolonged irnraocular pressure elevation. 

No systemic thromboembolic everns occurred and there 
were no deaths. No hypenension was newly diagnosed 
during tl1e study. TI1ere vvas no cataracr progression nored 
on clinical exam and no cataraC! surgery was performed. 
After one year, there was a mean change in systolic blood 
pressure of ---8 mm Hg and a mean change in diastolic 
blood pressure of - 5 mm Hg. 

DISCUSSION 

IN THE PRONTO STUDY. INTRA VITREAL INJECTIONS OF 

ranibizumab were shown to rapidly reduce the amount of 
macular fluid in eyes of patients with neovascular AMD 
while improving visual acuity. \virhin one day, both the 
mean and median OCT central retinal thickness measure
merns decreased significantly, and by day 14, both the 
mean and median visual acuity measurements bad im•
proved. Continued improvements were evident within the 
first 3 months after the three scheduled ranibizumab 
injections and these improvemenrs were maintained 
through 12 months using a variable dosing regimen. After 
month 2, injections were sropped if the macula was found 
to be fluid.-free and injections were resumed after certain 
retreatment criteria were met. \Y/hen injections resumed, a 
single injection was usually sufficient to restore a fluid-free 
rnacula. 

The PrONTO study visual acuity outcomes \Vere similar 
to the results from the 0.5 mg ueatment groups in rhe two 
Phase lII clinical trials with ranibizumab rhar used a fixed 
monthly dosing regimen.2,3 These two Phase III trials are 
knmvn by the acronyms MARINA and ANCHOR. In the 
t-AARINA trial, mean visual acuity improved by 7.2 lerters 
and in the ANCHOR trial, mean visual acuity improved 
11.3 letters. In the PrCNTO study, visual acuity improved 
by 9 . .3 letters al 12 months. Although patients in the 
t-AARINA and ANCHOR trials received 13 injections 
through 12 months, the patients in the PrONTO srndy 
received an average of just 5.6 injecrions with a median of 
five injections. Other visual acuity efficacy encl points were 
similar as well. In rhe MARINA and ANCHOR trials, 
94.6% and 96.4% of parient respectively avoided a 15-
lerter visual acuity decrease, whereas in the PrONTO 
srndy, 95% of patients avoided such a loss. ln the 
t-AARINA and ANCHOR trials, 33.S'X, and 40.3%, of 
patients gained at least 15 letters of visual acuity compared 
with 35% of patients in the PrONTO study. Finally, when 
comparing the proportion of parients wirh zero or more 
letters gained at 12 months, the MARINA and ANCHOR 

FIGURE 8. Case 2: Optical coherence tomography (OCT) response to the first ranibizumah injection from baseline through month 
1 in an eye with neovascular age-related macular degeneration (AMD) characterized as retinal angiomatous proliferation. Vertical 
(Left) and horizontal (Right) OCT scans and central retinal thickness measurements of the left eye are shown at baseline (305 j.l.m; 
visual acuity [VA]: 20/50), ranibizumah no. 1 injected; day 1(2181.1m); day 2 (216 µm); day 4 (215 µm); day 7 (212 µm); day 
14 ( 183 µm; VA: 20i40); month 1 (172 µm; VA: 20i40); ranihizumab no. 2 injected. 
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studies reported 71.3 'X, and 77. 7%, respectively, whereas 
rbe PrONTO study had 82.5% of patients without any 
ietrers losr. 

While it is encouraging that the results of the 
PrONTO Study are similar to both the MARINA and 
ANCHOR trials, there are several differences between 
the studies that limit such comparisons. In contrast to 
these large, double-masked, randomized, controlled, 
Phase III clinical trials, the PrONTO study was a much 
smaller, open--label, unmasked study. The PrONTO 
study further differed from the Phase III trials by 
enrolling a heterogeneous population of neovascular 
lesions with prior therapy permitted and selected pri
marily by the presence of macular fluid as derected using 
OCT. As a result, the PrONTO study included both 
minimally classic and occult with no classic lesions as in 
rhe MARINA trial as well as predominantly classic 
lesions as in the ANCHOR trial; however, the lesions in 
the phase III trials were selected based on angiographic 
criteria and no prior therapy was permitted. 

Perhaps it would be more appropriate to compare the 
PrONTO resulrs alongside rbe PIER trial, another Phase 
III ranibizumab tdal that included all the major angio
graphic lesion subtypes of neovascular AMI} 4 In the PIER 
uial, patients received three scheduled monthly injecdons 
as in the PrONTO Study, but after the second month, the 
PIER protocol followed a fixed dosing regimen of every 
three months. In contrast to the PrONTO study, the mean 
visual acuity decreased at month 12 by 0.2 letters. The 
other secondary visual acuity end points showed a similar 
decrease in efficacy compared with the MARINA and 
ANCHOR trials. The most likely explanation for these 
disappointing outcomes from the PIER trial is the need for 
more frequen! retreatment in some parients as shown from 
the resulrs of rhe PrONTO study. 

The retreatment criteria chosen for the PrONTO 
were based on clinical observations made following the 
comp let ion of the Phase ljll ranibizumab studies and 
dudng the extension study when padents could be 
retreated at the discrerion of the investigaror. From 
rhese observarions, it appeared that OCT could derect 
rbe earliest signs of recurrent fluid in the macula after 
the ranibizumab injections were stopped. The signs of 
recurrent fluid included rbe appearance of macular cysts 
or subrednal fluid, and these signs were thought w 
represent rbe earliest manifestations of recurrent CNV. 
The PrONTO srndy was designed to demonstrate that if 

these early signs were observed and followed over dme, 
then more fluid would eventually accumulate within the 

niacula~ leading to vision loss~ beniorrbage~ or cJassic 
CNV. For this reason, the OCT retreatmem criteria 
chosen for the PrONTO study required that a large 

amount of flutd reaccumulate in the macula ( 1 CO J .. Lin) or 
vision loss occur before retreatment was offered. Al
though the vast majority of reinjections in the PrONTO 
used one of the OCT-based criteria, some eyes were 
reinjected because of new hemorrhage or new classic 
CNV. However, regardless of the criteria used, the need 

for retreatment could have been predicted based on 
qualitative OCT changes alone. \Vhenever new hemor

rhage or new classic CNV was present, the OCT always 
showed recurrent fluid in the macula, but of a level 

insufficient to trigger a retreatment based on the criteria 
used in this study. Even in months before an increase in 

central retinal thickness of at least 100 J-Lnl or a five 
letter visual acuity decrease associated wirh fluid in the 
rnacula; tl1ere \Vere ah.vays qualitative changes on t:h_e 

OCT images suggestive of new fluid in the macula. 
Therefore, one possible strategy for future ranibizumab 
studies would be ro use any qualitarive OCT change 
thar suggests recurrent fluid such as the appearance of 
any cysts or subretinal fluid as the basis for retreatment. 
Perhaps, current PrONTO results would have been even 

better if patiems had been reinjected as soon as rhe 
recurrent fluid was detected by OCT rather than wairing 
until more fluid accumulated or vision deteriorated. 

A direct heacl--to-head trial \vill be necessary to 

unequivocally conclude t bat a variable dosing regimen 
using OCT is as good as a fixed monthly closing regimen, 
but it is unlikely such a study will ever be performed now 
that ranibizumab is commercially available, and an 

ongoing Phase lllb clinical safety study with more than 
2,000 patients uses an open-label, variable-closing regi

men similar to the regimen used in the PrONTO study. 
This Phase lIIb study is known by the acronym SA lL
OR.'f Most likely, future studies with ranibizumab in 

neovascular i\MD will focus on ways to further reduce 
the overall number of ranibizumab injections ,vhile 

achieving the same or better visual acuity outcomes. 

This approach will be particularly useful for RAP 
lesions. A decrease in the number of injections would 
reduce the potential risk of injection-related complica
tions, and an increase in the injection-free interval 

FIGURE 9. Case 2: Optical coherence tomography (OCT) response from baseline through month 6 after ranibimmab injections 
at month 1, month 2, month 3, and month 5 in an eye with r1eovascular age-related macular degeneration (M1D) characterized as 
retinal angiomatous proliferation. Vertical (Left) and ho:rizontal (Hight) OCT scans and central :retinal thickness measurements are 
shown of her left eye at baseline (305 µm, visual acuity [VA]: 20/50), :ranihizumab no. 1 injected; month 1 ( 172 µm; VA: 20i40), 
ranihimmab no. 2 injected; month 2 (172 µm: VA: 20/32), ranibimmab no. 3 injected; month 3 (173 µm; VA: 20/32), ohse:rved; 
month 4 (251 1.1,m; VA: 20/40), observed; month 5 (328 µm; VA: 20/32), ranihizumab no. 4 injected; month 6 (147 !Mn; VA: 
20/32), observed. 
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I-ilGl.JRE 10. Case 2: Optical coherence tomography (OCT) response from month 7 through month 12 after ranibizumab injections 
at month 7, month 9, and month 1 Z for a total of seven :ranihizumab injections over 12 months in an eye with neovascular 
age-related macular degeneration (MID) characterized as retinal angiomatous proliferation. Vertical (Left) and horizontal (Right) 
OCT scans and central :retinal thickness measurements are shown of he:r left eye at month 7 (277 µm; VA: Z0/40), ranihizumah 
no. 5 injected; month 8 (144 µm; visual acuity [VA]: 20/32), observed; month 9 (277 µm; VA: 20i40), ranibizumab no. 6 
injected; month 10 (1511..1.m; VA: 20/40), observed; month 11 (20lµm; VA: Z0/40), observed; month 12 (280 µm; VA: 20/50), 
ranihizumah no. 7 injected. 
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would reduce rhe burden of frequent follow-up eval
uations. 

In conclusion, a variable dosing regimen with ranibi
zumab resulted in an average of 5.6 inject ions over one 
year with visual acuity and OCT improvements that 
were statistically and clinically significant. These results 

were similar to the outcomes obtained using 13 monthly 

injections over one year in the fixed-dosing Phase III 
regimens. The outcomes from t be PrONTO study sug-

gesr that OCT can be useful for guiding retreatmern 
with intravitreal ranibizumab in neovascular AMD, and 
the use of such an OCT-guided, variable-dosing regimen 
should decrease the injection burden without sacrificing 
improvements in visual acuity. 
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Abstract: Intravitreal administration of anti-vascular endothelial growth factor (VEGF) antibodies 

has become the standard treatment for Age-Related Macular Degeneration; however, the knowledge 
of their pharmacokinetics is limited. A comprehensive review of the preclinical and clinical 
pharmacokinetic data that were obtained in different studies with intravitreal bevacizumab, 
ranibizumab, and aflibercept has been conducted. Moreover, the factors that can influence the 

vitreous pharmacokinetics of these drugs, as well as the methods that were used in the studies 
for analytical determination, have been exposed. These anti-VEGF drugs present different charge 
and molecular weights, which play an important role in vitreous distribution and elimination. 

The pharmacokinetic parameters that were collected differ depending on the species that were 
involved in the studies and on physiological and pathological conditions, such as vitrectomy and 
lensectomy. Knowledge of the intravitreal pharmacokinetics of the anti-VEGF drugs that were used 
in clinical practice is of vital importance. 

Keywords: vascular endothelial growth factor/antagonists & inhibitors; ranibizumab; aflibercept; 
bevacizumab; Age-Related Macular Degeneration; pharmacokinetics; intravitreal 
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1. Introduction 

Age-Related Macular Degeneration (AMD) is the leading cause of irreversible visual impairment 
among individuals over the age of 65 years all around the world (between 30 and 50 million people). 

It is expected that its prevalence will double in the next few decades, and it is estimated that 280 million 
people will be affected by 2040 U,2]. 

The disease almost always begins as a non-neovascular form of AMD and it may progress to 
the neovascular form in one or both eyes [3]. A progressive deterioration in the macula characterises 

the non-neovascular form, which causes central vision loss. The neovascular form is caused by the 
abnormal development of blood vessels under the macula, leading to the leakage of fluid and blood 
causing inflammation. The latter form progresses more rapidly, and it can cause severe vision loss 

within a few months if left untreated [4]. 
The cause of the disease is multifactorial (i.e. age, ethnic origin and a combination of genetic 

and environmental factors) ['i]. Several treatments for neovascular AMD have been widely studied, 
such as laser photocoagulation and photodynamic eye therapy with verteporfin, but nowadays the 

standard treatment consists of intravitreal injections of inhibitors of vascular endothelial growth factor 
(anti-VEGF). The anti-VEGF monoclonal antibodies that were used to treat AMD include the approved 
intravitreal administration of pegaptanib, ranibizumab, and aflibercept and the off-label intravitreal 

administration of bevacizumab and Ziv-aflibercept [6,7]. 
Nowadays, in clinical practice, it is very difficult to achieve adequate therapeutic drug levels in 

the vitreous humour through topical ocular or systemic administration, which is mainly due to the 

existence of physiological barriers. Oral treatments could be an attractive treatment option; however, 
they have failed to show benefits in combination with intravitreal anti-VEGF treatments and they are 
still being evaluated in monotherapy [8]. Therefore, intravitreal injections are still the most appropriate 
method for treating pathologies that affect the posterior segment of the eye [9]. The frequency of 

administration of anti-VEGF drugs plays a key role, as their administration is currently not standardised 
in clinical practice and therefore different administration schedules coexist. Fixed regimens were 
evaluated in pivotal studies [l 0-1 ~:], in which the patients received monthly or bimonthly injections on 

a continuous basis over the follow up months [W,ll,l3]. Fixed monthly injections offer the best visual 
outcome, but this regimen is not commonly followed outside clinical trials due to the increased number 
of required visits to the ophthalmologist [l,JJ In addition, the followed regimen can have significant 
economic repercussions due to the high cost of these treatments [15]. The two most commonly followed 

treatment regimens are the pro re nata (PRN), which consists of treating if reactivation, and the Treat 
and Extend (T&E) strategy. The latter consists of a proactive treatment regimen where the key is to 
treat the patient before the disease activity appears. It was created to reduce the frequency of injections 

and it is the most accepted treatment regimen [ 16,17]. T&E consists of a loading phase of three monthly 
injections, followed by a progressive lengthening of the treatment intervals by one or two weeks as 
long as no activity is detected [j E.\]. If disease activity is detected during any visit, treatment intervals 
are reduced to the interval used prior to the extension. A recent meta-analysis has shown that the 

T&E regime has a mean of 6.9 fewer injections at 24 months when compared to monthly injections 
yielding similar visual acuity results. Moreover, when compared to the PRN strategy, T&E has revealed 
an improvement of 6.18 more letters than PRN in terms of visual gains, however a mean of 1.44 more 

injections was required for the T &E as compared to PRN regimen at 12 months [l 6]. 
Normally, the frequency of administration should be based on the half-life of the drug (t1; 2 ) in 

order to achieve a sustained therapeutic drug concentration in the vitreous. Direct determination of the 
vitreous drug levels requires invasive techniques, and for this reason, these type of studies are limited 

to the preclinical field [19,20]. Therefore, most clinical pharmacokinetics studies rely on indirect blood 
measurements, which have been mainly restricted to pivotal studies, which have not been studied 
in the great majority of post-authorisation trials [Ll,22]. For these reasons, the information that is 

available in this field is very limited. 
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The present review collects the most relevant aspects of the intravitreal pharmacokinetics of 
anti-VEGF drugs in AMD. For that purpose, an extensive review of the preclinical and clinical 
pharmacokinetic studies that have been published in this field was carried out. Moreover, information 

regarding the factors involved in the vitreous distribution and clearance, the methods for the 
quantification of anti-VEGF antibodies, and the utility of population models have also been compiled. 

2. Phannacokinetics of Anti-VEFG Drugs 

In is very difficult to perform intravitreal pharmacokinetic studies on humans, given that 
taking vitreous samples is an invasive procedure; therefore, most of the studies have focused on 
preclinical research. 

2.1. Ranibizumab 

Ranibizumab is a fragment of a monoclonal antibody that does not contain the Fe region (heavy 

chains) and with affinity for all subtypes of VEGF-A (Table 1). It has been approved for the treatment of 
neovascular AMD based on the results of two clinical trials (ANCHOR and MARINE), where 0.5 mg was 
administered on a monthly regimen observing improvements in visual acuity with gains of 11.3 letters 

in the ANCHOR trial and 7.2 letters in the MARINA trial, as compared to the control groups [10,l I]. 

Table 1. Properties of anti-vascular endothelial growth factor (VEGF) antibodies for Age-Related 

Macular Degeneration (AMD). Data from [23-:!",]. 

Properties 

Class 
MW(KDa) 
Net charge 

Binding target 
Ko for VEGF165 (pM) 

2.1.1. Animal Studies 

Ranibizumab 

Antibody fragment 
48 

Negative 
VEGF-A 

46 

Bevacizumab 

Monoclonal antibody 
149 

Negative 
VEGF-A 

58 

lviw = molecular weight; Ko = equilibrium dissociation constant. 

Aflibercept 

Fusion protein 
115 

Slightly positive 
VEGF-A, VEGF-B, PIGF 

0.49 

In a pharmacokinetic analysis that was performed by Bakri et al., 0.5 mg of ranibizumab was 
intravitreally injected in the right eye of male Dutch-belted rabbits. While using a non-compartment 

model, they determined that the half-life of ranibizumab was 2.88 days in the vitreous humour and 
2.84 days in the aqueous humour. The mean resident time (MRT) was 4 and 6.8 days in vitreous and 
aqueous humour, respectively, and no serum concentrations were detected [n J. 

Other studies have found vitreous half-lives within the same range. A study using I-124 labelled 

ranibizumab in rabbits and quantified by PET/CT obtained a similar vitreous half-life (2.81 days), 
but a two-compartment model was applied in this case [26}. Another study calculated a vitreous 
half-life of 2.75 days with a one-compartment model [:Z:7]. In all the aforementioned studies of the 

pharmacokinetics of ranibizumab in rabbits, the standard dose of ranibizumab (0.5 mg/0.05 mL) was 
injected in just one rabbit eye (unilateral injection). However, the authors of the following study decided 
to perform a bilateral injection, with a different dose to the standard. They injected 0.625 mg/0.05 mL 

in both eyes, obtaining a vitreous half-life of 2.9 days with a one-compartment model [2i5], which is 
comparable to the half-life that was calculated in the other conditions. 

Other studies have tested ranibizumab pharmacokinetics in monkeys as a non-human primate 
model. Christoforidis et al. performed a study with owl monkeys with I-124 radiolabelled ranibizumab 
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in the same way as they performed the study in rabbits [26,2\1]. They obtained a vitreous half-life of 
2.73 days after a single intravitreal injection of 0.5 mg/0.05 mL in one eye. Another study, in this case 
with cynomolgus monkeys, was performed with a bilateral single injection of ranibizumab, while 

testing two different injection doses: 0.5 mg/0.05 mL and 2 mg/0.05 mL [30]. They obtained vitreous 
half-lives with a one-compartment model of 2.63 and 3.95 days, respectively. The comparison between 
both groups suggests dose-linear vitreous pharmacokinetics. Aqueous humour, retina, and serum 

half-lives were also calculated (with a non-compartmental analysis), obtaining values of 2.54, 2.60, 
and 3.59 days for the injected dose of 0.5 mg, and 2.63, 2.28, and 3.47 days for the 2 mg injected 
dose, respectively. They also concluded that ranibizumab rapidly distributes to the retina, and it is 
removed from the vitreous humour through the anterior chamber (ranibizumab was found in the 

aqueous humour) and the posterior route (ranibizumab was found in both retinal layers). Moreover, 
they suggested that intraocular metabolism does not play a significant role in the elimination of 
ranibizumab from the vitreous chamber [30]. Even though Christoforidis and Gaudreault's studies 

differ in the monkey species used and the uni/bilateral injection at the dose of 0.5 mg, the estimated 
vitreous half-lives are comparable (2.73 days vs 2.63 days) [29,3G]. 

2.1.2. Human Studies 

A population approach of non-linear pharmacokinetic modelling that is based on serum samples 
that were collected from patients with AMD enrolled in five clinical trials, receiving from 0.3 to 2 mg 
per eye of single or multiple intravitreal ranibizumab estimated a vitreous half-life of nine days [22]. 

Ranibizumab reached maximum sen1m concentration approximately 0.5 days after intravitreal 
administration and these concentrations were 90,000 times lower than those that were estimated to 
be found in the vitreous humour [22]. The estimated serum half-life was two hours, because it is 

not a full-length antibody and it lacks the FcRn (the neonatal Fe receptor for IgG) that protects from 

lysosomal degradation, ranibizumab is prone to systemic metabolism [22]. Another study performed 
three intravitreal injections of ranibizumab (0.5 mg) in AMD patients at monthly intervals. A serum 
half-life of 5.8 days was calculated after measuring serum levels. They also found that ranibizumab did 

not demonstrate systemic accumulation between the first and third dose, concluding that ranibizumab 
is very quickly cleared from the bloodstream [19,31]. 

Aqueous humour half-life was calculated in the study performed by Krohne et al. They included 

patients that were diagnosed with both clinically significant cataract and macular oedema secondary 
to AMD, diabetic maculopathy, or retinal vein occlusion. The patients received a single intravitreal 
injection (0.5 mg) within 40 days before surgery, in which the aqueous samples were obtained, 
obtaining an aqueous half-life of 7.19 days. Moreover, they performed axial length measurements of 

the ocular globe in order to correct ranibizumab concentrations for ocular volume, determining that 
volume differences did not significantly alter the aqueous half-life (7.15 days) [32]. 

There is no data available with regards to the vitreous levels of ranibizumab after intravitreal 

injection in humans, and consequently vitreous half-life values are no available. One group applied 
a mathematical model that was intended for intravitreal pharmacokinetics in rabbits to estimate the 
vitreous half-life of ranibizumab in humans. They calculated a vitreous half-life for ranibizumab of 
4.75 days while using an experimentally determined mean half-life of bevacizumab in humans [33]. 

No significant reductions have been observed in the concentration of systemic VEGF levels 
between baseline and after intravitreal injections of ranibizumab [3ct-38] or drug accumulation 
between doses [31]. 

2.2. Bevacizumab 

Bevacizumab is a full monoclonal antibody (with Fe fraction) with an affinity for all subtypes of 

VEGF-A and systemic indication in the treatment of different types of cancer (breast, colon ... ) (Table 1). 
There is no current indication for AMD, but its mechanism of action and its administration at the level 
of the posterior chamber of the eye at a much lower dose (1.25 mg/0.05 mL) have promoted its off-label 
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use [39]. In addition, the possibility of splitting up the vial in the pharmacy departments reduces the 
cost of the treatment in comparison with the other two drugs that do have the indication [4D]. 

2.2.1. Animal Studies 

Bevacizumab vitreous half-life has been estimated at 4.32 days, following a 1.25 mg/0.05 mL 
unilateral intravitreal injection in rabbit eyes (non-compartmental analysis), with concentrations that 

remain above 10 µg/mL for 30 days [4 l]. The estimated half-life was 4.88 days and 6.8 days in the serum 
while using the same non-compartment model in the aqueous humour [:bl]. This data is consistent with 
the intravitreal pharmacokinetics that were analysed by molecular imaging with I-125-bevacizumab in 
a rabbit model (t112 = 4.22 days, two-compartment model) [26]. Bakri et al. found that bevacizumab 

concentration was higher in the aqueous humour of the fellow eye (uninjected) than in the vitreous, 
concluding that bevacizumab enters the fellow eye from the systemic circulation through the anterior 
route, reaching the aqueous humour first before diffusing into the vitreous, rather than entering through 

the choroidal blood flow ["U]. However, very low concentrations ofbevacizumab were found in the 
aqueous and vitreous humour of the uninjected eye, so this conclusion must be taken with caution. 

Higher vitreous half-life values (5.95 days) were obtained in the study that was performed by 

Nomoto et al. in a rabbit model (unilateral injection). They also measured the amount of bevacizumab 
in iris/ciliary body and retina/choroids, obtaining half-lives in these tissues of 5.74 and 6.23 days, 
respectively. However, the higher half-lives that were obtained can be explained, because they 
performed an Enzyme-Linked ImmunoSorbent Assay (ELISA) that detected all bevacizumab, i.e., 

free bevacizumab, VEGF-bevacizumab complex and fragments ofbevacizumab molecules, whereas the 
majority of the studies only measure free bevacizumab levels, as they have been considered as a good 
representation of total drug concentration. Moreover, their first sample taken was seven days after 

injection, so early data is missing in this study, which could counterfeit the results [42]. 

Another study has found even higher half-lives in vitreous, aqueous humour, and serum 
(6.61 days, 6.51 days, 5.87 days, non-compartmental analysis) when compared to the other studies of 
1.25 mg/0.05 mL bevacizumab unilateral injection in rabbit models [43]. They used New Zealand rabbits 

instead of Dutch-belted rabbits, together with a high sensitivity ELISA (detection limit 0.001 ng/mL) 
detection kit, which could explain the differences that were found. However, when compared to 
Bakri's work, both of the studies found that the maximum concentration was achieved at one day 

post-injection in the vitreous humour and after eight days in serum [-HA3]. One great advantage of 
this study is that anti-bevacizumab antibodies in serum were also measured, concluding that these 
anti-bevacizumab antibodies cannot have an important effect on bevacizumab concentration due to 
their low concentration [43]. 

The intravitreal half-life estimated in owl monkeys of 1.25 mg/0.05 mL I-124-bevacizumab 
intravitreal injection was 3.6 days, with detectable concentrations up to 28 days [?6]. 
The pharmacokinetics of bevacizumab in cynomolgus monkeys was also tested by ELISA, but in this 

case only aqueous humour and serum samples were collected, obtaining half-lives of 2.8 and 12.3 days, 
respectively [,JA], preventing the comparison of both studies. 

No activity was detected in other parts of the rabbit body apart from the ocular globe in the 
studies that were performed by Christoforidis et al. with I-125 radiolabelled antibodies bevacizumab, 

ranibizumab, and aflibercept [26/15]. However, these results are inconsistent with other studies, 
where bevacizumab was detected in the brain, heart, and kidney after a single intravitreal injection [46]. 

2.2.2. Human Studies 

Vitreous half-life was estimated to be 6.7 days following a two-compartment model. 
Patients received a single dose of 1.25 mg bevacizumab prior to vitrectomy. A peak concentration 

of 165 µg/mL was reached on the second day after the intravitreal injection H,7]. Another author 
found that the vitreous half-life ranged between 2.5 and 7.3 days, with a mean of 4.9 days, after the 
administration of 1.25 mg/0.05 mL while using a one-compartmental model. The vitreous samples were 
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taken during pars plana vitrectomy [34]. These results should be taken with caution, as only eleven [47] 
and three [~Yl] patients, respectively, were used for the pharmacokinetic analysis. Moreover, the fact 
that vitrectomy was performed due to collateral complications, such as submacular haemorrhage and 

choroidal neovascularization F7] or cataract extraction [3,J,] must also be taken into account. The latter 
study also evaluated the serum half-life ofbevacizumab, determining it to be 11.3 days p~,]. 

A serum half-life of 18.7 days [l 9,3l] has been estimated after three-single intravitreal doses 

of 1.25 mg of bevacizumab. Moreover, its systemic exposure was found to be greater than that og 
ranibizumab or aflibercept, with a serum concentration of 1.58 nM, which is higher than the estimated 
inhibitory concentration (IC50) for VEGF factor (IC50 = 0.668 nM) [4B]. This data suggests the possibility 
of adverse effects that are usually associated with the intravenous doses of these drugs, and that could 

appear in patients with AMD, macular oedema, etc. [,J,9-Sl]. 
Aqueous half-life was estimated to be 9.82 days in humans by non-compartmental analysis. 

Patients received a single intravitreal injection of 1.5 mg bevacizumab and within 53 days after 

the injection, an aqueous humour sample was obtained during cataract surgery. The patients were 
diagnosed with cataract and recurrent macular oedema secondary to AMD. Bevacizumab concentration 
peaked on the first day, with a mean concentration of 33.3 µg/mL [52]. 

The same dose (1.5 mg) was administered in another study and was compared to a higher 

dose of 3 mg. The maximum concentration in the aqueous hu1nour was obtained at one day 
post-injection for both doses, with an aqueous half-life of 7.85 and 11.69 days for the 1.5 and 3 mg doses, 
respectively, calculated by one-compartmental analysis. Double dosing induced a significant higher 

peak concentration at baseline, although the aqueous bevacizumab concentration was not significantly 
different after six weeks. Therefore, the administration of a double-dose does not significantly increase 
the duration of action. This study presents several limitations, as that the enrolled patients suffered 
from different retinal diseases and the injection volume was double for the dose of 3 mg in relation to 

1.5 mg, which could affect the pharmacokinetic parameters [53]. 
Regarding the bevacizumab levels in the aqueous humour of the uninjected eye, the study that 

was conducted by Meyer et al. found that the concentration of bevacizumab was below the ELISA 

detection limit, so no significant levels are expected to be found in the fellow aqueous chamber [Sc\]. 

2.3. Aflibercept 

Aflibercept has a different mechanism than the other two. It is a recombinant fusion protein 
that consists of portions from the extracellular domains of the human VEGF receptors 1 and 2, 
which are fused with the Fe portion of the human IgGl. Aflibercept has a great affinity for VEGF A, B, 
and placental growth factor (PlGF) (Table 1 ). The data on the pharmacokinetics of aflibercept is scarce 

and mostly refers to animal models in comparison with the other two anti-VEGF drugs. 

2.3.1. Animal Studies 

Christoforidis et al. also performed studies with I-124 radiolabelled aflibercept, obtaining a vitreous 
half-life of 4.58 days after a single intravitreal injection of 2 mg/0.05 mL in Dutch-belted rabbits [45]. 
Another study found a vitreous half-life of 3.92 days in New Zeeland white rabbits [S,:,]. The differences 
could be due to the fact that the aflibercept concentration was quantified by an indirect ELISA and 

the dose injected was lower, 1.2 mg/0.03 mL. In this study, the aqueous humour and retina/choroid 
half-lives were also calculated, which obtained values of 2 and 2.425 days, respectively [,:;SJ. 

Studies in owl monkeys were also performed with 1-124 aflibercept, obtaining a vitreous half-life 

value of 2.44 days [29], whereas the vitreous half-life value was 2.2 days in cynomolgus macaques 
where aflibercept concentration was measured by ELISA [56]. 
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2.3.2. Human Studies 

Serum half-life of aflibercept has been estimated at 11.4 days after three-monthly intravitreal 
injections of aflibercept (2.0 mg) in an AMD population. The authors found that aflibercept seemed to 

exhibit systemic drug accumulation between the first and third dose U 9,3[]. 
Some of the authors explored the relation between systemic exposure to intravitreal aflibercept 

injection and systemic pharmacodynamics (blood pressure). They included patients from four different 
clinical trials. Aflibercept plasma concentrations quickly decreased over a week to concentrations below 

the LLOQ (15.6 µg/L) once peak concentrations has been achieved within 1-3 days post-dose. Intravitreal 
administrations were not associated with common adverse effects of intravenous anti-VEGF [57]. 

The authors of this article suggest, that owing to the intermediate size of aflibercept (between 

ranibizumab and bevacizumab), the vitreous half-life of aflibercept could be hypothesised to be nine 
days since no intravitreal pharmacokinetic studies have been performed in humans with aflibercept ['J>:-,]. 
A study conducted in five patients with AMD found an aqueous half-life of approximately nine days 
based on aqueous samples. They also found very low plasma levels, suggesting a lack of substantial 

plasma exposure [59]. 
The same author that calculated a vitreous half-life of ranibizumab in humans with a mathematical 

model, determining a vitreous half-life of 7.13 days for aflibercept following the same procedure [:BJ. 

A compiled list of the different pharmacokinetic parameters analysed in the studies of ranibizumab 
(Table 2), bevacizumab (Table 3), and aflibercept (Table 4,) in different species (rabbit, monkey, 
and human) has been included at the end of this section. The compiled parameters include half-life 

(t1j2), time taken to reach maximum concentration (T max), maximum concentration (Cmax), and area 
under the concentration-time curve (AUC). Cmax is reached very early on due to the rapid distribution 
of the antibodies through the vitreous humour, so most of the studies assume that their first data 

point (normally one day post-injection) corresponds to T max· Therefore, the utility of defining T max is 

sometimes controversial. However, T max is shown in the pharmacokinetic tables in order to provide 

a time reference corresponding to Cmax. 
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Table 2. Pharmacokinetic parameters of intravitreal ranibizumab in different species. 

Model Injected Dose Determination Sensitivity PK Sample Time Points 
Normal Eyes Vitrectomy Aphakia . 

Ref. Observahons 
Model 

Tmax Cmax AUC t112 Cmax AUC t1j2 

LLOQ=0.375 
VH 

1,3,8, 15,29 Dutch-belted O.Smg/0.05 CUA NC 
No detection in [::i] 

rabbits mL ng/mL AH serum 

Senun 

VH 
0,2,5, 7, 14, 

Oh 
No detection in Dutch-belted PET (1-124) 2C [2b] 

rabbits mL AH 

Serum 

VH 
2.13 1.79 

Dutch-belted O.Smg/0.05 PET (1-124) 2C 
0,2,5, 7, 14, 

[(:1] 
rabbits mL AH 

Senun 

New Zealand 0.625 my0.05 
0.78nymL lC VH 

Bilateral 
rabbits mL 

ELISA NC AH 
[::i] 

NC Senun 

VH lh 91.61 µymL 
2.51 118.01 

New Zealand LLOQ=0.375 lhor 1,2,5, 
rabbits mL 

ELISA ng/mL lC 14,30 days 
[?:] 

AH lh 20.38 µymL 21.7 

Senun 

VH 0, 1,2,4,8, 14, 

mL 
PET (1-124) 2C AH [>!] 

1,2,4,8, 12h; 
Serum 1,2,4,8, 14,21, 24h 

Cynomolgus 
lC VH 

Bilateral 
ELISA [:;(:] 

macaques mL NC AH 

2, 6, 12, 24, 36, 
NC Serum 48h;4-11 6h 

days 

lC VH 6h,2,3,5,8, 
Bilateral 

ELISA lldays [:::1] 
macaques NC AH 

2, 6, 12, 24, 36, 
NC Serum 48h;4-11 6h 616 µg/mL 

days 

LLOD= 156 
VH 

0.25mg/0.05 [;6] 
mL 

ELISA pymL lC 171 154 macaques 
1.4 41.8 

AH 2.3 days lday 51.3 µg/mL 

Serum 
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Table 2. Cont. 

Model Injected Dose Determination Sensitivity PK Sample Time Points 
Normal Eyes Vitrectomy Aphakia . 

Ref. Observahons 
Model 

t112 Tmax Cmax AUC t112 Cmax AUC t112 

VH 
O.Smg/0.05 10-1000 ng/mL 1-37 days Pl Human 

mL 
ELISA lC AH 

Senun 

LLOQ,,0.3 
VH 

Human Variable CUA lC AH Variable [2::] 

Senun 2h 

VH 
3h; 1,3,7,28 O.Smg/0.05 LLOQ = 15 p~mL [I\::] Human 

mL 
ELISA NC AH 

Senun O.llnM 
0.46 

h-nM 

CUA= Chemoluminiscent immunoassay; ELISA= Enzyme-Linked ImmunoSorbent Assay; PET= Positron Emission Tomography; LLOD = Lower Limit of Detection, LLOQ = Lower 
Limit of Quantification, lC = One-compartment model; 2C = Two-compartment model; NC= Non-compartment model; VH = vitreous humour; AH= aqueous humour; 11;2 = half-life; 
T max = time taken to reach maximum concentration; = maximum concentration; AUC = area under the curve. 
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Table 3. Pharmacokinetic parameters of intravitreal bevacizumab in different species. 

Model Injected Determination Sensitivity PK Sample Time Normal Eyes Vitrectomy Aphakia . 
Ref. Observahons 

Dose Model Points 
t112 Tmax Cmax AUC t112 Cmax AUC t112 

lLOQ= VH 
1,3,8, 15, Dutch-belted l.25mg/0.05 

CUA 0.0625 NC Hl rabbits ml AH 

Sernm 

Dutch-belted lLOQ=0.l 
VH 

1,2,4, 12 [\2] 
rabbits ml 

ELISA AH weeks 

Sernm 

VH 0,2,5,7, 4.22 days Oh No detection 
Dutch-belted PET (1-124) 2C 14,21,28, in other [2;i] 

rabbits ml AH 
organs 

Sernm 

VH 0,2,5,7, 
2.30 2.08 

Dutch-belted PET (1-124) 2C 14,21,28, [(<:] 
rabbits ml AH 

Sernm 

Dutch-belted lLOD= 10 
VH 2, 4, 7, 10, 

rabbits ml 
ELISA lC AH 

14,21,28, [6l] 

Sernm 6.22 µ~ml 
69.2 2.80 6.19 84.1 1.41 

New lLOD=0.Dl 
VH 

1,3,8, 15, 6.61 days 1 day 406.25 ft~ml 
Zealand 

ml 
ELISA ng/ml NC AH 29 days 

[q 
rabbits 

Sernm 

New lLOQ= VH lh 
1021.54 6.99 

Zealand 
1.25 

ELISA 0.0625 lC 
lh; 1,2,5, mg/ml days 

[62] 
rabbits ng/ml AH 121mg/ml 

Sernm 

New VH 5-60min; 
Zealand 0.025ml PET(Zr-89) 

AH 4,24,48, [•?] 
rabbits 120, 144h 

Sernm 

Owl 
VH 0, 1,2,4,8, 

PET (1-124) 2C AH 
14,21,28, [?'J] 

ml 35 da s 
1,2,4,8, 

Sernm 
12h; 1,2,4, 

8, 14,21, 

Cimomolgus lLOD= 
VH 1,3, 7 d;2, 

ELISA 4,6,8 [ti] 
macaques ml AH 

weeks 
Sernm 
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Table 3. Cont. 

Model 
Injected Determination Sensitivity PK Sample Time Normal Eyes Vitrectomy Aphakia . 

Ref. Observahons 
Dose Model Points 

t112 Tmax Cmax AUC t112 Cmax AUC t112 

7.8-1000 
VH 1,3, 7 d;2, 

l.25mg/0.05 
ELISA 4,6,8 [ii{] 

mL p~mL 1.5 macaques 
AH weeks days 

Serum 1 day 42.2ng/mL 

1.25mg/0.05 LLOQ =313 
VH 3h; 1,3, 7, 

Human 
mL 

ELISA 
p~mL 

NC AH 
[l(·,3:j 

Serum 0.76nM 
16.10 
h-nM 

VH 
2036 

Human ELISA 2C 
d-µ~rnL [{7] 

rnL AH 

Serum 

VH 4.9 days 
0.66 

Human ELISA 6.25ng/mL Variable 
day 

[:H] 
mL AH 

Serum 

VH 
Human ELISA lC AH 9.82 days 1 day 33.3 µ~mL 

[b2] 

Serum 

VH 
Human ELISA lC AH 

[:ii] 

Serum 

VH 
Human ELISA lC AH ll.69days 1 day 27.74 µg/mL 

[bl] 

Serum 

CLIA = Chemoluminiscent immunoassay; ELISA= Enzyme-Linked ImmunoSorbent Assay; PET= Positron Emission Tomography; LLOD = Lower Limit of Detection, LLOQ = Lower 
Limit of Quantification, lC = One-compartment model; 2C = Two-compartment model; NC= Non-compartment model; VH = vitreous humour; AH= aqueous humour; 1112 = half-life; 
T max = time taken to reach maximum concentration; = maximum concentration; AUC = area under the curve. 
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Table 4. Pharmacokinetic parameters of intravitreal aflibercept in different species. 

Model Injected dose Determination Sensitivity PK Model Sample Time Points 
Normal Eyes Vilrectomy Aphakia 

Observations Ref. 
t112 Tmax Cmax AUC t112 Cmax AUC t112 

VH 
0, 2, 5, 7, 14, 21, 

Oh 
No detection in Dutch-belted 2m~0.05mL PET (I-124) lC W·l rabbits AH other organs 

Sernm 

VH 0, 1,2,4,8, 14, 
PET (1-124) 2C AH 

[:.>:] 

1,2,4, 8, 12h; 1, 
3.50 

Sernm 2, 4, 8, 14, 21, 28, 

LLOD= 156 
VH 

ELISA lC 74 174 68 124 
[ii6] 

macaques AH 1 day 
d-µ~mL days µg/mL 

Sernm 

LLOQ= 1000 
VH 3h; 1,3,7,28 

Human ELISA NC AH 
[19,3(] 

Sernm 
0.45 4.32 
nM h·nM 

VH 4h;l,3,7,14,28 
Human ELISA days 64.4 

[;i(:j 
AH 4h 

Sernm 4h Omg/L 

CUA= Chemoluminiscent immunoassay; ELISA= Enzyme-Linked ImmunoSorbent Assay; PET= Positron Emission Tomography; LLOD = Lower Limit of Detection, LLOQ = Lower 
Limit of Quantification, lC = One-compartment model; 2C = Two-compartment model; NC= Non-compartment model; VH = vitreous humour; AH= aqueous humour; 11;2 = half-life; 

time taken to reach maximum concentration; = maximum concentration; AUC = area under the curve. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 714



Pharmaceutics 2019, 11, 365 13 of 22 

3. Pharmacokinetic Considerations 

Many factors are involved in the pharmacokinetics of anti-VEGF antibodies, from the physiological 
conditions of the eye, to the surgical procedures or the analytical methods, which allow for 

their determination. 

3.1. Eye Physiological Factors 

3.1.1. Distribution-Diffusion in the Vitreous Humour 

The distribution of drugs in the vitreous humour is conditioned by its intrinsic characteristics, 

such as volume and composition, as well as by the properties of the drug (charge, molecular weight, 
and protein binding capacity). The vitreous humour occupies around 80% of the internal volume 
of the eye, which is around 4 mL in humans, 1.5 mL in rabbits, and 2 mL in monkeys [i:·5]. It is 
an avascular structure that is mainly composed of a hydrophilic polymer of hyaluronic acid and 

collagen, which contributes to its consistency and attracts water, which is its majority component (98%). 
The central part of the vitreous humour has less of these components than the posterior part, which 
makes it more fluid-like. In addition, hyaluronic acid has a negative charge, meaning that the restrictive 

diffusion of positively charged molecules may occur [66]. Bevacizumab and ranibizumab are both 
negatively charged molecules under physiological conditions, therefore their movement should not 
be restricted in the vitreous humour [2-l]. However, aflibercept is considered to have a mild positive 
charge, which might affect its pharmacokinetic properties [2',]. 

On other hand, molecular weight affects drug diffusion, which therefore affects the half-life. 
The anti-VEGF molecules are rather heavy molecules (149 KDa, 115 KDa, 48 KDa for bevacizumab, 
aflibercept, and ranibizumab, respectively), so they are expected to have a low intravitreal clearance 

when compared with small molecules that do not have steric hindrance (in general, intravitreal half-life 

increases as molecular weight rises above 10,000 Da) [67]. A comparison of the properties of the three 
anti-VEGF inhibitors can be found in Table J [23-2':;]. 

Moreover, the rheological properties of the vitreous humour change with age, in a process called 

liquefaction, in which the vitreous humour is turned into a more liquefied state. Liquefaction might 
increase drug diffusion, especially in those with high molecular weight [67]. When compared to 
plasma, the concentration and number of proteins in the vitreous humour is low (0.5-1.5 mg/mL in 

vitreous vs 60-80 mg/mL in plasma) [6b]. The main proteins are collagen (a structural protein), albumin, 
and immunoglobulins (non-structural proteins) [69]. The binding of drugs to proteins might reduce its 
distribution through the vitreous humour, although this factor does not seem to affect the diffusion of 
anti-VEGF drugs [70]. 

3.1.2. Elimination of Drugs from the Vitreous Humour 

The elimination of drugs from the vitreous humour can occur via two different routes, either by 

metabolism or by disposal into the systemic circulation. In the case of the anti-VEGF drugs, they do 
not appear to suffer metabolism nor degradation in the eye [':;H,70]. 

After intravitreal injection, the drugs can be removed to the systemic circulation by hvo routes: 

the anterior route or the posterior route. The anterior route consists of drug diffusion through the 
vitreous humour until it reaches the aqueous humour and it is then eliminated through its flow. All the 
drugs can be eliminated in this way. Various reports have considered that anti-VEGF drugs are mainly 
eliminated through the anterior route [21,2f5,32/;2,7l]. 

The posterior route consists of the secretion of the drug by the epithelium of the ciliary body, 
iris, or retinal pigment epithelium [70]. Peters and Heidushka tried to demonstrate that bevacizumab 
was also eliminated through the posterior route crossing the blood-retinal barrier. They observed that 

bevacizumab immunoreactivity after the intravitreal injection extended over time to the inner layers of 
the retina. However, they did not attempt to determine whether or not active transport is involved in 
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this process [T?.,73]. The effect of active transport through the retina is not yet clear, so the impact that 
this may have on the drug pharmacokinetics is yet to be defined [74]. 

3.2. Surgical Ocular Procedures (Lensectomy and Vitrectomy) 

The distribution and elimination of anti-VEGF drugs from the vitreous are intimately related to 
several ophthalmic surgical procedures. Laude et al. suggest that cataract operated patients could have 

a faster clearance of vitreous drugs [ 6'7]. However, Krohne et al. found that ocular volume and lens 
status have no relevant impact on ocular pharmacokinetics and the duration of action of anti-VEGF 
drugs after comparing VEGF suppression times in phakic (natural lens) and pseudophakic (replaced 
crystalline lens) human eyes [?S]. 

On the other hand, many patients with macular disease who are being treated with anti-VEGF 
drugs require surgical intervention for complications, such as bleeding in the vitreous. It is known that 
replacing the gel-like vitreous humour with a less viscous saline or aqueous humour facilitates the 

transportation of oxygen, as well as the clearance of VEGF inhibitors and cytokines, reducing oedema 
and retinal neovascularisation [76,77]. Additionally, the surgical procedure itself and the use of silicone 
oil as vitreous replacement can influence drug pharmacokinetics [78]. 

There are few studies that correlate the effect of vitrectomy with the pharmacokinetics and these 
give very different results. A study performed on rabbits with labelled mAbs with I-124 demonstrated 
a reduction in the half-life of anti-VEGF drugs after vitrectomy and lensectomy, going from 4.22 to 
2.30 and 2.08 days, respectively, for bevacizumab and from 2.81 to 2.13 and 1.79 days, respectively, 

for ranibizumab [6U]. The same author also quantified the serum concentration ofbevacizumab in 
rabbits, finding that the serum levels initially increased following the vitrectomy, but determining 
that there were not any significant differences later on [61]. On the contrary, other authors did not 

find significant differences on the vitreous half-life on injected bevacizumab in non-vitrectomised vs 

vitrectomised eyes in rabbit eyes (7.06 days vs 6.99 days) [62], which suggested that VEGF is a complex 
molecule that is not restricted to the elimination by diffusion. However, they did find that vitrectomy 
affected the PK parameters in the initial distribution phase in a two-phase fitting [62]. Another study 

that was published by the same author on ranibizumab also showed no differences between the 
vitreous half-life in normal rabbit eyes (2.75 days) and following the vitrectomy (2.51 days) [27]. In this 
case, the parameters were established according to one-phase kinetics. 

After a vitrectomy, filling the vitreous cavity with a tamponade, such as silicone oil, is a common 
procedure. The impact of silicone-oil filled eyes in the pharmacokinetics of injected bevacizumab 
was studied, observing longer T max, smaller Cmax, and relatively sustained bevacizumab levels in the 
ocular tissues in comparison with non-vitrectomised rabbit eyes [?9]. 

Niwa et al. calculated the aqueous half-life of intravitreally injected ranibizumab and aflibercept 
in macaque eyes, even though the majority of the studies were performed in rabbit model. They found 
that the aqueous half-life was reduced after the vitrectomy (from 2.3 to 1.4 days for ranibizumab and 

from 2.2 to 1.5 days for aflibercept) [56]. However, these results must be taken with caution, due to the 
fact that the aqueous half-life might be not comparable to the vitreous half-life. 

In summary, there is evidence of a decrease in the half-life of intravitreal injected antibodies after 
vitrectomy is performed, although it is not quite clear whether or not these differences are relevant 

enough to change the injection interval of anti-VEGF antibodies [64,76]. Moreover, this decrease is 
higher when the vitrectomy is performed in combination with a lensectomy. However, these results 
come from animal studies and their translation to humans is still controversial, which is mainly due to 

the anatomic and physiological differences between the species [76]. 

3.3. Analytical Methods Used in Pharmacokinetic Studies 

The assessment of pharmacokinetic parameters for a drug administered by intravitreal route poses 
a challenge. It is not easy to obtain periodic samples of vitreous or aqueous fluids due to the invasive 
nature of the method. Moreover, when trying to assess drug systemic levels, the exposure may be low, 
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or the technique does not offer the sensitivity that is required to enable pharmacokinetic evaluations of 
antibodies. Most of the reported assays are based on ELISA (Enzyme-Linked ImmunoSorbent Assay) 
assays, which are considered the "gold standard" method used for the measurement of monoclonal 

antibodies [22,30,:qJ_ Although there are a large variety of ELISA methods available for anti-VEGF 
antibodies determination, most of the work in this field relies on an indirect determination by VEGF, 
where factors, such as the type of VEGF, or the binding affinity, might have a big influence. Out of 

the three, ranibizumab is the one that requires a higher sensitivity and a more specific detection 
method, since the ranibizumab serum levels are often lower than the levels that can be detected by 
conventional methods [21,3G]. The pharmacokinetic profile of Fab antibodies (such as ranibizumab) is 
characterised by a long elimination of the vitreous half-life and a rapid elimination from the systemic 

circulation [80]. Molecules containing a Fe region, such as bevacizumab or aflibercept, have greater 
systemic half-lives [5B], because they are protected from proteolytic catabolism by binding to the 
neonatal Fe receptor (FcRn). However, the impact of FcRn receptor on the intravitreal pharmacokinetics 

is still unclear [70]. Additionally, high sensitivity ELISA methods require for drug samples to be 
diluted within the detection range, which can add some inaccuracy. 

Lowe et al. developed a novel electrochemiluminescence assay (ECLA) that allowed for a more 
sensitive determination of ranibizumab in serum. This assay was first used to support some clinical 

trials, offering 67 times more sensitivity than a conventional ELISA (20 ng/mL) [Bl] and with a reporting 
range of 0.3-24 ng/mL (iQ]. More recently, the same authors have presented another novel method that 
utilises a high-affinity monoclonal anti-ranibizumab-VEGF-complexes antibody (MARA) to measure 

ranibizumab in human serum. The assay format uses a semi-homogeneous solution that specifically 
binds to the ranibizumab-VEGF complex, but neither one alone. This new ELISA method has a lower 
limit of quantification of 15 pg/mL in human serum [S.3]. 

There are still a few studies have attempted to improve the detection method, even though most 

of the studies quantify the anti-VEGF drugs concentration by immunoassays. Dickmann et al. assessed 
the ability of fluorophotometry to measure the intravitreal pharmacokinetics of fluorescently-labelled 
ranibizumab in the rabbit and compared the results to those that were obtained using ELISA in previous 

publications, obtaining similar results [84]. 
Christoforidis et al. tried a different approach by labelling bevacizumab, ranibizumab, 

and aflibercept with a radionuclide, such as I-124, to evaluate the pharmacokinetics of the intravitreally 

injected anti-VEGF drugs by PET/CT [26/i5,6G]. The great advantage of this method in comparison to 
the traditional ones using ELISA is that the vitreous anti-VEGF antibodies levels can be controlled 
without needing to sacrifice the animals at determined time intervals or without taking invasive 
samples of the vitreous humour. 

HPLC (High Performance Liquid Chromatography) is a fast and low-cost quantification method, 
however it is not commonly used in antibodies determinations in biological samples. Giannos et al. 
tried to correlate ELISA analytical methods to SE-HPLC (size exclusion high performance liquid 

chromatography) on in vitro studies, showing a close and significant correlation between them. 
Their SE-HLPC method uses a new marketed column designed for antibodies with a lower limit of 
detection (LOD) of 2.19 ng/mL and a lower limit of quantification (LLQ) of 8.79 ng/mL for bevacizumab 
and ranibizumab. Aflibercept LOD and LLQ were 8.79 and 17.578 ng/mL, respectively [tb]. No in vivo 

studies were found that used HPLC as an analytical method for anti-VEGF drugs. 

4. Outlooks 

All of the pharmacokinetic studies centre their reports on the half-lives of the anti-VEGF drugs in 
different compartments (vitreous, aqueous humour, or serum) (Figure 1). Their objective is to explain 
the route of elimination of the drug from the eye, in the case of animal studies, or to relate the findings 
to possible adverse drug effects when entering the systemic circulation. 
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Figure 1. Scheme of the pharmacokinetic profiles after anti-VEGF antibodies intravitreal injection. 
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Only one study has compared the pharmacokinetics of the three anti-VEGF antibodies that were 
used in clinical practice [l9]. Avery et al. compared the systemic exposure and the suppression of 
VEGF in plasma. Ranibizumab showed the least systemic exposure, whereas bevacizumab presented 
the highest with a 35-fold increase in AUC as compared to ranibizumab. These differences further 

increase after the third dose. Aflibercept appears to have the greatest suppression of free plasma 
VEGF out of the three, with serum concentrations that exceed its IC50 value (0.068 nM) at three hours 
post-injection and remain above this for seven days. In contrast, ranibizumab mean trough levels 

remained similar to the baseline [ 19 J. 
However, no study has extensively examined the ocular pharmacokinetics of anti-VEGF antibodies 

in humans and their relation to the frequency of intravitreal doses. The establishment of the actual 

dosage regimens is mainly based on the activity of the disease that is assessed by OCT imaging or 
visual acuity and not on the pharmacokinetics of the drugs. An in vitro model in aqueous humour 
tried to associate the VEGF-A suppression times with the administration times, which suggested 
that individual dosing strategies are possible with a range of suppression of 26 to 69 days [86,b?]. 

In humans, only one study determined levels of unbound aflibercept in a case series with seven 
patients that were treated over a six-month period with aflibercept and unbound VEGF-A in aqueous 
humour remained stable after every month and second month of intravitreal injections, supporting 

that bimonthly administrations may be enough in those patients that were treated with aflibercept [B8J. 
Population pharmacokinetic analysis allows for the drug time-course profiles and the response 

dynamics over time to be characterised in a more precise manner. It also allows for the identification of 
the intrinsic and extrinsic factors that might be related to the observed drug exposure or response [B6J. 

Population analysis, which is also known as non-linear mixed effects modelling, considers the structural 
pharmacokinetic or phannacokinetic/pharmacodynamic models and stochastic models in order to 
account for inter-individual and/or inter-occasion variability and residual unexplained error [f)9-92]. 

Regulatory authorities have actually acknowledged the relevance of this discipline for drug approval 
and its value for an optimal dose selection in the special subgroups of the population [93,94]. However, 
these models are not used in the development of new agents for AMD, and only one author has applied 
the concepts of non-linear mixed effects modelling for the characterisation of the pharmacokinetic 

time-course profile of ranibizumab in this disease [2::~J. 

5. Conclusions 

At present, the available pharmacokinetic data on anti-VEGF drugs after intravitreal administration 
are still limited, despite the fact that these molecules are the standard treatment for AMD. In recent 
years, many studies have been carried out in order to determine the main pharmacokinetic parameters 
of anti-VEGF antibodies in different animal species and humans, although the differences in the 
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methods of determination, in the samples analysed, in the time points taken, and the compartmental 
analysis, etc., make it difficult to attain standardised values for each anti-VEGF antibody. We believe 
that this comprehensive review will be of great use to research groups working on the pharmacokinetics 

of intravitreally administered VEGF inhibitors, although further studies are necessary in order to 
improve the knowledge in this area. 
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Pathological angiogenesis is a hallmark of cancer, specif
ically of glioblastomas, the most malignant and common 
prirnary brain tumor. Vascular endothelial growth factor 
(VEGF) is the key protein in the regulation of the hyper
vascular phenotype of primary malignant brain tumors. 
In this study, we tested VEGF Trap, a soluble decoy recep-· 
tor for VEGF, in an intracranial giioma model. VEGF 
Trap vvas administered in short or prolonged schedules 
to animals bearing human gliomas at different stages 
of disease. Of importance, VEGF Trap treatment was 
efficacious in both initial and advanced phases of tumor 
development by significantly increasing overall survival. 
Furthermore, this effect was enhanced in animals treated 
with more prolonged regimens. In addition, we observed 
the emergence of a VEGF Trap-resistant phenotype char
acterized hv tumor growth and increased invasiveness. 
Our result; suggest-that VEGF Trap will be effective 
in treating both patients with recurrent or progressive 
resectable gliobla,;toma and patients £hat have under
gone extensive initial surgery. Finally, our results indi
cate £ha£ the dinical success of VEGF Trap may depend 
on a prolonged treatment in combined therapy aiming to 
simultaneously inhibit angiogenesis and tumor invasion. 
Neuro--Onco!ogy W, 940---945, 2008 (Posted to Neuro
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The striking induction of arrgiogenesis in glioblas
toma multiforme (GBM) has fueled the speculation 
that progression to GBrvf requires the activation 

of angiogenesis, a finding that has stimulated significant 
efforts to develop angiogenesis--blocking agents. Vas·· 
cuiar endothelial growth factor (VEGF) is critical for 
promoting the earliest stages of vasculogenesis, which 
includes endothelial cell proliferation, differentiation, 
migration, and tubular formation. Clinical trials of spe·· 
cific VEGF inhibitors for the treatment of patients with 
gliomas are ongoing, and preliminary analyses showed 
beneficial effects in patients with malignant gliomas. 1- 4 

Recently, a new anti-VEGF agent, VEGF Trap/aflibercept 
(henceforth referred to as VEGF Trap), has been devel
oped by incorporating dotna ins of both \lE(;f recep
tor 1 (VEGFR-1) and VEGFR-2 fused to the constant 
region of human immunogJobulin Gl, which acts as a 
'>Oiuble decoy receptor for VEGF. VEGF Trap has very 
high affinity for aU isoforms of VEGF-A (<l p;\;1), as 
well as placental growth factor, a closely related angio-· 
genie factor. 5 VEGF Trap ,vas engi,ieered to have mini
mal interactions with tbe extracellular matrix, and this 
property apparently accounts for its satisfying pharma
cokinetic profile superior to soluble forms of VEGFR-1. 5 

Its efficacy has been proven in preclinical studies in 
several types nf solid t umor5 -·

9 and in a subcutaneous 
glioma modeLrn Because tumor progression and angio
genesis are greatly dependent on die existent micro
environment of the tumor,1U 2 we undertook this study 
to characterize the effect of VEGF Trap in an orthotopic 
glioblastoma model in severai stages of the disease. We 
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have previously described the development of growth 
patterns and angiogenes,s in an intracranial U-8'7 MG 
human glioma modeL Vessel cooption and remodel
ing were present at the early stages of disease, whereas 
the advanced stages are distinguished by high vascu
lar density.13 These two phases ,vere similar to stages 
described in other previous reports. 14• 15 Based on this 
tumoral angiogenesis and kinetic pattern, we adminis
tered VEGF Trap to animals bearir;g U-87 MG intracra
nial xcnografts at several phases of tumor devdomnent. 
In the present study, we demonstrated that VEGF Trao 
treatment in animals bearing human gliomas resulted 
in significant prolonged survival. Of importance, our 
results indicate that VEGF Trap was equally effective 
against initial or advanced disea;e, and d;at ti;e response 
was enhanced when VEGF Trap was administered in a 
prolonged schedule. 

Material and Methods 

Cell Line 

The human glioma cell line U--87 MG was purcbased 
from the American Type Culture Collection C:\1anassas, 
VA, USA). Cells were maintained in Duibecco's modi
fied Eagle/Fl2 medium (1:1, vol:vol) (The University of 
Texas M. D. Anderson Cancer Center ]Vledia Core Facil
ity, I-fouston, TX, USA) supplemented with 10'1/o fetal 
calf serum and 1'3/o antibiotic/antimycotic agent (Invit
rogen, Carlsbad, CA, USA) rn a humidified atmosphere 
containing 5% C(h at 3T'C. 

Drugs 

VEGF Trap and human Fe (hFc, constant region of 
human IgG1) were kindly provided by Regeneron Phar
maceuticals (Tarrytovm, NY, USA). Stocks of 50 mg/ml 
in aqueous solution were kept at -80°C. 

In Vivo Exf;eriments 

The U-87 lv1G human glioma cells (5 x l05 ) were 
engrafted in the earn.late nucleus of athvmic nnce /I-far .. 
lan Sprague Dawley foe., Indianapolis, IN, USA), as 
previously described. 13 At 0, 4, and 10 davs after cell 
implantation, we administered VEGF Trap {25 mg/kg 
subcutaneously, twice a week, for a total of 3 or 6 weeks) 
to separate groups of 10-15 animals per treatment bear
ing U-87 l\1G intr;;cranial xenografts. Either phosphate
buffered saline (PBS) or hFc was blindly administered 
as a control agent in randomly selected subgroups of 
glioma-bearing animals. Animals showing generahzed 
or local symptoms of disease were euthanized. Brains 
were fixed in 4%, formaldehyde for 24 h and embedded 
in paraffin. Slides were stained ,.vith hematoxylin and 
eosin. AH animal studies were performed in the veteri
nary facilities of The M. D. Anderson Cancer Center in 
accordance with rnstitutional guidelines. 
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Enzyme-Linked Immunosorbent ilssays 

Blood was collected from the taii vein of glioma .. bearing 
mice 3 days after the initial dose of VEGF Trap, hFc, or 
vehicle, and VEGF Trap was ,mantified in the serum bv 
enzyme-linked ~;nmunosorbent assays {ELISA), as previ
ously reported.'" 

Statistical Analyses 

The in vivo anticancer effect of different treatments ,,vas 
assessed by plotting Kaplan-!vleier survival curves, and 
treatment groups were compared using the log-rank test. 
The effects of VEGF Trao when administered in differ
ent treatment schedules ,;ere analyzed using a pennuta
tion test. 

Results and Discussion 

Antiglioma Effect of VEGF Trap on Initial Disease 

The VEGF Trap-mediated antiglioma effect was assessed 
in viv_o using an intracranial human gliorna xenograft 
mode:. We selected the U-87 MG cell line for this studv 
because it produces gliomas in nude mice vvith highl;
predictable growth kinetics and well•-characterized path-
ological featmes13; in addition, U-87 MG cells express 
high levels of VEGF and, vvhen implanted ,ntracra~iallv 
in immunocompromised mice, develop as highly vascu'
larized tumors. 11 , 13 Our group has previously character
ized the kinetics of turn.or growth and vascularization 
of human U-87 MG xenografts implanted intracraniaHv 
in nude mice. Of interest to the pr~sent study, U-87 MG 
intracranial tumors exhibited i~1itially min.imal turnor 
growth, but changes in the host vessels were evident as 
soon as day 1 and definitely by day 4 after implantation; 
these changes included significant vessel co-option, as 
illustrated by the existence of engorged smooth-muscle 
actin (SJVIA)-·positive vascular structures in the periph
ery of the xenograft. u 

To test the effect of VEGF Trap in the initial phases 
of the disease, we planned tvrn different treatment 
schedules (Figs. l an~l 2) consisting of the subcutaneous 
administration of 25 mgikg VEGF Trao twice weeklv 
over 3 weeks, starting on either day O (schedule A) 0°r 
day 4 (schedule B) after the intracranial implantation of 
human gliorna cells in nude mice. Control groups were 
treated with PBS or hFc at doses and volumes similar to 
those used for the test drug. The agents were adminis
tered in a double--blinded manner; tbat is, the identitv of 
the test groups vvas concealed from both the perso1;nel 
preparing the drugs and tbe animal caretakers. 

Animals treated with VEGF Trap starting on day O 
or day 4 after implantation bad significantly prolonged 
survival compared to the hFc- or PBS-treated animals 
(P < 0.0001 and p < 0.005, respectively). In animals 
treated with schedule A, the median overall survival of 
the control-treated animals (treated with either hFc or 
PBS) was 30 days, with all animals dying by dav 33, 
Treatment with VEGF Trap prolonged the n;ea~1 su/vival 
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Initial I Residual disease 

2:5 30 50 DAYS 

Burden disease 

Fig 1. Schematic representation of the treatment schedule used with the anti-vascular endothelial growth factor (VEG F) agent VEGF T;·ap, 

which was based on our previous studies of the kinetics of growth and vascular:zation in the U-87 MG intrauanial model. U-87 MG cells 

were implanted in the brain-; of the animals on day 0, and Vf=CF T;·ap was administered starting 011 day O {schedule A;, day 4 (schedule 

B}, or day 10 (schedules C5 and CL} after cell implantation. The two schedule C subgroups were treated in either a 3-week (schedule C;) 

or 6-week (schedule C,) schedule. Schedules A and B followed a 3-week treatment regimen. Animals were euthan:zed when signs of neu

rological or generalized disease appeared. 

by 8 days. Jn animals treated ,vith schedule B, the mean 
survival io the PBS- and hFc-treated animals was 27.5 
and 30 days, respectively, but it was increased to 36 days 
in the group treated with VEC~F Trar. No treatmem
schedule--dependent differences in survival duration were 
observed in animals receiving VEGF Trap, suggesting 
VEGF Trap is efficacious in initial phases of disease that 
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were characterized by active vessel co-option and remod-
eling. Analysis performed 3 days after the first VEGF 
Trap doses were administered revealed high VEGF Trap 
levels (approximately >50 µg/ml) in the serum of ail 
these animals, suggesting an efficient systemic biodistri-
bution (data not shown). 

B 

- fl£!:$ tl:tN;Sl~) t-i 
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Fig. 2. Effect of the anti-va.scuiar endothelial growth factor (VEGf) agent VECF Tiap on initial phases of disease· su,-vival analysis of glioma

bear,ng animals treated with VEG F Trap since day O (A) or day 4 (8), as pictured in Fig. ·1. Kaplan-1v'\eier survival curves begin on the day 

of U-87 MG mtracrarnal ;mplantation following the subcutaneous injection of VEGF Trap or of vehide or human Fe (control) The p-values 

(determined by log-rank test) show significant overall survival diffetences between VEGF Trap-treated and control-treated animals. Abbre

viations: E, events; N. number of animals. 
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Antiglioma Effect of VEGF Trap on Disease Burden 

To test the effect of VEGF Trap on tumor burden, and 
based on our previous study of U-87 MG intracranial 
growth and ,ing10genesis, we decided to start treat
ment on dav 10 after cell irnplantation in one subgroup 
of mice {Fig. 1, schedule C~). According to our previ
ous studies, by day 10, increased microvascuJar density 
(J\1VD) was associated with exponential tumor growth 
;nd a decrease in the rate of induced angiogenesis within 
the host and the tumor periphery.13 Twelve days after 
implantation, the tumors consisted of spherical masses 
of cells with a high MVD and large, distorted, SMA
Dositive vessels. The tumor limits were dearly defined, 
;rnd the cancer cells did not exhibit the invasive pattern 
into host tissue seen in preceding days.u 

In the present study, glioma cells were implanted 
intracranially, and 10 days later, VEGF Trap was admin-· 
istered subcutaneously at a dose of 25 mg/kg twice 
weekly for 3 weeks. Control groups were treated with 
PBS o;. hFc at doses and volumes similar to those of the 
test drug. Treatment of the glicma-·bearing animals with 
VEGF Trap resulted in a significant increase in the sur
vival of these anirna ls (P < 0.005) (Fig. 3A). In particu
lar, the median overall smvival of control-treated (PBS 
or hFc) animals was 31 davs, with all the anirnals dead 
by day 33, whereas the m~an survival of V EGf' Trap
treated anirnals was 45 davs. ,Y./e observed no significant 
difference in the effect of VEGF Trap on prolonging sur-· 
vi val at different stages of the disease (comparing effects 
of schedules A and B with schedule Cs) (/J > OJ, permu
tation test), suggesting that VEGF Trap can be similarly 
effective in both the initial and burden disease stage. 
These data further suggest that targeting circulating 
levels of VF.CF is equally effective in challenging tumor 
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growth under both initial and established tumoral vas
culature phases. 

Antiglioma Effect of Prolonged V:EGF Traf-J Treatment 

VIie next exDlored the effect in vivo of more prolonged 
VEGF Trap ·treatment. In this experiment, animals bear
ing intracrania! human gliornas vvere treated with VEGF 
Trap (25 mg/kg) twice weekly for 6 weeks starting on 
day 10 after cell implantation (Fig. l, schedule Ct). Con
trol animals were treated with vehicle or hFc (25 mg/ 
kg) twice weekly until they showed signs of disease, at 
\,;,1iich time thev were euthanized according to institu·· 
tional regulati~ns. Animals treated with VEGF Trap 
for 6 weeks survived longer than did animals treated 
with hFc (median overall survival, 55 days and 21 days, 
respectively; Fig. 3B) (P < 0.0001). We also analyzed 
the difference in median survival times between the 
animals treated with VEGF Trap for 6 weeks and those 
treated for 3 weeks< Using the permutation test and after 
adjusting for overall survival on PBS-treated groups, we 
found the increase in survival obtained v,ith the 6-week 
VEGF Trap treatment to be significantly greater than the 
increase in survival obtained with the 3·-week treatment 
(P < 0.05). These data suggest that VEGF Trap is more 
effective m prolonging overall survival when adminis
tered in a prolonged treatment schedule. 

Histological Examination of VEG F Trap-Treated 
Tumors 

MicroscoD3c analvsis of hjstological sections frorn 
formalin-fixed, par'affin-embedded brains revealed that 
control- and VEGF Trap-treated animals eventually suf
fered from the lethal growth of their tumors. Because of 

30 40 50 
Tm1:e {Days) 

Fig. 3. Effect of the anti .. vascular endothelial growth factor (VEGF) agent VECF Trap on advanced giioma disease: survival analyses ot 

gli~ma-bearing animals that were treated wit!; VEGF Trap starting on day 10 after cell implantation in either a 3-week (schedule Cs) or 

6-week (schedule Ci.) regimen, as pictured in Fig. 1. Kaplan-Meier survival curves begin on the day of U·-87 IV\G intracranial implantation 

following the subcutaneous injection of VEGF Trap or control agent {vehicle o,· human Fci. The p-values {determined by log-rank test) 

show significant over-al! survival differences between VEGF Trap-treated and confroi-treated animals. Abbi'eviations: E, events; N, numbei' 

of animals 
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A. 

B. 

Fig. 4. Histological examination of brain sections from animals treated with the anti-vascular endothelial grO\Nth factor {VEGF) agent VEGF 

Trap. (A) Hematoxylin-eosin staining of mouse brains bearing U--87 M,G xenografts treated with human Fe (hFc) or VEGF Trap according 

to schedule B. No signs of hemorrhagic areas or an enhanced invasive phenotype were observed after VEGF Trap treatment. N, normal 

tissue; T, tumor tissue. Original magnification, <100. (B) Histological examination of brain sections from animals treated with VEGF Trap 

as described for schedule C, Sections stained with hematoxy!m and eosin show the presence of an invasive phenotype with satellitosis 

characterized by gliorna clustering around vascular vessels and accumulation of invasive glioma cells far from the main tumor mass (arrows). 

C)rigina! magnification: left, X100; right, X200. 

previous studies describing that treatment with antian
giogenic agents may result m intracranial hemorrhages 
or enhance tun:10r invasion,2•17 we specifi.caily examined 
the tumors for the presence of these adverse effects. 
Histological examination of the brains of the cohorts 
treated for 3 weeks did not reveal eitber phenomenon. 
Treated U-87 MG-derived tumors displayed a very well
defined border with the normal host parenchyrna (Fig. 
4A). However, examination of the brains of animals that 
received prolonged treatment (6 weeks) of VEGF Trap, 
which survived longer than those treated on a 3-,veek 
schedule, revealed the signs of mass dfrct and the pres
ence of tbe so--called "'secondary structures" or "satel-
litosis" consisting of aggregations of glioma cells in the 
perivascular regions, as vvell as tbe presence of giioma 
cells along the Virchow-Robin spaces (Fig. 4B). These 
dat« suggest that U-87 :vlG-derived xenografts acqmred 
an invasive phenotype in response to ami-VEGF therapy. 
These results are in agreernent 1-vitb a sirnila r pattern of 
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growth of intracranial G55 xenografts in animals treated 
with an antibody against mouse VEGFR-2., DClOl,17 or 
a neutralizing VEGF antibody. 18 These results may be 
likewise in ,;greement with those from clinical trials in 
patients with cancer treated with VEGF inhibitors, in 
that they survived longer but eventually exhibited resis
tance to the treatment.19•20 Of importance, the model 
described here offers us the possibility of testing com
bined therapies designed to counteract the emergence of 
a resistant phenotype to anti-VEGF therapies. 

Taken together, our data show that treatment with 
VEGF Trap significantly prolonged the survival of 
glioma xenograft--bearing mice. Of great intere;;t, initiaU 
residual disease and disease burden were both similarly 
affected by the antiangiogenesis treatment. In addition, 
the prolonged use ofVEGF Trap (over 6 weeks) improved 
outcorn.es significantly more than did treatment admin
istered in a short schedule (over 3 weeks). 

The traits for personalized medicine are emergrng 
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for the treatment of br;,in tumors, and they will need to 
take into consideration the highly heterogeneous nature 
of these turnors, 1•21 However, the fact tbat all brain 
tumor subtypes rely on biood vessels for survival and 
grmvth indicates the broad applicability of this strategy. 
Thus, our report provides data that encourage the test
ing of VEGF Trap in patients with recurrent malignant 
gliomas, and in this regard, results from a multicenter 
study consisting of a phase II clinical trial of VEGF Trap 
in patients with recurrent gliomas will soon be avail
able. Finally, we suggest that VEGF Trap should also be 
considered for the treatment of patients after extensive 
surgery, which we would regard as carrying minimal 
residual disease, in cornbination with therapies targeting 
the migratory and invasive properties of gliomas. 
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Acknowledgments 

We greatly thank Drs. John S. Rudge and Risa Shapiro 
(Regeneron Pharmaceuticals, Inc.) for their usefui com
ments and the ELISA studies, Betty Notzon (Department 
of Scientific Publications, M, D. Anderson) for editorial 
assistance, and Verlene Henry and Jennifer Edge for 
technical assistance (Brain Tumor Center, M. D. Ander
son). This vvork was supported by National Cancer Insti
tute grant CA-16672 (supporting the Research Histopa
thology and Research Animal Support core facilities at 
:\1. D. Anderson) and was partially sponsored by Regen
eron Pharmaceuticals, Inc. 

J.H. is currently at Novartis Institutes for Bio;,,1edical 
Research, Emeryviile, CA, USA. 

References 

Batchelor TT, Sorensen AG, di Tomaso E, et al. AZO2171. a pan-VEGf 

receptor tyrosine kinase inhibitor, normalizes tumor vasculature ,,nd 

ai!eviate:; edemc in g!iobL::::.stoma p~:.~tients. Cancer Celt. 2007:11 :83-

95. 

2. Pope WB. Lai/\ Nghiemphu P. et al. MRi in patients with high .. grade 

gliomas treated with bevacizumab and chemothe-rn_py. Neuroiogy. 

2005;66:1258--1260. 

3 Vredenburgh JJ, Desjardins A, Herr.don JE 2nd. et al. Phase!! tria! of 

bevadzuniab ar:d frinotecar: in recurrent malignant gHoma. C!in Can

cer Res. 2007:13:1253-1259. 

4. ,laln RK, d: Tomaso E, Duda DG, et aL Angfogenesis in brain tumours. 

Nat Rev 1Veurosci. 2007;8·610-622. 

5. Hc!ash J, Davis S, Papadopou!os N. et a!. VEGF-Trap: a VEGF blocker 

with potent antitumor effects, Proc Nat! Acad Sci U 5 A. 2002,99· 

'11393--11398. 

6. Byrne AT, Ross L Holash J, et oJ Vascu!ar endothelial grov.;th factor

trap decreases tumor burden, inhibits asc!tes, and causes dramatic 

vascular remodeling in an ovarian cancer mode!. Clin Cancer Res. 

2003;9:5721-5728. 

7. Kfm ES, Serur A, Huang J, et aL Potent Vf:GF blockade causes regres

s/on of coopted vessels in a mode! of neuroblastorna. f.lroc Natl Acad 

Sci US A. 2002;99:11399--1·1404. 

8. Riely GJ, i\/ii!!er VA. Vascufar endotheiiat growth factor trap in non 

smaii ct:11 !ung ca.nc2r. C!in Cancer Res:. 2007;13:s4623--s4627. 

9. Verheui HM, Hammers H. van Erp K, et al. Vascular endothelial 

growtt-1 factor trap block~ tumor growth, metastasis formation. and 

vasculo_r leakage in an orthotopic rnurine renal celi cancer model. C!in 

Cancer Res. 2007;13:4201--4208. 

10 V✓achsberger PR, Burd R., Cardi C. et a!. VEGF trap In cornbination 

with radiotherapy improves tumor control in u87 gli-::,blastoma. Int J 

Radfat Onco! Biol Phys. 2007;67·1526-1537. 

11. Blouw 8, Song H, T;han T. et ai. ·rhe hypoxic response of tumors is 

dependent on their microenvironrnent Cancer Cell. 2003;4·133-

·146. 

12. Roberts WG, De!aat J, Nagane M, et a!. Host microvascuiature influ

ence on tumor vascular morphology and endothelio-1 gene expression. 

An, j i'athoi. 1998;153:1239-1248 

13. lee OH, Fueyo J, Xu J, et al. Sustained ar.giopoletir.--2 f~xpression 

disrupts ve-ssd formation ar.ci inhibits giiorna growth. Neoplas1a. 

2005;8:419--428. 

14 Bergers G. BEnjarrnn LE Tumor1genesis and the- ang!ogenic switch. 

Nat Hev Cancer. 2003;3:401---410. 

15 Ho!ash J. /\Aaisvr.pierre PC, Compton D, et a! Vessd cooption, regres

sion, and growth in tumors mediated by angiopoietins and VECF. Sci

ence. 1999:284:1994-1998. 

16 Rudge JS, Ho!ash J, Hylton D, RusseH All., et ai. inaugurai artfde: VEGF 

Trap complex formation rneasures production rates of Vf:GF. pro\.tid

ing a biomarker for pred;ctir,g efficacious angiogenic blockade. Proc 

Natl Aca.d Sci U 5 A. 2007;104:18363-18370, 

17. Kunkel P. Ulbricht U, Bohien P, et ai. Inhibition cf glioma angiogenesis 

and growth in vivo by systemic treatment with a nionodonal antibody 

against vascular endotheliai growth factor receptor-2. Cancer Re5. 

2001; 61 : 5524--6628. 

18. Rubenstein JL, Kirn J, Ozavva l. et ai. Ar.ti-VEGF antibody treatment of 

glioblastorna pro!ongs survival but results :n increased vascufar coop·

tion. Neoptas1a. 2000;2:306-314 

19. Kerbel RS. Yu J, Trtin J, et .-1!. Pos-;ibfe mechanisms nf acquired resis·

tance to ant;-angiogenic drugs: implications for the use of combina

t!on therapy approaches. Cancer Atietastasis Rev. 2001 ;20:79--86. 

20. Mfi:er KD. Sweeney CJ, Sledge GW Jr The snark is a booium: the 

continuing problem of drug resistance in the ant!(1ng!ogenic era. Ann 

Onwi. 2003;14:20-28. 

21. Klei hues P, Burger PC Sche;thauer BW. H;stologica! typ!ng of tumours 

oi the central nt'rvm,, system. 2nd ed. Berlin: Spr:nger; 1993:1-105. 

NEURO-ONCDUJGY · DECEMBER 2008 945  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 730



1_1 __ oR_icrN_·ALA_RTiz__·:Lt: -~II 
Pegaptanib for N eovascular Age-Related 

Macular Degeneration 

r-:,.,,;:tngE~l~)~: $. (;:·agc:-udas. [\/l,D,~ _.:..\nthony P, l":...dan:ls 1 ;\:'],D,~ 
E:T:~·n(:t:t T. Cun n lngh;~rn. J :-.) ~/~. D ... Pl·':. D.) ~i~. P.H., !\:']atthe,/,.: Fei ns~)d 1 ;\:'] .D.) 

and Dav:d R. C~uy~:-:-~ :\:tD., fc,r thE~ \/f-:c;r: !nhiblhon Study 

ABSTRACT 

Pegaptanib, an anti-vascular endothelial growth factor therapy, was evaluated in the 
treatment of neovascular age-related macular degeneration. 

We conducted two concurrent, prospective, randomized, double-blind, multicenter, 
dose-ranging, controlled clinical trials using broad entry criteria. Intravitreous injec
tion into one eye per patient of pegaptanib (at a dose of0.3 mg, 1.0 mg, or 3.0 mg) or 
sham injections were administered every 6 weeks over a period of 48 weeks. The pri
mary end point was the proportion of patients who had lost fewer than 15 letters of 
visual acuity at 54 weeks. 

In the combined analysis of the primary end point (for a total of1186 patients), efficacy 
was demonstrated, without a dose-response relationship, for all three doses of pegap
tanib (P<0.001 for the comparison of0.3 mg with sham injection; P<0.001 for the com
parison ofl.0 mg with sham injection; and P=0.03 for the comparison of3.0 mg with 
sham injection). In the group given pegaptanib at 0.3 mg, 70 percent of patients lost 
fewer than 15 letters of visual acuity, as compared with 55 percent among the controls 
(P<0.001). The risk of severe loss of visual acuity (loss of30 letters or more) was re
duced from 22 percent in the sham-injection group to 10 percent in the group receiving 
0.3 mg of pegaptanib (P<0.001). More patients receiving pegaptanib (0.3 mg), as com
pared with sham injection, maintained their visual acuity or gained acuity (33 percent vs. 
23 percent; P=0.003). As early as six weeks after beginning therapy with the study drug, 
and a tall subsequent points, the mean visual acuity among patients receiving 0.3 mg of 
pegaptanib was better than in those receiving sham injections (P<0.002). Among the 
adverse events that occurred, endophthalmitis (in 1.3 percent of patients), traumatic 
injury to the lens (in 0. 7 percent), and retinal detachment (in 0.6 percent) were the 
most serious and required vigilance. These events were associated with a severe loss of 
visual acuity in 0.1 percent of patients. 

Pegaptanib appears to be an effective therapy for neovascular age-related macular de
generation. Its long-term safety is not known. 

N ENGLJ MED 351;27 WWW.NEJM.0RG DECEMBER 30, 2004 
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2806 

f""'jf""¾ HE USE OF A SPECIFIC ANTAGONIST OF 

i an angiogenic factor as a strategy to treat 
"Ji,. disease was proposed in the Journal more 

than 30 years ago. 1 Since that time, extensive evi
dence has suggested a causal role of vascular endo
thelial growth factor (VEGF) in several diseases of 
the human eye in which neovascularization and in
creased vascular permeability occur. 1

•
12 In humans, 

ocular VEGF levels have been shown to rise synchro
nously with and in proportion to the growth and 
leakage of new vessels. 2•

4 Animal models of corne
al, 5 iridic, 6 retinal, 7 and choroidal8 neovasculariza
tion have shown that neovascularization is depen
dent on the presence ofVEGF. In a complementary 
fashion, the introduction ofVEGF into normal an
imal eyes resulted in a recapitulation of the patho
logic neovascularization that occurs in these tissues 
during disease. 9 •

12 Taken together, these data pro
vided a strong rationale for the targeting ofVEGF 
in human disorders that manifest as ocular neovas
cularization and increased vascular permeability. 

Age-related macular degeneration is the leading 
cause ofirreversible, severe loss of vision in people 
55 years of age and older in the developed world, 
and it remains an area of unmet medical need.13 The 
neovascular form of the disease represents approx
imately 10 percent of the overall disease prevalence, 
but it is responsible for 90 percent of the severe vi
sion loss.14 Itis expected to develop in almost 1 mil
lion people over the age of 55 years in the United 
States within the next five years, making it a major 
public health issue in an increasing population of 
older persons.15 

N eovascular age-related macular degeneration is 
characterized by choroidal neovascularization that 
invades the subretinal space, often leading to exu
dation and hemorrhage. If the condition is left un
treated, damage to photoreceptors and loss of cen
tral vision usually result, and after several months to 
years, the vessels are largely replaced by a fibrovas
cular scar.16

"
18 Patients in whom a central scotoma 

develops have difficulty performing critical tasks 
that are typically associated with central vision, such 
as reading, driving, walking, and recognizing faces, 
and the difficulty has a major effect on their quality 
oflife. 19 

With greater understanding of the pathogenesis 
of neovascular age-related macular degeneration, 
drug therapies targeted at the causal molecular 
mechanisms have been advanced. Pegaptanib (Ma
cugen), a 28-base ribonucleic acid aptamer (from 
the Latin aptus, to fit; and the Greek meros, part or 

region) covalently linked to two branched 20-kD 
polyethylene glycol moieties, was developed to bind 
and block the activity of extracellular VEG F, specif
ically the 165-amino-acid isoform (VEGF165). Ap
tamers characteristically bind with high specificity 
and affinity to target molecules, including proteins. 
The binding relies on the specific three-dimensional 
conformation of the properly folded aptamer. To 
prolong activity at the site of action, the sugar back
bone of pegaptanib was modified to prevent degra
dation by endogenous endonucleases and exonu
cleases, and the polyethylene glycol moieties were 
added to increase the half-life of the drug in the vit
reous. 20 

We hypothesized that the targeting ofVEGF165 

would affect the underlying conditions common to 
all forms of choroidal neovascularization, including 
the three angiographic subtypes of neovascular 
age-related macular degeneration. We conducted 
two concurrent clinical trials to test the short-term 
safety and effectiveness of pegaptanib in patients 
with a broad spectrum of visual acuities, lesion sizes, 
and angiographic subtypes oflesions at baseline. 

METHODS 

STUDY DESIGN 

We conducted two concurrent, prospective, ran
domized, double-blind, multicenter, dose-ranging, 
controlled clinical trials at 117 sites in the United 
States, Canada, Europe, Israel, Australia, and South 
America in our study. Patients were eligible for in
clusion if they were 50 years of age or older and had 
subfoveal sites of choroidal neovascularization sec
ondary to age-related macular degeneration and a 
range of best corrected visual acuity of 20/40 to 
20/320 in the study eye and of 20/800 or better in 
the other eye. 

The angiographic subtype of a patient's lesion 
was defined in relation to the visualization of cho
roidal new vessels (classic) in the fluorescein an
giogram. The total area of a predominantly classic 
lesion includes more than 50 percent classic cho
roidal neovascularization, the total area of a mini
mally classic lesion includes less than 50 percent 
classic choroidal neovascularization, and the total 
area of an occult lesion includes no classic choroi
dal neovascularization. The total size of a lesion, 
choroidal neovascularization, or leakage was mea
sured on a frame on the fluorescein angiogram 
with the optic-disk area as the unit of measure; it is 
equal to 2.54 mm 2. The size of a lesion, choroidal 
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neovascularization, or leakage is expressed as mul
tiples of this standard optic-disk area. 

Patients with all angiographic subtypes of le
sions were enrolled, and lesions with a total size 
up to and including 12 optic-disk areas (including 
blood, scar or atrophy, and neovascularization) 
were permitted. Details of the method are provided 
in the Supplementary Appendix, available with the 
full text of this article atwww.nejm.org. 

TREATMENT AND OUTCOMES 

Patients were randomly assigned to receive either 
sham injection or intravitreous injection of pegap
tanib (Macugen, Eyetech Pharmaceuticals) into one 
eye every 6 weeks over a period of 48 weeks, for a 
total of nine treatments. To maintain masking of 
the patients, the patients receiving sham injections 
and those receiving the study medication were 
treated identically, with the exception of scleral pen
etration. All patients (including those receiving 
sham injection) underwent an ocular antisepsis 
procedure and received injected subconjunctival 
anesthetic. The patients receiving sham injections 
had an identical syringe - but without a needle -
pressed against the eye wall to mimic the active 
doses that were injected through the pars plana into 
the vitreous cavity. The injection technique preclud
ed the patient from seeing the syringe. To maintain 
masking of the investigators, the study ophthalmol
ogist responsible for patient care and for the as
sessments did not administer the injection. In all 
cases, a separate, certified visual-acuity examiner 
masked to the treatment assignment and to previ
ous measurements of visual acuity assessed distance 
visual acuity. 

Owing to ethical considerations, the use of pho
todynamic therapy with verteporfin was permitted 
only in the treatment of patients with predominant
ly classic lesions, as defined in the product label ap
proved by the Food and Drug Administration, and 
at the discretion of the ophthalmologist, who was 
masked as to the treatment assignment. The pre
specified primary end point for efficacy was the pro
portion of patients who lost fewer than 15 letters of 
visual acuity (defined as three lines on the study eye 
chart) between baseline and week 54. 

The trials were designed by the steering com
mittee of the VEGF [Vascular Endothelial Growth 
Factor] Inhibition Study in Ocular N eovasculariza
tion Clinical Trial Group. The data were held and 
analyzed by the data management and statistics 
group. The manuscript was prepared by the writing 

committee. Dr. Gragoudas chaired the writing com
mittee, served as the outside academic investigator 
vouching for the veracity and completeness of the 
data analyses, had access to the full data set, and was 
responsible for the decision to submit the manu
script for publication. 

RESULTS 

One trial included 586 patients at 58 sites in the 
United States and Canada and was conducted from 
August 2001 through July 2002; the other trial in
cluded 622 patients at 59 other sites worldwide and 
was conducted from October 2001 through August 
2002. Of the 1208 patients randomly assigned to 
treatment in the two studies (297 patients assigned 
to receive 0.3 mg of pegaptanib; 305 patients, 
1.0 mg ofpegaptanib; 302 patients, 3.0 mg ofpe
gaptanib; and 304 patients, sham injections), 1190 
received at least one study treatment (295 patients 
received 0.3 mg ofpegaptanib; 301 patients, 1.0 mg 
of pegaptanib; 296 patients, 3.0 mg of pegaptanib; 
and 298 patients, sham injections). The demo
graphic and ocular characteristics of the patients at 
baseline were similar among the treatment groups 
(Table 1). 

Four patients were not included in the efficacy 
analyses, because a sufficiently standardized assess
ment of visual acuity was not completed at base
line. Therefore, a total of1186 patients received at 
least one study treatment, had visual acuity assess
ments at baseline, and were included in efficacy 
analyses (294 patients who received 0.3 mg of pe
gaptanib; 300 patients, 1.0 mg of pegaptanib; 296 
patients, 3.0 mg of pegaptanib; and 296 patients, 
sham injections). A total of7545 intravitreous in
jections of pegaptanib and 2557 sham injections 
were administered. Approximately 90 percent of the 
patients in each treatment group completed the 
study. In all the treatment groups, an average of 
8.5 injections were administered per patient out of 
a possible total of9 injections. 

The general health status of the patients enter
ing the trial, calculated for all patients receiving pe
gaptanib as compared with those receiving sham in
jection, was as follows: hypertension (55 percent in 
the pegaptanib groups vs. 48 percent in the sham
injection group), hypercholesterolemia (21 per
cent vs. 18 percent), diabetes mellitus (10 percent 
vs. 7 percent), cardiac disorders (35 percent vs. 34 
percent), cerebrovascular disease (3 percent vs. 
1 percent), peripheral arterial disease (3 percent vs. 
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T,-,1:-1,; .L Demographic and Ocular Characteristics of Patients at Baseline.* 

0.3 mg Pegaptanib 1.0 mg Pegaptanib 3.0 mg Pegaptanib Sham Injection 
Characteristic (N=295) (N=301) (N=296) (N=298) 

Sex- no.(%) 

Male 133 (45) 136 (45) 105 (35) 120 (40) 

Female 162 (55) 165 (55) 191 (65) 178 (60) 

Race - no. (%)t 

White 283 (96) 291 (97) 286 (97) 284 (95) 

Other 12 (4) 10 (3) 10 (3) 14 (5) 

Age- no.(%) 

50-64 yr 19 (6) 21 (7) 18 (6) 21 (7) 

65-74 yr 86 (29) 105 (35) 90 (30) 94 (32) 

75-84 yr 155 (53) 147 (49) 153 (52) 160 (54) 

;,,85 yr 35 (12) 28 (9) 35 (12) 23 (8) 

Angiographic subtype of lesion -
no. (%)t 

Predominantly classic 72 (24) 78 (26) 80 (27) 76 (26) 

Minimally classic 111 (38) 108 (35) 105 (35) 102 (34) 

Occult with no classic 112 (38) 115 (38) 111 (38) 120 (40) 

Size of lesion§ 3.7±2.4 4.0±2.4 3.7±2.5 4.2±2.8 

History of ocular surgery or laser 123 (42) 117 (39) 124 (42) 124 (42) 
treatment - no. (%) 

Visual acuity 

Study eye 

Mean 52.8±12.6 50.7±12.8 51.1±12.9 52.7±13.0 

Median (range) 55 (11-75) 52 (19-77) 53 (14-76) 53 (11-77) 

Other eye 

Mean 56.2±27.2 54.8±27.6 56±26.4 55.9±27.0 

Median (range) 68 (3-85) 67 (3-85) 65 (4-85) 67 (2-85) 

;, Plus-minus values are means ±SD. 
t Race was determined by the treating investigators. 
t In relation to the visualization of choroidal new vessels (classic) in the fluorescein angiogram, a predominantly classic 

lesion includes 50 percent or more classic choroidal neovascularization, a minimally classic lesion includes less than 50 
percent classic choroidal neovascularization, and an occult lesion includes no classic choroidal neovascularization. 

§ The size of lesions was measured as then umber of optic-disk areas (including blood scar or atrophy and neovasculariza
tion), each of which is 2.54 mm 2. 

3 percent), and electrocardiographic abnormalities 
(53 percent vs. 48 percent). 

In the combined analysis, all three doses of pe
gaptanib differed significantly from the sham injec
tion in terms of the prespecified primary efficacy end 
point (Table 2). A loss of fewer than 15 letters of vi
sual acuity was observed at week 54 in 206 (70 per
cent) of294 patients assigned to receive 0.3 mg of 
pegaptanib (P<0.001), 213 (71 percent) of300 pa
tients assigned to 1.0 mg of pegaptanib (P<0.001), 
and 193 (65 percent) of 296 patients assigned to 
3.0 mg ofpegaptanib (P=0.03), as compared with 

164 (55 percent) of296 patients assigned to receive 
sham injection. Similar results were obtained when 
the analyses were restricted to the subgroup of pa
tients who were evaluated both at baseline and at 
week 54 (accounting for 92 percent of those receiv
ing 0.3 mg of pegaptanib, 92 percent of those receiv
ing 1.0 mg of the drug, 89 percent of those receiving 
3.0 mg of the drug, and 93 percent of those receiv
ing sham injections); the similar findings indicate 
that missing data probably did not influence the re
sults. In this population at week 54, a loss of fewer 
than 15 letters was observed in 192 (71 percent) of 
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T;,bi.,-, :~, Rate of Visual-Acuity Loss, Measured as the Loss of Fewer Than 15 Letters, in 1186 Patients.'~ 

Sham 
0.3 mg Pegaptanib 1.0 mg Pegaptanib 3.0 mg Pegaptanib Injection 

Time (N=294) (N=300) (N=296) (N=296) 

PValue PValue PValue 
vs. Sham vs. Sham vs. Sham 

No.(%) Injection No.(%) Injection No.(%) Injection No.(%) 

Week 12 256 (87) 0.01 259 (86) 0.04 251 (85) 0.13 237 (80) 

Week 24 242 (82) <0.001 239 (80) <0.001 224 (76) 0.003 190 (64) 

Week 36 220 (75) <0.001 229 (76) <0.001 222 (75) <0.001 175 (59) 

Week 54 206 (70) <0.001 213 (71) <0.001 193 (65) 0.03 164 (55) 

;, The differences between the doses of pegaptanib were not significant. 

271 patients assigned to receive 0.3 mg ofpegap
tanib (P<0.001), 198 (72 percent) of275 patients 
assigned to 1.0 mg of the study drug (P<0.001), and 
166 (63 percent) of264 patients assigned to 3.0 mg 
of pegaptanib (P=0.14), as compared with 154 (56 
percent) of 275 patients assigned to sham injec
tion. There was no evidence in any of the analyses 
that pegaptanib at 1.0 mg or 3.0 mg was more ef
fective than at 0.3 mg. The results of the two trials 
were similar, with both reaching statistical signifi
cance for the primary efficacy end point (0.3 mg of 
pegaptanib, P= 0.03 and P=0.01). 

The outcomes for the secondary end points were 
consistent with those for the primary end point. A 
greater proportion of the patients treated with pe
gaptanib maintained or gained visual acuity (that 
is, they had no change in the number ofletters or a 
gain of one or more letters). For the combined 
analysis, 33 percent of patients receiving 0.3 mg of 
pegaptanib (P=0.003), 37 percent of those receiv
ing 1.0 mg (P<0.001), and 31 percent of those re
ceiving 3.0 mg (P=0.02) maintained vision or 
gained vision as compared with 23 percent of those 
receiving sham injection. At week 54, larger pro
portions of patients receiving pegaptanib, as com
pared with those receiving sham injection, also 
gained 5, 10, or 15 letters of visual acuity (approxi
mately equivalent to one, two, and three lines on the 
study eye chart, respectively) (Table 3). 

Patients in the sham-injection group were twice 
as likely to have a severe loss of vision (i.e., a loss of 
30 letters or more or six lines on the study eye chart) 
as patients receiving pegaptanib at 0.3 mg (22 per
cent vs. 10 percent, P<0.001) or 1.0 mg (22 percent 
vs. 8 percent, P<0.001). Among patients receiving 
a dose of3.0 mg, 14 percent had severe vision loss 

(P=0.01 for the comparison with the sham-injec
tion group) (Table 3). 

A smaller percentage of patients receiving pe
gaptanib had a Snellen equivalent visual acuity of 
20/200 or worse, or legal blindness, in the study eye 
at week 54 than of those in the sham-injection group 
(pegaptanib at 0.3 mg, 38 percent; 1.0 mg, 43 per
cent; 3.0 mg, 44 percent; sham injection, 56 per
cent; P<0.001 for the comparison between all 
treatment groups and the sham-injection group) 
(Table 3). 

The effectiveness of pegaptanib was evident as 
early as the first study visit after the treatment was 
started (week 6), and it increased over time up to 
week 54, as measured by the mean loss of visual 
acuity from baseline to each study visit as compared 
with that in the sham-injection group (P<0.002 
at every point for a dose ofpegaptanib at 0.3 mg 
or 1.0 mg, and P<0.05 at every point for a dose of 
3.0 mg) (Fig. lA). 

There was no evidence that any angiographic 
subtype of the lesion, the size of the lesion, or the 
level of visual acuity at baseline precluded a treat
ment benefit. For those receiving pegaptanib at 
0.3 mg, a treatment benefit was observed among all 
patients with all angiographic subtypes oflesions 
(P<0.03 for each subtype) (Fig. lB), baseline lev
els of visual acuity ( <54 or ~54 letters, P<0.01 for 
each group) (Fig. lC), and lesion sizes at baseline 
( <4 or ~4 optic-disk areas, P<0.02 for each group) 
(Fig. lD). Numerically superior outcomes were ob
served among patients with different subtypes ofle
sions treated with pegaptanib at 1.0 mg and 3.0 mg 
as well (Fig. lB). The results of multiple logistic
regression analyses revealed that no factor other 
than assignment to treatment with pegaptanib was 
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T,-,1:-1,; :t Maintenance, Gain, and Severe Loss of Visual Acuity with Pegaptanib and Sham Injection.•~ 

0.3 mg Pegaptanib 1.0 mg Pegaptanib 3.0mgPegaptanib Sham Injection 
End Points (N=294) (N=300) (N=296) (N=296) 

Maintenance or gain ;eO letters - no. (%) 98 (33) 110 (37) 93 (31) 67 (23) 

P value vs. sham injection 0.003 <0.001 0.02 

Gain ;,,5 letters - no. (%) 64 (22) 69 (23) 49 (17) 36 (12) 

P value vs. sham injection 0.004 0.002 0.12 

Gain dO letters - no. (%) 33 (11) 43 (14) 31 (10) 17 (6) 

P value vs. sham injection 0.02 0.001 0.03 

Gain dS letters - no. (%) 18 (6) 20 (7) 13 (4) 6 (2) 

P value vs. sham injection 0.04 0.02 0.16 

Loss ;,,30 letters - no. (%) 28 (10) 24 (8) 40 (14) 65 (22) 

P value vs. sham injection <0.001 <0.001 0.01 

Visual acuity in study eye ,,;,20/200 (legal 111 (38) 128 (43) 129 (44) 165 (56) 
blindness) - no. (%) 

P value vs. sham injection <0.001 <0.001 0.001 

;, Where data were missing, the last-observation-carried-forward method was used. P values were calculated with the use 
of the Cochran-Mantel-Haenszel test. Loss of 30 or more letters was defined as severe loss of visual acuity. 

significantly associated with this response (0.3-mg 
dose, P<0.001). 

The majority (78 percent) of the study patients 
never received photodynamic therapy while in the 
study (at or after the baseline evaluation), and 75 
percent of the patients never received photodynam
ic therapy at any time (i.e., they had no history of 
photodynamic therapy, nor did they receive the 
treatment during the study) in the study eye. The 
rate of use of this therapy before enrollment and at 
baseline was similar among the treatment groups; 
therapy before enrollment was used for stratifica
tion at randomization. A history of photodynamic 
therapy was reported at baseline by 24 patients re
ceiving pegaptanib at 0.3 mg (8 percent), 29 patients 
receiving 1. 0 mg (10 percent), 27 patients receiving 
3.0 mg (9 percent), and 18 patients receiving sham 
injections (6 percent). 

The study investigators administered photody
namic therapy at baseline to 36 patients receiving 
0.3 mg of pegaptanib (12 percent), 31 patients re
ceiving 1.0 mg (10 percent), 38 patients receiving 
3.0 mg (13 percent), and 40 patients receiving sham 
injections (13 percent). A slightly higher proportion 
of patients receiving sham injections than those re
ceiving pegaptanib received photodynamic therapy 
after baseline, suggesting a possible bias against 
pegaptanib. After baseline, photodynamic therapy 
was administered to 49 patients receiving 0.3 mg 
of pegaptanib (17 percent), 55 patients receiving 

1.0 mg (18 percent), 57 patients receiving 3.0 mg 
(19 percent), and 62 patients receiving sham injec
tions (21 percent). Therefore, the treatment benefit 
of pegaptanib was present despite the higher rate 

~'i/,~,m, .l (fo::int p,~t,~l- Mean Change in Scores for Visual 

Acuity. 

Panel A shows the mean changes in visual acuity from 
baseline to week 54 (P<0.002 at every point for the com

parison of03 mg or 1.0 mg ofpegaptanib with sham in
fection at week 54, and P<0.05 at every point for the com

parison of3.0 mgofpegaptanibwith sham injection at all 
other points after baseline). Panels B, C, and D show the 

mean changes in visual acuity according to the angio
graphic: subtype, visual acuity, and lesion size at baseline, 
respectively. In relation to the visualization ofchoroidal 

new vessels (classic) in the fluorescein angiogram, a pre
dominantly classic lesion includes 50 percent or more 

classicchoroidal neovascularization, a minimally classic: 
lesion includes less than 50 percent classic choroid al neo
vascularization, and an occult lesion includes no classic 

thoroidal neovascularization. For lesion size, the unit of 
measurement was one optic-disk area, equal to 2.54 mm 2. 

For this analysis, lesions were categorized as less than 
four optic-disk areas or four or more optic-disk areas in 

size. In Panels B, C, and D, the asterisk denotes P<0.05 
forthe comparison of pegaptanib with sham injection, 
the single dagger P<0.001 for the comparison of pegap• 

ta nib with sham injection, and the double dagger P<0.01 
for the comparison of pegaptanib with sham injection. 

Of a total ofl186 patients, 294 received 0.3 mg of pegap
tanib, 300 received 1.0 mg ofpegaptanib, 296 received 
3.0 mg of pegaptanib, and 296 received sham injection. 

N ENGLJ MED 351;27 WWW.NEJM.ORG DECEMBER 30, 2004 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 736



A 

B 

C 

PEGAPTANIB FOR AGE-RELATED MACULAR DEGENERATION 

0-llli 

11~~~:=:~::-:=:~:-=::::::;' mg ecg,c<,,,b 

=~J '·, -.,. 0.3 mg Pegaptanib -]0,-~ ._, _______ ............ _ 'i!t. 

=i1~ '+-..__ 3.0 mg Pegaptanib 

-13-1 ·+- -··+----+,. 
--14-i --
·15-J '•· 

· ' Sharn injection 

=}~~ .. ;------~------------------~ 
0 6 l2 18 24 30 36 42 48 54 

Weeks 

No. at Risk 
0.3 mg Pegaptanib 294 286 289 269 273 271 265 271 266 271 
1.0 mg Pegaptanib 300 292 29] 291 287 285 278 270 267 275 
3.0 mg Pegaptanib 296 286 283 281 283 278 27} 267 259 254 
Sham in;ection 296 291 288 287 281 282 278 275 269 275 

!!! 0.3 mg Pegaptaoib 1§§1 1.0 mg Pegaptanib D 3.0 mg Pegaptanib O Sham injection 

J.8-

Predominantly 
Classic Lesion 

D 

Minimally 
Classic Lesion 

Occult with No 
Classic lesion 

!!II 0.3 mg 1§§1 1.0 mg D 3.0 mg 
Pegaptanib 

[J Sham 
iiijection 

!!! 0.3 mg 
Pegaptan,b 

!lll 1.0 mg 
Pegaptanib 

[] 3.0 mg 
Pegaptan,6 

0 Sham 
injection Pegaptanib Pegaptanib 

20-

~ 18 ·:;; 
\.I ]6 < 
.; 
:::i--

.::11 ~ 
>..':l 12 
.~] 

10 ....... 
"' " <O 

ci 8-2 
u " ,,- 6 a 
<: 

"' 
4 

" ~ 2 

0 
<54 letters 

.;';' 
·;; 
u 

<( 

c5 
:,-
-~ f 
> " -.::l ,,..,___ .,, 0 

"' ci 1:! 
\.I " ,.,-

Ci 
,:: 
<O 

" ~ 
e:54 letters 

18--

16 

14 

12 

10 

8 

6 

4 

2 

0 
<4 Optic-Disk 

Areas 

N ENGLJ MED 351;27 WWW.NEJM.0RG DECEMBER 30, 2004 

e:4 Optic-Disk 
Areas 

2811 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 737



ofuse of photodynamic therapy among patients re
ceiving sham injections. 

On the two angiographic examinations, there 
was a slowing in the growth of the total area of a 
lesion, the size of choroidal neovascularization, and 
the severity ofleakage in the groups receiving pe
gaptanib as compared with the sham-injection 
group (Table 4). A difference was evident at weeks 
30and54. 

The rate of discontinuation of therapy due to 
adverse events was 1 percent in the pegaptanib 
groups and 1 percent in the sham-injection group. 
The reasons for discontinuation were diverse and 
were not clustered in relation to a particular system 
or organ. No systemic adverse events were defini
tively attributed by the independent data manage
ment and safety monitoring committee to the study 
drug, nor were any observed for any organ system 
in all three treatment groups. In a comparison of 
rates of adverse events (for all doses of pegaptanib 
as compared with sham injection), no significant 
difference was observed in the rates of vascular hy
pertensive disorders (10 percent in all groups); hem
orrhagic adverse events (2 percent and 3 percent, 
respectively); thromboembolic events (6 percent in 
all groups), and gastrointestinal perforations (0 in 
all groups). The baseline laboratory values were 

T,;1;,i,, ,t Changes in Size of Lesion, Extent ofChoroidal Neovascularization 
(CNV), and Leakage over Time in 1186 Patients. 

0.3 mg 1.0mg 3.0 mg Sham 
Pegaptanib Pegaptanib Pegaptanib Injection 

Variable'~ (N=294) (N=300) (N=296) (N=296) 

Total size of lesion 

Baseline 3.7 4.0 3.7 4.2 

Wk 30 4.9 5.0 5.2 5.7 

Wk 54 5.5t 5.8t 6.2 6.7 

Total size ofCNV 

Baseline 3.1 3.5 3.2 3.7 

Wk 30 4.0 4.2 4.2 4.9 

Wk 54 4.7 4.7t 5.0 5.8 

Total size of leakage 

Baseline 3.3 3.4 3.4 3.6 

Wk 30 4.0t 3.6t 4.2 4.9 

Wk 54 4.3 3.9t 4.6 5.2 

;, The total size of a lesion, choroidal neovascularization, or leakage was mea
sured as the number of optic-disk areas, each of which is equal to 2.54 mm 2. 

t P<0.01 for the comparison of the change from baseline with that in the sham
injection group. 

similar in all groups, and median changes in all lab
oratory values from baseline were small and not 
clinically meaningful. The death rate was 2 percent 
in all groups, which is similar to that seen in other 
studies of age-related macular degeneration in this 
population. 21 No antibodies against pegaptanib 
were detected. There were also no reports oflocal 
or systemic hypersensitivity attributable to pegap
tanib. 

Most adverse events reported in the study eyes 
were transient, with a severity that was mild to mod
erate, and were attributed by the investigators to the 
injection procedure, rather than to the study drug. 
Common ocular adverse events that occurred more 
frequently in the study eyes of patients treated with 
pegaptanib than in those receiving sham injection 
were eye pain (34 percent vs. 28 percent), vitreous 
floaters (33 percent vs. 8 percent, P<0.001), punc
tate keratitis (32 percent vs. 27 percent), cataracts 
(20 percent vs. 18 percent), vitreous opacities (18 
percentvs.10 percent, P<0.001), anterior-chamber 
inflammation (14 percent vs. 6 percent, P=0.001), 
visual disturbance (13 percent vs. 11 percent), eye 
discharge (9 percent vs. 8 percent), and corneal ede
ma (10 percent vs. 7 percent). 

These events were more common in the study 
eyes than in the other eyes among patients in the 
sham-injection group, suggesting that the events 
were in part a result of the preparation procedure for 
injection, as opposed to the study drug. There was 
no evidence of a sustained elevation in intraocular 
pressure or of an acceleration of the formation of a 
cataract among patients in the treatment groups as 
compared with those in the sham-injection group. 
A masked review by the reading center at the Uni
versity of Wisconsin of all angiograms obtained at 
baseline and at weeks 30 and 54 revealed no evi
dence of adverse effects on the retinal or the cho
roidal vascular beds. 

Injection-related adverse events are summarized 
in Table 5. Endophthalmitis, a potentially serious 
intraocular infection that may result in the loss of 
visual acuity, is thought possibly to result from the 
intravitreous route of administration. Of the 12 pa
tients (1.3 percent of890 receiving pegaptanib) in 
whom endophthalmitis developed over the period 
of54 weeks, 1 patient (0.1 percent of all treated pa
tients, and 8 percent of those with endophthalmitis) 
had a loss of30 letters or more of visual acuity (i.e., 
visual acuity decreased from 20/63 at baseline to 
20/800 at the last patient visit) in association with 
the infection. Two thirds of the patients with en-
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dophthalmitis had a positive culture. Coagulase
negative Staphylococcus epidermiditis was the most 
common isolate. All patients with clinical endoph
thalmitis were treated with intravitreous antibiot
ics. In 8 of the 12 patients with endophthalmitis 
(67 percent), the infection was associated with pro
tocol violations, the most common being failure 
to use an eyelid speculum, an instrument that pre
vents the bacteria on the eyelashes from contami
nating the injection site. 

DISCUSSION 

Pegaptanib produced a statistically significant and 
clinically meaningful benefit in the treatment of 
neovascular age-related macular degeneration. 
Overall, a reduced risk of visual-acuity loss was ob
served with all doses as early as six weeks after treat
ment was begun, with evidence of an increasing 
benefit over time up to week 54 (Fig. lA). This ob
servation was supported by a variety of findings. 
Pegaptanib reduced the chance not only of the loss 
of15 letters or more of visual acuity (considered a 
moderate loss), but also of a loss of 30 letters or 
more (six lines on the study eye chart, which is con
sidered a severe loss). In addition, treatment with 
pegaptanib reduced the risk of progression to legal 
blindness in the study eye, promoted stability of 
vision, and in a small percentage of the patients, re
sulted in more visual improvement at week 54 than 
among those receiving sham injections. 

The visual results are further supported by an
giographic measurements obtained by personnel 
masked to the treatment assignments, which sug
gested a reduction in the growth of the total size of 
the lesion or of choroidal neovascularization and in 
the severity ofleakage (Table 4). These data provide 
indirect biologic evidence of the mechanism of 
action of pegaptanib. Although fluorescein angi
ography is a time-honored method of assessing 
neovascular age-related macular degeneration, the 
quantitative measurements of the size of a lesion 
and of choroidal neovascularization may have been 
confounded by changes in permeability that accom
panied pegaptanib therapy. Any conclusions about 
the extent of choroidal neovascularization and le
sion size must be made, therefore, with this caveat 
in mind. The inhibition of permeability by pegap
tanib may have played an important role in the vi
sual outcomes observed. A reduction in vascular 
permeability probably accounted for the improved 
outcome at six weeks, because the data indicate 

there was little likelihood of a meaningful change 
in choroidal neovascularization or lesion size at that 
point. 

Because all forms of choroidal neovasculariza
tion have been associated with elevated levels of 
VEGF, it was hypothesized that a broad spectrum 
of patients might benefit from anti-VEGF therapy 
with pegaptanib. Indeed, there was no evidence that 
any one baseline characteristic, including angio
graphic subtype, lesion size, or initial level of visual 
acuity, precluded a treatment benefit. The beneficial 
responses observed with pegaptanib probably im
ply that a common underlying disease process was 
treated. These data support the hypothesis that pe
gaptanib is effective in a broad population of pa
tients with neovascular age-related macular de
generation. Since approximately 90 percent of the 
patients enrolled completed the two trials, the in
travitreous-injection regimen also appeared to be 
accepted by both patients and physicians. 

The per-injection rates of endophthalmitis (0.16 
percent), retinal detachment (0.08 percent), and 
traumatic lens injury (0.07 percent) in the current 
trial were similar to rates identified in a compre
hensive review of more than 15,000 intravitreous 
injections. 22 Therefore, the risks associated with 
intraocular injection of pegaptanib are probably no 
different from those associated with intraocular 
injection of other drugs. Because this treatment re
quires multiple injections, the risk of endophthal
mitis was 1.3 percent per patient during the first year 
of the trials. For comparison, the range of the re
ported risk of endophthalmitis associated with cat-

'fa~h~ :;, Injection-Related Adverse Events in 890 Patients Treated 
with Pegaptanib in the First Year of the Trial.* 

Adverse Event 

Endophthalm itis 

Traumatic injury to 
the lens 

Retinal detachment 

Events 

no. of patients 
(%) 

12 (l.3)t 

5 (0.6) 

6 (0.7) 

per injection 
(%) 

0.16 

0.07 

0.08 

Severe Loss 
ofVisual Acuity"j" 

no. of patients 
(%) 

1 (0.1) 

1 (0.1) 

0§ 

;, A total of 7545 intravitreous injections of pegaptanib were administered. 
"j" Severe loss of visual acuity is defined as a loss of30 letters or more. 
t Three quarters of the patients with endophthalm itis remained in the trial; 

among the patients with endophthalmitis, the condition was associated with 
protocol violations in two thirds. 

§ Measurements of visual acuity after the event were not available for one pa
tient. 
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aract surgery is 0.06 percent to 0.4 percent. Our 
data show that, despite this risk, the majority of pa
tients fare better with eight to nine injections over 
the course of a year than with no treatment. How
ever, in order to maximize the benefit of treatment, 
it is critical that all treating ophthalmologists care
fully adhere to an appropriate aseptic technique for 
each injection, educate patients regarding worri
some symptoms, and closely monitor patients after 
each injection. Careful attention to the technique 
of the procedure can probably minimize the risk of 
endophthalmitis after intravitreous injection. 23 

For ethical reasons, sham injection was used as 
a control in these studies. Preclinical experiments 
have shown that it is unlikely that control intravitre
ous injections would have resulted in a visual im
provement. Endogenous VEGF-induced retinal vas
cular permeability in a rat model was not inhibited 
when phosphate-buffered saline or an inactive con
trol (e.g., polyethylene glycol) was given by intra
vitreous injection. Only intravitreous injections of 
pegaptanib reduced vascular permeability. 24 Sim
ilarly, studies in primates have shown that intra
vitreous injections of a VEGF inhibitor effectively 
suppressed neovascularization in the iris and the 
choroid, whereas intravitreous injections of inac-

tive control substances such as phosphate-buffered 
saline or nonimmune antibody did not appear to al
ter the natural course of the disease. 6 •

8 

In summary, treatment with pegaptanib provid
ed a statistically significant and clinically meaning
ful benefit in a broad spectrum of patients with 
neovascular age-related macular degeneration, re
gardless of the size or angiographic subtype of the 
lesion or the baseline visual acuity. The rate of in
jection-related adverse events represents a potential
ly modifiable risk but necessitates vigilance. Because 
age-related macular degeneration tends to progress 
over years, long-term data will be required for a full 
characterization of the safety and efficacy of pegap
tanib therapy. Our results provide validation of 
aptamer-based therapy in the treatment of human 
disease and support ongoing investigations into the 
use ofVEGF antagonists in patients with diabetic 
retinopathy and retinal-vein occlusion, which are 
other disorders associated with elevated levels of 
intraocular VEG F. 
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Bayer and Regeneron start 
additional Phase 3 Study for 
VEGF Trap-Eye in Wet Age
related Macular Degeneration 

International study to evaluate efficacy and safety in treating a leading 

cause of blindness 

Leverkusen, Germany, Montville, NJ and Tarrytown, NY, May 8, 2008 - Bayer 

HealthCare AG and development partner Regeneron Pharmaceuticals, Inc. 

(NASOAQ:REGN) today announced that the first patient has been dosed in the 

new VIEW 2 trial, a second Phase 3 clinical study in a development program 

evaluating VEGF Trap-Eye for the treatment of the neovascular form of age

related macular degeneration (wet AMO), a leading cause of blindness in adults. 

VIEW 2 (VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMO) will 

enroll approximately 1,200 patients in up to 200 centers in Europe, Asia Pacific, 

Japan and Latin America. The first Phase 3 trial, VIEW 1, began enrolling patients 

in August 2007 in the United States and Canada. Both VIEW 1 and VIEW 2 are 

designed to evaluate the efficacy and safety of VEGF Trap-Eye administered by 

intravitreal injection, at dosing intervals of 4 and 8 weeks. The development 

program will include visual acuity endpoints and anatomical endpoints, including 

retinal thickness, a measure of disease activity. The trial is intended to establish 
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non-inferiority of VEGF Trap-Eye with Lucentis® (ranibizumab) an antiangiogenic 

agent approved for use in wet AMO in major markets globally. 

Wet AMO accounts for about 90 percent of all severe AMO-related vision loss. It 

occurs when abnormal blood vessels in the eye leak fluid and blood into the 

macula, the area of the retina that allows for vision of fine details. This can lead 

to a rapid loss of central vision with continued progression. 

"Results from the Phase 2 study have shown that VEGF Trap-Eye has the 

potential to significantly reduce retinal thickness and improve vision," said Kemal 

Malik, MD, Head of Global Development and member of the Bayer HealthCare 

Executive Committee. "Dosing of the first patient in this confirmatory Phase 3 

trial is an important milestone for this compound intended to treat a devastating 

ocular disease that impacts millions of people worldwide." 

"New therapies are still needed to provide optimal care to those patients with wet 

AMO," said George D. Yancopoulos, M.D., Ph.D., President of Regeneron 

Research Laboratories. "This global Phase 3 clinical program will provide 

additional data to further evaluate the efficacy and safety of VEGF Trap-Eye using 

different dosing regimens." 

Bayer HealthCare and Regeneron are collaborating on the global development of 

VEGF Trap-Eye for treatment of wet AMO, diabetic eye diseases, and other ocular 

diseases and disorders. Once approved, Bayer HealthCare will market VEGF 

Trap-Eye outside the U.S., where the parties will share equally in profits from any 

future sales of VEGF Trap-Eye. Regeneron maintains exclusive rights to VEGF 

Trap-Eye in the U.S. VIEW 2 primary analysis results are anticipated in 2011. 

About VIEW 2 

In the first year, the VIEW 2 study will evaluate the safety and efficacy of VEGF 

Trap-Eye at doses of 0.5 milligrams (mg) and 2.0 mg administered at 4-week 

intervals and 2.0 mg at an 8-week dosing interval, including one additional 2.0 

mg dose at week four. Patients randomized to the ranibizumab arm of the trial will 

receive a 0.5 mg dose every 4 weeks. After the first year of treatment, patients 

will continue to be followed and treated for another year on a flexible, criteria-
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based extended regimen with a dose administered at least every 12 weeks, but 

not more often than every 4 weeks until the end of the study. 

The primary endpoint of the study is the proportion of patients treated with VEGF 

Trap-Eye who maintain vision at the end of one year, compared to ranibizumab 

patients. Visual acuity is defined as the total number of letters read correctly on 

the Early Treatment Diabetic Retinopathy Study (ETDRS) chart, a standard chart 

used in research to measure visual acuity. Maintenance of vision is defined as 

losing fewer than three lines (equivalent to 15 letters) on the ETDRS chart. Key 

secondary endpoints include the mean change from baseline in visual acuity as 

measured by ETDRS and the proportion of patients who gained at least 15 letters 

of vision at week 52. 

Phase 2 Clinical Data 

In a Phase 2 trial in 157 patients, announced in October 2007 at the Retina 

Society Conference in Boston, VEGF Trap-Eye met both primary and secondary 

key endpoints: a statistically significant reduction in retinal thickness (a measure 

of disease activity) after 12 weeks of treatment compared with baseline and a 

statistically significant improvement from baseline in visual acuity (ability to read 

letters on an eye chart). 

About VEGF Trap-Eye 

Vascular endothelial growth factor (VEGF) is a naturally occurring protein in the 

body whose normal role is to trigger the formation of new blood vessels 

(angiogenesis) to support the growth of the body's tissues and organs. It has also 

been associated with the abnormal growth and fragility of new blood vessels in 

the eye, which lead to the development of wet AMO. VEGF Trap-Eye is a fully 

human, soluble VEGF receptor fusion protein that binds all forms of VEGF-A 

along with the related placental growth factor (PIGF) and VEGF-B. VEGF Trap-Eye 

is a specific and highly potent blocker of these growth factors. Blockade of VEGF 

can prevent abnormal blood vessel formation as well as vascular leak and has 

proven beneficial in the treatment of wet AMO. 

About Wet AM D 

Age-related macular degeneration (AMO) is a leading cause of acquired 
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blindness. Macular degeneration is diagnosed as either dry (non-exudative) or 

wet (exudative). In wet AMO, new blood vessels grow beneath the retina and leak 

blood and fluid. This leakage causes disruption and dysfunction of the retina 

creating blind spots in central vision, and it can account for blindness in wet AMO 

patients. Wet AMO is the leading cause of blindness for people over the age of 65 

in the U.S. and Europe. 

About Bayer HealthCare 

The Bayer Group is a global enterprise with core competencies in the fields of 

health care, nutrition and high-tech materials. Bayer HealthCare, a subsidiary of 

Bayer AG, is one of the world's leading, innovative companies in the healthcare 

and medical products industry and is based in Leverkusen, Germany. The 

company combines the global activities of the Animal Health, Consumer Care, 

Diabetes Care and Pharmaceuticals divisions. The pharmaceuticals business 

operates under the name Bayer Schering Pharma AG. Bayer HealthCare's aim is 

to discover and manufacture products that will improve human and animal health 

worldwide. Find more information at www.bayerhealthcare.com. 

Bayer Schering Pharma is a worldwide leading specialty pharmaceutical 

company. Its research and business activities are focused on the following areas: 

Diagnostic Imaging, General Medicine, Specialty Medicine and Women's 

Healthcare. With innovative products, Bayer Schering Pharma aims for leading 

positions in specialized markets worldwide. Using new ideas, Bayer Schering 

Pharma aims to make a contribution to medical progress and strives to improve 

the quality of life. Find more information at www.bayerscheringpharma.de. 

