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SCORE Placeholder Sheet for IFW Content 

Application Number: 1605584 7 Document Date: 08/06/2018 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Sequence Listing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 
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Electronically Filed 

PRELIMINARY Attorney Docket No. REGN-008CIPCON3 

AMENDMENT Confirmation No. To Be Assigned 

Under CFR 1.115 First Named Inventor Y ANCOPOULOS, GEORGE D. 
Application Number To Be Assigned 

Address to: Filing Date August 6, 2018 
Mail Stop Patent Application Group Art Unit To Be Assigned 
Commissioner for Patents Examiner Name To Be Assigned 
P.O. Box 1450 Title: "Use of a VEGF Antagonist to Treat Angiogenic 
Alexandria, VA 22313-1450 Eve Disorders" 

Sir: 

Prior to the examination of the above-referenced application on the merits, please enter the 

amendments below. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: To Be Assigned 

AMENDMENTS TO THE SPECIFICATION 

Please amend paragraph [0001] on pagel of the specification to read as follows: 

[0001] This application is a continuation of U.S. Patent Application Serial No. 15/471,506, filed 

March 28, 2017 (now allowed) which is a continuation of U.S. Patent Application Serial No. 

14/972,560, filed December 17, 2015, now U.S. Patent No. 9,669,069 issued June 6, 2017 which is a 

continuation of U.S. Patent Application Serial No. 13/940,370 filed July 12, 2013, now U.S. Patent 

No. 9,254,338 issued February 9, 2016 which is a continuation-in-part of International Patent 

Application No. PCT/US2012/020855, filed on January 11, 2012, which claims the benefit of US 

Provisional Application Nos. 61/432,245, filed on January 13, 2011, 61/434,836, filed on January 21, 

2011, and 61/561,957, filed on November 21, 2011, the contents of which are hereby incorporated by 

reference in their entireties. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: To Be Assigned 

AMENDMENTS TO THE CLAIMS 

1. - 20. (Canceled) 

21. (New) A method for treating macular edema following retinal vein occlusion in a human 

subject comprising administering 2 mg aflibercept to the subject by intravitreal injection once every 4 

weeks. 

22. (New) The method of claim 21 wherein the aflibercept is administered in a volume of 

0.05 ml. 

23. (New) The method of claim 22 wherein the aflibercept is in a pharmaceutical 

formulation comprising a pharmaceutically acceptable carrier. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: To Be Assigned 

REMARKS UNDER 37 CFR § 1.115 

Formal Matters 

Claims 21-23 are pending after entry of the amendments set forth herein. 

Claims 1-20 are canceled without prejudice. 

Claims 21-23 are added. 

Support for new claim 21 can be found at paragraph [0010] and throughout the specification. 

Support for new claim 22 can be found at paragraph [0070] and throughout the specification. 

Support for new claim 23 can be found at paragraph [0027] and throughout the specification. 

The specification has been amended to update the cross-reference to related application section. 

No new matter has been added. 

PARENT APPLICATION 

The parent application has been allowed. Further, as indicated above, correspondence and 

support for the current claims relative to those of the parent application can be reviewed and confirmed. 

In the event the Examiner has any questions with respect to claim support or other issues in connection 

with the application, the Examiner is respectfully requested to contact the undersigned attorney at the 

indicated telephone number to arrange for an interview to expedite this position of this application. 

STATEMENT UNDER 37 C.F.R. §§1.56 AND 1.2 

Applicants hereby advise the Examiner of the status of a co-pending application in compliance 

with the Applicant's duty to disclose under 37 C.F.R. §§1.56 and 1.2 ( see also MPEP §2001.06(b)) as 

discussed in McKesson Info. Soln. Inc., v. Bridge Medical Inc., 487 F.3d 897; 82 USPQ2d 1865 (Fed. 

Cir. 2007). 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

13/940,370, filed July 12, 2013 which issued on February 9, 2016 as U.S. Patent 9,254,338. 

The Applicants wish to bring to the Examiner's attention U.S. Patent Application No. 

14/972,560, filed December 17, 2015 which issued on June 6, 2018 as U.S. Patent No. 9,669,069. 

The Applicants wish to bring to the Examiner's attention that a Notice of Allowance was mailed 

on July 26, 2018 in co-pending U.S. Patent Application No. 15/471,506, filed March 28, 2018. 
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Atty Dkt. No.: REGN-008CIPCON3 
USSN: To Be Assigned 

These documents are available on PAIR, and thus are not provided with this 

communication. Please inform the undersigned if there is any difficulty in obtaining the documents 

from PAIR. 

CONCLUSION 

Applicant submits that all of the claims are in condition for allowance, which action is requested. 

If the Examiner finds that a telephone conference would expedite the prosecution of this application, 

please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due 

with any communication for the above referenced patent application, including but not limited to any 

necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No. 

50-0815, order number REGN-008CIPCON3. 

Date: ---~6~A~u_,_gu=s~t~2~0~1~8 __ _ 

Bozicevic, Field & Francis LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, California 94065 
Telephone: (650) 327-3400 
Direct: (650) 833-7735 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: -~/=K=ar=l~B~o~z=ic~e~v~ic~,~R~e"-"g=·~N~o~·~2~8~,8~0~7~/_ 
Karl Bozicevic 
Registration No. 28,807 
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Electronically Filed 8/6/2018 
Attorney Docket No. REGN-008CIPCON3 
Confirmation No. To Be Assigned 

INFORMATION First Named Inventor GEORGE D. YANCOPOULOS 
DISCLOSURE STATEMENT Application Number To Be Assi_gned 

Filing Date Au_gust 6, 2018 
Group Art Unit 

Address to: Examiner Name 
Commissioner for Patents Title: "Use of a VEGF Antagonist to Treat Angiogenic 
P.O. Box 1450 

Eye Disorders" Alexandria, VA 22313-1450 

Sir: 

Applicants submit herewith documents which may be material to the examination of this application 

and in respect of which there may be a duty to disclose in accordance with 37 C.F.R. § 1.56. This submission 

is not intended to constitute an admission that any document referred to therein is "prior art" for this invention 

unless specifically designated as such. A listing of the documents is shown on enclosed Form PTO/SB/08A. 

The Examiner is requested to make the documents listed on the enclosed PTO/SB/08A of record in this 

application. Applicants would appreciate the Examiner initialing and returning the initialed copy of form 

PTO/SB/08A, indicating the documents cited therein have been considered and made of record herein. 

All of the references identified herein were disclosed in parent application serial number 15/471,506, 

and as such, copies thereof are not included pursuant to the provisions of 37 CFR § 1.98(d). 

Statements 

~ No statement 

D PTA Statement under 37 CFR § 1.704(d)(l): Each item of information contained in 

the information disclosure statement filed herewith: 

(i) Was first cited in any communication from a patent office in a counterpart foreign or 

international application or from the Office, and this communication was not received 

by any individual designated in § 1.56( c) more than thirty days prior to the filing of the 

information disclosure statement; or 

(ii) Is a communication that was issued by a patent office in a counterpart foreign or 

international application or by the Office, and this communication was not received by 

any individual designated in § 1.56(c) more than thirty days prior to the filing of the 

information disclosure statement. 
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Atty Docket No.: REGN-008CIPCON3 
USSN: To Be Assigned 

D IDS Statement under 37 CFR § 1.97(e)(l): Each item of information contained in the 

information disclosure statement was first cited in any communication from a foreign 

patent office in a counterpart foreign application not more than three months prior to the 

filing of the information disclosure statement; or 

D IDS Statement under 37 CFR § 1.97(e)(2): No item of information contained in the 

information disclosure statement was cited in a communication from a foreign patent 

office in a counterpart foreign application, and, to the knowledge of the person signing 

the certification after making reasonable inquiry, no item of information contained in 

the information disclosure statement was known to any individual designated in § 

1.56( c) more than three months prior to the filing of the information disclosure 

statement. 

Fees 

~ No fee is believed to be due. 

D The appropriate fee set forth in 37 C.F.R. §1.17(p) accompanies this information disclosure 

statement. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due with 

any communication for the above referenced patent application, including but not limited to any necessary fees 

for extensions of time, or credit any overpayment of any amount to Deposit Account No. 50-0815, order 

number REGN-008CIPCON3. 

Date: August 6, 2018 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: -~/=K=ar=l~B~o=z=i~ce~v=i=c,~R=e-g_...~N~o~-~2~8~,8~0~7~/ __ 
Karl Bozicevic 
Reg. No. 28,807 
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Application Number To Be Assii:ined 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor YANCOPOULOS, GEORGE D. 

STATEMENT BY APPLICANT Art Unit N/A 
Examiner Name N/A 

Sheet I 1 I of I 3 Attorney Docket Number REGN-008CIPCON3 

U.S. PATENT DOCUMENTS 
Examiner Cite Patent Number Issue Date Name of Patentee or Pages, Columns, Lines, Where 

Initial* No. YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) FiQures Appear 

1 7396664 2008-07-08 Daly et al. 

U.S. PATENT APPLICATION PUBLICATIONS 
Examiner Cite Publication Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 

Initial* No. YYYY-MM-DD Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code (ii known) Fiaures Aooear 

1 20050163798 2005-07-28 Papadopoulos et al. 
2 20050260203 2005-11-24 Wiegand et al. 
3 20060058234 2006-03-16 Daly et al. 
4 20060172944 2006-08-03 Wiegand et al. 
5 20070190058 2007-08-16 Shams 
6 20030171320 2003-09-11 Guyer 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or 

Pages, Columns, Lines, Foreian Document Number YYYY-MM-DD Applicant of Cited Document 
Where Relevant Passages 

T 
Examiner Cite Country Code-Number-Kind Code (ii or Relevant Figures 

Initial* No. known) Aooear 

1 
WO 2000/75319 2000-12-14 Regeneron 

Pharmaceuitcals, Inc. 

2 WO 2007/022101 A2 2007-02-22 Regeneron 
Pharmaceuticals, Inc. 

3 WO 2008/063932 2008-05-29 Genentech, Inc. 

4 JP 2010-509369 2010-03-25 Genentech, Inc. 
See WO 2008/063932 
for English Equivalent 

NON PATENT LITERATURE DOCUMENTS 

Examin 
Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

T 
er 

No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or Initials* 
country where published. 

1 ANONYMOUS "Lucentis (rangibizymab injection) lntravitreal Injection" pp. 103 (June 
2006) 

Information from ClinicalTrials.gov archive View of NCT00637377 "Vascular Endothelial 

2 Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Wet Age-Related 
Macular Degeneration (AMO) (VIEW 2)" Clinica/Trials.gov. Web. 2010-11-30. 

CENTER FOR DRUG EVALUATION AND RESEARCH APPLICATION NUMBER: 21-756 

3 
MEDICAL REVIEW(S) (December 17, 2004) 
<URL:https://www.accessdata.fda.gov/drugsatfda_docs/nda/2004/21-
756 Macuaen medr.odf> 
CENTER FOR DRUG EVALUATION AND RESEARCH BLA APPLICATION NUMBER: 

4 
125156 MEDICAL REVIEW, (June 2006) 
<URL:https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/125156s000_Lucentis_ 
MedR.pdf> 

5 
CHARLES, Steve (Guest Lecturer) "VEGF Trap Has Positive DME Data" Tenth Annual 
Retina Fellows Forum Jan 29 and 30, Chicaao, Article Date 03/01/2010 

I Examiner ~ I Date I 
Si nature Considered EXAl◊~~ER. llliliiii lleielel,Ce 6611§,deled, Wlleuiel bi 1161 Ciliiubll I§ Iii 6611,blliiiillCe Wiui l◊IPEP 609 DiiiW ,Ille 1111600116111(1611 II 1161 Iii 6611,blliiiillCe 11116 1161 

considered. Include copy of this form with next communication to applicant. 
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Application Number To Be Assii:ined 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor YANCOPOULOS, GEORGE D. 

STATEMENT BY APPLICANT Art Unit N/A 
Examiner Name N/A 

Sheet I 2 I of I 3 Attorney Docket Number REGN-008CIPCON3 

NON PATENT LITERATURE DOCUMENTS 

Examin 
Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

T 
er 

No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or Initials* 
country where published. 

6 DIXON et al., "VEGF Trap-Eye for the treatment of neobascular age-related macular 
deqeneration" Expert Opin. lnvestiq. Druqs (2009) 18 (10): 1-8. 
DO et al., "An exploratory study of the safety, tolerability and bioactivity of a single 

7 intravitreal injection of vascular endothelial growth factor Trap-Eye in patients with diabetic 
macular oedema" Br J Opthamol. 93(2) :144-1449 (February 2009) 

8 DO et al., "The DA VINCI Study: phase 2 primary results of VEGF Trap-Eye in patients 
with diabetic macular edema" Opthamoloqy 118(9) :1819-1826 (September 2011) 
THE EYETECH STUDY GROUP, "Anti-Vascular Endothelial Growth Factor Therapy for 

9 Subfoveal Choroidal Neovascularization Secondary to Age-related Macular Degeneration" 
American Academy of Ophthamology, 110(5):979-986 (May 2003) 
HEIERet al.," rhuFab V2 (anti-VEGF Antibody) for Treatment of Exudative AMO" 

10 Symposium 8:Experimental and Emerging Treatments for Choroidal Neovascularization, 
10 DD (2002) 

11 HEIER et al., "RhuFab V2 in Wet AMO - 6 Month Continued Improvement Following 
Multiple lntravitreal Injections" Invest Ophthalmol Vis Sci, 44:E-Abstract 972 (2003) 

12 HEIER et al., "lntravitreal Aflibercept (VEGF Trap-Eye) in Wet Age-related macular 
Deqeneration," Ophthalmoloqy, 119:2537-2548 (2012) 
Information from ClinicalTrials.gov archive on the VIEW 2 study (NCT00637377) "VEGF 

13 Trap-Eye: Investigation of Efficacy and Safety in Wet AMO (VIEW 2)" version available 
and updated on 17 March 2008. 
Information from ClinicalTrials.gov archive on the view of NCT00509795 "Vascular 

14 Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Wet 
Aqe-Related Macular Deqeneration (AMO)" (12-01-2009) 

15 Information from ClinicalTrials.gov archive on the view of NCT00789477 "DME and VEGF 
Trap-Eye: lnvestiqation of Clinical Impact" (11-18-2010) 
Information from ClinicalTrials.gov archive on the view of NCT00509795 "Vascular 

16 Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Wet 
Aqe-Related Macular Deqeneration (AMO)" (01-07-2011) 
KRZYSTOLIK et al., "Prevention of Experimental Choroidal NEovascularization With 

17 lntravitreal Anti-Vascular Endothelial Growth Factor Antibody Fragment" Arch 
Ophthamol., 120:338-346 (Mar. 2002) 
MITRA et al., "Review of anti-vascular endothelial growth factor therapy in macular edema 

18 secondary to central retinal vein occlusions" Expert Review in Ophthalmo, Taylor & 
Francis, GB (January 1, 2011) 6(6):623-629 

19 MOUSA AND MOUSA, "Current Status of Vascular Endothelial Growth Factor Inhibition in 
Aqe-Related Macular Deqeneration" Biodruqs 201 O; 24(3); 183-194. 
NGUYEN et al., "A Phase I Study of lntravitreal Vascular Endothelial Growth Factor Trap-

20 Eye in Patients with Neovascular Age-Related Macular Degeneration" Opthamology, J.B. 
Lippincott Co., Philadelphia, PA, US, 116(11 ):2141-2148 (November 1, 2009) 
116(11) :2141-2148 (November 1, 2009) 
NGUYEN et al., "A phase I trial of an IV-administered vascular endothelial growth factor 

21 trap for treatment in patients with choroidal neovascularization due to age-related macular 
deqeneration" Ophthalmoloqy (Sept 2006) 113(9) :1522e1-1522e14 (epub July 28,2006) 

I Examiner ~ I Date I 
Si nature Considered EXAl◊~~ER. llliliiii lleielel,Ce 6611§,deled, Wlleuiel bi 1161 Ciliiubll I§ Iii 6611,blliiiillCe Wiui l◊IPEP 609 DiiiW ,Ille 1111600116111(1611 II 1161 Iii 6611,blliiiillCe 11116 1161 

considered. Include copy of this form with next communication to applicant. 
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Application Number To Be Assii:ined 

INFORMATION DISCLOSURE Filing Date August6,2018 
First Named Inventor YANCOPOULOS, GEORGE D. 

STATEMENT BY APPLICANT Art Unit N/A 
Examiner Name N/A 

Sheet I 3 I of I 3 Attorney Docket Number REGN-008CIPCON3 

NON PATENT LITERATURE DOCUMENTS 

Examin 
Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

T 
er 

No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or Initials* 
country where published. 

NICHOLS, EARL R., "AAO: Ranibizumab (rhuRab) May Improve Vision in Age-Related 
22 Macular Degeneration" Doctor's Guide Global Edition, www.pslgroup.com/dg/23f2aa.htm, 

DD. 1-2 (November 24, 20013) 

23 OLIVERA et al., "VEGF Trap R1 R2 suppresses experimental corneal angiogenesis" 
European Journal of Ophthalmology (January 1, 2010) 20(1 ):48-54 
PAI et al., "Current concepts in intravitreal drug therapy for diabetic retinopathy" Saudi 

24 Journal of Opthamology 
24(4):143-149 (June 30, 2010) 

25 Regeneron Pharmaceuticals, Inc. FORM 1 0-Q, published on 7 November 2007 for the 
period ending 30 September 2007 

26 Regeneron, Press release "Regeneron Reports First Quarter 2008 Financial and 
Operatinq Results", May 1, 2008. 
Regeneron Press Release "Bayer and Regeneron Report Positive Top-Line Results of 

27 Two Phase 3 Studies with VEGF Trap-Eye in Wet Age-related Macular Degeneration" 
November 22, 2010 
Regeneron Press Release "Regeneron and Bayer Report Positive Results for VEGF 

28 Trap-Eye in Phase 3 Study in Central Retinal Vein Occlusion (CRVO) and in Phase 2 
Study in Diabetic Macular Edema (DME)" December 20, 2010 
Regeneron Pharmaceuticals Inc., "VEGF Trap-Eye Final Phase 2 Results in Age-related 

29 Macular Degeneration Presented at 2008 Retina Society Meeting" (September 28, 2008) 
(XP-002770952) 

30 SIMO AND HERNANDEZ, "Advances in Medical Treatment of Diabetic Retinopathy" 
Diabetes Care, Volume 32, Number 8, Auqust 2009 

31 Slides for the 2008 Retina Society Meeting "VEGF Trap-Eye in Wet AMO CLEAR-IT 2: 
Summary of One-Year Key Results", September 28, 2008. 

32 STEWART, "THe expanding role of vascular endothelial growth factor inhibitors in 
opthamoloqy" Mayo Clin Proc. 87(1) :77-88 (January 2012) 

33 THOMAS REUTERS INTEGRITY "VEGF Trap-Eye final phase II results in age-related 
macular deqeneration presented at 2008 Retina Society Meetinq" (September 28, 2008) 

34 WHO Drug Information, "International Nonproprietary Names for Pharmaceutical 
Substances (INN)" Vol. 20, No. 2, 2006, paqes 115-119. 

I Examiner ~ I Date I 
Si nature Considered EXAl◊~~ER. llliliiii lleielel,Ce 6611§,deled, Wlleuiel bi 1161 Ciliiubll I§ Iii 6611,blliiiillCe Wiui l◊IPEP 609 DiiiW ,Ille 1111600116111(1611 II 1161 Iii 6611,blliiiillCe 11116 1161 

considered. Include copy of this form with next communication to applicant. 
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Electronically Filed 

NOTIFICATION OF PRIOR Attorney Docket REGN-008CIPCON3 

SEQUENCE LISTING First Named Inventor 
Y ANCOPOULOS, 
GEORGED. 

Application Number To Be Assigned 

Filing Date 6 August 2018 
Address to: Confirmation Number To Be Assigned 
Mail Stop Patent Application 
Commissioner for Patents Group Art Unit To Be Assigned 
P.O. Box 1450 
Alexandria, VA 22313-1450 Examiner Name To Be Assigned 

Title: "USE OF A VEGF ANTAGONIST TO TREAT 
ANGIOGENIC EYE DISORDERS" 

Sir: 

The above-identified patent application contains sequences of nucleic acid and 

polypeptides. A sequence listing was prepared for parent application, 15/471,506, filed March 

28, 2018, in paper and computer-readable format. The sequence information in the paper or 

compact disk copy of the sequence listing (required by 1.82l(c)) of this application is identical to 

the sequence information in the computer-readable format (CRF) of the above-identified other 

application. No new matter has been added. Therefore, please transfer to this application, in 

accordance with 37 CFR § 1.82l(e), the fully compliant computer readable copy from applicants' 

other application. A paper (.txt) copy of this sequence listing is enclosed. 

Applicants respectfully submit that the present patent application is now in compliance 

with 37 CFR §§ 1.821 - 1.825. The Commissioner is hereby authorized to charge any 

underpayment of fees associated with this communication, including any necessary fees for 

extensions of time, or credit any overpayment to Deposit Account No. 50-0815, order number 

REGN-008CIPCON3. 

Dated: 6 August 2018 

BOZICEVIC, FIELD & FRANCIS LLP 

201 Redwood Shores Parkway, Suite 201 
Redwood City, California 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully submitted, 

BOZICEVIC, FIELD & FRANCIS LLP 

By: /Karl Bozicevic, Reg. No. 28,807/ 
Karl Bozicevic 
Registration No. 28,807 
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REGN-008CIPCON2_SeqList.txt 

SEQUENCE LISTING 

<110> George D. Yancopoulos 

<120> use of a VEGF Antagonist to Treat Angiogenic Eye Disorders 

<130> 725Al 

<140> To be assigned 
<141> Filed herewith 

<150> PCT/US2012/020855 
<151> 2012-01-11 

<150> 61/432,245 
<151> 2011-01-13 

<150> 61/434,836 
<151> 2011-01-21 

<150> 61/561,957 
<151> 2011-11-21 

<160> 2 

<170> FastSEQ for windows version 4.0 

<210> 1 
<211> 1377 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> synthetic 

<400> 1 
atggtcagct actgggacac cggggtcctg ctgtgcgcgc tgctcagctg 
acaggatcta gttccggaag tgataccggt agacctttcg tagagatgta 
cccgaaatta tacacatgac tgaaggaagg gagctcgtca ttccctgccg 
cctaacatca ctgttacttt aaaaaagttt ccacttgaca ctttgatccc 
cgcataatct gggacagtag aaagggcttc atcatatcaa atgcaacgta 
gggcttctga cctgtgaagc aacagtcaat gggcatttgt ataagacaaa 
catcgacaaa ccaatacaat catagatgtg gttctgagtc cgtctcatgg 
tctgttggag aaaagcttgt cttaaattgt acagcaagaa ctgaactaaa 
gacttcaact gggaataccc ttcttcgaag catcagcata agaaacttgt 
ctaaaaaccc agtctgggag tgagatgaag aaatttttga gcaccttaac 
gtaacccgga gtgaccaagg attgtacacc tgtgcagcat ccagtgggct 
aagaacagca catttgtcag ggtccatgaa aaggacaaaa ctcacacatg 
ccagcacctg aactcctggg gggaccgtca gtcttcctct tccccccaaa 
accctcatga tctcccggac ccctgaggtc acatgcgtgg tggtggacgt 
gaccctgagg tcaagttcaa ctggtacgtg gacggcgtgg aggtgcataa 
aagccgcggg aggagcagta caacagcacg taccgtgtgg tcagcgtcct 
caccaggact ggctgaatgg caaggagtac aagtgcaagg tctccaacaa 
gcccccatcg agaaaaccat ctccaaagcc aaagggcagc cccgagaacc 
accctgcccc catcccggga tgagctgacc aagaaccagg tcagcctgac 
aaaggcttct atcccagcga catcgccgtg gagtgggaga gcaatgggca 
aactacaaga ccacgcctcc cgtgctggac tccgacggct ccttcttcct 
ctcaccgtgg acaagagcag gtggcagcag gggaacgtct tctcatgctc 
gaggctctgc acaaccacta cacgcagaag agcctctccc tgtctccggg 

<210> 2 
<211> 458 

Page 1 

tctgcttctc 60 
cagtgaaatc 120 
ggttacgtca 180 
tgatggaaaa 240 
caaagaaata 300 
ctatctcaca 360 
aattgaacta 420 
tgtggggatt 480 
aaaccgagac 540 
tatagatggt 600 
gatgaccaag 660 
cccaccgtgc 720 
acccaaggac 780 
gagccacgaa 840 
tgccaagaca 900 
caccgtcctg 960 
agccctccca 1020 
acaggtgtac 1080 
ctgcctggtc 1140 
gccggagaac 1200 
ctacagcaag 1260 
cgtgatgcat 1320 
taaatga 1377 
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REGN-008CIPCON2_SeqList.txt 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> synthetic 

<400> 2 
Met val Ser Tyr Trp Asp Thr Gly val Leu Leu cys Ala Leu Leu Ser 

1 5 10 15 
cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Ser Asp Thr Gly Arg Pro 

20 25 30 
Phe val Gl u Met Tyr Ser Gl u Ile Pro Gl u Ile Ile His Met Thr Gl u 

35 40 45 
Gly Arg Gl u Leu val Ile Pro cys Arg val Thr Ser Pro Asn Ile Thr 

50 55 60 
val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys 
65 70 75 80 
Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr 

85 90 95 
Tyr Lys Gl u Ile Gly Leu Leu Thr cys Gl u Ala Thr val Asn Gly His 

100 105 110 
Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gl n Thr Asn Thr Ile Ile 

115 120 125 
Asp val val Leu Ser Pro Ser His Gly Ile Gl u Leu Ser val Gly Gl u 

130 135 140 
Lys Leu val Leu Asn cys Thr Ala Arg Thr Gl u Leu Asn val Gly Ile 
145 150 155 160 
Asp Phe Asn Trp Gl u Tyr Pro Ser Ser Lys His Gl n His Lys Lys Leu 

165 170 175 
val Asn Arg Asp Leu Lys Thr Gl n Ser Gly Ser Gl u Met Lys Lys Phe 

180 185 190 
Leu Ser Thr Leu Thr Ile Asp Gly val Thr Arg Ser Asp Gl n Gly Leu 

195 200 205 
Tyr Thr cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr 

210 215 220 
Phe val Arg val His Gl u Lys Asp Lys Thr His Thr cys Pro Pro cys 
225 230 235 240 
Pro Ala Pro Gl u Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro 

245 250 255 
Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Gl u val Thr cys 

260 265 270 
val val val Asp val Ser His Gl u Asp Pro Gl u val Lys Phe Asn Trp 

275 280 285 
Tyr val Asp Gly val Gl u val His Asn Ala Lys Thr Lys Pro Arg Gl u 

290 295 300 
Gl u Gl n Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu 
305 310 315 320 
His Gl n Asp Trp Leu Asn Gly Lys Glu Tyr Lys cys Lys val Ser Asn 

325 330 335 
Lys Ala Leu Pro Ala Pro Ile Gl u Lys Thr Ile Ser Lys Ala Lys Gly 

340 345 350 
Gl n Pro Arg Gl u Pro Gl n val Tyr Thr Leu Pro Pro Ser Arg Asp Gl u 

355 360 365 
Leu Thr Lys Asn Gl n val Ser Leu Thr cys Leu val Lys Gly Phe Tyr 

370 375 380 
Pro Ser Asp Ile Al a val Gl u Trp Glu Ser Asn Gly Gl n Pro Gl u Asn 
385 390 395 400 
Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe 

405 410 415 
Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gl n Gl n Gly Asn 

420 425 430 
val Phe Ser cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr 

435 440 445 
Page 2 
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REGN-008CIPCON2_SeqList.txt 
Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 

450 455 

Page 3 
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USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of International Patent Application No. 

PCT/US2012/020855, filed on January 11, 2012, which claims the benefit of US Provisional 

Application Nos. 61/432,245, filed on January 13, 2011, 61/434,836, filed on January 21, 2011, and 

61/561,957, filed on November 21, 2011, the contents of which are hereby incorporated by 

reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the field of therapeutic treatments of eye disorders. More 

specifically, the invention relates to the administration of VEGF antagonists to treat eye disorders 

caused by or associated with angiogenesis. 

BACKGROUND 

[0003] Several eye disorders are associated with pathological angiogenesis. For example, the 

development of age-related macular degeneration (AMO) is associated with a process called 

choroidal neovascularization (CNV). Leakage from the CNV causes macular edema and collection 

of fluid beneath the macula resulting in vision loss. Diabetic macular edema (DME) is another eye 

disorder with an angiogenic component. DME is the most prevalent cause of moderate vision loss 

in patients with diabetes and is a common complication of diabetic retinopathy, a disease affecting 

the blood vessels of the retina. Clinically significant DME occurs when fluid leaks into the center of 

the macula, the light-sensitive part of the retina responsible for sharp, direct vision. Fluid in the 

macula can cause severe vision loss or blindness. Yet another eye disorder associated with 

abnormal angiogenesis is central retinal vein occlusion (CRVO). CRVO is caused by obstruction of 

the central retinal vein that leads to a back-up of blood and fluid in the retina. The retina can also 

become ischemic, resulting in the growth of new, inappropriate blood vessels that can cause further 

vision loss and more serious complications. Release of vascular endothelial growth factor (VEGF) 

contributes to increased vascular permeability in the eye and inappropriate new vessel growth. 

Thus, inhibiting the angiogenic-promoting properties of VEGF appears to be an effective strategy 

for treating angiogenic eye disorders. 

[0004] FDA-approved treatments of angiogenic eye disorders such as AMO and CRVO include 

the administration of an anti-VEGF antibody called ranibizumab (Lucentis®, Genentech, Inc.) on a 

monthly basis by intravitreal injection. 

[0005] Methods for treating eye disorders using VEGF antagonists are mentioned in, e.g., US 

7,303,746; US 7,306,799; US 7,300,563; US 7,303,748; and US 2007/0190058. Nonetheless, 
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there remains a need in the art for new administration regimens for angiogenic eye disorders, 

especially those which allow for less frequent dosing while maintaining a high level of efficacy. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides methods for treating angiogenic eye disorders. The 

methods of the invention comprise sequentially administering multiple doses of a VEGF antagonist 

to a patient over time. In particular, the methods of the invention comprise sequentially 

administering to the patient a single initial dose of a VEGF antagonist, followed by one or more 

secondary doses of the VEGF antagonist, followed by one or more tertiary doses of the VEGF 

antagonists. The present inventors have surprisingly discovered that beneficial therapeutic effects 

can be achieved in patients suffering from angiogenic eye disorders by administering a VEGF 

antagonist to a patient at a frequency of once every 8 or more weeks, especially when such doses 

are preceded by about three doses administered to the patient at a frequency of about 2 to 4 

weeks. Thus, according to the methods of the present invention, each secondary dose of VEGF 

antagonist is administered 2 to 4 weeks after the immediately preceding dose, and each tertiary 

dose is administered at least 8 weeks after the immediately preceding dose. An example of a 

dosing regimen of the present invention is shown in Figure 1. One advantage of such a dosing 

regimen is that, for most of the course of treatment (i.e., the tertiary doses), it allows for less 

frequent dosing ( e.g., once every 8 weeks) compared to prior administration regimens for 

angiogenic eye disorders which require monthly administrations throughout the entire course of 

treatment. (See, e.g., prescribing information for Lucentis® [ranibizumab], Genentech, Inc.). 

[0007] The methods of the present invention can be used to treat any angiogenic eye disorder, 

including, e.g., age related macular degeneration, diabetic retinopathy, diabetic macular edema, 

central retinal vein occlusion, corneal neovascularization, etc. 

[0008] The methods of the present invention comprise administering any VEGF antagonist to the 

patient. In one embodiment, the VEGF antagonist comprises one or more VEGF receptor-based 

chimeric molecule(s), (also referred to herein as a "VEGF-Trap" or "VEGFT"). An exemplary VEGF 

antagonist that can be used in the context of the present invention is a multimeric VEGF-binding 

protein comprising two or more VEGF receptor-based chimeric molecules referred to herein as 

"VEGFR1 R2-Fc.6.C1 (a)" or "aflibercept." 

[0009] Various administration routes are contemplated for use in the methods of the present 

invention, including, e.g., topical administration or intraocular administration (e.g., intravitreal 

administration). 

[0010] Aflibercept (EYLEA ™, Regeneron Pharmaceuticals, Inc) was approved by the FDA in 

November 2011, for the treatment of patients with neovascular (wet) age-related macular 

degeneration, with a recommended dose of 2 mg administered by intravitreal injection every 4 
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weeks for the first three months, followed by 2 mg administered by intravitreal injection once every 

8 weeks. 

[0011] Other embodiments of the present invention will become apparent from a review of the 

ensuing detailed description. 

BRIEF DESCRIPTION OF THE FIGURE 

[0012] Figure 1 shows an exemplary dosing regimen of the present invention. In this regimen, a 

single "initial dose" of VEGF antagonist ("VEGFT") is administered at the beginning of the treatment 

regimen (i.e. at "week O"), two "secondary doses" are administered at weeks 4 and 8, respectively, 

and at least six "tertiary doses" are administered once every 8 weeks thereafter, i.e., at weeks 16, 

24, 32, 40, 48, 56, etc.). 

DETAILED DESCRIPTION 

[0013] Before the present invention is described, it is to be understood that this invention is not 

limited to particular methods and experimental conditions described, as such methods and 

conditions may vary. It is also to be understood that the terminology used herein is for the purpose 

of describing particular embodiments only, and is not intended to be limiting, since the scope of the 

present invention will be limited only by the appended claims. 

[0014] Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention belongs. 

As used herein, the term "about," when used in reference to a particular recited numerical value, 

means that the value may vary from the recited value by no more than 1 %. For example, as used 

herein, the expression "about 100" includes 99 and 101 and all values in between ( e.g., 99.1, 99.2, 

99.3, 99.4, etc.). 

[0015] Although any methods and materials similar or equivalent to those described herein can be 

used in the practice or testing of the present invention, the preferred methods and materials are 

now described. 

DOSING REGIMENS 

[0016] The present invention provides methods for treating angiogenic eye disorders. The 

methods of the invention comprise sequentially administering to a patient multiple doses of a VEGF 

antagonist. As used herein, "sequentially administering" means that each dose of VEGF antagonist 

is administered to the patient at a different point in time, e.g., on different days separated by a 

predetermined interval ( e.g., hours, days, weeks or months). The present invention includes 

methods which comprise sequentially administering to the patient a single initial dose of a VEGF 
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antagonist, followed by one or more secondary doses of the VEGF antagonist, followed by one or 

more tertiary doses of the VEGF antagonist. 

[0017] The terms "initial dose," "secondary doses," and "tertiary doses," refer to the temporal 

sequence of administration of the VEGF antagonist. Thus, the "initial dose" is the dose which is 

administered at the beginning of the treatment regimen (also referred to as the "baseline dose"); the 

"secondary doses" are the doses which are administered after the initial dose; and the "tertiary 

doses" are the doses which are administered after the secondary doses. The initial, secondary, 

and tertiary doses may all contain the same amount of VEGF antagonist, but will generally differ 

from one another in terms of frequency of administration. In certain embodiments, however, the 

amount of VEGF antagonist contained in the initial, secondary and/or tertiary doses will vary from 

one another (e.g., adjusted up or down as appropriate) during the course of treatment. 

[0018] In one exemplary embodiment of the present invention, each secondary dose is 

administered 2 to 4 (e.g., 2, 2½, 3, 3½, or 4) weeks after the immediately preceding dose, and each 

tertiary dose is administered at least 8 ( e.g., 8, 8½, 9, 9½, 10, 1 0½, 11, 11 ½, 12, 12½, 13, 13½, 14, 

14½, or more) weeks after the immediately preceding dose. The phrase "the immediately 

preceding dose," as used herein, means, in a sequence of multiple administrations, the dose of 

VEGF antagonist which is administered to a patient prior to the administration of the very next dose 

in the sequence with no intervening doses. 

[0019] In one exemplary embodiment of the present invention, a single initial dose of a VEGF 

antagonist is administered to a patient on the first day of the treatment regimen (i.e., at week 0), 

followed by two secondary doses, each administered four weeks after the immediately preceding 

dose (i.e., at week 4 and at week 8), followed by at least 5 tertiary doses, each administered eight 

weeks after the immediately preceding dose (i.e., at weeks 16, 24, 32, 40 and 48). The tertiary 

doses may continue (at intervals of 8 or more weeks) indefinitely during the course of the treatment 

regimen. This exemplary administration regimen is depicted graphically in Figure 1. 

[0020] The methods of the invention may comprise administering to a patient any number of 

secondary and/or tertiary doses of a VEGF antagonist. For example, in certain embodiments, only 

a single secondary dose is administered to the patient. In other embodiments, two or more ( e.g., 2, 

3, 4, 5, 6, 7, 8, or more) secondary doses are administered to the patient. Likewise, in certain 

embodiments, only a single tertiary dose is administered to the patient. In other embodiments, two 

or more ( e.g., 2, 3, 4, 5, 6, 7, 8, or more) tertiary doses are administered to the patient. 

[0021] In embodiments involving multiple secondary doses, each secondary dose may be 

administered at the same frequency as the other secondary doses. For example, each secondary 

dose may be administered to the patient 4 weeks after the immediately preceding dose. Similarly, 

in embodiments involving multiple tertiary doses, each tertiary dose may be administered at the 

same frequency as the other tertiary doses. For example, each tertiary dose may be administered 
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to the patient 8 weeks after the immediately preceding dose. Alternatively, the frequency at which 

the secondary and/or tertiary doses are administered to a patient can vary over the course of the 

treatment regimen. For example, the present invention includes methods which comprise 

administering to the patient a single initial dose of a VEGF antagonist, followed by one or more 

secondary doses of the VEGF antagonist, followed by at least 5 tertiary doses of the VEGF 

antagonist, wherein the first four tertiary doses are administered 8 weeks after the immediately 

preceding dose, and wherein each subsequent tertiary dose is administered from 8 to 12 (e.g., 8, 

8½, 9, 9½, 10, 1 0½, 11, 11 ½, 12) weeks after the immediately preceding dose. The frequency of 

administration may also be adjusted during the course of treatment by a physician depending on 

the needs of the individual patient following clinical examination. 

VEGF ANTAGONISTS 

[0022] The methods of the present invention comprise administering to a patient a VEGF 

antagonist according to specified dosing regimens. As used herein, the expression "VEGF 

antagonist" means any molecule that blocks, reduces or interferes with the normal biological activity 

of VEGF. 

[0023] VEGF antagonists include molecules which interfere with the interaction between VEGF 

and a natural VEGF receptor, e.g., molecules which bind to VEGF or a VEGF receptor and prevent 

or otherwise hinder the interaction between VEGF and a VEGF receptor. Specific exemplary VEGF 

antagonists include anti-VEGF antibodies, anti-VEGF receptor antibodies, and VEGF receptor

based chimeric molecules (also referred to herein as "VEGF-Traps"). 

[0024] VEGF receptor-based chimeric molecules include chimeric polypeptides which comprise 

two or more immunoglobulin (lg)-like domains of a VEGF receptor such as VEGFR1 (also referred 

to as Flt1) and/or VEGFR2 (also referred to as Flk1 or KOR), and may also contain a multimerizing 

domain (e.g., an Fe domain which facilitates the multimerization [e.g., dimerization] of two or more 

chimeric polypeptides). An exemplary VEGF receptor-based chimeric molecule is a molecule 

referred to as VEGFR1 R2-Fc.6.C1 (a) which is encoded by the nucleic acid sequence of SEQ ID 

N0:1. VEGFR1 R2-Fc.6.C1 (a) comprises three components: (1) a VEGFR1 component comprising 

amino acids 27 to 129 of SEQ ID N0:2; (2) a VEGFR2 component comprising amino acids 130 to 

231 of SEQ ID N0:2; and (3) a multimerization component ("Fc.6.C1 (a)") comprising amino acids 

232 to 457 of SEQ ID N0:2 (the C-terminal amino acid of SEQ ID N0:2 [i.e., K458] may or may not 

be included in the VEGF antagonist used in the methods of the invention; see e.g., US Patent 

7,396,664). Amino acids 1-26 of SEQ ID N0:2 are the signal sequence. 

[0025] The VEGF antagonist used in the Examples set forth herein below is a dimeric molecule 

comprising two VEGFR1 R2-Fc.6.C1 (a) molecules and is referred to herein as "VEG FT." Additional 
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VEGF receptor-based chimeric molecules which can be used in the context of the present invention 

are disclosed in US 7,396,664, 7,303,746 and WO 00/75319. 

ANGIOGENIC EYE DISORDERS 

[0026] The methods of the present invention can be used to treat any angiogenic eye disorder. 

The expression "angiogenic eye disorder," as used herein, means any disease of the eye which is 

caused by or associated with the growth or proliferation of blood vessels or by blood vessel 

leakage. Non-limiting examples of angiogenic eye disorders that are treatable using the methods of 

the present invention include age-related macular degeneration ( e.g., wet AMO, exudative AMO, 

etc.), retinal vein occlusion (RVO), central retinal vein occlusion (CRVO; e.g., macular edema 

following CRVO), branch retinal vein occlusion (BRVO), diabetic macular edema (DME), choroidal 

neovascularization (CNV; e.g., myopic CNV), iris neovascularization, neovascular glaucoma, post

surgical fibrosis in glaucoma, proliferative vitreoretinopathy (PVR), optic disc neovascularization, 

corneal neovascularization, retinal neovascularization, vitreal neovascularization, pannus, 

pterygium, vascular retinopathy, and diabetic retinopathies. 

PHARMACEUTICAL FORMULATIONS 

[0027] The present invention includes methods in which the VEGF antagonist that is administered 

to the patient is contained within a pharmaceutical formulation. The pharmaceutical formulation 

may comprise the VEGF antagonist along with at least one inactive ingredient such as, e.g., a 

pharmaceutically acceptable carrier. Other agents may be incorporated into the pharmaceutical 

composition to provide improved transfer, delivery, tolerance, and the like. The term 

"pharmaceutically acceptable" means approved by a regulatory agency of the Federal or a state 

government or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use 

in animals, and more particularly, in humans. The term "carrier" refers to a diluent, adjuvant, 

excipient, or vehicle with which the antibody is administered. A multitude of appropriate 

formulations can be found in the formulary known to all pharmaceutical chemists: Remington's 

Pharmaceutical Sciences (15th ed, Mack Publishing Company, Easton, Pa., 1975), particularly 

Chapter 87 by Blaug, Seymour, therein. These formulations include, for example, powders, pastes, 

ointments, jellies, waxes, oils, lipids, lipid (cationic or anionic) containing vesicles (such as 

LIPOFECTIN™), DNA conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil 

emulsions, emulsions carbowax (polyethylene glycols of various molecular weights), semi-solid 

gels, and semi-solid mixtures containing carbowax. Any of the foregoing mixtures may be 

appropriate in the context of the methods of the present invention, provided that the VEGF 

antagonist is not inactivated by the formulation and the formulation is physiologically compatible 

and tolerable with the route of administration. See also Powell et al. PDA (1998) J Pharm Sci 
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Technol. 52:238-311 and the citations therein for additional information related to excipients and 

carriers well known to pharmaceutical chemists. 

[0028] Pharmaceutical formulations useful for administration by injection in the context of the 

present invention may be prepared by dissolving, suspending or emulsifying a VEGF antagonist in 

a sterile aqueous medium or an oily medium conventionally used for injections. As the aqueous 

medium for injections, there are, for example, physiological saline, an isotonic solution containing 

glucose and other auxiliary agents, etc., which may be used in combination with an appropriate 

solubilizing agent such as an alcohol (e.g., ethanol), a polyalcohol (e.g., propylene glycol, 

polyethylene glycol), a nonionic surfactant [e.g., polysorbate 80, HCO-50 (polyoxyethylene (50 mol) 

adduct of hydrogenated castor oil)], etc. As the oily medium, there may be employed, e.g., sesame 

oil, soybean oil, etc., which may be used in combination with a solubilizing agent such as benzyl 

benzoate, benzyl alcohol, etc. The injection thus prepared can be filled in an appropriate ampoule if 

desired. 

MODES OF ADMINISTRATION 

[0029] The VEGF antagonist (or pharmaceutical formulation comprising the VEGF antagonist) 

may be administered to the patient by any known delivery system and/or administration method. In 

certain embodiments, the VEGF antagonist is administered to the patient by ocular, intraocular, 

intravitreal or subconjunctival injection. In other embodiments, the VEGF antagonist can be 

administered to the patient by topical administration, e.g., via eye drops or other liquid, gel, ointment 

or fluid which contains the VEGF antagonist and can be applied directly to the eye. Other possible 

routes of administration include, e.g., intradermal, intramuscular, intraperitoneal, intravenous, 

subcutaneous, intranasal, epidural, and oral. 

AMOUNT OF VEGF ANTAGONIST ADMINISTERED 

[0030] Each dose of VEGF antagonist administered to the patient over the course of the treatment 

regimen may contain the same, or substantially the same, amount of VEGF antagonist. 

Alternatively, the quantity of VEGF antagonist contained within the individual doses may vary over 

the course of the treatment regimen. For example, in certain embodiments, a first quantity of VEGF 

antagonist is administered in the initial dose, a second quantity of VEGF antagonist is administered 

in the secondary doses, and a third quantity of VEGF antagonist is administered in the tertiary 

doses. The present invention contemplates dosing schemes in which the quantity of VEGF 

antagonist contained within the individual doses increases over time ( e.g., each subsequent dose 

contains more VEGF antagonist than the last), decreases over time ( e.g., each subsequent dose 

contains less VEGF antagonist than the last), initially increases then decreases, initially decreases 

then increases, or remains the same throughout the course of the administration regimen. 
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[0031] The amount of VEGF antagonist administered to the patient in each dose is, in most 

cases, a therapeutically effective amount. As used herein, the phrase "therapeutically effective 

amount" means a dose of VEGF antagonist that results in a detectable improvement in one or more 

symptoms or indicia of an angiogenic eye disorder, or a dose of VEGF antagonist that inhibits, 

prevents, lessens, or delays the progression of an angiogenic eye disorder. In the case of an anti

VEGF antibody or a VEGF receptor-based chimeric molecule such as VEGFR1 R2-Fc.6.C1 (a), a 

therapeutically effective amount can be from about 0.05 mg to about 5 mg, e.g., about 0.05 mg, 

about 0.1 mg, about 0.15 mg, about 0.2 mg, about 0.25 mg, about 0.3 mg, about 0.35 mg, about 

0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about 0.65 mg, about 0.7 mg, 

about 0.75 mg, about 0.8 mg, about 0.85 mg, about 0.9 mg, about 1.0 mg, about 1.05 mg, about 

1.1 mg, about 1.15 mg, about 1.2 mg, about 1.25 mg, about 1.3 mg, about 1.35 mg, about 1.4 mg, 

about 1.45 mg, about 1.5 mg, about 1.55 mg, about 1.6 mg, about 1.65 mg, about 1.7 mg, about 

1.75 mg, about 1.8 mg, about 1.85 mg, about 1.9 mg, about 2.0 mg, about 2.05 mg, about 2.1 mg, 

about 2.15 mg, about 2.2 mg, about 2.25 mg, about 2.3 mg, about 2.35 mg, about 2.4 mg, about 

2.45 mg, about 2.5 mg, about 2.55 mg, about 2.6 mg, about 2.65 mg, about 2.7 mg, about 2.75 mg, 

about 2.8 mg, about 2.85 mg, about 2.9 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg, about 4.5 

mg, or about 5.0 mg of the antibody or receptor-based chimeric molecule. 

[0032] The amount of VEGF antagonist contained within the individual doses may be expressed 

in terms of milligrams of antibody per kilogram of patient body weight (i.e., mg/kg). For example, 

the VEGF antagonist may be administered to a patient at a dose of about 0.0001 to about 10 mg/kg 

of patient body weight. 

TREATMENT POPULATION AND EFFICACY 

[0033] The methods of the present invention are useful for treating angiogenic eye disorders in 

patients that have been diagnosed with or are at risk of being afflicted with an angiogenic eye 

disorder. Generally, the methods of the present invention demonstrate efficacy within 104 weeks of 

the initiation of the treatment regimen (with the initial dose administered at "week O"), e.g., by the 

end of week 16, by the end of week 24, by the end of week 32, by the end of week 40, by the end of 

week 48, by the end of week 56, etc. In the context of methods for treating angiogenic eye 

disorders such as AMO, CRVO, and DME, "efficacy" means that, from the initiation of treatment, the 

patient exhibits a loss of 15 or fewer letters on the Early Treatment Diabetic Retinopathy Study 

(ETDRS) visual acuity chart. In certain embodiments, "efficacy" means a gain of one or more (e.g., 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or more) letters on the ETDRS chart from the time of initiation of 

treatment. 
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EXAMPLES 

[0034] The following examples are put forth so as to provide those of ordinary skill in the art with a 

complete disclosure and description of how to make and use the methods and compositions of the 

invention, and are not intended to limit the scope of what the inventors regard as their invention. 

Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts, 

temperature, etc.) but some experimental errors and deviations should be accounted for. Unless 

indicated otherwise, parts are parts by weight, molecular weight is average molecular weight, 

temperature is in degrees Centigrade, and pressure is at or near atmospheric. 

[0035] The exemplary VEGF antagonist used in all Examples set forth below is a dimeric 

molecule having two functional VEGF binding units. Each functional binding unit is comprised of lg 

domain 2 from VEGFR1 fused to lg domain 3 from VEGFR2, which in turn is fused to the hinge 

region of a human lgG1 Fe domain (VEGFR1 R2-Fc~C1 (a); encoded by SEQ ID NO:1 ). This VEGF 

antagonist is referred to in the examples below as "VEGFT". For purposes of the following 

Examples, "monthly" dosing is equivalent to dosing once every four weeks. 

Example 1: Phase I Clinical Trial of lntravitreally Administered VEGF Receptor-Based 
Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD 

[0036] In this Phase I study, 21 subjects with neovascular AMO received a single intravitreal (IVT) 

dose of VEGFT. Five groups of three subjects each received either 0.05, 0.15, 0.5, 2 or 4 mg of 

VEGFT, and a sixth group of six subjects received 1 mg. No serious adverse events related to the 

study drug, and no identifiable intraocular inflammation was reported. Preliminary results showed 

that, following injection of VEGFT, a rapid decrease in foveal thickness and macular volume was 

observed that was maintained through 6 weeks. At Day 43 across all dose groups, mean excess 

retinal thickness [excess retinal thickness= (retinal thickness - 179µ)] on optical coherence 

tomography (OCT) was reduced from 119µ to 27µ as assessed by Fast Macular Scan and from 

194µ to 60µ as assessed using a single Posterior Pole scan. The mean increase in best corrected 

visual acuity (BCVA) was 4.75 letters, and BCVA was stable or improved in 95% of subjects. In the 

2 highest dose groups (2 and 4 mg), the mean increase in BCVA was 13.5 letters, with 3 of 6 

subjects demonstrating improvement of 2:: 3 lines. 

Example 2: Phase II Clinical Trial of Repeated Doses of lntravitreally Administered VEGF 
Receptor-Based Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD 

[0037] This study was a double-masked, randomized study of 3 doses (0.5, 2, and 4 mg) of 

VEGFT tested at 4-week and/or 12-week dosing intervals. There were 5 treatment arms in this 

study, as follows: 1) 0.5 mg every 4 weeks, 2) 0.5 mg every 12 weeks, 3) 2 mg every 4 weeks, 4) 2 

mg every 12 weeks and 5) 4 mg every 12 weeks. Subjects were dosed at a fixed interval for the 
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first 12 weeks, after which they were evaluated every 4 weeks for 9 months, during which additional 

doses were administered based on pre-specified criteria. All subjects were then followed for one 

year after their last dose of VEGFT. Preliminary data from a pre-planned interim analysis indicated 

that VEGFT met its primary endpoint of a statistically significant reduction in retinal thickness after 

12 weeks compared with baseline (all groups combined, decrease of 135µ, p < 0.0001 ). Mean 

change from baseline in visual acuity, a key secondary endpoint of the study, also demonstrated 

statistically significant improvement (all groups combined, increase of 5.9 letters, p < 0.0001 ). 

Moreover, patients in the dose groups that received only a single dose, on average, demonstrated a 

decrease in excess retinal thickness (p < 0.0001) and an increase in visual acuity (p = 0.012) at 12 

weeks. There were no drug-related serious adverse events, and treatment with the VEGF 

antagonists was generally well-tolerated. The most common adverse events were those typically 

associated with intravitreal injections. 

Example 3: Phase I Clinical Trial of Systemically Administered VEGF Receptor-Based 
Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD 

[0038] This study was a placebo-controlled, sequential-group, dose-escalating safety, tolerability 

and bioeffect study of VEGFT by IV infusion in subjects with neovascular AMO. Groups of 8 

subjects meeting eligibility criteria for subfoveal choroidal neovascularization (CNV) related to AMO 

were assigned to receive 4 IV injections of VEGFT or placebo at dose levels of 0.3, 1, or 3 mg/kg 

over an 8-week period. 

[0039] Most adverse events that were attributed to VEGFT were mild to moderate in severity, but 

2 of 5 subjects treated with 3 mg/kg experienced dose-limiting toxicity (OL T) (one with Grade 4 

hypertension and one with Grade 2 proteinuria); therefore, all subjects in the 3 mg/kg dose group 

did not enter the study. The mean percent changes in excess retinal thickness were: -12%, -10%, -

66%, and -60% for the placebo, 0.3, 1, and 3 mg/kg dose groups at day 15 (ANOVA P< 0.02), and -

5.6%, +47.1%, and -63.3% for the placebo, 0.3, and 1 mg/kg dose groups at day 71 (ANOVA P< 

0.02). There was a numerical improvement in BCVA in the subjects treated with VEGFT. As would 

be expected in such a small study, the results were not statistically significant. 

Example 4: Phase Ill Clinical Trials of the Efficacy, Safety, and Tolerability of Repeated 
Doses of lntravitreal VEGFT in Subjects with Neovascular Age-Related Macular Degeneration 

A. Objectives, Hypotheses and Endpoints 

[0040] Two parallel Phase Ill clinical trials were carried out to investigate the use of VEGFT to 

treat patients with the neovascular form of age-related macular degeneration (Study 1 and Study 2). 

The primary objective of these studies was to assess the efficacy of IVT administered VEGFT 
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compared to ranibizumab (Lucentis®, Genentech, Inc.), in a non-inferiority paradigm, in preventing 

moderate vision loss in subjects with all subtypes of neovascular AMO. 

[0041] The secondary objectives were (a) to assess the safety and tolerability of repeated IVT 

administration of VEGFT in subjects with all sub-types of neovascular AMO for periods up to 2 

years; and (b) to assess the effect of repeated IVT administration of VEGFT on Vision-Related 

Quality of Life (QOL) in subjects with all sub-types of neovascular AMO. 

[0042] The primary hypothesis of these studies was that the proportion of subjects treated with 

VEGFT with stable or improved BCVA (<15 letters lost) is similar to the proportion treated with 

ranibizumab who have stable or improved BCVA, thereby demonstrating non-inferiority. 

[0043] The primary endpoint for these studies was the prevention of vision loss of greater than or 

equal to 15 letters on the ETDRS chart, compared to baseline, at 52 weeks. Secondary endpoints 

were as follows: (a) change from baseline to Week 52 in letter score on the ETDRS chart; (b) gain 

from baseline to Week 52 of 15 letters or more on the ETDRS chart; (c) change from baseline to 

Week 52 in total NEI VFQ-25 score; and (d) change from baseline to Week 52 in CNV area. 

B. Study Design 

[0044] For each study, subjects were randomly assigned in a 1 :1 :1 :1 ratio to 1 of 4 dosing 

regimens: (1) 2 mg VEG FT administered every 4 weeks (204); (2) 0.5 mg VEG FT administered 

every 4 weeks (0.504); (3) 2 mg VEGFT administered every 4 weeks to week 8 and then every 8 

weeks (with sham injection at the interim 4-week visits when study drug was not administered 

(208); and (4) 0.5 mg ranibizumab administered every 4 weeks (RQ4). Subjects assigned to (208) 

received the 2 mg injection every 4 weeks to week 8 and then a sham injection at interim 4-week 

visits (when study drug is not to be administered) during the first 52 weeks of the studies. (No 

sham injection were given at Week 52). 

[0045] The study duration for each subject was scheduled to be 96 weeks plus the recruitment 

period. For the first 52 weeks (Year 1 ), subjects received an IVT or sham injection in the study eye 

every 4 weeks. (No sham injections were given at Week 52). During the second year of the study, 

subjects will be evaluated every 4 weeks and will receive IVT injection of study drug at intervals 

determined by specific dosing criteria, but at least every 12 weeks. (During the second year of the 

study, sham injections will not be given.) During this period, injections may be given as frequently 

as every 4 weeks, but no less frequently than every 12 weeks, according to the following criteria: (i) 

increase in central retinal thickness of 2::100 µm compared to the lowest previous value as 

measured by optical coherence tomography (OCT); or (ii) a loss from the best previous letter score 

of at least 5 ETDRS letters in conjunction with recurrent fluid as indicated by OCT; or (iii) new or 

persistent fluid as indicated by OCT; or (iv) new onset classic neovascularization, or new or 

persistent leak on fluorescein angiography (FA); or (v) new macular hemorrhage; or (vi) 12 weeks 
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have elapsed since the previous injection. According to the present protocol, subjects must receive 

an injection at least every 12 weeks. 

[0046] Subjects were evaluated at 4 weeks intervals for safety and best corrected visual acuity 

(BCVA) using the 4 meter ETDRS protocol. Quality of Life (QOL) was evaluated using the NEI 

VFQ-25 questionnaire. OCT and FA examinations were conducted periodically. 

[0047] Approximately 1200 subjects were enrolled, with a target enrollment of 300 subjects per 

treatment arm. 

[0048] To be eligible for this study, subjects were required to have subfoveal choroidal 

neovascularization (CNV) secondary to AMO. "Subfoveal" CNV was defined as the presence of 

subfoveal neovascularization, documented by FA, or presence of a lesion that is juxtafoveal in 

location angiographically but affects the fovea. Subject eligibility was confirmed based on 

angiographic criteria prior to randomization. 

[0049] Only one eye was designated as the study eye. For subjects who met eligibility criteria in 

both eyes, the eye with the worse VA was selected as the study eye. If both eyes had equal VA, 

the eye with the clearest lens and ocular media and least amount of subfoveal scar or geographic 

atrophy was selected. If there was no objective basis for selecting the study eye, factors such as 

ocular dominance, other ocular pathology and subject preference were considered in making the 

selection. 

