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Medical Officer’s Review #3 — Labeling and Postmarketing Commitment

_ Application Type
Submission Number

Primary Reviewer

Date of Labeling Submission
Date of Postmarketing Commitment

Submission

Date of Labeling Review

Name

Applicant

Submitted

BLA

125156

Rhea Lloyd, M.D.

June 28, 2006

June 29, 2006
June 29, 2006

Lucentis (ranibizumabinjection)

Genentech, Inc.

1 DNA Way
South San Francisco, CA 94080
650-225-1558

The applicant has submitted labeling based on previous review, internal discussions and
correspondence between the applicant and the Office of Antimicrobial Products with
revisions to Section 12.2. In the second sentence ofparagraph 2, the word “months” was
capitalized. In the last sentence ofparagraph 2, the phrase, C

 

was replaced by “Fovealretinal thickness data.”

Also submitted, as agreed during the 29 June 2006 teleconference between the Agency
and the applicant, are the following additiona] Postmarketing Commitments:

1. Submit the final Clinical Study Report from Study FVF3689g by 30 June 2008.

2. Provide safety and efficacy data from a 2-year adequate and well-controlled
clinicaltrial ofa mutually acceptable design exploring multiple dosing
frequencies of Lucentis. The timelines are outlined below:

Protocol Submission:

Study Start:
Final Clinical Study Report:

Reviewer’s Comment:

Acceptable.

14 November 2008

2] September 2009
1 April 2013
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‘| Page(s) Withheld

§ 552(b)(4) Trade Secret / Confidential

YY § 552(b)(4) Draft Labeling

§ 552(b)(5) Deliberative Process

Withheld Track Number: Metical |
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Recommendations

It is recommended that BLA 125156 be approved with the labeling contained in this
review.

The application supports the safety and effectiveness of Lucentis (ranibizumab injection)
for the treatment of — — a neovascular£& — J age related macular degeneration.

HasCo 

L-> fj
ce: William Boyd, MD ‘7 Oana, .

Wiley Chambers, MDS" & Peyae
Janice Soreth, MD

Mark Goldberger, MD, MPH
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Deputy Division Director Review

Application Type BLA
Submission Number 125156

Established Name Ranibizumab injection
Trademark Lucentis

Therapeutic Class Vascular endothelial growth factor
(VEGF)inhibitor

Applicant Genentech, Inc.
1 DNA Way
South San Francisco, CA 94080
650-225-1558

Proposed Dosing Regimen
Lucentis is to be administered as an intravitreal injection 0.5 mg (0.05 mL) every oneto three
months.

Indication

Treatment of © — 3 neovascularc — 3 age related macular degeneration

Intended Population
Adults with neovascular (wet) age-related macular degeneration

Formulation_
  

 | us

lo, a-trefslosedehydrate|i~ histidine HCl

C —

Polysorbate 20

| Water for InjectionI
I
L —_ J

* Targetfill volume of #m™m pervial.
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EXECUTIVE SUMMARY

Recommendation on Regulatory Action
Lucentis (ranibizumab injection) with the labeling changeslisted in this review is recommended
for approvalfor the treatment of C ——1 neovascular — J age related macular
degeneration.

The applicant, Genentech Inc. has conducted three adequate and well-controlled studies,
FVF2598g, FVF3192g, and FVF2587g which demonstratedstatistically and clinically significant
differences in the proportion of subjects who lose fewer than 15 letters in best corrected vision at
12 months compared with sham treatment.

Recommendation on Postmarketing Actions
Risk ManagementActivity

Nopost marketing risk managementactivity beyond the usualcollection of adverse
events is recommended.

Required Phase 4 Commitments
r ~?

L— , "3.

Other Phase 4 Requests
There are no other Phase 4 requests.

Summary
Established Name ranibizumab injection
(Proposed) Trade Name Lucentis 0.5 mg .
Therapeutic Class vascular endothelial growth factor (VEGF)inhibitor
Route of Administration intravitreal injection

Age Related Macular Degeneration (AMD)is clinically manifest in twodistinct forms: the non-
exudative (dry) or the exudative (wet) form of the disease. The etiology of the disease is such
that new abnormal blood vessels proliferate from the choriocapillaris through defects in the
Bruch's membraneunderthe retinal pigment epithelium (RPE), forming neovascular membranes.
These new vessels leak serous fluid and maygive rise to serous and hemorrhagic detachment of
the RPE and neurosensoryretina and maystimulate fibrous disciform scarring with subsequent
loss of central vision.

Neovascular AMDis characterized by CNV in the macular region. Vascular endothelial growth
factor-A (VEGF-A) has been observed in surgically excised human fibrovascularlesions. It is
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reasonable to suggestthat active forms of VEGF-Aare targets for therapeutic intervention in
neovascular AMD.

Efficacy
The three phase 3 studies submitted, Study FVF2598g, Study FVF2587g, and Study FVF3192g
were designed to demonstrate the safety and efficacy of Lucentis (ranibizumabinjection) in the
treatment of neovascular AMD. All three studies were prospective, multicenter, randomized,
double-masked,parallel group. Study FVF2598g and FVF3192g had sham controls, and Study
FVF2587¢ had an approved photodynasnic therapy as a control. All three studies demonstrated
clinically andstatistically significant differences between ranibizumaband the control arm. The
effectiveness of dosing every three months appeared to be onlyonethird as effective as monthly
injections. Based on the population studied, there does not appear to be any difference in
Lucentis’ effect based on age, race, ethnicity oriris color.

Safety
The population studied was predominantly elderly and white which is representative of the
population usually affected by age-related macular degeneration. The demographicsof the
patient population do not reflect problems with recruitment.

The most common adverse events identified are conjunctival hemorrhage, eye pain, increased
intraocular pressure, retinal disorder and vitreous floaters. These adverse events are often
associated with intravitreal injections.

Dosing Regimen and Administration
The sponsorhas performed adequate dose ranging and dose frequency studies of Lucentis

_ (ranibizumabinjection). Lucentis has been proven safe and effective when administered as an
intravitreal injection 0.5 mg/0.05 mL once monthly. This dosing regimen achieved and
sustaineda statistically significant difference in the proportion ofpatients wholost 15 letters of
vision comparedto baseline relative to the control group. When Lucentis is dosed every three
months,it appears that 2/3 of the effectivenessis lost.

Drug-DrugInteractions
In Study FVF2587g, Lucentis (ranibizumab) was dosed with verteporfin PDT. Significant
inflammation was observed when Lucentis was administered 7 days following PDT,but not
when dosedat intervals longer than 7 days. No drug-drug interaction analyses were performed.

Special Populations
Subgroup analyses did not reveal any differences in the safety or efficacy with respectto age,
sex, baseline visual acuity, CNV lesion type,lesion size, or prior laser photocoagulation. The
population studied for this indication was predominantly elderly and white, reflective of the
population mostaffected by this disease. The numberofpatients outside of this demographic
group wastoo small to draw any definitive conclusion regarding the safety and efficacy. No
pediatric trials were conducted for this drug as age-related macular degenerationis a disease seen
only in adults.
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INTRODUCTION AND BACKGROUND

Product Information

Established Name ranibizumab injection
(Proposed) Trade Name _Lucentis 0.5 mg
Therapeutic Class vascular endothelial growth factor (VEGF)inhibitor
Route of Administration—_intravitreal injection
Chemical Class VEGFInhibitor

Indication Treatment of neovascular (wet) age-related macular degeneration

Currently Available Treatment for Indications
There are currently two approved drug products for the treatment of age related macular
degeneration — Visudyne (verteporfin for injection) and Macugen (pegaptanib sodium injection).
Visudyne was approved under NDA 21-119 on Apri! 12, 2000, for the treatmentofpatients with
predominantly classic subfoveal choroidal neovascularization due to age-related macular
degeneration. Macugen was approved under NDA 21-756 on December 17, 2004, for the
treatment of neovascular (wet) age-related macular degeneration.

Availability of Proposed Active Ingredient in the United States
Ranibizumabis a new molecular entity and has not been marketed in the United States.

SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

CMC(and Product Microbiology, if Applicable)
Formulation

 
  
  

ference to

 Ingredients f

Ranibizumab __| Active ingredient
a, a-trehalose dehydrate | T : - _ 4

— histidine HCl 5

| c- 3 Ph. Eur.
Cc — 4 USPand Ph.Eur. |

Polysorbate 20 ! | NF and Ph. Eur.
Injection _ L— USP and Ph. Eur.|

“* Targetfill volume o. ~~ pervial.

 

 
 

  

Genentechintendsto use a life-cycle approachfor setting ranibizumab specifications. This life-
cycle approach will use interim acceptance criteria based upon the limited data available at the
time of submission. Since campaign-to-campaign variation can be larger than the variation
within a campaign, Genentech proposes a post-approval commitmentfor re-evaluating the
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- interim acceptancecriteria after three commercial post-approval campaigns (consisting of a
minimum of — additional lots). The re-evaluation is expected to take place within two years
after approval but will ultimately depend onthe currently unknown manufacturing schedule for
ranibizumab Drug Substance.’

Lucentis Drug Product Release and Shelf-Life Specifications.

Tact Code|Test Name Acceptance Criteria Shelf-life

[ |

_ -

Animal Pharmacology/Toxicology
There were no significant findings in the pharmacology/toxicology reviews which wouldaffect
the clinical outcome.
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Page 8 of 41

DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY
Sources of Clinical Data
This review is based on the primary reviews from the Clinical, Pharmtox, Product Quality,
Biopharm andStatistical staff and results of the applicant supported trials for AMD conducted
under BBIND ——_ Three phase 3 safety and efficacy trials were submitted to support the
indication currently being soughtby the applicant. In addition, the results of four phase 1/2 dose
ranging and safety trials were also submitted. This NDA was submitted in electronic format as a
hybrid CTD(i.e., CTD structure with PDF tables of contents), according to ICH and FDA
guidelines for electronic submissions.

Tables of Clinical Studies

Study Design (Sites)
 

  
 
 
 

Randomized,
double-masked,

double-sham
active treatment-

controlled

(US, Europe,
Australia

  

 
FVF2587g

  
 
 
 
  

 
 
  
 

Randomized,
double-masked,
sham-controlled

(US)

| FVF2598g

Randomized,
double-masked,
sham-controlled

(US)

FVF3192g

Extension

FVF2508g (US)

Randomized,

open-label,
multiple-dose

escalating
regimens

 
| FVF2425g

 

 

 

 

  

  
 
 
  
    
 
 

 

 
 
  
 

Subjects with
. .|Verteporfin

predominantly. PDT
classic subfoveal |

(tsham |
neovascular injection)AMD J

Subjects with

 
 

minimally
classic or occult Sham

subfoveal injection
neovascular

AMD

Subjects with
recurrent

subfoveal CNV
with or without

classic CNV

secondary to |
AMD }

 
Sham

injection |

Subjects with |
neovascular |
AMD who

completed a
Genentech Phase

1/2 ranibizumab | |

None

study
|

Subjects with
neovascular; None

AMD |

aI

716

184

70

-
|

nn _

__total injections |

 
   Ranibizumab

Dose(s)
  
 

 
 
 
 
 

Intravitreal

injection q month,
max. 24 injxns
over 2 yrs, or

verteporfin PDT
q3mosas needed

0.3 mg (n=140),;
0.5 mg (n=140),
sham injection

(n=143)

 
 

  
 

 
 
 

 
 
 
 

0.3 mg (n=238),
0.5 mg (n=240),
sham injection

(n-238)

Intravitreal

injection q mo.,
max. 24 injxns

over 2 years 

 
   

Intravitreal

injection q month
for 3 doses 0.3 mg

(Day 0, Month 1, 0.5 mg
Month 2) sham injection

followed by doses (Target: 61-62
q 3 months subjects per group)

(Mos.5, 8, 11, 14,
17, 20 and 23

Intravitreal

injections every 28
days (+ 5 days)
through October
2006 or until 30

days after product

  

0.5 mg (n=66)

 
launch

Intravitreal aT 0.3 mg to 1.0 mginjections at 2- or|escalating regimen

max. of 5, 7 or 9 (n=9);
4-week intervals, with 7 total injxns

0.3mg to 2.0 mg
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i}

7|
Intravitreal

injections q 4
weeks, maximum

Randomized, subjects with of 8 total injections
open-label, classic d over 28 weeks, orFVF2128¢ dose-escalation neovascular Usual care “ usual care with

(US) . AMD crossover to
ranibizumab

treatmentafter 14

es _ weeks

 

 
 

Ranibizumab

Design(Sites) Dose(s)

escalating regimen
with 9 total injxns

(n=10);
0.3 mg to 2.0 mg

escalating regimen
with 5 total injxns

(n=10)

  
  
  

 
 

over 16 weeks

 
  
  
  
 

 

0.3 mg (n=25),
0.3 mg initial dose
escalated to 0.5 mg

for subsequent
- doses 9n=28),

usual care (n=11)  
  
 
  
 
 

0.05 mg (n=6),

Open-label, See ot 0.15 mg (n=6),
, single-dose Subjects with Single intravitreal 0.30 mg (n=6),

FVF1770g . neovascular None 27 woe 2escalation AMD injection 0.50 mg (n=7),
(US) 1.0 mg (n=2)

Intravitreal

injection q month,
max. 24 injxns

 
Randomized,

single-masked, 
 
 

Subjects with
predominantly Verteporfin 0.5 mg (n=106),

 
  

 

 

 
  

  

Ryness sham-controlled, classic PDT(+sham 162 Over 2 years, sham injectioncombmation neovascular injection) aT (n=56)
treatment AMD Py with verteporfin

(US) PDT q3mos, as
_ oe _. needed —

Subjects with | . 0.3 mg| CRFBOO2A|Open-label_|subfoveal CNV wone arget aitea 0.5 mg
1201 (Japan) secondary to 84 d y (Target: 42P month

_ AMD || subjects per group

Subjects with Intravitreal
| CRFB002B Open-label predominantly Verteporfin 32 injections every _, . 3 monthin 0.5 mg (n=30)
| 2201 (Europe) classic subfoveal PDT combination with

| CNVsecoaty | verteporfin PDT 

Review Strategy
This review relies primarily on the results ofthe three Phase 3 trials submitted by the applicant.
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The submitted clinical study reports, clinical protocols and literature reports related to trials
FVF2598g and FVF2587g were reviewed. The application is in electronic format as a hybrid
CTD(i.e., CTD structure with PDF tables of contents), according to ICH and FDAguidelines for
electronic submissions.

Data Quality and Integrity
Thereis no evidence that Phase 3 studies reviewed in this BLA were not conducted in
accordance with acceptableclinical ethical standards.

There were nosignificant problems identified Division of Scientific Investigations (DSI) audits
that are likely to affect the data quality. The case report forms for the three studies were
provided by Genentech, and these were reviewed for completeness and quality.

Compliance with Good Clinical Practices
The studies were conducted in accordance with the International Conference of Harmonization
E6 Guidelines for Good Clinical Practice (GCPs), the Declaration of Helsinki and in compliance
with relevant local and national regulations for informed consent and protection of subjectrights
in the country of conduct.

Beforeinitiation of the study, the original protocol, all protocol amendments, the informed
consent documents andall supportive information were reviewed and approved by the
appropriate ethics committees (EC)or institutional review boards (IRB) for each ofthe centers
involved in the study. The studies began only after receiving written approval from each
EC/IRB.

Financial Disclosures

The applicant has adequately disclosed financial arrangementswith clinical investigators as
recommended in the FDA guidancefor industry on Financial Disclosure by Clinical
Investigators.

Thereis no evidence suggesting problemswith the integrity of the submitted data.

CLINICAL PHARMACOLOGY

Pharmacokinetics — See primary reviews.

Pharmacodynamics — See primary reviews.

Exposure-Response Relationships
Theretinais the site of disease in neovascular AMD.Therefore, systemic ranibizumab
concentrations after intravitreal administration are not expected to correlate with efficacy.
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INTEGRATED REVIEW OF EFFICACY
The study designs of the three Phase 3 studies are included in the Primary Medical Officer’s
Review. Additional analyses and cross comparisons between studies are presented below. It is
recognized that there are potential risks in comparing across studies. With respectto treatment
byan intravitreal route ofadministration, these studies utilized essentially the same population.

  
Best Available Copy
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The 0.5 dose was consistently more effective than the 0.3 dose and each were moreeffective than
the control group. The slope ofthe best fit line between month 3 and month 12 demonstrated a
two thirds reduced effect ofranibizumab whenthe product was administered every three months
compared to monthly treatments. The month 3-12 slopes for sham were -.87, -.85, -.84. The
month 3-12 slopes for the 0.5 dose monthly were +.23 and +.26. The month 3-12 slopefor the
q3month injections was -.56. For the g3month injection, this becomes a 5 letter loss over the 9
month period

Best Available Copy
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Noted above, there is no correlation between OCTand visual acuity. Treatment with
ranibizumab results in a thinner macula even when the visual acuity decreases. The month 12
values illustrate this point. At month 12forthe ranibizumab 0.5 group, the mean macular
thickness has its lowest value; howeverthe visual acuity is at its worst.

Best Available Copy
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L _)

This graphillustrates that a substantially larger proportion ofpatients treated with ranibizumab
injection develop thinner maculae and have improvedvisual acuity. While there is not a direct
correlation betweenvisual acuity and macular thickness over the course of this study, there is a
general tendencyfor patients treated with ranibizumab to do both. For anyindividualpatient,
there is no significant correlation between macularthickness and visual acuity.

Best Available Copy
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This graph presents a comparison between a change in OCTandthe visual acuity at the next
visit. Although not shown, data looks very similarfor predictions ofvisual acuity at visits after
the next visit. The graphillustrates that macular thickness is not predictive ofvisual acuityat
later visits.

Best Available Copy
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L-

This graphillustrates the variation in visual acuityfor any given macular thickness. Whileit is
expectedthat thicker maculae will ultimately leadto poorvision, within the timeframes ofthis
study, there is no direct correlation betweenvisual acuity and macular thickness. As a general
rule, it appears that macular thickness below 200often leads to better vision.

Best Available Copy
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An attempt wasmadeto see ifOCTcriteria or vision loss criteria might have aided in the
decision to treat patients with Lucentis. Although noformalcriteria have been definedfor
normality ofOCT, an increase in 100 microns might be considered the smallest change reliably
available to use as a basisfor treatment. In addition, although a 15 letter loss is the smallest
clinically significant change, a single line change(5 letters) is commonly reportedfor safety
parameters and was therefore investigated as a small visual acuity change. Theresults are
listed below:

Percentage of Patients Meeting particular OCT or Vision Loss Criteria

OCTIncreased byat least 100 or Vision Loss by 5 or moreletters
Month 2 Month 3 Month 5 Month 8 Month 12

Sham 64% 53% 75% 75% 78%

0.3 19% 38% 51% 54% 59%

0.5 5% 30% 43% 54% 54%

OCT Increased byat least 100
Month 2 Month 3 Month 5 Month 8 Month 12

Sham 22% 11% 22% 17% 14%

0.3 0% 5% 16% 16% 11%

0.5 0% 0% 10% 16% 8%

Vision Loss by 5 or more letters
Month2 Month 3 Month5 Month 8 Month 12

Sham 50% 4T% 69% 69% 75%

0.3 19% 35% 41% 46% 59%

0.5 5% 30% 38% 54% 51%

OCT Increased byatleast 100 with no loss of5 or more letters
Month 2 Month 3 Month 5 Month 8 Month 12

Sham 14% 6% 5% o% 3%

0.3 0% 3% 1i%- 8% 0%

0.5 0% % 5% O% 3%

As notedfromthe table, even a change as small as 100 microns orloss of 5 letters ts not likely to
have led to additional treatments andifused asthe sole criteria would have resulted in fewer
treatments than once every three months.
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Efficacy Conclusions

The submitted pivotal studies in BLA 125156 Lucentis (ranibizumab injection) demonstrate the
efficacy for the use of ranibizumab 0.5-mgin the treatment of neovascular age-related macular
degeneration.

The submitted phase 3 studies both demonstrate a clinically significant treatment effect of
ranibizumab. ~~ and 0.5-mg compared to sham and Verteporfin PDT,respectively, for the
primaryefficacy endpoint, the proportion of subjects with a loss of fewer than 15 letters in the
best corrected visual acuity score at Month 12 compared with baseline.

Macularthicknessis not predictive of current or future visual acuity, although macular thickness
above 200 um and particularly greater than 400 um is associated with poorervision.
Ranibizumabis capable of doing more than just thinning the macula and vision maybelost in
spite of a thin macula.

Appears This Way
On Original
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Immunogenicity
Serum samples for the evaluation of immunoreactivity to ranibizumab were obtained from
subjects at screening and prior to study drug administration at Months 6 and 12. The assay
demonstrated immunoreactivity in a small percentage of subjects in all three treatment groups
priorto initial administration of study drug, possibly due to preexisting anti-Fab antibodies.

The assay indicated positive results in a small percentage of subjectsin all three treatment groups
prior to initial administration of study drug, possibly due to preexisting anti-Fab antibodies. All
three treatment groups had increases in positive results during the treatmentperiod.

Immunoreactivity to Ranibizumabin the First Treatment Year- Safety Evaluable Subjects

 
  

 “Note: Table entries are numbersof‘subjects with positive immunoreactivity over numbers of subjects with
evaluable samples. LTR=0.7 logtiter.

 

  

Exploratory subgroup analyses based on immunoreactivity to ranibizumab were performed to
determine whether the appearance of immunoreactivity was related to key safety andefficacy
outcomes. The analysis population was divided into three subgroups: subjects who had a
negative or missing test result at screening and negative post-baseline results, subjects who had a
negative or missingtest result at screening butat least one positive post-baseline result, and
subjects who had a positivetest result at screening. Visual acuity outcomes and the occurrence of
intraocular inflammation and autoimmuneadverse events were examined by treatment group for
each immunoreactivity subgroup. Noclinically relevant differences between immunoreactivity
subgroups wereidentified in study FVF2598¢.

In Study FVF5287g, with regard to intraocular inflammation adverse events, proportionately
more ranibizumab-treated subjects who were immunoreactive at some timepoint experienced
intraocular inflammation events than subjects who were never immunoreactive. Twenty- eight
percent (5 of 18) of ranibizumab-treated subjects who were immunoreactive during treatment
only and thirty-two percent of subjects (6 of 19) who were immunoreactive at baseline
experienced inflammation adverseevents in the study eye, compared with 10% of ranibizumab-
treated subjects (23 of 230) who were never immunoreactive. Of the 12 verteporfin PDT-treated
subjects who were immunoreactive at some timepoint, none experienced an intraocular
inflammation adverse event.
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Intraocular Inflammation in Subjects with Immunoreactivity
Based on the Initial and Confirmatory Assays(. )

Studies FVF2428g, FVF2587g, FVF3192g (First Treatment Year) and FVF2598¢ (2-Year
Treatment Period)

Safety Evaluable Subjects
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|
||718/Month24_|
 

167002 717 / Mont 24

188005| _717/ Month 24
[_ 534001 __2.520_[Sham

 Renbiewmad |so7ot8|3571Month12___0.8750.5 mg |522002|_367/Month12_|1.530

1 In Study FVF2428g,intravitreal injections (sham or ranibizumab 0.5 mg) were given every month and verteporfin
PDTevery 3 months.
2 Iritis diagnosed 1 day after Month 4 injection.
3 Iritis diagnosed day of injection. Injection was notheld.
4 Noresolution of uveitis noted in CRFs submitted.

5 Uveitis diagnosed 3 days post Month 7 injection. Serious AE led to treatment discontinuation in Month 9.
6 Treatment discontinued.

 
The Immunoreactivity Assay still requires refinement (see Product Quality Review). Based on
this assay, Titers above 3 were associated with Intraocular Inflammation in 100% ofcases.

Thromboembolic Events

Serious Adverse Events Potentially Related to Systemic VEGF Inhibition during the First
Treatment Year: Studies FVF2598g and FVF2587g
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I concur with the Medical Officer’s assessment that thereis a trend in the occurrence ofserious
adverse events potentially related to systemic VEGFinhibition noted at Month 12, but not at 24
months, particularly in the ranibizumab 0.5-mg dose group. This includes trends in serious
arterial thromboembolic events and, to a lesser extent, in serious non-ocular hemorrhages (but

not in serious hypertension or proteinuria).

The sponsor applied the Antiplatelet Trialists’ Collaboration (APTC)classification (Antiplatelet
Trialists’ Collaborations 1994) to the adverse events which mitigates someof these issues by
focusing on a morerestricted but well-defined spectrum of serious adverse events: vascular
deaths (including deaths of unknowncause), nonfatal myocardial infarction, nonfatal ischemic
stroke, and nonfatal hemorrhagicstroke.

APTCArterial Thromboembolic Events during the First Treatment Year:
Studies FVF2598¢ and FVF2587g
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Nonfatal ischemic stroke3(1.3%)|1 (0.7%)|1(0.7% 1 (0.7%)|4(1.1
Nonfatal hemorrhagic

| stroke |
Note: Arterial thromboembolic events, defined according to the Antiplatelet Trialists’ Collaboration classification
(1994), are presented.

1 (0.4%) %

TOTAL 2 (0.8%)|3(13%)|5 (2.1%)| |
| Vascular deaths _ | ~|1(0.4%)|1(0.4%)|1(0.7%)|1 (0.7%)|2(1.4%) |

Nonfatal myocardial)Nonfatalmyocardial|1 (0.4%)|1(0.4%)|1(0.4%)|1(0.7%)|1(0.7%)|3 (2.1%)
 

1 (0.4%)
6  

When applying the APTCclassificationto the serious adverse events, there is an overall trend in
the ranibizumab 0.5-mg dose group compared to subjects in other treatment groups, but this is
only a trend, the numbers are small andit does not hold up for the 24 month data.