About Regeneron 

Regeneron is a fully integrated biopharmaceutical company that discovers, 

develops, and commercializes medicines for the treatment of serious medical 

conditions. In addition to ARCALYSTTM (rilonacept) Injection for Subcutaneous 

Use, its first commercialized product, Regeneron has therapeutic candidates in 

clinical trials for the potential treatment of cancer, eye diseases, and 

inflammatory diseases, and has preclinical programs in other diseases and 

disorders. Additional information about Regeneron and recent news releases are 

available on Regeneron's Web site at www.regeneron.com. 
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(Note: Lucentis® is a registered trademark of Genentech, Inc.) 

Forward-looking statements<br/> 

Bayer HealthCare This release may contain forward-looking statements based on 

current assumptions and forecasts made by Bayer Group or subgroup 

management. Various known and unknown risks, uncertainties and other factors 

could lead to material differences between the actual future results, financial 

situation, development or performance of the company and the estimates given 

here. These factors include those discussed in Bayer's public reports which are 

available on the Bayer website at www.bayer.com. The company assumes no 

liability whatsoever to update these forward-looking statements or to conform 

them to future events or developments. 

Regeneron This news release discusses historical information and includes 

forward-looking statements about Regeneron and its products, development 

programs, finances, and business, all of which involve a number of risks and 

uncertainties, such as risks associated with preclinical and clinical development 

of Regeneron's drug candidates, determinations by regulatory and administrative 

governmental authorities which may delay or restrict Regeneron's ability to 

continue to develop or commercialize its product and drug candidates, 

competing drugs that are superior to Regeneron's product and drug candidates, 

uncertainty of market acceptance of Regeneron's product and drug candidates, 

unanticipated expenses, the availability and cost of capital, the costs of 

developing, producing, and selling products, the potential for any collaboration 

agreement, including Regeneron's agreements with the sanofi-aventis Group and 

Bayer HealthCare, to be canceled or to terminate without any product success, 

risks associated with third party intellectual property, and other material risks. A 

more complete description of these and other material risks can be found in 

Regeneron's filings with the United States Securities and Exchange Commission 

(SEC), including its Form 10-Q for the quarter ended March 31, 2008. Regeneron 

does not undertake any obligation to update publicly any forward-looking 

statement, whether as a result of new information, future events, or otherwise 
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OF OPHTHALMOLOGY 

lntravitreal Aflibercept for Diabetic 
Macular Edema 

148 ... Week Results from the VISTA and VIVID Studies 

Jeffrey S. Heier, MD,' Jean-Fran~ois Korobelnik, MD,'·'·'' David M. Brown, MD,5 Ursula Schmidt-Erfurth, MD, 
Diana V. Do, MD/ Edoardo Midena, MD, David S. Boyer, MD,9 Hiroko Terasaki, MD, 10 Peter K. Kaiser, MD, 11 

Dennis M. Marcus, MD,"' Quan D. Nguyen, MD/ Glenn J. Jaffe, MD, 13 Jason S. Slakter, MD,>! 
Christian Simader, MD," Yuhwen Sao, PhD,,,, Thomas Schmelter, PhD, '6 Robert Vitti, MD,' 5 

Alyson J. Berliner, MD, PhD, 15 Oliver Zeitz, MD,,(,,,_; Carola Metzig, MD,"' Frank G. Holz, MD'" 

Purpose: To compare efficacy and safety of intravitreal aflibercept injection (IAI) with macular laser photo-
coagulation for diabetic macular edema (DME) over 3 years. 

Design: Two similarly designed phase 3 trials: VISTADME and VIVIDDME_ 
Participants: Patients (eyes; n = 872) with central-involved DME. 
Methods: Eyes received IAI 2 mg every 4 weeks (2q4), IAI 2 mg every 8 weeks after 5 monthly doses (2q8), or 

laser control. From week 24, if rescue treatment criteria were met, IAI patients received active laser, and laser 
control patients received IAI 2q8. From week 100, laser control patients who had not received IAI rescue treat
ment received IAI as needed per retreatment criteria. 

Main Outcome Measures: The primary end point was the change from baseline in best-corrected visual 
acuity (BCVA) at week 52. We report the 148-week results. 

Results: Mean BCVA gain from baseline to week 148 with IAI 2q4, IAI 2q8, and laser control was 10.4, 10.5, 
and 1.4 letters (P < 0.0001) in VISTA and 10.3, 11.7, and 1.6 letters (P < 0.0001) in VIVID, respectively. The 
proportion of eyes that gained ~15 letters from baseline at week 148 was 42.9%, 35.8%, and 13.6% (P < 0.0001) 
in VISTA and 41.2%, 42.2%, and 18.9% (P < 0.0001) in VIVID, respectively. Greater proportions of eyes treated 
with IAI 2q4 and IAI 2q8 versus those treated with laser control had an improvement of ~2 steps in the Diabetic 
Retinopathy Severity Scale (DRSS) score in both VISTA (29.9% and 34.4% vs. 20.1 % [P = 0.0350, IAI 2q4; P = 

0.0052, IAI 2q8]) and VIVID (44.3% and 47.8% vs. 17.4% [P < 0.0001 for both]). In an integrated safety analysis, 
the most frequent ocular serious adverse event was cataract (3.1 %, 2.1 %, 0.3% for 2q4, 2q8, and control). 

Conclusions: Visual improvements observed with both IAI regimens (over laser control) at weeks 52 and 100 
were maintained at week 148, with similar overall efficacy in the IAI 2q4 and IAI 2q8 groups. Treatment with IAI 
also had positive effects on the DRSS score. Over 148 weeks, the incidence of adverse events was consistent 
with the known safety profile of IAI. Ophthalmology 2016; ■:1-10 © 2016 by the American Academy of 
Ophthalmology 

Supplemental material is available at -.,·,.·vv,,·,..-.aaojowna!.org. 

The diabetes mellitus epidemic is growing. According to 
current predictions, by 2040, approximately 1 in every 10 
adults (642 million) worldwide will have the disease.' 
Diabetic retinopathy and associated diabetic macular 
edema (DME) are serious diabetes mellitus complications 
and are the leading causes of blindness and visual 
disability in working-age adults. 

Current treatment options for DME include macular laser 
photocoagulation, 1 corticosteroids,' and anti-vascular 
endothelial growth factor (VEGF) agents (i.e., intravitreal 
aflibercept, ranibizumab, and off-label use of bev
acizumab ).'' " There is a large body of evidence to support 
anti-VEGF use. Because of superior anatomic and 

© 2016 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

functional outcomes/ '' anti-VEGF agents have rapidly 
replaced macular laser photocoagulation as the standard of 
care to treat DME. 

Aflibercept, a 115-kDA recombinant fusion protein, is 
composed of the key VEGF binding domains of human 
VEGF receptors 1 and 2 fused to the constant Fe domain of 
human immunoglobulin Gl, '' and it binds VEGF-A with 
high affinity. '3 Unlike ranibizumab and bevacizumab, 
aflibercept also binds to placental growth factor. ' ' 
Intravitreal aflibercept injection (IAI), which is also known 
as "VEGF Trap Eye" or "IVT-AFL" in the scientific 
literature, is currently indicated to treat neovascular age
related macular degeneration (AMD), macular edema 

ISSN 0161-6420/16 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 749



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 750

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 750



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 751

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 751



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 752
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 752

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 753

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 753



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 754

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 754



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 755

  

  

 

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2008 PAGE 755

 



38:62 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 756REGENERONEXHIBIT 2008 PAGE 756

stCNlo9NNoOQaozoOowLuZziuoOLua>x<iiOooo<

aeeeeeee 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 757
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 757

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 758
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 758

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 759
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 759

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 760

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 760



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 761

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 761



-lllllllllllllll 

_,, 
,:.:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,',',',',',',',',',',',',',',',', 

ill!\fecision 

-lllllllllllllll 
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 762



............................................................................................................................................................ 

lttroous lloaters \\\\\\\\\\\\\\\\\\\\\\\\_, 

38.2 

18.5 

15.9 

14.6 

13.4 

11.5 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 763



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 764

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 764



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 765
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 765

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 766

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 766



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 767
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 767

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 768

110
RV AY
ven
KES

zSFsee

Siececemecaeay_a

     



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 769

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 769



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 770REGENERONEXHIBIT 2008 PAGE 770

stCNlo9NNoOQaozoOowLuZziuoOLua>x<iiOooo<

  
 

  



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 771
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 771

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 772
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 772

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 773
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 773

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 774

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 774



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 775
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 775

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 776
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 776

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 777
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 777

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 778
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 778

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 779
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 779

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 780
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 780

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 781

SpesabeetateSetSTEEE

tcAI0oNoOWwWaoxSorsaoSfOgWw=ZXtoWi38ry>3ne57
x

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 782
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 782

 



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 783

 
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2008 PAGE 783



 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 784

  

 

   

 

 

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2008 PAGE 784

 



lntravitreal Aflibercept for Diabetic 
Macular Edema 

Jean-Fran~ois Korobelnik, MD, :,2,: Diana V, Do, MD,'1 Ursula Schmidt-Erfurth, MD,' David S, Boyer, MD,6 
Frank G, Holz, MD/ Jeffrey S, Heier, MD/ Edoardo Midena, MD,·, Peter K. Kaiser, MD, 1'' 
Hiroko Terasaki, MD/ 1 Dennis M. Marcus, MD, u Quan D. Nguyen, MD,"' Glenn J. Jaffe, MD,,: 
Jason S. Slakter, MD,''' Christian Simader, MD,' Yuhwen Sao, PhD,,.·: Thomas Schmelter, PhD, ,1_, 

George D. Yancopoulos, MD, PhD,,,, Neil Stahl, PhD, ' 5 Robert Vitti, MD,'; Alyson J. Berliner, MD, PhD,,, 
Oliver Zeitz, MD,'",u Carola Metzig, MD, 11

· David M. Brown, MD 1
'~ 

Purpose: A head-to-head comparison was performed between vascular endothelial growth factor blockade 
and laser for treatment of diabetic macular edema (DME). 

Design: Two similarly designed, double-masked, randomized, phase 3 trials, VISTADME and VIVIDDME_ 
Participants: We included 872 patients (eyes) with type 1 or 2 diabetes mellitus who presented with DME 

with central involvement. 
Methods: Eyes received either intravitreal aflibercept injection (IAI) 2 mg every 4 weeks (2q4), IAI 2 mg every 

8 weeks after 5 initial monthly doses (2q8), or macular laser photocoagulation. 
Main Outcome Measures: The primary efficacy endpoint was the change from baseline in best-corrected 

visual acuity (BCVA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letters at week 52. Secondary ef
ficacy endpoints at week 52 included the proportion of eyes that gained ~15 letters from baseline and the mean 
change from baseline in central retinal thickness as determined by optical coherence tomography. 

Results: Mean BCVA gains from baseline to week 52 in the IAI 2q4 and 2q8 groups versus the laser group 
were 12.5 and 10.7 versus 0.2 letters (P < 0.0001) in VISTA, and 10.5 and 10.7 versus 1.2 letters (P < 0.0001) 
in VIVID. The corresponding proportions of eyes gaining ~15 letters were 41.6% and 31.1 % versus 7.8% 
(P < 0.0001) in VISTA, and 32.4% and 33.3% versus 9.1 % (P < 0.0001) in VIVID. Similarly, mean reductions in 
central retinal thickness were 185.9 and 183.1 versus 73.3 µm (P < 0.0001) in VISTA, and 195.0 and 192.4 versus 
66.2 µm (P < 0.0001) in VIVID. Overall incidences of ocular and nonocular adverse events and serious adverse 
events, including the Anti-Platelet Trialists' Collaboration-defined arterial thromboembolic events and vascular 
deaths, were similar across treatment groups. 

Conclusions: At week 52, IAI demonstrated significant superiority in functional and anatomic endpoints over 
laser, with similar efficacy in the 2q4 and 2q8 groups despite the extended dosing interval in the 2q8 group. In general, 
IAI was well-tolerated. Ophthalmology 2014;121:2247-2254 © 2014 by the American Academy of Ophthalmology. 

l~I Supplemental material is available at \•·\."V/\1V,iXlO/OutnaicOig. 

The growing prevalence of diabetes mellitus worldwide is 
predicted to increase the number of afflicted individuals to 
430 million by 2030. l Chronic hyperglycemia secondary to 
diabetes mellitus leads to systemic microvascular pathology 
throughout the body. 2 The vascular beds of the retina are 
typically early indicators of disease progression, and the 
eye serves as the initial site in which vascular damage may 
be diagnosed early during disease progression_:, Indeed, the 
most common complication of diabetes is retinopathy; 
microaneurysms, blood-retinal barrier dysfunction, and 
capillary dropout are important contributors to diabetic 
macular edema (DME), the leading cause of blindness in 
working-age adults.'·' Focal laser photocoagulation has 
been the standard of care to manage DME ever since the 
landmark Early Treatment Diabetic Retinopathy Study 
(ETDRS) demonstrated reduction in severe vision loss with 
laser directed to the leaking microaneurysms (and areas of 

© 2014 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

capillary nonperfusion).5 Although a reduction in moderate 
and severe vision loss was demonstrated with ETDRS laser 
intervention, <3% of treated patients gained 15 visual 
acuity letters.' Compared with the ETD RS study, a higher 
percentage of eyes (15%) treated with a modified ETDRS 
laser protocol gained ~ 15 visual acuity letters at 1 year in 
the Diabetes Retinopathy Clinical Research Network 
(DRCF.nd) trial.''' Recently, as a result of the RISE/RIDE 
studies, intravitreal injections of anti-vascular endothelial 
growth factor (anti-VEGF) agents have progressively 
replaced focal laser photocoagulation as the primary treat
ment for center involving macular edema. Anti-VEGF treat
ment administered monthly demonstrated significant visual 
acuity gains in a large percentage of patients and reduction of 
severe visual acuity loss when administered along with pro re 
nata (PRN) laser. ' Although the RISE/RIDE studies, among 
others, resulted in a shift of the treatment paradigm for DME, 

lmp '!Clo.:foi.ce,i,'f t:1.J l)Ji_J;.·-,ph:_i:c.<'.l, ,,:.G:i.l{:.', 224 7 
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many patients in clinical practice may find a monthly 
treatment schedule difficult to maintain. 

Aflibercept is composed of key domains from human 
VEGF receptors 1 and 2 fused to the Fe domain of human 
immunoglobulin G 1 and has approximately 100-fold greater 
binding affinity to VEGF-A than either bevacizumab or rani
bizumab." Intravitreal aflibercept injection (IAI; also known in 
the scientific literature as VEGF Trap-Eye or IVT-AFL) was 
recently demonstrated to have clinically equivalent efficacy to 
monthly ranibizumab in neovascular age-related macular 
degeneration, whether it was administered monthly or by a 
more convenient regimen every 2 months after 3 initial 
monthly doses.'' We report here the primary outcome results of 
2 parallel, phase 3 DME studies in diverse North American, 
European, Asian, and Australian ~tient populations. These 
studies, VISTA0

ME and VIVID0 
, compared at week 52 

the efficacy and safety of focal laser photocoagulation (with 
sham intraocular injections) with IAI either every 4 weeks or 
every 8 weeks, after 5 initial monthly doses. These are the 
first phase 3 studies directly comparing VEGF-blockade 
alone with laser alone in DME. 

Methods 

The VISTA and VIVID studies were 2 phase 3, randomized, double
masked, active-controlled, 148-week trials. The VISTA study 
(registered at "'"''''.clinlu,l1Ji;L.go,•; NCT01363440) was conducted 
across 54 sites in the United States and the VIVID study (registered at 

, NCT01331681) was conducted at 73 sites 
across Europe, Japan, and Australia (..'\pp,c,xli~ l provides a list of 
study investigators; available at org). Each clinical 
site's respective institutional review board/ethics committee 
approved the study. All patients provided written informed consent. 
Data for this report, which presents the 52-week results, were 
collected between May 2011 and June 2013. 

Participants and Treatments 

Adult patients with type 1 or 2 diabetes mellitus who presented 
with central DME involvement (defined as retinal thickening 
involving the 1 mm central (optical coherence tomography) sub
field thickness [CST]) were eligible for enrollment if best-corrected 
visual acuity (BCV A) was between 73 and 24 letters (20/40-20/ 
320 Snellen equivalent) in the study eye (Appe,,di:, :2; available at 
w;;,w.a,10/m1rn:1].org). Only 1 eye per patient was enrolled in the 
study. Eyes were randomized in a 1:1:1 ratio to receive either 2 
mg IAI every 4 weeks (2q4), 2 mg IAI every 8 weeks after 5 
initial monthly doses (from baseline to week 16) with sham 
injections on non-treatment visits (2q8), or macular laser photo
coagulation at baseline and sham injections at every visit (laser 
control group). For the primary outcome at week 52, treatments 
were given as described from baseline to week 48 (Appendix 3; 
available at ,,.,,_,,;, .,,,,ojowh:l or;:); however, the studies continued 
with the dosing regimens as described for the IAI groups 
through week 148. Eyes in the laser group received IAI as 
needed during the third year. 

Study eyes in all treatment groups were assessed for laser 
retreatment beginning at week 12. If any ETDRS-defined, clini
cally significant macular edema, for which laser has been shown to 
be visually beneficial, was present ( defined as thickening of retina 
or hard exudates at <;500 µm of center of the macula, or 2 l zone 
of retinal thickening 1 disc area or larger, any part of which was 
within 1 disc diameter of center of the macula), study eyes in the 
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2q4 and 2q8 groups received sham laser and those in the laser 
group received active laser, but not more frequently than every 12 
weeks. 

Study eyes in all treatment groups could also receive additional 
(rescue) treatment from week 24 onward if they lost, owing to 
worsening DME, 210 letters on 2 consecutive visits or 215 letters 
at any 1 visit from the best previous measurement, and BCV A was 
worse than baseline. When criteria for additional treatment were 
met, study eyes in the 2q4 and 2q8 groups received active laser 
(rather than sham) from week 24 onward, whereas those in the 
laser group received 5 doses of 2 mg IAI every 4 weeks followed 
by dosing every 8 weeks. 

Outcome Measures 

The primary efficacy endpoint was the change from baseline in 
BCVA in ETDRS letters at week 52. The secondary efficacy 
endpoints were (a) proportion of eyes that gained 210 letters from 
baseline, (b) proportion of eyes that gained 215 letters from 
baseline, (c) proportion of eyes with a 22-step improvement in the 
ETDRS Diabetic Retinopathy Severity Scale (DRSS) score,,,. (d) 
change from baseline in CST, as determined by optical 
coherence tomography, (e) change from baseline in the National 
Eye Institute Visual Function Questionnaire-25 (NEI VFQ-25) 
near activities subscale score, and (f) change from baseline in the 
NEI VFQ-25 distance activities subscale score. Methodologies for 
measuring outcomes are described in App,,u61:, ,i (available at 

Statistical Analyses 

Efficacy was evaluated in the full analysis sets ( eyes that received 
study treatment and had a baseline and 21 post-baseline BCVA 
assessment) from each individual study. If either of the IAI groups 
was superior to laser in the primary efficacy endpoint, comparisons 
between this IAI group and laser for the secondary efficacy end
points were then performed in a hierarchical order from (a) to (f)
as described under Outcome Measures-to control for multiplicity. 
Both primary and secondary efficacy endpoints were evaluated at a 
2-sided significance level of 2.5%. Missing values were imputed 
using the last observation carried forward (LOCF) method, and for 
eyes that received additional treatment, the last value before 
additional treatment was used for analyses, censoring values after 
additional treatment (LOCF). Prespecified sensitivity analyses were 
also performed to include values after additional treatment was 
given (aLOCF). Safety was assessed on the integrated safety 
set from VISTA and VIVID, including all randomized patients 
who received any study treatment. Statistical methods and 
sample size calculation are described in A,:.·p,cndi~ 5 (available at 

Results 

Patient Disposition, Baseline Characteristics, and 
Treatment Experience 

The VISTA study randomized 466 patients and VIVID, 406 patients, 
each with 1 study eye (A pp,c,Kil:: Ii; available at'''"'"'' .,,,,oiourn:1].c.-:;). 
Overall, demographics and baseline characteristics of patients were 
similar across all treatment groups in both studies (T,,ble l ). 
However, VISTA included a greater proportion of Black or 
African-American patients and VIVID had a greater proportion of 
Asian patients. In addition, more eyes in VISTA had prior anti-VEGF 
therapy for DME compared with VIVID (42.9% vs 8.9%, respec
tively). Study eyes in the 2q4 and 2q8 groups received a mean of 11.8 
and 8.4 injections in VISTA, and 12.2 and 8.7 injections in VIVID, 
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Table 1. Patient Demographics and Baseline Characteristics 

VISTA VIVID 

Laser IAI 2q4 IAI 2q8 Laser IAI 2q4 IAI 2q8 
Characteristic (n = 154) (n = 154) (n=l51) (n = 132) (n = 136) (n = 135) 

Mean age, years (SD) 61.7 (8.7) 62.0 (11.2) 63.1 (9.4) 63.9 (8.6) 62.6 (8.6) 64.2 (7.8) 
Female, n (%) 69 (44.8) 67 (43.5) 73 (48.3) 54 (40.9) 53 (39.0) 47 (34.8) 
Race, n (%) 

White 131 (85.1) 128 (83.1) 125 (82.8) 106 (80.3) 109 (80.1) 106 (78.5) 
Black or African American 16 (10.4) 16 (10.4) 19 (12.6) 1 (0.8) 0 (0) 1 (0.7) 
Asian 3 (1.9) 5 (3.2) 2 (1.3) 25 (18.9) 27 (19.9) 27 (20.0) 
Other' 4 (2.6) 5 (3.2) 5 (3.3) 0 (0) 0 (0) 1 (0.7) 

Mean HbAlc, % (SD) 7.6 (1.7) 7.9 (1.6) 7.9 (1.6) 7.7 (1.3) 7.8 (1.5) 7.7 (1.4) 
Patients with HbAlc >8%, n (%) 45 (29.2) 57 (37.0) 57 (37.7) 42 (31.8) 55 (40.4) 44 (32.6) 
Mean duration of diabetes, years (SD) 17.2 (9.5) 16.5 (9.9) 17.6(11.5) 14.5 (9.8) 14.3 (9.2) 14.1 (8.9) 
Mean BCV A, letters (SD) 59.7 (10.9) 58.9 (10.8) 59.4 (10.9) 60.8 (10.6) 60.8 (10.7) 58.8 (11.2) 
Mean central retinal thickness, µm (SD) 483 (153) 485 (157) 479(154) 540 (152) 502 (144) 518 (147) 
DRSS score, n (%) 

10 1 (0.6) 4 (2.6) 4 (2.6) 0 0 0 
20 3 (1.9) 5 (3.2) 3 (2.0) 1 (0.8) 0 0 
35 5 (3.2) 7 (4.5) 9 (6.0) 2 (1.5) 0 1 (0.7) 
43 60 (39.0) 49 (31.8) 52 (34.4) 36 (27.3) 31 (22.8) 28 (20.7) 
47 26 (16.9) 26 (16.9) 32 (21.2) 24 (18.2) 18 (13.2) 27 (20.0) 
53 42 (27.3) 52 (33.8) 40 (26.5) 35 (26.5) 44 (32.4) 42 (31.1) 
61 1 (0.6) 1 (0.6) 2 (1.3) 1 (0.8) 2 (1.5) 2 (1.5) 
65 10 (6.5) 4 (2.6) 5 (3.3) 0 (0) 2 (1.5) 1 (0.7) 
71 1 (0.6) 4 (2.6) 1 (0.7) 0 0 0 
75 1 (0.6) 0 0 0 0 0 
Cannot grade 4 (2.6) 2 (1.3) 3 (2.0) 33 (25) 39 (28.7) 34 (25.2) 

Prior anti-VEGF treatment, n (%) 63 (40.9) 66 (42.9) 68 (45.0) 13 (9.8) 8 (5.9) 15 (11.1) 
NE! VFQ-25 score, mean (SD) 

Total 68.7 (18.1) 69.5 (19.9) 70.5 (17.1) 77.5 (15.2) 77.3 (16.2) 71.2 (17.8) 
Distance activities 63.7 (23.3) 65.3 (23.5) 66.8 (22.5) 77.0 (20.9) 76.7 (21.8) 67.8 (22.9) 
Near activities 56.6 (23.1) 60.1 (23.9) 58.1 (22.9) 67.4 (22.2) 68.0 (22.9) 60.8 (23.5) 

2q4 = 2 mg IA! every 4 weeks from baseline to week 48; 2q8 = 2 mg IA! every 4 weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks 
through week 48; BCV A = best-corrected visual acuity; DRSS = Diabetic Retinopathy Severity Scale; IA! = intravitreal aflibercept injection; HbAlc = 
hemoglobin Ale; NE! VFQ-25 = National Eye Institute Visual Function Questionnaire -25; SD = standard deviation; VEGF = vascular endothelial 
growth factor. 
Full analysis set. 
*In VISTA included American Indian or Alaska native, Native Hawaiian or other Pacific islander, and not reported, and in VIVID included multiracial 
fiatients. 
Level 10, none; levels 14, 15, 20, 35, and 43, mild to moderate nonproliferative diabetic retinopathy; levels 47 and 53, moderately severe/severe non

proliferative diabetic retinopathy; levels 61, 65, 71, 75, 81, and 85, mild/moderate/high-risk/advanced proliferative diabetic retinopathy. 

respectively (T:,bl,: 2). Eyes in the laser group received an average 
of 2.7 and 2.1 laser treatments in VISTA and VIVID, respectively. 
Additional (rescue) treatment in VISTA was given to 0.7% to 
2.6% of eyes in the IAI groups compared with 31.2% of eyes in 
the laser group, and in VIVID to 4.4% to 8.1 % of eyes in the 
IAI groups compared with 24.1 % of eyes in the laser group 
(Tab:t: ·2). 

Primary and Secondary Endpoints 

In both VISTA and VIVID, eyes treated with IAI 2q4 and 2q8 had 
significant BCV A improvements from baseline when compared 
with the laser group. The mean values ± standard deviation (SD) 
change from baseline BCVA in the 2q4 and 2q8 groups compared 
with the laser group was + 12.5±9.5 letters and+ 10.7±8.2 letters 
versus +0.2±12.5 letters (P < 0.0001) in VISTA, and+ 10.5±9.5 
letters and + 10.7±9.3 letters versus + 1.2±10.6 letters (P < 
0.0001) in VIVID, respectively (hg : A). The between-group dif
ferences remained significant in favor of the IAI groups when 

values after additional (rescue) treatments were included in the 
analyses (hg :B). In both studies, BCV A gains with both IAI 
regimens were similar and significantly greater than laser in the 
subgroups of eyes with and without prior anti-VEGF therapy 
(T:ibl:: 3; available at w,,,w.:i:inJ(,;,rnaL,rg). 

In both VISTA and VIVID, significantly more eyes treated with 
IAI gained 2:10 and 2:15 letters from baseline at week 52. The 
proportion of eyes that gained 2: 10 letters from baseline in the 2q4 
and 2q8 groups compared with the laser group was 64.9% and 
58.3% versus 19.5% (P < 0.0001) in VISTA, and 54.4% 
and 53.3% versus 25.8% (P < 0.0001) in VIVID, respectively 
(Fig lC). The corresponding percentages for eyes that gained 2:15 
letters were 41.6% and 31.1 % versus 7.8% (P < 0.0001) in 
VISTA, and 32.4% and 33.3% versus 9.1 % (P < 0.0001) in 
VIVID, respectively (F.:g lC). The proportion of eyes that lost 
2:15 letters from baseline in the 2q4 and 2q8 groups compared 
with the laser group was 0.6% and 0.7% versus 9.1 % in VISTA, 
and 0.7% and 0% versus 10.6% in VIVID, respectively. The 
proportion of patients who did not lose any letters from baseline 
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Table 2. Treatment Experience from Baseline to Week 52 

VISTA 

Laser IAI 2q4 
Number of Scheduled Treatments, Mean (SD) (n = 154) (n = 155) 

Laser photocoagulation 2.7 (1.1) 
lntravitreal aflibercept 11.8 (2.6) 
Study eyes that received additional treatment,' n (%) 48 (31.2)' 4 (2.6)" 

IAI 2q8 Laser 
(n = 152) (n = 133) 

2.1 (1.1) 
8.4 (1.3) 

1 (0.7)' 32 (24.1)" 

VIVID 

IAI 2q4 
(n = 136) 

12.2 (2.6) 
6 (4.4)' 

IAI 2q8 
(n = 135) 

8.7 (1.2) 
11 (8.1)" 

"-"=not applicable; 2q4 = 2 mg IA! every 4 weeks from baseline to week 48; 2q8 = 2 mg IA! every 4 weeks from baseline to week 16 (5 doses) followed by 
dosing every 8 weeks through week 48; IA! = intravitreal aflibercept injection; SD = standard deviation. 
Safety analysis set. 
* Additional treatment was 2 mg IA! every 4 weeks for 5 initial doses followed by dosing every 8 weeks in the laser group, and active laser for the IA! 2q4 and 
2q8 groups. Eyes in the laser group that qualified for additional treatment ( 48 eyes in VISTA and 32 eyes in VIVID) received a mean± SD of 4.4±1.6 and 
4.2±1.8 injections of IA!, respectively. Eyes in the 2q4 and 2q8 groups ( 4 and 1, respectively, in VISTA; 6 and 11 in VIVID) that qualified for additional 
treatment received a mean± SD of 1.0±0 and l.O±NE (not evaluable) laser in VISTA, and 1.7±0.5 and 1.5±0.5 lasers in VIVID, respectively. 

in the 2q4 and 2q8 groups compared with the laser group was 
94.2% and 92.7% versus 57.1 % in VISTA, and 94.1 % and 
91.9% versus 62.9% in VIVID, respectively. 

Significantly greater proportions of eyes treated with IAI 2q4 
and 2q8 compared with those treated with laser had a 2:2-step 
improvement in DRSS score in both VISTA (33.8% and 29.1 % 
versus 14.3%, respectively; P < 0.01) and VIVID (33.3% and 
27.7% versus 7.5%, respectively; P < 0.001; hg 2A). The mean 
value ± SD improvements from baseline in CST were robust 
throughout the study and were significantly greater at week 52 
in the 2q4 and 2q8 groups compared with the laser group 
in both VISTA (-185.9±150.7 µm and -183.1±153.5 µm 
vs - 73.3±176.7 µm, respectively; P < 0.0001) and VIVID 
(-195.0±146.6 µm and -192.4±149.9 µm vs -66.2±139.0 
µm, respectively; P < 0.0001; hg 2B). The mean ± SD change 
from baseline in NEI VFQ-25 score was significantly different 
only for the near activities subscale in favor of IAI 2q4 compared 
with laser in VISTA (9.0±20.6 vs 5.4±20.4, respectively; 
P = 0.0168; Fig ?; available at "-'"·'''·"""JG!.•n::1J.mg). The NEI 
VFQ-25 subscale scores were similar across all treatment groups 
in VIVID (hg 3; available at w,,·w.aan.101.,rn;,J.urg). 

Adverse Events 

The overall incidences of ocular and nonocular adverse events 
were similar across treatment groups (A.pprndix 7; available 
at '"""' .,,,,u)oumd.,xg). There were no clinically relevant 
differences between the treatment groups in terms of frequency 
or pattern of ocular serious adverse events (T,,b.:,, 4 ). There were 
no reports of endophthalmitis, or events suggestive of 
endophthalmitis (such as hypopyon). The incidence of intraocular 
inflammation based on the total number of intravitreal injections 
in the IAI 2q4, IAI 2q8, and laser groups was 0.2% (4/1832 
injections), 0.1 % (1/1284 injections), and 0.5% (1/212 injections) 
in VISTA, and 0.2% (4/1656 injections), 0.4% (5/1168 
injections), and 0.7% (1/135 injections) in VIVID, respectively. 
However, both laser patients developed intraocular inflammation 
prior to receiving IAI. 

The incidence of nonocular serious adverse events was slightly 
higher for some events in the combined IAI group (e.g., congestive 
cardiac failure and anemia), and for others in the laser group (e.g., 
acute myocardial infarction and osteoarthritis), with no apparent 
general trend (i',p,x;,,di, 7; available at "'W\\·' a,te,i•mm,,Lnrg). The 
overall incidences of nonocular serious adverse events and arterial 
thromboembolic events defined by the Anti-Platelet Trialists' 
Collaboration criteria were similar across treatment groups 
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(Ap1x:r:di:, ·;, available at'''"'"' .,:c·,oi,m,:ial.rng; Tc:t.::,,, :,). The number 
of vascular deaths in the 2q4, 2q8, and laser groups was 2, 2, and 2, 
respectively (A,;p,~n,:ix 7; available at w;,,·,v.,,,,uioi.:rna,.;,:·g). 
The total number of deaths in these groups was 2, 4, and 2, 
respectively, with the 2 additional nonvascular deaths in the 2q8 
group attributed to B-cell lymphoma and lung neoplasm (App;:r:;.h:, 
7; available at ,,.-w,,,, :,:mirn.1.1·:3;,J.,,rJ:). The incidences and patterns of 
deaths were not clinically different among treatment groups. 

Discussion 

The VIVID and VISTA studies provide the first head-to
head comparisons of anti-VEGF blockade alone versus 
laser therapy alone. The results demonstrate that IAI given 
either every 4 or every 8 weeks (after 5 initial monthly 
doses) is superior to laser and results in both significant 
visual acuity gains and prevention of severe visual acuity 
loss. The primary efficacy endpoint (change from baseline 
in BCVA at 52 weeks) was superior in both 2q4 and 2q8 
groups compared with the laser group in both studies. The 
percentage of eyes in the laser group that lost ~ 15 letters of 
vision was 9.1 % in VISTA and 10.6% in VIVID, replicating 
the 10% loss in the laser group reported by the ETDRS 
study.'' In the DRCR.ner trial, 8.0% of eyes treated with a 
modified ETD RS laser protocol lost ~ 15 letters at 1 year. 
In marked contrast, < 1 % of eyes in the IAI groups 
(both 2q4 and 2q8) had severe visual acuity loss. An 
additional benefit noted in both the IAI 2q4 and 2q8 
groups include significant improvement in DRSS score, 
implying regression of the underlying diabetic retinopathy 
beyond the macular area. 

The VISTANIVID trial design differs in several respects 
from previous anti-VEGF DME trials.' ' 1 1

' First, the trial 
included multiethnic populations; approximately 20% of 
patients in VIVID were Asian compared with approximately 
5.0% of patients in the RISE/RIDE trials.

7 
Approximately 

43% of study eyes in VISTA had been previously treated 
with anti-VEGF agents (with a ~3-month washout period) 
demonstrating efficacy in eyes that were not totally na1ve to 
anti-VEGF therapy. The VISTANIVID trials also differed 
from the RISE/RIDE trials in that the active anti-VEGF 
agent was compared with an active control group (laser), 
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Figure 1. Visual outcomes from baseline to week 52. A, Mean ± standard deviation (SD) change in best-corrected visual acuity (BCV A) from baseline 

through week 52 with censoring of values after additional treatment was given (LOCF). B, Mean ± SD change in BCVA from baseline through week 52 
with inclusion of values after additional treatment was given (aLOCF). C, Proportion of eyes that gained 2:10 and 2:15 letters from baseline to week 52 

(LOCF). Full analysis set. In VISTA, n = 154 for laser, n = 154 for intravitreal aflibercept injection (IA[) 2q4, and n = 151 for IA! 2q8. In VIVID, n = 132 

for laser, n = 136 for IA! 2q4, and n = 135 for IA! 2q8. ***P < 0.0001 versus laser from the analysis of covariance (ANCOVA) model for A and B, and 
Cochran-Mantel-Haenszel (CMH) test for C. 2q4 = 2 mg IA! every 4 weeks from baseline to week 48; 2q8 = 2 mg IA! every 4 weeks from baseline to week 
16 (5 doses) followed by dosing every 8 weeks through week 48; aLOCF = last observation carried forward, including values after additional treatment was 

given; LOCF = last observation carried forward, censoring values after additional treatment was given; CMH = Cochran-Mantel-Haenszel; SD= standard 

deviation. 
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Figure 2. Additional key secondary endpoints. A, Proportion of eyes with a 2:2-step improvement in Diabetic Retinopathy Severity Scale (DRSS) score 
from baseline to week 52. Full analysis set; last observation carried forward, censoring values after additional treatment was given (LOCF). In VISTA, n = 
154 for laser, n = 154 for intravitreal aflibercept injection (IA[) 2q4, and n = 151 for IA! 2q8. In VIVID, n = 80 for laser, n = 81 for IA! 2q4, and n = 83 
for IA! 2q8. B, Mean change from baseline in central (optical coherence tomography) subfield thickness (CST) at each study visit through week 52. Full 

analysis set; LOCF. In VISTA, n = 154 for laser, n = 154 for IA! 2q4, and n = 151 for IA! 2q8. In VIVID, n = 132 for laser, n = 136 for IA! 2q4, and n = 

135 for IA! 2q8. *P < 0.01, **P < 0.001, and ***P < 0.0001 versus laser. 2q4 = 2 mg IA! every 4 weeks from baseline to week 48; 2q8 = 2 mg IA! every 4 

weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks through week 48; LOCF = last observation carried forward, censoring values after 
additional treatment was given. 

whereas the RISE/RIDE trials compared ranibizumab with 
sham injections. In the RISE/RIDE studies, PRN laser was 
available to all groups after 3 months, based on predefined 
anatomic criteria.' In contrast, the IAI groups in VIVID/ 
VISTA could only receive laser as a rescue treatment after 
24 weeks, based on significant visual acuity loss. Few eyes 
( < 10%) in the IAI 2q4 and 2q8 groups required laser 
rescue and data from the time rescue laser was given was 
censored for the primary analysis (LOCF), thus eliminating 
any confounding influence from laser photocoagulation (Fi;:: 
l A). When data after additional treatment was included in 
the analysis (aLOCF), similar improvements were observed 
in the mean BCV A for these groups (Fig rn). 

Although the variability in CST in the IAI 2q8 group may 
suggest that anatomic suppression was not continuous with 
every 8-week dosing, the visual acuity results indicate that a 
large majority of patients with DME may be effectively treated 
with every 8-week dosing, given that >90% of patients in the 
2q8 group did not lose any vision. Importantly, similar to the 
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VIEW studies in patients with neovascular age-related macular 
degeneration/ there was no evidence that these optical 
coherence tomography fluctuations adversely translated into 
any corresponding limitation in visual benefit in DME patients. 

Concerns about the potential systemic effects of intra
ocular anti-VEGF agents are particularly relevant in the 
diabetic population, because a large population of diabetic 
patients have silent ischemia in the coronary circulation. " 
In the RISE/RIDE trials, the 0.5-mg dose of ranibizumab 
had relatively higher rates of stroke and death compared 
with the 0.3-mg dose. Ranibizumab has been approved in 
the United States at the lower dose of 0.3 mg, and in Europe 
at the dose of 0.5 mg.' It is noteworthy that no increased rate 
of death, stroke, or myocardial infarction was seen in 
VISTA or VIVID in the IAI 2q4 group at the 52-week 
primary endpoint. Although differences in rates of infre
quent events may not be easily detected in studies including 
relatively small patient populations, ongoing surveillance 
will continue to assess if there are any potential systemic 
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Table 4. Ocular Serious Adverse Events (SAEs) and APTC-Defined Arterial Thromboembolic Events from Baseline to Week 52 

Laser (n = 287) IAI 2q4 (n = 291) IAI 2q8 (n = 287) All IAI (n = 578) 

Ocular SAEs for study eye, n (%) 12 (4.2) 5 (1.7) 5 (1.7) 10 (1.7) 
Cataract 1 (0.3) 1 (0.3) 2 (0.7) 3 (0.5) 
Diabetic retinopathy 3 (l.0) 0 0 0 
Macular degeneration 1 (0.3) 0 0 0 
Punctate keratitis 0 1 (0.3) 0 1 (0.2) 
Retinal artery occlusion 0 1 (0.3) 0 1 (0.2) 
Retinal detachment 0 0 1 (0.3) 1 (0.2) 
Retinal exudates 1 (0.3) 0 0 0 
Retinal hemorrhage 1 (0.3) 0 0 0 
Retinal neovascularization 3 (l.0) 0 0 0 
Vitreous hemorrhage 4 (1.4) 2 (0.7) 1 (0.3) 3 (0.5) 
Injection site injury 0 1 (0.3) 0 1 (0.2) 
Increased intraocular pressure 0 0 1 (0.3) 1 (0.2) 

Treatment emergent APTC events;'· n(%) 8 (2.8) 9 (3.1) 10 (3.5) 19 (3.3) 
Nonfatal myocardial infarction 5 (1.7) 4 (1.4) 3 (l.0) 7 (1.2) 
Nonfatal stroke 2 (0.7) 3 (l.0) 5 (1.7) 8 (1.4) 
Vascular death 2 (0.7) 2 (0.7) 2 (0.7) 4 (0.7) 

2q4 = 2 mg IA! every 4 weeks from baseline to week 48; 2q8 = 2 mg IA! every 4 weeks from baseline to week 16 (5 doses) followed by dosing every 8 weeks 
through week 48; APTC = Anti-Platelet Trialists' Collaboration; IA!= intravitreal aflibercept injection; SAE = serious adverse event. 
Integrated safety analysis set. 
* Adjudicated by a masked committee. 

effects from this therapy. Safety outcomes in these 1-year 
results were similar across all groups. 

In summary, the 1-year results of the VISTANIVID 
studies demonstrate that IAI delivered every 4 or every 8 
weeks (after 5 initial monthly doses) significantly improved 
visual outcomes and significantly decreased severe vision 
loss, while simultaneously improving the diabetic retinop
athy severity score, compared with focal laser photocoagu
lation. Data from these ongoing studies will provide 
additional information regarding the similar efficacy 
observed with the 2q4 and 2q8 regimens of IAI. Thus, 
intravitreal aflibercept dosed every 8 weeks (after 5 initial 
monthly doses) could provide a therapeutic option that may 
reduce the total number of injections and necessary office 
visits, substantially reducing burden on patients, physicians, 
and the health care system. 
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A Variable-dosing Regimen vvith lntravitreal 
Ranibizumab for Neovascular Age-related 1\1\acular 

Degeneration: Year 2 of the PrONTO Study 

GEETA A. LALWANI, PHILIP j. ROSENFELD, ANNE E. FUNG, SANDER R. DUBOVY, STEPHEN MICHELS, 
WILLIAM FEUER, JANET L DAVIS, HARRY W. FLYNN, IR, AND MARIA ESQUIABRO 

• PURPOSE: To assess the long-term efficacy of a variable
dosing regimen with ranibizumab in the Prospective Optical 
Coherence Tomography (OCT) Imaging of Patients with 
Neovascular Age-Related Macular Degeneration (AMD) 
Treated with intraOcular Ranibizumab (PrONTO) Study, 
patients were followed for 2 years. 
• DESIGN: A 2-year prospective, uncontrolled, variable
dosing regimen with intravitreal ranibizumab based on 
OCT. 
• METHODS: In this open-label, prospective, single-cen
ter, uncontrolled clinical study, AMD patients with 
neovascularization involving the central fovea and a 
central retinal thickness (CRT) of at least 300 µmas 
measured by OCT were enrolled to receive 3 consec
utive monthly intravitreal injections of ranibizumab 
(0.5 mg) [Lucentis; Genentech Inc, South San Fran
cisco, California, lJSA]. During the first year, retreat
ment with ranibizumab was performed at each monthly 
visit if any criterion vvas fulfilled such as an increase in 
OCT-CRT of at least 100 µm or a loss of 5 letters or 
more. During the second year, the retreatment criteria 
were amended to include retreatrnent if any qualitative 
increase in the amount of fluid was detected using 
OCT. 
• RESULTS: Forty patients vvere enrolled and 37 com
pleted the 2-year study. At month 24, the mean visual 
acuity (VA) improved by 11. 1 letters (P < .001) and the 
OCT-CRT decreased by 212 µm (P < .001). VA 
improved by 15 letters or more in 43°h of patients. These 
VA and OCT outcomes were achieved with an average of 
9.9 injections over 24 months. 
• CONCLUSIONS: The PrONTO Study using an OCT
guided variable-dosing regimen with intravitreal ranibi
zumab resulted in VA outcomes comparable with the 
outcomes from the phase III clinical studies, but fewer 

See accompanying Editorial on page 1. 
Accepted for publication Jan 27, 2009. 
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intravitreal injections were required. (Am J Ophthal
mol 2009; 148:43-58. © 2009 by Elsevier Inc. All rights 
reserved.) 

I NHlBlTION OF VASCULAR ENDOTHELIAL GROWTH FAC

tor A (VEGF-A) is an effective and safe therapy for the 

treatment of neovascular age-related macular degener
ation (AMD). 1

--
6 Intravitreal injections of ranibizumab 

(Lucentis; Genentech Inc, South San Francisco, Califor
nia, USA), a recombinant, humanized, monoclonal anti

body antigen-binding fragment that inhibits all the known 
biologically active forms of VEGF, were shown to improve 
mean visual acuity (VA) in eyes with neovascular AMO 

during the phase III clinical studies. In these studies, 
monthly ranibizumab injections over the course of 2 years 
were administered to eyes with minimally classic, occult, 
and predominantly classic neovascular lesions. On average, 
the VA letter scores improved and the outcomes were 
highly statistically significant. 

While the phase III trials used monthly injections, it is 
unclear at this time if monthly dosing is the best dosing 
interval. Observations made after the earlier phase I/II 
studies with intravitreal ranibizumab suggested a role for 
optical coherence tomography (OCT) in determining the 

appropriate dosing interval for each patient. These obser
vations came about at the completion of the phase I/II 
studies when subjects were enrolled in an open-label 
extension study that provided continued intravitreal injec
tions of ranibizumab performed at the discretion of the 
investigator (Heier JS, et al. IOVS 2005;46:ARVO E-Ab
stract 1393 ). Some subjects enrolled in the extension study 
immediately on completion of the phase I/II trials, whereas 
others were delayed in their enrollment for up to 1 year 
after the completion of the phase I/II trials. During this 
period before enrollment and throughout the extension 
study, OCT was used to monitor the resolution and 
recurrence of fluid in eyes as ranibizumab therapy was 
started and stopped (Rosenfeld PJ, unpublished data, 
2003). Patients in the extension trial usually were treated 
if there was evidence of recurrent leakage from choroidal 
neovascularization (CNV) as detected using fluorescein 
angiography (FA) or if there was recurrent fluid as detected 

using OCT imaging. This recurrence of leakage or fluid in 
the macula was observed either in the presence or absence 

0002-9394/09/$36.00 
doi:10.1016/j.ajo.2009.01 .024 
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Inclusion criteria 

Age 50 years or older 

Active primary or recurrent macular neovascularization 

secondary to AMO involving the central fovea in the study 

eye with evidence of disease progression 

OCT central retinal thickness 2: 300 µm 

Best-corrected visual acuity, using ETDRS charts, of 20/40 

to 20/400 (Snellen equivalent) in the study eye 

Exclusion criteria 

More than 3 prior treatments with verteporfin photodynamic 

therapy 

Previous participation in a clinical trial (for either eye) 

involving antiangiogenic drugs (pegaptanib, ranibizumab, 

anecortave acetate, protein kinase C inhibitors) 

Previous subfoveal focal laser photocoagulation in the study 

eye 

Laser photocoagulation Ouxtafoveal or extrafoveal) in the 

study eye within 1 month preceding day 0 

Subfoveal fibrosis or atrophy in the study eye 

History of vitrectomy surgery in the study eye 

Aphakia or absence of the posterior capsule in the study 

eye 

History of idiopathic or autoimmune-associated uveitis in 

either eye 

of v1s1on loss. It became apparent that the need for 
re!reatment varied widely among the patients and that the 
need for retreatment was unpredictable. In addition, it was 
observed that OCT seemed to detect the earliest signs of 
reaccumulating fluid in the macula even before leakage 
could be detected reliably using FA. 

These observations from the patients in the extension 
study served as the basis for investigating whether a variable
dosing OCT-guided regimen with ranibizumab could result in 
fewer injecrions and similar clinical ourcomes when com
pared with the phase III regimen that used monthly injec
tions. An investigator-sponsored, open-label, prospective 
clinical study was designed, known as the Prospective OCT 
Imaging of Patients with Neovascular t'\...1viD Treated with 
intraOcular Ranibizumab (Pr8NTO) Study. The 1-year re
sulrs have been published,7 and this article represents the full 
2-year results of the PrCNTO Study at the Bascom Palmer 
Eye Institute. 

METHODS 

PrONTO WAS A 2-YEAR, OPEN-LABEL, PROSPECTIVE, SINGLE

center clinical study designed to investigate the efficacy, 

First Visit When Amendment Active 

Month 17 

Month 18 

Month 19 

Month 21 

Month 22 

Month 23 

Month 24 

Withdrew from study before amendment 

Completed study before amendment 

Total no. in study 

No. of Patients 

5 

5 

3 

4 

4 

8 

5 

5 

40 

durability, and safety of a variable-dosing regimen with 
intravitreal ranibizumab in patients with neovascular 
AMD. The PrONTO Study was an investigator-sponsored 
trial supported by Genentech Inc and performed after 
review by the Food and Drug Administration (FDA). 
Informed consent was obtained from all patients before 
determination of full eligibility. 

The major efficacy endpoints were the change from 
baseline in VA and OCT measurements and the number of 
ranibizumab injections (0.5 mg) required over 2 years. At 
the start of the study, only 1 eye of a patient was 
determined to be eligible and was assigned as the study eye. 
The major eligibility criteria are shown in Table l. The 
major inclusion criteria were the diagnosis of neovascular 
AMD with a baseline protocol VA letter score of 20 to 70 
letters using the Early Treatment Diabetic Retinopathy 
Study (ETDRS) chart at 2 m (Snellen equivalent of 20/40 
to 20/400)2' and an OCT central retinal thickness (CRT) 
of at least 300 µm. There were no exclusion criteria for 
preexisting cardiovascular, cerebrovascular, or peripheral 
vascular conditions. Of note, all FA lesion types and lesion 
sizes were eligible for the study. 

Specifications for the digital fundus photography equip
ment and OCT equipment were described in the PrONTO 
year 1 report. 7 Angiographic lesion classification, includ
ing the diagnosis of retinal angiomatosis proliferation 
(RAP), was independently assessed and was confirmed by 
3 study investigators as previously described.7 All 6 high.
resolution (512 A scans per B-scan) OCT diagonal scans 
were used to evaluate whether fluid was present in the 
macula and whether retreatment was needed. For the 
purposes of this study, fluid in the macula was identified as 
intraretinal fluid (cysts) or subretinal fluid, and a fluid-free 
macula was defined by the absence of retinal cysts and 
subretinal fluid as determined by OCT. Fluid under the 
retinal pigment epithelium (RPE), otherwise known as a 
pigment epithelial detachment (PED), was recorded as an 
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Baseline VA Letters Month 12 VA Letters Month 24 VA Letters Change in VA Letter Scores from 

Study Eyes (Snellen Equivalent), n ~ 40 (Snellen Equivalent), n ~ 40 (Snellen Equivalent), n ~ 37 Baseline to Month 24," n ~ 37 

Mean (P valuet 56.2 (20/80 + 1) 65.5 (20/50; P < .001) 67.0 (20/50 + 1; P < .001) 11.1 (P< .001) 

Median (P value)° 57 (20/80 + 2) 68 (20/40 - 2; (P < .001) 68.0 (20/40 - 2; P < .001) 14.0 (P < .001) 

Baseline Month 12 CRT (µm), Month 24 CRT (µm), Change in CRT (µm) from 

Patient Study Eyes CRT (µm), n ~ 40 n ~ 40 n ~ 37 Baseline to Month 24," n ~ 37 

Mean(Pvaluet 393.9 216.1 (P< .001) 179.3(P< .001) -211.7 

Median (P value)° 384.5 199.0 (P < .001) 171 (P < 0.001) -209.0 

OCT finding in the macula, but was not included in any of 
1he retreatment criteria during the first year. 

Eligible patients underwent VA testing and ophthalmo
scopic examination at baseline, days 14, 30, 45, and 60, and 
then monthly thereafter. Fundus photography and OCT 
imaging were perfonned at baseline and on days l, 2, 4, 7, 14, 
and 30 after the first 2 injections, and then momhly there
after. FA was perfonned at baseline, months 1, 2, and 3, and 
then every 3 months thereafter. All ophthalmic photogra
phers and the single OCT technician involved in the study 
were previously certified to participate in FDA-approved 
clinical trials at the Bascom Palmer Eye Institute. 

lntravitreal injections of ranibizumab were administered 
to all patients at baseline, month l, and month 2. 
Additional reinjections were given if any of the following 
changes were observed by the evaluating physician during 
1he first year of the study: 1) VA loss of at least 5 letters 
with OCT evidence of fluid in the ma cub, 2) an increase 
in OCT CRT of at least 100 µm, 3) new macular 
hemorrhage, 4) new area of classic CNV, or 5) evidence of 
persistent fluid on OCT l month after the previous 
injection. All criteria were based on comparisons wirh the 
previous month's examination or tbe last time a FA \Nas 
performed. If any single criterion for reinjecrion was 
fulfilled, the intravitreal injection was performed using a 
standard protocol previously described. 7 

During the second year, an amendment to the study 
changed the retreatment criteria to include any qualitative 
change in the appearance of the OCT images that sug
gested recurrent fluid in the macula. These qualitative 
changes included the appearance of retinal cysts or sub
retinal fluid or an enlargement of a PED. Any of these 
qualitative changes alone was sufficient to permit retreat
ment. Since this amendment was approved after comple
tion of the first year, the retreatment criteria were applied 
to patients at different time points in the study. Table 2 
shows when the retreatment amendment was applied to 
the patients during the study. It is important to note that 
the amendment was in addition to the initial criteria, not 
in place of them. 

At the completion of the study, an audit of drug 
shipments revealed that the vials in the first drug shipment 
received from Genentech Inc had a concentration of 6 
mg/ml, equivalent to a dose of 0.3 mg in a volume of 0.05 
ml. It was concluded that this lower dose, which was being 
used concurrently in the phase II and III clinical studies, 
mistakenly was shipped for use in the PrONTO Study. For 
this reason, the first 19 patients received some O .3-mg 
doses rather than the per-protocol dose of 0.5 mg. The first 
7 patients received 3 monthly 0.3-mg doses, the next 7 
patients received 2 monthly 0.3-mg doses, and the next 5 
patients received one 0.3-mg dose at baseline. All subse-
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FIGURE 1. Graph showing the mean and median change in 
visual acuity (VA) through 24 months of eyes with neovascular 
age-related macular degeneration (AMD) treated with a vari
able-dosing intravitreal ranihizumab regimen. Vertical lines are 
1 standard error (SE) of the means. 

quent drug shipments and doses of drug were at the 
per-protocol concentration of 10 mg/ml, resulting in an 
intravitreal dose of 0. 5 mg in 0.05 ml. 

The major 2-year outcome measurements in the 
PrONTO Study included ETDRS VA letter scores, OCT 
CRT measurements, the change in VA letter scores and 
OCT measurements from baseline, and the total number of 
injections received by a patient during 2 years. For pur
poses of analysis, a loss of VA was defined as a drop of at 
least 5 letters between baseline and the 24-month time 
poim. For the mean VA lener scores and CRT measure
ments, the data were compared statistically with mean 
baseline values using the paired Studem i rest. Median 
measurements were compared with median baseline values 
using the paired Wilcoxon signed-rank tesr. -n1e inOuence 
of baseline FA lesion types on the number of injections 
over 24 monrhs was assessed using a one-way analysis of 
variance and the Kruskal-\v allis test. The associations 
between the number of injections and VA outcomes and 
the associations between the change in CRT and VA 
outcomes at different time points during the study were 
assessed using the Pearson correlation analysis and Spear
man nonparametric correlation analysis. Srnristical signif
icance was defined as P < .05. 

RESULTS 

• STUDY COMPLIANCE: Patient demographics and en
rollment at baseline were described previously.7 Between 
August 23, 2004 and April 25, 2005, a total of 69 patients 
were screened for the study and 40 patients were enrolled. 
At baseline, the mean and median VA letter scores were 
56 (20/80+ 1

) and 57 (20/80+ 2
), respectively (Table 3). 

Baseline mean and median OCT 1-mm CRT measure-
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FIGURE 2. Graph showing the mean and median change in 
optical coherence tomography (OCT) central retinal thickness 
(CRT) through 24 months of eyes with neovascular AMD 
treated with a variable-dosing intravitreal ranibizumab regimen. 
Vertical lines are 1 SE of the means. 
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FIG-URE 3. Bar graph showing the distribution of patients 
receiving a given number of ranibizumab injections through 24 
months according to the retreatment criteria used in the 
Prospective OCT Imaging of Patients with Neovascular AMD 
Treated with intraOcular Ranibizumab (PrONTO) Study. 

ments were 394 and 385 µm, respectively (Table 4). The 
characteristics of the neovascular lesions were described 
previously. Of note, the study included occult with no 
classic lesions (10 eyes; 25%), minimally classic lesions (23 
eyes; 57.5%), and predominantly classic lesions (7 eyes; 
17.5%) as characterized by FA. Overall, 10 (25%) of the 
40 lesions were categorized as RAP lesions. 

During the second year, 3 patients withdrew from the 
study. One patient developed a tear of the RPE with a 
submacular hemorrhage and experienced a VA loss of 36 
letters.3 Submacular surgery was performed for removal of 
the hemorrhage and the patient withdrew from the study. 
The second patient was unable to travel attributable to 
complications after hip surgery and withdrew at month 20. 
The third patient died of Creutzfeldt-Jakob disease at 
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.~ 
FIGURE 4, Case 1: A 74-year-old woman with neovascular MiD diagnosed with a minimally classic lesion in her right eye, She 
received only the first 3 required ranibizumah injections and then was followed up for 24 months. Color fundus images with early
and late-phase fluorescein angiographic (FA) images are sho,11n at baseline, month 3 (1 month after the third injection), month 12, 
and month 24 witbout any additional injections of ranibizumah. 

momh 18. This death was not thought to be anriburnble to 
ranibizumab and the death was not deemed to be a 
dmg-related adverse event. Data were analyzed from pa
tients who completed the study (observed data set) as well 
from all the patients who were enrolled in the study by 
carrying forward their last obtained VA and OCT data 
before their withdrawal (last observation carried forward 
data set). 

• VISUAL ACUITY AND OPTICAL COHERENCE TOMOG, 

RAPHY THROUGH 24 MONTHS: The 1-year results of the 
PrONTO Study were reported previously. 7 Noteworthy 
outcomes included an improvement in VA detectable by 

day 14 and increases in mean and median VA scores at 
month 3 of 10.8 letters (P < .001) and 10.5 letters (P < 
.001), respectively, after the first 3 monthly injections of 
ranibizumab. At month 12, the improvements in mean and 
median VA scores compared with baseline were 9.3 letters 
(P < .001) and 11 letters (P < .001), respectively (Table 
3; Figure l). 

At month 24, the observed final mean and median VA 
scores for the remaining 3 7 patients compared with baseline 
improved by 11.1 letters (standard deviation [SD], 12.2; 
standard error, 2.0; 95% confidence interval [CI], 7.0 to 15.2; 
P < .001) and 14 letters (P < .001), respectively. Sixteen 
eyes (43%) gained at least 3 lines of vision (95% CI, 60% to 
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FIGURE 5. Case 1: OCT response from baseline through month 24 in an eye with neovascular AMD and a minimally classic lesion 
given a total of 3 injections through month 2, with no additional injections through month 24. (Left column) Vertical and (Right 
column) horizontal OCT scans, CRT measurements, and VA are shown of the left eye at baseline (526 1.1,m; VA, 20/80), first 
ranibizumab injection; month 3 (188 µm; VA, 20/S0), observed; month 6 (178 µm; VA, Z0/2S), observed; month lZ (198 µm; 
VA, 20/20), observed; month 24 (176 µm; VA, 20/16), observed. 

27%), vlith 3 eyes (8.196) gainin~; at least 6 lines of vision. 
Twenty-nine (78%) of the 37 eyes completing the study 
avoided any loss ofletters (95% Cl, 89% to 61 %). Ail 37 eyes 
completing the study avoided a loss of 3 lines or more of VA. 
\Vhen rnlcularing VA outcomes using the last observarion 
carried forward for all 40 patients, the mean and media..'l VA 
scores improved by 10.0 letters (P ·< .001) and 11.5 leners 
(P < .001), respectively, and 39 eyes (97.5%) avoided a loss 
of 3 lines or more. 

The overall improvement in VA was associated with 
a decrease in CRT. At monrh 24, the observed mean 

and median thickness measurements decreased by 212 
1-w-, (P < .001) and 209 1.1m (P < .001), respectively 
(Figure 2). When the last observation was carried 
forward for all 40 patients, the mean and median OCT 
thickness measurements decreased by 222 µm (P < 
.001) and 230 µm (P < .001), respectively. These 
results were very similar regardless of whether the 
observed data set or the last observation carried forward 
data set were used in the final analyses. 

These outcomes were achieved with a mean and median 
number of injections over 2 years of 9.9 (SD, 5.3) and 9.0 
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FIGURE 6. Case 2: A 68-year-old woman with AJVID diagnosed with a minimally classic lesion and retinal angiomatous 
proliferation in her right eye. She received 24 injections over 24 months because of recurrent and persistent fluid in the macula after 
month 3. Color fundus images with early- and late-phase FA images are sho,11n at baseline, month 3, month 12, and month 24. 
Additional ranibizumab injections were administered monthly except at month 3. 

(range, 3 to 25), respectively (Figure 3). Three eyes (8.1 %) 
required only the first 3 injections over 2 years (Figures 4 
and 5), whereas 2 eyes (5.4%) required 24 or 25 injections 
over 2 years (Figures 6 and 7). No patient received 
anti-VEGF therapy in the fellow eye. 

The influence of baseline VA and lesion size in disc 
areas on the number of reinjections was assessed with 
both Pearson correlation and Spearman nonparametric 
correlation analyses. No correlation was found between 
number of reinjections and baseline acuity (Pearson, r = 
0.14 and P = .39; Spearman, r = -0.01 and P = .97) or 
lesion size (Pearson, r = 0.05 and P = . 78; Spearman, r 
= 0.07 and P = .67). When comparing baseline 

angiographic lesion types with the mean number of 
reinjections during follow-up, we did not observe statis
tical significance using a one-way parametric analysis of 
variance (P = .67). The variation in injection rate for 
different lesion types was less evident during the second 
year of the study as compared with the first year. Overall, 
occult with no classic component received 10.0 injections 
(SD, 5.7), minimally classic lesions received 9.4 injections 
(SD, 4.6), and predominantly classic lesions received 11.6 
injections (SD, 7.4 ). RAP lesions received 11.6 (SD, 5.9) 
injections. The tendency for RAP lesions to require more 
frequents retreatments during the first year was less appar
ent over the 2 years. 
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HGl.JRE 7. Case 2: OCT response from baseline through month 24 with a total of 24 ranibizumab injections over 24 months. (Left 
column) Vertical and (Right column) horizontal OCT scans, CRT measurements, and VA of her right eye are shown at baseline 
(345 µm; VA, 20/63), first ranibizumab injection; month 3 ( 164 µm; VA, 20/20), observe; month 4 (306 µm; VA, 20/40), fourth 
ranibizumab injection; month 5 (216 µm; VA, 20/32), fifth ranibizumab injection; month 12 (248 µm; VA, 20/25), twelfth 
ranibizumab injection; and month 24 (173 µm; VA, 20/25), twenty-fourth ranibizumah injection. 

The influence of the number of reinjections on VA 
outcomes was assessed with both Pearson parametric 
correlation and Spearman nonparametric correlation 

analyses. Pearson and Spearman correlations between 
the change in letter scores at month 24 and the total 
number of injections were -0.12 (P .48) and -0.04 
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FIGURE 8. Case 3: A 96-year-old woman with neovascular M1D diagnosed ·with a minimally classic lesion and retinal angiomatous 
proliferation in tbe right eye. Sbe developed a tear of the retinal pigment epithelium after the first injection. She was given seven 
intravitreal ranibizumab injections over 24 months. Color fundus images with early- and late-phase FA images are shown at baseline, 
month 3 ( 1 month after tbe third injection}, month 1 Z, and month 24. Four additional ranihizumab injections were given at month 
5, month 13, month 21, and month 22. 

(P = .082). No statistically significant correlation was 
found between the need for more frequent injections 
and VA outcomes. 

Conelation analyses between 1he change in OCT-CRT 
a11d VA measurements were peifom1ed at different time 
points in the study to examine the predictive value of these 
OCT measurements. Once again, Pearson parametric and 
Spearman nonparametric correlations were used in these 
a11alyses. As previously reported, statistically significant cor
relmions were found be1ween the OCT-CRT mea,urements and 
VA at months 2, 3, and 12.7 At month 24, no correlation was 
detected using either analytic technique (Pearson, r = 0.055 and 

P = .74; Spearman, r = 0.08 and P = .64). Another strategy was 
to examine the association between OCT changes at month 1 
with VA changes thereafter to determine if OCT improvements 
could serve as a predictor of future VA improvements. Statisti
cally significant correlations were detected when the OCT-CRT 
measurements at month 1 were correlated with the VA changes 
at month 2 (Pearson, r = 0.57 and P < .001; Spearman, r = 0.47 
and P = .002), month 3 (Pearson, r = 0.51 and P = .001; 
Spearman, r = 0.36 and P = .021), month 12 (Pearson, r = 0.37 
and P = .019; Spearman, r = 0.38 and P = .G15), and month 
24 (Pearson, r = 0.41 and P = .011; Spearman, r = 0.36 and 
P = .031). 
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HGl.JRE 9. Case 3. OCT response to the first ranibizumab injection from baseline through day 14. (Left column) Vertical and 
(Right column) horizontal OCT scans and CRT measurements at baseline (382 µm), day 1 (400 µm), day 2(321 µm), day 4 (29S 
1.1m), day 7 (585 µm}, and day 14 (764 1.1m; VA, 20/25). 

• VISION LOSS: For the purposes of analysis, vision loss in 
the PrONTO Study was defined as a loss of at least 5 letters 
between baseline and momh 24. Of 37 eyes wirh complete 
follow-up, 29 eyes (78°/rJ) avoided any loss of letters at 24 
momhs. Of the remaining 8 eyes, only 4 lost 5 letters or 

more. Of the 3 eyes that did not complete follow-up, only 
l had lost 5 letters or more at the last follow-up. Only the 
patient who wirhdrew after a submacular hemorrhage lost 
more than 3 lines of vision. Therefore, a total of 5 eyes lost 
5 letters or more ar their final follow-up visit. 
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HGl.JRE 10. Case 3: OCT response from baseline through month 24 for a total of 7 ranibizumab injections over 24 months. (Left 
column) Vertical and (Right column) horizontal OCT scans, CRT measurements, and VA are shown at baseline (382 µm; VA, 
20/50), month 1 (596 µm; VA, 20/200), month 2 (276 µm; VA, 20/125}, month 3 (340 µm; VA, 20/160), month 12 (305 µm; 
VA, 20/125 ), and month 24 (220 µm; VA, 20/63 ). 

Vision loss in the PrONTO Study was attributable to 
rears of the R PE (:Z eyes; Figures 8 to l O ), progression of 
the underlying dry AMD (2 eyes; Figures 11 and 12), 
and formation of subfoveal fibrosis (1 eye). Both of the 

eyes which developed RPE tears had minimally classic 
lesions characterized as RAP with an associated PED. 
One eye developed the RPE tear after the first injection. 
The evolution of the tear is depicted in Figure 9. Vision 
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FIGURE 11. Case 4: An 89-year-old ·woman with AMD diagnosed with an occult-only lesion in her right eye. She achieved a 
fluid-free macuia after the first 3 ranihizumab injections. She received a total of 9 intravitreal injections of ranihizumab over 24 
months. She showed continued progression of geographic atrophy. Color fundus images with early- and late-phase FA images are 
shown at baseline, month 3, month 12, and month 24. 

remained good until the subretinal fluid disappeared. 
Over the ensuing 2 years, the vision gradually improved 
after inrermittent treatment with ranibizumab. The 
second eye with a tear of the RPE experienced an 
enlargement of the PED before the RPE tear and 
hemorrhage developed at the end of the first year. Prior 
m 1he hemorrhage at month 11, this patient had 
responded to therapy. After the initial 3 monthly 
injections, there was no evidence of fluid in the macula, 
and therefore no injection was given at month 3. 
Gradually, fluid reaccumulated in the macula with 
enlargement of a PED, but no injection was given until 
month 5 because none of the original quantitative 

retreannent criteria were fulfilled. At month 5, the 
patient was retreated because of a more than l0C-1.1m 
increase in the OCT-CRT measurement and a loss of 11 
letters. At month 6, the VA improved by 8 letters with 
complete resolmion of the subretinal and intraretinal 
fluid and no injection was given. Injections were given 
again at month 7 and at month 9 because of reaccumu
lating fluid in the macula. At month 10, no fluid was 
detected in the retina or under the retina, so no 
injection was given even though the PED did show an 
increase in height. An increase in the height or size of 
a PED was not one of the retreatment criteria during the 
first year of the study. Shonly thereafrer, before the 
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FIGURE 12. Case 4: OCT response in an eye with neovascular Ac\1D from baseline through month 24 while receiving a total of 
9 ranibizumab injections over 24 months. (Left column) Vertical and (Right column) horizontal OCT scans, CRT measurements, 
and VA are shown at baseline (348 1.1m; VA, 20/63); month 3 (187 µm; VA, 20/32), observe; month 12 (191 µm; VA, 20/40); 
and month 24 ( 160 µm; VA, 20/100). 

month 11 visit, a subnrncu br hemorrhage developed, 
approximately 7 weeks after the previous injection at 
month 9. Injections were then given at month 11 and 
month 12. At month 12, the VA letter score was 31 
(20/250) compared with a letter score of 80 (20/25) at 
the month 10 visit just before the hemorrhage. The 
patient subsequently elected to undergo submacular 
surgery during month 13 and withdrew from the study. 
Overall, this patient received 8 injections of ranibi
zumab over 12. months. 

Of the remaining 3 eyes with vision loss, 2 eyes had 
progression of geographic atrophy with gradual vision loss. 
These 2 eyes showed enlargement of their geographic 
atrophy at rates at or below 0. 7 disc areas per year or 
1.8 mm 2 per year. This rate was within the normal 
expected growth rate for geographic atrophy.9- 11 The fifth 
eye with vision loss had subretinal fibrosis which developed 
by month 3 after the 3 monthly injections and remained 
stable thereafter. 

• SAFETY: There were no ocular or systemic adverse events 
attributable to the injection of ranibizumab. A total of 386 
injections were performed without any episodes of endoph
thalmitis, uveitis, retinal detachment, retinal tear, vitreous 
hemorrhage, lens damage, cataract progression, or prolonged 
intraocular pressure elevation. No systemic thromboembolic 
events or deaths attributable to the medication occurred. No 
hypertension was newly diagnosed during the study. 

DISCUSSION 

IN THE PrONTO STUDY, INTRA VITREAL INJECTIONS OF 

ranibizumab were shown to improve VA and rapidly to 
reduce the amount of macular fluid in most patients 
with neovascular AMD. This decrease in retinal thick
ness, which was detectable within 1 day after the first 
injection, continued through the first 3 months and was 
maintained through 24 months using an OCT-guided vari-

Vex. 148, No. 1 2-YF:AR Rr:su1.rs m TH~ PRONTO SruDY win-J RAN1B1zuMAB 55 
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 805



able-dosing regimen. During the first year, strict quantitative 
retrea tment guidelines were followed. These guide] ines 
were developed to determine if more fluid continued to 
accumulate after a small amount of fluid reaccumulared 
in a dry macula. Another objective was to assess 
wherher VA or OCT was bener at determining when 
fluid was reaccumulating in the macula. It became 
evident that fluid continued rn increase if left untreared 
and that the qualitative assessment of OCT B scans was 
better at detecting fluid in the macula than waiting for 
changes in VA. The need to incorporate qualitative 
changes into the retreatment criteria was exemplified by 
the 1 patient in whom a hemorrhage developed after the 
increase in size of 1he PED. Based on this and other 
observations, it was decided that it would be unethical 
to continue the strict quantitative retreatment guide
lines into the second year. Therefore, the protocol was 
amended rn permit retreatment at the earlies! sign of 
reaccumulating fluid in the retina, under the retina, or 
under the RPE. The change in retreatment crireria 
during the second year was considered to be consistent 
with the study objective to determine if OCT-guided 
therapy could minimize the number of injections over 2. 
years while achieving VA outcomes comparable with 
the outcomes achieved using monthly injections in the 
phase III trials. 

The final VA outcomes in the PrCNTO Study were 
comparable with the results from the phase lII clinical 
trials. 1 

•
2 The PrONTO outcomes were achieved even 

though there was a dosing error in the first 18 patients 
enrolled in the study who received an initial 0.3-mg dose 
rather than the per-protocol 0.5-mg dose. This dosing error 
should not have made a difference in light of the similarity 
in outcomes when the 0.3- and 0.5-mg doses were com
pared in the phase III trials. 

In the MARINA trial, the final mean VA improved 
by 7.2 letters, and in the ANCHOR trial, the final mean 
VA improved by 11.3 letters. By comparison, VA in the 
PrONTO Study improved by 11.1 letters at 24 months 
with a 95% CI ranging from 7 letters to 15.2 letters, 
suggesting results comparable with the phase III trial 
results. Whereas patients in the MARINA and AN
CHOR trials received 24 injections over 24 months, the 
patients in the PrONTO Study received an average of 
just 9.9 injections with a median of9.0 injections out of 
a possible 25 injections over 24 months. Other VA 
efficacy endpoints were comparable as well. In the 
MARINA and ANCHOR trials, 94.6% and 96.4% of 
patients avoided a 15-letter VA decrease, whereas in 
the PrONTO Study, 97.5% of patients avoided such a 
loss. In the MARINA and ANCHOR trials, 34% and 
40.3% of patients gained at least 15 letters of VA 
compared with 43% of patients in the PrONTO Study. 
Finally, when comparing the proportion of patients with 
0 or more letters gained at 12 months, the MARINA 
and ANCHOR studies reported 71.3% and 78%, 

whereas the PrONTO Study had 78% of patients 
without any letters lost. The totality of the data from 
the PrONTO Study suggests that OCT-guided retreat
ment with ranibizumab seems to be comparable with the 
VA outcomes from monthly injections; however, a 
prospective, randomized, double-masked study will be 
necessary to confirm these conclusions. Currently, the 
Comparison of AMD Treatment Trials now underway 
will test whether an OCT-guided variable-dosing regi
men is comparable with a fixed monthly dosing regimen 
with intravitreal ranibizumab. 

The retreatment criteria chosen for the PrONTO 
Study required strict monthly visits and month-to
month comparisons of all 6 OCT radial scans. These 
criteria were based on careful observations after the 
completion of the phase I/II ranibizumab studies when 
patients in the extension study could be treated at the 
discretion of the investigator. Based on that experience, 
it was proposed that OCT could detect the earliest 
signs of recurrent fluid in the macula as soon as 
ranibizumab therapy had dried the macula. It is impor
tant to emphasize that the criteria for retreatment 
depended on close follow-up with monthly visits and 
careful examination of all 6 diagonal OCT scans with 
comparisons with the previous visit's scans to determine 
if any fluid had persisted or reaccumulated in the 
macula. It was found that whenever a patient was 
retreated in the PrONTO Study, regardless of the 
criteria used, the need for retreatment could have been 
predicted based on careful assessment of the qualitative 
OCT findings alone. After publication of the first year's 
data, some clinicians adopted the PrONTO retreatment 
criteria without adopting the strict follow-up schedule, 
without carefully examining all 6 OCT diagonal scans, 
and without comparing all current scans with the scans 
from the previous visit. Although it may be possible to 
base retreatment guidelines on fewer diagonal scans and 
less frequent follow-up, such a regimen was not tested in 
the PrONTO Study, and it is not possible to extrapolate 
the results to other retreatment paradigms. 

The PrONTO Study was designed to minimize the 
number of retreatments but not the number of visits. There 
are other strategies that may yield similar or even better 
VA outcomes and that require fewer visits. One such 
strategy is known as treat and extend, which is particularly 
appealing for use in routine clinical practice. 12 This 
strategy may minimize the number of clinic visits, but it 
may not necessarily minimize the number of reinjections. 
Although a PrONTO-style regimen or a treat-and-extend 
regimen may differ in the number of retreatments and the 
number of clinic visits, the overall goal is the same: to 
optimize VA outcomes while using OCT to maintain a dry 
macula in order to decrease the overall number of injec
tions compared with monthly dosing. 

The correlation between OCT retinal thickness mea
surements at month 1 and VA outcomes at subsequent 
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rime points impues that the initial OCT response is a 
predictor of future VA improvemen!s. The strength of 
the correlation is affected by the fluctuations in macular 
fluid that occur after the third month and 1he fact that 
OCT changes are detected before VA is affected. In 
addition, visual recovery afrer resolution of macular 0uid 
in neovascular AMD likely depends on many variables 
including chronicity of disease, viability of photorecep
tors and the RPE, progression of the underlying dry 
AMD (geographic atrophy), as well as the presence of 
epiretinal membranes, RPE tears, and fibrosis. Despite 
all these variables, the initial response to ranibizumab 
characterized by resolution of fluid in the macula as 
assessed by OCT seems to correlare with fmure VA 
improvement and may serve as a useful predictor of 
trearn1ent efficctcy. 

In a few patients, the lack of correlation between the 
change in OCT retinal thickness and the change in VA 
can be explained by their loss of VA resulting from tears 
of the RPE, progression of underlying dry AMD, and 
the occurrence of fibrosis. These patients initially re
sponded to 1herapy with a decrease in retinal thickness 
and a decrease in FA leakage, but proceeded to lose 
vision during the course of the study. This vision loss 
represents a true treatment failure. ?vforeover, the cause 
of this vision loss is unlike the causes of vision loss 
observed with previous therapies such as thermal laser, 
verteporfin photodynamic therapy, and pegaptanib so
dium, where most of the vision loss was the result of 
enlarging neovascular lesions, hemorrhage, and fibrosis. 
For this reason, the term ranibizunwb treatment failure 

should be applied to lesions associated with vision loss 
and not to lesions 1hat require frequent reinjection 
because there was no correlation between the need for 
reinjection and VA outcomes. 

Although ranibizumab effectively may remove the 
0uid from the macula and may prevent 1he growth and 
leakage of neovascular lesions, the continued progres
sion of 1he underlying dry AMD explains why some 
patients experienced little if any VA benefit from 
therapy, and probably explains why some patients ex
perience continued vision loss over an extended period 
while receiving r:mibizumab therapy. The growth of 
geographic atrophy measured in the patients with vision 
loss was within the expected growth rate considered to 
be consistent with normal disease progression_ 9

-l l The 

possibility of a direct neurotoxic effect on the macula by 
ranibizumab seems unlikely because of absence of de
creasing VA outcomes in the MARINA and ANCHOR 
trials over 2 years, when eyes were subjected to monthly 
dosing. Therefore, it stands to reason that to avoid 
treatment failures, therapies that target both the neo
vascular component and the underlying dry AMD are 
needed. Without this combination approach, it seems un
likely that any other antiangiogenic therapy will achieve VA 
outcomes better than the outcomes achieved with ranibi
zumab therapy alone. 

In summary, the PrONTO Study used an OCT-guided 
variable-dosing regimen with ranibizumab resulting in VA 
outcomes comparable with those of the phase III studies 
with monthly dosing while averaging fewer than half the 
number of injections over 2 years. 
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MACUIAR HEMORRHAGE IN 
NEOVASCUIAR AGE-REIA TED MACUIAR 
DEGENERATION AFfER STABILIZATION 
WITH ANTIANGIOGENIC THERAPY 
JONATHAN P. LEVINE, MD,* INNA MARCUS, MD,t 
JOHN A. SORENSON, MDJ§ RICHARD F. SPAIDE, MD,:j:§ 
MICHAEL J. COONEY, MD, MBA,:j:§ K. BAILEY FREUND, MD+§ 

Purpose: To study patients with neovascular age-related macular degeneration (AMD) 
who experienced a macular hemorrhage after stabilization with intravitreal antivascular 
endothelial growth factor (anti-VEGF) agents to irnprove current treatment regimens and 
prevent disease progression. 

Methods: Retrospective chart review oi six patients. The main outcome measures included 
time between last intravitreal anti-VEGF treatment and date of hemorrhage, time between last 
office visit and date oi hemorrhage, and visual acuity before and a1ter hemorrhage. 

Results: Three of 6 eyes had a macular hemorrhage within 4 weeks of a stable 
examination. One eye had optical coherence tomography (OCT) that demonstrated no fluid 
1 day before the macular hemorrhage. The average time between the date of the last 
injection and rnacular hemorrhage was 16.8 weeks (range, 7.3-28.9 weeks). The average 
time between the last stable examination and an event was 4.2 weeks (range, i day to 7.3 
weeks). Three of six patients had a persistent decline in vision after the hemorrhage. 
Among the 4 patients, who had better than 20/200 vision before the macular hemorrhage, 
2 dropped to 20/200 or worse. 

Conclusion: Sight-threatening macular hemorrhages from AMD can occur within days 
to weeks after a stable examination and absence of fluid on OCT. Regimens that treat "as 
needed" based on clinical findinqs and OCT may not be appropriate for certain patients. 

RETINA 29:1074-1079, 2009 

B evacizumab and ranibizumab have been wel
comed as breakthrough antiangiogenic therapies 

for the treatment of neovascular AMD. 1 -· 6 The phase 
Illb studies of ranibi.zumab demonstrated the efficacy 
of monthly intravitreal injections in improving visual 
outcomes in eyes with neovascular AMD for up to 2 
years. More recently, the PrONTO trial, a small non
randomized study, suggested that a variable dosing 
regimen, using OCT as a guide for retreatment, could 
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also achieve good visual results with the advantage of 
fewer treatments than a monthly dosing regimen.7 

Despite the efficacy of existing regimens, sight-threat-
ening recurrences of macular exudation remain a con
cern for the treating physician. Furthem10re, although 
OCT has become the standard of care for monitoring 
patients receiving anti-VEGF therapy, it remains un-
proven whether OCT will reliably detect evidence of 
recurrent neovascular activity before a visually signif
icant macular hemmThage. 

We present a case series of six eyes with neovas-
cular AMD stabilized after intravitreal bevacizumab 
or ranibizumab treatment that subsequently developed 
a sight-threatening macular hemorrhage. 

Methods 

We reviewed the records of six patients with a 
hi.story of neovascular AMD at one clinical center 
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who were initially stabilized with intravitreal bevaci
zumab or rnnibizumab therapy and who subsequently 
developed a new sight-threatening macular hemor
rhage between February 2006 and July 2007. All 
lesion types were included in this analysis, including 
those with significant areas of subretinal fibrosis. AU 
patients initially received monthly injections of an 
anti-VEGF agent until stable. Stability was defined as 
complete resolution of both intraretinal and subretinal 
fluid detected on OCT and resolution of all macular 
hemorrhage when present. Persistent serous pigment 
epithelial detachment was not an exclusionary crite
non. After stabilization, patients either received less 
fTequent maintenance injections ("treat and extend") 
or were observed for signs of recurrent neovascular 
activity at the discretion of the treating physician. 

'vVe defined a "sight-threatening" macular hemor
rhage as a subretinal hemon'hage of any size within 
200 fLm of the foveal center or a subretinal hemor
rhage of at least 2 disk areas within the temporal 
vascular arcades. All eyes had not shown any signs of 
choroidal neovascularization activity such as macular 
hemorrhage or fluid on OCT on the most recent ex
amination and OCT before the occurrence of macular 
hemorrhage. Information regarding the patient's clin
ical history and type and dates of treatment were 
recorded along with clinical details surrounding the 
hemorrhage. The interval betv,reen the last treatment 
and a macular hemorrhage as well as the interval 
between the last stable examination and a macular 
hemorrhage were recorded. Visual acuity was re
corded for the last visit before an event and at the most 
recent visit on follow-up. 

Results 

Four of 6 patients had baseline vision of 20/200 or 
better, \Vhereas 2 had vision worse than 20/400 (Table 
1). Five eyes were treated with an OCT-guided regi
men, whereas one was treated with a "treat and ex
tend" strategy. The average number of injections be
fore the macular hemorrhage was 3.5 (range, 2---6). 
The average time between the date of the last injection 
and the macular hemorrhage was 16.8 \veeks (range, 
7.3-28.9 weeks). The average time between the last 
stable examination and the macular hemorrhage was 
4.2 weeks (range, l clay to 7.3 weeks). Three of 6 eyes 
had a macular hemorrhage within 4 weeks of a stable 
examination. One eye had an OCT showing no fluid 
on the day before a hemorrhage occruTed. Among the 
4 patients who had better than 20/200 vtswn, 2 
dropped to 20/200 or worse. 
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Case J 

Patient 1 was an 87-year-old woman with a history 
of advanced neovascular AMD in tbe left eye for 5 
years and a longstanding disciform scar in the right 
eye. The patient had bilateral 2 + nuclear sclerotic 
cataracts. She was using latanoprost once daily in the 
right eye for glaucoma. The patient's medical history 
included hypertension. She was on warfarin for ca
rotid stenosis. Tbe patient began intravitreal ranihi
zumab (0.5 mg/0.05 mL) therapy in her left eye for 
chronic suhretinal fluid and a recent small subretinal 
hemorrhage in the macula. She received a total of two 
injections. Five weeks after the second injection, vi
sual acuity was stable at 5i400 in the left eye. She was 
noted to have a quiescent fihrotic choroidal neovascu
lar membrane with no clinically apparent hemon-hage 
and no fluid detected on OCT (Figure 1, left). Twenty 
days later. the patient returned with pain and tearing in 
the left eye for 3 days. On presentation, the patient's 
visual acuity was light perception in the left eye. 
Intraocular pressures were 19 in the right eye and 58 
in the left eye. Gonioscopy showed a closed angle for 
360° in the left eye. Funduscopic examination showed 
a massive subretinal hemorrhage in the left eye (Fig
ure i, right). The patient was placed on dorzolamide/ 
timolol and brimonidine drops and acetazolamide 
(500 mg) orally twice a day to lower the intraocular 
pressure. A laser iridotomy was performed the next 
day. Three days later, visual acuity in the left eye 
remained light perception and the intraocular pressure 
was l 0. There was no view to the posterior pole, but 
a subretinal and vitreous hemorrhage was evident on 
B .. scan ultrasonograpby. One month later, the vision 
was still light perception. and there was persistent 
subretinal and vitreous hemorrhage. 

Case 2 

Patient 2 \Vas an 87 .. yea:r-old \Voman \Vith neovas
cular AMD i.n both eyes. The right eye had a long-

F'ig. 1. Case l. Left, Color 
photograph of patient 1 show
ing a quiescent fibrovascular 
scar secondary to neovascular 
AMD. Right, Photograph of 
the same eye 2 weeks later 
shov.1fr1g a buHous retinal de
tachment secondary to a mas
sive subretjnal hen1orrhage. 

standing disciform scar. The left eye received 3 
monthly intravitreal injections of bevacizumab (1.25 
mg/0.5 mL) for subretinal hemorrhage associated with 
poorly defined subfoveal choroidal neovasculariza
tion. She was monitored for 6 months without addi
tional treatment but later developed a recurrence of 
subretinal hemorrhage and received 2 additional in
jections of intravitreal ranibizumab. Four months after 
her second nmibizumab injection, she was seen for a 
routine follow-up examination. Visual acuity was 
counting fingers in the right eye and 20/60 in the left 
eye. Clinical examination revealed a stable disciform 
scar in the right eye and pigmentary changes in the left 
eye without hemorrhage or fluid detected on OCT 
(Figure 2, left). One day later, she presented with 
acute loss of vision in the left eye. On examination, 
visual acuity i.n the left eye was 20/400. The patient 
was noted to have a new subfoveal hemorrhage (Fig .. 
ure 2, right). The patient received 4 more i.ntravitreal 
ranibizumab injections over the next 6 months. but 
visual acuity remained 3i400. The most recent exam
ination of the left eye revealed a stable fibrotic scar 
wi.th no hemorrhage or fluid seen clinically and no 
fluid on OCT. 

Case 3 

Patient 3 was a 68-year-old man wi.th a hi.story of 
neovascuhu· AMD in the right eye. His left eye was 
treated with verteporfin photodynamic therapy fol
lowed by 3 monthly injections of intrnvitreal ranibi .. 
zumab (0.5 mg/0.5 mL). On examination, 4 weeks 
after the third injection, visual acuity was 20i800 in 
the right eye and 20/40 in the left eye. Clinical exam
ination showed a stable disciform scar in the right eye 
and a small stable area of subretinal fibrosis in the left 
eye. Fluorescein angiography in the left eye showed 
no active leakage in the left eye, and OCT in the left 
eye showed no retinal fluid. The patient returned 5 
weeks later with decreased vision in the left eye with 
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Pig. 2. Case 2. Top :md boaom left, Color photograph and OCT of patient 3 demonstrating an absence of subrelinal hemo1Ti1age and fluid. Top right 
Color photograph of the same eye 1 day later demonstrating subfoveal hemorrhage. Bollom right, OCT demonstrates new subretinal and subretinal 
pigment epithelium !luid, 

a central gray scotoma. Visual acuity was 20/800 in 
the right eye and 20/l 00 in the left eye. Clinical 
examination showed new subretinal blood in the left 
eye with new retinal fluid on OCT. The hemorrhage 
and fluid resolved after two monthly intravitreal 
rnnibizumab injections. During a follow-up visit 6 
weeks later, the patient's visual acuity was 20/800 in 
the right eye and 20/50 in the left eye with no clinical 
evidence of macular hemon-hage or fluid on OCT 
(Figure 3, left). Based on these findings, no further 
treatment was given. On examination 4 weeks later, 
the vision had dropped to 20il25 in the left eye and 
subretinal hemorrhage and fluid were observed on 
clinical examination in the left eye (Figure 3, right). 
The patient was then placed on a maintenance regimen 
with intravitreal injections of ranibizumah given at 
intervals of every 5 to 6 weeks. He received 5 addi
tional intravitreal injections of ranihizumab over the 
next 7 months. At last follow-up, visual acuity had 
improved to 20/40 in the left eye with no recurrence of 
macular hemorrhage or fluid on OCT. 

Discussion 

Intravitreal ranibizumab and bevacizumab have 
transformed the prognosis for patients with neovascu
lar AMD. 8 Although the optimal dosing regimen of 
these agents remains uncertain, cmTent treatment al-

gorithms are largely based on the phase Illb MARINA 
and ANCHOR trials of ranibizumab in \Vhich patients 
received continuous monthly injections for 2 years. 1 · 5 

Because monthly visits and injections are costly to the 
healthcare system and difficult to maintain in this 
elderly patient population, alternative dosing strnte·· 
gies continue to be explored. In the PIER trial of 
ranibi.zumab, an initial gain in visual acuity with three 
monthly injections was lost \vhen patients were 
switched from monthly injections to quarterly injec
tions as was mandated by the study protocol.9 This 
decline in visual acuity was presumably the result of 
recurTent neovascular activity and associated exuda·· 
tion occurring between injections. More recently, the 
PrONTO study, using an as-needed dosing regimen 
guided by monthly eye examinations and OCT, dem
onstrated visual outcome data similar to monthly dos·· 
ing. In this small nonrandomized tri.aL the total num
ber of patient vi.sits remained the same, but the 
number of ir~jecti.ons was reduced by approximately 
half. The PrONTO strategy is based on the assumption 
that fluid in the macula will occur before sight-threat·· 
ening macular hemoIThages and that treating after 
fluid recurs, rather than before, will give visual results 
similar to monthly maintenance injections.5 ,7 

A recent analysis of the ANCHOR, MARINA, and 
PJER data demonstrated that monthly i.ntravitreal 
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Pig. 3. Case 3. Top and bottom left. Color photograph and OCT of patient 4 demonstrating a quiescent subfoveal fibrnvascuiar scm. Top right. 
Photograph of the same eye l month later showing new subretinal hemorrhage. Bottom right, OCT showing increased retinal thickness temporally. 

rani.bizumah dosing si.gni.ficantly reduced the fre
quency of macular hemorrhages compared with the 
sham controls or photodynamic therapy-treated pa
tients regardless of lesion type. The effect was lost 
when patients were switched from monthly to quar
terly dosing in the PIER study. 10 Reducing the fre
quency of i.njecti.ons should, therefore, be done with 
caution. 

In our case series, 3 of 6 eyes on intravitreal anti
VEGF therapy developed a sight-threatening macular 
hemorrhage within 4 weeks of a stable clinical exam
ination and OCT shmving an absence of intra- or 
subretinal fluid. We based our definition of a sight
threatening macular hemorrhage on its size and prox
imity to the fovea rather than on vision loss per se, 
although three of our patients had a drop in vision 
from the hemorrhage. We felt it appropriate to include 
"near--miss" hemonhages even if they \Vere not sub
foveal or resulted i.n vision loss. The visual signifi
cance of hemoIThagic events is likely influenced by 
multiple factors such as their size, thickness, proxim
ity to the fovea, and the manner in which they are 
managed. 11 HemmThage size and proximity to the 
fovea seem to coITelate with worse visual outcome in 
our series (Table l). 

For some patients, a monthly examination schedule 
similar to the PrONTO strategy may be sufficient to 
detect early recurrence and allow for timely treatment 
as needed with fewer treatments than a monthly dos-

ing regi111en. Hovvever .. our findings related to the 
timing and severity of macular hemorrhages in three 
of our patients challenge the strategy of treating all 
patients in this manner. A maintenance regimen may 
be more appropriate for eyes identified as high 1isk, in 
particular eyes \Vith preserved foveal function and 
patients with poor vision i.n the follmv eye. 

Tilanus et al12 identified warfarin use as a risk 
factor for massive intraocular hemon-hage in AMD 
and noted a possible association between massive 
hemon-hage and anti.platelet therapy. In our study, 4 of 
6 patients were on anticoagulants, 2 were on Couma-
di.n, one was on aspirin, and one was taking clopi
dogrel. TI1e significance of these agents is uncertain 
because we do not know the prevalence of anticoag
ulation use in our general AMD population. 

ln our study, one patient undenvent the "treat and 
extend" regimen, whereas the other five \Vere treated 
as needed, based on examination and OCT results. 
Data on "treat and extend" are limited and primarily 
based on anecdotal evidence. Furthennore, it is diffi
cult to detem1ine in advance how fm· one can safely 
extend a patient's treatment interval without risking a 
macuhu· hemon-hage. For our patients, the interval 
between the last i.njecti.on and an event ranged from 
7.3 to 28.9 weeks. A fluorescein angiography may be 
useful when monitoring patients who are 8 to 10 
weeks past their last treatment, especially if consider-
ing increasing their interval of retreatment. 
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Because this is a retrospective case series \Vithout a 
control group, any conclusions should he appropri
ately restricted. Given the small size of this series, we 
were unable to draw meaningful conclusions regard
ing specific lesion characteristics such as neovascular 
subtype, lesion size, or presence of subretinal fibrosis 
that \Vould predispose to these hemorrhagic events. 
Cross-sectional study comparison is also limited be
cause, unlike the phase IIIb ranibizumab trials, we 
included eyes with vision worse than 20/400, lesions 
greater than 12 disk areas, and eyes with significant 
areas of suhretinal fibrosis. We also included patients 
treated with either intravitreal bevacizumab or ranibi
zumab. Despite these limitations, we feel these cases 
represent a significant cohort encountered in clinical 
practice and provide useful information that can be 
applied to a broader AMD population. 

As the PrONTO study has demonstrated, an as
needed treatment regimen based on the clinical sta
tus of the individual patient can be an effective 
strategy with fewer treatments than a monthly dos
ing regimen. For some patients, however, a sight
threatening macular hemorrhage can occur without 
the presence of preceding fluid on OCT performed 
as recently as 1 day before the event. Prophylactic 
maintenance therapy may be appropriate in some 
cases. 

Key words: age--related macular degeneration, be
vacizumab, choroidal neovascularization, ranihi
zumab, suhretinal hemorrhage. 
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HEMORRHAGIC RECURRENCE OF 
NEOVASCULAR AGE-RELATED 
lVIACUI-'AR DEGENERATION NOT 
PREDICTED BY SPECTRAL DOMAIN 
OPTICAL COHERENCE TOMOGRAPHY 
Ron Margolis, MD, K. Bailey Freund, MD 

Purpose: To report a case in which a patient with neovascular age--related macular 
degeneration developed a large submacular hemorrhage 2 days after spectra! domain 
optical coherence tomography imaging, which revealed no intra-- or subretinal fluid. 

Methods: A noninterventional case report. 
Results: A 93--year--old woman with neovascular age-related rnacular degeneration was 

seen for a regular fo!!ow-up examination 3 years after treatment with verteporfin photo
dynamic therapy in which iesion quiescence was achieved. Visual acuity was stable at 
20/200, and spectral domain optical coherence tomography scans using 2 different 
instruments revealed no intra- or subretinal fluid. Two days after clinical examination and 
imaging, the patient presented with a large submacu!ar hemorrhage and 5/400 vision. 

Conclusion: Hemorrhaqic exudation from choroidal neovascularization in age-related 
macular degeneration may occur suddenly, even in the absence of fluid detected by 
spectral domain optical coherence tomography. 

RETINAL CASES & BRIEF REPORTS 4:i---4, 2010 

From the Vitreous Retina lVlacula Consultants of 
Nev,; York. New York, New York. 

A dvances in the treatment of neovascular age-re
lated macular degeneration (AMD) have included 

photodynamic therapy (PDT) and the intravitreal an
tivascular endothelial growth factor (VEGF) drugs 
such as bevacizumab and ranibizumab. L-4 In the TAPL 
and VIP2 studies, patients received treatment with 
PDT if fluorescein angiography showed leakage from 
chornidal neovascuhu·ization (CNV). In contrast, in 
the ANCHOR" and MARINA4 trials, patients were 
treated with intravitreal ranibizumab monthly for 2 
years regardless of CNV activity. Because of the bur-
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Reprim requests: K Bailey Freund, MD, Vitreous Retina Mac
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York, NY 10022; e-mail: kbfnyf@aol.com 
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den of monthly injections, additional studies have 
looked at alternative dosing strategies with the inten
tion of reducing the number of treatments without 
compromising visual results. In the PIER trial,5 ,vhen 
patients were switched from monthly to quarterly in
jections of ranibizumab, they subsequently lost the 
vision they had gained with monthly injections. How-
ever, the PrONTO t1ial 6 demonstrated that a variable 
dosing regimen using optical coherence tomography 
(OCT) as a guide for retreatment could potentially 
achieve the same visual results as monthly injections 
but with fewer treatrnents.7 Another commonly used 
dosing regimen referred to as "treat and extend" is 
also guided by the presence of intra- or subretinal fluid 
on OCT. With this strategy, the time interval between 
injections is gradually extended as long as no fluid is 
seen (J.P. Levine et al, unpublished data). There have 
been questions of whether OCT is always a reliable 
measure of neovascuhu· activity. For instance, OCT 
provides little information regarding the size of neo-
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vascular lesions and cannot differentiate certain lesion 
components such as polypoidal neovascularization or 
subretinal fibrosis from actively proliferating well
defined Type 2 (subretinal) neovascularization. With 
these concerns in mind, we report a patient with 
neovascular AMD, stable for 3 years after PDT, \vho 
developed a large submacular hemorrhage 2 days after 
a clinical examination, and spectral domain OCT re
vealed stable findings and no intra- or subretinal fluid. 

Case Report 

ln September 2005, a 90-year-old woman presented with bilat
eral neovascular AIVlD. TI1ere was a histo1y of hype1tension con
trolled with enalapril. She was not taking aspirin or any other 
anlicoagulants. Visual acuities were 20/400 and 20/200 in the right 
and left eyes, respectively. Fluorescein angiography showed bilat
eral Type 3 neovascularization (retinal angiomatous proliferation) 
of less than l disk diameter in size. Two bilateral verteporfin PDT 
treatments combined wil..11 intravitreal triamcinolone acetonide in-· 
jeclions were performed in each eye. After treatment, the righl eye 
stabilized with no recmrent angiographic leakage or fluid noted on 
OCT. The lefl eye experienced continued exudation and was 
created with multiple intravitreal injections of anti-'lEGF agents, 
including bevacizumab and ranibi:wmab. On a routine evaluation 3 
years after the second PDT treaunent, visual acuity was 20/200 
bilaterally with a small area of clinically inactive, subfoveal sub
retinal fibrosis in the right eye. There was no fluid, lipid. or 
hemonhage detected climcally or on fondus photography. 

A small amount of subretinal fluid overlying a similar lesion was 
noted in the left eye. High-density 6 X 6-mm raster scans were 
performed centered on the fovea with a resolution of 512 X 128 
A-scans using 2 different spectral domain OCT instruments: Cim1s 

'Fig. 1. Optical coherence to
n1ography scan through the 
right fovea with the Topcon 
3D-OCT 1000 (A and B) and 
Cinus HDOCT (C and D) 
shcnvjng a duunk jntraretjnaJ 
cavitary space with no sub
retinal fluid. 

HD-OCT (Model 3000. Carl Zeiss Meditec, Dublin. CA) and the 
Topcon JD-OCT 1000 (Topcon, Tokyo, Japan). 1n addition. 5 
high-resolution (4096 A-scan) horizontal line scans centered at the 
fovea were perfomted cm the Cirrus HD-OCT unit Foveal thick
ness in the right eye measured 139 /.UJJ on the Topcon instrnment 
which was unchanged from the measurement of 141 ~un on the 
patient's visit 10 weeks earlier. Review of all OCT rnls revealed a 
stable, small, focal intraretinal cavitary space in the right eye 
(Figure l ). This space was not considered lo represent acti Ve 

leakage but rather loss of retinal tissue. because reduced retinal 
thickness and loss of the nuclear and plexiform layers were seen on 
OCT; it was unchanged from multiple prior OCT scans during a 
3-year period, including the prior visit and there was no leakage on 
previous iluorescein angiography. The left eye was retreated with 
intravitreaI ranibizumab for a small amount of subretinal fluid 
detected on OCT. Two days later, the patient returned with rapidly 
worsening vision in the right eye. Visual acuity ,vas 5/400, and 
exarninatwn revealed a large submacular hemo1Thage consistent 
with recurrence of CNV (Figure 2). 

Discussion 

The advent of PDT and antivasogenic treatments 
for neovascular AMD has greatly improved visual 
outcomes compared with thermal laser photocoagula
tion. However, the best criteria to use for retreatment 
remain uncertain. Using OCT to assess CNV activity 
and direct treatment has become a common approach 
in the management of neovascular AMD, in part be
cause of the noninvasive nature of this form of imag
ing and the ease and speed of obtaining this data. Also, 
unlike fluorescein angiography, in which interpreta-
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'Fig. 2. Color photographs of 
the right eye showing a small 
area of clinically jnactjve sub
foveaJ fibrosis (_A) 2 days be
fore development of a large 
suhmacular hemon-luge (B). 

ti.on is often based on subjective interpretations, OCT 
technology provides quantitative measures of retinal 
thickness and subretinal fluid. The retreatment criteria 
chosen for the PrONTO trial \Vere largely based on a 
clinical impression that OCT could detect the earliest 
signs of recu1Tent fluid in the macula (macular cysts or 
subretinal fluid) after the ranibizumab injections were 
stopped.6 Hmvever, even in the PrONTO trial, two of 
the four criteria for retreatment required no OCT 
guidance: appem·ance of new classic CNV and new
onset hemorrhage. These elements accounted for 20% 
of the reinjections performed in this study. The TAP 
and VIP trials of verteporfin PDT were pe1i·ormed 
before the widespread use of OCT technology, and 
retreatment guidelines relied on fluorescein angio
graphic evidence of leakage. 1-2 High-resolution OCT 
is reported to have almost 100% sensitivity for cystoi.d 
macular edema and almost always correlates with 
leakage seen on fluorescein angiography. 8 ·10 How
ever, a discrepancy bet\veen OCT and angiography in 
the detection of macular edema has been reported i.n 
up to 5% of cases. 10 Eter and Spaidel 1 reported that 
some patients who had PDT for neovascular AMD 
had leakage by fluorescein angiography that did not 
correspond to any observable fluid on OCT. It is, 
therefore, conceivable that both OCT instruments 
used in our patient failed to detect early changes that 
may have predicted the submaculm· hemorrhage that 
occmTed. 

The PrONTO trial demonstrated visual outcome 
data similar to the MARINA and ANCHOR trials of 
ranibizuamb while reducing the total number of injec
tions by --,50%. It is potentially si.gni.ficant that most 
clinical practices deviate from the rigorous testing of 
visual acuity with the Early Treatment Diabetic Reti
nopathy Study chart as was used in the PrONTO 
study. Clinicians have taken the PrONTO results a 
step further and are commonly implementing a "treat 
and extend" strategy. In this regimen, the time interval 

3 

between examinations and intravitreal injections is 
gradually increased by 1- to 2-week increments as 
long as there are no signs of reexudation either clini
cally or on OCT. This interval is gradually extended to 
a maximum of 8 weeks to 12 weeks \vith the goal of 
finding a stable maintenance interval that keeps the 
macula "flui.d-free." 

\v11en treating patients on an "as-needed" basis with 
ei.ther anti-VEGF monotherapy or combination ap
proaches, we observed a subset of patients who expe-
ri.enced recuuent exudation wi.th submacular hemor
rhage shortly after a stable eye examination in \Vhich 
the Stratus OCT (Carl Zeiss Meditec) di.d not detect 
fluid before the event (J. P. Levine et al, unpublished 
data). Although angiography was not performed, the 
presence of a large submacular hemorrhage implied 
acti.ve CNV. This finding suggested that we were 
missing fluid present in the intervals between the six 
radial cuts that are often used with the time-domain 
Stratus OCT device. The current report demonstrates 
that severe recunent hemmThagic exudation can occur 
shortly after imaging showing absence of fluid de-
tected wi.th the much higher resolution and scan den
sities of the new spectral domain OCT technology. 
This i.s particularly concerning given that recurrent 
exudation after discontinuation of intravitreal anti-
VEGF therapy is to be expected. Also, as many as 
33";{, of eyes previously treated with PDT will have a 
recurrence of CNV within 18 months after their last 
treatment. 12 Perhaps there are certain patients such as 
those with preserved foveal function, juxtafoveal le
sions, or poor vision in the fellow eye who would do 
better on a maintenance regimen even in the absence 
of fluid detected by OCT to reduce the risk of sudden 
and catastrophic recurrences. However, even with 
monthly dosing of ranibizumab, loss of visual acuity 
occurred in 5% to l 0% of patients in the ANCHOR 
and MARINA studies. There m·e currently no pub-
lished prognostic factors that are used to identify 
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patients at high risk for treatment failure, and there is 
no way to predict whether anti-V EGF treatment would 
have prevented the submacular hemorrhage that oc
curred in our patient. 

TI1e case presented highlights two important limi
tations to our cmTent understanding of the pathophys
iology of neovascuhu· AMD and its optimal treatment. 
First, what is the earliest sign of CNV recuuence, and 
how is it best detected? Although OCT is currently 
used to detect fluid and direct treatment, other factors 
such as visual acuity or angiography may be more 
predictive in ce1iain patients. Second, should treat
ment be administered only if CNV activity is detected 
or should maintenance therapy be given even without 
signs of neovascular activity? Future studies may help 
ansv,rer these questions and identify patients who are 
at risk for CNV recuITence. 

Key words: age-related macular degeneration, op
tical coherence tomography, recurrence. subrnacular 
hemorrhage. 
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Safety and Efficacy of Ranibizumab in 
Diabetic Macular Edema (RESOLVE Study*) 
A 12-1nonth, randornized, controlled, doub1e-1nasked, n1ulticenter 
phase II study 
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OBJECTIVE -- The expression of vascular endothelial growtb factor (VEGF) is elevated 
in diabetic macular edema (DME). Ranibizumab binds to and inhibits mulnpk VEGF variams We 
investigated the and of ranibizuma.b m DME involving the foveal cemer. 

RESEARCH DESIGN AND METHODS- This was a 12-month, multicenter, sham
control1ed; doub]e-rnasked study \A/ith eyes ::..> 18 years, type l or 2 diabetes, central 
retinal thickness l CRT] 2300 ~tm, and best corrected visual lBCVAj of 73-39 ETD RS 
lettt:rs [Early Treatment Diabetic Retinopathy Study]) assigned LO i mravit real 
nmibizumab (0 3 ot· 0.5 rng: n ,cc 5 l each) or sham (n ,cc 49). The treatment schedule 
comprised three momhly inJecuons, after which treatment could be stopped/reinitiated with 
an opporn:i.njcy for rescue laser (protocol-deftned criteria). After rnonth ] , 
dose-doubling \Vas pern1ltted uu.,uJt-u1euuu1 criteria, injection volun1e increased fron1 
0.05 to O. l rnl and re1rLained at 0. L rnl thereafter). Efficacy (BCVA and CRT) and vvere 
compared between ranibizumab and sham arms using the full set (n = 151, 
patiems receivrng :"' l injection)_ 

RESULTS- AL month 12, mean::':: SD BCVA unproved from baseline by l0.3 ::':: 9.1 letters 
with ranibizurnab and declined by l.4 ::':: 14.2 letters witb sbarn (P <: 0.1.)001). Mt:an CRT 
reduction ,vas 194.2. ::':: 135.l µm ,vith ranibizumaband 48.4 ::':: 153.4 µm with.sham (P < 0 0001) 
c;ain of;?: 10 letters BCVA frcnn baseline occurred in 60.SS'O of ranibizurnab and 18.440 of sha1n eyes 
(P < O.OCJ:.) ])_ data were consistent with previous studies of intravitreal nmibizumab 

CONCI.IIJSH)NS ----- Ranibi::nmab is effective in imprnving BC:VA and is well tolerated in 
DME. Future clinical trials are required to conf,nn its long-term efficacy and 
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D iabetes affects > 220 million people 
worldwide (l) Diabetic macular 
edema (DME) is one of the major 

causes of visual impairment (Vl) in pa
tients with diaberic rerinopathy (2,3i. 
\Vit h diabetes prevalence estimated to 
double during the next 20 years('+), in the 
future it is likely that DME may be respon
sible for substantial vision loss unless 
treated adequately. 

Laser photocoagulation is the main
stay of DME treatment; it reduces the risk 
of moderate vision loss by ·--50%, wirh 
3'Yo of eyes showing vision improvement 
( 23 lines), but a substantial proportion of 
treated eyes remain unresponsive (5) in a 
recent report of a 2-year study, focal/grid 
laser photocoagu lat ion was more effective 
and had fewer side effects rhan intravitreal 
triamcinolone acetcmide Pars plana 
vitrectomy is another treatmem modality 
investigated for DME; hmvever, both in-
travitreal triamcinolone acetonide and 
pars plana vitrectomy have limited effi
cacy and/or significant side effects (7,8) 

There is currently a significant unmet 
medical need for an effective DME treat
ment that not only stabilizes but improves 
and mainrains vision and has a berter 
safety profile t ban the available Dlv!E 
treatmern options. Several proinflamma
tory cytokines including vascular endo
thelial grmvth factor (VEGF) have been 
shown to be extensively involved in the 
development and progression of D1'1E 
(9). VEGF promotes neovascularization 
and microvascular leakage (10). Thus, in
hibiting VEGF may provide an alternative 
therapeutic approach in DME. Anti
VEGF agents have been extensively inves
tiga red in neovascular age-relared 
macular degeneration (nAJVlD). Given 
thar anti-VECF drugs delivered wirhin the 
vitreous could pass into the systemic cir
culation, VECF inhibition could in turn 
produce .systemic adverse effects, which 
may be potemially serious for diaberic pa
tients (J lJ. Therefore, randomized clini
cal trials are required ro establish both the 
efficacy and systemic adverse effects in 
this popularion. 

Ranibizmnab is a folly humanized 
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monoclonal antibody fragment (Fab), 
which binds to multiple variants of 
VEGF-A ( 12), and is approved for the 
treatment of nAMD. In a pilot study (10 
patients with DME), ranibizumab was ef
fective and well tolerated in maintaining 
or unproving best-corrected visua1 acuity 
(BCV A) and in reducing central retinal 
thickness (CRT) (l 3) The 6-month 
Ranibizumab for Edema of the tvlacula in 
Diabetes (READ-2) study (phase II) was 
the fast to compare the efficacy of ranibi
zumab with laser photocoagulation or a 
combination of both in patients with Vl 
due to DME; ranibizumab led to signifi
cant improvements in mean HCVA (7 2 
letters) compared with laser photocoagu
lat ion ( --- 0. '1 letters) or the combrnation 
(3 8 letters) (14) Studies in DME have 
also been conduc!ed \Alith other anti
VEGF agents, pegaptanib and bevaci-
zumab (15-19) Initial results from these 
studies are encouraging in some patients 
with DME; further prospecrive random
ized clinical trials may confirm their ef-
fects in DME. 

We report the results of the phase ll 
RESOLVE study in patients with VI due to 
DME This study evaluated the efficacy 
and safety of ranibizumab compared with 
sham treatment over l 2 months. 

RESIEARCIHI DESIGN AND 
METHODS 

inclusion and exclusion criteria 
Patients (aged> 18 years) with type l or 2 
diabetes and DME were eligible if they 
had a visual acuity between 20/40 and 
20/160. CRT ~=300 µ.m. HbAlC ~..;12'%. 
decreased vision attributed to foveal 
thtckening from DME, that was not ex
plained any other cause, and clinically 
stgnificant DME in at least one eye con-
finned by a central reading center (Bern 
Photographic Reading Centre, University 
Bern, Bern, Switzerland) using stereo-
scopic fundus photographs, fluorescein 
angiography, and optical coherence to
mography (OCT) (Stratus OCT; Carl 
Zeiss 1\1editec, Jena, Gerrnany ). Eyes \Vere 
deemed eligible if. in the judgment of the 
investigator, laser photocoagulation 
could be safely withheld in the study eye 
for at least 3 months after random assign-
ment. Patients were excluded if they had 
unstable medical status including glyce
mic control and blood pressure or pan-
retinal laser photocoagulation performed 
within 6 months before study entry, and 
grid/central laser photocoagularion v,as 
excluded except for palienls with only 

mild laser burns at least 1,000 1.1m from 
the center of the fovea performed >6 
months preceding Detatls are 
found in supplementary Table 1 (avail
able in an online appendix at http:// 
care.diabetesjoumals.orglcgi/content/full/ 
dcl0-049.3/DCl) 

Study design 
Of the 2.07 screened patients, 151 eligible 
patients were randomly assigned 1: 1: l to 
either ranibizumab (0 3 mg, n '" 51 or 0.5 
mg, n = 5]) or sham treatment (n = 49) 
(randomization details are found in the 
supplementary data, available in an on
line appendix). Before each scheduled 
treatment, patients were asked to self
admrn ister a topical antibacterial agent for 
3 days. Patients received three monthly 
ranibizumab (0.3 or 0.'5 mg) or sham in
jections (injection volume 0.05 
Thereafrer, treatment could be stopped or 
reinitiated based on treatment success, 
disease activity, futiliry, or crireria 
(supplementary Fig. l, available in an on
line appendix). Ir is importarn to note that 
the sham arm was a nontreatment arm, 
and patients did not receive intraocular 
in_iections. The sham eyes were locally 
anesthetized, and pressure with the blunt 
tip of the syringe (\vithout need1e) \Vas 
applied to the anesthetized surface of the 
eye to mimic the injection. After month l, 
the ranibizumab dose (or sham) could be 
doubled by increasing the injecrion vol
ume from O 05 to CU ml if CRT remained 
> 300 µm or ·was > 225 J-Lm and the re
duction in retinal edema from the previ
ous assessment was <SO µm. Once the 
i nJection volume was increased to 0.1 ml, 
subsequent administrations remained at 
0.1 ml (06 or l.0 mg rambtzumab). JJ 
treatment had been withheld for >15 
days. subsequent rn_iections restarted with 
the initial injection volume of 0 .05 ml. 
Because of this possibility of dose dou
bling, the ranibizumab treatment groups 
are referred to as "0.3-0.6 mg" and "0.5-
1.0 mg" 

The srudy included a planned interim 
analysis at rnonth 6 to fac1Htate early de-· 
cisions on dose, treatment ratio, sample 
adjustments, or futility assessments (de
tails are available in the supplementary 
data). Here, we present the overall pooled 
efficacy and safety of ranibizumab 
(pooled 0.3-0.6 mg ,vith 0.5-l.0 mg) 
versus sham treatment (by--dose data are 
found in the supplementary data). The 
primary end point was the mean average 
change in BCVA from baseline to month 1 
through month 12 (chosen as the primary' 
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end point because iL is less sensitive to 
mornhly variations and reflects the treat
ment impact over the entire treatment pe
riod) Secondary end points included 
mean change in BCVA and CRT from 
baseline to month 12., categorized BCVA 
outcorne 1 and safety. 

The study was conducted in accor
dance with the Declaration of Helsinki 
and its subsequent amendments, Good 
Clinical Pracrice, and applicable regula
tory requirements. The research protocol 
and its amendments ·were approved by 
relevant institutional review boards and 
ethics committees from the respective 
study centers, and all participants gave 
written informed consent. 

Assess1nents 
BCVA and CRT were assessed by cert ihed 
examiners using Early Treatment Diabetic 
Retinopathy Study (ETDRS) standardized 
protocols and OCT, respectively, al 
scheduled visits. Safery (ocular, nonocu
la r, or systemic) and vi Lal signs (including 
blood pressure !sitting systolic and dia
stolic]) and serum levels of HbA l C were 
assessed at each scheduled monthly visit. 
The occurrence of ad·verse events (AEs) 
\Vas sought by nondirective questioning 
of the patient at each visit. and these were 
also recorded when reported the pa
tient during or bervvTen visits or through 
physical examination, laboratory test, or 
or her assessments. Serious adverse events 
(S/-\Es) were monitored continuously. 
Routine hen1ato1ogy and systemic in1n1u
no.reactivi!y assessrnents (i.e., presence of 
serum antibodies against ranibizumab) 
vvere pe1fonned a! baseline and rnon!h 12. 

Statistical analysis 
The plan was to screen ---225 patients to 
achieve a sa1np]e size of 150 elig1ble pa
tients within an estimated 12-month re-
cruitment period. The full analysis set 
(FAS) was the primary efficacy analysis 
set. FAS comprised all patients ,vho re
ceived the study treatment at least once 
(ranibizumab or sham) and who had at 
least one post baseline BCVA assessment. 
The safety population was identical to 
the FAS. 

For the primary efficacy analysis, 
missing data were imputed usmg the last 
observation carried forward (LOCF) 
merhod, wirh alternative missing dara 
handling procedures used for corre
sponding sensirivity analysis. For statisti
cal hypothesis testing of the mean average 
changes from baseline in BCVA the srrat
ified C:ochran--ManLel--Haenszel test was 

care.diabetesjournals.org  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 822



used with observed values (permutation 
tests) as scores (details of rhe hypothesis 
testing are available in the supplementary 
data;. StatXact software was used to com
pute tr1e test. 

ln addition, the primary efficacy vari
able \Alas assessed us1ng pararnetr]c stat]s-
Lical methods. The two-sided 95% CI for 
the primary efficacy variable and the cor
responding difference in means between 
treatments v,ere calculated usmg the least 
squares means from an ANOVA model 
with treatment and categories of baseline 
visual acuity and baseline CRT as factors. 

RESULTS 

Characteristics of patients 
Patients from the ranibizumab and sham 
arms were comparable with respect to 
base1i ne cha1acterist ics (supp1en1entary 
Table 2. available in an online appendix). 
Less l ban 20% of panents in all arms had 
previously received laser photocoagula
tion for T)fv1E. There \A/ere 1nore chscon-
tinuations in the sham arm than the 
ranibizumab arm (18.4 and 9.8%, respec
tively) (supplementary Fig. 2, available in 
an online appendix). 

Treatment characteristics: 
adjustments and number of 
treatmenls 
The number of parients whose treatment 
was interrupted or stopped ,vas compara-
ble between the treatment arms (3 7 
[36 3'Yo] and 20 [40 8%], for rnnibizumab 
and sham, respectively 'l. 1v1ost treatment 
adjustrnents u1 t be sharn arrn \A/ere rnade 
because of a lack of efficacy (l 7 of 20 
[8:,%] and 9 of37 [24.3°/c,I for sham and 
ranibizumab, respectively); conversely, 
for ranibizumab, they were prompted by 
improved BCVA ancl/or reduced CRT ( 17 
of 37 145 9%! for ranibizumab and none 
for sham). 

The mean :±:: SD numbers of mjec
tions administered during 12 months 
were 10.2 :±:: 2.5 and 8.9 ::'::: 3.5 forr:mibi
zumab and sham, respectively. The inves-
tigators more frequently undertook dose 
doublrng in the sham arm ('+'5 [91.8%1) 
than in the ranibizumab arm (70 
]_68.6CX:]). -~/lost ]nstances of dose dou-
bling occurred at month 1 (70-78%) A 
larger proportion of patierns in the sham 
arm received rescue laser photocoagula-
tion than in the r:mibizumab-treated arms 
0 7 [34 7%] and 5 [4 9%], respectively); 
among these patiems, mosr received one 
to two laser treatments. 
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Table 1-Mean BCVA and CRT at month 12 

N 
BC:VA (ETDRS letters) 

Baseline 
lVlean average change frorn baseline to 

month l through momb 12 
Average month l to month 12 
Average change from baseline 

Cornparison vs. sharn 
Difference 1n least squares n1eans 

9590 Cl for difference 
P value 

Mean change from baseline to month 12 
Month 12. 
Change from baseline 

Cornparison vs. sharn 
Difference 1n least squares n1eans 

9540 C} for difference 
P value 

CRT (1,un) 

Baseline 
fvionth 12 

C:omp,:a-ison vs sham 
Change from baseline 
[Jj fference 1n least squares rneans 
9590 Cl for difference 
P value 

Categorized BCVA outcome, n (%) 
Gain of~=- l letters* 
Gain of 210 letters°" 
Loss of :>LO letters* 
Gain of :2: 15 letters·;· 
Loss of :>:15 k:tterst 

Massin and Associates 

Ranibizurna.b pooled 

102 

60.2 ± 9.9 

68.0 :::':: 117 
7 8 ± 7. 7 

7.9 
5.0 to 10.9 
<000:Jl 

70.5 ± 12..l 
10.3 ± 9.1 

119 
8. l to 15.7 
<0 0001 

455.4 ± 114.2 
261.2. :::':: 81.9 

-194.2 ± 135.l 
---155.0 

-195.4 to - lH.6 
<000:Jl 

92. (9l.J.2) 
62 (60 8) 

5 ( 4 9) 
33 (32 4) 

3 (29) 

49 

61.1 ± 9.0 

61.0 :::':: 139 
-0.l ± 9.8 

59.7 :::':: l 7.3 
-1.4 :::':: H2 

448.9 ± 102 8 
400.5 :::':: l 39.2 

-"+8.4 ± 153.4 

27 (55.l) 
9 (18.4) 

12 (2'15) 
5 (10 2) 

LO (2:J4) 

Data are means ::':: SD unless otherwise mdicated. Ranib1zumah dos,· and by grnup data (A, B, md A+ B) are 
presented. in :°Jl1pple1nentary Tables 3 and 4 (2vailable in 2r1 online appendix). *P < O.OOOJ, tP :..-.:: O.OOOJ. 
(Test for treatment d.ifferer1ce franibizurnab vs. shamJ Cochran-:Mantel-Haenszd test 1s of ·'general associ-
<ltion." Stratified analysis 1nc1udes baseline visual acuity [ :-~60 or >60 letrersJ and baseline CRT [ :-~400 µm 
or ~>+00 µrn.].) 