[0050] Inclusion criteria for both studies were as follows: (i) signed Informed consent; (ii) at least 

50 years of age; (iii) active primary subfoveal CNV lesions secondary to AMO, including juxtafoveal 

lesions that affect the fovea as evidenced by FA in the study eye; (iv) CNV at least 50% of total 

lesion size; (v) early treatment diabetic retinopathy study (ETD RS) best-corrected visual acuity of: 

20/40 to 20/320 (letter score of 73 to 25) in the study eye; (vi) willing, committed, and able to return 

for all clinic visits and complete all study-related procedures; and (vii) able to read, understand and 

willing to sign the informed consent form (or, if unable to read due to visual impairment, be read to 

verbatim by the person administering the informed consent or a family member). 

[0051] Exclusion criteria for both studies were as follows: 1. Any prior ocular (in the study eye) or 

systemic treatment or surgery for neovascular AMO except dietary supplements or vitamins. 2. Any 

prior or concomitant therapy with another investigational agent to treat neovascular AMO in the 

study eye, except dietary supplements or vitamins. 3. Prior treatment with anti-VEGF agents as 

follows: (a) Prior treatment with anti-VEGF therapy in the study eye was not allowed; (b) Prior 

treatment with anti-VEGF therapy in the fellow eye with an investigational agent (not FDA approved, 

e.g. bevacizumab) was allowed up to 3 months prior to first dose in the study, and such treatments 

were not allowed during the study. Prior treatment with an approved anti-VEGF therapy in the 

fellow eye was allowed; (c) Prior systemic anti-VEGF therapy, investigational or FDA/Health 

Canada approved, was only allowed up to 3 months prior to first dose, and was not allowed during 
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the study. 4. Total lesion size> 12 disc areas (30.5 mm2, including blood, scars and 

neovascularization) as assessed by FA in the study eye. 5. Subretinal hemorrhage that is either 

50% or more of the total lesion area, or if the blood is under the fovea and is 1 or more disc areas in 

size in the study eye. (If the blood is under the fovea, then the fovea must be surrounded 270 

degrees by visible CNV.) 6. Scar or fibrosis, making up> 50% of total lesion in the study eye. 7. 

Scar, fibrosis, or atrophy involving the center of the fovea. 8. Presence of retinal pigment epithelial 

tears or rips involving the macula in the study eye. 9. History of any vitreous hemorrhage within 4 

weeks prior to Visit 1 in the study eye. 10. Presence of other causes of CNV, including pathologic 

myopia (spherical equivalent of -8 diopters or more negative, or axial length of 25 mm or more), 

ocular histoplasmosis syndrome, angioid streaks, choroidal rupture, or multifocal choroiditis in the 

study eye. 11. History or clinical evidence of diabetic retinopathy, diabetic macular edema or any 

other vascular disease affecting the retina, other than AMO, in either eye. 12. Prior vitrectomy in 

the study eye. 13. History of retinal detachment or treatment or surgery for retinal detachment in 

the study eye. 14. Any history of macular hole of stage 2 and above in the study eye. 15. Any 

intraocular or periocular surgery within 3 months of Day 1 on the study eye, except lid surgery, 

which may not have taken place within 1 month of day 1, as long as it was unlikely to interfere with 

the injection. 16. Prior trabeculectomy or other filtration surgery in the study eye. 17. Uncontrolled 

glaucoma (defined as intraocular pressure greater than or equal to 25 mm Hg despite treatment 

with anti-glaucoma medication) in the study eye. 18. Active intraocular inflammation in either eye. 

19. Active ocular or periocular infection in either eye. 20. Any ocular or periocular infection within 

the last 2 weeks prior to Screening in either eye. 21. Any history of uveitis in either eye. 22. Active 

scleritis or episcleritis in either eye. 23. Presence or history of scleromalacia in either eye. 24. 

Aphakia or pseudophakia with absence of posterior capsule (unless it occurred as a result of a 

yttrium aluminum garnet [YAG] posterior capsulotomy) in the study eye. 25. Previous therapeutic 

radiation in the region of the study eye. 26. History of corneal transplant or corneal dystrophy in the 

study eye. 27. Significant media opacities, including cataract, in the study eye which might interfere 

with visual acuity, assessment of safety, or fundus photography. 28. Any concurrent intraocular 

condition in the study eye (e.g. cataract) that, in the opinion of the investigator, could require either 

medical or surgical intervention during the 96 week study period. 29. Any concurrent ocular 

condition in the study eye which, in the opinion of the investigator, could either increase the risk to 

the subject beyond what is to be expected from standard procedures of intraocular injection, or 

which otherwise may interfere with the injection procedure or with evaluation of efficacy or safety. 

30. History of other disease, metabolic dysfunction, physical examination finding, or clinical 

laboratory finding giving reasonable suspicion of a disease or condition that contraindicates the use 

of an investigational drug or that might affect interpretation of the results of the study or render the 

subject at high risk for treatment complications. 31. Participation as a subject in any clinical study 
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within the 12 weeks prior to Day 1. 32. Any systemic or ocular treatment with an investigational 

agent in the past 3 months prior to Day 1. 33. The use of long acting steroids, either systemically or 

intraocularly, in the 6 months prior to day 1. 34. Any history of allergy to povidone iodine. 35. 

Known serious allergy to the fluorescein sodium for injection in angiography. 36. Presence of any 

contraindications indicated in the FDA Approved label for ranibizumab (Lucentis®). 37. Females 

who were pregnant, breastfeeding, or of childbearing potential, unwilling to practice adequate 

contraception throughout the study. Adequate contraceptive measures include oral contraceptives 

(stable use for 2 or more cycles prior to screening); IUD; Depo-Provera®; Norplant® System 

implants; bilateral tubal ligation; vasectomy; condom or diaphragm plus either contraceptive 

sponge, foam or jelly. 

[0052] Subjects were not allowed to receive any standard or investigational agents for treatment 

of their AMO in the study eye other than their assigned study treatment with VEGFT or ranibizumab 

as specified in the protocol until they completed the Completion/Early Termination visit 

assessments. This includes medications administered locally (e.g., IVT, topical, juxtascleral or 

periorbital routes), as well as those administered systemically with the intent of treating the study 

and/or fellow eye. 

[0053] The study procedures are summarized as follows: 

[0054] Best Corrected Visual Acuity: Visual function of the study eye and the fellow eye were 

assessed using the ETDRS protocol (The Early Treatment Diabetic Retinopathy Study Group) at 4 

meters. Visual Acuity examiners were certified to ensure consistent measurement of BCV A. The 

VA examiners were required to remain masked to treatment assignment. 

[0055] Optical Coherence Tomography: Retinal and lesion characteristics were evaluated using 

OCT on the study eye. At the Screen Visit (Visit 1) images were captured and transmitted for both 

eyes. All OCT images were captured using the Zeiss Stratus OCT™ with software Version 3 or 

greater. OCT images were sent to an independent reading center where images were read by 

masked readers at visits where OCTs were required. All OCTs were electronically archived at the 

site as part of the source documentation. A subset of OCT images were read. OCT technicians 

were required to be certified by the reading center to ensure consistency and quality in image 

acquisition. Adequate efforts were made to ensure that OCT technicians at the site remained 

masked to treatment assignment. 

[0056] Fundus Photography and Fluorescein Angiography (FA}: The anatomical state of the 

retinal vasculature of the study eye was evaluated by funduscopic examination, fundus photography 

and FA. At the Screen Visit (Visit 1) funduscopic examination, fundus photography and FA were 

captured and transmitted for both eyes. Fundus and angiographic images were sent to an 

independent reading center where images were read by masked readers. The reading center 

confirmed subject eligibility based on angiographic criteria prior to randomization. All FAs and 
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fundus photographs were archived at the site as part of the source documentation. Photographers 

were required to be certified by the reading center to ensure consistency and quality in image 

acquisition. Adequate efforts were made to ensure that all photographers at the site remain 

masked to treatment assignment. 

[0057] Vision-Related Quality of Life: Vision-related QOL was assessed using the National Eye 

Institute 25-ltem Visual Function Questionnaire (NEI VFQ-25) in the interviewer-administered 

format. NEI VFQ-25 was administered by certified personnel at a contracted call center. At the 

screening visit, the sites assisted the subject and initiated the first call to the call center to collect all 

of the subject's contact information and to complete the first NEI VFQ-25 on the phone prior to 

randomization and IVT injection. For all subsequent visits, the call center called the subject on the 

phone, prior to IVT injection, to complete the questionnaire. 

[0058] lntraocular Pressure: lntraocular pressure (IOP) of the study eye was measured using 

applanation tonometry or Tonopen. The same method of IOP measurement was used in each 

subject throughout the study. 

[0059] 

C. Results Summary (52 Week Data) 

[0060] The primary endpoint (prevention of moderate or severe vision loss as defined above) was 

met for all three VEGFT groups (204, 0.504 and 208) in this study. The results from both studies 

are summarized in Table 1. 

Table 1 

Ranibizumab VEGFT VEGFT VEGFT 
0.5 mg monthly 0.5 mg monthly 2 mg monthly 2 mg every 8 

(RQ4) (0.504) (204) weeksrai (208) 

Maintenance of vision* (% patients losing <15 letters) at week 52 versus baseline 

Study 1 94.4% 95.9%** 95.1 %** 95.1 %** 

Study 2 94.4% 96.3%** 95.6%** 95.6%** 

Mean improvement in vision* (letters) at 52 weeks versus baseline (p-value vs RQ4)*** 

Study 1 8.1 6.9 (NS) 10.9 (p<0.01) 7.9 (NS) 

Study 2 9.4 9.7 (NS) 7.6 (NS) 8.9 (NS 
[al Following three initial monthly doses 
* Visual acuity was measured as the total number of letters read correctly on the Early Treatment 
Diabetic Retinopathy Study (ETDRS) eye chart. 
** Statistically non-inferior based on a non-inferiority margin of 10%, using confidence interval 
approach (95.1 % and 95% for Study 1 and Study 2, respectively) 
*** Test for superiority 
NS= non-significant 
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[0061] In Study 1, patients receiving VEGFT 2mg monthly (204) achieved a statistically significant 

greater mean improvement in visual acuity at week 52 versus baseline (secondary endpoint), 

compared to ranibizumab 0.5mg monthly (R04); patients receiving VEGFT 2mg monthly on 

average gained 10.9 letters, compared to a mean 8.1 letter gain with ranibizumab 0.5mg dosed 

every month (p<0.01 ). All other dose groups of VEG FT in Study 1 and all dose groups in Study 2 

were not statistically different from ranibizumab in this secondary endpoint. 

[0062] A generally favorable safety profile was observed for both VEGFT and ranibizumab. The 

incidence of ocular treatment emergent adverse events was balanced across all four treatment 

groups in both studies, with the most frequent events associated with the injection procedure, the 

underlying disease, and/or the aging process. The most frequent ocular adverse events were 

conjunctiva! hemorrhage, macular degeneration, eye pain, retinal hemorrhage, and vitreous 

floaters. The most frequent serious non-ocular adverse events were typical of those reported in 

this elderly population who receive intravitreal treatment for wet AMO; the most frequently reported 

events were falls, pneumonia, myocardial infarction, atrial fibrillation, breast cancer, and acute 

coronary syndrome. There were no notable differences among the study arms. 

Example 5: Phase II Clinical Trial of VEGFT in Subjects with Diabetic Macular Edema (DME) 

[0063] In this study, 221 patients with clinically significant DME with central macular involvement 

were randomized, and 219 patients were treated with balanced distribution over five groups. The 

control group received macular laser therapy at baseline, and patients were eligible for repeat laser 

treatments, but no more frequently than at 16 week intervals. The remaining four groups received 

VEGFT by intravitreal injection as follows: Two groups received 0.5 or 2 mg of VEGFT once every 

four weeks throughout the 12-month dosing period (0.504 and 204, respectively). Two groups 

received three initial doses of 2 mg VEG FT once every four weeks (i.e., at baseline, and weeks 4 

and 8), followed through week 52 by either once every 8 weeks dosing (208) or as needed dosing 

with very strict repeat dosing criteria (PRN). Mean gains in visual acuity versus baseline were as 

shown in Table 2: 

Table 2 

Mean change in visual acuity at Mean change in visual acuity at 
week 24 versus baseline week 52 versus baseline 

n (letters) (letters) 

Laser 44 2.5 -1.3 

VEGFT 0.5 mg 
44 8.6** 11.0** 

monthly (0.504) 

VEGFT 2 mg monthly 
44 11 .4** 13.1 ** 

(204) 

VEGFT 2 mg every 8 42 8.5** 9.7** 
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weeksrai (208) 

VEGFT 2 mg as 
45 neededrai (PRN) 

[al Following three initial monthly doses 
** p < 0.01 versus laser 

10.3** 12.0** 

[0064] In this study, the visual acuity gains achieved with VEGFT administration at week 24 were 

maintained or numerically improved up to completion of the study at week 52 in all VEGFT study 

groups, including 2 mg dosed every other month 

[0065] As demonstrated in the foregoing Examples, the administration of VEGFT to patients 

suffering from angiogenic eye disorders (e.g., AMO and DME) at a frequency of once every 8 

weeks, following a single initial dose and two secondary doses administered four weeks apart, 

resulted in significant prevention of moderate or severe vision loss or improvements in visual acuity. 

Example 6: A Randomized, Multicenter, Double-Masked Trial in Treatment Na"ive Patients 
with Macular Edema Secondary to CRVO 

[0066] In this randomized, double-masked, Phase 3 study, patients received 6 monthly injections 

of either 2 mg intravitreal VEGFT (114 patients) or sham injections (73 patients). From Week 24 to 

Week 52, all patients received 2 mg VEGFT as-needed (PRN) according to retreatment criteria. 

Thus, "sham-treated patients" means patients who received sham injections once every four weeks 

from Week O through Week 20, followed by intravitreal VEGFT as needed from Week 24 through 

Week 52. "VEGFT-treated patients" means patients who received VEGFT intravitreal injections 

once every four weeks from Week O through Week 20, followed by intravitreal VEG FT as needed 

from Week 24 through Week 52. The primary endpoint was the proportion of patients who gained 

2::15 ETDRS letters from baseline at Week 24. Secondary visual, anatomic, and Quality of Life NEI 

VFQ-25 outcomes at Weeks 24 and 52 were also evaluated. 

[0067] At Week 24, 56.1 % of VEG FT-treated patients gained 2::15 ETDRS letters from baseline vs 

12.3% of sham-treated patients (P<0.0001 ). Similarly, at Week 52, 55.3% of VEGFT-treated 

patients gained 2::15 letters vs 30.1 % of sham-treated patients (P<0.01 ). At Week 52, VEGFT

treated patients gained a mean of 16.2 letters vs 3.8 letters for sham-treated patients (P<0.001 ). 

Mean number of injections was 2.7 for VEGFT-treated patients vs 3.9 for sham-treated patients. 

Mean change in central retinal thickness was -413.0 µm for VEGFT-treated patients vs -381.8 µm 

for sham-treated patients. The proportion of patients with ocular neovascularization at Week 24 

were 0% for VEGFT-treated patients and 6.8% for sham-treated patients, respectively; at Week 52 

after receiving VEGFT PRN, proportions were 0% and 6.8% for VEGFT-treated and sham-treated. 

At Week 24, the mean change from baseline in the VFQ-25 total score was 7.2 vs 0.7 for the 
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VEGFT-treated and sham-treated groups; at Week 52, the scores were 7.5 vs 5.1 for the VEGFT

treated and sham-treated groups. 

[0068] This Example confirms that dosing monthly with 2 mg intravitreal VEG FT injection resulted 

in a statistically significant improvement in visual acuity at Week 24 that was maintained through 

Week 52 with PRN dosing compared with sham PRN treatment. VEGFT was generally well 

tolerated and had a generally favorable safety profile. 

Example 7: Dosing Regimens 

[0069] Specific, non-limiting examples of dosing regimens within the scope of the present 

invention are as follows: 

[0070] VEGFT 2 mg (0.05 ml) administered by intravitreal injection once every 4 weeks 

(monthly). 

[0071] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

8 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0072] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

8 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 

visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0073] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

8 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) based 

on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0074] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

12 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0075] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

12 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 

visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0076] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

12 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) 

based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0077] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

16 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0078] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

16 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 
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visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0079] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

16 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) 

based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0080] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

20 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0081] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

20 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 

visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0082] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

20 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) 

based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0083] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

24 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0084] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

24 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 

visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0085] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

24 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) 

based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0086] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

28 weeks, followed by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks. 

[0087] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

28 weeks, followed by 2 mg (0.05 ml) via intravitreal injection on a less frequent basis based on 

visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 

[0088] VEGFT 2 mg (0.5 ml) administered by intravitreal injection once every 4 weeks for the first 

28 weeks, followed by 2 mg (0.05 ml) via intravitreal injection administered pro re nata (PRN) 

based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical 

professional). 
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[0089] VEGFT 2 mg (0.05 ml) administered by intravitreal injection as a single initial dose, 

followed by additional doses administered pro re nata (PRN) based on visual and/or anatomical 

outcomes (as assessed by a physician or other qualified medical professional). 

[0090] Variations on the above-described dosing regimens would be appreciated by persons of 

ordinary skill in the art and are also within the scope of the present invention. For example, the 

amount of VEGFT and/or volume of formulation administered to a patient may be varied based on 

patient characteristics, severity of disease, and other diagnostic assessments by a physician or 

other qualified medical professional. 

[0091] Any of the foregoing administration regimens may be used for the treatment of, e.g., age

related macular degeneration (e.g., wet AMO, exudative AMO, etc.), retinal vein occlusion (RVO), 

central retinal vein occlusion (CRVO; e.g., macular edema following CRVO), branch retinal vein 

occlusion (BRVO), diabetic macular edema (DME), choroidal neovascularization (CNV; e.g., myopic 

CNV), iris neovascularization, neovascular glaucoma, post-surgical fibrosis in glaucoma, 

proliferative vitreoretinopathy (PVR), optic disc neovascularization, corneal neovascularization, 

retinal neovascularization, vitreal neovascularization, pannus, pterygium, vascular retinopathy, etc. 

SEQUENCES 

[0092] SEQ ID N0:1 (DNA sequence having 1377 nucleotides): 

ATGGTCAGCTACTGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTCTGCTTCTCAC 

AGGATCTAGTTCCGGAAGTGATACCGGTAGACCTTTCGTAGAGATGTACAGTGAAATCCCCGA 

AATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCACCTAACAT 

CACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGG 

GACAGTAGAAAGGGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGCTTCTGACCTGT 

GAAGCAACAGTCAATGGGCATTTGTATAAGACAAACTATCTCACACATCGACAAACCAATACAA 

TCATAGATGTGGTTCTGAGTCCGTCTCATGGAATTGAACTATCTGTTGGAGAAAAGCTTGTCTT 

AAATTGTACAGCAAGAACTGAACTAAATGTGGGGATTGACTTCAACTGGGAATACCCTTCTTCG 

AAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAG 

AAATTTTTGAGCACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTG 

CAGCATCCAGTGGGCTGATGACCAAGAAGAACAGCACATTTGTCAGGGTCCATGAAAAGGACA 

AAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCT 

TCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTG 

GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGT 

GCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCG 

TCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAAC 

AAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACC 

ACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT 
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GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCG 

GAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC 

AAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA 

TGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA 

[0093] SEQ ID N0:2 (polypeptide sequence having 458 amino acids): 

MVSYWDTGVLLCALLSCLLL TGSSSGSDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLK 

KFPLDTLIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHL YKTNYLTHRQTNTIIDVVLSPSHGI 

ELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTL TIDGVTRS 

DQGLYTCAASSGLMTKKNSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV 

TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV 

SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL TKNQVSL TCLVKGFYPSDIAVEWESNGQPEN 

NYKTTPPVLDSDGSFFL YSKL TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

[0094] The present invention is not to be limited in scope by the specific embodiments described 

herein. Indeed, various modifications of the invention in addition to those described herein will 

become apparent to those skilled in the art from the foregoing description and the accompanying 

figures. Such modifications are intended to fall within the scope of the appended claims. 
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What is claimed is: 

1. A method for treating an angiogenic eye disorder in a patient, said method comprising 

sequentially administering to the patient a single initial dose of a VEGF antagonist, followed by one 

or more secondary doses of the VEGF antagonist, followed by one or more tertiary doses of the 

VEGF antagonist; 

wherein each secondary dose is administered 2 to 4 weeks after the immediately preceding 

dose;and 

wherein each tertiary dose is administered at least 8 weeks after the immediately preceding 

dose. 

2. The method of claim 1, wherein only a single secondary dose is administered to the 

patient, and wherein the single secondary dose is administered 4 weeks after the initial dose of the 

VEGF antagonist. 

3. The method of claim 1, wherein only two secondary doses are administered to the 

patient, and wherein each secondary dose is administered 4 weeks after the immediately preceding 

dose. 

4. The method of claim 3, wherein each tertiary dose is administered 8 weeks after the 

immediately preceding dose. 

5. The method of claim 1, wherein at least 5 tertiary doses of the VEGF antagonist are 

administered to the patient, and wherein the first four tertiary doses are administered 8 weeks after 

the immediately preceding dose, and wherein each subsequent tertiary dose is administered 8 or 

12 weeks after the immediately preceding dose. 

6. The method of claim 1, wherein the angiogenic eye disorder is selected from the 

group consisting of: age related macular degeneration, diabetic retinopathy, diabetic macular 

edema, central retinal vein occlusion, branch retinal vein occlusion, and corneal neovascularization. 

7. The method of claim 6, wherein the angiogenic eye disorder is age related macular 

degeneration. 

8. The method of claim 1, wherein the VEGF antagonist is an anti-VEGF antibody or 

fragment thereof, an anti-VEGF receptor antibody or fragment thereof, or a VEGF receptor-based 

chimeric molecule. 

-22-
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 044



9. The method of claim 8, wherein the VEGF antagonist is a VEGF receptor-based 

chimeric molecule. 

10. The method of claim 9, wherein the VEGF receptor-based chimeric molecule 

comprises VEGFR1 R2-Fc~C1 (a) encoded by the nucleic acid sequence of SEQ ID NO:1. 

11. The method of claim 9, wherein the VEGF receptor-based chimeric molecule 

comprises (1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2; (2) a 

VEGFR2 component comprising amino acids 130-231 of SEQ ID NO:2; and (3) a multimerization 

component comprising amino acids 232-457 of SEQ ID NO:2. 

12. The method of claim 1, wherein all doses of the VEGF antagonist are administered to 

the patient by topical administration or by intraocular administration. 

13. The method of claim 12, wherein all doses of the VEGF antagonist are administered 

to the patient by intraocular administration. 

14. The method of claim 13, wherein the intraocular administration is intravitreal 

administration. 

15. The method of claim 11, wherein all doses of the VEGF antagonist are administered 

to the patient by topical administration or by intraocular administration. 

16. The method of claim 15, wherein all doses of the VEGF antagonist are administered 

to the patient by intraocular administration. 

17. The method of claim 16, wherein the intraocular administration is intravitreal 

administration. 

18. The method of claim 17, wherein all doses of the VEGF antagonist comprise from 

about 0.5 mg to about 2 mg of the VEGF antagonist. 

19. The method of claim 18, wherein all doses of the VEGF antagonist comprise 0.5 mg 

of the VEGF antagonist. 

20. The method of claim 18, wherein all doses of the VEGF antagonist comprise 2 mg of 

the VEGF antagonist. 
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ABSTRACT 

The present invention provides methods for treating angiogenic eye disorders by sequentially 

administering multiple doses of a VEGF antagonist to a patient. The methods of the present 

invention include the administration of multiple doses of a VEGF antagonist to a patient at a 

frequency of once every 8 or more weeks. The methods of the present invention are useful for the 

treatment of angiogenic eye disorders such as age related macular degeneration, diabetic 

retinopathy, diabetic macular edema, central retinal vein occlusion, branch retinal vein occlusion, 

and corneal neovascularization. 
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Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

;_ 
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time ofRequest 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 35 u.s.c. 

□ 
122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 
months after filing. 

Representative Information: 

Representative information should be provided for all 
.. 

pract1t1oners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number 
will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 96387 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Prefix Given Name Middle Name Family Name Suffix 

I Remove I 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 
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Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e}, 120, 121, 365(c}, or 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Application Number 

Application 
Number 

Continuity Type 

Continuation of 

Continuity Type 
Prior Application 

Number 

15471506 Continuation of 14972560 

Application 
Number 

Continuity Type 
Prior Application 

Number 

14972560 Continuation of 13940370 

Application Number Continuity Type 

13940370 Continuation in part of 

Application Number Continuity Type 

PCT /US2012/020855 Claims benefit of provisional 

Application Number Continuity Type 

PCT /US2012/020855 Claims benefit of provisional 
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9669069 

Patent Number 

9254338 
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(YYYY-MM-DD) 
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Fi ing or 371 (c) Date 
Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

PCT /US2012/020855 Claims benefit of provisional 61561957 2011-11-21 

Additional Domestic Benefit/National Stage Data may be generated within this form by 
selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35U.S.C.119(b) and 37 CFR 1 .55. When priority is claimed to a foreign application that is eligible 

for retrieval under the priority document exchange program (POX) the information J,ill be used by the Office to automatically attempt retrieval 

pursuant to 37 CFR 1 .55(i)(l) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign 

application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority 

application is filed, within the time period specified in 37 CFR 1.55(g)(l). 

Application Number Country 1 Filing Date (YYYY-MM-DD) 

Additional Foreign Priority Data may be generated within this form by selecting the Add 
button. 

Access Codei(if applicable) 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see 
paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. 
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access 
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned 
hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean 
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of China (SIPO), the World 
Intellectual Property Organization (WIPO), and any other foreign intellectual property office participating with the USPTO in a 
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant 
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, (2) any foreign 
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and 
(3) the date offiling of this Authorization. See 37 CFR l.14(h)(l ). 

B. Search Results from U.S. Application to EPO- Unless box Bin subsection 2 (opt-out of authorization) is checked, the 
undersigned herebv grants the USPTO authority to provide the EPO access to the bibliographic data and search results from 
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See 
37 CFR l.14(h)(2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a copy of 
search results from the instant application without delay in a European patent application that claims priority to the instant 
application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any 

documents and information identified in subsection 1 A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in 
accordance with 37 CFR 1.14. 
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Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have 
an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The 
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the 
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows 
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee, 
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more 
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section. 

I Clear I 

0 Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

@ Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 

Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I Regeneron Pharmaceuticals, Inc. 

Mailing Address Information For Applicant: 

Address 1 777 Old Saw Mill River Road 

Address 2 

City Tarrytown State/Province NY 

Country 1 I us Postal Code 10591 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 
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Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 ofTitle 37 of 
CFR to have an assignment recorded by the Office. 

Assignee 1 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application 
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an 
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application 
publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I Regeneron Pharmaceuticals, Inc. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 777 Old Saw Mill River Road 

Address 2 

City I Tarrytown State/Province NY 

Country i I us Postal Code 10591 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 
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This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e. 
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, 
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see USPTO Form PTO/AIA/81) on behalfofalljoint inventor-applicants. 
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First Name Karl I Last Name I Bozicevic I Registration Number 28807 

Additional Signature may be generated within this form by selecting the Add button. 
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Sequence Listing was accepted. 

See attached Validation Report. 

If you need help call the Patent Electronic Business Center at (866) 

217-9197 (toll free). 

Reviewer: Wheat Jr, Scott (ASRC) 

Timestamp: [year=2018; month=8; day=8; hr=ll; min=49; sec=24; ms=lSS; 
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Validated By CRFValidator v 1.0.5 

Application No: 16055847 Version No: 1.0 

Error code 

E 287 

W 213 

W 213 

Input Set: 

Output Set: 

Started: 2018-08-06 16:40:31.337 

Finished: 2018-08-06 16:40:31.511 

Elapsed: 0 hr(s) 0 min(s) 0 sec(s) 174 ms 

Total Warnings: 2 

Total Errors: 1 

No. of SeqIDs Defined: 2 

Actual SeqID Count: 2 

Error Description 

Invalid WIPO ST.2 date format; Use (YYYY-MM-DD) in <141> 

Artificial or Unknown found in <213> in SEQ ID (1) 

Artificial or Unknown found in <213> in SEQ ID (2) 
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SEQUENCE LISTING 

<110> George D. Yancopoulos 

<120> Use of a VEGF Antagonist to Treat Angiogenic Eye Disorders 

<130> 725Al 

<140> us 16/055,847 

<141> 2018-08-06 

<150> PCT/US2012/020855 

<151> 2012-01-11 

<150> 61/432,245 

<151> 2011-01-13 

<150> 61/434,836 

<151> 2011-01-21 

<150> 61/561,957 

<151> 2011-11-21 

<160> 2 

<170> FastSEQ for Windows Version 4.0 

<210> 1 

<211> 1377 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic 

<400> 1 

atggtcagct actgggacac cggggtcctg ctgtgcgcgc tgctcagctg tctgcttctc 60 

acaggatcta gttccggaag tgataccggt agacctttcg tagagatgta cagtgaaatc 120 

cccgaaatta tacacatgac tgaaggaagg gagctcgtca ttccctgccg ggttacgtca 180 

cctaacatca ctgttacttt aaaaaagttt ccacttgaca 

cgcataatct gggacagtag aaagggcttc atcatatcaa 

gggcttctga cctgtgaagc aacagtcaat gggcatttgt 

catcgacaaa ccaatacaat catagatgtg gttctgagtc 

tctgttggag aaaagcttgt cttaaattgt acagcaagaa 

gacttcaact gggaataccc ttcttcgaag catcagcata 

ctaaaaaccc agtctgggag tgagatgaag aaatttttga 

gtaacccgga gtgaccaagg attgtacacc tgtgcagcat 

aagaacagca catttgtcag ggtccatgaa aaggacaaaa 

ccagcacctg aactcctggg gggaccgtca gtcttcctct 

accctcatga 

gaccctgagg 

aagccgcggg 

caccaggact 

gcccccatcg 

accctgcccc 

aaaggcttct 

tctcccggac 

tcaagttcaa 

aggagcagta 

ggctgaatgg 

agaaaaccat 

catcccggga 

atcccagcga 

ccctgaggtc acatgcgtgg 

ctggtacgtg gacggcgtgg 

caacagcacg taccgtgtgg 

caaggagtac aagtgcaagg 

ctccaaagcc aaagggcagc 

tgagctgacc aagaaccagg 

catcgccgtg gagtgggaga 

ctttgatccc tgatggaaaa 

atgcaacgta caaagaaata 

ataagacaaa ctatctcaca 

cgtctcatgg aattgaacta 

ctgaactaaa tgtggggatt 

agaaacttgt aaaccgagac 

gcaccttaac tatagatggt 

ccagtgggct gatgaccaag 

ctcacacatg cccaccgtgc 

tccccccaaa acccaaggac 

tggtggacgt gagccacgaa 

aggtgcataa tgccaagaca 

tcagcgtcct caccgtcctg 

tctccaacaa agccctccca 

cccgagaacc acaggtgtac 

tcagcctgac ctgcctggtc 

gcaatgggca gccggagaac 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 
 

APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2008 PAGE 060



aactacaaga ccacgcctcc cgtgctggac tccgacggct ccttcttcct ctacagcaag 1260 

ctcaccgtgg acaagagcag gtggcagcag gggaacgtct tctcatgctc cgtgatgcat 1320 

gaggctctgc acaaccacta cacgcagaag agcctctccc tgtctccggg taaatga 1377 

<210> 2 

<211> 458 

<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Synthetic 

<400> 2 

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser 

1 5 10 15 

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Ser Asp Thr Gly Arg Pro 

20 25 30 

Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu 

35 40 45 

Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr 

50 55 60 

Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys 

65 70 75 80 

Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr 

85 90 95 

Tyr Lys Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His 

100 105 110 

Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile 

115 120 125 

Asp Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser Val Gly Glu 

130 135 140 

Lys Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile 

145 150 155 160 

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Leu 

165 170 175 

Val Asn Arg Asp Leu Lys Thr Gln Ser Gly Ser Glu Met Lys Lys Phe 

180 185 190 

Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg Ser Asp Gln Gly Leu 

195 200 205 

Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr 

210 215 220 

Phe Val Arg Val His Glu Lys Asp Lys Thr His Thr Cys Pro Pro Cys 

225 230 235 240 

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 

245 250 255 

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 

260 265 270 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 

275 280 285 

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 

290 295 300 

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 

305 310 315 320 

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 

325 330 335 

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly 

340 345 350 
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Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 

355 360 365 

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 

370 375 380 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn 

385 390 395 400 

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 

405 410 415 

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn 

420 425 430 

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 

435 440 445 

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 

450 455 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/055,847 08/06/2018 1720 REGN-008CIPCON3 3 1 

96387 
Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

CONFIRMATION NO. 3451 
FILING RECEIPT 

1111111111111111111111 m~mll!IIIIHi1w~ 111111111111111 IIII 1111 

Date Mailed: 08/22/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
George D. Yancopoulos, Yorktown Heights, NY; 

Applicant( s) 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Assignment For Published Patent Application 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/471,506 03/28/2017 
which is a CON of 14/972,560 12/17/2015 PAT 9669069 
which is a CON of 13/940,370 07/12/2013 PAT 9254338 
which is a CIP of PCT/US2012/020855 01/11/2012 
which claims benefit of 61/432,245 01/13/2011 
and claims benefit of 61/434,836 01/21/2011 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/21/2018 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/055,847 
Projected Publication Date: 11/29/2018 
Non-Publication Request: No 
Early Publication Request: No 
Title 

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/055,847 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 3 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 460 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 068



To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Aug 24, 2018 04:30:32 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 08/22/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Electronically filed 10/2/2018 

REQUEST FOR CORRECTED Attorney Docket No. REGN-008CIPCON3 

FILING RECEIPT Confirmation No. 3451 
First Named Inventor GEORGE D. YANCOPOULOS 
Application Number 16/055,847 
Filing Date August 6, 2018 

Address to: Group Art Unit 
Commissioner for Patents Examiner Name Jon McClelland Lockard 
P.O. Box 1450 Title: "Use of a VEGF Antagonist to Treat Angiogenic 
Alexandria, VA 22313-1450 Eye Disorders" 

Sir: 
A filing receipt for the above-identified patent application has been issued by the U.S. Patent and 

Trademark Office (copy attached) and has been found to contain the following error(s): 

(1) Please correct the "Domestic Priority data as claimed by application" to 

include U.S. Provisional Patent Application No. 61/561,957 as indicated on 

the originally filed Application Data Sheet. 

If for any reason a fee is found to be necessary, the Commissioner is authorized to charge such fee to 

Deposit Account No. 50-0815. 

Date: October 2 2018 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Direct: (650) 833-7735 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: /Karl Bozicevic, Reg. No. 28,807/ 
Karl Bozicevic 
Reg. No. 28,807 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 074



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/055,847 08/06/2018 1720 REGN-008CIPCON3 3 1 

96387 
Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

CONFIRMATION NO. 3451 
FILING RECEIPT 

1111111111111111111111 m~mll!IIIIHi1w~ 111111111111111 IIII 1111 

Date Mailed: 08/22/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
George D. Yancopoulos, Yorktown Heights, NY; 

Applicant( s) 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Assignment For Published Patent Application 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/471,506 03/28/2017 
which is a CON of 14/972,560 12/17/2015 PAT 9669069 
which is a CON of 13/940,370 07/12/2013 PAT 9254338 
which is a CIP of PCT/US2012/020855 01/11/2012 
which claims benefit of 61/432,245 01/13/2011 
and claims benefit of 61/434,836 01/21/2011 
:--~l~d (_1_.xin·:~~ th,:-. t~,:-r,.::•_f;~ nf' {:_, ~ /•~{\ ': {.~•~·7 : ~ /) ~ /){; ~ ~ 

Foreign Applicatioi1s:fo:1:w,h~'c1"tprtorltffs,:c;tatrr1ed-:'.6,01i-n1,ry-be:,etfgibte-to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/21/2018 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/055,847 
Projected Publication Date: 11/29/2018 
Non-Publication Request: No 
Early Publication Request: No 
Title 

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PTO/AIN14 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Attorney Docket Number REGN-008CIPCON3 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the ElectronicJWng System (EFS) or the document 
may be printed and included in a paper filed application. =:tfltt 

··················· 

Secrecy Order 37 CFR 5.2: I 
□ Portions or all of the applicatio~ as~ociated with this Application Data Sheet may fall under a=§1tecy Order pursuant to 37 

CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may nqt,p~..filed electrohl.€fl.l.y.) 
.. :::::::::::::::::::::::::::::::::::::::=:::::::::::=:•:•.····.. ·::=:::=:::=:::=::. 

Inventor Information: 

Inventor 1 
Legal Name 

Prefix Given Name 

George 

Residence Information (Select One) @ us Residency ··===:\]ffl)}'J?rn!i]Wiidency O Active us Military Service 

City Yorktown Heights 

Mailing Address of Inventor: 

Address 1 
.-:-:-:-:-:-:-:-:-:-· ·························· 

c/o Regijijfron Pharmaceuticals, Inc.··==\]]]\ 
::::::::::::::::::: ·::::::::::::::::::::: 

Address2 

All Inventors l\l!tj~ii!!ij~FUhi((@Addition"lFinvlM9.r lnformc1_t1PniiiBcks may be generated 
within this fqtmIJY"selecting"the Add buttdM]]JI:i:i:i!i!i!::::::::::::::::::::::tJJJ?=====--

Correspa,l~ence Information!;:,, 
:-:-:-:-:-:-:-:-:-· :-:-:-:-:-:-:-:-:-:-:-. 

I CA 

Enter eithif!il.µstomer Number or corijpJ.i~e the Correspondence Information section below. 
For furthet\]if.t.rmation see 37 CFR 1.~l,(i). 

,::::::::::::::::::::::.. •:=::::::::::::::::• 

Email Address 

Application Information: 

Title of the Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Attorney Docket Number REGN-008CIPCON3 I Small Entity Status Claimed 

Application Type 

Subject Matter 

□ 

Total Number of Drawing Sheets (if any) I , I Suggested Figure for Publication (if any) 

WEB ADS 1.0 

Suffix 

I , 
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PTO/AIN14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number REGN-008CIPCON3 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a),_J)j;, not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foretg~(priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreig~ff(iority Information''). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present applilil are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 3 7 CFR 1.57(a). JJ]\ 

Application number of the previously Filing date (YYYY-MM-DD) --=================-=-=------- lntellectu~l::Hiperty Authority or Country i-
filed application __ ,,,::J]]:!:::::::::::::::::::: ::::!:]]!]J:@)\t,;:t:::::::t, 

Publication Information: 

□ Request Early Publication (Fee required at time of R:9.~!IM} CFR 1.219) _J:::::::::::::t 

Request Not to Publish. I hereby reque;l•ttji~:t.b.~- attached31.pil.:!¢;tion not be published under 35 u.s.c. 

□ 
122(b) and certify that the invention disclosed in the artiijijiJ~.PPIJf.~ti.P.t-fhas not and will not be the subject of an 
application filed in another country, or under a multilateraN6.\i.:miiirfa"I agreement, that requires publication at eighteen 
months after filing. __ ,_,,,,,(:(Jj]]]J:::t:>,====-=-- --====\]]]][,, __ 

Representative information should lllllll~f.OVided for all practitionelllllll~aving a power of attorney in the application. Providing 
this information in the Application Data'$.ijijij!::,poes not constitute a povijf§.f attorney in the application (see 37 CFR 1.32). 
Either enter Custom~rJ)fijOO:!iJ.l.=lfJ~-r. __ compleijfiij~Jtepresentative Name.4fflfon below. If both sections are completed the customer Number 

will be used fo:,,!:i11,~m-~;1=1nformati9~ii~l~!11:::r,::~::,:,i,:,;IJI:iillllliiii:f?' 

@ Customi~i:~,umber I O us Patent Practitioner 

96387 

Prefix Family Name 

······································ .............. . 

RegiStration Nu mMt\\i::i:i:i:i: i::::::!:!:!:!:!]:::i:ii:i:i:i:::f ]?====--

Prefix Given Name Middle Name Family Name 

Registration Number 

Additional Representative Information blocks may be generated within this form by 
selecting the Add button. 

WEB ADS 1.0 

I O Limited Recognition (37 CFR 11.9) 

Suffix 
!-,,_-,,-,,_ -------------- -1 . ~@l.jm./~ ••• 

Suffix 
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PTO/AIN14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REGN-008CIPCON3 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(<;).fl}:t 386(c) or indicate National 
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sfiiji constitutes the specific 
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. '\]]:\ 
When referring to the current application, please leave the "Application Number" field blank. ']]]I 

Application Number 

Application 
Number 

Continuity Type 

Continuation of 

Continuity Type 

15471506 Continuation of 

Application 
Number 

14972560 

Application Number 

PCT /US2012/020855 

WEB ADS 1.0 

Continuity Type 

Claims benefit of provisional 

\:ffi{: 

Patent Number 

9669069 

Patent Number 

9254338 

Issue Date 
(YYYY-MM-DD) 

2017-06-06 

Issue Date 
(YYYY-MM-DD) 

2016-02-09 

Filing or 371 (c) Date 
(YYYY-MM-DD) 

PCT/US2012/020855 2012-01-11 

Filing or 371 (c) Date 
Prior Application Number (YYYY-MM-DD) 

61432245 2011-01-13 

Filing or 371 (c) Date 
Prior Application Number (YYYY-MM-DD) 

61434836 2011-01-21 
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PTO/AIN14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REGN-008CIPCON3 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Application Number Continuity Type Prior Application Number 

PCT /US2012/020855 Claims benefit of provisional 61561957 

Foreign Priority Information: ······=·=·=:::::::,:,:,,:,:)\(]]]]]]!::::::i:i:iiiiiililllllll.1_1.1.1.1.1.1.:.i_~-~-~-~-l.l_l.l_i_i_:_:_:_:_-..... 
.. ·.·.·=·=·=·=·=·=·=······· 

This section allows for the applicant to claim priority to a foreign applicati9rii:Iij■i~ij::~ijj~)b.formation in the app;;~~!f iij~limit~ sheet 
constitutes the claim for priority as required by 35 u.s.c. 119(b) and 37.Jlfi]:lif When ~:im:,s claimed to a foreign a~Jii~~M~n that is eligible 
for retrieval under the priority document exchange program (PDX).Jijijiiijf'6~mation Jrm be:~ijj= by the Office to automatically attempt retrieval 
pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, ap,!ffiijijf bears the ultimaJ,]Jjonsibility for ensuring that a copy of the foreign 
application is received by the Office from the participating foreig~'M@l..µal proper-t.t:iwt'. or a certified copy of the foreign priority 
application is filed, within the time period specified in 3 7 CFR 1.55(g)(W\]]]i!),,,.. ,,,,JI]]//===·· 

··===(tttttfttrrr=·· 

Application Number Access Code i(if applicable) 

This applf:tation (1) claims priorityJP.]:itthe benefit of an application filed before March 16, 2013 and (2) also 
contal.p~f pr contained at any time}l(~@m to a claimed invention that has an effective filing date on or after March 

□ 16, 201:~Itt, 'tttt 
NOTE: B-jj@qyiding this statement ljijqjr 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013}ff,rn~~- examined under t.hi]!rst inventor to file provisions of the AIA. 

WEB ADS 1.0 
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PTO/AIN14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number REGN-008CIPCON3 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Authorization or Opt-Out of Authorization to Permit Access: 

Ii:1111111111111::. 
When this Application Data Sheet is properly signed and filed with the application, applicant has p:(9.jided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-ftl.ij~f(see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the insjip\ application (see 
paragraph B in subsection 1 below). \]]:\ 

Should applicant choose not to provide an authorization identified in subsectitikil~llllill~:i~P!f.t~~:lllt opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below.······=·=·========,=======/?)]]]]]]]),,,, .. 

NOTE: This section of the Application Data Sheet is ONLY reviewed.JJ.M:i:lll~ijij:Jvith the INITIAL ~=;=;~
1

!lll~li.0J1_pplication. 
After the initial filing of an application, an Application Data Sheet9i.nnHfbe us~4!ffe..:fatrovide or rescind authdi\~iion for access 
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/6.,W~ml.$fbe used as a'ppr,9.priate. ··=?===--

··====:=:=:=:=:=:=:=:=:=:==·· :::::::::::::::::::: 

1. Authorization to Permit Access by a Foreign lntelle~mlillli~9.Perty Offi~di~llllllllli:I
7 

A. Priority Document Exchange (POX) - Unless box A in su~:~:~~ilij::IX9Pt.ll:li~~=-authorization) is checked, the undersigned 
hereby grants the USPTO authority to provid~JO:E.t~µJ9.pean PatefWQffifi1{EPO), the Japan Patent Office (JPO), the Korean 
Intellectual Property Office (KIPO), the Stat~Jn!il!i.lmitlli?:!rt:Y OffidN~H~,,people's Republic of China (SIPO), the World 
Intellectual Property Organization (WIPQ)fai.niHffiy·oiFi"e'Ffijfijf:gn.Jr.itellectdij[F.m?:Perty office participating with the USPTO in a 
bilateral or multilateral priority docun:ifnti!~kchange agreem'gjij(i.n!which a fdr~f:9.U)!PPliCation claiming priority to the instant 
patent application is filed, access to: @fti.{e instant patent appli'2tjjpp::-as-filed aHq]thelated bibliographic data, (2) any foreign 
or domestic application to which pripfijlf or benefit is claimed by"iffiBnstant applitation and its related bibliographic data, and 
(3) the date of filing of this Authoriza.ti.P.O.• See 37 CFR 1.14(h)(1 ). \]]]. 

B. Search Results from U.S. ApplicJ~~l~::~o EPO - Unless box B in.::ll~ection 2 (opt-out of authorization) is checked, the 
undersigned herebY,g~ffflHb~-~SPTdjyti,9.rity to provide th~::!i.BP'access to the bibliographic data and search results from 
the instant patentiPi:it&iHon.!:When a Eui&Piih:p~tent appli.9'(@ij£1aiming priority to the instant patent application is filed. See 
3 7 C FR l · 14<.~:l1~fl!i:J>=·•·•··. -···•:· ··•·==i\\t::::i:iiiililliliililiiiilililiiiiiiii:iiii:ii:iiii:i::!]]?==·•·· 

The applicarj(]lfreminded that the EPO's_.Bvl.e 141 (1) EPC (European Patent Convention) requires applicants to submit a copy of 
search resuj:@:Jrom the instant applicatia~(WI.Jhout delay in a European patent application that claims priority to the instant 

application)l:111111111111111111::i!::,... ·,:1111111111111111111: 

2. Opt-Out ~:::11♦:r!J_ations to Pe.rd~ll~~~ess by a Foreign Intellectual Property Office(s) 

A. Applican:==:!11111:iJ~l~i~;;:==:he USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any 

documents and information identified in subsection 1 A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the US PTO will not be providing the EPO with search results from the instant application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in 
accordance with 37 CFR 1.14. 

WEB ADS 1.0 
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PTO/AIN14 (08-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REGN-008CIPCON3 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requiremeniil:i~rt 3 ofTitle 37 of CFR to have 
an assignment recorded by the Office. }]J\ 

::::::=:::=:::=:::. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 qg):@$.SMfi.iil.ID.:9-P..,-~~o@:fbot be completed. The 
information to be provided in this section is the name and address of the legal represe.ntaHv&\ijfflflijJij.ij!ijppi.i.jijfijpder 37 CFR 1.43; or the 
name and address of the assignee, person to whom the inventor is under an obligation to assign the inveritionViij]:i.ff.~9..n who otherwise shows 
sufficient proprietary interest in the matter who is the applicant under 37 CFR 11.1.~K!f#~,,~.pplicant is an applicant\iijffiii)Z CFR 1.46 (assignee, 
person to whom the inventor is obligated to assign, or person who otherwi~{(~hi®fffiffl\®.m proprietary interest) tdgii\ijifowith one or more 
joint inventors, then the joint inventor or inventors who are also the appUiio.f\ihould BMffiID.\lfied in this section. ··==\J]J)> 

_.,,,,:::J::iilllllllllllllii:::)>===·· ']1111111111111111:= 1 ©.®r 1 

0 Assignee lo -::::::::::::::::::::::::::.. :-:-:-:-:-:-:-:-:-:-· 

Legal RepresentiltlviMhd.er 35 u.s.c. 1d]]?'" 
··===tttttf=:::.. .-:=lttttr=·· lo Joint Inventor 

@ Person to whom the inventor is obligated to assign. ··====\t:illlllltt::::!!il,~~~ who shows sufficient proprietary interest 

If applicant is the legal representative, indicaJ~Jffifijffi(l.)QriW.to file thej@.1ijn.t application, the inventor is: 
.-====fttttttrrrrrttttttttt::::==·· ··====\tffft:::: .. 

I 
Name of the Deceased or Legally lnc.illI~ated Inventor: 

::::::::::::::::=:: 

If the Applicant is an Organization ijijik here. 
•:-:-:-:-:-:-:-:-:-: 

Organization Name I Regenero~::■rrnaceuticals, Inc. 
.. ,:::11111111111111:::: 

................. ~ ........... . 

· ·. ===·· 777 Old Saw 'MJi(fl!!~~!il~f i!!i!i!]::::::::::tf )===·· 

State/Province NY 

Postal Code 10591 

Fax Number 

WEB ADS 1.0 
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Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number REGN-008CIPCON3 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Assignee Information including Non-Applicant Assignee lnforma.!itn: 
=ttttt 

Providing assignment information in this section does not substitute for compliance with any reqijj@.:'Q,ent of part 3 of Title 37 of 
CFR to have an assignment recorded by the Office. :=]]]\ 

\ffft 

Assignee 1 
Complete this section if assignee information, including non-applicant assignee il)fQrm~tion, is desired to be i"i'i"dui:iii:Um..the patent application 
publication. An assignee-applicant identified in the "Applicant Information" s.~!~m.)l!rn:pp~ar on the patent applidltjffifiiw_blication as an 
applicant. For an assignee-applicant, complete this section only if identific;~tjpff~s:=a'ifas~jgijij~ __ is also desired on the paijij(ijpplication 
publication. ..::,,(]]!])::•· "\!]!]]\ ·-::,,::::!]!iii/·· 

If the Assignee or Non-Applicant Assignee is an Organizat19r:ifDt~k here. ..:::::Ji:i:i:i:i::iJ==· 

Mailing Address Information For Assignee i!l.«.:;lµ~!ogJ')le>n-Applicijijt:10.ignee: 
.-:=:tflf[f [ [ [ [ [ [ [ [ [ [ [ [ ftr:==·=·· ··====\i[l[[ [ tt:-. 

Address 1 

Address 2 

City NY 

Country i I us 10591 

Phone Number 

Additional ~~jjhee or Non-Applicant AssignelbiUiHniyH!M::generated within this form by 

selecting tq~f l,dd button. :,::':':_::_::_::_::_::_::_!:_::_!:_!:_!:_!:_!:_!:_::_::_':_':_·:_,_ rrrrr 
:

11

:111111111111111:::::,,_ ·==1111111111111111111: 

<t:1111111111.1.1:1:1:_l:_l::l:_i::i:_~::~:_~::~:_l::l:_l::l:_i::l:_!::i:_'::':_:::::_·::·:_·::·:_:::.:_:_:_::.:-.-. ..:J:iiiiiiiiiiii:/ ,.,., 

WEB ADS 1.0 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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REGN-008CIPCON3 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However,JUbis Application Data Sheet 
is submitted with the INITIAL filing of the application and either box A or B is not checked ih.!!li.1.>section 2 of the 
"Authorization or Opt-Out of Authorization to Permit Access" section, then this form must iii:[be signed in accordance 
with37CFR1.14(c). \]]], 

This Application Data Sheet must be signed by a patent practitioner if one or more of the appl]€Jo.ts is a juristic entity (e. 
g., corporation or association). If the applicant is two or more joint inventors, this form must be sigr@iji!~y a patent practitioner, 
all joint inventors who are the applicant, or one or more joint inventor-applical).t~iffh?Jmv~J;~~en giyjq,power of attorney (e.g., 
see US PTO Form PTO/ AINB 1) on behalf of all joint inventor-applicants. ··======t?)]]]]]]]]]]]}}t:J]]],. 

See 37 CFR 1.4(d) for the manner of making signatures and certifi:,::::]!i:~i]!i!i!i)::t,,,.. ······=·=·========,====,===\\(]]]!j:::illlllllllllllllllllllli:::I),,,, .. 

Signature /Karl Boziceivc/ ~ ,,e (YYYY-MM-DD) 

0 

First Name Karl 28807 

J 

WEB ADS 1.0 
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Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 
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Filer Authorized By: 
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Information: 

Total Files Size (in bytes)~ 762318 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/055,847 08/06/2018 1647 1720 REGN-008CIPCON3 3 1 

96387 
Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

CONFIRMATION NO. 3451 
CORRECTED FILING RECEIPT 

1111111111111111111111m~mll!IHti~,111111111111111111111111 

Date Mailed: 10/05/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
George D. Yancopoulos, Yorktown Heights, NY; 

Applicant( s) 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Assignment For Published Patent Application 
Regeneron Pharmaceuticals, Inc., Tarrytown, NY 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/471,506 03/28/2017 
which is a CON of 14/972,560 12/17/2015 PAT 9669069 
which is a CON of 13/940,370 07/12/2013 PAT 9254338 
which is a CIP of PCT/US2012/020855 01/11/2012 
which claims benefit of 61/432,245 01/13/2011 
and claims benefit of 61/434,836 01/21/2011 
and claims benefit of 61/561,957 11/21/2011 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/21/2018 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/055,847 

Projected Publication Date: 11/29/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Preliminary Class 

424 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 

page 3 of 4 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 090



technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Oct 05, 2018 04:09:21 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document Mailroom Date 
APP.FILE.REC 10/05/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82B (07-13) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

Application Number Filing Date 

16/055,847 August06,2018 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

0 I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR 96387 I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 

□ 
Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

IRegeneron Pharmaceuticals, Inc. 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature /Frank R. Cottingham/ I Date (Optional) I October 4, 2018 

Name Frank R. Cottingham 

Title Executive Director, Assistant General Counsel, Patents, Regeneron Pharmaceuticals, Inc. 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of 1 forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicantf Patent Owner: Regeneron Pharmaceuticals, Inc. 

Application No./Patent No.: __ 1 ___ 6 ___ /0 ___ 5 ___ 5.._8 __ 4 ___ 7 _______ _ Filed/Issue Date: ___ A ___ u__.q.._u ___ s ___ t ___ 6.._, =20 ___ 1 ___ 8 ______________ _ 

Titled: Use of a VEGF Antagonist to Treat Angiogenic Eye Disorders 

~R .... e-g_e=n~e-r ___ o~n ....... P~h=a~rm ........ a=c-e=u~ti=c=a=ls=, .... l~n=c ..... _______ ,a corporation 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. ~ The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

D The extent (by percentage) of its ownership interest is ___ %. Additional Statement(s) by the owners holding the 
balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), or an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. ~ An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 047080 , Frame 0383, or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

2. From: To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.  
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

4. From: To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

5. From: To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

6. From: _________________ To: ___________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Karl Bozicevic, Reg. No. 28,807/ October 10, 2018 
Signature Date 

Karl Bozicevic 28,807 
Printed or Typed Name Title or Registration Number 

[Page 2 of 2] 
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Electronic Acknowledgement Receipt 

EFSID: 33960203 

Application Number: 16055847 

International Application Number: 

Confirmation Number: 3451 

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

First Named Inventor/Applicant Name: George D. Yancopoulos 

Customer Number: 96387 

Filer: Karl Bozicevic 

Filer Authorized By: 

Attorney Docket Number: REGN-008CIPCON3 

Receipt Date: 10-OCT-2018 

Filing Date: 06-AUG-2018 

Time Stamp: 12:20:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

169058 

1 Power of Attorney 0725US04_POA.pdf no 1 
354f234da9a8c8f7fb7b5ba9fb5e574d3572 

b58c 

Warnings:  
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Information: 

32228 

2 
Assignee showing of ownership per 37 REGN-008CIPCON3_2018-10-1 l 

no 2 
CFR 3.73 _373_C_stmt.pdf 

d7c8c52ab 1287dbd49dd00e 1 d9c948c1 c3 
b6615a 

Warnings: 

Information: 

Total Files Size (in bytes) 201286 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/055,847 08/06/2018 

96387 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

George D. Y ancopoulos REGN-008CIPCON3 
CONFIRMATION NO. 3451 

POA ACCEPTANCE LETTER 
Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 

111111111111111111111111]~!1]!~1!~1! ~!ll~jl!~H] 11111111111111111111111 

REDWOOD CITY, CA 94065 

Date Mailed: 10/18/2018 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/10/2018. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/sleutchit/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Oct 18, 2018 10:16:14 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document 
N570 

Mailroom Date 
10/18/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/055,847 08/06/2018 

96387 
Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

George D. Yancopoulos REGN-008CIPCON3 
CONFIRMATION NO. 3451 

PUBLICATION NOTICE 

111111111111111111111111]~!1]!~1!~1! ~!II~~! ~U] 111111111111111 IIII 1111 

Title:USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS 

Publication No.US-2018-0339018-A 1 
Publication Date:11/29/2018 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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To: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 96387 

Nov 30, 2018 04:38:44 AM 

Dear PAIR Customer: 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 96387, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16055847 

Document 
NTC.PUB 

Mailroom Date 
11/29/2018 

Attorney Docket No. 
REGN-008CIPCON3 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/055,847 08/06/2018 

96387 7590 05/01/2019 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY 
SUITE 200 
REDWOOD CITY, CA 94065 

FIRST NAMED INVENTOR 

George D. Yancopoulos 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

REGN-008CIPCON3 

CONFIRMATION NO. 

3451 

EXAMINER 

LOCKARD. JON MCCLELLAND 

ART UNIT PAPER NUMBER 

1647 

NOTIFICATION DATE DELIVERY MODE 

05/01/2019 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

docket@bozpat.com 

PTOL-90A (Rev. 04/07) 
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APPLICATION NO./ 
CONTROL NO. 
16/055,847 

FILING DATE 

08/06/2018 

Regeneron - Bozicevic, Field & Francis 
201 REDWOOD SHORES PARKWAY SUITE 200 
REDWOOD CITY, CA 94065 

UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

FIRST NAMED INVENTOR/ 
PATENT IN REEXAMINATION 
Yancopoulos, George D. 

ATTORNEY DOCKET NO. 

REGN-008CI PCON3 

EXAMINER 

MARIANNE C SEIDEL 

ART UNIT PAPER 

1600 20190429 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner for Patents 

The third-party submission under 37 CFR 1.290 filed on 4/21/19 and 4/27/19 for the instant application has been 
determined to be compliant with 35 U.S.C. 122(e) and 37 CFR 1.290 and is being entered in the application. Please allow 
a few days for the submission to be visible in the Patent Application Information Retrieval (PAIR) system. 