HumanCarcinogenicity
Nostudies have been conducted.

Special Safety Studies
Safety analysis was based on an evaluation ofother safety parameters, as well, which included

‘visual acuity (best corrected), intraocular pressure, ocular signs by slit lamp examination and
indirect ophthalmoscopytheresults of which are included throughout the'safety review.
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Withdrawal Phenomena and/or Abuse Potential

Notapplicable. This is not a therapeutic class with known abuse potential or apparent
withdrawal potential.

Human Reproduction and Pregnancy Data
There are no adequate and well-controlled studies in pregnant women. There was no inadvertent
exposure to the product in pregnant women during the development program.

Assessmentof Effect on Growth

The intended population for this productis adults with age-related macular degeneration, a
disease that does notexist in the pediatric age group. This application contains no pediatric data.

Overdose Experience
This product has minimal overdose potential and no studies were performed. Plannedinitia!
single doses of ranibizumab injection 1.0 mg were associated with clinically significant
intraocular inflammation in 2 of 2 patients injected. With an escalating regimen of doses
beginning with initial doses of ranibizumabinjection 0.3 mg, doses as high as 2.0 mg were
tolerated in 15 of 20 patients. ,

Postmarketing Experience
This product has not yet been marketed.

ADDITIONAL CLINICAL ISSUES

Dosing Regimen and Administration
The sponsorhas performed adequate dose ranging studies during the drug development program.
Lucentis (ranibizumab) 0.5 mg dose has been demonstrated to be safe and effective in two Phase
3 clinical trials. The dosinginterval in the two pivotal Phase 3 trials was once monthly resulting
in the improvement and maintenance ofvisual acuity and function, and for the reduction of
vascular leakage and retinal edema, in patients with neovascular (wet) age-related macular
degeneration.

Drug-DrugInteractions
No important drug-druginteractions have been identified.

Special Populations
The sponsor has adequately evaluated gendereffects on both the safety and efficacy outcomes.
Subgroup analyses did notreveal any differencesin the primary efficacy endpoint between males
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and females. The safety profiles seen in males and females, including the types and rates of
adverse events, are similar.

Trials for this indication were conducted in a population that was overwhelmingly elderly and
Caucasian. Thisis reflective of the population in which age-related macular degeneration occurs
and doesnotreflect a problem with study enrollment.

Pediatrics

The applicant requested a waiver of the pediatric study requirements for the original Biologics
License Application. The waiver was requested because the disease under studyage-related
macular degeneration does notoccurin the pediatric age group.

Advisory Committee Meeting
Not applicable. No Advisory Committee Meeting will be held regarding this application.

Literature Review

The medical reviewer conducted a PubMed electronicliterature search to supplement the
submitted review of the relevant literature. There was no significant new information found in
the publishedliterature.

Postmarketing Risk Management Plan
No postmarketing risk management plan has been submitted.

Other Relevant MaterialsComments received from DDMACandthe Office ofDrug Safety have been incorporated iin the
labeling review as appropriate.
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SS
OVERALL ASSESSMENT

Conclusions

The submitted studies in BLA 125156 are sufficient to establish efficacy for the use of
ranibizumab 0.5 mginjection in the treatmentof the neovascular age-related macular
degeneration. The phase 3 studies demonstrate replicative results in the ability of ranibizumabto
stabilize and preventvision loss in patients with neovascular macular degeneration when give
intravitreally every month when compared to sham and verteporfin PDT treatment. A clinically
significant effective is still present if Lucentis is administered once every three monthsafter the
first four doses.

Recommendation on Regulatory Action
BLA 125156 is recommended for approval froma clinical perspective for G —

= >patients with neovascular (wet) age-related macular degeneration.
 

Recommendation on Postmarketing Actions

Risk ManagementActivity
Not applicable. No postmarketing risk managementactivity is recommendedatthis time.

Required Phase 4 Commitments

—

Wiley A. Chambers, MD
Deputy Division Director
Division of Anti-Infective and Ophthalmology Products

ec: RheaLloyd ( . oagy
William Boyd.“° *
Janice Soreth —
Mark Goldberger
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Clinical Team Leader Labeling Review
(Medical Officer’s Review #2)

Application Type
Submission Number

Primary Reviewer
Clinical Team Leader

Letter Date

Stamp Date

Dateof Labeling Submission
Date of Labeling Review

Established Name

Trademark

Therapeutic Class

Applicant

Submitted

BLA

125156

Rhea Lloyd, M.D.
William M. Boyd, M.D.

December29, 2005
December30, 2005

June 13, 2006
June 13, 2006

Ranibizumabinjection
Lucentis

Vascular endothelial growth factor
(VEGF)inhibitor

Genentech, Inc.
1 DNA Way
South San Francisco, CA 94080
650-225-1558

Submitted is revised labeling based on previous review, discussion between the applicant
and the Deputy Division Director on June 12, 2006, and input from the Study Endpoints and
Label Development (SEALD) Team.

In this submission, the applicant has acceptedal] requested changes to the package insert.
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Recommendations

It is recommended that BLA 125156 be approved with the labeling revisions listed in this
review. .

The application supports the safety and effectiveness of Lucentis (ranibizumab injection)
for the treatment of ( —3 neovascularC -—~ 2 age related macular degeneration

f

W/__D
William M. Boyd, M.D.
Clinical Team Leader

Wee ffexfot
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CLINICAL REVIEW ~

Application Type
Submission Number

Submission Code

Letter Date

Stamp Date
- PDUFA Goal Date

Reviewer Name

Review Completion Date

| Established Name

(Proposed) Trade Name
Therapeutic Class

Applicant

Priority Designation

BLA

125156

Original
ee

December 29, 2005
December30, 2005
June 30, 2006

Rhea A. Lloyd,MD
June 21, 2006

Ranibizumabinjection
Lucentis

Vascular endothelial growth factor
(VEGF)inhibitor

Genentech,Inc. ©
| DNA Way
South San Francisco, CA 94080
650-225-1558

IP
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumabinjection) . ~Lucentis(ramibizumaBye

Proposed Dosing Regimen

Lucentis is to be administered as an intravitreal injection 0.5 mg (0.05 mL) once a month or once
every three monthsafter the initial —— monthly injections.

Proposed Indication sO

L —_, J

Intended Population

Adults with neovascular (wet) age-related macular degeneration
- —

Formulation

Duss

Ph. Eur.

USP and Ph. Eur.

NF and Ph. Eur.

Waterfor Injection _ _ USP and Ph. Eur.
*" Targetfill volume of “, pervial. —_
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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

From a clinical perspective, Lucentis (ranibizumabinjection) with the labeling-changes listed in
this review is recommendedfor approval for the treatmentofpatients with neovascular (wet)
age-related macular degeneration

The applicant, Genentech, conducted two adequate and well-controlled Phase 3 studies,
FVF2598g and FVF2587g which demonstrate statistical and clinical significance on the primary
efficacy endpoint(i.e., the proportion of subjects wholose fewerthan 15 letters in best corrected
vision at 12 months compared with baseline).

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity
No post marketing risk managementactivity is necessary.

1.2.2 Required Phase 4 Commitments
1. Develop and validate assays to detect and characterize immuneresponses to ranibizumab:

A. Develop and validate a confirmatory assay capable of detecting both IgG and IgM isotype
responses.

B. Develop and validate an assay to detect neutralizing anti-ranibizumabantibodies.

The assay methodologyand validation reports will be provided by September 28, 2007.

2. To characterize further the immune response to ranibizumab, serum samples collected in studies
EVF2587g, FVF2598¢, FVF3192¢ will be assayed using the validated methods described above
in Postmarketing Commitment 7— The data obtained will be analyzed todiscover and evaluate
any association between immunoreactivity and dosing frequencyas well as any potential impact
of immunereactivity on efficacyor safety outcomes.

Date of submission ofprotocol andstatistical analysis plan: February 28, 2007

Date of submission offinal study report: September —, 2008

The need for an additionalclinical study will be determined based on the results from the analysis
described above. °&-

1.2.3 Other Phase 4 Requests
There are no other Phase 4 requests. -
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1.3 SummaryofClinical Findings

1.3.1 Brief Overview of Clinical Program
Established Name ranibizumabinjection

(Proposed) Trade Name —Lucentis 0.5 mg
Therapeutic Class—_vascular endothelial growth factor (VEGF)inhibitor

Route of Administration—_intravitreal injection=__=."~
4

Age-related macular degeneration (AMD) is a commoncause ofsevere andirreversible vision

loss in older adults. AMD is clinicallymanifest in two distinct forms: the non-exudative (dry)
or the exudative (wet) form of the disease. Though the exudative (wet) form represents
approximately 10% of AMDcases,it is responsible for 80-90 % ofthe vision loss due the
vascular leakage associated with the characteristic choroidal neovascularization. An estimated
150,000 new cases of neovascular AMD are diagnosed each yearin the United States. As the
median age ofthe population increases,it is likely that ophthalmologists will encounter
increasing numbers of patients with AMD. .=

The etiology of the disease is such that new abnormalbloodvessels proliferate from the
choriocapillaris through defects in the Bruch's membraneunderthe retinal pigmentepithelium
(RPE), forming neovascular membranes. These new vessels leak serous fluid and may giverise
to serous and hemorrhagic detachmentof the RPE and neurosensory retina and maystimulate
fibrous disciform scarring, with subsequentloss of central vision.

Neovascular AMDis characterized by CNV in the macular region. Vascular endothelial growth
factor-A (VEGF-A)has been observed in surgically excised human fibrovascular lesions. VEGF-
A is alternatively spliced and post-translationally cleaved to generate multiple active forms, of
whichat least two have been observed in excised human CNV lesions. An increase in VEGF-A
expression has been noted in experimental models of CNV in rodents. In addition, transgenic
mice with increased VEGF-A expression in photoreceptorsor retina pigmentepithelium
developed neovascularization reminiscent of CNV seen in humans with neovascular AMD.

Theseresults suggestthat active forms of VEGF-A are reasonable targets for therapeutic
intervention in neovascular AMD.

Ranibizumabis a recombinant humanized antibody Fab fragment that neutralizes VEGF as a
therapeutic intervention in neovascular AMD.

1.3.2 Efficacy
Study FVF2598g and Study FVF2587g, were designed to demonstrate the safety and efficacy of
Lucentis (ranibizumab injection) in the treatment of neovascular AMD. Both study designs were
prospective, multicenter, randomized, double-masked, parallel group. Study FVF2598g had an
inactive control and Study FVF2587g had an approved therapy as a control.

Study FVF2598g metits primary endpgintandal! of the secondary endpoints for thefirst
treatment year. The primary endpoint was met with nearly 95% of ranibizumab-treated subjects
maintaining or improvingvision at 12 months, compared with 62% of sham-treated subjects
(p < 0.0001 for cach of the ranibizumab groupsvs. the sham-injection group). Visual acuity
results assessedat a starting test distance of 2 meters were 1-2 letters better than those assessed
at a starting test distance of 4 meters. The robustness of the primary endpoint and key secondary

4é
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endpoint results was demonstrated by the consistent resulte from sensitivity analyses.The
treatment benefit of ranibizumab on visual acuity was also consistent across the subgroups
evaluated.

Study FVF2587g metits primary efficacy objective for the first treatment year. The primary
efficacy objective was met with approximately 94% of subjects treated with 0.3 mg ranibizumab
and 96% of subjects treated with 0.5 mg ranibizumab maintaining or improvingxision at Month
12, compared with approximately 64% of verteporfin PDT-treated subjects (p < 0.0001 for
superiority for each of the ranibizumab groupsvs. the verteporfin PDT group). The |-year
results demonstrated a beneficial effect of ranibizumab on visual acuity. Visual acuity results
based on assessmentata starting test distance of 4 meters were 1-2 letters better than those based
on assessmentata starting test distance of 2 meters. The robustness of the results of the primary
efficacy endpoint was demonstrated bythe consistent results from sensitivity analyses. The
treatment benefit of ranibizumab on visual acuity was also consistent across the subgroups
evaluated.

1.3.3 Safety
The population studied was predominantly elderly and white whichis representative of the
population usually affected by age-related macular degeneration. The demographics of the

- patient population do notreflect problems with recruitment.

Based on the population studied, there does not appear to be any difference in Lucentis’ effect
based on age, race, ethnicity oriris color.

The most commonadverse events identified are conjunctival hemorrhage, eye pain, increased
intraocular pressure, retinal disorder and vitreous floaters. These adverse events are often
associated with intravitreal injections.

1.3.4 Dosing Regimen and Administration
The sponsorhas performed some dose ranging and dose frequency studies of Lucentis
(ranibizumabinjection). Lucentis (ranibizumab injection) has been proven safe and effective
when administered as an intravitreal injection 0.5 mg/0.05 mL once monthly. This dosing
regimen achieved and sustainedastatistically significant difference in the proportion of patients
wholost 15 letters of vision compared to baseline relative to the control group.

The sponsor also_performed a Phase3 trial, Study FVF3192g in which Lucentis (ranibizumab
injection) was administered as an intravitreal injection 0.5 mg/0.05 mL once monthly for 3
months and then every three months. The 12-monthresults show that Lucentis achieved
statistical significance in the primary efficacy endpoint. Study FVF3192g is reviewed in more
detail in:another review.

1.3.5 Drug-DrugInteractions .
In Study FVF2587g, Lucentis (ranibizumab injection) was dosed with (separated by 1 week)
verteporfin PDT. No drug-druginteraction analyses were performed.

1.3.6 Special Populations
There were nostatistically significant differences in demographic data, diagnoses,or baseline
lesion characteristics between treatment groups within each study
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Subgroup analyses did not reveal any differencesin the primary efficacy endpoint with respect to
age, sex, baseline visual acuity, CNV lesion type, lesion size, or prior laser photocoagulation.
The safety profile was also similar in each of these groups.

The population studied for this indication was predominantly elderly and white, reflective of the
population mostaffected by this disease. The numberofpatients outside of this demographic

. group wastoo small to draw any definitive conclusion regarding the safely'and efficacy. There
do not appear to have been anyrace orethnicity effects.

Nopediatric trials were conducted for this drug. Age-related macular degenerationis a disease
seen only in adults.

The demographicsof the patients enrolled in the trial during the development program forthis
productarerepresentative of the targeted population. There is no additional data need from other
populations.

Appears This Way
On Original
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2 INTRODUCTION AND BACKGROUND

2.4 Product Information

Established Name ranibizumab mjection 3"
(Proposed) Trade Name _Lucentis 0.5 mg 4

Therapeutic Class—_vascular endothelial growth factor (VEGF)inhibitor
Route of Administration_intravitreal injection

Chemical Class New molecularentity

Proposed Indication -

C oS
7 SO +5 adults with neovascular (wet) age-related macular degeneration

Formulation

 
 

 

 Ph. Eur

 

 
 

 Polysorbate 20
a USPand Ph. Eur.

NF and Ph. Eur.

|Water forInjection LE _~ “Eur.|7 USP and Ph. Eur. |
Target fill volume o1 = vervial.

   
 

  

Therelease andshelf-life specifications for the Certificate of Analysis (C of A)testing of
Lucentis Product are presented above. Shelf-life criteria for tests that are part of the stability
program are only listed where they differ from the release criteria. Otherwise, the shelf-life
criteria are identical to the release criteria. All release and shelf-life testing for the Lucentis
Product is performed at Novartis PharmaStein AG.

Genentechintendsto use a life-cycle approach for setting ranibizumab specifications. This life-
cycle approach will use interim acceptancecriteria based upon the limited data available at the
time of submission. Since campaign-to-campaign variation can be larger than the variation
within a campaign, Genentech proposes a post-approval commiitment for re-evaluating the
interim acceptancecriteria after three commerciai post-approval campaigns(consisting of a
minimum of —additional lots). The re-evaluation is expected to take place within two years
after approval, but will ultimately depend on the currently unknown manufacturing schedule for
ranibizumab Drug Substance.
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Lucentis Drug Product Release and Shelf-Life Specifications.

 

|
lL

Lucentis (ranibizumabinjection)is a new molecular entity and is not currently marketed in the
United States nor has it been marketed or withdrawn from the market in any other country.

2.2 Currently Available Treatment for Indications

There are currently two approved drug products for the treatment of age rélated macular
degeneration ~ Visudyne(verteporfin for injection) and Macugen (pegaptanib sodium injection).

Visudyne was approved under NDA 21-119 on April 12, 2000, for the treatment of patients with
predominantly classic subfoveal choroidal neovascularization due te age-related macular
degeneration.
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Macugen was approved under NDA 21-756 on December 17, 2004,for the treatment of
neovascular (wet) age-related macular degetteration.

2.3. Availability of Proposed Active Ingredient in the United States

Ranibizumab is a new molecular entity and has not been marketed in the UnitedStates.
—_-se

2.4 Important Issues With Pharmacélogically Related Products a

There have been no additional safety concerns raised with pharmacologically related products
other than those discussed within this review.

2.5 Presubmission Regulatory Activity

Ranibizumab was evaluated in six clinical studies in neovascular AMD: two PhaseI studies
(FVF2425g and FVF1770g), two PhaseI/II studies (FVF24282 and FVF2128g), and two Phase 3
studies (FVF2598g and FVF2587g). =

On October 6, 1999, Genentech submitted the Investigational New Drug application (IND)for
ranibizumab. Study FVF1770gwasthefirst clinicaltrial performed to evaluate the safety,
tolerability, pharmacokinetics, and activity of a single-dose intravitreal injection of ranibizumab.
Study FVF2128g was a dose escalation study evaluating the safety, tolerability,
pharmacokinetics, and activity of multidoseintravitreal injections of ranibizumab. Study
FVF2425g evaluated the safety, tolerability and pharmacokineticsof escalating multiple-dose
intravitreal injections of ranibizumab. Study FVF2428g evaluated the safety, tolerability and
efficacy of multiple-doseintravitreal injections of ranibizumab in combination with verteporfin
photodynamic therapy (PDT).

A Type C Meeting was held on February 2, 2002, in which Genentech received FDA guidance
on the requirements for a clinical development program to support the licensure of ranibizumab.
In addition, the Agency informed Genentech that reproductive/developmental toxicology studies
for bevacizumab(thefull-length antibody counterpart of ranibizumab) could be cross-referenced
in the Ranibizumab Biologics License Application (BLA)in lieu of conducting separate
reproductive/developmentaltoxicology studies with ranibizumab.

On October 31, 2002 an End-of-Phase 2 Meeting was held in which Genentech presentedits
plans for the Phase 3 clinical program in AMD. The sponsor incorporated many,butnotall of
FDA recommendationsinto the Phase 3 protocols, including the testing of two ranibizumab dose
groups (0.3 mg and 0.5 mg) in addition to a control. The most notable differences included the
use of 2 meter testing instead of 4 meter testing and the use of sham injections: The Agency
agreed that the BLA could befiled and reviewed based on the 1-year safety and efficacy data
from each Phase 3 study; though these studies would remain masked and controlled for 2 years.

Study FVF2598g wasinitiated March 19, 2003. Study FVF2587g was initiated May 20, 2003.
On September 21, 2005, Genentech discussed with the FDAtheclinical portions of the BLA ata
pre-BLAteleconference. The majority of ranibizumab studies have been sponsored by

12
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Genentech in the United States, with the exception ofStudy FVF2587g, which was co-sponsored
by Novartis and includedsites outside of the United States, and Studies CRFB002B2201 and
CRFB002A1201, which are Novartis‘sponsoredtrials. See table in section 4.2 for a complete
list of studies.

2.6 Other Relevant Background Information
~ Loggins
s

There is no other relevant background information. sO

3 SIGNIFICANT FINDINGS FROM OTHER REVIEWDISCIPLINES

3.1 CMC(and Product Microbiology, if Applicable) —

The application is approvable from a CMCperspective (see Product Review).

3.2 Animal Pharmacology/Toxicelogy

There were nosignificantfindings in the pharmacology/toxicology reviews which would affect
the clinical outcome.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

41 Sources of Clinical Data

This review is based on theresults of the applicant supported trials for AMD conducted under
BBIND —. Phase3 safety and efficacytrials were submitted to support the indication
currently being sought by the applicant. In addition, the results of four phase 1/2 dose ranging
and safety tnals were also submitted.

This NDA was submitted in electronic formatas a hybrid CTD (i.e., CTD structure with PDF
tables of contents), according to [CH and FDA guidelines for electronic submissions.
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4.3. Review Strategy

This review evaluates the results of two Phase 3 trials submitted by the applicant. Each
individual study was evaluated in depth to determineif the data supported the primary efficacy
endpoint. Theintegrated safety and efficacy database wasfinally evaluated to determine the
overall risk/benefit profile for this drug product.

The submitted clinical study reports, clinical protocols andliterature reports related to trials
FVF2598g and FVF2587g were reviewed. The applicationis in electronic format as a hybrid
CTD(i.e., CTD structure with PDFtables of contents), according to ICH and FDA guidelines for
electronic submissions.

4.4 Data Quality and Integrity

There is no evidence that Phase 3 studies reviewed in this BLA werenot conducted in
accordance with acceptable clinical ethical standards.

There were no new Division of Scientific Investigations (DSI) audits completed by the time of
this review. The case report formsfor the three studies were provided by Genentech,and these
were reviewed for completeness and quality.

Several investigators whoparticipated in Study FVF25988 and FVF2587g were inspected by
DSI within the past 24 months.  ___—£_9:, ‘, was inspected in August 2004 and given a
final classification of VA]... c_—__mmmm,, WS inspected iin March 2005 and given a final
classification of NAI.

4.5. Compliance witGoodClinical Practices

Thestudies were conducted in accordance with the International Conference of Harmonization
E6 Guidelines for Good Clinical Practice (GCPs), the Declaration ofHelsinki and in compliance
with relevant local and national regulations for informed consent and protection of subject rights
in the country of conduct.

Beforeinitiation ofthe study, the original protocol, all protocol amendments,the informed
consent documents and‘all supportive information were reviewed and approved bythe
appropriate ethics Gommittees (EC)orinstitutional review boards (IRB) for each of the centers
involved in the: steidy.~The studies began only after receiving written approval from each
EC/IRB.
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4.6 Financial Disclosures

The applicant has adequately disclosed financial arrangements with clinical investigators as
recommendedin the FDA guidance for industry on Financial Disclosure by Clinical
Investigators.

There is no evidence suggesting problemswiththe integrity of the submiteddata.%

5 CLINICAL PHARMACOLOGY

Pharmacokinetic and pharmacodynamic data for ranibizumabare available from six clinical
studies, in which ranibizumab was administered either as a single agent or in combination with
verteporfin PDT to subjects with neovascular AMD.

5.1 Pharmacokinetics . cece

Ranibizumabis administered intravitreally for the treatment of neovascular AMD and
subsequently absorbedinto the systemic circulation. Attempts were made to measure systemic
pharmacokinetics from serum samples. Elimination of ranibizumab from systemic circulation is
believed to be absorptionrate limited based on nonclinical pharmacokinetic data. In the
noncompartmental pharmacokinetic analysis of serum concentration data from 10 subjectsin the
Phase I study FVF1770g, ranibizumab serum concentration versus time profiles were observed
to decline monoexponentially and ranibizumab area under the concentration—time curve (AUC)
increased in a dose-proportional manner, which suggested linear pharmacokinetics over the dose
range studied. Results from these 10 subjects also indicated that ranibizumab serum
concentrations followingasingle intravitreal ranibizumab dose of 0.3—1.0 mg/eye were lower
than the concentration range of ranibizumab expected to reduce VEGF-induced endothelialcell
proliferation by 50% (ICso); 0.23~ 0.56 nM, whichis equivalent to 11-27 ng/mL, based on a
molecular mass of 48 kDafor ranibizumab

A population pharmacokinetic analysis (Study 05-1181) was conducted to summarize data
obtained from five ranibizumabclinical studies: four studies in which ranibizumab was used as a

single agent (Studies FVF1770g, FVF2128g, FVF2425g, and FVF2598g) and onestudy in which
ranibizumab was administered to subjects concomitantly with verteporfin PDT (Study
FVF2428g). This analysis included a total of 675 measurable ranibizumab samples from 228
subjects who received doses of ranibizumab, ranging from 0.05 to 2.0 mg/eye,either as a single
doseor in a multiple-dose regimen at a frequency ranging from every 2 weeks to every month. In
all studies, ranibizumab was administered intravitreally as a bolus to one study eye. Based on the
final model, several covariates were correlated with population pharmacokinetic parameter
estimates. Serum creatinine clearance (CrCL) was found to be the most significant covariate for
apparent systemic clearance (CL/F) of ranibizumab. However, when compared with the large
intersubject variability of CL/F, the effect of CrCl on CL/F was determined to have noclinical
significance. Verteporfin PDT was found t: decrease theeliminationrate of ranibizumab from
the eye. Although this finding is consistent with expected anatomical changes ofa lesion -
following verteporfin PDT,it has no effect on ranibizumab systemic exposure. For a typical

iy
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subject, the CL/F was 23.8 L/day, the apparent volumeofthe central compartment Was 2.97 L,
and the elimination rate of ranibizumab was 0.0800 day-1. In summary,there is no covariate that
affects the systemic exposureofranibizumab with clinical significance.

5.2 Pharmacodynamics

In vitro, maximal inhibition of rhVEGF-inducedproliferation of human umblicalvein
endothelial cells was observed at ranibizumab concentrations of approximately: 1.29 nM (which
is equivalent to 62 ng/mL assuming a molecular weight for ranibizumab of 48 kDa). The
population pharmacokinetic model for predicted minimum vitreal ranibizumab concentration
with a monthly dosing regimen of 0.3-mg ranibizumabis 12 g/mL(range, 2.3-41 pg/mL) and
above the concentrations necessary to inhibit VEGFactivity.