Efficacy 
The mean average change in BCV A from 
baseline to month l through 12 (primary 
end pointi was statistically superior with 
ranibizumab Cl .8 letters) compared ,vith 
sham (-0.l letters) (least squares means 
cl ifference 7. 9 letters: P < 0. 000 l). At 
month 12, mean :±:: SD BCVA improved 
by 10.3 ::':: 9.1 letters from baselrne with 
ranibizumab and declined by 1.4 :~: 14.2 
letters with sham (P <.:: O.OOOli (Table l i. 
Ranibizumab led to a rapid and continu
ous irnpnYven1ent in n1ean BC'/i\, \Alith 
superior benefits observed as early as 
month l (Fig. 1) 

The mean BCVA improvement ,vith 
ranibizumab treatmern over time was par
alleled by improvement in mean CRT 
(Fig. 1). The mean change in CRT from 
baseline to month 12 was significantly 

higher in the ranibizumab arm than in the 
sham arm (--· l 9°\.2 vs. ·--4·8.'l p.m, re
spectively; difference in least squares 
means. -155 1-un, P < 0.0001) (Table 
The impact of therapy on macular edema 
(fundus photographs and OCTi is illus
trated for ranibizmnab (03---0 6 mg) and 
sham in the supplementary data. At 
month 12, 60.8% oft he patients receiving 
ranibizumab gained ?:: l O letters of BCVA 
frorn baseline cornpa1ed \vith 18.4cXJ in 
the sham arm (P < 0 0001) A similar 
difference was seen rn all the other cate
gories (Table 

in terms of the ETDRS severity score, 
t be ob.served change from baseline to 
month 12 could be analyzed in -- 50% of 
FAS patients Deterioration within the 
categories mild-moderate-severe (0-35, 
43---47, and ?::53) \\iras observed in 3.9l/~ 
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RESOI. VE: ranibi:;:,uma!J in diabetic macular edema 

Figure l-Mean change from baseline to month 12 in (A) BCVA and (B) CRT of the study eye: data for pooled rani/Jizumab doses (03-0.6 and 
0.5--1.0 mg) versus sham. Full analysis set, LOCF. (Ranibizwnab by .. do.w: data are found in supplementary Fig. 4A and B, available in an on!ine 
appendix.) 

(n = 2 of 5 l; ranibizumab-treated pa
tients, compared with 18% (rt ccc 4 of 22.) 
sham patients. Corresponding relevant 
improvements were seen in 21.6")'6 (rt ,cc 

11 of 51) ranibizumab patients, whereas 
no such in1provernent occurred in tbe 
sham patients 

Safety 

sham arms (hypertension: 9 [8.8%] and 5 
[ 10.2. ; a rleria l thromboem bolic: events: 
J [2 9%] and 2 H 1 , respecrively). 

There ·were no clinically significant 
differences bet ween treatment a rrns al 
baseline for mean serum levels of HbAl C 

Table 2-----Mo.st .frequent SA.Es and A.Es over 12 months 

Ranibizurnab pooled Sham 

There were no imbalances in the rates of N 102. 49 

ocular and nonocular SAEs or AEs be- SAEs 
tween the ranibizumab and sham arms 
(Table 2.). The proportion of patients with 
ocular SAEs in the study eye v,as compa
rable between the treatment arms (ranibi-
zumab: 4 ; sham: l [2 0%]i Most 
of the SAEs were nonocular in origin 
(ranibizumab: 14 [13.7 ; sham: B 
l l 6.3% I) There was one occurrence of 
myocardial infarction (nonocular SAEJ 
\Vitb ranibizurnab tha! \Vas suspec!ed to 
be related to the study drug. One death 
from mi nary bladder cancer was reported 
with ranibizumab. which was not sus
pected to be relared to the study drug or 
procedure. Endophthalmitis (n ccc 2 of 
102) and myocardial infarction (n = l of 
102) led to study drug clisconLinuation in 
three patiems. The most frequently re
ported ocular AEs (rambizumab and 
sham) \Vere conjunctival hemorrhage, in
t raocular pressure increase, and eye pa1n 
(Table 2). The proportion of patients re
pornng nonocu1a1 1.-\E.s vva.s con1parable 
between the ranibizumab and sham arms 
(64 [62 7%1 and 32 165 3%], respec
tively). 

The incidence of hypertension and 
arterial Lhromboembohc events, both 
possibly due to VEGF inhibition, ,vere 
comparable between ranfoizmnab and 

Ocular SAEs 

Total 
\71treous b.emorrhage* 

Retinal iscbernia 
Retinal ,irtery occlusion* 
Endophthalmitis* 
Retinal detacbrnrnt 

Nonocular SAEs 
Total 
lnfections and infestalionst 

bladdt:r cancer 
AEs 

C)cular /\Es 

Total 

Conjunctival hernorrhage* 
Eye pain~ 

N onocular AEs 

Naso pharyngitis 
Hypcrtcnsicm 

Potenually related to systemic VEGF inhibiuon 

A.nerial tbron1boen1bohc eventsS 

Hypertension 
Nonocular bemorrbage 

~1- (.3. 9) 

J_ (1.0) 

l (10) 
l (JO) 
2 (2 0) 
0 (0.0) 

14 (U 7) 

2 (2 0) 
l (2.0) 

80 (784) 
23 (225) 
18(176) 

64 (62 7) 

10 (9 8) 
7 (6.9) 

14(137) 
J (2 9) 
9 (8.8) 
I ,-, ()', 
.:.~ \, L. \., I 

L (2.l.J) 
0 (0 0) 
0 (0.0) 
0 (0 0) 
0 (0.0) 
1 (2 0) 

8([63) 
3 (61) 
0 (0.0) 

28 (57.l) 
7 (14 3) 

10 (204)t 

32(653) 
1 (2. 0) 
4 (8 2) 

6 (12 2) 
2 (4 l) 

5 (.L0.2) 

0 (0 0) 

Data are r1 (';'G ). Additional safety data are in supplementary Ta bl.es 3, 5, and 6 (available in an 
onllne append1x). to be i"Infections and infestations include 

viral., epidenrial cyst, celhilitls, 
after start of treatrner1t vvith nonstudv medication ,rnaa,ucce 

farctwn (l m sham and ranibi=umahl, rnmal artery occlusion Om ranih1zumab\ trans1elll 
(] in ranibizurnab), and angina pectoris ( l in s}1arn). 
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and mean blood pressure (supplementary 
Table 7, available in an on online appen
chx '). The urine d]pst ick protein test \Alas 

performed in 60% of the FAS patients. 
The deterioration vvit lnn the categories 
(categories 1 +. 2 +. 3 +. or greater) was 
comparable between the ranibizumab 
and sham groups (22. 9% [n = 14 of 6 l] 
and 28. 5% [n = 8 of 21], respectively), 
none reported as AEs by the investigators. 

The formation of antibodies to ranibi
zuma b was reported in three patients post 
baseline. One patient in rhe sham arm 
showed positive immunoreactiviLy both 
at baseline and post baseline 

CONCLUSIONS - Ranibizumab led 
to significant and continuous improve-
ments in both BCVA and CRT over 12 
months compared with sham treatment m 
patients with VI due to DME. The safety 
profile of ranibizumab appears to be similar 
Lo that reported for its registered use in 
nAMD. Over the 12-month study period, 
ranibizumab-treated patients had a mean 
average gain in BCVA of 7.8 letters com
pared with baselme, whereas sham patient.s 
had a mean average decrease ofO l letter At 
the end of the 12~-rnoruh assessn1ent pe1iod, 
rnnibizumab led to a mean gain of 10.3 let
ters from baseline compared with a declrne 
of 1.4 letters in the sham patients. The pro
portion of patients who gained ;::: l O letters 
as ,veH as :c:: 15 letters was threefold higher 
in the ranibizumab arm compared rhan in 
the snarn anrL 

?v1ore patients receiving ranibizu1nab 
had their dose adjusted because of disease 
improvement (BCVA and/or CRT). 
whereas more pal ients rn the sham arm 
had their dose adjusted because of lack of 
efficacy. Ran ibiztnnab -was 1.ve1J tolera!ed 
over 12 months with a safety profile com
parable to that observed in prior nAMD 
studies (20--22) There were no new AEs 
reported in patients with DME compared 
with patients with nAMD. The incidence 
of ocular and nonocular A.Es and SA.Es 
was low There were two cases ofendoph
tbalmitis (SAEs) reported in the r:mibi
zumab treatment group (2 ln one 
patient. this event resulted in study dis
conti nuat]on, and the event \Vas consid
ered by the investigator to be related to 
the study procedure. [n l he second pa-
tient. endophthalmitis was considered by 
the investigator to be related to the srudy 
medication (because ii: recurred on re-
challenge i. Hov,ever, this case of endoph
Lhalmitis resolved and at study end the 
patiem had a 7-letrer BCVA increase com
pared with baseline. The incidence of en--
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dophLhalmiLis (SAE) in Lhe RESOLVE 
study i was slightly higher compared 
with that reported rn prior AMD trials (0---
1 (23). I-iovvever, the underlying 
sample size and the number of events are 
too small to allow for conclusions regard
ing the risk of endopht halmitis in patients 
with DME. A recent analysis of safety in 
diabetic and nondiaberic patients -with 
Atv!D from the AMD trials AnLi--VEGF 
Antibody for rhe Treatment of Predomi
nantly Classic Choroicla l Neovasculariza
tion in A1'1D (ANCHOR;, Minimally 
Classic/Occult Trial of the Ant i--VEGF 
Antibody Ranibizumab in the Treatment 
of Neovascular AMD (MARINA), Phase 
lllb, Multicenter. Randomized, Double
M asked, Sham [n_iecti crn -Controlled 
Study of the Efficacy and Safety ofRanibi
zurnab in Subjects \Vitb Subfoveal C~hc>
roidal Neovasularization with or ,vithoul 
Classic CNV Secondary ro Age-Relared 
Macular Degeneration (PIER), the Safely 
Assessment of J n travitreal Lucentis for 
Atv!D (SAJLOR), EXClTE, and EXTHm l 
(N = 3,736) bas revealed that the inci
dences of endophthalmitis were compa
rable between the diabetic [2 of 
523]) and nondiabetic pat]ents (o.=;cx)] 17 
of 3,213]) with AMD, with no indication 
of increased risk for l he diabetic popula
tion (24). As in prior nAMD studies eye 
pain, conjunctiva[ hemorrhage, and tran
sient intraocular pressure increase were 
the most frequently reported ocular AEs, 
and these ,vere suspected to be related to 
study procedure (ocular injectioni. 

One of the limitations of this study 
was that there was no laser control arm, 
but laser photocoagulat ion was permitted 
as rescue therapy (starting month 3). Ap
proxi1nately 5~<: 1an1bizu1nab and 35~<: 
sham patients received laser photocoagu
Janon during the s!udy. Furtherrnore, the 
impact of rescue laser treatment on BC::VA 
outcon1e \i\ras not assessed. 

\;Vben patients ,vere en rnlled, we 
were :nvare that rhe study required defer
ral of laser treatment for 3 months or dis
continuation of patients -who needed laser 
photocoagulatrnn within the first 3 
months of the study This is at the border 
between requiring observal ion and im-
mediate treatment and we recognize that 
it ts a judgment l hat balances the relative 
effectiveness and risk of laser treatment. 
Examples of the type of eligible clinical 
scenarios include DME in the presence of 
stable visual acuity for >3 mombs; DME 
associated with leaking microaneu rysms, 
risk of producing sympromatic perifoveal 
scotomata, choroidal neovascularizal:ion 

Massin and Associates 

or expansion of scarring leading to foveo-
lar atrophy, or borderline reactivation af
ter pnor laser treatment The relanvely 
low number of eyes that received photo
coagulatwn before or after enrollment 
suggests that eyes in which photocoagu.-
1at]on \Vas not cons]dered a good opt ion 
were common in this trial. The trial pro
tocol did nor include any atrempt to guide 
investigators as to the exact use of laser 
therapy because it was believed that no 
satisfactory standard exists for this pm-
pose and that the responsibility bad to 
remain exclusively with the investigator. 
Approximately 20% of eyes had received 
prior laser treatrnent:, ho\vever 1 a sub~
grou.p analysis revealed that this treat
ment had no impact on the BCVA 
outcome. Our results should be inter
preted ·with! bese factors u1 rnind and rnay 
not be applicable to more advanced dis
ease. However, we believe that they are 
relevant Lo patients in the intermediate 
stages of the development of DME. 

It is proposed that ranibizumab as an 
adjunct to laser treatment may be more 
effecnve than eil her therapy alone; in ad-
dition, the combination may lead to fewer 
ranibizurnab treatrnents. Tbe recent T)]a
betic Retinopathy Clinical Research Net
work (DRCR.net) swdy showed that 
ranibizumab combined with prompt/ 
deferred laser photocoagu lat ion provided 
superior benefits compared with laser 
treatmern alone in DME (25). However, 
results from the earlier READ-2 study 
showed that ranibizumab monotherapy 
led to superior improvements in BCVA 
compared with the combination or laser 
photocoagulation alone (14). The 
RESTORE study. which assesses the effi
cacy and safety of 0.5 rng 1arnb1zurnab 
alone or as an adjunct to laser treatment 
cornpared \xl]th laser treannent., \Vill pro
vide further knowledge of Lhe efficacy and 
safety of ranibizumab either as mono
therapy or as an adjunct to laser therapy. 

The RESOLVE srudy included a pos
sibility of dose--doubhng that was even.tu-
ally undertaken in the majority of patients 
rece]vj ng 1anibizu1nab. Lviost patients 
(86(1<~,J received a dose bet'i,,veen 0.5 and 
l .0 mg inclusive during the study period 
Dose doubling was included to allow for 
best efficacy outcomes, however, the 
study was not designed for precise esti
mates of the effect of dose doubling Upon 
analysis of the actual doses used in each 
treatment arm over the study penod, the 
average dose received was O .4 7 mg in 
the 0.3-0.6 mg group and 0. 76 mg in the 
0.5--l .O mg group. Because these variable 
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dose changes resulted in a heterogeneous 
group within trearment arms, with over
lapping bet ween treatment arms, the 
study results were mainly discussed based 
on the pooled ranibizumab group and are 
considered to be representarive for treat
ment with 0.5--mg injections. 

l~iven the narure of diabetes and vari
ability in patients with DM.E ,vith regard 
to disease progression and vision loss, 
there is a need for an individualized treat-· 
ment regimen. The RESOLVE study al
lowed for such a dosing regimen, because 
retreatment (after three monthly injec
tions') \Vas based on predefined visual 
acuity/CRT and safety criteria; this con
cept partly mimics clinical pracl ice. How
ever, unlike clinical prnctice, the visual 
acuit y/C~RT cri!eria adopted in the study 
were stringent to increase the likelihood 
of patient benefit. 

Results from the RESOLVE study in
chcate that DME responds well to neat-
ment with intravitreal ranibizumab over 1 
year. ln light of the sustained improve
ments in BCVA and CRT over the 12-
month study period combined wuh a 
good safety profile, ranibizumab appears to 
be a promising pharmacological agent for 
the management of visual impainnent due 
to DME. These results provide a strong basis 
for continuing development of rnnibi
zumab in phase [][ trials in DrvlE, and tlns 
study is a stepping stone toward increasing 
the t1eat1nent options fo1 these patients. 
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Ranibizumab for Diabetic Macular Edema 

Results fron1 2 lJhase III Randomi.zed Trials: RISE and 
RI[)E 

Quan Dong Nguyen, MD, MSc, 1 Dtwid ?vi. Brown, MD,2 Dennis M. Marcus, t-AD, 3 David S. Boyer, MD,4 
Sunil Patel, MD, PhQ, 5 Leonard Feiner, MD, PhD, 6 And:rea Gibson/.hu.ly}y, PhD,7 Amy Chen Rundle, MS, 7 

]. Jill Hopk.ins, MD,' Rom.an G. Rubio, MD,7 Jason S. Ehrlich, MD, PhD,' on behalf of the RISE and RIDE 
Research Group* 

Purpose: To evaluate the efficacy and safety of intravitreal ranibizumab in diabetic macular edema (DME) 
patients. 

Design: Two parallel, methodologica!ly identical, phase Ill. multicenter, double--masked, sham injection-
controiled, randomized studies. 

Participants: Adults with vision loss from DME (best-corrected visual acuity [BCVA], 20i40-20/320 Snellen 
equivalent) and central subfield thickness ~=275 µ.m on time-domain optical coherence tomography (OCT). 

Intervention: Monthly intravitreal ranibizumab (0.5 or 0.3 mg) or sham injections. Macular laser was available 
per-protocol-specified criteria. 

Main Outcome Measures: Proportion of patients gaining 2·15 letters in BCVA from baseline at 24 months. 
Results: In RISE (NCT00473330), 3T7 patients were randomized (127 to sham, 125 to 0.3 mg, 125 to 0.5 

mg). At 24 months, 18.1 % of sham patients gained 215 letters versus 44.8% of 0.3-mg (P<0.0001; difference 
vs sham adjusted for randomization stratification factors, 24.3%; 95% confidence interval [Cl], 13.8---34.8) and 
39.2% of 0.5-mg ranibizumab patients (P<0.001; adjusted difference, 20.9%; 95% Cl, 10.7-31.1). In RIDE 
(NCT00473382), 382 patients were randomized (130 to sham, 125 to 0.3 mg, 127 to 0.5 mg). Significantly more 
ranibizumab-treated patients gained 215 letters: 12.3% of sham patients versus 33.6% of 0.3-mg patients 
(P<0.0001; adjusted difference, 20.8%; 95% Cl, 11.4-30.2) and 45.7% of 0.5-mg ranibizumab patients 
(P<0.0001; adjusted difference, 33.3%; 95% Cl, 23.8-42.8). Significant improvements in macular edema were 
noted on OCT, and retinopathy was less likely to worsen and more likely to improve in ranibizumab-treated 
patients. Ranibizurnab-treated patients underwent significantly fewer rnacular laser procedures (mean of 1.8 and 
1.6 laser procedures over 24 months in the sham groups vs 0.3-0.8 in ranibizumab groups). Ocular safety was 
consistent with prior ranibizumab studies; endophthaimitis occurred in 4 ranibizumab patients. T~1e total inci
dence of deaths from vascular or unknown causes, nonfatal myocardial infarctions, and nonfatal cerebrovascular 
accidents, which are possible effects from systemic vascular endothelial growth factor inhibition, was 4.9% to 
5.5% of sham patients and 2.4% to 8.8% of ranibizumab patients. 

Conclusions: Ranibizumab rapidly and sustainably improved vision, reduced the risk of further vision loss, 
and improved macular edema in patients with DME, with iow rates of ocular and nonocular harm. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophtha!moiogy 2012;119:789-801@ 2012 by the American Academy of Ophthalmology. 

ll!!\I *Group members listed online (http://aaojoumal.org). 

Diabetic retinopathy (DR), the most common microvas
cular complication of diabetes, 1 is the leading cause of 
nev,/ cases of vision loss and blindness among working
aged adults in the United States and most developed 
couotries.;',3 Diabetic macular edema (DME), swelliog of 
the central retina that causes vision loss, is an advaoced 
complication of DR4

; the prevalence of DME increases 
from 0%, to 3% in individuals with recent diagnoses of 
diabetes to 28% to 29% in those with diabetes for 220 
years. 5 Because the population of people with diabetes is 
-·285 millioo worldwide6 and growiog rapidly, vision 

© 2012 by the American Academy of Ophthalmology 
Published by Elsevier In,:. 

loss from DR is a significant public health issue, with 
considerable socioeconomic and quality-of-life impacts. 7 

ln 1985, the Early Treatment Diabetic Retinopathy 
Study (ETDRS) established macular laser as standard 
care treatment by demoostrating that patients with clini
cally sigoificaot DME treated with laser experienced a 
50% reduction in moderate vision loss over time com
pared with untreated patients. 8 However, in ETD RS and 
recent studies, relatively few patients with vision loss 
experienced significant improvements in best-corrected 
visual acuity (BCVA) afrer laser, and i mprovemeot 

ISSN 0161-6420/12/$-see front maHcr 
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tended to occur slowly_s-i:'. A treatment that rapidly and 
durably improves vision would be an important advance. 

Diabetic macular edema results from pathologically in
creased retinal vascular permeability n Recognition of vas
cular endothelial growth factor (VEGF) as the primary 
cytokine mediating tbis increase'"us and observation of 
increased intraocular VEGF levels in DME ' 6 led to the 
hypothesis tbat Y EGF signaling blockade might be benefi
cial both in restoring normal retinal anatomy and reversing 
vision loss from mac:ular edema. Ranibizumab is an anti-
VEGF antibody fragment, designed for intraocular use, that 
neutralizes the biologic activity of all known active iso
forms of VEGF. n Pilot studies demonstrated that intravit
real ranibizumab reduced macular edema and improved 
visual acuity (VA) in patients with DME. 18 Subsequent 
studies demonstrated that ranibizumab was superior to laser 
at 6 months and superior to both intrnvitreal steroids and 
laser at 12 months."· lo. :<;.;co Herein, we report the results of 
two 24-rnonth, pbase UL randomized srndies designed to 
evaluate long-term treatment with ranibizumab in patients 
with vision loss from DME. 

l\,fethods 

Study Design 

RISE (registered on ClhicalTrin)s.gov as NCT00473330) and 
RIDE (NCT00473382) are parallel phase m multicenter, double
masked, sham injection-- controlled. randomized s1udies con
ducted at private and university-based retina specialty clinics in 
the United States and South America (65 principal investigators 
per study). One objective was to generate confirma1ory evi-

dence for regula1ory purposes; thus, 2 identically designed 
studies were carried out. Two rauibizumab doses were chosen 
for regulatory purposes. Patients were recruited from June 2007 
to January 2009, and the 24-month controlled trea1ment periods 
ended on November 16, 2010 (RISE), and January 12, 2011 
(RIDE). Tbe trials adhered lo the tenets of the Declaration of 
Helsinki, were Health Insurance Portability and Accountability 
Act--compliam, and protocols were approved by institutional 
review boards, ethics commit1ees, or as applicable. Patients 
provided written, informed consent. 

Participants 

One eye per patient was randomized. Eligible participants were 
aged ?: 18 years wi1h diabetes mellitus (type l or 2), decreased 
vision from DME (study eye BCVA, 20/40--20/320 Snellen equiv
alent using ETDRS testing), and rnacular edema (time-domain 
optical coherence 1omography [OCT] central subfield 1hickness 2 

275 µm). Key exclusion criteria were prior vitreoretinal surgery. 
or a recen1 history (within 3 mon1hs of screening) of panretinal or 
macular laser in tl-ie study eye, intraocular corticosteroids. or 
antiangiogenic drugs. Patients with uncontrolled hypertension, un
controlled diabetes (glycosylated hemoglobin (HbAlc] > 12'J'<J), or 
recent (within 3 months) cerebrovascular accident (CVA), or myo
cardial infarction (MI) were excluded. 

Randomization, Intervention, and Masking 

Eligible patients were randomized~ 1 to monthly sham injections or 
intravitreal injections of 0.3 or 0.5 mg of rnnibizumab. Beginning 
at month 3 all patients were evaluated monthly for the need for 
macular laser according to protocol-specified criteria: Central fo .. 
veal thickness (CFT) ~=250 µm with a <50-µm change from the 
prior month, with no prior marnlar laser in the previous 3 months. 
and au assessmen1 by the evaluating physician that macular laser 

Diabetic macular oedema 

Screening: BCVA 20/40-20/320, OCT CST 2: 275 µm 

1,1:1 Randomization (1 eye per patient) 

Sham i!ljection (n = 122") Ranibizumab 0.3 mg (n = 122"} llilnihLmmab !l.5 mg (n -0 122') 

24-montll controlled treatment period 
(monthly intr:nd.treat/shan1 injoections; rescue lase.r: if eHgibloe, beginning month 3b) 

Month 24 

R,mibiwmab 0.5mg' Ranibiwmab 0.3 mg Ranibjzumah 0.5 mg 

Long-tcn:n. open-label exten:oiion with 0.5 mg ranibizumah 

l.'rimaty 
endpoint 

Figure 1. Study design. BC\lA _-_-,. best~corrected visurd acuity; CST :..-.:: centrnl subfield thicknessj OCT :..-.:: optical coherence ton1ogrnphy. aTarget 

enrollrn.ent, 122 pm::ients per trearrn.ent group. bStarting at rnonrh 3, patienrs \Vere evaluated monthly ±Or rescue laser based on objective and subjective 

critena as descnbed in 11ethods. c,L\.fter publication of a 12--n-ionth trial of rnnibizumab, laser, and sterc,1ds fc,r diabetic maculnr edema, JC and consultation 

;vith the data monitoring cornrnittee, the studies were amended to allow early crossover (before month 25) to ranibizumab for patients receiving sh~nn with 

persistent edema and visic,n loss. C)ne patient in RISE and 3 patients in RIDE crossed c,ver early (before mc,nth 25). Tl1ese patients ,,vere analyzed in their 

origirnil tre,;it1nent groups per t}1e intent-to-treat principle used for efficacy analyses. 
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would be beneficial. The goal of laser treatment was to apply 
photocoagulation in a g1id pattern or directly to leaky microaneu
rysms in areas of retinal thickening and edema, avoiding treatment 
within the foveal avascular zone. Ra.'1domization was stratified by 
study eye BCVA (""=55 vs >55 ETDRS letters), baseline HbAlc 
(·:S8% vs >8%,), prior DME therapy in the study eye (yes vs no), 
and study site. Dynamic randomization was used to obtain approx
imately a l: 1: l ratio among groups (Fig l ). Randomization was 
clone via interactive phone system. The sponsor developed the 
specifications for the randomization. and a third party programmed 
and held the randomization algorithm. The studies were unmasked 
on Febmary 10, 2011 (RISE), and March 22, 2011 (RIDE), when 
treatment assignments were made available to the study analysis 
team of the sponsor. Ocular assessments, including the nic,ed for 
macular laser, were made by evaluating ophthalmologists masked to 
patients' treatment assignments. Study treatments were administered 
by treating ophthalmologists unmasked to treatment assignments but 
masked to ranibizurnab dose. To improve patient masking. all patients 
received subconjunctival anest.1-iesia before sham or active injections 
(performed as previously desctibed).22 Study site personnel (except 
treating physicians and assista.'1ts), central reading center personnel, 
and the sponsor and its agents (except dmg accoumability monitors) 
were masked to treatment assignment. Treating physicians were 
masked to the assigned dose of ranibizumab. An independent statis
tical coordinating center performed the unmasked interim a..rialyses for 
the data monitoring committee. 

Assessments 

Evaluations included vital signs, safety assessments, visual func
tion questionnaires, and ocular assessments: BCV A measured with 

the ETDRS chai1. (4--m starting clista..rice), contrast ser;,,11lv1ty. 
intraocular pressure, slit-lamp examination, indirect ophthalmos
copy, OCT. fl.uorescein angiography (FA), and fondus photogra
phy (FP). Study visits were scheduled every 30±7 days. The OCT, 
FA, and FP images were graded at a central reading centeL 

Outcomes 

The primary efficacy measure was the propm1.ion of patients 
gaining 2=15 ETDRS letters in BCVA score from baseline at 24 
months (corresponding to 3 lines on the eye chart). Secondary 
outcomes at 24 months were mean change from baseline BCV A 
score over time, proportion of patients with BCVA Snellen equiv
alent of ?:20/40, mean change from baseline BCVA score over 
time in patients with focal edema as assessed on FA, proportion of 
patients losing < 15 letters in BCV A score from baseline, mean 
change from baseline in OCT CFT over time, proportion of pa
tients with a =>3-step progression from baseline in ETDRS reti
nopathy severity on FP, proportion of patients with resolution of 
leakage on FA, and the mean number of macular laser treatments 
over time. Certain secondary endpoints were amended afler the 
studies commenced but before unmasking study results, to be more 
consistent with literature and regulatory guidance received subse
quent to initiation of the studies (Appendix l: available at http:// 
aa0Jmm1cil .org). 

Analysis 

Efficacy Analyses. The sample size of 366 patients ( [22 per 
treatment group) per study provided 90% experiment-wise power 
to detect a statistically significant difference in the primary effi-

Table 1. Patient Demographic and Baseline Characteristics 

RISE RIDE 

Ranibizumab Ranibizumab 

Characteristic 

Niean age (SD)J yrs* 
Range, yrs 

l'vfale, n 
Race, n 

Asian 
Arnerican Indi8n or A.bska Native 
Black or African American 
Native }fawai1a11/other/Paciftc ]slander 
White 
Not available 

Hispanic or Latino erhnicity) n (9D) 
[vlean body mass index {S[))1 

Positive history of smoking) n {9S) 
lvlean duration of diabetes (SD), 
lvlean 1-ibA le (SD), ~10** 

S8°i<_,J n (~lo) 
>840, 11 (9{)) 

Sharn 
(n = 127) 

61.B (9.8) 
39-85 

74 (58.3) 

6 (4.7) 
0 

19 (l 5.0) 
l (0.8) 

101 (79.5) 
0 

24 (18.9) 
31.4 (7.l) 

60 
1';.5 (9.9) 
7.7 (l.5) 
80 (65.0) 
43 (35.0) 

HbAlc = glycosylated hemoglobin; SD = standard devimion. 
~/u randomization. 

0.3 mg 
(n = 125) 

61.7 (8.9) 
38-82 
n (58.4) 

7 (5.6) 
0 

18(]4.4) 
2 (1.6) 

97 (77,6) 
l (0,8) 

20 (16,0) 
32.3 (6,8) 

64 (512) 
15.9 (9.9) 
7.7 (l.5) 
81 (67.5) 
39 (32.5) 

'tPatients who are of >· l race were coumed for each category thar they indicared. 

0.5 
' In= 

62.8 (10,0) 
21-87 

65 (52.0) 

7 (5.6) 

0 
14(11.2) 

l (0.8) 
97 (77.6) 

6 (4.8) 
25 (20.0) 

32.9 (8.5) 
58 (46.4) 

16.3 (S.5) 
7.7 (J.4) 
82 (68.3) 
38 (317) 

Sharn 
(n = 1.30) 

63.5 (10.8) 
22-91 

66 (50.8) 

2 (J.5) 
l (0.8) 

15 (115) 
0 

104 (80,0) 
8 (6,2) 

37 (28.5) 
32.3 (8.9) 

43(336)! 
16.6 (10.6) 
7.6 (l.4) 
84 (67.2) 
41 (32.S) 

0.3 mg 
(n = 125) 

62.'/ (11.1) 
24-88 

73 (584) 

5 (4.0) 
l (0.8) 

14 (ll.2) 
l (O.S) 

99 (79.2) 
5 (4.0) 

33 (26.4) 
32.3 (8.6) 

64 
16.0 (9.8) 

7.6 (1.3) 
79 (65.8) 
41(342) 

:j:Nurnber of patients: 124, 1 ZZ, and 124 (RISE) and 128, 125, and 1 Z6 (RJDE) in the sham, 0.3~mgi and 0. 5~rng groups; respectively. 
§Nurnbc-r of patients: 125. 
IINun1ber of patients: 128, 124, and 125 in the sham, 0.3-mg, and 0.5~mg groups, respectively. 
1Number of patients: 123, l l 8, and 1 J 8 (RISE) and 122, l 19, and 124 (RIDE) in the shmn, 0.3~n1g, and 0.5-rng groups, respect! vely. 
❖❖Number of patienrs: 123) 120, and 120 (RI.SE) and 125, 120i and 123 (RIDE) in the sham> 0.3,-rn.g) and O,S~mg groups) respectively. 

0.5 mg 
(n = 127) 

61.8 (10.1) 
29-84 

80 (63.0) 

5 (3.9) 
2 ( 1.6) 

l3 (10.2) 
0 

105 (82,7) 
2 (L6) 

31(24.4) 
31.3 (7.2) 

57 (45.6)11 
l 5.3 (10.1) 
7.6 (l.5) 
83 (67.5) 
40 (32.5) 
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Table 2. Srndy Eye Chmaneristics at Baseline 

Characteristic 

Mean ETDRS lerter score (SD) 
[\/lean opproxirrrnte Snellen equivolent 

~20/20(\ II (o/o) 
>20/200 but <20/40, n (96) 
2-20/40) n (~lo) 

Mean CFT (SD), p.m 
Nlean time from first knc,.;vn CS~~E diagnosis to 

rnndomizotion (SD)i vrs* 
Active or previously tre~1ted PDR present, n ('1'0)i" 
Previous treatrnent for CS?\1E, n (9S) 

Any 
Forni/ grid bser 
Steroids::: 

Other 

Sham 
(n = 127) 

57.2 (111) 
20/80+2 
10 (7.9) 
92 (72-4) 
25 (19.7) 

467,3 (152,0) 
2,3(3,0) 

34 (26,S) 

94(74,0) 
86 (67.7) 
35 (27.6) 
21 (16.5) 

RlSE 

Ranibizurnab 

0.3 mg 
(n = 125) 

54.7 ( 12,6) 
20/80 

17 (13-6) 
91 (72,8) 

17 (LH) 
4 7•t.5 ( l 7•t.8) 

2.1 (2.2) 

28 (22.4) 

94 (75,2) 
86 (68,8) 
39 (31,2) 
20 (16.0) 

05 mg 
(n = 125) 

56,9 (lL6) 
20/80+ 2 
10 (8.0) 
91 (72-8) 
2,; (19,2) 

463,8 ( 144.C)) 
2. l (2 l) 

32 (25,6) 

102 (81,6) 
90 (72.0) 
50 (40,0) 
21 (16,8) 

Sham 
(n = 130) 

57,3 (11,2) 
20/80+ 2 
10 (7.7) 
95 (73,l) 
ZS (19,Z) 

447,4 (J 54,4) 
2.4 (3.2) 

28 (2L5) 

92 (70.S) 

84(64-6) 
36 (27,7) 
21 (16,2) 

RlDE 

&:{mibizumab 

0.3 mg 
(n = 125) 

'i7,5 (11,6) 
20/80+ 2. 

9('1,2) 
92 (73.6) 
24 (19,2) 

482.6 (149.3) 
J,6 (2,0) 

86 (68,8) 
72 (57.6) 
32 (25.6) 
27 (21.6) 

0.5 rn,g 
(n = 127) 

56,9(11,8) 
20/80+2 
J l (8.7) 
91 (71.1) 
25 (]9,7) 

463,8 (175,5) 
1,9 (2,4) 

H (26,8) 

88 (69,3) 
79 (62-2) 
37 (29, l) 
2'i (19,7) 

CFT = cemral foveal thickness; CSME = clinically signifrcam macular edema; ETDRS = Early Tremment Diaberic Rerinopathy Study; PDR 
proliferative diabetic retinopathy; SD :.-_-: stanrfard deviation. 
*Number of patients: 127, 124, 8IK1 123 in die ::;}1arn, 0.3-tng) and 0.5~rng groups) respectively) in RISE and 126 in the 0.5~rng group in RIDE. 
tA.ctive PDR ~Nns a study enrc,llment exclusion cnteric,n. 
:j:In traocular or subtenon injection. 

cacy measure between 1 or both ranibizumab groups and the 
control (expecting percentages of 35% for 0,5-mg ranibizumab
treated patients, 25% for (U-mg, and 13% for sham patients), The 
studies were not designed or powered to compare the 2 selected 
doses of ranibizumab, bl!l ra1her to compare each ranibizumab 
dose against the sham comparator (2 doses were used for regula
tory purposes), The intent-to-treat principle was used for efficacy 
a.'1alyses, with missing data imputed using the last observa1ion 
carried forward method, To account for potential differences in 
baseline charac1eris1ic:s between treatment gronps that may affect 
the outcome measures, efficacy analyses ,vere stratified by foe 
randomization stratification fac1ors baseline BCVA (-:-:55, >55 

Outcomes at Month 24 

letters), baseline HbA le (-S:8%, >8% ), and prior 1herapy for DME 
(yes or no): reported differences and 95% confidence intervals 
were also adjus1ed for 1hese baseline variables, For the primary 
endpoint and secondary efficacy endpoints based on binary vari
ables, a comparison between each ranibizumab group and tbe 
control group was made using the Cochran-Mantel-Haenszel chi
square test stratified (adjusted) by the randomization stratification 
factors, For secondary efficacy endpoints that were continuous in 
nature (e,g,, mean change from baseline in BCV A score), com
paiisons were made by fitting either an analysis of variance or 
analysis of covariance model, adjusting for the randomization 
stratification factors, For the secondary efficacy endpoint of mean 

Sharn. 
(n = l27} 

RISE 

0.3 
(n = 

Table 4. Use of Maculm and 

Ranibizumab 

0.5 
(n = 

Number of macular f.__;cal/grid rescue laser treatnH::'ntsJ mean (SD) 
[)ifference vs shonl (95(};) C1)7 

LS (J,8) 0.8 (1.2) 08(13) 

Test for treat1nent diffen:'nce vs shmn t 
1V1edian 
Range 

Received 1T1acular laser trentmenti n C:+0; 9540 Cl) 
Difference vs sham (95% Cl)' 
Test for treatn1ent chfference vs sham~ 

Proportion of patients who received PR_P laser, n 

LO 
0--6 

94 (74,0; 66,4 81,6) 

14 (110) 

Cl = confidence interval; PRP = panrerinal photocoagularion; SD = standard deviation. 

-- 1.0 ( --- L4 to ---0.7) 

P<C.0001 
0 

0--7 
49 (39,2; 30.6 47,S) 

--- 35.0 (---46.4 tC• -- 23.79b) 

P<0.0001 
0 

--- Ll ( -- 1.5 to ---0.7) 
P<0.0001 

0 
0--6 

44 (35,2; 26,8 43-6) 
-- 39,3 ( -50.7 to -- 28,0) 

P<0.0001 
l (0.8) 

The ],;ist-ob:-,erv,;ition-c,;irried-fon.:vard 1nethod '.Vas used to iffipute rnissing dat8. The mean number of nu:1eular lasers is reported with no imputation. 
~starting at tnonth 3) patients lvere evoluated tnonthly for tnacular f.__;col/grid laser based on the objective and subjective criterio as described in the 
tD,fference is adJusred for baseline visual acuity (cc:;55, >55 Early Treatment [);3betic Retinopeithy [ETDRSJ letters), baseline glycosylared 
:j:\Xl'ilcoxon test stratified by biseline visual acuity (::s55, >55 ETDRS letters), b8seline l-IhAlc (:sS~lo, and prior treatrnent for di8betic rnacubr 
§Cochrnn-Jvlamel-Haenszel i (strntifred by baseline visual acuity [s55, >55 ETDRS letrersl, baseline HbAlc [s8%, >8%l, and prior rreatment for 
IINot a prespecified endpoint; no statistical testing perforn1ed. Data are reported 1n context of safety outcomes and laser treatrnents performed for diabetic 
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change from baseline in CFT over time up lo 24 months, 1he 
respective baseline CFT value was included as a continuous vari
able (covariate) in the analysis of covariance model. The mean 
number of macular laser treatments during 24 months was com
pared between each ranibizumab group and sham using a stratified 
Wilcoxon test. Additional details are in 1he supplemental male1ial 
(Appendix l; available at http://a;mjmmrnl.org). 

Safety Analyses. Safety was assessed through collection and 
summary of ocular and nonocular adverse events (AEs), serious 
A:Es (SAEs). ocular assessments, deaths, laboratory results, 
vital signs, and antibodies to ranibizumab. At each study visit, 
nondirective questioning was used to elicit AE reports from 
patients. All AEs and SAEs, whether volunteered by the patient, 
discovered by study si1e personnel during questioning, or de
tected by examination, laboratory testing, or other means, were 
recorded in the patient record and case report forms. Safety 
analyses included all patients receiving ="' l ranibizumab or 
sham injection. Patients were analyzed according lo ac1ual 
treatment received before optional crossover for patients ran
domized to the sham group. 

All data analyses occurred after all patients completed the 
month 24 visit or discontinued early. A Data Monitoring Commit
tee (3 ophthalmologists and 1 biostatis1ic:ian) was established to 
monitor safety and stLldy conduct by periodically reviewing un
masked data. Each interim safety analysis was allocated a type I 
error a = 0.0001 to account for review of VA data forming foe 
basis of the primary efficacy endpoim. 

Results 

In total, 759 patients \Vere enrolled and randomized to study 
treatment (377 in RISE and 382 in RIDE; Fig 2, available at 
bttp:!/a,;ojournal.org). Randomized groups were generally well-
balanced for baseline demographic (Table 1) and s1udy eye 
characteristics, including history of prior treatment (Table 2): 
hmvever, in RISE, more patients in the 0.3-mg ranibizumab 
group had a BCVA <20/200, and more patients in the 0.5-mg 
ranibizumab group in both studies had previously received 

Panretinal Photocoagulation * 

in1raornlar or periornlar steroids for DME. The 2-year study 
period was completed by 83.3% of patients in RISE and by 
84.6% in RIDE. The median number of ranibizumab injections 
was 24 (Table 3, available a1 bt,p:!/f:Bojoun::iJ.o::g). The mean 
number of macular laser treatments over 24 months was l.8 
and l.6 in the sham groups and 0.3 1o 0.8 in the ranibizumab 
groups (Table 4). Substantially more sham-treated patients re
ceived macular laser under the protocol-specified criteria or 
underwent panre1inal photocoagulation for proliferative DR 
(PDR; Table -l). 

Visual Acuity Outcomes 

In both studies, statistically significantly greater numbers of pa
tients randomized to ranibizumab gained :0:-15 ETDRS letters from 
baseline at 24 months. In RISE, 44.8% of patients receiving 0.3 mg 
ranibizumab and 39.2'fo of patients receiving 0.5 mg ranibizumab 
gained 215 letters compared with 18. l % of sham-treated pa
tients (Table 5, available at bttp:/!aaojoumaLorg; Fig .3). In RIDE, 
cmTesponding proportions were 33.6%, 45.7rfo, and 12.3%, respec
tively (Table 5; Fig 3). Ranibizumab treatment led to rapid vision 
improvements, with statistically significan1 changes versus sham 
observed as early as 7 days after 1he first injection (Fig 4). Mean 
BCVA in ranibizumab groups contirmed to improve steadily, with 
patients experiencing an average benefit over sham (adjusted for 
baseline variables) of 8.5 to 9.9 ETDRS letters at month 24 (Table 
5; Fig 4). Fewer ranibizumab--treated patients experienced signit'.. 
icant (="' 15 ETDRS letters) vision loss (Tables 5 and 6; Fig 3 and 
Fig 5 [available at h,tp:/iaaoJournal.org]). More patients in the 
ranibizumab groups achieved Snellen BCVA of 220/40 at month 
24 compared with sham (P<0.0001 for each ranibizumab group vs 
sham: Table 5; Fig 3). 

The effects of demographic and baseline ocular characteristics 
on efficacy outcomes were examined in prespecified subgroup 
analyses. As expected, baseline BCVA impacted efficacy23; pa
tients with worse baseline BCV A experienced greater improve
ments. a.'1d patients wi1h better baseline BCV A (and less ability 1o 
gain letters) experienced lesser improvements (Table 7, available 
at http:!h,aojournaLorg). No prespecified subgroup was identified 

RlDE 

Sharri 
(11 = 130) 

L6 (L6) 

1.0 
0---7 

91 (70.0; 62.l 77.9) 

16 (12.3) 

0.3 mg 
(n = l25} 

C.7 (1.4) 
---C.9 ( --1.3 to -- 0.5) 

P-<0.0001 
0 

0--7 
45 (36.0; 27.6 44.4) 

-- 32.8 ( -44.2 to --21.4) 
P<O 0001 

2 (1.6) 

nH::'thods. Panretinal laser lvas ovoilable as clinically indicated. 
hemc,globin (1-ibAlc; :-:;840, >8°/0), and prior treatrnent for Dl'v1E (yes1 no). 
eden1a (D!\1E; yes; no). 
DME [yes, no]). 
retinopathy during these studies. 

Ranibizumab 

0.5 rn,g 
(n = 127) 

0.3 (0.7) 
--1.3 ( -- l.6 to -- l.C) 

P<0.0001 
0 

0--5 
25 (19.7; 12.8 26.6) 

--49.S ( -60.l to -- 39.6) 
P<·0.0001 

2 (1.6) 
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RISE RIDE 
A B 

100 P-0.0002 100 
~t P<0.0001 
cc" ,.. 80 P<0.0001 80 
~ P<0.0001 ] 60 44.8 60 45.7 

tr, 39.2 

I I 
J3 6 

/\! 40 40 I '-H 
C..) 18.l 
.s 20 ---+-- 20 12.3 
I~ 

---+---C 
------------------------•---------1 0 0 

Sham 0.3 mg 0.5 mg Sham 0.3 mg 0.5 tng 

(n •• l 27) (n •• J 25) (n •• i 25) (n=l30) (n = 125) (n = 127) 

Ranibizumab Ranibizumab 

P= 0.0126 P ~ 0.1384 

C P~ 0.0086 D P~0.0119 

100 89.8 97.6 
JOO 91.5 984 96.1 

.o 
o" 
cc" 80 80 
'" 2 
~~ 60 60 
If) 
,-< 

V 40 40 
t-1--1 

0 
<.fl 

20 20 cc 
0 

,-I 

0 0 
Sham 0.3 mg 0.5 mg Sham 0.3 mg 0.5 mg 

(n=i27) (n = 125) (n -= 125) (n ·~ 130) (n ~· 125) (n •• 127) 

Ranibizurnab Ranibizumab 

E P<0.0001 F 
P<0.0001 

Q 100 P<0.0001 100 
s;- P= 0.0001 0 
N 80 63.2 80 
'-H 60.0 62,2 
0 ,o 

ll I 
t'i o'" 

..;· 60 60 
~ 

~ 37.8 c:i 34.6 
-~ c,J 40 ----I---- 40 -- I -;:::l ,,.0 
O-' ~ 
C.) 0 
:::: 20 20 0) 

~ 
c:: 0 0 [/) 

Sham 0.3 mg 0.5 mg Sbam 0.3 mg 0.5 mg 
(n = 127) (n = 125) (n = 125) (n ~· 130) (n ·~ 125) (n -•• 127) 

Ranibizumab Ra.'libizumab 

Figure 3. Visual acuity ourcomes m 24 months. Primary effrcacy endpoint: percentage of parients who gained ::c,15 Early Treatment Diaberic Retinoparhy Study 

(ETDRS) letters from baseline 8t 24 months in RISE (A) and in RJDE (B). Seconrfary efficacy endpoints 'Nere (i) percentage of patient:, who lost <L5 ETDRS 

letrers from baseline visual acuiry ar 24 momhs in RISE (C) and in RIDE (D); and (ii) percentage of patients with vision of the .Snellen equivalem of ::c,20/40 

in RISE (E) and m RlDE (F). The proportions of patients with baseline Snellen equivalent of ~-:20/40 are in T zble 2, Vertical bars are 959& confidence intervals 

(Cis) for t}1e percentage. Outcomes on bar charts are unodjusted. P values (treatnH::'nt comparisons) are based on the Cochran-"tv1antel-Haenszel c}ii-square test 

stratified according to the bnseline visual acuity (:-:;55, >55 letters), baseline glycosy1nted hemoglobin (:-:;W+G 1 >W+G), and pric,r treat1T1ent for diabetic macuhr 

ederno ( yes, no). See Table 5 for 95'1'0 Cls for the diff~~rences. 

in which sham patients experienced better visual outcomes. Pa
tients with predominantly focal DME on angiography had mean 
BCV A improvements at montl-i 24 similar to the overall population 
(Table 5). 
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Anatomic Outcomes 

improvements in VA among rnnibizumab-treated patients were 
paralleled by rapid reductions in macular edema measured wi1h 
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A 

B 

0 l 2 3 

Day 7 

RISE 

12 
~·hm.ih 

rn 24 

RIDE 

-301) -~~-~---~----~---~ 
0 1 2 3 

Day7 
12 

Month 
18 24 

--[],-, Stam Rarnhizumab O :i mg --~- Ranibi:mmab 0.5 mg 

Fjgure 4. Changes in (A) visual acuity and (B) central foveal thickness (CFT) frrn.n baseline through 24 rnonths. Nurnber of patient:,: 127, J 25, and J 25 (RISE) 

and 130> 125, and 127 (RIDE) in the sharn) 0.3~mgi and O.S~mg groups, respecrively. Vertical bars are ±~ 1 sr:andard error of the mean. The last--observation

carried~fon.:vard irnput2tion method '.V8S used. *P<0.0001 versus s}18ffl (analy:,is of variance t test [stratihedj). Differences '.Vere :,tatistically :,ignificant statting at 

the first posttn:'8ttnent observation (day 7) and at each point thereafter; a hierarchical testing strntesry controlled for multiple comparisons. ETDRS ..c..:. Early 

T reatn1ent Diabetic Retinopad1y Study. 

OCT (Fig -l). Differences between rnnibizumab and sham 
groups were statistically significant at day 7 (firs1 posttreatmen1 
measurement) and at each point thereafter, Resolution of leak
age on FA and of macular edema on OCT both were statistically 
significantly more common among ranibizumab-1reated patients 
(Table 5; Fig 6). 

Patients randomized to ranibizumab were less likely to develop 
PDR (Table 8, available at http://aaojoum,Lmg; Fig 6L Notably, 
we observed lower rn1es of re1inopathy progression and higher 
rates of retinopathy improvement in rnnibizumab-treated eyes, 
measured by the ETDRS retinopathy severity scale (Table 8). 

Ocular Harm 

Serious AEs affecting study eyes are summarized in Table 9. 
Overall. the most common SAI.:: was vitreous hemorrhage, which 
occurred in 4 sham-treated and 2 ranibizumab-treated eyes in RISE 
arid in 3 sham-treated eyes in RIDE. Serious intrnocular infiam
ma1ion was uncommon among ranibizumab-1rea1ed patients, oc
curring only once. Serious AEs arising from the injection proce
dure were also uncommon; l case of endophthalmitis occurred in 
RISE and 3 in RIDE, along with 3 cases of traumatic cataract and 
l rhegmatogenous retinal detachment out of 10 584 intrnvi1real 
injections (Table 10, available at http://:uojrn.,rn3lorg). 

Ocular AEs in the study eye are summarized in Table ll 
(available at hHp:!/aaojrn.,rnaLc,rg). Mos1 were repor1ed as mild 
or moderate. Rates of cataract, intraocular inflammation, and 
glaucoma AEs were similar among the sham and ranibizumab 

groups. Increased intraocular pressure after the injection was 
more likely in ranibizumab-treated patients, as expected, be-
cause sham-treated patients did not receive actual injections. In 
nmibizmnab-treated patients, AEs related to worsening of DR. 
such as retinal neovascularization and vitreous hemorrhage, 
were less common. Three traction retinal detachments occurred 
in sham-treated patients. 

Systemic Harm 

Sys1emic safety was ascertained 1hrough a.rialysis of over:Jll sys
temic AEs and events poten1ially related to systemic VEGF inhi
bition. The most frequent systemic SAEs were those common to 
patients with advanced diabetes, such as ML pneumonia, and 
congestive heart failure, with similar rates across treatment groups 
(Table 12, available at ht1p://aaojmm,al.org). Analysis of arterial 
thromboembolic events, a subgroup of events potentially related to 
systemic VEGF inhibition, can be challenging because of varia
tions in the definition, assessment a.'1d reporting of events. Anti
platelet Trialists' Collaboration (APTC) criteria mitigate some of 
these issues by focusing on a more restricted but well-,defined 
spectmm of SAEs: Vascular deaths, deaths of unknown cause, 
nonfatal Mis, and nonfotal cerebrovascular accidents (CVAs).24 

Systemic SAEs potentially related to VEGF inhibition and cate
gorized by APTC definitions are summarized in Tab1e l3. Among 
APTC SAEs, deaths of vascular or unknown cause and CVAs \Vere 
slightly more common in patients treated with ranibizumab. Over
all, SAEs potentially related to systemic VEGF inhibition occurred 
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T 
l 

Sham 0.3 mg 0.5mg 
(n = 127) (n= 125) (n = 125) 

Ranibizumab 

P<O.OOOl 

P<0.0001 

30.l 
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(n = 125) 
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40 

20 

0 

D 
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60 

F 
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80 

60 

40 

RIDE 
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P<0.0001 

46.2 

---+---

Sham 
(n = 130) 

76.0 

0.3 mg 
(n = 125) 

8!.l 

0.5mg 
(n = 127) 

Ranibizumab 

P<0.0001 

P=0.0002 

Sham 
(n = 129) 

11.5 

Sham 
(n = 130) 

30.7 

0.3 mg 0.5 mg 
(n = 123) (n = 127) 

Ranibizumab 

P = 0.0206 

0.3 mg 0.5 mg 
(n = 125) (n = 127) 

Ranibizurnab 

Figure 6. Exploratory anolysis: proportion of patients lvit}1out residual edenlo in (A) RlSE and in (B) RlDE; secondary outcome meosun::': proportion of patients lvith 

resolution of leakage in ( C) R.lSE rind in (D) RIDE; proportion of peitients progressing to proliforat1ve diabetic retinopathy ( PDR) in (E) RISE and in (F) RIDE. A patient 

Vlas considered to h2ve progre:::,sed to PDR by month 24 i( for ,:-my of these conditions, neovascu1arization w2s not pre:st::nt at baseline and w2s present 2t any postbaseline 

visit at or before mont.1-i 24: neovascularization on the optic disci elSewhere on the reti:rn1> or on r:he iris, VerticJ.l bars are 959,0 confidence interval (Cls) for r:he percentages. 

()utcon1t~s on bar chmts are ut12djusted. P va1rn:~s (tn:""--r:ltmer1t cornparisc;ns) are based on the Cochran~l'lfante1~1-laern;2.eJ c}li-·squ8fe test stratified 2ccording to the baseline 

visual 2cuity ( :s55, ~>55 letters), baseline glycosylated hetnoglobin ( :s;S'l:,, >8o/o), and prior treatment for diabetic nlacular edema ( yes, no). See Table _5 for 959b Cls for 

the differences. Cbl = central £~1vea1 thickness; DA = disc area; ()CT = optical coherence tornography. 

in 10.6% and 9.4% of sham-treated patients in RISE and RIDE, 
respectively, and in 5.6% to l 1.9% of ranibizumab-treated patients 
across the studies. The APTC even1s occurred in 4.9% and 5.5% of 
sham-treated and 2.4% to 8.8% of ranibizumab-treated patients 
(Table 13). 
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Discussion 

The RISE and RIDE studies demonstrate tliat ranibizumab 
significantly reverses vision loss from DME, and, impor-
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Table 9. Study Eye Seriom Adverse Events (S/\Es) Through 1v1onth 24 

RISE RIDE 

Ranibi zw rwb Rmribizumab 

SAEs, n (%) MedDRA 
Preferred Term 

Any SAE 
Angle closure gl2ucotna 
C2taract 
C2taract trnumatic 
Choroidal neovasculariz2tion 
Cornenl abrasion 
Cornenl opacity 
Diaberic rerinal edema 
Drug adminisrration error 
Endophthalmitis 
Intrnocul2r pressure incre2sed 
1'v1acular edema 
1V1edication error 

Posterior c8psule op8ci.fication 
Retinal detachment 
Retinal hemorrhage 
Retinal tem 
Uveiris 
Visual acuity reduced1 

Vitreous hernorrhage 

Sha1n 
(n = 123) 

9 (73) 
0 
0 
0 

J (0.8) 
0 
0 
0 
0 
0 
0 

Z (1.6) 
0 

l (0.8) 
l (0.8)* 

0 
0 
0 

2 (l.6) 
4 (33) 

0,3 mg 
(n = 125) 

4 (3.2) 
() 

() 

1 (0.S) 
0 
0 
0 

l (0.8) 
0 

l (0.8) 
0 
0 

l (0.8) 
0 
0 
0 
0 
0 
0 
0 

NiedDRA. = }v1edical Dictionary for Regulatory A.crivitiesj Version 13.1. 
*Trnction rerinal dernclm,enr. 

0.5 mg 
(n = 126) 

7 (5.6) 
0 
0 

l (0.8) 
0 
0 
0 
0 
0 
0 
0 
0 

Z (J.6) 

0 
0 

l (0.8) 
l (0.8) 

0 
1 (0.8) 
2 (1.6) 

Sham 
(n = 127) 

7 (5.5) 
() 

() 

0 
0 
0 
0 
0 

1 (Oil) 
0 
0 
0 
0 
0 
0 

l (0.S) 
0 
0 

2 (l.6) 
3 (2.4) 

0.3 
' In= 

4 (3.2) 
0 

1 (0.8) 
0 
0 
0 
0 
0 
0 

l (0,8) 
() 

() 

1 (0.8) 

0 
0 
0 
0 

l (0.8) 
0 
0 

0,5 m~ 

(n = 124) 
12 (9.'/) 

l (0.8) 
? {1 t;\ 
k, ,_.,\_,., 

1 (0.8) 
0 

l (0.8) 
l (0.8) 

0 
0 

2 (1.6) 
l (0.8) 

0 
0 
0 

l (0.8) 
0 
0 
0 

2 (l.6) 
0 

tcauses a decrease of 2::30 letters in visual acuity (V l\; cotnpared u,rith the last assessment of VA before the n1ost recent tn:'otment) losting more than 1 
hour. 

tantiy, provides tbe longest term controlled evidence to date. 
Benefits of ranibizumab were observed as early as 7 days 
after treatment initiation. and initial improvements were 
maintained and subsequently built upon. Across all mea
sures of vision improvement, monthly ranibizumab therapy 
was superior to sham; in addition to the primary efficacy 
outcome (a gain of~:: 15 letters or 3 eye chart lines), a nearly 
2-line benefit over sham was observed for average vision 
change, and more ranibizumab-treated patients had Snellen 
equivalent BCVA of ?::20i40 at month 24. This level of 
acuity is important for key vision-related tasks, such as 
driving and reading, Results of these s1mlies were consistent 
across a variety of patients and DME subtypes: Outcomes 
were superior to sbam in an prespecified subgroups, includ
ing treatment-na1ve and previously treated patients, and 
parients with focal (but foveal-involving) edema. Pharma
codynamic benefits on retinal thickness were consistent 
with visual ourcomes. 

Patients with DR lose vision not only from DME, but 
also from complications of PDR, such as vitreous hemor
rhage. Notably, patients treated with ranibizumab experi
enced fewer such events, and fewer developed PDR or 
underwent pametinal photocoagulation. Although few pa•
tients lost ~c: 15 ET DRS letters, a significant difference over 
sham was observed in botb ranibizumab groups in RISE and 
in the 0.3-mg group in RIDE; the 0.5-mg group in RIDE 
trended similarly. Many more eyes treated with ranibi•
zumab showed substantial (2:2- and 2:3-step) improve
ments in retinopathy severity on FP using the ETDRS 

Retinopathy Severity Scale for Eyes, and fewer showed 
substantial worsening. The clinical significance of retinop
athy improvement on the ETDRS scale remains unclear, but 
retinopathy worsening is dearly associated with adverse 
visual outcomes, and management of PDR with either vit
rectorny or panretinal photocoagulation carries substantial 
morbidity. Panretinal photocoagulation destroys retina and 
may result in reduced visual field and poor central vision.25 

Avoidance of these procedures is an additional and impor
tant potential benefit Whether and for how long the bene-• 
ficial effects of ranibizumab on retinopathy severity and 
progression persist after therapy cessation, however, also 
needs to be determined; a small study demonstrated recur
rence of disease after pegaptanib treatment cessation in 
PDR patients. The current studies were not designed to 
address this question. 

The beneficial effects of ranibizumab observed in these 
srudies must be balanced against potential harms. Ocular 
safety was consistent with prior large studies of ranibi
zumab. Even in patients with diabetes. who are susceptible 
to infection, endophthalmitis rates (4/10; 584 injections) 
were similar to those in other large non-DME series, but 
because patients require multiple injections, physicians 
should apply best practices for infection control. From a 
systemic perspective, DME is a sign of end•-organ micro-• 
vascular damage. Use of VEGF antagonists may be of 
concern because patients with DME are at elevated risk for 
Ml and CV A compared with patients with diabetes without 
ophthalmic complications (Phannacoepidemiol Drng Saf 18 
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Table 13. Serious Adverse Events (SAE;;) Potemially Related to Systemic lnhibirion of Vascular Endothelial Growth Factor A, and 
Antiplatdet Trialists' Collaboration (APTC) Evems (Ml, CVAs, and Deaths) through Month 24 

SAE, n (%) MedDRA Preferred 
Tenn 

Any SAE 
.Acute Ml 
Mi 
i\ngina pectoris 
Angina unstable 
cvA+ 
lschernic stroke 
Lacunar inf::'!.rction 
Transient i:,chernic 2ttack 

Femornl artery occlusion 
Hypertens10n 
Duodenal ulcer hemorrhage 
Peptic ulcer hemorrhage 
Ciastrointestinal hemorrhage 
Hernaturia 
Lo,ver gastrointestinal hernorrhage 
Rectal hernorrhage 
Retroperitoneal }1emorrh.2ge 

Diabetic nep}1ropathy 
Nephrotic syndrc,n1e 

Colitis ischemic 
Large intestine perforation 

Total i\trrc events* 

Deaths, overall 
Vascular deoth 
Nonvascular death 
lJnkno'.vn cause 

}AI or CVA, overal1 

Ml, overall 
Nonfatal [v1] 

Fateil lvi!' 
Cl/A, overall 

Nonfarnl CVA 
F8ta1 Cl/A 

.Jn.arn 
(n c..c..: l2.3) 

13 (l0.6) 
0 

3 (2.4) 
l (O.B) 

0 
1- {0.8) 
1- {0.8) 

0 
3 (2.4) 

0 
l (0.8) 
l (0.8) 

0 
0 

l (C.8) 
C 
C 

I (0.8) 
I (0.8) 

0 
0 
0 

6 (4.9) 
l (O.B) 
1- {0.8) 

0 
0 

5 { 4.1) 
3 (2.4) 
3 (2.4) 

0 
2 ( 1.6) 
2 ( 1.6) 

RISE 

7 (5.6) 
0 

2 (L6) 
0 
C 

l (C,8) 
C 
C 
C 

l (0.8) 
l (0.8) 

0 
0 
0 
0 
0 

1- {0.8) 
0 
0 
0 

2 (1.6) 
0 

3 (2A) 
3 (2A) 
l (C,8) 
2 (L6) 

C 
3 (2.4) 
2 (1.6) 
l (0.8) 
l (0.8) 
l (O.B) 
l (O.B) 

0 

Rmibizumab 

0.5 :mg 
(n --= 126j 

15 (ll.9) 
3 (2.4) 
l (0.8) 
l (0.8) 

0 
4 (3.2) 

0 
l (0.8) 
l (0.8) 

0 
4 (3 2) 

0 
0 

l (0.8) 
() 

l (0.8) 
0 
0 
0 

l (0.8) 
l (0.8) 
l (0.8) 

11 (B. 
5 (4.0) 
3 (2.4) 
1- (0.8) 

9 (7.1-) 
4 (3.Z) 
4 (3 2) 

0 
5 (4.0) 
3 (2.4) 
2 (l.6)§ 

Sham 

12 (94) 
0 

6 (4.7) 
0 

2 (l.6) 
2 (l.6) 

0 
0 

2 ( 1.6) 
0 
0 
0 
0 

2 (l.6) 
() 

() 

0 
0 
0 
0 
0 
0 

'/ (55) 
2 (l.6) 
2 (l.6) 

0 
0 

7 (5.5) 
6 (4.7) 
4 (3.l) 
2 ( l.6) 
2 (l.6) 
1 (0.8) 
1 (0.8) 

RlDE 

Ranibb:urnab 

0.3 mg 
(n = 125) 

l 2 (9.6) 
4 (3.2) 
4 (3.2) 

0 
() 

2 (1-.6) 
() 

0 
l (0.8) 

0 
2 (L6) 

0 
1 (0.8) 

0 
0 
0 
0 
0 

J (0.8) 
0 
0 
0 

11 (8.8) 
4 (3.2) 
4 U.Z) 

() 

0 
9 (7.2) 
7 (5.6) 
6 (4 8) 
l (0 8) 
2 (L6) 
1 (0.8) 
1 (0.8) 

0.5 mg 
(n = 124) 

7 (5.6) 
0 

3 (2.4) 
0 
0 

3 (2.4) 
0 
0 
0 

l (0.8) 
2 ( l.6) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 (5,6) 
6 (4.8) 
3 (2.4) 
3 (2.4) 

0 
5 (4.0) 
3 (2.4) 
2 (1.6) 
l (0.8) 
3 (2.4) 
2 ( 1.6) 
1 (0.8) 

CV.A = cerebrovascular accident; lvledDR.i\ = lviedical Dictionary ±Or Regulatory J\ctivitiesi Version 13.l; fv11 = myocardial infarction, 
*Includes vascular deaths, denths of unknowT1 cause, nonfatal [vHs, and nonfatnl CV As. 
i"Fotal means the patient did not survive to the end of the 24~tnonth controlled tn:'8tment period) not that the .IvU or CV/\. was the proximate cause of 
death. 24 

·~CVA includes the }v1edDRi\ Preferred Tenns of "cerebrovascu],:-u accident, 11 l(lacunor infarction/' ,;ind uischen1ic stroke/ whic}1 Vlere the event terrns that 
occurred during the 24~tnonth treatment periods in RlDE 8IK1 RISE. 
2Note. The O.S~mg ranibizumab grc,up includes l patient randomized to sham and ,vho rece1ved shnm 1 l1ad n stroke (in 2008), received a single dose of 
0. 5~rng rnnibizurnab in error (2009), and died of unkno'.vn co use (2010). This patient '.Vas ossigned to O.S~rng group for ,;i]] safety analyses per the prespecifred 
safery analysis population criteria) as defined in A:ppendix 1. 

[suppl 1]:S52. 2009).:'6 Io RISE and RIDE, t.he incidence of 
APTC-type events and those related to systemic VEGF 
inhibition were overall similar among sham and ranibi
zumab groups. Although deaths and CVA.s were numeri
cally higher in ranibizumab groups (CV As, 1.6% of sham 
and 0.8%---4.0%, of ranibizumab patients; deaths, 0.8% and 
1.6% of sham and 2.4%-4.8% of ranibizumab-treated pa
tients), this has not been observed in related studies. The 
Diabetic Retinopathy Clinical Research Network Protocol I 
showed results opposite to those observed in RISE and 
RIDE-higher rates of vascular death, Ml, and cerebrovas
cular accidem were seen in sham-rreated patients (vs ranibi-

798 

zumab ), with a parienr cohort similar ro RISE and RIDE, 11 

and RESTORE showed balanced, low rates among laser and 
ranibizumab groups.'' Additional follow-up of patients in 
these studies will provide further long-term guidance on 
systemic safety. 

Certain limitations exist in RISE and RiDE. Selection 
bias is always a concern in considering the real-world 
application of clinical trial data; patients in RISE and RIDE 
may have had more severe or treatment-refractory disease 
tbat led physicians and patients to consider enroHment in the 
studies. The prespecified subgroup analyses demonstrating 
similar benefits of ranibizumab regardless of history of prior 
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DME therapy somewhat mitigates this concern. In addition, 
ranibizumab was not compared directly with macular laser 
for several reasons. including the difficulry in adequately 
masking laser treatment; instead, both ranibizumab and 
sham groups were able to receive rescue laser based on 
anatomic criteria and investigator discretion. Tbe mean 
number of laser treatments in the sham groups was l .8 
(RISE) and i.6 (RIDE), wbich some may consider insuffi
cient over 2 years; however, the majority of eyes had 
undergone 21 macuia_r laser treatment before enrollment 
and may have had DME in locations not amenable to further 
laser treatmenr, rhus prompting recruitment into rhe studies. 
Moreover, although the investigator discretion allmved in 
rhe protocol-specified laser crireria may have porentially 
introdnced bias toward undertreatment with laser. the visual 
and anatomic outcomes in the sham groups were similar to 
those observed in laser groups in several recent DME stud-
ies, in-espective of the number of laser treatments ap
plied."·'0·27 Thus, the BCVA outcomes in tbe RISE and 
RIDE sham groups likely represent an appropriate bench
mark for comparing the additional benefits of ranibizumab 
in DME. Finally, RISE and RIDE evaluated a rigorous 
monthly rrearment regimen. which may generate the best 
outcomes based on known pharmacokinetics but may not be 
pracrical for all parienrs. Data from the RESTORE and 
DRCKnet Protocol I studies provide guidance on more 
flexible or individualized ranibizumab dosing regimens for 
DME that were not evalnated in RISE and RIDE.'3·' 0 

The results of RISE and RIDE should be interpreted in 
tbe context of other trials. The ETDRS established focal 
laser as the mainstay of DME treatment in preventing VA 
loss. 8 After reports that intravitreal triamcinolone demon-
strated short-term benefits, many clinicians favored steroids 
over laser for DME. ,,_n However, when triamcinolone was 
evaluated against laser in a randomized trial, steroids were 
inferior ar 2 years with substamially higher rares of com
plications. surgical interventions, and 3-line vision loss.'~ A 
recent study demonstrated visual benefits over sham with an 
extended-release steroid-elnting implant,27 but the magni
rude of vision improvement was substanrially lower rhan 
tbat observed witb ranibizumab, witb high rates of cataract 
surgery and elevated intraocular pressure. Studies of other 
VEGF antagonists (e.g .. bevacizumab and pegaptanib) dem-
onstrate evidence of clinical activity in DME. Although the 
extent of improvements over control seen with ranibizumab 
were not observed in those studies for either visual or 
anatomic endpoints. it is difficult to draw conclusions from 
smaller. shorter studies. 29

-~i Finally. although RISE and 
RIDE did not directly compare ranibizumab with laser, rhis 
was accomplished in two 12-month controlled studies.9

·'
0 

which demonstrated thar ranibizumab (with prompt or de
ferred laser, or as monotherapy without laser) is superior to 
laser alone with respect to VA outcomes over :S2 years. 

Fm physicians managing diabetes and from a public 
health perspective, these data should be discussed with 
patients to underscore the importance of appropriate eye 
care to address the challenge of vision loss. Compliance 
witb esrabiisbed screening guidelines is poor; only 40% 
to 50% of US adults with diabetes receive recommended 
eye examinations. l?. Ophthalmologisrs now have a sub-

srantial body of evidence supporting ranibizumab treat
ment as a new approach to DME management, focusing 
not only on vision preservation, but also on vision im
provement. Treatment with ranibizumab also has benefi
cial effects on retinopathy progression and risk of further 
vision loss, and tolerable risks of barm. The present 
studies of ranibizumab provide the longest term evidence 
to date that visual loss from DM E can be reversed. and 
clinically significant, sustained visual improvements can 
be achieved. 
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February 18, 2010 

VEGF Trap-Eye Shows Positive Results in a Phase 2 Study in Patients With Diabetic Macular 
Edema 

- Statistically significant improvement in vision achieved over 24 weeks - Results to be presented at 
Angiogenesis 2010: Clinical Trials meeting in Miami, Florida on February 20, 2010 

TARRYTOWN, N.Y. and LEVERKUSEN, Germany, Feb 18, 2010 /PRNewswire via COMTEX News Network/ -- Regeneron 
Pharmaceuticals, Inc. (Nasdaq: REGN) and Bayer HealthCare AG today announced that VEGF Trap-Eye showed positive 
results in a Phase 2 study in patients with diabetic macular edema (DME). The primary endpoint of the study, a statistically 
significant improvement in visual acuity over 24 weeks compared to the standard of care in DME, macular laser therapy, was 
met. Visual acuity improvement was measured by the mean number of letters gained over the initial 24 weeks of the study. 

"The ability of VEGF Trap-Eye to significantly improve vision in patients with DME in this initial Phase 2 study is encouraging," 
said Dr. Kemal Malik, member of the Bayer HealthCare Executive Committee responsible for global development. "Bayer and 
Regeneron will discuss the next steps in further developing VEGF Trap-Eye in this indication." 

"The magnitude of the gain in visual acuity achieved with VEGF Trap-Eye in this Phase 2 study demonstrates the biologic 
activity of VEGF Trap-Eye in treating diabetic macular edema, a disease in which high levels of vascular endothelial growth 
factor (VEGF) are present," said Diana Do, MD, the Principal Investigator for the study and Assistant Professor of 
Ophthalmology at the Wilmer Eye Institute, The Johns Hopkins University School of Medicine in Baltimore, Maryland. 

Patients in each of the four dosing groups receiving VEGF Trap-Eye achieved statistically significantly greater mean 
improvements in visual acuity (8.5 to 11.4 letters of vision gained) compared to patients receiving macular laser therapy (2.5 
letters gained) at week 24 (p< 0.01 for each VEGF Trap-Eye group versus laser). VEGF Trap-Eye was generally well tolerated, 
and there were no drug-related serious adverse events. 

The results of the Phase 2 study will be presented at the Angiogenesis 2010: Clinical Trials meeting on February 20, 2010 in 
Miami, Florida. Slides summarizing the data presented will be made available at that time on the Regeneron website 
(wwvvsegeneron.com on the Presentations Page, under the Investor Relations section). 

About the Phase 2 Study Results 

In this double-masked, prospective, randomized, multi-center Phase 2 trial, entitled DA VINCI (DME And VEGF Trap-Eye: 
INvestigation of Clinical Impact), 219 patients with clinically significant DME with central macular involvement were randomized 
to five groups. The control group received macular laser therapy at week one, and patients were eligible for repeat laser 
treatments, but no more frequently than at 16 week intervals. Two groups received monthly doses of 0.5 or 2.0 milligrams (mg) 
of VEGF Trap-Eye throughout the 6-month dosing period. Two groups received three initial monthly doses of 2.0 mg of VEGF 
Trap-Eye (at baseline and weeks 4 and 8), followed through week 24 by either every 8-week dosing or as-needed (PRN) 
dosing with specific repeat dosing criteria. The following summarizes the mean gain in visual acuity at week 24 by dosing arm 
and the mean number of treatments received by patients over the first six monthly visits: 

• Standard-of-care macular laser therapy (n=44; 1.7 treatments): +2.5 letters gained 
• VEGF Trap Eye 0.5 mg monthly (n=44; 5.6 injections): +8.6 letters gained 
• VEGF Trap-Eye 2 mg monthly (n=44; 5.5 injections): +11.4 letters gained 
• VEGF Trap-Eye 2 mg every other month, following 3 monthly injections (n=42: 3.8 injections): +8.5 letters gained 
• VEGF Trap-Eye 2 mg as-needed, following 3 monthly injections (n=45; 4.4 injections): +10.3 letters gained 

The study was not designed to evaluate statistical differences among the results achieved in each of the VEGF Trap-Eye 
groups, and no significant differences were observed. Over 90 percent of the VEGF Trap-Eye patients and the laser patients 
remained in the study at the 6-month primary endpoint evaluation. 

VEGF Trap-Eye was generally well-tolerated, and there were no ocular or non-ocular drug-related serious adverse events 
reported in the study. The adverse events reported were those typically associated with intravitreal injections or the underlying 
disease. The most frequent adverse events reported among patients receiving VEGF Trap-Eye included conjunctiva! 
hemorrhage, eye pain, floaters (myodesopsia), ocular redness (hyperemia), and increased intraocular pressure. There were 
three deaths among the 175 patients treated with VEGF Trap-Eye and none in the 44 patients treated with laser over 6 
months. All three patients had underlying risk factors for their cause of death, and the cases were not reported to be drug- 
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related. 

Following the initial 24 weeks of treatment, patients continue to be treated for another 24 weeks on the same dosing regimens. 
Initial one-year results will be available later this year. Regeneron and Bayer HealthCare are sponsors of the DA VINCI study. 

About Diabetic Macular Edema (DME) 

Diabetic macular edema (DME) is the most prevalent cause of moderate vision loss in patients with diabetes. DME is a common 
complication of Diabetic Retinopathy (DR), a disease affecting the blood vessels of the retina. Clinically significant DME is a 
leading cause of blindness in younger adults (under 50). Clinically significant DME occurs when fluid leaks into the center of the 
macula, the light-sensitive part of the retina responsible for sharp, direct vision. Fluid in the macula can cause severe vision 
loss or blindness. 

Approximately 370,000 Americans currently suffer from clinically significant DME, with 95,000 new cases arising each year. 
According to the American Diabetes Association, more than 18 million Americans currently suffer from diabetes, and many 
other people are at risk for developing diabetes. With the incidence of diabetes steadily climbing, it is projected that up to 10 
percent of all patients with diabetes will develop DME during their lifetime. 

About VEGF Trap-Eye 

VEGF Trap-Eye is a fully human, soluble VEGF receptor fusion protein that binds all forms of VEGF-A along with the related 
Placental Growth Factor (PIGF). VEGF Trap-Eye is a specific and highly potent blocker of these growth factors. 

VEGF Trap-Eye is currently in Phase 3 development in wet (age-related) macular degeneration (AMO). The VIEW 1 (VEGF 
Trap-Eye: Investigation of Efficacy and Safety in Wet AMO) study is being conducted in the United States and Canada by 
Regeneron and the VIEW 2 study is being conducted in Europe, Asia Pacific, Japan, and Latin America by Bayer HealthCare. 
The primary endpoint of these non-inferiority studies is the proportion of patients treated with VEGF Trap-Eye who maintain 
vision at the end of one year, compared to ranibizumab patients. Patient enrollment has been completed in both studies with 
initial year-one primary endpoint data expected in the second half of 2010. 

VEGF Trap-Eye is also in Phase 3 development for the treatment of central retinal vein occlusion (CRVO), another major cause 
of blindness. The COPERNICUS (Controlled Phase 3 Evaluation of Repeated iNtravitreal administration of VEGF Trap-Eye In 
Central retinal vein occlusion: Utility and Safety) study is being led by Regeneron, and the GALILEO (General Assessment 
Limiting Infiltration of Exudates in central retinal vein Occlusion with VEGF Trap-Eye) study is being led by Bayer HealthCare. 
The primary endpoint of both studies is improvement in visual acuity versus baseline after six months of treatment. Initial data 
from the CRVO program are anticipated in early 2011. 

About Regeneron Pharmaceuticals, Inc. 

Regeneron is a fully integrated biopharmaceutical company that discovers, develops, and commercializes medicines for the 
treatment of serious medical conditions. In addition to ARCAL YST(R) (rilonacept) Injection for Subcutaneous Use, its first 
commercialized product, Regeneron has therapeutic candidates in Phase 3 clinical trials for the potential treatment of gout, 
age-related macular degeneration, and certain cancers. Additional therapeutic candidates are in earlier stage development 
programs in rheumatoid arthritis and other inflammatory conditions, pain, cholesterol reduction, allergic conditions, and cancer. 
Additional information about Regeneron and recent news releases are available on Regeneron's web site at 
wwwcreaenernn,com. 

Forward Looking Statement - Regeneron 

This news release discusses historical information and includes forward-looking statements about Regeneron and its products, 
development programs, finances, and business, all of which involve a number of risks and uncertainties, such as risks 
associated with preclinical and clinical development of Regeneron's drug candidates, determinations by regulatory and 
administrative governmental authorities which may delay or restrict Regeneron's ability to continue to develop or commercialize 
its product and drug candidates, competing drugs that are superior to Regeneron's product and drug candidates, uncertainty 
of market acceptance of Regeneron's product and drug candidates, unanticipated expenses, the availability and cost of capital, 
the costs of developing, producing, and selling products, the potential for any collaboration agreement, including Regeneron's 
agreements with the sanofi-aventis Group and Bayer HealthCare, to be canceled or to terminate without any product success, 
risks associated with third party intellectual property, and other material risks. A more complete description of these and other 
material risks can be found in Regeneron's filings with the United States Securities and Exchange Commission (SEC), including 
its Form 10-K for the year ended December 31, 2008 and Form 10-Q for the quarter ending September 30, 2009. Regeneron 
does not undertake any obligation to update publicly any forward-looking statement, whether as a result of new information, 
future events, or otherwise unless required by law. 
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About Bayer HealthCare Pharmaceuticals 

The Bayer Group is a global enterprise with core competencies in the fields of health care, nutrition and high-tech materials. 
Bayer HealthCare, a subsidiary of Bayer AG, is one of the world's leading, innovative companies in the healthcare and medical 
products industry and is based in Leverkusen, Germany. The company combines the global activities of the Animal Health, 
Bayer Schering Pharma, Consumer Care and Medical Care divisions. Bayer HealthCare's aim is to discover and manufacture 
products that will improve human and animal health worldwide. Find more information at www.bay>erhealthcare.com. 

Forward-Looking Statements - Bayer HealthCare AG 

This release may contain forward-looking statements based on current assumptions and forecasts made by Bayer Group or 
subgroup management. Various known and unknown risks, uncertainties and other factors could lead to material differences 
between the actual future results, financial situation, development or performance of the company and the estimates given 
here. These factors include those discussed in Bayer's public reports which are available on the Bayer website at 
w1;;,w /;ayer. corn. The company assumes no liability whatsoever to update these forward-looking statements or to conform them 
to future events or developments. 

Contact Information: 
Regeneron Pharmaceuticals, Inc. 
Peter Dworkin 
Investor Relations 
914.345.7640 
peter.dworkin@regeneron.com 

Bayer HealthCare 
Anna Koch, 
+49 30 468-15942 
anna.koch@bayerhealthcare.com 

Laura Lindsay 
Media Relations 
914.345.7800 
laura.lindsay@regeneron.com 

SOURCE Regeneron Pharmaceuticals, Inc. 

Copyright (C) 2010 PR Newswire. All rights reserved 
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ESTABLISHED IN 1812 OCTOBER 5, 2006 VOL 355 NO. 14 

Ranibizun1ab for Neovascular Age-Related 
Macular Degeneration 

Philip). F:05enfe!d 1 1\:'].D.) PhD .. David ~··1 B~·o\.\:'n, ~J~.D .. Jeff:·ey S. H(:le:· .. ;\:'] D.) D;~'ild S. 8Gy(:r-; :,,..:l.D.~ 
Pri:er K. !<a\-3.rr~ :v:.D., Ca:-c-iY. ~'"_nung

1 
Ph.D. 1 and f~ob~:-:-i:Y. :<:rn. ~-:1.D 1 fcj:·thr :\:'~/1-R!Ni\StudyC,:·ouiY·',· 

ABSTRACT 

R_:mibizmnab - :.J recombinant, humanized, monoclonal antibody Fab that neu
tralizes all active forms of vascular endothelial growth factor A - has been evaluated 
for the treatment ofneovascuiar age-rel:.Jted macular degeneration. 

In this muiticenter, 2-year, double-blind, sham-controlled study, we randomly as
signed patients with age-related macul:.ir degener:.ition witb either niinhnatly classic 
or occult (with no classic lesions) choroidal neovascularization to receive 24 monthly 
irn:ravitreal injections of ranibizum:.ib (either 0.3 mg or 0.5 mg) or slrnn injections. 
The primary end point was the proportion of patients losing fewer than 15 letters 
from baseline visual acuity at 12 morn:bs. 

We enrolled 71(i patients in the study. At 12 months, 94.5% of the group given 0.3 mg 
ofranibizumab :md 94.6% oftbose given 0.5 mg iost fewer than 15 letters, as com
pared with 62.2% of patients receiving sham injections (P<0.001 for both compari
sons). Visual acuity irnproved by 15 or more letters in 24.8% of the 0.3-mg group 
and 33.8% of the 0.5-mg group, as compared with 5.0% of the sham-injection 
group (P<0.001 for both doses). Mean increases in visual acuity were 6.5 letters in the 
0.3-mg group and 7.2 letters in the 0.5-mg group, as compared with a decrease of10.4 
letters in the sham-injection group (P<0.001 for both comparisons). Tbe benefit in 
visual acuity was maintained at 24 months. During 24 months, presumed endoph
thalmitis was identified in five patients (1.0%) and serious uveitis in six p:.itients 
(1.3%) given ranibizumab. 

Intravitreal :.idm inistration of ranibizumab for 2 years prevented vision loss and 
improved mean visual acuity, with low rates of serious adverse events, in patients 
wh:b rninimaliy classic or occult (with no classic lesions) choroidal neovascular
ization secondary to age-related macular degeneration. (ClinicalTrials.gov number, 
NCTOOOS6836.) 

N ENGL) MED 355;14 W\VW.NEJM.ORG OCTOBER 5, 2006 

From the Bascom Pairner Eye !nstitute 1 

Unive,s,tyoflVl,ami Miller School of Med
icine, Miami (P.J.R.); Vitreoretinal Con
sultants, Methodist Hospital, Houston 
(D.IV1.B.); Ophthalmic Consuitants of 
Boston, Boston (J.S.H.); Retina Vitreous 
Associates f'11ledicai Croup, Los Angeles 
(D.S.B.); the Cole Eye lnr,titute, C!eveland 
Clinic Foundation, Cleveland (P.K.K.); and 
Genentech, South San Francisco, CA 
(C.Y.C., R.Y.K.). Addrec;s reprint requests 
to Dr. Rosenfeld at the Bascom Palmer 
Eye Institute, Department ofOphthalmoi
ogy. University of Miarni Miller School of 
Medicine, 900 ~NV 17th St., Miami, FL 
33136 1 or at prosenfeid@rned.miami.edu. 

·,\'Pr!nc!pai mvest!gators in the Minirna!iy 

Classic/Occult Trial of the Anti-VEGF 
Antibody Ran ,b,zumab ,n the Treatment 
ofNeovascular Age-Reiated Macular De
generation (MARINA) Study Group are 
1·1sted rn the Appendix. 

N Englj Med 2006;355:1419-31. 
Copyright © 2006 Mcissachusetts Medicai Society. 

1.41.9 
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/\ GE··RELATED MACULAR DEGENERATION 

t \ · l d' f" 'bl bl' d f,"\ 1s a ea mg cause o : 1rrevers1 e m ness 
.A. A. among people who are 50 years of age or 
older in the developed world. 1· 3 The neovascular 
form of the disease usually causes severe vision 
loss and is characterized by the abnormal grm,vth 
of new blood vessels under or within the macula, 
the central portion of the retina responsible for 
high-·resolution vision. 

Neovascularization in this disease is classified 
by fluorescein angiography into major angio-
graphic patterns termed classic and occult, which 
may be associated with various degrees of aggres-· 
siveness of disease, vision loss, and response w 
various treatment options. 4 Pharmacologic them-
pies for neovascular disease that are available in 
the United States and Europe include verteporfin 
photodynamic therapy5•8 - approved by the Food 
and Drug Administration only for predominant
ly classic lesions (in which 50C'lo or more of the 
lesion consists of classic choroidal neovascular-
i za tion) and by the European Agency for the 
Evaluation of Medicinal Products for both pre-
dominantly classic lesions and occult disease with 
no classic lesions ----- and pegaptanib sodium,9 

Both treatments can slovv the progression of vi
sion loss, but only a small percentage of treated 
patients show improvement in visual acuity. 

The age--related changes that stimulate patho-· 
logic neovascularization are incompletely under
stood, but vascular endothelial growth factor A 
{VEGF-A) - a diffusible cytokine that promotes 
angiogenesis and vascular permeability ····· has 
been implicated as an important factor promoting 
neovascularization. 10•15 Multiple biologically active 
forms of VEGF-A are generated by alternative 
messenger RNA splicing and proteolytic cleav-· 
age, 16 and two isofonns have been detected in 
choroidal neovascular lesions.15 

Ranibizumab - a recombinant, humanized 
monoclonal antibody Fab that neutralizes all ac-· 
tive forms ofVEGF-A - was recently approved by 
the Food and Drug Administration for the treat
ment of all angiographic subtypes of subfoveal 
neovascular age-related macular degeneration. In 
phase 1 and 2 clinical studies, ranibizumab dem
onstrated encouraging signs of biologic activity, 
with acceptable safety, when administered intra
vitreally for up to 6 months in patients with neo-· 
vascular age-related macular degenerar.ionY·19 In 
our phase 3 study, ,'Viinimally Classic/Occult Trial 
of the Anti-VEGF Antibody Ranibizumab in the 
Treatment of Neovascular Age-Related Macular 

Degeneration (MARINA), we evaluated ranibi
zurnab for the treatment of minimally classic or 
occult with no classic choroidal neovasculariza
tion associated with age-rel:.Jted macular degen
eration. 

METHODS 

STUDY DESIGN 

At 96 sites in the United States, we enrolled 716 
patients in our 2-year, prospective, randomized, 
double-blind, sham-corn:rolled study of the safety 
and efficacy of repeated intravitreal injections of 
ranibizumab among patients with choroidal neo
vascularization associated with age-related macu
lar degener:.Jtion, We performed a prespedfied pri
mary efficacy analysis at 12 months. The primary 
efficacy end point was the prop onion of patients 
who had lost fewer than 15 letters (approximate
ly 3 linesj from baseline visual acuity, as assessed 
with the Early Treatment Diabetic Retinopathy 
Study (ETDRS) chan:, with the use of standard
ized refraction and testing protocol at a starting 
test distance of2 rr1. We obt:.Jined approval from 
the institutional review board at each study site 
before the enrollment of patients; all study sites 
complied with the requirements of the Health 
Insurance Portability and Accountability Act. The 
eligibility of lesions was confirmed by an inde
pendent centr:.J l re:.Jding center with the use of 
standardized criteria and trained graders who 
were unaware of p:.Jtients' treatment assignments. 
Patients provided written informed consent be
fore detennination of their foll eligibility. Screen
ing lasted as long as 28 days. 

'fo be included in the study, patients bad to be 
at least 50 years old; have a best corrected visual 
acuity of 20/40 to 20/320 (Snellen equiv:.J !em: de
termined with the use of an ETDRS chart); have 
primary or recurrent choroidai neovascuiariza
tion associated with age-related macular degen
eration, involving the fove:.Jl center; h:we :.J type of 
lesion that had been assessed with the use of 
fluorescein angiography and fundus photogra
phy as minimally classic or occult with no classic 
choroidal neovascularization; have a rnaxinmm 
lesion size of 12 optic-disk areas (1 optic-disk 
area equ:.Jls 2.54 mm2 on the basis ofl optic-disk 
diameter of 1.8 mm), with neovascularization 
composing 50% or more of the entire lesion; :md 
have presumed recent progression of disease, as 
evidenced by observable blood, recent vision ioss, 
or a recent increase in a lesion's greatest linear 

N E!\IGL.J MED 355;14 \VWW.NEJM.ORG OCTOBER 5, 2006 
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diameter of 10% or more. (For a complete list of 
eligibility criteria, see Table 1 of the Supplemen
tary Appendix, available with the full text of this 
article :.it www.nejm.org.) There were no exclu
sion criteria regarding preexisting cardiovascular, 
cerebrovascular, or peripheral vascular condi
tions. 

STUDY TREATMENT 

We randomly assigned eligible patients in a 1:1:1 
ratio to receive ranibizumab (Lucentis, Genentech) 
at a dose of either 0.3 mg or 0.5 mg or :.J sh:.i m 
injection monthly (within 23 to 37 days) for 2 years 
(24 injections) in one eye. The evalu:.iti ng physi
cian was unaware of the patient's treatment as
sigmnen t; the physician who administered tbe 
injection was aware of the patient's treatment as
signment regarding ranibizum:.ib or sham tre:.Jt
ment but was unaware of the dose of ranibizumab. 
Other personnel at each study site (except for those 
assisting with injections), patients, and personnel 
at the centr:.J 1 reading center were unaware of the 
patient's treatment assignment. 

Verteporfin photodynamic therapy was allowed 
if the choroidal neovascularization in the study 
eye became predominantly d:.issic. On the basis 
of a policy decision by the Centers for Medicare 
and Medicaid Services to reimburse pbotodynarn
ic therapy for small, minimally classic, and occult 
lesions as of April 1, 2004, the study protocol was 
amended to allow photodynamic therapy for min
imally classic or occult dise:.ise witb no classic le
sions that were no larger than 4 optic-disk areas 
and were accompanied by a loss of 20 letters or 
more from baseline visual acuity, as confirmed 
at consecutive study visits. (A score of 55 letters 
is approximately equal to a Snellen equivalent of 
20/80 vision.) 

The study was designed and analyzed by a 
committee composed of both acadernic investiga
tors and representatives of the industry sponsor. 
In the analysis of the data and tbe writing of the 
manuscript, Dr. Rosenfeld had full and unre
stricted access to the data, and :.ill the coauthors 
contributed to the interpretation of the data and 
the final version of tbe manuscript. Ali the au
thors vouch for the accuracy and completeness of 
the reported data. 

STATISTICAi. ANALYSIS 

\Ve performed efficacy analyses on an intention
to-treat basis among all patients witb the use 
of a last-observation-carried-forward method for 

missing data. For all pairwise comparisons, the 
statistical model adjusted for baseline score for 
visual acuity (<55 letters vs. 255 letters) and sub
type of choroidal neovascularization (mi nhnally 
classic vs. occult with no classic disease). Between
group comp:.irisons for dichotmnous end points 
were performed with the use of the Cochran chi
squ:.ire test. 2°Change frmn baseline visual :.icuity 
was analyzed with the use of analysis-of-variance 
models. l~or end points for lesion characteristics, 
analysis-of-covariance models adjusting for the 
baseline value were used. The Hochberg-Honfer
roni multiple-comparison procedure21 was used 
to adjust for the two pairwise treatment com
parisons for the primary end point. Safety analy
ses included :.J 1l treated patients. 

We determined the number of patients in each 
group on the basis of a 1:1:1 r:mdomization ratio, 
Pearson's chi-square test for the two pairwise 
comparisons of the primary end point, and tbe 
Hochberg-Bonferroni multiple comparison pro
cedure at an overall type [ error of 0.0497 (adjust
ing for the three planned safety interim analyses 
before the primary efficacy analysis). Monte Carlo 
simulations were used to evaluate the power of 
tbe srndy. We estimated th:.it tbe enrollment of 
720 patients would provide the study with a sta
tistic:.J 1 power of 95% to detect a significant dif
ference between one or both ranibizumab groups 
:md tbe sharn-injection group in the proportion of 
patients losing fewer than 15 letters at 12 months, 
assuming a proportion of 65% in each r:.J nibi
zumab group and 50% in the sham-injection 
group. (l~or more details, see the Methods section 
of the Supplementary Appendix.) 

RESULTS 

STUDY PATIENTS 

Between Marcb 2003 and Decernber 2003, 716 pa
tients were enrolled and randomly assigned to 
study tre:.itnient. Groups were balanced for demo
graphic and baseline ocular characteristics (Ta
ble lj. 

More than 90% of patients in each treatment 
group remained in tbe study at 12 nwnths, and 
approximately 80 to 90% remained at 24 months 
Cfable 2 of tbe Supplementary Appendix). Tbe 
percentages who were still receiving study treat
ment were similarly bigb at 12 months and at 
the end of the study. After the unmasking of first
year results :.J nd discussion with the dat:.J and 
safety monitoring committee, ranibizumab was 

N ENGL) MED 355;14 W\VW.NEJM.ORG OCTOBER 5, 2006 :l421 
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:'~,hle L Baseline Characteristics of the Patients.'' 

Characteristic 

Sex- no<{%) 

rv1ale 

Female 

Race - no. (9b) t 
White 

Other 

Age ----yr 

Mean 

Range 

Age group- no.(%) 

50-64 yr 

65-74 yr 

75---84 yr 

~85 yr 

Previous therapy for age-related rnacular degeneration 
-no.(%) 

Any treatment 

Laser photocoagu!ation 

Med,cation:j: 

~.Jutritiona! suppiernents 

Other 

No. ofletters as rneasure of visual acuity§ 

Mean 

<55 ---- no. (%) 

.~55 ---- no. (%) 

offered to ail patients in October 2005, 2 months 
before the end of the iast patient's final study 
visit at 24 months, Of the patients in the sham
injection group, 12 were switched to receive 
0.5 mg of ranibizumab: 5 patients (2.1%) at 22 
months and 7 (2.9%) at 23 months, the last pos
sible injection visit. During the 2-year treatment 
period, 38 patients in the sham-injection group 
(16.0%), 2 patients in the group receiving 0.3 mg 
of ranibizmnab (0.8%), and none in the group 
receiving 0.5 mg of ranibizumab received verte
porfin photodynamic therapy at least once. in the 
second year, 13 patients (5.5%) in the sham-injec
tion group and none in the r:-i nibizurnab groups 
chose to discontinue study treatment and receive 
pegaptanib sodium, which was approved in the 
United States in December 2004 for the treatment 
of neovascular age-related macular degeneration. 

0.3 mg of 0.5 mg of 
Sham Injection Ranibiwmab Ranibiwmab 

{N=:238) (N=238} (N=240} 

79 (33.2) 85 (35. 7) 88 (36. 7) 

159 (66.8) 153 (64.3) 152 (63.3) 

231 (97.1) 229 (96.2) 232 (96.7) 

7 (2.9) 9 (3.8) 8 (3.3) 

77c±J 77;,8 77;,8 

56-94 52.-95 52-93 

11 (4.6) 13 (5.5) 16 (6.7) 

67 (28.2) 64 (26.9) 64 (26.7) 

132 (SS.5) 130 (54.6) 124 (517) 

28 (11.8) 31 (13.0) 36 (15 0) 

135 (56. 7) 140 (58.8) 139 (57.9) 

22 (9.2) 13 (5.5) 14 (5.8) 

3 (1.3) 1 (0.4) 3 (12.) 

12.1 (50.8) 134 (56.3) 127 (52.9) 

8 (3.4) 3 (1.3) 3 (12.) 

53.6±14.1 53.1±12.9 53. 7±12.8 

109 (45.8) ll5 (48.3) 117 (48.8) 

129 (54.2) 123 (51.7) 123 (51.2) 

Of these 13 patients, 8 remained in the follow-up 
group at 24 months. 

PRIMARY ANO SECONDARY END POINTS 

The primary and key secondary efficacy results at 
12 months (prespecified prhnary analysis) and 
24 months are summarized in Figures 1 and 2. 
The study met its primary end poim: (Fig. 1A) :-it 
12 months, Of the patients who were treated with 
ran ibizu mab, 94. 5°k, of the patients receiving 
0.3 mg and 94.6% of those receiving 0.5 mg had 
iost fewer th:-i n 15 letters from baseline visu:-i 1 
acuity, as compared with 62.2% in the sham-injec
tion group (P<0.001 for the cmnparison of e:-ich 
dose with the sham-injection group). At 24 months, 
this end point w:-is met by 92.0% of the patients 
receiving 0.3 mg of ranibizumab and 90.0% of 
those receiving 0.5 mg, as cmnpared with 52.9tYo 
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RANiETZUMAH FOR NEOVASCULAR AGE-RELATED Jv\ACULAR DEGENERATJON 

Characteristic 

Visuai acuity (approxirnate Sne!!en equivalent) - no. (96)§ 

20/200 or worse 

Better than 20/200 but worse than 20j40 

20/40 or better 

Type of choroidal neovascuiarization ----· no. (%) 

Occult \Nith no classic lesion 

Minimally classic lesion 

Predominantly classic lesion 

Missing data 

Size ofiesion - optic-disk area, 

Mean 

Range 

Size of choroidal neovascu!arization - optic-disk area, 

Mean 

Range 

Size ofieakage frorn choroidal neovascu!arization 
plus staining of retina! pigment epitheiiurn -
optic-disk area, 

Mean 

Range 

Sham Injection 
(N=238} 

32 (13.4) 

170 (71.4) 

36 (15.1) 

151 (63.4) 

87 (36.6) 

0 

1 (0.4) 

4.4±2.5 

0.0-11.8 

4.3±2.4 

0.0-11.8 

3.5±2.5 

0.0-12.9 

0.3 mg of 
Ranibizumab 

(N=238} 

35 (14.7) 

176 {73.9) 

27(11,3) 

151 (63.4) 

86 (36.1) 

1 (0.4) 

0 

4.3±2.5 

0.1-11.8 

4.1±2.5 

0.0-11.8 

3.6±2.5 

0.0-12.0 

0.5 mg of 
Ranibiwmab 

(N=240} 

31 (12.9) 

173 (72.1) 

36 {15.0) 

149 (62.1) 

91 (3 7.9) 

0 

0 

4.5±2.6 

0.3-12.0 

4.3±2.5 

0.1-12.0 

3.5±2.6 

0.0-13,S 

-f, Plus-rninus values are means ±SD. Percentages rnay not tota! 100 because of rounding. 
i" Race was determined by the investigators. 
t Medications included triarncino!one acetonide, prednisolone ophtha!rnic, and didofenac sodlurn. 
§ Visuai acuity was measured with the use of ETD RS charts at a starting distance of 2 m. A score of 55 letters is approxi•

rnate!y equal to a Snellen equivalent of 20/80. 
~I One optic-disk area is equal to 2.54 mrn 2 on the basis of one optic-disk diameter of 1.8 rnm. 

in the sham-injection group (P<0.001 for each 
comparison). Tbe visu:-i l-acuity benefit :-issodated 
with ranibizumab was independent of the size of 
the baseline lesion, tbe lesion type, or baseline 
visual acuity (Fig. 1B and lC). 

At 12 and 24 months, approxhnately one qu:-ir
ter of patients treated with 0.3 mg of ranibizu
rnab and one third of patients treated with O.S mg 
of ranibizumab had gained 15 or more letters in 
visual acuity, as compared wh:b 5.0% or less of 
those in the sham-injection group (P<0.001 for 
each comparison) (Fig. 1D). 

At both doses of ranibizumab, the mean im
provement frmn baseline in visual-acuity scores 
was evident 7 days after the first injection (P=O.OOCi 
for tbe 0.3-rng dose and P ::, 0.003 for the 0.5-mg 
dose), whereas mean visual acuity in the sham
injection group declined steadily over time at each 

monthly assessment (P<0.001 for both compari
sons) (Fig. 2A). At 12 months, mean incre:-ises in 
visual acuity were (i.5 letters in the 0.3-mg group 
:md 7.2 letters in tbe O.S-mg group, as cmnpared 
with a decrease of 10.4 letters in the sham-injec
tion group (P<0.001 for both comparisons). Tbe 
benefit in visual acuity was maintained at 24 
morn:bs. Tbe average benefit :-issociated with 
ranibizumab over that of sham injection was 
approximately 17 letters in each dose group at 
12 months and 20 to 21 letters at 24 months. 

At baseline, the percentages of patients with 
20/40 vision or better were similar among the 
three groups (l~ig. 28). At 12 months, approxi
mately 40% of patients receiving ranibizumab had 
20/40 vision or better, as cmnpared witb 11.3% in 
the sham-injection group (P<0.001). At 24 months, 
of the patients receiving ran ibizurnab, 34.5% of 
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those in the 0.3-mg group and 42.1% in the 0.5-mg 
group had at le:.ist 20/40 vision, whereas the pro
portion in the sham-injection group had dropped 
to 5.9% (P<OJlOl for each cmnparisonj. 

A single patient in the sham-injection group 
had 20/20 or better vision at baseline. Among pa
tients receiving ranibizumab, 3.8% in the 0.3-mg 
group and 7.9% in the 0.5-mg group had 20/20 
vision or better at 12 months, and (i.7% in the 
0.3-rng group and 7.9% in tbe 0.5-rng group h:.id 
20/20 vision or better at 24 months. In the sham
injection group, only two patients (0.8%) bad 
20/20 vision or better at 12 months (P<0.001 for 
tbe comparison with the 0.5-mg group and P:c:0,03 
for the comparison with the 0.3-mg group), and 
one (0.4%) had 20/20 vision or better at 24 months 
(P<0.001 for the comparison with each ranibi
zumab groupj. 

The percentages of patients with visual acuity 
of20/200 or worse were simil:.ir among the three 
groups at baseline (Fig. 2C). At 12 and 24 months, 
tbe percentages in tbe ranibizum:.ib-treated groups 
remained about the same, whereas the percent
ages in tbe sham-injection group had increased 
by 3 to 3.5 times (P<0.001 for the comparison 
witb each ranibizumab dose at 12 and 24 months), 
Very few patients receiving ranibizumab had se
vere vision loss (30 letters or more) frmn baseline 
(0.8% of the 0.3-mg group and 1.2% of the 0.5-mg 
groupj, as compared witb 14.3'Yo of tbe sbam
injection group at 12 months; at 24 months, 3.4% 
of the 0.3-mg group and 2.5% of the 0.5-mg group 
had severe vision loss, as compared with 22.7% 
of the sham-injection group (P<0.001 for the com
parison with each dose at 12 and 24 months). 

R_:.i nibizumab treatment was assoc:i:.ited with 
arrested growth of and leakage from choroidal 
neovascuiarization (including intense, progressive 
staining of the retinal pigment epithelium) (Fig. 3A 
through Fig. 3D), Tbe me:.J n change from base
line in each of the ranibizumab-treated groups 
differed significantly from that in the sham-injec
tion group at 12 and 24 months (P<0.001 for each 
comparison). 

ADVf.i!SE EVENTS 

Cumulative adverse events for the 24-month study 
period :.J re summ:.irized in Table 2. Each of tbe 
key serious ocular adverse events occurred in dif
ferent patients (Table 3 oftbe Supplementary Ap-

1 
Fig:sre l {fr1dr:g p,:3-ge}., Rate of loss or Gain ofV!sual ~ 

Acuity at 12 and 24 Months Associated with Ranibizumab, ! 
as Compared with Sham Injection. j 

1 
Panel A shows the percentage of patients in each group ! 

1 
1 
1 
1 
1 
1 
1 
1 
1 

who !ost fewer than lS ietters from baseline visual acuity 

at 12 rnonths (the prirnary efficacy end point) and at 

24 months. Paneis B and C summarize the percentage 
of patients who lost fewer than 15 letters at 12 and 24 ! 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

rnonths, respectively, according to lesion sfze {l optic

d,sk area is equal to 2.54 mm' on the basis of l optic

disk diameter ofl.8 mm), baseline visual acuity {a score 
of55 letters is approximately equal to a Snellen eqc1iva• 
lent of 2.0j80L and !es ion type. Panel D shows the per .. 

centage of patients who gained 15 or m,Jre letters from 
baseline at 12 and 24 months. For the study overall. 
treatrnent cornpar!sons \Nere based on the Cochran 

chi-square test stratified accord,ng to the visual-acuity 
score at day O (<SS ietters vs. ;;,SS ietters) and choroi
dal neovascuiarization subtype. Pears,Jn's chi-square 
test was used for treatment comparisons fn each sub- ! 
group. The !ast-observation-carr!ec!-fr_1rward rnethod ! 

' " ' . " ~ was usec to hanc!!e n11ss:ng data. A:: tests were two- ~ 

sided (P<0.001 fr_1r all cornParisons between each ra- ~ 
nibizumab grnup and the sham•injection group). I bars j 
represent 959-6 confidence tnterva!s. 1 

1 
1 
l 

pendix). lnvestigator-reported cases ofendophth:.il
mitis, as well as any case of serious uveitis treated 
wh:b intravitreal antibiotics, were presumed to be 
endophthalmitis. The presumed endophthalmitis 
rate w:.is 5 of 4T7 patients (1.0%) or, altermtiveiy, 
a rate per injection of 0.05% (5 of 10,443 total 
injections). In four of the five presumed cases of 
endophthalmitis, neither vitreous nor aqueous 
culture showed growth, 

Slit-lamp examination revealed inflammation 
(ofany cause, including endopbthalmitis) through
out the study in the ranibizumab groups (Table 2, 
and Table 4 :md 5 of the Supplementary Appen
dix).22,23 Most of the inflammation in all groups 
was designated as trace or l+. 

Ranibizumab had no long-term effect on intra
ocuiar pressure, on average, as assessed by month
ly preinjection measurements during the 2-year 
follow-up. [ntraocular pressure was increased on 
average 1 hour after ranibizumab injections at 
protocol-mandated i ntr:.iocular-pressure assess
ments; however, the absence of corresponding 
changes in preinjection measurements suggests 
the postinjection increases were transient. On 
avenge, postin_jection intraocular pressure in
creased from the preinjection value by 1.9 to 3.5 
mm Hg in tbe 0.3-mg group and 2.1 to 3.4 mm Hg 
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RANiETZUMAH FOR NEOVASCULAR AGE-RELATED Jv\ACULAR DEGENERATJON 
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A 

B 

C 

Mean Change from 
Baseline 

0.5 mg of ranibizumab 
0 3 mg of ranibizumab 
Sham fnject1or1 

0 
0 
N --0 
N .... _ 
~~ 
ij OJ 

"'iii ~ 
> 0 

·:;; ~ 
<J" ~ 

IJJ 0 
s: 

..'!! 

.; 
s:: 

VI 

100 

80 

60 

40 

20 

0 

JOO 

so 

60 

40 

20 

0 

10 

(day 7) 
+-2.6 
+2.3 
+0.6 

+5.9 
+5.1 
--3.7 

+6.5 
+5.6 
--6.6 

+7.2 
+5.9 
--9.l 

Month 

+7.2 +7.4 
+6.S +6.9 

--10.4 --11.8 

D Sham m1ection 
(n-238j 

D 0.3 111g ofranibizu111ab 
{n=238) 

}8.7 40.0 

Baseline 

42.9 

Baseline 12 Months 

+6.8 
+6.J. 

--13.6 

+6.7 
+6.2 

--15.0 

+6.6 
+5.4 

--14.9 

~ 0.5 mg of ranibizumab 
(o-240) 

24 Months 

47.9 

24 Months 

,'igt,t0 ;,, Mean Changes from Baseline in Visual Acuity and Snellen Equivalents at 12 and 24 Months, 

Pane! A shov,.'s the rnean changes from baseline in visual acuity dudng a 24-rnonth pertod, At each rnonthly assess .. 

ment, P<0.001 for the comparison between each ranibizurnab group and the sham-injection group. On day 7, 
,,=0.006 for patients receiving 0.3 mg of ranibizumab and P=0.003 for those receiving O.S mg. Pane!s Band C 
shmv the change from baseiine in the percentage of patients with a Sneiien equivaient of 20/40 or better and the 
percentage of patients with 20/200 or worse, respectiveiy, at 12 and 24 months (P<0.001 for the comparis,Jn be
tween each ranfbizurnab group and the sharn--injection group at 12 and 24 rnonths). Treatrnent cornp;:1r·lsons use 

pairwise models adjusted for visc1al.,acuity scores at day O (<55 letters vs. 2:55 letters) and for the type of choroidal 
neovascu!arization. Ana!ysis of variance was used to assess the change ,n visual acuity frorn baseline al each month!y 
assessrnenL The Cochran chi-square test was used for the cornparison of percentages. The last-obser·vation-carried

forward method was used to hand!e missing data. Ali statlsticai tests were two-sided. 1 bars represent SE in Pane! A 

and 95~k: confidence intervals in Panels Band C. 
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RANiETZUMAH FOR NEOVASCULAR AGE-RELATED Jv\ACULAR DEGENERATJON 

D Sham injecti,:,o 
{n=238) 

D 0.3 mg of ranib,zumab 
(n-238) 

!!!I 0.5 mg ofranibizumab 
(n-240j 

F1g,m~ :>. Mean {:t:SE} Changes in Cfmroida! Neovascularization and Leakage. 

Leakage refers to that ass,Jciated with choroid al neovascularization plus intense, progressive staining of the retinal 
pigrnent epfthe!iurn. One optic-disk area is equa! to 2.54 rnrn 2 Pairwise analysis of covariance was adjusted for the 

visual-acuity score at day O (<55 letters vs. ;:,55 letters), the subtype of d1,Jroidal neovascularization, and the base-• 
iine value of the end po,nt. Missing data were imputed according to the last-observation-carried-forward approach. 
P<0.001 for the cornparison between each ranibizumab group and the sham-injection group at 12 and 24 rnonths. 
All statistical tests were two-sided. 

in the 0.5-mg group, as compared with 0.8 to 
1.5 rmn Hg in tbe sh:.J m-injection group. Postin
jection intraocutar pressure of 30 mm Hg or more 
occurred in approximately 13.0tYo of patients in 
the 0.3-mg group and 17.6% of those in the 0.5-
mg group, as compared witb 3.4% of those in the 
sham-injection group. Intraocular pressure of 40 
mm Hg or more occurred in 2.3% of patients in 
each ranibizumab group and in no patients in 
the sham-injection group. A postinjection intra
ocular pressure of 50 mm Hg or more occurred 
in 0.6% of each ran ibizumab group. 

Ranibizumab was not associated with an in
cre:.Jsed frequency of cataracts (15.7% of patients 
in the sham-injection group, as compared with 
15.5% in e:.Jch ranibizum:.Jb group). However, lens 
status did change in a few patients during the 
2-ye:.Jr treatment period. Of patients whose study 
eye was phakic at baseline and whose lens status 
was known at 24 months, the study eye of 6 of 
117 patients in the 0.3-mg group (5.1%) and 8 of 
111 patients in the 0.5-mg group (7.2%) bad be
come pseudophakic by 24 months, as compared 

with no patients in the sham-injection group. At 
24 months, ranibizumab-tre:.Jted patients whose 
study eye had been phakic and then became pseu
dopbakic during tbe course of tbe study had vi
sual acuity similar to that of ranibizumab-treated 
patients overall. 

Seventeen deaths occurred during the 2-year 
study. In the sham-injection group, six patients 
(2.5%) died: two from strokes, one from conges
tive heart failure, one from renal failure, one from 
acute respiratory failure, and one ofan unknown 
cause. In the group receiving 0. 3 rng of ranibi
zumab, five patients (2.1%) died: two from myo
cardial infarction, one from complications of non
Hodgkin's lymphoma, one from pneumonia, and 
one frmn an unknown cause. In the group receiv
ing 0.5 mg of ranibizumab, six patients (2.5%) 
died: two from stroke, one from a smaH-bowel 
infarct, one from traumatic injury from an auto
mobile accident, one from sepsis, and one from 
chronic asthma and chronic obstructive pulmo
nary disease. An :.Jdditional three patients who 
had completed the study or had withdrawn from 
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Sham Injection 
Adverse Event 

Serious ocular event- no. {%) 

Presumed endophthalrnitist 

Cu!ture not obtained 

Cuiture negative 

Uveitis 

Rhegmatogenous retinal detachment 

Retinal tear 

Vitreous hemorrhage 

Lens damage 

Most severe ocuiar inflammation---- no. (%), 

None 

Trace 

l+ 

2+ 

3+ 

4+ 

Nonocular adverse event 

Investigator-defined hypertension 

No. of patients {%) 

Mean decrease in blood pressure from baseline 
- rnrn Hg 

l<ey arterial thrornboernboHc events {nonfatal) - no. {9b) 

Myocardial infarction 

Stroke 

Death - no. (%) 

Vascular cause (faJJl-C critena) 

t'-Jonvascular cause 

~fonocular hemorrhage----· no. (%) 

Tota! serious and nonserious events 

Reported as a serious adverse event 

APTC denotes Ant1plateiet Triaiists· Coiiaboration. 

(N=:236) 

0 

0 

0 

0 

1 (0.4) 

0 

2 (0.8) 

0 

206 (87.3) 

24 (10.2) 

6 (2.5) 

0 

0 

0 

38 (16.1) 

3.3i3,5 

4 (1.7) 

2 (0.8)""-n-

4 (1.7),, 

2 (0.8) 

13 (S.S) 

2 (0.8) 

0.3 mg of 
Ranibiwmab 

(N=:238) 

2 (0.8) 

l (0.4) 

1 (0.4) 

3 (1.3) 

0 

l (0.4) 

1 (0.4) 

0 

198 (83.2) 

19 (8.0) 

14 (5.9) 

2 (0.8) 

2 (0.8) 

3 (1.3) 

41 (17.2.) 

2.6/2.5 

6 (2.5)§ 

3 (U)tt 

3 (1.3):~t 

2 (0.8) 

22 (9.2) 

3 (13) 

Ill 

0.5 mg of 
Ranibizumab 

(N=239) 

3 {l.3) 

0 

3 {l.3)t 

3 {1.3)§ 

0 

l (0.4) 

l (0.4) 

l (0.4) 

189 (79.1) 

35 (14.6) 

8 (3.3) 

2 (0.8) 

2 (0.8) 

3(13) 

39 (16.3) 

4.4/1.l 

3 {l.3) 

6 (2..5) 

3 (13);'dd: 

3 (l.3) 

21 (8.8) 

5 (2.1) 

t Events were categorized as presumed endophtha!rnitls in cases in which intravitreal antibiotics were adrninlstered, 
One event was reported as uveitis by an investigator. 
One patient had two episodes. 
Ocu!ar inf!arnrnation (regardless of cause) was determined on the basis of s!it-iarnp exarnination. 
One patient had a myocardial infarction and a hemorrhagic stroke, both nonfatal. 

-Id: One patient in the sham-injection group received a single 0.5-rng dose ofranibizurnab in error approximately 
8 rnonths before the onset of the stroke. 

tt One patient had a second episode of stroke, which resuited in death. 
tt One patient had a nonfata! ischernic stroke and died of an unknown cause, 
§§ One patient had a cerebra! ischern ic incident that was categorized as an ischern !c stroke. 
,, Two patients d,ed from stroke, one from congestive heart faiiure, and one from an unknown cause. 
!I ii Two patients died frorn myocardial infarction, and one from an unknown cause. 
1""' One patient died from a srnall-bowe! infarct, and two from stroke. 
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RANiETZUMAH FOR NEOVASCULAR AGE-RELATED Jv\ACULAR DEGENERATJON 

the study before 24 months died: one patient in 
the sham-injection group from cardiac arrest 15 
days after completing the study, one in the group 
receiving 0.3 mg of r:mibizmnab from lung can
cer 174 days after completing the last study visit 
at 22 months, and one in the group receiving 
0.5 mg ofranibizumab from lung cancer 91 days 
afier completing tbe last study visit at 23 months. 

The overall incidence of any serious or nonse
rious nonocular (systemic) adverse event, includ
ing adverse events previously associated with sys
temically administered anti-VEGF therapy, such as 
arterial thromboembolic events and hypertension 
(Table 2), was similar among the groups. At 24 
months, on the basis of the classification system 
of the AntiplateletTrialists' Collaboration (APTC), 24 

which includes nonfatal myocardial infarction, 
nonfatal stroke, and death from a vascular or un
known cause, the rate of arterial thromboem
bolic events among patients in the sham-injection 
group was 3.8%, the rate among patients receiv
ing 0.3 mg of ranibizumab was 4.6%, and the 
rate among patients receiving 0.5 mg of ranibi
zmnab was 4.6%; none of the differences were 
significant. The onset of these events and the 
time of study treatment appeared to be unrelated. 
No adverse events of proteinuria were reported. 
Nonocular hemorrhages occurred at similar rates 
in the first treatment year in the three groups 
(3.8% in both the sham-injection group :.J nd the 
0.3-mg group and 2.1% in the 0.5-mg group). 

Cunmlative rates of nonocu tar bemorrbage 
increased in all groups through the second treat
ment year, but more so in the ranibizumab groups 
(Table 2). By 24 months, nonocular hemorrhage 
bad occurred in S. 5% of patients in tbe sbarn
injection group, as compared with 9.2% of those 
receiving 0.3 mg of ranibizumab and 8.8% of 
those receiving 0.5 mg of ranibizumab; none of 
the differences were signific:mt. (For cumut:.itive 
rates of specific types of nonocular hemorrhage, 
see Table 6 of the Supplementary Appendix,) 
Since the study was not powered to detect small 
differences in r:.ites, no conclusion can be drawn 
regarding whether these differences were drug
related or due to chance alone. Among the 12 
patients in the sham-injection group who switched 
to ran ibizumab therapy, no serious adverse events 
were reported after the switch. 

P:.itients in all three groups were tested for 
circulating antibodies against ranibizumab at 
baseline and at nwnths 6, 12, and 24, A small 

percentage of patients in alt three groups tested 
positive before study treatment, possibly owing 
to preexisting anti-Fab immunoreactivity. At base
line, immunoreactivity rates were 0.9% in tbe 
group receiving 0.3 mg of ranibizumab, 0% in the 
group receiving 0.5 mg of ranibizumab, and 0. 5% 
in the sham-injection group. During the first 
treatment year, inrnurnoreactivity r:.ites increased 
similarly in alt treatment groups. However, by the 
end of the second year, 4.4'Yo of patients in the 
0.3-mg group and (J.3% of those in the 0.5-mg 
group tested positive, as compared witb only 1.1% 
in the sham-irJection group. Exploratory subgroup 
:malyses of safety :md efficacy outcomes revealed 
no clinically relevant differences between patients 
with and those without immunoreactivity to ra
nibizumab. 

DISCUSSION 

Our phase 3 study (MARINA) of a treatment for 
neov:.iscular age-related m:.icular degener:.ition 
demonstrated not only prevention of vision loss 
but also a mean irnprovement in vision in the pre
specified primary analysis at 1 year. The efficacy 
outcmnes for patients receiving ranibizumab at 
1 year were maintained through the second year, 
whereas vision in p:.itients in tbe sh:.i m-injection 
group continued to decline. 

Most of the serious ocular adverse events were 
attributable either to the injection procedure or 
to ran ibizumab, Presumed endophthatmitis was 
attributed to the injection and serious uveitis to 
ranibizumab. Although endophtbalmitis could not 
be definitively distinguished from sterile serious 
uveitis in patients whose inflammation was treat,.. 
ed with intravitreal antibiotics but whose vitre
ous cultures were negative, the rates of tbese 
events were on the order of 1 to 2% during the 
2-year treatment period, 

The three treatment groups did not clearly dif
fer in their rates of nonocular adverse evem:s, The 
reported nonserious and serious nonocular ad
verse events reflect common medical conditions 
in an elderly population. In regard to potential 
system le anti-VEGF side effects, the rates of hy
pertension were not imbalanced, and no adverse 
events associated with proteinuria were report
ed. Nonocular hemorrhages were more frequent 
in the ranibizum:.ib groups than in tbe sham
injection group. During the 2-year treatment pe
riod, tbe rates of arterial thromboembolic events 
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(on the basis of APTC criteria) were similar in 
tbe three treatment groups. However, our study 
was not powered to detect small differences be
tween groups in the rates of uncormnon :.Jdverse 
events. Additional ongoing clinical trials may pro
vide further information on the rates of key non
ocular adverse events. For example, elsewhere in 
this issue of tbe Journal, Brown et al. report data 
from the first year of the phase 3 Anti-VEGF Anti
body for the Treatment of Predorninarn:ly Cl:.Jssic 
Choroidal Neovascutarization in Age-Related 
Macular Degeneration (ANCHOR) study,25 which 
compares verteporfin photodynamic therapy with 
ranibizum:.Jb tre:.Jtnient at the sarne doses used 
in our study. The results of the ANCHOR study 
are consistent with those of the first year of our 
study for both safety and efficacy outcomes in 
tbe ran ibizumab-treated groups. 

The clinical significance of the increased rate 
of systemic imrnunoreactivity with ranibizumab 
treatment, which was not present at 1 year but 
emerged at 2 ye:.Jrs, is unclear. Exploratory analy
ses failed to reveal any effect of immunoreactiv
h:y on efficacy or safety. 

In conclusion, ranibizumab therapy was asso
ciated witb clinically and statistically significant 
benefits with respect to visual acuity and angio
graphic lesions during 2 years of follow-up in 
patients with minimally classic or occult lesions 
with no classic choroidai neov:.Jscuiarization. 
These efficacy outcomes were achieved with a 

iow rate of serious ocular adverse events and with 
no clear difference from tbe sham-tre:.Jted group 
in the rate of nonocular adverse events. 
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Efficacy and Safety of Monthly versus 
Quarterly Ranibizumab Treatment in 
N eovascular Age..-related Macular 
Degeneration 
The EXCITE Study 

Ursula Sch:midt-Erfurth, MD, 1 Bora Eidem, MD,2 Robyn Guymer, MD, PhD, 3 Jean-Fram;ois Korobelnilc, MD,4 
Reinier 0. Schlingemmm, t-AD, 5 Ruch Axer-Siegel, MD, 6 Peter W1iedernann, MD,7 Christian Simader, MD, 8 

?v1argarita Gelckieva, MD, 9 Andreas \X/eichselberger, PhD, 9 on behalf of the EXCITE Study GroufJ* 

Objective: To demonstrate noninferiority of a quartedy treatment regimen to a monthly regimen of ranibi
zumab in patients with subfoveal choroidal neovascularization (CNV) secondary to age-related macular degen
eration (Al'v1D). 

Design: A 12-month, multicenter, randomized, double-masked, active-controlled, phase lllb study. 
Participants: Patients with primary or recurrent subfoveal CNV secondary to AMD (353 patients), with 

predominantly classic, minimally classic, or occult (no classic component) lesions. 
Intervention: Patients were randomized (1 :1 :·1) to 0.3 mg quarter!y, 0.5 mg quarterly, or 0.3 mg monthly 

doses of ranibizumab. Treatment comprised of a loading phase (3 consecutive monthly injections) followed by 
a 9-month maintenance phase (either monthly or quarterly injection). 

Main Outcome Measures: Mean change in best-corrected visual acuity (BCVA) and central retinal thickness 
(CRT) from baseline to month 12 and the incidence of adverse events (AEs). 