/MARIANNE C SEIDEL/ 
Quality Assurance Specialist, Art Unit 1600 

PTO-90C (Rev.04-03) 
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Doc Code: 3P.RELEVANCE 
Document Description: Concise Description of Relevance 

U.S. Patent and Trademark Office 
Department of Commerce 

THIRD-PARTY SUBMISSION UNDER 37 CFR 1.290 
CONCISE DESCRIPTION OF RELEVANCE 

Application Number 
16055847 

U.S. PATENTS 

Cite No Patent Number Concise Description of Relevance 

U.S. PATENT APPLICATION PUBLICATION 

Cite No Publication Concise Description of Relevance 
Number 
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FOREIGN PATENT DOCUMENTS 

CiteNo Foreign Document Concise Description of Relevance 
Number 

NON-PATENT PUBLICATIONS 

Cite No Reference Concise Description of Relevance 

1 Peter AUTHER, Ranibizumab for Macular Edema Due to See Attached 
Retinal Vein Occlusions Implication ofVEGF as a Critical 
Stimulator title, 9 pages, 30/08/2008 
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2 Lucentis Label title ,7 pages, 30/06/2010 See Attached 
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Doc Code:IDS.3P 
Document Description: Third-Party Submission Under 37 CFR 1.290 

PTO/SB/429(08-12) 
Approved for use through 07/31/2015. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

U.S. PATENTS 

Kind Issue Date First Named Inventor 
Cite No Patent Number 

Code1 (YYYY-MM-DD) 

U.S. PATENT APPLICATION PUBLICATIONS 

Kind Publication Date First Named Inventor 
Cite No Publication Number 

Code1 (YYYY-MM-DD) 

FOREIGN PATENTS AND PUBLISHED FOREIGN PATENT APPLICATIONS 

Foreign Document Country Kind Publication Date Applicant, Patentee or First Named Inventor 
Cite No 

Number3 Code2 Code1 (YYYY-MM-DD) rs 

□ 

NON-PA TENT PUBLICATIONS (e.g., journal article, Office action) 

Author (if any), title of the publication, page(s) being submitted, publication date, rs E6 

Cite No publisher (where available), place of publication (where available). 
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2 

THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

Lucentis Label title ,7 pages, 30/06/2010 

Peter AUTHER, Ranibizumab for Macular Edema Due to Retinal Vein Occlusions Implication of 
VEGF as a Critical Stimulator title, 9 pages, 30/08/2008 

STATEMENTS 

□ 

□ 

The party making the submission is not an individual who has a duty to disclose information with respect to the above-identified 
application under 37 CFR 1.56. 

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290. 

D The fee set forth in 37 CFR 1.290(f) has been submitted herewith. 

The fee set forth in 37 CFR 1.290(f) is not required because this submission lists three or fewer total items and, to the knowledge of 
~ the person signing the statement after making reasonable inquiry, this submission is the first and the only submission under 35 U.S.C 

122(e) filed in the above-identified application by the party making the submission or by a party in privity with the party. 

This resubmission is being made responsive to a notification of non-compliance issued for an earlier filed third-party submission. 
D The corrections in this resubmission are limited to addressing the non-compliance. As such, the party making this resubmission: (1) 

requests that the Office apply the previously-paid fee set forth in 37 CFR 1.290(f), or (2) states that no fee is required to accompany 
this resubmission as the undersigned is again making the fee exemption statement set forth in 37 CFR 1.290(g). 
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THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

Signature /Elizabeth Thompson/ 

Registration Number 
Name/Print Elizabeth (if applicable) 

Examiner Signature I Date Considered I 
*EXAMINER: Signature indicates all documents listed above have been considered,except for citations through which a line is drawn. 
Draw line through citation if not considered. Include a copy of this form with next communication to applicant. 1. If known, enter kind of 
document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 2. Enter the 
country or patent office that issued the document, by two-letter code under WIPO standard ST.3. See MPEP 1851. 3. For Japanese patent 
documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 4. If known, 
enter the kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 
5. Check mark indicates translation attached. 6. Check mark indicates evidence of publication attached. 
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Electronic Acknowledgement Receipt 

EFSID: 35783629 

Application Number: 16055847 

International Application Number: 

Confirmation Number: 3451 

Title of Invention: 

First Named Inventor/Applicant Name: 

-

-

-

Correspondence Address: -

- - -

- -

-

Filer: Elizabeth Thompson 

Filer Authorized By: 

Attorney Docket Number: 

Receipt Date: 21-APR-2019 

Filing Date: 

Time Stamp: 21:29:30 

Application Type: 

Payment information: 

Submitted with Payment I no 

File Listing: 
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Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

30185 

1 Concise Description of Relevance 
Concise-description-generated. 

no 3 
pdf 

1 fd 17 base 7 3b9f3 03 86d2803 b 71 e9bc 73fd 
08cb4 

Warnings: 

Information: 

43151 

2 
Third-Party Submission Under 37 CFR Thi rd-party-preissua nee-

no 3 
1.290 submission.pdf 

79d 1 d 8f0f8e bf66c5 8ca21 08d 13 d cc72cab8 
OSdO 

Warnings: 

Information: 

20074 

3 
Request for Notification of Non- Thi rd-party-notification-

no 1 
compliant Third-Party Submission request. pd f 

40d5d061 fee7b3Sa 11 a9fd0caf93f69559afc 
b7d 

Warnings: 

Information: 

Total Files Size (in bytes) 93410 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: 3P.RELEVANCE 
Document Description: Concise Description of Relevance 

U.S. Patent and Trademark Office 
Department of Commerce 

THIRD-PARTY SUBMISSION UNDER 37 CFR 1.290 
CONCISE DESCRIPTION OF RELEVANCE 

Application Number 
16055847 

U.S. PATENTS 

Cite No Patent Number Concise Description of Relevance 

U.S. PATENT APPLICATION PUBLICATION 

Cite No Publication Concise Description of Relevance 
Number 
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FOREIGN PATENT DOCUMENTS 

CiteNo Foreign Document Concise Description of Relevance 
Number 

NON-PATENT PUBLICATIONS 

Cite No Reference Concise Description of Relevance 

1 Vascular Endothelial Growth Factor Trap&#8208;Eye See Attached 
Investigation of Efficacy and Safety in Central Retinal 
Vein Occlusion title, 8 pages, 11/12/2009, US 
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2 Niral Karia Author, Retinal vein occlusion: See Attached 
pathophysiology and treatment options title, 8 pages, 
07/31/2010, Clinical Ophthalmology publisher 
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3 RAFAEL Author, Advances in the Medical Treatment of See Attached 
Diabetic Retinopathy, 7 pages, 08/31/2009, DIABETES 
CARE publisher 
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Doc Code:IDS.3P 
Document Description: Third-Party Submission Under 37 CFR 1.290 

PTO/SB/429(08-12) 
Approved for use through 07/31/2015. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

U.S. PATENTS 

Kind Issue Date First Named Inventor 
Cite No Patent Number 

Code1 (YYYY-MM-DD) 

U.S. PATENT APPLICATION PUBLICATIONS 

Kind Publication Date First Named Inventor 
Cite No Publication Number 

Code1 (YYYY-MM-DD) 

FOREIGN PATENTS AND PUBLISHED FOREIGN PATENT APPLICATIONS 

Foreign Document Country Kind Publication Date Applicant, Patentee or First Named Inventor 
Cite No 

Number3 Code2 Code1 (YYYY-MM-DD) rs 

□ 

NON-PA TENT PUBLICATIONS (e.g., journal article, Office action) 

Author (if any), title of the publication, page(s) being submitted, publication date, rs E6 

Cite No publisher (where available), place of publication (where available). 
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THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

1 
RAFAEL Author, Advances in the Medical Treatment of Diabetic Retinopathy, 7 pages, 

□ ~ 08/31/2009, DIABETES CARE publisher 

2 
Niral Karia Author, Retinal vein occlusion: pathophysiology and treatment options title, 8 pages, 

□ ~ 07/31/2010, Clinical Ophthalmology publisher 

3 
Vascular Endothelial Growth Factor Trap&#8208;Eye Investigation of Efficacy and Safety in Central 

□ ~ Retinal Vein Occlusion title, 8 pages, 11/12/2009, US 

STATEMENTS 

The party making the submission is not an individual who has a duty to disclose information with respect to the above-identified 

application under 37 CFR 1.56. 

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290. 
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THIRD-PARTY Application Number 16055847 

SUBMISSION 
UNDER 37 CFR 1.290 

□ The fee set forth in 37 CFR 1.290(f) has been submitted herewith. 

The fee set forth in 37 CFR 1.290(f) is not required because this submission lists three or fewer total items and, to the knowledge of 
[Zl the person signing the statement after making reasonable inquiry, this submission is the first and the only submission under 35 U.S.C 

122(e) filed in the above-identified application by the party making the submission or by a party in privity with the party. 

This resubmission is being made responsive to a notification of non-compliance issued for an earlier filed third-party submission. 

□ 
The corrections in this resubmission are limited to addressing the non-compliance. As such, the party making this resubmission: (1) 
requests that the Office apply the previously-paid fee set forth in 37 CFR 1.290(f), or (2) states that no fee is required to accompany 
this resubmission as the undersigned is again making the fee exemption statement set forth in 37 CFR 1.290(g). 

Signature /Joe Reynolds/ 

Registration Number 
Name/Print Joe (if applicable) 

Examiner Signature I Date Considered I 
*EXAMINER: Signature indicates all documents listed above have been considered,except for citations through which a line is drawn. 
Draw line through citation if not considered. Include a copy of this form with next communication to applicant. 1. If known, enter kind of 
document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 2. Enter the 
country or patent office that issued the document, by two-letter code under WIPO standard ST.3. See MPEP 1851. 3. For Japanese patent 
documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 4. If known, 
enter the kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 
5. Check mark indicates translation attached. 6. Check mark indicates evidence of publication attached. 
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Concise Description of Relevance 

The following references are being submitted: 

Pl: Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in 

Central Retinal Vein Occlusion (CRVO); web site: 

https://clinicaltrials.gov/ct2/history/NCT01012973?V _l=View#StudyPageTop; Published on Nov 

12, 2009; 

P2: Niral Karia, Retinal vein occlusion: pathophysiology and treatment options. Clinical 

Ophthalmology 2010:4 809-816, Published on Jul, 2010; 

P3: RAFAEL SIM 'O and CRISTINA HERN'ANDEZ, Advances in the Medical Treatment of Diabetic 

Retinopathy. DIABETES CARE, VOLUME 32, NUMBER 8, AUGUST 2009, page 1559, Published on 

Aug, 2009. 

As the claim chart shows below, Pl discloses study description of clinical trial NCT01012973, 

which aims to determine the efficacy of vascular endothelial growth factor (VEGF) Trap-Eye 

injected into the eye on vision function in subjects with macular edema as a consequence of 

central retinal vein occlusion. The only difference is that Claim 21 uses "2 mg aflibercept" instead 

of "VEGF Trap-Eye" used in Pl; 

P2 discloses that Retinal vein occlusion (RVO) is the most common retinal vascular disease after 

diabetic retinopathy. Depending on the area of retinal venous drainage effectively occluded it is 

broadly classified as either central retinal vein occlusion (CRVO), hemispheric retinal vein 

occlusion (HRVO), or branch retinal vein occlusion (BRVO). (see page 809 introduction section 

first two sentences); 

P3 discloses that aflibercept also known as a VEGF Trap-Eye because its ability to block VEGF 

proteins, is a fusion protein comprised of segments of the extracellular domains of human VEGF 

receptor 1 and 2 fused to the constant region of human lgG. (see page 1559 right column third 

paragraph); 

Besides, as it is mentioned in the present invention, the VEGF antagonist comprises one or more 

VEGF receptor-based chimeric molecule(s), (also referred to herein as a "VEGF-Trap" or "VEGFT"). 

An exemplary VEGF antagonist that can be used in the context of the present invention is a 

multimeric VEGF-binding protein comprising two or more VEGF receptor-based chimeric 

molecules referred to herein as "VEGFR1R2-FcLKl(a)" or "aflibercept." (see paragraph [0008]); 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 119



U.S. Application No.16/055,847 Concise Description of Relevance 

Claim Claim Elements Vascular Endothelial Growth Factor (VEGF) 

# Trap-Eye: Investigation of Efficacy and 

Safety in Central Retinal Vein Occlusion 

(CRVO) 

21 A method for treating macular edema To determine the efficacy of vascular 

following retinal vein occlusion in a human endothelial growth factor (VEGF) Trap-Eye 

subject comprising administering 2 mg injected into the eye on vision function in 

aflibercept to the subject subjects with macular edema as a 

consequence of central retinal vein 

occlusion. [Study Description] 

by intravitreal injection lntravitreal injection. 

[Assigned Interventions] 

once every 4 weeks. Weeks O to 20 injection of VEGF Trap-Eye 

every 4 weeks [Assigned Interventions] 
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Reviews/Commentaries/ADA Statements 

Advances in the Medical Treatment of 
Diabetic Retinopathy 
RAFAEL SIM(\ MD, PHD 

CRISTINA HERNANDEZ, MD. nm 

P roliferative diabetic retinopathy 
(PDP.) rernains the leading caL1se of 
blindness among working-age indi

viduals in developed countries (l). D1a .. 
betic macular edema arwther 
irnportmt event tha! occurs m diabetic 
retinopathy, is rnore frequent in type 2. 
than t17Je 1 diabetes Whereas PDR is 
the most commcm sight .. threatening le
sion m type l diabetes, UME is the pri
rnarv cause of Door visual acuity in tvpe 2. 
diabetes. Beca~se of the high prevalence 
of rype 2 diabetes, DME is the main cause 
of visual impairment for diabetic patients 
(2) ln addition, DME is almost invariably 
present when PDF. is detected in type 2 
diabetes (3). N-e(JVascularization caused 
by severe hypoxia is the hallmark of PDR, 
\vhereas vascular leakage caused by the 
breakdown of the blood retinal barrier 
(BRB) is the main event involved in the 
pathogenesis of I}(vIE 

STANDARD TRIEATMENT----
Although tight control of both blood glu
cose levels and hypertension is essential 
to prevent or arrest progression of the dis
ease, ibe recommended goals are difficult 
to achieve in many patients and, conse
quently, diabetic rettnopathy develops 
dunng the evolution of the chsease. VVhen 
PDR or clinically significant DME do ap
pear, argon-Iaser photocoagulation isnir-· 
rrntly indicated, ·which the efficacy of has 
been widely clemcmstrated However, 
the optimal period for laser treatment has 
frequen! ly passed, moreover, u is not 
uniformly successful in halting visual de
ch"e Ip ac1,Jttl'F' aq:r,Jn•-Ja,·or ')h(\>(\/'(\'1f'-

:,1;;i~~:s ;~so~i;·ted -~~ith ~~~.d~ra~~ ,;i~~~l 
loss, some d1mimshed v1sual field, n> 
duced color vision, and reduced contrast 
sensitivity. The presence of these symp-

toms led to the prevailing thinking that 
lasa trealment prevents vision loss but 
rnrely results in visual improvement. 

lntravitreal corticos!emids have been 
successfrtlly used in the eyes of patients 
with persistent DME and loss of vision 
following tlw failure or conventional 
treatment (i.e., focal laser treatment and 
attention to systemic risk factors) How .. 
ever, rein1ections are commonlv needed, 
and then; are substantial adveise effects 
such as infection, glaucorna, and cataract 
formation In addirion, recent reports 
have shown that focal/grid photocoagula
non is more dlecttve and has Inver side 
effects than intravitreal triamcinolone for 
DME 

Vitreoretinal surgery is an expensive 
and complicated trea.tm~nt that should be 
carried out only by vitreoretinal special
ists experienced in this procedure, and it 
is nonnally reserved for the uhimatdv 
blinding c~mplications of FDR, such ;s 
severe vitreous hernorrhage and second-
ary retinal detachment. for these reasons, 
nevv phar1nacolog3cal treatrnents based 
on the understanding of the pathophysi
ologtcal mechanisms of diabetic reti.nop-

o.re needed. 
·rhe pauc]ty of relevant cbnical stud

ies addressed to testing new drugs in dia .. 
betic retinopathy is due, in part, to the 
necessity of long-term studies performed 
in large cohorts of diabetic patients by 
means of standardized masked grading of 
retinal photographs. Although there is no 
fixed rule, th,.:·d,iration of thc~·tnal must be 
consistent with the natural history of dia
betic retinopathy conseqtH-?ntl~{: at 
least 5 years seems to be necessary for sep
arating the behavior of retinop,Hhy m ihe 
intervention and control groups. In addi
tion, most clinical trials have been aimed 

From the CIBER de Diabetes y Enieanedades 1,1etab6lic:as Asoc:ia<las ( CIBERDENI_L lnstituto de Salud Cados 
lH, ~vladrid, Spain, ::Tnd the Diabetes and ?,:JetahoHsrn Re:sear(,h t}-c_dt, lns!jtut de Recerca Ho:::piia] LJ:njver
sitari Vall tt'Hc~bron, Barcelona, Spain 

Co:.:-rt:sponding author: Rafael SiI11(1, rsimc,,@!ir.-,:hebron.nt:t. 
Received. 13 l\1ard·1 2009 and a;,.~ccpted J 3 !vfay 2009. 
DOI: 10.2337/dc:09-0565 
© 2009 the An1e1e:n1 Diabetes Association. Readers may use this a:-:tide as 

dtc'd. -use .is educational and not k:r profit, a.nd. the \vork .is not alt.ere,-1. 
org/lice.nseslby-nc-nd/3.0/ for details. 

1556 

at evaluating the progression of diabetic 
retinopathy, whereas there have beut few 
studies targeting prevention. All these 
caveats should be kept in mind 1,vhc:n an
alyzing clinical trials on diabetic retinop
at h y because they cm s,gnificrntly 
contribute to false-negative results. The 
presence of diabetic retinopathy m non
diabetic subjects is another challenge 
Vv'ong et al. in a study that included 
more than 11 000 participams from three 
population cohorts, provide evidence 
that ,vith th,, current fasting plasma glu-
cose cutoff of7.0 mmol/l used to diagnose 
diabetes, 7.-'+---13 .·t':XJ of nondiabetic pa-
tients had diabetic retinopathy. This fi~,d
ing, apart from quesnoning the cmn:n! 
diagnostic criteria of diabetes, suggests a 
potential hmit lo the risk reduc:non for 
diabetic retinopathy that should be taken 
into consideration ",.vhen interpreting the 
results of clinical trials. 

Recently, tv,10 pivotal studies have 
been published regarding the beneficial 
effects of two types of drugs (fenofibrate 
and candesartan) cm diabetic retinopathv 
(10-12) These studies fulfill all the.mai; 
requirement,: for obtaming a valid result 
long-term follow-up (--5 years), a large 
cohort of diabetic panents, retinopathy· 
assessed by standardized 1nethods, and a 
signif-icani number ofpatienls \vithout di
abetic retinopathy at entry, thus al
lovving evaluation of the effectiveness of 
prevention. In advanced stages of dia.betic 
retinopathy. mtravitreous m,ti-vascular 
endothelial growth facwr (Vl;GF) agents 
have emerged as new treatruents. These 
drugs are yet to be approved for didietic 
retinopathy treatment, but they are cur
rently used by ophtha!mologtsts in se
lected cases of FDR and D'vLE (13, 
This arncle discusses the current state of 
knowledge concerning these novelties in 
the mech~al treatment·;r diabetic retinop
athy and highlight areas where further 
studies and evidence are required. 

IFEINIOFIBRATE - Fenofibrate is a 
pernxisome prollferactor-acrivated re
ceptor (PPAR)-a agonist indicated for the 
treatment of hypertriglyceridernia and 
mixed dislipidemia. lts main action is to 
lmver plasma triglyceride levels, but it 
also reduces total ,md LDL cholesterol, 
raises HDL cholesterol, and decreases 
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concentration of small LDL cholesterol 
particles and apolipoprotem H (15) Re
cently, Keech et al. (10) have reported re
sults concernir1g laser treatnJent for 
diabetic retinopathy from the FIELD (Pe
nofibrate lnte1venti.on and f>v"ent Lovver
ing in Diabetes) study The main aim of 
this randornized controlled rria] was to as
sess whether long--term lipid-lowering 
therapy using fenofibrate (a PPAR-u ago
nistl could reduce the need for laser treat-
ment in a large cohort (n = 9,795) of type 
2 chabetic patients. The average foHo,v--up 
was 5 years, and the end point was the 
need for laser treatrnent (a rerti,uy end 
point of the main ln an intention-
to-treat analysls, fenofibrate (200 rng 
once daily) reduced the frequency oflaser 
treatmenr for macubr edema 31 'X, and 
for proliferative re,inopathy 30'%_ ln 
addition, in a substudy performed on p:l
tients in whom retinal status was graded 
by fondus phmography, fenofibrate Vlas 
abie to reduce the progression of existing 
retinopathy. Although this study has 
scnne linrinng factors (16.1 the sub-
stantial benefits obtained from reducing 
the need fo1 laser treatnient argue for con
sideration of using fenofibrate in the 
management of diabetic: retinopathy. 
However, our poor knmvledge of the 
mechanisms involved in its beneficial ef
fects in d1abenc retinopathy might limit 
Its potential impact on clinical practice. 
-rheoretically, another PP J\R-·n_ apart fron1 
fenofihrate can also be beneficial for dia
betic: retinopathy; hcnvever, at pre:;ent 
this has been only demonstrated with 
fenofib1ate. 

The n:tionale for HELD was that ele
vai ed hpid levels in systemic circulation 
constitute a risk factor for diabetic reti
nopathy: therefore, long-term hpid
Iowering therapy ,vith fenofibrate could 
reduce the progression of diabetic reti
nopathy and the need for laser treatrnent 
in patients with type 2 diabetes. However, 
no relationship between serum lipids and 
the appearance or progression of diabetic 
retinopath_y \Vas detected. Tl1i.s is in agree
ment 'vVith other prospective studies 
showing rhat serum lipids are unrelated to 
the progression of diabetic retinopathy or 
rhedevelopmemofPDR 19). lnadch
tion, the Collaborative Atorvastatin Dia
betes Study ((~j\RDS), a randon1ized 
controiled trial of 2,830 pa.tients with 
type 2 diabetes, clid not find atorvastatin 
to be effective in reducing diabetic reti-
nopathy progression (20). 1-Iov/ever, this 
study v.,,ras Hrnited by substantial rnissing 
data (only 65% of patients had retinopa-
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thy status recorded at baseline) and lack 
of photograptnc grading fo1 diabenc retiF
nopathy 1\nother randomized trial, the 
A(=Cc)RI)-EYE study that ts novv' in 
progress, could shed light on this issue 
(21 ). in tlns study. the effects ofhptd ccn-
trol (statin vs_ fenofibrate added to a sta
ti n) on the progression of diabetic 
retinopathy will be evaluated. There wiil 
be 4,065 participants recruit':'.d to the 
study al: baseline for whorn fondus pho
tographs 'Nill be taken within/+ months of 
randomization and again 4 years later Ai-
though in the FIELD study there vvas 
no relationship between the qu;:mtitaiive 
levels of serum_ lipids and diabetic retin
opathy, i, is urdzncnvn whether the effec-
tiveness of fenofibrate in modulating the 
qualitative propernes ofhpoproteins 
reducing rernnants and small dense LDL 
particles) can contnhute to its beneficial 
effects. in addition, it should be noted 
thar the mechanisms regulating mtra
retinal lipid transport rather than serum 
levels might be more nnportam in the 
pathogenesis of diabetic retinopar hy. In 
this regard, we have recently shown that 
apohpoprolein Al (apo-A 1 l 1s overex
pressed in the retina of diabetic patients 

Apo-Al 1s a key factor for the in
trnretinal tnmsport of lipids, thus pre
-:enting lipid deposition and lipotoxicity, 
and it is also a potent scavenger of reactive 
oxygen species. Therefore, apo-A.l could 
play an important role in protecting the 
retina from oxidative stress. These find
ings have led us to hypothesize that the 
retinas from diabetic patients have a 
higher content of apo-.A 1 as a protective 
mechanism; cm1sequently, patients with 
less for product10n 
the retina will be more prone to develop 
lipid deposition (hard exudates l and ret-
ina1 damage induced by oxidatise stress. 
Fenofibric acid was shmvn to enhance 
transcription of the gene of apo--A l in the 
liver (23), macrophages, and fibroblasts 
(24), but \vhether this is also tnJe at the 
retinal kvel remains to be elucidated_ 

Oiher noniiptdic: mechanisms by 
vvhich fenofibrate could be effective in 
preventing or ~rrresting d iabe! ic ret1nopa
thy might he the follo,ving: 

1 l PPAR-o: is present in endothelial cells 
(25), and its activation by means of 
PPAR--o: agcmist5 has recenr1y been 
shown to inhibit expression of VEGF 
receptor 2 (\!E(;:FR2J and neovascu
larization in human umbilical endo
thehal cells \ 1an~t et a.L (2.7) ha\re 
demonstrated that fenofibrate inhibits 

Simo and I-Iernimdez 

angiogenesis in vitro and in vivo as 
well as basic fibroblast growth factor--
induccd angiogenesis in vivo. In addi
tion, in cells derived from human 
ovarian cancer, clofibric acid (a 
PPAR-a agonist) dowmegulates \TGF 
express1m1 (28)_ Apart from 1ts arni-
proliferative effects, fenofibrate inhib
its the apoptosis induced by high 
glucose concentrations in hurnan um
bilical rndo, helial ceils ]\fore
over, it has been den1onstrated that 
fenofibrate prevents the apoptosis of 
human retina,! endotheliai cells in
duced by serum deprivation through 3. 

PPAR--o:--independent but AMP
acti-:atcd protein kinase-dependent 
pathway (30) This activanon d the 
AMP-activated protein kinase path
'Nay in endothelial c:eils could lead to 
an mcrease in endothelial mtric: oxide 
synthase phosphorylation and nitric 
oxide p1oducrioTL thus resulting in 
beneficial effects on endothelial func
tion (31 ). 

PPr'\R--a j_s associated \Vitb anti-
inflammatory and ;mtioxichnt activity 
02). It has been reported that PPAR-a 
activation induces the expression and 
activation of antioxidant enzymes, 
such as superoxide dismutase and glu
tation peroxidase (33), and that acti
vation of PPAR-o. induces apoptosis of 
human monocyte-derived macro
phages (34), ln addition, PPl\lt-a ac
tivators inhibit the expression of 
vascular ceil adhesion molecules on 
the endotbe1itun (35). -rbis effect 
might be useful in preventing leuko
stasis (the inappropriate ;~dherer,ce of 
leukocytes to the endothelium)_ 
wlnch is essential in the pathogenesis 
ofPDR. 

Tl PPAR--(ll actival ion also has a neuro
prntective effect (33,36)_ This could 
be 1mpnrtant in prewnting neuroreti
nal degeneration, a,1 early and crucial 
event that occurs in diabetic retinopa
thy even before vascular abnormalities 
cm be detected (37)_ 

4) The breakdmvn of the BRB, caused by 
the disruption of tight junctions and 
subsequent leakage, is the main factor 
accouming for D:v1E (6) Because of 
the notable effect of fenofibrate in pre
venting DME progression, it-vvould be 
worthwlule to explore whether fenofi•
brate is able to reduce the increased 
permeabihty that exists in diabetic 
retir-opad,y. 
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Medical ireatment for diabetic retinopathy 

Future research on the potential ef
fects of fenofibrate in al1 ! hese areas wlll be 
essential for understanding its beneficial 
effects in diabetic retinopathy, and it \\1iH 
also be critical for using this drug as an 
adjunct ir; the management of diabetic 
retinopathy 

BLOCKING THE RENINw 
ANGIO"l'ENSIN SYSTEM- Obser
vational and chmcal tnals have sho'Nn 
that blood pressure is an important mod
ifiable risk factor for diabetic retinopathy 
and that lowering high blood pressure 
stgmficantly reduces the developtner,t 
and progression of retinopathy in both 
type 1 and type: 2 dubetic panents 
(38,39) The blockade of the renin
angiotensin system (RAS) ,Nith an ACE ir,-
hibitor or by using angwtensin 11 type I -
receptor (A Tl-R) blockers is one of the 
most used strategies for hy penemion 
treatment in diabetic patients. Apart from 
the , the RA_S systerr1 is expressed 

, . In addition, there is grow-
mg ev1dence that RAS activation in the eye 
plays an important role in the patho
genesis of diabetic retinopathy (40'). 
Therefore, apmt from lowering blood 
pressure, the -blockade of the R/\5 could 
also be beneficial per se in reducing the 
development and progression of diabetic 
retinopathy. 

The major components of RAS have 
been idennfied in ocular nssues and are 
overexpressed in the diabetic retina. An
giotensin ll binds and activates two 
primar, receptors. ATl-R and AT2-R. ln 
adult hurnans, acri.-v'at]on of the i\T'l--R ex
pressed in endothelial cells ;md pericytes 
dominates the pathological states ( 0 \0) 
ATl-R activation AT produced by the 
retina stirnu]ates several p~;,tl-n;vays in
volved in the pathogenesis of diabetic ret-
inopathy such as mflammation, oxidative 
stress, ceH prohferation, pericyte rnigra
tlon, remodelling of extracellular matrix 

increm;ing ma.trix m.etalloproteinases, 
angiogenesis, and fibrosis (40). The RAS 
is upregulated concornitant vvuh hy
poxia-induced retinal angiogenesis and is 
linked to AT-mediated mduction of in-
flammatory mediators and growth fac
tors, incluchng VEGF and platelet--derived 
grmvth factor ( 40,4 n lnaddition, ATl-R 
activat10n by AT promotes leukostasis 
and neurockgenerntion t,vo key el
ements in the pathogenesis of diabetic ret
j_nopa thy. ]Viost of these pathogenic 
actions are inhibited or attenuated by 
phannacological biockade of the RAS ei
ther at levels of ACE or the AT receptors 
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and are accon1panied by do\vnregulation 
of VEGl~ and \lt:Gl~R,-2 (40:i. Recently, 
Kim et al. (42) have shown that perindo
pril (an ACE inhtbuor) attenuates VEGF
mediated BRB breakdown in rats with 
streprozoroon-induu:d di;,betes. [n addi-
tion, it is also ,vorthy of mention that can
desartan inhibited retinal accumulation 
of the advanced glyrntion end product 
pentosidme in spontaneously diabetic 
Toni rats Apart from reducing mi
crovascular disease. there is growing evi
dence pomting to neuroprotection as a 
relevant mecha.nism involved in the ben
eficial effects of angiotensin receptor 
blockers in diabetic retinopathy ( 44-46). 

On these experi,m~ntal bases, it 
vvould be reasonable to postulate that Ri\S 
blockade can promote higher beneficial 
effects in diabenc retinopa,hy than other 
antihypertensive agents. Hmvever, stud
ies in type 2 diabetic patients 'vVith hyper
tension suggest that ACE inhibitors and 
angiotensin receptor biockers are not su-
per1or in preventing or arresting diabetic 
retinopathy to other drugs equally effec
tive in reducing blood pressure such as 
the 13-b]ocker ater1olo] (,+7) or ca]ci1-un 
channel blocker nisoldipine ( 48) These 
prospective randornized studies sur..gest 
that lowering blood pressure seems to be 
much more important than the potential 
effect ofRA.5 blockade in the diabetic eye. 
However, the question concerning the 
potential effect ofRA5 biockers in normo-
tensive diabetic patients remains to be 
elucidated. In the EURO DIAB Controlled 
Trial of Lisinopril in Insulin-Dependent 
Diabetes Mellitus (EUCLID), it was re
ported that in. normotensive patients 
(blood pressure ::c;J40/90 mmHg), either 
normoalbuminutic (85% of patients) or 
microalbmninuric, hsinoprii (an ACE in-
hibitor) had no effect in reducing the in
cidence of d,abetic rerinopathy but 
decreased its progression by two or more 
grades and decreased the progression to 
PDR However, thes,, resuhs have 
been critiozed because the placebo group 
had sigrnficanrly higher levels of mean 
AlC than the treatment group. ln fact, 
after adjusting for i\lC the observed dif
ferences in progression by two levels and 
progression w PDR cltsappear and only 
the progression by one level remained sig
nificant. Other limiting factors of this 

,vere the short period of follow-up 
and rhe fact rhat diabetic reti

nopath y \Vas not the primary end point of 
the study. Therefore, although the 
EUCLID sllldy supported the idea of an 
additional benefit of ACE inhibitors on 

diabetic retinopathy progression, it was 
underpo,;;ve1ed for the eye--related out-· 
come measures used. Furthermore, in the 
normotensive type 2 diabetic patterns of 
the Approptiate Blood Pressure Control 
in Diabetes (ABCi swdy. Schrier er aL 
i.50) showed that intensive blood pres
sure control decreased the progression of 
diabetic retinopathy However, the re
sults ,vere the same whether enalapril or 
msoldipine was u5ed as the initial a.ntihy
pertensive agent. Therefore, the specific 
,rntihypertensive :,gent again appea.rs to 
be less important than the achievement of 
the lower blood pressure values. 

The Diabetic Retinopathy Candesar
tan 'Trials (DlREC:TJ prograrn vvas there-
fore designed to answer the question of 
whether 1he block,cle of RAS wi1h .A.Tl-R 
blocker candesartan could prevent the in-· 
odence and progression of retinopathy in 
type land type 2 diabetes indept.ndent of 
lov,cering blood pressure (11,12). This 
program consisted of three randornized 
clouble-blmd placebo-controlled parallel
group studies: 1) a pri.1nary prevennon 
study involving 1,241 type 1 diabetic pa
tients Vv!]thout diabetic ret]nopathy 
(DlRECT-Prevent 1), 2) a secondary pre
vent ion srudy ]n1lolving 1 ~ 905 ty-pe 1 di,
abetic patients with diabetic retinopathy 
(DIRECT-Protect and 3) a secondary 
prevention study involving 1,905 type 2 
diabetic patients with diaberic retinopa
thy lDlRECl-Prnttct 2) ln each tnal, pa
tients were randomized to recei-ve 
candesartan (16---32 irLg/day) or placebo 
and the rn.edian follow-up vvas 4. 7 years 
Patients with type 1 diabetes were eligible 
for inclusion if they v,ere normoalbumin
L1nc and nonnotensive (blood pressure 
:Sl30/85 mmHg). for patients with type 
2 diaheles. ! he mdusicm cntena were. nor-· 
moalburninuna and either normal blood 
pressure vvithout antihyperte,·JSive ther
apy or blood pressure ::S 160/90 mmHg 
during treatmem. The primary end point 
was the incidence of diabetic retinopathy 
in the prim.ary prevention study and pro
gression of diabenc retinopathy m ! he 
secondary prevention studies. ln the 
DIRECT-Prevent l study, a nonstgnifi
cant reduction relative risk reduc
tion; P = 0.051) m the risk of incicknce of 
diabetic retinopathy was observed. How
ever, in a post hoc analysis in which the 
primary end point was changed frclm a 
tvvo-step increase to at least a three-step 
increase in the ETDRS scale, a significant 
difference was detected (35°/c, relative risk 
reduction; P = 0 003) This beneficial ef
fect \Vas attenuated but still significant af-
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ter the data were adjusted for duration of 
diabetes, 1<\lC, and systolic blood pres-
sure relative risk reduction; P = 
0 046) (1 Jn DlRECT-Prntect 1, an 
identical progression of diabetic retinop
athy ,vas found in the placebo :md in the 
candesartan groups, thus suggesting that 
candesartan is not effective in preventing 
diabetic retinopathy progression (l l'l. 
D IRECT-Frotect 2 showed a nonsigni.f
icant reduction in the progression of dt-· 
abetic retinopathy (13% relative risk; 
P ccc O 20) However, a sigmficrnt in
crease in diabetic retinopathy regres
sion vvas obser·v-:~d (349(1, .l-1 = 0.009), 
this effect being more evident in pa
nents with mild n:tinopathy ( 12) Thus, 
although the prespecified primary end 
point was not reached in ,he DlRECT 
program, data analysis suggests ,mover
all beneficial effect of candesartan in di
abetic ret inopat hy. 

The DIRECT results should be com
pared ,vith the Action in Diabetes and 
Vascular Disease (ADVANCE) study, 
,vhich included 11, 1 ·1·0 type 2 diabetic 
patients (51). In this study, patients ran
dornized to intensive glucose control Vvrith 
glicazide {modified release), as well as 
other drugs required to achie·ve i~ 1(: 
:<S6.5'Yo and an ACE inhibitor-diuretic 
combination (perindopril-indapamide), 
presented the satne 4-·year l_ncidence or 
progression of diabetic retmopathy as the 
placebo group. These results suggest the 
possibility that candesartan but not ACE 
rnbb1tors might have beneficial effects in 
diabetic retinopathy. However, it should 
be noted that unlike DJRECT. ADVA:'-JCE 
did not use standardized retinal photog
raphy and there \-Vas a llJ\A/el rate of pro~
gression of diabetic retinopathy, thus 
hmiti,1g the power of; he s! ucly to detect 
any moderate effects of intervention on 
microvascular eye disease. 

INTUYITRE.AII. .ANTl~VEGF 
..AGENTS······ VEGF has been identified 
as hfP•Iing a n1ajor role in the genesis of 
diabetic retinopathy, with rnc:reased lev
els in animals ,vith experimental diabetes 
and in the vinecms of patients with cfo, .. 
betic retinopathy. Intravitreai VEGF ad
ministraticm in experimental animals 
duplicates many features of diabetic reti
nopathy. Thus, agenrs that attenuate 
VEGI-; action are very attractive because 
they are able to reduce permeability and 
neovascularization, the hallmarks ofDME 
and PDR, respectively ("l ,52) 

In general, systemically administered 
drngs reach the retinochoroidal tissue via 
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blood circulation. Hmvever, because the 
BRB hmits the mflux of drugs into rhe ret,
ina, large amounts of the drug must be 
adrninistered to rnaintain the1apeutic 
concentrations. Regarding anti-VEGF 
agents. this would lead to systemic inhi-
bition of angiogenesis, ,.vhich could com
promise critical vascular response to 
ischemic events in diabetic patients with 
cardwvascular, cerebrovascubr, or pe
ripheral vascular disease. :Vloreover, hy
pertension and proteinuria (two 
surrogate markers of systemic VEGF inhi,. 
bition) as 'Neil as the impainnent of 
\Vound heating are other pote.ntial conse
quences of blocking VEGF and ,vould be 
particulady worrying to the chabenc pop-· 
ulation (14 ). By contrast, the local admin
istranon of anti-VEGF agents mto the eye 
by means of intrnvitreal in1ections would 
avoid systemic adverse effects. However, 
this is invasive and a skilled specialist is 
required. In addition. in order to mamtam 
effective lcvds, frequently repeated injec-
tions would be necessary, thus increasing 
local complications such as endoph
thalmitis, vitreous hemorrhage, retinal 
detachment, and traumatic cataract. Fur
thermore, although the eye is thought of 
as a closed and self-con!ained systern, 
anti-VEGF drugs injected into the vitre
ous cavity pass into systemic circulation 
lO varying degrees and could potentially 
cause the systermc adverse effects men
tioned previously ( l.4~52). i\t present four 
anti-VEGF agents are available: pe
gaptamib sodium (macugen; Pfizer), 
ranibizumab (lucentis: Genentech/ 

tech), and dlibercept (Regeneron 
Pharn1aceu ticals/san ofi.-aven!is) _ 

Pegaptanib is a PEGylated , con-
jugated to polyethylene glycol) neutraliz-
ing Rl\1A aptamer with an extremely higb 
affinity for isoform 165 of VEGF 
(VE-:GF165), ,vlnch is the isdorm that par-
ticipates m pathological but nc>t physio
kg1eal neovascularizanon (53) Aptamers 
are modified nucleotides corn.posed of 
smgle-stranded nucleic acids that adopl a 
specific three-dimensional conforma
tion, allmving them to bind with high 
specificity and affinity to molecular tar
gt~ts in a manner sirn ilar to that of 
monoclonal antibodies. An important 
feature of aptamers is that they do not 
exhibit immunogenicity. Pegaptamib 
was approved by the lJ S. Food and 
Drug Administration (FDA) for treat
ment of exudative (wet or neovascular) 
age-related macular disease (A[vID) in 
December 2004. 

Simo and I-Iernimdez 

Ranibimizumab is a full-length 
rnonoclonal ant1body directed against 
VEGF. In contrast to pegaptamib, ranimi
zumab inhibirs the biological activity of 
all isoforms of human VEGr and could be 
irrnmrnogenIC. The FDA approved ranfoi-
zumab for wet AMD in June 2006. 

Bevacizumab JS an anti-VEGF agent 
similar to rnnibizumab and \Vas appwved 
by the FDA in February 2004 for the treat
ment of dissernina,ed colorectal cancer 
but not licensed for intraocular use. Nev
ertheless, intrnvJtreal rnjection of bevaci-
zumab has become a current off-label 
treatment by ophthalmcllogis!s for neo
vascular A!v1D because although it seems 
to be as effective ;:,,s pegaprnmib or rani-
mizumab, it is much cheaper 

Aflibercept, also known as a VEGF 
Trap--Eye because of its abihty to block aH 
six VEGF proteins lVEGF-A to VEGF-E as 
well as placental growth factor), is a fo. 
sion protein comprised of segments of the 
extrau:llular domains of human VEGF re
ceptors l (VEGFRl) an.cl 2 (VEGFR2) 
fused to the constant region (Fe) of hu-
man lgG. Afilbercept is currently being 
used in chnical trials fo1 both exudative 
AMD and DML Aflibercept has a higher 
bmding affinity than other anti-VEGF 
agents This higher binding affinity trans
lates into greater activity at lower biolog
ical levels and, consequently, a longer 
duration of action. 

The resu hs of prospective dinic2.l tri
als using pegaptanib and ranibizu:rnab in 
patients with AMD have been very im
pressive and have led to the design of spe
cific trials for DME and FDR. At present, 
only a prospective double-blind multi
cen!er dose--rangrng controlled trial has 
been reported in diabetic patients In 
this study 172 patients vnth DME were 
included, and the patienl.5 randomized tel 

receive repeated intravitreal pegaptamib 
sho,ved better visual outcomes U' ccc 

0.03), were more likely to show a reduc
tion tn retinal thtckness (P ccc 0.02), and 
needed less addinonal focal laser :P = 
O.O"l; at follow-up (36 weeks) tbm pa
tients who received intrnvitreal sham in
jecticms. Retrnspt:ctive data analyst~; of tb: 
eyes of 16 patients with FDR also showed 
regression of neovascularization (5=5). 

Uncontrolled studies using ranibi
zumab and bevacizumab have also found 
a rapid regression of retinal neovasc:ular
ization, improvement of visual acuity, 
and decrease of retmal thickness in DME, 
even in nonresponders to conventional 
treat rnent O 4,561. Ho\.vever, the response 
to treatment ofD:,1[ by VEGF blockade is 
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not prolonged and is subject to significant 
variabihty. Th.ts is in chstir1ct contrast to 
the rapid response of those with both iris 
and retina] neovascularization in PT)R. and 
of those with choroidal neovasculariza
non in \VetAMD (57) [rnerestingly, iNhen 
the outcomes of intravitreal bevacizumab 
treatment of DME were compared ,vith 
those of intravitreal cortisone (triamcino
lone acetonide), better outcomes in terms 
of reduction of foveal thickness and visual 
results were found with triamcinolone 

The extent to which VEGF blockade 
is beneficial for DME is currently being 
mvestlgated in prnspecnve clu1ical trials. 
Apart from their potential as isolated 
treatments for PDR and DME, intravitreal 
anti-VEGr; agents, in particular bevaci
zumab, have been shmvn to be useful in 
increasing the short--term response to 
panretinal photocoagulation in high-risk 
PDR and also seem to be efficacious and 
safe as an ad_juvant treatment to Yitrec
tomy in severe FDR or vitreous hnnor
rhage (56). This is because intravitreal 
anti--\7EGF agents reduce active necrvas-
cularization and vitreous hemorrhage, 
thus allowmg a safe and efficienr panreti
nal photocoagulation or pars plana vitrec
tomy to be performed while minimizing 
the risk of complications Afiibercept has 
been recently tested in an exploratory 
study perfonned in five patients ,vith 
DME (59). ln this study, using a single 
intravitreal injection, Trap-Eye was well 
tolerated and prelimma1y evidence ofbio
activity was detected. Taken together, 
these promising results present a nevv sce
nario in the management of diabetic reti
nopathy. Nevertheless, larger studies 
urvestiga! ing no! the effeci:i"veness 
but also the systemic adverse effects of 
r bese agents in the diabetic populanon are 
still needed 

It is possible that a drug with more 
extensive and nonspecific an::i-VEGF ac
tivity, such as pan-VEGF inhibitors 
(rnnibizumab, bevacizu rnab. and a/liber-
cept), could be more effectiYe than a drug 
such as pegapt,~nnb that seh?ctively !ar
gets VEGF 165 ln this regard, pegaptamib 
1s substantially less effective than ranibi-
zumab in A!v1D treatment. By contrast, 
grven l hat VEGF 1e, 5 plays an essenna] role 
in pathological but not physiological neo
Yascularization, pegaptanib could be the 
best option for avoiding systemic adverse 
effects in diabetic pari.ents. In addition, 
long-term intrnvitreous injections of pan-
VEGF inhibitors could lead to retinal neu
rodegeneralion and an increased nsk of 
circulation disturbances in the choriocap-
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iilaris HmveYer, the theoretical ad-
vamage of selective blocking of VEGF165 

by pegaptamib in terms of both systemic 
and local side effects re1rtains to be de1n-
onstrated in head-to-head clinical trids. 

CONCLUDING REMARKS 
AND FUTURE RESEARCH - Tight 
control of blood glucose lev-els and 
tension remains the key elemem for pre
venting or arresting diabetic rehnopathy 
Hmvever. tvva drngs (fenofibrate and can
cksartan\ originally not designed for 
treatment of diabetic retinopathy, have 
beccnne ne\v adjuncts in :tts rnanage1nent. 
The information drawn from clinical trials 
indicates that 3n noETnot;;~nsive di.abenc 
patients, candesartan reduces the inci
dence of diabetic retmopathy in those 
with type l diabetes and favors chabenc 
retinoparhy regression only m type 2 dia
beuc pauents with mild retinopathy. 
contrast, fenofibrate, which has only been 
tested in type 2 diabetes, has no effect on 
the incidence of diabetic retinopathy. 
Ho\vever. it reduces the progression of ex
isting diabetic retinopathy, thus lessening 
the need for laser treatment in both DME 
and PDR, and this beneficial effect is 
unre1ated to cllanges i_n serurn lipids. 
Therefore, it would be reasonable to rec
ommend candesartan for type l diabetic 
patients ( with or 'Nithout hypertension) at 

high risk to develop diabetic retinopathy 
and for type 2 diabetic patients with mild 
retinoparhy, whereas fenofibrate seems to 
be a good option for type 2 diabenc pa
tients (with or without dyslipemia) with a 
wide range of diabetic retinopathy stages 
(from mild to severe nonprolif.crative di
abetic retinopa, by). In addition, l he ben
efit on diabetic retinopathy shown by 
fenofi.b1ate and candesan.an should be 
considered an extra value ,vhen treating 
dyslipemia and hypertension in diabetic 
patients. Nevertheless, the mechanisms 
by which candesartan in particular, 
fenofibrate exert their reported benefits 
need to be elucidated before these drngs 
can be ];:nmchf:d (alcme or in combina-
tion) as nnv tools in the managen1ent of 
di;,betJC retinopaiby. Another question 
needing specific research is whether such 
treatments could be adrnmistered topi-
cally and directly into the eye in order 
to increase the benefits in diabetic 
retinopathy. 

In advanced stages of diabetic reti
nopathy, intravitreal delivery of anti
\7E(~F agents are currently used by 1nany 
ophthalmologists desplte the lack of 
phase 3 studies supporting their effective-

ness and safety. This is due to the success
ful results obtained 111 \\Tl A:\lJ:D and the 
promising preliminary data in diabetic 
retmopalby. lntravitreal injection permits 
antiangiogenic drugs to effectively reach 
the retrna and theoretically overcomes the 
problem of the systemic blockade of an
giogenesis. However, this is an invasiye 
procedure that G,n have complications 
such as endophthalmitis and retinal de
tachment and could even lnve dekteri
ous effects for r he remaining healthy 
retina. This is especially important in di-
abetic patients for whom long-term ad
ministranon is expcxted. Apart from local 
side effects, anti-VEGF agents could also 
produce systennc cornplications because 
of their capacity to pass into systemic cir
culation. The effectiveness and s;~fetv of 
intrnv1treal anti-VEGF agents are being 
evaluated in several dinical trials. Mean
while, in order to rnirnmize systennc ad
verse effects, it seems reasonable to avoid 
long--term treatment with anti-VEGF 
agents for patienrs with hypertension, 
proteinuria 1 renal frnlure, cardiovascular 
disease, and foot lesions with wound 
healing impairment. 

A future scenario will involve using a 
con1b1nation of ann--VEC;F agents and la,
ser photocoagulation or combining anti
angiogenic agents aimed at different steps 
of angwgenic cascade This ivould proba
bly be more successful than single
molecule---specific approaches. would 
permit a decrease in the frequency of dos
ing, and would reduce adverse effects Al
though it is premature at this stage to 
advocate such rnaneuvers, these aspects 
are certainly worth pursuing in future 
studies because £ hey n1ay sur.gest attrac
tive new strategies for improving the 
trea! rnent of d]abet1c 1etinoparhy. H.O\A/-· 

ever, 1t should b,, emphasized that, 3.t 
present, the milestones in diabetic reti
nopathy l:reatment are the optimization of 
blood glucose levels, lowering of blood 
pressure, and regular fundosc:opic 
screening. 

[n summary fenofibrate, candesartan, 
and anti-VEGF agents are now in the ar
man1entarmm for diabetic rdinopathy 
treatment. Ophth;i.lmologists and physi
oans treaimg chabetic patients should be 
aware of the potential usefub.ess of these 
drugs and v,ork together not only in fu
ture research but also 1n estabhshing clin
ical gmdeli.nes that will in.dude these 
newer medical treatments for diabenc ret
inopathy. Only such coordinated action, 
as well as competent strategies targeting 
prevention, will be effective in reducing 
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Abstract: This paper reviews the current thinking about retinal vein occlusion. It gives an 

overview of its pathophysiology and discusses the evidence behind the various established and 

emerging treatment paradigms. 

Keywords: central, hemispheric, branch, retinal vein occlusion, visual loss 

Introduction 
Retinal.vein.ocdusion.(RVO}.is.the.most. commonretiual.vasrnlar.disease.after 
diabetic.retinQpathy,·L Depending_Qr_l __ the.area.QfretinaJ.venQlls.drainage .. effoctivdy 
occ: lucfGci .. it .. is . bro;:idly. classified . as. either. wntral .. rntin al_ yein. occl11sfon_. ( C.RVO), 
hemisphericretinalveinQcdusion(HRVO),Qrbrnnchretinal.veinocclusion(BRVO), 
Hayreh observed that each of these has two subtypes.2 The former 1,,vo can be sub

divided into ischemic and nonischemic CRVO or HR.VO, with each having distinct 

clinical features and prognosis. A number of parameiers can be used to assess the 

degree of ischemia such as the degree of visual loss, presence of a relative afferent 

pupiliary defect, extent of retinal cap ii lary nonperfusion on tluorescein angiography, 

and electrodiagnostics showing reduced b wave amplitude, reduced b:a ratio and 

prolonged b-wave implicit time. 

BRVO can be considered a major BRVO \vhere a quarter or more of the retina is 

affected or a macular BRVO where only part of the macular is affected. 

Presentation of RVO in general is with variable painless visual loss with any 

combination of fundal findings consisting of retinal vascular tortuosity, retinal 

hemorrhages (blot and flame shaped), cotton wool spots, optic disc swelling and macular 

edema. Jn a CRVO, retinal hemorrhages will be found in all four quadrants ofthe fundus, 

whilst these are restricted lo either the superior or inferior fimdal hemisphere in a HRVO. 

ln a BRVO, herno!Thages are largely localized to the area drained by the occluded branch 

retinal vein. Vision loss occurs secondary to rnacular edema or ischemia. 

Epidemiology 
The true incidence of RVO in a population as a whole is difficult to establish, as 

many RVOs are silent where the condition is mild the patient is asymptomatic, and 

it is only detected inc:idenially. However, longitudinal population based studies have 

helped in providing an estimate of this incidence. The Blue Mountains Eye Study1 

found that the l 0--year cumulative incidence of RVO ,vas i .6'¾, and was significanily 

associated with increasing age, especially over the age of 70 years. However there was 
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no predilection for gender or race. 3 The Beaver Dam Eye 

Study4 reported a 15-year cumula1ive incidence of CRVO 

of 0.5%. For a BRVO this was approximately three times 

more at 1.8%, Applying ihis to United Nations projecied 

UK population figures for 2010 gives approximately 47,000 

new cases annually.' This figure is greater than 150,000 

for the United States, 6 Rogers et al' carried out a pooled 

analysis of population based studies from the United States, 

Europe, Asia, and Australia and projected that approxi .. 

mately 16 million people worldwide may have RVO in at 

least one eye workl\vide. The pooled daia showed a higber 

prevalence ofBRVO in Asians and Hispanics compared to 

whites, although this was not statistically significant, and 

there was no gender predilection. Whilst less common, i1 

is now generally accepted that (idiopathic) RVO does also 

occur in the younger (under 50 years) age group, where 

CRVO tends to be more of the nonischemic type. 2 

Etiology 
Although the exact etiology of RVO remains elusive, it is 

likely io follow a ihrombotic event. In CRVO this may occur 

in the central retinal vein (CRV) at the lamina cribrosa8 or 

at a variable distance in its journey within the optic: nerve 

posterior 10 the lamina cribrosa. A more posterior occlusion 

with a greater number of tributaries of the CRV anterior to 

the occlusion may allmv greater scope for collakral flow 10 

bypass the occluded section of the CRV2 In BRVO, arterial 

compression of the vein at arteriovenous crossings is thoughi 

to incite thrombus fom1ation by causing turbulent flow in 

combination with pre-existing vascular endothelial damage 

secondary to systemic cardiovascular risk factors. 

ln trying lo determine etiology or associated risk factors 

for I{\/O, comparison is naturally made to factors involved 

in the occurrence of systemic venous thrombosis (such as 

deep vein thrombosis). Whilst these two entities may share 

some common cardiovascular and syskmic risk factors, it 

is also important to understand that they are otherwise quite 

separate entities requiring different management strategies 

and leading to different complications. 2 

Systemic vascu !ar/atherosderotic 
risk factors in RVO 
Study design, patient characteristics, and risk factor 

definitions are seldom standardized across the various 

published papers in the literature. However accounting for 

this it remains probable that systemic hypertension is the 

strongest independent risk fi;ctor associated with all types 

ofRVO9
-

13 especially in the older (over 50 years) age group. 

Uncontrolled or newly diagnosed hypertension is common 

in this group, and recurrence ofRVO in the same or fellow 

eye is also noted when hypertension is poorly controlled. In 

their meta .. analysis of 2 l studies, ()'Mahoney et al 12 report 

a significant association between hypertension and both 

CRVO (pooled odds ratio [OR" 3.8] and BRVO [pooled OR 

3.0J. Accepting an inconsisknt definition ofhyperlipidemia 

across studies they also found hyperlipidemia to be twice as 

common in RVO cases (both CRVO and BRVO) compared 

to controls (pooled OR 2.5). Cheung et aP also report 

hypertension and hyperhpidemia as independent risk factors 

for RVO. The association of diabeks mellitus wi1h RVO is 

weaker and has not been found to be consistent across all 

s1udies. 12 Its association with CRVO may be stronger 1han 
with BRVQ, 9,n.13 

Hematological disorders and other 
systemic conditions 
Conditions that lead to increased blood viscosity such as 

myeloproliferative disorders are uncommon but known to be 

associated \Vith CRVO. Similarly, a number of rare systemic 

inflammatory disorders causing systemic vasculitis (such 

as Beb<;:et's disease and polyarteriiis nodosa) also cause 

retinal vasculitis leading to RVO, especially in the younger 

age group. The cause and management of the RVO here is 

closely linked to the underlying systemic: disease and its 

management. 

Over recent years there has been greai interesi in the pote .. 

ntial role ofthrombophilia in the development of RVO and in 

particular CRVO. Thrombophiiia refers to the propensity to 

develop thrombosis (usually venous) due to an abnormali1y 

in the coagulation system. This can be congenital ( eg, Factor 

V Leiden, hyperhomocysteinemia or protein C, protein Sand 

antithrombin deficiencies) or acquired ( eg, antiphospholipid 

syndrome), and its importance is potentially greater in the 

younger age group. However Fegan's review on CRVO 

and thrombophilia 14 suggested that there was a lack of 

consistency between studies in showing a valid association 

between CRVO and protein C, protein S and antithrom

bin Ill deficiency, and fi;ctor V Leiden/activaied protein 

C resistance. These natural anticoagulants are very labile 

with fluc:iuating physiological levels. H is recommended that 

they should be measured on at least two separate samples 

and if found abnormal confirmed with a third estimation. 

Most studies used single measurements and varying types of 

assays. The studies also lacked the statistical pmverto show 

a 1rne difference eitber due io small sample size or lack of 

a suitable control group. 
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ln the antiphospholipid syndrome (APS) antibodies 

to phospholipid activate 1he coagulation cascade lead

ing to both arterial and venous thrombosis. Tests can be 

done to either deiect the antibody ( using tbe anticardioiipin 

antibody assay) or its effect on coagulation using a test for 

lupus anticoagulant. Up to 8% of patients with APS have 

ocular manifestations and 4 of8 studies revie\ved by Fegan 14 

showed a significant association ofAPS in CRY(} Further 

studies are required to determine the strengih of association 

between APS and RVO. 

[fomocysteine is a naturally occurring amino acid not 

found in protein. There are many causes for hyperhomo

cysteinemia (including rare enzyme deficiencies leading 

to homocystinuria) which predisposes to both arterial and 

venous thrombosis. 14 Several studies have questioned the 

validity of carrying out exhaustive iests for tbrombophi lia in 

RVO in the absence ofa suggestive medical history. However 

their results have shmvn notable evidence of an association 

of hyperhomocyskinemia with CRVO sufficient to recom

mend the benefit of checking for hyperhomocysteinemia, 

wbich is correctable with foiic acid and viiamins B6 and 

B 12 supplements. 1417 

On current evidence it would be reasonable to not recorn-

mend general thrombophilia screening for all patients with 

RYO, but lo reserve it for older patients with a pas! history 

of1hromboembolic events and in young patients withou1 any 

other general risk factors. 