In vivo, neovascular AMD maybe associated with foveal retinal thickening as assessed by
optical coherence tomography (OCT) and leakage from CNV as assessed by
fluoresceinangiography.

Foveal retinal thickness was assessed using OCTin a subset of subjects in Study FVF2598g (46
of 716 subjects with a baseline evaluation) and Study FVF2587g (53 of 423 subjects with a
baseline evaluation). In subjects treated with ranibizumab (pooled data from the 0.3-mg and 0.5-
mg groups), on average, fovealretinal thickness decreased by Day 7 and continued to decrease
through Month 12. On Day7,the average change in Study FVF2598g was — 84 um for
ranibizumab compared with — 23 ym for the sham-injection control (p = 0.099). In Study
FVF2587g,the average change was — 105 ym for ranibizumab compared with — 26 um for
verteporfin PDT (p = 0.008). At Month 12, the average changein Study FVF2598g was — 123
um for ranibizumab compared with — 15 jm for sham-injection control (p = 0.009). In Study
FVF2587g, the average change was — 190 ym for ranibizumab compared with — 87 ym for
verteporfin PDT (p = 0.0004).

In subjects treated with monthly injections of ranibizumab in Studies FVF2598g and FVF2587g,
the area of leakage from CNV asassessed by fluorescein angiography decreased, on average, by
Month 3. In Study FVF2598g,the average change was approximately — 1.0 disc areas (DA) for
subjects in both the 0.3-mg and 0.5-mgranibizumab groups versus + 0.8 DA forthosein the
sham-injection control group (p < 0.0001). In Study FVF2587g, it was approximately — 1.3 DA
for subjects inboth the0.3-mg and 0.5-mg ranibizumab groups compared with + 0.2 DA for
subjects in the verteporfin PDT group (p < 0.0001). However,it is known that the area of
leakage from CNV doesnotcorrelate with visual function.

5.3 Exposure-Response Relationships

Theretinais the site of disease in neovascular AMD. Therefore, systemic ranibizumab
concentrationsafter intravitreal administration are not expected to correlate with efficacy.

Ranibizumab systemic pharmacokinetics were characterized throughoutthe clinical program,
including a population pharmacokinetic analysis.

20
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6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication 3
The proposed indication is&, —

: & in patients with neovascular (wet) age-
related macular degeneration.

6.1.1 Methods

The submitted Phase 3 studies (FVF2598g and FVF2587g) were reviewed independently to
determineifthe results of eachtrial demonstrated efficacy for the primary efficacy endpoint.
The primaryefficacy endpoint for each trial was a responder analysis of the proportion of
patients wholost fewer than 15 letters ef visual acuity from baseline (doubling of the visual
angle) at 54 weeks. This analysis was done for two populations whighsepresentdifferent ranges
ofdata to evaluate the robusinessofthe results; an all randomized patient population withlast-
observation-carried-forward (LOCF) and the per protocol population with observed cases only.

6.1.2 General Discussion of Endpoints
Visual acuity is a well-established and validated measure ofvisual function that has been used
for decades in ophthalmology research. The methods used in this study follow methods used in
clinical trials of both diabetic macular edema and AMD.

Reviewer’s Comment:

In choroidal neovascularization secondaryto age-related macular degeneration, a
recommended endpointis a Statistically significant difference between groups in the percentage
ofpatients with a halving ofthe visual angle (15 letters or more on an Early Treatment Diabetic
Retinopathyvisual acuity chart measured at 4 meters)

6.1.3 Study Design
6.1.3.1 Study FVF2598¢

Title: ' A Phase 3, Multicenter, Randomized, Double-Masked, Sham
Injection-Controlled Studyof the Efficacy and Safety of rhuFab
V2 (Ranibizumab) in Subjects with Minimally Classic or Occult
Subfoveal Neovascular Age-Related Macular Degeneration.

Objectives: Primary: .
e To evaluate the efficacyof intravitreal injections of ranibizumab (0.3 mg

and 0.5mg) administered monthly in preventing vision loss, as measured
byihe proportion of subjects whoiost fewer than 15 letters in visual acuity
at i 2 months compared with baseline

e =To evaluate ihe safety and tolerability of intravitreal injections of
ranibizumab administered monthly
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Secondary: =
e To evaluate the efficacy ofmonthly intravitreal injections of ranibizumab

in preventing vision loss as measured by the following:

o The mean change from baselineiin visual acuity over time up to 12
months

o The proportion of subjects who gainedat least 15 letters in visual
acuity at 12 months compared with baseline om cage

o The proportion of subjects with a visual acuity Snellenequivalent of
20/200 or worse at 12 months

e To investigate the efficacy of monthly intravitreal injections of
ranibizumabon vision-related functioning and well being assessed during
a period of 12 months, as measured by the National EyeInstitute (NED
Visual Function Questionnaire-25 (VFQ-25)

-- e To evaluate the efficacy of monthly intravitreal injections of ranibizumab
on the size ofCNV and amountof leakage from CNV at 12 months, as
assessed by fluorescein angiography

Study Design: This is a prospective, multicenter (96 sites), randomized, double-
masked, sham injection-controlledtrial of intravitreally
administered ranibizumab.

Test Drug Schedule:
Eligible subjects were randomized in a 1:1:1 ratio to receive
0.5 mg ranibizumab, 0.3 mg ranibizumab or sham injection. Subjects received a
ranibizumabor sham injection monthly (30 + 7 days) for up to a maximum of 13
injections duringthe first treatment year (Day 0 to Month 12). The second
treatment year of the study is ongoing. Subjects have continued to receive
monthly ranibizumab or sham injections during the second treatment year with
the last injection administered at Month 23. Subjects will have a final safety visit
at Month 24.

22
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Study Design

This was a Phase 3, multicenter, randomized, double-masked, sham injection—controlled study of
intravitreally administered ranibizumab. Approximately 720 subjects with primary or recurrent
subfoveal CNV secondary to AMD whohave minimally classic or occult lesions were enrolled.

Consented subjects participated in a screening period lasting up to 28 days to determine
eligibility. Fluorescein angiograms weresent to a central reading center to determine CNV
classification for study eligibility. Eligible subjects were randomized in a 1:1:1 ratio to receive
0.5 mg of raiiibizumab, 0.3 mg of ranibizumab,or a sham injection. Randomization was
stratified by the visual acuity score at Day 0 (< 54 letters [approximately worse than 20/80] vs. >
55 letters [approximately 20/80 or better] based on the ETDRSchart and assessmentata starting
distance of 2 meters), by type of CNV (minimally classic CNV vs. occult CNV without classic
component), and by study center. A dynamic randomization scheme wasused to obtain
approximately a 1:1:1 ratio among the treatment groups. Subjects received aTanibizumab or
sham injection monthly for 23 monthsof treatment (24 injections). Only onéeye was chosenas.
the “study eye.” Only the study eye received intravitreal injections of ranibizumab or a sham
injection.

After careful review ofdata, including |2-month data fron: this ongoing study, Genentech
believed that it was in the best interest of subjects randomized to the sham-injection group to
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cross overto receive ranibizumab. Spé@pifically, subjects randomized to the sham-injection group
whohad not completed their Month 23 ‘visit (last possible injection visit) would cross overto
receive monthly injections of 0.5 mg ranibizumabfor the remainderof the treatmentperiod upon -
approvalof the current protocol amendment (dated 9 September 2005) and Informed Consent
Form by thesite Institutional Review Board (IRB). Subjects who had discontinued the study
and/or treatment were excluded from the crossover.

   

— geeme

A minimum of two investigators per study site was required to fulfill the masking requirements
of this study. At least one investigator was designated the evaluating physician, who was masked
to the treatment assignment and condueted all ocular assessments. At least one other investigator
was designated the injecting physician, who was unmasked to the treatment assignment and
performed the ranibizumab/sham preparation, but was maskedto study drug dose (0.3 mg vs. 0.5

_mg of ranibizumab). Oncethe designated roles were determined, the roles could not be switched
at any time during the conductofthe study. The injecting physicians (and designated unmasked
assistants, if needed) were notpermitted to be involved in the conductof the study in any other
manner and could not communicate with any other personnel or subjects regarding the treatment
assignment.

Subjects had scheduled monthly visits throughoutthe study for the evaluation ofsafety and
efficacy. Subjects had either the first injection of intravitreal ranibizumab or a sham injection by
the injecting physician on Day 0 and underwentsafety and eye assessments by the evaluating
physician (e.g., indirect ophthalmoscopy and slit lamp examination) 7 days after the first
injection. At subsequentvisits (every month), the subject had a safety evaluation by the
evaluating physicianpriorto study drug injection. The monthly visits were scheduled every 30
days relative to Day 0. Subjects were contacted by the site personnel 2 days after each injection
to elicit reports of any decrease in vision, eye pain, unusual redness, or any other new ocular
symptomsin the study eye. Subjects were also asked whether they had taken the prescribedself-.
administered post-injection antimicrobials. Subjects will have a final safety visit at Month 24.

Study Treatment
Ranibizumab wasadministered in a multiple-dose regimen ofeither 0.3 mg or 0.5 mg of
ranibizumab every month (Day 0-Month 23) fora total of 24 injections. Shaminjections were
given monthly or until the subjects crossed over, and then 0.5 mg ranibizumab was to be
administered monthly during the crossover period for the remainderof the treatmentperiod. The
cross over was to be implemented upon approvalof the current protocol amendment and
Informed Consent Form by the site’s [RB. If verteporfin PDT had been given in the study eye
within the last 28 days, then the ranibizumab/sham injection was held.

Study Population
Inclusion Criteria

Subjects had to meet the following inclusion criteria to beeligible for study entry:
1. Age = 50 years
2. Active primary or recurrent subfoveal CNVlesions secondary to AMDin the

study eye, as defined in the followingtable.

3]
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Table 6.1.3.1-2 - Definitions ofTerms Pertaiging to AMD Inclusion riteria_ ;

 
Any of the following:
1) Exhibiting a > 10% increasein lesion size, as determined by comparing a fluorescein
angiogram performed within | month preceding Day0, inclusive, with a fluorescein

angiogram performed within 6 months preceding Day0, inclusive; or

2) Resulting in a visual-acuity loss of > | Snellen line (or equivalent}end occurring at
any time within the prior 6 months; or 4
3) Subretinal hemorrhage associated with CNV within | month preceding Day 0
Newly diagnosed and previously untreated

Previously diagnosed and regressed but currently presenting with a new,active
component

Includingthe center of the fovea within the boundaries of the CNV
A contiguous area of abnormal tissue in the macula that encompasses angiographically
documented CNV with possible additional components of subretinal hemorrhage,
blocked fluorescence not from hemorrhage, serous detachmentef the retinal pigment
epithelium, and fibrosis
Clinical and/or angiographic signs consistent with AMD(e.g., drusen, retinal pigment
epithelial changes, choroidal neovascularization) with nootherlikely etiologic
explanations for the degenerative changes  

3. Lesions with occult CNV or with some classic CNV component were permissible.
However,if classic CNV (well-demarcated hyperfluorescence boundariesin the early

phase ofthe fluorescein angiogram) waspresent, the area of classic CNV had to be
< 50% of the total lesion size.

4. Total area of CNV (including both classic and occult components) encompassed within
the lesion > 50% of the total lesion area.

Total lesion area < 12 disc areas (DA)in size
6. Best corrected visual acuity, using ETDRScharts, of 20/40 to 20/320 (Snellen

equivalent) in the study eyeOnly one eye was assessed in the study. If botheyes wereeligible, the one with
the better visual acuity was selected for treatment and study unless, based on

__ medical reasons, the investigator deemed the other eye the more appropriate
candidate for treatment and study.

AN

Exclusion Criteria

Subjects who met anyofthe following exclusion criteria were ineligible for study entry:
a. Prior/Concomitant Treatment

1. Prior treatment with verteporfin, external-beam radiation therapy, or
transpupillary thermotherapy (TTT)in the study eye

2. Treatment with verteporfin in the non-study(fellow) eye less than 7 days
preceding Day 0

3. Previous participation in a clinical trial (for either eye) involving anti-angiogenic
drugs (Pegaptanib, Ranibizumab, anecortaveacetate, protein kinase C inhibitors,
etc.)
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Previous intravitreal drag delivery (e.g., intravitreal corticosteroid injection or
device implantation) in the study eye
Previous subfoveal focal laser photocoagulation in the study eye

6. Laser photocoagulation (juxtafoveal or extrafoveal) in the study eye within |
month preceding Day 0

7. History of vitrectomy surgery in the study eye _
8. History of submacular surgery or other surgical interventionfor AMDin the study

eye .

9. Previousparticipation in any studies of investigational drugs within | month
preceding Day 0 (excluding vitamins and minerals)

b. Lesion Characteristics

1. Subretinal hemorrhagein the study eye that involved the center of the fovea, if the

_ size of the hemorrhage was either > 50% ofthe total lesion area or > 1 DA in size.
2° Subfovealfibrosis or atrophyin the study eye

3. CNV in either eye due to other causes, such as ocularhistoplasmosis, trauma or
pathologic myopia ce

4. Retinal pigmentepithelial tear that involved the macula in the study eye
c. Concurrent Ocular Conditions

1. Any concurrent intraocular condition in the study eye (e.g., cataract or diabetic
retinopathy) that, in the opinion ofthe investigator, either

i. Required medical or surgicalintervention during the 24-month study
period to prevent or treat visual loss that may have resulted from that
condition, or

il. If allowed to progress untreated, could likely have contributedto lossofat
least 2 Snellen equivalentlines of best corrected visual acuity over the 24-
month study period

Active intraocular inflammation (grade trace or above)in the study eye
Current vitreous hemorrhage in the study eye
History of rhegmatogenousretinal detachment or macular hole (Stage 3 or 4) in
the study eye

5. History of idiopathic or autoimmune-associated uveitis in either eye
6. Infectious conjunctivitis, keratitis, scleritis, or endophthalmitis in either eye
7. Aphakia or absence of the posterior capsule in the study eye

i. Previous violation ofthe posterior capsule in the study eye was also
excluded unless it occurred as a result of yttrium aluminum gamet (YAG)
laser posterior capsulotomyin association with prior posterior chamber
intraocular lens implantation.

8. Spherical equivalent of the refractive error in the study eye that demonstrated
more than -8 diopters of myopia

9. Intraocular surgery (including cataract surgery) in the study eye within 2 months
preceding Day 0

10. Uncontrolled glaucomain the study eye (defined as intraocular pressure [[OP] >
30 mmHgdespite treatment with anti-glaucoma medication)

11. History of glaucoma filtering surgery in the study eye
12. History of comealtransplantin the study eye

d. Concurrent Systemic Conditiens

Nn

PWN
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1. Pre-menopausal women notusing adequate contraception
i. The following were considered efféetive means ofcontraception: surgical

sterilization; use of oral contraceptives; barrier contraception with either a
condom or diaphragm in conjunction with spermicidal gel; an intrauterine
device; or contraceptive hormoneimplant or patch

2. History of other disease, metabolic dysfunetion, physical examination finding, or
clinical laboratory finding giving reasonable suspicion of adisease or condition
that contraindicated the use of an investigational drug or that maghthave affected
interpretation of the results of the study or rendered the subject athigh risk for
treatment complications

3. Current treatment for active systemic infection

1. History of allergy to fluorescein, not amenable to treatment
2: Inability to obtain fundus photographsor fluorescein angiogramsofsufficient

_ quality to be analyzed and graded by the central reading center
3. Inability to comply with study or follow-up procedures .—_—=~

Outcome Measures

Primary Efficacy Outcome Measures
The proportion of subjects wholost fewer than 15 letters (approximately 3 lines) in the best
corrected visual acuity score at 12 months compared with baseline, based on the ETDRSvisual
acuity chart and assessmentata starting distance of 2 meters.

Secondary Efficacy Outcome Measures — For the First Treatment Year

Proportion of subjects wholost fewer than 15 letters in the best corrected visual acuity score
at 12 months compared with baseline, based on assessmentat a starting test distance of 4
meters

Meanchangefrom baselinein the best corrected visual acuity score overtime up to 12
months

Proportion of subjects who gained at least 15 letters in the best corrected visual acuity score
at 12 months compared with baseline
Proportion of subjects with a visual acuity Snellen equivalent of 20/200 or worse at 12
months (legal blindness is defined as both eyes with 20/200 or worse)
Mean change from baseline in the VFQ-25 nearactivities subscale score overtime up to 12
months

Mean changefrom baseline in the VFQ-25 distance activities subscale score over time up to
12 months

Mean change from baseline in the VFQ-25 vision-specific dependency subscale score over
time up to 12 months
Mean change from baselinein the total area of CNV at 12 months (based”on assessment by
the central reading center)
Meanchangefrom baseline in the totai area of leakage from CNV at 12 months (based on
assessmentbythe central reading center)

34
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The secondary efficacy outcome measures for the second treatmentyear ofthe study aare the
following:

¢ Proportion of subjects who lose fewer than 15 letters in the best corrected visual acuity score
at 24 months compared with baseline

e Mean change from baselinein the best corrected visual acuity score at 24 months —

¢ Proportion of subjects who gain at least 15 letters in the best correctedvisual acuity score at
24 months compared with baseline

e Proportion of subjects with a visual-acuity Snellen equivalent of 20/200 or worse at 24
months

¢ Proportion of subjects who lose fewer than 15 letters in the best corrected visual acuity score
at 24 months compared with baseline, based on assessmentata starting test distance of 4
meters

¢ Mean.change from baseline in the VFQ-25near activities subscale at 24 months
e Mean change from baseline in the VFQ-25 distance activities subscale at 24 months

¢ Mean change from baseline in the VFQ-25 vision-specific dependencysubscale at 24 months
¢ Mean changefrom baselinein the total area of CNV at 24 montlif*fpased on assessmentby

the central reading center)

e Mean change from baselinein the total area of leakage from CNV at 24 months (based on
assessmentby the central reading center)

Safety Outcome Measures
The safety outcome measuresare the following:
e The incidence and severity of ocular adverse events
e The incidence and severity of non-ocular adverse events
e Changes and abnormalities in clinical laboratory parameters
e The incidence of serum antibodies to ranibizumab

¢ Changesin vital signs

Reviewer’s Comment:

As noted in Section 2.5 regarding previous correspondence and meetings, the Agency does not
agree with the sponsor's primary efficacy endnone,

Visual acuity-testing is recommended to be performed with at target distance ofa minimum of4
meters, not 2 meters, fromthe patient. This distance measure (4 meters) is recommended to
minimize the potentially confounding influences ofaccommodation andpatient positioning on
the measurement.

Forthe purposesofthis review the Agencywill consider the primary efficacy endpointas the
proportion ofsubjects with a loss offewer than |Sletters in the visual acuity scorein the study
eye at 12 months compared with baseline, based on assessments ala starting test distance of4
meters, not 2 meters.

The VFQ-25 scale andits subscales heer os Seen yistidaied against actual activities ofdaily
living.
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SAFETY PLAN

Following each injection (ranibizumab or sham), subjects were to remainat the clinic for at least
60 minutes (+ 10 minutes). Finger counting was tested on each subject after each injection; hand
motion and light perception was tested when necessary. Intraocular pressure was measured
before and 60 minutes (+ 10 minutes) after each injection. If there were no safety concernsin the
60 minutes (+ 10 minutes) following an injection, the subject was to leave the clinic. If any
concern or immediate toxicity was noted, the subject was to remainat the_clinis-andbe treated

according to the designated evaluating physician’s clinical judgment. 3

 

Subjects were to return for a follow-up visit at Day 7 after the first injection. In addition, subjects
were to be contacted by study site personnel 2 days (+ | day) after each injectionto elicit reports
of any decreasein vision, eye pain, unusual redness,or any other new ocular symptomsin the
study eye. Subjects were also asked whether they have taken the prescribed self-administered
post-injection antimicrobials. If determined necessary by the evaluating physician, the subject
wasasked to return to the clinic as soon as possible for a safety assessmentvisit and was
evaluated by the designated evaluating physician. Subjects were instructed to contact their
designated evaluating physician at any time should they have health-retated concerns.

Detailed ocular examinations, including indirect ophthalmoscopy, measurementofintraocular
pressure, visual acuity testing, and slit lamp exanunation, was performed throughoutthe study by
the designated evaluating physician. Routine hematology, chemistry, and urinalysis profiles were
obtained for all subjects. In addition, blood samples for serum ranibizumab concentrations and
antibodies to ranibizumab were obtained forall subjects.

Study drug administration was temporarily held for subjects who experience certain ocular
events or infection events. Study drug administration was also held at a visit if the evaluating
physician suspected that the lesion in the study eye had converted to predominantly classic CNV
and verteporfin PDT treatment was being considered. In the event any subject developed an
adverse event in the study eye that was considered by the designated evaluating physician to be
severe in intensity, serious consideration was to be given to discontinuing the subject from study
treatment. The investigator or Sponsor could request that a subject be withdrawn from treatment
or from the study for safety reasonsat any time.

Subjects whowere discontinued from study treatment were to continue to undergo the scheduled
monthly assessments. Subjects withdrawnfrom the study prior to completion were asked to
return for an early termination evaluation 30 days ¢ + 7 days) following theirlast injection/study
visit for monitoring ofall adverse events (serious and nonserious; ocular and non-ocular).

Preliminary findings from FVF2428g (see Section 1.7.4) suggest that administering the
ranibizumabinjections 7 days (+ 2 days) after treatment with verteporfin PDT in the same eye
mightresult in a decrease in visual acuity of > 30letters due to temporary intraocular ,
inflammation (uveitis). Therefore, if verteporfiin POT treatment was required in the study eye,it
was to be administered at least 28 days prior to ranibi zumab/sham injections and no sooner than
21 days after ranibizumab/sham injections
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A formal Data Monitoring Committee {DMC)was established to monitor subject safety. The
DMCconducted semiannual reviews ofunmasked safety data including serious adverse events,
adverse events (ocular and non-ocular}, deaths, clinically significant decreases in visual acuity,
and results ofocular assessments,

  

Concomitant Therapy and Clinical Practice
Subjects who received prior treatmentwith verteporfin in the study eye-wereexcluded from the
study. Verteporfin therapy in the non-study eye less than 7 days prior to Day 0 was not
permitted.

Subjects who are confirmed(by fluorescein angiography and written documentation) by the
central reading center to have changed lesionclassification from minimally classic/occult CNV
to predominantly classic CNV could receive alternative therapies (e.g., verteporfin) in the study
eye, oe

Pegaptanib sodium injection was not permitted in either eye due to the potential safety concern
of concurrent treatment with two anti-VEGFagents.

Concurrent use of systemic anti- VEGFagents including treatment with intravitreal or
intravenous Avastin wasnot permitted in either eye. Subfoveal laser photocoagulation in the
study eye wasnotallowedprior to Day 0 or during study participation. Juxtafoveal or
extrafoveal laser photocoagulation for AMD was not allowed in the study eye within 1 month
preceding Day 0 and during studyparticipation. Elective vitrectomy surgery was notallowed in
the study eye during study participation. Transpupillary thermotherapy (TTT), external beam
radiation therapy, submacular surgery, or other surgical intervention for AMD wasnot allowed
in the study eye during study participation. Onset of glaucomaduring studyparticipation should
be treated as clinically indicated. Catafact surgery in the study eye could be performedif
clinically indicated and should occur >28 daysafter the last ranibizumab or sham injection; the
next ranibizumab or sham injection will be held for > 28 days following cataract surgery. At
least one monthly injection was to be missed whencataract surgery in thestudy eyeis
performed.

Dose Holding and Treatment Discontinuation |
Doseinterruption and treatment discontinuation due to adverse events were determined using the
criteria in the following Table. If any of the listed events occurred, the reason for dose holding
was recorded on the Study Drug Administration Case Report Form (CRF) and,if applicable, on
the Adverse Event CRF.

Table 6.13.13 Dose Holding an reatment Discontinuation Criteria

Intraocular inflammation}Dose was held iif intraocular inflammation was >2+in the study|eye.
 

| Visual acuity loss : Dose washeld if there was a treatment-related decreasein best corrected visual acuity
. of > 30 letters in the study eye compared with the last assessmentof visual acuity

priorto the mostrecent treatment.
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Dose was held if [OP in the study eyeWas >> 30 mmHg. Treatment was permitted
when IOP had been lowered to <30mbt, either spontaneously or by treatment, asdetermined by the eve

Dose washeld if there was a> 24 vitreous hemorrhage and > 30-letter decrease in
visual acuity in the study eye compared with the last assessmentofvisual acuity prior
to the onset of the vitreous hemorrhage. Treatment was permitted when the vitreous
hemorrhage improved to <2+ or visual.acuity score improved to a <30-letter decrease.
Dose washeldifa retinal break was present in the study eye. Treatment may have
been resumed > 28 days after the retinal break had been sdccé$sfullytreated.
Subjects with a rhegmatogenous retinal detachment or Stage 3 ‘Or 4 macular hole were
discontinued from treatment for the dugati .
Dose wasif there was a subretinal hemorrhage involving the center of the fovea in the
study eye, if the size of the hemorrhage waseither > 50% ofthe total lesion area or >
2 DAs insize.