Results: In the per-protocol population (293 patients), BCVA, measured by Early Treatment Diabetic Reti
nopathy Study-iike charts, increased from baseline to month 12 by 4.9, 3.8, and 8.3 letters in the 0.3 mg quarterly 
(104 patients), 0.5 mg quarterly (88 patients), and 0.3 mg monthly (101 patients) dosing groups, respectively. 
Similar results were observed in t~1e intent-to-treat (ITT) population (353 patients). The mean decrease in CRT 
value from baseline to month ·12 in the ITT population was -96.0 µm in 0.3 mg quarterly, -105.6 f,tm in 0.5 mg 
quarterly, and --105.3 p.m in 0.3 mg monH1ly group. The most frequent ocular AEs were conjunctiva! hemorrhage 
(17.6%, pooled quarterly groups; 10.4%, monthly group) and eye pain {15.1 %, pooled quarterly groups; 20.9%, 
monthly group). There were 9 ocular serious AEs and 3 deat~1s; 1 death was suspected to be study related 
{cerebral hemorrhage; 0.5 mg quarterly group). The incidences of key arteriothromboembolic events were low. 

Conclusions: After 3 initial monthly ranibizumab injections, both monthly (0.3 mg) and quarterly (0.3 mgi0.5 
mg) ranibizumab treatments maintained BCVA in patients with CNV secondary to AMD. At month 12, BCVA gain 
in the monthly regimen was higher than that of the quarterly regimens. The noninferiority of a quarterly regimen 
was not achieved with reference to 5.0 letters. The safety profile was similar to that reprnied in prior ranibizumab 
studies. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophthalmology 2010;xx:xxx © 2010 by the American Academy of Ophthalmology. 

~~1] *Group members listed on!ine in Appendix 1 (available at http:i/aaojoumal.org). 

Vascular endothelial growth factor (VEGF)-A is a key 
factor involved in the pathogenesis of choroidal neovascu
Iarization (CNV). 1

·-
5 Ranibizumab (Lucentis; Novartis 

Pharma AG, Basel, Switzerland, and Genentech Inc., South 
San Francisco, CA) is a recombinant, fully humanized, 
affinity-matured monoclonal antigen-binding antibody frag
ment that inhibits the binding of multiple biologically active 
forms of VEGF-A to their receptors.6 -- 8 

© 2010 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

Two pivotal Phase III trials, MARINA (Minimally clas
sic/occult trial of the Anti-VEGF antibody Ranibizumab In 
the treatment of Neovascular Age-related macular degener
ation)9 and ANCHOR (ANti-VEGF antibody for the treat
ment of predominantly classic CHORoidal neovasculariza
tion in age-related macular degeneration), 10

·
11 have 

previously demonstrated the efficacy of the monthly dosing 
regimens of ranibizumab in improving visual acuity (VA) in 

ISSN 0161-6420/10/$-see front matter 
doi: 10.1016/j.ophtha.2010.09.004 
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patiems with subfoveal CNV secondary ro age-related mac
ular degeneration (AMD). These studies also described the 
safety and tolerability profile of imravitreal treatment using 
ranibizumab. Based on its favorable benefit/risk ratio, 
ranibizumab received marketing authorization for the treat
ment of CNY secondary to AMD from tbe US Food and 
Drug Administration, the European Medicines Evaluation 
Agency, and many other national bealtb authorities around 
the world since 2006. 

Aitbough tbe monthly regimen of ranibizurnab provides 
the best known treatment outcome as indicated by cumula
tive clinical evidence, 10• l l there was a need t~ evaluate 
whether a less frequent treatment regimen can also be 
effective, while decreasing the treatment burden caused by 
monthly intravitreal injections. In this context, the PIER (A 
Phase Illb, Multicenter, Randomized, Double Masked, 
Sham Injection Controlled Study of the Efficacy and Safety 
of Ranibizumab in Subjects with Subfoveal Choroidal Neo
vascularization [CNV] with or without Classic CNV Sec
ondary to Age- Related Macular Degeneration) study of the 
12-month efficacy of quarterly dosing of ranibizumab after 
3 consecutive monthly injections (6 doses per year instead 
of 12 for the first treatment year) was the first to test an 
alternative maintenance regimen. 12 The 12-month efficacy 
result of PIER showed that both 0.3 mg and 0.5 mg ranibi
zumab injections provided statistically significant superior
ity in VA improvement as compared with sham treatment, 
with corresponding treatment differences of ~3 lines. How
ever, mean changes in best-corrected VA (BCV A) from 
baseline to month 12 in the quarterly ranibizumab dosing 
groups (-1.6 letters for 0.3 mg and -0.2 letters for 0.5 
mg) was lower than that observed with the monthly 
dosing regimens of 0.3 mg and 0.5 mg ranibizumab in the 
MARINA (+7.2 letters) and ANCHOR studies (+11.3 let
ters). Importantly, because these studies did not directly 
compare the monthly and quarterly dosing regimens, an 
appropriate inference of the clinical benefits of the different 
maintenance treatment regimens is limited. 

The first prospective trial designed to directly compare 
monthly and quarterly ranibizumab dosing regimens, 
EXCITE evaluated patients with subfoveal CNV secondary 
to AMD. This I-year study had an active control arm of 
continuous monthly injections (0.3 mg) versus the less 
frequent dosing schedules of 3 initial monthly injections of 
0.3 mg or 0.5 mg ranibizumab followed by quarterly injec
tions of the respective doses. The primary objective of this 
study was to investigate whether a maintenance strategy 
using a quarterly dosing regimen (0.3 and 0.5 mg) was 

Month Q 

Figure 1. Dosing schedule of rnnibi~~urnab regirnen in the EXCITE study. 

2 

noninferior to a monthly dosing regimen as determined by 
the mean change in BCV A from baseline to month 12 in the 
study population. The key secondary objectives were to 
assess possible differences in the proportion of patients with 
loss or gain of BCV A of~ 15 letters, loss of BCV A of ~30 
letters, mean change in central retinal thickness (CRT) from 
baseline, overall safety, and tolerability. 

Methods 

Study Design 

The EXCITE study was a 1-year, randomized, double-masked, 
active-controlled, multicenter, Phase IIIb study in patients with 
subfoveal CNV secondary to AMD, comparing the efficacy and 
safety of quarterly dosing regimens of ranibizumab with a monthly 
dosing regimen during the maintenance phase, that is, from month 
3 onward. 

Eligible patients were randomly assigned in a 1:1:1 ratio to any 
of the following 3 double-masked treatment arms (Fig 1): loading 
doses of 3 initial monthly intravitreal injections of 0.3 mg (arm A) 
or 0.5 mg (arm B) ranibizumab followed by quarterly injections of 
the respective doses at months 5, 8, and 11 (i.e., a total of 6 
injections) or 0.3 mg ranibizumab administered monthly from 
baseline to month 11 (arm C, active control) (i.e., a total of 12 
injections). Primary end point analysis was at month 12. To 
maintain masking, patients in treatment arms A and B were ad
ministered a sham injection during the monthly visits for which no 
intravitreal injection was scheduled. 

This study was conducted in a total of 59 study centers in 16 
European countries, Australia, Brazil, Israel, and Turkey in accor
dance with the declaration of Helsinki and International Confer
ence on Harmonization Good Clinical Practice guidelines. Ap
proval was obtained from the independent Ethics Committee or 
Institutional Review board at each participating center. All patients 
provided signed informed consent before participating in the study. 
The trial is registered at clinicaltrials.gov (NCT00275821). 

Inclusion and Exclusion Criteria 
Patients aged :,,.50 years and suffering from primary or recurrent 
subfoveal CNV secondary to AMD, with predominantly classic, 
minimally classic, or occult (with no classic component) lesions 
were included in the study. The reading center (DARC) required 
active CNV for confirmation of the patient inclusion. Other inclu
sion criteria, based on study eye characteristics were as follows: 
total area of CNV (including classic and occult components) 
:,,. 50% of the total lesion area; the total lesion area ""'12 disc areas 
for minimally classic or occult with no classic component or ""'9 
disc areas (5400 µ,m) for predominately classic lesions; and BCV A 
score between 73 and 24 letters (approximately 20/40 to 20/320 
Snellen equivalent). 
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Exclusion criteria were as follows: BCV A score of <34 letters 
in both eyes; previous treatment or participation in a clinical trial 
(for either eye) with antiangiogenic dmgs: use of any other inves
tigational drngs at the time of screening, or within 30 days or 5 
half-lives of screening; prior treatment in the study eye with 
verteporfin, external-,beam radiation therapy. subfoveal focal laser 
photocoagulation, vitrectomy, or transpupillary thermotherapy: 
operative intervention for AM D in the past in tbe study eye: laser 
photocoagulation in 1he study eye within l month preceding base
line: angioid streaks or precursors of CNV in either eye clue to 
o1her causes: clinically significa.'1t subretinal hemorrhage in 1he 
study eye that involved the foveal center: or any other significant 
clinical condition detrimental to the s1udy outcome. 

Patients' eligibility was confirmed by an independent masked 
Central Reading Center, DARC, at screening by fundus photog
raphy and fluorescein angiography. The DARC also classified the 
lesion types and assessed lesion area, area of CNV, arid leakage 
activity based on fluorescein angiography at months 6 and 12. A 
separate independent masked Central Reading Center (Vienna 
Reading Center) reviewed optical coherence tomography (OCT) 
images to provide an objective assessmen1 of retinal thickness for 
each monthly assessment of all patients. 

Study Assessments 

Efficacy. Visual acuity was assessed in both eyes at each study 
visit using Early Treatment Diabetic Retinopathy S1udy--like char1s 
at an initial testing distance of 4 m. The change in BCV A from 
baseline to each visit was assessed. The mean change in BCVA 
from baseline to mon1h 12 was the primary end point. In addition, 
change in BCVA was assessed as the proportion of patients with 
< 15 letters loss, ?:-3() letters loss, ?:(} letters gain, and ?:15 letters 
gain in BCV A from baseline to month 12. The CRT was measured 
in botb eyes by time domain OCT at screening, and at each 
monthly visit until mouth 12. Baseline BCV A and OCT were 
performed before treatment. Fluorescein angiograms were used to 
evaluate CNV lesions at screening, month 6. and mou1h 12. In 84% 
of patients (296 out of 353 patients), visual function contrast 
sensitivity was assessed in botb eyes at baseline, month 6. and 
month 12 using Pelli-Robson charts. 

Safety. Adverse events (AEs), serious AEs, and changes in 
vital signs were assessed monthly during 1he study. Biochemical 
values were measured at screening and at tbe end of the study visit 
(month 12). and hematology, blood cbemis1ry, and urine were 
regularly monitored. Intraocular pressure measurement (before and 

after each administration by tonometry) and standard ophthalmic 
examination were also performed monthly, 

Statistical Analysis 

A population size of 350 randomized patients was planned to reach 
a sample size of 101 per protocol (PP) patients per treatmem arm. 
assuming a dropout and protocol deviation rnte of l3'Ji). The 
dropout rate arid protocol deviation calculations were based on 
results of 1he MAR[NA clinical study data. The PP population was 
chosen as the primary analysis population to assess foe primary 
encl point and to evaluate the null hypothesis of noninferiority of 
quarterly treatment regimen to monthly treatment regimen in terms 
of change in BCVA from baseline to month 12. Assuming tbat 
there is no difference between quarterly and monthly treatment 
regimens, there was a power of ?:83% to reject this null hypothesis 
and therefore conclude tha1 quarterly treatment is noniuferior to 
monthly treatment using 6.8 letters as the noninferiority margin. 

For both alternative dosing treatment arms (0.3 and 0.5 mg 
quarterly), the noninferiority to the reference arm (0.3 mg 
monthly) was tested using !-sided testing procedures (or equiva
lent, using 1-sided confidence intervals [Cisl), while keeping an 
overall type I error level of 0.025. The Hochberg procedure was 
used to control for multiplicity; that is, the null hypothesis was 
rejected if either or both comparisons were statistically significa..'1t 
at a 0.025 level or :,, 1 comparison was statistically significant at a 
0.0125 level. For both quarterly dosing arms (0.3 and 0.5 mg), the 
null hypothesis H0 : uq - um s --6.8 and the alternative hypothesis 
Ha: u0 ·-- um > ---6.8 were tested, wbere u0 and um were the mean 
chang~s iu· BCV A from baseline/month "3 1o month 12 in the 
quarterly dosing treatment arms (q) and the monthly reference arm 
(ml, respectively. with a noninferiority limit of -- 6.8. The nonin-
feriority limit was based on the results of a previous study in ,vhich 
1he value of 6.8 was approximately one half of the minimum 
estimated difference (13.6; lower limit of a 2-sided 95% CI) in the 
mean change in BCVA from baseline 1o month 12. with Jesting 
distance of 4 m betvveen the ranibizumab 0.3 mg and sham 
injection groups.9 Noninferiority of 0.5 mg quarterly to 0.3 mg 
monthly was assessed based on the change from baseline to month 
12, and noninferiority analysis of 0.3 mg quarterly versus 0.3 mg 
monthly could be based on the change from month 3 to month 12 
because any differences at month 3 between the 0.3 mg groups 
could be attributed to chance (up to the month 3 assessment there 
was no difference in the corresponding treatment regimen). 

Table 1. Summary of the EXCITE Patient Disposition 

0.3 mg 0.5 mg 0.3 mg 
Quarterly, n (%) Quarterly, n (%) Monthly, n (%) Total, n (%) 

Enrolled 482 
Randomized 120 118 115 353 
Completed* 106 (88.3) 95 (80.5) 103 (89.6) 304 (86.1) 
Early discontinued from study 14(11.7) 23 (19.5) 12 (10.4) 49 (13.9) 
Adverse event(s) 4 (3.3) 12 (10.2) 5 (4.3) 21 (5.9) 

Administrative problems 3 (2.5) 4 (3.4) 4 (3.5) 11 (3.1) 
Patient withdrew consent 0 2 (1.7) 1 (0.9) 3 (0.8) 
Lost to follow-up 0 1 (0.8) 1 (0.9) 2 (0.6) 
Death 0 2 (1.7) 1 (0.9) 3 (0.8) 
Abnormal test procedure result(s) 0 0 0 0 
Unsatisfactory therapeutic effect 2 (1.7) 1 (0.8) 0 3 (0.8) 
Protocol deviation 5 (4.2) 1 (0.8) 0 6 (1.7) 

*Completed the study and underwent visual acuity assessment at month 12. 
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Tbe mean change in BCVA from baseline to month 12 was 
analyzed by using an analysis of variance with treatment, baseline 
BCVA (<:52 vs :-~53 letters), and lesion type as factors. 

The primary end point \Vas analyzed for both PP and intent-1o
treat (lTT) populations. Tbe PP population was a subset of tbe ITT 
population and included patients who had an assessment for 
BCV A at month 12 and witl-i no major study protocol deviation. 
The ITT population comprised all randomized patients. The last 
observation can-ied forward method was used to impute missing 
values for the ITT population for all efficacy measures. All the 
safety parameters were cakulated for the safety (i.e., !TT, in this 
study) population. 

Results 

Patients 

A total of 482 patients were screened and 353 patients were 
randomized for treatment with the study medication. As per tbe 
study design, patients received rnnibizumab 0.3 mg quarterly (120 

patients), ranibizumab 0.5 mg quarterly ( l 18 patients), or ranibi
zumab 0.3 mg monthly dosing (115 patients). The PP population 
included 104 patients (86.7%) from the 0.3 mg quarterly, 88 
(74.6%) from the 0.5 mg quarterly, and 101 (87.8%) from tl-ie 0.3 
mg monthly dosing groups. The study was completed by 106 
patients (88.3%) in the ranibizumab 0.3 mg quaxterly group, 95 
(80.5%) in the ranibizmnab 0.5 mg quarterly group, and 103 
(89.6%) in the rnnibizumab 0.3 mg monthly treatment group. In all 
3 treatment groups. the most frequently reported reason for early 
discontinuation from study was AEs (3.3% in 0.3 mg quai1.erly; 
10.2% in 0.5 mg quarterly; 4.3% in 0,3 mg monthly). Details of 
pa1ien1 disposition are given in Table 1. 

Baseline Characteristics and Treatment Exposure 

Baseline demographic and ocular disease characteristics of pa
tients (ITT population) in the EXCITE study are summarized in 
Table 2. The treatment groups were balanced with respect to 
baseline BCV A, CRT, and fluorescein angiography of the study 
eye. Approximately 20% of patients had predominantly classic 

Table 2. Demographics and Baseline Characteristics of the Study Eye of Patients who Entered Treatment in the EXCITE Study 
(Intent-to-Treat Population) 

0.3 mg 0.5 mg 0.3 mg 
Characteristic Quarterly (n = 120) Quarterly (n = 118) Monthly (n = 115) Total (n = 353) 

Gender, n (%) 
Women 70 (58.3) 73 (61.9) 66 (57.4) 209 (59.2) 
Men 50 (41.7) 45 (38.1) 49 (42.6) 144 (40.8) 

Race, n (%) 
Caucasian 118 (98.3) 117 (99.2) 113 (98.3) 348 (98.6) 
Asian 1 (0.8) 0 0 1 (0.3) 
Other 1 (0.8) 1 (0.8) 2 (1.7) 4 (1.1) 

Age (yrs) 
Mean (SD) 75.1 (7.45) 75.8 (6.96) 75 (8.26) 75.3 (7.56) 

Age group, n (%) 
50-64 13 (10.8) 12 (10.2) 10 (8.7) 35 (9.9) 
65-74 37 (30.8) 28 (23.7) 45 (39.1) 110(31.2) 
75-84 61 (50.8) 72 (61.0) 46 (40.0) 179 (50.7) 
2:85 9 (7.5) 6 (5.1) 14 (12.2) 29 (8.2) 

History 
Years since first diagnosis, mean (SD) 0.57 (1.424) 0.52 ( 1.14) 0.56 (2.177) 0.55 ( 1.629) 

BCV A (letters)* 
Mean (SD) 55.8 (11.81) 57.7 (13.06) 56.5 (12.19) 56.7 (12.4) 
:s52 46 (38.3) 33 (28.0) 36 (31.3) 115 (32.6) 
2:53 74 (61.7) 85 (72.0) 79 (68.7) 238(67.4) 

BCV A (Snellen equivalent)* 
:s20/200 5 (4.2) 8 (6.8) 6 (5.2) 19 (5.4) 
>20/200 and <20/40 94 (78.3) 84 (71.2) 86 (74.8) 264 (74.8) 
:s20/40 21 (17.5) 26 (22.0) 23 (20.0) 70 (19.8) 

CNV classification 
Predominantly classic 25 (20.8) 27 (22.9) 21 (18.3) 73 (20.7) 
Minimally classic 50 (41.7) 46 (39.0) 46 (40.0) 142 (40.2) 
Occult (no classic) 45 (37.5) 45 (38.1) 48 (41.7) 138 (39.1) 

Retinal thickness at central point (µ.m)§ 
n 100 100 95 295 
Mean (SD) 313.6 (85.05) 324.5 (115.94) 320.6 (118.55) 319.5 (107.13) 

Retinal thickness at central subfield (µ.m) 
Mean (SD) 321.4 (86.80) 331.9 (105.74) 326.6 (99.44) 326.6 (97.38) 

AMO = age-related macular degeneration; BCVA = best-corrected visual acuity; CNV = choroidal neovascularization; ETDRS = Early Treatment 
Diabetic Retinopathy Study; SD = standard deviation. 
*Measured using ETDRS-like charts at a distance of 4 m. 
§Measured using optical coherence tomography. 
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lesion. 40% patients had minimally classic lesion, and 40%, pa-
tients had occult (with no classic component) lesion. 

The mean (standard deviation) number of active treatmem 
injections received over the study treatment period from baseline 
to month Li were 5.7 (0.80). 5.5 ( 1.05 ). artd 11.4 (1.69) in the 0.3 
mg quarterly, 0.5 mg quar1erly, ihrid 0.3 mg monthly groups. 
res pecti vel y, 

Efficacy 

The mean change in BCVA in the study eye from baseline over 
time (PP population) is shown in Figure 2A. In the PP population, 
the mean BCV A increase from baseline to month 12 (primary end 
point) was 4.9. 3.8. and 8.3 letters in the 0.3 mg quarterly, 0.5 mg 
quarterly, and 0.3 mg monthly groups. respectively. In all the 3 
treatment arms, the mean BCV A increased from baseline to month 
3 (monthly dosing phase for all treatment arms) by 6.8. 6.6. and 7.5 
letters, in the 0.3 mg quarterly, 0.5 mg quarterly, and 0.3 mg 
monthly groups. respectively. However, between months 3 and 12 
(maintenance phase). patients in the quarterly treatment groups lost 
1.8 (0.3 mg quarterly) and 2.8 (0.5 mg quarterly) letters, whereas 
patients in the monthly treatment group gained 0.8 letters on 
average. Up to month 3, there was no notable difference between 
the treatment arms. The first notable difference was observed at 
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Figure 2. Nlean change in best-·corrected visua1 acuity scc,re fro1T1 bnseline 

over time in the (A.) per-protocol population (study visit) and (B) intent

to-treat population (last observation carried forward [LOCF1) of EXC[TE. 
Vertical bu:, represent stand,;ird error of the rnean. 

month 4, that is, 2 months after the last loading dose (Fig 2A). 
Although this study was designed to test noninferiority of the 
quarterly treatment regimen versus monthly treatment regimen, 
this was not achieved for the 0.5 mg quarterly regimen, as evi
denced by the lower CI limits for the corresponding treatment 
difference being below the noninferiority threshold of -6.8 letters 
(95% er. -7.9 to -0.7; 97.5% er. -8.4 to -0.2; P = 0.0867). 
For the comparison of 0.3 mg quarterly versus 0.3 mg monthly 
treatment groups (from months 3 to 12). the lower CI limit (97.5% 
CI, -5.6 to 0.22; P = 0.0008). however, indicates a theoretical 
noninferiority, also driven by the smaller variability in the end 
point 'change from months 3 to 12' compared with 'change from 
baseline to month 12.' However, given that the 97.5% CI barely 
includes 0, it can be interpreted that 0.3 mg quarterly treatment is 
numerically inferior to the 0.3 mg monthly treatment regimen. 

The BCV A time course in the ITT population (last observation 
carried forward method) was consistent with that of the PP pop
ulation, with a mean change in BCV A from baseline to month 12 
of 4.0. 2.8. and 8.0 letters for the ranibizumab 0.3 mg quarterly, 0.5 
mg quarterly, and 0.3 mg monthly groups. respectively (P = 
0.0751 [95% CI. -7.7 to -0.9] for the 0.3 mg quarterly and P = 
0.1678 [95% CI. -8.6 to -1.7] for the 0.5 mg quarterly. both 
compared with the 0.3 mg monthly group). In the monthly treat
ment regimen, the initially gained mean BCV A remained stable 
during the treatment period, whereas it gradually decreased in the 
quarterly treatment regimens with a pattern reflecting the impact 
of the quarterly injections (Fig 2B). The BCV A values at baseline 
and the change from baseline at month 12 are given in Table 3 for 
both the PP and the ITT populations. 

The proportion of patients who lost < 15 letters from baseline 
to month 12 was similar across the treatment groups (ITT popu
lation) with 93.3%, 91.5%, and 94.8% in the 0.3 mg quarterly, 0.5 
mg quarterly, and 0.3 mg monthly ranibizumab groups. respec
tively (Fig 3A). The proportion of patients who had a VA gain of 
:,,-15 letters from baseline to month 12 was 14.2% in the ranibi
zumab 0.3 mg quarterly group. 17.8% in the ranibizumab 0.5 mg 
quarterly group. and 28.7% in the ranibizumab 0.3 mg monthly 
group (Fig 3B). The proportion of patients with a gain of :,,-0 letters 
of VA were 71.7% (86/120; 0.3 mg quarterly). 66.9% (79/118; 0.5 
mg quarterly). and 82.6% (95/115; 0.3 mg monthly) at month 12. 

The percentage of patients, at month 12, with a VA Snellen 
equivalent of <e::20/200 (BCV A = 34 letters) was greater in the 
quarterly dosing regimen (7.5% for 0.3 mg and 6.8% for 0.5 mg) 
compared with the 0.3 mg monthly dosing regimen (2.6% ). Severe 
vision loss (:,,-30 letters) at the end of this stndy was observed in 
2 patients ( 1. 7%) of each of the quarterly treatment groups and in 
none of the 0.3 mg monthly treatment group. 

Anatomically, the overall reduction in CRT of the stndy eye 
from baseline to month 3 and to month 12 was similar between the 
3 treatment groups in the ITT population. However, although the 
mean CRT decreased similarly from baseline to month 3 in all 3 
treatment groups. thereafter it remained more or less stable at the 
monthly dosing regimen but was variable in the quarterly dosing 
groups (mean CRT decrease 1 month after each treatment and 
increase thereafter until next treatment visit at months 5, 8, and 11; 
Fig 4). The mean change in CRT from baseline to month 12 was 
similar between the 0.5 mg quarterly group (-105.6 µ,m) and the 
0.3 mg monthly group (-105.3 µ,m). For the 0.3 mg quarterly 
group. the mean CRT change was -96.0 µ,m. The overall retinal 
thickness at the central subfield of the study eye at baseline and 
months 3 and 12 was also similar between the treatment groups. 

On the basis of angiographic data, the mean decrease in CNV 
lesion area from baseline to month 12 was numerically higher in 
the 0.5 mg quarterly treatment group compared with the other 
treatment groups; however, this difference was not significant 
( -2.28 mm2 in the 0.3 mg quarterly, -3.49 mm2 in the 0.5 mg 
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Table 3. Best-Corrected Visual Acuity at Baseline and Mean Change from the Baseline in the Study 
Eye at Month 12 

0.3 mg Quarterly 0.5 mg Quarterly 0.3 mg Monthly 

PP population ( observed) 
n 104 88 
Baseline mean (SD) 55.3 (12.11) 57.5 (13.07) 

101 
56.2 (12.33) 
64.5 (16.27) 

8.3 (11.31) 
Month 12 mean (SD) 60.2 (16.0 I) 61.3 (16.32) 
Change from baseline, mean (SD) 4.9 (13.13) 3.8 (13.33) 

Comparison vs monthly dosing 
Mean difference (SE) -3.3 (1.76) -4.5 (1.84) 
95% CI -7.1, -0.2 -7.9, -0.7 
97.5% CI§ -7.6, 0.3 -8.4, -0.2 
P-value*§ 0.0365 0.0867 

ITT population (LOCF) 
n 120 118 115 
Baseline mean (SD) 55.8 (I I.SI) 57.7 (13.06) 56.5 (912.19) 

64.5 (15.85) 
8.0 (11.27) 

Month 12 mean 59.8 (17.20) 60.5 (16.50) 
Change from baseline, mean (SD) 4.0 (14.88) 2.8 (13.78) 

Comparison vs monthly dosing 
Mean difference (SE) -3.9 (1.75) -5.2 (1.76) 
95% CI -7.7, -0.9 -8.6, -1.7 
97.5% CI -8.2, -0.4 -9.1, -1.2 
P-value* 0.0751 0.1678 

CI = confidence interval; ITT = intent to treat; LOCF = last observation carried forward; PP = per protocol; 
SD = standard deviation; SE = standard error. 
*One-sided test of H 0 : mean difference(test-reference) :s -6.8. 
§The CI for the difference between months 3 and 12 (0.3 mg quarterly group) is -5.6, 0.22 (P = 0.0008). 

quarterly, and ---2.63 rnm2 in fue 0.3 mg monthly dosing regimen; 
Table 4). The mean change (decrease) from baseline to month 12 in 
the total area of leakage and total lesion area are shown in Table 4. 

Contrast sensitivity analysis (ITT population; last observation 
carried forward method) at month 6 showed a mean change of 
0.071 log units from baseline in the 0.3 mg quarterly group (100 
patients), 0.107 log units in the 0.5 mg group quarterly group (98 
patients), and 0.123 log units in the 0.3 mg monthly treatment 
group (98 patients). In the 0.3 mg quarterly, 0.5 mg quarterly, and 
0.3 mg monthly treatment groups, the mean change from baseline 
to month 12 showed an overall improvement by 0.085, 0.081, and 
0.131 log units, respectively. 

Safety 

The AEs (:o>3% in any group) are summarized in Table 5 (avail
able online at http://aaojournaLorg). The most frequently reported 
ocular AEs were eye pain (18.3%, 11.9%, and 20.9% in the 0.3 mg 
quarterly, 0.5 mg quarterly, and 0.3 mg monthly groups, respec
tively), conjunctiva! hemorrhage (19.2 %, 16.1 %, and 10.4% in the 
0.3 mg quarterly, 0.5 mg quarterly, and 0.3 mg monthly groups, 
respectively), reduced VA (13.3%, 16.1 %, and 7.8% in the 0.3 mg 
quarterly, 0.5 mg monthly, and 0.3 mg monthly groups, respec
tively), and increased intraocular pressure of > 10 mmHg (5.0%, 
5.9%, and 14.8% in the 0.3 mg quarterly, 0.5 mg quarterly, and 0.3 
mg monthly groups, respectively). Among the nonocular AEs 
reported, the incidence of nasopharyngitis was the highest (9.2%, 
3.4%, and 7.0% in the 0.3 mg quarterly, 0.5 mg quarterly, and 0.3 
mg monthly groups, respectively), followed by hypertension (8.3% 
for 0.3 mg quarterly, 5.1 % for 0.5 mg quarterly, and 7.0% for 0.3 
mg monthly). There was no apparent trend of a dose or treatment 
frequency-related change in AE incidences, although differences 
between groups were observed with respect to individual AEs. 

A total of 12 patients (10.0%) in the 0.3 mg quarterly group, 10 
patients (8.5%) in the 0.5 mg quarterly group, and 13 patients 
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(11.3%) in the monthly treatment group experienced AEs that 
could be potentially related to systemic VEGF inhibition (Table 6; 
available online at http://aaojournal.org). Arteriothromboembolic 
events reported in this study showed no increased risk of stroke in 
the monthly dosing regimen as compared with that of the quarterly 
dosing regimens (Table 6). There were 3 incidences of angina 
pectoris (1 in each of the groups) and 2 incidences of myocardial 
infarction (1 each in 0.3 mg quarterly and monthly groups). Other 
incidences of arteriothromboembolic events were cerebrovascular 
accident (1 in 0.3 mg monthly group) and pulmonary embolism (1 
in the 0.3 mg monthly group). Nonocular hemorrhage was reported 
in the 0.5 mg quarterly group (4 patients; 3.4%) and in the 0.3 mg 
monthly group (1 patient; 0.9% ). 

Incidences of serious AEs were reported in 15 patients (12.5%) 
in the ranibizumab 0.3 mg quarterly group, 23 patients (19.5%) in 
the 0.5 mg quarterly group, and 20 patients (17.4%) in the 0.3 
mg monthly treatment group (Table 7; available online at http:i/ 
aaojournal.org). The incidence of ocular serious AEs in the study 
eye was low: 2.5% in the 0.3 mg quarterly group, 4.2% in the 0.5 
mg quarterly group, and 0.9% in the 0.3 mg monthly group. Three 
deaths occurred during this study (Table 7), which were due to 
cardiorespiratory arrest and cerebral hemorrhage (both in the 0.5 
mg quarterly group) and lung infection (1 in the 0.3 mg monthly 
group). Of the 3 deaths, 1 was suspected to be related to the study 
medication. This patient (male, 73 years) received treatment of 0.5 
mg ranibizumab quarterly and had an active medical condition, 
including diabetes mellitus, hypertension, chronic renal failure, 
drug hypersensitivity, cataract in both eyes, dementia Alzheimer's 
type, gastritis, vitamin B complex deficiency, hypercholesterol
emia, and hyperuricemia, and was under multiple concomitant 
medications. The patient died owing to cerebral hemorrhage 41 
days after the previous ranibizumab administration. 

Study discontinuation owing to AEs was higher in the 0.5 mg 
quarterly group (13 patients, 11 % ), compared with the 0.3 mg 
quarterly (4 patients, 3.3%) or the 0.3 mg monthly treatment group 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 863



Hi~,-.-------------------------, 

"' .2 
f 180 

" "' ~ ., 
'> 3:'3· 
"' 1 

--•-- n."3 1-:;sc q1.:~1i~d'!· i:~1~ ~201 
-<>-- 0.5 r:~g ql:..:w!:~;dy {tF~~ 13) 
---~-- n.3 r."':{J: m.o;:~hl}• (;;~~1:)_l 

80--'----,-----,----,---,----,-----,----,---
(J 4 14 

35-·~---------------------

0 2 4 

: . : l _,._ O.:> m-g qu2rt.:•rly (n-;-·J20) : 

I ~ ~ :1 ~~i ~~::;~;~:\ ::~~;-~ ~~~ J i 
'---------------------------------------------· 

14 

Figure 3. Proportion of patients ,vith (A) visual acuity loss ( < 15 letters) 

or (B) gain ( 2: 15 letters) over time in the intem-to-trem parient popu .. 

lation {last observation carried fonvard [_LOCF_l) of EXCITE. 

(6 patients, 5.2rk ). Ocular Alis of the study eye tbat led to treat-· 
ment discontinuation were reported in 3 patients (2.5%) in the 0.3 
mg quarterly group, S patients (4.2%) in 1he 0.5 mg quarterly 
group, and l patien1 (0.9%) in the 0.3 mg mon1hly treatment group. 
Two patiems (1.7%) from tbe 0.5 mg quarterly group discontinued 
because of AEs of the fellow eye. 

Discussion 

The EXCITE trial is the first st1idy directly comparing 
visual ourcomes between monthly and quarrerly dosing 
regimens in the treatment of patients with subfoveal CNV, 
secondary ro AMD. The EXCITE study offers a rigorous 
analysis of the quarterly treatment regimen, with monthly 
study visits and OCT assessments, providing a monthly mo
nitoring of functional and anatomic changes in the study 
eye. The EXCITE study allows to (1) compare the study 
outcome under monthly vs. quarredy treatment and (2) 
assess the anatomic and functional changes at a monthly 
interval (i.e., also at visits without treatment). 

This study was designed to show noninferiority of the 
quarterly treatment regimen compared with a monrhly treat-

ment regimen, which was not achieved according m the 
currently accepted margin of :,,SO letters. The drop in 
BCV A in the quarterly treatment regimen during the rime 
points wherein the treatment \Vas skipped suggests an over
all superiority of the monthly treatment regimen. The effi
cacy shown in the monthly treatment group, in this study, 
was consistent with that of previous ranibizumab Phase HI 
trials9 ·-11 using an exclusive monthly retreatment strategy. 
The primary efficacy variable (BCV A) was consistent be
tween the PP population (no major protocol violation) and 
the ITT population. The improvement in BCV A obtained in 
the ITT population (including all lesion types) receiving the 
0.3 mg monthly dosing regimen (8.0 letters) is in line with 
that of the ANCHOR (8.5 letters, 0.3 mg; 11.3 letters, 0.5 
mg)10 and MARINA (6.5 letters, 0.3 mg; 7.2, 0.5 mg)9 

trials. Also, the other VA outcomes in this group, such as 
the proportion of patients with loss or gain of BCV A (15 
letters) and BCV A equaling :S34 letters, are similar to 
those of the ANCHOR study and better than those of the 
MARINA study. A comparison of the quarterly results from 
this study to the pivotal PIER study12 revealed numerically 
better BCVA improvement in EXCITE patients. The PIER 
study compared the efficacy of quarterly dosing of ranibi
zumab with that of sham treatment. The mean BCV A in
creased from baseline to month 12 for the quarterly dosing 
groups in EXCITE by 4.0 letters in the 0.3 mg quarterly 
group and 2.8 letters in the 0.5 mg group, whereas in the 
PIER study, although superior to sham treatment, the 
BCV A dropped over the 12-month study period to -1.6 
letters in 0.3 mg quarterly and -0.2 letters in the 0.5 mg 
quarterly groups. The efficacy results from the EXCITE 
study demonstrate that on average and in contrast with the 
monthly treatment group a quarterly ranibizumab treatment 
regimen is not able to maintain the initially gained BCV A. 
In this study, although noninferiority was not achieved for 
the quarterly treatment regimen in terms of BCV A improve
ment to levels seen for the monthly treatment, there were 
also patients who maintained the BCV A improvement (i.e., 
after the initial 3 monthly dosing) in the quarterly treatment 

-·I::----c-----,........-~~-........,--~--......,.---....., 
(l 2 ~ iO 12 

Figure 4, Mean change from baseline over time of central retinal thick

ness os assessed by optical coherence tomography scon in the intent~to~ 

trent panent popu1atic,n 0nst observation carried fc,nvard fLC)CF'1) of 
EXCITE. Verticrd bars represent :,tandard error of the rnean. 
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Table 4. Mean Change from Baseline of the Total Area (mm2
) of Choroidal Neovascularization in 

the Study Eye and Total Area of Leakage in the EXCITE Study (Intent-to-Treat Population, Last 
Observation Carried Forward) 

0.3 mg Quarterly 0.5 mg Quarterly 0.3 mg Monthly 

nt 113 105 
Total area of CNV 

Baseline, mean (SD) 7.99 (5.161) 9.23 (5.644) 9.03 (5.539) 
6.40 (6.840) 

-2.63 (6.136) 
Month 12, mean (SD) 5.70 (6.997) 5.74 (5.843) 
Change from baseline, mean (SD) -2.28 (5.859) -3.49 (5.962) 

Comparison vs monthly dosing 
Mean difference (SE) 0.35 (0.805) -0.85 (0.820) 
95% CI (- 1.40, 1.56) (-2.27, 0.74) 
P-value* 0.914 7 0.3179 

Area of leakage 
Baseline mean (SD) 8.57 (4.981) 9.85 (5.280) 9.67 (5.407) 

6.34 ( 6.883) 
-3.33 (6.400) 

Month 12, mean (SD) 5.77 (6.979) 5.76 (5.875) 
Mean change (SD) - 2.80 (5.970) -4.09 (6.026) 

Comparison vs monthly dosing 
Mean difference (SE) 0.52 (0.825) -0.76 (0.841) 
95% CI (-1.26, 1.75) ( -2.13, 0.92) 
P-value* 0.7534 0.4365 

CI = confidence interval; CNV = choroidal neovascularization; SD = standard deviation; SE = standard error. 
tPatients with both a baseline and postbaseline value at the specific visit. 
*Two-sided test of H 0: mean difference (test - reference) = 0. 

regimen. An earlier reprnt on subgroup analysis of the patiem 
population in the EXCITE study showed that the quarterly 
treatment maintained BCV A in 41.6% patiems (Eldem B, 
Baitz--Sc:bmidt K-U, Sc:hlingemann RO, et al; Association for 
Research in Vision and Ophthalmology 2009 Annual Meeting, 
3 .. :7 May 2009, Frnt Lauderdale, FL.). 

With respect to morphologic effects, the monthly dosing 
group showed an initial improvement followed by mainte
nance of the improved CRT thereafter; however, the quar
terly dosing regimens showed imermirtent retinal thickening 
between the retreatment intervals. The increase in mean 
BCV A and decrease in mean CRT, particularly during rhe 
initial study treatment period, suggest a temporal associa
tion between the functional and morphologic: changes re
lated to study treatment. This association is also reflected by 
the quarterly decrease in vision gain and the quarterly 
increase in CRT before rnnibizumab injection in the qwir-
terly treatment groups during the maintenance phase. This 
fluc11tation indicates that patients on average could not be 
stabilized with respect to visual function or retinal morphol
ogy using the tested quarterly treatment regimens. The time of 
dissociation betv,/een responses in the monthly and quarterly 
regimes starts between months 3 and 4, that is, as soon as there 
is a difference in the regimens; therefore, this may be consid
ered an adequate interval ro analyze the efficacy of treatment. 
It is at month 4 when the first notable difference between the 
quarterly and monthly regimens becomes evident. 

The AEs observed in the study were comparable between 
the groups, and no new safety concerns were noted. The 
most frequently reported ocular AE was eye pain. For the 
most frequently reported nonocular AEs (nasopharyngitis 
and hypertension), tbere seems to be no indication of a 
difference between the monthly and quarterly dosing regi
mens. The incidence of key arteriothromboembolic events 
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was also low in this study, although rhe actual number of 
patients experiencing an event in the 0.3 mg monthly dosing 
regimen was higher (3.5%) compared wirh l .7% in the 0.3 
mg quarterly and 0.8% in the 0.5 mg quarterly treatment 
groups. The overall safety results from the EXCITE study 
are consistent with those reported in the previous trials9 ·-12 

and confirm the robust safety profile of ranibizumab. 
In conclusion, after 3 initial monthly ranibizumab injec

tions, both monthly (0.3 mg) and quarterly (0.3 mg/0.5 mg) 
ranibizumab treatments maintained BCV A in patients with 
CNV secondary to AMD during the 12-month treatment. At 
month 12, the gain in BCV A observed in the monthly 
regimen was higher than that of the quarterly regimens. 
Noninferiority of quarterly regimen was not achieved with 
reference to the currently accepted margin of 5.0 letters, 
indicating clinical superiority of the monthly treatment regi
men. Both monthly and quarterly dosing regimens were well 
tolerated. The direct comparative analysis between monthly 
and quarterly treatment regimens of the EXCITE study is 
consistent with the clinical guidance on ranibizumab treat
ment, u which recommends rigorous monthly monitoring with 
timely retreatment of patients with recurrent disease activity to 
achieve the best treatment outcomes for patients. 
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Three-Year Outcomes of Individualized 
Ranibizumab Treatment in Patients with 
Diabetic Macular Edema 

The RESTORE Extension Study 

Ursula Schmidt-Erfurth, MD,' Gabriele E. Lang, MD/ Frank G. Holz, MD,' Reinier 0. Schlingemann, MD,''• 5 

Paolo Lanzetta, MD,''· 7 Pascale Massin, MD, PhD/' Ortrud Gerstner, MSc," Abdelkader Si Bouazza," 
Haige Shen, PhD,"' Aaron Osborne, MD,9 Paul Mitchell, MD, PhD/' on behalf of the RESTORE Extension Study 
Group''·' 

Objective: To evaluate long-term efficacy and safety profiles during 3 years of individualized ranibizumab 
treatment in patients with visual impairment due to diabetic macular edema (DME). 

Design: Phase lllb, multicenter, 12-month, randomized core study and 24-month open-label extension study. 
Participants: Of the 303 patients who completed the randomized RESTORE 12-month core study, 240 

entered the extension study. 
Methods: In the extension study, patients were eligible to receive individualized ranibizumab treatment as of 

month 12 guided by best-corrected visual acuity (BCVA) and disease progression criteria at the investigators' 
discretion. Concomitant laser treatment was allowed according to the Early Treatment Diabetic Retinopathy 
Study guidelines. Based on the treatments received in the core study, the extension study groups were referred to 
as prior ranibizumab, prior ranibizumab + laser, and laser. 

Main Outcome Measures: Change in BCVA and incidence of ocular and nonocular adverse events (AEs) 
over 3 years. 

Results: Overall, 208 patients (86.7%) completed the extension study. In patients treated with ranibizumab 
during the core study, consecutive individualized ranibizumab treatment during the extension study led to an 
overall maintenance of BCVA and central retinal subfield thickness (CRST) observed at month 12 over the 2-year 
extension study (+8.0 letters, -142.1 µm [prior ranibizumab] and +6.7 letters, -145.9 µm [prior ranibizumab + 
laser] from baseline at month 36) with a median of 6.0 injections (mean, 6.8 injections; prior ranibizumab) and 4.0 
(mean, 6.0 injections; prior ranibizumab + laser). In the prior laser group, a progressive BCVA improvement (+6.0 
letters) and CRST reduction (-142. 7 µm) at month 36 were observed after allowing ranibizumab during the 
extension study, with a median of 4.0 injections (mean, 6.5 injections) from months 12 to 35. Patients in all 3 
treatment groups received a mean of <3 injections in the final year. No cases of endophthalmitis, retinal tear, or 
retinal detachment were reported. The most frequently reported ocular and nonocular adverse effects over 3 
years were cataract (16.3%) and nasopharyngitis (23.3%). Eight deaths were reported during the extension study, 
but none were suspected to be related to the study drug/procedure. 

Conclusions: Ranibizumab was effective in improving and maintaining BCVA and CRST outcomes with a 
progressively declining number of injections over 3 years of individualized dosing. Ranibizumab was generally 
well tolerated with no new safety concerns over 3 years. Ophthalmology 2014;121:1045-1053 © 2014 by the 
American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license 

l~I *Supplemental material is available at \•·V\!'/\'V.aao_fournaf.otg. 

Diabetic macular edema (DME) is one of the leading causes of 
visual impairment in the working-age population in developed 
countries.; In addition to DME, patients with diabetes also are 
prone to multiple systemic comorbidities:' For this large 
population with chronic disease requiring extended lifelong 
therapy in a challenging environment, it is particularly 
important to identify manageable DME treatment strategies 

© 2014 by the American Academy of Ophthalmology 
This is an open access article under the CC BY-NC-ND license 
0-•Hp:. ('":a.>,'-:,\J,u .. ,-... ~. ---,~..,:::,,. .. ~-::-1:··_,y-.. ,.-n~· ).0:'). Published by Elsevier Inc. 

that provide long-term safety and efficacy profiles. Although 
focal/grid laser photocoagulation is an established treatment 
option for patients with visual impairment due to DME and is 
known to stabilize vision, it does not appear to be effective in 
improving vision in the majority of patients.' Thus, there is a 
need for treatments that are safe and manageable and that can 
improve vision in patients with DME. Ranibizumab is a 

lmp ·1,:c.:fo,.c0,i-'il'1-l l)]i_.i;.··,ph:_i:c.<'.l, i3. i) .r,, l 104 5 
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humanized monoclonal antibody fragment (Fab) specifically 
designed for ocular use. It binds to vascular endothelial 
growth factor (VEGF)-A with high affinity, inhibits multiple 
isoforms of VEGF-A, and has minimal systemic exposure 
after intravitreal injection. i Ranibizumab (Lucentis; Novartis, 
Basel, Switzerland and Genentech Inc., South San Francisco, 
CA) is approved in many countries for 4 major indications: 
neovascular age-related macular degeneration, visual impair
ment due to DME, visual impairment secondary to macular 
edema in branch or central retinal vein occlusion, and visual 
impairment due to choroidal neovascularization secondary to 
pathologic myopia.5 

Several studies with different dosing regimens and treatment 
algorithms have established the efficacy and safety profiles of 
ranibizumab treatment in patients with DME. Long-term data 
recently became available, allowing the evaluation of continued 
therapy effects and recognizing patterns of chronic disease ac
tivity. The Ranibizumab Injection in Subjects with Clinically 
Significant Macular Edema with Center Involvement Second
ary to Diabetes Mellitus (RISE [N = 377] and RIDE [N = 382]) 
studies demonstrated that monthly ranibizumab treatment over 
24 months was well tolerated and associated with superior best
corrected visual acuity (BCVA) outcomes compared with 
monthly sham injections.'' Two-year results of the Diabetic 
Retinopathy Clinical Research Network (DRCR.net; N = 691) 
and Ranibizumab for Edema of the mAcula in Diabetes 
(READ-2; N = 126) studies demonstrated that ranibizumab 
alone or in combination with laser (prompt/deferred) provided 
superior and sustained BCV A gains compared with laser 
photocoagulation monotherapy using an individualized dosing 
algorithm. ,·.x Of note, the 3-year results of the DRCR.net study 
reported complete BCV A maintenance from year 2 to year 3 
with only 1 to 2 (median) injections in year 3.'· The DRCR.net 
study also permitted less frequent than monthly follow-up for 
patients with stable absence of macular edema. The median 
number of clinic visits in the third year of the DR CR.net study 
was 7 to s.·· The 3-year outcomes of the READ-2 study sug
gested that aggressive retreatment as per individual patient 
needs based on continued or recurrent activity defined by 
intraretinal fluid at the central macula resulted in BCV A 
improvement and reduction in central retinal subfield thickness 
(CRST). ::, In contrast to these studies, in the RESTORE study 
ranibizumab treatment was administered using an 
individualized dosing regimen based on BCV A stability and 
disease progression criteria, in line with the current 
ranibizumab label in European Union (EU).:; The RESTORE 
study aims to address the need to optimally manage patients 
with diabetes by assessing the long-term safety and efficacy 
profiles and the re-treatment needs for ranibizumab. 

The RESTORE core study (registered as NCT00687804 at 
http:!idintc,iltii,ls gov/; accessed June 25, 2013) demonstrated 
that ranibizumab alone or combined with laser provided su
perior visual acuity (VA) gains when compared with laser 
monotherapy in .12atients with visual impairment due to DME 
over 12 months.'' Similar to the core study, in the RESTORE 
extension study, ranibizumab was administered according to 
an individualized dosing regimen based on the investigators' 
discretion; treatment was guided by BCV A stability and 
disease progression criteria, with monthly monitoring. All 
patients who completed the core study were eligible to 
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receive ranibizumab treatment during the extension study. 
The first year interim results of this extension study 
demonstrated that ranibizumab treatment was well tolerated 
and no new ocular or nonocular safety concerns were 
observed over 2 years. Furthermore, the individualized 
dosing regimen was successful in maintaining (prior 
ranibizumab groups) and improving (prior laser group) the 
BCV A gains observed at the end of the core study over the 
first year of the extension study. ,:o 

The consecutive analysis presented in this article describes 
the extended efficacy and safety findings of individualized 
ranibizumab 0.5 mg treatment based on the complete 3-year 
data of the RESTORE core and extension studies conducted 
in patients with visual impairment due to DME. 

Methods 

Study Design 

The RESTORE extension stndy was a phase IIIb, 24-month, open
label, multicenter stndy (month 12 to month 36) conducted in pa
tients with DME who completed the 12-month RESTORE core stndy 
(day 1 to month 12; Fig l, available at ''-'\Vw.,,,,c+)~:rn:iJ.,,rg). In the 
RESTORE core stndy, patients were randomized to receive 
ranibizumab, ranibizumab + laser, or laser alone. In the extension 
stndy, all patients could receive individualized ranibizumab 
treatment according to the prespecified stability-based BCV A and 
the disease progression re-treatment criteria. During the extension 
stndy, the investigators remained masked to the treatment adminis
tered during the core stndy. All patients were eligible to receive laser 
pro re nata (PRN) in accordance with Early Treatment Diabetic 
Retinopathy Stndy (ETDRS) guidelines at the investigators' discre
tion. The stndy was conducted in accordance with the Declaration of 
Helsinki, and every patient provided new written informed consent 
before entering the extension stndy. The stndy is registered with 

(accessed June 25, 2013; NCT00906464). 

Patients 

The RESTORE core stndy enrolled 345 patients aged 2: 18 years with 
type 1 or 2 diabetes mellitns (per American Diabetes Association or 
World Health Organization guidelines), hemoglobin (Hb) Al c <'.'. l 0%, 
and visual impairment due to DME with a BCV A letter score between 
78 and 39 letters, based on ETDRS-like VA testing charts at a testing 
distance of 4 m (approximate Snellen equivalent 20/32-20/160). 

Patients who completed the randomized 12-month RESTORE 
core stndy assessments and provided new written informed con
sents for the extension were included in the RESTORE extension 
stndy. Key exclusion criteria for the extension stndy were history 
of stroke or transient ischemic attack; hypersensitivity to ranibi
zumab or any component of the ranibizumab formulation; uncon
trolled glaucoma in either eye (intraocular pressure [IOP] >24 
mmHg with medication or according to investigator's judgment); 
evidence of vitreomacular traction (in either eye) or active prolif
erative diabetic retinopathy (stndy eye); use of other investigational 
drugs at the time of enrollment or within 30 days or 5 half-lives 
before enrollment, whichever was longer; and ocular conditions 
in the stndy eye that required chronic concomitant therapy with 
topical ocular corticosteroids. 

Objectives 

The primary objective of the RESTORE extension stndy was to 
evaluate the safety profile of ranibizumab 0.5 mg on the basis of 
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the incidences of ocular and nonocular adverse events (AEs) during 
the 24-month extension study period (i.e., months 12-36). Sec
ondary objectives were to describe the ocular and nonocular AEs 
over 36 months (i.e., day 1 to month 36) in patients treated with 
ranibizumab 0.5 mg and to evaluate the change in BCV A from 
core baseline over 24 months of the extension study (i.e., months 
12-36) and over 36 months of the entire study period. 

Treatment 

The RESTORE extension was an open-label study. All patients 
enrolled in the extension study were eligible to receive intravitreal 
ranibizumab 0.5 mg injections on the basis of the prespecified 
retreatment criteria, and monthly visits were mandated for each patient. 

Ranibizumab 0.5 mg was administered as an intravitreal in
jection under aseptic conditions, which includes the use of surgical 
hand disinfection, sterile gloves, a sterile drape, and a sterile eyelid 
speculum. Patients were treated at monthly intervals until stable 
vision was achieved, that is, no further BCV A improvement 
attributable to treatment was observed compared with the 2 pre
vious consecutive visits according to the investigator or a BCV A 
letter score of ::>84 letters (approximate Snellen equivalent of 20/ 
20) was observed. If, on the basis of the investigators' opinion, a 
decrease in BCV A due to DME was observed, monthly ranibizu
mab treatment was resumed until stable BCV A was reached. 
Ranibizumab injection at the baseline of the extension study (i.e., 
month 12) was not mandated, and a maximum of 24 monthly 
ranibizumab injections could be administered during the extension 
study (months 12-35). Also, patients previously treated with laser 
monotherapy who entered the extension study did not mandatorily 
receive the 3 initial injections that were administered to patients in 
the ranibizumab groups at the beginning of the core study. During 
the 2-year extension study, all patients also were eligible to receive 
laser treatment (recorded as concomitant medication during the 
extension study) at a minimum interval of 90 days, according to the 
ETDRS guidelines at the investigators' discretion. Decisions on 
treatment with laser were independent of decisions to inject rani
bizumab and vice versa. If in the opinion of the investigator, both 
ranibizumab and laser treatment were required on the same day, 
laser was always administered before ranibizumab injection. 

Efficacy and Safety Assessments 

Efficacy Assessments. The BCVA of the study eye (evaluated 
through the change vs. baseline of core and extension studies, pro
portion of patients gaining and losing ::> 10 and ::> 15 BCV A letters, 
respectively, and the proportion of patients with BCV A score > 78 
and <39 ETDRS letters was assessed at every visit as described 
previously.'' The VA measurements were taken in a sitting position 
using the ETDRS-like VA testing charts at a testing distance starting 
at 4 m. The VA was assessed by certified personnel to ensure 
standardized BCV A assessments at each visit before applying any 
potential new dose of ranibizumab. 

Anatomic end points included change in CRST (assessed by 
Stratus Optical Coherence Tomography; Carl Zeiss Meditec Inc., 
Dublin, CA), proportion of patients with a 3-step change from 
baseline in the ETDRS severity score, and retinal ischemia (re
ported as change from baseline in foveal avascular zone, evaluated 
through the central subfield capillary loss variable) and were 
assessed as described previously.'' These end points were assessed 
by the Central Reading Center. 

The patients' subjective assessment of visual functioning was 
assessed using the National Eye Institute Visual Functioning 
questionnaire-25 (NEI VFQ-25). The assessed end points included 
change in NEI VFQ-25 scores (composite, general vision, near 
activities, and distance activities). 

Treatment Exposure. The number and frequency of ranibizu
mab injections and active laser treatments (recorded as concomitant 
medication during the extension study) were evaluated during the 
extension study. Reasons for ranibizumab treatment interruption in 
the extension study were documented. 

Safety Assessments. Safety assessments included monitoring 
and recording all ocular and nonocular AEs and serious AEs 
(SAEs). Safety was assessed by standard ophthalmic examinations, 
IOP measurements, vital signs, and laboratory parameters, as 
described previously.' 1 Laboratory assessments for safety 
parameters were performed by a certified central laboratory. All 
ocular/nonocular AEs and SAEs, including information on their 
relationship to study drug/procedure, were recorded at every visit. 
Adverse events were summarized by the proportion of patients 
experiencing any type of AEs and grouped per the standardized 
Medical Dictionary for Regulatory Activities system organ classes 
and preferred terms. 

The AEs of potential safety concerns (hypersensitivity, hyper
tension, nonocular hemorrhage, proteinuria, myocardial infarction, 
venous thromboembolic events, and other arterial thromboembolic 
events), identified on the basis of prior experience with ranibizu
mab in clinical trials, were recorded. 

Statistical Analysis 

All analyses in the extension study were presented by treatment 
groups as in the core study, namely, ranibizumab, ranibizumab + 
laser, and laser alone, and are now referred to as prior ranibizumab, 
prior ranibizumab + laser, and prior laser groups, respectively. No 
comparison of treatment groups by means of statistical hypothesis 
testing was intended. Data were summarized for 2 time periods: (1) 
24-month analysis (analysis of data from the extension study, i.e., 
months 12-36) and (2) 36-month analysis (analysis of data from 
the core and extension studies, i.e., day 1 to month 36 ). 

All analyses were performed on the safety set, consisting of all 
patients who entered and had at least 1 safety assessment in the 
extension study. Adverse events were summarized by the number 
and proportion of patients experiencing AEs by system organ 
classes and preferred terms. Descriptive statistics (including num
ber of observations, mean, and standard deviation or standard er
ror) were provided separately for each treatment group. A last 
observation carried forward approach was used for imputation of 
missing data in the BCV A, CRST, ETDRS severity score, retinal 
ischemia, and NEI VFQ-25 analysis. All comparisons between day 
1 and month 36 and month 12 and month 36 results in this article 
are made only for the 240 patients who participated in both the core 
and extension studies. 

Results 

Patient Disposition and Demographics 

Of the 303 patients with DME who completed the core study, 240 
provided signed informed consent and were enrolled in the 
extension study. Although the reasons for nonenrollment into the 
extension study were not formally documented, the majority of the 
remaining 63 patients could not be enrolled into the extension 
study because of administrative reasons, such as late approvals 
from the institutional review board/independent ethics committee 
or late contract agreements. All analyses were performed on the 
safety set, which comprised 83 (prior ranibizumab ), 83 (prior 
ranibizumab + laser), and 74 (prior laser) patients. Of the 240 
enrolled patients, 208 (86. 7%) completed the extension study (Fig 
2, available at ,,rg). The proportion of patients 
who completed the study and the month 36 visit was similar 
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Figure 3. Mean of the change in best-corrected visual acuity (BCVA) letter score from baseline (day 1) to month 36 (A) and mean of the change in central 

retinal subfield thickness (CRST) score from baseline to month 36 (B) (safety set [last observation carried forward]). ETDRS = early treatment diabetic 

retinopathy study; PRN = pro re nata; SE = standard error. 

across all the prior treatment groups (prior ranibizumab: 88.0%, 
prior ranibizumab + laser: 86.7%, and prior laser: 85.1 %). 
Withdrawal of consent (4.6%), death (3.3%), and AEs (2.5%) 
were the most common reasons for patient discontinuation of the 
extension stndy across all the prior treatment groups (Fig }, 
available at ,V''''' .a: ,-_:m•:1:1'.rn~J 

The core baseline demographics and disease characteristics (at day 
1) for patients entering the extension stndy were similar across all the 
prior treatment groups (T:,bl,, l, available at \Vww.,,,,ojoum:,L,:}). At 
the baseline of the extension stndy (month 12), the disease 
characteristics of patients treated with laser and those treated with 
ranibizumab in the core stndy were comparable except for BCV A, 
which was slightly lower in patients treated with laser alone in the 
core stndy (T,,bk, ::, available at ,,:"'"'' .::.::.o;min:c;l. org). 

Efficacy Profile 

Best-Corrected Visual Acuity. The mean of the change in BCVA 
from baseline over 3 years is shown in Fig,,,,, 3A. In patients 
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treated with ranibizumab in the core stndy, the mean BCV A gain 
(letters ± standard error) at month 12 (7.9 ± 0.81 [prior 
ranibizumab]; 7.1 ± 0.80 [prior ranibizumab + laser]) was in 
general maintained from month 12 to 36 (prior ranibizumab: 8.0 
± l.ll; prior ranibizumab + laser: 6.7 ± 1.05 at month 36). Of 
note, prior laser-treated patients, who were eligible to receive 
ranibizumab treatment in the extension stndy, showed a progres
sive improvement of BCVA from 2.3 ± 1.11 letters at month 12 to 
6.0 ± 1.09 letters at month 36. 

At month 36, 42.2% of patients in the prior ranibizumab group, 
28.9% of patients in the prior ranibizumab + laser group, and 17 .6% 
of patients in the prior laser group had a BCV A score > 78 letters, 
whereas only 1 patient ( 1.2% ), 1 patient ( 1.2% ), and 2 patients 
(2.7%), respectively, had a BCVA of <39 letters at month 36. Over 
the 3-year stndy period, a similar proportion of patients gained 2: 10 
and 2:15 BCVA letters across the 3 groups (Fig ,;t). However, at 
month 36, a greater proportion of patients treated with laser alone 
in the core stndy lost 2:10 letters (prior ranibizumab: 2.4%; prior 
ranibizumab + laser: 4.8%; prior laser: 8.1%) and 15 letters (prior 
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Figure 4, Categorized change in best-corrected visual acuity (BCVA) from 

baseline (day 1) to month 36 (safety set [last observation carried forward]). 

ranibizumab: 1.2%; prior ranibizumab + laser: 1.2%; prior laser: 
2.7%) when compared with patients primarily treated with 
ranibizumab in both the core and extension stndies. 

Central Retinal Subfield Thickness. In patients treated with 
ranibizumab in the core and extension stndies, the mean CRST 
reductions observed at the end of the core stndy (prior 
ranibizumab: -127.8 µm; prior ranibizumab + laser: -139.7 µmat 
month 12) were maintained at month 36 (prior ranibizumab: -142.1 
µm; prior ranibizumab + laser: -145.9 µm). At month 12, a relatively 
lower mean reduction in CRST (-63.3 µm) was observed in the prior 
laser-treated patients compared with patients in the prior ranibizumab 
group. A progressive reduction of 79.4 µm was observed in the prior 
laser-treated patients with the allowance of ranibizumab treatment from 
month 12 to 36 (mean change from baseline to month 36, -142.7 µm; 
F:g 3B). 

Retinal lschemia. The mean of the changes in the size of the 
foveal avascular zone from baseline to month 36 were 0.027 mm2 

(median, 0.049 mm2
; prior ranibizumab), 0.051 mm2 (median, 0.027 

mm2
; prior ranibizumab + laser), and -0.399 mm2 (median, -0.013 

mm2
; prior laser). 

Early Treatment Diabetic Retinopathy Study Severity 
Score. At month 36, 14.8% of patients in the prior ranibizumab 
group, 28.3% of patients in the prior ranibizumab + laser group, 
and 16.0% of patients in the prior laser group had an improvement 
in ETDRS severity score (2:3 steps) from baseline, whereas 1.6%, 
7.5%, and 4.0% of patients, respectively, had a worsening of 
ETDRS score (2:3 steps) from baseline to month 36. 

Visual Functioning Questionnaire. Over 3 years, patients 
treated with ranibizumab in both the core and extension stndies 
showed an overall improvement of NEI VFQ-25 scores at month 
36 when compared with the core baseline (composite scores: 5.0 
[prior ranibizumab], 4.3 [prior ranibizumab + laser]; general 
vision: 6.0 [prior ranibizumab]. 7.1 [prior ranibizumab + laser]; 
near activities: 12.2 [prior ranibizumab], 7.8 [prior ranibizumab + 
laser]; distance activities: 2.6 [prior ranibizumab], 4.1 [prior 
ranibizumab + laser]). In both the prior ranibizumab and prior 
ranibizumab + laser groups, the initial gains in the NEI VFQ-25 
scores observed at month 12 were mostly maintained for the 
composite (prior ranibizumab: 6.5 [month 12] and 5.0 [month 36]; 
prior ranibizumab + laser: 4.8 [month 12] and 4.3 [month 36]), 
general vision (prior ranibizumab: 8.7 [month 12] and 6.0 [month 
36]; prior ranibizumab + laser: 8.0 [month 12] and 7.1 [month 
36]), distance activity (prior ranibizumab: 6.4 [month 12] and 2.6 
[month 36], and near activity (prior ranibizumab: 10.7 [month 12]; 
12.2 [month 36]; prior ranibizumab+laser: 9.3 [month 12]; 7.8 
[month 36]) prior ranibizumab + laser: 4.5 [month 12] and 4.1 
[month 36]) subscale scores until month 36. After allowance of 

ranibizumab treatment as of month 12, patients in the prior laser 
group showed a progressive improvement in near activities (month 
12: 1.9; month 36: SA), general vision (month 12: 1.6; month 36: 
8.1), distance activities (month 12: 1.8; month 36: 3.5), and 
composite scores (month 12: 2.4; month 36: 3.9) from months 12 
to 36. 

Treatment Exposure 

Ranibizumab Injections. Patients who received ranibizumab pre
viously in the core stndy and continued with individualized ranibi
zumab treatment in the extension stndy (prior ranibizumab and prior 
ranibizumab + laser) received a median of 12.0 (mean: prior rani
bizumab [14.2]; prior ranibizumab+laser: [13.5]) ranibizumab in
jections over 3 years (day 1 to month 35; Table 3 and T:1hl" 4, 
available at ,,,g). The mean number of 
ranibizumab injections administered over 2 years of the extension 
stndy (months 12-35) was similar across the 3 groups, with a 
progressive reduction in re-treatment need from the first to the 
second year and the third year (median, 6.0; mean, 6.8 [prior 
ranibizumab]; median, 4.0; mean, 6.0 [prior ranibizumab + laser], 
and median, 4.0; mean, 6.5 [prior laser]). A similar proportion of 
patients across the 3 groups did not receive any injections over 
months 12 to 35 (prior ranibizumab: 19.3%; prior ranibizumab + 
laser: 25.3%; and prior laser: 20.3%; T;,t,]e:, 4, available at 
"'""~'' .,,,,ojownal.org). Therefore, 59 of the 74 prior laser-treated 
patients (79.7%) received an average of 8.1 ranibizumab injections 
from months 12 to 35. 

In the 24-month extension stndy (months 12-35), disease 
improvement was the most frequent reason for treatment inter
ruption/stop. In the prior laser-treated patients, ranibizumab in
jections over months 12 to 35 resulted in disease improvement and 
subsequent treatment interruption in 93.2% of patients (Table \ 
available at ~,,,,.,,_, :,.a,,j,J~,mal. ,xg). 

Laser Treatment. The mean number of laser treatments 
administered to the stndy eye during the extension stndy (months 
12-36; recorded as concomitant medication) ranged from 0.1 to 
0.4 across the prior treatment groups (median, 0.0 for all treatment 
groups). In the extension stndy, the majority of patients (75.9%-
91.6%) across all groups did not require/receive laser treatment 
(T'J bt(~ 6, available at \v,~:v;: .aaujo:..E:_·taL org). 

Sa£ ety Profile 

Serious Adverse Events. Overall, ocular SAEs (stndy eye) were 
reported in 8 patients (3.3%; Tabl,, 7, available at ww,,·_ 
,,,,ojound.org) over the 3-year stndy period (day 1 to month 
36 ); the most frequently observed ocular SAE was cataract (prior 
ranibizumab + laser: 3 [3.6%], prior laser: 2 [2.7%]). The most 
frequently occurring ocular SAEs in the extension stndy (months 

Table 3. Mean Number of Ranibizumab Treatments Received 
over 3 Years (Day 1 to Month 35, Safety Set) 

Mean No. of Ranibizumab Injections 

Prior 
Ranibizumab Prior 

Prior Ranibizumab 0.5 mg+ Laser Laser 
Treatment Period 0.5 mg (n = 83) (n = 83) (n = 74) 

Day 1 to month 35 14.2 13.5 6.5" 
Day 1 to month 11 7.4 7.5 0.0 
Months 12-23 3.9 3.5 4.1 
Months 24-35 2.9 2.5 2.4 

*Includes ranibizumab 0.5 mg injections given over months 12-35 only. 
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Table 9. Most Frequent Ocular (Study Eye) and Nonocular Adverse Events in the Extension Study (Months 12-36; 
::>:5% in Any Group, Safety Set) 

Preferred Terms 

Ocular AEs (study eye), total 
Eye pain 
Cataract 
Dry eye 
Lacrimation increased 
Macular fibrosis 

Nonocular AEs, total 
Nasopharyngitis 
Influenza 
Hypertension 
Back pain 
Dizziness 
Renal failure 

AE = adverse event. 

Prior 
Ranibizumab 0.5 mg (n =83) 

47 (56.6) 
9 (10.8) 
7 (8.4) 
3 (3.6) 
2 (2.4) 
1 (1.2) 

61 (73.5) 
12 (14.5) 
7 (8.4) 
7 (8.4) 
3 (3.6) 
2 (2.4) 
0 (0.0) 

Prior 
Ranibizumab 0.5 mg + Laser 

(n = 83) 

47 (56.6) 
6 (7.2) 

12 (14.5) 
3 (3.6) 
3 (3.6) 
2 (2.4) 

61 (73.5) 
12 (14.5) 
6 (7.2) 

7 (8.4) 
2 (2.4) 
0 (0.0) 
2 (2.4) 

Prior 
Laser 

(n = 74) 

37 (50.0) 
9 (12.2) 
8 (10.8) 
5 (6.8) 
5 (6.8) 
4 (5.4) 

53 (71.6) 
15 (20.3) 
7 (9.5) 
5 (6.8) 
5 (6.8) 
4 (5.4) 
4 (5.4) 

Data are no. (% ). Preferred terms are sorted in descending frequency, as reported in ranibizumab 0.5 mg column; a subject with multiple occurrences of an 
AE under 1 treatment is counted only once in the AE category for that treatment. 

12-36) are presented in ·:,,:.:, 8 (available at w,,·,,,, 
,,,,ujo,;m,,i.org). During the extension study (months 12-36), 
cataract was observed as an ocular SAE in 1 patient in the prior 
ranibizumab + laser group. Over the 3-year study period, none 
of the ocular SAEs of the study eye were suspected by the 
investigator to be related to the study drug or procedure. 

Overall, 88 patients (36.7%) experienced nonocular SAEs 
(Td.:k 7, available at ""'\v.,,,,ujo,,m,,Lrn·g) over 3 years (prior 
ranibizumab: 30 [36.1%], prior ranibizumab + laser: 31 [37.3%], 
and prior laser: 27 [36.5% ]). The key nonocular SAEs reported 
over this 3-year period included coronary artery disease (prior 
ranibizumab: 3 [3.6%]; prior laser: 1 [1.4%]), angina pectoris (prior 
ranibizumab: 2 [2.4%]; prior ranibizumab + laser: 1 [ 1.2% ]), cardiac 
failure (each prior ranibizumab group: 1 [1.2%]; prior laser: 4 
[5.4%]), cerebrovascular accident (prior ranibizumab: 2 [2.4%]; 
prior ranibizumab + laser: 1 [1.2%]; prior laser: 1 [1.4%]), and 
myocardial infarction (prior ranibizumab + laser: 3 [3.6%]; prior 
laser: 3 [4.1%]). Nonocular SAEs reported during the extension 
study (months 12-36) are presented in Tctt0irc 8 (available at 
ww,,., :,:,oim,r,rnJ.,,rJ: ), and those suspected by the investigator to 
be related to the study drug/procedure over 2 years are indicated. 

Of the 240 patients entering the extension, 8 deaths were reported 
during the 24-month extension study, that is, over months 12 to 36 (2 
in the prior ranibizumab group and 3 each in the prior ranibizumab + 
laser and prior laser groups); none were suspected to be related to the 
study drug or procedure. Nonocular SAEs reported during the 
extension study (months 12-36) are presented in T:,bl,, 8 (available at 
w;;,,v.,,,,;;jo,;m,,i.org), and those suspected by the investigator to be 
related to the study drug/procedure over 2 years are indicated. 

Adverse Events. The most frequently observed ocular AEs in the 
study eye during the extension study (months 12-36) were cataract (27 
[11.3%]) and eye pain (24 [10.0%]); the most frequently occurring 
ocular AEs in the study eye during the extension study (months 12-36; 
2:5% in any group) are summarized in Tabk 9. The most frequent 
ocular AEs (2:5% in any group; summarized in Tablrc Ji), available 
at w,•,,v.,,m,jn,.m,:,.: .org) in the study eye across the treatment groups 
over the 3 years were cataract (39 [16.3%]), eye pain (37 [15.4%]), 
conjunctiva! hyperemia (21 [8.8% ]), and conjunctiva! hemorrhage 
(18 [7.5%]). Of the 240 patients entering the extension study, 
increased IOP in study eye was observed in 9 patients (3.8%) only 
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across the prior ranibizumab treatment arms over 3 years. The most 
frequent ocular AEs in the study eye suspected by the investigator to 
be related to study drug/procedure across all treatment groups over 
the 3 years ( day 1 to month 36) and during the extension study 
(months 12-36) were eye pain and conjunctiva! hemorrhage (the 
latter was observed only in patients who received ranibizumab in the 
core or extension studies) (T,,t;lf,,; 1 i ;,;;;). : 2, available at ,•;ww. 
"ao;rn.n·,d.nrg). No cases of endophthalmitis were reported in any of 
the treatment arms over the entire 3-year study period. 

Nasopharyngitis (39 [16.3%]), influenza (20 [8.3%]), and hy
pertension (19 [7.9%]) were the most common nonocular AEs re
ported in the extension study (months 12-36 ). The most frequently 
occurring ocular and nonocular AEs in the extension study were 
comparable across all groups (Tal.,k 9). Nasopharyngitis (56 
[23.3%]) and hypertension (32 [13.3%]) were the most common 
nonocular AEs reported from day 1 to month 36, followed by 
influenza (28 [11.7%]) and back pain (20 [8.3%]) (Tabl,, iL>, 
available at ,v,,·;v ·"''oj,.Jutrd.org). Nonocular AEs suspected to be 
related to the study drug/procedure over day 1 to month 36 and 
months 12 to 36 are summarized in T,,b)es : \ ,,:J.J L?. (available at 
"""' ,,·.a:1o;u:m;,1.1 .rn·g), respectively. 

Adverse Events Leading to Study Drug Discontinuation. 
Over the 3-year study period, 1 patient each in the prior 
ranibizumab + laser and prior laser groups experienced ocular AEs 
in the study eye, leading to study drug discontinuation (Tal.,k U, 
available at ,vw;;, .am,_1ourn,,i.org). Nonocular AEs leading to 
study drug discontinuation over 3 years are summarized in 
T:ibi:: : :-l (available at ww;;, .am,_1ourn,,i.org). 

Adverse Events Related to Potential Safety Concerns. Adverse 
events related to potential safety concerns over 3 years and in the 
extension study are summarized in T,,t;k:, : 4 and i S, respectively 
(available at ,,..-w;;, .,,,,c,j,)1-:rn,:.l.urg). No cases of endophthalmitis, 
retinal tear, or retinal detachment were observed in the extension 
study. 

Discussion 

The 3-year results from the RESTORE core and extension 
studies provide robust data on the long-term safety profile 
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and the re-treatment need of intravitreal ranibizumab in 
patients with DME. Patients were treated on the basis of an 
individualized as-needed regimen similar to the recom
mendation in the EU label. Therefore, the findings of this 
study may closely reflect outcomes expected in routine 
clinical practice with ranibizumab treatment for DME based 
on the EU label. 

At month 12, the RESTORE extension patients initially 
treated with ranibizumab showed a considerable improve
ment in BCV A compared with those treated with laser alone 
in the core phase. During the extension study, patients in the 
prior ranibizumab groups were able to maintain the initial 
BCV A gains achieved at month 12 to months 24 and 36 
with individualized ranibizumab treatment. Moreover, prior 
laser-treated patients who could receive individualized 
ranibizumab treatment at a later stage only (i.e., as of month 
12) also achieved BCV A gain from month 12 to months 24 
and 36. However, at month 24, the BCV A gain from core 
baseline observed in the prior laser group was around 75% 
of that achieved in the prior ranibizumab groups. At month 
36, the patients in the prior laser group demonstrated a 
BCV A gain similar to that observed in the prior ranibizumab 
groups, but a gradual BCV A gain was observed in the prior 
laser group over a period of 3 years when compared with the 
rapid initial gain observed in the prior ranibizumab-treated 
patients. We hypothesize that prolonged edematous stress 
due to deferred ranibizumab treatment and subsequent 
damage to neurosensory layers may have led to the delayed 
VA gain observed in the prior laser-treated patients. How
ever, this study was not designed to test this hypothesis; 
further investigations are required to evaluate the retinal 
damage associated with deferred ranibizumab treatment and 
consequently to determine the appropriate timing for the 
initiation of ranibizumab treatment. 

The proportion of patients gaining ~ 10 letters or ~ 15 
letters was somewhat similar across the 3 treatment groups 
at month 36. However, a greater proportion of patients in the 
prior laser group lost ~ 10 letters and ~ 15 letters than those 
in the prior ranibizumab and prior ranibizumab + laser 
groups, underscoring the value of early ranibizumab therapy 
in reducing the risk of significant BCV A loss. 

In patients treated with ranibizumab in the core and 
extension studies, mean CRST decrease at month 12 was 
maintained from month 12 to month 36. However, in pa
tients treated with laser alone in the core study, mean CRST 
observed at month 12 further decreased through month 36 
with the allowance of ranibizumab in the extension study. 
This finding demonstrates the anatomic effectiveness of 
ranibizumab even in patients with long-standing DME. It is 
reassuring that ranibizumab treatment over 3 years in the 
prior ranibizumab groups or over 2 years in the prior laser 
group was not associated with a considerable progression in 
the foveal avascular zone. Furthermore, a greater proportion 
of patients showed an improvement rather than worsening of 
ETDRS severity scores with ranibizumab treatment over the 
3-year study period. 

In addition to the improvements in BCV A and CRST 
from baseline to month 36, there was an overall improve
ment in patient-reported visual functioning, as measured by 
the NEI VFQ-25 subscale scores (composite, general vision, 

near activities, and distance activities) in patients who 
received continuous ranibizumab treatment from the core 
study. A substantial portion of the initial gain in the NEI 
VFQ-25 scores was maintained in the prior ranibizumab 
groups even with a low mean number of injections during 
the extension study. Patients in the prior laser-treated group 
showed an improvement in the NEI VFQ-25 subscale scores 
from month 12 to months 24 to 36 after receiving ranibi
zumab treatment in the extension study; however, for pa
tients in the prior laser group, a period of approximately 3 
years was required to achieve visual functioning benefits 
similar to those in the prior ranibizumab groups. Because 
DME affects the working-age population,' any delay in VA 
gains may significantly affect their ability to perform day-to
day activities. Therefore, it is important to initiate prompt 
ranibizumab treatment to provide VA benefits at the earliest 
opportunity. 

One of the most relevant and beneficial findings of this 
long-term analysis is certainly the change in re-treatment 
need over time. The individualized dosing regimen based on 
VA stability and disease progression criteria was able to 
maintain VA and provide optimal visual function benefits in 
prior ranibizumab-treated patients with decreasing fre
quency of injections over time. The mean number of in
jections received by the ranibizumab-treated patients from 
day 1 to month 5 was 4.9 (median, 5.0) injections, including 
the 3 mandatory loading injections. Patients treated with 
ranibizumab from the core phase received an average of 
13.9 injections (median, 12.0 injections) from day 1 to 
month 35, with an average of 3.7 injections during the first 
year of the extension study, which further decreased to 2.7 
injections in the final year of the extension. Approximately 
19% to 25% of patients across the treatment arms did not 
require any ranibizumab injections during the extension 
study. Therefore, patients treated with ranibizumab during 
the entire study were, on average, able to maintain the 
BCV A gained up to month 12 with fewer than 3 injections 
during the final year of the extension with the protocol
specified re-treatment criteria. Almost every patient 
(93.2%-100%) interrupted treatment at least once from 
months 12 to 35 because of disease improvement. 

The RESTORE extension results mirror those of the 
DRCR.net study"' in which, over a period of 3 years, VA 
was maintained with a diminishing number of injections. 
However, in the DRCR.net study there were only 
ranibizumab + prompt laser or ranibizumab + deferred 
laser arms, excluding the possibility of evaluating whether 
ranibizumab monotherapy could be as effective when 
compared with ranibizumab combined with prompt or 
deferred laser. Also, in contrast to the DRCR.net study, 
the current study assessed the effects of ranibizumab 
monotherapy over 3 years, although concomitant laser 
treatment was allowed in the extension study. The re
treatment criteria used in the current study are consistent 
with the ranibizumab EU label and are simple to apply in 
the context of clinical practice."' 

The long-term RESTORE extension study provides 
valuable information regarding the individualized dosing 
regimen of ranibizumab during extended treatment in DME. 
The progressive reduction in re-treatment needs is the most 
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positive conclusion and provides the opportunity to further 
optimize the management of DME. However, it was beyond 
the scope of this study to determine whether an alternate 
treatment strategy such as "treat and extend" or PRN 
treatment with less frequent than monthly monitoring could 
result in a similar visual outcome compared with PRN 
dosing, while potentially reducing the need for monthly 
monitoring. Such an outcome is likely, given the ability to 
extend follow-up intervals as found in the DRCR.net pro
tocol.(, Unlike the individualized dosing regimen used in the 
current study, a treat and extend regimen provides treatment 
at any follow-up visit but increases the interval to the next 
visit if vision is stable. The RETAIN study (registered as 
NCT0l 171976 at lntp:!/chnic,1,ri:tb:.gnv/; accessed June 25, 
2013) is expected to provide valuable information regarding 
the efficacy and safety of ranibizumab using an alternate 
treat and extend dosing regimen. 

Establishing the long-term safety profile of retinal 
vascular disease treatments is extremely important because 
the retinal microvasculature is closely interlinked with the 
cerebral microvasculature and abnormalities of the retinal 
microvasculature are i!11portant predictors of cardiovascular 
risks and mortality.'-'· ' 1 Thus, any insult to the retinal 
microvasculature may have an impact on the brain and 
cardiovascular system. In addition, patients with DME are 
also prone to systemic complications associated with dia
betes/ which further mandates the long-term safety moni
toring of any treatments administered to these patients. 

The results of this 3-year long-term study demonstrated 
that ranibizumab treatment was generally well tolerated, 
with no new ocular or systemic safety findings, consistent 
with the safety observations in the RESTORE core and 
interim studies.' J .J :- In the current study, ocular SAEs were 
reported in 2.4% to 4.1 % of the patients across the treatment 
arms over 3 years, and the majority of the reported SAEs 
were not suspected to be related to the study drug/procedure. 

During the 3-year study period, a total of 2779 ranibi
zumab injections were administered, with no reports of 
endophthalmitis, suggesting that there was adequate adher
ence to the aseptic injection procedure. Throughout the 
study period, the most frequently reported ocular AEs were 
cataract (16.3%) and eye pain (15.4%), and the most 
frequently reported nonocular AEs were nasopharyngitis 
(23.3%) and hypertension (13.3%), which were reported in 
similar frequencies across the 3 prior treatment groups. 
Among the 240 patients entering the extension study, 8 
deaths were reported, none of which were suspected to be 
related to the study drug/treatment procedure. The safety 
profile of ranibizumab in this 3-year study is consistent with 
the safety profile of ranibizumab observed in other DME 
trials and in trials involving patients with age-related mac
ular degeneration and retinal vein occlusion.(' "'· 1 J.i? ,·. l'J 

In terms of study limitations, patients with stroke and 
transient ischemic attack were excluded from this study in 
contrast to the real-life setting where there is a possibility 
that a more diverse patient population with multiple co
morbid conditions would receive ranibizumab therapy. 
Thus, the safety results of this study should be interpreted 
relative to this exclusion. In addition, this extension study 
enrolled 240 patients and was not powered to assess the 
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occurrence rate of infrequent but important SAEs, including 
systemic events ( e.g., stroke). Long-term studies such as 
LUMINOUS (registered as NCT01318941 at http://clln
:ca1triah.gov/; accessed June 25, 2013) conducted in a broad 
patient population will help to further describe the long-term 
safety profile, effectiveness, and treatment patterns of rani
bizumab in a real-life setting. 

In conclusion, the 3-year results of the RESTORE 
extension study confirmed the favorable efficacy and safety 
profiles of ranibizumab in the long-term treatment of visual 
impairment due to DME. Ranibizumab treatment was 
generally well tolerated, and there were no new ocular or 
systemic AEs. The safety profile of ranibizumab observed in 
this study is consistent with the well-established safety 
profile of ranibizumab. This study also demonstrated that 
individualized treatment was able to consistently maintain 
VA in the ranibizumab-treated patients. Of note, the number 
of injections required during the extended follow-up 
declined progressively, enabling optimized strategies for 
long-term management of DME with intravitreal ranibizu
mab. Across the 3 treatment arms, 19% to 25% of patients 
did not require any ranibizumab injections during the 
extension study. Therapeutic benefit of ranibizumab was 
also observed in the prior laser-treated patients, who could 
receive ranibizumab only during the extension study. 
Although patients in the prior laser group were finally able 
to achieve approximately 75% of the benefit seen in the 
ranibizumab monotherapy group, after receiving ranibizu
mab in the extension study, this gain was gradual and 
occurred over the 2-year period of the extension. Thus, early 
initiation of ranibizumab therapy may provide prompt and 
substantial VA gains allowing patients from the working
age population, often challenged by multiple systemic 
comorbidities, to ease disease management and improve 
quality of life despite severe and chronic disease. 
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Ranibizumab According to Need: i\ Treatment for Age-related 
1\1\acular Degeneration 

RICHARD SPAIDE 

A 
GE-RELATED MACULAR DEGENERATION (AMD) IS 

incr
1

e::sing i;'. inciden~e- a:id prevalence an;ong the 
wond s popuiat10n. Inmb1t10n of the vascular com

ponent of AMD bas been attempted with a variety of 
approaches, but the development of the pan-vascular 
endothelial growth factor (VEGF)-A blocker, ranibizurnab 
(Lucentis, Genentech, South San Francisco, California, 
USA), for the treatment of choroidal neovascularization 
( CNV) has been a tdumph of modern medicine. l Ranibi
zumab is an antibody fragment that binds all active 
isoforms of VEGF-A, rendering them inactive. It was 
developed through an exhaustive process that required 
modifying a murine monoclonal antibody to derive an 
antibody fragment, and affinity maturing the fragment to 
restore and even improve VEGF binding. Patients with 
neovascular AMD treated in phase 3 trials using this 
medication experienced an improvement in visual acuity. 
In the MARINA trial, which examined minimally classic 
or occult with no classic disease, patients receiving 0.5 mg 
of intravitreal ranibizumab on a fixed monthly schedule 
had a mean improvement of 7 .2 letters, while sham-treated 
controls lost 10.4 letters over the course of the first year.2 
In the ANCHOR trial, patients receiving 0.5 mg of 
intravitreal ranibizumab on a fixed monthly schedule had 
a mean improvement of 11.3 letters, while controls treated 
with photodynamic therapy that used verteporfin had a 
mean loss of 9.5 letters over the first year.3 

Along with the triumph of ranibizumab comes the bill. 
The drug charge per injection costs patients, or their 
insurance company, $2,000. The costs estimate increases 
when the charges for the injection procedure, the ophthal
mic examination, and associated tests are added. Econo
mists would add in the costs incurred by the family 
members taking off work to accompany the patient and 
lost opportunity costs. The total cost over a year for a 
single patient is stunning; the cost projections for the 
United States are staggering. Although economists can 
convert burdens into the equivalent economic ones, pa
tients and doctors alike often pigeonhole costs. Returning 
every month for injection and follow-up within two to 
seven days after the injection, as recommended in the 

See accompanying Article on page 566. 
Accepted for publication Feb 9, 2007. 
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product insert, is a cost, but also is an emotional and 
psychological burden for the patient, family, and even the 
doctor. In medicine, risk of treatment is usually associated 
with the intensity of treatment. Mandated monthly treat
ment may incur increased risks, particularly if the patient 
really doesn't really "need" the treatment each month. 

In this issue appears an important article by Anne Fung 
and associates at Bascom Palmer Eye Institute.4 This study, 
known as the Prospective Optical Coherence Tomography 
Imaging of Patients With Neovascular AMD Treated 
With Intraocular Ranibizumab (Lucentis), or PrONTO, 

study, led by Phil Rosenfeld, examined a strategy of giving 
patients ranibizumab on a schedule dictated by a carefully 
considered list of criteria. At baseline and each visit 
thereafter, patients had their visual acuity measurements 
performed with an Early Treatment Diabetic Retinopathy 
Study (ETDRS) chart at 2 m when a refraction protocol 

was used. Patients then were given three injections of 
ranibizumab at monthly intervals. Five criteria were used 
to determine whether a patient needed an additional 
injection at each monthly follow-up examination. Patients 
were treated again if they had a visual acuity loss of at least 
5 letters on the ETDRS chart with optical coherence 
tomography (OCT) evidence of fluid in the macula, an 

increase in OCT central retinal thickness of at least 100 
µm, new macular hemorrhage, new area of classic CNV 
seen by fluorescein angiography, or evidence of persistent 
fluid on OCT at least one month after the previous 
injection. After one year of follow-up, the patients had a 
mean visual acuity improvement of 9.3 letters. With the 
usual caveats about comparing studies, the visual acuity 
results were similar to those seen in ANCHOR and 
MARINA. However, patients in the PrONTO study 
required only 5.6 injections over the first year. The reduced 
drug costs per patient amount to about half the mean per 
capita yearly income for older people in the United 
States.5 Multiply this dollar amount by the number of 
patients with CNV that results from AMD and the 
potential savings are enormous. 

If patients can meet the entry criteria of the study and 
are treated according to the methods used in the study, 
they would have a reasonable expectation of having similar 
results. The confidence of this expectation is influenced by 
a number of factors, including the number of patients in 
the study. The ANCHOR and MARINA studies both had 
large numbers of patients, whereas the PrONTO study had 
40 patients and no controls. In actuality, PrONTO would 
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be difficult to implemern for many practices. An ETDRS 
visual acuity measurement with protocol refraction is a 
requirement for a rigorous trial and is a time-consuming 
test administered by a certified visual acuity examiner. 
This test is not practical for many busy practices. Dropping 
rhe need for ETL)RS visual acuity measuremen! as part 
of the criteria would make the study easier to implement, 
but at the cost of widened confidence intervals for the 
expected outcomes. 

The reduction in intraocular injenions was not associ
ated with marked reduction in visits by the patient ro rhe 
ophthalmologist's office. Patients still required monthly 
examinations with monthly OCTs and quarterly fluores
cein angiograms to look for classic CNV. An alternative 
approach would be to look for a method to decrease both 
the injections and visits in general. ln the PIER trial, 
patients were provided three injections at monthly inter
vals and then quarterly injections, except the patients were 
given a final injecrion at month l L Even though rhe 
patients should have had a fairly good 12--montb visual 
acuity because they had a mandated injecdon at 11 
months, the mean visual acuity dropped by 0.2 letters in 
the 0.5-mg group. So giving the patients a reduced number 
of injections-----a therapy not based on objective factors of 
need-appeared to result in a less favorable outcome. 6 In 
our office, we treat some patients with a technique we call 
"inject and extend." Patients are provided three monthly 
injections and then told to return in six weeks. They 
undergo an ophthalmic examination, including biomicros
copy and OCT. If the patients have no new hemorrhage or 

signs of exudation such as edema or subretinal fluid they 

are injected and instructed to return in eight weeks. If they 
have edema or other signs of exudation, they are given an 

injection and told to return in four weeks. Patients 

returning at eight weeks are given the same examination. 

If there are no signs of disease activity, they are given an 

injection and told to return in 10 weeks. If they have 
exudation, they are given an injection and told to return in 

six weeks. Patients with this strategy would go only a few 

weeks, at most, of having any sign of exudation. The 

optimal examination and treatment interval may be 

quickly established. 
It is obvious that monthly treatment is an expensive and 

burdensome ordeal. The good news is that it works. The 

PrONTO approach obviates the need for six injections, 

but still has the cost of monthly examinations. The good 

news about PrONTO is that it suggests that patients can be 
treated according to need and have a good outcome. We 
need to determine and consider what the patient's needs 

are in aggregate. How can we best address the patient 

needs, both for good visual outcome and decreased burden 
to the patient and the patient's family? What are the best 

criteria to use for retreatment? Is an inject and extend 

strategy better because it reduces patient visits? These are 

interesting questions that need to be answered. They could 

not have been asked without the groundbreaking work of 
the Bascom Palmer group with the PrONTO study, which 

to their credit was partly funded by Genentech, the maker 

of ranibizumab. 
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Regeneron Focuses on Age-Related Macular 
Degeneration 

Wendy Wolfson 
DOI 10. 1016/j.chembiol.2008.04.002 

For some people, the onslaught of time 
brings another loss: the erosion of central 
vision, making it impossible to drive or 
read a book or see the contours of a loved 
one's face. No one knows what precipi
tates age-related macular degeneration 
(AMO), but it is the leading cause of vision 
loss among the elderly in western coun
tries. Aside from getting old, the major 
risk factors for AMO include smoking 
and having a genetic predisposition. 

Approximately 15-20 million Americans 
suffer from AMO, with about 200,000 
new cases diagnosed each year and 3-4 
million legally blind as a result. No cure 
exists; current therapies can slow disease 
progression in a limited number of cases, 
but do not address the underlying cause. 

The macula is a small patch in the mid
dle of the retina that contains a high con
centration of photoreceptor cells which 
transmit visual signals to the brain and 
governs central vision. Macular degener
ation takes two forms: the early atrophic, 
or "dry," and the more advanced exuda
tive, or "wet," version. Most people de
velop the early or intermediate dry form 
of macular degeneration in which tiny de
posits of protein and other cellular debris 
called drusen accumulate on the macula. 

Some patients with dry AMO are helped 
by doses of vitamins and antioxidants. 
The Age-Related Eye Disease Study 
(AREDS) conducted by the National Eye 
Institute (NEI) showed that antioxidant 
supplements retarded progression of dry 
AMO in about one-quarter of cases. NEI 
is currently recruiting 4000 volunteers 
for a new study to see the effect of anti
oxidants (lutein and zeaxanthin) and/or 
the long-chain omega-3 fatty acids DHA 
and EPA. 

In 10%-15% of patients, AMO abruptly 
morphs into the more virulent wet type, 
in which abnormal blood vessels grow 

uncontrollably beneath the retina, dam
age the macula, and leak blood and fluid. 
This process, called choroidal neovascu
larization (CNV), irreversibly damages the 
photoreceptor cells. 

The first FDA-approved treatment for 
wet AMO was Visudyne (verteporfin) Pho
todynamic Therapy (PDT) from QL T and 
Novartis. Visudyne, a light-activated drug, 
is injected intravenously to destroy tar
geted blood vessels. Aside from surgery, 
other approaches under development 
include implants to deliver medication. 

In the mid and late 1990s, it became in
creasingly apparent that vascular endo
thelial growth factor (VEGF) was a driver 

for CNV. VEGF antagonists such as 
Macugen (Pegaptanib), an injectable ribo
nucleic aptamer, was developed by 
Pfizer/Eyetech. Macugen was the first 
VEGF antagonist to get approved, in 
2004, but the current gold standard for 
treating wet AM D is Genentech 's Lucentis 
(ranibizumab), a humanized antibody 
fragment that binds to different isoforms 
of VEGF. Approved by the FDA in June 
2006, Lucentis is administered by injec
tion into the eye. 

Lucentis is descended from the same 
monoclonal antibody as Avastin (bevaci
zumab), another Genentech anti-angio
genic approved by the FDA in 2004 for 
colorectal cancer. Meanwhile, waiting 
for Lucentis approval, various groups 
were experimenting with Avastin for wet 
AMO. Dr. Philip Rosenfeld at the Bascom 
Palmer Eye Institute reported the results 
at the American Society of Retinal Spe
cialists in 2005. Rosenfeld wrote in a later 
paper "The option of using Avastin for 
$17-$50 a dose is clearly more attractive 
than PDT at $1500 a treatment or Lucentis 
at $2000 a dose. Eventually, for us to 

know which treatment is better, a head
to-head clinical trial is necessary" (Rosen
feld, 2006). 

"Six months later, hundreds of thou
sands of eyes in the US used Avastin." re
called Dr. Daniel Martin, professor of 
ophthalmology at Emory University Medi
cal School and chair of the current NIH 
phase Ill clinical trials comparing Lucentis 
and Avastin. "It was remarkable, the clos
est thing to penicillin we had ever seen." 

ll-::1~1e~~1t1s--or3 Hop-::1s f"1r ;..::: Ba 
rsf il~~1~:w3*fJ~tior~ 
A third player is now entering the Lucen
tis/Avastin scrimmage. Tarrytown, NY, 
based Regeneron (http://www.regn.com), 
a public company, has a compound for 
wet AMO, VEGF Trap-Eye, in phase Ill 
clinical trials. Regeneron's compound is 
designed to bind VEGF and the related 
Placental Growth Factor (PLGF). The 
study is expected to enroll approximately 
1,200 patients in North America and will 
compare VEGF Trap-Eye to Lucentis. In 
2006, Bayer Healthcare, LLC, struck a 
collaboration for VEGF Trap-Eye of $75 
million up front and $245 million in mile
stone payments. 

Regeneron's VEGF Trap-Eye approach 
involves attaching the binding portions of 
two different receptors to the Fe fragment 
of an antibody. This constructed molecule 
blocks signaling proteins from binding 
to receptors-impeding the formation 
of leaky blood vessels. According to 
Neil Stahl, Ph.D., senior vice president, re
search and development sciences, the 
VEGF Trap-Eye molecule is smaller than 
Avastin by ~50% but has ~2000-fold 
tighter binding than Avastin and 200 times 
that of Lucentis, affinities arrived at in the 
test tube but which need confirmation by 
this clinical trial. "In the closed compart
ment of the eye, you will get better block
age at lower drug levels." Stahl said. Re
generon is maximizing the half-life of the 
compound, an important consideration 
for patients who have to endure injections 
into their eyes. "A major goal of therapy is 
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to dry out the eye," Stahl said. "We are 
also looking at reversing the size of the 
lesions." 

Gregory Hageman, professor of ophthal
mology at the University of Iowa, became 
interested in AMO in the late 1980s. "The 
real issue is that there were no animal 
models." Hageman said. "We decided 
to use human donor eyes to determine 
what these drusen were comprised of." 
Hageman accumulated 4000 pairs of 
eyes, 1000 pairs from AMO patients. He 
found the drusen contained proteins as
sociated with the complement cascade, 
a biochemical cascade which helps clear 
pathogens from an organism, and hy
pothesized that AMO was caused by in
flammation. In 2005, Hageman and sev
eral other groups found that AMO was 
associated with variants of the comple
ment factor B and complement factor H 
genes. According to Hageman, these ge
netic variants account for up to 3/4 of 
cases of early AMO by producing defec
tive proteins that cause immune system 
malfunction. 

Hageman is cofounder and chief 
scientific officer of Optherion (http:// 
www.optherion.com), which focuses on 
the earlier dry stage of AMO. Optherion 
is located in New Haven, CT, and at the 
University of Iowa. Instead of developing 
a systemic inflammation inhibitor, Opthe
rion's approach will be to develop an aug
mented protein protective against AMO. 

Orchestrated by biotech investor David 
Scheer, Optherion received $37 million in 
financing last year from a consortium of 
companies and venture capitalists. Op
therion licensed its intellectual property 
from the University of Iowa Research 
Foundation, Yale, and the University of 
Pittsburgh on chromosome 10. 

No direct inflammatory trigger for AMO 
has been found yet, although different 
groups are proposing infections with 
organisms like chlamydia. "The thing 
about inflammation is that we don't know 

whether it is the cause or the result of the 
disease process." says Margaret DeAnge
lis, Ph.D., assistant professor of ophthal
mology at Harvard Medical School and 
Massachusetts Eye and Ear Infirmary. 
Her group and others are studying the 
entire complement pathway to identify its 
precise role in AMO. 

DeAngelis pointed out that while genes 
like complement factor H have variants 
associated with risk " ... there are a lot of 
people in the population walking around 
with these variants that don't have the dis
ease." And what causes dry AMO to tum 
to wet AMO? "We'd love to know," said 
DeAngelis. Part of the problem, according 
to DeAngelis, is lack of a good animal 
model, as the mouse has a retina but not 
a macula. "The identification of CFH was 
a phenomenal stepping stone in begin
ning to develop a molecular biochemical 
profile for AMO risk" said DeAngelis. 
"From a chemical or biochemical stand
point it will be important to correlate our 
genetic findings at the protein level so 
that appropriate agonists and antagonists 
can be developed for treating this devas
tating form of blindness." 

~l~tt~H"' Th:23n i.~ §..~ow:~ ~nth~ l~;ft1 
~f 'rhi-:--:y C.!J~~1 Gi~t. U: h~} \;Vi}tk 
San Diego-based TargeGen (http://www. 
targegen.com) hopes to dispense with 
the eye injections entirely and administer 
its wet macular degeneration, diabetic 
macular edema, and diabetic retinopathy 
treatment as eyedrops. The company's 
compound TG100801 is a benzotriazine 
inhibitor that targets the VEGF pathway. 
Specifically, their compound inhibits 
VEGFFr2 and members of the SRC kinase 
family. TargeGen has $36 million in 
D-round financing. 

TG100801 was developed as a prod rug, 
an ester that is hydrolyzed by esterases to 
have active effects in the back of the eye. 
According to Richard Soll, Ph.D., vice 
president of research and development 
and chief scientific officer at TargeGen, 
the challenge was designing a drug for 
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twice daily dosing that could be rapidly 
cleared from systemic circulation. 

But TargeGen's Phase II clinical trials to 
look at the reduction of edema or leaks in 
the eye were halted when brown-colored 
microparticles of the compound ap
peared just below the cornea. The com
pany is weighing its options: either to con
tinue testing it at a 30x lower dose in an 
animal model, consider administering it 
through a device, or switch to another 
compound in the preclinical cupboard, 
TG100948, from a different chemical fam
ily. "We will make a decision that will 
probably be made in context of a partner 
to develop or not," said Soll. 

In another go-round, New Jersey-based 
Ophthotech (http://www.ophthotech. 
com) was inaugurated in 2007 with $36 
million by former Eyetech execs to develop 
therapies for both dry and wet AMO. The 
company came with a dowry of three com
pounds: the first, E10030, an anti-PDGF 
aptamer, is entering a Phase I trial of up 
to 36 patients. E10030 is being tested in 
combination therapy with a VEGF-A inhib
itor to see if it can roll back the angiogene
sis of wet AMO. Additional compounds 
include ARC1905, a complement (anti
C5) inhibitor, and volociximab, an anti-an
giogenesis monoclonal antibody-target
ing a5J31 integrin. ARC1905 inhibits C5, 
a trigger of inflammation, which is a part 
of the complement cascade. 

Companies like TargeGen, Optherion, 
and Ophthotech are harbingers of new 
strategies such as easier delivery and 
combining drugs to knock off different 
parts of the problem. However, "It is all 
extremely early," Martin said. "I think the 
anti-VEGF therapies are likely to dominate 
for a while." 

Rosenfeld, P.J. (2006). lntravitreal avastin: The low 
cost alternative to lucentis? Arn. J. Ophthalrnol. 
142, 141-143. 

Wendy Wolfson (wendywolfson@nasw.org) is a 
Bay Area science and technology writer. 
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EDITORIAL 

Moving Toward the Next Steps in Angiogenesis Therapy? 

The clinical approach of using antibodies that sequester 
molecules in the bloodstream is an elegant solution to 
the drug-uptake problem in neuro-oncology. Our recent 
editorial, "Bevacizumab-News from the Fast Lane?" 1 

highlighted the progress and some of the concerns 
regarding antiangiogenesis therapy for brain tumors; 
there, we commemed on some encouraging results from 
clinical trials using the humanized antivascular endothe
lial growth factor (VEGF) amibody bevacizumab that 
indicated increased patient response rates. Preclinical 
and clinical data support the benefits of antiangiogenic 
therapies for cancer; however, the observed benefit is 
no more than temporary, suggesting the emergence of a 
resistant phenotype. 

A new anti-VEGF agent, VEGF Trap/aflibercept, 
has been developed by EJCorporating domains of both 
VEGFR-1 and VEGFR-2 fused to the constant region of 
human IgGl, which acts as a solubie decoy receptor for 
VEGF. In the current issue of Neuro-Oncology (see page 
940), Gomez-I\1anzano and colleagues have assessed 
the role of this new anti-VEGF antibodv in a well
established intracranial g!iorna animal m~Hlel. 2 Using 
different treatment schedules and initiating treatment at 
different times following glioma cell implantation, they 
conclude that VEGF Trap treatment was efficacious in 
both initial and advanced phases of tumor development. 
This antitumor effect was enhanced in animals treated 
with n1ore prolonged regimens. However, long-term treat
ment with VEGF Trap resulted in a modified pattern of 
tumor growth, characterized by the presence of satellitosis 
consisting of aggregations of glioma cells in the perivas
cular regions, suggesting acquisition of an invasive phe
notype in response to anti-VEGF therapy. Those results 
seem to coincide with preliminary data from MRI stud
ies of glioblastmna patients treated 'Nith bevacizumab, 
showrng the development of urnltifocal recurrence and 
strongly indicating the presence of an infiltrative/invasive 
pattern.3

"
1 ln this regard, Bergers and Hanahan recently 

proposed several hypmhetical mechanisms that might 
underlie the evasive resistance to antiangiogenic tberapy.5 

These models include an increased capability of the tumor 
cells to develop an invasive phenetype wi!hout promoting 
angiogenesis. In fact, there is strong evidence that malig
nant glioma cells adapt to pathological conditions (such 
as necrosis) or to therapies that challenge angiogenesis, by 
migrating more aggressively into normal tissue. Collec
tively, these observations indicate that the clinical success 
of antiangiogenic therapy, including VEGF Trap, might 

Copyright 2008 by the Society for Neuro-Oncology 

depend on the establishment of combined therapies aim
ing to induce tumor regression by inhibiting angiogenesis 
and to prevent multifocal recurrence by inhibiting tumor 
infiltration. 

Preclinical and clinical data have established the 
effectiveness of antiangiogenic therapies for human 
malignant gliomas. However, more studies need to b.-, 
undertaken, with a special focus on identification of the 
mechanisrns of the resistant phenotype ,rnd, ultimately, 
the testing of combined therapies. The establishment ef 
animal models suitable for these goals and the search 
for reliable biomarkers of response and resistance to 
therapy are urgent priorities in the drive to advance the 
promising field of antiangiogemc therapy. Timely results 
from a multicenter phase II clinical trial of VEGF Trap 
in patients with recurrent gliomas ,vill soon be available, 
and therefore, critical information on these evasive resis
tant phenotypes and progression patterns might soon be 
available. 6 

W. K. Alfred Yung, Editor in Chief 

Neuro-Onco!ogy 10, 939, 2008 (Posted to Neuro-Oncol
ogy {serial onfine], November 3, 2008. URL http://neuro 
-oncoiogy.dukejoumafs.org; DOi: 10.1215/·15228517-
2008-091) 
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in th~~ ~~~ti~~dy .. 

Many of us have been lured into a career 
in science by the hope that we would 
someday make a scientific discovery 
benefiting patients suffering from a pre
viously incurable disease. Only as we 
progress in our careers do we realize 
how difficult and rare such a discovery 
is, not to mention how disconnected the 
actual scientific discovery often is from 
the development of a new therapeutic 
based on that discovery. Thus it is excep
tionally rare that a single individual not 
only makes the seminal discovery but 
also helps to champion the development 
of an effective new class of therapeutics. 
Napoleone Ferrara, recipient of this year's 
Lasker DeBakey Clinical Reseach Award, 
provides a rare such example. 

Ferrara's landmark scientific discovery 
involved the isolation and cDNA cloning 
of vascular endothelial growth factor 
(VEGF) as a mitogen for vascular endo
thelial cells. In large part due to Ferrara's 
subsequent efforts, we now know that 
VEGF is the most important driver in the 
body of normal as well as pathological 
blood vessel growth. We also now realize 
that VEGF not only induces vessel sprout
ing and growth but can also regulate 
vessel function in other ways, so as to 
regulate vascular tone and blood pres
sure, as well as vessel wall integrity and 
vascular permeability. The Lasker com
mittee is recognizing Ferrara for the dis
covery of VEGF and for his specific 
contribution to the eye field, where he 
played a key role in the development of 
an anti-VEGF therapy for age-related 
macular degeneration (AMO), a leading 
cause of blindness in the elderly. Although 
not directly acknowledged in the current 

award, Ferrara made arguably even 
more exceptional contributions to the 
parallel development of a similar therapy 
for cancer. 

tl~sth1-:..-::t V;..:::S'-"!S..~~~~t· Path~1k1~)St~S h1 i~y-~1 

t.t~~i~ases arH.i s~1 C.~a~1ei~r 
The vasculature plays a critical role in a 
variety of eye diseases as well as in 
cancer growth. In AMO, the most severe 
vision loss occurs in patients who develop 
the "wet form" of the disease character
ized by choroidal neovascularization 
(CNV). CNV refers to the growth of ab
normal vessels originating from the cho
roidal vascular network, directly under
lying the retina. The abnormal vessels do 
not usually invade the neural retina and 
thus do not directly disrupt the retina 
and its function. Instead, these abnormal 
vessels become excessively leaky, 
leading to retinal swelling and edema, 
which in turn impairs vision. Optical 
coherence tomography (OCT) can beauti
fully image the living retina and reveal the 
extent of swelling, including within the 
macula and its foveal region, the tiny 
central portion of the retina that is respon
sible for the "central vision" critical to 
important tasks such as reading and 
driving. OCT images demonstrate that 
patients with AMO can have marked 
swelling in their central retina to over three 
times normal thickness, resulting in 
severe vision loss (Figure 1). 

As Ferrara himself has thoroughly re
viewed, the observation that tumor growth 
is associated with increased vascularity 
was initially made over 100 years ago, 
and this observation was then followed 
by a series of classic papers over the 

following decades suggesting that tumors 
might produce a diffusible factor that 
stimulates angiogenesis, and that this 
angiogenesis could be required for tumor 
growth (Ferrara et al., 2004). The realiza
tion that the apparently disparate vascular 
pathologies in cancer and eye diseases 
had a common trigger, and thus poten
tially a related cure, awaited the discovery 
and cloning of VEGF. 

l"hi:: t}Ss:c(}Vf~rv a~1d f!~tn1~ng 
of \t~~t]l-:.~ ar::d VPF 
In 1989, Ferrara and Henzel, working at 
Genentech, reported the purification and 
amino-terminal sequence of an endothe
lial-specific mitogen; they termed this 
protein VEGF. Shortly thereafter, Ferrara 
and colleagues described the molecular 
cloning of the cDNA encoding VEGF 
(Leung et al., 1989). While Ferrara and 
his colleagues focused on the endothelial 
growth properties of this new protein, a 
parallel effort was unknowingly trying to 
purify and clone the same protein, but 
with an eye toward a totally different 
biological function. In 1983, the Dvorak 
laboratory identified a tumor-derived 
factor, which they termed "vascular per
meability factor" (VPF), that rapidly and 
potently induced microvascular perme
ability and fluid leak but for which they 
had no molecular sequence (Senger 
et ai., 1983); I remember first hearing the 
VPF story directly from Dvorak in the 
mid-1980s at Cold Spring Harbor when 
he attended the cloning course that I 
was teaching, along with Fred Alt and Al 
Bothwell, in which Dvorak was trying to 
gain the expertise to clone this intriguing 
factor. Presumably because our training 
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of Dvorak was not sufficient, 
cloning of VPF was subse
quently undertaken by the 
Monsanto Company, which 
published the amino-terminal 
protein sequence as well as 
the cDNA sequence in 1989 
(Connolly et al., 1989; Keck, 
1989). 

Cloning of VEGF and VPF 
revealed that they were the 
same factor, and this conver
gence showed that this new 
factor had at least two fasci
nating biologic activities
not only could it induce 
endothelial cell proliferation, 
but it could cause vascular 
leak and edema. Over the 
next two decades, Ferrara 
was the clear world leader in 
further elucidating the biology 
and pathological roles of this 
new growth factor, helping 
drive more widespread adop
tion of VEGF as its name. 

had also evolved to specifi
cally regulate the endothelium 
by similarly utilizing endothe
lial-specific receptors, such 
as other members of the 
VEGF family as well as the 
more recently discovered 
angiopoietin family (Yanco
poulos et al., 2000). 

Ferrara early on realized the 
value of using genetic inacti
vation in mice, as well as en
gineered biologics that could 
work in multiple species, 
as powerful tools. In 1996, 
he demonstrated that early 
mouse development de-

Swelling of the central retina in a patient with age-related macular degenera
tion, as seen by optical coherence tomography, is reduced by treatment 
with anti-VEGF therapy. Prior to treatment this individual could read 35 letters 
on a specialized "ETDRS" eye chart. After treatment, this improved to 66. 

Diligently pursuing his focus 
on VEGF, Ferrara developed 
a mouse monoclonal antibody 
to block VEGF, termed 
A.4.6.1. It was initial experi
ments using this antibody in 
animal models that estab
lished the primacy of VEGF in 
tumor angiogenesis-Ferrara 
showed that the antibody 
could strongly inhibit tumor 
growth by limiting tumor
induced angiogenesis, not 
only providing the first con
vincing evidence that block
ing tumor angiogenesis could 
indeed prevent tumor growth 
but simultaneously establish
ing VEGF as the critical target 
in the process (Kim et aL, 
1993); importantly, the results 
were reproduced in many 
laboratories using an assort
ment of VEGF-blocking re
agents, including a clinical 

termed the VEGF Trap that pended on precise dosing of VEGF by 
showing that inactivation of even a single 
VEGF allele resulted in embryonic lethality 
due to severe vascular abnormalities. 
He cleverly developed and elegantly ex
ploited biologics-based blockers (such 
as antibodies and soluble receptors) to 
show that VEGF is required for overall 
postnatal growth, and to define its roles 
in structures such as growing bones and 
the cycling ovary (Gerber et al., 1999a, 
1999b). He also worked with collabora
tors to show that VEGF acted via an endo-
thelial-specific receptor tyrosine kinase, 
further confirming that evolution had 
selected VEGF to act specifically on the 
vascular endothelium by limiting its 
receptor distribution to these cells. 

As noted above, it had long been appreci
ated that neo-angiogenesis accompanies 
and might be required for tumor growth. 
Building on this background, Folkman 

was the first to propose that therapies 
designed to prevent such angiogenesis 
might provide a useful new way to combat 
cancer (Folkman, 1971). Folkman, how
ever, also presented a rather complicated 
view of tumor angiogenesis in which there 
were myriad positive and negative regula
tors, almost all of which (such as fibroblast 
growth factors, transforming growth 
factors, collagen fragments known as 
endostatin, and plasminogen fragments 
known as angiostatin) served roles out
side of the vasculature as well; Folkman 
suggested that tumor angiogenesis de
pended on a complex integration of these 
various positive and negative regulators 
but did not propose a specific angiogenic 
pathway nor a key trigger. In contrast, Fer
rara showed that angiogenesis depended 
on a clear cascade of factors, with VEGF 
as the key initiator of most angiogenic 
processes; Ferrara's demonstration of 
the primacy of VEGF also pushed the field 
to realize that additional growth factors 

14 Cell 143, October 1, 2010 ©2010 Elsevier Inc. 

candidate 
was developed in our laboratory. 

Despite the results with VEGF blockade 
reported by Ferrara and others, the phar
maceutical industry did not immediately 
jump on VEGF as an exciting cancer 
target. In part, this had to do with prevail
ing views in the field that there were 
myriad potential targets to attack, and 
that no target was more important than 
others. Ferrara pressed on and next 
humanized A.4.6.1 so that it could be 
used in human trials. This humanized 
antibody, given the generic name bevaci
zumab and the brand name Avastin, first 
entered clinical trials in 1997. Bevacizu
mab ultimately achieved FDA approval in 
2004 as a first-line treatment for meta
static colorectal cancer in combination 
with chemotherapy, based on its statisti
cally and clinically meaningful benefits 
on progression-free survival and overall 
survival (Ferrara et aL, 2004), and has 
since garnered additional approvals. The 
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bevacizumab story provides the definitive 
demonstration that, in man, specific 
antiangiogenesis blockade can provide 
useful tumor control in multiple cancer 
settings and is a testimonial to the efforts 
and persistence of Ferrara, and it still 
remains the standard for angiogenesis
based therapeutics. 

Kinase inhibitors that target the VEGF 
receptor signaling pathway have since 
been approved in cancer but do not 
display as widespread activity while also 
exhibiting broader toxicities. There appear 
to be several reasons for this. Biologics
based therapies such as bevacizumab 
are naturally selected to have high affinity 
and great specificity for their target and 
also have the benefit of long-circulating 
half-lives following injection, allowing for 
rather complete and long-term blockade 
with little if any off-target activity, which 
has proven more difficult to achieve with 
small-molecule kinase inhibitors. Prob
ably due to the confusion that marked 
the field a few years ago, few biologics
based VEGF-targeted therapies are in 
late-stage clinical trials in cancer; it re
mains to be seen whether either of the 
two biologicals in phase Ill trials (that is, 
the VEGF Trap or Lilly's ramucirumab 
that targets the VEGF receptor) will pro
vide similar or even greater benefit than 
bevacizumab. 

Ferrara played a key role in the develop
ment of anti-VEGF therapies for eye 
diseases, an endeavor that depended on 
the contributions and influence of several 
key collaborators as well as independent 
groups. First of all, it should be pointed 
out that most believe it is the perme
ability-inducing activity of VEGF, first 
described by Dvorak, that leads to the 
retinal swelling and edema that cause 
vision loss in wet AMO; other eye diseases 
(such as proliferative diabetic retinopathy) 
do exhibit the profound pathologic neo
vascularization that we now know is also 
driven by VEGF. It was in the latter type 
of settings that the first definitive link 
between VEGF and human eye disease 
was made, simultaneously in 1994 by 
Adamis and colleagues as well as Aiello 
and King working in collaboration with 
Ferrara (Adamis et al., 1994; Aiello et al., 
i 994); both groups showed marked 

increases in VEGF levels in the eyes of 
patients suffering from intraocular neo
vascularization. Shortly thereafter, both 
groups worked in collaboration with Fer
rara to show the benefit of blocking 
VEGF in animal models of ocular neovas
cularization; Ferrara provided the critically 
required anti-VEGF blocking reagents for 
these seminal studies. 

The introduction of anti-VEGF therapies 
intotheclinicforeyediseases came from a 
completely unexpected source, a small 
company named NeXstar Pharmaceuti
cals. This company was based on Larry 
Gold's "aptamer" technology, which was 
being used to develop small synthetic 
RNAs as a new class of drugs, and one 
of their scientists, Nebojsa Janjic, was 
developing an anti-VEGF aptamer with 
cancer in mind; however, this aptamer 
was ineffective when systemically admin
istered in animal tumor models. Stimu
lated by Adamis' paper, Janjic reasoned 
that his aptamer might work better if 
directly injected into the eye. Toward this 
end, Janjic met in 1996 with Adamis and 
Guyer, who helped Janjic design a clinical 
development plan for AMO. The aptamer, 
termed Macugen, entered clinical trials in 
1999. In the meantime, Adamis and Guyer 
decided to try to start their own venture 
and searched for the best available VEGF 
inhibitor they could license for use in the 
eye; it was at this point that I met the pair 
as they became interested in our VEGF 
Trap, and I became convinced by their 
compelling rationale. Unfortunately, the 
VEG FT rap was then entangled in a col lab
oration with the Proctor & Gamble Health 
Care group, which was not interested in 
either developing it or out-licensing it for 
the eye, and thus Adamis and Guyer had 
to look elsewhere; several years later, we 
were independently able to progress the 
VEGF Trap into the clinic for eye diseases. 
By 2000, Adamis and Guyer had started 
a company called Eyetech and, not having 
other options, licensed Macugen and 
continued its clinical development. In 
phase Ill, Macugen produced rather 
modest results, somewhat slowing the 
progressive visual decline of AMO but 
was nevertheless approved by the FDA 
in 2004; Pfizer entered into the mix and 
paid a huge premium to obtain rights to 
this innovative therapeutic. 

Although temporally behind the Macu
gen story, and certainly spurred by the 

competition, Ferrara and Genentech had 
far superior VEGF blockers at their 
disposal. Because of concerns that a 
full-length antibody might not diffuse effi
ciently into the retina when injected into 
the vitreous, Ferrara and his colleagues 
decided to engineer a humanized Fab 
variant of A.4.6.1 for use in the eye that 
was ultimately given the generic name 
ranibizumab and the brand name Lucentis 
(FE,rrarn et al.. 2006). Ranibizumab had 
other advantages over bevacizumab, 
most notably a much higher affinity that 
allowed it to be active at lower concentra
tions, which Ferrara felt might be impor
tant in terms of allowing for maintained 
activity when the drug would drop to low 
levels between monthly injections into 
the eye. Genentech initially dosed 
patients with ranibizumab in 2000 and 
received FDA approval for the treatment 
of wet AMO in 2006. The efficacy results 
were quite stunning, especially when 
compared to those obtained with the 
poorer blocker, Macugen. Instead of 
merely slowing vision loss, patients on 
average gained vision and maintained 
these gains if dosed on a monthly 
schedule. Ranibizumab has since been 
studied in other eye diseases and recently 
gained approval for retinal vein occlusion. 
Worldwide, Lucentis is now being used 
to treat about a quarter million patients 
a year. It perfectly fits the definition of 
pharmaceutical blockbuster, in terms of 
providing enormous clinical benefit to 
many patients while simultaneously pro
ducing enormous revenues. However, 
there are emerging issues. In part frus
trated by the cost of ranibizumab, clini
cians explored off-label use of intravitreal 
injection of bevacizumab for eye diseases 
and claimed to see similar benefit (Rose
nfeld, 2006). While there are certainly 
concerns in terms of safety risks to 
patients of such off-label use, the National 
Eye Institute decided that the potential 
pharmacoeconomic value of a lower
priced alternative warranted running 
clinical trials directly comparing ranibizu
mab and bevacizumab in AMO; results 
are expected in 2011. In addition, be
cause patients and physicians are very 
interested in decreasing the frequency of 
eye injections, there have been many 
attempts to study less frequent dosing 
paradigms; despite these efforts, current 
evidence supports the need for regular if 
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not monthly injection of ranibizumab to 
optimize its benefit. Early studies with 
other biologics blockers raise the possi
bility that an even higher-affinity blocker, 
perhaps at higher doses, could provide 
further visual gains or allow for longer 
interval dosing. 

In many ways, Ferrara's career repre
sents the fulfillment of every drug discov
erer's dream, and the Lasker Award could 
not be going to a more worthy recipient. 
Ferrara not only made a seminal scientific 
discovery, but then he and his colleagues 
at Genentech built on this discovery to 
spearhead the development of an entirely 
new class of therapeutics with major 
applications in two previously distinct 
clinical arenas-vascular eye diseases 
and cancer. Although Ferrara's VEGF 
antibody is now being used to treat 
about 250,000 cancer patients a year, 
the current award may have avoided 
specifically acknowledging Ferrara's 
contribution to the cancer field because 
of questions regarding the degree of clin
ical benefit of bevacizumab in cancer. 
Because bevacizumab represents an 
entirely new way of attacking cancer, utili
zation of this approach is still a work in 
progress and may require new treatment 
paradigms to optimize benefit. Traditional 
treatment paradigms in which the anti
cancer therapy is stopped after a short 
treatment period when tumor killing is 
thought to be completed, or after tumor 
progression when the tumor is thought to 
have become chemo-resistant, make little 
sense for an antiangiogenesis approach: 
the point is not to try to wipe out the tumor 
initially but instead to provide ongoing 
control by limiting host support; any 
benefit would be expected to dissipate 
as soon as such therapy is stopped. Ferra
ra's colleagues at Genentech have nicely 
demonstrated this point in very recent 
animal studies (Bagri et al., 2010), as well 
as in recent clinical studies including one 

in ovarian cancer using an innovative 
"maintenance design" carried out by the 
Gynecological Oncology Group (GOG-
0218). Data from this study can be used 
to make several important points. First, 
this study shows that, at least in this 
setting, bevacizumab does not primarily 
work by allowing more efficient delivery 
of chemotherapy (as had been proposed 
by others), given that the gained benefit is 
at least as good during the monotherapy 
maintenance stage as during the prior 
combination stage. Moreover, the study 
convincingly shows that continued main
tenance with anti-VEGF therapy is neces
sary to prevent loss of clinical benefit. 
In addition to maintenance approaches or 
treatment-through-progression strate
gies, the benefit of anti-VEGF therapy 
may also be improved by combining with 
agents targeting other angiogenic path
ways; notably, several companies are in 
trials combining anti-VEGF agents with 
otherantiangiogenic agents, such as those 
targeting Angiopoietin-2. Chemothera
peutics may also be developed that work 
better on tumors made hypoxic via antian
giogenic therapy. Although antiangiogene
sis approaches in cancer are likely to be 
further optimized as the community learns 
better how to take advantage of this 
approach, there is little doubt that anti
VEGF treatments pioneered by Ferrara 
and his colleagues will long remain the 
foundation of such efforts. Thus, it can be 
hoped that this well-deserved Lasker 
award for the discovery of VEGF and the 
development of a treatment for AMO is 
a harbinger of prestigious accolades to 
come that would also include specific 
recognition of Ferrara's contributions to 
tumor biology and cancer treatment. 