Glaucoma/ocular hypertension 
The association between RVO (CRVO in particular) and glau

coma/ocular hypertension has been widely repoiied2
-
9

,
11

,
13

,
18 

with the Eye Disease Case-Control Study9 reporting an 

adjusted OR of 5.4 in CRVO for a history of glaucoma. 

The pathophysiology of this association is unclear, although 

deformation of the lamina cribrosa in glaucoma may disiori 

the central retinal vein as it exits the eye. 

Familial RVO 
Familial clustering of RVO (CRVO in particular) has been 

reported 19
,
20 but these reports bave been few in number. It is 

interesting that such cases are more often bilateral, with a 

younger age at onset than sporadic cases. More data from 

exisling and future familial clusters is required to establish 

if there is a genetic cause in these cases. 

Treatment. options fo1· retinal vein occlusion 

understanding of the pathogenesis ofthe macular edema may 

in turn allow an understanding of the mechanism of action 

of some of the therapies more recently advocated in retinal 

vein occlusion. 

Thrombosis within a retinal vein as described earlier will 

lead lo a partial obstruction ofblood ilmv within the vein and 

from the eye. The subsequent increased in1raluminal pressure, 

if sufficiently high, will cause transudation ofblood products 

into the retina according to Siading's law. This will result in 

increased interstitial (retinal) fluid and protein. The latter 

will increase the intersiitial oncotic pressure, perpetuating 

tissue edema, which will impede capillary perfusion and lead 

to ischemia. As stated by Campochiaro et al21 this ischemia 

is not an all or none dichotomy, as those patients classified 

as nonischemic will still have varying degrees of retinal 

ischemia. 

lt is well recognized that inflammation aftects the progres

sion and outcome of vitreoretinal disease including retinal 

vein occlusion.22 Yoshimura e1 aF2 have found significantly 

elevated vitreous levels of the soluble cytokines interleukin 

(IL) 6 and 8, monocyte chemoatiractani protein-], and vas-

cular endothelial grnwth factor (VEGF) in RVO, and espe

cially in CRVO. Funk et aF have also demonstraied elevated 

aqueous levels of these same factors in patients with CRVO 

when compared with control samples. The exact interaction 

of these factors remains specula1ive bu1 an understanding of 

the roles that VEGF fulfils is increasing. lt is induced by tissue 

bypoxia sucb as retinal ischernia and acis as an angiogenic 

and vasopermeable factor on endothelial cell membrane 

bound receptors with tyrosine kinase activity. 24 Ozaki et aF 

have demons1rated that the implantation of slow release 

pellets of human recombinant VEGF into the vitreous cav

ity of rabbits and primates leads to retinal vessel dilataiion, 

breakdown of the blood retinal banier and retinal new vessel 

formation, Noma et al have reported elevated aqueous and 

vitreous levels ofVEGF and IL-6 in patients with BRV026
•
27 

and CRY0,28029 compared to controls. The levels ofVEGF and 

IL-6 correlated with both the severity ofmacular edema and 

extent of retinal ischemia ( capillary nonperfusion). 

It is likely tbat tbe sudden retinal ischemia that occurs in 

BRVO and more so in CRVO will induce excessive VEGF 

production. VEGF is produced by the retina from retinal 

pigment epi1helial cells, endothelial cells, and Muller cells, 

as well as other types of ocular tissue.22 Boyd et al found 

a close correlation between aqueous VEGF levels and the 

Pathophysiology of RVO course of iris neovascularization and vascular permeability 

It is the occurrence of macular edema in retinal vein in paiienis witb ischemic CRV0. 10 The excessive vascular 

occlusion tha1 mos1 frequenHy leads to visual loss. A working permeability induced by VEGF will likely contribute to the 
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macular edema that also occurs according to Starling's law 

as described above, It is tempting to theorize tha1 even if the 

primary venous obstruction was overcome ( eg, via collateral 

formation), tbe macular edema can persisi for much longer 

due to a self perpetuating cycle ofVEGF-induced vascular 

permeability leading lo macular edema, capillary damage, 

and retinal ischemia, stimulating fmiher release of VEGF 

and other inflammatory cytokines leading lo chronic macula 

ede1rta, 

Treatment 
The Branch Retinal Vein Occlusion Study (BRVOS)31

•
32 and 

the Central Retinal Vein Occlusion Study lCRVOS)3l,34 have 

established a standard of care by providing both an under

standing of the natural history and treatment algorithms for 

BRVO and CRVO in managing neovascular complications 

and reducing visual loss. The studies were designed to answer 

specific questions and so have inherent limitations. Whilst 

many aspects of these studies may nmv arguably seem dated, 

some remain pertinent. ln their review of studies evaluating 

tbe natural history ofCRVO Rogers et aP 5 confirm that eyes 

vvith CRVO had generally poor vision at presentation which 

declined further wiih time, Tbey found that over a quarter of 

nonischemic CRVO converted to ischemic CRVO, of which a 

quarter developed neovascular glaucoma within 15 months. 

Similarly they reviewed studies evaluating 1he natural his

tory ofBRVO and reported a general improvement in vision 

over time without ireaiment, alihough improvement beyond 

20/40 was uncommon. 

Therapeutic options for CRVO 
Mohamed el al3 6 carried out a systematic review of 

randomized clinical 1rials (RCTs) evaluating interventions 

for the treatment ofCRVO. Only results from the CRVOS33.3
4 

met the criteria for level l evidence. In patients with macular 

edema secondary to nonischemic CRVO with a vision of 

20/50 or worse, macular grid laser photocoagulation does 

not improve visual acuity although 1he edema may improve. 

Additionally prophylactic pan retinal photocoagulation 

( PRP) in ischemic CRVO does not prevent iris or angle 

neovascularization and is therefore not recommended. 

PRP is recommended when anterior segment, disc or retinal 

neovascularization develop. 

Mohamed et al3 6 also evaluated studies reporting on 

hemodilution, medical treatment with troxerntin and ticlo

pidine (inhibitors of platelet aggregation) and intravenous 

thrombolysis, and various surgical procedures to improve 

vision in CRVO. By lowering the hematocrit, and thus the 

812 

plasma viscosity, hemodilution is thought to improve the 

retinal microcirculation. Hmvever the variations in study 

protocols and the use of multiple agents in combination 

have prevented any conclusions to be drawn for this ireai·

ment modality. Similarly there is limited evidence to rec

ommend the routine use of troxerutin or ticlopidine as well 

for intravenous thrombolysis, which carries the potential 

for serious adverse effects such as stroke. The reviews 

by Squizzaio et aP7 and Lazo•-Langner et aP8 suggest tha1 

antithrombotic therapy, with low molecular weight heparin 

(LMWH) in particular, may be efficacious in the treatment 

of acute RVO wi1h superiori1y over antipla1elet agents such 

as aspirin. LMWH appear to have additional properties 

such as an1i-angiogenic effects, which may explain their 

additional benefits compared to other agents. However the 

limited evidence available precludes any recommendations 

about the use of lMWH. 

Following a vitrectomy approach, several surgical pro

cedures including internal limiting membrane peel,39 radial 

optic neurotomy,40
,
41 and direct retinal vein cannulation with 

injection of fibrinolyiics, 42
•
43 have all been advocated for 

the management of macular edema in CRVO. However the 

mechanism of action ofthese inierveniions remains conten

tious and their safo1y and efficacy have no1 been evaluated 

in RCTs. Furthermore carrying out a vitrectomy in itself 

is though1 to improve retinal oxygenation, so confounding 

the possible effects of the other procedures. Mohamed et al 

therefore conclude that the routine use of ihese procedures 

caimot be recommended. 

McAllister et al44 have reported the outcome of the first 

prospec1ive randomized muliicen1er trial comparing laser

induced chorioretinal venous anastomosis (L-CRA) with 

conventional treaiment ( observaiion) for CRVO, This tech

nique utilized a high power (argon or Nd:YAG) laser spot 

to rupture Brnch's membrane and a second spot to rupture a 

major branch of the retinal vein nex1 to the first laser spot, the 

intention being to enable an anastomosis to form between the 

retinal and choroidal circulation. They \Vere able to create a 

L-CRA in 76.4% of patients in whom an attempt was made, 

leading to a significani reduction in the meanreiinal fluoresce in 

transit time at 18 months in the treatment group compared to 

the controls. A mean improvement of 3.6 letters was seen in 

the trea1rnent group that developed a L-CRA at 18 months 

compared lo a loss of 8.1 letters from baseline in the control 

group. Altbougb fewer eyes converted to ischemic CRVO in the 

treatment group compared to controls, 18.2')1,, of treated eyes 

developed dwroidal neovasculariza1:ion (CNV) at the trea1rnen1 

site necessitating sec1or PRP. It remains to be seen whether 
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L-CR.A_ becomes widely employed as a treatment option for 

CRVO. Although the technique is relatively noninvasive and 

readily accessible it does have a significant learning curve and 

a high potential rate of complicaiion from CNV 

Therapeutic options for BRVO 
The BRVOS31 evaluated whether grid macular laser photoco

agulation improved visual acuity ( VA) in patients with VA of 

20/40 or worse resulting from macular edema secondary to 

BRVO following at least 3 months ofobservation. McIntosh 

et al4
' conducied a literature search to identify aH relevant 

RCTs evaluating interventions for BRVO. They concluded 

that only the results of the BRVOS 11 met criteria for level l 

evidence - patients treated \Vith grid macular laser gained 

an average of 1.33 lines at the third year study visit from 

baseline compared with 0.23 lines in the control group. The 

grid laser group had statistically significant improvements 

in VA compared to controls over consecutive visits. J-\mars

son and Stefansson46 have postulated that destruction of 

photoreceptors by grid laser leads to increased oxygen flux 

to the inner reiina. An autoregulatory arteriolar constriction 

and increased resistance then leads to reduced hydrostatic 

pressure in capiliaries and venules, leading to reduced edema 

with vessel constriction and shortening. 

Accepting methodological limitations lsuch as small 

sample sizes with insufiicientpower, short follow up, and lack 

of a control group), McIntosh et al45 also evaluated studies 

reporiing otber interventions including bemodiluiion, surgery 

involving pars plana vitrectomy and adventitial sheathotomy, 

and medical treatment with tidopidine and troxerutin. They 

found that these studies lacked sufficient evidence to support 

the routine use of these other treatment modalities. Muqit et al4
' 

recently reported on the long tenn vascular perfosion follow .. 

ing arteriovenous sheathotomy for BRVO. In their small series 

they found ihat long-term epiretinal gliosis and subfoveal 

photoreceptor atrophy limited the visual recovery 

lntravitrea! corticosteroids 
With increasing awareness of the role of VEGF and other 

inflammatory mediators, the use of off label intravitreal 

corticosteroids (triamcinolone acetonide in particular) has 

become routine in the management of RVO in spite of a 

paucity ofRCTs. Small scale studies have reported a positive 

short/intermediate terrn efficacy of intravitreal triamcinolone 

(lVT)4
;;·

49 but Patel et al5° found that whilst lVTwas effective 

in the short term in treating macular edema secondary to 

all types of RVO, its effectiveness was noi maintained after 

l year despite repeated injections. 

Clinical Ophthalrnology 20 I 0:4 

Treatment. options fo1· retinal vein occlusion 

The exact mechanism of action of corticosteroids in 

the resolution of macular edema remains speculative. 

Miyamoto et al5 1 describe cases where macular edema 

from RVO or diabetic maculopathy had begun to resolve 

within 1-6 hours of injecting IVT. They proposed that 

in addition to the recognized genomic pathway whereby 

receptor-glucocorticoid interaction is translocated to the 

nucleus leading to regulation of gene expression and taking 

many hours or days, there is also a nongenomic paihway. 

Here the receptor-glucocorticoid complex may act within the 

cytoplasm io desiabihze mRNA, such as VEGF messengers, 

with rapid effects. 

The Standard Care vs Corticosteroid for Retinal Vein 

Occlusion (SCORE) studies5rn reported RCT data on the 

efficacy of 1mg and 4 mg of a preservative free, nondis

persive formulation of triamcinolone injected intravitrealiy. 

This was compared to the standard of care - observation for 

macular edema in CRVO52 and grid laser photocoagulation for 

macular edema in BRVO.53 \Vhilst the SCORE studies have 

several methodological limitations, as discussed by Apte in 

bis ediiorial,54 they provide important information that modi-

fies the standard of care established by the BRVOS31
,
32 and 

C RVOS. 3 ;,
34 The SC:OR.E--BRVO study53 reported tbat ai the l 2 

month end point there were no significant differences in visual 

acuity between the laser treatment, 1 mg and 4 mg groups. 

The SCORE-CRVO study52 however found that subjects in 

the l mg and 4 mg arms were five times more likely to show 

a gain in visual acuity of l 5 letiers or more at the i 2 monih 

end point compared to observation. Conversely, the study 

also showed that over three quarters of the eyes that received 

IVT did not show a gain in vision by 15 letters or more at 

12 months and a quarter oftreated eyes had a loss of vision 

of a similar magnitude. The studies also demonstrated a 3---4 

times greater rate of intraocular pressure elevation in the lVT 

( especially 4mg) arms compared to standard of care, and this 

together with a lack of definitive data to 2 years follow up 

beckons further studies on 1 VT and other agents, to search for 

improved outcomes and better side effect profiles. 

Ozurdex (Allergan, Irvine, CA),6 a biodegradable intrav

itreal 700 µg dexamethasone implant, received FDA approval 

in June 2009 for the treatment of macular edema secondary 

to BR.VO or CR.VO. Phase HI results presented55 showed that 

significantly more patients gained 15 letters or more in the 

treatment group compared to sham up to 90 days follmv

ing injection, but this effeci waned at 180 days io become 

nonsignificant. The effects of a repeat injection at 6 months 

were less pronounced when assessed ai 12 months. Alihougb 

designed to cause less intraocular pressure problems than 
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triamcinolone, 25'% of those treated with Ozurdex showed an 

intraocular pressure rise which peaked at day 60 and returned 

to baseline by day 180. The incidence of cataract progression 

was noted at 4% in the treaiment group, but this increased to 

26% after 1 year where a second injection of Ozurdex had 

been carried out 

Anti-VEGF treatment 
The anti-VECiF bevacizumab (Avastin, Genetech), a human-

ized monoclonal antibody binding to all isofonns ofVEGF-A, 

was first reported to sbow short term efficacy in the resolution 

of macular edema secondary to CRVO by Rosenfeld in 200556 

and has since been widely used as an off label treatment in 

RVO. Prager et al57 have reported a prospec1.ive case series 

of patients with macular edema due to RVO and treated with 

bevacizmnab, shmving a mean increase in visual acuity of 16 

letters at the 12-month follow up. Subgroup analysis showed 

a better response in patients with BRVO rather than CRVO, 

although the reduction in cen1rnl retinal thickness (CRT) on 

optical coherence tomography was comparable in both sub

groups. This incongrnence beiween functional and anatomical 

effects was also reported in the SCORE-CRVO study,52 where 

the observation and IVT groups had a comparable reduciion 

in CRT at the 12 month point although visual ou1.comes were 

significantly better in the lVT groups. 

Ranibizumab (Lucentis; Genen1.ech, San Francisco, CA), 

approved for the treatment of neovascular age related macular 

degeneration (n-AMD), is a monoclonal antibody fragrneni 

derived from the same parent murine antibody as bevaci

zumab. The six-month data from two phase lil Genentech

sponsored studies (BRAVO studying 1.he effects of BRVO 

and CRUlSE studying the effects of CRVO) evaluating the 

safety and efficacy of Lucentis, compared to sham, for the 

treatment of macular edema in RVO, were presented at the 

Reiina Congress 2009. 5
:;·

59 BRAVO reporied a 7.6 and 7.4 

mean let1.er gain in the 0.3 mg and 0.5 mg study arms of 

Lucentis respectively, compared to 1.9 letters gained in the 

sham injection arm. CRUISE reported an 8.8 and 9.3 mean 

letter gain in the 0.3 mg and 0.5 mg study arms ofLucentis, 

respeciively, compared with l. l leiters gained in ihe sham 

treatment arm. Both studies showed a safety profile consistent 

with data from previous phase HI Lucentis trials for n-AMD. 

Horizon RVO, an extension 1.rial, will provide much needed 

longer term data upon completion of BR,-\VO and CRUISE. 

Conclusion 
Studies on n-AMD show that intravitreal treatment is 

accepted and ,,vell tolerated by patients. Corticosteroids and 

814 

anti- VEGF medication currently seem to be at the forefront 

oftreatmen1. options for RVO, but RCTs have yet to compare 

these directly. Corticosteroids can be given as a depot 

with activity over several months, but the bigh incidence 

of intraocular pressure rise and cataract make them less 

attractive. ln!ravitreal anti-V EGFs have a low incidence of 

adverse side effects but are currently shor1. acting requiring 

frequent injections. Both these agents are used as symp

tomaiic treatmenis with no defined treatment end points 

and show high rates of regression and tachyphylaxis vvith 

loss of efficacy after repeated injections. There may also be 

a rebound phenomenon as observed by Matsumoto et al 60 

with macular edema becoming more pronounced compared 

to pre-treatment levels. 

Until a definitive treatment becomes available for RVO 

it is currently a case of using the various treaiment options 

available to keep the macular dry (to prevent the irreversible 

damage caused by chronic macular edema) and titrating this 

to allmv a sufficien1. collateral circulation 1.o develop. 
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METHOD FOR TREATING INTRAOCULAR NEOV ASCULAR 

DISEASES 

FIELD OF THE INVENTION 

5 This invention relates to methods for treating an intraocular neovascular disorder with a VEGF 

antagonist. Methods for administering to a mammal suffering from, or at risk for, an 

intraocular neovascular disorder include monthly dosing of a therapeutically effective amount 

of VEGF antagonist, followed by less frequent dosing of a therapeutically effective amount of 

VEGF antagonist. 

BACKGROUND OF THE INVENTION 

Angiogenesis is implicated in the pathogenesis of intraocular neovascular diseases, e.g., 

proliferative retinopathies, age-related macular degeneration (AMD), etc., as well as a variety 

of other disorders. These include solid tumors, rheumatoid arthritis, and psoriasis (Folkman et 

15 al. J. Biol. Chem. 267: 10931-10934 (1992); K.lagsbrun et al. Annu. Rev. Physiol. 53:217-239 

( 1991 ); and Gamer A, Vascular diseases. In: Pathobiology of ocular disease. A dynamic 

approach. Gamer A, Klintworth GK, Eds. 2nd Edition Marcel Dekker, NY, pp 1625-1710 

(1994)). 

20 The search for positive regulators of angiogenesis has yielded many candidates, including 

aFGF, bFGF, TGF-a, TGF-(3 HGF, TNF-a, angiogenin, IL-8, etc. (Folkman et al. and 

Klagsbrun et al). The negative regulators so far identified include thrombospondin (Good et 

al. Proc. Natl. 

Acad. Sci. USA. 87:6624-6628 (1990)), the 16-kilodalton N-terminal fragment of prolactin 

25 (Clapp et al. Endocrinology, 133:1292-1299 (1993)), angiostatin (O'Reilly et al. Cell, 79:315-

328 (1994)) and endostatin (O'Reilly et al. Cell, 88:277-285 (1996)). 

Work done over the last several years has established the key role of vascular endothelial 

growth factor (VEGF) in the regulation of normal and abnormal angiogenesis (Ferrara et al. 

30 Endocr. Rev. 18:4-25 (1997)). The finding that the loss of even a single VEGF allele results in 

embryonic lethality points to an irreplaceable role played by this factor in the development and 

differentiation of the vascular system (Ferrara et al.). 
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Human VEGF exists as at least six isoforms (VEGF121, VEGF14s, VEGF16s, VEGF1s3, 

VEGF1 89, and VEGF206) that arise from alternative splicing of mRNA of a single gene (Ferrara 

N, Davis Smyth T. Endocr Rev 18:1-22 (1997)). VEGF165, the most abundant isoform, is a 

basic, heparin binding, dimeric glycoprotein with a molecular mass of ~45,000 daltons (Id). 

5 Two VEGF receptor tyrosine kinases, VEGFRland VEGFR2, have been identified (Shibuya 

et al. Oncogene 5:519-24 (1990); Matthews et al., Proc Natl Acad Sci US A 88:9026-30 

(1991); Terman et al., Oncogene 6:1677-83 (1991); Terman et al. Biochem Biophys Res 

Commun 187:1579-86 (1992); de Vries et al., Science 255:989-91 (1992); Millauer et al. Cell 

72:835-46 (1993); and, Quinn et al. Proc Natl Acad Sci USA 90:7533-7 (1993)). VEGFRl 

10 has the highest affinity for VEGF, with a Kd of~ 10--20 pM (de Vries et al., Science 255:989-

91 (1992)), and VEGFR2 has a somewhat lower affinity for VEGF, with a Kd of ~75-125 pM 

(Terman et al., Oncogene 6: 1677-83 (1991); Millauer et al. Cell 72:835-46 (1993); and, 

Quinn et al. Proc Natl Acad Sci USA 90:7533-7 (1993)). 

15 VEGF has several biologic functions, including regulation of VEGF gene expression under 

hypoxic conditions (Ferrara N, Davis Smyth T. Endocr Rev 18:1-22 (1997)), mitogenic 

activity for micro and macrovascular endothelial cells (Ferrara N, Henzel WJ. Biochem 

Biophys Res Commun 161:851-8 (1989); Leung et al., Science 246: 1306-9 (1989); Connolly 

et al. J Clin Invest 84:1470--8 (1989a); Keck et al. Science 246:1309-12 (1989); Plouet et al., 

20 EMBO J 8:3801-6 (1989); Conn et al. Proc Natl Acad Sci USA 87:2628-32 (1990); and, 

Pepper et al., Exp Cell Res 210:298-305 (1994)), and induction of expression of plasminogen 

activators and collagenase (Pepper et al., Biochem Biophys Res Commun 181:902-6 (1991)). 

Furthermore, VEGF has been shown to be a key mediator of neovascularization associated 

25 with tumors and intraocular disorders (Ferrara et al.). The VEGF mRNA is overexpressed by 

the majority of human tumors examined. Berkman et al. J Clin Invest 91:153-159 (1993); 

Brown et al. Human Pathol 26:86-91 (1995); Brown et al. Cancer Res 53:4727-4735 (1993); 

Mattern et al. Brit J Cancer. 73:931-934 (1996); and Dvorak et al. Am J Pathol 146:1029-

1039 (1995). Also, the concentration of VEGF in eye fluids are highly correlated to the 

30 presence of active proliferation of blood vessels in patients with diabetic and other ischemia

related retinopathies. Aiello et al., N. Engl. J. Med. 331: 1480-1487 (1994). Furthermore, 

recent studies have demonstrated the localization of VEGF in choroidal neovascular 

membranes in patients affected by AMD. Lopez et al., Invest. Ophtalmo. Vis. Sci. 37:855-868 

(1996); Kvanta et al., Invest Ophthalmol Vis Sci 37: 1929-34 (1996). 
2 
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Age related macular degeneration (AMD) is a leading cause of severe, irreversible vision loss 

among the elderly. Bressler, JAMA 291:1900-1 (2004). It is characterized by a broad 

spectrum of clinical and pathologic findings, such as pale yellow spots known as drusen, 

5 disruption of the retinal pigment epithelium (RPE), choroidal neovascularization (CNV), and 

disciform macular degeneration. The manifestations of the disease are classified into two 

forms: non exudative (dry) and exudative (wet or neovascular). Drusen are the characteristic 

lesions of the dry form, and neovascularization characterizes the wet form. Disciform AMD is 

the fibrotic stage of the neovascular lesion. 

10 

There is a dramatic increase in the prevalence of AMD with advancing age. See, e.g., 

Leibowitz et al., Surv Ophthalmol 24(SuppI):335-610 (1980) and Klein et al., Ophthalmology 

99:933-43 (1992). Although the wet form of AMD is much less common, it is responsible for 

80%-90% of the severe visual loss associated with AMD (Ferris et al., Arch Ophthamol 

15 102:1640-2 (1984)). There is an estimated 1-1.2 million prevalent cases of wet AMD. The 

cause of AMD is unknown; however, it is clear that the risk of developing AMD increases 

with advancing age. Other known risk factors include family history and cigarette smoking. 

Postulated risk factors also include oxidative stress, diabetes, alcohol intake, and sunlight 

exposure. D' Amico, N Engl J Med 331:95-106 (1994) and Christen et al., JAMA 276:1147-51 

20 (1996). 

Dry AMD is characterized by changes in the RPE and Bruch's membrane. It is thought that 

the RPE, compromised by age and other risk factors, deposits lipofuscin and cellular debris on 

Bruch's membrane. These changes may be seen ophthalmoscopically as drusen, which are 

25 scattered throughout the rnacula and posterior retinal pole. There are also variable degrees of 

atrophy and pigmentation of the RPE. Dry AMD may be asymptomatic or accompanied by 

variable and usually minimal visual loss and is considered to be a prelude to development of 

wetAMD. 

30 Wet AMD is typically characterized by CNV of the macular region. The choroidal capillaries 

proliferate and penetrate Bruch' s membrane to reach the RPE and may extend into the 

subretinal space. The increased permeability of the newly formed capillaries leads to 

accumulation of serous fluid or blood under the RPE and/or the neurosensory retina or within 

the neurosensory retina. When the fovea becomes swollen or detached, decreases in vision 
3 
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occur. Fibrous metaplasia and organization may ensue, resulting in an elevated subretinal 

mass called a disciform scar that constitutes end-stage AMD and is associated with permanent 

vision loss (D' Amico DJ. N Engl J Med 331:95-106 (1994)). 

5 The neovascularization in AMD can be classified into different patterns based on fluorescein 

angiography of subfoveal chorodial neovascular lesions. TAP and VIP Study Groups, Arch 

Ophthalmol 121:1253-68 (2003). The major angiographic patterns are termed classic and 

occult and are associated with different degrees of aggressiveness, vision losses, and response 

to different treatment options. 

10 

The diffusible nature of VEGF and its specificity of action for endothelial cells support a key 

role in the process of abnormal blood vessel growth and vascular leakage. Increased 

expression of VEGF in retinal photoreceptors or RPE of transgenic mice stimulates 

neovascularization within the retina, and VEGF antagonists partially inhibit retinal 

15 neovascularization in animal models (Okamoto et al. Am J Pathol 151:281-91 (1997); 

Schwesinger et al., AM J Pathol. Mar;l58(3):1161-72 (2001)). Anti-VEGF neutralizing 

antibodies inhibit intraocular angiogenesis in models of ischemic retinal disorders (Adamis et 

al. Arch. Ophthalmol. 114:66-71 (1996)), and also suppress the growth of a variety of human 

tumor cell lines in nude mice (Kim et al. Nature 362:841-844 (1993); Warren et al. J. Clin. 

20 Invest. 95:1789-1797 (1995); Borgstrom et al. Cancer Res. 56:4032-4039 (1996); and Melnyk 

et al. Cancer Res. 56:921-924 (1996)). Therefore, anti-VEGF monoclonal antibodies or other 

VEGF antagonists are promising candidates for use in treatments of intraocular neovascular 

disorders, and new methods of administering therapeutic compounds, which increases the 

effectiveness of the therapeutic compound, are needed. 

25 

30 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide an improved method of administering a 

therapeutic compound. This and other objects will become apparent from the following 

description. 

Methods for treating intraocular neovascular disease are provided. For example, methods 

include administering to a mammal a number of first individual doses of a VEGF antagonist, 

followed by administering to the mammal a number of second individual doses of the 

4 
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antagonist, wherein the second individual doses are administered less frequently than the first 

individual doses. 

In one embodiment of the invention, a method for treating wet form age-related macular 

5 degeneration is provided, which comprises administering to a mammal a number of first 

individual doses of an VEGF antagonist, followed by administering to the mammal a number 

of second individual doses of the antagonist, wherein the second individual doses are 

administered less frequently than the first individual doses. 

10 In one embodiment, the mammal is in need of treatment. Typically, the mammal is a human. 

In one embodiment, the administration of the VEGF antagonist is ocular. In one aspect, the 

administration is intraocular. In another aspect, the administration is intravitreal. 

15 A VEGF antagonist is administered in the methods of the invention. In one aspect, the VEGF 

antagonist is an anti-VEGF antibody, e.g., a full length anti-VEGF antibody or an antibody 

fragment. In one embodiment, the anti-VEGF antibody is a Fab antibody fragment. In one 

embodiment, the antibody fragment is Y0317. 

20 In one embodiment of the invention, the first individual doses are administered at one month 

intervals (e.g., about 3 individual doses). Typically, there is more than one first individual 

dose. In another embodiment, the second individual doses are administered at three month 

intervals (e.g., about 6 individual doses). In one aspect of the invention, the second individual 

doses are administered beginning three months after the number of first individual doses. In 

25 one embodiment, a number of second individual doses are administered to the mammal during 

a period of at least 22 months following the number of first individual doses. 

In one embodiment of the invention, the number of first individual doses and the number of 

second individual doses are administered over a time period of about 2 years. In one aspect, 

30 the first individual dose is administered at month 0, 1 and 2. In another aspect, the second 

individual dose is administered at month 5, 8, 11, 14, 17, 20 and 23. For example, the first 

individual dose is administered at month 0, 1, and 2 and the second individual dose is 

administered at month 5, 8, 11, 14, 17, 20 and 23. In one embodiment, the VEGF antagonist is 

administered over less than 2 years, or optionally, administered over greater than 2 years. 
5 
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Other aspects of the invention will become apparent from the following description of the 

embodiments which are not intended to be limiting of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 schematically illustrates the study in Example 1. 

Figure 2 schematically illustrates a dosing regimen for treating, e.g., age-related macular 

degeneration (AMD) with a VEGF antagonist. 

DETAILED DESCRIPTION 

Definitions 

Before describing the present invention in detail, it is to be understood that this invention is 

not limited to particular compositions or biological systems, which can, of course, vary. It is 

15 ... also to be understood that the terminology used herein is for the purpose of describing 

particular embodiments only, and is not intended to be limiting. As used in this specification 

and the appended claims, the singular forms "a", "an" and "the" include plural referents unless 

the content clearly dictates otherwise. Thus, for example, reference to "a molecule" optionally 

includes a combination of two or more such molecules, and the like. 

20 

The term "human VEGF" as used herein refers to the 165-amino acid human vascular 

endothelial cell growth factor, and related 121-, 189-, and 206-, (and other isoforms) amino 

acid vascular endothelial cell growth factors, as described by Leung et al., Science 246: 1306 

(1989), and Houck et al., Mol. Endocrin. 5: 1806 (1991) together with the naturally occurring 

25 allelic and processed forms of those growth factors. 

A "VEGF antagonist" refers to a molecule capable of neutralizing, blocking, inhibiting, 

abrogating, reducing or interfering with VEGF activities including its binding to one or more 

VEGF receptors. VEGF antagonists include anti-VEGF antibodies and antigen-binding 

30 fragments thereof, receptor molecules and derivatives which bind specifically to VEGF 

thereby sequestering its binding to one or more receptors, anti-VEGF receptor antibodies and 

VEGF receptor antagonists such as small molecule inhibitors of the VEGFR tyrosine kinases, 

and fusions proteins, e.g., VEGF-Trap (Regeneron), VEGF121-gelonin (Peregrine). VEGF 

antagonists also include antagonist variants of VEGF, antisense molecules directed to VEGF, 
6 
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RNA aptamers specific to VEGF, and ribozymes against VEGF or VEGF receptors. 

Antagonists of VEGF act by interfering with the binding of VEGF to a cellular receptor, by 

incapacitating or killing cells which have been activated by VEGF, or by interfering with 

vascular endothelial cell activation after VEGF binding to a cellular receptor. All such points 

5 of intervention by a VEGF antagonist shall be considered equivalent for purposes of this 

invention. Preferred VEGF antagonists are anti-VEGF antagonistic antibodies capable of 

inhibiting one or more of the biological activities of VEGF, for example, its mitogenic, 

angiogenic or vascular permeability activity. Anti-VEGF antagonistic antibodies include, but 

not limited to, antibodies A4.6.1, rhuMab VEGF (bevacizumab), Y0317 (ranibizumab), G6, 

10 B20, 2C3, and others as described in, for example, WO98/45331, US2003/0190317, U.S. 

Patents 6,582,959 and 6,703,020; WO98/45332; WO 96/30046; WO94/10202; 

WO2005/044853; EP 0666868Bl; and Popkov et al., Journal of Immunological Methods 

288:149-164 (2004). More preferably, the anti-VEGF antagonistic antibody of the invention 

is ranibizumab, which is a humanized, affinity matured anti-human VEGF antibody Fab 

15 fragment having the light and heavy chain variable domain sequences of Y0317 as described 

in WO98/45331 and Chen et al J Mol Biol 293:865-881 (1999). 

The antibody is appropriately from any source, including chicken and mammalian such as 

rodent, goat, primate, and human. Typically, the antibody is from the same species as the 

20 species to be treated, and more preferably the antibody is human or humanized and the host is 

human. While the antibody can be a polyclonal or monoclonal antibody, typically it is a 

monoclonal antibody, which can be prepared by conventional technology. The antibody is an 

IgG-1, -2, -3, or-4, IgE, IgA, IgM, IgD, or an intraclass chimera in which Fv or a CDR from 

one class is substituted into another class. The antibody may have an Fe domain capable of an 

25 effector function or may not be capable of binding complement or participating in ADCC. 

The term "VEGF receptor" or "VEGFr" as used herein refers to a cellular receptor for VEGF, 

ordinarily a cell-surface receptor found on vascular endothelial cells, as well as variants 

thereof which retain the ability to bind h VEGF. One example of a VEGF receptor is the ftns-

30 like tyrosine kinase (flt), a transmembrane receptor in the tyrosine kinase family. De Vries et 

al., Science 255:989 (1992); Shibuya et al., Oncogene 5:519 (1990). The flt receptor 

comprises an extracellular domain, a transmembrane domain, and an intracellular domain with 

tyrosine kinase activity. The extracellular domain is involved in the binding of VEGF, 

whereas the intracellular domain is involved in signal transduction. Another example of a 
7 
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VEGF receptor is theflk-1 receptor (also referred to as KDR). Matthews et al., Proc. Nat. 

Acad. Sci. 88:9026 (1991); Terman et al., Oncogene 6:1677 (1991); Terman et al., Biochem. 

Biophys. Res. Commun. 187:1579 (1992). Binding of VEGF to the flt receptor results in the 

formation of at least two high molecular weight complexes, having apparent molecular weight 

5 of 205,000 and 300,000 Dal tons. The 300,000 Dalton complex is believed to be a dimer 

comprising two receptor molecules bound to a single molecule of VEGF. 

The term "epitope A4.6.1" when used herein, unless indicated otherwise, refers to the region 

of human VEGF to which the A4.6. l antibody disclosed in Kim et al., Growth Factors 7:53 

10 (1992) and Kim et al. Nature 362:841 (1993), binds. 

15 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. 

Those in need of treatment include those already with the disorder as well as those in which 

the disorder is to be prevented. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including 

humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, 

cows, etc. Typically, the mammal is human. 

20 The term "antibody" is used in the broadest sense and includes monoclonal antibodies 

(including full length or intact monoclonal antibodies), polyclonal antibodies, multivalent 

antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments (see 

below) so long as they exhibit the desired biological activity. 

25 Unless indicated otherwise, the expression "multivalent antibody" is used throughout this 

specification to denote an antibody comprising three or more antigen binding sites. The 

multivalent antibody is typically engineered to have the three or more antigen binding sites 

and is generally not a native sequence IgM or IgA antibody. 

30 "Native antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins 

of about 150,000 daltons, composed of two identical light (L) chains and two identical heavy 

(H) chains. Each light chain is linked to a heavy chain by one covalent disulfide bond, while 

the number of disulfide linkages varies among the heavy chains of different immunoglobulin 

isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide bridges. 
8 
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Each heavy chain has at one end a variable domain (VH) followed by a number of constant 

domains. Each light chain has a variable domain at one end (VL) and a constant domain at its 

other end; the constant domain of the light chain is aligned with the first constant domain of 

the heavy chain, and the light- chain variable domain is aligned with the variable domain of 

5 the heavy chain. Particular amino acid residues are believed to form an interface between the 

light- and heavy-chain variable domains. 

The term "variable" refers to the fact that certain portions of the variable domains differ 

extensively in sequence among antibodies and are used in the binding and specificity of each 

10 particular antibody for its particular antigen. However, the variability is not evenly distributed 

throughout the variable domains of antibodies. It is concentrated in three segments called 

hypervariable regions both in the light chain and the heavy chain variable domains. The more 

highly conserved portions of variable domains are called the framework region (FR). The 

variable domains of native heavy and light chains each comprise four FRs (FRl, FR2, FR3 

15 and FR4, respectively), largely adopting a f3-sheet configuration, connected by three 

hypervariable regions, which form loops connecting, and in some cases forming part of, the f3-

sheet structure. The hypervariable regions in each chain are held together in close proximity 

by the FRs and, with the hypervariable regions from the other chain, contribute to the 

formation of the antigen-binding site of antibodies (see Kabat et al., Sequences of Proteins of 

20 Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, 

MD. (1991), pages 647-669). The constant domains are not involved directly in binding an 

antibody to an antigen, but exhibit various effector functions, such as participation of the 

antibody in antibody-dependent cellular toxicity (ADCC). 

25 The term "hypervariable region" when used herein refers to the amino acid residues of an 

antibody which are responsible for antigen-binding. The hypervariable region comprises 

amino acid residues from a "complementarity determining region" or "CDR" (i.e. residues 24-

34 (Ll), 50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35 (Hl), 50-65 

(H2) and 95-102 (H3) in the heavy chain variable domain; Kabat et al., Sequences of Proteins 

30 of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, 

Bethesda, MD. (1991)) and/or those residues from a "hypervariable loop" (i.e. residues 26-32 

(Ll), 50-52 (L2) and 91-96 (L3) in the light chain variable domain and 26-32 (HI), 53-55 

(H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and Lesk J. Mol. Biol. 

9 
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196:901-917 (1987)). "Framework" or "FR" residues are those variable domain residues other 

than the hypervariable region residues as herein defined. 

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab" 

5 fragments, each with a single antigen-binding site, and a residual "Fe" fragment, whose name 

reflects its ability to crystallize readily. Pepsin treatment yields an F(ab')2 fragment that has 

two antigen-combining sites and is still capable of cross-linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -

10 binding site. This region consists of a dimer of one heavy chain and one light chain variable 

domain in tight, non-covalent association. It is in this configuration that the three 

hypervariable regions of each variable domain interact to define an antigen-binding site on the 

surface of the VH-VL dimer. Collectively, the six hypervariable regions confer antigen-

binding specificity to the antibody. However, even a single variable domain (or half of an Fv 

15 comprising only three hypervariable regions specific for an antigen) has the ability to 

recognize and bind antigen, although at a lower affinity than the entire binding site. 

The Fab fragment also contains the constant domain of the light chain and the first constant 

domain (CHI) of the heavy chain. Fab' fragments differ from Fab fragments by the addition 

20 of a few residues at the carboxyl terminus of the heavy chain CHI domain including one or 

more cysteine(s) from the antibody hinge region. Fab'-SH is the designation herein for Fab' in 

which the cysteine residue(s) of the constant domains bear a free thiol group. F(ab')2 antibody 

25 

fragments originally were produced as pairs of Fab' fragments which have hinge cysteines 

between them. Other chemical couplings of antibody fragments are also known. 

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be 

assigned to one of two clearly distinct types, called kappa (K) and lambda (A), based on the 

amino acid sequences of their constant domains. 

30 Depending on the amino acid sequence of the constant domain of their heavy chains, 

immunoglobulins can be assigned to different classes. There are five major classes of 

immunoglobulins: IgA, IgD, lgE, IgG, and IgM, and several of these may be further divided 

into subclasses (isotypes), e.g., IgG 1, IgG2, IgG3, IgG4, IgA, and lgA2. The heavy-chain 

10 
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constant domains that correspond to the different classes of immunoglobulins are called a, 8, 

s, y, andµ, respectively. The subunit structures and three-dimensional configurations of 

different classes of immunoglobulins are well known. 

5 "Antibody fragments" comprise only a portion of an intact antibody, generally including an 

antigen binding site of the intact antibody and thus retaining the ability to bind antigen. 

Examples of antibody fragments encompassed by the present definition include: (i) the Fab 

fragment, having VL, CL, VH and CHl domains; (ii) the Fab' fragment, which is a Fab 

fragment having one or more cysteine residues at the C-terminus of the CHI domain; (iii) the 

10 Fd fragment having VH and CHI domains; (iv) the Fd' fragment having VH and CHI 

domains and one or more cysteine residues at the C-terminus of the CHI domain; (v) the Fv 

fragment having the VL and VH domains of a single arm of an antibody; (vi) the dAb 

fragment (Ward et al., Nature 341, 544-546 (1989)) which consists of a VH domain; (vii) 

isolated CDR regions; (viii) F(ab')2 fragments, a bivalent fragment including two Fab' 

15 fragments linked by a disulphide bridge at the hinge region; (ix) single chain antibody 

molecules (e.g. single chain Fv; scFv) (Bird et al., Science 242:423-426 (1988); and Huston et 

al., PNAS (USA) 85:5879-5883 (1988)); (x) "diabodies" with two antigen binding sites, 

comprising a heavy chain variable domain (VH) connected to a light chain variable domain 

(VL) in the same polypeptide chain (see, e.g., EP 404,097; WO 93/11161; and Hollinger et al., 

20 Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) "linear antibodies" comprising a pair 

of tandem Fd segments (VH-CH 1-VH-CH 1) which, together with complementary light chain 

polypeptides, form a pair of antigen binding regions (Zapata et al. Protein Eng. 8(10):1057 

1062 (1995); and US Patent No. 5,641,870). 

25 The term "monoclonal antibody" as used herein refers to an antibody obtained from a 

population of substantially homogeneous antibodies, i.e., the individual antibodies comprising 

the population are identical except for possible naturally occurring mutations that may be 

present in minor amounts. Monoclonal antibodies are highly specific, being directed against a 

single antigenic site. Furthermore, in contrast to conventional (polyclonal) antibody 

30 preparations which typically include different antibodies directed against different 

determinants (epitopes), each monoclonal antibody is directed against a single determinant on 

the antigen. The modifier "monoclonal" indicates the character of the antibody as being 

obtained from a substantially homogeneous population of antibodies, and is not to be 

construed as requiring production of the antibody by any particular method. For example, the 
l l 
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monoclonal antibodies to be used in. accordance with the present invention may be made by 

the hybridoma method first described by Kohler et al., Nature 256:495 (1975), or may be 

made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The "monoclonal 

antibodies" may also be isolated from phage antibody libraries using the techniques described 

5 in Clackson et al., Nature 352:624-628 (1991) and Marks et al., J. Mol. Biol. 222:581-597 

(1991), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies 

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or 

10 homologous to corresponding sequences in antibodies derived from a particular species or 

belonging to a particular antibody class or subclass, while the remainder of the chain(s) is 

identical with or homologous to corresponding sequences in antibodies derived from another 

species or belonging to another antibody class or subclass, as well as fragments of such 

antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; 

15 and Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)). 

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies which 

contain minimal sequence derived from non-human immunoglobulin. For the most part, 

humanized antibodies are human immunoglobulins (recipient antibody) in which 

20 hypervariable region residues of the recipient are replaced by hypervariable region residues 

from a non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate 

having the desired specificity, affinity, and capacity. In some instances, framework region 

(FR) residues of the human immunoglobulin are replaced by corresponding non-human 

residues. Furthermore, humanized antibodies may comprise residues which are not found in 

25 the recipient antibody or in the donor antibody. These modifications are made to further refine 

antibody performance. In general, the humanized antibody will comprise substantially all of at 

least one, and typically two, variable domains, in which all or substantially all of the 

hypervariable regions correspond to those of a non-human immunoglobulin and all or 

substantially all of the FRs are those of a human immunoglobulin sequence. The humanized 

30 antibody optionally also will comprise at least a portion of an immunoglobulin constant region 

(Fe), typically that of a human immunoglobulin. For further details, see Jones et al., Nature 

321:522-525 (1986); Reichmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. 

Struct. Biol. 2:593-596 (1992). 

12 
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A "human antibody" is one which possesses an amino acid sequence which corresponds to 

that of an antibody produced by a human and/or has been made using any of the techniques for 

making human antibodies as disclosed herein. This definition of a human antibody 

specifically excludes a humanized antibody comprising non-human antigen-binding residues. 

5 Human antibodies can be produced using various techniques known in the art. In one 

embodiment, the human antibody is selected from a phage library, where that phage library 

expresses human antibodies (Vaughan et al. Nature Biotechnology 14:309-314 (1996): Sheets 

et al. PNAS (USA) 95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol. Biol., 227:381 

(1991); Marks et al., J. Mot. Biol., 222:581 (1991)). Human antibodies can also be made by 

10 introducing human irnmunoglobulin loci into transgenic animals, e.g., mice in which the 

endogenous irnmunoglobulin genes have been partially or completely inactivated. Upon 

challenge, human antibody production is observed, which closely resembles that seen in 

humans in all respects, including gene rearrangement, assembly, and antibody repertoire. This 

approach is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 

15 5,625,126; 5,633,425; 5,661,016, and in the following scientific publications: Marks et al., 

Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison, 

Nature 368:812-13 (1994); Fishwild et al., Nature Biotechnology 14: 845-51 (1996); 

Neuberger, Nature Biotechnology 14: 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol. 

13:65-93 (1995). Alternatively, the human antibody may be prepared via irnmortalization of 

20 human B lymphocytes producing an antibody directed against a target antigen (such B 

lymphocytes may be recovered from an individual or may have been immunized in vitro). 

See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); 

Boerner et al., J. lmrhunol., 147 (1):86-95 (1991); and US Pat No. 5,750,373. 

25 The term "Fe region" is used to define the C-terminal region of an immunoglobulin heavy 

chain which may be generated by papain digestion of an intact antibody. The Fe region may 

be a native sequence Fe region or a variant Fe region. Although the boundaries of the Fe 

region of an immunoglobulin heavy chain might vary, the human IgG heavy chain Fe region is 

usually defined to stretch from an amino acid residue at about position Cys226, or from about 

30 position Pro230, to the carboxyl-terminus of the Fe region. The Fe region of an 

immunoglobulin generally comprises two constant domains, a CH2 domain and a CH3 

domain, and optionally comprises a CH4 domain. 

By "Fe region chain" herein is meant one of the two polypeptide chains of an Fe region. 
13 
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The "CH2 domain" of a human IgG Fe region (also referred to as "Cg2" domain) usually 

extends from an amino acid residue at about position 231 to an amino acid residue at about 

position 340. The CH2 domain is unique in that it is not closely paired with another domain. 

5 Rather, two N-linked branched carbohydrate chains are interposed between the two CH2 

domains of an intact native IgG molecule. It has been speculated that the carbohydrate may 

provide a substitute for the domain-domain pairing and help stabilize the CH2 domain. 

Burton, Molec. lmmunol.22:161-206 (1985). The CH2 domain herein may be a native 

sequence CH2 domain or variant CH2 domain. 

The "CH3 domain" comprises the stretch of residues C-terminal to a CH2 domain in an Fe 

region (i.e. from an amino acid residue at about position 341 to an amino acid residue at about 

position 447 of an IgG). The CH3 region herein may be a native sequence CH3 domain or a 

variant CH3 domain (e.g. a CH3 domain with an introduced "protroberance" in one chain 

15 thereof and a corresponding introduced "cavity" in the other chain thereof; see US Patent No. 

5,821,333, expressly incorporated herein by reference). Such variant CH3 domains may be 

used to make multispecific (e.g. bispecific) antibodies as herein described. 

"Hinge region" is generally defined as stretching from about Glu216, or about Cys226, to 

20 about Pro230 of human IgGl (Burton, Molec. lmmunol.22:161-206 (1985)). Hinge regions of 

other IgG isotypes may be aligned with the IgG 1 sequence by placing the first and last 

cysteine residues forming inter-heavy chain S-S bonds in the same positions. The hinge 

region herein may be a native sequence hinge region or a variant hinge region. The two 

polypeptide chains of a variant hinge region generally retain at least one cysteine residue per 

25 polypeptide chain, so that the two polypeptide chains of the variant hinge region can form a 

disulfide bond between the two chains. The preferred hinge region herein is a native sequence 

human hinge region, e.g. a native sequence human IgG 1 hinge region. 

A "functional Fe region" possesses at least one "effector function" of a native sequence Fe 

30 region. Exemplary "effector functions" include Clq binding; complement dependent 

cytotoxicity (CDC); Fe receptor binding; antibody-dependent cell-mediated cytotoxicity 

(ADCC); phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor; BCR), 

etc. Such effector functions generally require the Fe region to be combined with a binding 

14 
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domain (e.g. an antibody variable domain) and can be assessed using various assays known in 

the art for evaluating such antibody effector functions. 

A "native sequence Fe region" comprises an amino acid sequence identical to the amino acid 

5 sequence of an Fe region found in nature. 

A "variant Fe region" comprises an amino acid sequence which differs from that of a native 

sequence Fe region by virtue of at least one amino acid modification. Preferably, the variant 

Fe region has at least one amino acid substitution compared to a native sequence Fe region or 

10 to the Fe region of a parent polypeptide, e.g. from about one to about ten amino acid 

substitutions, and preferably from about one to about five amino acid substitutions in a native 

sequence Fe region or in the Fe region of the parent polypeptide. The variant Fe region herein 

will typically possess, e.g., at least about 80% sequence identity with a native sequence Fe 

, region and/or with an Fe region of a parent polypeptide, or at least about 90% sequence 

15 identity therewith, or at least about 95% sequence or more identity therewith. 

"Antibody-dependent cell-mediated cytotoxicity" and "ADCC' refer to a cell-mediated 

reaction in which nonspecific cytotoxic cells that express Fe receptors (FcRs) (e.g. Natural 

Killer (NK) cells, neutrophils, and macrophages) recognize bound antibody on a target cell 

20 and subsequently cause lysis of the target cell. The primary cells for mediating ADCC, NK 

cells, express FcyRIII only, whereas monocytes express FcyRI, FcyRII and FcyRIII. FcR 

expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and 

Kinet, Annu. Rev. Immunol 9:451-92 (1991). To assess ADCC activity of a molecule of 

interest, an in vitro ADCC assay, such as that described in US Patent No. 5,500,362 or 

25 5,821,337 may be performed. Useful effector cells for such assays include peripheral blood 

mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, 

ADCC activity of the molecule of interest may be assessed in vivo, e.g., in a animal model 

such as that disclosed in Clynes et al. PNAS (USA) 95:652-656 (1998). 

30 "Human effector cells" are leukocytes which express one or more FcRs and perform effector 

functions. Typically, the cells express at least FcyRIII and perform ADCC effector function. 

Examples of human leukocytes which mediate ADCC include peripheral blood mononuclear 

cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils; with 

15 
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PBMCs and NK cells being generally preferred. The effector cells may be isolated from a 

native source thereof, e.g. from blood or PBMCs as described herein. 

The terms "Fe receptor" and "FcR" are used to describe a receptor that binds to the Fe region 

5 of an antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred 

FcR is one which binds an IgG antibody (a gamma receptor) and includes receptors of the 

FcyRI, FcyRII, and FcyRIII subclasses, including allelic variants and alternatively spliced 

forms of these receptors. FcyRII receptors include FcyRIIA (an "activating receptor") and 

FcyRIIB (an "inhibiting receptor"), which have similar amino acid sequences that differ 

10 primarily in the cytoplasmic domains thereof. Activating receptor FcyRIIA contains an 

immunoreceptor tyrosine-based activation motif (IT AM) in its cytoplasmic domain. Inhibiting 

receptor FcyRIIB contains an immunoreceptor tyrosine-based inhibition motif (ITIM) in its 

cytoplasmic domain (reviewed in Daeron, Annu. Rev. lmmunol. 15:203-234 (1997)). FcRs are 

reviewed in Ravetch and Kinet, Annu. Rev. lmmunol 9:457-92 (1991); Capel et al., 

15 Immunomethods 4:25-34 (1994); and de Haas et al., J. Lab. Clin. Med. 126:330-41 (1995). 

20 

Other FcRs, including those to be identified in the future, are encompassed by the term "FcR" 

herein. The term also includes the neonatal receptor, FcRn, which is responsible for the 

transfer of maternal IgGs to the fetus (Guyer et al., J. Immunol. 117:587 (1976); and Kim et 

al., J. Immunol. 24:249 (1994)). 

"Complement dependent cytotoxicity" and "CDC" refer to the lysing of a target in the 

presence of complement. The complement activation pathway is initiated by the binding of 

the first component of the complement system (Clq) to a molecule (e.g. an antibody) 

complexed with a cognate antigen. To assess complement activation, a CDC assay, e.g. as 

25 described in Gazzano-Santoro et al., J. Immunol. Methods 202:163 (1996), may be performed. 

An "affinity matured" antibody is one with one or more alterations in one or more CDRs 

thereof which result an improvement in the affinity of the antibody for antigen, compared to a 

parent antibody which does not possess those alteration(s). Preferred affinity matured 

30 antibodies will have nanomolar or even picomolar affinities for the target antigen. Affinity 

matured antibodies are produced by procedures known in the art. Marks et al. 

Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain 

shuffling. Random mutagenesis of CDR and/or framework residues is described by: Barbas et 
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al. Proc Nat. Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 169: 147-155 (1995); 

Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol. 154(7):3310-9 

(1995); and Hawkins et al, J. Mol. Biol. 226:889-896 (1992). 

5 A "flexible linker" herein refers to a peptide comprising two or more amino acid residues 

joined by peptide bond(s), and provides more rotational freedom for two polypeptides (such as 

two Fd regions) linked thereby. Such rotational freedom allows two or more antigen binding 

sites joined by the flexible linker to each access target antigen(s) more efficiently. Examples 

of suitable flexible linker peptide sequences include gly-ser, gly-ser-gly-ser, ala-ser, and gly-

10 gly-gly-ser. 

"Single-chain Fv" or "sFv" antibody fragments comprise the VH and VL domains of antibody, 

wherein these domains are present in a single polypeptide chain. Generally, the Fv 

polypeptide further comprises a polypeptide linker between the VH and VL domains which 

15 enables the sFv to form the desired structure for antigen binding. For a review of sFv see 

Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore 

eds. Springer-Verlag, New York, pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which 

20 fragments comprise a heavy chain variable domain (V H) connected to a light chain variable 

domain (VL) in the same polypeptide chain (VH - VL). By using a linker that is too short to 

allow pairing between the two domains on the same chain, the domains are forced to pair with 

the complementary domains of another chain and create two antigen-binding sites. Diabodies 

are described more fully in, for example, EP 404,097; WO 93/11161; and Hollinger et al., 

25 Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993). 

The expression "linear antibodies" when used throughout this application refers to the 

antibodies described in Zapata et al. Protein Eng. 8(10): 1057-1062 (1995). Briefly, these 

antibodies comprise a pair of tandem Fd segments (VH-CHl-VH-CHl) which form a pair of 

30 antigen binding regions. Linear antibodies can be bispecific or monospecific. 

A "variant" anti-VEGF antibody, refers herein to a molecule which differs in amino acid 

sequence from a "parent" anti-VEGF antibody amino acid sequence by virtue of addition, 
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deletion and/or substitution of one or more amino acid residue(s) in the parent antibody 

sequence. In the preferred embodiment, the variant comprises one or more amino acid 

substitution(s) in one or more hypervariable region(s) of the parent antibody. For example, the 

variant may comprise at least one, e.g. from about one to about ten, and preferably from about 

5 two to about five, substitutions in one or more hypervariable regions of the parent antibody. 

Ordinarily, the variant will have an amino acid sequence having at least 75% amino acid 

sequence identity with the parent antibody heavy or light chain variable domain sequences, 

more preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and 

most preferably at least 95%. Identity or homology with respect to this sequence is defined 

10 herein as the percentage of amino acid residues in the candidate sequence that are identical 

with the parent antibody residues, after aligning the sequences and introducing gaps, if 

necessary, to achieve the maximum percent sequence identity. None of N-terminal, C

terminal, or internal extensions, deletions, or insertions into the antibody sequence shall be 

construed as affecting sequence identity or homology. The variant retains the ability to bind 

15 human VEGF and preferably has properties which are superior to those of the parent antibody. 

For example, the variant may have a stronger binding affinity, enhanced ability to inhibit 

VEGF-induced proliferation of endothelial cells and/or increased ability to inhibit VEGF

induced angiogenesis in vivo. To analyze such properties, one should compare a Fab form of 

the variant to a Fab form of the parent antibody or a full length form of the variant to a full 

20 length form of the parent antibody, for example, since it has been found that the format of the 

anti-VEGF antibody impacts its activity in the biological activity assays disclosed, e.g., in 

WO98/45331 and US2003/0190317. In one embodiment, the variant antibody is one which 

displays at least about 10 fold, preferably at least about 20 fold, and most preferably at least 

about 50 fold, enhancement in biological activity when compared to the parent antibody. 

25 

30 

The "parent" antibody herein is one which is encoded by an amino acid sequence used for the 

preparation of the variant. Preferably, the parent antibody has a human framework region and, 

if present, has human antibody constant region(s). For example, the parent antibody may be a 

humanized or human antibody. 

An "isolated" antibody is one which has been identified and separated and/or recovered from a 

component of its natural environment. Contaminant components of its natural environment 

are materials which would interfere with diagnostic or therapeutic uses for the antibody, and 

may include enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In 
18 
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preferred embodiments, the antibody will be purified (1) to greater than 95% by weight of 

antibody as determined by the Lowry method, and most preferably more than 99% by weight, 

(2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid 

sequence by use of a spinning cup sequenator, or (3) to homogeneity by SOS-PAGE under 

5 reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain. Isolated 

antibody includes the antibody in situ within recombinant cells since at least one component of 

the antibody's natural environment will not be present. Ordinarily, however, isolated antibody 

will be prepared by at least one purification step. 

10 The term "epitope tagged" when used herein refers to the anti-VEGF antibody fused to an 

"epitope tag." The epitope tag polypeptide has enough residues to provide an epitope against 

which an antibody thereagainst can be made, yet is short enough such that it does not interfere 

with activity of the VEGF antibody. The epitope tag preferably is sufficiently unique so that 

the antibody thereagainst does not substantially cross-react with other epitopes. Suitable tag 

15 polypeptides generally have at least 6 amino acid residues and usually between about 8-50 

amino acid residues (preferably between about 9-30 residues). Examples include the flu HA 

tag polypeptide and its antibody 12CA5 (Field et al. Mol. Cell. Biol. 8:2159-2165 (1988)); the 

c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan et al., Mol. Cell. 