Dose was held if any of the following were present: infectious conjunctivitis,
infectious keratitis, infectious scleritis, or endophthalmitis in either eye, or if the
subject was receiving treatment for a severe systemic infection.
Dose was held if intraocular surgery had been performedin the study eye within the
previous 28 days. _ _ _

  

   
  

  

 Intraocular pressure

 
 

 
  
  

 
 

 
 

 

  
 
 
 

| Vitreous hemorrhage

    

 
 
 

 

 
 

 
 

Sensory rhegmatogenous

| retinal break or
detachment(including

Subfoveal hemorrhage

Localor systemicinfection

| Intraocular surgery

Analysis Populations

 
 
 
 

Randomized Subjects
These subjects were enrolled and randomized in the study. This population was used for
summaries of demographics and study conduct and for most summariesofefficacy. Treatment
group assignmentfor this population was as randomized (i.e., ITT).

Per Protocol Subjects
A subset of randomized subjects who were considered more compliant with the protocol.
Treatment group assignment for this population was as randomized. This population was used
for supportive analysesofvisual acuity efficacy outcome measures at Month 12.

Safety Evaluable Subjects
Randomized subjects who received at least one treatment with study drug. Treatment group
assignmentfor this population was definedas follows:

e Sham: subjects randomized to the sham-injection group who received a sham injection
. on Day 0
e 0.3 mg Ranibizumab: subjects randomized to receive 0.3 mg ranibizumaborsubjects

who were randomized to sham but received a 0.3 mg injection of ranibizumab on Day 0
in error

e 0.5 mg Ranibizumab: subjects randomized to receive 0.5 mg ranibizumab orsubjects
who were randomized to sham butreceived a 0.5 mginjection of ranibizumab on Day 0
in error. .
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Efficacy Analyses
Comparisonsofefficacy were performed between each ranibizumab dose group and the sham
injection (control) group. All pairwise comparisons for treatment difference were performed
using a statistical model that included only two treatment groups(active vs. control) at a time.
For the primary efficacy endpoint, an adjustment was made for multiple treatment comparisons
of each ranibizumab dose group with the control group. For secondary efficacy endpoints,
adjustments for multiplicity of endpoints were made to manage the TypeTerror.

PrimaryEfficacy Endpoint. The proportion of subjects with fewer than 15letters lost in best
corrected visual acuity at 12 months compared with baseline, based on assessmentata starting
test distance of 2 meters, was compared between each ranibizumab group and the sham control
group using the Cochran ¥2 test stratified by CNV classification at baseline and baseline visual
acuity score.. The test was performedat an overall significance level of 0.0497 after adjusting for
interim analyses. The Hochberg-Bonferroni multiple comparison procedure wasused to adjust
for the two pairwise treatment comparisons. If the p-values for both comparisons were 0.0497,
both ranibizumab groups were considered statistically significantly different from the sham
control group. If the p-value for the comparison of one ranibizumab group with the sham control
group was p > 0.0497, the other ranibizumab group was considered statistically significantly
different from the control group only if the p-value for its comparison with the control group was
0.0497/2 (0.02485). Results of tests for treatment difference using the Cochran y2 test stratified
by the baseline visual acuity score and CNVclassification entered into the [VRS at
randomization were also provided as supportive analyses.

Reviewer’s Comments:

For the purposesofthis review the Agencywill consider the primary efficacy endpoint as the
proportion ofsubjects with a loss offewer than15 letters in the visual acuity score in the study
eye at 12 months compared with baseline, based on assessments at a starting test distance of4
meters, not 2 meters.

Determination of Sample Size _
The sample size of 720 subjects with minimally classic or occult CNV will provide 95% power
in the intent-to-treat (ITT) analysis to detect a statistically significant difference between one or
both ranibizumab groupsand the control group in the percentage of subjects with fewer than 15
letters lost-at Month 12, assuming a rate of 65% in each ranibizumab group and 50% in the
control group.

Interim Analyses
An independent DMCwas established to monitor safety and study conduct and met
approximately every 6 months to review unmasked safety summaries prepared by an external
statistical coordinating center. Because the analyses involve visual acuity, which is the basis of
the primary efficacy endpoint, each interim analysis conducted prior to the analysis of the
primary efficacy endpointwill be allocated a Type I error of a=0.0001.
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Table 6,1.3.1-5 Subject Disposition
 

 
 

  
  
  

76sfRandomized
226002~—~O 226 664 |iCompleted Month 12Raniooneet7 

 
 

  
  

 

 
 mn

 .= (95.0%) (94.2%) . (92.7%Discontinued Treatment 10 11| Premature! { 13.0% (42%) (4.6%) 

 

6 | Discontinued Study prematurely_ 21 6 
 

 

| (8.8%) | (2.5%) (2.5% it
Safety Evaluable Population | | 236 238 239 7 3

recsivedsndymedication, | (99.2%) (100%) (99.6%) | (99.6%)
Intent-to-treat Population ~236 | 238 239 713   

    
  

  
  

 

 > 1 on therapy study visit _ _{99,.2%) (100%) (99.6%) (99.6%)
Per Protocol Population

(for the analysis of 176 200 196 572

NA wnhorapystudyvisi2) | (73.9%) (34.0%) (81.7%) (79.9%)
protocol violation re

Excluded from PP Population 62 38 44 144
_ (26.1% (11.8% 18.3% . (20.1%

Pharmacokinetic-Evaluable "218 226 225
|Population (91.6%) (95.0% (93.8%) (93.4%)

a Defined as having a visual acuity score in the study eye at Month 12, Data from subjects who missed the
Month 12 visit but stayed in the study for the second year were not counted.

 
 

 

+—
  
  

  

  
  

Reviewer’s Comments:

Overall, the study had gogd retention ofsubjects through Month 12. The sham injection group
had significantly more discontinuations than either ranibizumab treatment group.

Two subjects in the sham group and one subjectin the ranibizumab 0.5mg group did not receive
any study treatment. .

.

ee
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Table 6.1.3.1-6 Major Protogel Deviations during the First Treatment Year
Randomized Subjects

 
 
 
 

 
  
 
  

 
 
 

 

ne

pAnydeviation85(93.1%)|$7(23.9%)|6225.8%)|
|Rerandomizeda)
|Dosingerror:OverdoseTC

|DosingError:Procedure(injection)accident|OCS
|aae

|10.4%)|10.4%)

|104%)|047%)
938%)|0|04
|

1 (0.4%

4(1.7%) | 9 (3.8%)
=~1(0.4%)|4(1.7%)|

9 (3.8%) . 10 (4.2% |

0 2 (0.8% 3 (1.3%)
24 (10.1% :Fellow eye 13(5.4%) |

1 (0.4%) 2(0.8%)

0 2oe|

On Day 0 . _
At any visit other than Day 0

£

 
 
  

 
 
 

 

  
  

 
 
 

  
 
 

 

   
 

 Visual acuity (2 m) assessment incomplete: letters smaller than
| 20/20 not adequately tested

   

 
 

  

 

 
 

  
 

 
 
 

 

  
 

 
 

 

. 8%)

2 (0.8%)|1 (0.4%)

Required areader/translator s help for VFQ-25and other 1 (0.4%) 0 1 (0.4%)
| questionnaires ; _

Vital signs assessed pre-dose 7 (2.9%) 6 (2.5% 9 B8&%
Inconsistent method for IOP measurement . _11 (4.6%)| 20 (8.4%) 22 (9.2%)

Onlystudy coordinators were unmaskedforone casein the sham-injection group and two cases in
the 0.5 mg group.

Reviewer’s Comments:

There were slightly more protocol deviationsin the ranibizumab 0.5 mg group.

The protocol deviations which occurred mostfrequently were an inconsistent methodfor IOP
measurement, incomplete assessment of2 m visual acuity in thefellow eye, andfailure to assess
4m visual acuity at baseline.
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Table 6.1.3.1-7 Discontinued Subjects and Reason ~
Study FVF2598¢:

  T101015 
 

$07438

508127 102010
- 08536 102014
$08255 103006

 
  

  

 

 
 

AE - Wothening AMD- 
  

  

 
 
  
  
   

 
 

 
 
  

 
 
  

  
 
 

 
 
 
 

 
 
 

 
 

 

  

  

 
  
  
  

  

  
 

 
 

 
          

1 S08215 104010 Subject’8 Pecision — no improvement in VA| SO8165 106006 Physicia JS Decision ~ IntgaVit Kenalog given
1 $07439 112005 Rando ized in error
{ S08082 119005|Losttofollow-up

$08239 121004 Subject’sDs Decision / AE - Mild iritis
| S08235 _ __-| 124001 Subject’s'sDecision — Nevet:received treatment
| S08130 125008 AE - 30 letter loss of vision — Worsened AMD
| SO8246 131011 Subject’s Decision
+ SO8111 133001 Subject’s Condition Mandated Other Treatment
1 S08248 140001 | AER Lunglesion, elevatedliver enzymes "=~_
| S08586 141017 Randomizedin error

S08088 142002 __| Subject’s Decision
 S08212 144002 AE - Worsening AMD
| S08212 144005 __| Lostto follow-up
| S08187 149003 Subject’s Decision
fSO8187 149007 AE - Worsening AMD
| S08187 149009 Subject’s Decision
| S00399 162003 Subject’s Decision
| S08 133 164002 Subject’s Decision

| $08231 166001 AE - Worsening AMD
| S00266 167008 Subject’s Condition Mandated Other Treatment
| S08 146 [475002 AE — Lungcancertreatment
} S08 194 _|_ 176005 Subject’s Decision

802507 186002 Subject’s Condition Mandated Other Treatment
S07387 __| 187002 AE — Acute Gout -
$08252 193004 AE - Worsening AMD

S08882 | 205002 AE- Death due to Asthma / COPDarrest
 __      

 
 

 
 
 

 

   

 
  

  

 

 

 

 
 
              

         

 
 

      
        

S07438 101020 AE- Death - Meni itfarction
$08127 102006 AE — Lymphoma
508536 + 102015 Subject’s Decision
S08 144 110002 Subject’s Decision
$08092 111005 AE— Severe aortic stenosis

S08 190 7 120005 AE - Worsening AMD
S08246 131003 AE -— Vulvar adenocarcinoma
S08189 160001 AE -Iritis “

$00399 162002 AE — Lossof vision

508084 196004 Lost Meare ——
508092 | 111003| AE- Cardiac voice oo 100
508082 1 E9004 Subject’s Decision | |
S$07442 | 127002 Sub ject’ s Decision —-Didnetrnot receive treatment 28
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Reviewer’s Comment:

The majority ofsubjects who discontinued treatment were in the sham-injection group. The most
frequent reasonsfor discontinuation were worsening AMD, worsening vision, or subject's
decision with.no improvementin vision.

In the ranibizumab groups, adverse events related to systemic disease were the most frequent
causes oftreatment discontinuation. There was no pattern ofnon-ogyar adverse event which
led to discontinuation.

Table 6.1.3.1-8 Demographic Statistics by Treatment Group
Intent-to-Treat, Randomized Subjects

Mean (SD)
Range

Age group (yr)
50 to < 65

65 to<75

75 to < 85

> 85

Asian or Pacific Islander

Hispanic
Other

Reviewer’s Comment:

77.0 (6.6)
56-94

11 (4.6%)
67 (28.2%)
132 (55.5%)
28 (11.8%)

79 (33.2%)
159 (66.8%)

231 (97.1%)
2 (0.8%)
5 (2.1%)

77.4 (7.6)
52-95

13 (5.5%)
64 (26.9%)
130 (54.6%)
31 (13.0%)

85 (35.7%)
153 (64.3%)

229 (96.2%)
3 (1.3%)
5 (2.1%)

 76.8 (7.6)
52-93

16 (6.7%)
64 (26.7%)
124 (51.7%)
36 (15.0%)

88 (36.7%)

152 (63.3%)

232 (96.7%)

2 (0:8%)
6 (2.5%)

The demographics ofthe treatment groups were balanced. The majority ofshe patients
randomized and treated in this study were elderly and white.
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 Table 6.1.3.1-9 Baseline Qewlar Charactés

Intent-to-Treat, Ran eo Subjects

 
  Years since first diagnosis of neovascular AMD

  
 

N 235 938 238
Mean (SD) 0.8 (1.3) 0.6(1.6) -0.7(1.3)
Range 0.0 — 10.9 0.0 — 18.9 0.0 - 13.3

  isual acuity at a starting test distance of 4 meters
N 229 229 230

  
  
  
  

  
  
  

 
 
 

 
 

Numberof letters (0-100)
Mean (SD) 53.5 (14.7) $3.2 (13.6) 53.2 (14.9)
Range 0-88 . 0-82 0-80
< 54 111 (48.5%) ~"14 (49.8%) 110 (47.8%)
> 55 118 (S1.5%) 115 (50.2%)=120 (52.2%)

Approximate Snellen equivalent
Median 20/80 20/80 20/80

20/200 or worse 26 (11.4%) 28 (12.2%) 36 (15.7%)
Better than 20/200 but worse than 20/40 171 (74.7%) 172 (75.1%) 159 (69.1%)
20/40 or better 32 (14.0%) 29 (12.7%) 35 (15.2%) 

 

 
 

 

Intraocular pressure (mmHg)
N 238 238 240

Mean (SD) 14.8 (3.2) 14.8 (3.1) 14.8 (3.2)
Range 7-24 5-25 8-25

0-21 234 (98.3%) 233 (97.9%) 236 (98.3%)
22-29 4 (1.7%) 4 (1.7%)   5 (2.1%)

Reviewer’s Comment: /
There was nosignificantdifference in baseline vision or intraocular pressure characteristics
between the treatment groups.
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Table 6.1.3.1-10 Fluoresegin Angiography and Fundus Photography

Characteristes of the Study Eye at Baseline
Intent-to-Treat, Randomized Subjects

-

 
 
 
  

 

 
  
  
  

  
  
  
  

  
    

  

   

  
  

     

Characteristics
CNVclassification ~

Predominantly classic 0 1 (0.4%) * 1 (0.4%) °
Minimally classic 87 (36.6%) 86 (36.1%) 91 (37.9%)
Occult without classic 151 (63.4%) 151 (63.4%) 148 (61.7%)

otal area of lesion (DA)
| Mean(SD) 4.4] (2.48) 4.26 (2.54) 4.47 (2.62)

Range 0.20—11.75 0.10-11.80  0.25-12.00

<4DA 124 (52.1%) 134 (56.3%) 125 (52.1%)
} >4DA 114 (47.9%) -  1bbgd3.7%) 115 (47.9%)
(Total area of CNV (DA)

Mean (SD) 4.28 (2.41) 4.13 (2.47) 4.27 (2.51)
Range ).20-11.75 0.02-11.80 0.12-12.00

Area of classic CNV (DA)

Mean (SD) 0.17 (0.36) 0.16 (0.35) 0.17 (0.38)
Range - 0.00-2.50 0.00-2.50 0.00-2.25

otal area of leakage from CNVplusintense progressive RPE staining (DA)‘
* Mean (SD) 3.54 (2.47) 3.59 (2.50) 3.47 (2.63)

Range 0.00-12.85 0,00-11.95 0.00—-13.50

Area of serous sensoryretinal detachment or subretinal fluid (DA)
Mean (SD) 4.45 (3.44) 4.52 (3.54) 4.50 (3.48)

| Range 0.00—16.00 0.00-17.00 0.00—-16.00
(Occult CNV present 238 (100% 235 (98.7%) _237 (98.8%)  

a The subject was enrolled asaresultofthe site misinterpreting the lesion eligibility.confirmation from the reading
center.

b Re-categorization as predominantly classic CNV by the reading center post-randomization.
c n=220 for the sham-injection group, and n=218 for each ranibizumab group |

Reviewer’s Comment:

There was no significant difference in the baseline characteristics ofthe CNV lesions across the
treatment groups.

Approximately two-thirds ofthe subjects had occult lesions without any classic componentin
each treatment group. *
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Table 6.1.3.1-11 Concurrent Ocular Procedures am@ Select Concomitant Medications
during the First Treatthent Year: Randomized Subjects

- Ranibizumab

PDT . 25 (10.5%) . -
Any procedure other than PDT 10 (4.2%) 14 (5.9%) 12 (5.0%)
AMD-related 8 (3.4%) 0 3 (1.3%)
Cataract 1 (0.4%) 4 (1.7%) 2 (0.8%)
Glaucoma 0 1 (0.4%)
Vitreoretinal disease 2 (0.8%) 2 (0.8%)

|_Other disease _
[Concomitant ocular medications, study eye *
| Any medication use 183 (76.9%) 194 (81.5%) 199 (82.9%)

IOP lowering agents 23 (9.7%) 34 (14.3%) 33 (13.8%)
B-adrenoceptor blocking agents 13 (5.5%) TSEF.6%) 17 (7.1%)
Dermatologic agents 12 (5.0%) 16 (6.7%) ~ 19 (7.9%)
Fluoroquinolones 11 (4.6%) 12 (5.0%) 15 (6.3%)
Mild analgesics 6 (2.5%) 13 (5.5%) 15 (6.3%)
Ophthalmic preparations 36 (15.1%) 38 (16.0%) 40 (16.7%)
Pharmaceutical aids 10 (4.2%) 18 (7.6%) 17 (7.1%)
Steroids 14 (5.9%) 11 (4.6%) 16 (6.7%) 3

Vitamins and minerals _ 123 (51.7%) “(145 (60.9%) 141 (58.8%
oncomitant Non-Ocular Medications © __ ;

Any medication use 236 (99.2%) 238 (100%) 238 (99.2%)
Antacids 30 (12.6%) 20 (8.4%) 20 (8.3%)
Antianemic agents 35 (14.7%) 23 (9.7%) 31 (12.9%)
Antianxiety agents 18 (7.6%) 37 (15.5%) 35 (14.6%)
Antidepressants 36 (15.1%) 43 (18.1%) 53 (22.1%)
Antihypertensive agents 38 (16.0%) 53 (22.3%) 62 (25.8%)
Antirheumatic and anti-inflammatory agents 84 (35.3%) 69 (29.0%) 80 (33.3%)
§-adrenoceptor blocking agents 71 (29.8%) 81 (34.0%) 76 (31.7%)
Bronchodilators and anti-asthmatics 20 (8.4%) 30 (12.6%) 30 (12.5%)
Calcium regulators and replenishers 80 (33.6%) 87 (36.6%) 81 (33.8%)
Diuretics 73 (30.7%) 82 (34.5%) - 76 (34.7%)
Expectorants | 18 (7.6%) 16 (6.7%) 8 (3.3%)
Histamine H2-receptor antagonists 29 (12.2%) 17 (7.1%) 28 (11.7%)
Hypolipidemics 104 (43.7%) 114 (47.9%) 109 (45.4%)
Mild analgesics 147 (61.8%) 143 (60.1%) 153 (63.8%)
Penicillins ‘ 13 (5.5%) 27 (41.3%) 21 (8.8%)
Steroids . 60 (25.2%) 65 (27.3%) 50 (20.8%)

Supplements 45 (18.9%) 47 (19.7%) 35 (14.6%)
Vitamins and minerals ; 144 (60.5% _ . 127 (52.9%

a Based on data recordedonthe|Verteporfitn PDT CRF pages.
b Based on the procedures reported on the Concurrent Ocular Procedure CRF pages, which were designed to
capture all procedures other than PDT.
¢ Tabulation was based on medication use reported on the Concomitant Medications CRF pages for medications

used by > 5%of subjects in any group.
d Tabulation was based on medications reported on the Concomitant Medications CRF pages. Only the
medicationssatisfying any of the following criteria were presented: used by = 25% of subjects in any group at
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‘screening,usedby>30%ofsubjectsinanygroupduringYear1,orwitha>4%differencebetweenshamandeither

ranibizumab group.

Reviewer’s Comment:

In the ranibizumab 0.5 mg group, the procedures other than PDTperformed were usually
related to cataract surgery.

Table 6.1.3.1-12 Prior Therapies for AMD in the Study Eye © 3,
Randomized Subjects -

 

 

   
 

 
 

ee

 
 
 
 

. = . ss) bi ee mi pee ee Sarg: Be te TE as ae as. 4
Any prior therapy for AMD 140 (58.8%) 137 (57.1%

 
 
 
 

Laser photocoagulation 13 (5.5%) 14 (5.8%)
Medication 3 (4.3%) 3 (1.3%

 
 
 

 

 
 

Supplements _ 119 (50.0%)| 132 (55.5%) | 125 (52.1%)
Other _ 8 3.4% |31.3% 2 (0.8%) _|
  

Reviewer’s Comment:

The treatment groups were well balanced with regard to prior treatmentfor age-related macular
degeneration. Almost twice as many patients had prior laser photocoagulationin the sham
group than in the ranibizumab groups.

Table 6.1.3.1-13 Concurrent PDT and Intravitreal Steroid Treatment in the Study Eye —
Randomized Subjects

   | Concurrent PDT
| Intravitreal steroid injection

Reviewer’s Comment:

The vast majority ofon-study PDT treatments andall intraviireal steroid injections were
received by those in the sham injection group.
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6.1.3.2 Study FVF2587g
Title:

Objectives:

Study Design:

A Phase 3, Multicenter, Randomized, Double-Masked, Active Treatment-
Controlled Study of the Efficacy and Safety of rhuFab V2 (Ranibizumab)
Compared with Verteporfin (Visudyne) Photodynamic Therapy in Subjects With
Predominantly Classic Subfoveal Neovascular Age-Related Macular
Degeneration. 3"

%

Primary: -
e To evaluate the efficacy.of intravitreal injections of ranibizumab administered

monthly compared with verteporfin phigtodynamic therapy (PDT)in
preventing vision loss, as measured bythe proportion of subjects who lost
fewer than 15 letters in visual acuity at 12 months compared with baseline.

o The non-inferiority of ranibizumab to verteporfin PDT was’evaluated;
if non-inferiority was demonstrated, then the treatment differences
between ranibizumab and verteporfin PDT were also to be evaluated
for superiority. - —

¢ To evaluate the safety and tolerability of intravitreal injections of ranibizumab
administered monthly.

Secondary:
e To evaluate the efficacy of monthly intravitreal injections of ranibizumab in

preventing vision loss as measured by the following:
© Mean changefrom baseline in visual acuity over time up to 12 months
© Proportion of subjects who gained at least 15 letters in visual acuity at

12 months compared with baseline
© Proportion of subjects with a visual acuity Snellen equivalent of

20/200 or worse at 12 months

e To investigate the efficacy of monthly intravitreal injections of ranibizumab
on vision-related functioning and well-being assessed during a period of 12
months, as measured by the National ByeInstitute ( NEI) Visual Function
Questionnaire-25 (VFQ-25)

¢ To evaluate the efficacy of monthly intravitreal injections of ranibizumab on
the size of classic choroidal neovascularization (CNV) and amountof leakage
from CNV at 12 months, as assessed by fluorescein angiography

Phase 3, multicenter (100 sites), randomized, double-masked, active treatment-
controlled study of intravitreally administered ranibizumab compared with
verteporfin PDT. Approximately 426 subjects with primary or recurrent
subfoveal CNV secondary to AMD whohad predominantly classic lesions were
to be enrolled. *

Test Drug Schedule.
Eligible subjects were randomized in a 1:1:1 ratio to receive one of the following:
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¢ 0.3 mg ranibizumaband sham PDTwith saline infusion,
e 0.5 mg ranibizumalj.and sham PDT with saline infusion, or
e Sham injection of ranibizumab and active verteporfin PDT.

Verteporfin/sham PDT was administered prior to the ranibizumab/sham injection
to ensure the best practice with respect to aseptic techniqueandto attempt to
minimize the risk of infection. Subjects received a ranibiziiinab or sham injection
monthly (30 + 7 days) for 23 monthsof treatment(24 injections) and active
(verteporfin) or sham (saline) PDT on Day0 and every 3 monthsifneeded (as
determined by the assessmentof fluorescein angiogramsbythe evaluating
physician) for 21 months of treatment.

Table 6.1.3.2-1 Clinical Sites - Study FVF2587g
 

 
  
 
 

Site

Number
 Investigator Name

Location

Investigator Number
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Overall Study Design
This wasaPhase 3,multicenter, randomized, double-masked, active treatment controlled study

~ of intravitreally administered ranibizumab compared with verteporfin PDT. Approximately 426
subjects with primary or recurrent subfoveal CNV secondary to AMD whohad predominantly
classic lesions were to be enrolled. The study was to be conducted at approximately 100 study
sites. The study design wasessentially the same as Study 98.

Fluorescein angiograms were sentto a central reading center to determine-<CNV classification for
study eligibility. Eligible subjects were randomized in a 1:1:1 ratio to receive one of the
following treatments:

¢ 0.3 mg ranibizumab and shain PLD! withsaline infusion,
e« 0.5 mg ranibizumab and shain PIYT with salineinfusion, or
e Shaminjection ofranibsznisah an! active verteporfin PDT.
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Randomization was stratified by the visual acuity score at:Day 0 (<44 letters [approximately
worse than 20/125] vs. >45 letters [approxitnately 20/125or better] based on the ETDRS chart
and assessmentata starting distance of 2 meters) and by study center. Verteporfin/sham PDT
was administeredprior to the ranibizumab/sham injection. Subjects received a ranibizumab or
sham injection monthly (30 + 7 days) for 23 monthsoftreatment (24 injections) and active
(verteporfin) or sham (saline) PDT on Day 0 and every 3 months if needed (as determined by the
assessment of fluorescein angiograms by the evaluating physician) for 21 monthsof treatment.
To preserve masking, administration of sham PDT with saline infusion mimi¢ked that of active
verteporfin PDT, and administration of active verteporfin PDT was in accordancewith the
Visudyne prescribing information.

There was a minimum of two investigators per studysite to fulfill the masking requirements of
this study. At least one investigator was designated as the evaluating physician, who was masked
to the treatment assignment and conducted all ocular assessments. At least one other investigator
was designated as the injecting physician, who was unmasked to the treatment assignment and
performed the ranibizumab or sham injection procedures and the active or sham PDTinfusion
procedures, but who was maskedto theranibizumab dose (0.3 mg or 0.3.mg).