G.D.Y. works at Regeneron, which is developing 
anti-VEGF therapeutics. 
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Bayer and Regeneron Dose First Patient in Second Phase 3 Study for VEGF Trap-Eye in Wet 
Age-Related Macular Degeneration 

May 8, 2008 
Bayer and Regeneron Dose First Patient in Second Phase 3 Study for VEGF Trap-Eye in Wet Age-Related Macular 
DegenerationLeverkusen, Germany, Montville, NJ and Tarrytown, NY, May 8, 2008 - Bayer HealthCare AG and Regeneron 
Pharmaceuticals, Inc. (NASDAQ:REGN) today announced that the first patient has been dosed in the VIEW 2 trial, a second 
Phase 3 clinical study in a development program evaluating VEGF Trap-Eye for the treatment of the neovascular form of 
Age-related Macular Degeneration (wet AMO), a leading cause of blindness in adults. 

VIEW 2 (VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMO) will enroll approximately 1,200 patients in up to 200 centers in Europe, 
Asia Pacific, Japan and Latin America. The first Phase 3 trial, VIEW 1, began enrolling patients in August 2007 in the United States and Canada. Both 
VIEW 1 and VIEW 2 are designed to evaluate the efficacy and safety of VEGF Trap-Eye administered by intravitreal injection, at dosing intervals of 4 
and 8 weeks. The development program will include visual acuity endpoints and anatomical endpoints, including retinal thickness, a measure of 
disease activity. The trial is intended to establish non-inferiority of VEGF Trap-Eye with Lucentis®* (ranibizumab), an antiangiogenic agent approved 
for use in wet AMO in major markets globally. 

Wet AMO accounts for about 90 percent of all severe AMO-related vision loss. It occurs when abnormal blood vessels in the eye leak fluid and blood 
into the macula, the area of the retina that allows for vision of fine details. This can lead to a rapid loss of central vision with continued progression. 

"Results from the Phase 2 study have shown that VEGF Trap-Eye has the potential to significantly reduce retinal thickness and improve vision," said 
Kem al Malik, MD, Head of Global Development and member of the Bayer HealthCare Executive Committee. "Dosing of the first patient in this 
confirmatory Phase 3 trial is an important milestone for this compound intended to treat a devastating ocular disease that impacts millions of people 
worldwide." 

"New therapies are still needed to provide optimal care to those patients with wet AMO," said George D. Yancopoulos, M.D., Ph.D., President of 
Regeneron Research Laboratories. "This global Phase 3 clinical program will provide additional data to further evaluate the efficacy and safety of 
VEGF Trap- Eye using different dosing regimens." 

Bayer HealthCare and Regeneron are collaborating on the global development of VEGF Trap-Eye for treatment of wet AMO, diabetic eye diseases, 
and other ocular diseases and disorders. Once approved, Bayer HealthCare will market VEGF Trap-Eye outside the U.S., where the parties will share 
equally in profits from any future sales of VEGF Trap-Eye. Regeneron maintains exclusive rights to VEGF Trap-Eye in the U.S. VIEW 2 primary 
analysis results are anticipated in 2011. 

About VIEW 2 

In the first year, the VIEW 2 (VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMO) study will evaluate the safety and efficacy of VEGF 
Trap-Eye at doses of 0.5 milligrams (mg) and 2.0 mg administered at 4-week intervals and 2.0 mg at an 8-week dosing interval, including one 
additional 2.0 mg dose at week four. Patients randomized to the ranibizumab arm of the trial will receive a 0.5 mg dose every 4 weeks. After the first 
year of treatment, patients will continue to be followed and treated for another year on a flexible, criteria-based extended regimen with a dose 
administered at least every 12 weeks, but not more often than every 4 weeks until the end of the study. 

The primary endpoint of the study is the proportion of patients treated with VEGF Trap-Eye who maintain vision at the end of one year, compared to 
ranibizumab patients. Visual acuity is defined as the total number of letters read correctly on the Ear1y Treatment Diabetic Retinopathy Study (ETDRS) 
chart, a standard chart used in research to measure visual acuity. Maintenance of vision is defined as losing fewer than three lines (equivalent to 15 
letters) on the ETDRS chart. Key secondary endpoints include the mean change from baseline in visual acuity as measured by ETDRS and the 
proportion of patients who gained at least 15 letters of vision at week 52. 

Phase 2 Clinical Data 

In a Phase 2 trial in 157 patients, announced in October 2007 at the Retina Society Conference in Boston, VEGF Trap-Eye met both primary and 
secondary key endpoints: a statistically significant reduction in retinal thickness (a measure of disease activity) after 12 weeks of treatment compared 
with baseline and a statistically significant improvement from baseline in visual acuity (ability to read letters on an eye chart). 

Following the initial 12-week fixed-dosing phase of the trial, patients continued to receive therapy at the same dose on a PRN (as needed) dosing 
schedule based upon the physician assessment of the need for re-treatment in accordance with pre-specified criteria. At the 2008 meeting of the 
Association for Vision and Ophthalmology (ARVO), it was reported that, on average, patients on the PRN dosing schedule maintained the gain in 
visual acuity and decrease in retinal thickness achieved at week 12 through week 32 of the study. 

About VEGF Trap-Eye 

Vascular Endothelial Growth Factor (VEGF) is a naturally occurring protein in the body whose normal role is to trigger the formation of new blood 
vessels (angiogenesis) to support the growth of the body's tissues and organs. It has also been associated with the abnormal growth and fragility of 
new blood vessels in the eye, which lead to the development of wet AMO. VEGF Trap-Eye is a fully human, soluble VEGF receptor fusion protein that 
binds all forms of VEGF-A along with the related placental growth factor (PIGF) and VEGF-B. VEGF Trap-Eye is a specific and highly potent blocker of 
these growth factors. Blockade of VEGF can prevent abnormal blood vessel formation as well as vascular leak and has proven beneficial in the 
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treatment of wet AMO. 

About Wet AMO 

Age-related Macular Degeneration (AMO) is a leading cause of acquired blindness. Macular degeneration is diagnosed as either dry (non-exudative) 
or wet (exudative). In wet AMO, new blood vessels grow beneath the retina and leak blood and fluid. This leakage causes disruption and dysfunction 
of the retina creating blind spots in central vision, and it can account for blindness in wet AMO patients. Wet AMO is the leading cause of blindness for 
people over the age of 65 in the U.S. and Europe. 

About Bayer HealthCare 

The Bayer Group is a global enterprise with core competencies in the fields of health care, nutrition and high-tech materials. Bayer HealthCare, a 
subsidiary of Bayer AG, is one of the world's leading, innovative companies in the healthcare and medical products industry and is based in 
Leverkusen, Germany. The company combines the global activities of the Animal Health, Consumer Care, Diabetes Care and Pharmaceuticals 
divisions. The pharmaceuticals business operates under the name Bayer Schering Pharma AG. Bayer Health Care's aim is to discover and 
manufacture products that will improve human and animal health worldwide. Find more information at www.bayerhealthcare.com. Bayer Schering 
Pharma is a worldwide leading specialty pharmaceutical company. Its research and business activities are focused on the following areas: Diagnostic 
Imaging, General Medicine, Specialty Medicine and Women's Healthcare. With innovative products, Bayer Schering Pharma aims for leading 
positions in specialized markets worldwide. Using new ideas, Bayer Schering Pharma aims to make a contribution to medical progress and strives to 
improve the quality of life. Find more information at www.bayerscheringpharma.de. 

About Regeneron 

Regeneron is a fully integrated biopharmaceutical company that discovers, develops, and commercializes medicines for the treatment of serious 
medical conditions. In addition to ARCALYST™ (rilonacept) Injection for Subcutaneous Use, its first commercialized product, Regeneron has 
therapeutic candidates in clinical trials for the potential treatment of cancer, eye diseases, and inflammatory diseases, and has preclinical programs in 
other diseases and disorders. Additional information about Regeneron and recent news releases are available on Regeneron's Web site at 
www.regeneron.com. 

*(Note: Lucentis® is a registered trademark of Genentech, Inc.) 

Contact at Bayer HealthCare: 
Astrid Kranz, Phone: +49 30 468 12057 
E-mail: astrid.kranz@bayerhealthcare.com 
Rose Talarico, Phone: +1 973 305 5258 
E-mail: rose.talarico@bayer.com 
Contact at Regeneron: 
Laura Lindsay, Phone: +1 914 345 7800 
E-mail: laura.lindsay@regeneron.com 
Lauren Tortorete, Phone: +1 212 845 5609 
E-mail: ltortorete@biosector2.com 
AK (2008-0144E) 

Bayer HealthCare Forward Looking Statement 

This release may contain forward-looking statements based on current assumptions and forecasts made by Bayer Group or subgroup management. 
Various known and unknown risks, uncertainties and other factors could lead to material differences between the actual future results, financial 
situation, development or performance of the company and the estimates given here. These factors include those discussed in Bayer's public reports 
which are available on the Bayer website at www.bayer.com. The company assumes no liability whatsoever to update these forward-looking 
statements or to conform them to future events or developments. 

Regeneron Forward Looking Statement 

This news release discusses historical information and includes forward-looking statements about Regeneron and its products, development 
programs, finances, and business, all of which involve a number of risks and uncertainties, such as risks associated with preclinical and clinical 
development of Regeneron's drug candidates, determinations by regulatory and administrative governmental authorities which may delay or restrict 
Regeneron's ability to continue to develop or commercialize its product and drug candidates, competing drugs that are superior to Regeneron's 
product and drug candidates, uncertainty of market acceptance of Regeneron's product and drug candidates, unanticipated expenses, the availability 
and cost of capital, the costs of developing, producing, and selling products, the potential for any collaboration agreement, including Regeneron's 
agreements with the sanofi-aventis Group and Bayer HealthCare, to be canceled or to terminate without any product success, risks associated with 
third party intellectual property, and other material risks. A more complete description of these and other material risks can be found in Regeneron's 
filings with the United States Securities and Exchange Commission (SEC), including its Form 10-Q for the quarter ended March 31, 2008. Regeneron 
does not undertake any obligation to update publicly any forwardlooking statement, whether as a result of new information, future events, or otherwise 
unless required by law. 
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Abstract: This paper reviews the current thinking about retinal vein occlusion. It gives an 

overview of its pathophysiology and discusses the evidence be bind the various established and 

emerging treatment paradigms. 

Keywords: central, hemispheric, branch, retinal vein occlusion, visual loss 

Introduction 
Retinal vein occlusion (RVO) is the most common retinal vascular disease after 

diabetic retinopathy. 1 Depending on the area of retinal venous drainage effectively 

occluded it is broadly classified as either central retinal vein occlusion (CRVO), 

hemispheric retinal vein occlusion (HRVO ), or branch retinal vein occlusion (BRVO ). 

Hayreh observed that each of these has two subtypes. 2 The former 1,,vo can be sub

divided into ischemic and nonischemic CRVO or HR.VO, with each having distinct 

clinical features and prognosis. A number of parameiers can be used to assess the 

degree of ischemia such as the degree of visual loss, presence of a relative afferent 

pupiliary defect, extent of retinal capillary nonperfusion on tluorescein angiography, 

and electrodiagnostics showing reduced b wave amplitude, reduced b:a ratio and 

prolonged b-wave implicit time. 

BRVO can be considered a major BRVO \vhere a quarter or more of the retina is 

affected or a macular BRVO where only part of the macular is affected. 

Presentation of RVO in general is with variable painless visual loss with any 

combination of fundal findings consisting of retinal vascular tortuosity, retinal 

hemorrhages (blot and flame shaped), cotton wool spots, optic disc swelling and macular 

edema. Jn a CRVO, retinal hemorrhages will be found in all four quadrants ofthe fundus, 

whilst these are restricted to either the superior or inferior fimdal hemisphere in a HRVO. 

ln a BRVO, herno!Thages are largely localized to the area drained by the occluded branch 

retinal vein. Vision loss occurs secondary to rnacular edema or ischemia. 

Epidemiology 
The true incidence of RVO in a population as a whole is difficult to establish, as 

many RVOs are silent where the condition is mild the patient is asymptomatic, and 

it is only detected inc:idenially. However, longitudinal population based studies have 

helped in providing an estimate of this incidence. The Blue Mountains Eye Study1 

found that the l 0·-year cumulative incidence of RVO ,vas i .6'¾, and was significanily 

associated with increasing age, especially over the age of70 years. However there was 

Clinical Ophthalmology 20 I 0:4 809-816 
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no predilection for gender or race. 3 The Beaver Dam Eye 

Study4 reported a 15-year cumula1ive incidence of CRVO 

of 0.5%. For a BRVO this was approximately three times 

more at 1.8%, Applying ihis to United Nations projecied 

UK population figures for 2010 gives approximately 47,000 

new cases annually.' This figure is greater than 150,000 

for the United States, 6 Rogers et al' carried out a pooled 

analysis of population based studies from the United States, 

Europe, Asia, and Australia and projected that approxi .. 

mately 16 million people worldwide may have RVO in at 

least one eye workl\vide. The pooled daia showed a higber 

prevalence ofBRVO in Asians and Hispanics compared to 

whites, although this was not statistically significant, and 

there was no gender predilection. Whilst less common, i1 

is now generally accepted that (idiopathic) RVO does also 

occur in the younger (under 50 years) age group, where 

CRVO tends to be more of the nonischemic type. 2 

Etiology 
Although the exact etiology of RVO remains elusive, it is 

likely io follow a ihrombotic event. In CRVO this may occur 

in the central retinal vein (CRV) at the lamina cribrosa8 or 

at a variable distance in its journey within the optic: nerve 

posterior 10 the lamina cribrosa. A more posterior occlusion 

with a greater number of tributaries of the CRV anterior to 

the occlusion may allmv greater scope for collakral flow to 

bypass the occluded section of the CRV2 In BRVO, arterial 

compression of the vein at arteriovenous crossings is thoughi 

to incite thrombus fom1ation by causing turbulent flow in 

combination with pre-existing vascular endothelial damage 

secondary to systemic cardiovascular risk factors. 

ln trying lo determine etiology or associated risk factors 

for I{\/O, comparison is naturally made to factors involved 

in the occurrence of systemic venous thrombosis (such as 

deep vein thrombosis). Whilst these two entities may share 

some common cardiovascular and syskmic risk factors, it 

is also important to understand that they are otherwise quite 

separate entities requiring different management strategies 

and leading to different complications. 2 

Systemic vascu !ar/atherosderotic 
risk factors in RVO 
Study design, patient characteristics, and risk factor 

definitions are seldom standardized across the various 

published papers in the literature. However accounting for 

this it remains probable that systemic hypertension is the 

strongest independent risk fi;ctor associated with all types 

ofRVO9
-

13 especially in the older (over 50 years) age group. 

Uncontrolled or newly diagnosed hypertension is common 

in this group, and recurrence ofRVO in the same or fellow 

eye is also noted when hypertension is poorly controlled. In 

their meta .. analysis of 2 l studies, ()'Mahoney et al 12 report 

a significant association between hypertension and both 

CRVO (pooled odds ratio [OR" 3.8] and BRVO [pooled OR 

3.0J. Accepting an inconsisknt definition ofhyperlipidemia 

across studies they also found hyperlipidemia to be twice as 

common in RVO cases (both CRVO and BRVO) compared 

to controls (pooled OR 2.5). Cheung et aP also report 

hypertension and hyperhpidemia as independent risk factors 

for RVO. The association of diabeks mellitus wi1h RVO is 

weaker and has not been found to be consistent across all 

s1udies. 12 Its association with CRVO may be stronger 1han 
with BRVQ, 9,n.13 

Hematological disorders and other 
systemic conditions 
Conditions that lead to increased blood viscosity such as 

myeloproliferative disorders are uncommon but known to be 

associated \Vith CRVO. Similarly, a number of rare systemic 

inflammatory disorders causing systemic vasculitis (such 

as Beb<;:et's disease and polyarteriiis nodosa) also cause 

retinal vasculitis leading to RVO, especially in the younger 

age group. The cause and management of the RVO here is 

closely linked to the underlying systemic: disease and its 

management. 

Over recent years there has been greai interesi in the pote .. 

ntial role ofthrombophilia in the development of RVO and in 

particular CRVO. Thrombophiiia refers to the propensity to 

develop thrombosis (usually venous) due to an abnormali1y 

in the coagulation system. This can be congenital ( eg, Factor 

V Leiden, hyperhomocysteinemia or protein C, protein Sand 

antithrombin deficiencies) or acquired ( eg, antiphospholipid 

syndrome), and its importance is potentially greater in the 

younger age group. However Fegan's review on CRVO 

and thrombophilia 14 suggested that there was a lack of 

consistency between studies in showing a valid association 

between CRVO and protein C, protein S and antithrom

bin Ill deficiency, and fi;ctor V Leiden/activaied protein 

C resistance. These natural anticoagulants are very labile 

with fluc:iuating physiological levels. H is recommended that 

they should be measured on at least two separate samples 

and if found abnormal confirmed with a third estimation. 

Most studies used single measurements and varying types of 

assays. The studies also lacked the statistical pmverto show 

a 1rne difference eitber due io small sample size or lack of 

a suitable control group. 

Clinical Ophthalmology 20 I 0:4 
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 889



ln the antiphospholipid syndrome (APS) antibodies 

to phospholipid activate 1he coagulation cascade lead

ing to both arterial and venous thrombosis. Tests can be 

done to either deiect the antibody ( using tbe anticardioiipin 

antibody assay) or its effect on coagulation using a test for 

lupus anticoagulant. Up to 8% of patients with APS have 

ocular manifestations and 4 of8 studies revie\ved by Fegan 14 

showed a significant association ofAPS in CRY(} Further 

studies are required to determine the strengih of association 

between APS and RVO. 

[fomocysteine is a naturally occurring amino acid not 

found in protein. There are many causes for hyperhomo

cysteinemia (including rare enzyme deficiencies leading 

to homocystinuria) which predisposes to both arterial and 

venous thrombosis. 14 Several studies have questioned the 

validity of carrying out exhaustive iests for tbrombophi lia in 

RVO in the absence ofa suggestive medical history. However 

their results have shmvn notable evidence of an association 

of hyperhomocyskinemia with CRVO sufficient to recom

mend the benefit of checking for hyperhomocysteinemia, 

wbich is correctable with foiic acid and viiamins B6 and 

B 12 supplements. 1417 

On current evidence it would be reasonable to not recorn-

mend general thrombophilia screening for all patients with 

RYO, but lo reserve it for older patients with a pas! history 

of1hromboembolic events and in young patients withou1 any 

other general risk factors. 

Glaucoma/ocular hypertension 
The association between RVO (CRVO in particular) and glau

coma/ocular hypertension has been widely repoiied2
-
9

,
11

,
13

,
18 

with the Eye Disease Case-Control Study9 reporting an 

adjusted OR of 5.4 in CRVO for a history of glaucoma. 

The pathophysiology of this association is unclear, although 

deformation of the lamina cribrosa in glaucoma may disiori 

the central retinal vein as it exits the eye. 

Familial RVO 
Familial clustering of RVO (CRVO in particular) has been 

reported 19
,
20 but these reports bave been few in number. It is 

interesting that such cases are more often bilateral, with a 

younger age at onset than sporadic cases. More data from 

exisling and future familial clusters is required to es1ablish 

if there is a genetic cause in these cases. 

Treatment. options fo1· retinal vein occlusion 

understanding of the pathogenesis ofthe macular edema may 

in turn allow an understanding of the mechanism of action 

of some of the therapies more recently advocated in retinal 

vein occlusion. 

Thrombosis within a retinal vein as described earlier will 

lead lo a partial obstruction ofblood ilmv within the vein and 

from the eye. The subsequent increased in1raluminal pressure, 

if sufficiently high, will cause transudation ofblood products 

into the retina according to Siading's law. This will result in 

increased interstitial (retinal) fluid and protein. The latter 

will increase the intersiitial oncotic pressure, perpetuating 

tissue edema, which will impede capillary perfusion and lead 

to ischemia. As stated by Campochiaro et al21 this ischemia 

is not an all or none dichotomy, as those patients classified 

as nonischemic will still have varying degrees of retinal 

ischemia. 

lt is well recognized that inflammation aftects the progres

sion and outcome of vitreoretinal disease including retinal 

vein occlusion.22 Yoshimura e1 aF2 have found significantly 

elevated vitreous levels of the soluble cytokines interleukin 

(IL) 6 and 8, monocyte chemoatiractani protein- i, and vas-

cular endothelial grnwth factor (VEGF) in RVO, and espe

cially in CRVO. Funk et aF have also demonstraied elevated 

aqueous levels of these same factors in patients with CRVO 

when compared with control samples. The exact interaction 

of these factors remains specula1ive bu1 an understanding of 

the roles that VEGF fulfils is increasing. lt is induced by tissue 

bypoxia sucb as retinal ischernia and acis as an angiogenic 

and vasopermeable factor on endothelial cell membrane 

bound receptors with tyrosine kinase activity. 24 Ozaki et aF 

have demons1rated that the implantation of slow release 

pellets of human recombinant VEGF into the vitreous cav

ity of rabbits and primates leads to retinal vessel dilataiion, 

breakdown of the blood retinal banier and retinal new vessel 

formation, Noma et al have reported elevated aqueous and 

vitreous levels ofVEGF and IL-6 in patients with BRV026
•
27 

and CRY0,28029 compared to controls. The levels ofVEGF and 

IL-6 correlated with both the severity ofmacular edema and 

extent of retinal ischemia ( capillary nonperfusion). 

It is likely tbat tbe sudden retinal ischemia that occurs in 

BRVO and more so in CRVO will induce excessive VEGF 

production. VEGF is produced by the retina from retinal 

pigment epi1helial cells, endothelial cells, and Muller cells, 

as well as other types of ocular tissue.22 Boyd et al found 

a close correlation between aqueous VEGF levels and the 

Pathophysiology of RVO course of iris neovascularization and vascular permeability 

It is the occurrence of macular edema in retinal vein in paiienis witb ischemic CRV0. 10 The excessive vascular 

occlusion tha1 mos1 frequenHy leads to visual loss. A working permeability induced by VEGF will likely contribute to the 
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macular edema that also occurs according to Starling's law 

as described above, It is tempting to theorize tha1 even if the 

primary venous obstruction was overcome ( eg, via collateral 

formation), tbe macular edema can persisi for much longer 

due to a self perpetuating cycle ofVEGF-induced vascular 

permeability leading lo macular edema, capillary damage, 

and retinal ischemia, stimulating fmiher release of VEGF 

and other inflammatory cytokines leading lo chronic macula 

ede1rta, 

Treatment 
The Branch Retinal Vein Occlusion Study (BRVOS)31

•
32 and 

the Central Retinal Vein Occlusion Study lCRVOS)3l,34 have 

established a standard of care by providing both an under

standing of the natural history and treatment algorithms for 

BRVO and CRVO in managing neovascular complications 

and reducing visual loss. The studies were designed to answer 

specific questions and so have inherent limitations. Whilst 

many aspects of these studies may nmv arguably seem dated, 

some remain pertinent. ln their review of studies evaluating 

tbe natural history ofCRVO Rogers et aP 5 confirm that eyes 

vvith CRVO had generally poor vision at presentation which 

declined fmiher wiih time. Tbey found that over a quarter of 

nonischemic CRVO converted to ischemic CRVO, of which a 

quarter developed neovascular glaucoma within 15 months. 

Similarly they reviewed studies evaluating 1he natural his

tory ofBRVO and reported a general improvement in vision 

over time without ireaiment, alihough improvement beyond 

20/40 was uncommon. 

Therapeutic options for CRVO 
Mohamed el al3 6 carried out a systematic review of 

randomized clinical 1rials (RCTs) evaluating interventions 

for the treatment ofCRVO. Only results from the CRVOS33
"

4 

met ihe criteria for level l evidence. In patients with macular 

edema secondary to nonischemic CRVO with a vision of 

20/50 or worse, macular grid laser photocoagulation does 

not improve visual acuity although 1he edema may improve. 

Additionally prophylactic pan retinal photocoagulation 

( PRP) in ischemic CRVO does not prevent iris or angle 

neovascularization and is therefore not recommended. 

PRP is recommended when anterior segment, disc or retinal 

neovascularization develop. 

Mohamed et al3 6 also evaluated studies reporting on 

hemodilution, medical treatment with troxerntin and ticlo

pidine (inhibitors of platelet aggregation) and intravenous 

thrombolysis, and various surgical procedures to improve 

vision in CRVO. By lowering the hematocrit, and thus the 
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plasma viscosity, hemodilution is thought to improve the 

retinal microcirculation. Hmvever the variations in study 

protocols and the use of multiple agents in combination 

have prevented any conclusions to be drawn for this ireai·

ment modality. Similarly there is limited evidence to rec

ommend the routine use of troxerutin or ticlopidine as well 

for intravenous thrombolysis, which carries the potential 

for serious adverse effects such as stroke. The reviews 

by Squizzaio et aP7 and Lazo•-Langner et al38 suggest tha1 

antithrombotic therapy, with low molecular weight heparin 

(LMWH) in particular, may be efficacious in the treatment 

of acute RVO wi1h superiori1y over antipla1elet agents such 

as aspirin. LMWH appear to have additional properties 

such as an1i-angiogenic effects, which may explain their 

additional benefits compared to other agents. However the 

limited evidence available precludes any recommendations 

about the use of lMWH. 

Following a vitrectomy approach, several surgical pro

cedures including internal limiting membrane peel,39 radial 

optic neurotomy,40
,
41 and direct retinal vein cannulation with 

injection of fibrinolyiics, 42
•
43 have all been advocated for 

the management of macular edema in CRVO. However the 

mechanism of action ofthese inierveniions remains conten

tious and their safo1y and efficacy have no1 been evaluated 

in RCTs. Furthermore carrying out a vitrectomy in itself 

is though1 to improve retinal oxygenation, so confounding 

the possible effects of the other procedures. Mohamed et al 

therefore conclude that the routine use of ihese procedures 

caimot be recommended. 

McAllister et al44 have reported the outcome of the first 

prospec1ive randomized muliicenter trial comparing laser

induced chorioretinal venous anastomosis (L-CRA) with 

conventional treaiment ( observaiion) for CRVO, This tech

nique utilized a high power (argon or Nd:YAG) laser spot 

to rupture Brnch's membrane and a second spot to rupture a 

major branch of the retinal vein nex1 to the first laser spot, the 

intention being to enable an anastomosis to fom1 between the 

retinal and choroidal circulation. They \Vere able to create a 

L-CRA in 76.4% of patients in whom an attempt was made, 

leading to a significani reduction in the meanreiinal fluoresce in 

transit time at 18 months in the treatment group compared to 

the controls. A mean improvement of 3.6 letters was seen in 

the trea1rnent group that developed a L-CRA at 18 months 

compared lo a loss of 8.1 letters from baseline in the control 

group. Altbougb fewer eyes converted to ischemic CRVO in the 

treatment group compared to controls, 18.2')1,, of treated eyes 

developed dwroidal neovasculariza1:ion (CNV) at the trea1rnen1 

site necessitating sec1or PRP. It remains to be seen whether 
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L-CR.A_ becomes widely employed as a treatment option for 

CRVO. Although the technique is relatively noninvasive and 

readily accessible it does have a significant learning curve and 

a high potential rate of complicaiion from CNV 

Therapeutic options for BRVO 
The BRVOS31 evaluated whether grid macular laser photoco

agulation improved visual acuity ( VA) in patients with VA of 

20/40 or worse resulting from macular edema secondary to 

BRVO following at least 3 months ofobservation. McIntosh 

et al4
' conducied a literature search to identify aH relevant 

RCTs evaluating interventions for BRVO. They concluded 

that only the results of the BRVOS 11 met criteria for level l 

evidence - patients treated \Vith grid macular laser gained 

an average of 1.33 lines at the third year study visit from 

baseline compared with 0.23 lines in the control group. The 

grid laser group had statistically significant improvements 

in VA compared to controls over consecutive visits. J-\mars

son and Stefansson46 have postulated that destruction of 

photoreceptors by grid laser leads to increased oxygen flux 

to the inner reiina. An autoregulatory arteriolar constriction 

and increased resistance then leads to reduced hydrostatic 

pressure in capiliaries and venules, leading to reduced edema 

with vessel constriction and shortening. 

Accepting methodological limitations lsuch as small 

sample sizes with insufficient power, short follow up, and lack 

of a control group), McIntosh et al45 also evaluated studies 

reporiing otber interventions including bemodiluiion, surgery 

involving pars plana vitrectomy and adventitial sheathotomy, 

and medical treatment with tidopidine and !roxerutin. They 

found that these studies lacked sufficient evidence to support 

the routine use of these other treatment modalities. Muqit et al4
' 

recently reported on the long tenn vascular perfosion follow .. 

ing arteriovenous sheathotomy for BRVO. In their small series 

they found ihat long-term epiretinal gliosis and subfoveal 

photoreceptor atrophy limited the visual recovery. 

lntravitrea! corticosteroids 
With increasing awareness of the role of VEGF and other 

inflammatory mediators, the use of off label intravitreal 

corticosteroids (triamcinolone acetonide in particular) has 

become routine in the management of RVO in spite of a 

paucity ofRCTs. Small scale studies have reported a positive 

short/intermediate terrn efficacy of intravitreal triamcinolone 

(lVT)4
;;·

49 but Patel et al5° found that whilst lVTwas effective 

in the short term in treating macular edema secondary to 

all types of RVO, its effectiveness was noi maintained after 

l year despite repeated injections. 
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The exact mechanism of action of corticosteroids in 

the resolution of macular edema remains speculative. 

Miyamoto et al5 1 describe cases where macular edema 

from RVO or diabetic maculopathy had begun to resolve 

within 1-6 hours of injecting IVT. They proposed that 

in addition to the recognized genomic pathway whereby 

receptor-glucocorticoid interaction is translocated to the 

nucleus leading to regulation of gene expression and taking 

many hours or days, there is also a nongenomic paihway. 

Here the receptor-glucocorticoid complex may act within the 

cytoplasm io desiabihze mRNA, such as VEGF messengers, 

with rapid effects. 

The Standard Care vs Corticosteroid for Retinal Vein 

Occlusion (SCORE) studies5rn reported RCT data on the 

efficacy of 1mg and 4 mg of a preservative free, nondis

persive formulation of triamcinolone injected intravitrealiy. 

This was compared to the standard of care - observation for 

macular edema in CRVO52 and grid laser photocoagulation for 

macular edema in BRVO.53 \Vhilst the SCORE studies have 

several methodological limitations, as discussed by Apte in 

bis ediiorial,54 they provide important information that modi-

fies the standard of care established by the BRVOS31
,
32 and 

C RVOS. 3 ;,
34 The SC:OR.E--BRVO study53 reported tbat ai the l 2 

month end point there were no significant differences in visual 

acuity between the laser treatment, 1 mg and 4 mg groups. 

The SCORE-CRVO study52 however found that subjects in 

the l mg and 4 mg arms were five times more likely to show 

a gain in visual acuity of l 5 letiers or more at the i 2 monih 

end point compared to observation. Conversely, the study 

also showed that over three quarters of the eyes that received 

IVT did not show a gain in vision by 15 letters or more at 

12 months and a quarter oftreated eyes had a loss of vision 

of a similar magnitude. The studies also demonstrated a 3---4 

times greater rate of intraocular pressure elevation in the lVT 

( especially 4mg) arms compared to standard of care, and this 

together with a lack of definitive data to 2 years follow up 

beckons further studies on 1 VT and other agents, to search for 

improved outcomes and better side effect profiles. 

Ozurdex (Allergan, Irvine, CA),6 a biodegradable intrav

itreal 700 µg dexamethasone implant, received FDA approval 

in June 2009 for the treatment of macular edema secondary 

to BR.VO or CR.VO. Phase HI results presented55 showed that 

significantly more patients gained 15 letters or more in the 

treatment group compared to sham up to 90 days follmv

ing injection, but this effeci waned at 180 days io become 

nonsignificant. The effects of a repeat injection at 6 months 

were less pronounced when assessed ai 12 months. Alihougb 

designed to cause less intraocular pressure problems than 
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triamcinolone, 25'% of those treated with Ozurdex showed an 

intraocular pressure rise which peaked at day 60 and returned 

to baseline by day 180. The incidence of cataract progression 

was noted at 4% in the treaiment group, but this increased to 

26% after 1 year where a second injection of Ozurdex had 

been carried out 

Anti-VEGF treatment 
The anti-VECiF bevacizumab (Avastin, Cienetech), a human-

ized monoclonal antibody binding to all isofonns ofVEGF-A, 

was first reported to sbow short term efficacy in the resolution 

of macular edema secondary to CRVO by Rosenfeld in 200556 

and has since been widely used as an off label treatment in 

RVO. Prager et al57 have reported a prospec1ive case series 

of patients with macular edema due to RVO and treated with 

bevacizmnab, shmving a mean increase in visual acuity of 16 

letters at the 12-month follow up. Subgroup analysis showed 

a better response in patients with BRVO rather than CRVO, 

although the reduction in cen1rnl retinal thickness (CRT) on 

optical coherence tomography was comparable in both sub

groups. This incongrnence beiween functional and anatomical 

effects was also reported in the SCORE-CRVO study,52 where 

the observation and IVT groups had a comparable reduciion 

in CRT at the 12 month point although visual ou1comes were 

significantly better in the lVT groups. 

Ranibizumab (Lucentis; Genen1ech, San Francisco, CA), 

approved for the treatment of neovascular age related macular 

degeneration (n-AMD), is a monoclonal antibody fragrnen1 

derived from the same parent murine antibody as bevaci

zumab. The six-month data from two phase lil Genentech

sponsored studies (BRAVO studying 1he effects of BRVO 

and CRUlSE studying the effects of CRVO) evaluating the 

safety and efficacy of Lucentis, compared to sham, for the 

treatment of macular edema in RVO, were presented at the 

Reiina Congress 2009. 5
:;·

59 BRAVO reporied a 7.6 and 7.4 

mean let1er gain in 1he 0.3 mg and 0.5 mg study arms of 

Lucentis respectively, compared to 1.9 letters gained in the 

sham injection arm. CRUISE reported an 8.8 and 9.3 mean 

letter gain in the 0.3 mg and 0.5 mg study arms ofLucentis, 

respeciively, compared with l .1 h,iters gained in ihe sham 

treatment arm. Both studies showed a safety profile consistent 

with data from previous phase HI Lucentis trials for n-AMD. 

Horizon RVO, an extension 1rial, will provide much needed 

longer term data upon completion of BR,-\VO and CRUISE. 

Conclusion 
Studies on n-AMD show that intravitreal treatment is 

accepted and ,,vell tolerated by patients. Corticosteroids and 
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anti- VEGF medication currently seem to be at the forefront 

oftreatmen1 options for RVO, but RCTs have yet to compare 

these directly. Corticosteroids can be given as a depot 

with activity over several months, but the bigh incidence 

of intraocular pressure rise and cataract make them less 

attractive. ln!ravitreal anti-V EGFs have a low incidence of 

adverse side effects but are currently shor1 acting requiring 

frequent injections. Both these agents are used as symp

tomaiic treatmenis with no defined treatment end points 

and show high rates of regression and tachyphylaxis vvith 

loss of efficacy after repeated injections. There may also be 

a rebound phenomenon as observed by Matsumoto et al 60 

with macular edema becoming more pronounced compared 

to pre-treatment levels. 

Until a definitive treatment becomes available for RVO 

it is currently a case of using the various treatment options 

available to keep the macular dry (to prevent the irreversible 

damage caused by chronic macular edema) and titrating this 

to allmv a sufficien1 collateral circulation 1o develop. 
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The RESTORE Study 

Ranibizu;nab Monotherapy or Co1nbinecl ivith Laser 
versus Laser Mono therapy for Diabetic Macular Edema 

Paul Mitchell, MD, PhD,1 Francesco Bandello, MD, FEB0,2 Ursula Schmidt--E,furth, t-AD, 3 

Gabriele E. Lang, ?v1D, 4 Pascale Massin, MD, PhD, 5 Reinier 0. Schlingemo:rm, MD, PhD, 6 

Florian Sutter, MD, 7 Christian Si.nader, MD,'°' Gabriela: Burian, MD, MPH, 9 Ortrw.i Gerstner, MSc, 9 

• • • ' 1 'b 1 T 9 b h IF f ) l ' v•a - -, ; ' P,ndreas Weicnsel erger, PnD, on ear o1 tne RESlORE stw:ty group"' 

Objective: To demonstrate superiority of ranibizumab 0.5 mg monotherapy or combined with laser over 
laser alone based on mean average change in best-corrected visual acuity (BCVA) over i2 months in diabetic 
macular edema (DME). 

Design: A 12-mont~i, randomized, double-masked, multicenter, laser-controlled phase Ill study. 
Participants: We included 345 patients aged 2:18 years, with type 1 or 2 diabetes me!litus and visual 

impairment due to DME. 
Methods: Patients were randomized to ranibizumab + sham laser (n = 1·16), ranibizumab + laser (n = 118), 

or sham injections + laser (n = 111}. Ranibizumabis~1am was given for 3 months then pro re nata (PRN); 
laser/sham laser was given at baseline then PRN (patients had scheduled monthly visits). 

Main Outcome Measures: Mean average change in BCVA from baseline to month 1 through 12 and safety. 
Results: Ranibizumab alone and combined with laser were superior to laser monotherapy in improving mean 

average change in BCVA letter score from baseline to month 1 through 12 ( +6.1 and +5.9 vs +0.8; both 
P<0.0001 ). At month i 2, a significantly greater proportion of patients had a BCVA letter score 2: 15 and BCVA 
letter score level >73 (20/40 Snellen equivalent) with ranibizurnab (22.6% and 53%, respectively) and ranibi-· 
zumab + laser (22.9% and 44.9%) versus laser (8.2% and 23.6%). The mean central retinal thickness was 
significantly reduced from baseline with ranibizumab (-1 "18.7 ,um) and ranibizumab + laser (-128.3 p:m) versus 
laser (---61.3 p.rn; both P-<0.001 ). Healt~1-related quality of life, assessed through National Eye Institute Visual 
Function Questionnaire (NEI VFQ-25), improved significantly from baseiine with ranibizumab alone and combined 
with laser (P<0.05 for composite score and vision-related subscales) versus laser. Patients received --7 (mean) 
ranibizumab/sham injections over 12 months. No endophthalmitis cases occurred. Increased intraocular pres
sure was reported for 1 patient eac~1 in the ranibizumab arms. Ranibizumab monot~1erapy or combined with laser 
was not associated with an increased risk of cardiovascular or cerebrovascular events in this study. 

Conclusions: Ranibizumab monotherapy and combined with laser provided superior visual acuity gain over 
standard laser in patients with visual impairment due to DME. Visual acuity gains were associated with significant 
gains in VFQ--25 scores. At 1 year, no differences were detected between the ranibizumab and ranibizumab + 
laser arms. Ranibizumab monotherapy and combined with laser had a safety profile in DME similar to that in 
age--related macular degeneration. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophtha!moiogy 2011; 118:615-625 

© 2011 by the American Academy of Ophthalmology. Open access under CC BY-NC-ND license. 

l~l 'Group members listed onfine in Appendix (available at http://iaaojoumaf.org) 

Diabetic rnacular edema (DME) is a leading cause of 
visual i mpairrnent in patients with diabetic retinopa-• 
rhy. L-

3 Focal/grid laser photocoagulation (hereafter re
ferred to as laser), the current standard of care in DME, 
is mostly associated with only vision stabilization. Some 
recent trials, however, have demonstrated useful vision 
gain with laser; for example, the Diabetic Retinopathy 
Clinical Research Network (DRCR.net) study group re
cently reported a IO-letter gain in 31 % patients, whereas 
19% of laser-treated patients exhibited progressive visual 

© 2011 by the American Academy of Ophthalmology 
Published by Elsevier Inc. Open access under CC f;Y-NC-ND l~•:::-!1:,~: 

loss (worsening by ~2 lines after 2 years follow-up), at 
a risk of developing scotomas_4

-
7 

Vascular endothelial growth factor (VEGF) levels are 
elevated in the vitreous of eyes with diabetic retinopathy 
making anti-VEGF treatment an attractive therapeutic mo
dality in DME. 8 Recently, the DRCR.net study group re
ported that ranibizumab 0.5 mg combined with either 
prompt or deferred laser therapy was significantly more 
effective than laser alone in improving vision in patients 
with DME after 1 year of treatment (best-corrected visual 
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acuity [BCVA] lerter score of +9 for borh ranibizumab 
groups vs +3 for laser; P<0.001). 9 The RESOLVE study 
(phase II randomized multicenter) demonstrated that ranibi
zumab monotherapy was well-tolerated and significantly 
more effective than sham treatment (with rescue laser) in 
providing rapid and continuous improvements in BCV A 
over 12 months (mean BCV A letter score change from 
baseline to month 12, + 10.3 for ranibizumab vs -1.4 for 
sham; P<0.0001). 10 

Apart from Ranibizumab for Edema of the mAcula in 
Diabetes study (READ-2), 11 there have been no other ran
domized controlled trials that have assessed the efficacy and 
safety of ranibizumab monotherapy compared with laser 
monotherapy. Additionally, it is not yet established whether 
ranibizumab monotherapy is superior or at least equivalent 
to combined therapy. The 12-month, phase III, randomized, 
double-masked, multicenter, laser-controlled RESTORE 
study was designed to assess whether ranibizumab mono
therapy or combined with laser was superior to laser alone 
in patients with visual impairment due to DME. In addition, 
RESTORE is the first study to assess the impact of ranibi
zumab treatment on health-related quality of life (HRQoL) 
outcomes in patients with DME. 

Materials and Methods 

Study Design 

The RESTORE study was a 12-month, double-masked, multi
center, laser-controlled, phase III study where 345 eligible patients 
from 73 centers (10 European countries, Turkey, Canada, and 
Australia) were randomized 1: 1: 1 to 1 of the 3 treatment arms: 
Intravitreal ranibizumab (0.5 mg) injection + sham laser, adjunc-

tive administration of intravitreal ranibizumab (0.5 mg) injec
tion + active laser, or laser treatment + sham injections for 12 
months (for details of randomization and masking, see Appendix 
1, available online at http:/iaaojournal.org). One eye was selected 
and treated as the study eye. If both eyes were eligible, the eye 
with the worse visual acuity (VA; assessed at visit 1) was selected 
for treatment, unless, based on medical reasons, the investigator 
deemed the other eye more appropriate to receive study treatment. 
The study was conducted in accordance with the Declaration of 
Helsinki and International Conference on Harmonization Good 
Clinical Practice guidelines. Approval was obtained from the eth
ics committee or institutional review board at each contributing 
center. Patients provided written informed consent before entering 
the study. The study is registered with clinicaltrials.gov as 
NCT00687804. 

Patients. The study population consisted of 345 male and 
female patients :,,.18 years of age with either type 1 or 2 diabetes 
mellitus (as per American Diabetes Association or World Health 
Organization guidelines), glycosylated hemoglobin (HbAlc) 
-c:: 10%, and visual impairment due to DME. The key inclusion 
criteria were (1) stable medication for the management of diabetes 
within 3 months before randomization and expected to remain 
stable during the study; (2) visual impairment due to focal or 
diffuse DME (definition in Table 1) in at least 1 eye that was 
eligible for laser treatment in the opinion of the investigator; (3) 
BCV A letter score between 78 and 39, both inclusive, based on 
Early Treatment Diabetic Retinopathy Study (ETDRS)-like VA 
testing charts administered at a starting distance of 4 meters 
(approximate Snellen equivalent 20/32-20/160); and (4) decreased 
vision due to DME and not other causes, in the investigator's 
opinion (at visit 1). The key exclusion criteria were (1) concomi
tant conditions in the study eye that could prevent the improve
ment in VA on the study treatment in the investigator's opinion; 
(2) active intraocular inflammation or infection in either eye; (3) 
uncontrolled glaucoma in either eye (e.g., intraocular pressure 
[IOP] > 24 mmHg on medication, or from the investigator's 

Table 1. Key Baseline Demographic and Disease Characteristics (Randomized Set) 

Mean age :+: SD (years) 
Gender, n (% ) 

Men 
Women 

Diabetes type, n (%) 
Type I 
Type II 
Not stated 

Variable 

Mean time since first diagnosis of diabetes :+: SD (years) 
Mean time since first diagnosis of DME :+: SD (years) 
DME type, n (%)* 

Focal 
Diffuse 
Missing 

Mean VA :+: SD (letter score) 
Patients with VA letter score >73, n (%) 
Mean CRT:+: SD (µm) 

Ranibizumab 0.5 mg 
(n = 116) 

62.9:+:9.29 

73 (62.9) 
43 (37.1) 

13(11.2) 
103 (88.8) 

0 
15.23 :+:9.91 

1.80:+: 1.98 

64 (55.2) 
45 (38.8) 

7 (6.0) 
64.8:+: 10.11 

23 (19.8) 
426.6±118.01 

Ranibizumab 0.5 mg + Laser 
(n = 118) 

64.0:+:8.15 

70 (59.3) 
48 (40.7) 

15 (12.7) 
102 (86.4) 

1 (0.8) 
14.62 :+:9.84 

1.99:+:3.14 

68 (57.6) 
46 (39.0) 

4 (3.4) 
63.4:+:9.99 

19 (16.1) 
416.4±119.91 

CRT = central retinal thickness; DME = diabetic macular edema; SD = standard deviation; VA = visual acuity. 

Laser (n = 111) 

63.5:+:8.81 

58 (52.3) 
53 (47.7) 

13(11.7) 
97 (87.4) 

1 (0.9) 
12.93:+:9.02 

1.58:+: 1.96 

53 (47.7) 
52 (46.8) 

6 (5.4) 
62.4±11.11 
17(15.3) 

412.4:+: 123.95 

*Focal DME: More than 67% of leakage originated from leaking microaneurysms (MAs) in the whole edema area or 30%-67% leakage from MAs in the 
whole edema area, but >67% of the leakage originated from MAs in the central subfield. 
Diffuse DME: Less than 33% of leakage originated from leaking MAs the rest from diffuse leaking capillaries in the whole edema area or 30%-67% leakage 
comes from MAs, but <33% of the leakage originated from MAs in the central subfield. 
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judgment); (4) pihriretinal laser photocoagula1ion (within 6 months) 
or focal/grid laser photocoagulation (wi1hin 3 months) before 
study entiy; (5) u-eatment with antiangiogenic drugs in the study 
eye within 3 months before randomiza1ion; (6) history of stroke; 
and (7) systolic blood pressure (BP) > 160 mmHg or diastolic BP 
> 100 mmHg, untreated hypertension, or change in antihyperten-
sive treatment vvithin 3 months preceding baseline. 

Study Objectives. The primary objective of this study was to 
demonstrate superiority of ranibizumab (L5 mg as monotherapy or 
combined with laser therapy over laser alone (the current standard 
of care) with respect to mean average change in HCVA from 
baseline over 12 months. Secondary objectives were to evaluate 
(1) if ranibizumab 0.5 mg as monothernpy or adjunctive lo laser 
was supetior 1o laser alone in the proportion of pa1ien1s with VA 
improvement and with BCVA letter score >73 (20/40 Snellen 
equivaJen1) at month 12; (2) the time course of mean change in 
BCV A letter score and central retinal (subfield) thickness (CRT): 
(3) patient--reported outcomes relative lo those associated with 
laser treatment; and (4) the safety of intravitreal injections of 
ranibizumab 0.5 mg, as monotherapy or adjunctive to laser therapy 
relative to laser 1reatment. 

Efficacy and Safety Assessments 

Best-Corrected Visual Acuity. We assessed BCV A at every 
study visit using ETDRS charts at a starting distance of 4 meters. 
The primary efficacy end point was the mean average change in 
BCVA letter score from baseline to month l through month 12. 
Secondary efficacy end points included the mean BCV A letter 
score chihrige from baseline to month l 2 and proportion of patients 
who gained ? 10 and ? 15 letters in BCV A and patients with 
BCVA letter score >73 at month l2. Mean average change in 
BCVA from baseline to month 1 through month 12 was chosen as 
the primary efficacy end point as it accounts for both interpatient 
and intramonth variability in BCV A and thus gives a more robust 
estimate of the VA gained by patients over time compared with foe 
mean change of HCVA from baseline to study end. 

A subgroup analysis of the ptimary end point was perfonued on 
the basis of demographic and baseline disease characteristics. The 
key categories assessed were as follows: DME type (focal/diffuse), 
BCVA letter score (:"':60, 61-73, and >73), diabetes type (type 
l/1ype 2), focal and/or grid laser pretreatment (yes/no), CRT 
( <300, 300-400, and >400 /Lm), ETD RS retinopathy severity 
score (l0--35, 43 or 47, and 53--85), macular ischemia (yes/no; 
measured by the presence of capillary loss on fiuorescein angiog
raphy according to a modified ETDRS grading scale in the center 
subfield of l 000 /.LITT diameter, where the capillary loss grndes 
"moderate," "severe," or '·completely destroyed" were categorized 
as "yes" ischemia, and the grades "none" or "mild" were classified 
as ano" ischen1ia). 

Optical Coherence Tomography. Optical coherence tomogra
phy (OCT) was performed at every study visit using Strn1us OCT 
(Carl Zeiss, Meditec, Dublin, CA), The images were reviewed by 
a cen1rnl reading cen1er to ensure a s1ihridanlized evaluation. Re1-
inal thickness was determined using individual A-scans along with 
each of 6 B-scans. End points included mean change in CRT 
(defined from the cen1rnl macular area 1000 /Lill in diameter) over 
time and the proportion of patients with CRT <275 µ.m. 

Stereoscopic Color Fundus Photography and Fluorescein 
Angiography. Stereoscopic color fundus photography and fiuo
rescein angiography were perfonned at baseline, mon1h 6, and 
month 12. After pupil dila1ion and before fluorescein dye injection, 
red-free and ETDRS 7-field color photographic images of the 
retina of the study eye \Vere taken. Anatomic end points included 
the proportion of patients with resolution of leakage and cysts at 
month 12 as assessed by the central reading center and 1he pro-

portion of patients with a 3--step change in 1he ETDRS severity 
score from baseline to month 12 (exploratory end point). 

Health-Related Quality of Life. We assessed HRQoL using 
the visual-specific National Eye [nstitute Visual Function Ques
tionnaire (~'EI VFQ-25 ), as well as generic health assessment 
utility tools EuroQoL (EQ-5D), and time trade off (TTO). All 
questionnaires were scored by patients at baseline and monfa 12. 
Additionally, the NEl VFQ-25 was scored at month 3 and the 
EQ-5D \Vas scored at months 3 and 6. End points included 1he 
absolute change in scores, changes in scores over time, and dif
ferences in scores between 1rea1ment groups. 

Drug Exposure, The number of ranibizumab/sham injections 
and active/sham laser treatments, and the mean duration of 
treatment-free intervals (ranibizumab/sham injection, active/sham 
laser) were evaluated over the 12-momh assessment period for 
each of the treatment arms. 

Safety Assessments. Safety was assessed by the 12-montl-i 
incidence of adverse events (AEs) and serious Alis (SAEs). by 
ophthalmic examinations and IOP measurements, and by changes 
in vital signs and laboratory parameters over the 12-month assess
ment period. 

Treatment 

Ranibizumah/Sham Treatment. Patients received 3 initial con
sernti ve monthly injections of ranibizumab (months 0--2; treat
ment initiation phase), followed by further 1rea1ment according 1o 
protocol-defined retreatment criteria between and including 
months 3 and 1 l (continuous/resumed 1rea1ment phase; Figure 1, 
available online at http://aaojournal.org). Intravitreal ranibizumab 
injections were performed by the investigators' usual routines; 
both pre- and postinjection topical antibiotics were used. Sham 
ranibizumab injection involved imitation of an injection procedure 
using an injection syringe without needle, by applying pressure 
against the globe. 

Retreatment Criteria During Continuous/Resumed Treat
ment Phase. As of month 3, the protocol required that 1 injection 
per month was to be continued if stable VA was not reached. 
Treatment was suspended if either of the following criteria were 
met: (1) if the investigator's opinion was that no (further) BCVA 
improvement was attributable to treatment with intravitreal injec
tion at the last 2 consecutive visits, or (2) BCV A letter score ? 84 
(approximate Snellen equivalent 20/20) was observed at the last 2 
consecutive visits. After suspension, injections were resumed pro 
re nata (PRN [as required]) if there was a decrease in BCV A due 
to DME progression, confirmed by clinical evaluation and/or OCT 
or other anatomic and clinical assessments, in the opinion of the 
investigator. Patients were treated at monthly intervals until stable 
VA was reached again. Thus, reinitiation of intravitreal injections 
encompassed ?2 successive monthly treatments. 

Laser/Sham Laser Treatment. The first laser treatment (active 
or sham depending on treatment group; the ranibizumab + sham 
laser group did not receive active laser treatment) was adminis
tered on day 1. If required, the first laser administration could be 
split into 2 sessions, 4 weeks apart. Retreatments were given in 
accordance with ETDRS guidelines at intervals no shorter than 3 
months from the previous treatment if deemed necessary by the 
evaluating investigator. Patients receiving retreatment with active 
or sham laser continued to be treated with monthly ranibizumab or 
sham injections as long as the treatment criteria for intravitreal 
injection were fulfilled. Decisions on retreatment with laser/sham 
were independent of decisions to administer ranibizumab/sham 
injections and vice versa. Sham laser was applied under the same 
procedure used for laser treatment but without switching on the 
laser beam, and by imitating depression of the laser pedal. 
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Statistical Analysis 

The primary analysis was pe1i'ormed on the full analysis set (FAS), 
consisting of all patients who received :c~ 1 application of the study 
treatment ([sham] injection and/or [ sham] laser) and had :"' l 
post base line assessment for BCV A. The primary end point was the 
~1ifference between the average BCV A letter score over all 
monthly postbaseline assessments from month l to month 12 and 
the baseline BCVA letter score ( = average change from baseline). 

The analysis of the primary end point used the last observation 
c,lffied fonvard approach for the imputation of missing data. 
Sensitivity analyses of the primary end point were perfonned using 
(l l an "as documen1ed" approach in the FAS where the average 
change from baseline in BCV A was calculated from observed 
changes only, and (2) a per-protocol set vvith missing data being 
handled in tbe same way as for the FAS. 

A sample size of 105 randomized patients per treatment group 
was considered to have >90% power to detect a 5-letter BCV A 
score treatment difference in tbe mean average change in BCVA 
compared with baseline from month 1 through month 12, assuming 
a standard deviation (SD) of 10 BCVA letter score with a Bon
femmi adjusted I-sided alpha level of 0.0125 for the 2 compaxi
sons. Hypothesis testing of the superiority of ranibizumab mono 
and/or ranibizumab/laser combination compared with laser was 
done in parallel according to the Hochberg procedure con1ro1ling 
the overall l--sided :Jlpha level at 0.025. The s1atistical hypothesis 
testing of the average change from baseline in BCVA was based 
on the stratified Cochran--Mantel--Haenszel test using the observed 
values as scores and with s1rntifications according to DME type 
(focal, diffuse) and baseline BCVA letter score ( ~.::60, 61--73, 
>73). Two-sided 95% confidence in1ervals for the mean average 
changes in BCVA and for the corresponding pair-wise difference 
between treatments, were calculated using the least-square means 
from an analysis of variance model with treatment, DME type, and 
baseline BCVA ca1egory (see above) as factors. 

The safety analysis was condncted on the safety set that com
prised all patients who received ?l application of study treatment 
311d had ?1 postbaseline safe1y assessment. 

Results 

Patient Disposition and Demographics 

A total of 345 patients were randomized to receive ranibizumab 
0.5 mg (n = 116), ranibizumab 0.5 mg + laser (n = 118), or laser 
(n = 111 ), The efficacy analysis \Vas perfom1ed on the FAS that 
comprised 115 (ranibizumab 0.5 mg), 118 (ranibizmnab + laser), 
and 110 (laser) patients (1 patient each from the ranibizumab and 
laser arm \Vere excluded because they had no postbaseline VA 
data). The safety analysis was conducted on the safety set com
prising 115 (ranibizumab ), 120 (ranibizumab + laser), and 110 
(laser) patients. Three patients (l in each treatment arm) received 
active ranibizumab and active laser in the study eye at baseline 
without consideration of foe randomization, and all 3 of these were 
analyzed under the rnnibizumab + laser arm for the safety set. The 
patient disposition was comparable across the 3 treatment groups 
(Fig 2, available online at http://aaojournal.org); 87.9% (ranibi
zumab), 87.3% (ranibizumab + laser), and 88.3% (laser) of the 
patients completed the 12-month study period. There were 2 deaths 
in each of the 3 treatment arms. Baseline demographics and 
diabetes characteristics were comparable across the 3 treatment 
arms (Table 1). 
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Efficacy 

Best-Corrected Visual Acuity. The mean average change ± SD 
in the BCV A letter score from baseline to month 1 through month 
12 was significantly superior with ranibizumab (6.1 ±: 6.4; 
P<0.0001) and ranibizumab + laser (5.9 ±: 7.9; P<0.0001) than 
with laser treatment (0.8 ±: 8.6), hence the primary end point was 
achieved (Fig 3; Table 2). There was no difference detected 
between the 2 ranibizumab treatment arms (P = 0.61, Cochran
Mantel-Haenszel test). Similar results were obtained (data not 
shown) for the primary end point using the "as documented" 
approach and the per protocol set. The last observation carried 
forward calculation of the average level of BCV A letter score over 
all monthly post-baseline assessments from month 1 to month 12 
was based on 92.6% (ranibizumab), 92.9% (ranibizumab + laser), 
and 91.4% (laser) observed monthly BCVA assessments. 

The mean change ±: SD in BCV A letter score from baseline to 
month 12 was 6.8 ±: 8.3 (P<0.0001) in the ranibizumab arm, 6.4 ±: 
11.8 (P = 0.0004) in the ranibizumab + laser arm, and 0.9 ±: 11.4 
in the laser arm (Table 2). In the ranibizumab and ranibizumab + 
laser arms, a rapid and clinically relevant improvement in mean 
BCV A was observed as of the first assessment posttreatment (at 
month 1), which continued up to month 3 and was sustained at 
the month 3 level until the last assessment time point at month 
12. In the laser arm, mean BCV A stabilized around baseline 
level and reached a 0.9 letter gain at month 12 (Fig 4A). 

At month 12, 53.0% (vs 19.8% at baseline) of patients in the ranibi
zumab arm and 44.9% (vs 16.1 % at baseline) of patients in the ranibi
zumab + laser arm had a BCV A letter score > 73 (20/40 Snellen 
equivalent) compared with 23.6% (vs 15.3% at baseline) of patients in the 
laser arm (estimated treatment difference vs laser, 29.4% [95% confi
dence interval, 17.3-41.5] for ranibizumab and 21.3% [95% confidence 
interval, 9.3-33.3] for ranibizumab + laser; Table 2; month 3 and 6 data 
in Table 3, available online at http://aaojomnal.org). 

A significantly greater proportion of patients gained :0,5 BCV A 
letters with ranibizumab (65.2% [ranibizumab] and 63.6% [ranibi
zumab + laser]; P<0.0001) versus laser alone (33.6% ). Similarly, 
a significantly greater proportion of patients in either the ranibi
zumab arm or the ranibizumab + laser arm compared with the 
laser arm gained a :o>lQ BCVA letter score (37.4% and 43.2% vs 
15.5%; P<0.0001 for both) and a :o>l5 BCVA letter score (22.6% 
[P = 0.0005] and 22.9% [P = 0.0037] vs 8.2%; Table 2). Con-
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Table 2. Best-Corrected Visual Acuity (BCVA) and Central Retinal Thickness (CRT) Outcome at Month 12 (Full Analysis Set, 
Last Observation Carried Forward) 

Ranibizumab 0.5 mg 
(n = 115) 

Ranibizumab 0.5 mg + 
Laser (n = 118) 

Laser 
(n = 110) 

Mean average change in BCV A letter score from baseline to 
month 1-12 (primary end point)* 

Mean:+: SD 
Median (range) 
95% CI for mean** 

6.1 :+:6.43 
6.1 ( -10.9-25.2) 

(4.9, 7.3) 

5.9:+:7.92 
6.0 ( - 26. 7-27.6) 

(4.4, 7.3) 

0.8:+:8.56 
1.3 ( - 37.8-26.8) 

( -0.8, 2.4) 
Comparison verus laser 

Difference in LS means ( vs laser) t 
95% CI for difference t 
P value* 

Proportion of patients with BCVA letter score >73 at month 12 
n(%) 
95% CI for percentage 
Difference in percentage ( vs laser) 
95% CI for difference 
P value* 

5.4 
(3.5, 7.4) 

<0.0001 

61 (53.0) 
( 4 3.5, 62.4) 

29.4 
(17.3, 41.5) 

<0.0001 

4.9 
(2.8, 7.0) 

<0.0001 

53 (44.9) 
(35.7, 54.3) 

21.3 
(9.3, 33.3) 

0.0002 

26 (23.6) 
(16.1, 32.7) 

Categorized BCVA letter score outcome at month 12, n (%) 
Gain of 2:5 75 (65.2) 75 (63.6) 37 (33.6) 

17(15.5) 
14 (12.7) 

Gain of 2: 10§ 43 (37.4) 51 (43.2) 
Loss of 2:10 4 (3.5) 5 (4.2) 
Gain of 2: 15§ 26 (22.6) 27 (22.9) 9 (8.2) 

9 (8.2) Loss of 2: 15 1 (0.9) 4 (3.4) 
Mean CRT change from baseline to month 12, µm 

Mean:+: SD -118.7±115.07 -128.3 :+: 114.34 -61.3 :+: 132.29 
Median (range) -103.0 (-514-120) -116.5 (-487-103) -60.0 (-451-329) 
95% CI for mean** 
Comparison verus laser 
Difference in LS means ( vs laser) t 
95% CI for difference t 
P value* 

(-140.1, -97.3) 

-61.5 
( -93.8, -29.2) 

0.0002 

(-149.3, -107.3) 

-70.6 
( -102.1, - 39.0) 

<0.0001 

( -86.5, - 36.1) 

ANOV A = analysis of variance; CI = confidence intervals; LS = least square; SD = standard deviation. 
*Missing VA values imputed using last observation carried forward for 7.39% (ranibizumab), 7.06% (ranibizumab + laser) and 8.56% (laser) patients. 
**Two-sided 95% CI are based on the t-distribution. 
tDifferences in LS means and the 2-sided 95% Cis are estimated from pair wise ANOV A (stratified) model. 
*P-values for treatment difference are from the 2-sided stratified Cochran-Mantel-Haenszel test using the row means score. 
§Specified gain, or BCV A letter score of 2:84. 

versely, a lower proportion of patients lost 2:10 and 2:15 letters in 
both the ranibizumab arms compared with the laser aim. 

The mean average BCV A change from baseline to month l through 
month 12 by some of the key subgroups ir1cluding patients wit.1-i/,vitlmut 
macular ischernia and those with focalidiffuse DME are presented in 
Figure 5A--E (Fig 5C-E and Fig 6 [mean average change in BCVA], 
available online at http://aaojomnal.org). Each of the ranibizumab patient 
subgroups did better on average than those on laser alone in terms of the 
primary efficacy end point (all categories presented in Table 4 available 
online at http://aaojoumal.org). 

Central Retinal Thickness. The mean CRT change from 
baseline to month 12 decreased significantly for ranibizumab 
(118.7 µ,m; P = 0.0002) and ranibizumab + laser (128.3 µ,m; 
P<0.0001) compared with laser (61.3 µ,m; Fig 4B; Table 2). 

At month 12, the proportion of patients with CRT < 275 µ,m 
was significantly greater in the ranibizumab monotherapy arm 
(49.1 %; P = 0.0408) and the ranibizumab + laser arm (55.1 %; 
P = 0.0075) compared with the laser arm (39.1%). 

Colour Fundus Photography and Fluorescein 
Angiography 

At month 12, a significantly larger proportion of patients had 
resolution of leakage in the ranibizumab (19.4%; P = 0.0002) and 

the ranibizumab + laser (13.7%; P = 0.0114) arms compared with 
the laser arm (2.2% ). 

Health-Related Quality of Life 

Visual Functioning Questionnaire. The mean changes in the NEI 
VFQ-25 composite scores by treatment arms at months 3 and 12 
are presented in Figure 7 A (available at online http://aaojourna1. 
org). For both ranibizumab arms the composite scores increased 
from month 3 to 12, whereas it decreased for the laser arm. At 
month 12, there was a greater improvement in the composite 
scores in the ranibizumab (5.0; P = 0.014) and ranibizumab + 
laser (5.4; P = 0.004) arms compared with the laser arm. At month 
12, greater differences from baseline in NEI VFQ-25 subscale 
scores (general vision, near activities, and distance activities) were 
observed for ranibizumab and ranibizumab + laser versus laser 
alone (all P<0.05; Fig 7B-D). 

At month 12, excellent to good eyesight was reported by 46% 
and 50% of the patients in the ranibizumab and ranibizumab + 
laser arm compared with 21 % and 23% of the patients at baseline 
(determined by the individual NEI VFQ-25 question pertaining to 
patient's perception of eyesight posttreatment). Excellent to good 
vision was reported by only 24% patients with laser alone at month 
12 compared with 22% of the patients at baseline. 
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EQ-5D Scores. None of the differences from baseline in the 
mean EQ-5D visual analog scores between !he ranibizumab treat
ment groups and laser alone were s1atistically significant at any 
time point (Fig 8, available online at http://aaojournal.org). 

TTO Scores. Patients were asked what proportion of their life 
expectancy they would be willing to trade off to avoid their current vision 

impaired health state, the resulting proportion representing the utility of 
their current health state. An improvement of 0.13 in the utility score was 
observed for ranibizumab monotherapy (baseline score 0.69), 0.032 for 
ranibizumab + laser (baseline score 0.73), and 0.023 for laser alone 
(baseline score 0.73; Fig 9, available online at h11p:i/aaojournal.org); these 
differences were not significant versus laser. 
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Table 5. Number of Ranibizumab/Sham Injections Received (Safety Set) 

Ranibizumab 0.5 mg Ranibizumab 0.5 mg + Laser Laser 

Total number of injections 
Total 
Mean:+: SD 
Median (Range) 

Distribution of injections, n (%) 
1-3 
4---6 
7-9 
10-12 

SD = standard deviation. 

Drug Exposure 

(n = 115) 

Ranibizumab 
800 

7.0:+:2.81 
7.0 (1-12) 

16 (13.9) 
37 (32.2) 
40 (34.8) 
22 (19.1) 

R:mibizumab Injections. The mean number of rnnibizumab/sham 
injections received was similar for all treatment groups (6.8-7,3 
injections; Table 5). Between months 3 and 11, patients received 
an average of 4.1 ranibizumab intravitreal injections in the ranibi
zumab anu, 3.8 in the ranibizumab + laser arm, and 4.5 sham 
injections in the laser-treated arm. 

Treatment-Free Interval for Ranibizumab or Sham Injec
tions. A greater proportion of patients in the ranibizumab (85.2%) 
and ranibizumab + laser anus (81.7%) had their dose interrupted due 
to disease improvement compared with the laser anu (68.2%), which 
received sham injections only (Table 6 available online at http:// 
aaojournal.org). According to the protocol, the first possible time 
point to stop injections (ranibizumab or sham) because of stability was 
month 3. At month 3, more patients in the ranibizumab anus (32.2% 
[ranibizumab] and 30.8% [ranibizumab + laser]) than the laser anu 
(20.9%) were not treated because of stability of VA. 

After treatment interruption, the mean duration of the treatment-free 
interval was approximately 2 months in both the ranibizumab and 
the laser arms and approximately 2.5 months in the ranibizumab + 
laser arm (Table 7 available online at bltp://aaojoumal.org). Fewer 
patients received monthly treatment in the ranibizumab (8.0%) and 
ranibizumab + laser (7 .6%) arms compared with the laser anu 
(17.8% ). The proportion of patients with a maximum treatment
free interval of :,,.3 months was similar across treatment arms 
(57.9%-61.9% ). 

Laser Treatment. The mean number of active/sham laser 
treatments was similar for all treatment groups (1.7-2.1 adminis
trations; Table 8 available online at http://aaojoumal.org). From 
month 3 to month 11, patients received 0.9 sham laser adminis
trations in the ranibizumab anu, 0.7 active laser administrations in 
the ranibizumab + laser arm, and 1.1 in the laser-treated anu 
(Table 8, available online at http://aaojournal.org). During this 
period, 49.6% (ranibizumab) and 44.5% (ranibizumab + laser) of 
the patients received a sham/active laser treatment compared with 
63.9% patients in the laser anu. 

Safety 

Serious Adverse Events. No ocular SAEs were reported in the 
ranibizumab arm, whereas there were 2 cases each reported in the 
ranibizumab + laser (cataract) and laser only (cataract and macu
lopathy) anus; none suspected to be related to study drug or 
procedure (Table 9 available online at http://aaojournal.org). There 
were no cases of endophthalmitis reported in any of the treatment 
arms (-7 ranibizumab or sham injections over the 12-month 
treatment period). There were 23 (20%) patients with nonocular 

(n = 120) (n = 110) 

Ranibizumab Sham 
816 802 

6.8:+:2.95 7.3:+:3.22 
7.0 (2-12) 7.0 (1-12) 

23 (19.2) 19 (17.3) 
34 (28.3) 32 (29.1) 
35 (29.2) 22 (20.0) 
28 (23.3) 37 (33.6) 

SAEs in the ranibizumab anu, 17 (14.2%) in the ranibizumab + 
laser anu, and 15 (13.6%) in the laser anu (Table 9, available 
online at ht1p://aaojournaLorg). The nonocular SAEs that were 
suspected by the investigator to be related to a study drug or 
procedure included intestinal obstruction (0.9% ), hypoglycemia 
(0.9% ), pulmonary embolism (1.7% ), dyspnea (0.9% ), and arterial 
thrombosis limb (0.9%) in the ranibizumab arm, coronary artery 
occlusion (0.8%) in the ranibizumab + laser anu. There were 6 
deaths reported during the study (2 per treatment anu), none of 
which were considered to be related to the study drug by the 
investigator (Table 9, available online at http://aaojoumaLorg). 

Adverse Events. The most frequently occurring ocular and 
nonocular AEs are summarized in Table 10 (available online at 
http://aaojournal.org). The most common ocular AE was eye pain 
in all 3 treatment arms. Eye pain was also the most common ocular 
AE suspected to be related to study drug (10-12 cases) followed 
by conjunctiva! hemorrhage, which was reported in the ranibi
zumab arms only (8-9 cases). One patient each in the ranibizumab 
arms experienced IOP increase, which was suspected to be related 
to study drug or procedure (Table 11 available online at http:// 
aaojoumal.org). Nasopharyngitis was the most common nonocular 
AE observed in all 3 treatment anus. Some of the nonocular AEs 
that were suspected to be related to study drug or procedure 
included pulmonary embolism (n = 2), limb arterial thrombosis 
(n = 1), arthralgia (n = 1), and hypertension (n = 1), all in the 
ranibizumab anu, coronary artery occlusion (n = 1) in the ranibi
zumab + laser arm, and hypertension (n = 1) in the sham arm 
(Table 11). Hypertension, the most common AE potentially related 
to systemic VEGF inhibition, was comparable in all treatment 
arms (Table 12). Arterial thromboembolic events were reported by 
6 patients in the ranibizumab arm and 1 patient each in the 
ranibizumab + laser and laser arms. These included 1 case each of 
myocardial infarction in the ranibizumab and ranibizumab + laser 
anu, and 1 case of cerebrovascular accident in the ranibizumab anu. 
At the end of the study, there was no clinically significant differ
ence between treatment arms for either mean BP or IOP, and the 
values of clinical laboratory evaluations were similar among the 
study anus (details in Appendix 3, available online at http:// 
aaojoumal.org). 

Discussion 

The results from the RESTORE study demonstrate that 
treatment with ranibizumab as monotherapy and combined 
with laser treatment is superior to laser treatment in rapidly 
improving and sustaining VA in patients with visual im-
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Table 12. Adverse Events Potentially Related to Systemic Vascular Endothelial Growth Factor 
Inhibition (Safety Set) 

Ranibizumab 0.5 mg 
Preferred Term, n (%) N = 115 

Total 14 (12.2) 
Arterial thromboembolic events 6 (5.2) 

Angina pectoris 2 (1.7) 
Pulmonary embolism 2 (1.7) 
Cerebrovascular accident 1 (0.9) 
Myocardial infarction 1 (0.9) 

Hypertension 9 (7.8) 
Non-ocular hemorrhage 1 (0.9) 

Epistaxis 1 (0.9) 
Proteinuria 1 (0.9) 

pairment due to DME. There were no efficacy differences 
detected between the ranibizumab and ranibizumab com
bined with laser treatment arms. A greater proportion of 
patients treated with ranibizumab gained ~c:5, ;:::10, and~= 15 
BCV A letter scores from baseline compared with the laser-· 
treated patients. 

Ranibizumab treatmenr consistenrly demonstrated signif
icant and superior VA benefit in all subgroups of DME 
patients, including patients with focal or diffuse DME and 
those with or without prior laser as compared \Vith laser 
treatment alone. The functional improvements in BCV A 
were accompanied by significant improvements in anatomic 
end points, CRT on OCT, and resolution of leakage on 
fluorescein angiography. At montb 12, 49. l % (ranibi
zumab), 55.1 % (ranibizumab + laser), and 39.1 % (laser) 
patients had CRT <275 µm, whereas 50.9%, 44.9%·, and 
60.9%, respectively, had CRT >275 µm. 

Tbe efficacy results with ranibizumab treatment from the 
RESTORE study are consistent with the recently published 
DR CR.net and RESOLVE studies.9· to Results from the 
DRCR.net study showed that ranibizumab used in conjunc
tion with laser therapy (prompt or deferred) was signifi
cantly more effective than laser alone in improving VA in 
patients with DME after 1 year of treatment ( +9 [both] vs 
+3 BCVA letter score; P<0.001). 9 In the DRCR.ner study, 
approximately 30% of the ranibizumab + laser patients 
gained a ~ 15 BCV A letter score from baseline compared 
with 15% of the laser-treated patients. 

The RESOLVE study demonstrated that ranibizumab 
provided rapid and continuous improvements in BCV A 
compared with sham over a period of 12 months (mean 
average change in BCV A letter score from baseline to 
month 12, +7.8 for ranibizumab vs -0.1 for sham; 
P<0.0001). 10 At month 12, approximately 32% of the 
ranibizumab-treated patients gained a ~ 15 BCV A letter 
score compared with 10% in the sham control arm. 

The observed numerical differences in the BCV A out
come between RESTORE and RESOLVE may be partly 
attributed to the differences in eligibility criteria and as a 
consequence to baseline characteristics of the enrolled pa
tients. Additionally, the 2 studies had different retreatment 
criteria, which led to an average of ~ 10 ranibizumab injec
tions in the RESOLVE study and ~ 7 injections in the 
RESTORE study. 
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Ranibizumab 0.5 mg + Laser Laser 
N = 120 N = 110 

7 (5.8) 11 (10.0) 
1 (0.8) 1 (0.9) 

0 0 
0 1 (0.9) 
0 0 

1 (0.8) 0 
6 (5.0) 9 (8.2) 

0 1 (0.9) 
0 1 (0.9) 

1 (0.8) 0 

Visual impairment or reduced VA adversely impacts pa
tients' independence (activities like reading, interacting so
cially, watching TV, driving, etc) and HRQoL. 12

--
14 The 

RESTORE trial is the first to assess the impact of ranibizumab 
treatment on HRQoL, particularly using the NEI VFQ-25 
questionnaire. Ranibizumab showed progressive and sustained 
improvements in HRQoL as assessed by the NEI VFQ25 
composite scores. The mean change in VFQ-25 composite 
scores was significant, with ranibizumab monotherapy and 
combined with laser (5.0 and 5.4 point) versus laser. These 
results are consistent with those reported for ranibizumab in the 
neovascular AMD studies Anti-VEGF Antibody for the Treat
ment of Predominantly Classic Choroidal Neovascularization 
in Age-Related Macular Degeneration (ANCHOR) and Min
imally Classic/Occult Trial of the Anti-VEGF Antibody 
Ranibizumab in the Treatment of Neovascular Age-Related 
Macular Degeneration (MARINA), where a 4- to 6-point im
provement in mean NEI VFQ-25 scores represented a clini
cally meaningful change corresponding with a 15-letter im
provement in BCV A. 15 The strongest evidence of HRQoL 
benefit for ranibizumab compared with laser alone was ob
served for general vision, near, and distance activities NEI 
VFQ-25 subscales. Adding to the HRQoL outcomes are the 
data on the proportion of patients who had a BCV A letter score 
> 73 (20/40 Snellen equivalent, the legal minimum for driving in 
the United States and the United Kingdom) in the study eye at 
month 12. In RESTORE, at month 12, 44.9% (ranibizumab + 
laser) and 53.0% (ranibizumab) patients had a BCVA letter 
score >73 versus 16.1 % and 19.8% patients at baseline, 
whereas with laser 23.6% patients had a BCV A letter score 
>73 versus 15.3% at baseline. For the EQ-5D scores, none 
of the differences between the ranibizumab treatment arms 
and laser arm at any time point were significant. This is not 
surprising given that EQ-5D does not contain any vision
related domains, and has known ceiling effects, 16 so the 
scale may lack sensitivity in detecting changes in DME 
outcomes. 

For the TTO scores, the change in mean utility score of 
0.13 with ranibizumab was not statistically different from 
laser alone at month 12 (P = 0.10). Results from the TTO 
utility measurement indicate a numerical improvement with 
ranibizumab vs laser alone, and hence a possible impact on 
the quality-adjusted life years associated with ranibizumab 
therapy. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 903



Mitchell et al · Ranibizumab or Combined With Laser vs Laser for DME 

The RESTORE study used retreatment criteria that were 
designed to enable an individualized treatment regimen based 
on patients' disease stability. Patients were assessed monthly ro 
observe disease stability/activity and to guide treatment inter
ruption or reinitiation through changes in VA, supported by 
clinical and anatomic: evaluations attributable to the pmgres-
sion of DME. The validity of this approach was confinned by 
tbe efficacy outcome, which showed that the PRN retreatrnem 
regimen could maintain the BCV A gained at the end of the 
!reatment initiation phase. Frntbem1ore, this was achieved with 
an average of 4 injections in tl1e 9-month continuous/resumed 
treannem phase. Hmvever, ir is unknmvn whether or nor VA 
gains \vould have been greater if monthly treatment had been 
maimained over 12 momhs. Ongoing ranibizumab clinical 
trials, such as the Ranibizumab Injection in Subjects with 
clinically significant macular Edema with center involvernem 
secondary to diabetes rnellitus (RISE. NCT00473330)17 and 
the Ranibizumab Injection in subjects with clinically signifi
cant macular Edema with center involvement secondary to 
Diabetes mellitus (RIDE, NCT00473382) 18 where monthly 
injections are mandated for 24 months will provide data on 
maximal VA gains in DME with monthly therapy. Overall, a 
greater proportion of patients interrupted treatment due to 
disease stability with ranibizumab than laser (85% [ranibi
zumab] and 82% [ranibizumab + laser] vs 68%), which was 
expected because the laser arm received sham injections only. 
Approximately 33% of the ranibizumab-treated patients 
interrupted treatment for the first time at month 3 due to 
treatment efficacy. The proportion of patients with a 
maximum treatment-free interval of ~3 months was sim
ilar across treatment arms (57.9%-61.9%). 

The results from the RESTORE study have assessed the 
treatment effect of ranibizumab monotherapy in DME, as well 
as the potential benefit of combining it with laser therapy. Over 
the I-year study period, the results from RESTORE show that 
there were no significant efficacy differences detected between 
the ranibizumab and the ranibizumab combined with laser treat
ment arms with respect to improvements in BCV A, as well 
as the number of injections. Overall, the retreatment criteria 
based on disease stability used in the RESTORE study 
allowed a reduction in the number of injections compared 
with the RESOLVE study, through monthly monitoring to 
assess patients' need for retreatment. 

Ranibizumab as monotherapy or combined with laser was 
well-tolerated in patients with visual impairment due to DME 
over 12 months. There were no ocular SAEs observed in the 
ranibizumab arm. There were no incidences of glaucoma re
ported in any of the treatment arms and only 1 patient in each 
ranibizumab arm reported increased IOP. Both cases of IOP 
increase resolved on their own, without treatment, and the 
investigator considered these events to be related to injection 
procedure and not to the drug. Ranibizumab treatment was not 
found to be associated with an increased risk of cerebrovascu
lar or cardiovascular events in DME patients over 12 months; 
there were no cases of endophthalmitis reported in the study. 
The pooled analysis of the 2 pivotal studies, RESOLVE and 
RESTORE, resulted in an incidence rate of 1.4% for endoph
thalmitis at 1 year, which is consistent with the incidence rate 
of 1.6% found in the pooled analysis of the pivotal AMD 
studies, ANCHOR, MARINA, and PIER (A Phase Illb, 

multicenter, randomized, double-masked, sham Injection
controlled study of the Efficacy and safety of Ranibizumab; 
unpublished data, July 21, 2008). The incidence of AEs 
potentially related to systemic VEGF inhibition (hyperten
sion, proteinuria, and non ocular hemorrhage) were low and 
did not differ compared with the laser control cohort. Fur
thermore, ranibizumab treatment did not negatively influ
ence the VA outcome or the progression of macular isch
emia, as confirmed by assessing the BCV A at month 12 in 
the subgroups with or without the presence of ischemia at 
baseline, as well as by the degree of capillary loss in the 
central subfield from baseline to month 12 (Appendix 2, 
available online at http://aaojournal.org). The safety find
ings from this study are consistent with the safety profile of 
other studies with ranibizumab treatment in DME9

•
10 and 

neovascular AMD. 19
•
20 

In summary, data from the 3 randomized clinical trials 
RESOLVE, DRCR.net and RESTORE involving > 1000 
patients provide robust evidence for the efficacy and 
tolerability of ranibizumab in DME. 9 ·

10 Furthermore, the 
24-month results from DRCR.net and the recently pub
lished READ-2 study have shown that ranibizumab sus
tains efficacy9 •

11 through year 2 of treatment and was 
well-tolerated. 9 These reports may lead to a shift in 
treatment paradigm for DME, from laser, to newer ap
proaches using ranibizumab. Results from the 2-year 
extension of the RESTORE study will add to the data 
from studies REVEAL (NCT00989989),21 RIDE, 13 

RISE/7 and RETAIN (NCT01171976),22 and DRCR.net 
(4-year follow-up) and are expected to further enhance 
the evidence for ranibizumab therapy in DME in the 
coming years. 

In conclusion, RESTORE is the first study to demon
strate that ranibizumab monotherapy provides significantly 
superior benefit over standard-of-care laser in patients with 
visual impairment due to DME, rapidly improving and 
sustaining BCV A over the 12-month treatment period. 
Ranibizumab therapy was administered using an individu
alized PRN regimen with monthly monitoring and retreat
ment based on disease stability. During the 12-month study 
period combining laser with ranibizumab did not seem to 
provide any advantage compared with ranibizumab mono
therapy in terms of improving BCV A and treatment expo
sure. However, longer follow-up may be required to assess 
the benefit of combining laser with ranibizumab. Ranibi
zumab consistently improved BCV A across all the sub
groups of patients, including patients with focal or diffuse 
DME. Ranibizumab treatment was also associated with 
progressive and sustained improvements in HRQoL com
pared with laser alone, as assessed by the NEI VFQ-25 
scores. Ranibizumab was well-tolerated in patients with 
visual impairment due to DME with a safety profile similar 
to the well-established safety profile in neovascular 
AMD.19,20 
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Lessons Learned From Avastin and OCT-The 
Great, the Good, the Bad, and the Ugly: The 

LXXV Edward Jackson Memorial Lecture 
~ 

PHILIP J. ROSENFELD 

• PURPOSE: To describe the synergistic benefits and cost 
savings from the use of optical coherence tomography 
(OCT) and vascular endothelial growth factor (VEGF) 
inhibitors, particularly intravitreal bevacizumab, in the 
treatment of exudative age-related macular degeneration 
(AMD). 
• DESIGN: Retrospective literature review and personal 
perspective. 
• METHODS: Retrospective literature review and per
sonal perspective. 
• RESULTS: The introduction of the first clinically useful 
OCT instrument coincided with early-phase clinical trials 
of a drug that would become known as ranibizumab. OCT 
provided a noninvasive imaging strategy that unambigu
ously showed the macular fluid associated with exudative 
AMD and the ability of anti-VEGF therapy to resolve this 
fluid with concomitant visual acuity improvement. Clini
cians came to embrace the use of OCT imaging as the ba
sis for dosing with anti-VEGF drugs, rather than the 
fixed-interval dosing that was the standard in clinical tri
als and recommended by industry after approval. But, 
before ranibizumab was approved for the treatment of 
exudative AMD, intravenous bevacizumab was approved 
to treat cancer. Both drugs shared a common molecular 
lineage, and this led to a clinical trial using intravenous 
bevacizumab for the treatment of exudative AMD. Intra
venous bevacizumab resulted in visual acuity and OCT 
improvements similar to ranibizumab, and this observa
tion soon led to the intravitreal use of bevacizumab in 
2005. Fortuitously, both ranibizumab and bevacizumab 
were packaged at similar molar concentrations, so similar 
volumes of both drugs when injected into an eye would 
result in similar anti-VEGF activity. With ranibizumab 
not yet commercially available, intravitreal bevacizumab 
rapidly became adopted worldwide for the treatment of 
VEGF-driven ocular diseases. Despite numerous at
tempts by industry and anonymous sources to discredit 
and prevent its use, bevacizumab spread globally owing 
to its availability; its low treatment cost, which was 

I_/\IO.coml Supplemental Material available at i\[C.rn,c:. 
Accepted for publication Feb 27, 2019. 
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$5.50 per 1 mg in the United States; the evidence of effi
cacy based on OCT imaging and vision improvement; and 
its perceived safety. In the United States alone, the use of 
OCT-guided therapy and the use of bevacizumab for the 
treatment of exudative AMD has saved Medicare over 
$40 billion since 2008. 
• CONCLUSIONS: The rapid adoption of OCT-guided 
therapy and the use of intravitreal bevacizumab by the 
global retinal community has prevented blindness from 
exudative and neovascular ocular diseases worldwide 
while saving healthcare providers and patients billions of 
dollars. (Am J Ophthalmol 2019;204:26-45. © 2019 
Elsevier Inc. All rights reserved.) 

I AM EXCEEDINGLY GRATEFUL TO THE AMERICAN JOUR

nal of Ophthalmology and the American Academy of 
Ophthalmology (AAO) for the honor to present the 

75th Edward Jackson Award Lecture. My lecture will 
only cover the first half of my academic career, but this first 
half has been quite an adventure, covering great and good 
events, people, and discoveries, as well as several bad and 
ugly episodes that need to be revealed. In the realm of 
the great and the good, none of my accomplishments would 
have been possible without the love and support of my fam
ily and the marvelous educators and researchers I've 
worked with over the years. My story of scientific discovery 
would have been very different without their confidence in 
my scientific talents and their trust in my decisions. As an 
example, after I completed a 9-year MD/PhD program at 
the Johns Hopkins School of Medicine where I received 
my PhD in the Department of Molecular Biology and Ge
netics, my wife supported my decision to switch residencies 
from Obstetrics and Gynecology to Ophthalmology after 
completing only 2-1/2 years of clinical training. This career 
change required a move from Baltimore to Boston in 1991, 
and this switch was made possible by the academic support 
of Stuart Fine, who was at the Johns Hopkins School of 
Medicine at the time. Prior to my residency at the Massa
chusetts Eye and Ear Infirmary (MEEI), I secured a coveted 
postdoctoral fellowship with Thaddeus Dryja, where I 
received a crash course in the field of ophthalmic genetics. 
This experience led to my interest in the genetics of age
related macular degeneration (AMD), which was greatly 
influenced during my residency by the research and clinical 

26 © 2019 ELSEVIER INC. ALL RIGHTS RESERVED. 0002-9394/$36.00 
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teachings of Johanna Seddon. My research and residency 
positions also gave me exposure to the ongoing research 
into optical coherence tomography imaging, photody
namic therapy (PDT) with verteporfin, and vascular endo
thelial growth factor (VEGF). During the early 1990s, 
Boston was the epicenter for all 3 breakthrough discoveries. 
Of note, my indoctrination into VEGF and its vital role in 
neovascular and exudative ocular diseases was led by my 
faculty mentors at the time. They included Anthony 
Adamis, who was my residency director, Joan Miller, Lloyd 
Paul Aiello, and Lois Smith. It was Lois Smith who recog
nized my interest in VEGF and its role in exudative AMD, 
and when I left to pursue a vitreoretinal fellowship and fac
ulty position at the Bascom Palmer Eye Institute (BPEI) in 
1995, she provided me with guidance and financial support 
through the Rasmussen Foundation. 

After completing my fellowship at the BPEI and joining 
the vitreoretinal faculty, I continued my interest in macu
lar degeneration. That decision set me on a course of dis
covery that involved the use of PDT in clinical trials, 
optical coherence tomography (OCT) imaging, and anti
VEGF therapies. My familiarity with Joan Miller's PDT 
research at the MEEI led me to take on the principal inves
tigator's role for the phase 3 PDT clinical trials at the BPEI. 
That decision took me away from laboratory-based genetic 
research and into the world of clinical research. Under the 
tutelage of Neil Bressler, the PDT trials offered me the clin
ical research training that I was lacking. I was able to then 
apply my well-honed principles of experimental design to 
the clinics rather than the laboratory. For those unfamiliar 
with PDT, this treatment targeted choroidal neovasculari
zation (CNV) by combining the intravenous infusion of a 
photosensitizing agent with a circular spot of a long
wavelength, nonthermal laser that covered the neovascula
rization in the macula. As the top-enrolling site in the 
phase 3 trial, I earned an opportunity to participate in 
the Food and Drug Administration (FDA) Advisory Panel 
Meeting in November 1999, which led to the approval of 
verteporfin PDT in April 2000. From 2000 until 2004, 
verteporfin PDT was the only approved treatment for 
exudative AMD, but it was approved for the predominantly 
classic form of the disease.'·' Unfortunately, only a 
minority of patients would qualify for treatment, and 
even in these patients, most of them would continue to 
lose vision even after treatment. In subsequent clinical 
trials, we modified the approved PDT regimen, but while 
these changes failed to improve outcomes for the vast 
majority of patients with exudative AMD, I learned an 
important lesson. I learned that retrospective subgroup 
analyses of failed prospective clinical trials are often done 
in the hope of finding subgroups where the treatment 
appeared to work, but these retrospective conclusions 
should never be believed without rigorous testing. After 
all, history has taught us that these retrospective 
subgroups will fail when tested in prospectively 
randomized clinical studies.:. Improved outcomes for our 

patients with exudative AMD would have to wait until 
anti-VEGF therapy was introduced. 

THE ANTI-VEGF AND OPTICAL 
COHERENCE TOMOGRAPHY 

REVOLUTION 

MY SUCCESSFUL ROLE IN THE PDT TRIALS LED TO MY 

involvement with the early-stage clinical development of 
rhuFab V2, a humanized antigen-binding fragment 
directed against all isoforms of VEGF-A. This drug would 
eventually become known as ranibizumab (Lucentis; 
Genentech/Roche, South San Francisco, California, 
USA), which was developed at Genentech by Napoleone 
Ferrara, one of the "great" contributors described in this 
lecture. The rhuFab V2 phase 1 study investigators assem
bled in May 2000 during the annual meeting of the Associ
ation for Research in Vision and Ophthalmology (ARVO), 
and we were informed that this drug would be injected 
intravitreally. At that time, I was skeptical that patients 
would tolerate frequent intravitreal injections. Despite 
these reservations, I enthusiastically participated in the 
phase 1 rhuFab V2 dose escalation study that was initiated 
in 2001. In this study, patients received a single intraocular 
injection. After a particular dose was injected into each 
cohort of at least 6 patients, we assessed the eyes to deter
mine if the dose was safe; and if it was, then we escalated 
the dose and continued increasing the dose with each 
cohort until a dose-limiting toxicity was observed. In the 
phase 1 study, this dose-limiting toxicity was inflammation, 
and it was observed with the 1.0 mg dose, so the previous 
dose, which was the 0.5 mg dose, was deemed the maximum 
tolerated dose."' While there was a hint of visual acuity 
improvement after a single dose, the true benefits of rhuFab 
V2 would have to wait until the phase 2 study when we 
performed multiple doses and used of OCT imaging. After 
all, OCT imaging was not routinely available in the clinics 
until 2003. 

I participated in 2 phase 2 clinical studies.'-'' The pivotal 
phase 2 study involved a prospective, sham-controlled ran
domized trial that investigated monthly dosing of 0.3 mg or 
0.5 mg of ranibizumab for 6 months.' The lead investigator 
for that study was Jeffrey Heier of Boston. The second phase 
2 study was a 20-week-long open-label dose-escalation trial 
in which 3 different dosing regimens were tested.i' I was the 
lead investigator for this study. The purpose of this dose
escalation study was to determine if we could avoid the 
inflammation associated with the dose of 1.0 mg by gradu
ally increasing the dose of rhuFab V2. In this study, we 
escalated the dose to as high as 2.0 mg in some patients. 
Three different dosing regimens were tried. In the first 
regimen, subjects were injected every 2 weeks and escalated 
from 0.3 mg to 1.0 mg; in the second regimen, the dose was 
escalated every 2 weeks from 0.3 mg to 2.0 mg; and in the 
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third regimen, the dose was escalated every 4 weeks from 
0.3 mg to 2.0 mg. Both phase 2 studies were successful 
and reported unambiguous visual acuity benefits. In this 
dose escalation study, we showed that inflammation could 
be avoided if doses were escalated every 2 weeks or every 
month. We also showed that injections every 2 weeks 
were well tolerated, safe, and effective. This observation 
would later become important when we showed improve
ment in visual acuity and macular anatomy in some 
patients when anti-VEGF injections were given every 
2 weeks in eyes that were deteriorating with monthly injec
tions.' In this paper, we also used pharmacokinetic/phar
macodynamic modeling to support the benefits of more 
frequent dosing. Another benefit arising from these phase 
2 studies was that we obtained the first OCT images of 
eyes before and after anti-VEGF therapy. This was possible 
owing to the timely availability of the first clinically useful 
time-domain OCT instrument, known as the OCT-3 
(Stratus OCT; Carl Zeiss Meditec, Dublin, California, 
USA), which was FDA cleared in 2003. Suddenly, we 
were at the epicenter of 2 converging revolutionary tech
nologies that would change our management of exudative 
macular diseases. 

The development and commercialization of OCT would 
not have been possible without the monumental contribu
tions of James Fujimoto, David Huang, and Eric Swanson, 
then at the Massachusetts Institute of Technology, and 
their collaborators at the Tufts University New England 
Medical Center, Carmen Puliafito and Joel Schuman.'' 
Carmen Puliafito, my chairman at BPEI in 2003, acquired 
one of the first OCT-3 instruments, and by imaging subjects 
in the phase 2 trial, I witnessed the effectiveness of rhuFab 
V2, now named ranibizumab. For the first time, I saw where 
the macular fluid was located in eyes with exudative AMD. 
The fluid could be within the retina, under the retina, and 
under the retinal pigment epithelium. After an injection of 
ranibizumab, I observed the resolution of fluid from these 
compartments. Moreover, the resolution of this fluid corre
lated with both subjective and objective vision improve
ment. We also observed that when fluid recurred in some 
patients a month or more after an injection, the increase 
in fluid correlated with visual complaints; and when the 
patient was challenged with another injection of ranibizu
mab, the macular fluid would resolve, and the vision would 
improve. I came to appreciate that the OCT would serve as 
a VEGF-meter, a device that would indicate when excess 
VEGF was present and when anti-VEGF drug injections 
were needed.; 

While OCT imaging revealed the presence and resolu
tion of macular fluid during the phase 2 studies, it wasn't 
used to determine the need for retreatment, since fixed
dosing intervals were used in both protocols. At that 
time, there was no question that ranibizumab was effective, 
but the nagging question was whether monthly injections 
would be safe and tolerated as a viable long-term treatment 
strategy. To help address this question and provide 

FIGURE 1. Example of a subject treated every 2 weeks with 
ranibizumab over 5 months in the phase 2 dose-escalation trial 
and then enrolled in the extension trial that used optical coher
ence tomography (OCT)-guided retreatment with ranibizumab 
for an additional 17 months of follow-up. Arrows point to the 
regions of macular fluid that resolve after ranibizumab treatment 
and recur following treatment. VA = visual acuity. 

ranibizumab for phase 2 study patients once the studies 
were completed, Genentech was generous in supporting 
an open-label extension trial in which all subjects could 
roll over from the phase 2 studies into a long-term study 
that provided 0.5 mg ranibizumab for all patients until 
the drug was approved. The most notable feature of this 
extension-study protocol was that Genentech, at our 
request, did not require monthly dosing. Once the phase 
2 study was completed, Genentech heeded our request to 
allow as-needed dosing based on the investigator's discre
tion. This was the perfect scenario in which to observe 
the durability of the ranibizumab therapy, determine 
whether monthly dosing was really needed, and assess 
whether OCT-guided therapy could maintain the visual 
acuity gains and OCT outcomes following the phase 2 
fixed-interval dosing regimen with ranibizumab 
(F,gu,{' l ). At our center, 23 subjects were followed for 
over 18 months after completing the phase 2 studies. Dur
ing this time, OCT imaging was performed on all patients. 
We found that the visual acuity gains were maintained in 
all patients and 7 patients did not need another injection 
based on OCT imaging. For those patients needing another 
injection, the median time to injection was 196 days, and 
the median number of reinjections at 12 months was 6, 
and at 18 months the median number of injections was 
10. These data were presented at the 2004 Retina Subspe
cialty Day meeting during the annual meeting of the AAO. 
At the time, my colleagues did not believe that OCT alone 
was all that was needed to decide retreatment. After all, 
fluorescein angiography was still the gold standard for 
determining leakage from macular neovascularization. At 
the time, my hope was that I could publish these results 
in 2004, but Genentech felt that our patients represented 
only a subset of the total number of patients in the phase 
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2 extension study and could not be independently reported. 
These results from the phase 2 extension study were never 
published. 

By this time, I was confident that OCT-guided therapy 
was the future for the management of exudative AMD 
with anti-VEGF therapy, and with the support of Stephen 
Judd and Ram Palanki at Genentech, we designed a clinical 
study in 2003 that became Genentech's first investigator
sponsored trial in ophthalmology. This investigation was 
a prospective, open-label clinical study named the Prospec
tive Optical Coherence Tomography (OCT) Imaging of 
Patients with Neovascular AMD Treated with Intra-- -
Ocular Lucentis™ (PrONTO) Study (FDA Investigative 
New Drug (IND) #11715). The protocol was approved by 
the institutional review board (IRB) of the University of 
Miami (UM) Miller School of Medicine. The study design 
required that we follow patients monthly and re-treat based 
on the detection of macular fluid by OCT imaging. At that 
time, Anne Fung was my medical retina fellow, and the 
study would not have been possible without her expertise 
and assistance. Eventually, this OCT-guided approach 
would become known as treat-and-observe. ''\l l 

THE PrONTO STUDY AND OPTICAL 
COHERENCE TOMOGRAPHY-GUIDED 

RETREATMENT 

THE PRONTO STUDY ENROLLED AND FOLLOWED 40 PATIENTS 

every month for 2 years. To convince the skeptics that 
OCT-guided therapy could replace fixed-interval dosing, 
we treated monthly until the macula was dry and then we 
used retreatment guidelines during the first year of the study 
that we knew allowed for too much fluid to reaccumulate 
before we reinjected. Our intention was to demonstrate 
to the naysayers that when a small amount of fluid accumu
lated, if left untreated, then even more macular fluid would 
accumulate and vision would deteriorate. For that reason, 
we tolerated the accumulation of up to 100 µm of central 
macular fluid before retreatment was offered. Another indi
cation for retreatment was the appearance of any new mac
ular hemorrhage at any of the monthly visits. However, an 
enlarging retinal pigment epithelial detachment was not an 
indication for retreatment during the first year. As a 
concession to Genentech, we agreed to their mandate 
that all subjects receive 3 monthly injections to start the 
study before OCT-guided retreatment was initiated. As a 
result, these 3 monthly injections to start an anti-VEGF 
study have become a fixture in all subsequent industry
sponsored studies, especially those trials using OCT
guided therapy or any dosing that is less frequent than every 
month. At the time, there were no data to support this 
3-monthly-injection requirement. 

After the first year of the PrONTO Study, more than 
95% of eyes were fluid free after the first 3 injections and 

the mean visual acuity improvement at the end of the 
year was 9.3 letters, which was very similar to the outcomes 
reported from monthly ranibizumab injections in the phase 
2 study. However, visual acuity did fluctuate depending on 
whether fluid reaccumulated; however, vision improved 
once the reinjections were given. As expected, the vision 
improvements mirrored the OCT improvements. On 
average, only 5.6 injections were needed during the first 
year, compared with the 12 injections that would be given 
using a fixed-monthly dosing regimen. Moreover, we 
proved that when any macular fluid reaccumulated, then 
more fluid would follow. For that reason, in the second 
year of the study, the retreatment criteria were changed 
so that any reaccumulation of macular fluid would trigger 
a retreatment. Not only did we adopt a "no macular fluid" 
policy, but we also modified the protocol so that any unam
biguous qualitative increase in the height of a pigment 
epithelial detachment, as determined by me, would be suf
ficient to trigger a retreatment. After 24 months, there was 
a mean visual acuity improvement of 11.1 letters with an 
average of only 9.9 injections. By every metric, the 
PrONTO study was a resounding success and established 
OCT imaging as the gold standard for deciding when to 
re-treat when using anti-VEGF therapy. While the scienti
fic rigor of the study would have benefited from a control 
arm that received monthly injections, the results ended 
up being so definitive that few doubted the significance of 
the study. It should be noted that at that point in time, 
the FDA did not require a randomized control arm in a 
phase 2 study, but it is my understanding that if the 
PrONTO Study were repeated today, the FDA would 
mandate a control arm to the study. 

As a result of PrONTO, numerous other OCT-guided 
retreatment studies were initiated, with many of them us
ing the 100-µm rule for retreatment even though it was 
discarded after the first year of the PrONTO study. Results 
from these follow-up studies were variable primarily 
because they failed to follow rigorous monthly follow-up 
and retreatment guidelines. However, the PrONTO Study 
was fully validated by a large randomized clinical study 
known as the "pHase III, double-masked, multicenter, ran
domized, Active treatment-controlled study of the efficacy 
and safety of 0.5 mg and 2.0 mg Ranibizumab administered 
monthly or on an as-needed Basis (PRN) in patients with 
subfoveal neOvasculaR age-related macular degeneration 
(HARBOR) study."'', u In Genentech's HARBOR 
Study, OCT-guided therapy was compared with monthly 
dosing of ranibizumab. In the arm with OCT-guided ther
apy, all subjects started with 3 monthly injections, followed 
by monthly visits with OCT imaging, and ranibizumab 
retreatment was given with the recurrence of any fluid on 
OCT imaging. 

Another OCT-guided retreatment strategy that has 
gained popularity is known as treat-and-extend, in which 
anti-VEGF injections are given at every monthly visit until 
the macular fluid has resolved, and once the macular fluid is 
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gone, an injection is given and the treatment interval is 
then slowly extended, usually by 2 weeks. ,., Even if the 

fluid is absent at any given visit, an injection is given and 
the follow-up interval is increased by 2 weeks again; but 
if fluid recurs, an injection is given and the interval is 
then shortened by 2 weeks. Although variations of this 
strategy have been reported, the overall objective is to 
decrease the burden of monthly visits; but this convenience 
is offset by a potential increase in the overall number of 
injections compared with a pure OCT-guided treat-and
observe strategy (but still fewer injections than a fixed
monthly injection regimen). Both treat-and-observe and 
the treat-and-extend strategies are clinically useful depend
ing on whether a patient prefers to avoid an injection or 
whether a patient would rather avoid frequent monthly 
visits. In the 2017 Patterns and Trends Survey sponsored 
by the American Society of Retina Specialists, OCT
guided therapy in some form was used by over 98% of 
injecting clinicians worldwide, which validates the signifi
cance of my original clinical observations from the ranibi
zumab phase 2 extension study, and, to the credit of 
Genentech, demonstrates the global significance of the 
investigator-sponsored trial known as the PrONTO study, 
which would not have been possible without Genentech's 
support. 

While ranibizumab was being studied in phase 1/2 clin
ical trials, another VEGF inhibitor known as pegaptanib 
sodium (Macugen; Eyetech Pharmaceuticals, New York, 
New York, USA) was being developed.'' This drug, which 
is a RNA oligonucleotide known as an aptamer, inhibited 
VEGF-A, but only the isoforms that were 165 kDa or larger. 
Pegaptanib sodium was FDA approved in December 2004 
and became commercially available in January 2005, about 
18 months before ranibizumab would be approved, and 
about a year after bevacizumab had been approved for the 
intravenous treatment of colorectal cancer. ;,c.-- ,R One of 

the reasons why pegaptanib sodium was able to beat 
ranibizumab to market was because they elected to bypass 
a traditional prospective, randomized, multidose phase 2 
study and go directly from their phase 1 study to a phase 
3 study. However, this tradeoff came at a price. They 
sacrificed potential efficacy for expediency. In the phase 1 
study, Eyetech dosed their drug every 4 weeks; but in the 
phase 3 study, they elected to dose their drug every 
6 weeks. We can only assume that they believed the 
intravitreal injection would be better tolerated if it was 
given less frequently, and they boldly extended the 
treatment interval without any clinical data. While the 
results were good enough to get FDA approval, the real
world experience with pegaptanib was less than satisfying. 
Eventually, both clinicians and patients would conclude 
that pegaptanib was less effective than either bevacizumab 
or ranibizumab for treating exudative AMD, and this lack 
of efficacy was probably due to the extended 6-week dosing 
interval and the inability of pegaptanib to inhibit all 
isoforms of VEGF-A. ,,; Perhaps, if Eyetech had taken the 

time to incorporate OCT imaging in their phase 2 clinical 
trial design, they probably never would have extended the 
treatment interval to 6 weeks. Moreover, for those of us 
with the ability to image patients with OCT, it became 
unambiguously obvious that pegaptanib did not dry the 
macula after an injection in most patients. This experience 
provided the first evidence that OCT could be used to 
distinguish the efficacy of different anti-VEGF drugs. More
over, it proved to be a crucial observation that led to the 
rise of bevacizumab and the demise of a pegaptanib sodium. 

THE RISE OF SYSTEMIC BEVACIZUMAB 

IN 2003, THE PHASE 3 TRIAL WITH RANIBIZUMAB WAS JUST 

getting started and the pegaptanib phase 3 trial was well 
underway. Both of these studies used fixed-interval intravi
treal dosing; ranibizumab was given every 4 weeks and 
pegaptanib every 6 weeks. At that time, there was only 1 
study that used anti-VEGF therapy guided by OCT imag
ing, and that was the PrONTO Study. However, we were 
designing another study that would use both anti-VEGF 
therapy and OCT imaging. This investigation became 
known as the Systemic Avastin for Neovascular AMD 
(SANA) Study?'·:; The idea of using systemic 
bevacizumab came about from my exposure to 
ranibizumab in the phase 1/2 clinical studies, from my 
experience using OCT to image subjects in the 
ranibizumab extension trial, and from my experience 
with the PrONTO Study. Since there was quite a bit of 
uncertainty about whether patients would tolerate 
repeated intravitreal tnJections and whether these 
injections were safe for the long term, I was attracted to 
the idea of giving a systemic drug to treat exudative 
AMD. By giving a systemic drug, I reasoned that a single 
infusion could treat both eyes, which was appealing given 
that many patients had bilateral exudative disease, and 
that repeated systemic infusions were thought to be safer 
than repeated intravitreal injections. But, what about the 
increased risk of thromboembolic events from the use of 
systemic bevacizumab? That risk wasn't fully appreciated 
until 6 months after bevacizumab was approved in 
February 2004. Thus, in 2003 the idea of systemic anti
VEGF therapy seemed reasonable, but we didn't know 
whether systemic bevacizumab would be able to get into 
the back of the eye and have effects that were similar to 
an intravitreal injection of ranibizumab in eyes with exuda
tive AMD. After all, bevacizumab and ranibizumab were 
thought to be very different anti-VEGF drugs. We also 
didn't know the right dose or the right dosing interval. 
However, by reviewing the literature, we subsequently 
learned that Genentech was guarding a secret. 

To Genentech's credit, they encouraged their scientists 
to publish the research that led to the development of rani
bizumab and bevacizumab, which included their cloning of 

30 AMERICAN JOURNAL OF OPHTHALMOLOGY AUGUST 2019 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 912



the gene that encoded the VEGF-binding domain for both 
ranibizumab and bevacizumab, as well as the crystallog
raphy of this VEGF-binding domain.'' Based on the 
published literature, I realized that both drugs were devel
oped from the same genetic sequences or plasmid clones 
that were engineered from the murine anti-VEGF 
monoclonal antibody developed at Genentech. The 
VEGF-binding domain, also known as the antigen binding 
fragment (Fab), derived from this murine clone was subse
quently humanized by replacing certain amino acid coding 
regions. In the case of bevacizumab, 2 of these humanized 
VEGF-binding domains (Fabs) were attached to a human
ized Fe fragment to construct a humanized full-length 
antibody against VEGF. In the case of ranibizumab, the 
genetic sequence was mutagenized and underwent a process 
called affinity maturation to identify sequences that would 
bind VEGF with a higher affinity compared with the orig
inal Fab. The affinity-matured Fab contained 6 amino 
acid changes, with 4 of the changes being responsible for 
a higher affinity for VEGF, roughly a 100-fold increase in 
inhibitory activity. A higher affinity for a single Fab was 
needed because, unlike bevacizumab, which would have 2 
binding domains attached to a single Fe arm, ranibizumab 
would have a single binding domain; thus a higher affinity 
would be needed for comparable molar inhibition of 
VEGF. So, why did Genentechgo to all the trouble of devel
oping 2 different drugs when we now know that bevacizu
mab could have sufficed as an intravitreal treatment for 
exudative AMD? 

In retrospect, the answer to this question now seems 
obvious, but at the time there was a great deal of uncer
tainty as to whether a full-length antibody could pene
trate the retina and be effective in treating subretinal 
neovascularization when injected into the vitreous, 
and Genentech had no interest in pursuing a systemic 
treatment for exudative AMD. The clinical researchers 
at Genentech were directed to develop bevacizumab 
for systemic cancer therapy and ranibizumab for the 
intravitreal treatment of neovascular and exudative 
eye diseases. However, while I was involved in the rani
bizumab trials, I learned that bevacizumab would be 
commercially available long before ranibizumab would 
be approved. Moreover, I found the idea of an intrave
nous infusion rather than an intravitreal injection 
particularly attractive, and after talking with my pa
tients, I came to believe that some would prefer an 
intravenous infusion over an intravitreal injection. As 
a result, I approached Genentech and asked my con
tacts on the ranibizumab development team whether 
they would consider a study using systemic bevacizumab. 
Since their job was the successful commercialization of 
ranibizumab for the eye, they had no interest in pursu
ing systemic bevacizumab for the eye. When I was 
directed to the bevacizumab development team, I got 
a similar response, only their focus was the successful 
commercial development of systemic bevacizumab for 

cancer therapy, not the eye. Each of these drug 
development teams were siloed into their respective 
missions, and no one at Genentech was interested in 
pursuing systemic bevacizumab for the eye. 

After my discussions with Genentech, I took the initia
tive and designed a clinical study that was very similar to 
the PrONTO study. However, instead of using intravitreal 
ranibizumab, I used intravenous bevacizumab. Instead of 
using 3 monthly injections of ranibizumab, I used 3 infu
sions of bevacizumab at the dose and dosing interval that 
were used in the bevacizumab phase 3 cancer protocols. 
In these cancer protocols, bevacizumab was given every 
2 weeks at a dose of 5 mg/kg. As in the PrONTO study, I 
followed the patients in the SANA Study closely with 
OCT imaging and OCT-guided retreatment was followed 
after the first 3 infusions. However, in the SANA Study, 
I modified the requirement that the study start with 3 doses, 
and I allowed the third dose to be withheld if there was no 
evidence of macular fluid by OCT. After all, the SANA 
Study was my study and the 3 doses were not being 
mandated by Genentech. The SANA Study also differed 
from the PrONTO study by including indocyanine green 
angiography as well as fluorescein angiography. After the 
initial 2 doses, the patients would be followed every 2 weeks 
with OCT-guided therapy and retreatment was continued 
if any macular fluid persisted or recurred. 

So how did I pay for this systemic bevacizumab study, 
given the fact that Genentech wasn't interested in 
supporting my research? My chairman at the time, 
Carmen Puliafito, allowed me to raise $200,000 from 
grateful patients to support the study. The plan was to 
enroll patients with refractory exudative AMD into 
this open-label prospective study, follow them every 
2 weeks for a total of 6 months, and perform OCT im
aging at every visit and dye-based angiography every 
3 months. The study was approved by the IRB of the 
University of Miami Miller School of Medicine, and 
we were not required to submit an FDA Investigational 
New Drug (IND) application because we were not 
changing the safety profile of the drug, since we used 
the FDA-approved dose, dosing interval, and route of 
administration, we had no intention of seeking a change 
in the drug's label, and we had no intention of marketing 
the drug for this off-label indication. '3 We obtained IRB 
approval prior to the FDA approval of bevacizumab, so 
when bevacizumab was FDA approved and became 
commercially available in February 2004, the study was 
initiated with the help of Stephan Michels, my research 
fellow at the time. Both Stephan and Andrew Moshfe
ghi, my medical retina fellow, played pivotal roles and 
greatly contributed to the success of this study. 

After the first infusion of bevacizumab in all patients, the 
OCT response was truly remarkable, with an overall 
improvement in vision and macular anatomy after 
3 months. ;c In fact, the responses were very similar to 
the responses observed after an intravitreal injection of 
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FIGURE 2. Baseline color fundus images from a subject enrolled in the Systemic Avastin (Bevacizumab) for Neovascular Age
Related Macular Degeneration (SANA) trial. IOP = intraocular pressure; PDT = photodynamic therapy; VA = visual acuity. 

FIGURE 3. Early and late fluorescein angiographic images of the right eye (study eye) from the subject in Figure j at baseline and 
4 weeks and 12 weeks after enrollment into the systemic bevacizumab study. The subject received 2 infusions of systemic bevacizu
mab at baseline and then 2 weeks later. The fluorescein leakage (arrow) seen at baseline was absent by the 4-week follow-up. 

ranibizumab. Within 24 hours, OCT imaging revealed dra
matic improvements in the amount of macular fluid. A to
tal of 18 patients were enrolled, and 16 of these subjects had 
bilateral exudative AMD (Fi;:;ur,', /.-b). Of the 18 patients 
enrolled, a dry macula was achieved in 11 subjects after 

only 2 infusions and 7 subjects after 3 infusions, and 
these infusions were given at 2-week intervals during the 
first 6 weeks of the study. Retreatment was only offered if 
macular fluid recurred based on OCT imaging. By 24 weeks, 
retreatment was needed in 6 of the 18 study eyes. In the 
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FIGURE 4. Early and late indocyanine green angiographic images of the right eye (study eye) from the same subject as in Figur,· .> at 
baseline and 12 weeks after enrollment into the systemic bevacizumab study. The subject received 2 infusions of systemic bevacizu
mab at baseline and then 2 weeks later. The hot spot (arrow) seen at baseline was not detectable by the 12-week follow-up. This 
neovascular lesion appeared consistent with type 3 macular neovascularization, which is consistent with the optical coherence tomog
raphy images in flgun, 6. 

FIGURE 5. Vertical and horizontal optical coherence tomography ( OCT) B-scans of the right eye ( study eye) from the same subject 
as in Figme ~ showing cystic maculopathy and a retinal pigment epithelial detachment (PED) at baseline (arrow) consistent with type 
3 macular neovascularization. One week after the first infusion of bevacizumab, the cystic maculopathy had resolved, and by 2 weeks 
the PED had mostly resolved as well. Twelve weeks after baseline and 2 bevacizumab infusions, the subject had gained 20 letters of 
vision. 

study eyes, vision improved by an average of 14 letters and 
in the nonstudy fellow eyes, vision improved by 1 7 letters. 
Vision improvement coincided with an improvement in 
OCT macular fluid, and all results were highly statistically 

significant (P::; .001). The only systemic adverse event dur
ing the course of the study was a mild increase in systemic 
blood pressure in 10 of the 18 subjects, with mean increases 
of 11 mm Hg and 8 mm Hg in the systolic blood pressure 
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FIGURE 6. Early and late fluorescein angiographic images of the left eye (fellow eye) from the same subject as in Figtm·;, 5 through 6 
at baseline and 4 weeks and 12 weeks after enrollment into the systemic bevacizumab study. The subject received 2 infusions of sys
temic bevacizumab at baseline and then 2 weeks later. The fluorescein leakage (arrow) seen at baseline had decreased by the 4-week 
follow-up. Of note, the leakage arising from the classic (type 2) neovascular component appeared to resolve over 12 weeks. 

FIGURE 7. Early and late indocyanine green angiographic images of the left eye (fellow eye) from the same subject as in F.1i?mb, 5 and 
7 at baseline and 12 weeks after enrollment into the systemic bevacizumab study. The subject received 2 infusions of systemic beva
cizumab at baseline and then 2 weeks later. The plaque (arrow) seen at baseline less intense by the 12-week follow-up. This neovas
cular lesion appeared consistent with occult or type 1 macular neovascularization, which is consistent with the optical coherence 
tomography images in hgmT 9. 

and diastolic blood pressure measurements, respectively. By 
24 weeks, our internists had controlled the blood pressure 
elevations, and all patients ended the study with lower 
blood pressure measurements compared with their baseline 

measurements. Unlike the cancer studies, there were no 
thromboembolic events and no episodes of proteinuria or 
bleeding diatheses; however, our sample size was small. 
We only studied 18 patients over 6 months. 
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FIGURE 8. Vertical and horizontal optical coherence tomography (OCT) B-scans of the left eye (fellow eye) showing a low-lying 
retinal pigment epithelial detachment (PED) with subretinal hyperreflective material (SHRM) at baseline (arrow) consistent with 
a combined type 1/2 macular neovascular lesion. By 12 weeks after baseline following 2 bevacizumab infusions, there was significant 
resolution of the macular fluid and SHRM, and the subject gained 1 7 letters of vision. 

Overall, the SANA Study was a resounding success. In 
contrast to the cancer patients receiving intravenous beva
cizumab, it appeared as though exudative AMD patients 
required far fewer treatments, between 2 and 4 treatments 
over 6 months, with additional treatments probably needed 
every 3 months. This would result in a total of 4 to 6 infu
sions over 1 year. With an average cost for a single infusion 
of bevacizumab at $2200 per dose, the annual cost for sys
temic bevacizumab therapy would be roughly $13,200. By 
comparison, the average patient in PrONTO received 
about 6 injections of ranibizumab the first year. Once rani
bizumab would be approved, the cost per injection was 
about $2000, so the annual costs for systemic bevacizumab 
and intravitreal ranibizumab would be roughly equivalent 
per eye, but since systemic bevacizumab would cover 
both eyes, the use of systemic bevacizumab would be 
more cost-effective. Moreover, patients wouldn't need to 
undergo intravitreal injections. 

By the summer of 2004, my chairman and I paid our 
own way out to Genentech to present our preliminary 
data from the SANA Study. In a conference room on 
the Genentech campus, we met with Susan Desmond 
Hellman, N apoleone Ferara, Hal Barron, and the clin
ical leadership from Genentech. When we showed 
them our results, they were flabbergasted and promised 
to help us. Despite numerous attempts to engage with 
them after that visit, they refused to speak to us ever 
again about systemic bevacizumab for the treatment of 
exudative AMD. 

By late 2004, the 12-week results from SANA were 
available and a manuscript was written, but 2 journals 
rejected our paper without criticizing the research. Theed
itors felt that our conclusions were too radical at the time, 
and they were concerned about the widespread use of 
off-label intravenous bevacizumab if they published the 
research. Only Andrew Schachat, the editor of the journal 
Ophthalmology, had the courage to publish our results. A 
report on the first 9 patients followed for 3 months was 
published in the June 2005 issue of Ophthalmology, and 
a second a scientific paper describing all 18 patients 
followed through 6 months was presented at the annual 
meeting of the AAO in October 2005 and subsequently 
published in Ophthalmology in 2006.'; However, news of 
our results began to spread throughout the vitreoretinal 
community before the research was published. After all, 
it was late 2004, it appeared as though we had an effective 
therapy, bevacizumab was commercially available, and 
ranibizumab was still 18 months away from approval. How
ever, the treatment landscape was about to change with the 
approval of pegaptanib sodium in December 2004. Begin
ning in January 2005, pegaptanib became commercially 
available, and the intravitreal injection of pegaptanib 
became the first-line treatment for all patients with exuda
tive AMD. 

With the availability of pegaptanib, the urgent need for 
systemic bevacizumab receded and our unbridled enthu
siasm for intravenous bevacizumab as a treatment was 
tempered because in August 2004, the FDA issued a black 
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box warning for systemic bevacizumab. This black box 
warning was issued 6 months after the approval of bevaci
zumab and 6 months after the SANA Study was initiated. 
The black box warnings described increased risks of gastro
intestinal perforations, wound healing complications, hem
orrhage, and thromboembolic events from the use of 
intravenous bevacizumab. At the time, it was important 
to remember that in the cancer trials, bevacizumab was 
dosed every 2 weeks without interruption in combination 
with more traditional chemotherapy, and this therapy 
was initiated after surgery to resect the cancer. As a result, 
it was unclear if our AMD patients were at the same risk; 
however, our patients were older than the typical patients 
with colorectal cancer. Immediately after the FDA warn
ings were issued, our patients in the SANA Study were 
informed and our IRE-approved consent was revised to 
include these warnings. All patients in the SANA Study 
were then re-consented. Even after this new warning, 
none of our subjects dropped out of the SANA Study, there 
were no thromboembolic events, and all the subjects ended 
the study with better vision than when they started the 
study. Overall, the SANA Study was a great success, but 
the study wasn't powered to show if the treatment was truly 
safe. If we wanted systemic bevacizumab to become first
line therapy for exudative AMD, then we needed to 
perform a larger, multicenter, prospective, sham
controlled clinical trial. 

THE RISE OF INTRAVITREAL 
BEVACIZUMAB 

BY MID-2005, WE WERE READY TO RUN A LARGE MULTI

center clinical trial for the study of systemic bevacizumab 
in exudative AMD. On Sunday, May 1, 2005, we held an 
invitation-only organizational breakfast meeting for about 
50 prominent retina specialists at the Marriott Harbor 
Beach Hotel during the annual ARVO meeting in Fort 
Lauderdale, Florida.We presented the treatment outcomes 
from the SANA Study. The presenters included Anne 
Fung, Stephan Michels, Andrew Moshfeghi, and me. In 
addition, our internists, Erin Marcus and Joshua Lenchus, 
presented the safety data. Everyone was impressed by the 
visual acuity and imaging data, but our retina colleagues 
were concerned about the risk of thromboembolic events, 
even though we experienced none of the serious adverse 
events. The attendees wanted to see if we could achieve 
similar efficacy with a lower systemic dose, which should 
translate into safer dose of intravenous bevacizumab. We 
were disappointed. We thought there would be unbridled 
enthusiasm for systemic bevacizumab, but instead we 
were instructed to find the lowest, most effective dose of 
systemic bevacizumab for exudative AMD. 