Biol. 5(12):3610-3616 (1985)); and the Herpes Simplex virus glycoprotein D (gD) tag and its 

20 antibody (Paborsky et al., Protein Engineering 3(6):547-553 (1990)). In certain embodiments, 

the epitope tag is a "salvage receptor binding epitope". As used herein, the term "salvage 

receptor binding epitope" refers to an epitope of the Fe region of an IgG molecule (e.g., IgG1, 

25 

IgG2, IgG3, or IgG4) that is responsible for increasing the in vivo serum half-life of the IgG 

molecule. 

An "angiogenic factor or agent" is a growth factor which stimulates the development of blood 

vessels, e.g., promotes angiogenesis, endothelial cell growth, stability of blood vessels, and/or 

vasculogenesis, etc. For example, angiogenic factors, include, but are not limited to, e.g., 

VEGF and members of the VEGF family, PIGF, PDGF family, fibroblast growth factor family 

30 (FGFs), TIE ligands (Angiopoietins), ephrins, ANGPTL3, ANGPTIA, etc. It would also 

include factors that accelerate wound healing, such as growth hormone, insulin-like growth 

factor-I (IGF-1), VIGF, epidermal growth factor (EGF), CTGF and members of its family, and 

TGF-a and TGF-f3. See, e.g., Klagsbrun and D'Amore,Annu. Rev. Physiol., 53:217-39 
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(1991 ); Streit and Detmar, Oncogene, 22:3172-3179 (2003); Ferrara & Alitalo, Nature 

Medicine 5(12):1359-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 (2003) (e.g., Table 

I listing angiogenic factors); and, Sato Int. J. Clin. Oncol., 8:200-206 (2003). 

5 An "anti-angiogenesis agent" or "angiogenesis inhibitor" refers to a small molecular weight 

substance, a polynucleotide, a polypeptide, an isolated protein, a recombinant protein, an 

antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis, vasculogenesis, 

or undesirable vascular permeability, either directly or indirectly. For example, an anti

angiogenesis agent is an antibody or other antagonist to an angiogenic agent as defined above, 

10 e.g., antibodies to VEGF, antibodies to VEGF receptors, small molecules that block VEGF 

receptor signaling (e.g., PTK787/ZK2284, SU6668). Anti-angiogensis agents also include 

native angiogenesis inhibitors, e.g., angiostatin, endostatin, etc. See, e.g., Klagsbrun and 

D'Amore,Annu. Rev. Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene, 22:3172-3179 

(2003) (e.g., Table 3 listing anti-angiogenic therapy in malignant melanoma); Ferrara & 

15 Alitalo, Nature Medicine 5(12):1359-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 

(2003) (e.g., Table 2 listing antiangiogenic factors); and, Sato Int. J. Clin. Oncol., 8:200-206 

(2003) (e.g., Table 1 lists Anti-angiogenic agents used in clinical trials). 

The term "effective amount" or "therapeutically effective amount" refers to an amount of a 

20 drug effective to treat a disease or disorder in a mammal. In the case of age-related macular 

degeneration (AMD), the effective amount of the drug can reduce or prevent vision loss. For 

AMD therapy, efficacy in vivo can, for example, be measured by one or more of the 

following: assessing the mean change in the best corrected visual acuity (BCV A) from 

baseline to a desired time, assessing the proportion of subjects who lose fewer than 15 letters 

25 in visual acuity at a desired time compared with baseline, assessing the proportion of subjects 

who gain greater than or equal to 15 letters in visual acuity at a desired time compared with 

baseline, assessing the proportion of subjects with a visual-acuity Snellen equivalent of 

20/2000 or worse at desired time, assessing the NEI Visual Functioning Questionnaire, 

assessing the size of CNV and amount of leakage of CNV at a desired time , as assessed by 

30 fluorescein angiography, etc. 

A therapeutic dose is a dose which exhibits a therapeutic effect on the patient and a sub

therapeutic dose is a dose which does not exhibit a therapeutic effect on the patient treated. 
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An .. intraocular neovascular disease" is a disease characterized by ocular neovascularization. 

Examples of intraocular neovascular diseases include, but are not limited to, e.g., proliferative 

retinopathies, choroidal neovascularization (CNV), age-related macular degeneration (AMD), 

diabetic and other ischemia-related retinopathies, diabetic macular edema, pathological 

5 myopia, von Hippel-Lindau disease, histoplasmosis of the eye, Central Retinal Vein Occlusion 

(CRVO), corneal neovascularization, retinal neovascularization, etc. 

The word "label" when used herein refers to a detectable compound or composition which is 

conjugated directly or indirectly to the antibody. The label may itself be detectable by itself 

10 (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may 

catalyze chemical alteration of a substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention 

can adhere. Examples of solid phases encompassed herein include those formed partially or 

15 entirely of glass (e.g. controlled pore glass), polysaccharides (e.g., agarose), polyacrylamides, 

polystyrene, polyvinyl alcohol and silicones. In certain embodiments, depending on the 

context, the solid phase can comprise the well of an assay plate; in others it is a purification 

column (e.g. an affinity chromatography column). This term also includes a discontinuous 

solid phase of discrete particles, such as those described in U.S. Patent No. 4,275,149. 

20 

25 

A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or 

surfactant which is useful for delivery of a drug (such as the anti-VEGF antibodies) to a 

mammal. The components of the liposome are commonly arranged in a bilayer formation, 

similar to the lipid arrangement of biological membranes. 

MODES OF THE INVENTION 

It has been discovered that the treatment effects of a VEGF antagonist, e.g., Ranibizumab, are 

maintained for an extended period of time, such as more than one month. Treatment with the 

VEGF antagonist was also found to be well tolerated for up to 2 years. The present invention 

30 describes a treatment schedule comprising an initial interval of administration of a therapeutic 

compound, followed by a subsequent, less frequent interval of administration of the 

therapeutic compound. The methods of the present invention allow one to decrease 

subsequent doses of the therapeutic compound, while at the same time maintaining the 

therapeutic efficacy. 
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The therapeutic compound which is administered using the treatment schedule of the present 

invention is a VEGF antagonist, preferably an anti-VEGF antibody (e.g., Ranibizumab). 

VEGF is a secreted homodimeric protein that is a potent vascular endothelial cells mitogen 

5 (Ferrara N, Davis Smyth T. Endocr Rev 18:1-22 (1997). VEGF stimulates vascular 

endothelial cell growth, functions as a survival factor for newly formed vessels, and induces 

vascular permeability. VEGF expression is upregulated by hypoxia as well as by a number of 

other stimuli. 

10 In methods of the invention, therapeutic effects of a VEGF antagonist are provided by 

administering to a mammal a number of first individual doses of an VEGF antagonist; 

followed by, administering to the mammal a number of second individual doses of the 

antagonist, where the second individual doses are administered less frequently than the first 

individual doses. 

15 The term "therapeutic" in this context means that the compounds binds to the ligand, VEGF, 

and produce a change in the symptoms or conditions associated with the disease or condition 

which is being treated. It is sufficient that a therapeutic dose produce an incremental change in 

the symptoms or conditions associated with the disease; a cure or complete remission of 

symptoms is not required. One having ordinary skill in this art can easily determine whether a 

20 dose is therapeutic by establishing criteria for measuring changes in symptoms or conditions 

of the disease being treated and then monitoring changes in these criteria according to known 

methods. External physical conditions, histologic examination of affected tissues in patients or 

the presence or absence of specific cells or compounds, associated with a disease may provide 

objective criteria for evaluating therapeutic effect. In one example, methods of the invention 

25 may be used to treat AMD where therapeutic effect is assessed by changes in preventing 

vision loss. Other indicators of therapeutic effect will be readily apparent to one having 

ordinary skill in the art and may be used to establish efficacy of the dose. See also section 

entitled herein, "Efficacy of the Treatment." 

30 The doses may be administered according to any time schedule which is appropriate for 

treatment of the disease or condition. For example, the dosages may be administered on a 

daily, weekly, biweekly or monthly basis in order to achieve the desired therapeutic effect and 

reduction in adverse effects. The dosages can be administered before, during or after the 

development of the disorder. The specific time schedule can be readily determined by a 
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physician having ordinary skill in administering the therapeutic compound by routine 

adjustments of the dosing schedule within the method of the present invention. The time of 

administration of the number of first individual and second individual doses as well as 

subsequent dosages is adjusted to minimize adverse effects while maintaining a maximum 

5 therapeutic effect. The occurrence of adverse effects can be monitored by routine patient 

interviews and adjusted to minimize the occurrence of side effects by adjusting the time of the 

dosing. Any dosing time is to be considered to be within the scope of the present invention so 

long as the number of first individual doses of the VEGF antagonist is administered followed 

by a number of second individual doses, which are less frequently administered. For example, 

10 doses may be administered on a monthly schedule followed by subsequent quarterly or more 

dose schedule. Maintenance doses are also contemplated by the invention. 

In a further embodiment, the first individual dose may be repeated one or more times before 

the second individual dose is administered. The first dose may be administered, for example, 

15 one, two or three times, typically three times before the less frequent administration dose(s) is 

(are) administered. In one embodiment of the invention, the first individual doses are 

administered at one month intervals (e.g., about 3 individual doses). The second dose is 

administered less frequently, e.g., at three month intervals (e.g., about 6 individual doses). In 

one aspect of the invention, the second individual doses are administered beginning three 

20 months after the number of first individual doses. 

In one embodiment of the invention, the number of first individual doses and the number of 

second individual doses are administered over a time period of about 2 years. Shorter and 

longer time periods of 2 years are also included in the invention. In one aspect, the first 

25 individual dose is administered at month 0, 1 and 2. In another aspect, the second individual 

dose is administered at month 5, 8, 11, 14, 17, 20 and 23. In one example, the first individual 

dose is administered at month 0, 1, and 2 and the second individual dose is administered at 

month 5, 8, 11, 14, 17, 20 and 23. 

30 Another aspect of the invention is the treatment of an intraocular neovascular disease, e.g., wet 

form AMO, by administering to a mammal, preferably a human patient, a number of first 

individual doses of a compound, e.g., a VEGF antagonist, followed by administering a number 

of second individual doses of the compound, where the number of second individual doses are 

administered less frequently than the number of first individual doses. This aspect of the 
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invention is different than previous dosing methods for the treatment of such diseases which 

generally treat with regularly spaced, even doses of a therapeutic compound. For example, the 

Ranibizumab (rhuFab V2), which is an antihuman VEGF, affinity-matured Fab has been 

administered in equal monthly ( about 28 days) doses of 0.3 mg or 0.5 mg. In contrast, the 

5 method of the invention provides a number of first individual doses which are typically evenly 

spaced follow by a number of second individual doses that are less frequently administered. 

The patient receives an initial dose of the VEGF antagonist. Since the VEGF antagonist 

treatment effects are maintained for more than a month, the patient can receive less frequent 

10 doses of the therapeutic compound in subsequent doses. However, it is possible to give more 

frequent doses, within the scope of the invention, to patients who do not experience effects on 

first administration. 

The dosage amount depends on the specific disease or condition which is treated and can be 

15 readily determined using known dosage adjustment techniques by a physician having ordinary 

skill in treatment of the disease or condition. The dosage amount will generally lie with an 

established therapeutic window for the therapeutic compound which will provide a therapeutic 

effect while minimizing additional morbidity and mortality. Typically, therapeutic compounds 

are administered in a dosage ranging from 0.001 mg to about 100 mg per dose, preferably 0.1-

20 20 mg. 

25 

Also within the scope of the present invention are additional doses, which may be 

administered after the number of first individual doses and after the number of second 

individual doses. For example, an additional, third set of doses can be administered. 

Typically, the therapeutic compound used in the methods of this invention is formulated by 

mixing it at ambient temperature at the appropriate pH, and at the desired degree of purity, 

with physiologically acceptable carriers, i.e., carriers that are non-toxic to recipients at the 

dosages and concentrations employed. The pH of the formulation depends mainly on the 

30 particular use and the concentration of antagonist, but preferably ranges anywhere from about 

3 to about 8. Where the therapeutic compound is an anti-VEGF antibody (e.g., ranibizumab), a 

suitable embodiment is a formulation at about pH 5.5. 
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The therapeutic compound, e.g. an anti-VEGF antibody, for use herein is preferably sterile. 

Sterility can be readily accomplished by sterile filtration through (0.2 micron) membranes. 

Preferably, therapeutic peptides and proteins are stored as aqueous solutions, although 

lyophilized formulations for reconstitution are acceptable. 

The therapeutic compound may be formulated, dosed, and administered in a fashion consistent 

with good medical practice. Factors for consideration in this context include the particular 

disorder being treated, the particular mammal being treated, the clinical condition of the 

individual patient, the cause of the disorder, the site of delivery of the agent, the method of 

10 administration, the time scheduling of administration, and other factors known to medical 

practitioners. The "therapeutically effective amount" of the therapeutic compound to be 

administered is governed by such considerations, and is the minimum amount necessary to 

prevent, ameliorate, or treat an intraocular neovascular disease. 

15 The therapeutic compound for treatment of an intraocular neovascular disease is typically 

administered by ocular, intraocular, and/or intravitreal injection. Other methods 

administration by also be used, which includes but is not limited to, topical, parenteral, 

subcutaneous, intraperitoneal, intrapulmonary, intranasal, and intralesional administration. 

Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or 

20 subcutaneous administration. As described herein, the therapeutic compound for treatment of 

an intraocular neovascular syndrome may be formulated, dosed, and administered in a fashion 

consistent with good medical practice. 

The efficacy of the treatment of the invention can be measured by various endpoints 

25 commonly used in evaluating intraocular neovascular diseases. For example, vision loss can 

be assessed. Vision loss can be evaluated by, but not limited to, e.g., measuring by the mean 

change in best correction visual acuity (BCVA) from baseline to a desired time point (e.g., 

where the BCV A is based on Early Treatment Diabetic Retinopathy Study (ETDRS) visual 

acuity chart and assessment at a test distance of 4 meters), measuring the proportion of 

30 subjects who lose fewer than 15 letters in visual acuity at a desired time point compared to 

baseline, measuring the proportion of subjects who gain greater than or equal to 15 letters in 

visual acuity at a desired time point compared to baseline, measuring the proportion of 

subjects with a visual-acuity Snellen equivalent of 20/2000 or worse at a desired time point, 

measuring the NEI Visual Functioning Questionnaire, measuring the size of CNV and amount 
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of leakage of CNV at a desired time point, e.g., by fluorescein angiography, etc. Ocular 

assessments can be done, e.g., which include, but are not limited to, e.g., performing eye 

exam, measuring intraocular pressure, assessing visual acuity, measuring slitlamp pressure, 

assessing intraocular inflammation, etc. 

Any compound which binds to VEGF or a VEGF receptor and reduces the severity of 

symptoms or conditions associated with an intraocular neovascular disease may be used in this 

embodiment of the invention. Preferred compounds are peptide or protein compounds, more 

preferably are compounds which are or which contain an antibody or fragment thereof or 

10 which are fusions to an antibody fragment such as an immunoadhesin. Particularly preferred 

compounds are anti-VEGF antibodies or compounds containing fragments thereof. 

VEGF is expressed in a variety of cells in the normal human retina. Co-localization of VEGF 

mRNA and protein is observed in the ganglion cell, inner nuclear and outer plexiform layers, 

15 the walls of the blood vessels, and photoreceptors (Gerhardinger et al., Am J Pathol 152: 1453-

62 (1998)). Retinal pigment epithelium, Muller cells, pericytes, vascular endothelium, and 

ganglion cells all produce VEGF (Miller et al., Diabetes Metab Rev 13:37-50 (1997); and, 

Kim et al. Invest Ophthalmol Vis Sci 40:2115-21 (1999)). 

20 Studies have documented the immunohistochemical localization of VEGF in surgically 

resected CNV membranes from AMD patients. Kvanta et al. (1996) demonstrated the 

presence of VEGF mRNA and protein in RPE cells and fibroblast like cells. See Kvanta et al., 

Invest Ophthalmol Vis Sci 37:1929-34 (1996). Lopez et al. (1996) noted that the RPE cells 

that were strongly immunoreactive for VEGF were present primarily in the highly 

25 vascularized regions of CNV membranes, whereas the RPE cells found in fibrotic regions of 

CNV membranes showed little VEGF reactivity. See Lopez et al., Invest Ophthalmol Vis Sci 

37:855-68 (1996). Kliffen et al. (1997) also demonstrated increased VEGF expression in RPE 

cells and choroidal blood vessels in maculae from patients with wet AMD compared with 

controls. See Kliffen et al., Br J Ophthalmol 81:154-62 (1997). 

30 

An increase in VEGF expression has been noted in experimental models of CNV in rats and in 

non human primates (Husain et al., Ophthalmology 104:124250 (1997); and, Yi et al. Vascular 

endothelial growth factor expression in choroidal neovascularization in rats. Grae/es Arch Clin 

Exp Ophthalmol 235:313-9 (1997)). In addition, transgenic mice with increased VEGF 
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expression in photoreceptors (Okamoto et al. 1997, supra) or retinal pigment epithelium 

(Schwesinger et al., AM J Pathol. 158(3 ): 1161-72 (2001)) developed neovacularization 

reminiscent of CNV seen in humans with neovascular AMD. This further supports the 

involvement of VEGF in ocular neovascularization. 

Of particular relevance to wet AMD are the angiogenic properties of VEGF, which have been 

demonstrated in a variety of in vivo models, including the chick chorioallantoic membrane 

(Leung et al., Science 246:1306--9 (1989); and, Plouet J, Schilling J, Gospodarowicz D. EMBO 

J 8:3801-6 (1989)), rabbit cornea (Phillips et al., In Vivo 8:961-5 (1994)), and rabbit bone 

10 (Connolly et al. J Clin Invest 84:1470-8 (1989a)). VEGF also functions as a survival factor 

for newly formed endothelial cells (Dvorak HF. N Engl J Med 315:1650-9 (1986); and, 

Connolly et al. J Biol Chem 264:20017-24 (1989b)). Consistent with pro survival activity, 

VEGF induces expression of the anti apoptotic proteins Bel 2 and Al in human endothelial 

cells (Connolly et al. J Biol Chem 264:20017-24 (1989b)). 

15 

VEGF has been shown to induce vascular leakage in guinea pig skin (Connolly et al. J Biol 

Chem 264:20017-24 (1989b)). Dvorak (1986) and colleagues (1987) proposed that an 

increase in microvascular permeability is a crucial step in angiogenesis associated with tumors 

and wound healing. Dvorak HF. N Engl J Med 315:1650-9 (1986); and, Dvorak et al., Lab 

20 Invest 57:673-86 (1987). A major function of VEGF in the angiogenic process can be the 

induction of plasma protein leakage. This effect would result in the formation of an 

extravascular fibrin gel, which serves as a substrate for endothelial cells. This activity can 

have relevance for AMD, as it is well established that permeability of the CNV membranes 

results in transudation of serum components beneath and into the retina, leading to serous 

25 macular detachment, macular edema and vision loss. 

Thus, VEGF antagonists are good therapeutic compounds for treating intraocular neovascular 

diseases. 

30 Many therapeutic compounds are well known to exert a therapeutic effect by binding to a 

selective cell surface marker or receptor or ligand. These known therapeutic compounds, e.g., 

anti-angiogenesis agents, are apparent to one having ordinary skill in the art and may be used 

in the method of the present invention. Suitable therapeutic compounds include non-peptidic 

organic compounds, preferably having a molecular weight less than about 1,000 g/mol, more 
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preferably less than about 600 g/mol; peptide therapeutic compounds, generally containing 8 

to about 200, preferably about 15 to about 150, more preferably about 20 to about 100 amino 

acid residues; and protein therapeutic compounds, generally having secondary, tertiary and 

possibly quaternary structure. Suitable peptides compounds can be prepared by known solid-

s phase synthesis or recombinant DNA technology which are well known in the art. 

A particularly preferred method of selecting a peptide compound is through the use of phage 

display technology. Using known phage display methods, libraries of peptides or proteins are 

prepared in which one or more copies of individual peptides or proteins are displayed on the 

10 surface of a bacteriophage particle. DNA encoding the particular peptide or protein is within 

the phage particle. The surface-displayed peptides or proteins are available for interaction and 

binding to target molecules which are generally immobilized on a solid support such as a 96-

well plate or chromatography column support material. Binding and/or interaction of the 

display peptide or protein with a target molecule under selected screening conditions allows 

15 one to select members of the library which bind or react with the target molecule under the 

selected conditions. For example, peptides which bind under particular pH or ionic conditions 

may be selected. Alternatively, a target cell population can be immobilized on a solid surface 

using known techniques and the peptide or protein phage library can be panned against the 

immobilized cells to select peptides or proteins which bind to cell surface receptors on the 

20 target cell population. Phage display techniques are disclosed, for example, in U.S. Pat. Nos. 

5,750,373; 5,821,047; 5,780,279; 5,403,484; 5,223,407; 5,571,698; and others. 

One category of polypeptide compounds, are compounds containing an antibody or a fragment 

thereof which immunologically recognize and bind to cell surface receptors or ligands. 

25 Methods of preparing antibodies are well known in the art and have been practiced for many 

years. Suitable antibodies may be prepared using conventional hybridoma technology or by 

recombinant DNA methods. Preferred antibodies are humanized forms of non-human 

antibodies. Alternatively, antibodies may be prepared from antibody phage libraries using 

methods described, for example, in U.S. Pat. Nos. 5,565,332; 5,837,242; 5,858,657; 

30 5,871,907; 5,872,215; 5,733,743, and others. Suitable compounds include full-length 

antibodies as well as antibody fragments such as Fv, Fab, Fab' and F (ab')2 fragments which 

can be prepared by reformatting the full length antibodies using known methods. 
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Additional preferred polypeptide therapeutic compounds are immunoadhesin molecules also 

known as hybrid immunoglobulins. These polypeptides are useful as cell adhesion molecules 

and ligands and also useful in therapeutic or diagnostic compositions and methods. An 

immunoadhesin typically contains an amino acid sequence of a ligand binding partner protein 

5 fused at its C-terminus to the N-terminus of an immunoglobulin constant region sequence. 

Immunoadhesins and methods of preparing the same are described in U.S. Pat. Nos. 

5,428,130; 5,714,147; 4,428,130; 5,225,538; 5,116,964; 5,098,833; 5,336,603; 5,565,335; etc. 

Pharmaceutical Compositions 

10 Therapeutic compounds of the invention used in accordance with the present invention are 

prepared for storage by mixing a polypeptide(s) having the desired degree of purity with 

optional pharmaceutically acceptable carriers, excipients or stabilizers (Remington's 

Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980]), in the form of lyophilized 

formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic 

15 to recipients at the dosages and concentrations employed, and include buffers such as 

phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and 

methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride; 

hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or 

benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; 

20 cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues) 

polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic 

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, 

histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates 

including glucose, mannose, or dextrins; chelating agents such as EDT A; sugars such as 

25 sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal 

complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, 

PLURONICS™ or polyethylene glycol (PEG). 

The active ingredients may also be entrapped in microcapsules prepared, for example, by 

30 coacervation techniques or by interfacial polymerization, for example, 

hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) 

microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, 

albumin microspheres, microemulsions, nano-particles and nanocapsules) or in 

29 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 171



WO 2006/047325 PCT/US2005/038006 

macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences 16th 

edition, Osol, A. Ed. (1980). 

The formulations to be used for in vivo administration must be sterile. This is readily 

5 accomplished by filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. In one embodiment of the invention, an 

intraocular implant can be used for providing the VEGF antagonist. Suitable examples of 

sustained-release preparations include semipermeable matrices of solid hydrophobic polymers 

10 containing a polypeptide of the invention, which matrices are in the form of shaped articles, 

e.g. films, or microcapsules. Examples of sustained-release matrices include polyesters, 

hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), 

polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L

glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid 

15 copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of lactic 

acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 

molecules for over 100 days, certain hydrogels release proteins for shorter time periods. 

When encapsulated antibodies remain in the body for a long time, they may denature or 

20 aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological activity 

and possible changes in immunogenicity. Rational strategies can be devised for stabilization 

depending on the mechanism involved. For example, if the aggregation mechanism is 

discovered to be intermolecular S-S bond formation through thio-disulfide interchange, 

stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic 

25 solutions, controlling moisture content, using appropriate additives, and developing specific 

polymer matrix compositions. 

EXAMPLES 

It is understood that the examples and embodiments described herein are for illustrative 

30 purposes only and that various modifications or changes in light thereof will be suggested to 

persons skilled in the art and are to be included within the spirit and purview of this 

application and scope of the appended claims. 
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Example 1: Dosing Regiment 

This study assesses the efficacy and safety of intravitreal injections of VEGF antagonist (e.g., 

ranibizumab) administered monthly for 3 doses followed by doses every 3 months compared 

with sham injections administered at the same schedule in subjects with primary or recurrent 

5 subfoveal choroidal neovascularization (CNV) with or without a classic CNV component 

secondary to AMO. 

In this study, two treatment groups receive multiple intravitreal doses of VEGF antagonist 

from 0.3 mg to 0.5 mg for 24 months. See Figure 1. Each dose of VEGF antagonist is 

10 administered every month for 3 doses (Day 0, Month 1 and Month 2) followed by doses every 

3 months (Months 5, 8, 11, 14, 17, 20, and 23) until study termination. See Figure 2. 

Subjects randomized to sham injections follow the same schedule as subjects receiving 

ranibizumab. During the 24 month study period, a total of 10 ranibizumab or 10 sham 

injections can be administered. Typically, the dosing does not occur earlier than 14 days after 

15 the previous treatment. If a dose is withheld or is missed, it may be optionally administered 

within 14 days following the previous treatment during the monthly injection period or within 

45 days after the previous treatment during the 3-month dosing period. A maximum of 10 

doses of study drug is administered during this study. Ranibizumab is administered in one eye 

only (study eye) during this study. 

20 

An example of a VEGF antagonist is ranibizumab (LUCENTIS™). Ranibizumab (rhuFab 

V2) is a humanized, affinity-matured anti-human VEGF Fab fragment. Ranibizumab is 

produced by standard recombinant technology methods in Escherichia coli expression vector 

and bacterial fermentation. Ranibizumab is not glycosylated and has a molecular mass of 

25 ~48,000 daltons. See WO98/45331 and US20030190317. 

Ranibizumab Injection: For intravitreal administration, the study drug, ranibizumab, is 

supplied in a liquid-filled vial of ranibizumab. Each vial contains 0.7 mL of either 6 mg/mL 

(0.3 mg dose level) or 10 mg/mL (0.5-mg dose level) of ranibizumab aqueous solution (pH 

30 5.5) with 10 mM of histidine, 100 mg/mL of trehalose, and 0.01 % polysorbate 20. All study 

drug is stored at 2°C-8°C (36°F-46°F), and should not be frozen. Drug should be protected 

vials from direct sunlight. 
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Procedures are implemented to minimize the risk of potential adverse events associated with 

serial intraocular injections (e.g., endophthalmitis). Aseptic technique is observed for the 

injection tray assembly, anesthetic preparation and administration, and study drug preparation 

and administration. 

Intravitreal injections are performed by the injecting physician(s) following the slitlamp 

examination. After thorough cleansings of the lid, lashes, and periorbital area with an 

antiseptic, local anesthesia and antimicrobials can administered prior to study drug injection. 

10 A 30 gauge, ½-inch needle attached to a low volume (e.g., tuberculin) syringe containing 50 

µL of study drug solution is inserted through the pre anesthetized conjunctiva and sclera, 

approximately 3.5-4.0 mm posterior to the limbus, avoiding the horizontal meridian and 

aiming toward the center of the globe. The injection volume should be delivered slowly. The 

needle is then be removed slowly to ensure that all drug solution is in the eye. Immediately 

15 following the intraocular injection, antimicrobial drops can be administered and the subject is 

instructed to self-administer antimicrobial drops four times daily for 3 days following each 

intraocular injection of ranibizumab. The scleral site for subsequent intravitreal injections 

should be rotated. 

20 Sham Injection: The injecting physician(s) performs the same pre-injection cleansing and 

anesthetizing procedures (including subconjunctival injection of anesthesia) outlined above for 

subjects receiving ranibizumab. An empty syringe without a needle is used in the sham 

injection. The injecting physician(s) mimics an intraocular injection by making contact with 

the conjunctiva and applying pressure without the needle. Immediately following the sham 

25 injection, the injecting physician(s) performs the same post-injection procedures as those 

performed on subjects receiving ranibizumab. 

Pre-Injection Procedures for All Subjects (Raninizumab or Sham Injection): The following 

procedures can be implemented to minimize the risk of potential adverse events associated 

30 with serial intravitreal injections (e.g., endophthalmitis). Aseptic technique is observed for 

injection tray assembly, anesthetic preparation, and study drug preparation and administration. 

The following procedures (except where noted) can be conducted by the physician performing 

the intravitreal injection of ranibizumab or sham injection. Subjects receive antimicrobials 
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(e.g., ofloxacin ophthalmic solution or trimethoprim polymyxin B ophthalmic solution) for 

self-administration four times daily for 3 days prior to treatment. 

• The supplies are assembled and and a sterile field is prepared. Supplies can include 

10% povidone iodine swabs, sterile surgical gloves, 4X4 sterile pads, pack of sterile cotton 

5 tipped applicators, eyelid speculum, sterile ophthalmic drape, 0.5% proparacaine 

hydrochloride, 5% povidone iodine ophthalmic solution, 1 % lidocaine for injection, 

ophthalmic antimicrobial solution (e.g., ofloxacin ophthalmic solution or trimethoprim 

polymyxin B ophthalmic solution, single-use vial), and injection supplies. 

• 2 drops of 0.5% proparacaine hydrochloride are instilled into the study eye, followed 

10 by 2 drops of a broad spectrum antimicrobial solution (e.g., ofloxacin ophthalmic solution or 

trimethoprim polymyxin B ophthalmic solution, single-use vial). 

• The periocular skin and eyelid of the study eye are disinfected in preparation for 

injection. The eyelid, lashes, and periorbital skin are scrubbed with 10% povidone iodine 

swabs, starting with the eyelid and lashes and continuing with the surrounding periocular skin. 

15 The eyelid margins and lashes are swabbed, e.g., in a systematic fashion, from medial to 

temporal aspects. 

• A sterile ophthalmic drape can be placed to isolate the field, and the speculum can be 

placed underneath the eyelid of the study eye. 

• 2 drops of 5% povidone iodine ophthalmic solution are instilled in the study eye, 

20 making sure the drops cover the planned injection site on the conjunctiva. 

• Wait 90 seconds. 

• A sterile cotton-tipped applicator is saturated with 0.5% proparacaine hydrochloride 

drops and the swab is held against the planned intravitreal injection site for 10 seconds in 

preparation for the subconjunctival injection of 1 % lidocaine hydrochloride ophthalmic 

25 solution for injection (without epinephrine). 

• 1 % lidocaine (without epinephrine) is injected subconjunctivally. 

• A sterile 4X4 pad in a single wipe can be used to absorb excess liquid and to dry the 

periocular skin. 

• The subject is instructed to direct gaze away from syringe prior to ranibizumab or 

30 sham injection. 

Ranibizumab Preparation and Administration Instructions: The ranibizumab injection can be 

prepared as herein. Dose solutions are typically prepared immediately before dosing. Dose 

solutions are typically for single use only. 
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After preparing the study eye as outlined above, 0.2 mL ranibizumab dose solution is 

withdrawn through a 5-µm filter needle. The filter needle is removed and replaced with a 30-

gauge, Y2 inch Precision Glide® needle, and excess ranibizumab is expelled so that the syringe 

5 contains 0.05 mL ranibizumab solution. The syringe is inserted through an area 3.5-4.0 mm 

posterior to the lirribus, avoiding the horizontal meridian and aiming toward the center of the 

globe. The injection volume should be delivered slowly. The needle is then removed slowly 

to ensure about all drug solution is in the eye. The scleral site for subsequent intravitreal 

injections should be rotated. Refer to next section for detailed post injection procedures. 

10 

The subject can be monitored with a finger count test for the study eye within, e.g., 15 minutes 

of the ranibizumab injection. A measurement of intraocular pressure of the study eye can be 

obtained, e.g., 60 minutes (±10 minutes) following the ranibizumab injection. 

15 Post-Injection Procedures for All Subjects: Immediately following the ranibizumab or sham 

injection, 2 drops of antimicrobial drops (e.g., ofloxacin ophthalmic solution or trimethoprim 

polymyxin B ophthalmic solution, single-use vial) are instilled in the study eye. The subject is 

instructed to self-administer antimicrobial drops (e.g., ofloxacin ophthalmic solution or 

trimethoprim polymyxin B ophthalmic solution, single-use vial) four times daily for 3 days 

20 following each injection (ranibizumab or sham). 

Preparation and Administration of the Sham Injection: See above for detailed instructions for 

pre-injection procedures. 

25 Subjects receiving sham injections do not receive an actual injection of study drug. The 

physician follows the procedures for cleansing and anesthetizing the study eye as outlined 

above. The subject should be instructed to direct his or her gaze away from the syringe prior 

to administration of the sham injection. The tuberculin syringe plunger is withdrawn to the 

0.05 mL mark on the syringe, the hub of the syringe-without the needle-is then placed 

30 against the pre-anesthetized conjunctiva! surface. The syringe hub is pressed firmly against 

the globe and then the plunger is slowly depressed, mimicking the action of an intravitreal 

injection. 
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For subsequent sham injections, the procedure of rotating the location of the injection site, as 

is done with ranibizumab injections is followed. See above for detailed post-injection 

procedures. 

5 The subject can be monitored using a finger count test within, e.g., 15 minutes of the sham 

injection. A measurement of intraocular pressure can be obtained, e.g., 60 minutes (±10 

minutes) following the sham injection. 

Safety is assessed by the incidence of ocular and non-ocular adverse events, including but not 

10 limited to, serious adverse events, ocular assessments, deaths, laboratory test results, vital 

signs, antibodies to Raninizumab, intraocular inflammation, visual acuity, intraocular pressure, 

slitlamp pressure, indirect ophthalmoscopy, fluorescein angiography, fundus photography, 

vitreous hemorrhage, sensory rhegmatogenous retinal break or detachment (including macular 

hole), subfoveal hemorrhage, local or systemic infection, intraocular surgery, etc. In one 

15 embodiment, if verteporfin PDT was given within the last 28 days, the ranibizumab/sham 

injection is withheld. Efficacy is assessed by changes in preventing vision loss, e.g., measured 

by the mean change in best correction visual acuity (BCVA) from baseline to 12 months or 24 

months (where the BCV A is based on the Early Treatment Diabetic Retinopathy Study 

(ETDRS) visual acuity chart and assessment at a test distance of 4 meters), other means 

20 include but are not limited to measuring the proportion of subjects who lose fewer than 15 

letters in visual acuity at 12 months or 24 months compared to baseline, measuring the 

proportion of subjects who gain greater than or equal to 15 letters in visual acuity at 12 months 

or 24 months compared to baseline, measuring the proportion of subjects with a visual-acuity 

Snellen equivalent of 20/2000 or worse at 12 months or 24 months, measuring the NEI Visual 

25 Functioning Questionnaire, measuring the size of CNV and amount of leakage of CNV at 12 

months or 24 months, e.g., by fluorescein angiography. 

The specification is considered to be sufficient to enable one skilled in the art to practice the 

invention. Various modifications of the invention in addition to those shown and described 

30 herein will become apparent to those skilled in the art from the foregoing description and fall 

within the scope of the appended claims. All publications, patents, and patent applications 

cited herein are hereby incorporated by reference in their entirety for all purposes. 
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CLAIMS 

We claim: 

1. A method for treating wet form age-related macular degeneration in a mammal, comprising 

5 the steps of: 

10 

a) administering to the mammal a number of first individual doses of an VEGF antagonist; and 

b) administering to the mammal a number of second individual doses of the VEGF antagonist, 

wherein the second individual doses are administered less frequently than the first individual 

doses. 

2. The method of claim 1, wherein the mammal is a human. 

3. The method of claim 1, wherein the administration is ocular. 

15 4. The method of claim 3, wherein the administration is intraocular. 

20 

25 

5. The method of claim 4, wherein the administration is intravitreal. 

6. The method of claim 1, wherein the VEGF antagonist is an anti-VEGF antibody. 

7. The method of claim 6, wherein the anti-VEGF antibody is a full length anti-VEGF 

antibody. 

8. The method of claim 6, wherein the anti-VEGF antibody is an antibody fragment. 

9. The method of claim 6, wherein the anti-VEGF antibody is a Fab antibody fragment. 

10. The method of claim 8, wherein the antibody fragment is Y0317. 

30 11. The method of claim 1, wherein the first individual doses are administered at one month 

intervals. 

12. The method of claim 1, wherein the second individual doses are administered at three 

month intervals. 
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13. The method of claim 1, wherein the second individual doses are administered beginning 

three months after the number of first individual doses. 

5 14. The method of claim 1, wherein the number of second individual doses are administered 

to the mammal during a period of at least 22 months following the number of first individual 

doses. 

15. The method of claim 1, wherein the number of the first individual doses comprises about 

10 3 individual doses. 

16. The method of claim 1, wherein the number of the second individual doses comprises 

about 6 individual doses. 

15 17. The method of claim 1, wherein the number of first individual doses and the number of 

second individual doses are administered over a time period of about 2 years. 

20 

18. The method of claim 1, wherein the first individual dose is administered at month 0, 1 and 

2. 

19. The method of claim 1, wherein the second individual dose is administered at month 5, 8, 

11, 14, 17, 20 and 23. 

20. The method of claim 1, wherein the first individual dose is administered at month 0, 1, 

25 and 2 and the second individual dose is administered at month 5, 8, 11, 14, 17, 20 and 23. 

21. A method for treating intraocular neovascular disease, comprising: 

administering to a mammal a number of first individual doses of an VEGF antagonist; 

followed by, 

30 administering to the mammal a number of second individual doses of the antagonist, wherein 

the second individual doses are administered less frequently than the first individual doses. 
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USE OF AVEGF ANTAGON!STTO TREAT ANG!OGENIC EYE DISORDERS 

FIELD OF THE INVENTION 

[0001] The present invention relates to the field of therapeutic treatments of eye disorders. 

More specifically, the invention relates to the administration of VEGF antagonists to treat eye 

disorders caused by or associated with angiogenesis. 

BACKGROUND 

[0002] Several eye disorders are associated with pathological angiogenesis. For example, 

the development of age-related macu!ar degeneration (AMO) ls associated with a process 

ca!ied choroidal neovascu!arization (CNV). Leakage from the CNV causes macuiar edema and 

collection of fluid beneath the macula resulting in vision loss. Diabetic macular edema (DME) is 

another eye disorder with an angiogenic component. DME is the most prevalent cause of 

moderate vision loss in patients with diabetes and is a common complication of diabetic 

retinopathy, a disease affecting the blood vessels of the retina. Clinically significant DME 

occurs when fluid !eaks into the center of the macula, the light-sensitive part of the retina 

responsible for sharp, direct vision. Fluid in the macu!a can cause severe vision loss or 

bHndness. Yet another eye disorder associated with abnormal angiogenesis is central retina! 

vein occlusion (CRVO). CRVO is caused by obstruction of the central retinal vein that leads to 

a back-up of blood and fluid in the retina. The retina can also become ischemic, resulting in the 

growth of new, inappropriate blood vessels that can cause further vision loss and more serious 

complications. Release of vascular endothelial growth factor (VEGF) contributes to increased 

vascular permeability in the eye and inappropriate new vessel growth. Thus, inhibiting the 

angiogenic-promoting properties of VEGF appears to be an effective strategy for treating 

angiogenic eye disordE:.irs, 

[0003] FDA-approved treatments of angiogenic eye disorders such as AMO and CRVO 

indude the administration of an anti-VEGF antibody ca!!ed ranibizumab (Lucentis@, Genentech, 

!nc.) on a monthly basis by intravitreal injection. 

{0004] Methods for treating eye disorders using VEGF antagonists are mentioned in, e.g., US 

7,303,746; US 7,306,799; US 7,300,563; US 7,303,748; and US 2007/0190058. Nonetheless, 

there rernains a need in the art for new administration regimens for angiogenic eye disorders, 

especially those which allow for less frequent dosing while maintaining a high level of efficacy. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention provides methods for treating angiogenic eye disorders. The 

methods of the invention comprise sequentially administering multlp!e doses of a VEGF 

antagonist to a patient over time. In particular, the met!1ods of the invention comprise 

sequentially administering to the patient a single initial dose of a VEGF antagonist, followed by 
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one or more secondary doses of the VEGF antagonist, followed by one or more tertiary doses of 

the VEGF antagonists. The present inventors hav{-; surprisingly discovered that beneficial 

therapeutic effects can be achieved in patients suffering from angiogenic eye disorders by 

administering a VEGF antagonist to a patient at a frequency of once every 8 or more weeks, 

especially when such doses are preceded by about three doses administered to the patient at a 

frequency of about 2 to 4 weeks. Thus, according to the methods of the present invention, each 

secondar1 dose of VEGF antagonist is administered 2 to 4 weeks after the immedlate!y 

preceding dose, and each tertiary dose is administered at least 8 weeks after the immediately 

preceding dose. An example of a dosing regimen of the present invention is shown in Figure 1. 

One advantage of such a dosing regimen is that, for most of the course of treatment (i.e., the 

tertiary doses), it allows for less frequent dosing (e,g., once every 8 weeks) compared to prior 

administration regimens for angiogenic eye disorders which require monthly administrations 

throughout the entire course of treatment (See, e.g., prescribing information for Lucentis® 

[ranlbizumab], Genentech, inc.). 

[0006] The methods of the present invention can be used to treat any angiogenic eye 

disorder, inciuding, e.g., age related macu!ar degeneration, diabetic retinopathy, diabetic 

macu!ar edema, central retinal vein occlusion, corneal neovascu!arization, etc. 

[0007} The methods of the present invention comprise administering any VEGF antagonist to 

the patient. In one embodiment, the VEGF antagonist comprises one or more VEGF receptor

based chimeric motecu!e{s}, (also referred to herein as a "VEGF-Trap" or "VEGFT"). An 

exemplary VEGF antagonist that can be used in the context of the present invention is a 

mu!tlmedc VEGF-binding protein comprising two or more VEGF receptor-based chimeric 

molecules referred to herein as "VEGFR1 R2-Fcl\C1(a)" or "af!ibercept." 

[0008] Various administration routes are contemplated for use in t!1e methods of the present 

invention, including, e.g., topical administration or intraocu!ar administration (e.g., intravitreai 

administration). 

[0009] Aflibercept {EYLEA ™, Regeneron Pharmaceuticals, Inc) was approved by the FDA in 

November 2011, for the treatment of patients with neovascular (wet) age-related macular 

degeneration, with a recommended dose of 2 mg administered by intravitreal injection every 4 

wet'Jks for the first three months, followed by 2 mg administered by intravitrea! injection once 

every 8 weeks, 

[0010] Other embodiments of the present invention will become apparent from a review of the 

ensuing detailed description. 

BRIEF DESCRIPTION OF THE FIGURE 

[0011] Figure 1 shows an exemplary dosing regimen of the present invention. In this regimen, 

a single "initial dose" of VEGF antagonist ("VEGFT") is administered at the beginning of the 

treatment regimen (i.e. at "week O"), two "secondary doses" are administered at weeks 4 and 8, 
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respectively, and at least six "tertiary doses" are administered once every 8 weeks thereafter, 

te., at weeks 16, 24, 32, 40, 48, 56, etc.). 

DETAILED DESCRIPTION 

[0012] Before the present invention is described, it is to be understood that this invention is 

not limited to particular methods and experimental conditions described, as such methods and 

conditions may vary. It is also to be understood that the terminoiogy used herein is for the 

purpose of describing particular embodiments only, and is not intended to be limiting, since the 

scope of the present invention will be limited only by the appended claims. 

[OOBJ Unless defined otherwise, ail technical and scientific terms used herein have the same 

meaning as common!y understood by one of ordinary skill in the art to which this invention 

belongs, As used herein, the term "about" when used in reference to a particular recited 

numerical value, means that the vaiue may vary from the recited value by no more than 1%. 

For example, as used herein, the expression "about 100" includes 99 and 101 and a!! values in 

between {e.g., 99.1, 99.2, 99.3, 99.4, etc.). 

[0014] Although any methods and materials similar or equivalent to those described herein 

can be used in the practice or testing of the present invention, the preferred methods and 

materials are now described, 

DOSING REGIMENS 

[0015} The present lnventlon provides methods for treating angiogenic eye disorders. The 

methods of the invention comprise sequentially administering to a patient multiple doses of a 

VEGF antagonist As used herein, "sequentially administering" means that each dose of VEGF 

antagonist is administered to the patient at a different point in time, e.g., on different days 

separated by a predetermined interval (e.g., hours, days, weeks or months). The present 

invention includes methods which comprise sequentially administering to the patient a single 

initial dose of a VEGF antagonist, followed by one or more secondary doses of the VEGF 

antagonist, followed by one or more tertiary doses of the VEGF antagonist. 

[0016] The terms "initial dose," "secondary doses," and "tertiary doses," refer to the temporai 

sequence of administration of the VEGF antagonist. Thus, the "initial dose" is the dose which is 

administered at the beginning of the treatment regimen {also referred to as the "baseline dose"); 

the "secondary doses" are the doses which are administered after the initial dose; and the 

"tertiary doses" are the doses which are administered after the secondary doses. The initial, 

secondary, and tertiary doses may all contain the same amount of VEGF antagonist, but will 

generally differ from one another in terms of frequency of administration. In certain 

embodiments, however, the amount of VEGF antagonist contained in the initial, secondary 

and/or tertiary doses will vary from one another (e.g., adjusted up or down as appropriate) 

during the course of treatment 
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[0017] In one exemplary embodiment of the present invention, each secondary dose is 

administered 2 to 4 (e.g., 2, 2½, 3, 3½, or 4) weeks after the immediately preceding dose, and 

each tertiary dose is administered at least 8 (e.g., 8, 8½, 9, 9½, 10, 10½, 11, 11½, 12, 12½, 13, 

13½, 14, 14½, or more) weeks after the immediately preceding dose. The phrase "the 

immediately preceding dose," as used herein, means, in a sequence of multiple administrations, 

the dose of VEGF antagonist which is administered to a patient prior to the administration of the 

very next dose in the sequence with no intervening doses. 

[00181 ln one exemplary embodiment of the present invention, a single initial dose of a VEGF 

antagonist is administered to a patient on the first day of the treatment regimen (f,e., at week 0), 

followed by two secondary doses, each administered four weeks after the immediately 

preceding dose {i.e., at week 4 and at week 8), followed by at !east 5 tertiary doses, each 

administered eight weeks after the immediately preceding dose {i.e., at weeks 16, 24, 32, 40 

and 48). The tertiary doses may continue (at intervals of 8 or more weeks) indefinitely during 

the course of the treatment regimen. This exemplary administration regimen is depicted 

graphically in Figure i. 

[0019] The methods of the invention may comprise administering to a patient any number of 

secondary and/or tertiary doses of a VEGF antagonist. For example, in certain embodiments, 

only a single secondary dose is administered to the patient. In other embodiments, two or more 

(e.g .. 2, 3, 4, 5, 6, 7, 8, or more) secondary doses are administered to the patient Likewise, in 

certain embodiments, only a single tertiary dose is administered to the patient. In other 

embodiments, two or more (e.g., 2, 3, 4, 5, 6, 7, 8, or more) tertiary doses are administered to 

the patient. 

[0020] ln embodiments involving multiple secondary doses, each secondary dose may be 

administered at the same frequency as the other secondary doses. For example, each 

secondary dose may be administered to the patient 4 weeks after the immediately preceding 

dose. Simiiarly, in embodiments involving multiple tertiary doses, each tertiary dose may be 

administered at the same frequency as the other tertiaiy doses. For example, each tertiary 

dose may be administered to the patient 8 weeks after the immediately preceding dose. 

Alternatively, the frequency at which the secondary and/or tertiary doses are administered to a 

patient can vary over the course of the treatment regimen, For example, the present invention 

includes methods which comprise administering to the patient a single initial dose of a VEGF 

antagonist, followed by one or more secondary doses of the VEGF antagonist, followed by at 

least 5 tertiary doses of the VEGF antagonist, wherein the first four tertiary doses are 

administered 8 weeks after the immediately preceding dose, and wherein each subsequent 

tertiary dose ls administered from 8 to 12 (e.g., 8, 8½, 9, 9½, 10, 10½, 11, 11½, 12) weeks after 

the immediately preceding dose. The frequency of administration may aiso be adjusted during 

the course of treatment by a physician depending on the needs of the individual patient 

following ciinica! examination. 
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VEGF ANTAGONISTS 

[0021] The methods of the present invention comprise administering to a patient a VEGF 

antagonist according to specified dosing regimens. As used herein, the expression "VEGF 

antagonist" means any molecule that blocks, reduces or interferes wlt!1 the normal biological 

activity of VEGF. 

[0022] VEGF antagonists include molecules which interfere wlth the interaction between 

VEGF and a natural VEGF receptor, e.g., molecules which bind to VEGF ma VEGF receptor 

and prevent or otherwise hinder the interaction between VEGF and a VEGF receptor. Specific 

exemplary VEGF antagonists include anti-VEGF antibodies, anti-VEGF receptor antibodies, and 

VEGF receptor--based chimeric molecules {also referred to herein as "VEGF-Traps"). 

[0023] VEGF receptor-based chimeric molecules include chimeric polypeptides which 

comprise two or more immunog!obulin (lg)-!ike domains of a VEGF receptor such as VEGFR1 

(also referred to as Fit•1) and/or VEGFR2 (also referred to as Fik1 or KOR), and may also 

contain a mu!timerizing domain (e.g,, an Fe domain which faciHtates the multimerization [e.g., 

dimerlzation] of two or more chimeric polypeptides). An exemplary VEGF receptor-based 

chimeric molecule is a molecule referred to as VEGFR1 R2--FcAC 1 (a) which is encoded by the 

nucleic acid sequence of SEQ ID N0:1. VEGFR1 R2-FcbC1 (a) comprises three components: 

(1) a VEGFR1 component comprising arnino acids 27 to ·129 of SEQ !D N0:2; (2) a VEGFR2 

component comprising amino acids 130 to 231 of SEQ ID N0:2; and (3) a mu!timerization 

component ("FcnC1(a)") comprising amino acids 232 to 457 of SEQ !D N0:2 (the C-terminal 

amino acid of SEQ ID N0:2 [i.e., K458J may or may not be included in the VEGF antagonist 

used in the methods of the invention; see e.g., US Patent 7,396,664). Amino acids 1--26 of SEQ 

lD N0:2 are the signal sequence. 

[0024] The VEGF antagonist used in the Examples set forth herein below is a dimeric 

molecule comprising two VEG FR 1 R2-F c.llC 1 ( a} molecules and is referred to herein as 

"VEGFT." Additional VEGF receptm--based chimeric molecules which can be used in the 

context of the present invention are disclosed in US 7,396,664, 7,303,746 and WO 00/75319. 

ANG!OGENIC EYE rnSORDERS 

[0025] The methods of the present invention can be used to treat any anglogenic eye 

disorder, The expression "anglogenic eye disorder," as used hE.:rein, means any disease of the 

eye which is caused by or associated 'INith the growth or proliferation of blood vessels or by 

blood vessel leakage, Non-limiting examples of angiogenic eye disorders that are treatabie 

using the methods of the present invention include choroidal neovascularization, age-related 

macu!ar degeneration (AMD), diabetic retinopathies, diabetic macular edema (DME), central 

retinal vein occlusion {CRVO), cornea! neovascu!arization, and retinal neovascuiarization, 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 193



WO 2012/097019 

PHARMACEUTICAL FORMULATIONS 

PCT/US2012/020855 

[0026] The present invention indudes methods in which the VEGF antagonist that is 

administered to the patient is contained within a pharmaceutical formulation. The 

pharmaceutical formulation may comprise the VEGF antagonist along with at least one inactive 

ingredient such as, e.g., a pharmaceutically acceptable carrier. Other agents may be 

incorporated into the pharmaceutical composition to provide improved transfer, delivery, 

tolerance, and the like. Tile term "pharmaceutically acceptable" means approved by a 

regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or 

other generally recognized pharmacopeia for use in animals, and more particularly, in humans. 

The term "carrier" refers to a diluent, adjuvant, exdpient, or vehicle with which the antibody is 

administered. A multitude of appropriate formulations can be found in the formuiary known to 

aH pharmaceutical chemists: Remington's Pharmaceutical Sciences (15th ed, Mack Publishing 

Company, Easton, Pa., 1975), particularly Chapter 87 by B!aug, Seymour, therein. These 

formulations include, for example, powders, pastes, ointments, jellies, waxes, oiis, lipids, lipid 

(cationic or anionic) containing vesicles (such as UPOFECT!NTM), DNA conjugates, anhydrous 

absorption pastes, oil-in-water and water-in .. oil emulsions, emulsions carbowax (polyethylene 

glycols of various molecular weights), semi-solid gels, and semi-solid mixtures containing 

carbowax. Any of the foregoing mixtures may be appropriate in the context of the methods of 

the present invention, provided that the VEGF antagonist is not inactivated by the formulation 

and the formulation is physiologically compatibie and tolerable \Mith the route of administration, 

See a!so Powell et aL PDA (1998) J Pharm Sci TechnoL 52:238-311 and the citations therein 

for additional information related to excipients and carriers well known to pharmaceutical 

chemists. 

[0021] Pharmaceutical formulations useful for adrninistration by injection in the context of the 

present invention may be prepared by dissolving, suspending or emulsifying a VEGF antagonist 

in a sterile aqueous medlum or an oily medium conventionally used for injections. As the 

aqueous medium for injections, there are, for example, physiological saline, an isotonic solution 

containing glucose and other auxiliary agents, etc., which may be used ln combination with an 

appropriate solubillzing agent such as an alcohol (e.g., ethanol), a po!yalcohoi (e.g., propylene 

glycol, polyethylene glycol), a nonionic surfactant [e.g., poiysorbate 80, HCO-50 

(poiyoxyethylene (50 mo!) adduct of hydrogenated castor oil)L etc, As the oily medium, there 

may be employed, e.g., sesame oil, soybean oil, etc., which may be used in combination with a 

solubi!izlng agent such as benzy! benzoate, benzyl alcohol, etc. The injection thus prepared 

can be filled in an appropriate ampoule if desired. 

MODES OF ADMINISTRATION 

[0028] The VEGF antagonist (or pharmaceutical formulation comprising the VEGF antagonist) 

may be administered to the patient by any known delivery system and/or administration method. 
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ln certain ernbodiments, the VEGF antagonist is administered to the patient by ocular, 

intraocu!ar, intravitreal or subconjunctiva! injection. ln other embodiments, the VEGF antagonist 

can be administered to ti1e patient by topical administration, e.g., via eye drops or other liquid, 

ge!, ointment or fluid which contains the VEGF antagonist and can be applied directly to the 

eye. Other possible routes of administration include, e.g., intradermal, intramuscular, 

intraperitonea!, intravenous, subcutaneous, intranasa!, epidural, and oral. 

AMOUNT OF VEGF ANTAGONIST ADMINISTERED 

[0029] Each dose of VEGF antagonist administered to the patient over the course of the 

treatment regimen may contain the same, or substantially the same, amount of VEGF 

antagonist. Alternatively, the quantity of VEGF antagonist contained within the individual doses 

may vary over the course of the treatment regimen. For example, in certain embodiments, a 

first quantity of VEGF antagonist is administered in the initial dose, a second quantity of VEGF 

antagonist is administered in the secondaiy doses, and a third quantity of VEGF antagonist is 

administered in the tertiary doses. The present invention contemplates dosing schemes in 

which the quantity of VEGF antagonist contained within the individual doses increases over time 

(e,g., each subsequent dose contains more VEGF antagonist than the last), decreases over 

time (e.g., each subsequent dose contains less VEGF antagonist than the last), initially 

increases then decreases, initially decreases then increases, or remains the same throughout 

the Gourse of the administration regimen, 

f 0030] The amount of VEGF antagonist administered to the patient in each dose ls, in most 

cases, a therapeutically effective amount. As used herein, the phrase "therapeutically effective 

amount" means a dose of VEGF antagonist that results in a detectable improvement in one or 

more symptoms or indicla of an angiogenic eye disorder, or a dose of VEGF antagonist that 

inhibits, prevents, lessens, or delays the progression of an angiogenic eye disorder. !n the case 

of an anti-VEGF antibody or a VEGF receptor-based chimeric molecule such. as VEGFR1R2-

FcAC1(a), a therapeutically effective amount can be from about 0.05 mg to about 5 mg, e.g., 

about 0.05 mg, about 0.1 mg, about 0.15 mg, about 0.2 mg, about 0,25 mg, about 0.3 mg, 

about 0,35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, 

about 0.65 mg, about 0.7 mg, about 0.75 mg, about 0.8 mg, about 0.85 mg, about 0.9 mg, 

about 1.0 mg, about 1.05 mg. about 1.1 mg, about 1.15 mg, about 1.2 mg, about 1.25 mg, 

about 1.3 mg, about 1.35 mg, about 1 .4 mg, about 1 .45 mg, about 1.5 mg, about 1.55 mg, 

about 1 ,6 mg, about 1.65 mg, about 1.7 mg, about 1.75 mg, about ·t.8 mg, about 1.85 mg, 

about 1 ,9 mg, about 2.0 mg, about 2.05 mg, about 2.1 mg, about 2.15 mg, about 22 mg, about 

2.25 mg, about 2.3 mg, about 2.35 mg, about 2.4 mg, about 2.45 mg, about 2.5 mg, about 2.55 

mg, about 2.6 mg, about 2.65 mg, about 2.7 mg, about 2.75 mg, about 2.8 mg, about 2.85 mg, 

about 2.9 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg, about 4.5 mg, or about 5.0 mg of the 

antibody or receptor-based chimeric molecule, 

.. 7 .. 
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[0031J The amount of VEGF antagonist contained within the individual doses may be 

expressed in terms of mi!!igrams of antibody per kilogram of patient body weight (i.e., mg/kg). 

For example, the VEGF antagonist may be administered to a patient at a dose of about 0.0001 

to about 1 O mg/kg of patient body weight. 