Study Population

Inclusion/Exclusion Criteria

Essentially the same as Study 98 except that patients had predominatelyclassic choroidal
neovascularization.

Outcome Measures
Essentially the same as Study 98 except that patients had predominately classic choroidal
neovascularization.

Reviewer’s Comment: .
As noted in Section 2.5. regardingprevious correspondence and meetings, the Agency does not
agree with the sponsor’s primary efficacy endpoint. -

Visual acuity testing is recommended to be performed with at target distance ofa minimum of4
metersfrom the patient. This distance measure(4 meters) is recommended to minimize the
potentially confounding influences ofaccommodation andpatient positioning onthe -
measurement.

For the purposes ofthis review the Agency will considerthe primary efficacy endpointas the
proportion ofsubjects with a loss offewer than 15 letters in the visual acuity score in the study
eye at 12 months compared with baseline, based on assessments at a starting test distance of 4
meters, not 2 meters.

Study Treatments
Dosingand Administration of Ranibizumab and Sham
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Lucentis (ranibizumabinjection) ~

Ranibizumab wasadministered intravitreally in a multiple-dose regimenofeither 0.3 mg or
0.5mg of ranibizumab every month (Day 0-Month 23) for a total of 24 injections. Sham
intravitreal injections were administered according to the same dosing schedule as ranibizumab
injections: every month (Day 0 — Month 23) for a total of 24 injections. Dosing was not to
occur earlier than 14 days after the previous treatment. Missed doses werenotto be replaced.

Verteporfin/sham PDT wasto be administered prior to the ranibizumab/shaininjection to ensure
the best practice with respect to aseptic technique and to attempt to minimize the risk of
injection. The injecting physician(s) (ahd anyassistants, if applicable) performing the
ranibizumab/sham injections could not'bve involved in any other aspect of the study in any way,
and could not divulge the treatment assignment to anyone. The evaluating physician(s) was
responsible for all other aspects of the study exceptfor the intravitreal injection procedure,
intravenous administration of verteporfin or saline, and 689-nm (+ 3 nm) diodelaserirradiation
of the macula. Visits for injection days had to be scheduled when both physicians were present.
The subjects,all site personnel (except for the injecting physician(s) and designated site
personnel needed to assist with the injection procedure), and all Sponggrpersonnel(with the
exception of drug accountability monitors, corporate compliancestaff, and finance) were masked
to treatment assignment.

Dosing and Administration of Verteporfin PDT
Verteporfin PDT was to be administered every 3 months(if needed) as determined by the
evaluating physician’s assessment of fluorescein angiography. Theinjecting physician
determined the spot diameter of the area to be treated. Active verteporfin PDT or sham PDT
with saline infusion was only to be administered on Day 0 and, if needed, at Months3, 6, 9, 12,
15, 18 and 21.

Dosing and Administration of Sham PDT with Saline Infusion
The sham PDTwith saline infusion mithicked active verteporfin PDT and was administered in
accordance with Visudyneprescribing information. On Day 0,all subjects received either active
or sham PDT followed byan injection of ranibizumab or a sham injection, respectively. The
injecting physician and assistant and/or pharmacist were aware of the treatment assignment. Ifa
subject received aninjection of ranibizuamab, he or she received sham PDT(saline infusion
followed by 689-nm [+3 nm] diode laser light dose and intensity was to be the same as those
used for verteporfin PDT(i.e., light dose of 50J/cm2 at an intensity of 600 mW/cm2
administered over 83 seconds). If a subject received a sham injection, he or she received active
PDT(verteporfin infusion followed by 689-nm {+3 nm] diode laserirradiation to the macula). —
Following Day0, the evaluating physician determined the need for PDT every 3 months(i.e., 3,
6, 9, 12, 115, 18 and 21) based on his or her assessment of ophthalmoscopic findings and
fluorescein angiographyresults. °*
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Table 6.1.3.2-3 Study Treatment Holding Criteria

| Intraccular inflammation | Hold acti e/shi m
Visual acuity loss Hold active/sham PDT and ranibizumgb/sham intravitieal injEétion if there is a

treatment-related decrease in BCVA of2> 30 letters in the study eye compared with
the last assessment of visual acui ipr to the most recent treatment.

Intraocular pressure Hold active/sham PDT and ranibizumtab/sham intravitreal injection if [OP in the
study eye was > 30 mmHg. Treatmentwill be permitted when IOP has been lowered
to < 30 mmHg,either spontaneously or by treatment, as determined bythe evaluating

Vitreous hemorrhage Hold active/sham PDT and ranibizumab/sham intravitreal injection if there is a > 2+
oo vitreous hemorrhage and > 30-letter decrease in visual acuity in the study eye

compared with the last assessmentofvisual acuity prior to the onset of the vitreous
hemorrhage. Treatment will be permitted when the vitreous hemorrhage improvesto

| improved to.a <30-letter deorewse.

| Sensory rhegmatogenous|Hold active/sham EPDTand ranibizumab/shamintravitrealinjection if a retinal break
retinal break or waspresent in the study eye. Treatment may be resumed > 28 daysafter the retinal

} detachment(including break has been successfully treated. Subjects with a rhegmatogenousretinal
| macular hole) detachmentor Stage 3 or 4 macular hole were discontinued from treatmentfor the
| duration of the study.

Subfoveal hemorrhage Hold active/sham PDT and ranibizumab/shamintravitreal injection if there is aoven subretinal hemorrhage involving the center of the fovea in the study eye, if the size ofthe hemorrhage was either > 50% ofthetotal lesion area or > 2 DAsin size. 4
Local or systemic | Hold active/sham PDT and ranibizumab/sham intravitreal injectionif any of the
infection following were present: infectious conjunctivitis, infectious keratitis, infectious

scleritis, or endophthalmitis in either eye, or if the subject was receiving treatment for
a severe systemic infection.

Hold active/sham PDT and ranibizumab/shamintravitreal injection if intraocular
surge’ been performed in the study eye within the previous 28 days.

 
In this study, no subject was to receive both active verteporfin PDT and active ranibizumab
injection in the study eye. If unmasked personnel discovered that a subject randomized to
receive active ranibizumabinjection received active verteporfin PDTin the study eye in error,
then the active ranibizumabinjection for the current month was to be held and the next
ranibizumabinjection for the subject was to be administered no earlier than 28 days after the day
on which the active verteporfin PDT was received.

Additionally, the evaluating physician coulddiscontinue a subject from treatmentfor other safety
reasons. If a subject missed more than two ranibizumab/sham injections in a treatment year,
serious consideration was to be given by the evaluating physician and the Sponsor to
withdrawing the subject from the study.

Efficacy Analyses
The primary, secondary, and most ofthe exploratoryefficacy endpoints were analyzed for
randomized subjects based on the treatment assigned at randomization. Missing data were
imputed using the last-observation-carried forward (LOCF) approach.
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Comparisonsof efficacy were performed between each ranibizumab dose group and the
verteporfin PDT (control) group. All pairwise comparisons for assessing treatment difference
were performedusinga statistical method that includes only two treatment groups (ranibizumab
vs. control) at a time. For the primary efficacy endpoint, an adjustment was madefor multiple
treatment comparisons of each ranibizumab dose group with the control group. For secondary
efficacy endpoints, adjustments for multiplicity of endpoints were also matlé to managethe Type ©
I errorrate.

Primary Efficacy Endpoint. The primary efficacy endpoint was the proportion of subjects who
lost fewer than 15 letters in BCVA scote at Month 12 compared with baseline, based on
assessmentata starting test distance of 2 meters. The primary efficacy endpoint was analyzed
for randomized subjects based on the treatment assigned at randomization, with missing data
imputed using the LOCF method. Supportive sensitivity analyses were performed as well.

For each ranibizumab dose group, non-inferiority to the control groupwas tested using a one-
sided testing procedure(or equivalently, using a one-sided CI)and a non--inferiority limit. -
Subject to the procedures for controlling overall Type I error, a test for a treatment difference
compared with the control group could also be performed for each dose group.

To adjust for multiple comparisons of two ranibizumab dose groups with the control group, a
Hochberg-Bonferroni multiple comparison procedure was used (Hochberg 1988).

The non-inferiority limit was based onthe results of the Phase3trials of verteporfin PDT versus
placebofrom the TAP Study. The value of 0.07 is approximately one-half of the minimum
estimated difference (lower limit of a two-sided 95% CI) in the proportion of subjects with
predominantly classic CNV wholost fewer than 15 letters at Month 12. For subjects with
predominantly classic CNV, these proportions were 0.673 for verteporfin PDT—treated
subjectsand 0.393 for placebo-treated subjects, for an estimated treatment effect of 0.28 (95% Cl,
0.153 to 0.407, using the normal approximationto the binomial distribution). It is also the case
that 0.07 is equal to 25%of the treatment effect of verteporfin PDT versus placebo.

Laboratory Tests. Descriptive summaries oflaboratory values, including changes from baseline
and treatment-emergent abnormalities, were generated. The numberand percentage of subjects
with serum antibodies to ranibizumabat baseline and during the treatment period were tabulated.

Vital Signs and Physical Findings. Descriptive summaries ofvital sign measurements and
changes from baseline were generated.

Ocular Assessments. Results of the following ocular assessments were surhmarized by timepoint
and by eye (studyvs. fellow) using descriptive summaries: visual acuity, intraocular pressure,
slitlamp examination, indirect ophthalmoscopy, fluorescein angiography, and fundus
photography. The changes from baseline in intraocular pressure were tabulated. The presence of
intraocular inflammationand vitreous hemorrhage, as determined from the slit lamp
examination, were tabulated by grade (according to grading scales for flare/cells and vitreous
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hemorthage density). The presenceofretinal break or detachmentas determined from indirect
ophthalmoscopy was tabulated.

Determination of Sample Size
The sample size was determined based on the analysis of the primary efficacy endpoint for
treatment differences between each ranibizumab dose group and the control group. The planned
sample size of 426 subjects was based on calculations using the following assumptions: 1:1:1

_randomization ratio (0.3 mg of ranibizumabvs. 0.5 mg of ranibizumabvs. verteporfin PDT), the
Pearson y2 test for comparison of two proportions (for each ranibizumab groupvs. verteporfin
PDT), and the Hochberg-Bonferroni multiple comparison procedure at an overall Type I error
rate of 0.0497 (after adjustment for three planned interim safety analyses prior to the analysis of
the primary efficacy endpoint). The power of the Hochberg-Bonferroni multiple comparison
procedure was evaluated using Monte Carlo simulations.

The sample size of 426 subjects with predominantly classic CNV provided 96% powerin the
primary ITT analysis based on randomized subjects to detecta statistically significant difference
between one or both ranibizumab groups and the verteporfin PDT group-st the percentage of
subjects who lost fewer than 15 letters in visual acuity score at Month 12, assuming a rate of
84% in each ranibizumab group and 67% in the verteporfm PDT group.

Appears This Way
On Original
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Table 6.1.3.2-5 SubjectDisposition
Randomized Subjects

fHre 3 Poenibs

: 88.8%

Prematurel (10.5%)
0Discontinued Study prematurely 1

(7.0%)

143

(100%)

Safety Evaluable Population
“feceived study medication,

as treated ~

Intent-to-treat Population 143
| > | on therapy study visit (100%)

Per Protocol Population

(for the analysis ot 114 “1014mBCVAat Month 12) .- o .
No on-therapy study visits or (79.7%) (72.1%)

protocolviolation
| Excluded from PP Population , 38

11.8%) .

Pharmacokinetic-Evaluable 136 135 137
Population_ ee (95.1%)_ (96.4%) | —(97.9%)sy

Note: Three subjects (301010, 345001, and 403004)in the 0.3 mg group did not receive
any ranibizumab during the study.

  
Reviewer’s Comment:

Overall, the study had good subject retention with 386 subjects completing Month 12 (91.3%).

The verteporfin PDT group (10.5%) and the ranibizumab 0.3 mg group (10.0%) had an almost
equal number ofsubjects who discontinued treatment prior to Month 12, The ranibizumab 0.5mg
group hadthefewest subjects discontinue treatmentat 6.4%.

AppearsThis Way
On Original
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Table 6.1.3.2-6- Major Protocol Deviations during the First Treatment Year
Randomized Subjects

0

VAnydevition(4.7%)|36ST)|26(18.6%)|2 6%

2 (1.4%) 2 (1.4%)

Treatment error: received verteporfin PDT + ranibizumabat So 2 (1.4%) 2 (1.4%)the samevisit

Treatmenterror: incorrect administration _ 1 (0.7%) . 1 (0.7%
0

Treatment: off-schedule verteporfin/sham PDT aeeee
1 (0.7%)

Pre- and post-treatment procedure not followed —_ 9 (6.4%
Treatmentholdingcriteria not followed | 20.4%) _ 1(0.7%)

Open-label verteporfin PDT in fellow eye <21 days after last 5 (3.5%) 7(5.0%) 3(2.1%)
ranibizumab/sham injection

Open-label verteporfin PDT in fellow eye <5 days afterlast
ranibizumab/sham injection

Received excluded concomitanttreatmentinstudyeye _1(0.7%) 0 a
Cataract surgery in the study eye within <28 days of a 9, 0,

ranibizumab/sham injection 0 4 (2.9%) 1 (0.7%)
Visual acuity (4m) not assessed at Day 0 (study eye 2(14% 7 (5.0% 1 (0.7%
Visual acuity (2 m) not assessed at Day 0 (study e 1 (0.7%) 1 (0.7%uy

1 (0.7%)

)

a 2 (1.4%) 4 (2.9%)
Vital signs assessed 3(2.1%) | 5(3.6%)

Treatment error: received study drug kit from Study
FVF2598G

 

1 (0.7%) 2 (1.4%) 1 (0.7%)

 

 

 
Reviewer’s Comments:

The most protocol deviations occurred in the ranibizumab 0.3 mg group (25.7%)followed by
ranibizumab 0.5 mg (18.6%). Treatment errors, as a group, represented the majority ofthe
protocol deviations in the ranibizumab 0.3 mg group.

The protocol deviations which occurred most frequently were thefollowing: pre- and post-
treatment procedures were notfollowed, open-label verteporfin PDT was administered in the
fellow eye <21 days after the last ranibizumab/sham injection and vital signs were assessedpre-
dose, not post-dose.

7)
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection) : - 

Table 6.1.3.2-7 Discontinued Subjects and Reason

 
_ Study’ oT SubjeseaD : Day

$08190 [301006|Subjéet’sDecisiondS
$08201 AE = ania | 106«|
508586 (315004|AB=LungeancerTICS
S08187 [316003ss]AEPerforatedgastriculcerTE

$08214 AE — Glioblastoma [177
“$08 146 Subject’s Decision — Decreasing [272,—s«O@YS
S$08541 337006 . Lost to follow-up

S08366 360002.=| AE— AMDrequiring Macugeninjxn, fellow eye 344
$0815] 61001 Subject’s Decision 130

S08314 364004|: AE - Physician’s Decision
$08221 368002 AE -- Myocardialinfarction /239,
$02891 373001 AE — Bilateral blepharoconjunctivitis 3s
S09325 381008 AE — Retinal detachment :
$09311
$09339

S08190
$08220 302007
S07441 303001
S08214

$08 130 335004 AE — Blurred vision (unchanged VA)
$08541 337003 AE — Death, cardiac arrest

$07438 343005 ___| AE — Lung cancer
$08222 344004 AE ~ Stroke

$08252 345001 jee
$02201 352003
$08133
$08258
$09308

09339

 

 

 

 

o _ ) ‘ 2 i i
$08220 Lostto follow-up
S08165 -- - _ AE—Death, Congestive Heart Failure
$00444 _. Subject’s Decision
$08222 AE- Progression of CNVM

$08234 349006  ———| AE ~ Afferent pupillary defect
$08224 350004 Subject’s Decision
S08 AE — Multiple infections

$09311 AE — Death, cardiac failure

$09308 _ _. AE - Severe uveitis

 

So Soo Ww

Reviewer’s Comments:

Treatment discontinuations occurred at about the same frequency in the verteporfin PDT
(15/143) and ranibizuma?: 3.3 mg groupti4:/ 40). In both groups, the reasons for
discontinuation were most frequently adverse events due to systemic disease.
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Onginal BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

Table 6.1.3.1-8 Demographic Statisticsby Treatment Group
Intent-to-Treat, Randomized Subjects

Mean (SD)
Range

Age group (yr)
50 to < 65

65to<75
75 to < 85

> 85

Hispanic
Other

Any prior therapy for AMD
Laser photocoagulation
Medication / Supplements

77.7 (7.8)
53-95

8 (5.6%)
35 (24.5%)
74 (51.7%)
26 (18.2%)

64 (44.8%)
79 (55.2%)

140 (97.9%)
1 (0.7%)
1 (0.7%)
1 (0.7%)

64 (44.8%)
19 (13.3%)
52 (36.4%

77.4 (7.5)
54-97

9 (6.4%)
28 (20.0%)
84 (60.0%)

19 (13.6%)

73 (52.1%)
67 (47.9%)

137 (97.9%)
0

3 (2.1%)
0

63 (45.0%)
23 (16.4%)
49 (35.0%)

76.0 (8.6)
54-93

14 (10.0%)
41 (29.3%)
64 (45.7%)
21 (15.0%)

75 (53.6%)
65 (46.4%)

136 (97.1%)
1 (0.7%)
2 (1.4%)

0

58 (41.4%)
20 (14.3%)

 
Reviewer’s Comment:

The demographics ofthe subjects in the study were well balanced. The predominanceofwhite
elderly adults is representative of the population affectéd by this disease rather than a problem
with enrollment. :

Approximately 40% ofsubjects reportedprior therapyjor AMDin the study eye and
approximately 15% reported prior laser photocoagulation in the study eye. No subjects had
prior verteporfin PDT therapy because the study excludedit.
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumabinjection)
-_=

Table 6.1.3.2-9 Baseling Ocular Characteristics in the Study Eye
Intent-to-Treat, Randomized Subjects

Years sincefirst diagnosis ofneov
N

Mean (SD)
Range

isual acuity at a starting test distance of 4 meters
N 2.

. Numberofletters (0-100)
Mean (SD)
Range
<44

245

Approximate Snellen equivalent
Median
20/200 or worse

Better than 20/200 but worse than 20/40

20/40 or better

Intraocular pressure (mmHg)
N

Mean (SD)
Range

0-21

22-29

Reviewer’s Comment:

142

0.4 (0.9)
0.0-5.4

141

“140
0.3 (0.6)
0.0—5.4

133

45.1 (15.2%, 47.4 (13.7)
3-73

62 (44.0%)
79 (56.0%)

20/125

39 (27.7%)
100 (70.9%)

2 (1.4%)

143

15.2 (3.2)
3-24

136 (95.1%)
7 (4.9%)

1-74

52 (39.1%)
81 (60.9%)

20/100

37 (27.8%)
92 (69.2%)

4 (3.0%)

140

15.2 (3.7)
9-26

133 (95.0%)
7 (5.0%)

46.4 (14.8)
0-75

57 (41.0%)
82 (59.0%)

20/125

35 (25.2%)
98 (70.5%)

6 (4.3%)

140

15.4 (3.4)
9-26

133 (95.0%)
7 (5.0%)

 
The basetine ocular characteristics ofthe study eye were well balanced. The mean visual acuity
rangedfrom 45.1 to 47.4 letters (Snellen equivalent 20/100 - 20/125) at a starting test distance
of4 meters.

73
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Original BLA
Rhea A. Lloyd, MD
125156
Lucentis (ranibizumab injection) 

Table 6.1.3.2-10 Fluorescein Angiography and Fundus Photography
Characteristics of the Study Eye at Baseline

Intent-to-Treat, Randomized Subjects

 
 
 

 NV classification
Predominantly classic
Minimally classic
Occult without classic

 
 

 
>2to4DA

| >4DA

otal area of CNV (DA)

Mean (SD)
Range

Area of classic CNV (DA)
Mean (SD)
Range

 
 
 

 
 
 
 

Mean (SD)

| Range
\Area of subretinal fluid (DA)*

Mean (SD)
Range

Presence of occult CNV

Absent

Questionable
Present

  

 
 
 

 
  

   

for the 0.3 mg group, and n=123 forthe 0.5 mg group.

Reviewer’s Comment:

 

141 (98.6%)
2 (1.4%)

0

 

 
 

  

a Subretinal fluid is also knownas serous sensory retinal detachment. n=135 forthe verteporfin PDT group, n=124

A arenes

134 (95.7%)
5 (3.6%)
1 (0.7%)

otal area of leakage from CNVplus intense progressive RPE staining (DA)

1.88 (1.40) 1.89 (1.44)
0.07-5.75 0,12-7.20

93 (65.0%) 9STFO.0%)
34 (23.8%) 32 (22.9%)
16 (11.2%) 10 (7.1%)

1.48 (1.25) 1.48 (1.33)
0.07-5.55 0.11-6.80

1.36 (1.13) 1.28 (1.05)
0.07-5.55 0.00-6.40

3.06 (1.81) 3.00 (1.92)
0.20-8.20 0.20-11.00

4.34 (2.15) 4.17 (2.43)
0.00-9.00 0.00-14.00

114 (79.7%) 107 (76.4%)
13 (9.1%) 12 (8.6%)

2

___(=140)|

 

 

0.5 mg 
 
 

135 (96.4%)
5 (3.6%)

0

1.79 (1.54)
0.05-10.00

93 (66.4%)
34 (24.3%)
13 (9.3%)

1.31 (1.24)
0.05-7.50

1.21 (1.12)
0.05-5.30

2.92 (2.08)
0.25-9.00

4.26 (2.53)
0.00-12.00

111 (79.3%)
11 (7.9%)

There was no significantdifferencein the baseline characteristics of the CN]V lesions across the
treatment groups.

The vast majority ofsubjects had precom«nantly classic CNVlesionsin each treatment group.

74
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

6.1.4. Efficacy Findings
6.1.4.1 Study FVF2598g Efficacy Regults
The efficacy analysis was based on all randomized subjects with treatment groups as assigned,
the intent-to-treat population with the LOCF method used to impute missing data. Some subjects
did receive a treatment for which they were not randomized. These subjects were included in an
“as treated” population in the safety analyses. a

Reviewer’s Comment: a
As noted in Section 2.5 regarding previous correspondence and meetings, the Agency does not
agree with the sponsor's primary efficacy endpoint.

Visual acuity testing is recommended to be performed with at target distance ofa minimum of4
meters from. the patient. This distance measure (4 meters) is recommended to minimize the
potentially confounding influences ofaccommodation andpatient positioning on the
measurement.

For the purposes ofthis review, the Agency will consider the primary efficacy endpointas the
proportionofsubjects with a loss offewer than 15 letters in the visual acuity score in the study
eye at 12 months compared with baseline, based on assessments at a starting test distance of4
meters not 2 meters.

Appears This Way
On Original

7S
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_ Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

STUDY FVF2598g - PRIMARY EFFICACY RESULTS

Table 6.1.4.1-1

Proportion of Subjects Losing <15 Letters in Visual Acuity for the Study Eye at 12 Months
Compared with Baseline at a Starting Distance of 4 Meters:

 

 

 

 

 
  

  
  
  

 
 

 
 

 

  

~ 229 +|230.~*|
138 (60.3% 213 (93.0%) 209 (90.9%)

53.9%, 66.6%)|(89.7%, 96.3%)|(87.1%, 94.6%)
32.3% 29.9%

(25.3%, 39.4%)|(22.7%, 37.1%)

- [176i76 [200|1967 196 i |
106 (60.2%) 187 (93.5%) 181 (92.3%)

)|(90.1%, 96.9%)|(88.6%, 96.1%)
32.1%

 

 
 

 

—— 5 Ra
Responders®
95% Cl of the % *

Difference in % (vs. sham) °

| 95% Clofthe difference ”

  
  

  

  

   

 
 
 
 

 

 

 
 
 
 

  
 

 

Responders®
95% Clofthe%*
Difference in % (vs. sham) ®

195% Clof the difference © (25.3%, 41.3%)|(24.0%, 40.3%)
“a By normalapproximation; b Weighted estimates adjusting for the strata by using CMH weights; c From Cochran

Chi Square tests adjusted for the strata (p<.0001).

 
 

 

 

 

Reviewer’s Comment: .

Based on the Hochberg-Bonferroni multiple comparison procedure defined within the protocol,
the ranibizumab 0.3 mg and 0.5 mg doses demonstrate efficacy in this trial. The primary
efficacy endpointresultfor both ranibizumab groupsis strongly statistically significant at
p<0.0001 for each.

There is an approximate 30% treatment effect with both ranibizumab doses. At the 12 month
primary efficacy endpoint, 93%ofsubjects in the ranibizumab 0.3-mg group and 90.9% of
subjects in the ranibizumab 0.5-mg group lost fewer than 15 letters of vision from baseline
compared with 60.3% ofsubjects in the sham injection group.

The numberofsubjects considered in each group wasdecreasedin the Per Protocol analysis
because some subjects did not have baseline visual acuity tested at 4 meters.

16
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

Table 6.1.4.1-2

Sensitivity Analysis of Visual Acuity for the Study Eye at 12 Months
(Worst Outcome Imputation)at a Starting Distance of 4 Meters

 

 
 
 
 

 
 

 
 

 

  
229

118 (51.5%)

(45.1%, 58.0%)

2

(28.5%, 44.0%)|(24.8%, 40.8%) |
_- <07086! <0.0001

30

3%)

2%) 95% Cl ofthe % *

| Difference in % (vs. sham) ”
| 95% Clof the difference

| p-value (vs. sham)°

 
    

 
  
 

a By normal approximation; b Weighted estimates adjustingfor the strata by using CMH weights; c From Cochran
Chi Squaretests adjusted for the strata.