During the week after ARVO, I was in the process of 
designing a clinical trial using a lower systemic dose of 

bevacizumab when I had a eureka moment while going 
through my calculations. I realized that the commercially 
available bevacizumab had the same molar concentration 
as the high-dose solution of ranibizumab being used in the 
PrONTO Study and the ongoing phase 3 ranibizumab 
clinical trials. Bevacizumab was supplied in a 
preservative-free buffered solution (pH 6.2) at a concentra
tion of 25 mg/ml. Ranibizumab was supplied in a 
preservative-free buffered solution (pH 5.5) at a concentra
tion of 10 mg/ml. With the molecular weight of bevacizu
mab (149 kDa) being about 3-fold greater than the 
molecular weight of ranibizumab ( 48 kDa) and the commer
cial concentration (mg/ml) of bevacizumab being 2.5-fold 
greater than ranibizumab, I suddenly realized that both 
drugs had similar molar concentrations. That meant a 
similar volume of both drugs would contain a similar num
ber of molecules or a similar amount of VEGF-binding ac
tivity. As a result, a volume of 0.05 ml, which was the 
standard volume used for a ranibizumab injection, and a 
0.05 ml volume ofbevacizumab would contain the equiva
lent amount of VEGF inhibitory activity. This realization 
that the same volume of bevacizumab, right out of the bot
tle, could be equivalent in terms ofVEGF binding activity 
when compared to the same volume of ranibizumab was a 
startling fact based solely on serendipity. Genentech just 
happened to package both ranibizumab and bevacizumab 
at similar molar concentrations. The other remarkable 
conclusion was that this dose of bevacizumab, which was 
0.05 ml of a 25 mg/ml solution, resulting in a dose of 
1.25 mg, would cost under $7, since the per-milligram 
cost of bevacizumab was $5.50/mg. In comparison, once 
ranibizumab was approved, a similar dose would cost 
$2000 and the per-milligram cost of ranibizumab would be 
$4000/mg. However, there were other considerations that 
needed to be addressed. 

When I had my epiphany, I was confident that an intra
vitreal injection of bevacizumab would be safe based on my 
experience with ranibizumab and the composition of beva
cizumab buffer excipients. At the time, I didn't know if a 
molar-equivalent dose of bevacizumab would be as effec
tive, more effective, or perhaps less effective than ranibizu
mab. Since bevacizumab was a full-length antibody with 2 
VEGF-binding sites per molecule and a larger molecular 
weight compared with ranibizumab, I thought it would 
bind more VEGF and have a longer half-life in the eye, 
and thus show greater treatment durability. However, 
each VEGF-binding site on a molecule of bevacizumab 
had a VEGF binding affinity that was 140-fold lower than 
the ranibizumab Fab. But, the greatest unknown was 
whether bevacizumab, which was a full-length antibody, 
would even penetrate the retina after an intravitreal injec
tion, or whether retinal penetration was even necessary. 
After all, it was believed that the VEGF causing the 
neovascularization was located under the retina, and one 
of the reasons Genentech developed ranibizumab was to 
provide a small molecule that could more easily penetrate 
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the retina. But what if bevacizumab could bind VEGF in 
the vitreous and the vitreous could serve as a sink to 
draw VEGF out of the retina? If that were the case, then in
hibition of vitreal VEGF would suffice. 

Upon review of the literature, several important animal 
studies came to light. In 1996, Adamis and associates 
published a paper showing that multiple, intravitreal injec
tions of a bevacizumab-like molecule from Genentech 
inhibited the formation of iris neovascularization in a mon
key model of neovascular glaucoma and no drug-related 
adverse events were observed.,,; While this model showed 

that the injection of an antibody could be tolerated, the ef
ficacy of this antibody only required intravitreal inhibition 
ofVEGF. To address the question of whether a full-length 
antibody could penetrate the retina, Genentech scientists 
performed a study to compare the retinal penetration of 
an antibody with a Fab in male Rhesus monkey eyes.:'· In 
this study, they used a recombinant humanized monoclonal 
antibody (Mab) against HER2, known commercially as 
Herceptin, and a recombinant humanized Fab against 
VEGF, which was similar to ranibizumab. They showed 
that the antibody had a longer half-life (5.6 days) compared 
with the Fab (3.2 days). They also showed that the full
length antibody failed to penetrate the retina while the 
Fab easily penetrated the retina. Thus, they used this evi
dence to support the development of ranibizumab for the 
eye rather than bevacizumab. However, this study was 
flawed. Instead of using a bevacizumab-like antibody, 
they used an antibody that recognized HER2, and the 
HER2 antigen was present in the inner retina.''· In their 
experiment, the full-length antibody couldn't penetrate 
the retina from the vitreous, but it wasn't because the anti
body was too large; it was because the antibody became 
bound to HER2 and couldn't penetrate into the retina 
from the vitreous. A subsequent paper in 2004 by Dennis 
Han did show that full-length antibodies could penetrate 
the retina.n Thus, in May of 2005, it was perfectly reason
able to conclude that an injection of bevacizumab, at a dose 
equivalent to ranibizumab, could penetrate the retina and 
be used to treat exudative AMD. However, even if it 
couldn't penetrate the retina, bevacizumab could inhibit 
VEGF in the vitreous and the proposal that the vitreous 
could serve as a VEGF sink to draw VEGF out of the retina 
down its concentration gradient seemed reasonable. 

The timing of the bevacizumab breakthrough couldn't 
have been better for patients. In early May 2005, our 
only treatments were pegaptanib and verteporfin PDT. 
While verteporfin PDT was approved for only a minority 
of eyes with predominantly classic CNV, pegaptanib was 
approved for all eyes with exudative AMD. However, after 
using pegaptanib for the treatment of exudative AMD over 
the 5 months of commercial availability from January to 
May 2005, we found that the average patient continued 
to lose vision, and OCT imaging revealed persistent or 
increasing amounts of macular fluid in these patients. 

Our patients were deteriorating, and I knew ranibizumab 
would be superior to pegaptanib based on our previous 
studies, but ranibizumab would not be available for another 
14 months. My options were to continue to inject pegapta
nib every 6 weeks at a drug cost of $1650 per dose and 
watch my patients lose their vision, or consider an off
label injection of bevacizumab at a drug cost of under $7 
per injection. But, we didn't know if intravitreal bevacizu
mab would be safe or effective. 

I approached the director of our pharmacy, Serafin 
Gonzalez, and asked him if he could compound bevacizu
mab into syringes for intravitreal injection. This type of 
request was nothing new for Serafin. He had been 
compounding drugs for off-label intravitreal use in ophthal
mology for years, and these drugs included antibiotics, ste
roids, and another Genentech product known as tissue 
plasminogen activator. After reviewing federal guidelines 
and Chapter 797 of the US Pharmacopeia (USP), he said 
that it was legal and safe, as long as strict guidelines were 
followed. My chairman, Carmen Puliafito, approved the 
compounding of bevacizumab for intravitreal injection 
and permitted my off-label use intravitreal bevacizumab 
as salvage therapy only in patients losing vision, only after 
they had failed routine clinical care-in other words, only 
after the approved therapies were tried. If I was to use the 
drug off-label, I realized that all patients needed to be 
informed of all the potential risks associated with bevacizu
mab, and because of our extensive experience with intravi
treal ranibizumab and systemic bevacizumab, we were well 
positioned to know all the possible adverse events that 
could occur. 

During the second week of May, almost 2 weeks after 
our fateful ARVO meeting, I identified the ideal exuda
tive AMD patient for a bevacizumab injection. She was 
losing vision in her better-seeing eye owing to continued 
growth of her neovascular lesion after treatment with 
PDT followed by intravitreal pegaptanib. She was well 
aware of what was going to happen if we stayed the 
course, since she already had lost vision in her fellow 
eye from exudative AMD. Of note, the patient was a 
retired nurse and understood all the potential risks associ
ated with an intravitreal injection of bevacizumab. For 
the first salvage dose of bevacizumab, I chose a 1.00 mg 
dose or 0.04 ml, and the patient was not charged for 
the drug or injection. After 1 injection of bevacizumab, 
the macular anatomy was restored and the vision was sta
bilized (Fig,,ff, 9- l l)/'; The OCT and visual acuity re

sponses were nearly identical to the responses I had 
observed after intravitreal ranibizumab and systemic beva
cizumab. An additional patient with macular edema from 
a central retinal vein occlusion was injected with 1.0 mg 
of bevacizumab, only this time the visual acuity improved 
when the macular edema resolved. Both patients 
remained stable for 2 months after a single dose. No 
inflammation or any other adverse events were observed. 
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FIGURE 9. First case of salvage therapy with intravitreal bevacizumab following verteporfin photodynamic therapy (PDT) with 
intravitreal steroid and intravitreal pegaptanib sodium. Vertical and horizontal optical coherence tomography (OCT) B-scans 
show the presence of macular fluid and fluorescein angiography depicts a neovascular lesion associated with significant leakage. 
VA = visual acuity. 

FIGURE 10. Fluorescein angiographic appearance following the intravitreal injection ofbevacizumab (1.0 mg) into the eye shown in 
Figure 10 with a gradual decrease in leakage (arrow) from the neovascular lesion through 3 months of follow-up.VA = visual acuity. 

THE GLOBAL BEVACIZUMAB 
REVOLUTION 

IN MAY 2005, AFTER THE 2 PATIENTS WERE INJEC'TED WITH 

bevacizumab, my colleagues and I at the BPEI started to 
offer intravitreal bevacizumab as salvage therapy at no 
cost to patients. We treated exudative and neovascular 
eye diseases, such as exudative AMD, diabetic macular 

edema, and macular edema secondary to retinal vein occlu
sions. My plan was to keep our discovery quiet so we could 
design a controlled, prospective, randomized clinical trial 
to prove that intravitreal bevacizumab was safe and effec
tive. However, news of our novel therapy started to spread 
outside of the institute, primarily driven by grateful pa
tients. As inquiries from the outside increased, I realized 
we needed to get our initial observations published to 
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FIGURE 11. Vertical and horizontal optical coherence tomography B-scans of the eye shown in figure 1 (l following the intravitreal 
injection of bevacizumab (1.0 mg) showing resolution of macular fluid by 1 week after the injection, which was maintained through 
3 months. Overall, there was no objective improvement in vision, but the patient reported a significant subjective improvement. 
VA = visual acuity. 

emphasize the use of bevacizumab as salvage therapy and 
the need for safe compounding of bevacizumab according 
to Chapter 797 guidelines from the USP. We were 
concerned, even at that time, that the irresponsible use 
of bevacizumab would result in endophthalmitis, a bacte
rial infection in the eye. For this reason, we reported 
both or original cases in the July issue of Ophthalmic Sur
gery, Lasers, and Imaging./,,,.,, However, prior to the 

publication of these reports, our initial intravitreal 
bevacizumab results were shared with 2 respected 
colleagues, Robert Avery and Garee Thomas. Robert 
Avery learned of our bevacizumab experience at a June 
2005 meeting in Montana, where my chairman, Carmen 
Puliafito, presented my first case of exudative AMD 
treated with intravitreal bevacizumab. Garee Thomas 
learned of our bevacizumab use during a casual 
conversation at a different meeting in June. After we 
shared our compounding and injection protocol with 
both of them, they started offering off-label intravitreal 
bevacizumab to their patients. Their early use of intravi
treal bevacizumab would prove pivotal to the rapid adop
tion of intravitreal bevacizumab worldwide. 

The world learned of our discovery at the American So
ciety of Retina Specialists (ASRS) annual meeting in 
Montreal, which was held during the second week in 
July. The excitement surrounding this meeting was 
palpable because Genentech had planned to release the re
sults from their phase 3 ranibizumab trial for minimally 
classic and occult neovascular AMD, known as the Mini
mally Classic/Occult Trial of the Anti-VEGF Antibody 
Ranibizumab in the Treatment of N eovascular Age-

Related Macular Degeneration (MARINA) trial. Even 
though I was the top enroller in that study and would be 
the first author on the New England Journal of Medicine 2-
year report on this study,·, J Genentech asked Joan Miller 

to present the top-line results. I'm sure most of you can 
figure out why I wasn't offered the MARINA presentation, 
given the tensions that had developed between Genentech 
and me after they became fully aware of our bevacizumab 
discovery. However, it was the perfect sequence of events 
and couldn't have worked out better. 

On July 18, 2005, there were 3 talks that would precede 
Joan Miller's talk on the MARINA results. I was scheduled 
to give the initial 12-week results from the SANA Study, 
Andrew Moshfeghi was scheduled to give the 24-week re
sults, and Anne Fung was scheduled to give the 1-year re
sults from the PrONTO Study. The meeting was packed 
with retina specialists, journalists, and investors. At the 
end of my talk on the SANA Study design and the short
term results using systemic bevacizumab, I showed the re
sults from the first intravitreal injection of bevacizumab. 
We were able to demonstrate the similarity between an 
intravitreal injection of bevacizumab with an intravenous 
infusion of bevacizumab, and the intravitreal injection of 
ranibizumab, which was shown by Anne Fung in her 
PrONTO presentation. Then, after our presentations, 
Joan Miller presented the impressive MARINA ranibizu
mab results. It was the perfect storm. The crowd went 
wild. The OCT and visual acuity outcomes after the rani
bizumab injections looked identical to the bevacizumab re
sults. Moreover, this the first meeting where OCT imaging 
played an important, pivotal role in documenting the 
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anatomic changes that were associated with the v1s1on 
improvement observed following anti-VEGF therapy. 
Everyone connected the dots. They concluded that if the 
OCT and visual acuity results looked similar and ranibizu
mab wasn't going to be available for a year, then the 
obvious solution was to use off-label bevacizumab now. 
Moreover, Robert Avery and Garee Thomas were in the 
audience telling everyone that their results looked as 
good as our results, and that intravitreal bevacizumab was 
the real deal and it was available now. The global bevaci
zumab revolution had started. Not only was bevacizumab 
available worldwide, but also, it was cheap, at about $7 a 
dose for the drug. Also, remember that retina specialists 
had become disillusioned with pegaptanib, and not only 
was bevacizumab less expensive than pegaptanib, it also 
appeared to be more effective. 

After the intravitreal bevacizumab announcement at the 
ASRS meeting in Montreal, clinicians and researchers 
from all over the world started to work together to investi
gate its safety and efficacy.'' Numerous groups initiated 
parallel animal studies and clinical studies. One of the 
most important collaborations was initiated between 
Anat loewenstein's group in Tel Aviv and Robert Avery's 
group in Santa Barbara." Using a rabbit model, they 
showed that bevacizumab was safe and that the intravitreal 
bevacizumab not only penetrated the retina, but persisted 
longer in the eye compared with ranibizumab. Over the 
following year, the clinical use of bevacizumab spread 
worldwide because of the global availability of bevacizu
mab, its low cost, its perceived safety and efficacy, and 
the enormous unmet need to prevent blindness. In the 
United States, Medicare providers from all over the coun
try agreed to pay for the intravitreal use of bevacizumab for 
a wide range of ophthalmic indications. Our Medicare pro
vider, First Coast, was the first to agree to pay for bevacizu
mab and over the next year, the other providers soon 
followed. This was accomplished owing to the hard work 
of our colleagues all over the country, particularly the 
AAO, and our specialty societies, with extraordinary assis
tance from William Rich and George Williams. As a result 
of this global enthusiasm, research publications describing 
intravitreal bevacizumab grew exponentially over the next 
few years. 

In the midst of the global frenzy around intravitreal 
bevacizumab, I abandoned my plans to run a systemic beva
cizumab study and decided to focus my efforts on a multi
center, prospective, randomized, sham-controlled study to 
investigate intravitreal bevacizumab in exudative AMD. 
We drafted a protocol known as the !ntra.:{itreal Avastin 
in N eovascular AMD Study (IV AN A Study) and submit
ted the IND application to the FDA. Wiley Chambers of 
the FDA was supportive of our efforts, but the application 
was placed on hold pending my responses to the following 
requests. They included ( 1) a detailed description of how 
the drug would be prepared by a licensed and accredited 
pharmacy and a description of how the drug would be 

handled once it was prepared; (2) a detailed description 
of the stability testing that would be performed to deter
mine that bevacizumab was stable in syringes once 
dispensed by our pharmacy; (3) a revision of the protocol 
incorporating 2 different doses of bevacizumab at 1.25 mg 
(0.05 ml) and 2.5 mg (0.10 ml); and (4) a full retrospec
tive review of all the patients treated with intravitreal 
bevacizumab at our site, with as much evidence as possible 
from other sites (including published papers and manu
scripts submitted for publication) to help assess the number 
and kind of complications that might be expected. To 
comply with these requests, I submitted a retrospective 
research protocol to the University of Miami IRB to get 
permission to collect all the clinical information that had 
been recorded on our patients treated with off-label intra
vitreal bevacizumab. The university IRB requested that I 
submit an IND to the FDA for this retrospective review 
of off-label intravitreal bevacizumab. This request seemed 
extraordinarily unusual and should have given me advance 
warning that my use of off-label bevacizumab was starting 
to be of concern within the university. My retina colleagues 
and our patients were not generating this concern. But 
rather, individuals outside the university were voicing the 
concerns. Interestingly, there was no formal process to 
request an IND from the FDA for a retrospective review, 
but the university was undeterred from their demand that 
I receive FDA approval. As a result, I simply drew a box 
on the IND application form, labeled the box for a retro
spective review, checked the box, and submitted the appli
cation. It was approved. Shortly thereafter, the university 
IRB approved the retrospective chart review and data 
collection commenced. 

THE BAD AND THE UGLY BEHAVIOR OF 
INDUSTRY AND GOVERNMENT 

I WAS IN THE PROCESS OF SATISFYING ALL THE FDA RE

quests, which included the IRE-approved retrospective re
view of all our patients treated with intravitreal 
bevacizumab, and the laboratory functional studies with 
cultured vascular endothelial cells to test the biological sta
bility ofbevacizumab by measuring its ability to inhibit cell 
growth in vitro after storage in syringes, when it all sud
denly came to a screeching halt. On December 28, 2005, 
I received a fax from the Federal Office of Human Research 
Protection (OHRP) that contained a letter dated 
December 22, 2005. This 20-page, single-spaced letter 
with footnotes and 40 pages of accompanying exhibits 
alleged that I had committed research fraud and patient 
abuse by using bevacizumab. There was no doubt that 
this professionally written letter was the product of a law 
firm, but we were unable to determine who sent the letter, 
since its author was anonymized and all identifying infor
mation was redacted. The letter accused us of performing 
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egregious, dangerous, clandestine, and unauthorized hu
man experimentation. The author included false reports 
of human injury and financial conflicts with bogus evidence 
that supposedly supported these claims. Eventually, these 
anonymous purveyors of fake information would lose, but 
I paid a price. I was intensively investigated by UM and 
the OHRP for 16 months. Every aspect of my bevacizumab 
use and all my research programs were extensively scruti
nized. Finally, in April 2007, a panel of OHRP investiga
tors, outside experts, and their lawyers came to the UM 
IRB office for a meeting with leadership and me. At this 
meeting I was totally exonerated and congratulated for 
my efforts to prevent blindness. Their conclusions were 
that my actions were legal, ethical, and appropriate for pa
tient care. Although stressful, it was a valuable learning 
experience. If only my accusers had bothered to read the 
Belmont Report on the Ethical Principles and Guidelines 
for the Protection of Human Subjects of Research.· 1 In 
that report, it is clearly written that in the United States, 
off-label drug use in the clinical care of patients is legal 
and not regulated by the FDA. To paraphrase the Belmont 
Report, just because the drug is used off-label, it doesn't 
make it research. The results of this investigation were 
posted online at the time, but the documents are no longer 
available on the OHRP website. Of course, my accusers 
weren't interested in the truth, but rather, they were inter
ested in attacking me, damaging my credibility, and stop
ping the global use of bevacizumab. Needless to say, they 
failed. While I was distracted, my colleagues all over the 
world surged forward in their research and clinical use of 
intravitreal bevacizumab. Bevacizumab was a global jugger
naut that could not be stopped, and to this day, I can only 
speculate who was behind this failed attempt to stop it. 
While I have no doubt that industry was behind the letter, 
I also believe they received a little help from an OHRP in
sider, although this can't be definitively proven. To this 
day, the identity of my accuser remains unknown. 

While the OHRP exonerated me in April 2007, they 
weren't quite finished. In October 2007, I received an e
mail from the FDA stating that they would perform a sur
prise audit of all my clinical research studies under the juris
diction of the FDA. Since I had received an IND from the 
FDA for my retrospective review of patients treated with 
intravitreal bevacizumab, they demanded an audit of all 
the medical records and data collection sheets pertaining 
to patients treated with intravitreal bevacizumab. When 
the auditor showed up from October 19th to the 21st, she 
embarrassingly shared the fact that the audit had been 
requested by OHRP and she had never before had to audit 
a retrospective review. However, as a professional, she took 
her assignment seriously and thoroughly reviewed every 
aspect of the medical records and data collection sheets 
pertaining to our patients with exudative AMD, diabetic 
macular edema, and retinal vein occlusions with macular 
edema treated with intravitreal bevacizumab. At the 
conclusion of the bevacizumab audit, we were totally vindi-

cated. Bevacizumab had been administered as off-label 
salvage therapy and no prospective research was performed. 
Three retrospective review papers highlighting our off
label clinical use of intravitreal bevacizumab were subse
quently published/5

··
37 along with hundreds of papers 

from other researchers. The worldwide phenomenon of 
intravitreal bevacizumab could not be stopped. 

THE GOOD AND THE GREAT BEHAVIOR 
OF SPECIALTY SOCIETIES AND 

GOVERNMENT 

ANOTHER STRATEGY EMPLOYED BY INDUSTRY TO THWART 

the use of intravitreal bevacizumab was an attempt by 
Genentech to prevent the sale of bevacizumab to ophthal
mologists. In mid-2007, Genentech announced that beva
cizumab sales to ophthalmologists would be stopped, and 
the FDA demanded this action. To the credit of the 
AAO, the ASRS, the Macula Society, and the Retina So
ciety, our leadership fought against this action using many 
different strategies, both public and clandestine. George 
Williams and Kirk Packo gave inspiring talks at the Retina 
Subspecialty Day in 2007 encouraging Genentech to 
change its decision. On November 7, 2007, at the annual 
meeting of the AAO, Susan Desmond-Hellman addressed 
a special session devoted to bevacizumab access. Susan 
Desmond-Hellman, then President for Product Develop
ment at Genentech who serves today as the Chief Execu
tive Officer of the Bill and Melinda Gates Foundation, 
told an auditorium filled to capacity that the decision to 
restrict bevacizumab sales to ophthalmologists arose from 
FDA inspectors who found glass particles in lots of bevaci
zumab, determined that the bevacizumab was unsafe for 
intraocular use, mandated its destruction at a loss to 
Genentech of over $100 million, and required that sales 
of bevacizumab for intra ocular use be restricted. Tense dis
cussions followed, both during the annual meeting and af
terwards. However, we soon found supporters within the 
government who understood the impact of restricting ac
cess to this low-cost drug. Although there were many 
heroes in the fight to preserve access to bevacizumab, one 
man stood out as a giant. His name is Jack Mitchell. 

Jack Mitchell was Chief of Oversight and Investigation 
for the U.S. Senate Special Committee on Aging, which 
had broad jurisdiction over public health issues that 
affected seniors and the Center for Medicare and Medicaid 
Services (CMS), and this jurisdiction provided him with 
the opportunity to become involved and gain access to 
the information needed. At the time, Senator Herbert 
Kohl of Wisconsin was the ranking Democrat and 
chairman of the committee and Senator Robert Corker 
was the ranking Republican. Jack Mitchell investigated 
Genentech's bevacizumab policy and after reviewing all 
FDA audits and interviewing industry representatives, he 
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wrote an investigative report that was composed of 19 
single-spaced pages ('.::uppl<,•m(:n, ,:tl 1''ht-0 ri,:tl, available at 
i\)U.c,:,m). In this report, he highlighted the FDA's refusal 
to honor the request from Genentech that they change 
bevacizumab's labeling to explicitly state "not intended 
for ophthalmologic use." At the time, the FDA claimed 
that there were no safety-related issues to justify such a la
beling change. Most likely, our FDA audit report and the 
numerous publications that had appeared in peer
reviewed journals served to support the FDA's position. 
Moreover, Jack Mitchell found that the FDA had identified 
manufacturing problems at Genentech's facility that 
resulted in glass particles in their product. The FDA inspec
tion report highlighted deficient practices and the lack of 
effective processes at the facility and recommended that 
those lots be considered unfit for any use, oncology or 
ophthalmology. Of note, the FDA did not mandate the 
lot's destruction and did not recommend restricting the 
sale of bevacizumab to compounding pharmacies or 
restricting the intraocular use of bevacizumab. Owing to 
the diligence and perseverance of Jack Mitchell, our profes
sional societies, and many other colleagues, Genentech 
backed down and permitted the sale of bevacizumab to 
compounding pharmacies for intraocular use. 

While there were minor subsequent skirmishes in our at
tempts to get coverage from all Medicare providers across 
the United States, it wasn't until September 2009 that 
another major obstacle arose that threatened our use of 
intravitreal bevacizumab. Suddenly, CMS decided to stop 
paying for any intravitreal bevacizumab. No reason was 
given publicly. It appeared to be an arbitrary decision 
that was being implemented without due process. We 
had our suspicions why this happened, but no proof. 
Once again, our professional societies and our allies in 
Washington came to the rescue. Jack Mitchell played a 
pivotal role behind the scenes and started an investigation. 
Soon, another great advocate for bevacizumab surfaced and 
played a pivotal role within CMS. His name was Ross 
Brechner. He was a lead medical officer and consultant at 
CMS and the only ophthalmologist at CMS. Fortunately, 
we were able to get the CMS decision reversed. 

Ross Brechner and I had become good friends by the time 
he helped reverse the CMS decision. Ross's professional 
career was a bit unusual in that he was a practicing ophthal
mologist who went back later in life and obtained a master's 
degree in biostatistics and public health from the Johns 
Hopkins School of Public Health. He then went to work 
at the Centers for Disease Control and Prevention before 
moving on to CMS. In 2008, when he was at CMS, he 
became intrigued with the Medicare cost savings from 
the use of intravitreal bevacizumab compared with ranibi
zumab, which had been approved in 2006. We then started 
to collaborate on an investigation into the real-world use of 
ranibizumab and bevacizumab in 2008 based on the 100% 
of the Medicare database files. At that time, CMS was 

reimbursing about $2000 a dose for ranibizumab and $50 
a dose for bevacizumab. As an employee of CMS, Ross 
had access to the 100% CMS databases from 2006 through 
2008. We compiled the results and showed that in 2008, 
over 58% of exudative AMD patients had been treated 
with bevacizumab. With bevacizumab being reimbursed 
by CMS at $50 a dose and ranibizumab at $2000 a dose, 
we conservatively estimated that in 2008 alone, if all the 
bevacizumab doses had been replaced with ranibizumab 
doses, then CMS would have spent an additional $1 billion 
for the care of exudative AMD patients.We wrote a manu
script describing the number of intravitreal injections, the 
utilization of ranibizumab and bevacizumab, and the theo
retical cost savings from bevacizumab, but Ross Brechner's 
boss at CMS, Barry Straube, refused to give us permission to 
submit our research for publication. We repeatedly 
approached Barry Straube for permission, but to no avail. 
Once again, Jack Mitchell came to the rescue. He intro
duced me to Alicia Mundy, a reporter at the Wall Street 
Journal, and I explained the situation to her. She investi
gated and wrote an article in the WSJ on June 17, 2010 
entitled "Medicare Eye Study Finds Untapped Savings." 
In that article, Barry Straube denied any effort to hinder 
release of the data. He said he hadn't realized the authors 
viewed the matter as pressing and said, "I think we can 
speed this up significantly." Our paper was submitted 
soon after the WSJ article appeared, and Dr Straube left 
CMS shortly thereafter. Our research was published in 
the May 2011 issue of the American Journal of Ophthal
mology (AJO). 

By the time the paper was published, we had already 
finished evaluating the 100% CMS database for 2009 and 
had begun evaluating the 2010 database. Ross Brechner 
had divided the United States by major metropolitan cen
ters and rural areas, evaluated utilization of anti-VEGF 
therapy in these regions, determined the use of drugs based 
on the penetration of fee-for-service Medicare vs Medicare 
Advantage plans, and identified comorbidities associated 
with the use of the different drugs. Unfortunately, Ross 
Brechner died in August 2011 just as he was finalizing a 
draft of the 2009 CMS experience. All his data and the 
draft manuscript were on his computer, but CMS refused 
access to his computer, despite many attempts by Ross's 
colleagues at CMS to continue his research. 

ASSOCIATION FOR RESEARCH IN 
VISION AND OPHTHALMOLOGY TO 

THE RESCUE! 

TO CELEBRATE THE 25TH ANNIVERSARY OF CLINICAL OCT, 

the Association for Research in Vision and Ophthalmology 
(ARVO) sponsored a research project to investigate the 
financial return from the federal government's support for 
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basic science research to develop OCT. The strategy was to 
determine the return on investment from this original gov
ernment research support. The financial return would be 
calculated based on how much money OCT-guided anti
VEGF therapy had saved CMS compared with the number 
of injections that would have been given if the drugs had 
been used according to the fixed-interval dosing for these 
anti-VEGF drugs on the FDA-approved labels. Using the 
2008 data from the paper that Ross Brechner and I 
published based on the 100% Medicare fee-for-service 
database, the ARVO research team led by Mathew Wind
sor, of which I was a member, investigated additional 100% 
Medicare fee-for-service databases through 2015. The goal 
was to determine the number of unique patients with 
exudative AMD that had received injections of anti
VEGF drugs from 2009 through 2015, determine how 
many injections were actually given, and then estimate 
how many injections would have been given if each patient 
had followed a fixed-interval dosing regimen. By knowing 
the injection costs, the relative utilization of bevacizumab, 
ranibizumab, and aflibercept (Eylea; Regeneron, Tarry
town, New York, USA), and the cost of each drug, we 
were able to calculate the amount actually spent and esti
mate the amount that would have been spent using fixed
interval dosing. We then estimated the return on the 
government's funding for OCT research that had been pro
vided through the National Science Foundation and the 
National Institutes of Health. We calculated the cost sav
ings from OCT-guided therapy to be $11.2 billion for both 
patients and Medicare, with a savings of about $9 billion to 
Medicare alone. Based on basic science funding of approx
imately $400 million that was granted to develop OCT, the 
$9 billion cost savings to CMS represented at least a 21-fold 
return on investment. Since these data don't include the 
estimated 30% of Medicare recipients who are enrolled 
in Medicare Advantage plans, we could estimate that the 
overall return to Medicare and patients from the use of 
OCT-guided therapy was closer to $16 billion. This 
research was published in the January 2018 issue of the 
AJO. ,. 

After this research project was completed, I asked 
ARVO if I could reanalyze the data and focus on the esti
mated cost savings from the use of bevacizumab between 
2008 and 2015. We would accomplish this task by imag
ining a world in which bevacizumab had never been used 
to treat exudative AMD. If that were the case, then all 
the bevacizumab used between 2008 and 2015 would 
have been replaced by ranibizumab or aflibercept, depend
ing on the proportion of each drug used in any given year. 
When we calculated the cost from using only FDA
approved drugs and compared that cost with the actual 
cost of patient care between 2008 and 2015 for patients 
with exudative AMD, we found that Medicare and patients 
saved $1 7 .3 billion, and if we included the Medicare 
Advantage plans, the savings was closer to $24.7 billion.""1 

Remember, my original systemic bevacizumab study ( the 

SANA Study) was performed after raising $200 000 from 
grateful patients. Using the $200,000 as the basis for calcu
lating a return on investment, we estimated that the use of 
intravitreal bevacizumab yielded a 123,500-fold return on 
investment. If we combine the overall cost savings from 
OCT-guided therapy ($16 billion) with the cost savings 
from bevacizumab ($24.7 billion), then we estimated a 
cost savings of $40. 7 billion from treating exudative 
AMD alone. In the 2018 Patterns and Trends (PAT) sur
vey from the ASRS, it is currently estimated that over 
70% of clinicians use intravitreal bevacizumab as first
line therapy for the treatment of exudative AMD and the 
estimated use of bevacizumab from previous PAT surveys 
was in line with our estimates of its use in 2008 through 
2015. Thus, if we include 2016 through 2018 in our cost
savings calculations and include the diagnoses of diabetic 
macular edema and macular edema from retinal vein occlu
sions from 2008 through 2018, it's probably safe to estimate 
a cost savings in excess of $50 billion from the use of OCT
guided therapy and the use of bevacizumab in the United 
States alone, and that doesn't even include the far greater 
worldwide savings from the use of bevacizumab and OCT
guided therapy. 

THE GREAT AND THE GOOD PREVAILED 
OVER THE BAD AND THE UGLY 

IN WRITING THIS JACKSON A WARD LECTURE, IT WAS IMPOS

sible to mention all the marvelous clinicians, researchers, 
administrators, and government officials who contributed 
to the success of OCT-guided therapy and intravitreal 
bevacizumab for the treatment of exudative and neovascu
lar ocular diseases. While New Retina Radio did an excep
tional job capturing the history behind VEGF and the eye 
in a 3-part series based on the U.S. experience/' the story 
of bevacizumab and the eye is a global adventure full of 
scientific discovery and the tension between healthcare 
providers, industry, and government bureaucracies to 
maintain access to this low-cost therapy for blinding dis
eases. In particular, 2 research teams, led by Daniel Martin 
and Usha Chakravarthy, deserve acknowledgement for 
their significant contributions to this global narrative. As 
a result of their remarkable efforts in conducting the multi
center, prospective, randomized, controlled clinical trials 
known as the Comparison of Age-Related Macular Degen
eration Treatments Trials (CATT) and the Inhibit VEGF 
in Age-related choroidal Neovascularization (IV AN) 
trial,<··-'''· they unequivocally demonstrated that both 

bevacizumab and OCT-guided therapy were safe and effec
tive. While none of what we accomplished would have 
been possible without the industry-sponsored break
throughs that have brought vision-saving therapies and im
aging devices to our patients, it's also important to 
appreciate that as clinicians, we are obligated to do what's 
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right for our patients. When clinicians and industry work 
together as partners rather than adversaries, we can achieve 

greatness and improve the lives of our patients by prevent
ing blindness and improving their vision. 
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Complementary and Coordinated Roles of the VEGFs 
and _Angiopo.ietins during Norrnal and Pathologic 

Vascular Formation 

N.\i\T. GALE, G. THURSTON, S. DAVIS, S.J. \iVlEGAND, J. HOLASH, 
,J.S. RUDGE, AND G.D. YA.1'-lCOPOULOS 

Regeneron Pharmaceuticals_. Inc., Tarrytown, New York i0591 

Mammalian organisms depend on their vasculature to 
deliver nutrients and oxygen to all of their tissues, to 
transport products (such as hormones and antibodies) 
from certain cells to distant parts of the body, and t.o cany 
away waste products. The development of a fonctioning 
vasculature, as well as its proper integration into the tis
sues it serves, depends on myriad interactions and com
munications bet,veen the many cell types involved. Al-
though a large number of signals are involved in 
mediating these intercellular communications, a great 
deal of focus has been directed to grov.rtb factors that are 
members of either the vascular endothelial growth factor 
(VEGF) family or the angiopoietin family. Wby the focus 
on these two families of grmvth factors? First ofall, these 
two families of growth factors are unique in that tbey act 
via receptors that are largely restricted to the vasculature 
endothelium----this very restricted distribution of their re
ceptors indicates that these two families of growth factors 
evolved to play very particular roles specifically involv-
ing the vasculature. Moreover, genetic approaches ----m
volving gene knockouts and transgenic overexpression in 
nnce have spectacularly confirmed the very critical and 
very specific roles played by members of these two 
growth factor families during vascular development. 
Thus, the focus on the VEGFs and angiopoietins seems 
well-placed based on their action via vascular-specific re
ceptors and the confirmation of their critical and specific 
vascular roles based on genetic studies in mice. Since tbe 
VEGFs have been extensively dealt with in a number of 
excellent reviews (Eriksson and Alitalo l 999; Ferrara 
1999; Y ancopoulos et al. 2000; Carmeliet et al. 2001 ), 
this review bighligbts work from our laboratory regard
ing the angiopoietins, although much of this work is pre
sented in the context of the complementary and recipro
cal actions of the angiopoietins as compared to tbe 
VEGFs. 

MOLECULAR CLONING OF THE 
Tic RECEPTORS AND THEIR 

ANGIOPOIETIN LIGANDS 

Although the VEGF s utilize a number of accessory re
ceptor components such as the neuropilins, the primary 
actions of the VEGFs appear to be mediated via three 

closely related receptor tyrosine kinases, now referred to 
as VEGF receptor l (VEGFR-1, prev10usly known as Fit-
1), VEGF receptor 2 (VEGFR-2, previously known as 
KDR or Flk--l), and VEGF receptor 3 (VEGFR--3, previ-
ously known as Flt-3) (Eriksson and Alitalo 1999; Ferrara 
l 999; Yancopoulos et. al. 2000; Carmeliet et al. 200 l ). 
The various VEGF s have an overlapping set of specifici
ties for the three VEGF receptors (Fig. lA). These VEGF 
receptors are conventional members of the receptor tyro
sine kinase superfamily, which also includes as members 
the receptors for the epidem1al growth factors (EGFs), the 
fibroblast growth factors (FGFs), the platelet-derived 
growth factors (PDGFs), and many otber key growth fac
tors. The critical distinguishing feature of the VEGF re
ceptors 1s their cellular distnbution. Tbat is, the VEGF re
ceptors are unlike the other aforementioned growth factor 

figure 1. (A) Schematic summary of interactions of VEGFs 
wi1h their receptors, and of angiopoietins with their Tie recep
tors. (B) On left, schematic view of angiopoietin monomer indi
cating amimi--temLinal domain (N domain), coil-coil domain (C 
domain), and fihrinogen-like doniain (F domain) The F domain 
is the receptor-binding portion of this complex ligand, whereas 
1he C domain serves to dimerize two F domains. and the N do-
main acts to further nrnltimerize these dimers into tetramers, as 
shown on the right, or even higher-order strnc1ures (not shown). 
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receptors in that they are largely restricted to the vascular 
endothelium, both during development and in the adult. 
This very restricted distribution of their receptors indi
cates that the VEGFs evolved to play unique roles that 
very specifically involve the vasculature. 

Because of an appreciation of how specifically impor
tant the VEGFs are for vascular development, and the re
alization that this specificity directly resulted from the re
stricted distribution of their receptors to the vasculature, 
we and other workers searched for additional families of 
receptor tyrosine kinases tbat might, hke the YEGF re
ceptors, be largely restricted to the vasculatme. These ef
forts led to the discovery of a novel two--member fim1ily 
of receptor tyrosine kinases, now known as the Ties, that 
,vere indeed as restricted to the vasculature as were the 
VEGF receptors (Korhonen et al. 1992; Dumont et al. 
l 993; iwama et al. l 993; f,faisonpieue et al. 1993; Sato 
et al. 1993). At the time oftbeir discovery, the T1el and 
Tie2 receptors were referred to as ''orphans," since their 
binding partners had not yet been identified. Hovvever, it 
was presumed that the unidentified binding partners for 
tbese receptors would be growth factors specific for the 
vasculatme. 

To identify their presumably very interesting ligands, 
we converted the Tie receptor ectodomains into detection 
reagents that ·we used to identify sources of potential Jig-
ands, and then we used a novel expression cloning strat
egy (termed Secretory Trap expression cloning) in order 
to molecularly clone the first ligand for the Ties, which 
we tenned angiopoietin-1 (Davis et al. 1996). We then 
cloned adthtional angiopmetms based on their homology 
with angiopoietin-1 (Maisonpierre et al. l 997; Valen
zuela et al. l 999). AU of the known angiopoietins bind 
primarily to the same Tie receptor, Tie2, and it is unclear 
whether there are independent ligands for the second Tie 
receptor, Tiel, or (as currently seems more likely) 
whether the known angiopoietins can in some way or un-
der some circumstances also engage Tiel, perhaps as a 
second component in a beteromerized complex (Fig. l A). 
Interestingly, whereas angiopoietin-1 is an obligate acti
vator of its Tie2 receptor, angiopoiet.in--2 seems to be a 
more complex regulator of this receptor; tbat is, under 
some conditions it seems to activate Tie2, whereas under 
other conditions it may act as a blocker of this receptor 
(Maisonpierre et al. 1997). 

UNIQUE MODULAR STRUCTURE Of' TUE 
ANGIOPOIETINS: BINDING AND 

MUL TIMERIZATION MOTIFS 

The angiopoietins have a modular structure unlike that 
of any previously characterized growth factor (Davis et 
al. 2003). This modular structme consists of a receptor
binding domain, a dimerization motif, and a supercluster
ing motiftbat fonm variable-sized multimers (Fig. lB). 
Genetic engineering of precise multimers of the receptor
binding domain of angiopoietin-1, using surrogate multi
merization motifs, reveals that tetramers (Fig. 1B) are 
mmimally required for act1 vating endothelial T1e2 recep
tors, whereas engineered dimers can antagonize endothe
lial Tie2 receptors (Davis et al. 2003). Surprisingly, an-

giopoietin-2 has a modular structure and multimerization 
state similar to that of angiopoietin-- l, and its dual ago
nist/antagonist activities appear to be encoded in its re
ceptor-binding domain (Davis et al. 2003). 

INSIGHTS FROM KNOCKOUTS AND 
TRANSGENICS 0-F ANGIOPOIETIN-1: 

ROU:i:S IN VESSEL MATURATION, 
STABILIZING THE VESSEL WALL, 
AND REGULATING VESSEL SIZE 

The most important insights into the nonnal roles of 
angiopoietin- l and it.s Tie2 receptor came from the anal
ysis of mice engineered to lack these gene products (Du
mont et al. l 994; Sato et al. l 995; Suri et. al. l 996). Un-
like mouse embryos lacking VEGF or VEGFR-2, 
embryos lacking angiopoietin-1 or Tie2 develop a rather 
normal primary vasculature. However, this vasculature 
fails to undergo normal further remodeling. The most 
prominent defects are in tbe heart, with problems in tbe 
associations between the endocardium and underlying 
myocardium, as well as m trabecula format10n, and also 
in the remodeling of many vascular beds into large &"ld 
small vessels. In these vascular beds, as in the heart, ul
trastrncturnl analysis suggests that endothelial cells fail to 
associate appropriately with underlying support cells, 
which are the cells that provide the angiopoietin-1 protein 
that. acts on endothelial Tie2 receptors (Suri et al. 1996). 
This finding has led to the suggestion tbat angiopoietin-l 
via Tie2 does not supply an instrnctive signal that actually 
directs specific vascular remodeling events, but rather 
plays more of a permissive role by optimizing the manner 
in which endothelial cells integrate witb supporting cells, 
thus allowing the cells to receive other critical signals 
from their environment (Suri et al. l 996). Altogether, in
sights from the analysis of mice lacking angiopoietin-1 
led to the suggestion that it played a key role, comple-
mentary to that ofVEGF, to allow vessel maturation &"ld 
vessel wall stabilization (Fig. 2). 

Transgenic overexpression of angiopoietin-1 in the 
skin resulted in a dramatic hypervascularization pheno
type (Suri et al. 1998; Thurston et al. 1999). Although 
there are modest increases in vessel number, the most 
dramatic: increase is in vessel size. ln contrast, YEGF in 
similar models primarily increases vessel number. These 
findings suggest tbat angiopoietin-1 may promote cir
cumferential vessel growth as opposed to sproutive 
growth. Combining transgenic overexpression of an-
giopoietin-1 and YEGF leads to m1prec:edented increases 
in vascularity, which result from a combination of in
creases in both vessel size and number (Thurston et al. 
l 999). The vascular patterns induced by the combination 
are still obv10usly abnormal in morphology, suggesting 
that much must be learned about exploiting even this 
grovvth factor combination in therapeutic settings so as to 
grow normal vessels. 

Recent insights based on delivery of angiopoietm-1 
protein to newborn and adult mice confirm that it has very 
different vascular growth effects than does VEGF (G. 
Thurston et al., in prep.). Whereas VEGF primarily pro
motes angiogenic sprouting, angiopoietin--1 primarily 
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Figure 2. Schematic summary of the complementary and coor-
dinatcd roles of the VEGFs and angiopoictins during vascular 
development. VEGF--A acts initially to fomt the primitive pri
niary vasculaturc, angiopoietin-1 acts to mature and stabilize 
this primitive vasculature, in part by optimizing interactions 
between endothelial cells and 1heir surrounding support cells. 
A.ngiopoietin-2 js expressed: and acts~ at sites of subsequent re
modeling of a previously stable vascuiature and is requisite for 
certain types of vascular regressions and sprouting. 

promotes circumferential vessel enlargement in the com
plete absence of angiogenic sprouting. Interestingly, 
these effects of angiopoietin-1 seem to be regulated in a 
stage- and segment-specific manner. That is, angiopoi-
etin-1 can primarily promote circmnferential enlargement 
of "plastic" and "immature" vessels, as opposed to ma-
ture vessels. Moreover, it promotes enlargement of ve
nous vessels but not arterial vessels. 

ANGIOPOIETIN-1 CAN ALSO OPPOSE 
VASCULAR PERJ\1EABILITY 

ACTIONS OF VEGF 

In addition to their disparate effects on vascular mor
phology, transgenic overexpression ofangiopoietin-1 and 
VEGF also leads to dramatically distinct effects on vas
cular function and integrity. Transgenic VEGF produces 
immature, leaky, inflamed, and hemorrhagic vessels 
(Delmar et al. 1998; Larcher et al. 1998; Thurston et al. 
1999)- On the other hand, transgenic angiopietin-1 results 
in vessels that are actually resistant to leak, whether the 
leak is induced by VEGF or by inflammatory agents 
(Thurston et al. l 999). This resista.rice appears related to 
the ability of ang10poietin-l to maximize interactions be
tween endothelial cells and their surrounding support 
cells and matrix, as the angiopoietin- l vessels are resis
tant to treatments that norn1ally create holes in the en
dothelial cell barrier (Thurston et al. l 999). These find-
ings suggested that angiopoietin-1 might act com1ter to 
VEGF as an anti--permeability factor, and raised an as-
sortment of therapeutic possibilities (Thurston et al. 
1999). There are numerous disease processes----rangmg 
from i.habetic retinopathy to inflammation to brain edema 
following ischemic stroke-in which vessels become 
damaged and leaky, and an agent that was able to repair 
the damage and prevent the leak could have enormous 

therapeutic benefit_ To be considered for such applica
tions, angiopoietin--1 would have to exhibit its anti--leak 
actions not only when applied transgenically during ves
sel development, but also when acutely administered to 
the adult animal. Fmthennore, angiopoietin-1 would not 
only have to be able to protect against leak acutely, but 
also to accomplish th1s without causing acute c:banges in 
vascular morphology. Suppmiing the clinical potential of 
angiopoietin- i in settings of vascular leak, acute aden
oviral administration of angiopoietin-l to adult animals 
demonstrated that angiopoietin-1 could indeed acutely 
protect the adult vasculature from vascular leak, without 
inducing immediate changes in vascular morphology 
(Thurston et al. 2000)_ 

ANGIOPOIETIN-2: COMPLEX REGULATOR 
01<' Tie2 WITH DIVERSE ROLES IN 

POSTNATAL VASCULAR REMODELING 

Angiopoietin-2 was cloned on the basis of its homol
ogy with angiopoietin-l, and it displayed similarly high 
affinity for tbe Tie2 receptor (MaisonpielTe et al. 1997). 
Angiopoietin-2 differed from angiopoietin-1 in that, de
pending on the cell examined, angiopoietin-2 could either 
activate or antagonize the Tie2 receptor on cultured cells 
(Maisonpierre et. al. l 997). Initial insights into the func-
tion of angiopoietin-2 came from the realization that it 
was dramatically induced in the endothelium of vessels 
undergoing active remodeling, such as sprouting or re
gressing vessels in the ovary (Maisonpierre et al. l 997; 
G-oede et al. 1998), or in tumors (Stratmann et al. 1998; 
Holash et al. i 999a,b; Zagzag et al. l 999). These find
ings, together with the possibility tbat angiopmetin-2 
could act as a dual Tie2 agonist/antagonist, led to the hy
pothesis (Fig. 2) that angiopoietin-2 might play a key (but 
complex) role at sites of &"lgiogenic remodeling (Maison
pierre et al. 1997; Holash et al. l 999a,b; Zagzag et al. 
1999). This possibility was recently confinned by analy
sis of mice knocked out for angiopoiet.in--2 (Gale et al. 
2002). This analysis revealed that angiopoietin-2, unlike 
VEGF and angiopoietin- l, is not requisite during embry-
onic vascular development, but mstead is necessary dur
ing subsequent postnatal vascular remodeling. Specifi
cally, postnatal vascular remodeling was explored in the 
neonatal eye, one of the most thoroughly studied sites of 
postnatal vascular remodeling (Alon et al. 1995: Stone et 
al. 1995, 1996; Benjamin et al. l 998; Ito and Yoshioka 
i 999; Hackett et al. 2000). During eye development, an 
initial vasculatme, known as the hyaloid vasculature, is 
formed ,vhich nourishes the lens, while the retina is ini
tially avascular. ln the rodent, in the first few weeks after 
binh, the initial hyaloid vasculat.ure regresses, while 
sprouts from the central artery of the eye produce a reti
nal vasculature; these simultaneous vascular regression 
and sprouting phenomena are thought to be coupled in 
some manner. In mice lacking angiopoietin-2, the initial 
eye vasc:ulature at birtb appears nonnal (i.e., the hyal01d 
vasculature ), indicating that angiopoietin-2 is dispensable 
for format10n of the imtial vasculature (Gale et al. 2002). 
However, the mice fail to undergo nonnal remodeling of 
the eye vasculature in the first two postnatal weeks; that 
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is, their hyaloid vasculature does not regress, nor does 
sprouting from the central artery occur t.o form the retinal 
vasculature (Gale et al. 2002). Moreover, in these mice, 
the angiopoietin-2 gene was replaced by a report.er gene 
(f:s-galactosidase ), allowing high-resolution detection of 
sites ofangiopoietin-2 expression (Gale et al. 2002). This 
reporter gene approach revealed that angiopoietin-2 was 
indeed highly expressed precisely at the sites of vascular 
remodelrng within tbe hyaloid vessels during regres
sion, as well as at the site of sprouting from the central 
artery. 

Altogether, these data confirm that angiopoietin-2 
plays a critical and requisite role at sites of vascular re
modeling, both during vessel regression and during ves
sel sprouting. Thus, our studies reveal that angiopoietin--
2 is the first angiogenic factor genetically confirmed to be 
dispensable for embryonic angiogenesis but specifically 
required for normal postnatal vascular remodeling. It re
mains unclear as to whether angiopoietin-2 is acting as an 
agonist or antagonist of tbe Tie2 receptor during these 
processes. In addition, subsequent studies have revealed 
tbat certain types of patbologicai angiogenesis can pro
ceed in the angiopoietin-2 knockouts, indicating that al
though it is required for some nom;al forms of vascular 
remodeling and angiogenesis, it may not be required for 
all. 

ANGIOPOIETIN-2: UNEXPECTED 
REQUISITE ROLE DURING LYMPHATIC 

VESSEL DEVELOPMENT 

As noted above, prior observations that angiopoietin-2 
was expressed at sites of vascular remodelmg presaged 
the finding in the mouse knockouts that this factor was re
quired for certain types of postnatal vascular remodeling. 
There were no such prior clues to suggest that angiopoi
etin-2 might also piay a crucial role during lymphatic ves-
sel development. This was a completely unexpected find
ing that resulted from an obvious abnormality noted in the 
mice lacking angiopoietin-2 (Gale et al. 2002). These 
knockout mice, shortly after feeding, developed engorged 
abdomens filled with milky fluid. Subsequent analyses 
revealed that this corresponded to profound chylous as
cites due to malfunctioning lymphatic lacteals in the in
testines. Moreover, the mice developed widespread lym
phatic dysfunct10n, characterized by widespread tissue 
edema and correlating with morphologically abnormal 
lymphatics at every site examined. Thus, genetic deletion 
of &'lgiopoietin-2 results in profound and widespread de
fects in the patterning and function of the lymphatic vas
culature (Gale et al. 2002). 

To learn more about the mechanism of action of an-
giopoietin-2, we generated mice in which the angiopoi
etin-2 gene was replaced with cDNA encoding angiopoi
etin-1 (Gaie et al. 2002). Surprisingly, angiopoietin-l 
completely rescued the lymphatic defects in mice lacking 
angiopoietin-2, indicating that angiopoietin-2 acts as a 
Tie2 agonist in the lymphatic vasculature. 

Because some of the vascular defects seen in mice 
lacking angiopoietin-1 have been attributed to disrnpted 
interactions between the vascular endothelium and sup-

porting smooth muscle cells, we examined the lymphat
ics in the angiopoietin--2 knockout mice for their smooth 
muscle investiture. Indeed, whereas the well-defined 
lymphatic channels seen in control pups were closely en-
veloped by smooth muscle cells, the disorganized lym
phatic networks found in angiopoietin-2 knockout mice 
were ofren surrounded by poorly associated clusters of 
smooth muscle cells. These findings are consistent with a 
model m vvbicb local angiopoietin-2 express10n, provided 
by the lymphatics themselves and/or by adjacent large 
blood vessels, acts on Tie2 receptors within the lymphat
ics in a manner that is necessary for proper lymphatic de
velopment. On the basis of the gene rescue studies in 
which the angiopoietin-2 coding region is replaced with 
that of angiopoietin-l, it appears that angiopoietin-2 is 
acting as an agonist of Tie2 during lymphatic develop
ment, perhaps by promoting interactions between lym
phatic endotbelium and smooth muscle, Just as angiopoi
etin-1 seems to do for the blood vessel development. 

Previous studies demonstrated that members of tbe 
VEGF family, most likely both VEGF-C and VEGF-D 
working via VEGFR-3, play critical mies in tbe develop
ment of the lymphatic vasculature (Kukk et al. 1996; 
Jeltsch et al. l 997; Karkkainen et al. 2000; Makinen et ai. 
2001; Veikkola et al. 2001 ). Just as earlier work revealed 
that members of the VEGF and angiopoietin families 
(i.e., VEGF-A &'ld angiopoietin-1) are obligate partners 
during the development of blood vasculature (Dumont et 
al. 1994; Sato et al. 1995; Suri et al. l 996), our cuuent 
findings suggest that VEGF-C and VEGF-D also obli
gately require angiopoietin-2 in order to form functional 
lymphatics (Fig. 3). As appears to be the case for the 
blood vasculature, tbe angiopoietins are not required for 
the initiation of lymphatic vascular development, unlike 
other key lymphatic regulators such as the transcription 
factor Prox-1 (Wigle and Oliver 1999) or the VEGF
C/VEGFR-3 pathway (Kukk et al. l 996; Jeltsch et al. 
1997; Karkkainen et al. 2000; Makinen et al. 2001; 
Veikkola et ai. 2001). Rather, angiopoietin-2 seems to 
play a key role in subsequent remodeling and maturation 
of the lymphatics, in a manner that is absolutely required 
for their normal function, as suggested for angiopoietin-1 
within the blood vasculature (Fig. 3). Because angiopoi
etin-1 is able to rescue tbe lymphatic defect, angiopoi
etin-2 appears to be acting as an activating agonist in this 
situation. As has also been proposed for angiopoietin-1 
and the blood vasculature, the role of angiopoietin-2 in 

Biood Vessel Formation Lymph Vessel Formation 

Maturalio!l 

_Figure 3. Schematic indicating that just as VEGF-A and an-
giopoietin-1 collaborate during formation of the blood vascula
turc, VEGF-C/D and angiopoietin-2 act together in analogous 
ways during formation of the lymphatic vasculatme. 
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the lymphatic vasculature may well involve the optimiz
ing of interactions between endothelial cells and sur
rounding smooth muscle cells. Thus, our studies demon
strate that members of the VEGF and angiopoietin 
families work together not only during development of 
the blood vasculatme, but also during development of the 
lymphatic vasculature. 

ROLES ffF ANGIOPOlETINS AND VEGI<'s 
IN TUMOR ANGIOGENESIS: EFFICACY OF 

VEG!<' TRAP IN TUMOR M.0Dl:i:I,S 

Previous studies had found that angiopoietin--2, as well 
as the Tie receptors, is dramatically induced witbm the 
endothelium during tumor aogiogenesis (Stratman□ et al. 
1998; Holash et al. l999a,b; Zagzag et aL 1999). This led 
to the proposal that the a.rigiopoietin/Tie system might be 
as useful a target for tumor angiogenesis as the VEG-F 
system. More recent studies have not validated the utility 
of this system for tumor angiogenesis, and ·we have not 
been able to demonstrate dramatic effects of promoting or 
blocking Tie receptor function during tumor angiogene-
sis. Similarly, tumors c&"l grow in mice lacking angiopoi
etin-2, although there may be subtle alterations in the re
sulting tumor vessels. All this has left us with the 
conclusion that the VEGF pathway remains the best val
idated target pathway for approaches ,nmed at controlling 
tumor growth by blocking required tumor angiogenesis. 
To take advantage of this realization, we developed a 
very potent VEGF blocker termed the VEGF trap (Ho lash 
et al. 2002). Recent application of this agent indicates that 
it may be very useful in the treatment of angiogenesis-de
pendem tumors (Holasb et ai. 2002; Kirn et al. 2002), as 
well as in other settings in which VEGF and associated 
vascular leak or angiogenesis may be causing clinical 
problems, such as in diabetic retinopathy, age-related 
macular edema, endometriosis, and tumor--associated as-
cites and effosions. 

CONCLUSIONS 

Our findings reveal that the angiopoietins are impor
tant modulators of blood and lymphatic vessel fonnation 
and function, working in a collaborative and cooperative 
manner with members of the VEGF family. For the blood 
vasculature, angiopoietin--1 seems to ·work subsequent. to 
VEGF-A so as to promote vessel maturation and vessel 
wall function. Interestingly, angiopoietin- l seems to act 
reciprocally as compared to VEGF-A with regard to vas
cular leak-with VEGF-A promoting leak and perme
ability, and ang10poietin-l seemingly opposing these ac
tions. Similarly, in terms of the regulation of vascular 
growth, VEGF-A and angiopoictin- i also appear to act 
quite differently, with VEGF-A promoting angiogenic 
sprouting and angiopoietin- l instead regulating circurn-
ferential vessel size. 

in terms of the blood vasculature, angiopoietin--2 is un
like VEGF-A and aogiopoietin-1 in that it is dispensable 
for normal embryonic vascular development, since mice 
lacking angiopoietin-2 arc born and appear quite normal 
initially. However, as predicted by observations that an-

giopoietin-2 is highly induced at sites of vascular remod
eling, this factor is indeed required for certain types of 
postnatal vascular remodelings, such as the nonnal re
gressions and sprouting seen in the eye after birth. Sur-
prisingly, however, aogiopoietin-2 may not be absolutely 
required for all types of postnatal angiogenesis, consis
tent witb observations that tbe angiopmetin/Tie system 
may not be as critical for tumor angiogenesis as the 
VEGF system. 

Just as VEGF-A and angiopoietin-1 seem to collabo
rate during initial formation of the blood vasculature, it 
appears as if VEGF-C/D and angiopoictin-2 collaborate 
in similar manner during formation of the lymphatic vas
culature. Many of the features of this collaboration in the 
lymphatic vasculature are reminiscent of those that char-
acterize the collaboration in the blood vasculatme" That 
is, the VEGF fim1ily members seemingly play key initiat
ing roles m both blood and lymphatic vessel fonnation, 
whereas the angiopoietin family members seem to play 
subsequent maturation roles, potentially involving the 
optimization of endothelial-smooth muscle cell interac
tions. It is perhaps not surpnsing that nature seems to 
have duplicated the players and roles it uses to produce 
these t,110 different types ofvasculatures. 

On the basis of our work with the VEGFs and the an
giopoietins, it becomes clear that there are a large number 
of critical growth factors involved in the physiological 
regulation of blood vessel formation, and the actions of 
these molecular players must be very carefully orches
trated in terms of time, space, and dose so as to form a 
functioning vascular network. The complexity of the pro
cess makes ongoing therapeutic efforts aimed at growing 
new vascular networks to treat iscbemic disease appear 
quite challenging. For example, delivery of just VEGF, or 
even deh very of an imbalance of VEGF compared to an
giopoietin-1, has the potential to cause more harn1 (by 
forming malfunctioning vessels prone to leak and hemor-
rhage) than good. The same sorts of complexities must 
now be considered in attempts to therapeutically promote 
lymphatic vessel grow,h so as to treat certain edematous 
conditions. lt appears as if there is more to learn about 
bow various combinations of factors interact durmg ves
sel formation in order to exploit these factors for the ther
apeutic growth of vessels, whether it be blood vessels in 
settings of ischemia, or lymphatic vessels in settings of 
lymphedcma. 

Although the complexities of vascular formation create 
major challenges for those trying to therapeutically grow 
vessels, these same complexities may work in favor of 
therapeutic approaches aimed at blocking vessel grwwth 
(so as to benefit diseases ranging from cancer to en
dometriosis, or neovascularization conditions of the eye 
such as occur in settings of diabetic retinopathy or age-re
lated macular degeneration). That is, blockade of many 
different molecular players may all result in the blunting 
of vessel formation. There is no doubt that VEGF is the 
best-validated target for antiangiogenesis therapies, 
based on overwhelming genetic, mechanistic, and animal 
efficacy data. 

Recent efforts also suggest heretofore unimagined ap
plications for vascular growth factors. For example, the 
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possibility that &"lgiopoietin-1 may help prevent or repair 
damaged and leaky vessels offers therapeutic hope for an 
assortment ofumnet clinical needs, such as in the vascu
lar leak which creates major problems in diabetic 
retinopathy, acute macular degeneration, ischemia/reper
fusion injmy as occurs following strokes and ARDS, or in 
inflammatory settings. The continued discovery and 
characterization of the molecular players regulating ves
sel formation are sure to lead to additional unexpected 
therapeutic opportunities, as well as to the refinement of 
current therapeutic approaches aimed at grovving or 
blocking vessel fonnation. 
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Office Action Summary Examiner 

JON M LOCKARD 

Art Unit 

1647 

AIA (FITF) Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 06 August 2018. 

□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)D This action is FINAL. 2b) ~ This action is non-final. 

3)□ An election was made by the applicant in response to a restriction requirement set forth during the interview 
on __ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) ~ Claim(s) 21-23 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) D Claim(s) is/are allowed. 

7) ~ Claim(s) 21-23 is/are rejected. 

8) □ Claim(s) __ is/are objected to. 

9) D Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)□ accepted or b)□ objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)□ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)□ All b)D Some** c)□ None of the: 

1.□ Certified copies of the priority documents have been received. 

2.□ Certified copies of the priority documents have been received in Application No. __ . 

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 
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1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 
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Paper No(s)/Mail Date __ . 
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1. The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Status of Application, Amendments, and/or Claims 

2. The preliminary amendment filed 06 August 2018 has been entered in full. Claims 1-20 

have been cancelled, and claims 21-23 have been added. Therefore, claims 21-23 are pending and 

the subject of this Office action. 

Information Disclosure Statement 

3. The information disclosure statements (IDS) submitted on 06 August 2018, 19 June 2019, 

and 18 September 2019 have been considered by the examiner. 

4. The Third Party Submission under 37 CFR 1.290 has been considered by the Examiner. 

Claim Rejections - 35 USC§ 102 

5. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the 
United States. 

6. Claim(s) 21 and 23 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated 

by Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety 
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in Central Retinal Vein Occlusion (CRVO); published 13 November 2009; hereinafter Clinical 

Trial). 

7. The Clinical Trial discloses methods for treating macular edema following as a 

consequence of retinal vein occlusion in a human subject (See pg. I), the method comprising 

administering 2 mg aflibercept to the subject by intravitreal injection once every 4 weeks (See 

pg. 2). While the Clinical Trial reference does not explicitly state that the aflibercept was in a 

pharmaceutical composition comprising a pharmaceutically acceptable carrier, the protein being 

administered by intravitreal injection would inherently include a pharmaceutical composition 

comprising a pharmaceutically acceptable carrier. Thus, the Clinical Trial reference meets all the 

limitations of claims 21 and 23. 

Claim Rejections - 35 USC§ 103 

8. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not 
be negatived by the manner in which the invention was made. 

9. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre

AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 
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4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

10. This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

11. Claim 22 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Vascular 

Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Central 

Retinal Vein Occlusion (CRVO); published 13 November 2009; hereinafter Clinical Trial) as 

applied to claims 21 and 23 above, and further in view of Gutierrez et al. (Clinical 

Ophthalmology. 2(4):787-791; published 2008). 

12. The teachings of the Clinical Trial reference are summarized above. The Clinical Trial 

reference does not disclose wherein the aflibercept is administered in a volume of 0.05 ml. 

13. However, such injection volumes for intravitreal injection were known in the art at the time 

the invention was made, as disclosed by Gutierrez et al. For example, Gutierrez et al disclose 

methods of macular edema secondary to retinal vein occlusion by the intravitreal injection of 

bevacizumab in a volume of 0.05 ml (See pg. 788). 

14. It would have been obvious to one of ordinary skill in the art at the time the invention 

was made to utilize the injection volume taught by Gutierrez et al in the treatment method as 
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disclosed by the Clinical Trial reference, as both methods utilize intravitreal injections in the 

treatment of macular edema secondary to retinal vein occlusion. 

15. Thus, the claimed invention as a whole was primafacie obvious over the combined 

teachings of the prior art. 

Summary 

16. No claim is allowed. 
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Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Jon M. Lockard whose telephone number is (571) 272-2717. The examiner 

can normally be reached on Monday through Friday, 8:00 AM to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Joanne Hama, can be reached on (571) 272-2911. The fax number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http:1/pair-direct.uspto.gov. Should you have questions on access to the Private 

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you 

would like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JON M LOCKARD/ 
Examiner, Art Unit 1647 
December 5, 2019 
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THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 
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Cite No Publication Number 
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The party making the submission is not an individual who has a duty to disclose information with respect to the above-identified 
application under 37 CFR 1.56. 

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290. 

D The fee set forth in 37 CFR 1.290(f) has been submitted herewith. 

The fee set forth in 37 CFR 1.290(f) is not required because this submission lists three or fewer total items and, to the knowledge of 
~ the person signing the statement after making reasonable inquiry, this submission is the first and the only submission under 35 U.S.C 

122(e) filed in the above-identified application by the party making the submission or by a party in privity with the party. 

This resubmission is being made responsive to a notification of non-compliance issued for an earlier filed third-party submission. 
D The corrections in this resubmission are limited to addressing the non-compliance. As such, the party making this resubmission: (1) 

requests that the Office apply the previously-paid fee set forth in 37 CFR 1.290(f), or (2) states that no fee is required to accompany 
this resubmission as the undersigned is again making the fee exemption statement set forth in 37 CFR 1.290(g). 
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Find Studies • 
About Studies • 
Submit Studies • 
Resources• 
About Site• 

Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of 

Efficacy and Safety in Central Retinal Vein Occlusion (CRVO) (GALILEO) 

A 
The safety and scientific validity of this study is the responsibility of the 

study sponsor and investigators. Listing a study does not mean it has been 

evaluated by the U.S. Federal Government. Read our disclaimer for 

details. 

ClinicalTrials.gov Identifier: NCT01012973 

First Posted : November 13, 2009 

.~.~.~.~.1~~.X.!.r.~r.P..:?..~~.~9 .......... : November 22, 2012 

Last .. U_pdate .. Posted ......... : November 3, 2014 

Sponsor: 

Bayer 

Collaborator: 

Regeneron Pharmaceuticals 

Information provided by (Responsible Party): 

Bayer 

Study Details Disclaimer 

How to Read a Study Record 

https://clinicaltrials.gov/ct2/show/study/NCT0 1012973 12/4/2019 
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Study Description Go to l ..- l 
~ ~ 

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ' '-'-'-'-'-'-'-'-'-" X ........................................................................................................................................................................... ... 

Brief Summary: 

To determine the efficacy of vascular endothelial growth factor (VEGF) Trap-Eye injected into the 

eye on vision function in subjects with macular edema as a consequence of central retinal vein 

occlusion 

Biological: Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Other: Sham treatment 

, ..................................... , 

Study Design Go to l ..- l 
...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ ........................ ) ..................................................................................................... . 

Study .. Type.......... lnterventional (Clinical Trial) 

Actual Enrollment 177 participants 

Allocation: Randomized 

Intervention Model: Parallel Assignment 

Masking: Triple (Participant, Investigator, Outcomes Assessor) 

Primary Purpose: Treatment 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Study_ Start __Date.......... October 2009 

Actual Prim.ary .. Completi.on .. Date.......... February 2011 

Actual Study. Cornpletion .. _Date.......... February 2012 

Resource links provided by the National Library of Medicine 

.Drug .. 1.nforrnation available for: Afnbercept Ziv-afnbe_rcept 

U.S. FDA Resources 

https://clinicaltrials.gov/ct2/show/study/NCT0 1012973 

ml}NLM 
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Arms and Interventions Go to l ..,. l 
.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, l,,,,,,,,,,,, ............ t,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

Experimental: Aflibercept Injection (EYLEA, 

VEGF Trap-Eye, BAY86-5321) 

Participants received a 2 mg dose of 

lntravitreal Aflibercept Injection (IAI) 

administered every 4 weeks from Day 1 

through Week 20, later as often as every 

4 weeks depending on the study 

retreatment criteria from Week 24 

through Week 48. Follow-up phase: 

Participants on IAI, who continued the 

study, received 2 mg dose of IAI 

depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Comparator: Sham treatment 

Participants received sham treatment 

administered every 4 weeks from Day 1 

through Week 52. Follow-up phase: 

Participants on sham treatment, who 

switched to lntravitreal Aflibercept 

Injection (IAI), received a 2 mg dose of 

IAI at week 52 and depending on the 

study retreatment criteria at Week 60 and 

68. 

Biological: Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

lntravitreal injection. Weeks Oto 20 of 

Aflibercept Injection every 4 weeks; 

Weeks 24 to 52 every 4 weeks PRN (pro 

re nata, on demand); plus additional on 

Week 60 and 68. 

Other: Sham treatment 

Sham treatment. Weeks 0 to 52 sham 

treatment every 4 weeks; plus additional 

on Week 60 and 68. 

Other: Sham treatment 

Sham treatment. Weeks 0 to 52 sham 

treatment every 4 weeks; plus additional 

on Week 60 and 68. 

~,,,,,,,,,,,,,,.._ 

Outcome Measures Go to l ..,. ! 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \.,,,,,,,,,,,,,,!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1. Percentage of Participants Who Gained at Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With Baseline at Week 24 With Discontinued Participants 

Before Week 24 Evaluated as Failures [ Time Frame: Baseline and Week 24 ] 
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Defined study baseline range of Early Treatment Diabetic Retinopathy Study (ETDRS) 

Best Corrected Visual Acuity (BCVA) letter score of 73 to 24 (= Acuity of 20/40 to 

20/320) in the study eye; a higher score represents better functioning. Nominator= 

(Number of participants who maintained vision * 100); Denominator= Number of 

participants analyzed. 

Secondary Outcorne .. Measures ......... : 

1. Change From Baseline in BCVA as Measured by Early Treatment Diabetic Retinopathy 

Study (ETDRS) Letter Score at Week 24 - Last Observation Carried Forward (LOCF) 

[ Time Frame: Baseline and Week 24 ] 

Defined study baseline range of ETDRS Best Corrected Visual Acuity letter score of 

73 to 24 (= Acuity of 20/40 to 20/320) in the study eye; a higher score represents 

better functioning. However, because this was assessed at the screening visit, 

subjects may have had a higher BCVA recorded at the baseline visit and would not 

have been excluded from the study. 

2. Change From Baseline in Central Retinal Thickness (CRT) at Week 24 - LOCF 

[ Time Frame: Baseline and Week 24 ] 

3. Percentage of Participants Who Developed Neovascularization During the First 24 

Weeks [ Time Frame: From baseline until Week 24 ] 

Formation of blood vessels in the anterior segment, optic disc, or elsewhere in the 

fundus up to Week 24 

4. Change From Baseline in National Eye Institute 25-item Visual Function Questionnaire 

(NEI VFQ-25) Total Score at Week 24 - LOCF [ Time Frame: Baseline and Week 24] 

The NEI VFQ-25 total score ranges from 0-100 with a score of O being the worst 

outcome and 100 being the best outcome. The NEI VFQ questionnaire is organized 

as a collection of subscales which are all scored from 0-100. To reach the overall 

composite score, each sub-scale score is averaged in order to give each sub-scale 

equal weight 

5. Change From Baseline in European Five-dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF [ Time Frame: Baseline and Week 24 ] 
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EQ-5D is a quality of life questionnaire based on a scale from -0.594 (worst) to 1.00 

(best). 

Eligibility Criteria Go to I .., ] 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~) "-'-'-'-'-'-'-'-'-" j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Information from the National Library of Medicine ll\}NLM 
Choosing to participate in a study is an important personal decision. Talk 

with your doctor and family members or friends about deciding to join a 

study. To learn more about this study, you or your doctor may contact the 

study research staff using the contacts provided below. For general 

information, Learn About Clinical Studies. 

Ages Eligible for Study: 18 Years and older (Adult, Older Adult) 

Sexes Eligible for Study: All 

Accepts Healthy Volunteers: No 

Criteria 

Inclusion Criteria: 

• Center-involved macular edema secondary to central retinal vein occlusion (CRVO) for no 

longer than 9 months with mean central subfield thickness ;;:: 250 µm on optical coherence 

tomography (OCT) 

• Adults ;;:: 18 years 

• Early treatment diabetic retinopathy study (ETDRS) best corrected visual acuity (BCVA) 

of 20/40 to 20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the study eye (Pegaptanib sodium, 

anecortave acetate, bevacizumab, ranibizumab, etc.) or previous administration of 

systemic anti-angiogenic medications 

• Prior panretinal laser photocoagulation or macular laser photocoagulation in the study eye 

• CRVO disease duration > 9 months from date of diagnosis 

https://clinicaltrials.gov/ct2/show/study/NCT0 1012973 12/4/2019 
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• Previous use of intraocular corticosteroids in the study eye or use of periocular 

corticosteroids in the study eye within the 3 months prior to Day 1 

• Iris neovascularization, vitreous hemorrhage, traction retinal detachment, or preretinal 

fibrosis involving the macula in either the study eye or fellow eye 

Information from the National Library of Medicine lD}NLM 
To learn more about this study, you or your doctor may contact the 

study research staff using the contact information provided by the 

sponsor. 

Please refer to this study by its Clinica/Trials.gov identifier (NCT 

number): NCT01012973 

%MJ Show 73 Study Locations 

Sponsors and Collaborators 

Bayer 

Regeneron Pharmaceuticals 

Investigators 

Study Director: Bayer Study Director Bayer 

More Information Go to I ..,.. I 
............................................................................................................................................................................. l ....................... ..J ......................................................... . 

Additional Information: 

Click __ here. to_ find __ resultsJor __ studies __ relate_d __ to __ Bayer __ Healthcare__products._ Mrn 9..1.!.~~---h-~T~ ... !?.. 
find ___ inforrnation"' about. stud.ies'" related __ to ___ Baye_r. Healthcare __ prod ucts'"conducted '"in ... Europe mm 

Publications of Results: 

Holz FG, Roider J, Ogura Y, Korobelnik JF, Simader C, Groetzbach G, Vitti R, Berliner AJ, 

Hierneyer F, Beckmann K, Zeitz 0, Sandbrink R. VEGF Trap-Eye for rnacular oedema 
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secondary to central retinal vein occlusion: 6-month results of the phase Ill GALILEO study. 

Br J Ophthalmol. 2013 Mar;97(3):278-84. doi: 10:1136/bjophttialmol-2012-301504. Epub 

2013 Jan 7. Erratum in: BrJ OphthalmoL 2015 Dec;99(12):1746. 

Korobelnik JF, Holz FG, Roider J, Ogura Y, Simader C, Schmidt-Erfurth U, Lorenz K, Honda 

M, Vitti R, Berliner AJ, Hiemeyer F, Stemper B, Zeitz 0, Sandbrink R; GALILEO Study Group. 

lntravitreal Aflibercept Injection for Macular Edema Resulting from Central Retinal Vein 

Occlusion: One-Year Results of the Phase 3 GALILEO Study. Ophthalmology. 2014 Jan;121 

(1 ):202-208. doi: 10.1016/j.ophtha.2013.08.012. Epub 2013 Sep 29. 

Responsible Party: Bayer 

ClinicalTrials.gov Identifier: NCT01012973 
'"'"""'"' .. '"''"'''"'"""'"' .. '"''"'''"'"""'"'" 

Other Study ID Numbers: 14130 

First Posted: 

Results First Posted: 

2009-010973-19 ( EudraCT Number) 

November 13, 2009 Key_Record_ Dates 

November 22, 2012 

Last Update Posted: November 3, 2014 

Last Verified: October 2014 

Keywords provided by Bayer: 

Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Additional relevant MeSH terms: 

Retinal Vein Occlusion 

Retinal Diseases 

Eye Diseases 

Venous Thrombosis 

Thrombosis 

Embolism and Thrombosis 

Vascular Diseases 

Cardiovascular Diseases 
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Objective: To evaluate efftrncy and safety of intravitreai injections of bevacizumab in the 

treatment of macuJar edema secondary to retinal vein occlusion (RVO). 

Methods: Prospective study, nom:ornparnt1ve, rnterventional case series. Twelve rnnsecutive 

patients ( 12 eyes) vvith macular edema associated with nonischemic retinal vein occlusion were 

treated with intravitreal bevacizurnab (1.25 mg). All subjects underwent standardized ophthalmic 

evaluation at baseline and at weeks l, -1, 12, and 24, consisting of visual acuity (VA) measure

ment using ETD RS charts, and imaging with ocular coherence tomography evaluating changes 

in foveal thickness (FT) and rnacular volume (MV). 

Results: The median age was 66 years 0: 4.16). and the median duration of symptoms was 

4 months(± l .8 l ). There were six cases of inferior branch vein occlusion and six cases of superior 

branch retinal vein occlusion. Mean VA improved from 1.32 :± 0.24 (]ogMAR values) at baseline 

to 0.8 ± 0.15 (p = 0.0003) at the 6-montb follow-up. Tbe macular edema responded promptly, 

and a trend to restoration of normal macular anatomy was obsen1ed at by the seventh day. Mean 

FT improved from 615.50 ± 1 l 6.29 microns to ,120 ± 72.53 microns (p = 0.001 ), and the mean 

MV improved from 19.81 ± 2.3lmm3 to 9.23 ± 1.38 (p" 0.0001) at the 6-month follow-up. 

Keywords: Bevacizumab, retinal vein occlusion, intravitreai inJection, vascular endothelial 

growth factor 

Introduction 
Retinal vein occlusion (RVO) is the second mos! common retinal vascular disease, 

afier diabetic retinopa1hy. Visual loss may result from ischernic damage and/or macular 

edema. Early treatment may be required to improve vision because longstanding 

macuiar edema results in irreversible photoreceptor damage (CRVO [995). lntravit-

real triamcinolone is a treatment option that has demonstrated promising short-term 

results for the management ofmacular edema associated with RVO (Mohammed et al 

2007). A multicenter, randomized and controlled clinical trial (Standard Care Versus 

Corticosteroid for Retina Vein Occlusion Study) is currently underway. 

Reiinai vein occlusion is associated \Vith varying amounts ofreiinai ischaemia and, 

consequently, increased concentrations of vascular endothelial growth factor (VEGF) 

(Hayreb l 983). Early case reports on bevacizumab showed an increase in visual ac:uiiy 

(VA) and a decrease in macular edema secondary to exudative age-related macular 

degeneration (AMD) and central retinal vein occlusion (CRVO) (Rosenfeld el al 

2005a). A nomandornized study of intravitreal bevacizumab in patien1s wi1h CRVO 

resulted in reduced macular swelling and increased VA (Iturralde et al 2006). However, 

because a physiological level of vascular endothelial growth factor may be necessary 

to maintain the homeostasis of the retina, care might be required to avoid the possible 

negative consequences of a complete blockade of V EGF. 

Clinical Ophthalmology 2008:2(4) 787--791 
© 2008 Mesa Gutie1nz et al, publisher and licensee Dove Medical Press Ltd.This is an Open Access 
an:icle which permits unrestricted noncomme1-cial use, provided the m~iginal wo1-k is properly cited. 
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These reports, along with results from preclinical and 

human studies that suggest a possible role ofVEGF in RVO 

and the absence of a proven therapy, prompted us to inves

tigate the effects of intravitreal bevacizumab injection in 

patients with macular edema associated with RVO. 

Methods 
Study design 
This was a prospec:iive, consecuiive, noncomparative study 

that adhered to the Declaration of Helsinki and which was 

approved by our institutional review board. An intravitreal 

off-label bevacizumab injection was recommended. The 

Spanish Ministry of Health and Consumer Affairs approved 

compassionate use. Patients were folly informed verbally 

about the experimental nature of the treatment and they 

signed an informed consent form. 

Cases were recrnited from the Hospital Universitari de 

Bellvitge (Barcelona, Spain) from January--March 2007. 

Indus ion criteria were: l) patients aged 50 or older 2) macular 

edema secondary to nonischemic RVO and 3) VA between 

20/400 and 20/50 (Snellen equivaleni). Exclusion criteria 

were: l) history of retinal surge1y or phoiocoagulation; 2) any 

history of a thromboembolic event; 3) bleeding disorders; 

and 4) use of anticoagulative medication other than aspirin. 

No patient refused treatment. 

A comprehensive opbthalmic evaluation was per

formed; it included a medical history review, best con-ected 

visual acuity testing (using ETDRS charts), slit-lamp 

biomicroscopy, dilated funduscopic examination using a 

78-diopters lens and time domain ocular computed tomog

raphy (OCT) (Carl Zeiss Meditec:, Dublin, CA, USA) that 

consisted of an acquisition protocol "Radial lines" ( 6 linear, 

6 mm scans oriented at intervals of 30° and ceniered on the 

foveal region). Macular maps were obtained using the "retinal 

thickness/volume" analysis protocol, and values for central 

foveal thickness (FT) and total macular volume (MV) \Vere 

recorded. Follow-up examinations were scheduled at weeks 

1, 4, 12, and 24post .. injection, or on demand, ifa decrease in 

VA was noted by the patient. These follow-up examinations 

used exactly the same procedures as those used in the base

line visit. The incidence of adverse events were monitored 

throughout the study. The effects oftreatment, both on VA 

and on anatomical changes in ihe macula sbown by OCT, 

vvere evaluated. There was no loss of follow-up. 

OCT indicated macular swelling ( quantitatively characterized 

by a macular thickness larger than 250 microns in any of the 

six radial scans). All treatments were performed in the office 

using topical anaesthesia (tetracaine+oxibuprocaine) under 

sterile conditions. Bevacizumab was injected (using a 30-G 

needle) through the inferotemporal pars plana, 3.5 mm (pseu

dophakic) or 4 mm (phakic) posterior to the limbus. A drop of 

ofloxacine was applied to the affected eye immediately after 

the procedure and again every 6 hours for 4 days. 

Statistical data analysis 
All data were collected in an Microsoft Excel 2000 

spreadsheet (Microsoft Corporation, Spain). For statistical 

analysis, the Wllcoxon test was performed. VA measurements 

were converted to logMAR equivalents to perform analysis. 

p < 0.05 was considered significant. 

Results 
Twelve patients ( seven \\/omen and five men) were induded. 

The median age was 66 years and the median duration of 

symptoms prior to treatment was 4 months. Vein occlusion 

was located at the inferior branch in six patients and at the 

superior branch in the remaining six patients. There was a 

hisiory of hyperiension in four patients. All patients com

pleted the 24-week follow-up examination; their baseline 

characteristics are summarized in Table 1. 

Best corrected visual acuity (BCVA) data obtained 

over the course of the study are summarized in Table 2. 

Evaluation of BC:VA revealed significani improvement a1 

all times compared with baseline. Mean VA improved from 

1,32 ± 0.24 (logMAR values) at baseline, to 0.8 ± 0,15 

(p = 0.0003) at the 6-month follow-up. The macular edema 

responded promptly, and a reduction in the submacular fluid 

was observed at the seventh day. Ai baseline, the mean FT 

was 615.50 ± 116.29 microns; it declined to 420 ± 72.53 

microns (p = 0.00 l ). The mean MV improved from 19.81 ± 
2.31 nm13 to 9.23 ± 1.38 mm3 (p "' 0.0001) at the 6-month 

follow-up. Mean changes in parameters recorded by OCT 

on weeks l, 4, 12, and 24 post-injection are summarized 

in Table 3. Overall, four patients were retreated: 2 patients 

received two consecutive injections of intravitreal bevaci-

zumab, and two patients received three injections. No ocular 

or systemic adverse events were observed. 

Discussion 
Treatment procedure This study demonstrates the early and clinically reievan1 

Patients received an intravitreal dosage of bevacizumab of benefits ofbevacizumab injection for macular edema due to 

1.25 mg (0.05 mL) al baseline and once every four weeks if RVO. ln this prospective case series, we found that intravitreal 

788 Clinical Ophthalrnology 2008:2(4) 
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Table I Baseline characteristics 

Case, age, sex Affected ye, localization Duration (months) logMARBCVA OCT FT (microns) OCT MV(mm') 

I. 64, F OD, inferior· 2.5 0.63 664 12..91 

2,63,F OD, inferior 5 1.7 545 22.17 

3,75,M OD, superior 6 I.OS 410 16.65 

4,57,M OD, superior 3 1.63 667 21.23 

5, 67, F OD, superior 2.5 1.96 601 20.82 

6, 66, F OS, inferior 2 0.62 763 11.9 

7, 61 F OD, superior 3 1.6 495 21.16 

8,75,F OD, superior 4 1.04 630 15.64 

9,77, M OS, superior 4 1.62 239 20.22 

10,66,M OS, inferior 7 1.34 885 12.97 

11,59,M OS, inferior 6 1.3 498 11.2 

12,79, F OS, infe1·ior 7 0.96 998 19.81 

Median: 66 Median:4 Median: 1.32 Median: 615.50 Median: 19.81 

SD: 7,26 SD: 1.81 SD: 0.43 SD: 205.547 SD:4.10 

Confidence Cl: 1.02 Cl:0.24 Cl: 116.29 Cl:2.31 

inter·vals (Cl): 4.16 

Abbreviations: F. female; M, male; SD. standard dev;ation; OD, right eye; OS, lefr eye: BCVA, besr, correcr,ed v;sua! acdvity; FT. foveal thickness; MV, macu!ar volume 

injections ofbevacizumab led both to a significant reduction 

ofFT, as well as to an improvement of visual acuity in patients 

witb RVO. A beneficial effect of intraviireal bevacizumab 

was observerd as early as the first week and over a 6-month 

follow-up period. 

Our study supports the preliminary results of several 

recently published papers. The most detailed data on the 

natural history ofCRVO were provided by the Central Vein 

Occlusion Study Group (CRVO 1995). Clinical outcomes of 

every new treatment option for CRYO must match with these 

data. In the natural course ofCRVO, only 19% of patients 

with initial visual acuity ofless than 20/200 had a chance of 

visual acuity of better tban 20/200. Patients presenting witb 

initial visual acuity between 20/200 and 20/50 had improve

ment to better than 20/50 in i 9%, of cases; in 44%, of cases 

acuity stayed between 20/200 and 20/50. The visual acui1y of 

only 37% of patients became worse than 20/200. Compared 

with these data, patients treated with in1rnvitreal injections of 

bevacizumab showed much greater improvement. Priglinger 

and colleagues (2007) reported improvement in visual acuity 

from 20/250 at baseline to 20/80 at the 6-month follow-up 

lP < 0.001) in a group of 46 CRVO patients. Mean central 

retinal thickness decreased from 535 ± 48 microns at baseline 

to 323 ± 116 microns at the 6-month follow-up (Priglinger 

ei al 2007). In a series of 30 CRVO patients foHo\ved for 

6 months, Jason and colleagues (2007) reported improvement 

in VA from 20/394 at baseline to 20/3 l 3 at tbe 3--montb 

follow-up, lP < 0.05) and no significant changes after the 

Clinical Ophthalrnology 2008:2(4) 

fourth month. This indicates that bevacizumab represents an 

effective treatment option for CRVO and that the drug may 

improve the long--tenn prognosis of CRVO. 

The intravitreal use ofbevacizumab may provide anatomi

cal and functional amelioration of the macula in patients with 

macular edema due to RVO. The electrical responses in the 

fovea and parafovea of the multifocal e1ectroretinography 

recording depici a significant improvement at l and 3 months 

after the injection (Moschos and Moschos 2008). 

Table 2 iogMAR BCVA (baseline and I, 4 12, and 24 weeks 

post-mjection) 

logMAR logMAR logMAR logMAR logMAR 
BCVA BCVA, BCVA BCVA BCVA 
baseline week I week4 week 12 weekH 

0.63 0.35 0.17 0.23 OA3 

1.7 1.3 0.75 0.77 0.77 

1.05 1.01 1.03 0.89 

1.63 1.47 1.2 1.35 1.17 

1.96 0.4 0.43 0.61 0.53 

0.62. 0.36 0.17 0.23 0.42 

1.6 1.2 0.75 0.78 0.76 

1.04 1.02 1.02 0.86 

1.62. 1.48 1.3 1.36 1.19 

1.34 0.78 0.86 0.83 

1.3 1.28 1.24 1.28 1.25 

0.96 0.5 0.42. 0.62 0.56 

N<>te: p (baseline-week 24) ~ 0.0003 

Abbreviation: BCVA. best corrected visual 2cuity. 
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Table 3 FT (microns) and MV (rnrn3) (baseline and 1,4, 12.and 

24 week post-injection) 

Case I Baseline Weeki Week4 Week 12 Week24 

FT 664 220 166 167 189 

MV 12.91 8.48 7.87 8.38 8.34 

Case 2 

FT 545 440 165 481 654 

MV 22.17 6.96 6.64 9.33 8.35 

Case 3 

FT 410 166 496 509 578 

MV 16.65 12.17 13.2 13.95 12.95 

Case 4 

FT 667 565 459 500 475 

MV 21.23 17.32 15.16 15.69 14.63 

Case 5 

FT 601 436 175 501 420 

MV 20.82 6.66 6.83 9.2 9.5 

Case 6 

FT 763 400 170 456 432 

MV 11.9 7.47 6.86 7.37 10.56 

Case 7 

FT 495 175 195 225 235 

MV 2.U6 5.95 5.63 8.32. 7.35 

Case 8 

FT 630 220 460 335 342 

MV 15.64 11.16 12.1 12.94 10.55 

Case 9 

FT 239 442 336 402 389 

MV 20.22 16.31 12.1 14.68 12.48 

Case 10 

FT 885 296 450 425 420 

MV 12.97 6.25 10.91 10.55 8.95 

Case I I 

FT 498 345 450 356 352 

MV 11.2 10.72 5.82. 10.97 7.55 

Case 12 

FT 998 425 182 522 425 

MV 19.81 5.55 5.85 8.1 6.98 

N<>tes; p (baseiine• week 24): FT~ 0.00 i MV = 0.000 i 
Abbreviations: FT, foveal thickness; MV, and rnacular volume. 

Intravitreal injection of triamcinolone acetonide (TA) is 

another treatment option aimed to reduce macular edema 

after RVO. Several recent studies report favorable effects 

of intrnvitreal injection ( 4---20 mg) of TA on the course of 

R VO (Gregory et al 2006). The exteni and duration of the 

effect of intravitreal injection of TA depends on the dose 

used and ihe presence ofretinal ischemia (Jonas ei al 2005). 

Repeated intravitreal injections ofTA are possible; however, 

790 

after repeated treatments, the effect on reduction of retinal 

thickness and increase in visual acuity are reduced (Boyd 

et al 2002; Kupperman et al 2007). Furthennore, although 

apparently improving the clinical outcome ofR.VO, repeated 

intravitreal injections of TA are associated vvith many poten

tial complications, such as elevated intraocular pressure 

and cataract forma1ion, which may ultima1ely decrease the 

long-1em1 prognosis ofRVO (Goff et al 2006). Incontrastio 

intravitreal injection ofTA, several injeciions ofbevacizumab 

appear to have no drug-related complications. However, 

complications related to repeated intravitreal injections 

(eg, endoph1halmitis, relinal tear, and lens trauma) must be 

taken into account (Jaissle et al 2006). Fortunately, none of 

these complications occurred in 1he present case series; this 

may be due to the thorough prophylactic, antiseptic regimen 

applied in our institution to minimize the likelihood ofbacte-

rial contamination. 

The use of anti-VEGF agents in retinal disease has 

become increasingly common since the approval (in 2004 

and 2006, respectively) ofpegaptanib and ranibizumab for 

age .. related maculopathy, These agents are currently being 

studied for their efficacy against macular edema due to RVO. 

The anti-VEGF agent most studied in regard to RVO is 

bevacizumab. Off-label intravi1real injeclion ofbevacizumab 

was first reported in 2005 lo represent a potential therapy for 

macular edema secondaiy to CRVO (Rosenfeld et al 2005b ). 

Since then, several additional publications have reported 

favorable sborHerm results for reduc:iion of macular edema 

and improvement of vision in patients with RVO (Spandau 

et 2006; Pau et al 2007). 

Our resul1s suggest a possible short-term benefit for 

macular architecture and VA; however, it is also clear that 

such benefits are transient. Continuous VEGF suppression 

may be required to sustain beneficial effects observed in the 

short tenn and the risks associated with multiple intravit-

real injections need to be considered. Our data sugges1 tha1 

patients may require several injections to maintain efficacy. 

Three to four months after the most recent injection, wors

ening VA was detected in about half of the cases. The data 

in tbis study suggesi tbat a single injection of intravitreal 

bevacizumab has a limited beneficial effect for approximately 

two months in most patients. 

A llhough VEGF and its receptors represent potential 

targets for pharmacologic intervention, several important 

questions remain, Does VEGF play a role in the fonnaiion 

of vascular shunts across ischemic areas? Does continuous 

blockage of VEG F have a negative effect over the long iem1? 

Furthermore, recurrent macular edema may occur in palients 

Clinical Ophthalrnology 2008:2(4) 
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with RVO fo1lmving treatment with bevacizumab; in some 

cases, the recurrent macular edema may be more severe than 

the pre-treatment macular edema (a phenomenon known as 

"rebound" rnac:ular edema) (Matsumoto et al 2007). 

The changes observed throughout the present study may 

provide important clues about drug effects and duration. 

Favorable macular changes, documented by OCT, were 

evident as soon as day 7 post-injection. While these improve

ments were maintained at post--injec:tion week 4, ihere \\las a 

clear tendency for macular edema to recur around week 12; 

this suggests, therefore, that reinjections might be considered 

at some point during this period when a 1.25 mg dose regimen 

is used in setting of ischemic or nonischemic RYO. 

The present study does have some limitations that must 

be recognized: there was no control group; we included 

only 12 patienis and there was only a limited foliow-up, 

However, the promising results reported here indicate that 

further studies of intravitreal bevacizumab injection for the 

management of ischemic or nonischernic RVO are justified. 

Future well-designed studies will help to establish the role of 

antiangiogenic: therapy in the management of RVO. 

Disclosure 
The authors report no conflicts of interest in this work 
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Electronically filed 1/23/2020 

AMENDMENT UNDER Attorney Docket No. REGN-008CIPCON3 

37 C.F.R. §1.111 Confirmation No. 3451 
First Named Inventor George D. Yancopoulos 
Application Number 16/055,847 
Filing Date August 6, 2018 

Address to: Group Art Unit 1647 
Mail Stop AMENDMENT Examiner Name Jon McClelland Lockard 
Commissioner for Patents 

Title: "Use of a VEGF Antagonist to Treat Angiogenic 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Eye Disorders" 

Sir: 
This amendment is responsive to the Office Action dated December 10, 2019, for which a three-

month period for response was given, making this response due on March 10, 2020. Accordingly, this 

response is timely filed. 

In view of the remarks put forth below, reconsideration and allowance are respectfully requested. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 3 of this paper. 
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AMENDMENTS TO THE CLAIMS 

1. - 20. (Canceled) 

Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

21. (Previously Presented) A method for treating macular edema following retinal vein 

occlusion in a human subject comprising administering 2 mg aflibercept to the subject by intravitreal 

injection once every 4 weeks. 

22. (Previously Presented) The method of claim 21 wherein the aflibercept is administered 

in a volume of 0.05 ml. 

23. (Previously Presented) The method of claim 22 wherein the aflibercept is in a 

pharmaceutical formulation comprising a pharmaceutically acceptable carrier. 

2  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 978



REMARKS 

Formal Matters 

Claims 21-23 are now pending in this application. 

Claims 1-20 were previously canceled without prejudice. 

No new matter has been added. 

STATEMENT UNDER 37 C.F.R. §§1.56 AND 1.2 

Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

Applicants hereby advise the Examiner of the status of a co-pending application in compliance 

with the Applicant's duty to disclose under 37 C.F.R. §§1.56 and 1.2 ( see also MPEP §2001.06(b)) as 

discussed in McKesson Info. Soln. Inc., v. Bridge Medical Inc., 487 F.3d 897; 82 USPQ2d 1865 (Fed. 

Cir. 2007). 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

13/940,370, filed July 12, 2013 which issued on February 9, 2016 as U.S. Patent 9,254,338. 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

14/972,560, filed December 17, 2015 which issued on June 6, 2018 as U.S. Patent No. 9,669,069. 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

15/471,506, filed March 28, 2017 which issued on November 20, 2018 as U.S. Patent No. 10,130,691. 

The Applicants wish to bring to the Examiner's attention co-pending U.S. Patent Application No. 

16/159,282, filed October 12, 2018 for which a non-final Office Action was mailed October 1, 2019. 

These documents are available on PAIR, and thus are not provided with this 

communication. Please inform the undersigned if there is any difficulty in obtaining the documents 

from PAIR. 

Rejection under 35 U.S.C. §102 

Claims 21 and 23 were rejected 35 U.S.C. § 102 as anticipated by the publication dated 

November 13, 2009 referring to a proposed clinical trial. 

The rejection is respectfully traversed and its reconsideration requested in view of the following. 

The Examiner alleged that the claims were anticipated by a posting on the clinicaltrials.gov 

website which was published November 13, 2009 ("Clinical Trial"). The Applicants disagree. The 

clinicaltrials.gov posting cited by the Examiner was not published on November 13, 2009. The cited art 

appears to be a summary page relating to the clinical trial which was published on a later date. Page 7 of 

3  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 979



Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

the cited art summarizes the history of the clinical trial and its various updates. See below: 

Responsible Party: Bayer 

Cli11ica1Trials.gov Identifier 

Other Study ID NL1mbers 

t-.!CT0i01 ::?973 

141:30 

2009-010973-19 ( fa1draCT Number) 

First Posted: 

Results First Posted 

Last Update Posted: 

La st Verified 

November i 3, 2009 

November 22, 2012 

November 3. 2014 

October 2014 

Since this summary cites the date, November 3, 2014, as the Last Update Posted, it would appear 

that the publication date of this webpage was on or after this date. Since the filing dates of the instant 

application pre-date November 3, 2014, this art is not properly citable prior art. 

Furthermore, the posting which was published on November 13, 2009, which has been cited 

herein in an Information Disclosure Statement, did not disclose administering 2 mg of aflibercept each 

month. Thus, the claims would also be novel over the November 13, 2009 posting. The Applicants 

request withdrawal of the rejection. 

Rejection under 35 U.S.C. §103 

Claim 22 was rejected under 35 U.S.C. §103 as unpatentable over the November 13, 2009 

publication further in view of Gutierrez et al. 

Since the Examiner's characterization of Clinical Trial was not accurate, the reasons for rejecting 

the claims over Clinical Trial and Gutierrez are not applicable. In any event, the claims are patentable 

over the November 13, 2009 posting and Gutierrez et al. At the time of the invention, the amount of 

aflibercept which must be administered each month in order to treat a patient suffering from DME after 

RVO could not have been predicted based on the November 13, 2009 posting. Gutierrez et al. provided 

no further suggestion of the claimed amount and dosing frequency of aflibercept. Instead, Gutierrez et 

al. related to an anti-VEGF antibody (bevacizumab) which was dosed at a lower amount, 1.25 mg. Any 

suggestion of such a dosing amount and frequency could only have come from the instant specification. 

This, however, would require impermissible hindsight reconstruction. The Applicants request 

withdrawal of the rejection. 

In view of the above the rejection is believed to have been overcome and its reconsideration and 

withdrawal is respectfully requested. 
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CONCLUSION 

Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

Applicants submit that all of the claims are in condition for allowance, which action is requested. 

If the Examiner finds that a telephone conference would expedite the prosecution of this application, the 

Examiner is invited to telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due 

with any communication for the above referenced patent application, including but not limited to any 

necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No. 

50-0815, order number REGN-008CIPCON3. 

Date: January 23, 2020 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: __ /K_ar_l_B_o_z_ic_e_v_ic~,_R_e....,g_. _N_o_._2_8~,8_0_7_/_ 
Karl Bozicevic 
Reg. No. 28,807 
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Concise Description of Relevance 

VEGF Trap-Eye for the Treatment of Neovascular Age-Related Macular Degeneration 

James A Dixon et al. Expert Opin. Investig. Drugs (2009) 18(10): 1573-1580 (hereafter "Dixon") 

Dixon is prior art under pre-AIA § 102(b) because it published more than one year before the 
earliest effective filing date (January 13, 2011) of U.S. Application No. 16/159,282 (hereafter 
"the '282 application). 

21. A method for treating an angiogenic eye disorder Dixon is related to clinical trial results of 
in a patient, said method comprising treating neovascular age-related macular 

degeneration (wet AMD) with VEGF Trap
eye. Wet AMD is an angiogenic eye 
disorder. See e.g., Backgroundlp. 1573, 
disclosing that aflibercept (VEGF Trap-eye) 
is a promising therapy for AMD by 

interrupting angiogenesis. See also the 
definition of "angiogenic eye disorder" in 
the '282 application (para. [0004]). 

sequentially administering to the patient a single 
initial dose of a VEGF antagonist, followed by 
one or more secondary doses of the VEGF 
antagonist, followed by one or more tertiary 
doses of the VEGF antagonist; 

Phase II trial (§2. 6.2, p. 1576) teaches that 
patients with CNV (subfoveal choroidal 
neovascularization), a subtype of AMD, 
received monthly dose of 0.5mg or 2mg for 
12 weeks (0, 4, 8, 12) followed by treatment 

f-------------------------1 of the same dose on a PRN basis. Thus, 
wherein each secondary dose is administered 4 
weeks after the immediately preceding dose; 
and 

wherein each tertiary dose is administered on 

an as-needed/pro re nata (PRN) basis, based 
on visual and/or anatomical outcomes as 
assessed by a physician or other qualified 
medical professional; 

wherein the VEGF antagonist is a receptor
based chimeric molecule comprising an 
immunoglobin-like (lg) domain 2 of a first VEGF 

receptor and lg domain 3 of a second VEGF 

DIXON teaches AMD patients being treated 

by (1) a single initial dose of 0.5mg or 2mg 
at week 0, followed by 3 secondary doses 
in 4-week intervals (i.e., on week 4, 8 and 
12 after the initial dose); followed by 
tertiary doses on PRN basis. Dixon 
further teaches criteria for re-dosing, 
including basis on visual (ETDRS letters) or 
anatomical (retinal thickness by OCT). 

VEGF Trap-eye is a VEGF antagonist 
having key binding domains of human 
VEGFR-1 and -2 combined with a human 
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receptor, and a multimerizing component. IgG Fe fragment. (§2.2,p 1575) 

22. The method of claim 21, wherein the VEGF VEGF Trap-eye is chemically identical to 
antagonist is aflibercept. aflibercept. (§2.3,p 1575) 

23. The method of claim 22, wherein all doses of the Phase II trial (§2.6.2, p. 1576) teaches AMD 
VEGF antagonist are administered to the patient by patients received VEGF Trap-eye in one eye 

intraocular administration. (i.e., intraocular administration). Dixon 
teaches intravitreal injection throughout. 

24. The method of claim 23, wherein the intraocular Phase II trial (§2.6.2, p. 1576) teaches AMD 
administration is intravitreal administration. patients received VEGF Trap-eye in one eye 

(i.e., intraocular administration). Dixon 
teaches intravitreal injection throughout. 

25. The method of claim 24, wherein all doses of the Phase II trial (§2.6.2, p. 1576) teaches AMD 
VEGF antagonist comprise from about 0.5 mg to patients received VEGF Trap-eye in 0.5mg 
about 2 mg of the VEGF antagonist. or 2mg per dose. 

28. The method of claim 27, wherein the angiogenic AMD is an angiogenic eye disorder. 
eye disorder is selected from the group consisting of: 
age related macular degeneration, diabetic 
retinopathy, diabetic macular edema, central retinal 
vein occlusion, branch retinal vein occlusion, and 
corneal neovascularization. 

29. The method of claim 28 wherein the angiogenic AMD is an angiogenic eye disorder. 
eye disorder is age related macular degeneration. 

30. The method of claim 28 wherein the angiogenic VEGF Trap-Eye was used to treat diabetic 
eye disorder is diabetic retinopathy. retinopathy (§2.6.1, pl 575, the third 

paragraph). 

31. The method of claim 28, wherein the angiogenic VEGF Trap-Eye was used to treat diabetic 

eye disorder is diabetic macular edema. macular edema (§2.6.1,p1575, the fourth 
paragraph). 
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Concise Description of Relevance 

Enrollment Completed in Regeneron and Bayer HealthCare Two Phase 3 Studies of VEGF 
Trap-Eye in Neovascular Age-Related Macular Degeneration (Wet AMD) 

Regeneron Press Release dated September 14, 2009 (hereafter" Regeneron '') 

Regeneron is prior art under pre-AIA § 102(b) because it published more than one year before 
the earliest effective filing date (January 13, 2011) of U.S. Application No. 16/159,282 (hereafter 
"the '282 application." 

32. A method for treating an angiogenic eye 
disorder in a patient, said method comprising 

sequentially administering to the patient a 
single initial dose of a VEGF antagonist, 
followed by one or more secondary doses of 

the VEGF antagonist, followed by one or 
more tertiary doses of the VEGF antagonist; 

Regeneron discloses the VIEW Program, which 
included Phase 3 studies for treating neovascular 
age-related macular degeneration (wet AMD). 
Wet AMD is a known angiogenic eye disorder. 
See also definition of "angiogenic eye disorder" in 
the '282 application (para. [0004]). 

The VIEW Program teaches patients with wet 
AMD are to receive regular doses of 0.5mg or 
2mg VEGF Trap-eye at 4-week intervals in the 

first year, followed by continued treatment for 
another year on a flexible, criteria-based extended 

f----------------------, PRN regimen with a dose administered at least 
wherein each secondary dose is administered 4 every 12 weeks, but not more often than every four 
weeks after the immediately preceding dose; weeks. Thus, Regeneron teaches AMD patients 
and 

wherein each tertiary dose is administered 12 
weeks after the immediately preceding dose; 

wherein the VEGF antagonist is a receptor-

being treated by (1) a single initial dose of 0.5mg 
or 2mg, followed by (2) secondary doses at 4-
week intervals for a year, followed by (3) 

treatment for another year based on a flexible 
schedule, which would include at least one 
tertiary dose at 12-week from the immediately 
preceding dose. See also, Example 4 of the '282 
application, which tracks closely to the VIEW 
program. Example 4 provides the written support 
for the dosing regimen recited in claim 32. 

VEGF Trap-eye is an anti-VEGF agent, a soluble 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 991



based chimeric molecule comprising an 

immunoglobin-like (lg) domain 2 of a first 
VEGF receptor and lg domain 3 of a second 
VEGF receptor, and a multimerizing 
component. 

33. The method of claim 22*, wherein the 
VEGF antagonist is aflibercept. 
* It appears that claim 32 was intended. 

34. The method of claim 23 *, wherein all 
doses of the VEGF antagonist are administered 
to the patient by intraocular administration. 

* It appears that claim 33 was intended. 

35. The method of claim 23*, wherein the 
intraocular administration is intravitreal 
administration. 

* It appears that claim 33 was intended. 

36. The method of claim 25*, wherein all 
doses of the VEGF antagonist comprise from 
about 0.5 mg to about 2 mg of the VEGF 

antagonist. 

* It appears that claim 35 was intended. 

37. The method of claim 36, wherein all doses 
of the VEGF antagonist comprise 0.5 mg of 
the VEGF antagonist. 

38. The method of claim 36, wherein all doses 
of the VEGF antagonist comprise 2 mg of the 

VEGF antagonist. 

39. The method of claim 36, wherein the 

angiogenic eye disorder is selected from the 
group consisting of: age related macular 
degeneration, diabetic retinopathy, diabetic 
macular edema, central retinal vein 
occlusion, branch retinal vein occlusion, and 

VEGF receptor fusion protein that binds all forms 

of VEGF-A along with the related placental 
growth factor (PIGF). See "About VEGF Trap
Eye; see also evidentiary support in Dixon. 

VEGF Trap-eye is chemically identical to 
aflibercept. See also evidentiary support in Dixon 
(§2.3, p 1575). 

The VIEW program evaluates the effect of VEGF 
Trap-eye "on maintaining and improving vision 
when dosed as an intravitreal injection ... " See the 
first paragraph. Intravitreal injection is a type of 
intraocular administration. 

The VIEW program evaluates the effect of VEGF 
Trap-eye "on maintaining and improving vision 
when dosed as an intravitreal injection ... " See the 

first paragraph of page 1. 

The VIEW program evaluates the effect of VEGF 
Trap-eye of two dosing strengths (0.5mg and 2mg) 
administered on regular schedules. See paragraph 

1 and paragraph 4 on page 1. 

Regeneron teaches that VEGF Trap-eye is used 

for treating eye diseases, including wet AMD, 
diabetic macular edema (DME), and Central 
Retinal Vein Occlusion (CRVO). See the second 
paragraph on page 1. 
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corneal neovascularization. 

40. The method of claim 39 wherein the Regeneron teaches treating AMD throughout. 
angiogenic eye disorder is age related macular 

degeneration. 

41. The method of claim 39 wherein the Regeneron teaches that the primary endpoint is 

angiogenic eye disorder is diabetic retinopathy. evaluated using the standard Early Treatment 
Diabetic Retinopathy Study (ETDRS) chart for 
visual acuity, suggesting that an effective therapy 
for treating AMD could also be used to treat 
diabetic retinopathy. 

42. The method of claim 39, wherein the Regeneron teaches VEGF Trap-eye is also for 
angiogenic eye disorder is diabetic macular treatment of diabetic macular edema. See the 
edema. second paragraph on page 2. 
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FOREIGN PATENT DOCUMENTS 

CiteNo Foreign Document Concise Description of Relevance 
Number 

NON-PATENT PUBLICATIONS 

Cite No Reference Concise Description of Relevance 

1 Regeneron Press Release dated September 14, 2009 See Attached 
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2 James A. Dixon et al., Expert Opin. lnvestig. Drugs (2009) See Attached 
18(10):1573-1580 
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Vascular endothelial growth 
factor Trap ... Eye for diabetic 
macular oedema 
Peter K Kaiser 

Diabetic macular oedema (DMO) is the 
leading cause of visual loss in working
aged Americans, and as such successful 
treatment is of major public health 
importance. The gold standard is laser 
photocoagulation based on the landmark 
Early Treatment Diabetic Retinopathy 
Study (ETDRS).' In the ETDRS, laser 
treatment reduced the 3-year risk of 
moderate visual loss by 50%; however, 
the standard teaching is that patients in 
the ETDRS rarely improved vision. In 
fact, in the published ETDRS manuscripts 
to date, only around 10%, of patients 
gained more than three lines of vision. 
This led to the prevailing thinking that 
laser prevents vision loss, but rarely 
results in visual improvement. Thus, 
newer therapies have been explored in 
an effort to improve outcomes in this 
common and devastating condition. 

Vascular endothelial grm,vth factor 
(VEGF) was one of the first cytokines 
implicated in diabetic retinopathy and 
DMO with elevated VEGF levels found 
in patients with active disease 2 Increased 
retinal capillary permeabiiity due to 
breakdown of the blood---retina barrier 
have been shown to be mediated by 
VEGF 3 Thus, VEGF appears to be a good 
target to prevent DMO and progression of 
diabetic retinopathy. 

Several anti-VEGF agents have been 
evaluated in off-label case series and 
small-scale clinical trials to treat Dh1.0. 
In a randomised, phase 2 clinical trial of 
172 patients, pegaptanib (Macugen, 
Eyetech, New York), a VEGF165 specific 
blocker, resulted in a mean improvement 
in vision of +4. 7 letters with 34~'b gaining 
10 letters of more at 36 weeks.' Similarly, 
the randornised, phase 2 DRCR.net trial 
of 121 patients with bevacizumab 
(Avastin, Genentech, South San 
Francisco

1 
California), a pan--VEGF anti

body, reported a mean irnprovement in 
vision of +S letters vvith 337~ having 
greater than 10 letters of improvement 
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at 12 weeks. Finally, the phase 1/2 
Ranibizumab for (O)edema of the 
Macula in Diabetes (READ) study eval
uated ranibizumab (Lucentis, Cenentech), 
an antibody fragment that blocks all 
forms of VECF, and reported+ 12.3 letters 
of visual improvement at month 7. A 
pivotal Phase 3 trial testing ranibizumab 
for DMO is currently under way. In this 
issue (see page 144), another VEGF 
blocker has shmvn early success in the 
management of DJvl.O----VECF Trap-Eye. 6 

Traps consist of two extracellular cyto
kine receptor domains fused together to a 
human immunoglobulin G (IgG). 7 VEGF 
Trap-Eye is a soluble fusion protein that 
combines ligand--binding elements taken 
from the extracellular components of 
VEGF receptors 1 and 2 fused to the Fe 
portion of IgGl. 2 This protein contains all 
human amino acid sequences, which 
minimises the potential for immunogeni
city in human patients. Similar to bev-
acizumab and ranibizumab, VEGF Trap
Eye blocks all isoforms of VECF and 
placental growth factor. In the small 
phase 1, open-label study by Do and 
colleagues, five patients with D1v1O were 
treated with VECF-Trap Eye vvith good 
short-term results and safety. 

One may ask vvhy one should develop 
another extracellular VECF blocker when 
we already have bevacizumab and ranibi
zumab. VECF Trap-Eye has several fea
tures that make it appealing in 
con1.parison with the currently available 
therapeutics. The key feature is the 
binding constant for VECF is approxi
mately 0.5 pM Kd, considerably higher 
than ranibizumab, bevacizumab or even 
native VEGF receptors. This higher bind
ing affinity translates into greater activity 
at lm,ver biological levels, and conse
quently a longer duration of action. 
Some studies have suggested as long as 
10 weeks. 9 This longer duration is very 
important, as diabetic retinopathy is a 
chronic condition, and most patients are 
working. All the anti-VEGF Dtv1O studies 
to date indicate that when the therapy 
was stopped, vision returned to baseline, 
and any gains in retinal thickness and 

- -
fluorescein leakage were reversed. Thus, 
continuous treatment may be necessary 
to maintain the improvements in out
comes. These repeated intravitreal anti
VEGF in1ect1ons will put a strain on both 
the healthcare system and patients. 

With all anti-VECF agents, systemic 
safety needs to be evaluated. All knovvn 
anti-VEGF therapeutics are detectable in 
the systemic circulation, often with levels 
high enough to block all native VEGF. 
Concerns have been raised about systemic 
effects including stroke, myocardial 
infarction and hypertension. Current 
anti-VEGF studies have been too small 
to truly evaluate the safety of these dmgs 
in the general population. \Vhile a recent 
meta-analysis with all the randomised 
ranibizumab studies failed to reveal any 
increased risk of these events, it also does 
not mean there is not an increased risk, 
and we all need to be cognisant of this 
fact (D Boyer, American Academy of 
Ophthalmology Meeting, Atlanta, 
Georgia, 2008). 

Finally, one important fact overlooked 
by many in the ETDRS results and more 
importantly in the statistical planning for 
many current clinical trials for DMO is 
that 85% of the patients in the ETDRS 
could not improve three lines, since they 
had vision better than 20/40 at the start 
of the study. 1 In fact, in a subset of 105 
ETDRS patients with definite centre 
thickening on fundus photographs, less 
severe retinopathy and a visual acuity 
letter score <20/32 at baseline, the 
median change in the visual acuity letter 
score was +4 letters, with 30';{, improving 
10 or more letters at 2 years.'° Similarly, 
the DRCR.net reported at 2 years a rnean 
improvement of 1 letter with 18% gaining 
three or more lines. ·0 So, our old standby, 
laser, really works better than we 
thought! A.ll studies \,vith anti-VEGF to 
date have been too short to truly evaluate 
the long-term efficacy of this treat
ment. The DRCR.net showed us that a 
treatment we thought was better 
than laser was only better in the short 
term, and long-term follow-up was neces
sary to actually show the benefit of laser 
over steroids in this particular patient 
population. Thus, we need to wait for the 
results of ongoing studies with longer 
follow-up before we declare anti-VECF 
therapy a new paradigm in DMO man
agement. 

The addition of VEGF-Trap Eye as a 
possible treatment for DMO is excitrng, 
as it has some appealing features over 
current anti-VEGF therapies. However, 
our enthusiasm has to be tempered by 
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the short-terrn nature of this study, the 
theoretical risks of anti-VECF therapy and 
the possible need for continuous therapy 
to achieve visual gains. Nevertheless, 
there are many patients who do not 
respond to laser, and continued explora
tion into new treatrnents and even treat
ment combinations is warranted. 
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The cover illustration depicts the Lord Shiva, the third god of 
the Hindu Trinity (Trimurti), represented by Lord Brahma, Lord 
Vishnu and Lord Shiva, the Creator, the Preserver and the 
Destroyer of the universe, respectively. Some contend that the 
vvord udestroyer" is used in error as dissolution for creation, as 
auturnn is to spring, is an essential part of the cyclic process of 
creation, preservation, dissolution and re-creation. 

It also symbolises his activity in the metaphysical, spiritual 
\Vorld and represents the pov,rer of knowledge. This eye is seen 
to be the source of his untamed energy. Once while Shiva vvas in 
the midst of worship, the love god, Kama, distracted him. In his 
anger he opened his third eye, and fire from the eye devoured 
Kama, until Parvati (Shiva's wife, also known as Kali mata) 
saved him. For these reasons Shiva is seen as the udestroyet". 
The povver of this eye is so great that it is feared by wrongdoers. 

It is said to have appeared when Parvati playfully blindfolded 
him with her two hands, while he was deep in meditation. 
Immediately the universe plunged into darkness and chaos 
reigned supreme. To prevent impending catastrophe, Shiva 
formed a third eye from which fire emerged to recreate light and 
order, hence saving the world from inevitable disaster. 
Throughout imagery of Shiva this eye is depicted as closed or 
by three horizontal lines in the middle of his forehead. Jv1.any 
Hindus wear a tilak betv,reen the eyebrows to represent the 
third eye, as it is seen as a sign of enlightenment. 

The image of Shiva, as portrayed among Hindus, contains 
conm1on symbols representative of his superiority. One of these 
symbols is his third eye, seen in the centre of his forehead; hence 
he is often referred to as Tryambaka Deva (literally meaning 
"three-eyed lord"). His right eye is believed to be the sun, the left 
eye is the moon and his third eye represents fire. His left and right 
eyes indicate his activity in the physical world. Often Shiva is 
shm'Vn with half open eyes, signifying the never ending, ongoing 
nature of the birth and destruction of the universe. vi/hen the eyes 
are completely closed it signifies the dissolution of the universe 
and when it is completely open a new cycle of creation begins. 

The third eye can detect evil, even when it is not immediately 
apparent and the fire that emanates from it can annihilate eviL 
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Lord Shiva is always shmvn with a snake (Vasuki Naga, 
symbol of yogic powers) coiled three times (for the past, present 
and future) around his neck. 

Neeru Dhillon, Arnn D Singh, Harminder S Dua 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: January 18, 2013 (v21) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: January 2013 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

October 23, 2012 
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Results First Submitted that 

Met QC Criteria: 

Results First Posted: November 22, 2012 

[Estimate] 

CertificationiExtension 

First Submitted: 

CertificationiExtension January 26, 2012 

First Submitted that 

Met QC Criteria: 

CertificationiExtension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that January 18, 2013 

Met QC Criteria: 

Last Update Posted: January 24, 2013 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Data Monitoring: Yes 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 
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Study Design 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

Arms and Interventions 

! Arms I Assigned Interventions I 
j Experimental: Aflibercept Injection (EYLEA, i Biological: Aflibercept Injection (EYLEA, i 
i VEGF Trap-Eye, BAY86-5321) I VEGF Trap-Eye, BAY86-5321) I 
: Participants received a 2 mg dose of I lntravitreal injection. Weeks Oto 20 of I 

I ::~~:;:;e~11~~:::~~=:i;:~Aiay 1 I :~::~~~\::2ct~~:~v=:~;:;:~ I 
i through Week 20, later as often as I (pro re nata, on demand); plus I 
! every 4 weeks depending on the study I additional on Week 60 and 68. I 
i retreatment criteria from Week 24 I Sham treatment I 

through Week 48. Follow-up phase: Sham treatment. Weeks 0 to 52 sham 

Participants on IAI, who continued the treatment every 4 weeks; plus 

study, received 2 mg dose of IAI additional on Week 60 and 68. 

depending on the study retreatment 

criteria at Week 60 and 68. 

i Participants received sham treatment I Sham treatment. Weeks 0 to 52 sham I 
i administered every 4 weeks from Day 1 I treatment every 4 weeks; plus I 
i through Week 52. Follow-up phase: I additional on Week 60 and 68. I 

Participants on sham treatment, who 

switched to lntravitreal Aflibercept 

Injection (IAI), received a 2 mg dose of 

LAI at week 52 and depending on the 
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I~ j _Assignedlnlervenlions_i 

Outcome Measures 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2:: 250 

µm on optical coherence tomography (OCT) 

* Adults 2 18 years 

s Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

s Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

s Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 
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Contacts/Locations 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

* Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parramatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 
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Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wt.irttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Koln, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 
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Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 
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IPDSharing 

References 

Citations: 

Links: 

Available IPD/lnformation: 

Participant Flow 

Reporting Groups 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 

Study Results ] 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1026



Description 
•❖-'¾ 

Aflibercept Injection First, Then Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment First, Then Participants received sham treatment administered 

Aflibercept Injection every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Overall Study 

Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

Started 106 71 

Participants Received 104 n 68 rn 

Treatment 

Fulfilled Requirements of FAS 103 F::J 68 rii 

Population 

Completed Week 24, From 97 57 

FAS 

Completed Week 52, From 91 52 

FAS 

Completed 90 52 

Not Completed 16 19 

Adverse Event 5 5 

Lack of Efficacy 0 5 

Lost to Follow-up 1 0 
"""' 

< > 
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Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

(Overseas travel -

indefinite period) 

Increase in vis. acuity, 0 1 

never injected 

Protocol Violation 5 2 

Withdrawal by Subject 4 6 

p] Safety Population: Participants received treatment 

[2] Full Analysis Set (FAS) Population: Participants received treatment with post baseline 

measurements 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Baseline Measures 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Overall Number of Participants 104 68 172 

Age Continuous Number 104 Participants 68 Participants 172 Participants 

Mean (Standard Deviation) Analyzed 
Unit of measure: Years 

60.0 (12.3) 63.8 (13.3) 61.5 (12.8) 

Sex: Female, Male Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Female 45 43.270/i:, 31 4559% 76 44.19% Unit of measure: 

Participants Male 59 56.73%) 37 54.41%.1 96 55.81% 

Ethnicity (NIH/OMB) Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Unit of measure: Hispanic or 4 3.85% 1 1.47'% 5 2.91% 

Participants Latino 

Not Hispanic 100 96.15°/o 66 97.06'% 166 96.51'% 

or Latino 

Unknown or 00% 1 1.47% 1 0.58%, 

Not Reported 

Baseline Best Corrected >"''"'- Number 104 Participants 68 Participants 172 Participants 

Visual Acuity (BCVA) Analyzed 

letter scores [11 \i 53.5 (15.7) 50.9 (15.4) 52.5 (15.6) 
Mean (Standard Deviation) 

< rr r r rrrr::::::::::;::::::;:.:.:.;.·.·.·.· ......... > 
[1] lnfiormation retrieved from all baseline 

participants. Only participants with a ETDRS 

(Early Treatment Diabetic Retinopathy Study) 

Best Corrected Visual Acuity letter score of 73 

to 25 (= Acuity of 20/40 to 20/320) in the study 

eye at 4 meters were included; a higher score 

represents better functioning. 