TREATMENT POPULATION AND EFflCACY 

[0032] The methods of the present invention are useful for treating angiogenic eye disorders 

in patients that have been diagnosed with or are at risk of being afWGted with an angiogenic eye 

disorder. Generally, the methods of the present invention demonstrate efficacy within 104 

weeks of the initiation of the treatment regimen (with the initial dose administered at "week O"), 

e.g., by the end of week 16, by the end of week 24, by the end of week 32, by the end of week 

40, by the end of week 48, by the end of week 56, etc. In the context of methods for treating 

angiogenic eye disorders such as AMO, CRVO, and DME, "efficacy" means that, from the 

initiation of treatment, the patient exhibits a !oss of 15 or fewer letters on the Early Treatment 

Diabetic Retinopathy Study (ETDRS) visual acuity chart. In certain embodiments, "efficacy" 

means a gain of one or more (e.g., ·1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or more) letters on the ETDRS 

chart from the time of initiation of treatment 

EXAMPLES 

{0033] The following examples are put forth so as to provide those of ordinary skill in the art 

with a complete disclosure and description of how to make and use the methods and 

compositions of the invention, and are not intended to limit the scope of what the inventors 

regard as their invention. Efforts have been made to ensure accuracy with respect to numbers 

used (e.g., amounts, temperature, etc.) but some experimental errors and deviations should be 

accounted for, Unless indicated otherwise, parts are parts by weight, molecular weight is 

average molecular weight, temperature is in degrees Centigrade, and pressure is at or near 

atmospheric. 

[0034] The exemplary VEGF antagonist used in all Examples set forth below is a dimeric 

molecule having two functional VEGF binding units. Each functional binding unit is comprised 

of ig domain 2 from VEGFR1 fused to lg domain 3 from VEGFR2, which in turn ls fused to the 

hinge region of a human igG1 Fe domain (VEGFR1 R2-Fct;C1(a); encoded by SEQ ID NO:i). 

This VEGF antagonist is referred to in the examples below as "VEGFT'. For purposes of the 

fo!!owing Examples, "monthly" dosing is equivalent to doslng once every four weeks, 

Example 1: Phase I Clinical Trial of intravitreally Administered VEGF Receptor-Based 
Chimeric Molecule (VEGFT} in Subjects with Neovascu!ar AMO 

[0035] ln this Phase I study, 21 subjects with neovascular AMO received a single intravitrea! 

(!VT) dose of VEGFT. Five groups of three subjects each received either 0,05, 0.15, 0.5, 2 or 4 
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mg of VEGFT, and a sixth group of six subjects received 1 mg. No serious adverse events 

related to the study drug, and no identifiable intraocular inflammation was reported. Prelim1naiy 

results showed that, following injection of VEGFT, a rapid decrease ln foveal thickness and 

macu!ar volume was observed that was maintained through 6 weeks. At Day 43 across an dose 

groups, mean excess retinal thickness [excess retina! thickness ::; (retinal thickness - 179µ)] on 

optical coherence tomography (OCT) was reduced from 119µ to 27µ as assessed by Fast 

Macu!ar Scan and from 194µ to 60µ as assessed using a single Posterior Pole scan. The mean 

increase in best corrected visuai acuity (BCVA) was 4.75 letters, and BCVA was stable or 

improved in 95% of subjects. !n the 2 highest dose groups (2 and 4 mg), the mean increase in 

BCVA was 13.5 letters, with 3 of 6 subjects demonstrating improvement of~ 3 lines, 

Example 2: Phase !! Clinical Trial of Repeated Doses of ~ntravitreal!y .Administered VEGF 
Receptor«Based Chimeric Molecule (VEGFT} in Subjects with Neovascular AMO 

[0036] This study was a double-masked, randomized study of 3 doses {0.5, 2, and 4 mg) of 

VEGFT tested at 4-week and/or 12-week dosing intervals. There were 5 treatment arms in this 

study, as foHows: 1) 0.5 mg every 4 weeks, 2) 0.5 mg every 12 weeks, 3) 2 mg every 4 weeks, 

4) 2 mg every 12 weeks and 5) 4 mg every 12 weeks. Subjects were dosed at a fixed interval 

for the first 12 weeks, after which they were evaluated every 4 weeks for 9 months, during which 

additional doses were administered based on pre-specified criteria. All subjects were then 

foHowed for one year after their last dose of VEG FT Preliminary data from a pre-planned 

interim analysis indicated that VEGFT met its primary endpoint of a statistically significant 

reduction in retina! thickrn=;ss after 12 weeks compared with baseline (aH groups combined, 

decrease of 135µ, p < 0.0001 ). Mean change from baseline in visual acuity, a key secondary 

endpoint of the study, also demonstrated statistically significant improvement (all groups 

combined, increase of 5.9 letters, p < 0.000·1 ). Moreover, patients in the dose groups that 

received only a single dose, on average, demonstrated a decrease in excess retina! thickness 

(p < 0.0001) and an increase in visual acuity (p = 0.012) at 12 weeks. There were no drug

related serious adverse events, and treatment with the VEGF antagonists was generally well

to!erated. The most common adverse events were those typically associated with intravitreal 

injections. 

Exampie 3: Phase I Clinical Trial of SystemicaHy Administered VEGF ReceptorNBased 
Chimeric Molecule (VEGFT) ln Subjects with Neovascular AMD 

f0037J This study was a placebo-controlled, sequential-group, dose-escaiating safety, 

tolerability and bioeffect study of VEGFT by !V infusion in subjects with neovascuiar AMO. 

Groups of 8 subjects meeting eligibi!ity criteria for subfoveai choroidal neovascularization (CNV) 

related to AMO were assigned to receive 4 iV injections of VEGFT or placebo at dose levels of 

0.3, 1, or 3 mg/kg over an 8-week period< 
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[0038] Most adverse events that were attributed to VEGFT were mi1d to moderate in severity, 

but 2 of 5 subjects treated with 3 mg/kg experienced dose-limiting toxicity (DL T) (one with 

Grade 4 hypertension and one with Grade 2 proteinuria); therefore, all subjects in the 3 mg/kg 

dose group did not enter the study. The mean percent changes in excess retinal thickness 

were: -12%, -10%, -66%, and -60% for the placebo, 0,3, 1, and 3 mg/kg dose groups at day 15 

(ANOVA p< 0.02), and -5 .. 6%, +47.1%, and -63.3% for the placebo, 0.3, and 1 mg/kg dose 

groups at day 71 (ANOVA p< 0.02). There was a numerica! improvement in BCVA in the 

subjects treated with VEGFT. As would be expected in such a small study, the results were not 

statistically sign!ficant 

Example 4: Phase m Clinical Trials of the Efficacy, Safety, and Tolerability of Repeated 
Doses of !ntrnvitreal VEGFT in Subjects with Neovascular Age-Related Macular 
Degeneration 

A. Objectives, Hypotheses and Endpoints 

[0039) Two parallel Phase !!! clinical tria!s were carried out to investigate the use of VEGFT to 

treat patients with the neovascu!ar form of age-related macular degeneration (Study 1 and 

Study 2). The primary objective of these studies was to assess the efficacy of iVT administered 

\/EGFT compared to ranibizumab {Lucentis®, Genentech, lnc.), in a non-inferiority paradigrn, in 

preventing moderate vision loss in subjects with all subtypes of neovascular AMD. 

[0040J The secondary objectives were (a) to assess the safety and tolerability of repeated IVT 

administration of VEGFT in subjects with all sub-types of neovascuiar AMO for periods up to 2 

years; and (b) to assess the effect of repeated !VT administration of VEGFT on Vision-Related 

Quality of Life (QOL) in subjects with all sub-types of neovascular AMO. 

[0041] The primary hypothesis of these studies was that the proportion of subjects treated 

with VEGFT with stable or improved BCVA (<15 letters lost) is similar to the proportion treated 

with ranibizurnab who have stable or improved BCVA, thereby demonstrating non-inferiority. 

[0042] The primary endpoint. for these studies '\/-,;as the prevention of vision loss of greater than 

or equal to 15 letters on the ETDRS chart, compared to baseline, at 52 weeks. Secondary 

endpoints were as follows: (a) change from baseiine to Week 52 in letter score on the ETDRS 

chart; (b) gain from baseline to Week 52 of 15 letters or more on the ETDRS chart; (c) change 

from baseline to Week 52 in total NE! VF0-25 score; and (d) change from baseline to Week 52 

in CNVarea. 

B. Study Design 

[0043] For each study, subjects were randomly assigned in a i: 1: 1: 1 ratio to 1 of 4 dosing 

regimens: (1) 2 mg VEGFT administered every 4 weeks (204); (2) 0.5 mg VEGFT administered 

every 4 weeks (0.504); (3) 2 mg VEGFT administered every 4 weeks to week 8 and then every 

8 weeks (with sham injection at the interim 4-week visits when study drug was not administered 

-10-

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 198



WO 2012/097019 PCT/US2012/020855 

{208); and (4) 0.5 mg ranibizumab administered every 4 weeks (RQ4). Subjects assigned to 

(2Q8) received the 2 mg injection every 4 weeks to week 8 and then a sham injection at interim 

4-week visits {when study drug is not to be administered) during the first 52 weeks of the 

studies. (No sham injection were given at Week 52). 

[0044] The study duration for each subject was scheduled to be 96 weeks plus the recruitment 

period. For the first 52 weeks (Year 1 ), subjects received an !VT or sham injection in the study 

eye every 4 weeks. {No sham injections were given at Week 52). During the second year of 

the study, subjects wili be evaluated every 4 weeks and wm receive IVT injection of study drug 

at intervals determined by specific dosing criteria, but at !east every 12 weeks. (During the 

second year of the study, sham injections wm not be given.) During this period, injections may 

be given as frequently as every 4 weeks, but no !ass frequently than every 12 weeks, according 

to tile fo!iowing criteria: (i) increase in central retina! thickness of 2:100 µm compared to the 

lowest previous value as measured by optical coherence tomography (OCT); or {ii) a loss from 

the best previous letter score of at least 5 ETDRS letters in conjunction with recurrent fluid as 

indicated by OCT; or (Hi) new or persistent fluid as indicated by OCT; or (iv) new onset classic 

neovascuiarization, or new or persistent leak on f!uorescein angiography (FA); or {v) new 

macuiar hemorrhage; or (vi) 12 weeks have elapsed since the previous in_jection, According to 

the present protocol, subjects must receive an injection at least every 12 weeks, 

{0045} Subjects were evaluated at 4 weeks intervals for safety and best corrected visual 

acuity (BCVA) using the 4 meter ETDRS protocol. Quality of Ute (QOL) was evaluated using 

the NE! VFQ-25 questionnaire. OCT and FA examinations were conducted periodically, 

f0046] Approximately 1200 subjects were enrolled, with a target enrollment of 300 subjects 

per treatment arm. 

[0047] To be eligible tor this study, subjects were required to have subfoveal choroida! 

neovascularization (CNV) secondary to AMD. "Subfovea!" CNV was defined as the presence of 

subfoveal neovascu!arization, documented by FA, or presence of a lesion that is juxtafoveai ln 

location angiographica!!y but affects the fovea. Subject eligibility was confirmed based on 

angiographic criteria prior to randomization, 

[0048] Only one eye was designated as the study eye. For subjects who met eligibiiity criteria 

in both eyes, the eye with the worse VA was selected as the study eye, !f both eyes had equal 

VA, the eye with the clearest lens and ocular media and least amount of subfoveal scar or 

geographic atrophy was selected. If there was no objective basls for selecting the study eye, 

factors such as ocular dominance, other ocular patho!ogy and subject preference were 

considered in making the selection, 

[0049) Inclusion criteria for both studies were as follows: (i) signed Informed consent; (ii) at 

!east 50 years of age; (iii) active primary subfoveal CNV lesions secondary to AMO, including 

juxtafoveal lesions that affect the fovea as evidenced by FA in the study eye; (iv) CNV at least 

50% of total lesion size; (v) early treatment diabetic retinopathy study (ETDRS) best-corrected 
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visual acuity of: 20/40 to 20/320 {letter score of 73 to 25) in the study 1.:;ye; (vi) willing, 

committed, and able to return for ail clinic visits and complete all study-•reiated procedures; and 

(vii) able to read, understand and willing to sign the informed consent form (or, if unable to read 

due to visual impairment, be read to verbatim by the person administering the informed consent 

or a family member). 

{0050] Exclusion criteria for both studies were as fo!lows: 1. Any prior ocular (in the study 

eye) or systemic treatment or surgery for neovascular AMO except dietary supplements or 

vitamins. 2. Any prior or concomitant therapy with another investigational agent to treat 

neovascu!ar AMO in the study eye, except dietary supplements or vitamins. 3. Prior treatment 

with anti-VEGF agents as foliows: (a) Prior treatment with anti-VEGF therapy in the study eye 

was not allowed; (b) Prior treatment with anti-VEGF therapy in the fellow eye with an 

investigatlonai agent (not FDA approved, e.g. bevacizumab) was allowed up to 3 months prior 

to first dose in the study, and such treatments were not allowed during the study. Prior 

treatment with an approved anti-VEGF therapy in the fellow eye was allowed; (c) Prior systemic 

anti-VEGF therapy, investigational or FDA/Health Canada approved, was only al!owed up to 3 

months prior to first dose, and was not allowed during the study. 4. Total iesion size> ·12 disc 

areas (30.5 mm2, including blood, scars and neovascuiarization) as assessed by FA in the 

study eye. 5. Subretinal hemorrhage that is either 50% or more of the total lesion area, or if the 

blood is under the fovea and is 1 or more disc areas in size in the study eye, (lf the blood is 

under the fovea, then the fovea must be surrounded 270 degrees by visible CNV.) 6. Scar or 

fibrosis, making up> 50% of totai lesion in the study eye. 7. Scar, fibrosis, or atrophy involving 

the center of the fovea. 8. Presence of retinal pigment epithelial tears or rips involving the 

macula ln the study eye. 9. History of any vitreous hemorrhage within 4 weeks prior to Visit 1 in 

the study eye. 10. Presence of other causes of CNV, including pathologic myopia (spherical 

equivalent of-8 diopters or more negative, or axial length of 25 mm or more), ocular 

histopiasmosis syndrome, angioid streaks, choroidal rupture, or muitifocai choroir.Htis in the 

study eye. 1 ·1. History or clinical evidence of diabetic retinopathy, diabetic macular edema or 

any other vascular disease affecting the retina, other than AMO, in either eye. 12. Prior 

vitrectomy in the study eye. 13. History of retina! detachment or treatment or surgery for retinal 

detachment in the study eye. 14. Any hlstoiy of macular hoie of stage 2 and above in the study 

eye. 15. Any intraocu,ar or perlocu!ar surgery within 3 months of Day ·1 on the study eye, 

except lid surgery, which may not have taken place within 1 month of day 1, as long as it was 

uniikely to interfere with the injection. 16. Prior trabecuiectomy or other filtration surge!y in the 

study eye. 17. Uncontrolled glaucoma (defined as intraocular pressure greater than or equal to 

25 mm Hg despite treatment with anti-g!aucoma medication) in the study eye. 18. Active 

intraocu!ar inflammation in either eye. 19. Active ocular or periocular infection in either eye. 20. 

Any ocular or periocu!ar infection within the last 2 weeks prior to Screening in either eye. 21. 

Any histo!y of uveitis in either eye. 22. AcUve sc!eritis or episderitis in either eye. 23. Presence 
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or history of sderomaiacia in either eye. 24. Aphakia or pseudophakla with absence of 

posterior capsule (unless it occurred as a result of a yttrium aluminum garnet fYAGJ posterior 

capsu!otomy) in the study eye, 25. Previous therapeutic radiation in the region of the study eye. 

26. History of cornea! transplant or cornea! dystrophy in the study eye, 27, Significant media 

opacities, including cataract, in the study eye which might interfere with visual acuity, 

assessment of safety, or fund us photography. 28. Any concurrent intraocuiar condition in the 

study eye (e.g. cataract) that, in the opinion of the investigator, could require either medical or 

surgical intervention during the 96 week study period. 29. Any concurrent ocular condition in 

the study eye which, in the opinion of the investigator, could either increase the risk to the 

subject beyond what is to be expected from standard procedures of lntraocu!ar injection, or 

which otherwise may interfere with the injection procedure or with evaluation of efficacy or 

safety. 30. History of other disease, metabolic dysfunction, physical examination finding, or 

clinical laboratory finding giving reasonable suspicion of a disease or condition that 

contraindicates the use of an investigatlonal drug or that might affect interpretation of the results 

of the study or render the subject at high risk for treatment complications. 31. Participation as a 

subject in any clinical study within the 12 weeks prior to Day 1. 32. Any systemic or ocular 

treatment with an investigationai agent in the past 3 months prior to Day 1. 33, The use of long 

acting steroids, either systemica!!y or intraocu!ar!y, in the 6 months prior to day 1. 34, Any 

history of allergy to povidone iodine. 35. Known serious ai!ergy to the fluoresce!n sodium for 

injection in angiography. 36. Presence of any contraindications indicated in the FDA Approved 

!abel for ranibizumab (Lucentis®). 37. Females •Nho were pregnant, breastfeeding, or of 

childbearing potentiai, unwii!ing to practice adequate contraception throughout the study, 

Adequate contraceptive measures include oral contraceptives (stable use for 2 or more cycles 

prior to screening); IUD; Depo-.Provera®; Norplant® System implants; bilateral tubai ligation; 

vasectomy; condom or diaphragm plus either contraceptive sponge, foam or jei!y. 

[0051] Subjects were not allowed to receive any standard or investigationai agents for 

treatment of their AMO in the study eye other than their assigned study treatment with VEGFT 

or ranibizumab as specified in the protocol until they completed the Completion/Early 

Termination visit assessments. This includes medications administered locally (e.g., IVT, 

topical, juxtasdera! or periorbital routes), as well as those administered systemically with the 

intent of treating the study and/or fellow eye. 

[0052] The study procedures are summarized as fo!lows: 

[0053] Best Corrected Visual Acuity: Visual function of the study eye and the fellow eye were 

assessed using the ETORS protocol (The Early Treatment Diabetic Retinopathy Study Group) 

at 4 meters, Visual Acuity examiners were cert.1fied to ensure consistent measurement of 

BCVA The VA examiners were required to remain masked to treatment assignment 

[0054] Optical Coherence Tomoaraphy: Retinal and lesion characteristics were evaluated 

using OCT on the study eye. At the Screen Visit (Visit 1) images were captured and transmitted 
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for both eyes. Al! OCT images were captured using ti1e Zeiss Stratus OCT™ with software 

Version 3 or greater. OCT images were sent to an independent reading center where images 

were read by masked readers at visits where OCTs were required, AH OCTs were electronically 

archived at the site as part of the source documentation. A subset of OCT images were read. 

OCT technicians were required to be certified by the reading center to ensure consistency and 

quality in image acquisition. Adequate efforts were made to ensure that OCT technicians at the 

site remained masked to treatment assignment 

[0055] _ Fundus Photography and Fluorescein Angiography (FA): The anatomical state of the 

retinal vasculature of the study eye was evaluated by funduscopic examination, fundus 

photography and FA At the Screen Visit {Visit 1) funduscopic examination, fundus photography 

and FA were captured and transmitted for both eyes. Fundus and angiographic images were 

sent to an independent reading center where images were read by masked readers. The 

reading center confirmed subject eligibility based on angiographic criteria prior to randomization. 

AH FAs and fund us photographs were archived at the site as part of the source documentation. 

Photographers were required to be certified by the reading center to ensure consistency and 

quality in image acquisition. Adequate efforts were made to ensure that all photographers at 

the site remain masked to treatment assignment 

[0056] Vision-Related Quality of Life: Vision-related QOL was assessed using the National 

Eye Institute 25-ltem Visual Function Questionnaire (NEi VFQ-25) in the interviewer

administered format NEl VFQ-25 was administered by certified personnel at a contracted cail 

center. At the screening visit, the sites assisted the subject and initiated the first ca!! to the call 

center to collect all of the subject's contact information and to complete the first NE! VFQ-25 on 

the phone prior to randomization and !VT injection. For all subsequent visits, the call center 

called the subject on the phone, prior to !VT injection, to complete the questionnaire. 

[0057] lntraocular Pressure: lntraocu!ar pressure (!OP) of the study eye was measured using 

app!anation tonometry or Tonopen. The same method of IOP measurement was used in each 

subject throughout the study. 

[0058] 

C. Results Summary {52 Week Data} 

[0059] The primary endpoint (prevention of moderate or severe vision !oss as defined above) 

was met for a!! three VEGFT groups (2Q4, 0.5Q4 and 2Q8} in this study. The results from both 

studies are summarized in Table 1. 
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Table 1 
---· 

Ranibizumab VEGFT VEGFT VEGFT 
0.5 mg monthly 0.5 mg monthly 2 mg monthly 2 mg every 8 

(RQ4) (0.504) (204) weeks[al (2Q8) 

Maintenance of vision*(% patients losing <15 letters) at week 52 versus basefine 

Study 1 94-4% 95.9%** 95.1%** 
-----------

Study 2 94-4% 96.3%** 95.6%** 

Mean improvement in vision* (letters) at 52 weeks versus baseline (p-value vs RO4)**" 

Study 1 8, 1 6.9 (NS) 10.9 (p<0.01) 

Study 2 9.4 9-7 (NS) 7.6 (NS) 
,aJ , , 

Following three initial monthly aoses 
* Visual acuity was measured as the total number of letters read correctly on the Early 
Treatment Diabetic Retinopathy Study (ETDRS) eye Ghart. 

95.1%** 

95.6%** 

7.9 (NS) 

8.9 (NS 

** StaUstiGal!y non-inferior based on a non-inferiority margin of 10%, using confidence interval 
approach (95.1 % and 95% for Study 1 and Study 2, respectively} 
"** Test for superiority 
NS ~ non-significant 

[00601 In Study 1, patients receiving VEGFT 2mg monthly (2Q4) achieved a statistically 

significant greater mean improvement in visual acuity at week 52 versus baseline (secondary 

endpoint), compared to ranibiz:umab 0.5mg monthly (RQ4); patients receiving VEGFT 2mg 

monthly on average gained 10.9 letters, compared to a mean 8.1 letter gain wlth ranibizumab 

0.5mg dosed every month (p<0.01 ). AH other dose groups of VEGFT in Study -1 and all dose 

groups in Study 2 were not statistically different from ranibizumab in this secondary endpoint 

[0061] A generally favorable safety profile was observed for both VEGFT and ranibizumab. 

The incidence of ocular treatment emergent adverse events was balanced across a!! four 

treatrnent groups in both studies, with the most frequent events associated with the injection 

procedure, the undedying disease, and/or the aging process. The most frequent ocular 

adverse events were conjunctiva! hemorrhage, macuiar degeneration, eye pain, retinal 

hemorrhage, and vitreous floaters. The most frequent serious non-ocular adverse events were 

typical of those reported in this elderly population who receive intravitreai treatment for wet 

AMD; the most frequently reported events were falls, pneumonia, myocardial infarction, atrial 

fibrillation, breast cancer, and acute coronary syndrome. There were no notable differences 

among the study arms. 

Example 5: Phase n Clinical Trial of VEGFT in Subjects with Diabetic Macu!ar Edema 
{DME} 

[0062J In this study, 221 patients with clinically significant DME with central macuiar 

involvement were randomized, and 219 patients were treated with balanced distribution over 

five groups. The control group received macular laser therapy at baseline, and patients were 

e!igib!e for repeat laser treatments, but no more frequently than at 16 week inter✓.:1!s. The 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 203



WO 2012/097019 PCT/US2012/020855 

remaining four groups received VEG FT by intravitrea! injection as fo!lows: Two groups received 

0.5 or 2 mg of VEGFT once every four weeks throughout the 12--month dosing period (0.5O4 

and 2Q4, respectively). Two groups received three initial doses of 2 mg VEGFT once every 

four weeks (i.e., at baseline, and weeks 4 and 8), followed through week 52 by either once 

every 8 weeks dosing (208) or as needed dosing with very strict repeat dosing criteria (PRN). 

Mean gains in visual acuity versus baseHne were as shown in Table 2: 

Tab!e 2 

Mean change in visual acuity 
at week 24 versus baseline 

n (letters) 

Laser 44 2.5 

VEGFT0.5 mg 44 8.6.;.'* 
monthly (0-504) 

VEGFT 2 mg monthly 44 11.4** 
(204) 

VEGFT 2 mg every 8 
42 8.5"* weeks1ai (2Q8) 

VEGFT 2 mg as 
45 10.3** neededlaJ (PRN} 

taJ •• f ~ ,:ti •·· .... f Followmg ,hie~, m1t1a, monthly cosf3S 
** p < 0.01 versus laser 

Mean change in vlsuai acuity 
at week 52 versus baseline 

(letters) 

-i c3 

11.0** 

13.1 ** 

9.7** 

12.0** 

[0063] In this study, the visual acuity gains achieved with VEGFT administration at week 24 

were maintained or numerically improved up to completion of the study at week 52 in all VEG FT 

study groups, induding 2 mg dosed every other month 

[00641 As demonstrated in the foregoing Examples, the administration of VEGFT to patients 

suffering from angiogenic eye disorders (e.g., AMO and DME) at a frequency of once every 8 

weeks, following a single initial dose and two secondary doses administered four weeks apart, 

resulted in significant prevention of moderate or severe vision loss or improvements in visual 

acuity, 

Example 6: A Randomized, Muiticenter, Doubh~~Masked Trial in Treatment Naive Patients 
with Macular Edema Secondary to CRVO 

[0065] In this randomized, double-masked, Phase 3 study, patients received 6 monthly 

inj(';ctions of either 2 mg intravitrea! VEGFT (114 patients) or sham injections (73 patients), 

From Week 24 to Week 52, ali patients received 2 mg VEGFT as-needed (PRN) according to 

retreatment criteria. Thus, "sham-treated patients" means patients who received sham injections 

once every four weeks from Week 0 through Week 20, followed by intravitreai VEGFT as 

needed from Week 24 through Week 52. "VEGFT-treated patients" means patients who 

received VEG FT intravitreal injections once every four weeks from Week 0 through Week 20, 

followed by lntravitreai VEGFT as needed from VVeek 24 through VVeek 52. The primary 
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endpoint was the proprniion of patients who gained ~15 ETDRS letters from baseline at Week 

24. Secondary visual, anatomic, and Quality of Life NE! VFQ-25 outcomes at Weeks 24 and 52 

were also eva,uated. 

[00661 At Week 24, 56.1 % of VEG FT-treated patients gained ?::15 ETDRS letters from 

baseline vs 12,3% of sham-treated patients {P<0.0001}. Simi!ariy, at Week 52, 55.3% of 

VEG FT-treated patients gained 2?;15 letters vs 30.1 % of sham-treated patients (P<0.01 ). At 

Week 52, VEGFT-treated patients gained a mean of 16.2 letters vs 3.8 letters for sham--treated 

patients (P<0.001). Mean number of injections was 2.7 for VEGFT-treated patients vs 3.9 for 

sham-treated patients. Mean change in centrai retina! thickness was -413.0 µm for VEGFT

treated patients vs -381.8 µm for sham-treated patients. The proportion of paHents with ocular 

neovascularlzation at Week 24 were 0% for VEGFT-treated patients and 6,8% for sham--treated 

patients, respectively; at Week 52 after receiving VEGFT PRN, proportions were 0% and 6,8% 

for VEGFT-treated and sham-treated. At Week 24, the mean change from baseline in the VFQ-

25 total score was 7.2 vs 0.7 for the VEGFT-treated and sham-treated groups; at Week 52, the 

scores were 7.5 vs 5.1 for the VEGFT-treated and sham-treated groups. 

[0067} This Example confirms that dosing monthly with 2 mg lntravitrea! VEGFT injection 

resuited in a statistically significant improvement in visual acuity at Week 24 that was 

maintained through Week 52 with PRN dosing compared wHh sham PRN treatment VEGFT 

was generally well tolerated and had a generally favorable safety profile. 

SEQUENCES 

[0068] SEQ ID N0:1 {DNA sequence having ·1377 nucleotides): 

ATGGTCAGCTACTGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTCTGCTTCTC 

ACAGGATCTAGTTCCGGAAGTGATACCGGTAGACCTTTCGTAGAGATGTACAGTGAAATCC 

CCGMATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCAC 

CTAACATCACTGTTACTTTAMAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGC 

ATAATCTGGGACAGTAGAAAGGGCTTCATCATATCAAATGCAACGTACA~AGAAATAGGGC 

TTCTGACCTGTGAAGCAACAGTCAATGGGCATTTGTATAAGACAMCTATCTCACACATCGA 

CAAACCAATACAATCATAGATGTGGTTCTGAGTCCGTCTCATGGMTTGMCTATCTGTTGG 

AGAAAAGCTTGTCTTAAATTGTACAGCAAGAACTGAACT,4.AATGTGGGGATTGACTTCAACT 

GGGMTACCCTTCTTCGAAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCA 

GTCTGGGAGTGAGATGAAGAAA TTTTTGAGCACCTTAACTATAGATGGTGT A/\CCCGGAGT 

GACCAAGGATTGT AC.ACCTGTGCAGCATCCAGTGGGCTGATGACCAAGAAGAACAGCACA 

TTTGTCAGGGTCCATGAAAAGGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGM 

CTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATC 

TCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGT 

CAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC,AAGACAAAGCCGCGGG 

AGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT 
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GGCTGMTGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCG 

AGMAACCATCTCCMAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCC 

CATCCCGGGATGAGCTGACCAAGMCCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCT 

ATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG 

ACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCrrCCTCT ACAGCAAGCTCACCGTG 

GACMGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG 

CACi\ACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT AAA TGA 

[0069] SEQ ID NO:2 {polypeptide sequence having 458 amino acids): 

MVSYWDTGVLLCALLSCLLL TGSSSGSDTGRPFVEMYSE!PE!IHMTEGRELVIPCRVTSPN!TV 

TLKKFPLDTUPDGKRIIWDSRKGF!!SNATYKE!GLLTCEATVNGHL YKTNYL THRQTNT!!DWLS 

PSHGIELSVGEKL VLNCTARTELNVGIDFNWEYPSSKHQHKKL VNRDLKTQSGSEMKKFLSTL T 

IDGVTRSDQGL YTCMSSGLMTKKNSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPi<D 

TLM!SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWSVL TVLHQD 

WLNGKEYKCKVSNKALPAP!EKT!SKAKGOPREPQVYTLPPSRDEL TKNQVSLTCLVKGFYPSD 

!AVEWESNGQPENNYKTTPPVLDSDGSFFL YSKL TVDKSRWQQGNVFSCSVMHEALHNHYTQ 

KSLSLSPGK 

[0070] The present invention is not to be limited in scope by the specific embodiments 

described herein. Indeed, various modifications of the invention in addition to those described 

herein will become apparent to those skilled in the art from the foregoing description and the 

accompanying figures. Such modifications are intended to fal! within the scope of the appended 

claims. 
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·1, A method for treating an angiogenic eye disorder in a patient, said method 

comprising sequentially administering to the patient a single initial dose of a VEGF antagonist, 

fo!!owed by one or more secondary doses of the VEGF antagonist, followed by one or more 

tertiary doses of the VEGF antagonist; 

wherein each secondary dose is administered 2 to 4 weeks after the immediately 

preceding dose; and 

wherein each tertiary dose is administered at least 8 weeks after the immediately 

preceding dose. 

2. The method of claim 1, wherein only a single secondary dose is administered to 

the patient, and wherein the single secondary dose is administered 4 weeks after the initial dose 

of the VEGF antagonist 

3. The method of daim 1, wherein only two secondary doses are administered to the 

patient, and wherein each secondary dose is administered 4 weeks after the immediately 

preceding dose. 

4. The method of claim 3, wherein each tertiary dose is administered 8 weeks after 

the immediately preceding dose. 

5. The method of claim 1, wherein at least 5 tertiary doses of the VEGF antagonist 

are administered to the patient, and wherein the first four tertiary doses are administered 8 

weeks after the immediately preceding dose, and wherein each subsequent tertiary dose is 

administered 8 or 12 weeks aftEH" the immediately preceding dose. 

6. The method of daim 1, wherein the angiogenic eye disorder is selected from the 

group consisting of: age related macuiar degeneration, diabetic retinopathy, diabetic macu!ar 

edema, central retina! vein occlusion and corneal neovaseu!arization. 

7, The method of daim 6, wherein the angiogenic eye disorder is age related 

macuiar degeneration. 

8, The method of claim 1, wherein the VEGF antagonist is an anti-VEGF antibody or 

fragment thereof, an anti-VEGF receptor antibody or fragment thereof, or a VEGF receptor

based chimeric molecule. 

9, The method of clalm 8, wherein the VEGF antagonist is a VEGF receptor-based 

chimeric moiecule. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 207



WO 2012/097019 PCT/US2012/020855 

10. The method of claim 9, wherein the VEGF receptor-based chimeric molecule 

comprises VEGFR1 R2--Fc~C1 (a) encoded by the nucleic acid sequence of SEQ ID NO: i. 

11. The method of claim 9, wherein the VEGF receptor-based chimeric molecule 

comprises ( 1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ 10 N0:2; (2) a 

VEGFR2 component comprising amino acids 130--231 of SEQ ID NO:2; and (3) a 

rnu!timerization component comprising amino acids 232-457 of SEQ ID NO:2. 

12. The method of claim i, wherein all doses of the VEGF antagonist are 

administered to the patient by topical administration or by intraocular administration. 

13. The method of claim 12, wherein all doses of t11e VEGF antagonist are 

administered to the patient by intraocu!ar administration. 

14. The method of claim i 3, wherein the intraocular administration is intravitreal 

administration. 

15. The method of claim 11, wherein a!! doses of the VEGF antagonist are 

administered to the patient by topical adminlstration or by intraocu!ar administration, 

16. The method of claim 15, wherein all doses of the VEGF antagonist are 

administered to the patient by intraocular administration. 

17. The method of claim 16, wherein the intraocu!ar administration is intravitreal 

administration, 

18. The method of claim 17, wherein aH doses of the VEGF antagonist comprise from 

about 0.5 mg to about 2 mg of the VEGF antagonist. 

19. The method of claim 18, wherein ail doses of the VEGF antagonist comprise 0.5 

mg of the VEGF antagonist. 

20. The meH1od of daim 18, wherein all doses of the VEGF antagonist comprise 2 mg 

of the VEGF antagonist 

21 A VEGF antagonist for use in a method of treating an anglogenic eye disorder in a 

patient, wherein the method comprises sequentially administering to the patient a single initial 

dose of a VEGF antagonist, followed by one or more secondary doses of the VEGF antagonist. 

followed by one or more tertlary doses of the VEGF antagonist; 

wherein each secondary dose is administered 2 to 4 weeks after the immediately 

preceding dose; and 
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wherein each tertiary dose is administered at least 8 weeks after the immediateiy 

preceding dose. 

22. The VEGF antagonist of claim 21, wherein only a single secondary dose is 

administered to the patient, and wherein the single secondary dose is administered 4 weeks 

after the initial dose of the VEGF antagonist. 

23. The VEGF antagonist of claim 21, wherein only two secondary doses are 

administered to the patient, and wherein each secondary dose is administered 4 weeks after the 

immediately preceding dose. 

24. The VEGF antagonist of any one of claims 21 to 23, wherein each tertiary dose is 

administered 8 wer-;ks after the immediately preceding dose. 

25. The VEGF antagonist of any one of claims 21 to 23, wherein at ,east 5 tertiary 

doses of the VEGF antagonist are administered to the patient, and wherein the first four tertiary 

doses are administered 8 weeks after the immediately preceding dose, and wherein each 

subsequent tertiary dose is administered 8 or 12 weeks after the immediately preceding dose. 

26. The VEGF antagonist of any one of claims 21 to 25, wherein the angiogenic eye 

disorder is selected from the group consisting of: age related macular degeneration, diabetic 

mtinopathy, diabetic macu!ar edema, central retinal vein occlusion and corneal 

neovascu!arization. 

27. The VEGF antagonist of claim 26, wherein the angiogenic eye disorder is age 

related macu!ar degeneraUon. 

28. The VEGF antagonist of any one of claims 21 to 27, wherein the VEGF antagonist 

is an anti-VEGF antibody or fragment thereof, an anti-VEGF receptor antibody or fragment 

thereof, or a VEGF receptor-based chimeric molecule. 

29. The VEGF antagonist of claim 28, wherein the VEGF antagonist is a VEGF 

receptor-based chimeric molecule. 

30. The VEGF antagonist of claim 29, wherein the VEGF receptor-based chimeric 

molecule comprlses VEGFR1 R2-Fct.i.C 1 (a) encoded by the nucleic acid sequence of SEQ ID 

NO:1. 

31. The VEGF antagonist of claim 29, wherein the VEGF receptor-based chimeric 

molecule comprises (1) a VEGFR1 component cornprlsing amino acids 27 to 129 of SEQ iD 

NO:2; (2) a VEGFR2 component comprising amino acids 130-231 of SEQ lD NO:2; and (3) a 

mu!timerization component comprising amino acids 232-457 of SEQ ID N0:2, 
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32. The VEGF antagonist of any one of claims 21 to 31, wherein all doses of the 

VEGF antagonist are administered to the patient by topical administration or by intraocular 

administration. 

33. The VEGF antagonist of claim 32, wherein al! doses of the VEGF antagonist are 

administered to the patient by intraocuiar administration. 

34 The VEGF antagonist of claim 33, wherein the intraocular administration is 

intravitrea! administration. 

35. The VEGF antagonist of claim 34, wherein ail doses of the VEGF antagonist 

comprise from about 0.5 mg to about 2 mg of the VEGF antagonist. 

36. The VEGF antagonist of claim 35, wherein a!! doses of the VEGF antagonist 

comprise 0.5 mg of the VEGF antagonist 

37. The VEGF antagonist of claim 35, wherein ail doses of the VEGF antagonist 

comprise 2 mg of the VEGF antagonist. 
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PERSPECTIVE 

Aflibercept for Age-Related Macular Degeneration: 
A Game-Changer or Quiet Addition? 

DAVID j. BROWNING, PETER K. KAISER, PHILIP j. ROSENH~tD, AND MICHAH W. STEWART 

• PURPOSE: To describe the pharmacokinetics, preclini
cal studies, and clinical trials of the newly approved 
anti-vascular endothdiai growth factor (VEGF) drug 
aflibercept {Eylea (VEGF Trap-Eye); Regenernn; and 
Bayer). 
• DESIGN, Review with editorial commentary. 
• METHODS, A review of the medical literature and 
pertinent Internet postings combined with ,malysi;; of key 
studies ,vith expert opinion regarding the use of afliber
cept for the treatment of exudative age-related macular 
degeneration. 
• RESULTS: Aflibercept, a fusion protein with binding 
domains from native VEGF receptors, binds VEGF-A, 
VEGF-B, and placental growth factors l and 2 with high 
affinity. Predinical ophthalmologic studies demonstrated 
that aflibercept suppresses choroidal neovascularization 
in several animal models. The results of phase 1 and 2 
trials showed excellent short-term suppression of choroi
dal neovascuiarizatlon in patients with exudative age
related macular degeneration and suggested a longer 
durability of atlibercepi: compared ,vith other anti-VEGF 
drugs. The pivotal phase 3 Vascular Endothelial Growth 
Factor (VEGF) Trap-Eye: Investigation of Efficacy and 
Safety in ¼'et Age-Related f\..facular Degeneration l and 
2 trials showed that monthly and bimonthly aflibercept 
were noninferior to monthly ranibizumab at preventing 
vision loss ( < 15-letter loss) with comparable vision 
gains and safety. Year 2 treatment involved monthly pro 
re nata injections with required injections every 3 
months and maintained vision gains from the first year, 
with an average of 4.2 injections of aflihercept and 4.7 
injections of ranibizumab. 
• CONCLUSIONS: Aflibercept promises to deliver excel
lent visual outcomes for exudative age-related macular 
degeneration patients whHe undergoing fewer injections 
compared with ranibizumah. 'With a wholesale cost of 
$1850 per dose, the cost per patient with aflibercept 

Acce.pted for pubhrntion Apr 17, 2l112. 

~~,~:1':\~~,;~j\i~~::rl(~~~JJ;)~,, ~;:~, s::1:~ 1~~ ~~~~;:~,t:~ss~;;~~=;~:~h~;i?;,~~: 
C:leveland, ()hio (P.K.K.); the Bascom l\1hner Eye Institute, lv1iiler 
School cif tv1edkine, 1'v1iarr.iii Mc\rida (P.J.R.); and the C::oUege of :\1edi~ 
cine, ~1ayo Clinic, Jacksonvillei florida (Nl.W.S"). 

Inquiries re, ]'v11ehael W. Ste'N3rt, Department of Ophthalmology, 
C~Dllege, of t'ledicine, Jvtayo C]inic, 4.SCC, San Po.bl,:_; Road~ Jacksonville, 
FL 32224; e~rnaiL c:t•_-c\v2.rt.rL:.ic:had:.J,tI1~_;,_:;::_·, t~dL; 

treatment prom.ises to be lower than with ranibizumab. 
(Am J Ophthalmol 2012;154:222-226. © 2012 by 
Elsevier Inc. All righ1s reserved.) 

T 
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the actions of vascular endorhelial growth factor 
{VEGF) has revolutionized the rrearmenr of exuda

tive age--reiated macular degeneration (Atv1D). Current 
anti-VEGF drugs bind to YEGF in the extracellular space 
and prevent its activation of transmembrane YEGF recep
tors. Bet\veen 2004 8nd 2006, 3 anti--VE(;F drugs were 
introduced to ophthalmology either afrer receiving regula
tory approval for the treatment of AJ\AD or being used in 
an off-label manner. They exhibit important differences in 
1heir sires of acrivity, formulation methods, binding affin
iries, and biologic acttv1t1e,. Pegaptanib (Macugen; 
Eyetech, Ne\v York, New York, USA) is a ribonucleic acid 
apramer that blocks the main pathologic isoform of VEGF 
(VEGF 165 ) attaching to its heparin binding domain, 
whereas ranibizurnab (Lucentis; Novartis, Basel, Switzer
land; Genenrech, South San Francisco, California, USA; 
and Roche, Basel, Switzerland) and bevacizumab (Avastin; 
(3enentech and Roche) are, respectively, an affi.nity
m.atured, humanized, monodonal antibody fragmenr and a 
full-length, humanized, monoclonal antibody to VEGF. 
Both work by blocking the receptor binding domain of ali 
isoforms of YEGF-A. 1 

Now, 1nore than 5 years later, the next anti-YE(3F drug, 
atlibercept (Eylea; Regeneron, Tarrytown, Ne,v York, 
USA, and Bayer, Berlin, Germany) has been approved by 
the United States Food and Drug Administration. This 
soluble decoy receptor is produced by fusing all-human 
DNi\ sequences of the second immunoglobulin (Ig) do
rnain of burnan VEGF receptor (VEGFR) 1 to the third lg 
domain of human VEGFR-2, which then is fused to the Fe 
region of human IgG-1. 2 ,Aflibercept binds to aH YEGf.-A 
and VEGF-B is,)forrns, as well as ;he highly related 
placental growth factor. Aflibercepr is produced in a 
Chinese hamster ovary cell line, and then is specially 
purified and formulated exclusively for intraocuhr injec
tion. 

When developing aflibercept, investigawrs noted that 
rnost of the vasoproliferative and hn1erpermeability effects 
of VEGF are mediated by activation of VEGFR-2, yet 

222 (~) 2012 BY ELSEVIER !~,C. ALL RIGHTS RESERVED. 0002-939•1/$36.00 
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VEGFK-1 actually binds ro VEC3F-A with a much bigher 
affinity (Kd = 10 to 20 pM vs Kd = 100 to 300 p:vl.; binding 
affinity is inversely proportional to Kcl)- Therefore, inves
tigators initially created a parent VEGF Trap with 3 
binding domains from rhe high-affinity VEGFR-1 fused ro 
the Fe region of IgG 1. Although this molecule bound 
VEGF tightly, it exbibired unfavorable pharmacokinetic 
characteristics as a result of rapid sequestration within the 
intercellular matrix. By substituting the more basic binding 
sequences from VEGFR-2, Regeneron developed a high
affiniry (Kd = 0.5 pM) soluble receptor r:nolecule ihai 
exhibited minimal binding to the extracellular matrix. 2 

This gives atlibercept a significantly higher binding affinity 
to VEGF165 than either bevacizumab (Kd = 58 pM) or 
ranibizurnab (Kd = 46 p1V1).3 The inrravitreal half-life of 
aflibercept is 4.7 days 1,..., rabbits (Regeneron, data on file), 
comparable with that of bevacizumab (4.32 days), but 
longer than that of ranibizumab {2.88 days). Although 
pharmacokinetk srndies have not been performed i_n 
human eyes, the molecular size of atlibercept ( 115 kDa) 
would suggest that its intraocular half-life would more 
closely resemble bevacizumab ( 149 kDa; human half-life, 
8.24 days) than the smaller ranibizumab (48 kT)a)_'f 

The predicted biological activity of a therapeutic mac
rornolecule depends to a large degree on both its intraoc-
ular half-life and its VEGF binding affinity, 5 The binding 
affinity of aflihercept to VEGF--A is substantially grearer 
than any of the other 3 anti-VECiF drugs, but recent 
biological assays witb ailibercept, ranibizurnab, and bevaci-
zumab report that the relative inhibition of both endothe
lial cell proliferation and migration ranges from 1 X to 
l00X.''6 The reason for this wide variation in inhibitorv 
effects is unknown, but the use of different reagent con-
centrations has been suggested. 5 Based on these data and 
estimated intraocular drug half-lives, mathematical mod
eling predicts that a single intravitreal injection of afliber-· 
cept 2 n,g would last bet\veen 48 and 83 days (compared 
with 30 days for ranibizumab).5 

PRECLINICAL AND ONCOLOGY TRIALS 

THE DEVELOPMENT OF OUR CURREJ'-:TLY USED ANTJ-VEGF 

drugs was based on a different long-term therapeutic 
strategy. ~Wl1ereas bevacizun1ab \vas developed \Vith_ a k,ng 
systemic residence time exclusively for the systemic treat
ment o{ advanced cancers, ranibizmnab was designed to 
have a short systemic clearance half-life by removing the 
Fe fragment from the parent IgG molecule, and its affini.ry 
for VEGF was enhanced by changing 5 of its amino acids, 
thereby optimizing it for the intraocular trearmem of 
exudative ocular diseases. Additionally, creating a mole
cule smaller than the retinal exclusion limit (76 kDa) ,vas 
believed to be necessary to penetrate the inner retina. 
Ailibercept, however, was developed to treat both ad
vanced solid tumors and ophthalmic vascular conditions. 

Afhbercept has decreased tumor growth successfully in 
several orthotopic mouse models: ovarian carcinoma, 
hepatoblastoma, cholangiocarcinonn, pancreatic ducral 
carcinoma, Wilm,s tumor, renal cell carcinoma, and glio
blastoma.7 Suppression of experimental neuroblastoma 
growth by anti-VEGF agents was achieved with the fol
lowing relative efficacies: aflibercept > monoclonal anti
body > aptamer to VEGF165 .

8 

Phase i and 2 oncologic studies evaluated escalating 
doses of at1ibercept in patients with chemotherapy-resis
tam renal cell carcinoma, Hodgkin lymphom.a, glioblas
toma, and anaplastic glioma. In a phase 3 trial of patients 
with advanced adenoc;ircinoma of ihe colon, intrave
nously administered at1ibercept (Zaltrap; Regeneron and 
Sanof, Aventis, Bridgewater, Ne\v Jersey, USA) extended 
progression-free survival from 4.7 to 6.9 months (P = 
.00007) and overall survival from 12.l to 13.5 months 
(P = .0032)." 

In ocular preclinical srudies, aflibercept demomtrated in 
vivo activity against several murine models of choroidal 
neovasculariz.ation (CN\i). It prevented the development 
of CNV after intense laser photocoagulation to the retinal 
pigrnent epirheliurn, inhibited the developrnent of CNV in 
VEGF-secreting transgenic mice, and prevented the devel
opment of CNV in mice receiving exogenous VEGF. 10 

This favorable response in part was the result of decreases 
in both intercellular adhesion rnolecule-1 and endothelial 
nitric oxide synthetase synthesis within the CNV. 11 After 
marrigel-induced CNV in rats, aflibercept injecri,Jns at 2 
and 6 days prevented the development of CNV, whereas 
injections ar l O clays decreased collagen synrhesis and 
leukocyte infiltration, 1' Prolonged, high-dose aflibercept 
therapy causes loss of both endothelial cells and pericytes, 
thereby reducing vessels to basement membrane ghosts_ u 
These successful preclinical studies _justified the develop
ment of aflibercept trials for the treatment of exudative 
AMD in humans. 

OPHTHALMOLOGY TRIALS 

BASED ON A PLAUSIBLE BIOLOGIC RATIONALE FOR SUS

pected efficacy and an acceptable safety profile in preclin
ical animal studies, aflibercept first \Vas administered 
intravenously to patients with neovascuhr A!V1D in a 
placebo-controlled clinical triaL 1' In 2 of the 5 patients 
receiving 3.0 mg/kg aflibercept, systemic toxicity devel
oped ( 1 patient had grade 2 proteinuria and 1 patient had 
grade 4 hypertension). A subsequent phase 1 study of 
intravitreal aflibercept showed that up to 4-mg dosing 
decreased macular ederna and subretinal fluid for at least 6 
weeks and was tolerated well with no ocular inflamma
tion.1 '' A phase 2 clinical trial of i 59 patients explored 5 
different aflibercept dosing regimens with a primary out
come at 12 weeks: 0.5 mg every 4 weeks, 2 mg every 4 
Yveeks, 0.5 mg every 12 \veeks, 2 mg every 12 \veeks {thus, 
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Study/End Point 

VIEW 1/mainienance of VA {%) 

VIEW 2/maintenance of VA (o/D) 

VIEW "limean VA in-,provernent (letters) 

VIEW 2/mean VA irr,provement (letters} 

Afnbercept C.5 mg 

~..,icnU•ly 

95.9 

rm.3 
6.9 

9.7 

only l treatment before the primary outcome), and 4 mg 
every 12 ,veeks. At 12 weeks, quarterly dosing reduced 
macular thickening and improved best-corrected visual 
acuiry~ but 1nond1!y dosing \vas rnore effectt ve. 16 'l'b_e sarne 
group of patients subsequently was followed up monthly 
and was retreated pro re nata with their assigned dose 
based on the following criteria: central retinal or lesion 
thickness increased 100 µm or more frum be3t previous 
reading or best-corrected vision dropped 5 or more letters 
with recurrent fluid on optical coherence rornogrnphy if 
persistent fluid ,vas seen on optical coherence tomography 
or if there wa3 new CKV, per3istent leakage on Huorescei_n 
a11.gi.ography, or a ne\v r.nacular h_ernorrh .. age. ::_r Pro re r1.ata 

closing maintained rhe effirncy established in each of the 5 
groups during the first part of the trial. At 52 weeks of 
foH,)w-up, patients in the initial rnonthly closing regimens 
tended to l1ave improved \risual acuity outco1nes compared 
with those in the quarterly closing groups, regardless of the 
aflibercept dose, indicating the importance of loading dose 
before the less frequent dosing. 

Based on the results from these phase 1 and 2 studies, 2 
parallel phase 3 pivotal clinical trials were designed and 
conducted to establish the non.inferiority of 3 regimens of 
atlibercept compared with monthly rnnibizumab 0.5 mg. 
These trials were the Vascular Endotheiial Growth Factor 
{VEGF) Trap-Eve: Investigation of Efficacy and Safety in 
\Vet Age-Related Macular Degeneration Study l, a study 
,)f 1217 patient3 in the United States and Canada, and the 
Vascular Endothelial Growth Factor (VEGF) Trap-Eye: 
Investigation of Efficacy and Safety in \Vet Age-Related 
l'vfacular Degeneration Study 2, a study of_12,1Q patients in 
Europe, Asia, Japan, and Latin America. 1 ·' In both trials, 
patients were randomized l: 1: 1: l to 1 of 4 groups: ranibi
zurnab 0.5 mg given momhly, atlibercept 0.5 mg given 
monthly, aflibercept 2 mg given monthly, and aflibercept 2 
1Ii?; given rnond11y for 3 injections fo!lo\ved by continued 
injections every 2 months. The end point for both trials 
was at 52 weeks. The prl1nary outcome measure, termed 
mainrenance of vision, was the percentage of eyes losing 
fewer than 3 lines of visual acui!y on the Early Treatment 
Diabetic Retinopathy chart. A secondary visual acuity 

Af!;bercept 2 mg 

Monthly 

95.1 

95.6 
"10 ga 

7.6 

Af:ihe;cept :2 rng f3imonthly 

after 3 Monthly injecVons 

95.1 

95.6 
7,9 

8.9 

Ftanibizurnah 0.5 mg 

t,Aonthly 

94.4 

94.4 

8.1 

9.4 

outcome was mean improvement in visual acuity measured 
in number of additional letters read on rbe Early Treat
ment Diabetic Retinopathy chart compared wirh baseline. 

Both studies showed that all .3 rer::imens of aflibercept 
were non.inferior to the ranibizumab monthly regimen 
CLible). 0( greatest interest m clinicians was the afliber
cept arm featuring bimonthly injections after 3 monthly 
loading doses. This regimer, offers fev1er injections tor the 
patient, less risk of endophthalmitis, and no loss of efficacy 
at least through 5 2 1.veeks. 

The secondary outcomes ·,vere concordant ,vith the 
primary outcomes Cfrble). Both studies showed that all .3 
at1ibercept regimens ,vere associated with rnean visual 
acuity improvements and were noninferior to the ranibi
zumab monthly regimen. ' 2

" Ocular adverse events in both 
studies were balanced across the 4 treatment groups and 
were those commonly associated with intravitreal injec
tions f,)r exudative AMD: conjunctiva! hemorrhages, eye 
pain, and vitreous floaters. Systemic adverse events also 
were balanced across the groups and were those co1nn.1only 
found in elderly patients with exudative AMD: fails, 
p11eu1nonia, can_cer, and cardiovascular disease. '1l1ere \Vas 

no evidence to suggest that any arm was associated with an 
increased risk o{ d1rcnnboernb0Hc events such as stroke or 
myocardial infarction. 

In year 2 of both trials, patients in ail 4 groups were 
continued on the same drug and dosage to which they were 
originally randomized, but wiih a m,xlified frequency. Repeat 
injections were administered as frequently as every month if 
patients met prespeci.fiecl optical coherence tomography or 
visual acuity retreatment criteria, or both, but all patients 
were required to receive an injection once every 3 rnonths. In 
311. integrated analysis of both trials, patients initially receiv
ing aflibercepr 2 mg every 8 weeks, and those receiving 
ra..'"libizumab 0.5 mg eve1y 4 weeks maintained the vision 
gains reported at week 52 through week 96 ( +8.4 letters to 
+7.6 letters vs +8.7 letters to +7.9 letters, respectively). On 
average, patients in both grou1_Js req_uired reL1tiveJy (e,v 
injections during the second year (afl.ibercept, ·l2 injections; 
ranibizumab, 4.7 injections). rl11e proportion of patients that 
required 6 or more injections in the second year was higher in 
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the ranibtzumab grcup (26.5%,) compared with the afliber-
cept group (15.9%).1'~ 

DRUG AND TREAT1\1ENT REGIMENS 

IN 20J8, BE\i /\C-;JZLHv11\B \X! r'\S lJSED F()R 6096 C>F T}-JE r\NTI~ 

VEGF injections in Medicare-fee-for-sen,ice beneficiaries 
with exudative AMD. 20 In 2011, the Patterns and Trends 
Survey by the American Society of Retina Specialists 
reported that 70% of retina specialists used bevadzmnab 
compared with ranibizumab for exudative AMD. The 
preference for cff-label bevacizumab \Vas influenced by its 
low cost and the perception that its efficacy and safety were 
similar to ranibizumah, which was confirmed bv the 1-year 
results of the Comparison of Age-Related Macular Degen
eration Treatment Trials.2

" This L, in contrast to the use of 
ranibizumab, which was influenced by the clinical efficacy 
dernonstrated in its extensive phase J testing and its 
on- label status. In addition to the difference in cost 
between the 2 drugs, there are other financial incentives, 
such as volume discounts to high-using physicians and the 
accumulation of frequent flyer mdes for credit card pur
chases, and disincentives that can influence the use of one 
drug over the other in clinical practice.22 

Now that aflibercept is approved in the United States 
for exuchtive AMD, how will diniciam decide between 
these available ami-VEGF drugs and the different treat
ment regimens? Most likely, those clinicians using a given 
anti-VEGF therapy because of the financial incentives will 
continue using the same drug as their first-line treatment, 
at least in the short term. For those clinicians using 
ranibizurnab because it is the approved un-label treatment 
for exudative AMD, the use of aflibercept will begin 
cautiously for 2 reasons. First, clinicians need to be assured 
that lVfedicare \ViH reimburse aflibercept in a timely fash-· 
i,Jn, and second, retina specialists will want to gain some 
experience with aflibercept with selected patients, partic
ularly patients who have required frequent retreaunenr 
\vith_ ranibizurnab. If postapproval experier1ce co11-firms 
clinical trial evidence that aflibercept has a 1'Jnger duration 
of effect than ranibizurn.ab and tvfedicare reliably reim
burses atlihercept claims, then the use of aiHbercept in this 
population of patients should accelerate. For those clini
cians using bevacizumab because of its low cost, the 
transition to aflibercept will be slowed by its cost, which is 
,mly $100 less than ranibizumab but still $1800 more than 

be\raci=-:urnah~ Ho\vever, when cost is denorninated by tirne 
between injections, the total cost of at1ibercept treatment 
is not so near to that of ranibizurnab as the per-vial cost 
would suggest, and therefore adoption by cost-conscious 
clinicians rnay be foster than expected. l\1oreover, if 
at1ibercept proves to be more effective in reducing the need 
for rerreannenr, ihis will provide further impetus driving 
conversion of bevacizumab patients to aflibercept, because 
monthly bevacizurnab was the only regirnen shown to be 
equivalent to ranibizumab in the Comparison of Age
Rehtecl Macular Degeneration Treat1nent Trials. A{liber
cept already has received its Medicare J-code, and if we 
assume ihat its durability proves to be superior to current 
anti-VEGF therapies L.'1. treating exudative AMD patients, 
then we should assume that aflibercept would become the 
dominant on-label drug for the treatment of exudative 
AMD. 

Ir is unlikely that clinicians will adopt a treatment 
regimen that is significantly different from the current 
regimens used in clinical practice, 111.e 2011 Patterns and 
Trends Survey sho,ved that most clinicians used a treat
and-extend (60'-X,) or a treat-and-observe (32'}t) strategy, 
rather than the fixed treatment intervals used in the phase 
3 trials and Comparison of Age-Related Macular Degen
eration Treatment Trials. Althour::h the Vascular Endothe
lial Grmvth Factor (VEGF) Trap-Eye: Investigation of 
Efficacy and Safety in \Vet Af::e-Rebted Macular Degen
eration trials demonstrated noninferiority compared with 
monthly ranibizumab when afiibercept was given monthly 
for 3 doses followed by doses every 2 months, most 
clinicians likely will continue to customize their manage
ment strategy to reduce the number of visits and injections 
\Vitftout cornpron1ising visual acuiry out:cornes. 