Reviewer’s Comment:

The statistically significant demonstration ofefficacy is preserved with a greater than 30%
treatment effect in the worst outcome imputation — sensitivity analysis.

Ajeet Pelee wen
On Original
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

Table 6.1.4.1-3

Study Eye Visual Acuity Comparisons between Baseline and Month 12
Starting Test Distance of 4 meters: Randomized Subjects

| Gainof> 15 letters frombaseline as 14(6.1%)[|42 (18.3%) 72.13%) |
| Loss of <30 letters from baseline _|_ 193 (84.3%) 226 (98.7%) 226 (98.3%)
| Mean changein visual acuity from ;
| baseline in ETDRSletters (SD) 11.0 (17.9) 5.4 (13.4) 6.3 (14.1) 
| Number of Lines VA Change from -
|Baseline 2.2 (3.6) 1.1 (2.7) 1.4 (3.0)
 

Reviewer’s Comment:

The differences wereali statistically significant at the p<.000/ level. There appears to be a dose
effect in the gain of= 15 letters ofvision from baseline, though this comparison was not a
plannedstatistical comparison.

Thereis a statistically significant difference between shamand ranibizumab treatment groups in
the prevention ofvision loss defined as a loss of <30 letters. There is a statistically significant -
difference in the change in visual acuifyfrom baseline, p<0.001, though this changeis not
consideredclinically meaningful.

Table 6.1.4.1-4

Study Eye Visual Acuity at Month 12
Starting Test Distance of 4 meters

Randomized Subjects

. wee : ae ¥ at A: . . ;
'MeanVisual Acuity in ETDRS slletters (SD) | 42.5(19.1)|58.8 (17.1) 59.9 (17.9)

| Snellen Equivalent VA < 20/200 |____—_—[_ 102 (43.0%) 29 (12.2%) | 28 (11.7%)
+

  
Reviewer’s Comment:

There is a clinically meaningful andstatistically significant (p<.0001) difference in mean visual
acuity at Month 12 in ETDRSletters between the sham and ranibizumab treatment groups of 16
letters in the 0.3-mg group and 17 letters in the 0.S-mg group.

Table 6.1.4.1-5

79
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

Mean Change from Baseline in the Total Area of Lesign, Area of Classic CNV,and Area of
Subretinal Fluid and the Proportion of Subjects with a Significant Growth of CNVin the

Study Eye at 12 Meanths
Randomized Subjects
  

 
 

 

 

 
 

 
 
  
  

 
 
 

 

ss

 

  

  
 

 

 

 
 

 

  
 

 
 
 

  

Change in the area of SSR
| detachment/subretinal fluid 

-2.08 (4.31) -2.62 (3.69)

Mean (SD) 118 (49.6%)|31 (13.0%) 39 (16.3%

Difference in LS means (vs. sham)* -36.5% -33.5%
NOTE: The LOCF method was used to impute missing data. Strata were defined using twofactors: baseline CNV
classification (minimally classic vs. occult without classic) and baseline visual acuity score (2 meters, < 54 vs. > 55
letters).
a Based on pairwise analysis of covariance models adjusted for the twostratification factors and baseline value of
the endpoint (p<.0001). b Included subjects with minimallyclassic CNV at baseline only. ¢ Based on pairwise
analysis of covariance models adjusted for the baseline value of the edpoint and the baseline visual acuity category.

 
 

   
  
 

Mean(SD)—«*™” 1.08 (4.57)
Difference in LS means(vs. sham)*
 

 

‘ Seer a Bg ct ESET fe a oe RD MOK SESE 2aa) seLSS NAS ,

Caneintetontaeaofleson(O8)[TTN | 238
Mean(SD) 2.33 (2.89) 0.14 (1.97)

|Changein the area of classic CNV (DA) —-| N° 87 | 86

Mean(SD) 0.79 (2.06) -0.22 (0.44)
Difference in LS means (vs. sham)° | - ~ 1.03-— -1.02

 

| Significant growth of CNV (> 0.3 DD
| increase)
| N

 
  
 

   

0

4

91

-0.23 (0.61)

24 

 

 
 

0)

3%) |
 

 

Reviewer’s Comment:

Ranibizumab groups showedstatistically significant differences when compared with the sham
group (p <0.0001) in the mean changefrom baseline to 12 months in the totallesion area, the
area ofclassic CNV, and the area ofsubretinalfluid. These differences are not necessarily
clinically significant. *
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Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

Table 6.1.4.1-6 Mean Change from
in the Study Eye at 12 Mo

  
 
 

 
line in Retinal Thickness and Total Retinal Volume

: Randomized Subjects in the OCT Subset

 
  

 
 
 

Fovealretinal thickness *(unt) -
 

  

 

15 31N is
| Mean (SD) -15.1 (131.6))|-122.5 (138.7)
| Difference in LS means (vg. sham) * -89.9

__ p-value (vs. sham)*
 
 

  
  

   Mean (SD) -0.07 (0.82)| -1.42 (0.99)

Difference in LS means(vg. sham) *ap-value (vs. sham) * Po <0.0001
a Based onthe analysis of covariance models &aajusted for baselige value of the endpoint.
b Only the measurements based on the nomina{-scan diameter of:6.0 mm are included.
c. Defined as the average thickness in microns:ofthe center of the fovea based onthe intersectionof 6 radial line
scans.

d Defined as the average retinal thickness in nficrons of the central retinal subfield (encompassing the foveal
region) , which in turn is one of 9 subfields mo#feled after the ETDRS macular grid (central, four inner and four
outer subfields).

 

 
   
 

 

Reviewer’s Comment:

Within the subset ofpatients who were assessed with optical coherence tomography (OCT), the
pooled ranibizumab. group experiencedstatistically significant decreases in foveal retinal
thickness, central retinal thickness and'totalretinal volume.
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6.1.4.2 Study FVF2587g ~ Primary Efficacy Results
Theefficacy analysis was based on all randomized subjects with treatment groupsas assigned,
the intent-to-treat population with the LOCF method used to impute missing data. Some subjects
did receive a treatment for which they were not randomized.

 

Reviewer’s Comment:

As noted in Section 2.5 regarding previous correspondence and meetings, the Agency does not
agree with the sponsor's primary efficaey endpoint. Visual acuity testing is recommendedto be
performed with at target distance ofa minimum of4 metersfrom the patient. This distance
measure (4 meters) is recommended to minimize the potentially confounding influences of
accommodation andpatient positioning on the measurement.

For the purposes ofthis review the Agency will considerthe primary efficacy endpoint asthe
proportion ofsubjects with a loss offewer than 15 letters in the visual acuity score in the study
eye at 12 months compared with baseline, based onassessments at a starting test distance of4
meters not 2 meters.

STUDY FVF2587g - PRIMARY EFFICACY RESULTS

Table 6.1.4.2-1

Proportion of Subjects Losing <15 Letters in Visual Acuity for the Study Eye at 12 Months
Compared with Baseline at a Starting Distance of 4 Meters: Randomized Subjects

 
 
  

  
 
 

 

 

  
 

 
  

 
 

 
  

 ShaSbignLOC sd

[Respondes OH |_126,08.7%H)|136,07.8%
| 95% Cl of the % * _ (58.1%, 73.8%) (90.9%, 98.5%) (95.4%, 100%)

 

— : 2 = _ . f : a 7 on 5

Nee
 

 
 
  

 

| Difference in % (vs. verteporfin PDT) ° 29.0% “=~ 321%
| 95% Clofthe difference ° | 20.4%, 37.6%) (24.0%, 40.2%)

Non-inferiority test Po

One-sided (1- a) 100%Clofthe difference (vs. — (20.4%, -) (23.9%, --)

 

verteporfin PDT) °*

p value (vs. verteporfin PDT)** <0.0001 -<0.0001
Note: Strata were defingd using baseline visual acuity score (4 meters, <44 vs. 245letters).
a By normal approxittiation; b Weighted estimates adjusting for the strata by using CMH weights and normal
approximation of the weighted estimates; ¢ a=0.0246.; d From normal approximation tests adjusted for thestrata.;

- e From Cochran Chi Square tests adjusted for the strata
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Table 6.1.4.2-2

Proportion of Subjects Losing <15 Letters in Visual Acuity for the Study Eye at 12 Months
Compared with Baseline at a Starting Distance of 4 Meters: Per-Protocol Subjects
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95% Clof the % *

Difference in % (vs. verteporfin PDT) °
95% CIofthe difference °

Non-inferiority test _ —
One-sided (1- a) 100% CI of the difference |

(vs. verteporfin PDT) jt
p-value (vs. verteporfin PDT) **

|

Fou Oil |

j0007.1%) |

63.8%, 100%)

22.6%%, 42.7% 26.2%, 45.2%

   
 

 

 
 

 
 

  
     
  

 

  
  

  

 

  
 
 

(26.4%,--)

<0.0001

Note: Observed cases only. Strata were defined using baseline visual acuity score (4 meters, <44 vs. >45 letters).
a All tests and Cls are two-sided (except non-inferiority tests) and based on pairwise models. b Based on normal
approximation for binomial proportions. ¢ a=0.0246 d From normal approximation tests adjusted for the strata.;
e From Cochran Chi Square tests adjusted for the strata

 

  

Reviewer’s Comment:

The number ofsubjects considered in each group was slightly decreased because baseline visual
acuity at a starting test distance of4 meters was not obtainedin all subjects.

Based onthe pre-specified criteria for assessing significance, the ranibizumab0.3 mg and 0.5
mg doses demonstrate efficacy in this trial. The primary efficacy endpoint resultfor both
ranibizumabgroupsis highly statisticallysignificant at p<0.0001 for each dosefor the Intent-to-
Treat and Per Protocol populations.

There is an approximate 30% treatmenteffect with both doses. At the 12 month primary efficacy
endpoint, 94.1% ofsubjects in the Ranibizumab 0.3-mg group and 97.1% ofsubjects in the
Ranibizumab 0.5-mg group lost fewer than / 5 letters of visionfrom baseline compared with
61.4% ofsubjects in the verteporfin PDT group. Thefavorable treatment effect ofeach ofthe
ranibizumab doses over the verteporfin PDT group wasstatistically significant, p<0.0001.

For each ranibizumab dose, the lower limit ofthe one-sided Cl (at a=0.0246) for the difference
in the percentagefrom the verteporfin PDT groupfar exceeded the pre-specified non-inferiority
limit of-7%, and the non-inferioritytest was statistically significant, p<0s000/.
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Table 6.1.4.2-3

Sensitivity Analysis of Viswal Acuity
In the Study Eye at Mosth 12

(Worst Outcome Imputation) at a Starting Distance of 4 Meters

141 133

79 (56.0%) 113 (85.0%)

 BoC

122 (87.8%)

95% CI ofthe % * (82.3%, 90.5%)
Difference in %(vs. Verteporfin PDT) ® - . 31.7%

95% CIofthe difference ” . (21.9%, 41.6%)

Non-inferiority test , 1

- )

 

One-sided (1- a) 100% CI of the difference
(vs. verteporfin PDT)°°

p-value (vs. Verteporfin PDT) ** <0.0001

Note: Observed cases only. Strata were defined using baseline visual acuity score (4 meters, <44 vs. >45 letters).
a All tests and Cls are two-sided (except non-inferiority tests) and based on pairwise models. b Based on normal
approximation for binomial proportions. ¢ a=0.0246 d From normal approximationtests adjusted for the strata.;
e From Cochran Chi Squaretests adjusted for the strata

(22.2%,--

 
Reviewer’s Comment:

The statistically significant demonstration ofefficacy is preserved in the worst outcome
imputation — sensitivity analysis. The treatment effect ofapproximately 30% is preserved in both
the intent-to-treat andper protocol populations.

AppearsThis Way
On Original
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Table 6.1.4.2-4

‘Study Eye Visual Acuity Comparisons between Baseline and Month 12
Starting Test Distance of4 meters

Randomized Subjects

 

 
 

 
 

 
 
 
 

ifu

| Gain of > 15 letters from baselineae aR|e
“Loss of <30 letters from baseline | N19

907%)

Nell =139+8.5 (178) 7.2(15.3) 11.0 (15.8)
: ‘N=141 N=133 N=139

Senoe

 |=  

 

 
 
  
 

changeinvisual acuity
| from baseline in ETDRSletters

Numberof Lines VAChange
from Baseline Mean (SD)

 

 
0005forallcomparisions to sham

Reviewer’s Comment:

A clinically meaningful andstatistically significant gain in 15 letters ofvision was noted in the
0.3 mg ranibizumab group and the 0.5 mg group, 27.8% and 36.7%, respectively when
comparedto the verteporfin PDTtreatment group, 10.6%. There appears to be a dose effect in
this increase in vision though this comparison was not a plannedstatistical comparison.

Thereis a statistically significant difference between verteporfin PDT and ranibizumab
treatment groups in the preventionofvision loss of<30 letters.

Thereis.a statistically significant difference in the changein visual acuityfrom baseline though
this changeis not consideredclinically meaningful.
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Table 6.1.4-5

Study Eye Visual Acuity at Month 12
Starting Test Distance of 4 meters

Randomized Subjects

 
   
 

| Mean Visual Acuity at Month 12
in ETDRSletters (SD) 54.6 (19.1) 57.6 (18.6) |

N=39|N=
32 (23.0%) 23 (16.4%)

I 66001 <0.0001 |

There is a clinically meaningful andstatistically significant difference in the mean visual acuity
at Month 12 between the verteporfin PDT and ranibizumab 0.5- mg treatment group. The
difference between the verteporfin PDT and ranibizumab 0.3-mg is Statistically significant and
approachesa clinically relevantresult.

 
 

 
 

 | Snellen Equivalent VA of 20/200
or Worse

     
Reviewer’s Comment:

| ‘Thereis a statistically significant difference in the number ofpatients with Snellen equivalent
visual acuity of20/200 or worse between the sham and ranibizumab treatment groups.

AppearsThis Way
On Original
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Table 6.1.4.2-6
Mean Changefrom Baseline in the Total Area of Lesion, Area of Classic CNV, and Area of
Subretinal Fluid and the Proportion of Subjects with a Significant Growth of CNV in the

Study Eye at 12 Months
Randomized Subjects

 
 

 
 
 

 
  
 
 

 

 
143 140 140

2.56 (3.09)|0.36(1.06)|0.28 (1.29)

Po220-20
 Mean (SD)

Difference ii LS means(vs. verteporfin PDT)

 

 

 
 
 

143
1.63 (2.27)   

  
 

Mean (SD) -
Difference in LS means(vs. verteporfin PDT)°

Changein the area of subretinal fluid

0.20 (0.97)
-1.42

0.22 (1.25)

“1.45

 

 
 
  
 
   

Mean (SD)

[DifferenceintSmeansws.vereportinPDIV™|)2.02.89
‘Significant growth of CNV (> 0.3 DD increase) nnee

Mean(SD) 84 (58.7%)
Difference in % (vs. verteporfin PDT) “ :

NOTE: The LOCF method wasused to impute missing data. Strata were defined using baseline visual acuity score
(2 meters, < 44 vs. > 45 letters).
a Based ont-distribution. b Based on pairwise’analysis of covariance models adjusted for the stratification
variable and baseline value of the corresponding endpoint. ¢ Subretinal fluid is also known asserous sensoryretinal
detachment. d 95-95% of subjects had predominantly classic lesions. 85-92% of each‘CNV wasclassic in type.
e Weighted estimates adjusting for the strata by using the CMH weights and normal approximation of the weighted
estimates. f Froni Cochran chi square tests adjusted for the strata

 
 
 
 

 

 
 
 

 

 

 

Reviewer’s Comment:

Ranibizumab groups showedhighly statistically significant differences with the verteporfin PDT
group (p <0.0001]) in the mean changefrom baseline at 12 months in the total lesion area, total
area of CNV, area ofsubretinalfluid and in the growth of CNV. *
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6.1.5 Clinical Microbiology
This is not an antimicrobial. Not applicable.

6.1.6 Efficacy Conclusions
The submitted Phase 3 studies in BLA 125156 Lucentis (ranibizumab injection) demonstrate the
efficacy for the use of ranibizumab 0.5-mgin the treatment of neovascular age-related macular
degeneration. rr"3

These studies both demonstrated an approximately 30% treatmenteffect of ranibizumab 0.3-mg
and 0.5-mg compared to sham and verteporfin PDT, respectively, for the primary efficacy
endpoint, the proportion ofsubjects with a loss of fewer than 15 letters in the best corrected.
visual acuity score at Month 12 compared with baseline.

Appears This Way
On Original
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7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings aget

The Phase 3 studies presented in this Biologics License Application, FVF2587g and FVF2598g,
included 754 safety evaluable patients. In Study FVF2598g, subjects were followed monthly
from Day 0 through Month 12 and received an average 12 of a total 13 possible intravitreal
ranibizumabinjections. The numberof treatments received wasslightly lower for the sham-
injection group compared with the ranibizumab groups. There was no imputation of missing
values due to patient discontinuation or missed visits performed in the safety data set. In Study
FVF2587g, subjects were followed monthly as well. The mean numberofinjectionsin the
ranibizumab and sham intravitreal injection groups was approximately 12 for each group.

- =o

Safety was assessed through the summary of ocular and non-ocular adverse events, serious
adverse events, ocular assessments, deaths, laboratory test results, vital signs, and antibodies to
ranibizumab. Safety analyses included all subjects who receivedat least one ranibizumab or
sham injection. Unless specified otherwise, safety analyses were performedfor the safety-
evaluable subjects. Subjects were analyzed accordingto the actual treatment received. Safety
summaries for this Clinical Study Report include data from the first treatment year.

In Study FVF2598g, the safety evaluable population was defined as randomized subjects who
received at least one treatment with study drug. Treatment group assignmentas follows:

e Sham: subjects randomized to the sham-injection group whoreceived a sham injection
on Day 0

e 0.3 mg Ranibizumab: subjects randomized to receive 0.3 mg ranibizumaborsubjects
who were randomized to sham but received a 0.3 mg injection of ranibizumab on Day 0
in error -

e 0.5 mg Ranibizumab: subjects randomizedto receive 0.5 mg ranibizumabor subjects
who were randomized to sham but received a 0.5 mg injection ofranibizumab on Day 0
in error

In Study FVF2587g, the safety-evaluable population was defined as randomized subjects who
received atleast one of the following treatments: ranibizumabinjection, sham intravitreal
injection, active verteporfin PDT, or sham PDT with saline. Treatment groups for this
population were defined according to the actual treatmentreceived during the first treatment
year.

e Ifasubject received only one type ofactive treatment (verteporfin PDT, 0.3 mg
ranibizumab or 0.5 mg ranibizumab), regardless of any sham PDTor sham intravitreal
injections received, the subject’s treatment group was the active treatment received.

e Ifasubject received a combinationofdifferent active treatments, regardless of any sham
PDTor sham intravitreal injections received, and one ofthe active treatments received
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was the treatment the subject was randomized to, the subject’s treatment group was as
randomized.

e Ifasubject received a combination ofdifferent active treatments, regardless of any sham
PDTor sham intravitreal injection received, and none of the active treatments received
wasthe treatment the subject was randomizedto, the subject’s treatment group was the
first active treatment received.

e Ifasubject did not receive any active treatment but received any-cémbitiation of sham
PDTor sham intravitreal injection, the subject’s treatment group wasas randomized.

 

In Study FVF2598g, the most commonocular adverse events in the study eye reported more
frequently in each of the ranibizumab groupsthan in the corresponding control groups in both
studies were conjunctival hemorrhage, eye pain, increased IOP,retinal disorder, and vitreous
floaters. Many of these adverse advents appearto be related to the conjunctival anesthetic or
intravitreal injection procedures.

Keyserious ocular adverse events of endophthalmitis, intraocular inflammation,retinal
detachment,retinal tear, increased IOP, and traumatic cataract were all uncommonin
ranibizumab-treated subjects (reported in < 1%of subjects for each event). Per injection rates for
the serious adverse events of endophthalmitis, intraocular inflammation, retinal detachment, and
traumatic cataract wereall very low (< 0.12% perinjection in each dose group).

A trend in intraocular inflammation adverse events was observed, with rates of approximately
10%—15% in the ranibizumab groups compared with rates of approximately 3% or 10% in the
verteporfin PDT or sham-control groups, respectively. However, the reported intraocular
inflammation adverse events were generally mild in severity. The incidence ofintraocular
inflammation adverse events was consistent with the results based on slitlamp examination.

As expected with.a drug injected intravitreally, there was a small trend in increased IOP adverse
events toward higherrates in the ranibizumab groupsthan in the control groups, with no
difference in frequency or severity observed between the two doses. Most of these events were
mild to moderate in severity.

Appears This Way .
On Original
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7.1.1 Deaths

Three deaths occurred duringthefirst treatment year of Stady FVF2598g. One subject in the 0.3
mg ranibizumab group died fromaheart attack. The other two subjects wereboth in the
ranibizumab 0.5 mg group; 1 subject died as a result of a small bowel infarct and the other died
from chronic asthma/ chronic obstructive pulmonary disease (COPD).

Seven deaths occurred duringthefirst treatment year of Study FVF2587g.

Table 7.1.1-1 Deaths Occurring during Phase 3 Studies

 

  
 

 
 
 

 
 

 

  

 
 

 
 

 
 
— 3 i a

Cardiac Arrest )
|4.4%)|208%)| 21.4% 2

Cardiac Failure
COPD

4

|0

pot 0 = 10.796"|10.7%)|0CEpoT 0

|Myocardialinfarction|9 i|_-1 (0.4% tfpO 0| 1 (0.7%)

1 (0.4%) 1 (0.7%)

1 aFO
010.4%)| PCT
oOP1.7%)|0
oO oO|

| Small bowelinfarct
Viral Syndrome_oO|

of oT 10.7%

 
    

hin ceca? r

 
 
 

  
 Worsened of chronic CHF |

Reviewer’s Comment:

There were considerably more deaths in the FVF2587g trial though there were no imbalances in
the causes or association to treatmentnoted.

The deaths were not considered to be related to therapy.

Appears This Way “
On Original
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7.1.2 Other Serious Adverse Events

Table 7.1.2-1 Study FVF2598¢
Serious Ocular Adverse Events in the Study Eye during the First Treatment Year

Safety Evaluable Subjects .
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Table 7.1.2-2 Study FVE2587g 3
Serious Ocular Adverse Events in;the Study Eye during the First Treatment Year

Safety Evaluable Subjects -
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Reviewer’s Comment:

The most frequent cause ofa serious adverse event was theloss of30 letters ofvision which was
usually due to progression ofmacular degeneration. The greatest number ofthese occurrences
was in the sham- or Verteporfin PDT- treated groups, followedby the ranibizumab 0.3mg- and
0.5 mg-treated groups, respectively.

S08235 304005
S08146 326001

$08596 334009
S08211 339004

S08248 340003
| S08207 341003a.

$08234 349006

  

 
 

 
 
 

30 letter loss of vision — Submacular hemorrhage

 
 

 
 

30 letter loss of vision - Worsened AMD
 

  

 

Corneal abrasion

Afferent pupillary defect
 

 
 349006

$09308 389001

Subject’s vision fluctuated throughout study and was suspected ofpeaking at certain visits.®

 
 

  

Recurrent uveitis
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Table 7.1.2-3 Study FVF2598¢
Serious Ocular Adverse Events in the Fellow Eye during the First Treatment Year

Safety Evaluable Subjects

 

S07847 115009 30 letter loss of vision - New CNVM 3

|Elevated intraocularpressure ~ Postop
s0s20t_|118004

| 06
27

1 SO8201 118004 Visual field defect — CVA

Surgery -

50 PDT,D/C Stud

foofeor

$08239 121007 30 letter loss of vision — New CNVM
$08 130 125008 30 letter loss of vision —- New CNVM
 

lk Lat : cael
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i “= _ 0:3 Dlap x Poe:
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S07847 ___|.30 letter loss of vision — Unexplained
S08248 Retinal detachment 299 Surge:

SolemisofunWoncaolAMD—[tee[eo]30 letter loss of vision — Worsened AMD _ 164, {| PDTCS= ee qph 4° "
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[Sos216 ———*|:108004_ 30 letter loss ofvision—New CNVM [66 ‘PDT |
| S07439_ 112004 30letter loss ofvision—Unexplained|127.|None,resolved—_|

Table 7.1.2-4 Study FVF2587g
Serious Ocular Adverse Events in the Fellow Eye during the First Treatment Year

Safety Evaluable Subjects
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' Patient with short term memory loss, difficult to assess vision.

-& 68 PDT,steroid injxn

Sudden lassofvision;Bundness | 337 PDT|
 

  
  

Reviewer’s Comment:

The most frequent cause ofa serious adverse event in thefellow eye wasthe loss of30 letters of
vision due to progression ofmacular degeneration in both studies regardless oftreatment group.
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Lucentis (ranibizumab injection)

7.1.4 Other Search Strategies
Noothersearch strategies were used to analyze adverse events.

7.1.5 Common Adverse Events

7.1.5.1 Eliciting adverse events data in the development program
The protocol adequately defined an adverse event. Each investigator evaluated study
participants for adverse events, volunteered andelicited, at each intraocular-pressure check on
each study visit. An Adverse Event Form was completed to documenta description of the event,
onset, severity, treatment required, outcomeand relatednessto the use of the study medication.
Checklists were not used.