104 Participants 68 Participants 172 Patiicipants 
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Aflibercept Sham Total •❖-'¾ 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Number of participants Number 

with baseline retinal Analyzed 

perfusion r11 

Measure type: Number 

Unit of measure: 

Participants 

Perfused 90 54 144 

Non perfused 7 7 14 

Indeterminate 7 7 14 

[1] Retinal perfusion defined as less than 10 disc 

areas of capillary nonperfusion using 

fluorescein angiography (FA) 

Baseline Retinal •❖-\ Number i 04 Participants 68 Participants 172 Participants 

Thickness by Optical Analyzed 

Coherence Tomography 
682.78 638.66 665.34 

{OCT} ~"" (233.36) (224.69) (230.33) 

Baseline intraocular /¾ Number 104 Participants 68 Participants 172 Participants 

pressure 
\/ 

Analyzed 
Mean (Standard Deviation) 

15.2 (2.8) 14.4 (2.7) 14.9 (2.8) < > 
Number of participants Number i 04 Participants 68 Participants 172 Participants 

with time since Central Analyzed 

retinal vein occlusion 

{CRVO) diagnosis 
Measure type: Number 

Unit of measure: 

Participants 

>= 2 months 46 33 79 

< 2 months 56 35 91 
"""' 

< > 
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Baseline National Eye 

Institute 25-item Visual 

Number 
/', 

Function Questionnaire 

(NEI VFQ-25} total scorer"'"" 

Analyzed 

European questionnaire 1,,-~ Number 

dimensions (EQ-5D) total@] Analyzed 

score r·11 \.--' 

Me1:111.{$t1:117dard .. Oeviation) 
< !ii!i!i!ii!i!i!!i!i!i!i:i:i:i::::::::::::::::::::::•:•:•:•······· .) 

Race Number 

Measure type: Number Analyzed 
Unit of measure: 

Participants 

Asian 

White 

Unknown or Not Reported 

Outcome Measures ·· 

1. Primary Outcome Measure: 

I Measure Title 

Aflibercept 

Injection 

(EYLEA, 

VEGF Trap

Eye, BAY86-

5321) 

Sham 

Treatment 

Total 

104 Participants 68 Participants 172 Participants 

79.66 (13.06) 78.94 (14.00) 79.38 (13.40) 

[i] The NEI VFQ-25 total score ranges from 

0-100 with a score of 0 being the worst 

outcome and 100 being the best outcome. 

The NEI VFQ questionnaire is organized as a 

collection of subscales which are all scored 

from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in 

order to give each sub-scale equal weight. 

104 Participants 68 Participants 172 Participants 

0.87 (0.15) 0.86 (0.16) 0.87 (0.15) 

[1] The EQ-5D total score ranges from -0.594 to 

1.000 with -0.594 being the worst. 

104 Participants 68 Participants 172 Patiicipants 

26 15 41 

75 49 124 

3 4 7 
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Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Gained at Least 15 

Letters in BCVA as Measured by ETDRS Letter 

Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 

Evaluated as Failures 

Defined study baseline range of Early Treatment 

Diabetic Retinopathy Study (ETDRS) Best 

Corrected Visual Acuity (BCVA) letter score of 73 

to 24 (= Acuity of 20/40 to 20/320) in the study eye; 

a higher score represents better functioning. 

Nominator= (Number of participants who 

maintained vision " 100); Denominator= Number of 

participants analyzed. 

Baseline and Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Gained at 60.2 22.1 

Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With 

Baseline at Week 24 With Discontinued 

Participants Before Week 24 Evaluated as 

Failures 
Measure Type: Number 

Unit of Measure: Percentage of participants 

Statistical Analysis 1 for Percentage of Participants Who Gained at Least 15 Letters in 

BCVA as Measured by ETDRS Letter Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated as Failures 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis of difference of 

Eylea minus Sham of O was tested. 

In the database close after Week 

24, basis for primary efficacy 

evaluation, 56 Sham / 96 Eylea 

subjects were considered as week 

24 completers. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments [Not specified] 

Hypothesis 
Method Cochran-Mantel-Haenszel 

Comments [Not specified] 

Estimation Parameter CMH adjusted difference 
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Method of Estimated Value 38.3 

Estimation 
Confidence Interval (2-sided) 95% 

24.4 to 52.1 

Estimation Comments The estimate is calculated as Eylea 

2. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

minus Sham. A positive value 

shows Eylea showed a higher 

BCVA total score compared to 

Sham. 

Change From Baseline in BCVA as Measured by 

Early Treatment Diabetic Retinopathy Study 

(ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Defined study baseline range of ETDRS Best 

Corrected Visual Acuity letter score of 73 to 24 (= 

Acuity of 20/40 to 20/320) in the study eye; a higher 

score represents better functioning. However, 

because this was assessed at the screening visit, 

subjects may have had a higher BCVA recorded at 

the baseline visit and would not have been 

excluded from the study. 

Baseline and Week 24 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 
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Sham Treatment 

Measured Values 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BAY86-

5321) 

Overall Number of Participants Analyzed 103 68 

Change From Baseline in BCVA as 71.6(17.1) 54.3 (20.2) 

Measured by Early Treatment Diabetic 

Retinopathy Study (ETDRS) Letter Score at 

Week 24 - Last Observation Carried 

Forward (LOCF) 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: Letters correctly read 

Statistical Analysis 1 for Change From Baseline in BCVA as Measured by Early 

Treatment Diabetic Retinopathy Study (ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Statistical 

Analysis 

Overview 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in BCVA total letter score between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

endpoints were tested in a pre

specified fixed sequence testing 

procedure. Change in BCVA letter 
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score was to be tested first in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As primary efficacy evaluation was 

Hypothesis 
significant, and this p-value was 

below significance level of two-

sided <.05, the fixed sequence 

testing did continue with next 

secondary endpoint. 

Method ANOVA 

Comments ANOVA, adjusting for region and 

baseline BCVA category as fixed 

factors. 

Method of Estimation Parameter Difference in Least square means 

Estimation 
Estimated Value 14.7 

Confidence Interval (2-sided) 95% 

10.8 to 18.7 

Estimation Comments The difference is calculated as 

Eylea minus Sham. A positive 

value indicates Eylea showed a 

higher change in BCVA total score 

until week 24 compared to Sham. 

3. Secondary Outcome Measure: 

Measure Title Change From Baseline in Central Retinal 

Thickness (CRT) at Week 24 - LOCF 

Measure Description 

Time Frame Baseline and Week 24 

Analysis Population Description 
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Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 67 

Change From Baseline in Central Retinal -448.58 (256.02) -169.27 (224.72) 

Thickness (CRT) at Week 24 - LOCF 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: microns 

Statistical Analysis 1 for Change From Baseline in Central Retinal Thickness (CRT) at 

Week 24 - LOCF 

Companson Groups I 
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Statistical Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in central retinal thickness between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

end points were to be tested in a 

pre-specified fixed sequence 

testing procedure. Change in 

central retinal thickness was to be 

tested at second place in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As fixed sequence testing did reject 

Hypothesis 
nullhypothesis of change from 

baseline in BCVA until week 24, 

and this p-value was below 

significance level of two-sided <.05, 

the fixed sequence testing did 

continue with next secondary 

endpoint. 

Method ANCOVA 

Comments ANCOV A, stratified by region and 

baseline BCVA category, baseline 

central retinal thickness added as 

covariate. 

Method of Estimation Parameter Difference in Least square (LS) means 

Estimation 
Estimated Value -239.42 

Confidence Interval (2-sided) 95% 

-286.31 to -192.53 
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Estimation Comments The difference is calculated as 

Eylea minus Sham. A negative 

value indicates Eylea showed a 

higher reduction in change in 

central retinal thickness until week 

24 compared to Sham. 

4. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Developed 

Neovascularization During the First 24 Weeks 

Formation of blood vessels in the anterior segment, 

optic disc, or elsewhere in the fundus up to Week 

24 

From baseline until Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Developed 

Neovascularization During the First 24 

Weeks 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Any neovascularization 2.9 4.4 

Anterior segment neovascularization 1.9 1.5 

Neovascularization of the optic disc (NVD) 0.0 0.0 

Neovascularization elsewhere in the fundus 1.0 2.9 

(NVE) 

Statistical Analysis 1 for Percentage of Participants Who Developed Neovascularization 

During the First 24 Weeks 

Statistical 

Analysis 

Overview 

Statistical 

Test of 

Hypothesis 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Nullhypothesis of no difference in 

development of 

neovascularizations between Eylea 

and Sham group was tested. (Any 

neovascularization) 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

P-Value 0.5947 

Comments As fixed sequence testing did reject 

nullhypothesis of change from 

baseline in CRT until week 24, and 

this p-value was not below 

significance level of two-sided <.05, 
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the fixed sequence testing did end 

with this evaluation. 

Method Cochran-Mantel-Haenszel 

Comments Cochrane-Mantel-Haenszel test, 

stratified by region and baseline 

BCVA category. 

Method of Estimation Parameter CMH adjusted Difference 

Estimation 
Estimated Value -1.5 

Confidence Interval (2-sided) 95% 

-7.4 to 4.4 

Estimation Comments [Not specified] 

5. Secondary Outcome Measure: 

Measure Title Change From Baseline in National Eye Institute 25-

item Visual Function Questionnaire (NEI VFQ-25) 

Total Score at Week 24 - LOCF 

Measure Description The NEI VFQ-25 total score ranges from 0-100 with 

a score of O being the worst outcome and 100 

being the best outcome. The NEI VFQ 

questionnaire is organized as a collection of 

subscales which are all scored from 0-100. To 

reach the overall composite score, each sub-scale 

score is averaged in order to give each sub-scale 

equal weight 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 
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Sham Treatment 

Measured Values 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 96 65 

Change From Baseline in National Eye 7.46 (9.55) 3.55 (9.74) 

Institute 25-item Visual Function 

Questionnaire (NEI VFQ-25) Total Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in National Eye Institute 25-item Visual 

Function Questionnaire (NEI VFQ-25) Total Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Estimation Parameter Difference in LS means 
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Method of Estimated Value 4.2 

Estimation 
Confidence Interval (2-sided) 95% 

1.7 to 6.8 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 

6. Secondary Outcome Measure: 

Measure Title Change From Baseline in European Five-

dimensional Health Scale (EQ-5D) Score at Week 

24 - LOCF 

Measure Description EQ-5D is a quality of life questionnaire based on a 

scale from -0.594 (worst) to 1.00 (best). 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 
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Measured Values 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 95 64 

Change From Baseline in European Five- 0.029 (0. 139) -0.002 (0.195) 

dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in European Five-dimensional Health 

Scale (EQ-5D) Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Method of Estimation Parameter Difference in LS Means 

Estimation 
Estimated Value 0.044 

Confidence Interval (2-sided) 95% 

-0.002 to 0.09 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 
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Reported Adverse Events 

Time Frame [Not specified] 

Adverse Event Reporting [Not specified] 

Description 

Reporting Groups 

Description 

Aflibercept Injection (Until Week 20) Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20. Participants were 

observed until Week 24. Participants in the safety 

population were at risk. 

Sham Treatment (Until Week 20) Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 20. 

Participants were observed until Week 24. 

Participants in the safety population were at risk. 

Aflibercept Injection (Until Week 48) Participants who continued the study drug until Week 

24 received a 2 mg dose of lntravitreal Aflibercept 

Injection (IAI) administered as often as every 4 weeks 

depending on the study retreatment criteria from 

Week 24 through Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Sham Treatment (Until Week 48) Participants who continued the study drug until Week 

24 received sham treatment administered every 4 

weeks from Week 24 to Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Aflibercept Injection Continued Participants on IAI who continued the study drug until 

(Until Week 68) Week 52, received 2 mg dose of IAI depending on the 

study retreatment criteria at Week 52, 60 and 68. 

Participants were observed starting from Week 52. 

Participants in the safety population that completed 

Week 52 were at risk. 
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Sham Treatment Then Aflibercept Participants on sham treatment switched to IAI, 

Injection (Until Week 68) received a 2 mg dose of IAI at Week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. Participants were observed starting from 

Week 52. Participants in the safety population that 

completed Week 52 were at risk. 

All-Cause Mortality 

Afliberd Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior TreatmE lnjectior TreatmE 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 
,"· ~ I ,"· ~ 

Alfect~d// Alfected/, 
,❖· ~ 

Afi'ected/, 
,,,, ~ 

Affected/, 
~ ... ~ 

A ffecti§d/i 
,,,. " 

Affecti§d/i 

Risk(%) Risk (%.1) Risk(%,) Risk(%,) Risk(%) Risk(%)) 
,,,. ~ ,❖- ~ ,❖- "" --❖ "" 

,,,, " ~... ''.\_ 

Total ~ f ·''' """ I .,,, ...... "- I ... ❖ ""· I .,❖ ."'- I _,,,· ~1> I I 

Serious Adverse Events 

AflibercE 
i 

Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Affec~cd Affectid/, _,,. "" 
Affected/, 

,,,. "" 
Affected/, 

❖:· "» 
Affected/, 

❖- "» 
Atl'ectMh 

Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 
,,,. " 

8'/1 O'~ 
,,,. "" 
'8/6g t4/97 <t1sr il9f ~/5~ 

(7.69%) (11.76% (14.43'1/o (12.28% (4.4%) (5.77%) 

Cardiac disorders < } < "» .......... < "» .......... 

Aortic valve incompetence A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Cardiac failure A* 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

l5i'1d¾ 1)/6~ 1)/9/' tJl5"t tJJ9t i/5~ 
(0%) (0%) (0'1/o) (0%) (0%) (1.92%) 

Coronary artery stenosis A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Diastolic dysfunction A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Mitra! valve incompetence A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Eye disorders 

Blindness unilateral A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Glaucoma .tv 0/104 1/68 0/97 1/57 0/91 0/52 

(0%) (1 .47%) (0%) (1.75%) (0%) (0%) 

Iris neovascularisation A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Macular fibrosis A, 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular ischaemia A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular oedema A* 0/104 2/68 4/97 0/57 1/91 0/52 

(0%) (2.94%) (4.12%) (0%) (1.1%) (0%) 

Retinal vein occlusion A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Visual acuity reduced A• 0/104 1/68 1/97 0/57 2/91 0/52 

(0%) (1.47%) (1.03%) (0%) (2.2%) (0%) 

Vitreous detachment A• 1/104 0/68 0/97 0/57 0/91 0/52 """' 

> 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Vitreous haemorrhage A, 6110\ ~/6~ 
,,,. ~ 

'1191 ~/51 
,,,. ~ 

C)/91' 
-❖- ~ 
Q/51 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Gastrointestinal disorders 

Diverticular perforation A• 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0%) (1.1%) (0%) 

Hepatobiliary disorders 

Hepatic function abnormal .tv 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Infections and infestations 

Furuncle A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Gastroenteritis A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

Pneumonia A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Vestibular neuronitis A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Injury, poisoning and procedural complications 

Fall .tv 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Femur fracture A, 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Hand fracture A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Humerus fracture A* 0/104 1/68 1/97 0/57 0/91 0/52 
"""' mo;,...) (1 47%) (1 O:s%) (()%) (()%) m 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Radius fracture A• cf/1~ i/6~ fJ/9/' fJ/5/' '6!9f '©!52' 
(0%) (1.47%) (0%) (0%) (0%) (0%) 

Spinal compression fracture A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Musculoskeletal and connective tissue disorders 

lntervertebral disc protrusion A* 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal column stenosis A* 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0'1/o) (1.1%) (0%) 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Breast cancer A• 0/104 0/68 1/97 0157 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Oropharyngeal cancer stage 1/104 0/68 0/97 0/57 0/91 0/52 

unspecified A• (0.96%) (0%) (0%) (0%) (0%) (0%) 

Nervous system disorders 

Paraesthesia A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Syncope A* 0/104 0/68 1/97 2/57 0/91 0/52 

(0%) (0%) (1.03%) (3.51 %) (0%) (0%) 

Transient ischaemic attack A* 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Respiratory, thoracic and mediastinal disorders 

Dyspnoea A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Laryngeal granuloma A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

i 
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AflibercE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Pulmonary hypertension A• ~1 ())i tl/6~ tl/9/' 
(0%) (0%) (0%) 

Surgical and medical procedures 

lschaemic heart disease 1/104 0/68 0/97 

prophylaxis A• (0.96%) (0%) (0%) 

Vascular disorders 

Circulatory collapse A• 1/104 0/68 0/97 

(0.96%) (0%) (0%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Other Adverse Events 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

fJ/5/' '6!9f 
(0%) (0%) 

0/57 0/91 

(0%) (0%) 

0/57 0/91 

(0%) (0%) 

Frequency Threshold Above Which Other Adverse Events are Reported: 5% 

AflibercE 
i 

Sham Afliberci Sham Afliberci 

lnjectior Treatme lnjectior Treatme lnjectiot 

(Until (Until (Until (Until Continu 

Week Week Week Week (Until 

20) 20) 48) 48) Week 

68) 

Alfuct&ii/ Alfuct~i, 
,,,. ~ 

AffuctM/, 
,,,. ~ 

Affected/1 
❖-- ~ 

Affected/1 
Risk(%)) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 5i11~ '41e~ ~IS~ '1o1s~ 
,,,. ~ 

18/S~ 

(50%) (64.71% (68.04% (52.63% (41.76% 

Blood and lymphatic system disorders < ~ ....... < } < } < } 

Anaemia A• 1/104 0/68 0/97 3/57 0/91 

(0.96%) (0%) (0%) (5.26%) (0%) 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

~/52 
(1.92%) 

0/52 

(0%) 

0/52 

(0%) 

Sham 

Treatme 

Then 

AflibercE 

lnjectior 

(Until 

Week 

68) 
,,,. ~ 

Alfected/J 
Risk(%) 

❖,,. ~ 

1'9/5'2 
(36.54% 

< > 

0/52 

(0%) 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Eye disorders < ), < > < > < ";, . ,,, < ";, ., ...... < > 
Conjunctival haemorrhage A• 10/104 3/68 3/97 0/57 9/91 3/52 

(9.62%) (4.41%) (3.09%) (0%) (9.89%) (5.77%) 

Eye irritation A• 3/104 7/68 4/97 1/57 1/91 2/52 

(2.88%) (10.29% (4.12%) (1.75%) (1.1%) (3.85%) 

"'" "" Eye pain A• 12/104 3/6$ 6/97 2/57 1/91 0/52 

(11.54% (4.41%) (6.19%) (3.51 %) (1.1%) (0%) 

Foreign body sensation in eyes A• 
,,,. "" 

~10'4 5/68 2/97 0/57 1/91 0/52 

(5.77%) (7.35%) (2.06%) (0%) (1.1%) (0%) 

Lacrimation increased A* 3/104 4/68 3/97 4/57 1/91 2/52 

(2.88%) (5.88%) (3.09%) (7.02%) (1.1%) (3.85%) 

Macular fibrosis .tv 1/104 1/68 5/97 4/57 0/91 3/52 

(0.96%) (1.47%) (5.15%) (7.02%) (0%) (5.77%) 

Macular ischaemia .tv 7/104 5/68 3/97 1/57 0/91 1/52 

(6.73%) (7.35%) (3.09%) (1.75%) (0%) (1.92%) 

Macular oedema A, 2/104 9/68 30/97 7/57 17/91 2/52 

(1.92%) (13.24% (30.93% (12.28% (18.68% (3.85%) 

Ocular hyperaemia A* 5/104 1t168' ~/97' t/57' ,,,. "' 
4/91' 1/52 

(4.81 %) (5.88%) (2.06%) (1.75%) (4.4%) (1.92%) 

Optic disc vascular disorder A* 5/104 3/68 3/97 3/57 0/91 0/52 

(4.81 %) (4.41%) (3.09%) (5.26%) (0%) (0%) 

Retinal exudates A* 8/104 5/68 4/97 3/57 0/91 0/52 

(7.69%) (7.35%) (4.12%) (5.26%) (0%) (0%) 

Retinal haemorrhage A• 4/104 6/68 11/97 5/57 5/91 2/52 

(3.85%) (8.82%) (11.34% (8.77%) (5.49%) (3.85%) 

Retinal vascular disorder A• 6/104 7/68 
,❖' 'I. 

1'0/9'1 2/57 0/91 2/52 """' 

> 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Visual acuity reduced A• 211 al ,❖- ~ 

7/6$ 
,❖- ~ 

ffi/9'7 
❖-- ~ 
1151 

,,,, " 
7/9f 

~... ''.\_ 

,151 
(1.92%) (10.29% (10.31 % (1.75%) (7.69%) (1.92%) 

❖-· " ❖-· "" Vitreous detachment A• 2/104 ,1ee 7191 0/57 0/91 0/52 

(1.92':lo) (1.47%) (7.22%) (0%) (0%) (0%) 

Vitreous floaters A• 6/104 0/68 1/97 1/57 1/91 1/52 

(5.77%) (0%) (1.03%) (1 .75%) (1.1%) (1.92%) 

Gastrointestinal disorders 

Nausea A* 0/104 1/68 0/97 3/57 0/91 0/52 

(0%) (1.47%) (0%) (5.26%) (0%) (0%) 

Infections and infestations 

Influenza A• 2/104 0/68 5/97 1/57 1/91 1/52 

(1.92%) (0%) (5.15%) (1.75%) (1.1%) (1.92%) 

Nasopharyngitis A• 8/104 6/68 10/97 11/57 4/91 2/52 

(7.69%) (8.82%) (10.31% (19.3%) (4.4%) (3.85%) 

Investigations < ' .......... 

lntraocular pressure increased A• 9/104 4/68 14/97 2/57 2/91 1/52 

(8.65%) (5.88%) (14.43% (3.51 %) (2.2%) (1.92%) 

Visual acuity tests abnormal A• 0/104 1/68 '5!97' 0/57 1/91 0/52 

(0%) (1 .47%) (5.15%) (0%) (1.1%) (0%) 

Musculoskeletal and connective tissue disorders 

Arthralgia A• 1/104 5/68 2/97 1/57 2/91 0/52 

(0.96%) (7.35%) (2.06%) (1.75%) (2.2%) (0%) 

Nervous system disorders 

Headache A• 7/104 4/68 4/97 1/57 1/91 1/52 

(6.73%) (5.88%) (4.12%) (1.75%) (1.1%) (1.92%) 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Vascular disorders < ~ ....... < > < ~ ....... 

Hypertension A, 4/104 3/68 4/97 

(3.85%) (4.41 %) (4.12%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Limitations and Caveats 

[Not specified] 

More Information 

Certain Agreements: 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

( ~ ....... < > 
4/57 3/91 

(7.02%) (3.3%) 

Principal Investigators are NOT employed by the organization sponsoring the study. 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

{ } 

2/52 

(3.85%) 

There IS an agreement between the Principal Investigator and the Sponsor (or its agents) 

that restricts the Pl's rights to discuss or publish trial results after the trial is completed. 

Publishing of result communication only after Bayer's written approval. Manuscript to Bayer 

sixty days before public release. If no written Bayer comment within 60 days consider 

approval given. If multi-site study, principal investigator (Pl) not do independently publish 

results before publication of the multi-site paper, but Pl not restricted from 24 months from 

study to completion onwards. 

Results Point of Contact: 

Name/Official Title: Therapeutic Area Head 

Organization: BAYER 

Phone: 

Email: clinical-trials-contact@bayerhealthcare.com 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: January 25, 2011 (v12) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: January 2011 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that January 25, 2011 

Met QC Criteria: 
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Last Update Posted: January 26, 2011 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1058



I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1060



Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: January 26, 2012 (v17) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Study Status 

Record Verification: January 2012 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Certification/Extension January 26, 2012 

First Submitted: 
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Certification/Extension January 26, 2012 

First Submitted that 

Met QC Criteria: 

Certification/Extension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that January 26, 2012 

Met QC Criteria: 

Last Update Posted: January 30, 2012 [Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Data Monitoring: Yes 

Study Description 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 
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Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

: Arms I Assigned Interventions I 
i Experimental: Arm 1 j Biological: VEGF Trap-Eye (BAY86-5321) j 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) injection 

of VEGF Trap-Eye or sham injection; 

last visit (no treatment) at week 76. 

i Sham Comparator: Arm 2 I Sham treatment I 

Outcome Measures 

Primary Outcome Measures: 

Sham treatment. Weeks O to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no treatment) 

at week 76. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS 

chart compared with baseline at the Week 24 endpoint 

Week24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week24 
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3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2 250 

µm on optical coherence tomography (OCT) 

s Adults 2 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizurnab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 
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Contacts/Locations 

• CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 
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Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1072



Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 
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IPDSharing 

Plan to Share IPD: 

References 

Citations: 

Links: 

Available IPD/lnformation: 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 7 44 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: January 30, 2014 (v22) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: January 2014 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

October 23, 2012 
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Results First Submitted that 

Met QC Criteria: 

Results First Posted: November 22, 2012 

[Estimate] 

CertificationiExtension 

First Submitted: 

CertificationiExtension January 26, 2012 

First Submitted that 

Met QC Criteria: 

CertificationiExtension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that January 30, 2014 

Met QC Criteria: 

Last Update Posted: March 5, 2014 [Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: Sponsor 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Data Monitoring: Yes 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 
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Study Design 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

Arms and Interventions 

! Arms I Assigned Interventions I 
j Experimental: Aflibercept Injection (EYLEA, i Biological: Aflibercept Injection (EYLEA, i 
i VEGF Trap-Eye, BAY86-5321) I VEGF Trap-Eye, BAY86-5321) I 
: Participants received a 2 mg dose of I lntravitreal injection. Weeks Oto 20 of I 

I ::~~:;:;e~11~~:::~~=:i;:~Aiay 1 I :~::~~~\::2ct~~:~v=:~;:;:~ I 
i through Week 20, later as often as I (pro re nata, on demand); plus I 
! every 4 weeks depending on the study I additional on Week 60 and 68. I 
i retreatment criteria from Week 24 I Sham treatment I 

through Week 48. Follow-up phase: Sham treatment. Weeks 0 to 52 sham 

Participants on IAI, who continued the treatment every 4 weeks; plus 

study, received 2 mg dose of IAI additional on Week 60 and 68. 

depending on the study retreatment 

criteria at Week 60 and 68. 

i Participants received sham treatment I Sham treatment. Weeks 0 to 52 sham I 
i administered every 4 weeks from Day 1 I treatment every 4 weeks; plus I 
i through Week 52. Follow-up phase: I additional on Week 60 and 68. I 

Participants on sham treatment, who 

switched to lntravitreal Aflibercept 

Injection (IAI), received a 2 mg dose of 

LAI at week 52 and depending on the 
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I~ j _Assignedlnlervenlions_i 

Outcome Measures 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2:: 250 

µm on optical coherence tomography (OCT) 

* Adults 2 18 years 

s Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

s Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

s Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 
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Contacts/Locations 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

* Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parramatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1082



Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wt.irttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Koln, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 
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Study Results 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

] 
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Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

Started 106 71 

Participants Received 104 fll 68 Pl 

Treatment 

Fulfilled Requirements of FAS 103 f2l 68 m 
Population 

Completed Week 24, From 97 57 

FAS 

Completed Week 52, From 91 52 

FAS 

Completed 90 52 

Not Completed 16 19 

Adverse Event 5 5 

Lack of Efficacy 0 5 

Lost to Follow-up 1 0 

(Overseas travel - 1 0 

indefinite period) 

Increase in vis. acuity, 0 1 

never injected 

Protocol Violation 5 2 

Withdrawal by Subject 4 6 

p] Safety Population: Participants received treatment 

[:Z] Full Analysis Set (FAS) Population: Participants received treatment with post baseline 

measurements 

Baseline Characteristics 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 
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Sham Treatment 

Baseline Measures 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Overall Number of Participants 104 68 172 

Age, Continuous Number 104 Participants 68 Participants 172 Patiicipants 

Mean (Standard Deviation) Analyzed 
Unit of measure: Years 

60.0 (12.3) 63.8 (13.3) 61.5 (12.8) 

Sex: Female, Male Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Female 45 43.27% 31 45.591}'0 76 44.19% Unit of measure: 

Participants Male 59 56.73% 3754.41% 96 55.81% 

Ethnicity (NIH/OMB} Number 104 Participants 68 Participants 172 Patiicipants 

Measure type: Count of Analyzed 
Participants 

Unit of measure: Hispanic or 4 3.85% 1 1.47% 5 2.91%, 

Participants Latino 

Not Hispanic 100 96.15% 66 97.06% 166 96.51% 

or Latino 

00% 1 1.47% 1 0.58% 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Unknown or 

Not Reported 

Baseline Best Corrected ~'""'- Number 104 Participants 68 Participants 172 Participants 

Visual Acuity (BCVA) t Analyzed 

letter scores t1l \.❖' 53.5 (15.7) 50.9 (15.4) 52.5 (15.6) 
M_ea.11_($ta.11d_a_rcl __ peviation) ,( ;::::::,:.;.;.;·.·.·.···· 

"" ....... 

[1] lnfiormation retrieved from all baseline 

participants. Only participants with a ETDRS 

(Early Treatment Diabetic Retinopathy Study) 

Best Corrected Visual Acuity letter score of 73 

to 25 (= Acuity of 20/40 to 20/320) in the study 

eye at 4 meters were included; a higher score 

represents better functioning. 

Number of participants Number 104 Participants 68 Participants 172 Participants 

with baseline retinal Analyzed 

perfusion [iJ 

Measure type: Number 

Unit of measure: 

Participants 

Perfused 90 54 144 

Non perfused 7 7 14 

Indeterminate 7 7 14 

[1] Retinal perfusion defined as less than 10 disc 

areas of capillary nonperfusion using 

fluorescein angiography (FA) 

Baseline Retina.I ,,,.,,,,,_ Number 104 Participants 68 Participants 172 Participants 

Thickness by Optical •••••••••••• Analyzed 

Coherence Tomography 
682.78 638.66 665.34 

(OCT) \i 
(233.36) (224.69) (230.33) 

P\.1,:,,::rn t<::t::lnd,::ar-rl n,:,"i!Cltinn\ < ) .;.;.;········· > 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Baseline intra.ocular Number 104 Participants 68 Participants 172 Participants 
/', 

pressure Analyzed 
,,,/ 

Mean (Standard Deviation) 
15.2 (2.8) 14.4 (2.7) 14.9 (2.8) ,,,. } } '\. 

Number of participants Number i 04 Participants 68 Participants 172 Participants 

with time since Central Analyzed 

retinal vein occlusion 

(CRVO) diagnosis 
Measure type: Number 

Unit of measure: 

Participants 

>= 2 months 46 33 79 

< 2 months 56 35 91 

Missing 2 0 2 

Baseline National Eye /'\ Number 104 Participants 68 Participants 172 Participants 

Institute 25-item Visual r Analyzed 

Function Questionnaire 
79.66 (13.06) 78.94 (14.00) 79.38 (13.40) ,,,/ 

(NEI VFQ-25} total score t 
{ } ) 

[1] The NEI VFQ-25 total score ranges from 

0-100 with a score of 0 being the worst 

outcome and 100 being the best outcome. 

The NEI VFQ questionnaire is organized as a 

collection of subscales which are all scored 

from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in 

order to give each sub-scale equal weight. 

European questionnaire 5 Number 104 Participants 68 Participants 172 Participants 

dimensions (EQ-50) total Analyzed 

score r11 
0.87 (0.15) 0.86 (0.16) 0.87 (0.15) 

Mean (Standard Deviation) 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Unit of measure: score on a 

scale 

[1] The EQ-5D total score ranges from -0.594 to 

1.000 with -0.594 being the worst. 

Race Number 104 Participants 68 Participants 172 Patiicipants 

Measure type: Number Analyzed 
Unit of measure: 

Participants 

Asian 26 15 41 

White 75 49 124 

Unknown or Not Reported 3 4 7 

Outcome Measures 

1. Primary Outcome Measure: 

Measure Title Percentage of Participants Who Gained at Least 15 

Letters in BCVA as Measured by ETDRS Letter Score 

Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated 

as Failures 

Measure Description Defined study baseline range of Early Treatment 

Diabetic Retinopathy Study (ETDRS) Best Corrected 

Visual Acuity (BCVA) letter score of 73 to 24 (= Acuity 

of 20/40 to 20/320) in the study eye; a higher score 

represents better functioning. Nominator= (Number 

of participants who maintained vision * 100); 

Denominator= Number of participants analyzed. 

Time Frame Baseline and Week 24 

Analysis Population Description 
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Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321) 

Sham Treatment 

Measured Values 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Gained at 60.2 22.1 

Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With 

Baseline at Week 24 With Discontinued 

Participants Before Week 24 Evaluated as 

Failures 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Statistical Analysis 1 for Percentage of Participants Who Gained at Least 15 Letters in 

BCVA as Measured by ETDRS Letter Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated as Failures 
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Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321 ), Sham Treatment 

Overview 
Comments Null hypothesis of difference of Eylea 

minus Sham of O was tested. In the 

database close after Week 24, basis 

for primary efficacy evaluation, 56 

Sham / 96 Eylea subjects were 

considered as week 24 completers. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments [Not specified] 

Hypothesis 
Method Cochran-Mantel-Haenszel 

Comments [Not specified] 

Method of Estimation Parameter CMH adjusted difference 

Estimation 
Estimated Value 38.3 

Confidence Interval (2-sided) 95% 

24.4 to 52.1 

Estimation Comments The estimate is calculated as Eylea 

minus Sham. A positive value shows 

Eylea showed a higher BCVA total 

score compared to Sham. 

2. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Change From Baseline in BCVA as Measured by 

Early Treatment Diabetic Retinopathy Study (ETDRS) 

Letter Score at Week 24 - Last Observation Carried 

Forward (LOCF) 

Defined study baseline range of ETDRS Best 

Corrected Visual Acuity letter score of 73 to 24 (= 

Acuity of 20/40 to 20/320) in the study eye; a higher 

score represents better functioning. However, 

because this was assessed at the screening visit, 
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Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

subjects may have had a higher BCVA recorded at 

the baseline visit and would not have been excluded 

from the study. 

Baseline and Week 24 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Sham Treatment 

Measured Values 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection 

(EYLEA, VEGF Trap

Eye, BAY86-5321) 

Sham Treatment 

Overall Number of Participants Analyzed 103 68 

Change From Baseline in BCVA as 

Measured by Early Treatment Diabetic 

Retinopathy Study (ETDRS) Letter Score at 

Week 24 - Last Observation Carried 

Forward (LOCF) 
Measure Type: Mean (Standard Deviation) 

71.6(17.1) 54.3 (20.2) 
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Statistical Analysis 1 for Change From Baseline in BCVA as Measured by Early Treatment 

Diabetic Retinopathy Study (ETDRS) Letter Score at Week 24 - Last Observation Carried 

Forward (LOCF) 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments Null hypothesis was equality in 

change from baseline to Week 24 in 

BCVA total letter score between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

endpoints were tested in a pre-

specified fixed sequence testing 

procedure. Change in BCVA letter 

score was to be tested first in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As primary efficacy evaluation was 

Hypothesis 
significant, and this p-value was 

below significance level of two-sided 

<.05, the fixed sequence testing did 

continue with next secondary 

endpoint. 

Method ANOVA 

Comments ANOV A, adjusting for region and 

baseline BCVA category as fixed 

factors. 

Method of Estimation Parameter Difference in Least square means 

Estimation 
Estimated Value 14.7 

Confidence Interval (2-sided) 95% 

10.8 to 18.7 

Estimation Comments The difference is calculated as Eylea 

minus Sham. A positive value 
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3. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

indicates Eylea showed a higher 

change in BCVA total score until 

week 24 compared to Sham. 

Change From Baseline in Central Retinal Thickness 

(CRT) at Week 24 - LOCF 

Baseline and Week 24 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (LAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 103 67 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Change From Baseline in Central Retinal -448.58 (256.02) -169.27 (224.72) 

Thickness (CRT) at Week 24 - LOCF 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: microns 

Statistical Analysis 1 for Change From Baseline in Central Retinal Thickness (CRT) at 

Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments Null hypothesis was equality in 

change from baseline to Week 24 in 

central retinal thickness between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

end points were to be tested in a pre-

specified fixed sequence testing 

procedure. Change in central retinal 

thickness was to be tested at second 

place in this sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As fixed sequence testing did reject 

Hypothesis 
nullhypothesis of change from 

baseline in BCVA until week 24, and 

this p-value was below significance 

level of two-sided <.05, the fixed 

sequence testing did continue with 

next secondary endpoint. 

Method ANCOVA 

Comments ANCOV A, stratified by region and 

baseline BCVA category, baseline 
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central retinal thickness added as 

covariate. 

Method of Estimation Parameter Difference in Least square (LS) means 

Estimation 
Estimated Value -239.42 

Confidence Interval (2-sided) 95% 

-286.31 to-192.53 

Estimation Comments The difference is calculated as Eylea 

4. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321) 

Sham Treatment 

minus Sham. A negative value 

indicates Eylea showed a higher 

reduction in change in central retinal 

thickness until week 24 compared to 

Sham. 

Percentage of Participants Who Developed 

Neovascularization During the First 24 Weeks 

Formation of blood vessels in the anterior segment, 

optic disc, or elsewhere in the fundus up to Week 24 

From baseline until Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-
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Measured Values 

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BA Y86-5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Developed 

Neovascularization During the First 24 

Weeks 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Any neovascularization 2.9 4A 

Anterior segment neovascularization 1.9 1.5 

Neovascularization of the optic disc (NVD) 0.0 0.0 

Neovascularization elsewhere in the fundus 1.0 2.9 

(NVE) 

Statistical Analysis 1 for Percentage of Participants Who Developed Neovascularization 

During the First 24 Weeks 

Statistical 

Analysis 

Overview 

Statistical 

Test of 

Hypothesis 

Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Eye, BAY86-5321 ), Sham Treatment 

Comments Nullhypothesis of no difference in 

development of neovascularizations 

between Eylea and Sham group was 

tested. (Any neovascularization) 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

P-Value 0.5947 

Comments 
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As fixed sequence testing did reject 

nullhypothesis of change from 

baseline in CRT until week 24, and 

this p-value was not below 

significance level of two-sided <.05, 

the fixed sequence testing did end 

with this evaluation. 

Method Cochran-Mantel-Haenszel 

Comments Cochrane-Mantel-Haenszel test, 

stratified by region and baseline 

BCVA category. 

Method of Estimation Parameter CMH adjusted Difference 

Estimation 
Estimated Value -1.5 

Confidence Interval (2-sided) 95% 

-7.4 to 4A 

Estimation Comments [Not specified] 

5. Secondary Outcome Measure: 

Measure Title Change From Baseline in National Eye Institute 25-

item Visual Function Questionnaire (NEI VFQ-25) 

Total Score at Week 24 - LOCF 

Measure Description The NEI VFQ-25 total score ranges from 0-100 with a 

score of 0 being the worst outcome and 100 being the 

best outcome. The NEI VFQ questionnaire is 

organized as a collection of subscales which are all 

scored from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in order to 

give each sub-scale equal weight 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 
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Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 96 65 

Change From Baseline in National Eye 7.46 (9.55) 3.55 (9.74) 

Institute 25-item Visual Function 

Questionnaire (NEI VFQ-25) Total Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in National Eye Institute 25-item Visual 

Function Questionnaire (NEI VFQ-25) Total Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 
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Method of Estimation Parameter Difference in LS means 

Estimation 
Estimated Value 4.2 

Confidence Interval (2-sided) 95% 

1.7to6.8 

Estimation Comments As the fixed sequence of secondary 

endpoints stopped with proportion of 

neovascularizations developed until 

week 24, 95% confidence interval is 

only of descriptive nature. 

6. Secondary Outcome Measure: 

Measure Title Change From Baseline in European Five-dimensional 

Health Scale (EQ-5D) Score at Week 24 - LOCF 

Measure Description EQ-5D is a quality of life questionnaire based on a 

scale from -0.594 (worst) to 1.00 (best). 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 
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Measured Values 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 95 64 

Change From Baseline in European Five- 0.029 (0.139) -0.002 (0.195) 

dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in European Five-dimensional Health Scale 

(EQ-5D) Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321 ), Sham Treatment 

Overview 
Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Method of Estimation Parameter Difference in LS Means 

Estimation 
Estimated Value 0.044 

Confidence Interval (2-sided) 95% 

-0.002 to 0.09 

Estimation Comments As the fixed sequence of secondary 

endpoints stopped with proportion of 

neovascularizations developed until 

week 24, 95% confidence interval is 

only of descriptive nature. 

Reported Adverse Events 

Time Frame [Not specified] 

[Not specified] 
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!Adverse Event Reporting 

Description 

Reporting Groups 

Aflibercept Injection (Until Week 20) 

Sham Treatment (Until Week 20) 

Aflibercept Injection (Until Week 48) 

Sham Treatment (Until Week 48) 

Aflibercept Injection Continued 

(Until Week 68) 

Sham Treatment Then Aflibercept 

Injection (Until Week 68) 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20. Participants were 

observed until Week 24. Participants in the safety 

population were at risk. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 20. 

Participants were observed until Week 24. 

Participants in the safety population were at risk. 

Participants who continued the study drug until Week 

24 received a 2 mg dose of lntravitreal Aflibercept 

Injection (IAI) administered as often as every 4 weeks 

depending on the study retreatment criteria from 

Week 24 through Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Participants who continued the study drug until Week 

24 received sham treatment administered every 4 

weeks from Week 24 to Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Participants on IAI who continued the study drug until 

Week 52, received 2 mg dose of IAI depending on the 

study retreatment criteria at Week 52, 60 and 68. 

Participants were observed starting from Week 52. 

Participants in the safety population that completed 

Week 52 were at risk. 

Participants on sham treatment switched to IAI, 

received a 2 mg dose of IAI at Week 52 and 

depending on the study retreatment criteria at Week 
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All-Cause Mortality 

Total 

Serious Adverse Events 

Total 

Cardiac disorders 

Aortic valve incompetence A• 

Cardiac failure A• 

Coronary artery stenosis A• 

60 and 68. Participants were observed starting from 

Week 52. Participants in the safety population that 

completed Week 52 were at risk. 

AflibercE 
I 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior TreatmE lnjectior TreatmE 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Alfuct&ii/ Alfuct~i, 
,,,. "" 

AffuctM/, 
,,,. "" 

Atrected/1 ❖-- "" AiTocted/1 
,,,. "" 

AiTocted/J 
Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) Risk (°Ii:,) 

,,,. "" <1> </> <;> <;> ❖,·· "" 

""" I "' I ""' I ,,,, 

Afliberd Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 
❖'" "" I ❖'" "" 

Al'recttid// Al'rected/, ❖'" "" Al'rected/, 
,,''" "" 

Affected/, 
~' ~ 

Affected/1 
,,,. " 

Affecttd/1 

Risk(%) Risk(%) Risk(%) Risk(%) Risk (0/o) Risk(%) 

~10\ 
,❖' "" 

'8/68 
,❖' "" 

til/9'7 
,❖' "" 

7151 
,,,. " 
4/91' 

~... ''.\_ 

'3!51 
(7.69%) (11.76% (14.43% (12.28% (4.4%) (5.77%) 

< > < "" ....... ( "" ....... 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 
I 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Diastolic dysfunction A• ~1 ())i tl/6~ tl/9/' fJ/5/' '6!9f ~/52 
(0%) (0%) (0%) (0%) (0%) (1.92%) 

Mitral valve incompetence A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Eye disorders 

Blindness unilateral A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Glaucoma A* 0/104 1/68 0/97 1/57 0/91 0/52 

(0%) (1.47%) (0%) (1.75%) (0%) (0%) 

Iris neovascularisation A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Macular fibrosis A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular ischaemia A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular oedema A• 0/104 2/68 4/97 0/57 1/91 0/52 

(0%) (2.94%) (4.12%) (0%) (1.1%) (0%) 

Retinal vein occlusion A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Visual acuity reduced A• 0/104 1/68 1/97 0/57 2/91 0/52 

(0%) (1.47%) (1.03%) (0%) (2.2%) (0%) 

Vitreous detachment A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Vitreous haemorrhage A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Gastrointestinal disorders 

I I I I I I 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Diverticular perforation A• ~1 ())i tl/6~ tl/9/' fJ/5/' itl/9f '©!52' 
(0%) (0%) (0%) (0%) (1.1%) (0%) 

Hepatobiliary disorders 

Hepatic function abnormal "' 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Infections and infestations 

Furuncle A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Gastroenteritis A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Pneumonia A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1 .47%) (1.03%) (1.75%) (0%) (0%) 

Vestibular neuronitis A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Injury, poisoning and procedural complications 

Fall"' 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Femur fracture"* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0'1/o) (0%) (1.92%) 

Hand fracture A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Humerus fracture A* 0/104 1/68 1i97 0/57 0/91 0/52 

(0%) (1 .47%) (1.03%) (0%) (0%) (0%) 

Radius fracture A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal compression fracture A• 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

1/1~ tl/6~ tl/9/' fJ/5/' '6!9f '©!52' 
(0.96%) (0%) (0%) (0%) (0%) (0%) 

Musculoskeletal and connective tissue disorders 

lntervertebral disc protrusion"' 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal column stenosis "* 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0%) (1.1%) (0%) 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Breast cancer A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Oropharyngeal cancer stage 1/104 0/68 0/97 0/57 0/91 0/52 

unspecified A• (0.96%) (0%) (0%) (0%) (0%) (0%) 

Nervous system disorders 

Paraesthesia "' 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Syncope"' 0/104 0/68 1/97 2/57 0/91 0/52 

(0%) (0%) (1.03%) (3.51 %) (0%) (0%) 

Transient ischaemic attack"* 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Respiratory, thoracic and mediastinal disorders 

Dyspnoea A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Laryngeal granuloma A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

Pulmonary hypertension A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Surgical and medical procedures < ~ ....... < > < ~ ....... 

lschaemic heart disease 1/104 0/68 0/97 

prophylaxis A• (0.96%) (0%) (0%) 

Vascular disorders 

Circulatory collapse A* 1/104 0/68 0/97 

(0.96%) (0%) (0%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Other Adverse Events 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

( ~ ....... < > 
0/57 0/91 

(0%) (0%) 

0/57 0/91 

(0%) (0%) 

Frequency Threshold Above Which Other Adverse Events are Reported: 5% 

AflibercE 
i 

Sham Afliberci Sham Afliberci 

lnjectior Treatme lnjectior Treatme lnjectiot 

(Until (Until (Until (Until Continu 

Week Week Week Week (Until 

20) 20) 48) 48) Week 

68) 

,,,. >< I ,,,. ·'>, 

Affecti:idh Affect~di, 
,,,. ~ 

Affected/, 
❖'· ~ 

Affected/J 
,,,. ~ 

Affected/1 

Risk(%) Risk('%) Risk(%) Risk(%) Risk(%) 
~... ''.\_ 

f41e~ ~/9~ fats~ ~/91 Total 5~/1d4 

(50%) (64.71% (68.04% (52.63% (41.76% 

Blood and lymphatic system disorders < ) < ) < ) < > 
Anaemia A* 1/104 0/68 0/97 3/57 0/91 

(0.96%) (0%) (0%) (5.26%) (0%) 

Eye disorders 

Conjunctiva! haemorrhage A• I I I I 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

{ } 

0/52 

(0%) 

0/52 

(0%) 

Sham 

Treatme 

Then 

AflibercE 

lnjectior 

(Until 

Week 

68) 
,❖• ~ 

Alfected/i 

Risk(%) 

-fu1s2 
(36.54% 

{ ~ 
' 

~,, .. 

0/52 

(0%) 

I 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

1{j11 t)-4 ~/6~ ~19!' tiJl5"t '§/gt 1/5~ 
(9.62%) (4.41%) (3.09%) (0%) (9.89':lo) (5.77%) 

Eye irritation A* 3/104 7/68 4/97 1/57 1/91 2/52 

(2.88%) (10.29% (4.12%) (1.75%) (1.1%) (3.85%) 

Eye pain A* 12/104 ~1es 6/97 2/57 1/91 0/52 

(11.54% (4.41%) (6.19%) (3.51 %) (1.1%) (0%) 

Foreign body sensation in eyes A• 
,❖- ~ 

&710'tl 5/68 2/97 0/57 1/91 0/52 

(5.77%) (7.35%) (2.06%) (0%) (1.1%) (0%) 

Lacrimation increased A• 3/104 4/68 3/97 4/57 1/91 2/52 

(2.88%) (5.88%) (3.09%) (7.02%) (1.1%) (3.85%) 

Macular fibrosis A• 1/104 1/68 5/97 4/57 0/91 3/52 

(0.96%) (1.47%) (5.15%) (7.02%) (0%) (5.77%) 

Macular ischaemia A• 7/104 5/68 3/97 1/57 0/91 1/52 

(6.73%) (7.35%) (3.09%) (1.75%) (0%) (1.92%) 

Macular oedema A* 2/104 9/68 30/97 7/57 17/91 2/52 

(1.92%) (13.24% (30.93% (1228% (18.68% (3.85%) 

Ocular hyperaemia A* 5/104 ~/6~ ~/91 ~/51 ~/9f 1/52 

(4.81 %) (5.88%) (2.06%) (1.75%) (4.4%) (1.92%) 

Optic disc vascular disorder,;:,,, 5/104 3/68 3/97 3/57 0/91 0/52 

(4.81 %) (4.41%) (3.09%) (5.26%) (0%) (0%) 

Retinal exudates A, 8/104 5/68 4/97 3/57 0/91 0/52 

(7.69%) (7.35%) (4.12%) (5.26%) (0%) (0%) 

Retinal haemorrhage A, 4/104 6/68 11/97 5/57 5/91 2/52 

(3.85%) (8.82%) (11.34% (8.77%) (5.49%) (3.85%) 

Retinal vascular disorder A* 6/104 7/68 ffi/9'7 2/57 0/91 2/52 

(5.77%) (10.29% (10.31% (3.51 %) (0%) (3.85%) 
"""' .f ~ .(· ~ 

> 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

~16¾ 116~ ffi/(}r i!5i' 1J9t i/5~ 
(1.92%) (10.29% (10.31% (1.75%) (7.69':lo) (1.92%) 

Vitreous detachment A* 2/104 t/68' ❖-- 'le-
7197 0/57 0/91 0/52 

(1.92%) (1.47%) (7.22%) (0%) (0%) (0%) 

Vitreous floaters A* 6/104 0/68 1/97 1/57 1/91 1/52 

(5.77%) (0%) (1.03%) (1.75%) (1.1%) (1.92%) 

Gastrointestinal disorders 

Nausea A• 0/104 1/68 0/97 3/57 0/91 0/52 

(0%) (1 .47%) (0%) (5.26%) (0%) (0%) 

Infections and infestations 

Influenza A, 2/104 0/68 5/97 1/57 1/91 1/52 

(1.92%) (0%) (5.15%) (1.75%) (1.1%) (1.92%) 

Nasopharyngitis A* 8/104 6/68 10/97 11/57 4/91 2/52 

(7.69%) (8.82%) (10.31% (19.3%) (4.4%) (3.85%) 

Investigations 
( 'le-....... 

lntraocular pressure increased A• 9/104 4/68 14/97 2/57 2/91 1/52 

(8.65%) (5.88%) (14.43% (3.51 %) (2.2%) (1.92%) 
,,,. "" 

Visual acuity tests abnormal A• 0/104 1/68 '5191 0/57 1/91 0/52 

(0%) (1 .47%) (5.15%) (0%) (1.1%) (0%) 

Musculoskeletal and connective tissue disorders 

Arthralgia A, 1/104 5/68 2/97 1/57 2/91 0/52 

(0.96%) (7.35%) (2.06%) (1.75%) (2.2%) (0%) 

Nervous system disorders 

Headache A• 7/104 4/68 4/97 1/57 1/91 1/52 

(6.73%) (5.88%) (4.12%) (1.75%) (1.1%) (1.92%) 
"""' 

> 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Hypertension A• ~1 ())i 1/6~ ~/9/' 
(3.85%) (4.41 %) (4.12%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Limitations and Caveats 

[Not specified] 

Certain Agreements: 

Sham AflibercE Sham 

Treatme lnjectior Treatme 

(Until Continu Then 

Week (Until Afliberci 

48) Week lnjectior 

68) (Until 

Week 

68) 

4151' 1/9f ~/52 
(7.02%) (3.3%) (3.85%) 

Principal Investigators are NOT employed by the organization sponsoring the study. 

There IS an agreement between the Principal Investigator and the Sponsor (or its agents) 

that restricts the Pl's rights to discuss or publish trial results after the trial is completed. 

Publishing of result communication only after Bayer's written approvaL Manuscript to Bayer 

sixty days before public release. If no written Bayer comment within 60 days consider 

approval given. If multi-site study, principal investigator (Pl) not do independently publish 

results before publication of the multi-site paper, but Pl not restricted from 24 months from 

study to completion onwards. 

Results Point of Contact: 

Name/Official Title: Therapeutic Area Head 

Organization: BAYER 

Phone: 

Email: clinical-trials-contact@bayerhealthcare.com 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: February 9, 2010 (v3) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: February 2010 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: August 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Met QC Criteria: 
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Last Update Posted: February 10, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 
! ! lntravitreal injection. Weeks Oto 20 ! 

I I =~ee~:~v:e~:~; t:r:~-:i:::e;e:ks I 
I I re-assessment and either (PRN) I 

I Sham Comparator Arm 2 I Sha~:~i~:l:eEk~:;;:pi~b::;etm I 
I I Sham treatment. Weeks 0 to 20 sham I 
! ! treatment every 4 weeks; weeks 24 to ! 

I J ;:;;~;~;::~e:~::~~:~~~tand I 
Outcome Measures 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 
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Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

Contacts/Locations 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT). 

* Adults >= 18 years. 

s early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye. 

Exclusion Criteria: 

s Previous treatment with anti-angiogenic drugs in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) 

* Prior panretinal laser photocoagulation or rnacular 

laser photocoagulation in the study eye 

s CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

s Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: clinical-trials-contact@bayerhealthcare.com 

Study Officials: 
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Bayer Study Director 

Study Director 

Bayer 

Locations: Australia., New South Wales 

[Not yet recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Recruiting] 

Sydney, New South Wales, Australia, 2000 

[Not yet recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia., Victoria 

[Recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Recruiting] 

Nedlands, Western Australia, Australia, 6009 

Australia. 

[Recruiting] 

Parramatta, Australia, 2150 

Austria, Oberosterreich 

[Not yet recruiting] 

Linz, Oberosterreich, Austria, 4020 

Austria, Tirol 

[Not yet recruiting] 

Innsbruck, Tirol, Austria, 6020 

Austria. 

[Recruiting] 

Linz, Austria, 4021 

[Recruiting] 

Wien, Austria, 1090 

France, Cedex 12 

[Not yet recruiting] 

Paris, Cedex 12, France, 75557 
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France 

[Not yet recruiting] 

Bordeaux, France, 33000 

[Not yet recruiting] 

Dijon Cedex, France, BP 1542-21 

[Not yet recruiting] 

Marseille, France, 13008 

[Not yet recruiting] 

Nantes Cedex, France, 44035 

[Not yet recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Not yet recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Recruiting] 

Munchen, Bayern, Germany, 81675 

[Recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64276 

[Not yet recruiting] 

Marburg, Hessen, Germany, 35043 

Germany, Niedersachsen 

[Not yet recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 
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[Not yet recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45147 

[Not yet recruiting] 

Koln, Nordrhein-Westfalen, Germany, 50931 

Germany, Rheinland-Pfalz 

[Recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Not yet recruiting] 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

[Not yet recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01067 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 

[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Not yet recruiting] 

Hamburg, Germany, 20251 
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Hungary 

[Not yet recruiting] 

Budapest, Hungary, 1036 

[Not yet recruiting] 

Budapest, Hungary, 1089 

[Not yet recruiting] 

Budapest, Hungary, 1106 

[Recruiting] 

Debrecen, Hungary, 4032 

[Not yet recruiting] 

Veszprem, Hungary, 8200 

Italy 

[Not yet recruiting] 

Ancona, Italy, 60126 

[Not yet recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Not yet recruiting] 

Firenze, Italy, 50139 

[Not yet recruiting] 

Milano, Italy, 20122 

[Not yet recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Not yet recruiting] 

Padova, Italy, 35128 

[Not yet recruiting] 

Roma, Italy, 00133 

[Not yet recruiting] 

Roma, Italy, 00185 

[Not yet recruiting] 
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Japan, Aichi 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Not yet recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Not yet recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Not yet recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Recruiting] 

Ask Contact, Korea, Republic of 

[Not yet recruiting] 

lncheon, Korea, Republic of, 405-760 

[Recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Recruiting] 

Seoul, Korea, Republic of, 110 7 44 

[Not yet recruiting] 

Seoul, Korea, Republic of, 110-744 

[Recruiting] 

Seoul, Korea, Republic of, 138-736 

Latvia 

[Not yet recruiting] 

Riga, Latvia, 1009 
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[Recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Not yet recruiting] 

Singapore, Singapore, 119074 

[Not yet recruiting] 

Singapore, Singapore, 168751 

IPDSharing 

References 

Citations: 

Links: 

Available IPD/lnforrnation: 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: February 20, 2012 (v18) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: February 2012 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Certification/Extension January 26, 2012 

First Submitted: 
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Certification/Extension January 26, 2012 

First Submitted that 

Met QC Criteria: 

Certification/Extension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that February 20, 2012 

Met QC Criteria: 

Last Update Posted: February 23, 2012 [Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Data Monitoring: Yes 

Study Description 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 
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Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

: Arms I Assigned Interventions I 
i Experimental: Arm 1 j Biological: VEGF Trap-Eye (BAY86-5321) j 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) injection 

of VEGF Trap-Eye or sham injection; 

last visit (no treatment) at week 76. 

i Sham Comparator: Arm 2 I Sham treatment I 

Outcome Measures 

Primary Outcome Measures: 

Sham treatment. Weeks O to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no treatment) 

at week 76. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS 

chart compared with baseline at the Week 24 endpoint 

Week24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week24 
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3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2 250 

µm on optical coherence tomography (OCT) 

s Adults 2 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizurnab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 
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Contacts/Locations 

• CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 
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Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 
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Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 
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IPDSharing 

Plan to Share IPD: 

References 

Citations: 

Links: 

Available IPD/lnformation: 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 7 44 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: March 16, 2010 (v4} 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

GALILEO 

Study Status 

Record Verification: March 201 O 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: August 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

March 16, 201 O 
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Last Update Submitted that 

Met QC Criteria: 

Last Update Posted: March 17, 2010 [Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Study Description 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 
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Enrollment: 165 [Anticipated] 

Arms and interventions 
' ...................................................................................................................... , ..................................................................................................................... ... 
: Arms I Assigned Interventions I 

Outcome Measures 

Primary Outcome Measures: 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 48 every 4 weeks 

re-assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; weeks 52 to 100 safety 

follow-up. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; weeks 52 to 100 safety 

follow-up. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 
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Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Contacts/Locations 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT). 

• Adults >= 18 years. 

• early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye. 

Exclusion Criteria: 

• Previous treatment with anti-angiogenic drugs in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

• CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: clinical-trials-contact@bayerhealthcare.com 
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Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia., New South Wales 

[Not yet recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Recruiting] 

Sydney, New South Wales, Australia, 2000 

[Recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia., Victoria 

[Recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Recruiting] 

Nedlands, Western Australia, Australia, 6009 

Australia. 

[Recruiting] 

Parramatta, Australia, 2150 

Austria, Oberosterreich 

[Not yet recruiting] 

Linz, Oberosterreich, Austria, 4020 

Austria, Tirol 

[Not yet recruiting] 

Innsbruck, Tirol, Austria, 6020 

Austria. 

[Recruiting] 

Linz, Austria, 4021 

[Recruiting] 

Wien, Austria, 1090 

France, Cedex 12 

[Not yet recruiting] 

Paris, Cedex 12, France, 75557 
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France 

[Not yet recruiting] 

Bordeaux, France, 33000 

[Not yet recruiting] 

Dijon Cedex, France, BP 1542-21 

[Not yet recruiting] 

Marseille, France, 13008 

[Not yet recruiting] 

Nantes Cedex, France, 44035 

[Not yet recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Recruiting] 

Munchen, Bayern, Germany, 81675 

[Recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64276 

[Not yet recruiting] 

Marburg, Hessen, Germany, 35043 

Germany, Niedersachsen 

[Recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 
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[Recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45147 

[Not yet recruiting] 

Koln, Nordrhein-Westfalen, Germany, 50931 

Germany, Rheinland-Pfalz 

[Recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Not yet recruiting] 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

[Not yet recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01067 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 

[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Not yet recruiting] 

Hamburg, Germany, 20251 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1145



Hungary 

[Not yet recruiting] 

Budapest, Hungary, 1036 

[Recruiting] 

Budapest, Hungary, 1089 

[Recruiting] 

Budapest, Hungary, 1106 

[Recruiting] 

Debrecen, Hungary, 4032 

[Not yet recruiting] 

Veszprem, Hungary, 8200 

Italy 

[Not yet recruiting] 

Ancona, Italy, 60126 

[Not yet recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Not yet recruiting] 

Firenze, Italy, 50139 

[Not yet recruiting] 

Milano, Italy, 20122 

[Not yet recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Not yet recruiting] 

Padova, Italy, 35128 

[Not yet recruiting] 

Roma, Italy, 00133 

[Not yet recruiting] 

Roma, Italy, 00185 

[Not yet recruiting] 
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Japan, Aichi 

[Recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Not yet recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Not yet recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Not yet recruiting] 

lncheon, Korea, Republic of, 405-760 

[Recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Recruiting] 

Seongsanno, Korea, Republic of 

[Recruiting] 

Seoul, Korea, Republic of, 110 7 44 

[Not yet recruiting] 

Seoul, Korea, Republic of, 110-744 

[Recruiting] 

Seoul, Korea, Republic of, 138-736 

Latvia 

[Not yet recruiting] 

Riga, Latvia, 1009 
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[Recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Not yet recruiting] 

Singapore, Singapore, 119074 

[Recruiting] 

Singapore, Singapore, 168751 

IPDSharing 

References 

Citations: 

Links: 

Available IPD/lnforrnation: 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: April 8, 2011 (v13} 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: April 2011 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that April 8, 2011 

Met QC Criteria: 
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Last Update Posted: April 11, 2011 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: April 16, 2010 (v6} 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: April 201 O 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: August 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that April 16, 2010 

Met QC Criteria: 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1161



Last Update Posted: April 19, 201 O [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 
! ! lntravitreal injection. Weeks Oto 20 ! 

I I =~ee~:~v:e~:~; t:r:~-:i:::e;e:ks I 
I I re-assessment and either (PRN) I 

I Sham Comparator Arm 2 I Sha~:~i~:l:eEk~:;;:pi~b::;etm I 
I I Sham treatment. Weeks 0 to 20 sham I 
! ! treatment every 4 weeks; weeks 24 to ! 

I J ;:;;~;~;::~e:~::~~:~~~tand I 
Outcome Measures 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 
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Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

Contacts/Locations 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT). 

* Adults >= 18 years. 

s early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye. 

Exclusion Criteria: 

s Previous treatment with anti-angiogenic drugs in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) 

* Prior panretinal laser photocoagulation or rnacular 

laser photocoagulation in the study eye 

s CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

s Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: clinical-trials-contact@bayerhealthcare.com 

Study Officials: 
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Bayer Study Director 

Study Director 

Bayer 

Locations: Australia., New South Wales 

[Not yet recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Recruiting] 

Sydney, New South Wales, Australia, 2000 

[Recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia., Victoria 

[Recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Recruiting] 

Nedlands, Western Australia, Australia, 6009 

Australia. 

[Recruiting] 

Parramatta, Australia, 2150 

Austria, Oberosterreich 

[Not yet recruiting] 

Linz, Oberosterreich, Austria, 4020 

Austria, Tirol 

[Not yet recruiting] 

Innsbruck, Tirol, Austria, 6020 

Austria. 

[Recruiting] 

Linz, Austria, 4021 

[Recruiting] 

Wien, Austria, 1090 

France, Cedex 12 

[Not yet recruiting] 

Paris, Cedex 12, France, 75557 
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France 

[Not yet recruiting] 

Bordeaux, France, 33000 

[Not yet recruiting] 

Dijon Cedex, France, BP 1542-21 

[Not yet recruiting] 

Marseille, France, 13008 

[Not yet recruiting] 

Nantes Cedex, France, 44035 

[Not yet recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Recruiting] 

Munchen, Bayern, Germany, 81675 

[Recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64276 

[Not yet recruiting] 

Marburg, Hessen, Germany, 35043 

Germany, Niedersachsen 

[Recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 
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[Recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45147 

[Recruiting] 

Koln, Nordrhein-Westfalen, Germany, 50931 

Germany, Rheinland-Pfalz 

[Recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Recruiting] 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

[Recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01067 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 

[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Not yet recruiting] 

Hamburg, Germany, 20251 
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Hungary 

[Recruiting] 

Budapest, Hungary, 1036 

[Recruiting] 

Budapest, Hungary, 1089 

[Recruiting] 

Budapest, Hungary, 1106 

[Recruiting] 

Debrecen, Hungary, 4032 

[Suspended] 

Veszprem, Hungary, 8200 

[Not yet recruiting] 

Zalaegerszeg, Hungary, 8900 

Italy 

[Not yet recruiting] 

Ancona, Italy, 60126 

[Not yet recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Not yet recruiting] 

Firenze, Italy, 50139 

[Recruiting] 

Milano, Italy, 20122 

[Not yet recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Not yet recruiting] 

Padova, Italy, 35128 

[Not yet recruiting] 

Roma, Italy, 00133 

[Not yet recruiting] 
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[Not yet recruiting] 

Torino, Italy, 10149 

Japan, Aichi 

[Recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Not yet recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Recruiting] 

ask Contact, Korea, Republic of 

[Not yet recruiting] 

lncheon, Korea, Republic of, 405-760 

[Recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Recruiting] 

Seoul, Korea, Republic of, 110 744 

[Recruiting] 

Seoul, Korea, Republic of, 110-744 

[Recruiting] 

Seoul, Korea, Republic of, 138-736 

Latvia 
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References 

Citations: 

Links: 

[Not yet recruiting] 

Riga, Latvia, 1009 

[Recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Recruiting] 

Singapore, Singapore, 119074 

[Recruiting] 

Singapore, Singapore, 168751 

Scron up to access the controls 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1171



Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: June 23, 2011 (v14) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: June 2011 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that June 23, 2011 

Met QC Criteria: 
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Last Update Posted: June 27, 2011 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Biological: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2 250 

µm on optical coherence tomography (OCT) 

• Adults 2 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: July 22, 2010 (v6) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: July 2010 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that July 22, 2010 

Met QC Criteria: 
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Last Update Posted: July 23, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: cli nical-trials-contact@bayerhealthcare.com 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

[Recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Recruiting] 

Parramatta, New South Wales, Australia, 2150 

[Recruiting] 

Sydney, New South Wales, Australia, 2000 

[Recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

[Recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Recruiting] 

Nedlands, Western Australia, Australia, 6009 

Austria 

[Terminated] 

Innsbruck, Austria, 6020 

[Recruiting] 

Linz, Austria, 4021 

[Recruiting] 

Wien, Austria, 1090 

France, Cedex 12 
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[Not yet recruiting] 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

[Recruiting] 

Nantes, Cedex 1 , France, 44093 

France 

[Recruiting] 

Bordeaux, France, 33000 

[Recruiting] 

Dijon, France, 21033 

[Recruiting] 

Marseille, France, 13008 

[Recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Recruiting] 

Munchen, Bayern, Germany, 81675 

[Recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64297 

[Not yet recruiting] 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 
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[Recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

[Recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45122 

[Recruiting] 

Kain, Nordrhein-Westfalen, Germany, 50924 

[Not yet recruiting] 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheiniand-Pfaiz 

[Recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Recruiting] 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

[Recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Recruiting] 

Dresden, Sachsen, Germany, 06067 

[Recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 
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[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Not yet recruiting] 

Berlin, Germany, 13353 

[Recruiting] 

Hamburg, Germany, 20251 

[Recruiting] 

Marburg, Germany, 35037 

Hungary 

[Recruiting] 

Budapest, Hungary, 1036 

[Recruiting] 

Budapest, Hungary, 1089 

[Recruiting] 

Budapest, Hungary, 1106 

[Recruiting] 

Debrecen, Hungary, 4032 

[Terminated] 

Veszprern, Hungary, 8200 

[Not yet recruiting] 

Zalaegerszeg, Hungary, H-8900 

Italy 

[Recruiting] 

Ancona, Italy, 60126 

[Recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Recruiting] 

Firenze, Italy, 50134 

[Recruiting] 

Milano, Italy, 20122 
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[Recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Terminated] 

Padova, Italy, 35128 

[Recruiting] 

Roma, Italy, 00133 

[Recruiting] 

Roma, Italy, 00198 

[Not yet recruiting] 

Torino, Italy, 10122 

Japan, Aichi 

[Recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Recruiting] 

lncheon, Korea, Republic of, 405-760 
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[Recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Recruiting] 

Seoul, Korea, Republic of, 110 744 

[Recruiting] 

Seoul, Korea, Republic of, 110-744 

[Recruiting] 

Seoul, Korea, Republic of, 138-736 

[Recruiting] 

Seoul, Korea, Republic of 

Latvia 

[Recruiting] 

Riga, Latvia, 1009 

[Recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Recruiting] 

Singapore, Singapore, 11907 4 

[Recruiting] 

Singapore, Singapore, 168751 

Plan to Share IPD: 

Citations: 

Links: 

Available IPD/lnformation: 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: August 26, 2010 (v7) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: August 2010 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that August 25, 2010 

Met QC Criteria: 
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Last Update Posted: August 26, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1197



Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: cli nical-trials-contact@bayerhealthcare.com 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

[Active, not recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Active, not recruiting] 

Parramatta, New South Wales, Australia, 2150 

[Active, not recruiting] 

Sydney, New South Wales, Australia, 2000 

[Active, not recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

[Active, not recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Active, not recruiting] 

Nedlands, Western Australia, Australia, 6009 

Austria 

[Terminated] 

Innsbruck, Austria, 6020 

[Active, not recruiting] 

Linz, Austria, 4021 

[Active, not recruiting] 

Wien, Austria, 1090 

France, Cedex 12 
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[Terminated] 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

[Active, not recruiting] 

Nantes, Cedex 1 , France, 44093 

France 

[Active, not recruiting] 

Bordeaux, France, 33000 

[Active, not recruiting] 

Dijon, France, 21033 

[Active, not recruiting] 

Marseille, France, 13008 

[Active, not recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Active, not recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Active, not recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Active, not recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Active, not recruiting] 

Munchen, Bayern, Germany, 81675 

[Active, not recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Active, not recruiting] 

Darmstadt, Hessen, Germany, 64297 

[Active, not recruiting] 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 
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[Active, not recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

[Active, not recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Active, not recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Terminated] 

Essen, Nordrhein-Westfalen, Germany, 45122 

[Active, not recruiting] 

Kain, Nordrhein-Westfalen, Germany, 50924 

[Terminated] 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheiniand-Pfaiz 

[Active, not recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Active, not recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Completed] 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

[Active, not recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Terminated] 

Dresden, Sachsen, Germany, 01307 

[Active, not recruiting] 

Dresden, Sachsen, Germany, 06067 

[Active, not recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Active, not recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 
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[Active, not recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Terminated] 

Berlin, Germany, 13353 

[Active, not recruiting] 

Hamburg, Germany, 20251 

[Active, not recruiting] 

Marburg, Germany, 35037 

Hungary 

[Active, not recruiting] 

Budapest, Hungary, 1036 

[Active, not recruiting] 

Budapest, Hungary, 1089 

[Active, not recruiting] 

Budapest, Hungary, 1106 

[Active, not recruiting] 

Debrecen, Hungary, 4032 

[Terminated] 

Veszprern, Hungary, 8200 

[Active, not recruiting] 

Zalaegerszeg, Hungary, H-8900 

Italy 

[Active, not recruiting] 

Ancona, Italy, 60126 

[Active, not recruiting] 

Bari, Italy, 70124 

[Terminated] 

Catania, Italy, 95123 

[Active, not recruiting] 

Firenze, Italy, 50134 

[Active, not recruiting] 

Milano, Italy, 20122 
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[Active, not recruiting] 

Milano, Italy, 20132 

[Terminated] 

Milano, Italy, 20157 

[Terminated] 

Padova, Italy, 35128 

[Active, not recruiting] 

Roma, Italy, 00133 

[Active, not recruiting] 

Roma, Italy, 00198 

[Terminated] 

Torino, Italy, 10122 

Japan, Aichi 

[Active, not recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Active, not recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Active, not recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Active, not recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Active, not recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Active, not recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Active, not recruiting] 

lncheon, Korea, Republic of, 405-760 
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Plan to Share IPD: 

Citations: 

Links: 

Available IPD/lnformation: 

[Active, not recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Active, not recruiting] 

Seoul, Korea, Republic of, 110 744 

[Active, not recruiting] 

Seoul, Korea, Republic of, 110-744 

[Active, not recruiting] 

Seoul, Korea, Republic of, 138-736 

[Recruiting] 

Seoul, Korea, Republic of 

Latvia 

[Active, not recruiting] 

Riga, Latvia, 1009 

[Active, not recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Active, not recruiting] 

Singapore, Singapore, 11907 4 

[Active, not recruiting] 

Singapore, Singapore, 168751 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: August 26, 2010 (v8) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: August 2010 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that August 26, 2010 

Met QC Criteria: 
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Last Update Posted: August 27, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1208



I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1036 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1009 

Riga, Latvia, LV-1002 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: September 8, 2010 (v9) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: September 201 O 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that September 8, 2010 

Met QC Criteria: 
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Last Update Posted: September 9, 201 O 

[Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 
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Arms and Interventions 

l·--------------------------------------------------~~-~-~--------------------------------------------------· ]-------------------------- Assigned--lnterventions ----------------------·--] 
i Experimental: Arm 1 I Drug: VEGF Trap-Eye (BAY86-5321) I 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) injection 

of VEGF Trap-Eye or sham injection; 

last visit (no treatment) at week 76. 

! Sham Comparator: Arm 2 I Sham treatment I 

Outcome Measures 

Primary Outcome Measures: 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no treatment) 

at week 76. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1036 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1009 

Riga, Latvia, LV-1002 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: September 19, 2011 (v15) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: September 2011 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that September 19, 2011 

Met QC Criteria: 
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Last Update Posted: September 20, 2011 

[Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 
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Arms and Interventions 

l·--------------------------------------------------~~-~-~--------------------------------------------------· ]-------------------------- Assigned--lnterventions ----------------------·--] 
i Experimental: Arm 1 I Biological: VEGF Trap-Eye (BAY86-5321) I 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) injection 

of VEGF Trap-Eye or sham injection; 

last visit (no treatment) at week 76. 

! Sham Comparator: Arm 2 I Sham treatment I 

Outcome Measures 

Primary Outcome Measures: 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no treatment) 

at week 76. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2 250 

µm on optical coherence tomography (OCT) 

• Adults 2 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: October 4, 2010 (v10) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: October 201 O 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that October 4, 2010 

Met QC Criteria: 
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Last Update Posted: October 5, 201 O [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1036 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 
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Riga, Latvia, 1009 

Riga, Latvia, LV-1002 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: October 23, 2012 (v19) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: October 2012 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

October 23, 2012 
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Results First Submitted that 

Met QC Criteria: 

Results First Posted: November 22, 2012 

[Estimate] 

CertificationiExtension 

First Submitted: 

CertificationiExtension January 26, 2012 

First Submitted that 

Met QC Criteria: 

CertificationiExtension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that October 23, 2012 

Met QC Criteria: 

Oversight 

Last Update Posted: November 22, 2012 

[Estimate] 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Study Description 

Conditions 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions: Retinal Vein Occlusion 

Keywords: 
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Study Design 

Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 

Arms and interventions 
' ................................................................................................................................................................................................................................................................................................................................................................ , ............................................................................................................................................................................................................................................................................................................................................................. ... 

: Arms I Assigned Interventions I 
,,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-... ~ ........................................................................................................................................................................................................................................ ~.:; 

! Experimental: Aflibercept Injection (EYLEA, I Biological: Aflibercept Injection (EYLEA, I 
I VEGF Trap-Eye, BAY86-5321) I VEGF Trap-Eye, BAY86-5321) I 
: Participants received a 2 mg dose of I lntravitreal injection. Weeks Oto 20 of I 

I :::~::~:;e~fl~::~e:~:::1;:~Aiay 1 I :~~:~c;~\::2~~:~v=:~::;:~ I 
! through Week 20, later as often as I (pro re nata, on demand); plus I 

every 4 weeks depending on the study additional on Week 60 and 68. 

retreatment criteria from Week 24 

through Week 48. Follow-up phase: 

Participants on IAI, who continued the 

study, received 2 mg dose of IAI 

depending on the study retreatment 

criteria at Week 60 and 68. 

i Participants received sham treatment I Sham treatment. Weeks 0 to 52 sham I 
i administered every 4 weeks from Day 1 I treatment every 4 weeks; plus I 
! through Week 52. Follow-up phase: I additional on Week 60 and 68. I 

I :=~~~~:~:l~~;~i;r:a~::1:;;~;ho I I 
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Arms 

Injection (IAI), received a 2 mg dose of 

IAI at week 52 and depending on the 

study retreatment criteria at Week 60 

and 68. 

Outcome Measures 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness ;-::: 250 

µm on optical coherence tomography (OCT) 

• Adults;::: 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

s CRVO disease duration > 9 months from date of 

diagnosis 
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Contacts/Locations 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

* Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parramatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 
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Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wt.irttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Koln, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 
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Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 
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[ 

IPDSharing 

References 

Citations: 

Links: 

Available IPD/lnformation: 

Participant Flow 

Reporting Groups 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 

Study Results ] 
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Description 
•❖-'¾ 

Aflibercept Injection First, Then Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment First, Then Participants received sham treatment administered 

Aflibercept Injection every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Overall Study 

Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

Started 106 71 

Participants Received 104 n 68 rn 

Treatment 

Fulfilled Requirements of FAS 103 F::J 68 rii 

Population 

Completed Week 24, From 97 57 

FAS 

Completed Week 52, From 91 52 

FAS 

Completed 90 52 

Not Completed 16 19 

Adverse Event 5 5 

Lack of Efficacy 0 5 

Lost to Follow-up 1 0 
"""' 

< > 
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Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

(Overseas travel -

indefinite period) 

Increase in vis. acuity, 0 1 

never injected 

Protocol Violation 5 2 

Withdrawal by Subject 4 6 

p] Safety Population: Participants received treatment 

[2] Full Analysis Set (FAS) Population: Participants received treatment with post baseline 

measurements 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Baseline Measures 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Overall Number of Participants 104 68 172 

Age Continuous Number 104 Participants 68 Participants 172 Participants 

Mean (Standard Deviation) Analyzed 
Unit of measure: Years 

60.0 (12.3) 63.8 (13.3) 61.5 (12.8) 

Sex: Female, Male Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Female 45 43.270/i:, 31 4559% 76 44.19% Unit of measure: 

Participants Male 59 56.73%) 37 54.41%.1 96 55.81% 

Ethnicity (NIH/OMB) Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Unit of measure: Hispanic or 4 3.85% 1 1.47'% 5 2.91% 

Participants Latino 

Not Hispanic 100 96.15°/o 66 97.06'% 166 96.51'% 

or Latino 

Unknown or 00% 1 1.47% 1 0.58%, 

Not Reported 

Baseline Best Corrected >"''"'- Number 104 Participants 68 Participants 172 Participants 

Visual Acuity (BCVA) Analyzed 

letter scores [11 \i 53.5 (15.7) 50.9 (15.4) 52.5 (15.6) 
Mean (Standard Deviation) 

< rr r r rrrr::::::::::;::::::;:.:.:.;.·.·.·.· ......... > 
[1] Only participants with a ETDRS (Early 

Treatment Diabetic Retinopathy Study) Best 

Corrected Visual Acuity letter score of 73 to 

25 (= Acuity of 20/40 to 20/320) in the study 

eye at 4 meters were included; a higher score 

represents better functioning. 

Number 104 Participants 68 Participants 172 Participants 

Analyzed 
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Aflibercept Sham Total •❖-'¾ 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Number of participants 

with baseline retinal 

perfusion r11 

Measure type: Number 

Unit of measure: 

Participants 

Perfused 90 54 144 

Non perfused 7 7 14 

Indeterminate 7 7 14 

[1] Retinal perfusion defined as less than 10 disc 

areas of capillary nonperfusion using 

fluorescein angiography (FA) 

Baseline Retinal •❖-\ Number i 04 Participants 68 Participants 172 Participants 

Thickness by Optical Analyzed 

Coherence Tomography 
682.78 638.66 665.34 

{OCT} ~"" (233.36) (224.69) (230.33) 

Baseline intraocular /¾ Number 104 Participants 68 Participants 172 Participants 

pressure 
\/ 

Analyzed 
Mean (Standard Deviation) 

15.2 (2.8) 14.4 (2.7) 14.9 (2.8) < > 
Number of participants Number i 04 Participants 68 Participants 172 Participants 

with time since Central Analyzed 

retinal vein occlusion 

{CRVO) diagnosis 
Measure type: Number 

Unit of measure: 

Participants 

>= 2 months 46 33 79 

< 2 months 56 35 91 
"""' 

< > 
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Baseline National Eye 

Institute 25-item Visual 

Number 
/', 

Function Questionnaire 

(NEI VFQ-25} total scorer"'"" 

Analyzed 

European questionnaire 1,,-~ Number 

dimensions (EQ-5D) total@] Analyzed 

score r·11 \.--' 

Me1:111.{$t1:117dard .. Oeviation) 
< !ii!i!i!ii!i!i!!i!i!i!i:i:i:i::::::::::::::::::::::•:•:•:•······· .) 

Race Number 

Measure type: Number Analyzed 
Unit of measure: 

Participants 

Asian 

White 

Unknown or Not Reported 

Outcome Measures ·· 

1. Primary Outcome Measure: 

I Measure Title 

Aflibercept 

Injection 

(EYLEA, 

VEGF Trap

Eye, BAY86-

5321) 

Sham 

Treatment 

Total 

104 Participants 68 Participants 172 Participants 

79.66 (13.06) 78.94 (14.00) 79.38 (13.40) 

[i] The NEI VFQ-25 total score ranges from 

0-100 with a score of 0 being the worst 

outcome and 100 being the best outcome. 

The NEI VFQ questionnaire is organized as a 

collection of subscales which are all scored 

from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in 

order to give each sub-scale equal weight. 

104 Participants 68 Participants 172 Participants 

0.87 (0.15) 0.86 (0.16) 0.87 (0.15) 

[1] The EQ-5D total score ranges from -0.594 to 

1.000 with -0.594 being the worst. 

104 Participants 68 Participants 172 Patiicipants 

26 15 41 

75 49 124 

3 4 7 
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Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Gained at Least 15 

Letters in BCVA as Measured by ETDRS Letter 

Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 

Evaluated as Failures 

Defined study baseline range of Early Treatment 

Diabetic Retinopathy Study (ETDRS) Best 

Corrected Visual Acuity (BCVA) letter score of 73 

to 24 (= Acuity of 20/40 to 20/320) in the study eye; 

a higher score represents better functioning. 

Nominator= (Number of participants who 

maintained vision " 100); Denominator= Number of 

participants analyzed. 

Baseline and Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Gained at 60.2 22.1 

Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With 

Baseline at Week 24 With Discontinued 

Participants Before Week 24 Evaluated as 

Failures 
Measure Type: Number 

Unit of Measure: Percentage of participants 

Statistical Analysis 1 for Percentage of Participants Who Gained at Least 15 Letters in 

BCVA as Measured by ETDRS Letter Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated as Failures 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis of difference of 

Eylea minus Sham of O was tested. 

In the database close after Week 

24, basis for primary efficacy 

evaluation, 56 Sham / 96 Eylea 

subjects were considered as week 

24 completers. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments [Not specified] 

Hypothesis 
Method Cochran-Mantel-Haenszel 

Comments [Not specified] 

Estimation Parameter CMH adjusted difference 
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Method of Estimated Value 38.3 

Estimation 
Confidence Interval (2-sided) 95% 

24.4 to 52.1 

Estimation Comments The estimate is calculated as Eylea 

2. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

minus Sham. A positive value 

shows Eylea showed a higher 

BCVA total score compared to 

Sham. 

Change From Baseline in BCVA as Measured by 

Early Treatment Diabetic Retinopathy Study 

(ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Defined study baseline range of ETDRS Best 

Corrected Visual Acuity letter score of 73 to 24 (= 

Acuity of 20/40 to 20/320) in the study eye; a higher 

score represents better functioning. However, 

because this was assessed at the screening visit, 

subjects may have had a higher BCVA recorded at 

the baseline visit and would not have been 

excluded from the study. 

Baseline and Week 24 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 
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Sham Treatment 

Measured Values 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BAY86-

5321) 

Overall Number of Participants Analyzed 103 68 

Change From Baseline in BCVA as 71.6(17.1) 54.3 (20.2) 

Measured by Early Treatment Diabetic 

Retinopathy Study (ETDRS) Letter Score at 

Week 24 - Last Observation Carried 

Forward (LOCF) 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: Letters correctly read 

Statistical Analysis 1 for Change From Baseline in BCVA as Measured by Early 

Treatment Diabetic Retinopathy Study (ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Statistical 

Analysis 

Overview 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in BCVA total letter score between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

endpoints were tested in a pre

specified fixed sequence testing 

procedure. Change in BCVA letter 
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score was to be tested first in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As primary efficacy evaluation was 

Hypothesis 
significant, and this p-value was 

below significance level of two-

sided <.05, the fixed sequence 

testing did continue with next 

secondary endpoint. 

Method ANOVA 

Comments ANOVA, adjusting for region and 

baseline BCVA category as fixed 

factors. 

Method of Estimation Parameter Difference in Least square means 

Estimation 
Estimated Value 14.7 

Confidence Interval (2-sided) 95% 

10.8 to 18.7 

Estimation Comments The difference is calculated as 

Eylea minus Sham. A positive 

value indicates Eylea showed a 

higher change in BCVA total score 

until week 24 compared to Sham. 

3. Secondary Outcome Measure: 

Measure Title Change From Baseline in Central Retinal 

Thickness (CRT) at Week 24 - LOCF 

Measure Description 

Time Frame Baseline and Week 24 

Analysis Population Description 
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Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 67 

Change From Baseline in Central Retinal -448.58 (256.02) -169.27 (224.72) 

Thickness (CRT) at Week 24 - LOCF 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: microns 

Statistical Analysis 1 for Change From Baseline in Central Retinal Thickness (CRT) at 

Week 24 - LOCF 

Companson Groups I 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1265



Statistical Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in central retinal thickness between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

end points were to be tested in a 

pre-specified fixed sequence 

testing procedure. Change in 

central retinal thickness was to be 

tested at second place in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As fixed sequence testing did reject 

Hypothesis 
nullhypothesis of change from 

baseline in BCVA until week 24, 

and this p-value was below 

significance level of two-sided <.05, 

the fixed sequence testing did 

continue with next secondary 

endpoint. 

Method ANCOVA 

Comments ANCOV A, stratified by region and 

baseline BCVA category, baseline 

central retinal thickness added as 

covariate. 

Method of Estimation Parameter Difference in Least square (LS) means 

Estimation 
Estimated Value -239.42 

Confidence Interval (2-sided) 95% 

-286.31 to -192.53 
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Estimation Comments The difference is calculated as 

Eylea minus Sham. A negative 

value indicates Eylea showed a 

higher reduction in change in 

central retinal thickness until week 

24 compared to Sham. 

4. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Developed 

Neovascularization During the First 24 Weeks 

Formation of blood vessels in the anterior segment, 

optic disc, or elsewhere in the fundus up to Week 

24 

From baseline until Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1267



Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Developed 

Neovascularization During the First 24 

Weeks 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Any neovascularization 2.9 4.4 

Anterior segment neovascularization 1.9 1.5 

Neovascularization of the optic disc (NVD) 0.0 0.0 

Neovascularization elsewhere in the fundus 1.0 2.9 

(NVE) 

Statistical Analysis 1 for Percentage of Participants Who Developed Neovascularization 

During the First 24 Weeks 

Statistical 

Analysis 

Overview 

Statistical 

Test of 

Hypothesis 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Nullhypothesis of no difference in 

development of 

neovascularizations between Eylea 

and Sham group was tested. (Any 

neovascularization) 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

P-Value 0.5947 

Comments As fixed sequence testing did reject 

nullhypothesis of change from 

baseline in CRT until week 24, and 

this p-value was not below 

significance level of two-sided <.05, 
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the fixed sequence testing did end 

with this evaluation. 

Method Cochran-Mantel-Haenszel 

Comments Cochrane-Mantel-Haenszel test, 

stratified by region and baseline 

BCVA category. 

Method of Estimation Parameter CMH adjusted Difference 

Estimation 
Estimated Value -1.5 

Confidence Interval (2-sided) 95% 

-7.4 to 4.4 

Estimation Comments [Not specified] 

5. Secondary Outcome Measure: 

Measure Title Change From Baseline in National Eye Institute 25-

item Visual Function Questionnaire (NEI VFQ-25) 

Total Score at Week 24 - LOCF 

Measure Description The NEI VFQ-25 total score ranges from 0-100 with 

a score of O being the worst outcome and 100 

being the best outcome. The NEI VFQ 

questionnaire is organized as a collection of 

subscales which are all scored from 0-100. To 

reach the overall composite score, each sub-scale 

score is averaged in order to give each sub-scale 

equal weight 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 
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Sham Treatment 

Measured Values 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 96 65 

Change From Baseline in National Eye 7.46 (9.55) 3.55 (9.74) 

Institute 25-item Visual Function 

Questionnaire (NEI VFQ-25) Total Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in National Eye Institute 25-item Visual 

Function Questionnaire (NEI VFQ-25) Total Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Estimation Parameter Difference in LS means 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1270



Method of Estimated Value 4.2 

Estimation 
Confidence Interval (2-sided) 95% 

1.7 to 6.8 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 

6. Secondary Outcome Measure: 

Measure Title Change From Baseline in European Five-

dimensional Health Scale (EQ-5D) Score at Week 

24 - LOCF 

Measure Description EQ-5D is a quality of life questionnaire based on a 

scale from -0.594 (worst) to 1.00 (best). 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 
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Measured Values 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 95 64 

Change From Baseline in European Five- 0.029 (0. 139) -0.002 (0.195) 

dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in European Five-dimensional Health 

Scale (EQ-5D) Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Method of Estimation Parameter Difference in LS Means 

Estimation 
Estimated Value 0.044 

Confidence Interval (2-sided) 95% 

-0.002 to 0.09 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 
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Reported Adverse Events 

Time Frame [Not specified] 

Adverse Event Reporting [Not specified] 

Description 

Reporting Groups 

Description 

Aflibercept Injection (Until Week 20) Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20. Participants were 

observed until Week 24. Participants in the safety 

population were at risk. 

Sham Treatment (Until Week 20) Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 20. 

Participants were observed until Week 24. 

Participants in the safety population were at risk. 

Aflibercept Injection (Until Week 48) Participants who continued the study drug until Week 

24 received a 2 mg dose of lntravitreal Aflibercept 

Injection (IAI) administered as often as every 4 weeks 

depending on the study retreatment criteria from 

Week 24 through Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Sham Treatment (Until Week 48) Participants who continued the study drug until Week 

24 received sham treatment administered every 4 

weeks from Week 24 to Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Aflibercept Injection Continued Participants on IAI who continued the study drug until 

(Until Week 68) Week 52, received 2 mg dose of IAI depending on the 

study retreatment criteria at Week 52, 60 and 68. 

Participants were observed starting from Week 52. 

Participants in the safety population that completed 

Week 52 were at risk. 
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Sham Treatment Then Aflibercept Participants on sham treatment switched to IAI, 

Injection (Until Week 68) received a 2 mg dose of IAI at Week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. Participants were observed starting from 

Week 52. Participants in the safety population that 

completed Week 52 were at risk. 

All-Cause Mortality 

Afliberd Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior TreatmE lnjectior TreatmE 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 
,"· ~ I ,"· ~ 

Alfect~d// Alfected/, 
,❖· ~ 

Afi'ected/, 
,,,, ~ 

Affected/, 
~ ... ~ 

A ffecti§d/i 
,,,. " 

Affecti§d/i 

Risk(%) Risk (%.1) Risk(%,) Risk(%,) Risk(%) Risk(%)) 
,,,. ~ ,❖- ~ ,❖- "" --❖ "" 

,,,, " ~... ''.\_ 

Total ~ f ·''' """ I .,,, ...... "- I ... ❖ ""· I .,❖ ."'- I _,,,· ~1> I I 

Serious Adverse Events 

AflibercE 
i 

Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Affec~cd Affectid/, _,,. "" 
Affected/, 

,,,. "" 
Affected/, 

❖:· "» 
Affected/, 

❖- "» 
Atl'ectMh 

Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 
,,,. " 

8'/1 O'~ 
,,,. "" 
'8/6g t4/97 <t1sr il9f ~/5~ 

(7.69%) (11.76% (14.43'1/o (12.28% (4.4%) (5.77%) 

Cardiac disorders < } < "» .......... < "» .......... 

Aortic valve incompetence A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Cardiac failure A* 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

l5i'1d¾ 1)/6~ 1)/9/' tJl5"t tJJ9t i/5~ 
(0%) (0%) (0'1/o) (0%) (0%) (1.92%) 

Coronary artery stenosis A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Diastolic dysfunction A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Mitra! valve incompetence A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Eye disorders 

Blindness unilateral A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Glaucoma .tv 0/104 1/68 0/97 1/57 0/91 0/52 

(0%) (1 .47%) (0%) (1.75%) (0%) (0%) 

Iris neovascularisation A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Macular fibrosis A, 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular ischaemia A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular oedema A* 0/104 2/68 4/97 0/57 1/91 0/52 

(0%) (2.94%) (4.12%) (0%) (1.1%) (0%) 

Retinal vein occlusion A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Visual acuity reduced A• 0/104 1/68 1/97 0/57 2/91 0/52 

(0%) (1.47%) (1.03%) (0%) (2.2%) (0%) 

Vitreous detachment A• 1/104 0/68 0/97 0/57 0/91 0/52 """' 

> 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Vitreous haemorrhage A, 6110\ ~/6~ 
,,,. ~ 

'1191 ~/51 
,,,. ~ 

C)/91' 
-❖- ~ 
Q/51 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Gastrointestinal disorders 

Diverticular perforation A• 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0%) (1.1%) (0%) 

Hepatobiliary disorders 

Hepatic function abnormal .tv 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Infections and infestations 

Furuncle A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Gastroenteritis A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

Pneumonia A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Vestibular neuronitis A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Injury, poisoning and procedural complications 

Fall .tv 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Femur fracture A, 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Hand fracture A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Humerus fracture A* 0/104 1/68 1/97 0/57 0/91 0/52 
"""' mo;,...) (1 47%) (1 O:s%) (()%) (()%) m 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Radius fracture A• cf/1~ i/6~ fJ/9/' fJ/5/' '6!9f '©!52' 
(0%) (1.47%) (0%) (0%) (0%) (0%) 

Spinal compression fracture A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Musculoskeletal and connective tissue disorders 

lntervertebral disc protrusion A* 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal column stenosis A* 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0'1/o) (1.1%) (0%) 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Breast cancer A• 0/104 0/68 1/97 0157 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Oropharyngeal cancer stage 1/104 0/68 0/97 0/57 0/91 0/52 

unspecified A• (0.96%) (0%) (0%) (0%) (0%) (0%) 

Nervous system disorders 

Paraesthesia A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Syncope A* 0/104 0/68 1/97 2/57 0/91 0/52 

(0%) (0%) (1.03%) (3.51 %) (0%) (0%) 

Transient ischaemic attack A* 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Respiratory, thoracic and mediastinal disorders 

Dyspnoea A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Laryngeal granuloma A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

i 
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AflibercE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Pulmonary hypertension A• ~1 ())i tl/6~ tl/9/' 
(0%) (0%) (0%) 

Surgical and medical procedures 

lschaemic heart disease 1/104 0/68 0/97 

prophylaxis A• (0.96%) (0%) (0%) 

Vascular disorders 

Circulatory collapse A• 1/104 0/68 0/97 

(0.96%) (0%) (0%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Other Adverse Events 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

fJ/5/' '6!9f 
(0%) (0%) 

0/57 0/91 

(0%) (0%) 

0/57 0/91 

(0%) (0%) 

Frequency Threshold Above Which Other Adverse Events are Reported: 5% 

AflibercE 
i 

Sham Afliberci Sham Afliberci 

lnjectior Treatme lnjectior Treatme lnjectiot 

(Until (Until (Until (Until Continu 

Week Week Week Week (Until 

20) 20) 48) 48) Week 

68) 

Alfuct&ii/ Alfuct~i, 
,,,. ~ 

AffuctM/, 
,,,. ~ 

Affected/1 
❖-- ~ 

Affected/1 
Risk(%)) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 5i11~ '41e~ ~IS~ '1o1s~ 
,,,. ~ 

18/S~ 

(50%) (64.71% (68.04% (52.63% (41.76% 

Blood and lymphatic system disorders < ~ ....... < } < } < } 

Anaemia A• 1/104 0/68 0/97 3/57 0/91 

(0.96%) (0%) (0%) (5.26%) (0%) 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

~/52 
(1.92%) 

0/52 

(0%) 

0/52 

(0%) 

Sham 

Treatme 

Then 

AflibercE 

lnjectior 

(Until 

Week 

68) 
,,,. ~ 

Alfected/J 
Risk(%) 

❖,,. ~ 

1'9/5'2 
(36.54% 

< > 

0/52 

(0%) 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Eye disorders < ), < > < > < ";, . ,,, < ";, ., ...... < > 
Conjunctival haemorrhage A• 10/104 3/68 3/97 0/57 9/91 3/52 

(9.62%) (4.41%) (3.09%) (0%) (9.89%) (5.77%) 

Eye irritation A• 3/104 7/68 4/97 1/57 1/91 2/52 

(2.88%) (10.29% (4.12%) (1.75%) (1.1%) (3.85%) 

"'" "" Eye pain A• 12/104 3/6$ 6/97 2/57 1/91 0/52 

(11.54% (4.41%) (6.19%) (3.51 %) (1.1%) (0%) 

Foreign body sensation in eyes A• 
,,,. "" 

~10'4 5/68 2/97 0/57 1/91 0/52 

(5.77%) (7.35%) (2.06%) (0%) (1.1%) (0%) 

Lacrimation increased A* 3/104 4/68 3/97 4/57 1/91 2/52 

(2.88%) (5.88%) (3.09%) (7.02%) (1.1%) (3.85%) 

Macular fibrosis .tv 1/104 1/68 5/97 4/57 0/91 3/52 

(0.96%) (1.47%) (5.15%) (7.02%) (0%) (5.77%) 

Macular ischaemia .tv 7/104 5/68 3/97 1/57 0/91 1/52 

(6.73%) (7.35%) (3.09%) (1.75%) (0%) (1.92%) 

Macular oedema A, 2/104 9/68 30/97 7/57 17/91 2/52 

(1.92%) (13.24% (30.93% (12.28% (18.68% (3.85%) 

Ocular hyperaemia A* 5/104 1t168' ~/97' t/57' ,,,. "' 
4/91' 1/52 

(4.81 %) (5.88%) (2.06%) (1.75%) (4.4%) (1.92%) 

Optic disc vascular disorder A* 5/104 3/68 3/97 3/57 0/91 0/52 

(4.81 %) (4.41%) (3.09%) (5.26%) (0%) (0%) 

Retinal exudates A* 8/104 5/68 4/97 3/57 0/91 0/52 

(7.69%) (7.35%) (4.12%) (5.26%) (0%) (0%) 

Retinal haemorrhage A• 4/104 6/68 11/97 5/57 5/91 2/52 

(3.85%) (8.82%) (11.34% (8.77%) (5.49%) (3.85%) 

Retinal vascular disorder A• 6/104 7/68 
,❖' 'I. 

1'0/9'1 2/57 0/91 2/52 """' 

> 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Visual acuity reduced A• 211 al ,❖- ~ 

7/6$ 
,❖- ~ 

ffi/9'7 
❖-- ~ 
1151 

,,,, " 
7/9f 

~... ''.\_ 

,151 
(1.92%) (10.29% (10.31 % (1.75%) (7.69%) (1.92%) 

❖-· " ❖-· "" Vitreous detachment A• 2/104 ,1ee 7191 0/57 0/91 0/52 

(1.92':lo) (1.47%) (7.22%) (0%) (0%) (0%) 

Vitreous floaters A• 6/104 0/68 1/97 1/57 1/91 1/52 

(5.77%) (0%) (1.03%) (1 .75%) (1.1%) (1.92%) 

Gastrointestinal disorders 

Nausea A* 0/104 1/68 0/97 3/57 0/91 0/52 

(0%) (1.47%) (0%) (5.26%) (0%) (0%) 

Infections and infestations 

Influenza A• 2/104 0/68 5/97 1/57 1/91 1/52 

(1.92%) (0%) (5.15%) (1.75%) (1.1%) (1.92%) 

Nasopharyngitis A• 8/104 6/68 10/97 11/57 4/91 2/52 

(7.69%) (8.82%) (10.31% (19.3%) (4.4%) (3.85%) 

Investigations < ' .......... 

lntraocular pressure increased A• 9/104 4/68 14/97 2/57 2/91 1/52 

(8.65%) (5.88%) (14.43% (3.51 %) (2.2%) (1.92%) 

Visual acuity tests abnormal A• 0/104 1/68 '5!97' 0/57 1/91 0/52 

(0%) (1 .47%) (5.15%) (0%) (1.1%) (0%) 

Musculoskeletal and connective tissue disorders 

Arthralgia A• 1/104 5/68 2/97 1/57 2/91 0/52 

(0.96%) (7.35%) (2.06%) (1.75%) (2.2%) (0%) 

Nervous system disorders 

Headache A• 7/104 4/68 4/97 1/57 1/91 1/52 

(6.73%) (5.88%) (4.12%) (1.75%) (1.1%) (1.92%) 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Vascular disorders < ~ ....... < > < ~ ....... 

Hypertension A, 4/104 3/68 4/97 

(3.85%) (4.41 %) (4.12%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Limitations and Caveats 

[Not specified] 

More Information 

Certain Agreements: 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

( ~ ....... < > 
4/57 3/91 

(7.02%) (3.3%) 

Principal Investigators are NOT employed by the organization sponsoring the study. 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

{ } 

2/52 

(3.85%) 

There IS an agreement between the Principal Investigator and the Sponsor (or its agents) 

that restricts the Pl's rights to discuss or publish trial results after the trial is completed. 

Publishing of result communication only after Bayer's written approval. Manuscript to Bayer 

sixty days before public release. If no written Bayer comment within 60 days consider 

approval given. If multi-site study, principal investigator (Pl) not do independently publish 

results before publication of the multi-site paper, but Pl not restricted from 24 months from 

study to completion onwards. 

Results Point of Contact: 

Name/Official Title: Therapeutic Area Head 

Organization: BAYER 

Phone: 

Email: clinical-trials-contact@bayerhealthcare.com 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: October 27, 2014 (v23) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: October 2014 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

October 23, 2012 
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Results First Submitted that 

Met QC Criteria: 

Results First Posted: November 22, 2012 

[Estimate] 

CertificationiExtension 

First Submitted: 

CertificationiExtension January 26, 2012 

First Submitted that 

Met QC Criteria: 

CertificationiExtension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that October 27, 2014 

Met QC Criteria: 

Last Update Posted: November 3, 2014 [Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: Sponsor 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Data Monitoring: Yes 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 
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Study Design 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 177 [Actual] 

Arms and Interventions 

! Arms I Assigned Interventions I 
j Experimental: Aflibercept Injection (EYLEA, i Biological: Aflibercept Injection (EYLEA, i 
i VEGF Trap-Eye, BAY86-5321) I VEGF Trap-Eye, BAY86-5321) I 
: Participants received a 2 mg dose of I lntravitreal injection. Weeks Oto 20 of I 

I ::~~:;:;e~11~~:::~~=:i;:~Aiay 1 I :~::~~~\::2ct~~:~v=:~;:;:~ I 
i through Week 20, later as often as I (pro re nata, on demand); plus I 
! every 4 weeks depending on the study I additional on Week 60 and 68. I 
i retreatment criteria from Week 24 I Sham treatment I 

through Week 48. Follow-up phase: Sham treatment. Weeks 0 to 52 sham 

Participants on IAI, who continued the treatment every 4 weeks; plus 

study, received 2 mg dose of IAI additional on Week 60 and 68. 

depending on the study retreatment 

criteria at Week 60 and 68. 

i Participants received sham treatment I Sham treatment. Weeks 0 to 52 sham I 
i administered every 4 weeks from Day 1 I treatment every 4 weeks; plus I 
i through Week 52. Follow-up phase: I additional on Week 60 and 68. I 

Participants on sham treatment, who 

switched to lntravitreal Aflibercept 

Injection (IAI), received a 2 mg dose of 

LAI at week 52 and depending on the 
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I~ j _Assignedlnlervenlions_i 

Outcome Measures 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2:: 250 

µm on optical coherence tomography (OCT) 

* Adults 2 18 years 

s Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

s Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

s Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 
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Contacts/Locations 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

* Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parramatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westmead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 
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Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wt.irttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Koln, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 
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Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 
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References 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of, Gyeonggido 

Seongnam-si, Gyeonggido, Korea, Republic of, 463-

707 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 137-701 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 

Citations: [Study Results] Holz FG, Roider J, Ogura Y, Korobelnik JF, 

Sirnader C, Groetzbach G, Vitti R, Berliner AJ, Hierneyer F, 

Beckmann K, Zeitz 0, Sandbrink R VEGF Trap-Eye for 

macular oedema secondary to central retinal vein occlusion: 

6-month results of the phase Ill GALILEO study. Br J 

Ophthalmol. 2013 Mar;97(3):278-84. doi: 

10.1136/bjophthalmol-2012-301504. Epub 2013 Jan 7. 
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[ 

Links: 

Available IPD/lnformation: 

Participant Flow 

Reporting Groups 

Aflibercept Injection First, Then 

Aflibercept Injection 

Sham Treatment First, Then 

Aflibercept Injection 

Overall Study 

Erratum in: Br J Ophthalmol. 2015 Dec;99(12): 17 46. 

PubMed 23298885 

[Study Results] Korobelnik JF, Holz FG, Roider J, Ogura Y, 

Simader C, Schmidt-Erfurth U, Lorenz K, Honda M, Vitti R, 

Berliner AJ, Hiemeyer F, Stemper B, Zeitz 0, Sandbrink R; 

GALILEO Study Group. lntravitreal Aflibercept Injection for 

Macular Edema Resulting from Central Retinal Vein 

Occlusion: One-Year Results of the Phase 3 GALILEO 

Study. Ophthalmology. 2014 Jan; 121 (1 ):202-208. doi: 

10.1016/j.ophtha.2013.08.012. Epub 2013 Sep 29. PubMed 

24084497 

Study Results 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

] 
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Aflibercept Injection First, Sham Treatment First, Then 

Then Aflibercept Injection Aflibercept Injection 

Started 106 71 

Participants Received 104 fll 68 Pl 

Treatment 

Fulfilled Requirements of FAS 103 f2l 68 m 
Population 

Completed Week 24, From 97 57 

FAS 

Completed Week 52, From 91 52 

FAS 

Completed 90 52 

Not Completed 16 19 

Adverse Event 5 5 

Lack of Efficacy 0 5 

Lost to Follow-up 1 0 

(Overseas travel - 1 0 

indefinite period) 

Increase in vis. acuity, 0 1 

never injected 

Protocol Violation 5 2 

Withdrawal by Subject 4 6 

p] Safety Population: Participants received treatment 

[:Z] Full Analysis Set (FAS) Population: Participants received treatment with post baseline 

measurements 

Baseline Characteristics 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 
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Sham Treatment 

Baseline Measures 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Overall Number of Participants 104 68 172 

Age, Continuous Number 104 Participants 68 Participants 172 Patiicipants 

Mean (Standard Deviation) Analyzed 
Unit of measure: Years 

60.0 (12.3) 63.8 (13.3) 61.5 (12.8) 

Sex: Female, Male Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Female 45 43.27% 31 45.591}'0 76 44.19% Unit of measure: 

Participants Male 59 56.73% 3754.41% 96 55.81% 

Ethnicity (NIH/OMB} Number 104 Participants 68 Participants 172 Patiicipants 

Measure type: Count of Analyzed 
Participants 

Unit of measure: Hispanic or 4 3.85% 1 1.47% 5 2.91%, 

Participants Latino 

Not Hispanic 100 96.15% 66 97.06% 166 96.51% 

or Latino 

00% 1 1.47% 1 0.58% 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Unknown or 

Not Reported 

Baseline Best Corrected ~'""'- Number 104 Participants 68 Participants 172 Participants 

Visual Acuity (BCVA) t Analyzed 

letter scores t1l \.❖' 53.5 (15.7) 50.9 (15.4) 52.5 (15.6) 
M_ea.11_($ta.11d_a_rcl __ peviation) ,( ;::::::,:.;.;.;·.·.·.···· 

"" ....... 

[1] lnfiormation retrieved from all baseline 

participants. Only participants with a ETDRS 

(Early Treatment Diabetic Retinopathy Study) 

Best Corrected Visual Acuity letter score of 73 

to 25 (= Acuity of 20/40 to 20/320) in the study 

eye at 4 meters were included; a higher score 

represents better functioning. 

Number of participants Number 104 Participants 68 Participants 172 Participants 

with baseline retinal Analyzed 

perfusion [iJ 

Measure type: Number 

Unit of measure: 

Participants 

Perfused 90 54 144 

Non perfused 7 7 14 

Indeterminate 7 7 14 

[1] Retinal perfusion defined as less than 10 disc 

areas of capillary nonperfusion using 

fluorescein angiography (FA) 

Baseline Retina.I ,,,.,,,,,_ Number 104 Participants 68 Participants 172 Participants 

Thickness by Optical •••••••••••• Analyzed 

Coherence Tomography 
682.78 638.66 665.34 

(OCT) \i 
(233.36) (224.69) (230.33) 

P\.1,:,,::rn t<::t::lnd,::ar-rl n,:,"i!Cltinn\ < ) .;.;.;········· > 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Baseline intra.ocular Number 104 Participants 68 Participants 172 Participants 
/', 

pressure Analyzed 
,,,/ 

Mean (Standard Deviation) 
15.2 (2.8) 14.4 (2.7) 14.9 (2.8) ,,,. } } '\. 

Number of participants Number i 04 Participants 68 Participants 172 Participants 

with time since Central Analyzed 

retinal vein occlusion 

(CRVO) diagnosis 
Measure type: Number 

Unit of measure: 

Participants 

>= 2 months 46 33 79 

< 2 months 56 35 91 

Missing 2 0 2 

Baseline National Eye /'\ Number 104 Participants 68 Participants 172 Participants 

Institute 25-item Visual r Analyzed 

Function Questionnaire 
79.66 (13.06) 78.94 (14.00) 79.38 (13.40) ,,,/ 

(NEI VFQ-25} total score t 
{ } ) 

[1] The NEI VFQ-25 total score ranges from 

0-100 with a score of 0 being the worst 

outcome and 100 being the best outcome. 

The NEI VFQ questionnaire is organized as a 

collection of subscales which are all scored 

from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in 

order to give each sub-scale equal weight. 

European questionnaire 5 Number 104 Participants 68 Participants 172 Participants 

dimensions (EQ-50) total Analyzed 

score r11 
0.87 (0.15) 0.86 (0.16) 0.87 (0.15) 

Mean (Standard Deviation) 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Unit of measure: score on a 

scale 

[1] The EQ-5D total score ranges from -0.594 to 

1.000 with -0.594 being the worst. 

Race Number 104 Participants 68 Participants 172 Patiicipants 

Measure type: Number Analyzed 
Unit of measure: 

Participants 

Asian 26 15 41 

White 75 49 124 

Unknown or Not Reported 3 4 7 

Outcome Measures 

1. Primary Outcome Measure: 

Measure Title Percentage of Participants Who Gained at Least 15 

Letters in BCVA as Measured by ETDRS Letter Score 

Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated 

as Failures 

Measure Description Defined study baseline range of Early Treatment 

Diabetic Retinopathy Study (ETDRS) Best Corrected 

Visual Acuity (BCVA) letter score of 73 to 24 (= Acuity 

of 20/40 to 20/320) in the study eye; a higher score 

represents better functioning. Nominator= (Number 

of participants who maintained vision * 100); 

Denominator= Number of participants analyzed. 

Time Frame Baseline and Week 24 

Analysis Population Description 
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Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321) 

Sham Treatment 

Measured Values 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Gained at 60.2 22.1 

Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With 

Baseline at Week 24 With Discontinued 

Participants Before Week 24 Evaluated as 

Failures 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Statistical Analysis 1 for Percentage of Participants Who Gained at Least 15 Letters in 

BCVA as Measured by ETDRS Letter Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated as Failures 
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Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321 ), Sham Treatment 

Overview 
Comments Null hypothesis of difference of Eylea 

minus Sham of O was tested. In the 

database close after Week 24, basis 

for primary efficacy evaluation, 56 

Sham / 96 Eylea subjects were 

considered as week 24 completers. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments [Not specified] 

Hypothesis 
Method Cochran-Mantel-Haenszel 

Comments [Not specified] 

Method of Estimation Parameter CMH adjusted difference 

Estimation 
Estimated Value 38.3 

Confidence Interval (2-sided) 95% 

24.4 to 52.1 

Estimation Comments The estimate is calculated as Eylea 

minus Sham. A positive value shows 

Eylea showed a higher BCVA total 

score compared to Sham. 

2. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Change From Baseline in BCVA as Measured by 

Early Treatment Diabetic Retinopathy Study (ETDRS) 

Letter Score at Week 24 - Last Observation Carried 

Forward (LOCF) 

Defined study baseline range of ETDRS Best 

Corrected Visual Acuity letter score of 73 to 24 (= 

Acuity of 20/40 to 20/320) in the study eye; a higher 

score represents better functioning. However, 

because this was assessed at the screening visit, 
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Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

subjects may have had a higher BCVA recorded at 

the baseline visit and would not have been excluded 

from the study. 

Baseline and Week 24 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Sham Treatment 

Measured Values 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection 

(EYLEA, VEGF Trap

Eye, BAY86-5321) 

Sham Treatment 

Overall Number of Participants Analyzed 103 68 

Change From Baseline in BCVA as 

Measured by Early Treatment Diabetic 

Retinopathy Study (ETDRS) Letter Score at 

Week 24 - Last Observation Carried 

Forward (LOCF) 
Measure Type: Mean (Standard Deviation) 

71.6(17.1) 54.3 (20.2) 
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Statistical Analysis 1 for Change From Baseline in BCVA as Measured by Early Treatment 

Diabetic Retinopathy Study (ETDRS) Letter Score at Week 24 - Last Observation Carried 

Forward (LOCF) 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments Null hypothesis was equality in 

change from baseline to Week 24 in 

BCVA total letter score between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

endpoints were tested in a pre-

specified fixed sequence testing 

procedure. Change in BCVA letter 

score was to be tested first in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As primary efficacy evaluation was 

Hypothesis 
significant, and this p-value was 

below significance level of two-sided 

<.05, the fixed sequence testing did 

continue with next secondary 

endpoint. 

Method ANOVA 

Comments ANOV A, adjusting for region and 

baseline BCVA category as fixed 

factors. 

Method of Estimation Parameter Difference in Least square means 

Estimation 
Estimated Value 14.7 

Confidence Interval (2-sided) 95% 

10.8 to 18.7 

Estimation Comments The difference is calculated as Eylea 

minus Sham. A positive value 
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3. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

indicates Eylea showed a higher 

change in BCVA total score until 

week 24 compared to Sham. 

Change From Baseline in Central Retinal Thickness 

(CRT) at Week 24 - LOCF 

Baseline and Week 24 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (LAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 103 67 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1303



Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Change From Baseline in Central Retinal -448.58 (256.02) -169.27 (224.72) 

Thickness (CRT) at Week 24 - LOCF 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: microns 

Statistical Analysis 1 for Change From Baseline in Central Retinal Thickness (CRT) at 

Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments Null hypothesis was equality in 

change from baseline to Week 24 in 

central retinal thickness between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

end points were to be tested in a pre-

specified fixed sequence testing 

procedure. Change in central retinal 

thickness was to be tested at second 

place in this sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As fixed sequence testing did reject 

Hypothesis 
nullhypothesis of change from 

baseline in BCVA until week 24, and 

this p-value was below significance 

level of two-sided <.05, the fixed 

sequence testing did continue with 

next secondary endpoint. 

Method ANCOVA 

Comments ANCOV A, stratified by region and 

baseline BCVA category, baseline 
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central retinal thickness added as 

covariate. 

Method of Estimation Parameter Difference in Least square (LS) means 

Estimation 
Estimated Value -239.42 

Confidence Interval (2-sided) 95% 

-286.31 to-192.53 

Estimation Comments The difference is calculated as Eylea 

4. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321) 

Sham Treatment 

minus Sham. A negative value 

indicates Eylea showed a higher 

reduction in change in central retinal 

thickness until week 24 compared to 

Sham. 

Percentage of Participants Who Developed 

Neovascularization During the First 24 Weeks 

Formation of blood vessels in the anterior segment, 

optic disc, or elsewhere in the fundus up to Week 24 

From baseline until Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-
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Measured Values 

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BA Y86-5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Developed 

Neovascularization During the First 24 

Weeks 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Any neovascularization 2.9 4A 

Anterior segment neovascularization 1.9 1.5 

Neovascularization of the optic disc (NVD) 0.0 0.0 

Neovascularization elsewhere in the fundus 1.0 2.9 

(NVE) 

Statistical Analysis 1 for Percentage of Participants Who Developed Neovascularization 

During the First 24 Weeks 

Statistical 

Analysis 

Overview 

Statistical 

Test of 

Hypothesis 

Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Eye, BAY86-5321 ), Sham Treatment 

Comments Nullhypothesis of no difference in 

development of neovascularizations 

between Eylea and Sham group was 

tested. (Any neovascularization) 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

P-Value 0.5947 

Comments 
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As fixed sequence testing did reject 

nullhypothesis of change from 

baseline in CRT until week 24, and 

this p-value was not below 

significance level of two-sided <.05, 

the fixed sequence testing did end 

with this evaluation. 

Method Cochran-Mantel-Haenszel 

Comments Cochrane-Mantel-Haenszel test, 

stratified by region and baseline 

BCVA category. 

Method of Estimation Parameter CMH adjusted Difference 

Estimation 
Estimated Value -1.5 

Confidence Interval (2-sided) 95% 

-7.4 to 4A 

Estimation Comments [Not specified] 

5. Secondary Outcome Measure: 

Measure Title Change From Baseline in National Eye Institute 25-

item Visual Function Questionnaire (NEI VFQ-25) 

Total Score at Week 24 - LOCF 

Measure Description The NEI VFQ-25 total score ranges from 0-100 with a 

score of 0 being the worst outcome and 100 being the 

best outcome. The NEI VFQ questionnaire is 

organized as a collection of subscales which are all 

scored from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in order to 

give each sub-scale equal weight 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 
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Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 96 65 

Change From Baseline in National Eye 7.46 (9.55) 3.55 (9.74) 

Institute 25-item Visual Function 

Questionnaire (NEI VFQ-25) Total Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in National Eye Institute 25-item Visual 

Function Questionnaire (NEI VFQ-25) Total Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321), Sham Treatment 

Overview 
Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 
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Method of Estimation Parameter Difference in LS means 

Estimation 
Estimated Value 4.2 

Confidence Interval (2-sided) 95% 

1.7to6.8 

Estimation Comments As the fixed sequence of secondary 

endpoints stopped with proportion of 

neovascularizations developed until 

week 24, 95% confidence interval is 

only of descriptive nature. 

6. Secondary Outcome Measure: 

Measure Title Change From Baseline in European Five-dimensional 

Health Scale (EQ-5D) Score at Week 24 - LOCF 

Measure Description EQ-5D is a quality of life questionnaire based on a 

scale from -0.594 (worst) to 1.00 (best). 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 
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Measured Values 

depending on the study retreatment criteria at Week 

60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF Trap-

Eye, BAY86-5321) 

Overall Number of Participants Analyzed 95 64 

Change From Baseline in European Five- 0.029 (0.139) -0.002 (0.195) 

dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in European Five-dimensional Health Scale 

(EQ-5D) Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF Trap-

Analysis Eye, BAY86-5321 ), Sham Treatment 

Overview 
Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Method of Estimation Parameter Difference in LS Means 

Estimation 
Estimated Value 0.044 

Confidence Interval (2-sided) 95% 

-0.002 to 0.09 

Estimation Comments As the fixed sequence of secondary 

endpoints stopped with proportion of 

neovascularizations developed until 

week 24, 95% confidence interval is 

only of descriptive nature. 

Reported Adverse Events 

Time Frame [Not specified] 

[Not specified] 
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!Adverse Event Reporting 

Description 

Reporting Groups 

Aflibercept Injection (Until Week 20) 

Sham Treatment (Until Week 20) 

Aflibercept Injection (Until Week 48) 

Sham Treatment (Until Week 48) 

Aflibercept Injection Continued 

(Until Week 68) 

Sham Treatment Then Aflibercept 

Injection (Until Week 68) 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20. Participants were 

observed until Week 24. Participants in the safety 

population were at risk. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 20. 

Participants were observed until Week 24. 

Participants in the safety population were at risk. 

Participants who continued the study drug until Week 

24 received a 2 mg dose of lntravitreal Aflibercept 

Injection (IAI) administered as often as every 4 weeks 

depending on the study retreatment criteria from 

Week 24 through Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Participants who continued the study drug until Week 

24 received sham treatment administered every 4 

weeks from Week 24 to Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Participants on IAI who continued the study drug until 

Week 52, received 2 mg dose of IAI depending on the 

study retreatment criteria at Week 52, 60 and 68. 

Participants were observed starting from Week 52. 

Participants in the safety population that completed 

Week 52 were at risk. 

Participants on sham treatment switched to IAI, 

received a 2 mg dose of IAI at Week 52 and 

depending on the study retreatment criteria at Week 
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All-Cause Mortality 

Total 

Serious Adverse Events 

Total 

Cardiac disorders 

Aortic valve incompetence A• 

Cardiac failure A• 

Coronary artery stenosis A• 

60 and 68. Participants were observed starting from 

Week 52. Participants in the safety population that 

completed Week 52 were at risk. 