Aflibercept is a useful addition to our treatment arma
rnen tariurn. Although visual acuity outcomes should be 
the same as monthly ranibizumab or bevacizumab, the 
patients could benefit by receiving fewer injections, and 
clinicians will benefit by seeing these patients less often. 
However, this decrease in the total number of visits and 
injections may be short lived. As new patients are diag
nosed v,rith exudative A!v1D and require treatment, the 
overall number of injections will once again increase. For 
the individual patient who requires fewer visits to the 
physician's office and fewer injections, aflibercept is defi
nitely a ga111e changer. For d1e cHrdcian, ir is onl;/ a 
temporary reprieve until even longer-acting therapies 
an·ive. 
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.A. Sub.retinal Matrigel Rat Choroidal Neovascularization 
(CNV) J\,iodel and In.hibition of CNV and Associated 
Inflam.tnation and Fibrosis by VEGF ;frap 

Jingtai Cao, 1 
-
2 Lian Zhao, 2 '

3 Yi wen Li, 1 Yang Liu, 1 Weihong Xiao, 1 Ying Song, 5 

Lingyu Luo, 4 Deqiang Huang, 4 George D. Yancopoulos, 1 Stanley J. Wiegand, 1 

and Rong lFen4 

PURPOSE. The exudative, or the wet form of age-,related macular 
degeneration (AMD) is characterized by choroidal neovascular
ization (CNV). A subretinal Matrigel (BD Biosciences, Bedford 
M_A_) model of CNV is described here, along with the effects of 
vascular endotbeli:!J growth factor (VEGF) neutralization on 
tbe development of CNV and associ:ited inflamrnation and 
fibrosis. 

METHODS. CNV ,vas induced in adult Sprague-Dawley rats by 
subretinal injection of Matrigd. CNV growth and associated 
leukocyte infiltration and collagen deposition ,vere examined. 
VEGF Trap (Regeneron Pharrnaceuticals, Tarrytov,·n, NY), a 
recombinant protein that comprises portions of the extracel
lular domains of VEGF receptors 1 and 2 and that binds al.1 
isoforms of VEGF-A as well as placental growth factor with 
high affinity, was administered subcutaneously. 

RESULTS. Initiation of C1'v was detected 4 days after Matrigel 
injection and then increased progressively in size. Systemic 
administration of VEGf Trap beginning on day 2 and 6 com
pletely prevented development of CNV. ~'hen CNV was al
lowed to develop for 10 days before treatment was initiated, 
VEGF Trap not only prevented its further progression, but also 
induced substantial regression of existing lesions. In addition, 
VEGF Tmp treatment reduced the total lesion volume and 
largely prevented the progressive leukocyte infiltr:,tion and 
fibrosis associated with CNV. 
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CoNunsm:-.s. The subretinal Matrigel Ci\.v model provides a 
convenient tool for the study of the diverse cornponents of 
complex Cl\:V lesions. The data not on.ly confirm tbe critical 
roles of VEGF in the development and mainten;mce of Ci\.v, 
but funher demonstrate that VEGF and other VEGF receptor 1 
ligands promote CKV-associated inflammation and fibrosis. 
(invest Opbtbalmol Vis Sci. 2010;51:61.l09-61.H7) DOl:10.1167/ 
iovs.09-4956 

A ge-related macular degeneration (AMD) is the leading 
.L'"1cause of in-eversible visual disability and blindness in the 
population over 65 years of age in North America and Europe. 
It affects 11 % of the population between 65 and 7 4 years of age 
and 28% of the population older than 74 years. 1 A more rapid 
and severe visual loss occurs in those with exudative, or wet. 
1\_[v1D in which new bJood vessel invasion from the choroid 
results in severe retinal edema and can ultimately destroy the 
architecture of the retina due to hemorrhage, retinal detach
ment, and disciform scar formation, leading to in-eversible loss 
of central vision. 

Although the pathogenesis of choroidal neovascularization 
(CNV) in AMD is not entirely clear, it is highly associated ,vith 
accumulation of abnormal extracellular deposits in the space 
between the retinal pigment epithelium (RPE) and Bmch's 
membrane, 2 ·

5 suggesting a role of these deposits in the devel
opment of Ci',.'\'. In addition, it is believed that the deposits 
provide a favorable microenvirorunent and space for nevv ves
sels to grow and ramifT, as they create a plane of least resis
tance. 5 Supporting this notion, recent studies have shown that 
artifici,,Hy created sub-RPE deposits are sufficient to induce the 
developrnem of CKV in rodents (\Ven R. et al. IOVS 2002;43: 
ARVO E-Abstracr 1297)6 and in rabbits. 7 

The critical role of VEGF, the major regulator of vasculo
genesis and angiogenesis, 8 in CNV is now clear.9-n VEGF 
immunoreactivity is found in CNV membranes removed from 
A:\.ID patients. 12

'
13 Blocking VEGF signaling by a variety of 

pharmacologic agents has been shown to effectively inhibit 
laser-induced CNV in experimental animals. 14

·'
5 and neutral

ization of VEGF has become standard in treating wet 
AMD.16-20 

In the present work, we further characterized the features 
of the Matrigel (BD Biosciences, franklin Lakes, NJ) model of 
CNV and show that it replicates several of tbe cardinal features 
of human AMD. The progressive nature of the C1'v in this 
model offers several advantages with respect to understanding 
the etiology of Cl's-V, as well as evaluating potential treatmenl.5, 
In addition, we confirmed that, as in the human disease, en
dogenous VEGF plays a critical role in the development and 
maintenance of C:f'·IV in the Matrigd model. 
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6o10 Cao et at 

MATERIALS AN]) 1\i:ETHOUS 

Animals and Sub.retinal Injections 

All animal procedures adhered to the ARVO Statement for the Cse of 
Animals in Ophthalmic and Vision Research. Adult Sprague-Dawley rats 
(2-", months old) were purchased from Harlan Laboratories (Indianap
olis. IN) or Taconic Fann (Germantown, N'{). Subretinal injections of 
J\fatdgel (growth factor-reduced synthetic matrix; BD Biosciences) 
were pedormed on the temporal side, as described6 Bliefly. rats ,vere 
anesthetized with ketamine (40 mg/kg. IP) and xylazine (6 mg/kg, IP). 
A 3:,-gauge needle '\Vas inserted bet~veen the lhnbus ar1d the equator to 
reach the subretinal space. A blunt 33--gauge needle attached to a 10-µ,L 
mic1·osyringe (Hamilton, Reno, >IV) was then introduced into the 

subretinal space, to inject L2 µ.1 of Matrigd, diluted 3:1 with phos
phate-buffered saline (PBS; 75% gel). 

Visualization of Blood VesseJs 

Blood vessels were labeled wkh DH. (1, 1 '<lioctadecyi-,'\,3,Y ,3' -tetra• 
methylindocarbocpnine percblornte; Signu,Aldrich, St. Louis, MO), as 

desclibed. 0
" The animals were euthanatized by CO2 inhalation and 

perfused with PBS, followed by the DH solution and 4'!{, parafornulde
hyde (in 0,J M phosphate buffer; pH 7.4) The eye cups were embed

ded in 5"1' agarose. Thick (100 1-<m) serial sections were cut on a soft 
tissue rnicrntorne (Vibratome model VTI000S. Leica Microsystems. 
Bannockburn, IL) and examined by confocal microscopy, Three-dimen
sional (3-D) reconstruction ,vas perfr:inned using software (AutoVisu

alize 3-D; AutoQuant Image, Inc, \vatervlkL NY). Alternatively, serial 
frozen sections (50 1-<m) were cut throug.'1 the area of the Matrigel 
deposit and exarnined by tluorescence 111.icroscopy 

Measurernent of Cl'.'V 

CNV area was calculated thrnugh the entire Matrigel area (fig. 1 ). The 
C N'V area of a section was calculated by multiplying the width (W~), the 
ma_-ximum measm·ement of CNV along the sclern. by the thickness of 
the section T1 (Ci =- TjW). The heigh_t of CNV, the n1axirnurn distance 
between Bruch's membrane and the front edge of CNV, was not 
included, since its variation was negligible. The thickness of each 
section (100 µm), T,, was the same for all sections as T. The entire C'.'-!V 
area of each eye (C) ,:vas calculated acco1·ding to the equation: 

Histologic Evaluation of Lesion Volume, 
Inflammation, and Fibrosis 

To study lesion volume, we fo,ed the eye cups in 4% paraformaldehyde 
and embedded tbem in opHmal cmting temperatm·e (OCT) compound 

(Miles Inc., Elkhart, IN). Serial cryosections of 50 p,rr1 were cut through 
the entire Matrigel area. The area of the lesion in every third sectlon 
w:1.s n1easu:rt~d a.s the area ber.vveen_ photoreceptors ~nd the chodocap
illaris. The total lesion volume was calculated ii,i:ng the Cavalieri 
methoct.22 BJiefJy, the lesion area in each section "-,.-as measuref.1, and 

the total volume (V) of the CNV lesion in each eye was calculated by 
multiplying the sum of the areas in all sections (,4) by the sum of the 
stepped thicknesses of the sections ('I'). 

For immunofluorescence staining, cryosections of 10 1-<m were 
fixed in acetone at ---20"C for 10 minutes, then. incubated with Cy5-
conjugated monoclonal anti-mouse CD45 antibody (BD PharMingen, 
San_ Diego, CA), Cy3-conjugated monoclonal anti-vimemin antibody 

(Sigma-Aldlich), Cv3-conjugated rnonodon?J anti-GFAP antibody 
(Sigma-Aldrich), or Cy3-conjugated anti--a smooth muscle actin (aSMA) 

antibody (Sigtna-AJdrich) for 1 :hour at roo1n ternperature. Cell nuclei 
were counterstained with 4 ', 6'--diamino-2-phenylindok (DAPl; Invitro
gen, Carlsbad, CA) and examined by fluorescence microscopy. 

A 

B 
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FIGlJRE 1.. Sc.herr1atic illu.stration of n1easuretneut and calculation of 
CNV area. (A) Serial microtome sections (thickness '( = l 00 µ.m) that 
cover the M,,trigel area (shaded); (B) an individual section. The width 
of CNV area in a section, W;, was the maximum measurement of CNV 
along the sclera (A, Il). The CNV area of the section ( C;) was calcufated 
~tccording to the eq1.1ation: ~-:- :..c..: Ti\r·t· The entire CNV area of each_ eye 
(C) was calculated as the sum of all sections containing CNV. 

To examine cell infiltration and collagen deposition, we stained 
alternate series of cryosections of 10 µ,m 1,vith hetnatoxylin and eosin 
or i\'1.asson:s tdchron1e. 

Sen1iq-uantitative scoring vvas used to analyze differences between 
experimental groups in irrununofluorescence and Masson's tlichrome
stained sections. The intensity and extent of specific staining in the 
Matrigel lesion "vas assessed by two masked observers antl scored on 
a semiquantitative scale, with score of0 for no visible staining and 1 for 
weak, 2 for mild, 3 for moderate, 4 for stron.g, 5 for very strong, and 6 
for most intense staining. 

Statistical Analysis 

The results we;-,, ,rnalyzed by Student's !-test. one-way ANOVA, or 
K,--uskal-~'allis test, followed by the Tu.s::ey or Dunn post hoc multiple 
analyses fo, comparisons between different groups (Gra_phPad Prism: 
ver. 5.0a; GraphPad Software Inc., Sar1. Diego, CA). Data are expressed 
as the mea.,,, :+:: SD. 

RESlJLTS 

Inhibition of CNV Development by VEGF Tt·ap 

i\ngiogenic sproming was detected as eady as 4 days after 
Matrigel injection (data not shown), Extensive neovascular 
networks from the choriocapillaris had developed in the Ma
trigel area by 10 days in all eyes (Fig. 2A). Jn contrast, subretinal 
injection of sodium hyaluronate (1.2 µL 10 mg/mL) resulted in 
local retinal detachment, but only rarely in the appearance of 
small Cf\V, confined to the area immediately adjacent to the 
break in Bruch's membr-ane (Fig. 2B). These results indicate 
that the deposition of ECM, in conjunction with the disruption 
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F1GURE 2. Induction of CNV by subretinal Matngd. A confocal image 
showing blood vessels (DH, red) of a section (100-µm-thick) from an_ 
eye injected with Matrigel and huvested 10 days later is superimposed 
on a DIC (differentlal imerference contrast) image of the same section 
(A) to show CNV in the Marrigei area (M), as well as cbornidal and 
retinal vascuJaturc relative to the structure of the eye~ including sc]era 
(S), choroids (01). and retina (R). (R) 3-D reconstructed image of blood 
vessels in this section (arrowheads. CNV). fn the eye injected wirll 
sodium hyaluronate (H in C), CNV developed infrequently and only 
within a small area immediately adjacent to the break in Bruch's 
membrane (C). (D) A 3-D reconstructed image of blood vessels in the 
same section (arrowbead.s, CNV). An extensive retinal detachment 
was induced by sodium hyaluronate (H) (C, D). Scale bar, I 00 µm. 

of Hruch's membrane, greatly facilitates the grov,rth and spread 
ofCNV. 

To determine whether pharmacologic inhibition of VEGF 
could prevent CNV development in this model, we admin
istered VEGF Trap (12.5 mg/kg, SC) on days 2 and 6 after 
Matrigel injection. Control animal:s were injected -..vith an 
equimolar arnount of the control protein, human Fe (hFc. 
6.25 mg/kg SC). VEGF Trap is a potent inhibitor of VEGF-A, 
and the related VEGF receptor 1 (VEGFRl) ligands placental 
growth factor (PlGF) and VEGF-B. Jt comprises ligand-bind
ing portions of the extrace11u1ar domains of human VEGFRl 
and -2, which are expressed in sequence with the Fe dornain 
of human IgG. 15

·"
3 At a dose of 12.5 mg/kg, VEGF Trap has 

been shown to effectively suppress pathologic angiogenesis 
in several disease mo,kls.·H.cs Substantial development of 
CNV was seen in every eye in the conrrol group (CNV area: 
211.35 ± 146.00 I 0 3 ,u.m"', n "' 12; Figs. 3A, 3C), but was 
completely absent in the eyes of VEGF Trap-treated animals 
(Cl\"V area: O ::':: O 103 µm2

, n = 12; P < 0.001, t-test; Figs. 
3B, 3C). These results confirm that, as in wet AMD in 
humans, VEGf plays a vital role in induction and develop
ment of CNV in the Matrigd model. 

CNV Regression Induced by v"'EGF Ti-.ap 

To evaluate the effect ofVEGF Trap on nn-vly formed CNV, we 
allowed CNV to develop for 10 days, at which time we col
lected eyes from one group of animals (10-day [10-D] control) 
and established the pretreatment baseline. The remaining ani
mals received either VEGF Trnp (12.5 mg/kg, SC) or hFc (6.25 
mg/kg SCi on clays 10, 13, and 16. The eyes were collected on 
day 20 (Fig. 4A). 

CN"v was well developed in the 10-D control group (CNV 
area: 244.50 ± 225.21 X 103 p,m2

, n = 16) and increased in 
size by day 20 in the hFc-treared group (CN"V area: 1274.27 ± 
807.18 lff' µ,m 2

, n °= 14; Fig. 4B). In contrast, the CNV area 

Regression of CNV with Vl~GF Trap 6o11 

in the group treated with VFGF Trap (37.10 ± 45.87 X lff'.1 

µm2
, n = 14) was only 15% of that in the 10-D control group 

(Fig. 4B). A replicate experiment produced similar results (data 
not shovm). Representative confocal images of sections from a 
10-D contml, a 20-day [20-Dj VEGF Trap-treated, and a 20-D 
hFc-treated control eye are presented in Figures 4C, 4D, and 
4E, respectively. It is worth noting that Cl\"V was completely 
absent in 6 of the 14 eyes in the VFGF Trap--treated group. 
These results indicate that VEGF Trap not only prevented the 
substantial growth of C NV from 10 to 20 days, but also induced 
significant regression of the existing CNV. 

Effects ofVEGF Trap on the Total Lesion Volurne 
and Cellularity 

In addition to suppressing Cl\--V, VEGF Trap appeared to 
:substantially reduce the overall volume of the Matri.gel le
sion. In a separate experiment, we measured the total lesion 
volume, defined as the area lying between the photorecep
tors and the choriocapiHaris. The total lesion volume in the 
10-D control eyes was 6.7 ± 1.2 X 108 p.m3 (n = 10) and 
7.5 ± 0,9 X 108 µ,m 3 (n = 8) in the 20-D Fe-treated comrol 
eyes. In contrast, the total lesion volume in 1:be VEGF Trap-
treated eyes was 2.0 ::':: 0.2 X 108 /..tm3 (n = 10). one third 
of that in the 10-D control group (fig. 5D). Representative 
images from 10-D control, 20-D hFc-treated control and 20-D 
VEGF Trap-treated retinas are shown in Figures 5A, 5B, and 
5C respectively. 

C 

~ 

-; 20 
~ 
<1l 
> 100 
z 
0 0 *** Control Treated 

FIGURE 3- Inhibition of cr-..v development by VEGF Trap VEGF Trap 
(12.5 mg/J,g, SC) was given at days 2 and 6 after Matrigd injection. 
Control eyes received an eq11imolat co;icentration of hFc (6.25 mg/kg, 
SC). The eyes were harvested 10 days after Matrigd injection. CNV 
(arrowl:Jeads) was detected in every eye in the control group (CNV 
a.rea: 211 .i5 + 146.00 X 103 p,m", n = 12) (A), but was compktely 
absent in all eyes of the VEGF Trap-treated group (R) (CNV area: 
0 ± 0 X 10-3 p.m 2

. n =.c- 12). (C) Quantitative analysis shov\rs that the 
CNV area in the treatei.J gruup -,vas significantly less than in th.e 
comm! eyes (P < 0.001, !-test). R, retina: M, Matrigel; Ch. choroid. 
Scale har, l 00 11.m. 
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F1GuRE 4, CNV regression induced by VEGF Trap. (A) Experimental 
design. CNV was allowed to develop for 10 days in all three groups: 
untreated 10-D control, 20-D control treated with an inactive protein 
(hFc), and 20-D group treated wit.11 VEGF Trap, at which time the 
prett·eatment baseline CNV area was established by measuring the CNV 
in the 10-D control group. (R) Extensive Cf'<v had developed in all eyes 
in the 10-D control group (24,f.50 ::':: 225.21 X 103 µm2

, n = 16) and 
was increased further in size in the 20-D control group (1274.26 ::':: 
807.18 X 103 pxn2

, n = 14). [n contrast, fae CNV area in the VEGF 
Trap--treated group (37.10 ::+:: ,f5.87 X 103 µm 2

, n = 14) ,vas reduced 
to approxirnately l 5~<) of the pretreatrnent baseline Representative 
images of the 10-D control, VEGF Trap-treated, and 20-D control 
grnups are presented in (C), (D), and (E), respectively. Arrowheads, 
CI'<v *P ·< 0 05, *"P < OJ)L and ***P <: 0.001, respectively (Krnskal
Wallis test and Dunn test). Ch, choroid; M, l\fatrigel layer: R, retina. 
Scale bar, l 00 µ,m. 

The number of cells present in the Matrigd deposit 
increased markedly between days 10 and 20 in the hFc
treated control group, whereas the reduction in lesion vol
ume in the VEGF Trap-treated group was associated with a 
near complete inhibition of the progressive increase in cel
lular density, accompanied by an ongoing dearance of the 
1\,iatrigel (Fig. 6). 

Inhibition of Progressive Leukocyte Inftltratio.n 
and Fibt·osis by VEGF Trap 

CD45, a pan-leukocyte marker. was used to characterize 
leukocyte infiltration into the lesion area. Infiltration was 
evident in the subretinal space and to a lesser degree within 
the M:-itrigel deposit in the 10-D control eyes (fig. 7A). An 
increase was seen in the 20-D control group. particularly 
within the Matrigel lesion (Fig. 7B). This progressive in
crease in leukocyte infiltration was abrogated by YEGF Trap 
treatment (Fig. 7C). Semiquantitative analysis confirmed tbe 
progression in leukocyte infiltration between 10- and 20-D 
control eyes, and the suppression of the infiltration by VEGF 
Trap treatment (fable 1 ). Moreover, CD45-negative cells, 
visualized by the nuclear DAPI counterstain seemed to be 
similarly affected (Fig. 7Ci. 

Fibmb1asts and other cells of mesenchymal origin were 
identitied by using vimentin as a marker. In nonnal eyes (no 
Matrigel injection), MiiHer gfoll cells and fibroblasts in the 
sdera were wdl stained, but there was no vimentin staining in 
the subretinal space (Fig. 8A). Jn the l 0-D group, many vimen-

JOVS; November 2010, VoL 51, No. 11 

tin-positive cells were present in and around the l'vfatrigel (Fig. 
8B). Vimentin staining was even more prominent in the 20-D 
control group with a similar staining pattern to tbat of tbe 10-D 
group (Fig. 8C). In contrast, the density of vimentin-positive 
cells in the VEGF Trap-treated eyes was sirnilar to that in the 
10-D control eyes (fig. 8D) Particularly strong vimentin stain
ing was seen at the border between the retina and the lesion in 
all groups. This appeared to reflect botb the accumulation of 
vimentin-positive cells at the photoreceptor-Matrigel inter
face and also increased vimentin staining in the MiHler cells. 
Vimentin staining ,vas strongest in this area in the 20-D 
control eyes, in which virnentin-positive cells also wei·e 
dispersed throughout the lesion. Semiquantitative analysis 
demonstrated that vimentin staining was significantly in
creased in tbe 20-D hFc--treated controls when compared 
with 10-D controls, and VEGF Trap treatment inhibited this 
increase (Table 1). 
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FiGuRE 5- VEGF Trap--induced decrease ln total lesion volume. Treat
rnent ·,vas as described in Figure 4-A., TotaJ 1'::--sion v0Ju1nc -~v4s rr1easu1ed 
as the area between photoreceptors and the choriocapilfaris. Repre
sentative images of ;;ections from the 10-D control, 20--D control, ,,nd 
20-D VEGF Trap-treated groups are .shown in (A), (B), and (C), ;:espec
tively. In addition to reducing the CNV area, the total lesion volume. 
defined as the entire mass lying betcveen the phomrecept01· fayer (line) 
an.d the choroid, was reduced by VEGF Trap treatment. (D) The total 
lesion volume was 6.7 ::':: 1.2 108 p.m' (n = 10) in the 10-D control 
a.nd 7.5 +: 0 9 X 108 

J1,fn3 (n = 8) in the 20-D control.. In compar
ison, the total volume in the VEGF Trap-treated group was signifi
cantly reduced to 2.0 ::+:c 0.2 X 108 µ.m 3 (n °~ IO), one third of that 
in the 10-D control. and 27% of tha.t in the 20-D tJFc controls. **P < 
0.01 (ANOVA and Tukey test) Ch, choroid; M, Matrigel fayer; R, 
retina. ScaJe bar, 100 µ,m. 
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FIGURE 6. fncreased cellularity in the Matiigel lesion. Treatment was 
as described in Figure 4A. Retinal &ections were stained with hema
toxylin and eosin to show the presence of ceJJs within the Matrigel 
deposits (arrows). There was a marked increase in cellular density 
within the lesions of the control animals between days 10 (A, un
treated) and 20 (B, treated with hFc). This inc,·ease in cellular densiry 
was inhibited by treatment witb VEGF Trap (C). Scale bar, 50 µ,m. 

We next used aSj,l.;\ to identify smooth musde cells and 
myofibroblasts. In the normal retina,, aSMA-positive cells were 
present only in blood vessels at the retinal surface and the 
inner retina, ;is well as in blood vessels in tbe choroid and 
sdera (Fig. 9A). Ten days after Matrige1 injection, aSJ'vL-\-posi
tive cells were present at the interface betv,·een the retina and 
the Matrigel. These cells were not associated with blood ves
sels (flg. 9B). The number of nSMA-stained cells was furthe1· 
increased at ?.O days in the hFc-treated controls (Fig. 9C). Thus, 
within the lesion, the distribution of aS_M_;\-positive cells was 
similar to that of vimenlin-positive cells, particularly at the 
boundary between the Matrigd deposit and neuronaJ retina. 
Treatrnem ·with VI;GF Trap nm only prevemed this increase 
but significantly reduced the extent of aSMA-positive staining, 
when cornpared to the 10- and 20-D control groups (flg. 9D, 
Table 1). Therefore, in addition to inhibiting the accumulation 
of mesenchymal cells in and around the Matrigel deposit, VEGF 
Trap appeared to inhibit the expression of the myofibroblast 
phenotype by these cells. 

Given tbe progressive accumulation of a large number of 
aSMA- and vimentin-positive cells in the lesions, we next eval
uated the pattern of collagen deposition in the Matrigel area by 
using Masson's trichrome slain. \'{'ith this stain. collagen stains 
dark blue, whereas the i\,Llti-ige1 itself stains pale blue 
(Fig. lOA). Collagen staining was ve1-y strong in the sdera, but 
was 1ninirnai in and around the Matrigel deposits in the 10-D 
control eyes. However, focal deposition of collagen was dearly 
evident in and around the lesions in the 20-D control group 

Regression of CNV with Vl~GF Trap 6()13 

(Pig. 10B), especially at the border between the retina and the 
Matrigel, where vimentin and aSM.i\-positive ceHs were most 
densely and consistently aggregated. In contrast, less collagen 
staining was vi,sible in animals treated '-Vith VEGF Trap than in 
the 20-D controls (Fig. lOC, Table 1). 

Using RPE65 as a marker, we confirmed that subretinaJ 
injection of Matrigel induced a rapid translocation of RPE cells 
from their original position next to Bruch's membrane, to the 
opposite side of the Matrigel mass immediately subjacent to the 
photoreceptors, consistent with earlier findings." This migra
tory response of the RPE was not inhibited by treatment with 
VEGF Trap (data not shown). 

DISCUSSION 

\l\Te have developed a Matrigel CJ'-.v model in rat5, to study the 
mechanisms underlying Cl\fV development and to evaluate 

FIGDKE 7. Inhibition of leukocyte infiltration by VEGF Trap. Treat
tnent ¾'.ts as desctibed 1n Figure 4A .. RetinaJ c.ryoseciJons vvere stained 
witb anti-CD45 amJbrn:lks to identify leukocytes (red). Ce!! nuclei 
were stained with DAP[ (blue). Many leukocytes were detected in the 
Matrigel area (M) 10 days after Matdgel injection (A). Tbe number of 
leukocytes increased substantially in t.l-ie 2:0-D control (treated with 
hFc, ll) as did the number of CD,i5 negative cells identified by DAPf 
staining, 1:n corn1-ast, there "'\-\'as no appreciable increase i:n C1)45-
positive leukocytes or ot.'"ier cells in the VEGF Trap-treated group (C). 
SubretJnal injection of Man-igel sometimes induced disorganization of 
the overlying retina, _particu1arly fc>lding or roSt-:tte fr,r1nation in the 
photoreceptor layer, as shown in the retinal sections in (A), (U), a,,d 
(C). Ch, choroid; M, Mati·igel layer; R, retina. Scale bar, 100 µ,m. 
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TABu 1. Semiquantitative Analyses of CD45, Vimentin, aSl\1-,".c, and Trichmme Stains in CNV 

Stain Type 

CD45 
VJmentin 
rxS"'lA 
Tricf"tlomc 

2.25 ,,, OA2 

3.75 ± 0.76 
3 42 +, 0.49 
2.50 ,,, OA5 

* Mean +, SD (n = 6). 
t Krnskd-\Vallis test and Dunn test. 

20-D 
Matrigd + hFC' 

5.5 c+: 0.55 
5.,,5 ± 0.82 
4.75 _'"!"~ 0,88 
5.67 c+: 0.52 

potential anti-CrfV treatments. Matrigel, an extract of extracel
lular nutrix proteins from the murine EHS (Engelbreth-Holm
S'lvarm) tumor, 2627 has been widely used a.'> reconstituted 
basement membrane in cell culture, as well as in the Ma!.rigd 
plug assay, to assess angiogenic or anti-angiogenic agents in 
vivo.28 Matrigel also promotes tubnlogenic behavior of endo
thelial cells in vitro. 29 lbe subretinal Matrigel model is unique 
in several ways. First, Ci\.-V is initiated by subretinal deposition 
of ECM. Stib-RPE accumulation of EC,'vi is associated with CNV 
in wet AMD, and it has been thought to p1ay a role in the 
induction of neovascularization2-·5 The present ,vork provides 
further evidence to support a role for ECM in facilitating CNV 
development. In addition, the CNV lesions were shown to 
increase progressively in size in this model (Fig. 4). Finally, this 
model is characterized by a progressive infiltration of leuko
cytes and myofi.broblasts into the developing CN'V. 

We have reported that subretina1 Matt·igel deposition in
duces RPE tr.mslocation and CJ',,v in rodents (\}?en R, et al. 
JOVS 2002;43:A_RVO E-abstract 1297).6 In rabbits, subretinal 
injection of Matrigd was also reported to be associated with 
tluorescein leakage, 7 which was sustained for weeks in some 
animals, indicating that the blood vessels newly formed by this 
method are highly permeable. In the present work, ,ve have 
further characterized the progression and histopatho1ogic char
acteristics of these lesions in rats. By directly measuring the 
size of the CNV network, we docu,'llented a progressive in-

20--n 
Matrigd + VEGF Trap' 

2.58 c+: 0.49 
,,.so± OA5 
!5 + 0.35 

2.96 c+: 0.33 

Pt 10-Dvs. 
20-D h_Fc 

<0.01 
<0.05 
>005 
<0.01 

Pt 20-D hFc vs. 
20-D 1lEGF Trap 

<0.05 
<0.05 
·<0.001 
<0.05 

crease in CNV size for up w at least 20 days after Matrigd 
injection (Fig. 4). In addition, the entire lesion mass ,vas shown 
to progress in size (Fig. 5). This increase was associated with a 
progressive in.filtration of nonvascular cells into the developing 
CNV lesions, notably leukocytes and myoiibrobfasts, accompa
nied bv deposition of collagen. These features of the subretinal 
Matrigel model resemble the in_flammatory reaction and fibrosis 
that are well recognized elements of Ci\v lesions in wet 
AMD.30

•
31 Thus, the r:1t Matrigel model not only provides a tool 

for the study of mechanisms involved in rhe induction and 
early progression of CNv, but also to evaluate the effects of 
pmentia.J therapies on diverse aspects of Ci\-V developmem. 

Several animal models of experimental CNV have been 
developed. The most widely used employs laser photocoag
ulation to disrupt Bn1ch·s mernbrane. 32 First characterized 
in primates,'°" it has been used to induce CNV in other 
species, including rabbits, 34 rats, 35

·
36 and mice." Photoco

agulation, however, also directly damages the choroid, RPE 
and overlying retina. In contrast, selective damage to 
Brue h's membrane, either rnechanical or enzyrnatic, has met 
with only limited success in inducing subretinal neovascu-
1arization in primates. 38 Subretina1 delivery of adenovirus or 
adenoassociated virus carrying a VEGF transgene has been 
used successfuHv to induce subretinal neovascularization in 
rats. 39 --

11 Subretinal injection of FG F2-impregnated gelatin 
microspheres also has been reported to induce CNV in more 

FIGURE 8. Vimentin-immunoreac• 
tivc ceHs. Treattnent -,vas as de
scribed in Figure ,i.A. Retin2J cryosec
tions were stained with Jnti-vimentin 
antibodies to identify fibrnblasts and 
other cells of mesenchymd origin 
(red). CeH nuclei were ~tained with 
DAPI (blu<'). In normal control eyes 
without Mati-igd injection (A), vi
rnentin irninunoreactivity \v~s found 
in Muller cells of the retina (R). espe
dally in the end feet at the inner 
!irniting rnernbrane (arrowheads). as 
well as in fibroblasts in the choroid 
(Ch) and sclera (S). Ten day~ after 
Matrigd injection (B), many vimen
tin-positive cells were dispersed 
within the Matrigel ~M). Increased 
vimentin staining was evident in Mi.il
ler ceil~, including apical as weH as 
the t'lasa! end feet) ::JJH.1 also in r..he 
processes in the outer nuclear layer 
(arrotu). Partjcularly jnrense vhnen
tin staining also was found at the 
boundary bet\veen Matrigel and pho
torece_ptors (arrou,:headr.:) The stain

ing pattern of vimentin in the 20-D control (C) was similar to that in the 10-D control (B), with intense staining in Muller cell fibers (arrow) and 
between J\,iatrigel and the photoreceptors (arro-u'lJeads), and .1nany more vin1enrtn-positive cells aJso we1~e found dispersed throughout the lesion 
(C). In VEG-F Trap-treated anirr1a]s (D) 1 jntense staining ·'\vas sti]] evident at tJ.1.e bo:rl.1J:-::r bet,veen the lVIatrigel deposit and photorecepto:rs 
(arrowheads), but fewer vimentin-positive cells were present in the Matrigel tlian in the 10- or 20-D control eyes. Ch, choroid: M, Matrigel layer; 
R, retina; S, sdera. ScaJe ha,, 50 µ.m. 
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.FIGORF 9- ecSf\1A irnn1unoreactive cells. Treatr:nent '\Vas as described in Figure 4A_, Retinal sections ·,vere 
stained ,vifr1 anti-aSwlA antibodies (red) to identify smooth muscle cells and rnyofibmblasts. Cell nuclei 
\\-yen~ counterstained ~7ith DAPf_ (blue). in no.rmaJ control eyes without lvtatrigel injection (A), nSl\i[A 
immunoreactivity was restricted to blood vessels (arrows) in the retina (R), choroid (Ch), and sckrn (S) 
(arrows). Ten days after Matrigel injection (B), many aSJViA-posidve celJs were present in the Matrigel (l\'[), 
,vith panicuJaily intense o:SNlA stain1ng in cells present at the borde.r bet,veen the 1\1atrige1 and photore
ceptors (arro!l'beads), an area that was devoid of blood vessels. The staining of aS;\,L'\ in the 20-D control 
(C) was similar to that ln tt'-ie IO-D control (B), although more intense at the rerina--Marrigel boundary and 
with more aSMA-positive cells dispersed throughout the Matrigel (arrowbeads), In VEGF Trap-treated 
ar1imals (D), fewer aSMA-positive cells were found in u'1e ,\fatrigel area (arrouhead) than in the 10- or 
20-D control eyes. Ch. choroid; M, :>.tatrigel layer: R. retina; S. sclera. Scale bar, 50 1,<m. 

than 80% of injected eyes in rabbits,42 and VEGF-impreg
nated gelatin microspheres induces CNV in more than 90% 
of in_jected eyes in primates. 4 ' 

Other Cl\v models have been developed in genetically 
altered animals. For ex_ampk, mice with a spont_aneous, auto
sornal semidominant mutation in the Bst locus were reported 
to exhibit CJ\i~✓ and retinal detachment by 7 months or older, 
but no basal deposits were found. These animals also exhibit 
many developmental abnormalities in the retina and eye.-n 
1'viice lacking monocyte chemoattractant protein-I (MCP-1; also 
kno-;;vn as Ccl-2) or its cognate C-C chemokine reccptor-2 
(Ccr-2) have been reported to develop pathologic features 
resembhng human _i-\i'vlD, induding accumulation of lipofuscin 
in RPE cell,;, drusen-Jike depo,;its, photoreceptor atrophy, and 
Cf\V.45 However, Luhmann et al.46 recently showed rhat the 
lesions in the Ccr-z--i-- mice arc not druscn, but rather are 
accumulations of swollen CD88-'-, 1'4/80- macrophages in the 
subretinai space. They also failed to detect spontaneous CNV 
development. 46 

_t\i'vlD-like lesions also have been induced in mice immu
nized with mouse ,;ernrn albumin adducted with carboxyeth
ylpyrroJe. Immunized animals develop antibodies to this hap
ten, fixed complement cornponent-3 in B1-uch's membrane, 
accumulate drusen during agi_ng, and develop lesions that 
mimic geographic atrophy characteristic of the dry form of 
,\MD,47 but there i,; no C~"V development. 

In comparison, the rat Matrigel model offers a highly repro
ducible, convenient, and inexpensive rneatL>s by which com
plex, progressive CNV lesions having many of the features of 
neovascular AMD can be induced within a well-delined time 
f'r.lme. The unique features of this model allowed us to dem-

onstrate that VEGf' Trap not only arrests the grmvth of Cf\V, 
but induces regres,;ion of recently established Cl',"\', and that 
VEGF Trap aJso suppresses leukocyte infiltration and fibrosis 
associated with Cl'<'V progression, resulting in a significant 
reduction in overall lesion volume. 

In addition to being a critically imponant angiogenic 
factor, VEGF-A is known to promote vascular permeability 
and inflam1nation. For example, infusion of exogenous VEGF 
into the brain can induce vascular leak and influx of intlam,. 
matory cells at doses that are insufficient to induce angio
genesis. At higher doses, leukocyte infiltration precedes the 
initiation of angiogenesis. 48 Similarly, after corneal injury 
VEGFRl-mediated leukocyte influx precedes and amplifies 
the subsequent VEGF-dependent neova,;cularization 24 The 
findings in the present work ,,re consistent with a central 
role for VEGf in mediating the inflammatory reaction asso
ciated with CNV formation. However, the inhibitory effects 
of VEGF Trap on inilammation may not be due solely to its 
ability to bind all VEGF-A isoforms with high affinity/" as 
this receptor-based agent also binds and neutralizes the 
VEGFRJ ligands PlGF and VEGF-B. 

ln contrast to VEGFR2, ,vhich is expressed predominantly 
on vascular endothelial ceHs, VEGFRl is also expressed by a 
variety of nonendothehal cell types, including subpopulations 
of smooth musde cells, leukocytes, and their progenitors49 
PlGI', in particular, is known not only to synergize with VEGF 
to promote pathologic angiogenesis, bm also to act as a che
moattractant for monocytes and macrophages."19 50 Like 'VEGF, 
PIGF is present in human CNV membranes, and animal studies 
have shown that PlGF contributes to the development of ex
perimental CNV.51 
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F1GURF. 10~ Collagen deposition. Treat111ent "'1-as as described in 
Figure 4_,\__ CoH~tgen was visualized by J\,1asson's trichrotne stain: 
collagen components are stained dark blue. and the Matrigel is pale 
blue. Minimal collagen deposition (arrotus) was seen in the 10-D 
control (A), whereas collagen deposition (arrows) was dearly evi
dent in the 20-D control {B). most notably ar the boundaries be
tween the Matrigd deposit and the retina and to a somewhat lesser 
extent at the boundary with the choroid. In VEGF Trap-treated 
retinas (C). there was minimal coilagen deposition (arrow} similar 
to that in 10-D control eves. S, sclera; Ch, choroid: M, Matrigd layer: 
K retina. Scale bar, 50 1-,m. 

In summary, we have developed a Ci'-v model in lhe rat by 
subretinal deposition of J\ilatrigei, which exhibits many features 
of human wet AMD. Using this model, we have shown that 
VEGF Trap, a potent receptor-based inhibitor of VEGF-A and 
P!GF, not only arrests the growth of experimental CJ\.'V, bm 
also lhe associated inflammatory and fibrotic responses and can 
induce regression of recently established lesions. VEG!; Trap
Eye (Regeneron Pharmaceuticals), an iso--osmotic, 1.tltrapurified 
fom1ubtion of VEGF Trap for intravitreal inJection. is currently 
in phase III clinical trials for tbe treatment of wet AMD and 
central retinal vein occlusion. 
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Abstract Vascular endothelial growth factor (VEGF) is a 
key upstream mediator of tumor angiogenesis, and block
ade of VEGF can inhibit tumor angiogenesis and decrease 
tumor growth. However, not all tumors respond well to 
anti-VEGF therapy. Despite much effort. identification of 
early response biomarkers that correlate with long-term 
efficacy of anti-VEGF therapy has been difficult. These 
difficulties arise in part because the functional effects of 
VEGF inhibition on tumor vessels are still unclear. We 
therefore assessed rapid molecular. morphologic and 
functional vascular responses following treatment with 
a:flibercept (also known as VEGF Trap or ziv-aflibercept in 
the United States) in preclinical tumor models with a range 
of responses to anti-VEGF therapy, including Colo205 
human colorectal carcinoma (highly sensitive), C6 rat 
glioblastoma (moderately sensitive), and HT1080 human 
fibrosarcoma (resistant), and correlated these changes to 
long-term tumor growth inhibition. We found that an 
overall decrease in tumor vessel perfusion, assessed by 
dynamic contrast-enhanced ultrasound (DCE-US), and 
increases in Ulmor hypoxia correlated well with long-term 
tumor growth inhibition, whereas changes in vascular gene 
expression and rnicrovessel density did not. Our findings 
support previous clinical studies showing that decreased 
tumor perfusion after anti-VEGF therapy (measured by 
DCE-US) correlated with response. Thus, measuring tumor 
perfusion changes shortly after treatment with VEGF 
inhibitors. or possibly other anti-angiogenic therapies, may 
be useful to predict treatment efficacy. 

A. Eichten · A. P. Adler· B. Cooper· J. Griffith · Y. Wei . 
G. D. Yancopoulos • H. C. Lin• G. Thurston(~) 
Regeneron Pharmaceuticals Inc, 777 Old Saw Mill River Road, 
Tarrytown, NY 10591, l:SA 
e-mail: gavin.thurston@regeneron.com 

Keywords VEGF blockade • Tumor perfusion • Tumor 
growth response • Preclinical model • Response biomarker 

Introduction 

Vascular endothelial growth factor (VEGF) plays a key 
role in physiological and pathological angiogenesis, 
including tumor angiogenesis [l]. Therefore, a number of 
agents that inhibit VEGF signaling have been developed 
and tested in clinical trials [2, 3]. Bevacizumab, a VEGF 
specific antibody that prevents receptor binding and acti
vation, slowed tumor progression and provided survival 
benefits in several human tumor types when used in com
bination with chemotherapy. In addition, several small 
molecule inhibitors of VEGF receptor tyrosine kinase 
activity provided benefit in various cancers [4-6]. In pre
clinical models, VEGF inhibition results in reduced tumor 
growth, decreased microvessel density (MVD) and nor
malization of tumor vessel morphology in a wide range of 
tumor types [7, 8]. Similar MVD reductions were also 
reported in clinical studies of colorectal tumors sampled 
shortly after bevacizumab treatment [9]. 

Despite clear evidence for tumor vessel loss following 
VEGF inhibition, the functional consequences on tumor 
blood flow and oxygenation are not entirely clear. Nai"vely, 
one might expect that vessel loss would result in decreased 
tumor perfusion. However, more detailed considerations 
suggested the opposite, namely, that Ulmor vessel pruning 
and "normalization" may lead to decreased intra-tumoral 
pressure, increased tumor perfusion, and consequently 
decreased tumor hypoxia [ 10]. Indeed, some preclinical 
studies indicate increased tumor perfusion after VEGF 
blockade [ l l, 12]. In contrast, other studies have reported 
increased tumor hypoxia and decreased perfusion in 
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preclinical models and non-small cell lung cancer (NSCLC) 
patients [ 13-; 5]. Thus, the functional consequences of anti
VEGF therapy are not clear, even in preclinical tumor 
models. 

To add to the complexity, not all tumors within a given 
tumor type respond equally well to anti-VEGF therapy. For 
example, in glioblastoma patients treated with a small 
molecule kinase inhibitor (cediranib), approximately 60 % 
of tumors displayed changes in dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MRI) signals indicative 
of a response to anti-VEGF therapy, whereas the remaining 
40 % did not [16]. Despite much effort, predicting which 
tumors will respond to anti-VEGF therapy, or how long
term tumor growth response is related to vascular changes, 
has been difficult. For instance, it is unknown whether 
tumors with the largest MVD reduction show the greatest 
tumor growth inhibition (TGI). Further, tumor vessel fea
tures rendering them sensitive, or resistant, to VEGF 
inhibition are not well understood. Ultimately, predictive 
biomarkers based on mechanistic differences in tumor cells 
and tumor blood vessels are needed. 

To begin to address these issues, we characterized initial 
responses of tumor vessels to VEGF blockade in preclinical 
tumors with a range of responses to anti-VEGF therapy 
(sensitive, moderately responsive, and resistant). For these 
studies, we used aflibercept (also known as VEGF Trap or 
ziv-aflibercept in the United States), a recombinant fusion 
protein that potently binds all isoforms of human and 
murine VEGF-A, VEGF-B and Placental Growth Factor 
(PlGF). Tumor bearing mice were treated with aflibercept, 
and tumors were analyzed for rapid (within 3 days) chan
ges in molecular (gene expression), morphologic (MVD) 
and functional (vascular perfusion, tumor hypoxia) tumor 
vessel properties. These changes were then compared to 
aflibercept-mediated longer-term tumor growth effects. 
Using this approach, we observed that functional changes 
correlated well with the overall level of TGI, whereas 
molecular or morphological changes showed a poor cor
relation. These findings suggest that changes in functional 
parameters, such as tumor perfusion and hypoxia, may be 
good predictors of long term growth inhibition. 

Materials and methods 

In vivo tumor studies 

Animal studies were performed in accordance with 
Regeneron's Institutional Animal Care and Use Committee 
guidelines. Tumor cells were obtained from the American 
Type Culture Collection (A TCC), except for the PC3 M 
line, which was obtained from the NCI, DCT Tumor 
Repository, NCI-FCRF, Frederick, MD. 1 x 106 Colo205 
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human colon carcinoma, 1 x 106 C6 rat glioblastoma, 
2 x 106 HT1080 human fibosarcoma, 1 x 106 A431 human 
squamous cell carcinoma, 1 x 106 786-0 human renal cell 
carcinoma, 5 x 105 MMT murine mammary carcinoma, 
1 x 106 PC-3 M metastasis-derived variant of human 
prostate adenocarcinoma PC-3 and 1 x 106 LLC murine 
Lewis lung carcinoma cells were grown s.c. in male 
CB.17 /SCID mice (Taconic ). When tumors reached 
approximately 100 mm3

, mice were treated by s.c. injection 
with hFc (control protein, 25 mg/kg) or a maximally effec
tive anti-tumor dose of aflibercept [ 17] (VEGF Trap, ziv
aflibercept, 25 mg/kg) (#micepertreatmentgroup: n = 5-7 
n1mor growth; n = 4-5 IHC; n = 3-4 TaqMan; n = 8-24 
micro-ultrasound; n = 5-10 FITC-lectin flow cytometry). 
For long-term studies treatments occurred 2 x per week. 
Mice were monitored for tumor growth and overall health. 
HypoxyProbe-1 (Chemicon; 60 mg/kg) was injected i.p. 1 h 
prior to sacrifice. Tumors were harvested: ~ ½ n1mor in 4 % 
paraformaldehyde, a cross-section in OCT, ~ ½ tumor in 
RNAlater. % Tumor Growth Inhibition (TGI) was calculated 
as follows: [l - ((Tfinal - Tinitia1)/(Cfinal - Cinitia1))]*100, 
where T = aflibercept-treated tumor volumes and C = 
control-treated tumor volumes at treatment start and after 
10-14 day treatment (10 days: LLC, MMT; 14 days: 
HT1080, Colo205, C6, A43L 786-0, PC-3M). Tumor 
growth curves are presented as mean ± standard error 
of the mean (SEM). 

Immunohistochemistry and image analysis 

IHC on gelatin embedded tissue sections: Tissues were 
fixed in 4 % paraformaldehyde for 72 h and embedded in a 
4 % gelatin/PBS solution. Gelatin blocks were fixed in 4 % 
paraformaldehyde overnight at 4 °C, then transferred into a 
30 % sucrose/PBS solution at 4 °C until the blocks sunk 
( ~ 72 h). Tissue was cut into 80 µm sections, which were 
stored in cryoprotectant (1 % Polyvinylpyrrolidone, 30 % 
glycerol, and 30 % sucrose in NaPBS) at -20 °C until 
further use. For IHC detection of CD31 and HypoxyProbe 
(pimonidazole), sections were treated as follows: 30 min in 
0.3 % H20 2 at 4 °C, 2 h in blocking solution (CD31: 0.3 % 

Triton Xl00/4 % normal rabbit serum/I % BSA/PBS; 
HypoxyProbe: 0.3 % Triton Xl00/4 % normal horse 
serum/I % BSA/PBS) at RT followed by an overnight 
incubation at 4 °C with rat anti-murine CD31 Ab (1:150; 
BD: MEC13.3) or a mouse anti-HypoxyProbe-1 antibody 
(1: 1,000; Chemicon) diluted in the respective blocking 
solution containing 1 % serum. After five 3 min washes in 
PBS, CD3 l was detected with a biotinylated mouse
adsorbed rabbit anti-rat antibody (1:150; Vector Labora
tories;) and HypoxyProbe was detect with a biotinylated 
horse anti-mouse antibody (1 :500; Vector Laboratories;) in 
a 2 h incubation at RT. Sections were subjected to an ABC 
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reaction according to the manufacturers recommendations 
(Vector Laboratories; ABC VectaStain Elite) for 1 hat RT 
diluted in 1 % BSA in 50 mM PBS. After five 3 min 
washes in PBS, antigens were revealed with 3.3' -diam
inobenzidine (DAB, Sigma). 

OCT embedded tumors were cut into 30 µm frozen sec
tions. Tissue was air dried, 10 min fixed in acetone (-20 °C), 
avidin-biotin blocked (Vector), blocked in 2.5 % normal goat 
semm/1 % BSA/PBS for30--45 min (RT), incubated for 16 h 
at 4 °C with rat anti-murine CD31 Ab (1:50; BD) diluted in 
0.5 x block followed by a 45 min (RT) incubation with a 
biotinylated anti-rat antibody (1:150; Vector). Antigens were 
revealed with 3,3' -diaminobenzidine (DAB, Sigma). 

For analysis photomicrographs were acquired at 
2.5 x magnification. Vessel density and hypoxia area were 
determined using NIH image software as previously 
described [18]. 

RNA preparation and TaqMan analysis 

Total RNA was purified using RNeasy (Qiagen). RNA 
quality and concentration were evaluated using a specto
photometer (XanoDrop ND-1000). cDNA was synthesized 
using 1 µg of total RNA and High Capacity RNA to cDNA 
Mastermix Kit (ABI). Expression of various genes was 
normalized to cyclophilin expression. TaqMan primer and 
probe sequences are as follows: 

431 

(I µg/ml; Invitrogen) was used to exclude dead cells. Data 
acquisition: Beckman-Coulter MoFlo Legacy; data analysis: 
FlowJo software (Tree Star). Data shown represent mean ± 
standard error of the mean (SEM). 

Dynamic contrast-enhanced micro-ultrasound 
(DCE-micro US) 

Animals were anaesthetized (isofluorane (3.0 %)/medical 
air mixture), secured to heated platform and dehaired. 
Ultrasound gel (Aquasonic, Parker Laboratories) provided 
coupling interface between ultrasound probe and animal. 
Image acquisition: Vevo2100 micro-ultrasound imaging 
system (VisualSonics); contrast agent: MicroMarkerTM 
(microbubbles, VisualSonics). Contrast agent was prepared 
with a final concentration of 2 x 109 microbubbles/ml 
saline and a 50 ~tl bolus was delivered via tail vein catheter 
during image acquisition. Quantification of relative blood 
volume, which represents tumor perfusion, was determined 
by analysis of a 2D area representing the largest tumor 
cross-section (Vevo2100 analysis software). 

Statistical analyses 

Statistical analyses were performed using Prism software. 
Specific test include 2-way ANOV A with Bonferroni post 

Gene Forward primer Reverse primer Probe sequence 

mKcne3 AGACCTGGTACATGAGCCTCCAT CAAGTGACTGTGAAGGGTTGTGTT TGGGCAGTCTCATCCT 

mNid2 CCGCTGTGGCCCTAATTCT TGCGGCATTCACACCTGTA TGTGTGTCAACTTGGTGGG 

mCdh5 AATCGGGAGCATGCCAAGT TGGGCACCCCGTTGTC CCCGTGCTCATCTC 

mTiel AGCCTGAGCCCTTGAGTTACC AAAGTTGCCCTCCCCTATGAG TGGGAGGACATCACC 

mRobo4 GCTAGGCGCTTTCCATCCA GCGGCTGCAGAGACTATCTGA TTGGCTGGAACCTC 

mEsml TCTGGACTTTCCCTTCTTCCAG CTGTGTGGGAGGCAGAGGTC TGCAGCAGCCAAATCTCCCAGCA 

mVeg/:4. GTATGGCTGGCTGGGTCACT GTTTGATCCGCATGATCTGTAGAG ACCACTGTGATCTGC 

mCyclophilin CGTGGGCTCCGTCGTC CCCTTCTTCTTATCGTTGGCC TTGCTGCCCGGACCCTCCG 

Flow cytometry 

Tumor bearing mice (C6 or HTl 080 tumors, 100 mm3
), or non

tumor control mice, were treated s.c. with hFc ( control protein, 
25 mg/kg) or aflibercept (VEGF Trap, 25 mg/kg) 24 h prior to 
tissue harvest. To label endothelial cells of functional vessels, 
mice were i.v. injected with FITC-conjugated Lycopersicon 
esculentum (tomato) lectin (2.0 mg/ml; Vector) 3 min prior to 
tissue harvest. Single cell suspensions were prepared from 
normal skin (n = 4, n = 2 no FITC-lectin), C6 tumors (n = 7 
control or aflibercept, n = 4 no FITC-lectin) or ITT1080tumors 
(n = 7 control or aflibercept, n = 3 no FITC-lectin) as 
described previously [19] and endothelial cells were detected 
using a PE-conjugated anti-CD31 Ab (1:200; BD). DAPI 

hoc test (tumor growth curves), 1-way ANOVA with 
Bonferroni post hoc test (vessel density, gene expression 
changes, hypoxia analysis) and Mann-Whitney test (micro
ultrasound analysis). p values <0.05 were considered sta
tistically significant. 

Results 

Vessel morphology changes in tumors with a range 
of responses to aflibercept 

Based on sn1dies with a wide variety of murine tumor 
models, three tumors that display a range of responses to 
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Fig. 1 Tumor growth and vascular response to aflibercept in 
Colo205, C6 and HT1080 tumors. a--c Colo205, C6 and HT 1080 
xenografts (n = 5-7 each treatment group/tumor type) show different 
levels of TGI in response to aflibercept treatment (black) compared to 
control-treated tumors (grey): sensitive Colo205, moderately respon
sive C6 and resistant HT1080. d-f Representative images of MVD 
assessed by CD31 IHC in control and 24 h aflibercept-treated 
Colo205, C6 and HT1080 tumors (80 µm gelatin sections). g
i Quantitative analysis of vessel area density(%) in control and 8, 24 
and 72 h aflibercept-treated Colo205, C6 and HT1080 tumors 

aflibercept were chosen for more detailed study. Colo205 
tumors were potently growth inhibited (Fig. la), C6 tumors 
showed an intermediate growth inhibition in response to 

aflibercept treatment, with an initial growth delay followed 
by restrained tumor growth (Fig. lb). In contrast, HT1080 
tumors showed no growth inhibition upon aflibercept 
treatment (Fig. le). These differences in tumor response 
were observed at a san1rating dose of aflibercept (25 mg/kg 
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(n = 4-5 each time point/tumor type). All experiments were repeated 
at least twice; shown is an example experiment (n = 5-7 for each 
treatment group (tumor growth data) or n = 4-5 for each time point 
(MVD data)). Results shown represent means for tumor growth data 
and mean± standard deviation (SD) for MVD analysis. P < 0.05*, 
<0.01 **, <0.001 ***, <0.0001 **** by 2 way-ANOVA with Bonfer
roni post hoc test (tumor growth data compared to control treated 
tumor growth) and by 1 way-ANOVA with Bonfenoni post hoc test 
(MVD, each time point compared to control (0 time point)) 

twice per week), thus the differences reflect inherent 
responses to aflibercept and not merely different dose 
responses. 

We investigated the rapid effects of VEGF blockade on 
the vasculature of these 3 tumor types. As revealed by 
immunohistochemistry (IHC) for the vessel specific marker 
CD3 l in thick sections. untreated Colo205 and C6 tumors 
have a significantly lower MVD (17 and 20 %, respectively) 
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than HT1080 tumors (55 %) (Fig. ld-f upper images; g-i 
time point 0). Following aflibercept treatment, MVD rapidly 
decreased in all tumor types, albeit to varying degrees 
(Fig. l d-f lower images; g-i). Quantitative analysis of rel
ative MVD after aflibercept administration in comparison to 
control-treated tumors revealed that Colo205 tumors lost 11, 
32 and 54 % of their vasculatme at 8, 24 and 72 h after 
treatment, respectively. C6 tumors lost even more vessels 
(28, 67 and 81 % at 8, 24 and 72 h after treatment, respec
tively). Aflibercept resistant HT1080 h1mors progressively 
lost vessels after aflibercept treatment, albeit to a much lesser 
degree (up to 29 % by 72 h), suggesting that the HT1080 
tumor vasculature is only partially dependent on VEGF. 
These results show that blockade of VEGF can cause rapid 
loss of rumor vascularity, and further, that the vascularure in 
different xenograft tumors varies in its dependence on 
ongoing VEGF signaling. 

Identification of two phases of gene expression changes 
in tumor vessels following aflibercept treatment 

To determine how morphological tumor vessel changes 
manifest as molecular changes in gene expression, micro
array analysis was performed on RNA from whole tumors 
treated with aflibercept for 8, 24 and 72 h. Mouse and 
human genes were assessed separately using mouse and 
human specific gene chips (custom Agilent microarray). 
Microarray analysis of mouse (host) genes in different 
tumors implied a rapid and consistent decrease in expres
sion of a number of genes specific to endothelial cells 
[20-22] following aflibercept treatment. To confirm and 
extend the microarray findings, six genes were analyzed for 
expression changes in Colo205, C6 and HT1080 tumors 
treated with aflibercept for 8, 24 and 72 h by TaqMan, 
using primer pairs specific for murine mRNA. Gene 
expression was normalized to cyclophilin expression 
(similar results were obtained using GAPDH as a nor
malization gene; data not shown). Close inspection of these 
gene expression changes revealed two distinct temporal 
patterns: 'acute' and 'delayed' response genes. The 'acute' 
set of genes decreased in expression rapidly after afliber
cept treatment (8 h) and remained decreased (Fig. 2a-c, 
black lines). Further, these 'acute' genes showed a large 
absolute decrease in expression levels, dropping up to 
85 %. Among the 'acute' genes were potassium voltage
gated channel Isk-related subfamily gene 3 (Kcne3), 
endothelial cell-specific molecule 1 (Esml) and nidogen2 
(Nid2). Because of their rapid decrease after VEGF 
blockade (Fig. 2a-c, black lines), these 'acute' genes are 
likely direct targets of VEGF signaling. 