7.1.5.2 Appropriateness of adverse event categorization and preferred terms
Thestudyutilized the MedDRA preferred terms for adverse event recording. The terms were
sufficiently descriptive to assess adverse events expected to be experienced by the study
population. --

7.1.5.3 Incidence of common adverse events ;
Table 7.1.5,3-1 - ee

Adverse Events Occurring in > 1 %of Patients during the First Treatment Year:
Pooled Safety Evaluable Subjects — Study FVF2598g and Study FVF2587g
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Eyelid edema
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Skin and Subcutaneous Disorders
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Surgical and Medical Procedures

|Nasalsinus drainage
}_ Vascular Disorders .
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Hypotension : 4 (1.7%)|321%) | 38%|0
Orthostatic hypotension 0 2 (14% 0 . 0
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Note: Multiple occurrences of the same event in a subject were counted once in the overall incidence. 

Reviewer’s Comment:

The adverse events which were seen morefrequently in the ranibizumab 0.5 mg group versus
either control are highlighted.
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Adverse events which occurred mostfrequently (i.e.> 10%) in the study eye ofthe ranibizumab
treatment groups were conjunctival hemorrhage, eye pain, increased IOP, retinal disorder, and
vitreousfloaters. Many ofthese adverse events are commonly associated with conjunctival
anesthetic and intravitreal injection procedures.

Elevated intraocular pressure was seen in a higher percentage ofsubjects_in-the ranibizumab
groups than the sham-injection group. The ranibizumab subjects were alsofound to use ocular
hypotensive and antihypertensive agents morefrequently. This trend with theuse of
antihypertensive agents was noted at screening as well.

Intraocular inflammation including the Med DRA preferred terms iritis, iridocyclitis, vitritis,
uveitis and anterior chamber inflammation was experiencedat an increased rate in ranibizumab
treated subjects in both studies. In study FVF2598g, 60 of477 subjects (12.5%) and in study
FVF2587g 35 of277 subjects (12.6%) in the ranibizumab groups experienced intraocular
inflammation in the study eye. Findingsfrom the objective slit lamp examination were consistent
with occurrence of intraocular inflammation adverse events and are aiseussed

Table 7.1.5.3-2 Ocular Adverse Events in the Fellow Eye during the First Treatment Year
Occurring in >5 % of Patients:

Safety Evaluable Population
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[4325 3% 9.
F104(72.7%)|258(68.8%)|265(69.9%)|:

Retinal hemorrhage

Vitreous detachment#3(13.1%)J17(11.9%)|43.11.5%)|3910.3%)
Blepharitis t166.8%) [6 (42%) |256.6%)|297.7%)_|

5(3.5%)|16(43%)|_19(5.0%) |
Choroidal neovascularization P11.7%)642%)|28(7.5%)|297.7%)|
Dry Eye 13 (5.5% 12 (8.4% 12 (3.2% 19 (5.0%
Retinal disorder .11 (4.7% 2 (1.4% 17 (4.5% 21 (5.5%
Visual acuity reduced :

Bete fo

| 168(71.2%) _| 
 

 
    
 
 
 
 

  
 

 
  

||
{

 
   
 

 

    : 9 (6.3% 13 3.5% 15 (4.0%

Reviewer’s Comment:

Ocular adverse events seen in thefellow eye during thefirst treatmentyear are those expected in
this patient population.
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7.1.5.4 Commonadverse eventtables
Refer to Section 7.1.5.3 Incidence of Common Adverse Events

7.1.5.5 Identifying commonand drug-related adverse events
=

Reviewer’s Comment: ee
Intraocularinflammation which includes Med DRApreferred termsiritis, iridocyclitis, vitritis,
uveitis and anterior chamber inflammation was noted to occurin a dose dependent mannerin
the ranibizumab treated subjects in both studies. In study FVF2598g, 60 of477 subjects (12.5%)
and in study FVF2587g 35 of277 subjects (12.6%) in the ranibizumab groups experienced
intraocularinflammation in the study eye. Findingsfrom the objective slit lamp examination
were consistent with occurrenceofintraocular inflammation adverse events.

Refer to Table 7.1.3.3-3 Intraocular Inflammation in the Study Eye during the First Treatment
Year Studies FVF2598g and FVF2587g: Safety Evaluable Subjects fazdetails.

7.1.5.6 Additional analyses and explorations
Not applicable. There were no additional analyses or explorations performed regarding adverse
events.

7.1.6 Less Common Adverse Events

The overall safety population was notsufficiently large to identify rare events of significant
concern.

7.1.7 Laboratory Findings. .
Duringclinical trials FVF2587g and FVF2598g, laboratory assessments were to be performed on
all of the subjects at the Screening Visit and Month 12 or Early Termination Visit.

Reviewer’s Comment:

None ofthe laboratory abnormalities noted were serious adverse events, led to treatmentor
study discontinuation. .

7.1.7.1 Overview of laboratory testing in the development program
Laboratory testing during the development program was performed to determine systemic
ranibizumab concentrations, immunoreactivity to ranibizumab andifany significant changes in
blood chemistry, hematology or coagulation measures could be found.

7.1.7.2 Selection of studies and analyses for drug-control comparisonsof laboratory values
Such analyses were not performed. Laboratory investigations were limited by the low to non-
detectable ranibizumab concentrationsafter intravitreal injection.

7.1.7.3 Standard analyses and explorations of laboratory data
The analyses of laboratory data consisted ofdescription of the findings.
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7.1.7.4 Additional analyses and explorations
Noadditional analyses and explorations were performed.

7.1.7.5 Special assessments
Laboratory abnormality adverse events were reported inless than 2% of subjects. Noneofthe
laboratory abnormalities were serious adverse events, led to treatment or.studydiscontinuation or
were considered by the investigators as study drug related. “

7.1.8 Vital Signs
Vitali signs were measured at the Screening Visit and at each monthlyvisit post treatment.
Overall, on average, both ranibizumab-treated and sham-treated subjects showedlittle change
from baseline in vital signs throughoutthe first treatment year. There were no meaningful

between groupdifferences in the mean change from baselinein the temperature, pulse rate and
respiration rate.

Regarding bloodpressure, at Month 12, the mean changes frombaseline were -1.6, -0.6, and -4.4
mmHgin systolic pressure and -2.0, -1.7, and -0.5 mm Hgin diastolic pressure for the sham,
0.3-mg, and 0.5-mg groups, respectively.

Somesubjects had adverse events of increased blood pressure, worsening ofpreexisting
hypertension, or newly diagnosed hypertension during the first treatment year. There was no
imbalance amongtreatmentgroupsin the proportion of subjects with such adverse events (15.7%
in the sham group, 13.4% in the 0.3-mg group, and 12.6% in the 0.5-mg group.)

7.1.8.1 Overview ofvital signs testing in the development program
Refer to Section 7.1.1.

7.1.8.2 Selection of studies and analyses for overall drug-control comparisons
These analyses were not performed.

7.1.8.3 Standard analyses and explorations ofvital signs data
These analyses were not performed.

7.1.8.4 Additional analyses and explorations
Additional analyses and explorations ofvital signs data were not performed.

7.1.9 Electrocardiograms (ECGs)
Electrocardiograms were not obtained during the development program forthis product.
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7.1.10 Immunogenicity
Serum samples for the evaluation of immunoreactivity to ranibizumab were obtained from
subjects at screening andpriorto study drug administration at Months 6 and 12. The assay
demonstrated immunoreactivity in a small percentage of subjects in all three treatment groups
priorto initial administration of study drug, possibly due to preexisting anti-Fab-antibodies.

%

There was no imbalance between ranibizumab-treated and sham-treated subjects regarding
immunoreactivity to ranibizumab. The assay indicated positivity in a small percentage of
subjects in all three treatment groupspriorto initial administration of study drug,possibly dueto
preexisting anti-Fab antibodies. All three treatment groups hadsimilar increases in positivity
during the treatment period.

Table 7.1.10-1 Immunoreactivity to Ranibizumabin the First Treatment Year

EARS Ree sie sete gta aeis vENSk i ee 0. =

2.3% (2.8%)| (3.2%) . (9.6%) 5.7%) |

9.5% . . (S. (9.2%) 8.6%) |

(9.7% 9.9%) (11.9% (5.6% (7.3%) 12.4%) |

Note: Table entries are numbers of subjects with positive immunoreactivity over numbersofssubjects with
evaluable samples. LTR=0.7 logtiter.

  
Exploratory subgroup analyses based on immunoreactivity to ranibizumab were performed to
determine whether the appearance of immunoreactivity was related to key safety and efficacy
outcomes. The analysis population was divided into three subgroups: subjects who had a
négative or missing test result at screening and negative post-baseline results, subjects who had a
negative or missingtest result at screening but at least one positivepost-baseline result, and
subjects who hada positive test result at screening. Visual acuity outcomes and the occurrence of
intraocular inflammation and autoimmuneadverse events were examined by treatment group for
each immunoreactivity subgroup. Noclinically relevant differences between immunoreactivity
subgroups were identified in study FVF2598g.

In Study FVF2587g, with regard to intraocular inflammation adverse events, proportionately
more ranibizumab-treated subjects who were immunoreactive at some time point experienced .
intraocular inflammation events than subjects who were never immunoreactive. Twenty- eight
percent (5 of 18) of ranibizumab-treated subjects who were immunoreactive during treatment
only and thirty-two percent of subjects (6 of 19) who were immunoreactive at baseline
experienced inflammation adverse eventsin the study eye, compared with 10% of ranibizumab-
treated subjects (23 of 230) who were never immunoreactive. Of the 12 verteporfin PDT-treated
subjects who were immunoreactive at some time point, none experienced an intraocular
inflammation adverse event.
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Lucentis (ranibizumabinjection) ~

7.1.11 Human Carcinogenicity
Not applicable.

7.1.12 Special Safety Studies .
Safety analysis was based on an evaluation of other safety parameters, as well, which included
visual acuity (best corrected),intraocular pressure, ocular signs by slit lamp examination and
indirect ophthalmoscopythe results ofwhich are included throughout thesafety review.

7.1.13 Withdrawal Phenomena and/or Abuse Potential a

Not applicable. This is not a therapeutic class with known abuse potential orapparent
withdrawalpotential.

7.1.14 Human Reproduction and Pregnancy Data
There are no adequate and well-controlled studies in pregnant women. There was no inadvertent
exposureto the product in pregnant women during the development program.

7.1.15 Assessmentof Effect on Growth

The intended population for this product is adults with age-related macular degeneration, a

disease that does not exist in the pediatric age group. This applicatioR.gantains no pediatric data.
7.1.16 Overdose Experience

This product has no overdose potential and no studies were performed.
7.1.17 Postmarketing Experience

This product has not yet been marketed.

7.2 Adequacyof Patient Exposure and Safety Assessments

The safety and exposure database for Ranibizumabincluded in this application is derived from
976 ranibizumab-treated subjects with neovascular age-related macular degeneration,in six
clinicaltrials.

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and
Extent of Exposure) Used to Evaluate Safety

The submitted clinical study reports and clinical protocols related to the development program of
ranibizumab were analyzed in this review. Proposed draft labeling and‘Case Report Formsfor
discontinued subjects in studies FVF2587g and FVF2598g were provided and reviewed. Refer
to Section 4.1. ,

7.2.1.1.Study type and design/patient enumeration
Refer to Section 4.2 for the table of clinical studies.

7.2.1.2 Demographics
Refer to Table 6.1.3.1-9 and Table 6.1.3.2-9 DemographicStatistics by Treatment Group for
Studies FVF2598g and FVF2587g.

Reviewer’s Comments: «

There are no remarkable differences between treatment groups in baseline demographic
characteristics.

Subgroup analyses did not reveal any differencesin the studies’ success on the primary efficacy
endpoint.
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7.2.1.3 Extent of exposure (dose/duration)
Table 7.2.1.3-1 Extent of Exposure to Study Drug or Sham Injection

, Safety Evaluable Subjects |

fp sa: ReSn he ayer ee eae

[Number ofinjections®{|||

 
|Mean(SD) ssi. (2.7)|12.4.9)|12.3 (2.2) 12.0 (2.5) |. 12.2 (2.1) 12.1 (2.2

Frequency
<10 27 (11.4% 10 (4.2% 15 (6.3% 17 (11.9% 9 (6.6%)|13 (9.3%)

|
55 (23.3%).|36 (15.1% 40 (16.7% 21 (14.7% 29 (21.2%

| 154 (65.3%)|192 (80.7%)|184 (77.0%)|105 (73.4% 99 (72.3% 98 (70.0%
Treatment duration
days) ° E

|_Mean(SD)__—_|_ 332.7 (80.0)|350.6 (54.7)|346.2 (61.5) |_337.1(75.0) | 346.2 (61.8)|345.6 (59.7)|
a Of 13 scheduled injections from Day 0 to Month 12 visits. The verteporfin PDT ay ip received sham injections.
b The numberof days betweenthe first and the last injection on or prior to Month 12 visit.

   

Reviewer’s Comment:

The extent ofexposure was similar between all treatment groups in each study. The vast
majority ofsubjects received 10 or more treatment injections. The mean treatment duration
rangedfrom 332.7 days to 350.6 days among the treatment groups.

Table 7.2.1.3-2

Extent of Exposure to Study Treatment with Verteporfin or Sham PDT
Safety Evaluable Subjects in the First Treatment Year

a Ne
NumberofTreatments [

; Mean (SD) 1.9 (1.3) 1.8 (1.1
. 76 (55.5% 79 (56.4%

 
 

2 33 (23.1%)|32(234%)|29(20.7%
3 36 (25.2% 12 (8.8%)|19 (13.6%)

5
b

26 (18.2% 5 (3.6% 9 (6.4%)

30(21.0% 12 (8.8% 4 (2.9%
Treatment duration (days FY

[Mean(SD)|228.1 (129.0)|95.8 (129.2) | 84241163)

  
a Of 5S possible treatments form Day 0 to Month 12 visits. The ranibizumab groups received sham PDT.
b The numberof days betweenthe first and the last treatment on or prior to Month 12 visit.
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Table 7.2.1.3-3

Numberof Study Drug or Sham Injection Treatments Held
Per Protocol-Specified Criteria During the First Treatment Year

Safety Evaluable Subjects

F01004)10.1004)10104)|
| 224 (94.9%)|227 (95.4%)|229 (95.8% 140 (97.9% 131 (95.6%)|129 (92.1%)

9 (3.8%)|7(2.9%)|24%)|6(44%)[|6(4.3%)|

rowfeat8fpep1 (0.4%) L(0.4%) 0 0 0|

pe
Reviewer’s Comment: - ——-

The vast majority, more than 92% ofpatients in each treatment group, did not require that
treatments be held due to the protocol-specified dose-holding criteria.

r0.0(0.2)|0.0(0.2)|
|_140(97.9%)|131(95.6%)|

4%)
 

   
Table 7.2.1.3-4

Study Drug or Sham Injection Held per Protocol-Specified Criteria by Criterion Met
First Treatment Year: Safety Evaluable Subjects

 Any Treatment Held 12 (5.1% 10 (42% 3 (2.1%) 6 (4.4%)|11(7.9%
4 (1.7% 1 (0.7%Intraocular inflammation 0 2 (0.8% 3 Q1%

Visual acuity loss 1 (0.4% 1 (0.7%)

_ToPelevation| : 1(0.7%)|2 (1.4%)

Sensory rhegmatogenous | 6 6 :retinal detachment / break [os|1 (0.4%) . fo
Subfoveal hemorrhage _| _5 (2.1%) 1 (0.4%) .

_Intraocular surge ! ) 0 2(0.8%) | _ |1(0.7%)|_—_1:(0.7%)
Note: Tabulation was based on the 13 scheduled injections from Day 0 to Mont 12. Multiple injections that were
held because of the same criterion for a given subject were counted oncein the overall incidencefor the criterion.
Multiple occurrencesof injections held in a subject were counted oncein the overall incidence.

 

  
  

 

*

Reviewer’s Comment:

Approximately 5% ofsubjects in each treatment group in Study FVF2598g required that atleast
one treatment be held due to the protocol-specified dose-holding criteria. In the sham treatment
group, the reasonfor dose holding was mostfrequently visual acuity loss or subfoveal
hemorrhage. In the ranibizumab treatment groups, no single criterion was met in the majority of
cases.
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In Study FVF2587g, treatments were heldfor protocol-specified holding criteria least often in
the verteporfin PDTgroup and mostfrequently in the 0.5 mg ranibizumab group. Intraocular
inflammation andlocal or systemic infection were the most frequentcriteria met in the 0.5 mg
ranibizumab group.

———

7.2.2 Description of Secondary Clinical Data Sources UsedtoEvaluate Safety
The medical reviewer conducted a PubMed electronic litetature search to supplement the
submitted review of the relevantliterature. There was no significant new information foundin:
the published litereature.
7.2.2.1 Other studies

Noother studies were used to evaluate safety.
7.2.2.2 Postmarketing experience
The product has not yet been marketed. Nopostmarketing data were used to evaluate safety.
7.2.2.3 Literature

_ The applicant’s literature. search was complete, including important issaes of safety andefficacy.
7.2.3 Adequacy of Overall Clinical Experience

The overall clinical experience was adequate.

The pivotal studies, FVF2587g and FVF2598g, were adequate and well-controlled studies which
demonstrated the efficacy of ranibizumab. An adequate numberof subjects from relevant
demographic groups were exposedto this formulation of ranibizumabtoassesspotential during
the development program. The study designs were appropriate.

7.2.4 Adequacy of Special Animal and/or In Vitro Testing
Refer to the Pharmacology/Toxicology review for details.

7.2.5 Adequacy of Routine Clinical Testing .
Routine clinical testing and monitoring of study subject was adequate to elicit adverse events.

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup
Studies to evaluate metabolism, clearance and interaction were not performed due to the
negligible systemic absorption of ranibizumab given by the intravitreal foute of administration.

Appears This Way
On Original

.

128

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2024 PAGE 153



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2024 PAGE  154

621‘SdNOABJUBUYDAL]BUOUDPaddaSGOSDMUOINGIYUJOA21uajsdso}painjaaKyoruajodsjuaaaASAIAPD]]D4AAOUIBIUDIDGUEON‘(VIANUIaI04d40UOISUaJAadAYSNOLAASUIJOUJING)SAaBvYsAOWAYADINIO-UOUSNO1AISUl‘JUAIXA4AISS2]_DPl‘PUDSuaraDYOQUaOqMoAY][D14A}ADSNO}AASUiSpuas]Sjoajfa4S14,‘dno48asopBu-¢'gqounzigiuvsay]uiAjavjnonavd‘pajousomuoMIgIYuUlJOTApiuarsds0}pajnjasAypijuajodsquanaasdaapvSnotdasfoaUasdNIIOBY]UIPuad)[]DWUSD‘saipnis¢asDydOmayyUTpe2JUOUIUIO)S,JOMITADY
|

‘QOUdPIOU![[PIOAOBYUIPOUpayuNodasmJoolgnsvOJAAAJoadK}auTEsarpJosaouauNs0ajdniny,:330N%L'0)I%L'O)| ~—(¥LO)1[.°S]UIADPasetsosseAlfequsiodIso[mrae|mse|0.0)ror,SoTeysIOUISyTe|SO-UON|62>|VvUTYVUT| ‘’SJUSASMOquisoquioyy;eUsTyPosyidA0WoIsuoNedAR“el'S):8Y|MTOE|_SAPts:a  SLESTAAAueSegSTAAMSaEpNIS1489XJUOMIVIATISALYOYSULANPUOHIqIYU]JOYAWuIIjshg0}payepoyApeyUs0gSUVAYVAAPYSNOLIOS[-L°7"L9FqUL‘aSeYLOUISYJe[Noo-UOUpuresjUaAaTjoquis0qwIOIM[eLioye‘uorsuspedcyJosoUaprlouldy]UOpasnooyUOMIQIYUIJHAAolwaisAs0}payejarsJoayjoapts[etUa}0dJosaskjeuy‘s[reiopJOJOLTLUONsag0}JaJay“qeumNziqruesojAjATOVsIOUNUUUNTSuIpiedarsyoalqnspoyeol-Weyspuepoyeon-qeuINziqiuelusaMmjaqSOURTEGUITOUSEMSIO],“Sorpoquuege,j-ueSuNstxoeid0}onpA[qissod‘8pApmisJouoNeAsTUIUIpe[eNTUT0}Joudsdnoidyuowneanda1Y}[[BUTs}oafqnsJoo8eyusos0djyeus&UlAjLAOBOLOUNAUUTpoyeljsuoWapAvsseSY]“Z]PURgSYJUO]JeUOHeNsIULWUpeSrpApnjs0]sodpueZutusaiosyesjoofqnswoypoureygoazomqeuinziqiuel0}APANIVAIOUNWILTJOUOENTeAdoy}10}sordureswines“‘IONGIYUTJOGA&pueo1Bojorgevseqeumziqiues10JsJUoAdasIaApeoy1d0dsjoo}ap01sLOyyaayenbapeapeutseyyeorjddeayy,ApiygJoyjinjJoysuonepuswmosey‘8niqMaNoy}AqpayuasaidoysseyDOY}UlSBnIq10}AjIepNoegpue3nrigMaNAUYJO}sjueAges1oApy[eNUS}OgJOJUoNeNTeagJoAoenbapy/'7"/,
(uoyoafutqeumziqrued)syusoNy

9SISZICW‘pAorT"yBoryV1d'0

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2024 PAGE 154



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2024 PAGE  155

Original BLA
Rhea A. Lloyd, MD
125156

Lucentis (ranibizumab injection)

7.2.8 Assessment of Quality and Completeness of Data
The data presented were complete and of good quality.

7.2.9 Additional Submissions, Including Safety Update
The sponsor has submitted the following additional submissions ofclinical safety and efficacy
data during the review cycle. Amendments 003 and 006 were submitted in response to reviewer
requests for additional analyses ofthe safety database. These amendments have been reviewed
individually and the results incorporated into the rest of the review.

¢ Amendment 003 - Analysis ofall of the thromboembolic adverse events in the
ranibizumabtrials including a comparison ofrisk factors and concomitant medications _
between patients who experienced thromboembolic events and all enrolled patients.
(Submitted February 17, 2006)

e Amendment 006 — Request for information on all discontinued subjects regardless of
attribution to study treatment, all serious adverse events and all adverse events occurring
> 1% of subjects in any treatment group for both Phase 3 studies.
(Submitted March 17, 2006)

e« Amendment 008 - Study FVF2598g Year 2 Data and Updated Draft Labeling
(Submitted March 31 2006)

On April 28, 2006, the sponsor submitted the 120-Day Safety Update which is considered in
this section. This update to the Summary of Clinical Safety includesadditionalsafety
informationavailable from Study FVF2598g. Since the submission of the BLA,the collection
and cleaning of second-treatment-year data from Study FVF2598g has been completed,andthis
update includes summariesbasedonfinal 2-year data from the study. No additional safety
analyses are provided in the SCS update for Study FVF2587g becausethetrialis still ongoing, or
for Study FVF2428gper prior agreement with the FDA. There are no updatesto the safety
analyses provided for Studies FVF2128g, FVF2425g, and FVF1770g becausethesetrials were
complete at the time of theoriginal SCS.

All summaries presented within this report for Study FVF2598g are based on the safety-
evaluable population (all subjects who receivedat least one ranibizumab or sham injection). In
addition, subjects are grouped according to the actual treatment received, as defined fromthesafety analyses presented in the FVF2508g CSR Addendum. Subjects in the sham-injection
group whocrossed overto receive 0.5 mg ranibizumabper the sixth protocol amendmentare

‘ included in the safety analyses. These subjects are included in the sham-injection group.

The original SCS included safety data from 1413 subjects, 976 of whom received treatment with
ranibizumab. Ofthesix studies included in the SCS, Study FVF2598g was the largest with a
total of 713 safety-evaluable subjects, 477 of whom received treatment with ranibizumab. As
summarized in the original SCS, more than 5,800 ranibizumabinjections and 2,700 sham
injections were administered during the first treatment year of Study FVF2598g.
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Table 7.2.9-1 Extent of Study Drug Exposure: Study FVF2598¢g

ae  
 

  

   

 
 
 
 

 
 
 

=grasoe

2952

12.4 (1.9) 12.3 (2.2) 

 

350.6 (54.7) 346.2 (61.5)

5195

21.7(5.0) |

Numberofinjections®   
  

 

. $248

22.1 (4.4) .

 

 
| PY

“$00.1 (191.2)|651.4(130.2)|639.9(1482) |
a Intravitreal ranibizumab injection or sham injection b Numberof injections per subject, or 24 scheduled
injections during the 2-year treatment period. The summary includes ranibizumabinjections received by
subjects in the sham-injection group after crossover and a Month 24 injection received by Subject 144001
in the 0.5-mg group. ¢ Number of days betweenthefirst and the last injection during the study period.

Reviewer’s Comments:

The extent ofstudy drug exposure was well balanced between the treatment groupsin thefirst
and second yearsofthe study.

 

Table 7.2.9-3 Treatment and Study Discontinuations during the 2-Year Treatment Period:
Safety Evaluable Subjects - Study FVF2598¢

    
 

 
 
 
 
 

 
 

 

 
 

i o [ae
ene:Werke fa pee ed

| Crossed over to receive 0.5 mg ranibizumab|125.1%)|
| At Month 22 5 (2.1%)

At Month 23 7 (3.0%)

)

30 (12.6% b

8 (3.4%) 14 (5.9%) °
| Lost to follow-up 2 (0.8%) - 2 (0.8%) 3 (1.3%)

8%)

 

 
 

 
   

fi

-—=—
H

32 (13.4%)

 

Discontinued treatment* 66 (28.0% 
 

)

me 4.