AflibercE 
I 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior TreatmE lnjectior TreatmE 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Alfuct&ii/ Alfuct~i, 
,,,. "" 

AffuctM/, 
,,,. "" 

Atrected/1 ❖-- "" AiTocted/1 
,,,. "" 

AiTocted/J 
Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) Risk (°Ii:,) 

,,,. "" <1> </> <;> <;> ❖,·· "" 

""" I "' I ""' I ,,,, 

Afliberd Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 
❖'" "" I ❖'" "" 

Al'recttid// Al'rected/, ❖'" "" Al'rected/, 
,,''" "" 

Affected/, 
~' ~ 

Affected/1 
,,,. " 

Affecttd/1 

Risk(%) Risk(%) Risk(%) Risk(%) Risk (0/o) Risk(%) 

~10\ 
,❖' "" 

'8/68 
,❖' "" 

til/9'7 
,❖' "" 

7151 
,,,. " 
4/91' 

~... ''.\_ 

'3!51 
(7.69%) (11.76% (14.43% (12.28% (4.4%) (5.77%) 

< > < "" ....... ( "" ....... 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 
I 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Diastolic dysfunction A• ~1 ())i tl/6~ tl/9/' fJ/5/' '6!9f ~/52 
(0%) (0%) (0%) (0%) (0%) (1.92%) 

Mitral valve incompetence A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Eye disorders 

Blindness unilateral A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Glaucoma A* 0/104 1/68 0/97 1/57 0/91 0/52 

(0%) (1.47%) (0%) (1.75%) (0%) (0%) 

Iris neovascularisation A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Macular fibrosis A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular ischaemia A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular oedema A• 0/104 2/68 4/97 0/57 1/91 0/52 

(0%) (2.94%) (4.12%) (0%) (1.1%) (0%) 

Retinal vein occlusion A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Visual acuity reduced A• 0/104 1/68 1/97 0/57 2/91 0/52 

(0%) (1.47%) (1.03%) (0%) (2.2%) (0%) 

Vitreous detachment A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Vitreous haemorrhage A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Gastrointestinal disorders 

I I I I I I 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Diverticular perforation A• ~1 ())i tl/6~ tl/9/' fJ/5/' itl/9f '©!52' 
(0%) (0%) (0%) (0%) (1.1%) (0%) 

Hepatobiliary disorders 

Hepatic function abnormal "' 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Infections and infestations 

Furuncle A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Gastroenteritis A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Pneumonia A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1 .47%) (1.03%) (1.75%) (0%) (0%) 

Vestibular neuronitis A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Injury, poisoning and procedural complications 

Fall"' 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Femur fracture"* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0'1/o) (0%) (1.92%) 

Hand fracture A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Humerus fracture A* 0/104 1/68 1i97 0/57 0/91 0/52 

(0%) (1 .47%) (1.03%) (0%) (0%) (0%) 

Radius fracture A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal compression fracture A• 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

1/1~ tl/6~ tl/9/' fJ/5/' '6!9f '©!52' 
(0.96%) (0%) (0%) (0%) (0%) (0%) 

Musculoskeletal and connective tissue disorders 

lntervertebral disc protrusion"' 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal column stenosis "* 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0%) (1.1%) (0%) 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Breast cancer A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Oropharyngeal cancer stage 1/104 0/68 0/97 0/57 0/91 0/52 

unspecified A• (0.96%) (0%) (0%) (0%) (0%) (0%) 

Nervous system disorders 

Paraesthesia "' 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Syncope"' 0/104 0/68 1/97 2/57 0/91 0/52 

(0%) (0%) (1.03%) (3.51 %) (0%) (0%) 

Transient ischaemic attack"* 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Respiratory, thoracic and mediastinal disorders 

Dyspnoea A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Laryngeal granuloma A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

Pulmonary hypertension A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Surgical and medical procedures < ~ ....... < > < ~ ....... 

lschaemic heart disease 1/104 0/68 0/97 

prophylaxis A• (0.96%) (0%) (0%) 

Vascular disorders 

Circulatory collapse A* 1/104 0/68 0/97 

(0.96%) (0%) (0%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Other Adverse Events 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

( ~ ....... < > 
0/57 0/91 

(0%) (0%) 

0/57 0/91 

(0%) (0%) 

Frequency Threshold Above Which Other Adverse Events are Reported: 5% 

AflibercE 
i 

Sham Afliberci Sham Afliberci 

lnjectior Treatme lnjectior Treatme lnjectiot 

(Until (Until (Until (Until Continu 

Week Week Week Week (Until 

20) 20) 48) 48) Week 

68) 

,,,. >< I ,,,. ·'>, 

Affecti:idh Affect~di, 
,,,. ~ 

Affected/, 
❖'· ~ 

Affected/J 
,,,. ~ 

Affected/1 

Risk(%) Risk('%) Risk(%) Risk(%) Risk(%) 
~... ''.\_ 

f41e~ ~/9~ fats~ ~/91 Total 5~/1d4 

(50%) (64.71% (68.04% (52.63% (41.76% 

Blood and lymphatic system disorders < ) < ) < ) < > 
Anaemia A* 1/104 0/68 0/97 3/57 0/91 

(0.96%) (0%) (0%) (5.26%) (0%) 

Eye disorders 

Conjunctiva! haemorrhage A• I I I I 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

{ } 

0/52 

(0%) 

0/52 

(0%) 

Sham 

Treatme 

Then 

AflibercE 

lnjectior 

(Until 

Week 

68) 
,❖• ~ 

Alfected/i 

Risk(%) 

-fu1s2 
(36.54% 

{ ~ 
' 

~,, .. 

0/52 

(0%) 

I 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

1{j11 t)-4 ~/6~ ~19!' tiJl5"t '§/gt 1/5~ 
(9.62%) (4.41%) (3.09%) (0%) (9.89':lo) (5.77%) 

Eye irritation A* 3/104 7/68 4/97 1/57 1/91 2/52 

(2.88%) (10.29% (4.12%) (1.75%) (1.1%) (3.85%) 

Eye pain A* 12/104 ~1es 6/97 2/57 1/91 0/52 

(11.54% (4.41%) (6.19%) (3.51 %) (1.1%) (0%) 

Foreign body sensation in eyes A• 
,❖- ~ 

&710'tl 5/68 2/97 0/57 1/91 0/52 

(5.77%) (7.35%) (2.06%) (0%) (1.1%) (0%) 

Lacrimation increased A• 3/104 4/68 3/97 4/57 1/91 2/52 

(2.88%) (5.88%) (3.09%) (7.02%) (1.1%) (3.85%) 

Macular fibrosis A• 1/104 1/68 5/97 4/57 0/91 3/52 

(0.96%) (1.47%) (5.15%) (7.02%) (0%) (5.77%) 

Macular ischaemia A• 7/104 5/68 3/97 1/57 0/91 1/52 

(6.73%) (7.35%) (3.09%) (1.75%) (0%) (1.92%) 

Macular oedema A* 2/104 9/68 30/97 7/57 17/91 2/52 

(1.92%) (13.24% (30.93% (1228% (18.68% (3.85%) 

Ocular hyperaemia A* 5/104 ~/6~ ~/91 ~/51 ~/9f 1/52 

(4.81 %) (5.88%) (2.06%) (1.75%) (4.4%) (1.92%) 

Optic disc vascular disorder,;:,,, 5/104 3/68 3/97 3/57 0/91 0/52 

(4.81 %) (4.41%) (3.09%) (5.26%) (0%) (0%) 

Retinal exudates A, 8/104 5/68 4/97 3/57 0/91 0/52 

(7.69%) (7.35%) (4.12%) (5.26%) (0%) (0%) 

Retinal haemorrhage A, 4/104 6/68 11/97 5/57 5/91 2/52 

(3.85%) (8.82%) (11.34% (8.77%) (5.49%) (3.85%) 

Retinal vascular disorder A* 6/104 7/68 ffi/9'7 2/57 0/91 2/52 

(5.77%) (10.29% (10.31% (3.51 %) (0%) (3.85%) 
"""' .f ~ .(· ~ 

> 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

~16¾ 116~ ffi/(}r i!5i' 1J9t i/5~ 
(1.92%) (10.29% (10.31% (1.75%) (7.69':lo) (1.92%) 

Vitreous detachment A* 2/104 t/68' ❖-- 'le-
7197 0/57 0/91 0/52 

(1.92%) (1.47%) (7.22%) (0%) (0%) (0%) 

Vitreous floaters A* 6/104 0/68 1/97 1/57 1/91 1/52 

(5.77%) (0%) (1.03%) (1.75%) (1.1%) (1.92%) 

Gastrointestinal disorders 

Nausea A• 0/104 1/68 0/97 3/57 0/91 0/52 

(0%) (1 .47%) (0%) (5.26%) (0%) (0%) 

Infections and infestations 

Influenza A, 2/104 0/68 5/97 1/57 1/91 1/52 

(1.92%) (0%) (5.15%) (1.75%) (1.1%) (1.92%) 

Nasopharyngitis A* 8/104 6/68 10/97 11/57 4/91 2/52 

(7.69%) (8.82%) (10.31% (19.3%) (4.4%) (3.85%) 

Investigations 
( 'le-....... 

lntraocular pressure increased A• 9/104 4/68 14/97 2/57 2/91 1/52 

(8.65%) (5.88%) (14.43% (3.51 %) (2.2%) (1.92%) 
,,,. "" 

Visual acuity tests abnormal A• 0/104 1/68 '5191 0/57 1/91 0/52 

(0%) (1 .47%) (5.15%) (0%) (1.1%) (0%) 

Musculoskeletal and connective tissue disorders 

Arthralgia A, 1/104 5/68 2/97 1/57 2/91 0/52 

(0.96%) (7.35%) (2.06%) (1.75%) (2.2%) (0%) 

Nervous system disorders 

Headache A• 7/104 4/68 4/97 1/57 1/91 1/52 

(6.73%) (5.88%) (4.12%) (1.75%) (1.1%) (1.92%) 
"""' 

> 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Hypertension A• ~1 ())i 1/6~ ~/9/' 
(3.85%) (4.41 %) (4.12%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Limitations and Caveats 

[Not specified] 

Certain Agreements: 

Sham AflibercE Sham 

Treatme lnjectior Treatme 

(Until Continu Then 

Week (Until Afliberci 

48) Week lnjectior 

68) (Until 

Week 

68) 

4151' 1/9f ~/52 
(7.02%) (3.3%) (3.85%) 

Principal Investigators are NOT employed by the organization sponsoring the study. 

There IS an agreement between the Principal Investigator and the Sponsor (or its agents) 

that restricts the Pl's rights to discuss or publish trial results after the trial is completed. 

Publishing of result communication only after Bayer's written approvaL Manuscript to Bayer 

sixty days before public release. If no written Bayer comment within 60 days consider 

approval given. If multi-site study, principal investigator (Pl) not do independently publish 

results before publication of the multi-site paper, but Pl not restricted from 24 months from 

study to completion onwards. 

Results Point of Contact: 

Name/Official Title: Therapeutic Area Head 

Organization: BAYER 

Phone: 

Email: clinical-trials-contact@bayerhealthcare.com 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: November 1, 2010 (v11) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: November 2010 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Met QC Criteria: 
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Last Update Posted: November 2, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; last visit (no treatment) at 

week 76. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no 

treatment) at week 76. 

Outcome Measures ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT) 

• Adults >= 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1326



Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66424 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1036 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1009 

Riga, Latvia, LV-1002 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: November 12, 2009 (v1) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

GALILEO 

Study Status 

Record Verification: November 2009 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: August 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

November 12, 2009 
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Last Update Submitted that 

Met QC Criteria: 

Last Update Posted: November 13, 2009 

[Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Data Monitoring: Yes 

Study Description 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion. 

Detailed Description: 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 
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Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 

! ___________________________________________________ Arms ___________________________________________________ L _______________________ Assigned_ Interventions __________________________ j 
! Experimental: Arm 1 I Drug: VEGF Trap-Eye (BAY86-5321) I 

Outcome Measures 

Primary Outcome Measures: 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 48 every 4 weeks 

re-assessment and either (PRN) 

injection of VEGF Trap-Eye or sham 

injection; weeks 52 to 100 safety 

follow-up. 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; weeks 52 to 100 safety 

follow-up. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. 
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Eligibility 

Change in the EQ-5D score from baseline 

Week 24 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Contacts/locations 

Criteria: Inclusion Criteria: 

* Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT). 

* Adults >= 18 years. 

* early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye. 

Exclusion Criteria: 

* Previous treatment with anti-angiogenic drugs in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

* Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 
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Central Contact: Bayer Clinical Trials Contact 

Email: clinical-trials-contact@bayerhealthcare.com 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

[Not yet recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Not yet recruiting] 

Sydney, New South Wales, Australia, 2000 

[Not yet recruiting] 

Sydney, New South Wales, Australia, 2145 

Australia, Victoria 

[Not yet recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Not yet recruiting] 

Nedlands, Western Australia, Australia, 6009 

Australia 

[Not yet recruiting] 

Parrarnatta, Australia, 2150 

Austria, Oberosterreich 

[Not yet recruiting] 

Linz, Oberosterreich, Austria, 4020 

Austria, Tirol 

[Not yet recruiting] 

Innsbruck, Tirol, Austria, 6020 

Austria 

[Not yet recruiting] 

Linz, Austria, 4021 

[Not yet recruiting] 

Wien, Austria, 1090 

France, Cedex 12 
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[Not yet recruiting] 

Paris, Cedex 12, France, 75557 

France 

[Not yet recruiting] 

Bordeaux, France, 33000 

[Not yet recruiting] 

Dijon Cedex, France, BP 1542-21 

[Not yet recruiting] 

Marseille, France, 13008 

[Not yet recruiting] 

Nantes Cedex, France, 44035 

[Not yet recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Not yet recruiting] 

Freiburg, Baden-Wt.irttemberg, Germany, 79106 

[Not yet recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Not yet recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Not yet recruiting] 

Munchen, Bayern, Germany, 81675 

[Not yet recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64276 

[Not yet recruiting] 

Marburg, Hessen, Germany, 35043 

Germany, Niedersachsen 

[Not yet recruiting] 

Gottingen, Niedersachsen, Germany, 37075 
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Germany, Nordrhein-Westfalen 

[Not yet recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Not yet recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45147 

[Not yet recruiting] 

Koln, Nordrhein-Westfalen, Germany, 50931 

Germany, Rheinland-Pfa.lz 

[Not yet recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Not yet recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Not yet recruiting] 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

[Not yet recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01067 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Not yet recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 

[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1339



[Not yet recruiting] 

Hamburg, Germany, 20251 

Hungary 

[Not yet recruiting] 

Budapest, Hungary, 1036 

[Not yet recruiting] 

Budapest, Hungary, 1089 

[Not yet recruiting] 

Budapest, Hungary, 1106 

[Not yet recruiting] 

Debrecen, Hungary, 4032 

[Not yet recruiting] 

Veszprem, Hungary, 8200 

Italy 

[Not yet recruiting] 

Ancona, Italy, 60126 

[Not yet recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Not yet recruiting] 

Firenze, Italy, 50139 

[Not yet recruiting] 

Milano, Italy, 20122 

[Not yet recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Not yet recruiting] 

Padova, Italy, 35128 

[Not yet recruiting] 

Roma, Italy, 00133 

[Not yet recruiting] 
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[Not yet recruiting] 

Torino, Italy, 10128 

Japan, Aichi 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Not yet recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Not yet recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Not yet recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Not yet recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of, Korea 

[Not yet recruiting] 

Seoul, Korea, Korea, Republic of, 110 7 44 

Korea, Republic of 

[Not yet recruiting] 

Ask Contact, Korea, Republic of 

[Not yet recruiting] 

lncheon, Korea, Republic of, 405-760 

[Not yet recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Not yet recruiting] 

Seoul, Korea, Republic of, 110-744 

[Not yet recruiting] 

Seoul, Korea, Republic of, 138-736 
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References 

Citations: 

Links: 

Available IPD/lnformation: 

Latvia 

[Not yet recruiting] 

Riga, Latvia, 1009 

[Not yet recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Not yet recruiting] 

Ask Contact, Singapore, 168751 

[Not yet recruiting] 

Singapore, Singapore, 119074 

Scro!! to HH} Studv ton 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: November 29, 2011 (v16) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Study Status 

Record Verification: November 2011 

Overall Status: Active, not recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: March 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Met QC Criteria: 
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Last Update Posted: November 30, 2011 

[Estimate] 

Sponsor/Collaborators 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

Oversight 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions 

Study Design 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 
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Arms and Interventions 

l·--------------------------------------------------~~-~-~--------------------------------------------------· ]-------------------------- Assigned--lnterventions ----------------------·--] 
i Experimental: Arm 1 I Biological: VEGF Trap-Eye (BAY86-5321) I 

lntravitreal injection. Weeks Oto 20 

injection of VEGF Trap-Eye every 4 

weeks; weeks 24 to 52 every 4 weeks 

plus additional on week 60 and 68 re

assessment and either (PRN) injection 

of VEGF Trap-Eye or sham injection; 

last visit (no treatment) at week 76. 

! Sham Comparator: Arm 2 I Sham treatment I 

Outcome Measures 

Primary Outcome Measures: 

Sham treatment. Weeks 0 to 20 sham 

treatment every 4 weeks; weeks 24 to 

48 every 4 weeks re-assessment and 

sham injection; week 52 VEGF Trap

Eye injection (unless investigator 

declines for medical reasons), weeks 

60 and 68 re-assessment and either 

(PRN) injection of VEGF Trap-Eye or 

sham injection; last visit (no treatment) 

at week 76. 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. 
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Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

• Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2 250 

µm on optical coherence tomography (OCT) 

• Adults 2 18 years 

• Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

• Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

• Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 

* CRVO disease duration > 9 months from date of 

diagnosis 

• Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 
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Contacts/Locations 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 

Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 
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Freiburg, Baden-Wurttemberg, Germany, 79106 
•❖-'¾ 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wt.irttemberg, Germany, 72076 

Germany, Bayern 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 

Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 
"""' 

< > 
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Germany 
•❖-'¾ 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Marburg, Germany, 35037 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 
"""' 

< > 
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IPDSharing 

Plan to Share IPO: 

References 

Citations: 

Links: 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 744 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 119074 

Singapore, Singapore, 168751 

Scro!! to the Stu::.iv too 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: December 18, 2012 (v20) 

Study Identification 

Unique Protocol ID: 14130 

Study Status 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary IDs: 2009-010973-19 [EudraCT Number] 

Record Verification: December 2012 

Overall Status: Completed 

Study Start: October 2009 

Primary Completion: February 2011 [Actual] 

Study Completion: February 2012 [Actual] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

October 23, 2012 
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Results First Submitted that 

Met QC Criteria: 

Results First Posted: November 22, 2012 

[Estimate] 

CertificationiExtension 

First Submitted: 

CertificationiExtension January 26, 2012 

First Submitted that 

Met QC Criteria: 

CertificationiExtension January 30, 2012 [Estimate] 

First Posted: 

Last Update Submitted that December 18, 2012 

Met QC Criteria: 

Oversight 

Last Update Posted: December 19, 2012 

[Estimate] 

Sponsor: Bayer 

Responsible Party: 

Collaborators: Regeneron Pharmaceuticals 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Study Description 

Conditions 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with macular edema as a consequence 

of central retinal vein occlusion 

Detailed Description: 

Conditions: Retinal Vein Occlusion 

Keywords: 
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Study Design 

Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 

Arms and interventions 
' ................................................................................................................................................................................................................................................................................................................................................................ , ............................................................................................................................................................................................................................................................................................................................................................. ... 

: Arms I Assigned Interventions I 
,,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-... ~ ........................................................................................................................................................................................................................................ ~.:; 

! Experimental: Aflibercept Injection (EYLEA, I Biological: Aflibercept Injection (EYLEA, I 
I VEGF Trap-Eye, BAY86-5321) I VEGF Trap-Eye, BAY86-5321) I 
: Participants received a 2 mg dose of I lntravitreal injection. Weeks Oto 20 of I 

I :::~::~:;e~fl~::~e:~:::1;:~Aiay 1 I :~~:~c;~\::2~~:~v=:~::;:~ I 
! through Week 20, later as often as I (pro re nata, on demand); plus I 

every 4 weeks depending on the study additional on Week 60 and 68. 

retreatment criteria from Week 24 

through Week 48. Follow-up phase: 

Participants on IAI, who continued the 

study, received 2 mg dose of IAI 

depending on the study retreatment 

criteria at Week 60 and 68. 

i Participants received sham treatment I Sham treatment. Weeks 0 to 52 sham I 
i administered every 4 weeks from Day 1 I treatment every 4 weeks; plus I 
! through Week 52. Follow-up phase: I additional on Week 60 and 68. I 
i Participants on sham treatment, who I Biological: Sham treatment switched to I 
i switched to lntravitreal Aflibercept I Aflibercept Injection I 
i I I 
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Arms 

Injection (IAI), received a 2 mg dose of 

IAI at week 52 and depending on the 

study retreatment criteria at Week 60 

and 68. 

Participants on sham treatment, who 

switched to lntravitreal Aflibercept 

Injection (IAI), received a 2 mg dose of 

IAI at week 52 and depending on the 

study retreatment criteria at Week 60 

and 68. 

Outcome Measures 

Eligibility 

Minimum Age: 18 Years 

Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

* Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness 2: 250 

µm on optical coherence tomography (OCT) 

• Adults 2: 18 years 

* Early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye 

Exclusion Criteria: 

* Any prior treatment with anti-VEGF agents in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) or previous 

administration of systemic anti-angiogenic 

medications 

* Prior panretinal laser photocoagulation or macular 

laser photocoagulation in the study eye 
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Contacts/Locations 

• CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

• Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

rnacula in either the study eye or fellow eye 

Study Officials: Bayer Study Director 

Study Director 

Bayer 

Locations: Australia, New South Wales 

Chatswood, New South Wales, Australia, 2067 

Parrarnatta, New South Wales, Australia, 2150 

Sydney, New South Wales, Australia, 2000 

Westrnead, New South Wales, Australia, 2145 

Australia, Victoria 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

Nedlands, Western Australia, Australia, 6009 

Austria 

Innsbruck, Austria, 6020 

Linz, Austria, 4021 

Wien, Austria, 1090 

France, Cedex 12 

Paris, Cedex 12, France, 75557 

France, Cedex 1 

Nantes, Cedex 1, France, 44093 

France 

Bordeaux, France, 33000 
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Dijon, France, 21033 

Marseille, France, 13008 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

Freiburg, Baden-Wurttemberg, Germany, 79106 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

Munchen, Bayern, Germany, 81675 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

Darmstadt, Hessen, Germany, 64297 

Frankfurt, Hessen, Germany, 60596 

Marburg, Hessen, Germany, 35037 

Germany, Niedersachsen 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 

Aachen, Nordrhein-Westfalen, Germany, 52074 

Bonn, Nordrhein-Westfalen, Germany, 53105 

Essen, Nordrhein-Westfalen, Germany, 45122 

Kain, Nordrhein-Westfalen, Germany, 50924 

Munster, Nordrhein-Westfalen, Germany, 48145 

Germany, Rheinland-Pfalz 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

Chemnitz, Sachsen, Germany, 09116 

Dresden, Sachsen, Germany, 01307 
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Dresden, Sachsen, Germany, 06067 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

Kiel, Schleswig-Holstein, Germany, 24105 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

Berlin, Germany, 13353 

Hamburg, Germany, 20251 

Hungary 

Budapest, Hungary, 1089 

Budapest, Hungary, 1106 

Budapest, Hungary, 1133 

Debrecen, Hungary, 4032 

Veszprem, Hungary, 8200 

Zalaegerszeg, Hungary, H-8900 

Italy 

Ancona, Italy, 60126 

Bari, Italy, 70124 

Catania, Italy, 95123 

Firenze, Italy, 50134 

Milano, Italy, 20122 

Milano, Italy, 20132 

Milano, Italy, 20157 

Padova, Italy, 35128 

Roma, Italy, 00133 

Roma, Italy, 00198 

Torino, Italy, 10122 

Japan, Aichi 

Nagoya, Aichi, Japan, 466-8560 

Nagoya, Aichi, Japan, 467-8602 
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IPDSharing 

Plan to Share IPD: 

References 

Citations: 

Links: 

Available IPD/lnformation: 

[ 
Participant Flow 

Japan, Chiba 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

Kyoto, Japan, 606-8507 

Korea, Republic of 

lncheon, Korea, Republic of, 405-760 

Kungki-do, Korea, Republic of, 463-707 

Seoul, Korea, Republic of, 110 7 44 

Seoul, Korea, Republic of, 110-744 

Seoul, Korea, Republic of, 138-736 

Seoul, Korea, Republic of 

Latvia 

Riga, Latvia, 1002 

Riga, Latvia, 1050 

Singapore 

Singapore, Singapore, 11907 4 

Singapore, Singapore, 168751 

Study Results ] 
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Reporting Groups 

Description 

Aflibercept Injection First, Then Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment First, Then Participants received sham treatment administered 

Aflibercept Injection every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Overall Study 

Aflibercept Injection First, Sham Treatment First, 

Then Aflibercept Injection Then Aflibercept Injection 

Started 106 71 

Participants Received 104 n 68 n 
Treatment 

Fulfilled Requirements of FAS 103 U) 68 [,\) 

Population 

Completed Week 24, From 97 57 

FAS 

Completed Week 52, From 91 52 

FAS 

Completed 90 52 

Not Completed 16 19 

Adverse Event 5 5 

Lack of Efficacy 0 5 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1363



Aflibercept Injection First, Sham Treatment First, 

Then Aflibercept Injection Then Aflibercept Injection 

Lost to Follow-up 1 0 

(Overseas travel - 1 0 

indefinite period) 

Increase in vis. acuity, 0 1 

never injected 

Protocol Violation 5 2 

Withdrawal by Subject 4 6 

PJ Safety Population: Participants received treatment 

[Z] Full Analysis Set (FAS) Population: Participants received treatment with post 

baseline measurements 

Baseline Characteristics 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20, later as often as every 

4 weeks depending on the study retreatment criteria 

from Week 24 through Week 48. Follow-up phase: 

Participants on IAI, who continued the study, received 

2 mg dose of IAI depending on the study retreatment 

criteria at Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. Follow-

up phase: Participants on sham treatment, who 

switched to lntravitreal Aflibercept Injection (IAI), 

received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. 

Baseline Measures 
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Aflibercept Sham Total 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Overall Number of Participants 104 68 172 

Age Continuous Number 104 Participants 68 Participants 172 Participants 

Mean (Standard Deviation) Analyzed 
Unit of measure: Years 

60.0 (12.3) 63.8 (13.3) 61.5 (12.8) 

Sex: Female, Male Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Female 45 43.270/i:, 31 4559% 76 44.19% Unit of measure: 

Participants Male 59 56.73%) 37 54.41%.1 96 55.81% 

Ethnicity (NIH/OMB) Number 104 Participants 68 Participants 172 Participants 

Measure type: Count of Analyzed 
Participants 

Unit of measure: Hispanic or 4 3.85% 1 1.47'% 5 2.91% 

Participants Latino 

Not Hispanic 100 96.15°/o 66 97.06'% 166 96.51'% 

or Latino 

Unknown or 00% 1 1.47% 1 0.58%, 

Not Reported 

Baseline Best Corrected >"''"'- Number 104 Participants 68 Participants 172 Participants 

Visual Acuity (BCVA) Analyzed 

letter scores [11 \i 53.5 (15.7) 50.9 (15.4) 52.5 (15.6) 
Mean (Standard Deviation) 

< rr r r rrrr::::::::::;::::::;:.:.:.;.·.·.·.· ......... > 
[1] Only participants with a ETDRS (Early 

Treatment Diabetic Retinopathy Study) Best 

Corrected Visual Acuity letter score of 73 to 

25 (= Acuity of 20/40 to 20/320) in the study 

eye at 4 meters were included, Safety 

Analysis Set (EYLEA n=104, Sham n=68); a 

higher score represents better functioning. 

104 Participants 68 Participants 172 Patiicipants 
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Aflibercept Sham Total •❖-'¾ 

Injection Treatment 

(EYLEA, 

VEGF Trap-

Eye, BAY86-

5321) 

Number of participants Number 

with baseline retinal Analyzed 

perfusion r11 

Measure type: Number 

Unit of measure: 

Participants 

Perfused 90 54 144 

Non perfused 7 7 14 

Indeterminate 7 7 14 

[1] Retinal perfusion defined as less than 10 disc 

areas of capillary nonperfusion using 

fluorescein angiography (FA) 

Baseline Retinal •❖-\ Number i 04 Participants 68 Participants 172 Participants 

Thickness by Optical Analyzed 

Coherence Tomography 
682.78 638.66 665.34 

{OCT} ~"" (233.36) (224.69) (230.33) 

Baseline intraocular /¾ Number 104 Participants 68 Participants 172 Participants 

pressure 
\/ 

Analyzed 
Mean (Standard Deviation) 

15.2 (2.8) 14.4 (2.7) 14.9 (2.8) < > 
Number of participants Number i 04 Participants 68 Participants 172 Participants 

with time since Central Analyzed 

retinal vein occlusion 

{CRVO) diagnosis 
Measure type: Number 

Unit of measure: 

Participants 

>= 2 months 46 33 79 

< 2 months 56 35 91 
"""' 

< > 
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Baseline National Eye 

Institute 25-item Visual 

Number 
/', 

Function Questionnaire 

(NEI VFQ-25} total scorer"'"" 

Analyzed 

European questionnaire 1,,-~ Number 

dimensions (EQ-5D) total@] Analyzed 

score r·11 \.--' 

Me1:111.{$t1:117dard .. Oeviation) 
< !ii!i!i!ii!i!i!!i!i!i!i:i:i:i::::::::::::::::::::::•:•:•:•······· .) 

Race Number 

Measure type: Number Analyzed 
Unit of measure: 

Participants 

Asian 

White 

Unknown or Not Reported 

Outcome Measures ·· 

1. Primary Outcome Measure: 

I Measure Title 

Aflibercept 

Injection 

(EYLEA, 

VEGF Trap

Eye, BAY86-

5321) 

Sham 

Treatment 

Total 

104 Participants 68 Participants 172 Participants 

79.66 (13.06) 78.94 (14.00) 79.38 (13.40) 

[i] The NEI VFQ-25 total score ranges from 

0-100 with a score of 0 being the worst 

outcome and 100 being the best outcome. 

The NEI VFQ questionnaire is organized as a 

collection of subscales which are all scored 

from 0-100. To reach the overall composite 

score, each sub-scale score is averaged in 

order to give each sub-scale equal weight. 

104 Participants 68 Participants 172 Participants 

0.87 (0.15) 0.86 (0.16) 0.87 (0.15) 

[1] The EQ-5D total score ranges from -0.594 to 

1.000 with -0.594 being the worst. 

104 Participants 68 Participants 172 Patiicipants 

26 15 41 

75 49 124 

3 4 7 
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Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Gained at Least 15 

Letters in BCVA as Measured by ETDRS Letter 

Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 

Evaluated as Failures 

Defined study baseline range of Early Treatment 

Diabetic Retinopathy Study (ETDRS) Best 

Corrected Visual Acuity (BCVA) letter score of 73 

to 24 (= Acuity of 20/40 to 20/320) in the study eye; 

a higher score represents better functioning. 

Nominator= (Number of participants who 

maintained vision " 100); Denominator= Number of 

participants analyzed. 

Baseline and Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Gained at 60.2 22.1 

Least 15 Letters in BCVA as Measured by 

ETDRS Letter Score Compared With 

Baseline at Week 24 With Discontinued 

Participants Before Week 24 Evaluated as 

Failures 
Measure Type: Number 

Unit of Measure: Percentage of participants 

Statistical Analysis 1 for Percentage of Participants Who Gained at Least 15 Letters in 

BCVA as Measured by ETDRS Letter Score Compared With Baseline at Week 24 With 

Discontinued Participants Before Week 24 Evaluated as Failures 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis of difference of 

Eylea minus Sham of O was tested. 

In the database close after Week 

24, basis for primary efficacy 

evaluation, 56 Sham / 96 Eylea 

subjects were considered as week 

24 completers. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments [Not specified] 

Hypothesis 
Method Cochran-Mantel-Haenszel 

Comments [Not specified] 

Estimation Parameter CMH adjusted difference 
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Method of Estimated Value 38.3 

Estimation 
Confidence Interval (2-sided) 95% 

24.4 to 52.1 

Estimation Comments The estimate is calculated as Eylea 

2. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

minus Sham. A positive value 

shows Eylea showed a higher 

BCVA total score compared to 

Sham. 

Change From Baseline in BCVA as Measured by 

Early Treatment Diabetic Retinopathy Study 

(ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Defined study baseline range of ETDRS Best 

Corrected Visual Acuity letter score of 73 to 24 (= 

Acuity of 20/40 to 20/320) in the study eye; a higher 

score represents better functioning. However, 

because this was assessed at the screening visit, 

subjects may have had a higher BCVA recorded at 

the baseline visit and would not have been 

excluded from the study. 

Baseline and Week 24 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 
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Sham Treatment 

Measured Values 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BAY86-

5321) 

Overall Number of Participants Analyzed 103 68 

Change From Baseline in BCVA as 71.6(17.1) 54.3 (20.2) 

Measured by Early Treatment Diabetic 

Retinopathy Study (ETDRS) Letter Score at 

Week 24 - Last Observation Carried 

Forward (LOCF) 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: Letters correctly read 

Statistical Analysis 1 for Change From Baseline in BCVA as Measured by Early 

Treatment Diabetic Retinopathy Study (ETDRS) Letter Score at Week 24 - Last 

Observation Carried Forward (LOCF) 

Statistical 

Analysis 

Overview 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in BCVA total letter score between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

endpoints were tested in a pre

specified fixed sequence testing 

procedure. Change in BCVA letter 
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score was to be tested first in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As primary efficacy evaluation was 

Hypothesis 
significant, and this p-value was 

below significance level of two-

sided <.05, the fixed sequence 

testing did continue with next 

secondary endpoint. 

Method ANOVA 

Comments ANOVA, adjusting for region and 

baseline BCVA category as fixed 

factors. 

Method of Estimation Parameter Difference in Least square means 

Estimation 
Estimated Value 14.7 

Confidence Interval (2-sided) 95% 

10.8 to 18.7 

Estimation Comments The difference is calculated as 

Eylea minus Sham. A positive 

value indicates Eylea showed a 

higher change in BCVA total score 

until week 24 compared to Sham. 

3. Secondary Outcome Measure: 

Measure Title Change From Baseline in Central Retinal 

Thickness (CRT) at Week 24 - LOCF 

Measure Description 

Time Frame Baseline and Week 24 

Analysis Population Description 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1372



Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Measured Values 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 67 

Change From Baseline in Central Retinal -448.58 (256.02) -169.27 (224.72) 

Thickness (CRT) at Week 24 - LOCF 

Measure Type: Mean (Standard Deviation) 

Unit of Measure: microns 

Statistical Analysis 1 for Change From Baseline in Central Retinal Thickness (CRT) at 

Week 24 - LOCF 

Companson Groups I 
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Statistical Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BA Y86-5321 ), Sham 

Overview Treatment 

Comments Null hypothesis was equality in 

change from baseline to Week 24 

in central retinal thickness between 

Eylea and Sham. If primary efficacy 

was successful, secondary efficacy 

end points were to be tested in a 

pre-specified fixed sequence 

testing procedure. Change in 

central retinal thickness was to be 

tested at second place in this 

sequence. 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Statistical P-Value <.0001 

Test of 
Comments As fixed sequence testing did reject 

Hypothesis 
nullhypothesis of change from 

baseline in BCVA until week 24, 

and this p-value was below 

significance level of two-sided <.05, 

the fixed sequence testing did 

continue with next secondary 

endpoint. 

Method ANCOVA 

Comments ANCOV A, stratified by region and 

baseline BCVA category, baseline 

central retinal thickness added as 

covariate. 

Method of Estimation Parameter Difference in Least square (LS) means 

Estimation 
Estimated Value -239.42 

Confidence Interval (2-sided) 95% 

-286.31 to -192.53 
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Estimation Comments The difference is calculated as 

Eylea minus Sham. A negative 

value indicates Eylea showed a 

higher reduction in change in 

central retinal thickness until week 

24 compared to Sham. 

4. Secondary Outcome Measure: 

Measure Title 

Measure Description 

Time Frame 

Analysis Population Description 

Full analysis set 

Reporting Groups 

Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BAY86-5321) 

Sham Treatment 

Measured Values 

Percentage of Participants Who Developed 

Neovascularization During the First 24 Weeks 

Formation of blood vessels in the anterior segment, 

optic disc, or elsewhere in the fundus up to Week 

24 

From baseline until Week 24 

Description 

Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 
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Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 103 68 

Percentage of Participants Who Developed 

Neovascularization During the First 24 

Weeks 

Measure Type: Number 

Unit of Measure: Percentage of participants 

Any neovascularization 2.9 4.4 

Anterior segment neovascularization 1.9 1.5 

Neovascularization of the optic disc (NVD) 0.0 0.0 

Neovascularization elsewhere in the fundus 1.0 2.9 

(NVE) 

Statistical Analysis 1 for Percentage of Participants Who Developed Neovascularization 

During the First 24 Weeks 

Statistical 

Analysis 

Overview 

Statistical 

Test of 

Hypothesis 

Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Trap-Eye, BA Y86-5321 ), Sham 

Treatment 

Comments Nullhypothesis of no difference in 

development of 

neovascularizations between Eylea 

and Sham group was tested. (Any 

neovascularization) 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

P-Value 0.5947 

Comments As fixed sequence testing did reject 

nullhypothesis of change from 

baseline in CRT until week 24, and 

this p-value was not below 

significance level of two-sided <.05, 
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the fixed sequence testing did end 

with this evaluation. 

Method Cochran-Mantel-Haenszel 

Comments Cochrane-Mantel-Haenszel test, 

stratified by region and baseline 

BCVA category. 

Method of Estimation Parameter CMH adjusted Difference 

Estimation 
Estimated Value -1.5 

Confidence Interval (2-sided) 95% 

-7.4 to 4.4 

Estimation Comments [Not specified] 

5. Secondary Outcome Measure: 

Measure Title Change From Baseline in National Eye Institute 25-

item Visual Function Questionnaire (NEI VFQ-25) 

Total Score at Week 24 - LOCF 

Measure Description The NEI VFQ-25 total score ranges from 0-100 with 

a score of O being the worst outcome and 100 

being the best outcome. The NEI VFQ 

questionnaire is organized as a collection of 

subscales which are all scored from 0-100. To 

reach the overall composite score, each sub-scale 

score is averaged in order to give each sub-scale 

equal weight 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BAY86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 
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Sham Treatment 

Measured Values 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 

who switched to lntravitreal Aflibercept Injection 

(LAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 96 65 

Change From Baseline in National Eye 7.46 (9.55) 3.55 (9.74) 

Institute 25-item Visual Function 

Questionnaire (NEI VFQ-25) Total Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in National Eye Institute 25-item Visual 

Function Questionnaire (NEI VFQ-25) Total Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Estimation Parameter Difference in LS means 
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Method of Estimated Value 4.2 

Estimation 
Confidence Interval (2-sided) 95% 

1.7 to 6.8 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 

6. Secondary Outcome Measure: 

Measure Title Change From Baseline in European Five-

dimensional Health Scale (EQ-5D) Score at Week 

24 - LOCF 

Measure Description EQ-5D is a quality of life questionnaire based on a 

scale from -0.594 (worst) to 1.00 (best). 

Time Frame Baseline and Week 24 

Analysis Population Description 

Full-Analysis Set with assessment for this outcome measure; imputation technique: 

LOCF 

Reporting Groups 

Description 

Aflibercept Injection (EYLEA, VEGF Participants received a 2 mg dose of lntravitreal 

Trap-Eye, BA Y86-5321) Aflibercept Injection (IAI) administered every 4 

weeks from Day 1 through Week 20, later as often 

as every 4 weeks depending on the study 

retreatment criteria from Week 24 through Week 

48. Follow-up phase: Participants on IAI, who 

continued the study, received 2 mg dose of IAI 

depending on the study retreatment criteria at 

Week 60 and 68. 

Sham Treatment Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 52. 

Follow-up phase: Participants on sham treatment, 
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Measured Values 

who switched to lntravitreal Aflibercept Injection 

(IAI), received a 2 mg dose of IAI at week 52 and 

depending on the study retreatment criteria at 

Week 60 and 68. 

Aflibercept Injection Sham Treatment 

(EYLEA, VEGF 

Trap-Eye, BA Y86-

5321) 

Overall Number of Participants Analyzed 95 64 

Change From Baseline in European Five- 0.029 (0. 139) -0.002 (0.195) 

dimensional Health Scale (EQ-5D) Score at 

Week 24 - LOCF 
Measure Type: Mean (Standard Deviation) 

Unit of Measure: Scores on a scale 

Statistical Analysis 1 for Change From Baseline in European Five-dimensional Health 

Scale (EQ-5D) Score at Week 24 - LOCF 

Statistical Comparison Groups Aflibercept Injection (EYLEA, VEGF 

Analysis Trap-Eye, BAY86-5321 ), Sham 

Overview Treatment 

Comments [Not specified] 

Type of Statistical Test Superiority or Other (legacy) 

Comments [Not specified] 

Method of Estimation Parameter Difference in LS Means 

Estimation 
Estimated Value 0.044 

Confidence Interval (2-sided) 95% 

-0.002 to 0.09 

Estimation Comments As the fixed sequence of 

secondary endpoints stopped with 

proportion of neovascularizations 

developed until week 24, 95% 

confidence interval is only of 

descriptive nature. 
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Reported Adverse Events 

Time Frame [Not specified] 

Adverse Event Reporting [Not specified] 

Description 

Reporting Groups 

Description 

Aflibercept Injection (Until Week 20) Participants received a 2 mg dose of lntravitreal 

Aflibercept Injection (IAI) administered every 4 weeks 

from Day 1 through Week 20. Participants were 

observed until Week 24. Participants in the safety 

population were at risk. 

Sham Treatment (Until Week 20) Participants received sham treatment administered 

every 4 weeks from Day 1 through Week 20. 

Participants were observed until Week 24. 

Participants in the safety population were at risk. 

Aflibercept Injection (Until Week 48) Participants who continued the study drug until Week 

24 received a 2 mg dose of lntravitreal Aflibercept 

Injection (IAI) administered as often as every 4 weeks 

depending on the study retreatment criteria from 

Week 24 through Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Sham Treatment (Until Week 48) Participants who continued the study drug until Week 

24 received sham treatment administered every 4 

weeks from Week 24 to Week 48. Participants were 

observed from Week 24 until Week 52. Participants in 

the safety population that completed Week 24 were at 

risk. 

Aflibercept Injection Continued Participants on IAI who continued the study drug until 

(Until Week 68) Week 52, received 2 mg dose of IAI depending on the 

study retreatment criteria at Week 52, 60 and 68. 

Participants were observed starting from Week 52. 

Participants in the safety population that completed 

Week 52 were at risk. 
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Sham Treatment Then Aflibercept Participants on sham treatment switched to IAI, 

Injection (Until Week 68) received a 2 mg dose of IAI at Week 52 and 

depending on the study retreatment criteria at Week 

60 and 68. Participants were observed starting from 

Week 52. Participants in the safety population that 

completed Week 52 were at risk. 

All-Cause Mortality 

Afliberd Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior TreatmE lnjectior TreatmE 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until AflibercE 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 
,"· ~ I ,"· ~ 

Alfect~d// Alfected/, 
,❖· ~ 

Afi'ected/, 
,,,, ~ 

Affected/, 
~ ... ~ 

A ffecti§d/i 
,,,. " 

Affecti§d/i 

Risk(%) Risk (%.1) Risk(%,) Risk(%,) Risk(%) Risk(%)) 
,,,. ~ ,❖- ~ ,❖- "" --❖ "" 

,,,, " ~... ''.\_ 

Total ~ f ·''' """ I .,,, ...... "- I ... ❖ ""· I .,❖ ."'- I _,,,· ~1> I I 

Serious Adverse Events 

AflibercE 
i 

Sham Afliberci Sham AflibercE Sham 

lnjectior TreatmE lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Affec~cd Affectid/, _,,. "" 
Affected/, 

,,,. "" 
Affected/, 

❖:· "» 
Affected/, 

❖- "» 
Atl'ectMh 

Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 
,,,. " 

8'/1 O'~ 
,,,. "" 
'8/6g t4/97 <t1sr il9f ~/5~ 

(7.69%) (11.76% (14.43'1/o (12.28% (4.4%) (5.77%) 

Cardiac disorders < } < "» .......... < "» .......... 

Aortic valve incompetence A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Cardiac failure A* 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

l5i'1d¾ 1)/6~ 1)/9/' tJl5"t tJJ9t i/5~ 
(0%) (0%) (0'1/o) (0%) (0%) (1.92%) 

Coronary artery stenosis A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Diastolic dysfunction A* 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Mitra! valve incompetence A• 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Eye disorders 

Blindness unilateral A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Glaucoma .tv 0/104 1/68 0/97 1/57 0/91 0/52 

(0%) (1 .47%) (0%) (1.75%) (0%) (0%) 

Iris neovascularisation A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Macular fibrosis A, 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular ischaemia A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Macular oedema A* 0/104 2/68 4/97 0/57 1/91 0/52 

(0%) (2.94%) (4.12%) (0%) (1.1%) (0%) 

Retinal vein occlusion A* 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Visual acuity reduced A• 0/104 1/68 1/97 0/57 2/91 0/52 

(0%) (1.47%) (1.03%) (0%) (2.2%) (0%) 

Vitreous detachment A• 1/104 0/68 0/97 0/57 0/91 0/52 """' 

> 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Vitreous haemorrhage A, 6110\ ~/6~ 
,,,. ~ 

'1191 ~/51 
,,,. ~ 

C)/91' 
-❖- ~ 
Q/51 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Gastrointestinal disorders 

Diverticular perforation A• 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0%) (1.1%) (0%) 

Hepatobiliary disorders 

Hepatic function abnormal .tv 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1 .03%) (0%) (0%) (0%) 

Infections and infestations 

Furuncle A* 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Gastroenteritis A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

Pneumonia A• 0/104 1/68 1/97 1/57 0/91 0/52 

(0%) (1.47%) (1.03%) (1.75%) (0%) (0%) 

Vestibular neuronitis A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Injury, poisoning and procedural complications 

Fall .tv 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Femur fracture A, 0/104 0/68 0/97 0/57 0/91 1/52 

(0%) (0%) (0%) (0%) (0%) (1.92%) 

Hand fracture A, 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Humerus fracture A* 0/104 1/68 1/97 0/57 0/91 0/52 
"""' mo;,...) (1 47%) (1 O:s%) (()%) (()%) m 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Radius fracture A• cf/1~ i/6~ fJ/9/' fJ/5/' '6!9f '©!52' 
(0%) (1.47%) (0%) (0%) (0%) (0%) 

Spinal compression fracture A• 1/104 0/68 0/97 0/57 0/91 0/52 

(0.96%) (0%) (0%) (0%) (0%) (0%) 

Musculoskeletal and connective tissue disorders 

lntervertebral disc protrusion A* 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1 .47%) (0%) (0%) (0%) (0%) 

Spinal column stenosis A* 0/104 0/68 0/97 0/57 1/91 0/52 

(0%) (0%) (0%) (0'1/o) (1.1%) (0%) 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Breast cancer A• 0/104 0/68 1/97 0157 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Oropharyngeal cancer stage 1/104 0/68 0/97 0/57 0/91 0/52 

unspecified A• (0.96%) (0%) (0%) (0%) (0%) (0%) 

Nervous system disorders 

Paraesthesia A• 0/104 0/68 1/97 0/57 0/91 0/52 

(0%) (0%) (1.03%) (0%) (0%) (0%) 

Syncope A* 0/104 0/68 1/97 2/57 0/91 0/52 

(0%) (0%) (1.03%) (3.51 %) (0%) (0%) 

Transient ischaemic attack A* 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Respiratory, thoracic and mediastinal disorders 

Dyspnoea A• 0/104 0/68 0/97 1/57 0/91 0/52 

(0%) (0%) (0%) (1.75%) (0%) (0%) 

Laryngeal granuloma A• 0/104 1/68 0/97 0/57 0/91 0/52 

(0%) (1.47%) (0%) (0%) (0%) (0%) 

i 
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AflibercE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Pulmonary hypertension A• ~1 ())i tl/6~ tl/9/' 
(0%) (0%) (0%) 

Surgical and medical procedures 

lschaemic heart disease 1/104 0/68 0/97 

prophylaxis A• (0.96%) (0%) (0%) 

Vascular disorders 

Circulatory collapse A• 1/104 0/68 0/97 

(0.96%) (0%) (0%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Other Adverse Events 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

fJ/5/' '6!9f 
(0%) (0%) 

0/57 0/91 

(0%) (0%) 

0/57 0/91 

(0%) (0%) 

Frequency Threshold Above Which Other Adverse Events are Reported: 5% 

AflibercE 
i 

Sham Afliberci Sham Afliberci 

lnjectior Treatme lnjectior Treatme lnjectiot 

(Until (Until (Until (Until Continu 

Week Week Week Week (Until 

20) 20) 48) 48) Week 

68) 

Alfuct&ii/ Alfuct~i, 
,,,. ~ 

AffuctM/, 
,,,. ~ 

Affected/1 
❖-- ~ 

Affected/1 
Risk(%)) Risk(%) Risk(%) Risk(%) Risk(%) 

Total 5i11~ '41e~ ~IS~ '1o1s~ 
,,,. ~ 

18/S~ 

(50%) (64.71% (68.04% (52.63% (41.76% 

Blood and lymphatic system disorders < ~ ....... < } < } < } 

Anaemia A• 1/104 0/68 0/97 3/57 0/91 

(0.96%) (0%) (0%) (5.26%) (0%) 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

~/52 
(1.92%) 

0/52 

(0%) 

0/52 

(0%) 

Sham 

Treatme 

Then 

AflibercE 

lnjectior 

(Until 

Week 

68) 
,,,. ~ 

Alfected/J 
Risk(%) 

❖,,. ~ 

1'9/5'2 
(36.54% 

< > 

0/52 

(0%) 
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Afliberci Sham Afliberci Sham Afliberci Sham •❖-'¾ 

lnjectior TreatmE lnjectior TreatmE lnjectior Treatme 

(Until (Until (Until (Until Continu1 Then 

Week Week Week Week (Until Afliberc, 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Eye disorders < ), < > < > < ";, . ,,, < ";, ., ...... < > 
Conjunctival haemorrhage A• 10/104 3/68 3/97 0/57 9/91 3/52 

(9.62%) (4.41%) (3.09%) (0%) (9.89%) (5.77%) 

Eye irritation A• 3/104 7/68 4/97 1/57 1/91 2/52 

(2.88%) (10.29% (4.12%) (1.75%) (1.1%) (3.85%) 

"'" "" Eye pain A• 12/104 3/6$ 6/97 2/57 1/91 0/52 

(11.54% (4.41%) (6.19%) (3.51 %) (1.1%) (0%) 

Foreign body sensation in eyes A• 
,,,. "" 

~10'4 5/68 2/97 0/57 1/91 0/52 

(5.77%) (7.35%) (2.06%) (0%) (1.1%) (0%) 

Lacrimation increased A* 3/104 4/68 3/97 4/57 1/91 2/52 

(2.88%) (5.88%) (3.09%) (7.02%) (1.1%) (3.85%) 

Macular fibrosis .tv 1/104 1/68 5/97 4/57 0/91 3/52 

(0.96%) (1.47%) (5.15%) (7.02%) (0%) (5.77%) 

Macular ischaemia .tv 7/104 5/68 3/97 1/57 0/91 1/52 

(6.73%) (7.35%) (3.09%) (1.75%) (0%) (1.92%) 

Macular oedema A, 2/104 9/68 30/97 7/57 17/91 2/52 

(1.92%) (13.24% (30.93% (12.28% (18.68% (3.85%) 

Ocular hyperaemia A* 5/104 1t168' ~/97' t/57' ,,,. "' 
4/91' 1/52 

(4.81 %) (5.88%) (2.06%) (1.75%) (4.4%) (1.92%) 

Optic disc vascular disorder A* 5/104 3/68 3/97 3/57 0/91 0/52 

(4.81 %) (4.41%) (3.09%) (5.26%) (0%) (0%) 

Retinal exudates A* 8/104 5/68 4/97 3/57 0/91 0/52 

(7.69%) (7.35%) (4.12%) (5.26%) (0%) (0%) 

Retinal haemorrhage A• 4/104 6/68 11/97 5/57 5/91 2/52 

(3.85%) (8.82%) (11.34% (8.77%) (5.49%) (3.85%) 

Retinal vascular disorder A• 6/104 7/68 
,❖' 'I. 

1'0/9'1 2/57 0/91 2/52 """' 

> 
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AfliberCE
1 

Sham Afliberci Sham AflibercE Sham 

lnjectior Treatme lnjectior Treatme lnjectior Treatme 

(Until (Until (Until (Until Continu Then 

Week Week Week Week (Until Afliberci 

20) 20) 48) 48) Week lnjectior 

68) (Until 

Week 

68) 

Visual acuity reduced A• 211 al ,❖- ~ 

7/6$ 
,❖- ~ 

ffi/9'7 
❖-- ~ 
1151 

,,,, " 
7/9f 

~... ''.\_ 

,151 
(1.92%) (10.29% (10.31 % (1.75%) (7.69%) (1.92%) 

❖-· " ❖-· "" Vitreous detachment A• 2/104 ,1ee 7191 0/57 0/91 0/52 

(1.92':lo) (1.47%) (7.22%) (0%) (0%) (0%) 

Vitreous floaters A• 6/104 0/68 1/97 1/57 1/91 1/52 

(5.77%) (0%) (1.03%) (1 .75%) (1.1%) (1.92%) 

Gastrointestinal disorders 

Nausea A* 0/104 1/68 0/97 3/57 0/91 0/52 

(0%) (1.47%) (0%) (5.26%) (0%) (0%) 

Infections and infestations 

Influenza A• 2/104 0/68 5/97 1/57 1/91 1/52 

(1.92%) (0%) (5.15%) (1.75%) (1.1%) (1.92%) 

Nasopharyngitis A• 8/104 6/68 10/97 11/57 4/91 2/52 

(7.69%) (8.82%) (10.31% (19.3%) (4.4%) (3.85%) 

Investigations < ' .......... 

lntraocular pressure increased A• 9/104 4/68 14/97 2/57 2/91 1/52 

(8.65%) (5.88%) (14.43% (3.51 %) (2.2%) (1.92%) 

Visual acuity tests abnormal A• 0/104 1/68 '5!97' 0/57 1/91 0/52 

(0%) (1 .47%) (5.15%) (0%) (1.1%) (0%) 

Musculoskeletal and connective tissue disorders 

Arthralgia A• 1/104 5/68 2/97 1/57 2/91 0/52 

(0.96%) (7.35%) (2.06%) (1.75%) (2.2%) (0%) 

Nervous system disorders 

Headache A• 7/104 4/68 4/97 1/57 1/91 1/52 

(6.73%) (5.88%) (4.12%) (1.75%) (1.1%) (1.92%) 
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AfliberCE
1 

Sham Afliberci 

lnjectior Treatme lnjectior 

(Until (Until (Until 

Week Week Week 

20) 20) 48) 

Vascular disorders < ~ ....... < > < ~ ....... 

Hypertension A, 4/104 3/68 4/97 

(3.85%) (4.41 %) (4.12%) 

* Indicates events were collected by non-systematic methods. 

A Term from vocabulary, MedDRA (14.1) 

Limitations and Caveats 

[Not specified] 

More Information 

Certain Agreements: 

Sham AflibercE 

Treatme lnjectior 

(Until Continu 

Week (Until 

48) Week 

68) 

( ~ ....... < > 
4/57 3/91 

(7.02%) (3.3%) 

Principal Investigators are NOT employed by the organization sponsoring the study. 

Sham 

Treatme 

Then 

Afliberci 

lnjectior 

(Until 

Week 

68) 

{ } 

2/52 

(3.85%) 

There IS an agreement between the Principal Investigator and the Sponsor (or its agents) 

that restricts the Pl's rights to discuss or publish trial results after the trial is completed. 

Publishing of result communication only after Bayer's written approval. Manuscript to Bayer 

sixty days before public release. If no written Bayer comment within 60 days consider 

approval given. If multi-site study, principal investigator (Pl) not do independently publish 

results before publication of the multi-site paper, but Pl not restricted from 24 months from 

study to completion onwards. 

Results Point of Contact: 

Name/Official Title: Therapeutic Area Head 

Organization: BAYER 

Phone: 

Email: clinical-trials-contact@bayerhealthcare.com 
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History of Changes for Study: NCT01012973 

Vascular Endothelial Growth Factor {VEGF) Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion {CRVO) {GALILEO) 

• A study version is represented by a row in the table. 

• Select two study versions to compare. One each from columns A and B. 

• Choose eit!1er the "Merged" or "Side-by-Side" comparison format to specify how U1e two study 

versions are to be displayed. Tl1e Side-by-Side format only applies to the Protocol section of the 

study. 

• Click "Compare" to do the comparison and show tt1e differences. 

• Select a version's date link to see a rendering of the study for niat version. 

• Edits or deletions will be displayed in H,J.G. 

• Additions will be displayed in gre.er1. 
• The yellow choices in U1e table indicate the study versions currently compared below. A yellow 

row indicates the study version being viewed. 

• Hover over tl1e "Recruitment Status" to see l1ow the study's recruitment status changed. 

Study Record Versions 

Version I A B Submitted Date Changes 

1 (!) c:) November ·12, 2009 Nothing (earliest Version on record) 

2 c:) (:) January 21, 20i 0 
Contacts/Locations, Study Status, Study 

Identification and Study Description 

3 c:) c:) February 9, 20i 0 Contacts/Locations and Study Status 

4 (:) 0 Marcil H:i, 20i0 
Contacts/Locations, Study Status and Study 

Identification 

5 (:) (:) April "16, 20i0 
Contacts/Locations, Study Status and Study 

Identification 
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Version i A B Submitted Date Changes 

6 0 0 July 22, 20i 0 Contacts/Locations, Study Status, Eligibility and 

Arms and Interventions 

7 0 0 August 25, 20i 0 Study Status and Contacts/Locations 

8 (:) 0 August26,20i0 
Recruitment Status, Study Status and 

Contactsilocations 

9 0 0 Sertember 8, 20i o Study Status 

10 ,-", 
"·"' 0 October 4, 2010 Study Status 

11 c:) c:) November i. 20·10 Study Status 

12 c:) (:) Januart 25. 2011 Study Status and Contactsilocations 

13 c:J (:) Agril 8. 2011 Study Status and Study Design 

14 c:) c:) June 23. 2011 
Arms and Interventions, Study Status, 

Contacts/Locations and Eligibility 

15 (:) (:) September ·19, 2011 Study Status 

16 (:) 0 November 29, 20i i Study Status and Study Identification 

17 0 0 January 26, 20i2 Study Status and Contacts/Locations 

18 0 0 February 20. 20·12 Recruitment Status, Study Status 

Outcome Measures, Arms and Interventions, 

19 0 0 Octotier 23. 20·12 
Study Status, More Information, Reported 

Adverse Events, Baseline Characteristics and 

Participant Flow 

20 ,-", 0 December i 8. 2012 
More Information, Arms and Interventions, Study 

"·"' Status and Baseline Characteristics 

21 0 0 January i 8. 20·13 
Arms and Interventions, More Information, Study 

Status and Baseline Characteristics 

Contactsilocations, SponsoriCollaborators, 

22 0 0 January 30. 20'!4 More Information, Study Status, Baseline 

Characteristics and References 

23 0 (!} Octotier 27. 20'!4 More Information, Study Status and References 
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@; Merged 
Comparison Format: 

() Side-by-Side 

Study NCT01012973 

on Date: January 21, 2010 (v2) 

Study Identification 

Unique Protocol ID: 14130 

Brief Title: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 

Investigation of Efficacy and Safety in Central Retinal Vein 

Occlusion (CRVO) (GALI LEO) 

Official Title: A Randomized, Double-masked, Sham-controlled Phase 3 

Study of the Efficacy, Safety and Tolerability of Repeated 

lntravitreal Administration of VEGF Trap-Eye in Subjects 

With Macular Edema Secondary to Central Retinal Vein 

Occlusion (CRVO) 

Secondary I Os: EudraCT: 2009-010973-19 

Study Status 

Record Verification: January 2010 

Overall Status: Recruiting 

Study Start: October 2009 

Primary Completion: February 2011 [Anticipated] 

Study Completion: August 2012 [Anticipated] 

First Submitted: October 30, 2009 

First Submitted that November 12, 2009 

Met QC Criteria: 

First Posted: November 13, 2009 

[Estimate] 

Last Update Submitted that January 21, 2010 

Met QC Criteria: 
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Last Update Posted: January 22, 2010 [Estimate] 

Sponsor/Collaborators 

Oversight 

Sponsor: Bayer 

Responsible Party: 

U.S. FDA-regulated Drug: 

U.S. FDA-regulated Device: 

Conditions 

Study Design 

Brief Summary: To determine the efficacy of vascular endothelial growth 

factor (VEGF) Trap-Eye injected into the eye on vision 

function in subjects with rnacular edema as a consequence 

of central retinal vein occlusion 

Conditions: Retinal Vein Occlusion 

Keywords: Macular Edema 

Central Retinal Vein Occlusion 

CRVO 

VEGF Trap-Eye 

best-corrected visual acuity 

Study Type: lnterventional 

Primary Purpose: Treatment 

Study Phase: Phase 3 

lnterventional Study Model: Parallel Assignment 

Number of Arms: 2 

Masking: TripleParticipant, Investigator, Outcomes Assessor 

Allocation: Randomized 

Enrollment: 165 [Anticipated] 

Arms and Interventions 
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I Arms ] Assigned Interventions I 
I Experimental: Arm 1 l Drug: VEGF Trap-Eye (BAY86-5321) i 
! ! lntravitreal injection. Weeks Oto 20 ! 

I I =~ee~:~v:e~:~; t:r:~-:i:::e;e:ks I 
I I re-assessment and either (PRN) I 

I Sham Comparator Arm 2 I Sha~:~i~:l:eEk~:;;:pi~b::;etm I 
I I Sham treatment. Weeks 0 to 20 sham I 
! ! treatment every 4 weeks; weeks 24 to ! 

I J ;:;;~;~;::~e:~::~~:~~~tand I 
Outcome Measures 

Primary Outcome Measures: 

1. The proportion of subjects who gain at least 15 letters in BCVA on the EDTRS chart 

compared with baseline at the Week 24 endpoint 

Week 24 

Secondary Outcome Measures: 

2. Change from baseline in BCVA score 

Week 24 

3. Absolute change from baseline in central retinal thickness, assessed by OCT 

Week 24 

4. Proportion of subjects progressing to anterior segment neovascularization, 

neovascularization of the optic disc (NVD), or neovascularization of the retina 

elsewhere (NVE) requiring pan-retinal photocoagulation 

Week 24 

5. Change in the NEI-VFQ-25 total score from baseline 

Week 24 

6. Change in the EQ-5D score from baseline 

Week 24 

Eligibility 

Minimum Age: 18 Years 
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Maximum Age: 

Sex: All 

Gender Based: 

Accepts Healthy Volunteers: No 

Criteria: Inclusion Criteria: 

Contacts/Locations 

s Center-involved macular edema secondary to central 

retinal vein occlusion (CRVO) for no longer than 9 

months with mean central subfield thickness >= 250 

µm on optical coherence tomography (OCT). 

* Adults >= 18 years. 

s early treatment diabetic retinopathy study (ETDRS) 

best corrected visual acuity (BCVA) of 20/40 to 

20/320 (73 to 24 letters) in the study eye. 

Exclusion Criteria: 

s Previous treatment with anti-angiogenic drugs in the 

study eye (Pegaptanib sodium, anecortave acetate, 

bevacizumab, ranibizumab, etc.) 

* Prior panretinal laser photocoagulation or rnacular 

laser photocoagulation in the study eye 

s CRVO disease duration > 9 months from date of 

diagnosis 

* Previous use of intraocular corticosteroids in the study 

eye or use of periocular corticosteroids in the study 

eye within the 3 months prior to Day 1 

s Iris neovascularization, vitreous hemorrhage, traction 

retinal detachment, or preretinal fibrosis involving the 

macula in either the study eye or fellow eye 

Central Contact: Bayer Clinical Trials Contact 

Email: clinical-trials-contact@bayerhealthcare.com 

Study Officials: 
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Bayer Study Director 

Study Director 

Bayer 

Locations: Australia., New South Wales 

[Not yet recruiting] 

Chatswood, New South Wales, Australia, 2067 

[Recruiting] 

Sydney, New South Wales, Australia, 2000 

[Not yet recruiting] 

Westmead, New South Wales, Australia, 2145 

Australia., Victoria 

[Recruiting] 

East Melbourne, Victoria, Australia, 3002 

Australia, Western Australia 

[Recruiting] 

Nedlands, Western Australia, Australia, 6009 

Australia. 

[Recruiting] 

Parramatta, Australia, 2150 

Austria, Oberosterreich 

[Not yet recruiting] 

Linz, Oberosterreich, Austria, 4020 

Austria, Tirol 

[Not yet recruiting] 

Innsbruck, Tirol, Austria, 6020 

Austria. 

[Recruiting] 

Linz, Austria, 4021 

[Recruiting] 

Wien, Austria, 1090 

France, Cedex 12 

[Not yet recruiting] 

Paris, Cedex 12, France, 75557 
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France 

[Not yet recruiting] 

Bordeaux, France, 33000 

[Not yet recruiting] 

Dijon Cedex, France, BP 1542-21 

[Not yet recruiting] 

Marseille, France, 13008 

[Not yet recruiting] 

Nantes Cedex, France, 44035 

[Not yet recruiting] 

Paris, France, 75015 

Germany, Baden-Wurttemberg 

[Not yet recruiting] 

Freiburg, Baden-Wurttemberg, Germany, 79106 

[Not yet recruiting] 

Heidelberg, Baden-Wurttemberg, Germany, 69120 

[Recruiting] 

Tubingen, Baden-Wurttemberg, Germany, 72076 

Germany, Bayem 

[Recruiting] 

Munchen, Bayern, Germany, 81675 

[Recruiting] 

Regensburg, Bayern, Germany, 93053 

Germany, Hessen 

[Recruiting] 

Darmstadt, Hessen, Germany, 64276 

[Not yet recruiting] 

Marburg, Hessen, Germany, 35043 

Germany, Niedersachsen 

[Not yet recruiting] 

Gottingen, Niedersachsen, Germany, 37075 

Germany, Nordrhein-Westfalen 
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[Not yet recruiting] 

Aachen, Nordrhein-Westfalen, Germany, 52074 

[Recruiting] 

Bonn, Nordrhein-Westfalen, Germany, 53105 

[Not yet recruiting] 

Essen, Nordrhein-Westfalen, Germany, 45147 

[Not yet recruiting] 

Koln, Nordrhein-Westfalen, Germany, 50931 

Germany, Rheinland-Pfalz 

[Recruiting] 

Ludwigshafen, Rheinland-Pfalz, Germany, 67063 

[Recruiting] 

Mainz, Rheinland-Pfalz, Germany, 55131 

Germany, Saarland 

[Not yet recruiting] 

Homburg, Saarland, Germany, 66421 

Germany, Sachsen 

[Not yet recruiting] 

Chemnitz, Sachsen, Germany, 09116 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01067 

[Not yet recruiting] 

Dresden, Sachsen, Germany, 01307 

[Not yet recruiting] 

Leipzig, Sachsen, Germany, 04103 

Germany, Schleswig-Holstein 

[Not yet recruiting] 

Kiel, Schleswig-Holstein, Germany, 24105 

[Not yet recruiting] 

Lubeck, Schleswig-Holstein, Germany, 23538 

Germany 

[Not yet recruiting] 

Hamburg, Germany, 20251 
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Hungary 

[Not yet recruiting] 

Budapest, Hungary, 1036 

[Not yet recruiting] 

Budapest, Hungary, 1089 

[Not yet recruiting] 

Budapest, Hungary, 1106 

[Not yet recruiting] 

Debrecen, Hungary, 4032 

[Not yet recruiting] 

Veszprem, Hungary, 8200 

Italy 

[Not yet recruiting] 

Ancona, Italy, 60126 

[Not yet recruiting] 

Bari, Italy, 70124 

[Not yet recruiting] 

Catania, Italy, 95123 

[Not yet recruiting] 

Firenze, Italy, 50139 

[Not yet recruiting] 

Milano, Italy, 20122 

[Not yet recruiting] 

Milano, Italy, 20132 

[Not yet recruiting] 

Milano, Italy, 20157 

[Not yet recruiting] 

Padova, Italy, 35128 

[Not yet recruiting] 

Roma, Italy, 00133 

[Not yet recruiting] 

Roma, Italy, 00185 

[Not yet recruiting] 
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Japan, Aichi 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 466-8560 

[Not yet recruiting] 

Nagoya, Aichi, Japan, 467-8602 

Japan, Chiba 

[Recruiting] 

Urayasu, Chiba, Japan, 279-0021 

Japan, Osaka 

[Not yet recruiting] 

Suita, Osaka, Japan, 565-0871 

Japan, Tokyo 

[Not yet recruiting] 

Chiyoda-ku, Tokyo, Japan, 101-8309 

Japan 

[Not yet recruiting] 

Kyoto, Japan, 606-8507 

Korea, Republic of 

[Not yet recruiting] 

Ask Contact, Korea, Republic of 

[Not yet recruiting] 

lncheon, Korea, Republic of, 405-760 

[Not yet recruiting] 

Kungki-do, Korea, Republic of, 463-707 

[Recruiting] 

Seoul, Korea, Republic of, 110 7 44 

[Not yet recruiting] 

Seoul, Korea, Republic of, 110-744 

[Not yet recruiting] 

Seoul, Korea, Republic of, 138-736 

Latvia 

[Not yet recruiting] 

Riga, Latvia, 1009 
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[Recruiting] 

Riga, Latvia, LV-1002 

Singapore 

[Not yet recruiting] 

Singapore, Singapore, 119074 

[Not yet recruiting] 

Singapore, Singapore, 168751 

IPDSharing 

References 

Citations: 

Links: 

Available IPD/lnforrnation: 
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Electronic Patent Application Fee Transmittal 

Application Number: 16055847 

Filing Date: 06-Aug-2018 

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

First Named Inventor/Applicant Name: George D. Yancopoulos 

Filer: Karl Bozicevic/Kimberly Zuehlke 

Attorney Docket Number: REGN-008CIPCON3 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240 

Total in USO($) 240 
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Electronic Acknowledgement Receipt 

EFSID: 38657627 

Application Number: 16055847 

International Application Number: 

Confirmation Number: 3451 

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

First Named Inventor/Applicant Name: George D. Yancopoulos 

Customer Number: 96387 

Filer: Karl Bozicevic/Kimberly Zuehlke 

Filer Authorized By: Karl Bozicevic 

Attorney Docket Number: REGN-008CIPCON3 

Receipt Date: 21-FEB-2020 

Filing Date: 06-AUG-2018 

Time Stamp: 15:14:18 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $240 

RAM confirmation Number E20202KF14431490 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

50753 

0725US04_2020-02-20_Supp_l 
1 Transmittal Letter DS_trans_REGN-008CIPCON3. no 2 

pdf 6ddeef26634d417fc64ceffa 13e3d523641 a 
5161 

Warnings: 

Information: 

42085 

2 
Information Disclosure Statement (IDS) 0725US04 _2020-02-20_Supp_ 

4 
Form (SB08) IDS_SB08A.pdf 

no 
df3eec6fc1017921174db59ab22d289837e 

35444 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

387850 

3 Non Patent Literature 
NCT01012973_01182013_2742 

no 38 
4_1a.pdf 

3611596cbf2c3151497ab7f102382733Se7L 
dfdO 

Warnings: 

Information: 

202886 

4 Non Patent Literature 
NCT01012973_01252011 - 2743 

10 
3_1a.pdf 

no 
863ea430a0b 1 a 1 cd4db6546121 ce51493c6 

26a14 

Warnings: 

Information: 

204978 

5 Non Patent Literature 
NCT01012973_01262012_2742 

no 11 
8_1a.pdf 

9da69fc33b0b54b02ac3a5bc7533Sad9b67 
f02a0 

Warnings: 

Information: 

393002 

6 Non Patent Literature 
NCT01012973_01302013_2742 

no 38 
3_1a.pdf 

e94c0f2f9 b 72f0c70de912 4d70f494ad 9963 
edbO 

Warnings: 
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Information: 

205517 

7 Non Patent Literature 
NCT01012973_02092010_2744 

2_1a.pdf 
no 12 

l 4657 3f03 044 7 d 3e 75 2 726652 9 304460f5a 
8e115 

Warnings: 

Information: 

205076 

8 Non Patent Literature 
NCT01012973_02202012_2742 

7_1a.pdf 
no 11 

0b34980c7a0f3e5e341 d6b0c58b7346829a 
e9b16 

Warnings: 

Information: 

205838 

9 Non Patent Literature 
NCT01012973_03162010_2744 

1 _la.pdf 
no 12 

0b33Sc9cac34627988ae78c5fadd06e3S 1 e 
30197 

Warnings: 

Information: 

202854 

10 Non Patent Literature 
NCT01012973_04082011 2743 -

2_1a.pdf 
no 10 

2b6eaff33 edab 714 7 d b384 35 285 f46f2b6bi 
fc80 

Warnings: 

Information: 

206353 

11 Non Patent Literature 
NCT01012973_04162010_2744 

0_la.pdf 
no 12 

11Sb4761 e50f4e96Sb2b6bf7a18f49Se2e3 
32bd 

Warnings: 

Information: 

202913 

12 Non Patent Literature 
NCT01012973_06232011 2743 -

1 _la.pdf 
no 10 

73584 750b04b8b43d9c1 86c24e32a6a739 
d61557 

Warnings: 

Information: 

206587 

13 Non Patent Literature 
NCT01012973_07222010_2743 

9_1a.pdf 
no 12 

94 5460 bfe03 ce65 f025 e 722 90 b2a2aa0ec6i 
18dd 

Warnings: 

Information: 
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207066 

14 Non Patent Literature 
NCT01012973_08252010_2743 

8_1a.pdf 
no 12 

582fe282007a 1 d 7a 122b24 s 83 o bSaOcefS 6 
59Se9 

Warnings: 

Information: 

203139 

15 Non Patent Literature 
NCT01012973_08262010_2743 

7_1a.pdf 
no 10 

fa 7f94b3 e8d e 7 bb3ef6Sf3 ad ac4d 914 Sc 4 7 3 
6123 

Warnings: 

Information: 

202787 

16 Non Patent Literature 
NCT01012973_09082010_2743 

6_1a.pdf 
no 10 

1Of24e5ee4809b91556b3959a04af800292 
Obbf1 

Warnings: 

Information: 

202833 

17 Non Patent Literature 
NCT01012973_09192011 2743 -

0_la.pdf 
no 10 

f8c01 baf26e9d562dae1246e3590022a470 
d2e8e 

Warnings: 

Information: 

202793 

18 Non Patent Literature 
NCT01012973_10042010_2743 

S_la.pdf 
no 10 

94 7ae692be3 86b88631fedf064a293 3 sgsa 
81924 

Warnings: 

Information: 

387280 

19 Non Patent Literature 
NCT01012973_10232012_2742 

6_1a.pdf 
no 38 

baa1f57c36ac7107700b3484197711e1S?g 
2a8c9 

Warnings: 

Information: 

393007 

20 Non Patent Literature 
NCT01012973_10272013_2742 

2_1a.pdf 
no 38 

96988a4c0bc0506e694fab39a 1198e4a2bc 
ce693 

Warnings: 

Information: 
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202609 

21 Non Patent Literature 
NCT01012973_11012010_2743 

no 10 
4_1a.pdf 

419a 169b7787Sf93570ffb48Se599399b6d 
sods 

Warnings: 

Information: 

205352 

22 Non Patent Literature 
NCT01012973_11132009_2744 

no 12 
4_1a.pdf 

2014c1 892ab 17afd7ae36889f0cbf4f3Sd3a 
8e28 

Warnings: 

Information: 

202738 

23 Non Patent Literature 
NCT01012973_11292011 - 2742 

10 
9_1a.pdf 

no 
1e20bf1157Sdd80b56a6cc6d51744682dc4 

30bd4 

Warnings: 

Information: 

387906 

24 Non Patent Literature 
NCT01012973_12182012_2742 

no 38 
5_1a.pdf 

1 b275ad8ebcdd1 3b7008bbb387c8d249ba 
beabd7 

Warnings: 

Information: 

205393 

25 Non Patent Literature 
NCT01012973_12212010_2744 

no 12 
3_1a.pdf 

69eca39829e bf9 5 d 6ead d663cc3 71 9a86ca 
210b9 

Warnings: 

Information: 

30915 

26 Fee Worksheet (5B06) fee-info.pdf no 2 
4d862bf7cbf1 25addff55503982fd43f50Scd 

57e 

Warnings: 

Information: 

Total Files Size (in bytes) 5750510 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronically Filed 
Attorney Docket No. REGN-008CIPCON3 
Confirmation No. 3451 

INFORMATION First Named Inventor George D. Yancopoulos 
DISCLOSURE STATEMENT Application Number 16/055,847 

Filing Date August 6, 2018 
Group Art Unit 1647 

Address to: Examiner Name Jon McClelland Lockard 
Commissioner for Patents Title: "Use of a VEGF Antagonist to Treat Angiogenic 
P.O. Box 1450 

Eye Disorders" Alexandria, VA 22313-1450 

Sir: 

Applicants submit herewith documents which may be material to the examination of this application 

and in respect of which there may be a duty to disclose in accordance with 37 C.F.R. § 1.56. This submission 

is not intended to constitute an admission that any document referred to therein is "prior art" for this invention 

unless specifically designated as such. A listing of the documents is shown on enclosed Form PTO/SB/08A 

and copies of the foreign patents and non-patent literature are also enclosed. 

The Examiner is requested to make the documents listed on the enclosed PTO/SB/08A of record in this 

application. Applicants would appreciate the Examiner initialing and returning the initialed copy of form 

PTO/SB/08A, indicating the documents cited therein have been considered and made of record herein. 

Statements 

~ No statement 

D PTA Statement under 37 CFR § 1.704(d)(l): Each item of information contained in 

the information disclosure statement filed herewith: 

(i) Was first cited in any communication from a patent office in a counterpart foreign or 

international application or from the Office, and this communication was not received 

by any individual designated in § 1.56( c) more than thirty days prior to the filing of the 

information disclosure statement; or 

(ii) Is a communication that was issued by a patent office in a counterpart foreign or 

international application or by the Office, and this communication was not received by 

any individual designated in § 1.56(c) more than thirty days prior to the filing of the 

information disclosure statement. 
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Atty Docket No.: REGN-008CIPCON3 
USSN: 16/055,847 

D IDS Statement under 37 CFR § 1.97(e)(l): Each item of information contained in the 

information disclosure statement was first cited in any communication from a foreign 

patent office in a counterpart foreign application not more than three months prior to the 

filing of the information disclosure statement; or 

D IDS Statement under 37 CFR § 1.97(e)(2): No item of information contained in the 

information disclosure statement was cited in a communication from a foreign patent 

office in a counterpart foreign application, and, to the knowledge of the person signing 

the certification after making reasonable inquiry, no item of information contained in 

the information disclosure statement was known to any individual designated in § 

1.56( c) more than three months prior to the filing of the information disclosure 

statement. 

Fees 

D No fee is believed to be due. 

~ The appropriate fee set forth in 37 C.F.R. §1.17(p) accompanies this information disclosure 

statement. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due with 

any communication for the above referenced patent application, including but not limited to any necessary fees 

for extensions of time, or credit any overpayment of any amount to Deposit Account No. 50-0815, order 

number REGN-008CIPCON3. 

Date: 20 February 2020 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: ---'-/=K=ar=l'-'B=-o=z=i-=-ce=-v'-"i=c,'-'R=e=g=·-=N-'-o""".-=2=8'"'"', 8""'0'-'7_,_/ __ 
Karl Bozicevic 
Reg. No. 28,807 
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Electronically filed 3/12/2020 

INTERVIEW SUMMARY Attorney Docket No. REGN-008CIPCON3 
Confirmation No. 3451 
First Named Inventor George D. Yancopoulos 
Application Number 16/055,847 

Address to: Filing Date August 6, 2018 
Mail Stop AF Group Art Unit 1647 
Commissioner for Patents Examiner Name Jon McClelland Lockard 
P.O. Box 1450 Title: "Use of a VEGF Antagonist to Treat Angiogenic 
Alexandria, VA 22313-1450 Eye Disorders" 

Sir: 
This Interview Summary documents the Examiner initiated telephone interview of March 6, 

2020. 

Examiner Lockard called the undersigned to discuss the response filed by the undersigned on 

January 23, 2020. 

The pending claims begin on page 2 of this document. 

Remarks and summary of the interview begin on page 3 of this document. 
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AMENDMENTS TO THE CLAIMS 

1. - 20. (Canceled) 

Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

21. (Previously Presented) A method for treating macular edema following retinal vein 

occlusion in a human subject comprising administering 2 mg aflibercept to the subject by intravitreal 

injection once every 4 weeks. 

22. (Previously Presented) The method of claim 21 wherein the aflibercept is administered 

in a volume of 0.05 ml. 

23. (Previously Presented) The method of claim 22 wherein the aflibercept is in a 

pharmaceutical formulation comprising a pharmaceutically acceptable carrier. 
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REMARKS 

Formal Matters 

Claims 21-23 are now pending in this application. 

Claims 1-20 were previously canceled without prejudice. 

No new matter has been added. 

Interview Summary 

Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

Examiner Lockard called the undersigned to discuss the priority date with respect to the "clinical 

trial" document indicated as being published on November 13, 2009. 

The matter was discussed with the client by phone on March 9, 2020. As stated in our Office 

Action Response, it is applicant's belief that the "clinical trial" reference cited in support of the rejection 

was not published on November 13, 2009. Applicant has reviewed each of the updates to trial 

NCT01012973 that clinicaltrials.gov identified as having a date between November 13, 2009 and 

January 11, 2012 and has provided this trial's updates in an IDS for the Examiner's independent review 

and consideration. Based on its review, Applicant can confirm that none of the clinicaltrials.gov updates 

identified as having dates on or before January 11, 2012 disclosed the recited 2 mg dosing regimen. 

Consequently, Applicant respectfully submits that the 2 mg dosing regimen is novel over the prior art of 

record. 

Since every element of the claimed method was not disclosed before the priority dates, the 

claims are novel over the clinical trial reference. Accordingly, as explained in the response filed on 

January 23, 2020, the rejection should be reconsidered and withdrawn. 

STATEMENT UNDER 37 C.F.R. §§1.56 AND 1.2 

Applicants hereby advise the Examiner of the status of a co-pending application in compliance 

with the Applicant's duty to disclose under 37 C.F.R. §§1.56 and 1.2 ( see also MPEP §2001.06(b)) as 

discussed in McKesson Info. Soln. Inc., v. Bridge Medical Inc., 487 F.3d 897; 82 USPQ2d 1865 (Fed. 

Cir. 2007). 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

13/940,370, filed July 12, 2013 which issued on February 9, 2016 as U.S. Patent 9,254,338. 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

14/972,560, filed December 17, 2015 which issued on June 6, 2018 as U.S. Patent No. 9,669,069. 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

15/471,506, filed March 28, 2017 which issued on November 20, 2018 as U.S. Patent No. 10,130,691. 

The Applicants wish to bring to the Examiner's attention co-pending U.S. Patent Application No. 

16/159,282, filed October 12, 2018 for which a response to non-final Office Action was filed on January 

23, 2020. 

These documents are available on PAIR, and thus are not provided with this 

communication. Please inform the undersigned if there is any difficulty in obtaining the documents 

from PAIR. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: 16/055,847 

CONCLUSION 

Applicants submit that all of the claims are in condition for allowance, which action is requested. 

If the Examiner finds that a telephone conference would expedite the prosecution of this application, the 

Examiner is invited to telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due 

with any communication for the above referenced patent application, including but not limited to any 

necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No. 

50-0815, order number REGN-008CIPCON3. 

Date: March 12 2020 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

5 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: __ /_K_ar_l_B_o_z_ic_e_v_ic~,_R_e __ g __ ._N_o_._2_8~,8_0_7_/_ 
Karl Bozicevic, Reg. No. 28,807 
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Electronic Acknowledgement Receipt 

EFSID: 38851763 

Application Number: 16055847 

International Application Number: 

Confirmation Number: 3451 

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

First Named Inventor/Applicant Name: George D. Yancopoulos 

Customer Number: 96387 

Filer: Karl Bozicevic/Savanna Fuentes 

Filer Authorized By: Karl Bozicevic 

Attorney Docket Number: REGN-008CIPCON3 

Receipt Date: 12-MAR-2020 

Filing Date: 06-AUG-2018 

Time Stamp: 17:07:19 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

36541 

1 
Applicant summary of interview with REGN-008CIPCON3_2020-03-1, 

no 5 
examiner _lnterview_Summary.pdf 

a6f1 f4b5 3 2261 5 9 37a25 6bbb3 32c92de 75 2 
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Information: 

Total Files Size (in bytes)~ 36541 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

96387 7590 04/01/2020 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

APPLICATION NO. FILING DATE 

16/055,847 08/06/2018 

FIRST NAMED INVENTOR 

George D. Yancopoulos 

TITLE OF INVENTION: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

EXAMINER 

LOCKARD, JON MCCLELLAND 

ART UNIT PAPER NUMBER 

1647 

DA TE MAILED: 04/01/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

REGN-008CIPCON3 3451 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 07/01/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

96387 7590 04/01/2020 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

APPLICATION NO. FILING DATE 

16/055,847 08/06/2018 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

George D. Yancopoulos REGN-008CIPCON3 3451 

TITLE OF INVENTION: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

LOCKARD, JON MCCLELLAND 1647 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

424-134100 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 07/01/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/055,847 08/06/2018 

96387 7590 04/01/2020 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

FIRST NAMED INVENTOR 

George D. Yancopoulos 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

REGN-008CIPCON3 3451 

EXAMINER 

LOCKARD. JON MCCLELLAND 

ART UNIT PAPER NUMBER 

1647 

DA TE MAILED: 04/01/2020 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/055,847 
Examiner 
JON M LOCKARD 

Applicant(s) 
Yancopoulos, George D. 

Art Unit I AIA (FITF) Status 
1647 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the Response filed 23 January 2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 21-23 (renumbered as claims 1-3, respectively). As a result of the allowed claim(s), you may be eligible 
to benefit from the Patent Prosecution Highway program at a participating intellectual property office for the corresponding 
application. For more information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.~ Interview Summary (PTO-413), 
Paper No./Mail Date. 20200324. 

/J.L/ 
Examiner, Art Unit 1647 

U.S. Patent and Trademark Office 

5. ~ Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other 

/CHRISTINE J SAOUD/ 
Primary Examiner, Art Unit 1647 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200324 
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Application/Control Number: 16/055,84 7 
Art Unit:1647 

Notice of Pre-AJA or AJA Status 

Page2 

1. The present application is being examined under the pre-AIA first to invent provisions. 

Information Disclosure Statement 

2. The information disclosure statements (IDS) submitted on 23 January 2020, 27 January 

2020 and 21 February 2020 have been considered by the examiner. 

DETAILED ACTION 

Status of Application, Amendments, and/or Claims 

3. The Response filed 23 January 2020 has been received and entered in full. Claims 21-23 

are pending and the subject of this Office Action. 

4. The text of those sections of Title 35, U.S. Code not included in this action can be found 

in a prior Office action. 

Withdrawn Objections and/or Rejections 

5. The rejection of claims 21 and 23 under pre-AIA 35 U.S.C. 102(b) as set forth at pp. 2-3 

of the previous Office action (mailed 10 December 2019) is withdrawn after further consideration 

in response to Applicant's persuasive arguments as they pertain to the publication date of the 

"Clinical Trial" reference cited in the rejection. None of the published clinicaltrials.gov updates 

having dates on before January 11, 2012 disclose the dosing regimen recited in the instant claims. 

6. The rejection of claim 22 under pre-AIA 35 U.S.C. 103(a) as set forth at pp. 3-5 of the 

previous Office action (mailed 10 December 2019) is withdrawn after further consideration in 

response to Applicant's persuasive arguments as they pertain to the publication date of the 
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Application/Control Number: 16/055,84 7 
Art Unit:1647 

Page3 

"Clinical Trial" reference cited in the rejection. None of the published clinicaltrials.gov updates 

having dates on before January 11, 2012 disclose or fairly suggest the dosing regimen recited in 

the instant claims. 

Summary 

7. Claims 21-23 are allowed. 
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Application/Control Number: 16/055,84 7 
Art Unit:1647 

Page4 

Advisory Information 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Jon M. Lockard whose telephone number is (571) 272-2717. The examiner 

can normally be reached on Monday through Friday, 8:00 AM to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Joanne Hama, can be reached on (571) 272-2911. The fax number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you 

would like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/J.L/ 
Examiner, Art Unit 1647 
March 25, 2020 

/Christine J Saoud/ 
Primary Examiner, Art Unit 1647 
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Examiner-Initiated Interview Summary 

Application No. 

16/055,847 

Examiner 

JON M LOCKARD 

All participants (applicant, applicant's representative, PTO personnel): 

(1) JON M. LOCKARD. (3)_. 

(2) KARL BOZICEVIC. (4)_. 

Date of Interview: 06 March 2020. 

Type: ~ Telephonic □ Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: D Yes D No. 
If Yes, brief description: __ . 

Issues Discussed □ 101 □ 112 □ 102 □ 103 ~ Others 
(For each of the checked box(es) above. please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 21-23. 

Applicant(s) 

Yancopoulos, George 
D. 

Art Unit 

1647 

AIA (FITF) Status 

No 

Identification of prior art discussed: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy 
and Safety in Central Retinal Vein Occlusion (CRVO), i.e., "Clinical Trial" .. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference 

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

The Examiner called to discuss the priority date with respect to the "Clinical Trial" reference which served as the 
basis for the rejections under 35 U.S.C. 102 and 103. An agreement was not reached .. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general 
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or 
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/JON M LOCKARD/ 
Examiner, Art Unit 1647 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) 

/CHRISTINE J SAOUD/ 
Primary Examiner, Art Unit 1647 

Interview Summary PaperNo.20200324 
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Issue Classification 

CPC 

Symbol 

A61K rnI 38 I mt 
C07K mt 16 1m 
C07K rn 14 I mt 
A61K mr 9 I Mt 
A61K mt 2039 1m 
C07K rnr 2319 I mt 
C07K rnr 2319 I mt 

CPC Combination Sets 

Symbol 

Application/Control No. 

16/055,847 

Examiner 

JON M LOCKARD 

179 

22 

71 

0048 

505 

30 

32 

I rn I 1rn1 

ltJON M LOCKARD/ 
Examiner, Art Unit 1647 

(Assistant Examiner) 

/CHRISTINE J SAOUD/ 
Primary Examiner, Art Unit 1647 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

Yancopoulos, George D. 

Art Unit 

1647 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

Type Set Ranking Version 

25 March 2020 
Total Claims Allowed: 

(Date) 3 

27 March 2020 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 NONE 

Part of Paper No.: 20200324 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

A61K 

A61K 

C07K 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

ltJON M LOCKARD/ 
Examiner, Art Unit 1647 

(Assistant Examiner) 

/CHRISTINE J SAOUD/ 
Primary Examiner, Art Unit 1647 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

16/055,847 

Examiner 

JON M LOCKARD 

I rnI 38 

1 rnr 38 

I rn 14 

Applicant(s)/Patent Under Reexamination 

Yancopoulos, George D. 

Art Unit 

1647 

I rn 17 

1m 18 

I mt 71 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

25 March 2020 
Total Claims Allowed: 

(Date) 3 

27 March 2020 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 NONE 

Part of Paper No.: 20200324 

Page 2 of 3 
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Issue Classification 
Application/Control No. 

16/055,847 

Examiner 

JON M LOCKARD 

Applicant(s)/Patent Under Reexamination 

Yancopoulos, George D. 

Art Unit 

1647 

~ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

ltJON M LOCKARD/ 25 March 2020 
Examiner, Art Unit 1647 Total Claims Allowed: 

(Assistant Examiner) (Date) 3 

/CHRISTINE J SAOUD/ 27 March 2020 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1647 

(Primary Examiner) (Date) 1 NONE 
U.S. Patent and Trademark Office Part of Paper No.: 20200324 

Page 3 of 3 
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Search Notes 

I CPC - Searched• 

Symbol 

Application/Control No. 

16/055,847 

Examiner 

JON M LOCKARD 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

NONE 

Applicant(s)/Patent Under Reexamination 

Yancopoulos, George D. 

Art Unit 

1647 

I Date I Examiner 

Date Examiner 

Date Examiner 

12/05/2019 JML 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

EAST (USPAT, US-PGPUB, EPO, DERWENT): See attached search 
12/05/2019 

JML 
history. 

STN (MEDLINE, SCISEARCH, EMBASE, BIOSIS): See attached 
12/05/2019 

JML 
search history. 

PALM: Inventor search. 12/05/2019 JML 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

EAST (USPAT): See attached search history. 03/24/2020 JML 

PALM: Inventor search. 03/24/2020 JML 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No.: 20200324  
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Receipt date: 01/27/2020 

Application Number 16/055,847 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor George D. Yancopoulos 

STATEMENT BY APPLICANT Art Unit 1647 

Sheet I 

Examiner Cite 
Initial* No. 

1 
2 

Examiner Cite 
Initial* No. 

1 
2 

Examiner Cite 
Initial* No. 

1 

2 

Examin 
Cite 

er 
No. 

Initials* 

1 

2 

3 

4 

5 

6 

7 

8 

Examiner 
Signature 

Examiner Name Jon M. Lockard 
1 I of I 2 Attorney Docket Number REGN-008CIPCON3 

U.S. PATENT DOCUMENTS 
Patent Number Issue Date Name of Patentee or Pages, Columns, Lines, Where 

YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) FiQures Appear 

U.S. PATENT APPLICATION PUBLICATIONS 
Publication Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 

YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) Fiaures Aooear 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or 

Pages, Columns, Lines, Foreiqn Document Number YYYY-MM-DD Applicant of Cited Document 
Where Relevant Passages 

Country Code-Number-Kind Code (ii or Relevant Figures 
known) Aooear 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 
country where published. 

16/159,282 - Third Party Submissions dated May 31, 2019 
BROWN, "Long-term Outcomes of Ranibizumab Therapy for Diabetic Macular Edema: The 
36-Month Results from Two phase Ill Trials." Ophthalmology, 120(10):2013-22 (October 
2013) 
CAMPOCHIARO, "Ranibizumab for Macular Edema following Branch Retinal Vein 
Occlusion: six-month primary end point results of a phase Ill study." Ophthalmology, 
117(6):1102-1112 (June 2010) 
DIXON et al., "VEGF Trap-Eye for the treatment of neovascular age-related macular 
deaeneration" Expert Ooin. lnvestia. Druas, 18(10):1573-1580 (2009) 
DO, "One-Year Outcomes of the DA VINCI Study of VEGF Trap-Eye in Eyes with Diabetic 
Macular Edema." Ophthalmoloav, 119(8):1658-65 (2012) 
ENGELBERT, "The Treat and Extend' Dosing Regimen of lntravitreal Anti-Vascular 
Endothelial Growth Factor Therapy for Neovascular Age-Related Macular Degeneration." 
Ophthalmology Management, Issue 42, (June 2010) available at 
r1tt.o://www.visioncareoro1essional.corn/ernails/arndundat.e/!ndex.aso?issue,cA2 
GOMEZ-MANZANO, "VEGF Trap induces antiglioma effect at different stages of 
disease." Neuro-Oncoloav, 10:940-945 (December 2008) 
HEIER, "lntravitreal Aflibercept for Diabetic Macular Edema: 148-Week Results from the 
VISTA and VIVID Studies." Oohthalmoloav, 123(11 ):2376-2385 (November 2016) 

Date 
Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.L/ 

T 

T 
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Receipt date: 01/27/2020 

Application Number 16/055,847 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor George D. Yancopoulos 

STATEMENT BY APPLICANT Art Unit 1647 

Sheet I 

Examin 
Cite 

er 
No. 

Initials* 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Examiner 
Si nature 

Examiner Name Jon M. Lockard 
2 I of I 2 Attorney Docket Number REGN-008CIPCON3 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 
country where published. 

Information from ClinicalTrials.gov archive on the view of NCT01012973 "Vascular 
Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in 
Central Retinal Vein Occlusion (CRVO)(GALILEO) 7 pages, first posted 11/13/2009; 
results first posted 11/22/2012; last update posted 11 /3/14; printed 12/4/19 
(17ttQs://clir.icaltrials.g_ov/ct2/show/study/f\JCT01012973) (NOTE: May correspond to 
"Vascular Endothelial Growth Factor Trap&#8208; Eye Investigation of Efficacy and 
Safety in Central Retinal Vein Occlusion title, 8 pages, 11/12/2009, US [Cited in Third 
Party Observations filed in parent application USSN 16/055,847 for which a copy is 
unavailable on PAIR]" which was cited in the Third Party Observations dated 05/01/19) 
KAISER, "Vascular endothelial growth factor Trap-Eye for diabetic macular oedema." Br. 
J. Oohthalmol, 93(2):135-36 (February 2009) 
MARGOLIS, "Hemorrhagic Recurrence Of Neovascular Age-Related Macular 
Degeneration Not Predicted By Spectral Domain Optical Coherence Tomography." 
Retinal Cases & Brief Reports, 4:1-4 (2010) 
NICHOLS, EARL R., "AAO: Ranibizumab (rhuRab) May Improve Vision in Age-Related 
Macular Degeneration" Doctor's Guide Global Edition, www.pslgroup.com/dg/23f2aa.htm, 
DD. 1-2 (November 24, 2003) 
SCHMIDT-ERFURTH, "Efficacy and Safety of Monthly versus Quarterly Ranibizumab 
Treatment in Neovascular Age-related Macular Degeneration: The EXCIE Study" 
Ophthalmoloqy, 118(5)831-839 (2010) 
SCHNICHELS, "Comparative toxicity and proliferation testing of aflibercept, bevacizumab 
and ranibizumab on different ocular cells." Br. J. Oohthalmol., 97:917-923 (2013) 
SIMO AND HERNANDEZ, "Advances in Medical Treatment of Diabetic Retinopathy" 
Diabetes Care, 32(8):1556-1562 (Auqust 2009) 

SPAIDE, "Ranibizumab According to Need: A Treatment for Age-related Macular 
Deqeneration." Am J Ophthalmoloqy, 143(4):679-680 (April 2007) 
Vascular Endothelial Growth Factor Trap&#8208; Eye Investigation of Efficacy and Safety 
in Central Retinal Vein Occlusion title, 8 pages, 11/12/2009, US [Cited in Third Party 
Observations filed in parent application USSN 16/055,847 for which a copy is 
unavailable on PAIR] NOTE: May correspond to "Information from ClinicalTrials.gov 
archive on the view of NCT01012973 "Vascular Endothelial Growth Factor (VEG F) Trap-
Eye: Investigation of Efficacy and Safety in Central Retinal Vein Occlusion 
(CRVO)(GALILEO) 7 pages, first posted 11/13/2009; results first posted 11/22/2012; last 
update posted 11 /3/14; printed 12/4/19 
(l:tt12s://clinicaltrials.aov/ct2/show/study/f\JCT0i 04 2973)" cited by the Examiner in the 
Office Action dated 12/10/19 in USSN 16/055,847 
YANCOPOULOS, "Clinical Application of Therapies Targeting VEGF." Cell 143:13-16 
(October 1, 2010) 

/JON M LOCKARD/ 
Date 
Considered 03/24/2020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.L/ 
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Receipt date: 02/21/2020 

Application Number 16/055,847 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor George D. Yancopoulos 

STATEMENT BY APPLICANT Art Unit 1647 

Sheet I 

Examiner Cite 
Initial* No. 

1 
2 

Examiner Cite 
Initial* No. 

1 
2 

Examiner Cite 
Initial* No. 

1 

2 

Examin 
Cite 

er 
No. 

Initials* 

1 

2 

3 

4 

Examiner 
Signature 

Examiner Name Jon M. Lockard 
1 I of I 4 Attorney Docket Number REGN-008CIPCON3 

U.S. PATENT DOCUMENTS 
Patent Number Issue Date Name of Patentee or Pages, Columns, Lines, Where 

YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) FiQures Appear 

U.S. PATENT APPLICATION PUBLICATIONS 
Publication Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 

YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) Fiaures Aooear 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or 

Pages, Columns, Lines, Foreiqn Document Number YYYY-MM-DD Applicant of Cited Document 
Where Relevant Passages 

Country Code-Number-Kind Code (ii or Relevant Figures 
known) Aooear 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 
country where published. 

Updated Information from ClinicalTrials.gov archive History of Changes for Study: 
NCT01012973 "Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of 
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages, 
Latest version submitted October 27, 2014 on ClinicalTrials.gov 
(NCT01012973 01182013 27424.1) 
Updated Information from ClinicalTrials.gov archive History of Changes for Study: 
NCT01012973 "Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of 
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages, 
Latest version submitted October 27, 2014 on ClinicalTrials.gov 
(NCT01012973 01252011 27433.1) 
Updated Information from ClinicalTrials.gov archive History of Changes for Study: 
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Abstract 
Purpose The purpose of this study was to investigate the efficacy of intravitreal aflibercept for neovascular age-related 
macular degeneration (nAMD) in very elderly patients aged 90 years or older at 2 years after treatment initiation. 
Methods In this multicentre retrospective data analysis from electronic medical record, consecutive treatment-naive patients 
with nAMD treated with aflibercept with at least 2 years follow-up were stratified into those aged< 90 years (Group I) and an 
older cohort aged 90 and over (Group II). We compared the visual acuity (EDTRS letters) outcomes at 4 weekly intervals 
between the two groups over a 2-year period. 
Results The mean visual acuity of Group I at presentation was 56.3 ETDRS letters versus 52.8 letters in Group II. Maximal 
visual acuity was achieved in both the groups by 6 months after initiating treatment (4.7 vs. 4.0 letters gain). By 2 years, the 
mean visual acuity of the older cohort fell marginally below their baseline visual acuity (0.8 letter loss), while Group I 
presented + 2.1 letters gain. The number of injections given and the retention rate of the older cohort were no different to the 
rest of the patients. 
Conclusions Very old patients with nAMD benefited from aflibercept, but not to the same degree as the younger patients. 
The study showed that, on an average, the very elderly patients were able to adhere to the intensive anti-VEGF treatment 
regimens. 

Introduction 

Age-related macular degeneration (AMD) is broadly clas
sified into early and late forms. Late AMD is the leading 
cause of visual loss in the elderly. AMD is a perfect 
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example of an aging-dependent condition, where the pre
valence of the disease increases monotonically with age [ 1]. 

The prevalence of late AMD increases from 1 % at 70 years 
to as high as 12% in patients over 80 years [2-4]. This 
condition is an outcome of a multitude of accumulating 
degenerative changes in the various layers of the outer 
retina and the choroid. Although there have been many 
well-conducted epidemiological studies on AMD, the pro
portions of patients aged 90 years or older in these cohorts 
were small. Therefore, there is a paucity of information on 
AMD in the very elderly patients. 

Late AMD is further classified into "dry" and "wet or 
neovascular" (nAMD). The former is responsible for the 
majority of cases, but there are no treatment options avail
able for this condition as yet. Only 10-15 % of patients 
exhibit nAMD and these patients present with sudden 
decrease in vision, and if left untreated, this condition 
results in profound irreversible visual impairment [5, 6]. 
AMD is a bilateral disease and the risk of developing 
nAMD in the fellow eye of patients with unilateral AMD 
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increases by 10% per year from the date of diagnosis, albeit 
this is dependent on features of the eye and other risk fac
tors [7]. Furthermore, if a patient develops nAMD in one 
eye at the age of 80, the risk of nAMD in the fellow eye is 
48% at 10 years [6]. Therefore, we would expect most 
patients with nAMD at 90 years to have bilateral nAMD. 
Determining the outcome of treatment in this cohort, com
pared to those in the younger age group, has implications, 
as it estimates the burden of this disease in this age group 
that is also at risk of other aging-dependent co-morbidities. 
Studying the treatment outcomes in this group will also 
provide us with better estimates of age-dependent outcomes 
of treatments for health economic evaluation. Ultimately, 
this has significant implications for future service provision, 
and treatment planning in the very elderly. 

Intravitreal injections of inhibitors of vascular endothe
lial growth factor (VEGF) have been the mainstay of 
treatment for nAMD for over a decade [8-l 2] The three 
anti-VEGF agents commonly used for this condition 
include ranibizumab, bevacizumab and aflibercept. The 
treatment regimens are intensive with monthly intravitreal 
injections for 3 months, followed by varying re-treatment 
regimens depending on the anti-VEGF agent. On an aver
age, a patient requires 7-8 injections in the first year and six 
injections from the second year. A comprehensive assess
ment of baseline predictive factors for visual outcomes at 
month 12 in Comparison of Age-related macular degen
eration Treatment Trials (CATT) demonstrated that older 
age was associated with poor outcomes in both ranibizumab 
and bevacizumab groups, while the exact cause for this 
observation remains unknown [IO]. Aflibercept is the 
newest FDA-approved anti-VEGF agent against nAMD, 
which binds tightly to VEGF-A, having a longer half-life 
than both ranibizumab and bevacizumab, a property which 
can be exploited by ophthalmologists to allow greater 
intervals between intravitreal treatments [12] The VEGF 
Trap-Eye: Investigation of Efficacy and Safety in Wet AMD 
studies (VIEW 1 and VIEW 2) showed that intravitreal 
aflibercept given bimonthly after 3 initial monthly doses 
had comparable improvement in visual acuity as monthly 
ranibizumab in treatment-naive patients with nAMD [L:.] 

To our knowledge, the specific effect of older age on the 
efficacy of aflibercept in nAMD has not been addressed in 
the scientific literature, while older age has been shown to 
adversely affect the outcomes in patients treated with both 
bevacizumab and ranibizumab [JO, l l] In addition, since it 
is difficult to study the outcomes in an elderly population 
due to several issues, including follow-up retention, large 
study samples are needed in order to reach reliable con
clusions. Consequently, analysis of a large database system 
seems to be a good option. In fact, the use of electronic 
databases to estimate the outcomes in retinal disorders is 
becoming increasingly common, and they have been used to 

I. Chatziralli et al. 

provide estimates for national and regional population 
outcomes [l 3, 14]. We have recently utilized a national 
dataset from 16 centres in the United Kingdom (UK) to 
report that the "real world" clinical outcomes of aflibercept 
in nAMD are similar to that of the randomized control trials 
of aflibercept in AMD [13] Therefore, this dataset is ideal to 
examine the influence of advanced age on visual outcomes 
in patients with nAMD treated with aflibercept. In this 
study, we compared aflibercept the outcomes in very elderly 
patients with nAMD (:2:90 years) with the rest of the cohort 
treated with aflibercept for nAMD to evaluate the treat
ment's outcomes in the very old population. 

Materials and methods 

In this retrospective study, anonymised data was extracted 
from 16 UK National Health Service (NHS) hospitals forall 
treatment-naive eyes with nAMD initiated on aflibercept 
between March 2013 and April 2015, to ensure a minimum 
of 24-month follow-up. All the data were recorded using a 
single electronic medical record (EMR) system (Medisoft 
Ophthalmology; Medisoft Limited, Leeds, UK), which 
mandated the collection of a standardized dataset through
out the nAMD care pathway. Written approval for anon
ymised data extraction was received from each participating 
hospital. Ethical approval was not required, since a study of 
this nature is considered as an audit or service evaluation. 
The study was conducted in accordance with the tenets of 
Helsinki Declaration and the UK's Data Protection Act. 

Sites were selected based on the confirmation that they 
used aflibercept to treat nAMD according to the VIEW 
protocol, consisting of 3-monthly intravitreal aflibercept 
injections (loading phase), followed by repeated bimonthly 
injections thereafter during theentire year 1 . All included 
centers were using a treat and extend approach after year 1. 
To determine the influence of age on visual acuity (VA) 
outcomes, patients were divided into two groups: Group I 
consisted of a younger cohort aged 0-89 years, while Group 
II consisted of very elderly patients aged 90 years and over. 

All patients underwent optical coherence tomography 
(OCT) and fluorescein angiography to confirm the diagnosis 
of nAMD, while indocyanine green angiography was used 
at the discretion of the physician when needed. Eyes with 
polypoidal choroidal vasculopathy, choroidal neovascular
ization of other cause than nAMD, other co-morbidities that 
may confound visual outcomes and those treated previously 
with anti-VEGF were excluded. At each visit, visual acuity, 
injection history and follow-up date were recorded and 
entered into the EMR system by all staff members as part of 
routine clinical care. Potential operative and postoperative 
ocular and systemic complications were also documented at 
each visit. 
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Fig. 1 Mean change in visual acuity over time in patients aged <90 years (a) and ;oc90 years (b) 

Visual acuity and missing value imputation 

Early Treatment Diabetic Retinopathy Study (ETDRS) 
visual acuity letter scores at 2 meters were recorded at each 
visit at all sites, and represented the primary outcome of the 
study. In cases when alternatives measures were used con
version to ETDRS letters was performed. The visual acuity 
at each clinical visit was used for the analysis. When visual 
acuity recorded was counting figures, hand movements, 
light perception or no light perception, zero ETDRS letter 
score was ascribed. 

Since in real-world studies, patients tend not to attend at the 
precisely intended intervals, the visual acuity of all attendees 
at 4-week intervals were utilized for the analysis over a 2-year 
period, having ensured that the sample size in each month 
reflected all patients who were being followed up continually. 
If there were gaps in the visual acuity data, they were imputed 
using the mean of the observations before and after the 
missing period. No observations were carried forward beyond 
the last recorded VA value, because loss to follow-up is more 
common in clinical practice than in proper clinical trials. 

Results 

Data were extracted from 16 NHS centers for 2734 
treatment-naive eyes initiating aflibercept treatment for 
nAMD between March 2013 and April 2015, to allow a 
minimum follow-up of 2 years. Group I (aged< 90 years) 
comprised 2506 eyes and Group II (aged :2: 90 years) 
included 228 (8.3%) eyes. 

Mean change in visual acuity at 2 years 

The mean change in VA over time for both the groups is 
shown in Fig. l. In patients aged< 90 years, the mean VA at 
baseline was 56.3 ETDRS letters (standard error, 0.3 letter), 

improving significantly to 60.9 ETDRS letter at year 1 
(standard error, 0.3 letter;+ 4.6 letters gain) and to 58.4 
ETDRS letter at year 2 (standard error, 0.4 letter; + 2.1 
letters gain), compared to baseline. In patients aged :2: 90 
years, the VA at baseline was 52.8 ETDRS letters (standard 
error, I letter) and improved to 55.9 ETDRS letters at year 1 
(standard error, 1.2 letter;+ 3.1 letters gain), but dropped to 
52 ETDRS letters at year 2 (standard error, 1.3 letter; -0.8 
letters loss), compared to baseline. The maximum change in 
VA was achieved at 6 months for both the groups ( +4.7 and 
+4.0 letters gain respectively). 

First eye involvement 

If analysis was restricted to first-treated eyes (eyes with 
normal vision in the other eye), in Group I the mean 
baseline VA for first-treated eyes was 55.2 ETDRS letters 
(standard error, 0.4 letter), which increased to 60.6 letters at 
year 1 (standard error, 0.4 letter; +5.4 letters gain) and to 
58.1 letters (standard error, 0.5 letter; +5 letters gain) at 
year 2. In Group II, the mean baseline VA in first-treated 
eyes was 50.0 ETDRS letters (standard error, 1.2 letter), 
increasing to 52.4 letters at year 1 (standard error, 1.5 letter; 
+2.4 letters gain), but dropping to 48.8 letters at year 2 
(standard error, 1.7 letter; -1.2 letters loss). 

Second eye involvement 

For second-treated eye (eyes with visual loss in other eye) 
in Group I, the mean baseline VA was 63.5 ETDRS letters 
(standard error, 0.7 letter), increasing to 65.1 letters at year 
1 (standard error, 0.8 letter; + 1.6 letters gain) and to 63.4 
letters at year 2 (standard error, 0.8 letter; -0.1 letter loss). 
In Group II, the mean baseline VA for second-treated eye 
was 59.2 ETDRS letters (standard error, 2.4 letter), which 
increased to 63.0 letters at year 1 (standard error, 2.2 letter; 
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Fig. 2 Mean change in visual acuity over time regarding first-treated and second-treated eyes in patients aged <90 years (a) and ;oc90 years (b) 

+3.8 letters gain) and dropped to 58.3 letters at year 2 
(standard error, 2.5 letter; -0.9 letter loss), as it is shown in 
Fig. 2. 

Patients presenting poor visual acuity 

There were 218 eyes (13.0%) in Group I, compared to 24 
eyes (10.5%) in Group 2 that presented with VA<35 
ETDRS letters. For both the groups, the largest VA gains 
were achieved in eyes that started with the worst vision. In 
patients aged < 90 years, eyes with baseline VA < 35 
ETDRS letters gained a mean of 11.6 letters (standard error, 
1.1 letter) and 9.2 letters (standard error, 1.2 letter) at year 1 
and 2 respectively. A similar trend was observed in patients 
aged :2: 90 years with eyes commencing aflibercept treat
ment, with the worst VA attaining the largest VA gains, but 
to a lesser degree. Specifically, patients in Group II with 
baseline VA< 35 ETDRS letters gained a mean of 7.4 let
ters (standard error, 1.9 letter) and 3.9 letters (standard error, 
3.4 letter) at year 1 and 2, respectively. 

Patients presenting good vision 

There were 397 patients (15.8%) in Group I, compared to 24 
(10.5%) patients in Group II who presented VA> 70 ETDRS 
letters. In Group I, there was a mean decline of 0.6 letters 
(standard error, 0.4 letter) and 3.5 letters (standard error, 0.6 
letter) at year 1 and 2, respectively, as it is depicted in Fig. 
3a. In Group II, patients with baseline VA> 70 ETD RS 
letters (24 eyes) experienced a significant drop in VA of 3.8 
letters at 1 year (standard error, 1.7 letter) and 13.3 letters at 
year 2 (standard error, 3.4 letter), as shown in Fig. 3b. 

Gains in visual acuity 

In Group I, the proportions of the 2147 eyes (85.7%) with 
follow-up at year 1 that gained 5, 10 and 15 letters were 

52.3%, 35.2% and 20.6%, respectively. At year 2, the 
proportions of the 2102 eyes (83.9%) with a gain of 5, 10 
and 15 letters were 46.7%, 31.5% and 20.7%, respectively. 
In patients aged :2: 90 years, the proportions of 186 eyes 
(81.6%) with follow-up at 1 year that gained 5, 10 and 15 
letters were 49.5%, 32.8% and 22.6%, respectively. At year 
2, the proportions of the 192 eyes (84.2%) gaining 5, 10 
and 15 letters were 37.5%, 27.6% and 17.7%, respectively 
(Fig. 4). 

Losers in visual acuity 

Over the first year, the proportions of those losing 5, 10 and 
15 letters in Group I were 18.8%, 10% and 5.8%, respec
tively and at 2 years, 26.3%, 18.3% and 13% lost 5, 10 and 
15 letters. In Group II, the proportions losing 5, 10 and 15 
letters were 26%, 14% and 7%, respectively at year 1 and 
37%, 24% and 16% of eyes in year 2, respectively. 

Discussion 

This study evaluated aflibercept outcomes in nAMD in the 
largest series of patients aged 90 years or over. The prin
cipal message of this study is that intravitreal aflibercept is 
effective in the very elderly population with nAMD and 
they are able to adhere to rigorous anti-VEGF treatment 
regimens. 

There are half a million people aged 90 years or older in 
the UK. Owen et al reported -40,000 new nAMD cases a 
year in the UK, with an estimated 7700 people beingin this 
age group (19%) [ 4]. This study shows that the oldest 
people constituted 8% of the new cases presented, and were 
treated with aflibercept over 2 years. Therefore, approxi
mately half the expected number of the very elderly patients 
with new onset nAMD were present for the treatment. 
Considering those who presented for diagnosis and 
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Fig. 3 Mean change in visual acuity over time based on baseline visual acuity groups in patients aged <90 years (a) and ;oc90 years (b) 

treatment, their baseline VA was similar to the rest of the 
cohort. Therefore, those were the patients who were able to 
access the NHS benefit from the treatment received for 
nAMD. 

The proportion of patients with final VA records at 2 
years was also similar between the two the groups, sug
gesting that the drop out rate was not higher in the very old 
patients. The study is limited to 2-year follow-up. Longer 
follow-up of these patients will provide insight into any 
deviations between the two cohorts on clinic attendance 
with time. The outcome measured in various ways show 
that very elderly patients with nAMD benefit from afli
bercept therapy. However, it is more challenging for the 
patients aged 90 years or above to achieve the driving 
vision, defined as more than 70 letters in the treated eyes. In 
addition, the older patients who presented good vision (> 70 
letters) showed a larger decline in VA over the 2 years, 
compared to the rest of the cohort. These outcomes in this 
age group may contribute to the higher risk of falls and 
fractures, need for nursing home support and mortality. 

Interestingly, we also observed that 80% of patients pre
sented first eye involvement in the 90 years and above group. 
We postulate that this group may indeed represent a unique 
"special" group that has avoided conversion to nAMD, 
probably having a lower predisposition for the development 
of nAMD. It would be useful to interrogate this group of 
patients further in terms of both functional and structural 
changes in the retina to study the disease mechanism. 

The VA outcomes of the present study were not as 
favorable as the clinical trials outcomes, but were similar to 
the other real-life studies [ l 3, l 5, lti] The mean gain in VA 
in our study in patients aged< 90 years was +4.6 and + 2.1 
letters at year 1 and 2, respectively. In patients aged :2: 90 
years, the mean gain in VA at year 1 was +3.1 letters, while 
patients lost 0.8 letters at year 2. The integrated analysis of 
VIEW 1 and VIEW 2 studies showed 8.4 letters gain at year 
1 (7.9 letters for VIEW 1 and 8.9 letters for VIEW 2 study 
[12], whereas Talks et al found 5.1 letters gain at year 1 in 

patients with nAMD treated with intravitreal aflibercept in 
real-life conditions, based on the VIEW protocol [ l 3]. 
Additionally, previous audits using PRN ranibizumab in 
clinical practice reported VA gains of 2-3.8 letters at year 1 
[L\ l6]. It is worthy to note that reduced VA in the older 
group may represent more prevalent concurrent atrophic 
changes than in the younger group. In addition, the aged 
outer retinal tissue may be less responsive to anti-VEGF 
therapy. 

The discrepancy in the VA outcomes between clinical 
trials and real-life studies may be explained by the fact that 
in the real-world, data measurement techniques may differ. 
Specifically, VA is usually measured with the patients' 
habitual correction and not with the subjective refraction at 
each visit as in clinical trials. Although this may under
estimate the actual changes in vision, it may reflect better 
patients' vision experience [ 13]. Moreover, patients in 
clinical trials are strictly selected and may have different 
characteristics than those of daily practice, while treatment 
is administered within tight timelines. It is also worthy to 
note that this older patient cohort is often not included in the 
clinical trials, even though these diseases are aging depen
dent. They represented 8% of this cohort. Therefore, this is 
an example where the answers to a research question are 
better derived from real-life datasets than clinical trials. 

Another interesting observation of our study was that 
maximal VA gain was obtained at month 6 after initiation of 
treatment, irrespective of the age. In addition, the initial VA 
gain achieved after the 3-monthly loading phase was 
maintained at the end of year 1 in both the groups and by 
year 2 in patients aged< 90 years. In contrast, in the very 
elderly patients, the rate of decline in VA was more pro
nounced after year 1, with patients presenting loss of 0.8 
letters at year 2 and falling below the baseline VA How
ever, the outcome is still better than the natural history of 
the disease. Although treatment after 6 months did not result 
in further VA gains in either group, continuous treatment 
may halt further visual deteriorations in both the groups. 
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Fig. 4 Percentage of patients gaining at least 5, 10 and 15 letters in patients aged <90 years (a) and ;oc90 years (b) 

In conclusion, our study showed that very old patients 
with nAMD benefited from aflibercept therapy, but not to 
the same degree as the younger patients. The reason why 
elderly patients do not achieve the same outcomes as their 
younger counterparts despite adhering to the treatment 
regimen is unclear. An understanding of the morphological 
differences in patients with nAMD across different age 
profiles should shed more light on the disease mechanisms. 
The information provided in this study may also be of value 
to health economists for incorporation in future cost
effectiveness models. 

Summary 

What was known before 

• Intravitreal aflibercept is safe and effective for the 
treatment of age-related macular degeneration. 

• The so-far studies regarding the effectiveness of 
aflibercept in patients over 90 years are scarce. 

What this study adds 

• Very old patients with nAMD benefited from afliber
cept, but not to the same degree as younger the patients. 

• The study showed that on an average, the very elderly 
patients are able to adhere to the intensive anti-VEGF 
treatment regimens. 
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Ziv-aflibercept: A novel angiogenesis inhibitor 
for the treatment of metastatic colorectal cancer 

Cancers o. f the colon and rectum 
( collectively, colorectal cancer) 
comprise the third most com-

mon tumor type worldwide, with the 
fcmner being more prevalent than 
the latter. 1 Colorectal cancer is the 
third most common form of cancer 
in the United States and the second 
most common cause of cancer--rela!ed 
deaths2

; an estimated 143,460 new 
cases and 5 i ,690 deaths occurred 
in 2012.' It is estimated that 20%i of 
patients with colorectal cancer have 
metastatic disease at the time of di
agnosis. Despite optimal treatment 
with adequate surgery and adjuvant 
chemotherapy, 30---50% of patients 
with primary colon cancer relapse 
and die from metasta! ic disease.4

•
5 

For most patients with metastatic 
colorectal cancer ( mCRC), treatment 
remains palliative and the five-year 
survival ra!e is disappointing, at ap-
proximately l 0%;. 4 

First--Iine treatment of mCRC 
typically consists of fluorouracil 
and leucovorin (abbreviated FO, for 
folinic acid, in regimen acronyms) 
combined with either an oxaliplatin -
based regimen (i.e., FOLFOX che
motherapy) or an irinotecan-based 
regimen (i.e., FOLPIRl), with cross-

Purpose. The pharmacology, pharmacoki

netics. clinical efficacy, safety, and admin

istration of ziv-atlibercept in combination 

therapy for metastatic colorectal cancer 
(n1CRC) are rev!evve:d. 

Summary. Ziv-aflibercept (Zaltrap, Regen

eron Pharmaceuticals and sanofi-aventis) 

is a novel recombinant fusion protein that 

targets the angiogenesis si9nalin9 pathway 
of tumor ceils by blocking vascular endo

thelial growth factor (VEGF) receptors that 

play a key role in tumor growth and metas
tasis; it is a more potent VEGF blocker than 

bevacizumab. Ziv-aflibercept is approved 

by the Food and Drng Administration for 
use in combination with fluorouracii; iri

notecan. and leucovorin (the FOl.FIRI regi

men) for second-line treatment of patients 

with mCRC who have disease progression 
during first-line oxaliplatin-based chemo

therapy. A Phase Ill trial demonstrated 
that relative to FOi.Fi Ri therapy alone, the 

use of ziv-aflibercept was associated with 
significantly improved patient response, 

over to the alternative regimen for 
second-line treatment (i.e., first-line 
FOLFOX followed by second-line 
FOLFIRI chemotherapy or vice 
versa). 6 Various trials have dem
onstrated no significant difference 
between FOLFOX and FOLFIRT 

overall survival, and progression-·free sur-· 

vival in patients with good performance 

status at baseline, including some who had 

receive:d prior bevadzumab therapy. The 

most common grade 3 or 4 adverse effects 

associated with ziv-aflibercept use in clini
cal studies were neutropenia, hyperten

sion, and diarrhea; the U.S. product labeling 

warns of potential hemorrhage and other 
treatment-related risks. 
Condusion. Current clinical data are insuf

ficient to directiy compare ziv-aflibercept 

and bevacizumab when used with stan

dard combination chemotherapy as fost- or 

second-line re~Jimem for mCRC. The role 
of ziv-aflibercept is currently limited to the 

second--line setting in combination with 

irinotecan-·based regimens in mCRC pa-· 
tients who have not received irinotecan 

previously. The role of ziv-aflibercept in 

chemotherapy for other tumor types is yet 

to be determined. 
Am J Hea!th-Syst Pharm. 2013; 70:1887-

96 

chemotherapv in terms of the aver-
• I 

age response rate (54% and 56%, 
respectively), progression-free sur
vival (PFS) (8.0 months versus 8.5 
months), and overall survival (OS) 
(20.6 months versus 21.5 months) 
in patients with mCRC.7

·
9 However, 

CLEMENT CHUNG, PHARM.D., BCOP, BCPS, is Oncology Clinical 
Pharmacist, Lyndon B. Johnson General Hospital, Harris Health 
S)•stem, Houston, TX. NISHA PHERvVANl, PHARM.D., BCOIJ, is Clinical 
Director, Oncology, Cardinal Health Pharmacy Solutions, Houston, 
TX 77077. 

The authors have declared no potential conflicts of interest. 

Address correspondence to Dr. Chung at the Lyndon l:l. 
Johnson General Hospital, 5656 Kelley Street, Houston, TX 77026 
( clement_t_dmng@yahoo.com). 

Copyright (g) 2013, A..rnerican Society of Health-Syster.n Pharrr1a
cists, Inc All rights reserved. J 0'79-2082/ J 3/l l OJ - l 88'7$06.00. 

DOI J0.2l46/ajhp130l43 

Am J Health-Syst Phann-Vol 70 Nov 1, 2013 1887  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 1450