 

 
 

5 (2.1%) 5 (2.1%) 3 (1.3%)

Adverse event 13 (5.5%

oe

)

)Subject’s decision 24 (10.2%) 171% 13 (5.4%)
Physician’s decision 1 (0.4%) 1 (0.4%)* 2 (0.8%
     

  
 
 

  

 
Subject non-compliance

| Subject’s condition mandated other therapeutic
| intervention ee

a Some subjects remainedin the study after treatment discontinuation.
b Three subjects discontinued from treatment because ofan adverse event that resulted in death (the primary reason
for study discontinuation).

| (0.4%)

23 (9.7%)

 
 
 

  l{|

i (0.4%)
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reatment Period:Table 7.2.9-4 Deaths during the 2-Year T
es itugdy FVF2598

 
 

NI

1 6@5%)| s@i%ye |602.5%)|
po 10.4%) *

6(2.5%) 4(1.7%) |4(1.7%)_|

 

 
 

  
  
  

 

 
 
 
 
 
 
 
 

 

 

 
178 Ne

>

oi—

 
w WNCerebrovascular accident

Acute or chronic renal failure

Cerebral vascular accident;

155

724

673

656 Wn

  bilateral parietal lobe and 576
cerebellum

Acute respiratory failure 400 67

Complications of Non-
Hodgkin’s Lymphoma 192 425

 
 . Myocardial infarction

i
72M Closed headinjury resulting

! from automobile accident

 Mm|RIN so}n[we
  em

vam|Sepsis
85/F Hemorrhagic cerebrovascular

accident a

Reviewer’s Comment: .

An additional 14 deaths occurred in the second treatment year. Overall, no imbalance was
noted between the treatment groupsin the numbers or causes ofdeath during the 2 year
treatmentperiod. The primary causes ofdeath were commonevents in this elderly population of
patients.

570

617

627

667

428  
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Table 7,.2.9-6 Ocular Serious Adverse Events in the Study Eye during the 2-Year

Treatment Period (Occurring in > 1 Subject Overall): Study FVF2598¢

| Total Ocular Eventsin the Study Eye * 20 (8.Ah 21 8%Choroidal neovascularization 2(0.ay
| Detachment of RPE 1 a:4%). 1 (0.4%)
| Endophthalmitis _{. 2 (0.8%) 2 (0.8%)
| IOP increased 1 (0.4%) 2 (0.8%)

| Iridocyclitis | 1 (0.4%) 2 (0.8%)

 

 

Macular degeneration 5 ee5%) 1 (0.4%) 2 (0.8%)Medicationerror tst—“‘S™S™S™S~*~*~*~*~*~™ 1 (0.4%) 1 ©.4%)Retinal detachment 1 (0.4%)©Retinal hemorthage . 2 (0.8%) 1 a,4%)
Retinal tear Oo 1 (ex4%) 1 (0.4%)

| Uveitis 1(0.4%) 1 (0.4%)

| Visual acuity reduced , 3 (1.3%) 3tee3%) t (0.4%)Vitreous hemorrhage 2 (0.8%) 1|10.4%)|4%) 1 (0.4%)_

 

 
 

Note:MullMultiple occurrences‘ofthe sameeventina subject were counted once in the overall incidence.
a Represents the numberof subjects with at least one ocular adverse event in the study eye.
b Rhegmatogenousretinal detachment
c Exudative retinal detachment

Reviewer’s Comment:

Generally, serious ocular adverse events occurred in a very low percentage ofsubjects
regardless oftreatment group. The results are similar to those seen in thefirst treatment year.

Given the numbers of intravitrealinjections in each treatment group (See Table 7.2.9-1), the per-
injection rates ofendophthalmitis, traumatic cataract, intraocular inflammation andretinal
detachment were all very low approximately < 0.10% per injection in each dose group.

Conjunctival hemorrhage, increased intraocular pressure, vitreousfloaters, and vitritis occurred
morefrequently in the ranibizumab groups than in the sham injection group.

Choroidal neovascularization, macular degeneration, retinal hemorrhage, and subretinal
fibrosis, manifestations ofactive neovascular AMD lesions were more commonin the sham-
injection group than in the ranibizumab groups.
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Table 7.2.9-7 Non-Ocular Serious A

~

  
  

 
 
 

"16 (31.8%) 

  
  

 
 
 

 
 

 [TotalNon-OcularEvents| 73S)
| ; oe

0

0

0

A%)

| 82 (34.5%)

3(13%)* =
2 (0.8%)

2 (0.8%)

104% 1 (0.4%) 2 (0.8%)

3 (1.3%)

5 (2.1%)

 

 

 

 
4(1.7%)| 3(1.3%)
2 (0.8%)  

 2 (0.8%)

 
   

 

 
 

||20.8%)|

p28ft| 6(25%)|4(47%)| 1(0.4%)
oO | 0|2 (0.8%)

Cellulitis a 5 (21%) 1 (0.4%) —
Cerebrovascular accident 3 (1.3%) 3 (1.3%) 6 (2.5%)

 

  
 

  
 
 

 
 
 

 

 

ChestpainSSCSCS~SCBH)33H
Chronic obstructive pulmonary disease [208%)|41.7%)|4 (1.7%)
Coronaryartery disease |502.1%)|
Coronary artery occlusion |10.4%)|2 (0.8%)
Deep vein thrombosis - 3 (1.3%) 0
Dehydration 1 (0.4%) 2 (0.8%)

i

4(1.7%) |} 
 

   

 

 Diverticulitis 1 (0.4%) 2 (0.8%) 4 (1.7%)

Gout ; 208%)|oO|oOo| 
 

 
 
 

 

 
 

 
 

   
   Hip fracture

| Lobar pneumonia
1 (0.4%)
1 (0.4%)

5 (2.1%) 1 (0.4%)

2 (0.8%)

  

 
 

 
 
 
 

 
 
 

 

 
 
 

 
 

 
  
 
 

| Lumbar spinalstenosis | 2 (0.8%) 0.
| 3(1.3%) | 2 (0.8%)

| Myocardialinfarction 4 (1.7%) 4 (1.7%) 2 (0.8%)
| Non-cardiac chest pain 0 0|20.8%) |

Osteoarthritis 3 (1.3%) 1 (0.4%) iPneumonia 4(1.7%) | 9 (3.8%) 7(2.9%) |
Renalcell carcinoma stage unspecified 2 (0.8%)rOd
Sepsis poo 383%)
Syncope 6 (2.5%) 3 (1.3%) 2 (0.8%)
Transient ischemic attack 1 (0.4%) 2 (0.850 3 (1.3%)

Note: Multiple occurrences of the same eventfor a subject were counted once in the overall incidence.
a Represents the numberof subjects with at least one non-ocular serious adverse event.
b Includes Subject 101020 with a serious adverse event of acute myocardial infarction even though the event was
removed from final study database based on a investigator correction form submitted after the completion of the
FVF2598g CS.
¢ The sham-treated subject (118004) who experiences a subacute parietooccipital CVA (reported as an ocular
serious adverse event) had receiveda single injection of 0.5 mg ranibizumabin error approximately 8 monthsprior
to the event. d Includes one case reported as a cerebral ischemia.
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Reviewer’s Comment:

The adverse events which were seen morefrequently in the ranibizumab 0.5 mg group versus
controlare highlighted. The percentages ofsubjects with non-ocular serious adverse events were
well balanced among the treatment groups and similar to those seen in thefirst treatment year.

Table 7.2.9-8 Ocular Adverse Events in the Study Eye that Led toDiscontinuation from
Study or from Treatment during the 2-Year Treatment Period: Study FVF2598g

 
 
 
 
 
 

 
 
 

 
 
 

 6 (2.5%) 702.9%) |
__0 |

Conjunctivitis allergic 1 (0.4%A%)

| Eye pain 8 |

Iridocyclitis rsrr a 2 (0.8%)
Iris adhesions | — 1 (0.4%)

| Tritis

| Macular degeneration 6(2.5%)
Macularhole: : 0
Maculopathy :

| Retinal detachment 1 (0.4%)
) Retinal hemorrhage 4 (1.7%)
| Retinal tear 4] (0.4%)

Uveitis

Visual acuity reduced 2 (0.8%)
Vitreous detachment - 4 (0.4%) :
Vitreousfloaters " a.er
Vitritis

Note: Multiple occurrences of the same eventina subject were counted oncein the overall incidence.
a Represents the numberof subjects with at least one ocular adverse eventin the study eye that led to
discontinuation of study or treatment.

 
 

Total*

Choroidal neovascularization
 

 
 

 

 
 

  
 
 

 

 
 
 

  

 

 
 

1 (0.4%)

1 (0.4%)

0|oTa0 t

a
|
|

)

 
 

 
  
  

  
  
  

Reviewer’s Comment:

There was a larger discontinuation rate in the sham-injection group than in either ranibizumab
group usually due to signs and symptoms ofworsening macular degeneration.

Ranibizumab group discontinuations were caused by signs and symptoms that may be associated
with intraocular inflammation. Thesefindings are similarto those in thefirst treatment year.
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Table 7.2.9-9 Ocular Adverse Events in the Study Eye during the 2-Year Treatment Period
, (Occurring in > 10% of Subjects in Any Group): Study FVF2598¢g

 
 
 
 
 
 

  
 
 
 

 

Hi

 
 
 
 

  
 

aSiigesthieag ese te

Cataract NOS*

Choroidal neovascularization ;

[36(15.3%)|271.3%)|229.2%)|Detachmentof RPE  
 

  

   

 
 
  

   
 

 
 
   

 

Dry eye 15 (6.4%) 16 (6.7%) (24 (10.0%) |
| Eyeirritation | 47 (19.9%) 38 (16.0%) 46 (19.2%)

  

     
 Eye pain | 79(33.5%) | 86 G6,1%) 89 (37.2%)

Eye pruritus 29 (12.3%) |23 (9.7%) 32 (13.4%) 

 43 (18.1%) 45 (18.8%)
43 (18.0%)

14 (5.9%)

38 (16.1%)

159 (674%)|111 (46.6%)|109(45.6%)|

Foreign body sensation in eyes -
Intraocular inflammation °

IOP increased

Lacrimation increased

Macular degeneration

 
 

  
 
 
 

  
 
 
 

 

 
 
 

    
 
 
 

 
 
 

   
 | Macular edema | 27 (11.4%) 6 (2.5%) 12 (5.0%) |

| Maculopathy a | 27(11.4%) 20 (8.4%) 23 (9.6%)|-
Ocular hyperemia 24 (10.2%) 24 (10.1%) 24 (10.0%)

 
 
 
 
 
 

| Retinal degeneration a 16 (6.8%) 25 (10.5%) 24 (10.0%)
| Retinal disorder 27 (11.3%) 30 (12.6%) 

  
 
 

 

 
 

 
 

 
 
  

 
 

  
  

| Retinal exudates 25 (10.6%) 21 (8.8%) 16 (6.7%) .
Retinal hemorrhage 132 (55.9%) 61 (25.6%) 58 (24.3%)  
  

 Subretinal fibrosis 37 (15.7%) 22 (9.2%) 15 (6.3%)
Vision blurred 20 (8.5%) 34 (14.3%) 22 (9.2%) -|

| Visualacuity educed - [39(16.5%)|26(109%)|24(10.0%)_|
Visualdisturbance

   
 
  

 
 
 

  

 
  Vitreous detachment |. 42(17.8%)

Vitreous floaters 24 (10.2%) 71 (29.7%)
vin 84%|170.1%|30(12.6%)_|

Note: Multiple occurrences ofthe same event ina subjectwere counted once in theoverall incidence.:
a Represents the numberof subjects with at least one ocular adverse eventin the study eye. b Includesthe preferred
terms: cataract, cataract cortical, cataract nuclear, cataract subcapsular, cataract traumatic, and lenticular opacities.
¢ Includes the preferred terms anterior chamber inflammation, hypopyon, iridocyclitis, iritis, uveitis and vitritis.

  
 

Reviewer’s Comment:

The adverse events which were seen morefrequentlyin the ranibizumab 0.5 mg group versus
control are highlighted. Conjunctival hemorrhage, increased intraocular pressure, vitreous
floaters, and vitritis occurred morefrequently in the ranibizumab groups than in the sham
injection group. Thesefindingsare similar to those in thefirst treatment year.
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Choroidal neovascularization, macular degeneration, retinal hemorrhage, and subretinal
fibrosis, manifestations ofactive neovascular AMD lesions were more commonin the sham-
injection group than in the ranibizumab groups.

The apparent dose dependenttrendin the incidence ofintraocular inflammation adverse events
in the study eye wasslightly increased in the 2-year treatment period dataz8even ofthe
ranibizumab-treated subjects (1.5%) experienced at least one serious intraocular inflammation
adverse eventin the study eye. All ofthe serious intraocular inflammation adverse events were
consideredby the investigator to be related to study drug. Six ofthe seven subjects had study
treatment held or discontinuedfrom study treatment because ofserious intraocular
inflammation. One subject in the ranibizumab 0.5-mg group was reported to have serious uveitis
and wastreated withintravitreal antibiotics. The sponsor considered this adverse event a
presumed case ofendophthalmitis.

Elevated intraocularpressure adverse events were noted morefrequently in the ranibizumab
treated groups. Most events were reported as mild or moderate in séP€Ftty though three
ranibizumab-treated subjects had severe events. For those events that required treatment,
medication was used mostfrequently though paracenteses and anterior chamber taps were
required in eight ofthe 305 reported events.

AppearsThis Way
On Original
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Table 7.2.9-10 Non-Ocular Adverse Events in the Study Eye during the 2-Year Treatment
Period (Occurring in > 5% of Subjects in Any Group): Study FVF2598¢g

 

 
 

 
 
 
 
 
 
 

 

} Arthritis

Back pain

| Bronchitis

| Chest pain

Constipation
Contusion

Cough

 
| Diarrhea

Dizziness
 
 Dyspnea

Edema peripheral

Headache

 
  

  
 

 
  

 
 

Influenza

Insomnia

Nasopharyngitis

 
 
 

Nausea

 

  
Sinusitis

 

Note: Multiple occurrences of the same eventin a subject were counted oncein the overall incidence.

Anxiety

| Arthralgia

|_22 (9.3%)
Blood pressure increased _ 18 (7.6%)

| Depression

 

Herpes zoster

Hypercholesterolemia

Hypertension

Pain in extremity
Pneumonia

Upperrespiratory tract infection — — ; 23 (9.7%) 36 (5.1%)
| 18(7.6%) | 21(88%)| 17 (7.1%) |Urinary tract infection

 

 
 

3
"214 (90.4%) | 228 (95:8%¥"| 228(95.8%

19 (8.1%) 17 (7.1%) * 18 (7.5%)
7 (3.0%) 10 (4.2%) 12 (5.0%)

21 (8.9%) 26 (10.9%) 27 (11.3%)
20 (8.5%) 17 (7.1%) 19 (7.9%)

24 (10.1%) 22 (9.2%) _|
16 (6.7%) -| 20(8.4%) |I

)

)

 
 

 
 

 

 
 
 

 

 

 
 

 
23 (9.7%)|25(10.5%)_|
10 (4.2%)

20 (8.5%)

  

  
 

20 (8.5%)

17 (7.2%)

 

 

|

_ : 18 (7.6%)|10(6.2%)_|
|

"24(10.2%)
50.1%)
“11 (4.7%) 10 (4.2%)

38 (16.1%) 39 (16.3%)
12 (5.1%) 23 (9.7%) 19 (7.9%)

  
 

 

 
 
 

 

 
  

 

 
 
 

 
 

 
13(5.5%) 10 (4.2%) 14 (5.9%)

31 (13.1%) 32 (13.4%) 38 (15.9%) 

21 (8.8%) 21 (8.8%)

"14 (5.9%) 15 (6.3%) 13 (5.4%)
13 (5.5%) _ 18 (7.6%- ) )
13 (5.5%) 18 (7.6%) 20 (8.4%)

18 (7.5%)

13 (5.5%)

  
  

 
 
 
  

   

a Represents the numberofsubjects with at least one ocular adverse eventin the study eye..

Reviewer’s Comment:

The adverse events which were seen morefrequently in the ranibizumab 0.5 mg group versus
control are highlighted. The reported adverse events during the 2-year treatment period were
consistent with those seen in an elderly population and thefirst treatmentyear results.
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Reviewer’s Comment:

The overall 2-year safety profile in Study FVF2598g was similar to that observed based on Jirst-
treatment-year data. The most common adverse events in the study eye observed more
frequently in the ranibizumab groups thanin the sham-injection group were conjunctival
hemorrhage,increased intraocular pressure and vitreousfloaters.

3

The dose dependent association ofranibizumab andintraocularinflammation noted during the
first treatment yearpersisted in the second treatment year. Cumulative 2-year rates ofreported
intraocular inflammation adverse events in the study eye of 13.9% and 18.0% in the 0.3-mg and
0.5-mg ranibizumab groups compared with the sham-injection group, 10.6%. The observed
intraocular inflammation adverse events were usually mild in severity and occurrence was well-
balanced among the subgroups studied. Serious intraocular inflammation adverse events only
occurred in the ranibizumab groups with a cumulative rate of< 1.7% during the 2-year
treatment period.

Table 7.2.9-11 APTC Arterial Thromboembolic Events during’ the 2-Year Treatment
Period: Safety-Evaluable Subjects - Study FVF2598g

 
 
 

 

 

  
 

 
 
 

 
 

 
 

oe

9(3.8%) 11 (4.6%) 11 (4.6%) |
4 (1.7%)? 3(1.3%)° 3(1.3%) |
4 (1.7%) 6 (2.5%)© 3 (1.3%) 

|2(0.8%)**|3(4.3%)° 5 (2.1%) §
Nonfatal hemorthagic stroke |oO

Note: Antiplatelet-Trialists’ Collaboration. BMJ. 1994 Jan 8; 308(6921):81-106.
a Subject 136007 had a prior non-fatal ischemic stroke.
b Subject 101019 had a non-fatal ischemic stroke and died of an unknown cause.
¢ Subject 109001 had two events of MI.
d Subject 158001 had an MIand a hemorrhagic stoke, both non-fatal.
e The sham-treated subject (118004) who suffered a subacute parietooccipital lobe CVA (reported as an ocular
serious adverse event) had received a single injection of ranibizumab 0.5 mg in error approximately 8 months prior
to the stroke.

f Include 1 subject (200001) with cerebral ischemia who had MRI evidenceofinfarctionI the pons and thalamus.

 
  

 

Reviewer’s Comment:

In the secondtreatment year, the trend toward higher rates ofAPTC arterial thromboembolic
events was somewhat decreased because the numberofsubjects who experienced events in the
second treatment year was similar among the treatment groups (1 subjects [3.2%] in the sham-
injection group, 8 subjects [3.4%] in the 0.3 mg ranibizumab group, and O°subjects [2.6%] in the
0.5 mg ranibizumab group).
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7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of

Data, and Conclusions

Thetrend in intraocular inflammation adverse events observed duringthefirst treatment year
was also observed through the second treatment year of Study FVF2598g, with cumulative 2-
year rates of reported intraocular inflammation adverse events in the study eyeof 13.9% and
18.0% in the 0.3-mg and 0.5-mg ranibizumab groups, respectively, comparedwith 10.6% in the
sham-injection group. However, the reported intraocular inflammation adverse events were
generally mild in severity. The incidence of intraocular inflammation adverse events did not

- differ substantially between the subgroups examined, and rates were lowerin the second
treatment year compared with thefirst treatment year. The incidence of intraocular inflammation
adverse events was consistent with results based on slit lamp examination.

In Study FVF2598g,serious intraocular inflammation adverse events were observed only in the
ranibizumab groups but were uncommonfor both dose groups (S 1.7% cumulative rate over the
2-year treatment period). - cee

The frequencyofintraocular inflammation adverse events in the study eye was higherin the
ranibizumab groups (10.2% in the 0.3-mg group and 15.0% in the 0.5-mg group) compared with
the verteporfin PDT group (2.8%).

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence
7.4.1.1 Pooled data vs. individual study data

Table 7.4.1.1-1 Arterial Thromboembolic Events during the First Treatment Year:
Studies FVF2598g and FVF2587g Pooled (Safety Evaluable Subjects)

“11 (2.9%

‘Angina pectoris

| Angina unstable
| Cerebral infarction 100.3%)|oO|

ee]
Cerebrovascular accidentr1(0.3%)|30.8%)|
Embolism1(0.3%)|

| Femoral artery occlusion fo
} Intestinal infarction

Myocardial infarction
| Retinal artery occlusion
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 4(1.1%) | 4(11%) |

1 (0.3%) 0 |0

0|10.3%)|0
a Represents the number of subjects with at least one arterial thromboembolic events.
b A sham-treated subject in Study FVF2598g who experienced a subacute parietooccipital CVA
(reported as an ocular serious adverse event) had received a single injection of 0.5 mg ranibizumabin error
approximately 8 months priorto the event.

 
     Vascular graft occlusion

} Vascular occlusion
  

Reviewer’s Comment:

The adverse events which were seen morefrequently in the ranibizumab 0.5 mg group versus
control are highlighted. The number ofsubjects with an arterial thromboembolic event was small
in the pooled.analysis ofstudies FVF2598g and FVF2587g. A direct relationship between
ranibizumab dose andarterial thromboembolic events can not be ruled out.

A sham-treated subject in Study FVF2598g who experienced a subaci®t®Parietooccipital CVA
(reported as an ocular serious adverse event) had receiveda single injection of0.5 mg
ranibizumab in error approximately 8 months priorto the event.

IDUIBUQ UD
ADM SIU] Sideddy
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7.4.1.2 Combining data
Studies FVF2598g and FVF2587g were sufficiently similar to allow data to be combined by
adding the numerator events and denominatorsofthe treatment groups acrossthe studies.

7.4.2 Explorations for Predictive Factors
A detailed discussion of the adverse events is presented in Sections 7.1.1 through 7.1.6. No clearemis
predictive factors for a drug-related adverse event wereidentified. a

7.4.3 Causality Determination %

Dueto the small numberofpatients, no determinationofcausality could be made regarding the
adverse events in the Phase 3 studies.

8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

The sponsor has performed adequate dose ranging studies during the drug developmentprogram.
Lucentis (ranibizumab) 0.5 mg dose has been demonstrated to be safe and effective in two Phase
3 clinical trials. The dosing interval in the two pivotal Phase 3 trials was once monthly resulting
in the improvement and maintenanceofvisual acuity and function, and for the reduction of
vascular leakage and retinal edema, in patients with neovascular (wet) age-related macular
degeneration.

8.2 Drug-Drug Interactions

No important drug-drug interactions have been identified.

8.3 Special Populations

The sponsor has adequately evaluated gender effects on both the safety and efficacy outcomes.
Subgroupanalyses did not reveal any differences in the primary efficacy endpoint between males
and females. Thesafety profiles seen in males and females, including the types and rates of
adverse events, are similar.

Trials for this indication were conducted in a population that was overwhelmingly elderly and
Caucasian. Thisis reflective of the population in which age-related macular degeneration occurs
and does notreflect a problem with study enrollment.

8.4 Pediatrics «

The applicant requested a waiverof the pediatric study requirementsfor the original Biologics
License Application. The waiver was requested becausethe disease understudy age-related
macular degeneration does not occur in the pediatric age group.
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8.5 Advisory Committee Meeting

Not applicable. No Advisory Committee Meeting will be held regarding this application.

8.6 Literature Review

The medical reviewer conducted a PubMedelectronic literature search to-siippTeiementthe
submitted review of the relevantliterature. There was no significant new information found in
the published literature.

8.7 Postmarketing Risk Management Plan

No postmarketing risk managementplan has been submitted.

8.8 Other Relevant Materials

Comments received from DDMACand the Office of Drug Safety have been incorporatedin the
labeling review as appropriate.

9 OVERALL ASSESSMENT

9.1. Conclusions

The submitted studies in BLA 125156are sufficient to establish efficacy for the use of
ranibizumab 0.5 mginjection in the treatment of the neovascular age-related macular
degeneration. The two Phase3 studies provide replicative demonstration that monthly
ranibizumabinjections are able to stabilize and preventvisionloss in patients with neovascular
macular degeneration compared to monthly sham and verteporfin PDT treatment.

9.2 Recommendation on Regulatory Action

BLA 125156 is recommended for approval fromaclinical perspective for the treatment of
patients with neovascular (wet) age-related macular degeneration with the labeling revisions
within this review.

9.3 Recommendation on Postmarketing Actions

9.3:1 Risk Management Activity
Notapplicable. No postmarketing risk managementactivity is recommended at this time.

9.3.2 Required Phase 4 Commitments
1. Developand validate assays to detect and characterize immune responsesto ranibizumab:
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A. Develop and validate a confirmatory assay capableofdetecting both IgG and IgM
isotype responses.

B. Develop andvalidate an assayto detect neutralizing anti-ranibizumabantibodies.

The assay methodologyand validation reports will be provided by September 28, 2007.. — agra—aii?

2. To characterize further the immuneresponseto ranibizumab, serum samiples collected in
studies FVF2587g, FVF2598g, FVF3192g¢will be assayed using the validated methods
described above in Postmarketing Commitment, Thedata obtained will be analyzed
to discover and evaluate any association between immunoreactivity and dosing frequency
as well as anypotential impact of immunoreactivity on efficacy or safety outcomes.

Date-of submission of protocolandstatistical analysis plan: February 28, 2007

Date of submissionoffinal study report: September _ 2008.7 xe

3. The need for an additionalclinical study will be determined based on the results from the
analysis described above..

9.3.3 Other Phase 4 Requests
Not applicable. There are no additional Phase 4 requests.

9.4 Labeling Review

Refer to the Appendix, Section 10.2 for the medical officer’s labeling review.

9.5 Comments to Applicant

There are no commentspertaining to specific deficiencies.
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