A second set of genes decreased in expression at 24 and 
72 h after aflibercept treatment, but were not yet signifi
cantly affected at the 8 h time point, thus showing a 

433 

'delayed' response (Fig. 2a-c, grey lines). Examples of 
genes that displayed robust 'delayed' changes were 
roundabout homolog 4 (Robo4 ), cadherin 5 (Cdh5) and 
tyrosine kinase with immunoglobulin-like and EGF-like 
domains 1 (Tiel). Other genes in this category included 
platelet/endothelial cell adhesion molecule 1 (Pecaml or 
CD31) and intercellular adhesion molecule 2 (Icam2) (data 
not shown), two commonly used IHC endothelial cell 
markers [23, 24]. Thus, these 'delayed' genes may reflect a 
decrease in overall tumor vascularity or endothelial cell 
number. Changes in 'delayed' gene expression and MVD 
(Fig. l d-i) appeared to have similar trends in terms of both 
timing and magnitude of decrease in different rumor types. 
When the combined expression of the 'delayed' gene 

changes was overlayed with MVD changes, comparable 
patterns emerged for each tumor (Fig. 2d-t), suggesting 
that 'delayed' gene changes can be used as markers for 
changed MVD in tumors treated with VEGF inhibitors. 

Decreased tumor perfusion following treatment 
with aflibercept 

To determine whether VEGF blockade also affected vessel 
functionality, we assessed tumor vessel perfusion 24 h after 
aflibercept administration using contrast-enhanced micro
ultrasound. Analysis of 2-dimensional (2D) ultrasound data 
revealed that perfusion of Colo205 and C6 tumors 
decreased by 32 and 59 %, respectively (Fig. 3a, b, d, e). In 
comparison, HT1080 tumor perfusion was not decreased at 
24 h after aflibercept treatment (Fig. 3c, t). Interestingly, 
although HT1080 rumors have a dramatically higher base
line MVD (55 %; Fig. l i) than C6 (20 %; Fig. lb) or 
Colo205 rumors (17 %; Fig. lg), baseline perfusion in the 
three tumor types was comparable (relative contrast inten
sity values of 8-10; Fig. 3d-f, control), as was previously 
shown for other tumor types [25]. These data suggest that a 
smaller fraction of vessels are well perfused in HT1080 
tumors compared to C6 or Colo205 tumors. 

To further compare the relative amounts of perfused 
vessels in C6 and HT l 080 tumors, vessel perfusion was 
assessed by another method, namely i. v. injection of 
FITC-conjugated Lycopersicon esculentum tomato lectin 
(FITC-lectin), which binds to the luminal surface of blood 
endothelial cells (BECs, defined as CD31 positive) in func
tionally perfused vessels. Following in vivo labeling, the 
proportion of endothelial cells in the tumor and normal skin, 
and the fraction of endothelial cells labeled by FITC-lectin 
were both assessed by flow cytometry. For reference, BECs 
from normal skin comprise 1.9 % of all skin cells, and 96 % 
of the BECs in normal skin were labeled by FITC-lectin 
(Fig. 3g, skin). As a further control, the same proportion of 
BECs were found in skin and tumors of mice that were 
injected with FITC-lectin versus those that were not injected, 
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but virtually no BECs were found to be positive for FITC
lectin in non-injected mice (Fig. 3g). 

The number of BECs in untreated C6 tumors (0.8 % of 
total cells) was significantly less than in HT1080 tumors 
(2.2 %) (Fig. }g). Of the BECs in untreated C6 tumors, 
approximately 55 % were perfused (i.e., positive for FITC
lectin). In contrast, only 18 % of the BECs in untreated 
HT1080 tumors were perfused (Fig. }g; Table l). Thus, 
despite more than a twofold difference in total EEC, 
the fraction of BECs labeled by intravascular lectin 

(FITC-positive BECs) was similar in C6 and HT 1080 tumors 
(0.40 vs. 0.43 % of total cells. respectively). This finding 
corroborates our micro-ultrasound findings that untreated C6 
and HT1080 tumors have similar levels of perfusion as 
measured by micro-ultrasound (Fig. 3e, t control), despite 
dramatically different MVD (Fig. li, h, control). 
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Treatment with aflibercept (24 h) decreased the number 
of BECs in C6 tumors to 0.5 % of total cells ( ~ 37 % 
decrease) and to 1.6 % in HT1080 tumors (~28 % 

decrease) (Fig. Jg, h; Table l). These data correspond with 
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Fig. 3 Perfusion decreased in response to aflibercept treatment in 
Colo205 and C6 tumors. but remained unchanged in HTl 080 tumors. a
c Representative images of vessel perfusion assessed by 2-dimensional 
(2D) DCE-US in control and 24 h aflibercept-treated Colo205, C6 and 
HTl 080 tumors. Tumors are outlined in red. d--f Quantitative analysis of 
vessel perfusion in control and 24 h aflibercept-treated Colo205 (n = 18 
and 24, respectively). C6 (n = 8 and 12. respectively) and HT1080 
tumors (n = 12and 9, respectively) gFlow cytometry analysis ofCD31-
positive blood vessel endothelial cells (BECs) in combination with the 
intravenously injected perfusion marker FITC-lectin in control and 24 h 

the relative decrease in MVD after aflibercept treatment 
(Fig. l h, i; Table l ). After 24 h of aflibercept treatment, 
the proportion of FITC-lectin positive BEC in C6 tumors 
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aflibercept-treated C6 (n = 10 each treatment group; n = 5 for 
'no-FITC' group) and HT1080 tumors (n = 10 each treatment group; 
n = 5 for 'no-FITC' group) as well as control-treated skin tissue (n = 5 
each group). Shown are perfusion and flow cytometry results combined 
from multiple experiments. Results shown represent mean ± standard 
errorofthemean(SEM).P < 0.05*,<0.0l **, <0.001 ***,<0.0001 **** 
by Mann-Whitney test (tumor perfusion). Differences between 
FITC-lectin positive BECs in ctr! versus aflibercept treated C6 or 
HT1080 tumors and between ctr! treated C6 and ctr! treated HT1080 
tumors were not statistically significant by Mann-Whitney test 

increased slightly to 66 % of all BECs, although the total 
number of FITC-lectin positive BECs went down (to 
0.33 % of total cells). In HT1080 tumors after aflibercept 
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Table 1 Flow cytometry analysis of all CD3 l-positive blood vessel endothelial cells (BECs) and perfused (FITC-lectin positive) BECs derived 
from control and 24 h aflibercept-treated C6 and HT1080 tumors 

% CD31 + (BEC) cells out of Relative % FITC-lectin + BECs out of Relative % FITC-lectin + BECs out of 
total cells change(%) total cells 

Control Aflibercept Control 

C6 0.8 0.5 -37 0.43 

HT1080 2.2 1.6 -28 0.4 

treatment, the proportion of FITC-lectin positive BEC also 
increased slightly to 31 % of all BECs, whereas the total 
number of BECs increased slightly (to 0.48 % of all cells) 
(Fig. 3g; Table l). Again, these findings are consistent 
with perfusion changes seen by micro-ultrasound following 
treatment of these tumors with aflibercept (Fig. 3e, f). 
Thus, this flow cytometry-based analysis of tumor vessel 
perfusion provides a powerful link between functional 
perfusion assays and immunohistochemistry of tumor 
blood vessels following anti-VEGF treatment. 

Increased tumor hypoxia following treatment 
with aflibercept 

To determine whether the decreased tumor perfusion fol
lowing aflibercept treatment resulted in tumor oxygenation 
changes, we analyzed hypoxia in Colo205, C6, and 
HT1080 tumors at 8, 24 and 72 h after aflibercept treat
ment. Hypoxia was assessed by HypoxyProbe IHC 
(Fig. 4a-c) as well as by analyzing the expression of 
VEGF, a hypoxia regulated gene (Fig. ,ig-i). Colo205 and 
C6 tumors have hypoxic regions even under baseline 
conditions, which become more pronounced upon afliber
cept treatment starting at 8 h (Fig. 4a, b, d, e). The increase 
in HypoxyProbe staining observed in C6 and Colo205 
tumors after 24 h aflibercept treatment (Fig. 4d, e) corre
sponded with decreased perfusion (Fig. 3d, e). In com
parison, HT1080 tumors had little or no hypoxic regions at 
baseline, and no increase in hypoxia at 72 h of treatment 
with aflibercept (Fig. 4c, f), consistent with the unchanged 
tumor perfusion (Fig. 3c, f). Similarly, expression of 
VEGF progressively increased in C6 and Colo205 tumors, 
whereas VEGF expression was unchanged in HT1080 
tumors (Fig. 4g). Taken together, increased tumor hypoxia 
correlated with decreased tumor perfusion. 

Tumor perfusion changes correlated with long-term 
response to aflibercept 

The results from our analysis of three tumor types sug
gested that rapid changes in tumor perfusion and/or 
hypoxia correlated better with long-term tumor growth 
response to aflibercept than did other parameters such as 
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change(%) total BECs 

Aflibercept Control Aflibercept 

0.33 -24 55 66 

0.48 +20 18 31 

changes in microvessel density or vascular gene expression 
(Fig. 5a). To further assess whether tumor vascular perfu
sion changes at 24 h after aflibercept treatment correlated 
with long-term growth inhibition, we extended our analy
ses to several additional tumor types (A431, 786-0, MMT, 
LLC and PC-3M) grown in immunocompromised SCID 
mice. We also included a syngeneic model, LLC tumors 
grown in C57Bl6 mice, to assess the effects of aflibercept 
on tumor perfusion and growth in immunocompetent mice. 
As expected, tumor growth inhibition in immunocompro
mised mice did not correlate well with changes in tumor 
vessel density (Fig. 5b, R2 = 0.09). In comparison, in this 
larger sample including one syngeneic model, tumor 
growth inhibition showed a correlation with changes in 
Ulmor perfusion (Fig. 5c, R2 = 0.73). 

Discussion 

The search for early response and predictive biomarkers of 
Ulmor response to anti-angiogenic agents has so far not 
provided definitive candidates. While clinical studies have 
sought such markers by sampling numerous growth factors 
and cytokines, preclinical studies may be able to provide 
more mechanism-based candidates and approaches. In this 
study, we analyzed several tumors with a wide range oflong
term tumor growth responses to anti-VEGF therapy. Using 
subcutaneous tumor models, we correlated early morpho
logic and functional vascular changes following treatment 
with aflibercept to long-term tumor growth inhibition (TGI). 
We found that changes in tumor hypoxia and perfusion 
correlated with long-term TGI, whereas changes in vascular 
gene expression and MVD showed a poor correlation. 

In early clinical analyses, MVD was proposed as a 
prognostic indicator for disease stage, likelihood of 
metastasis, recurrence, and survival in a range of tumor 
types [26-28]. To date, however, neither baseline values, 
nor treatment-related changes in MVD have proven useful 
for evaluating or guiding anti-angiogenic treatments [29]. 
To extend the analysis of MVD, we identified a set of 
endothelial cell marker genes, including Tiel, Pecaml, 
Cdh5, Icam2 and Robo4 [20-22], which decreased fol
lowing treatment with aflibercept. The timing and 
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Fig. 4 Tissue oxygenation decreased in response to aflibercept 
treatment in Colo205 and C6. but not in HT1080 tumors. a
c Representative images of hypoxia assessed by HypoxyProbe IHC in 
control and 24 h aflibercept-treated Colo205, C6 and HT1080 tumors 
(80 µm gelatin sections). d-f) Quantitative analysis of hypoxia area 
(%) in control and 8, 24 and 72 h aflibercept-treated Colo205, C6 and 
HT1080 tumors (n = 4-5 each time point/tumor type). g-i TaqMan 
analysis of the hypoxia responsive gene VEGF in Colo205. C6 and 
HT1080 tumors after 8, 24 and 72 h aflibercept treatment (n = 3-4 

magnitude of the decrease in these genes correlated well 
with changes in tumor MVD. However, these gene 
expression changes did not correlate with long-term TGL 
Further. changes in 'acute' gene expression, such as Esml 
and Nid2, which appear to reflect direct VEGF target genes 
[30-32], similarly did not correlate with long-term TGI 
following treatment with aflibercept. This latter finding 
suggests that VEGF inhibition within a tumor is a neces
sary but not sufficient determinant of efficacy of anti
VEGF therapy. 

each time point/tumor type). All experiments were repeated at least 
twice; shown is an example experiment (n = 4-5 (hypoxia data) or 
n = 3-4 (TaqMan data) for each time point). Results shown represent 
means or mean± standard deviation (SD). P < 0.05*, <0.01 **, 
<0.001 ***, <0.0001 **** by 1 way-ANOVA with Bonferroni post 
hoc test (hypoxia IHC. each time point compared to control (0 time 
point); TaqMan data, each time point compared to control (0 time 
point)) 

Agents that target other angiogenic signaling pathways 
further confound the attempts to correlate MVD, vascular 
markers or indicators of VEGF signaling with anti-tumor 
effects. For example, in pre-clinical models, blockade of 
the angiogenic ligand Dll4 results in increased MVD [18, 
33] and endothelial cell marker genes (data not shown), but 
inhibits nunor growth, thus clearly showing that MVD 
changes are not predictive of anti-angiogenic treatment 
efficacy. In the case of Dll4 inhibition, the newly formed 
tumor vascular structures are non-functional [18, 33]. 
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Fig. 5 Changes in tumor 
perfusion, but not in MVD, 24 h 
after aflibercept treatment are 
predictive of long-term tumor 
growth inhibition. a Summary 
of aflibercept effects on long
term tumor growth and shmt
term (up to 72 h) MVD, gene 
expression, tumor perfusion and 
hypoxia b Poor correlation 
between MVD changes (30 µm 
OCT sections; n = 4-5 each 
treatment group/tumor type) and 
long-term TGI (n = 5-7 each 
treatment group/tumor type) in 
Colo205, C6, Hrl080. MMT. 
A431 and LLC tumors. c Good 
correlation between tumor 
perfusion changes (n = 7-24 
each treatment group/tumor 
type) and long-term TGI 
(n = 5-7 each treatment group/ 
tumor type) in Colo205, C6, 
HT1080, MMT, A431, LLC, 
786-0 and PC-3 M tumors. All 
experiments were repeated at 
least twice; shown is an 
example experiment for tumor 
growth (n = 5-7) and vessel 
density (n = 4-5) data along 
with combined data for tumor 
perfusion data (n = 7-24 each 
treatment group/tumor type) 
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These findings, as well as our current results, emphasize 
the concept that changes in tumor vessel functionality are 
much more important for predicting tumor growth response 
than changes in the number of vessels, their morphology or 
their signaling profiles. 

Our studies further validate the use of i. v. FITC-lectin 
combined with CD31 flow cytometry, to distinguish endo
thelial cells from perfused versus non-perfused vessels. 

In clinical studies of VEGF blockade, DCE-MRI has 
been used frequently to evaluate the functional microvas
culature within tumors. In particular, decreases in Ktrans, a 
volume transfer constant for contrast agent in blood/plasma 
and the extravascular extracellular space, was shown to be 
predictive of time to progression in liver cancer upon 
VEGF blockade [39]. Similarly, changes in Ktrans allowed 
the prediction of responses in glioblastoma patients treated 
with bevacizumab and irinotecan [ 40]. In some preclinical 
tumor models, DCE-MRI has also revealed a decrease in 

In preclinical models, intravenous injection of dyes like 
FITC-lectin, Hoechst 33342 or DiOC7 prior to sacrifice has 
frequently been used to distinguish perfused/functional 
vessels from non-perfused vessels in tissue sections [7, 19, 
34-36]. In addition, FITC-lectin or Hoechst 33342 have 
been used with flow cytometry to detect perfused endo
thelial cells or to assess the ratio of tumor cells close to 
perfused blood vessels versus those further away [37, 38]. 
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Ktrans in response to VEGF blockade [ 4 l]. However, DCE
MRI was not predictive of treatment efficacy upon anti
angiogenic therapy in other cancers, such as NSCLC [ 42]. 
In an attempt to better predict anti-angiogenic efficacy, 
DCE-MRI was combined with assessment of MVD and 
plasma collagen IV levels shortly (24 h) after the start of 
treatment. This 'vascular normalization index', was pre
dictive of responsiveness to anti-angiogenic therapy in 
glioma patients [,!J]. In a follow-up study, a prolonged 
increase in tumor perfusion, as evidenced by DCE-MRI, 
was associated with longer survival in glioma patients [44]. 
However, a recent positron emission tomography (PET) 
imaging study reported a decrease in perfusion and 
impaired docetaxel delivery after a single dose of bev
acizumab in NSCLC patients [14], suggesting that vessel 
normalization after VEGF blockade does not occur in 
NSCLC. In another recent study, single-photon emission 
computed tomography (SPECT) imaging revealed that 
anti-VEGF treatment decreased tumor uptake of an anti
Her2 antibody (trastuzumab) in preclinical breast cancer 
models, thus further supporting that VEGF blockade results 
in decreased tumor perfusion rather than vessel normali
zation [ 15]. 

In addition to DCE-MRL PET and SPECT, other 
imaging modalities have been used to predict efficacy of 
anti-angiogenic therapies. For example, dynamic contrast
enhanced ultrasound (DCE-US) imaging has been used to 
assess tumor perfusion before and after treatment of vari
ous cancers with anti-angiogenic agents [45-47]. DCE-US 
imaging typically uses gas-filled lipid-shell microbubbles 
several micrometers in diameter as contrast agent [ 48]. 
DCE-US differs from DCE-MRI in that it solely assesses 
changes in vascular perfusion, while DCE-MRI measures a 
combination of blood flow through the vasculature as well 
as tracer movement across the vessel wall [49]. Although 
DCE-MRI and DCE-US appear to have predictive potential 
in anti-angiogenic therapy, DCE-US may be less sensitive 
to changes in tumor vascular permeability, and thus be 
more robust for assessing changes in tumor perfusion. 

Decreases in tumor perfusion can result in hypoxia, as 
was observed after aflibercept treatment of sensitive 
Colo205 and moderately responsive C6 tumors, but not in 
resistant HT1080 tumors. These findings can be compared 
to the vascular normalization hypothesis, which proposed 
that tumor vessels remaining after anti-VEG F therapy 
temporarily 'normalize' in terms of morphology and 
functionality, resulting in increased tumor blood flow and 
decreased hypoxia [10]. Other preclinical studies, however, 
have shown that the anti-angiogenic agents DClOl and 
AG-013736 induce decreased perfusion and increased 
hypoxia [ 13, 35, 50]. Although it is well established that 
human tumors are often hypoxic and poorly perfused [51], 
direct measurement of tumor oxygenation before and after 
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VEGF blockade in patients is challenging. Instead, hypoxia 
changes have been assessed indirectly. For example, bev
acizumab treatment of RCC patients resulted in increased 
tumor cell apoptosis, along with increased tumor cell 
proliferation, which were hypothesized to be at least par
tially due to increased blood flow and decreased hypoxia 
[52]. 

The current study used various tumor models grown 
subcutaneously in mice, a site that can be readily accessed 
for micro-ultrasound studies of tumor perfusion. While the 
vascular strucmres and responses to anti-angiogenic ther
apies of such tumors may not fully reflect those of primary 
and metastatic human tumors, the ability to directly mea
sure tumor blood flow provides opportunities to identify 
potential early response biomarkers that can be further 
tested in orthotopic preclinical tumor models and in clinical 
settings. 

Early response biomarkers that can predict long-term 
outcome to therapy would be powerful tools, and panels of 
such potential biomarkers for anti-angiogenic therapies 
have been explored. For example, changes in circulating 
VEGF or PlGF levels, as well as tumor VEGF levels, were 
thought to be predictive, but to date have not shown to be 
well correlated with outcome [53]. In the current preclin
ical study, decreases in tumor perfusion and increases in 
hypoxia following treatment of subcutaneous xenograft and 
syngeneic models with aflibercept correlated with long
term TGI. Our results suggest that perfusion changes, as 
measured by DCE-US, shortly after treatment with VEGF 
inhibitors or possibly other anti-angiogenic therapies, could 
potentially be used as an early response biomarker to assess 
treatment efficacy. 
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Vascular endothelial growth factor {VEGF) plays a critical role 
during normal embryonic angiogenesis and also in the pathological 
angiogenesis that occurs in a number of diseases, including cancer. 
Initial attempts to block VEGF by using a humanized monoclonal 
antibody are beginning to show promise in human cancer patients, 
underscoring the importance of optimizing VEGF blockade. Previ
ous studies have found that one of the most effective ways to block 
the VEGF-signaling pathway is to prevent VEGF from binding to its 
normal receptors by administering decoy-soluble receptors. The 
highest-affinity VEGF blocker described to date is a soluble decoy 
receptor created by fusing the first three lg domains of VEGF 
receptor 1 to an lg constant region; however, this fusion protein 
has very poor in vivo pharmacokinetic properties. By determining 
the requirements to maintain high affinity while extending in vivo 
half life, we were able to engineer a very potent high-affinity VEGF 
blocker that has markedly enhanced pharmacokinetic properties. 
This VEGF-Trap effectively suppresses tumor growth and vascular
ization in vivo, resulting in stunted and almost completely avas• 
cular tumors. VEGF-Trap-mediated blockade may be superior to 
that achieved by other agents, such as monoclonal antibodies 
targeted against the VEGF receptor. 

The sprouting of new blood vessels, termed angiogenesis, is 
required to support growth in the embryo and young animal, 

as well as to allow for repair and remodeling proeesses in the 
adult. However. aberrant angiogenesis is also associated with a 
number of path~logical conditio;1s and diseases, including cancer 
(1, 2). Tumors, like many normal tissues, use the vasculature as 
a means to obtain oxygen and nutrients and to remove waste 
products. Although tumors can in part grow by coopt.ing existing 
host vessels (3-6), most tumors also induce new vessel formation, 
suggesting that this neovascularization is required for their 
growth (1, 2, 7). Consequently, much effort has been directed 
toward discovering antiangiogenic agents and evaluating them as 
cancer therapeutics. Perhaps the best characterized and most 
highly validated antiangiogenic approach involves targeting the 
vascular endothelial growth factor (VEGF) pathway (1, 8-11). 
Based on numerous animal studies, the VEGF pathway is the 
only well-defined signaling pathway known to be required for 
normal development of the vasculature as well as for the 
pathologic angiogenesis that accompanies cancer and other 
disease states (8-10). 

The VEGF pathway is initiated when VEGF binds to its 
receptors on endothelial cells. The two best characterized VEGF 
receptors are termed VEGF receptor 1 (VEGFRl) and VEGF 
receptor 2 (VEGFR2). VEG-FRI and VEGFR2 are highly 
related trnnsmembrnne tyrosine kinases that use their ectodo
mains to bind VEGF; this binding in turn activates the intrinsic 
tvrosine kinase activitv of their cytodomains, initiating intracel•· 
l~lar signaling. Interestingly, although VEGFRl binds~to VEGF 
with substantially higher affinity, most of the biologic effects of 
VEGF seem to be mediated via VEGFR2. In animals, blockade 
of the VEGF pathway bas been achieved by many different 
means, including blocking antibodies targeted against VEGF 
(12--14) or its receptors (15), soluble decoy receptors tbat 

www.pnas.org/cgi/doi/10.1073/pnas.172398299 

prevent VEGF from binding to its normal receptors (16-20), as 
well as small molecule inhibitors of the tvmsine kinase activity 
of the VEGFRs (21-23). Recently, a sti{dy that compared th~ 
efficacy of VEGF blockade to other ''antiangiogenic'' strategies 
established that this approach is superior to many others (ref. 
11). Consistent with predictions from animal studies, blockade 
of VEGF using a humanized monoclonal antibody has emerged 
as the first and thus far only antiangiogenesis approach reporting 
promising results in human cancer patients, based on prelimi
nary reports from early clinical trials.1' The hope is that anti
VEGF approaches can be generalized to many different types of 
cancer, as well as to other diseases in which pathologic angio
genesis contributes, such as diabetic retinopathy and psoriasis. 

The clinical promise of initial anti-VEGF approaches high
lights the need to optimize blockade of this pathway. Previous 
studies have found that one of the most effective ways to block 
the VEGF signaling pathway is to prevent VEGF from binding 
to its normal receptors by administering decoy VEGF receptors 
(11, 16, 17, 24). The highest-affinity VEGF blocker described to 
date is a soluble decoy receptor created by fusing the first three 
Jg domains of VEGFRl to the constant region (Fe portion) of 
human IgGl, resulting in a forced homodimer that has picomolar 
binding affinity (16, 17). In tumor experiments, this VEGFRl·I•'c 
reagent is efficacious at approximately 500-fold lower concen
tration than a similar VEGFR-2 construct (11). Despite its high 
affinitv. the VEGFR1-Fc is not a feasible clinical candidate 
becau~e of its poor pharmacokinetic profile; in rodent studies, 
this protein has to be administered frequently and at very high 
levels to achieve efficacious levels (16, 17, 24). In addition, the 
VEGFRl-Fc exhibits certain toxicological side effects that are 
not seen with the VEGFR2-Fc (11). ·i'bese effects appear to be 
due to nonmechanism-based and nonspecific properties of this 
agent ( see Discussion). By determining the requirements to 
maintain high affinity while extending in vivo half life, we were 
able to engineer a very potent high-affinity VEGF blocker that 
has prolonged in vivo pbarmacokinetics and pharmacodynamics, 
lacks nonspecific toxicities, and can effectively suppress the 
growth and vascularization of a number of different types of 
tumors in vivo. 

Materials and Methods 
Engineering VEGF-Traps. The parental VEGF-Trap was created by 
fusing the first three lg domains of VEGFRl to the constant 
region (Fe) of human IgGl. VEGF-Trap,1m was created by 
removing a highly basic 10-aa stretch from the third lg domain 
of the parental VEGF-Trap. VEGF-TrapLlB~ was created by 
removing the entire first Ig domain from VEGF-Trap,1m• 
VEGF-TrnpRrn2 was created by fusing the second lg domain 

Abbreviations: VEGF, vascular endothelial growth factor; VEGFR1, VEGF receptor 1; 
VEGFR2, VEGF receptor 2; AUC, area under the curve. 

*To whom reprint requests should be addressed. E·maii: jocelyn.holash@regeneron.com. 

'Yang, J., Haworth, L., Steinberg, S., Rosenberg, S. & Novotny, W. (2002) Am. 5oc. Clin. 
Oncol. (abstr. 15). 
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of VEGFRl with the third lg domain of VEGFR2. All of the 
VEGF-Trap variants were produced and purified from Chinese 
hamster ovary cells. 

Pharmacokinetic Analysis of VEGF-Traps. BALB/c mice (25-30 g) 
were injected s.c. with 4 mg/kg of the various Traps and bled at 
1, 2, 4, 6, 24, 48, 72, and 144 hr after injection. Levels of all 
VEGF-Traps were measured by an ELISA by using human 
VEGF t65 to capture and an antibody to the human Fe region as 
the reporter. 

Extracellular Matrix (ECM)-Binding Assay. ECM--coatcd plates 
(Becton Dickinson no. 35--4607) were incubated with varying 
concentrations of VEGF-Traps for l hr at room temperature. 
They were washed and incubated with alkaline phosphatase
conjugated anti-human Fe antibody (Promega, 1:4,000 in PBS + 
10% BCS) for 1 hr at room temperature. Plates were washed four 
times with PBS 0.1 %Triton-X 100 and reagent buffer added 
for color development. Plates were read at 405-570 nm. 

VEGF-Trap-Binding Assay. Binding affinities of VEGF-T raps were 
measured by using a specific and sensitive ELISA (R&D Systems 
kit no. DVE00) for detecting free (unbound) human VEGF in 
mixtures of the VEGF-Traps (ranging in concentration from 0.1 
to 160 p.M) with human VEGF165 (at lO pM), incubated over
night at room temperature. 

Human Umbilical Vein Endothelial Cell Phosphorylation Assay. Con
fluent monolayers of human umbilical vein endothelial cells [Vee 
Technologies (Rensselaer, NY) passage no. 5] were serum-starved 
for 2 hr and then challenged for 5 min with vehicle or 40 ng/ml of 
human alone or preincubated with VEGF-Traps at 
1.5-fold molar excess. Cells were then lysed, immunoprecipitated by 
using a VEGFR2-specific antibody, and immunoblotted with 
a phosphotyrosine-specific antibody ( Upstate Biotechnology, 
4010 mAb). 

VEGF-lnduced Proliferation Assay. Cells that proliferate in response 
to VEGF were generated by stably transfecting NIH 3T3 cells 
with a VEGFR2/TrkB chimeric receptor (in which the cytodo
main of VEGFR2 was replaced with that of Tr kB, a receptor for 
brain-derived neurotrophic factor that effectively drives 
eration in these cells). Five thousand cells were plated per well 
of a 96-well plate, allowed to settle for 2 hr, incubated for 1 hr 
with VEGF-Trap variants (titrated from 40 nM to 20 pM), then 
challenged for 72 hr witb human VEGF165 at a concentration of 
1.56 n.M, followed by addition of [3-( 4,5 dimethylthiazol-2-yl)-
5-(3-carboxymetboxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, 
innersai and spectrophotometric analysis at 450/570 nm. 

Acute Hypotension. Male Wistar--Kyoto rats (180--240 g) from 
Taconic Laborat01ies were maintained on a 12:12 light/dark cycle 
(lights on 0600) with food and water available ad libiturn. Before 
challenge with VEGF, animals were pretreated with VEGF-Traps 
or PBS as indicated, anesthetized with l.5-2lJi, isoflurane in oxygen, 
and the left femoral arterv catheterized for direct measurement of 
systolic blood pressure th;ough a blood pressure transducer (IITC, 
Woodland Hills, CA) into a chart recorder (Linseis. Princeton 
Junction, NJ). A.nimals were then injected in the right jugular vein 
with a 200-µI bolus containing 10 µg of recombinant human 
VEG-F16s- Systolic blood pressure was measured before VEGF 
injection and every minute thereafter for 20 min. Blood pressures 
were normalized to baseline preinjection and analyzed by using 
mixed factorial Ai"!OV As supporting information on the 
PNAS weh site, www.pnas.org). 

Tumor Growth Experiments. C6 glioma cells ( 1.0 x 106 cells/mouse) 
and A.673 rhabdomyosarcoma cells (2.0 X 106 cells/mouse) were 
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Fig. 1. Engineering of VEGF-Traps with improved pharmacokinetics. (A) 
Schematics of fuli-length VEGFR1 (red) and VEGFR2 (blue) are provided, 
indicating their seven lg domains, transmembrane regions (black bars), and 
kinase domains (ovals). The parental VEGF-Trap contains the first three lg 
domains of VEGFR1 (inciuding the highly basic 10-aa stretch in lg3, blue box) 
fused to the Fe portion of human lgG L VEGF-Trap~a1 is identical to the 
parental VEGF-Trap, except that the basic stretch in lg3 has been removed_ 
VEGF-Trap~s2 is the same construct as AB 1, except that the first lg domain has 
been removed. VEGF-TrapR1 R2 possesses the second lg domain ot VEG FR 1 and 
the third lg domain of VEGFR2 fused to the Fe portion of human lgG1. (B) The 
four indicated VEGF-Traps were assayed in vitro for their capacity to bind to 
ex,racellular matrix, with only the parental VEGF-Trap and VEGF-Trap~8, 

demonstrating binding_ (C) Pharmacokinetic analysis of the VEGF-Traps re
veals that the parental VEGF-Trap has the poorest profile, whereas VEGF-
TrapR1R2 showed the best profile_ 

obtained from American Type Culture Collection, and Bl6Fl0.9 
melanoma cells (5.0 x 105 cells/mouse) were a ger1en1us gift from 
Charles Lin (Duke University, Durham, NC). ( 'r, 110 ,,,,,,,.,, suspended 
in serum-free medium and implanted s.c. on the shaved right flank 
of male C.B-17 SCH) mice at the indicated concentrations. After 
tumor cell implantation and twice weekly thereafter for the dura
tion of the experiment, mice received a s.c. injection ( at the nape of 
the neck) of vehicle (PBS+ 0.5% glycerol), VEGF-Trap, or DC101 
(from American Type Culture Collection). After 2-3.0 weeks, 
animals were killed and tumors were measured ex vivo with calipers 
(tumor volume = length width x height). For immunohisto
chemistry studies, mice were perfused with 4%1 paraformaldehyde, 
and tissue was pnJce:ssc:d as nn:viouslv described 

Results 
Reengineering Parental VEGF-Trap to Improve its Pharmacokinetic 
Profile. On the basis of the previously reported high affinity of a 
soluble decoy receptor in which VEGFRl is fused to the Fe 
portion of human IgGl (16, 17), we produced this fusion protein 
to study its properties ( see parental VEGF-Trap, 1-4 ). Single 
s.c. injections of parental VEGF-Trap ( 4 mg/kg) into mice were 
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performed to confirm that it indeed displayed poor pharmaco
kinetic properties, with a maximal concentration ( Crnax) of only 
0.05 p.g/ml and total "area under the curve concentration" 
(AUC) of 0.04 vg x days/ml (Fig. lC). We postulated that these 
poor pharmacokinetic properties might be due to the high 
positive charge of this protein (pl 9.4 ), which in turn may result 
in its deposition at the site of s.c. injection because of nonspecific 
adhesion to highly negatively charged proteoglycans that com-
prise the extracellular matrix. To test this hypothesis, we next 
engineered several variants of the parental VEGF-Trap with 
reduced positive charges. On review of the charge density in the 
parental molecule, we noted a highly basic stretch of 10 amino 
acids in the third lg domain of VEGFR1 (see blue box in Fig. 

To reduce the charge, this region was excised, resulting in 
a cle,.:re:~se in the of this VEGF-Trap ( termed 
see Fig. lA) from 9.4 to 9.1. It was also noted that the first lg 
domain of VEGFRl had a basic pl, and we thus decided to test 
removal of this domain as well as the above-noted basic region, 
resulting in a protein termed VEGF-Trap,rn2 (Fig. LA), with a 
further reduced pl of 8.9. Finally, because the third lg domain of 
VEGFR2 has a lower pI than the corresponding domain of 
VEG FRI, we simply switched these domains to make a Trap in 
which the second Ig domain of VEGFRl is directly fused to the 
third Tg domain of VEGFR2; this trap was termed VEOF
TrapRrn~ (Fig. lA) and had a pI of 8.82. Previous structural 
analyses indicated that VEGFRl might make greater use of its 
second lg domain in contacting VEGF, whereas VEGFR2 
instead makes greater use of its third lg domain (26), raising the 
interesting and useful possibility that VEGF-TrapRJR2 might 
actually bind more tightly to VEGF than the parental versions. 
Combining the distinct binding regions of two different recep
tors to create a higher-affinity interactor has previously been 
used in the creation of a series of interleukin and cytokine 
blockers also termed Traps (A. Economides, L Rocco Carpen
ter, J.S.R., V. Wong, E. Koehler-Stec, C. Hartnett, E. Pyles, T.D., 
M. Young, J.P.F., Frank Lee, Scott Carver, Jennifer McNay, 
K.B., S. Ramakantb, R. Hatabarat, C.R., T.H., G.D.Y., and 
N. Stahl, unpublished results). Using a simple extracellular 
matrix .. binding assay, we tben confirmed the hypothesis tbat 
decreasing the positive charge of the VEGF-Traps would result 
in decreased adhesion to extracellular matrix (Fig. lB). Binding 
to extracellular matrix in this was directly related to the pI 
of the with both 1:,1,n:• -i ntPR1 R2 and 
displaying negligible binding in this assay. 

On the basis of the above results. we next tested these various 
VEGF-Traps in vivo for their phar~tacokinetic behavior. Their in 
vivo behavior followed the theoretical charge predictions as well as 
the in vitro adhesion properties. Every reduction in pT was accom
panied by a corresponding improvement in Cmax and AU C: VEG F
Trap~m had a Cmax of 1.3 /-Lg/ml and an AUC of 1.36 µg x days/ml; 
VE(rF-Trap2,B2 had a Cmax of 2.65 µg/ml and an AUC of 5.42 /Lg X 
days/ml; whereas VEGF-TrapRiR2 revealed the best profile with a 
Cmax of 16 1-tg/ml and an AUC of 36.28 µg days/ml (Fig. lC). 
Thus, VEGF-TrnpRrn2 had an AUC that was almost 1,000-fold 
higher than that of the parental VEGF-Trap, raising the possibility 
that it might be a far superior pbarmacologic agent, assuming it 
retained its ability to bind and block VEGF. 

Comparison of Parental VEGF-Trap with VEGF-TrapR1R2 in Binding, 
Phosphorylation, and Cell Proliferation Assays in Vitro. Because of the 
supeiior pharmacokinetic properties of VEGF-TrapRrn2, we next 
compared this Trap to its parent for its ability to bind and block 
VEGF in vitro. To determine binding affinity of the Traps for 
VEGF, equilibrium binding assays were performed in which dif
ferent concentrations of the Traps were incubated with VEGF165, 

and the amount of unbound VEGF 165 was measured, revealing that 
parental VEGF-Trap displays a kD of ""'5 pM, whereas VEGF
TrapRrn2 has a binding affinity of about 1 pM (Fig. 2A ). Preliminary 
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Fig. 2. Binding affinity and inhibitory properties of VEGF-Traps. (A) Affini
ties of indicated VEGF-Traps for VEGF, as determined by using a binding assay 
that measures unbound VEGF (ordinate) after incubation of 10 pM of human 
VEGF1Gs with varying concentrations of VEGF--Traps (abscissa). (B) Inhibition of 
VEGF-induced phosphorylation of VEGFR2 in human umbilical vein endothe
lial ce!! phosphorylations using indicated VEGF-Traps at 1.5-foid mo!arexcess, 
as revea!ed with immunobiotting assay. (C) Inhibition of VEGF-induced pro
liferation of fibroblasts containing a chimeric VEGFR2/TrkB receptor, using 
varying concentrations of VEGF-Traps in the presence of 1.56 nM of VEGF. 

analyses show that VEGF-TrapRrnz has a kD of ~"'l-10 pM for 
VEGFm and approximately 45 pM for placental growth factor 2 
(not shown); other VEGF isoforrns and relatives have not been 
analyzed. 

To determine whether Trap binding ofVEGF could potently and 
effectively block the ability of VEGF to activate its receptor, VEGF 
and Traps were added to cultured endothelial cells, and tbe effects 
on VEGFR2 phosphorylation were examined, revealing that both 
parental VEGF-Trap as well as V1~G-F-TrapRlR2 can completely 
block \lEGF-induced VEGFR2 phosphorylation when added at a 
1.5-.fold molar excess compared with the added VEGF, consistent 
with very high-affinity binding to VEGF (Fig. 2B). Finally, to assess 
whether these Traps would also be effective in cell-based prolifer
ation assays, we engm.eeired a cell line containing a chimeric 
VEGFR2 receptor mediates a very strong proliferative re
sponse to VEGF and found that both parental VEGF-Trap and 
VEGF-TrapmR2 potently blocked VEGF-induced proliferation in 
3-day growth assays in these cells, with an TCso at approximately an 
equimolar concentration of Trap with the added VEGF, once again 
consistent with very high-affinity binding of the Traps for VEGF 
(Fig. 2C). 

VEGF-TrapR1R2 Provides Long-Term Blockade of Exogenously Admin
istered VEGF-lnduced Acute Hypotension. The above studies indi
cated that VEGF-TrnpRiR2 was at least as impressive a blocker 
of VEGF as the parental version, but that it bad far superior 
pharmacokinetic properties. To initially explore whether these 
attributes translated into superior pharmacodynamic 
mance, we compared these reagents by using an acute readout 
ofVEGF responsiveness in vivo. Administration of a single bolus 
dose (HJ /..tg) of recombinant VEGFi 65 to rats results in acute 
hypotension, with a drop of about 40% from baseline systolic 
blood pressure; this drop is ma.ximal at 5 min and slowly rectifies 
to normal by about 30 min (Fig. 3A). To compare the pharma
codynamic efficacy of the VEGF-Traps in blocking this acute 
response, we preadministered the parental VEGF--Trap or 
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Fig. 3. Using blockade of VEGHnduced acute hypotension to pharmaco
dynamicallycompare VEGF-Traps. (A) When rats were treated with VEGF-Traps at 
25 mg/kg at 1 day before VEGF challenge, VEGF-TrapR,R2 (n 8) completeiy 
blocked VEGF-induced hypotension, whereas PBS (n = 6) and parental VEGF-Trap 
(n 6) were ineffective. A NOV A shows treatrnent effect, P< 0.007. (B) Ata 5-fold 
lower dose (5 mg/kg). VEGF-TrapR1R2 was still effective at 1 day (n = 4) or 3 days 
(n = 3) before the VEGF cha! !enge. ANOVA shows treatment effect, P ·< 0.03. 

VEGF-TrapiuR2 at 25 mg/kg, 24 hr before VEGF administra
tion (Fig. 3A ). Consistent with what would be expected from the 
above pharmacokinetic studies, this dose of VEGF-TrapRiR2 

completely blocked VEGF-induced hypotension, whereas the 
parental VEGF-Trap had no discernable effect. Thus, although 
the parental VEGF-Trap and its VEGF-TrnpR1R2 derivative are 
quite comparable in vitro above), the VEGF-u'"'FKlKl 
performs much better in vivo, presumably because of its dra
matically enhanced pharmacokinetic profile. 

To further characterize the length of time in which VEGF
TrapRrn2 remained efficacious, we waited l, 3, and 7 days after 
injection of the Trap at 5 mg/kg before inducing hypotension. At 
this dose, VEGF-Trap1nR2 was completely effective in blocking 
VEGF-induced acute hypotension at 1 and 3 days after a single 
bolus (Fig. 3B) but was not significantly different from controls 
at 7 days (data not shmvn). 

VEGF-TrapR;R2 Dramatically Blocks Tumor Growth in Vivo. Altogether, 
the above pharmacokinctic and pharmacodynamic studies indi
cated that VEGF-TrapRrnz has the potential to be a long-term 
and potent phannacologic blocker of VEGF-mediated activities 
in vivo, far su1Jer1or to that of pa11·c11tal To to 
explore the value of VEGF-TrapRm2 as an ant1c1m(:er 
peutic and to compare it to other effective agents targeting the 
VEGF pathway, we evaluated its ability to block the growth of 
a variety of tumor cell lines in s.c. tumor models in mice. Tumor 
cells were derived from diverse tissue origins and different 
species (mouse Bl6F10.9 melanoma, human A673 rhabdomyo
sarcoma, and rat C6 glioma). After implantation of tumor cells, 
mice were al lowed a brief recovery period and then received s.c. 
injections ofVEGF-TrapRmz (25 mg/kg) or vehicle twice weekly 
for the duration of tbe experiment (2--3.0 weeks), after which the 
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Fig. 4. VEGF-TrapR1R2 dramatically inhibits the s.c. growth and vascularity of 
implanted tumors from diverse tissues and species. (A) VEGF-Trap R,R2 sub
stantially blocked the grovvth of the indicated s,c. implanted tun1ors, at the 
indicated doses twice weekly for 2 weeks (C6 and B16F10.9) or 3.0 weeks 
(A673). Error bars represent standard error of mean, n five mice/treatment 
group. The differences between control tumor volumes and VEGF-TrapR1Rr 
treated tumor volumes were analyzed by using Student's ttests and found to 
be significant at the following levels: B16F10 P 0.01; A673 P 0.06; C6 P 
0.0001. (B-D) Histological analysis reveals that VEGF-TrapRrn2 can effectively 
block blood vessel growth in these implanted tumors. Sections of C6 tumors 
stained with antibodies to platelet--endothelial cell adhesion molecule reveal 
that vehicle-treated animals had large tumors that were highiy vascuiarized 
{B), whereas animals treated with 25 mg/kg VEGF-TrapRm {C) hadtumorsthat 
were largely avascularwith large areas of necrosis (N). Viable tumor appeared 
to be vascularized because of cooption of preexisting host vessels (white 
arrowheads) associated with hypodermal musculature (M) and dermis. Treat
ment with 2.5 mg/kg VEGF-TrapR1R2 greatly stunted tumor growth (C) and 
resulted in large necrotic regions (N), although smal I pockets of vessels were 
occasionally apparent (black arrows). (Bar 100 11rn,) 

animals were killed and tumors excised and measured, VEGF
TrapRmz significantly inhibited the growth of all three types of 
tumors (Fig. 4A). In the study using C6 glioma cells, a 10-fold 
lower dose of VEGF-TrapRrnz (2.5 mg/kg) was tested and found 
to be equally effective at inhibiting tumor growth. 

To evaluate the effects of VEGF-TrnpRrnz on tumor-associated 
angiogenesis, the tumors from the above studies were sectioned and 
irnmunostained with antibodies to platelet-endothelial cell adhe
sion molecule, so that the vasculature could be visualized (Fig. 4 
B-D). This analysis revealed that the higher dose of VEGF
TrapRrn2 almost completely blocked tumor-associated angiogene-

wilh the stunted tumors being largely avasc:ular, save for regions 
in which preexisting host vessels appeared lo be coopted by 
surrounding tumor (see open arrowheads, Fig. 4C). The lower dose 
of VEGF-TrapRJRZ, which was quite comparable at inhibiting 
tumor growth ( see above), appeared to be slightly less effective at 
completely blocking tumor-associated an:g10,gene:s1s, allowing for 
small pockets of tumor-associated vessels otherwise avascular 
tumors (see black arrowheads in Fig. 4D). In contrast to the 
VEGF-Trap-treated tumors, control tllmors in vehicle-treated mice 
not only were much larger (see above) but also had a very high 
vascular density (Fig. 4B). 
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Fig. 5. VEGF-TrapR1R2 blocks tumor growth (of subcutaneously irnplanted 
B16F10.9 cells) at far lovver concentrations than DC101, a monoclonal antibody 
directed to VEGFR2. Mice were treated twice weekly with the indicated dose ot 
VEGF-TrapR1R2, DC101, or vehicle. After 2.5 weeks, mice were killed, and tumors 
were excised and measured. Individual tumor volumes are shown (colored bars), 
as are average tumor volumes for each treatment (black bars) SEM, n six 
mice/treatment group. Differences between treatment groups were analyzed by 
using a one-way ANOVA followed by Fisher's protected least significant differ
ence test. Average volume of tumors in all treatment groups is significantly 
smaller than control tumor volume (P < 0.01). Differences in tumor volume 
between the high-dose VEGF-Trap, !ow-dose VEGF-Trap, and high-dose oc10·1 

treatment groups are not significantly different, but they are significantly dif
ferent from those of the low-dose DC101 treatment group (P <C. 0.02). 

VEGF•TrapR1R2 Compares Favorably with Antibodies Targeting VEGFRZ. 
After establishing that VEGF-TrapRrn2 was effective at blocking 
s.c. tumor growth, we undertook studies to compare its efficacy with 
other known VEGF blockers. One particularly effective and well
characterized blocker is a monoclonal antibody, termed DClOl, 
that targets VEGFR2 (15). When equimolar· doses of VEG-F-
TrapmR2 and DCJOl were compared in the B16F[0 melanoma 
model, it was apparent that much higher doses of DC101 are 
required to inhibit tumor growth (Fig. 5). Furthermore, because 
antibodies have longer circulation times in mice than simple Fe 
fosion proteins, the highly efficacious dose of DClOl accumulates 
to approximately 60-fold higher serum levels than that of the 
equally efficacious low dose of VEGF-Trap: circulating levels of 
DClOl in animals treated with the 40 mg/kg dose were 2,442 ± 272 
µg/ml, in contrast to the circulating levels of VEGF-Trap in 
animals treated with 3.2 mg/kg, which were 40 ± 8 p,g/ml. Thus, 
circulating levels of VEGF-Trap that were approximately 60-fold 
lower than those of DClOl were equally efficacious in inhibiting 
tumor growth. Importantly, the favorable allometric scaling of Fe 
fusion proteins relative to antibodies (27, 28) suggests that in 
humans the circulation time for the VEGF-Trap will be much more 
comparable to that of antibodies, which in tum suggests that in 
humans the difference in efficacious doses would be further mag
nified and may be as great as 60-fold. 

As described in an accompanying manuscript (29), when used 
at the same dose, VEGF-Trap shows efficacy equal to or better 
than a monoclonal antibody to VEGF (30). As noted above, 
because Fe fusion proteins have much shorter circulating half
lives than antibodies in mice, but comparable half-lives in 
humans, the finding that the VEGF-Trap1rnu is at least as potent 
as the monoclonal antibody in mice suggests that the efficacious 
dose of VEGF-Trap will be much lower than that of the 
monoclonal antibody in humans. 

Discussion 
Validation of VEGF as an important new target in the war 
against cancer comes from pioneering clinical studies using a 
humanized monoclonal antibody that binds and blocks VEGF.t 
Because anti-VEGF approaches.act by blocking tumor-associated 
angiogcnesis, which appears to be widely required by many different 
types of tumors, these approaches may prove to be generally useful 
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against a wide assortment of cancers. In addition, pathological 
angiogenesis seems to contribute to a number of non-neoplastic 
diseases, such as diabetic retinopathy (31) and psoriasis (32), 
e:;,.1ending the potential utility of anti-VEGF therapeutics. All this 
promise highlights the need to optimize anti-VEGF approaches. 
Herein we describe tbe engineering of an anti-VEGF agent, termed 
VEGF-Trap1rnu- VEGF-TrapRJ R2 is a derivative of perhaps the 
most potent VEGF binder known, VEGFRl. Soluble forms of 
VEGFR1 suffer from poor pharmacokinetic properties, which 
seem to correlate with their nonspecific interactions with extracel
lular matrix. VEGF--TrapRiR2 was engineered to have minimal 
interactions with exiracellular matrix, and this property apparently 
accounts for its satisfying pharmacokinetic profile. The combina
tion of high-affinity and improved pharmacokinetics apparently 
contributes toward making VEGF-TrapRiR2 one of the most, if not 
the most, potent and efficacious VEGF blocker available. An 
additional advantage is that VEGF-TrnpRJ RZ is composed of en
tirely human sequences, hopefully minimizing the possibility that it 
might prove immunogenic in human patients. Despite its wholly 
human nature, VEGF-TrapmRz binds all species of VEGF tested, 
from human to chicken VEGF (not shown), making it a very 
versatile reagent that can be used in almost any experimental 
animal models. 

A recent study comparing nmnerous antiangioge.ne.sis ap
proaches concluded that anti-VEG·F approaches were the most 
efficacious ( 11 ). The particular anti-VE GF agent used for these 
studies was essentially equivalent to our parental VEGF-Trap 
but was delivered in an adenoviral system in which it was highly 
expressed in the livers of infected animals. In contrast to other 
anti-VEGF approaches that seem to be well-tolerated, the 
adenovirally delivered VEGF-Trap caused severe liver toxicity 
and ascites, raising the possibility that it might have some unique 
mechanism-based side effects compared with other anti-VEGF 
approaches. To explore this possibility, we made adenovirnl 
versions of both the parental VEGF-Trap as well as VEGF
TrapRrnz and found that, whereas adenoviral delivery of paren
tal VEGF-Trap reproduces the previously reported toxicities 
(11), adenoviral delivery of VEGF-TrapRmz did not cause these 
side effects even though much higher levels were achieved in the 
circulation. Our conclusion is that the nonspecific interactions of 
the parental VEGF-Trap with extracellular matr1x contribute to 
its increased toxicity after adenoviral administration, and that 
comparable toxicity is not noted with adenoviral administration 
of the engineered VEGF-TrapR1R2• 

In addition to the anticancer findings reported here, recent 
studies have shown that various versions of the VEG-F-Trap can 
efficaciously treat a cancer-associated condition in mice similar 
to liver peliosis ( 33 ), as well as noncancer-associated disease 
models, such as of diabetic retinopathy (34---36) and psoriasis 
(Y.-P. Xia, M. Detmar, G.D.Y., and J.S.R, unpublished results). 
The accompanying manuscript (29) compares the efficacy of the 
VEGF-Trap to that of several other VEGF blockers, including 
a humanized monoclonal antibody to VEGF, in a model of 
kidney cancer. Among the several VEGF blockers tested, the 
VEGF--Trap shows the best overall efficacy. In this manuscript, 
we compare the efficacy of the VEGF-Trap to that of a 
monoclonal antibody to VEGFR2 in cancer models and find that 
far lower circulating levels of VEGF-TrapRrn2 are required for 
similar efficacy. Tumors treated with highest doses of the 
VEGF-Trap are not only stunted but also strikingly avascular. 
Our description of a VEGF blocker with such superior blocking and 
pharmacologic properties seems to demand that it be tested in 
human patients suffering from diseases involving neoangiogenesis. 
Toward this end, the safety of the VEGF-Trap has recently been 
confirmed in toxicological studies in cynomologus monkeys ( data 
not shown). Consequently, the VEGF-Trap is currently in human 
clinical trials for several different types of cancer. 
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Introduction 

There are currently more than 100 agents officially approved 
for the treatment of cancer world-wide. However, the most 
common epithelial cancers, which cause greater than 75% 
of cancer deaths, remain incurable. Most therapeutic agents 
have been developed empirically by testing large numbers 
of chemicals on rapidly growing transplantable rodent tu
mors, and more recently, human tumor xenografts. This 
approach has predominantly identified DNA-active drugs, 
which have limited efficacy and considerable toxicity. Novel 
agents, which selectively target aberrant elements in neoplas-
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tic cells and their microenvironment, are needed to improve 
the cure rates of epithelial malignancies. Due to advances 
in molecular biology multiple targets and multiple agents in
hibiting these targets have been discovered (Fig. 1) [l]. These 
targets can be conceptualized as supportive vessels, connec
tive tissues, and signaling elements. Agents directed against 
these targets are those that interfere with signal transduc
tion pathways, cell cycle regulation, and apoptosis (signals), 
malignant angiogenesis (vessels) and the tumor stroma (con
nective tissue). As anti-cancer therapeutics with distinct tar
geting capabilities against malignant cells become available 
for clinical evaluations, prioritization of these therapies for 
efficient allotment of clinical trial resources, identification of 
patients whose malignancies most likely express the molec
ular constituents resembling the true target, and derivation 
of relevant endpoints for both screening and assessment of 
clinical relevance will be critical to their ultimate develop
ment and success. These targets include signal transduction 
pathways such as growth factor receptors and their recep
tor tyrosine kinases, cytoplasmic second messengers such as 
ras, raf and MEK, inhibitors of protein trafficking, and in
hibitors of protein degradation. As well, angiogenesis, apop
tosis, the cell cycle machinery and their regulatory proteins 
are possible targets. Regardless of which pathway is tar
geted, Target selection at present appears to be based on the 
following [2]: 

L Genes encoding mutated targets (c-kit, B-Raf) 

Raf Kinase Inhibitors. Raf is a family of serine-threonin ki
nases comprising 3 isoforms, A-Raf, B-Raf and C-Raf (or 
Raf-1 ), that is involved in cell signaling, downstream of Ras. 
Mutated Rafl has been shown to be constitutively active, with 
transforming ability. In addition, raf mutations have been 
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Fig.1 

identified in a range of human cancers [3]. Wild type raf can 
also be activated in tumor cells with enhanced growth factor 
signaling pathways, such as those induced by mutant Ras or 
activation of EGF receptor family members. 

A potent oral selective small molecule inhibitor of Raf-1 
(BAY 43-9006) is the first in its class to enter clinical trials. 
In multiple xenograft tumor models, dose-dependent tumor 
growth inhibition from 44-81 % was observed, suggesting 
cytostatic properties. Toxicities observed to date in phase I 
trials have generally been mild to moderate, and include skin 
rash, fatigue, diarrhea and palmar-plantar erthyrodysesthe
sia. which is dose-limiting. Partial responses have been doc
umented in renal cell and hepatocellular carcinoma. Disease 
stabilization for 6+ months has been reported in colorec
tal, ovarian, and head and neck cancers, respectively. Patient 
accrual continues [4]. Recently, B-Raf mutations have been 
identified in a number of human tumors, including 63% of 
melanomas [5]. The role of B-raf/Raf-1 in human cancers 
therefore remains to be defined. 

~Springer 
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2. Amplified targets (HER-2/neu) 

Therapy directed against HER2/neu will be further 
discussed. 

3. Proteins with aberrant upstream regulators (mTOR 
and PTEN) 

Activation of the phosphoinositide-3' kinase (PBK)/ Akt 
pathway by RTK results in the production of a number of 
second messengers that affect downstream targets, among 
which p70 S6k is as a potential target for inhibition. p70 
S6k mediates activation of the 40S ribosomal protein S6, 
which is necessary for cell cycle progression from G, into S 
phase. Recent evidence suggests that the mammalian target 
of rapamycin (mTOR) kinase is structurally related to the 
PBK. CC-779, an ester of rapamycin, binds to the cytoso
lic receptor FKBP (FK506 binding protein) and this com
plex inhibits the serine/threonine kinase mTOR. Inhibition 
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of mTOR kinase leads to rapid inactivation of ribosomal p70 
S6 kinase and abrogation of uncontrolled proliferation of ma
lignant cells that exhibit increased constitutive PI3K activity 
resulting in high basal Akt and P70s6k levels independent 
of activating ras mutations. Tumors with PTEN mutations 
that activate the PI3K pathway are particularly sensitive to 
rapamycin and its analogs with resultant growth arrest or 
apoptosis. CCI-779 has shown activity in a wide variety of 
tumors in several phase I trials [6, 7]. Common toxicities 
are thrombocytopenia, hypersensitivity reactions, low-grade 
fever and mild fatigue. RAD00l, a hydroxyethyl ether of 
rapamycin, is also an mTOR inhibitor being developed by 
Novartis, which has completed phase I testing, and is under
going phase II trials. 

4. Regulators of key cellular proteins 
(ubiquitin-proteasome system) 

The ubiquitin-proteasome system is a highly conserved, in
tracellular pathway for the degradation of proteins. Many of 
the short-lived key regulatory proteins such as cyclins, cdk 
inhibitors (p21, p27), and anaphase-inhibitory proteins, are 
substances that are degraded by the proteasome upon con
jugation of proteins to ubiquitin. In addition, various cell 
adhesion molecules involved in tumor metastasis and angio
genesis in vivo, such as E-selectin, ICAM-1, VCAM-1, are 
under the regulation by NF-KB [8], whose activation is reg
ulated by proteasome-mediated degradation of the inhibitor 
protein I-KB [9]. Thus, reduced NF-KB expression by protea
some inhibition regulates neoplastic growth and metastasis. 
PS-341 is a modified depeptidyl boronic acid derivative of 
leucine and pheylalanine. It is a cell-permeable molecule that 
exerts reversible inhibition of the proteasome. It blocks cell 
division in the G2-M phase, leading to cytotoxicity via apop
tosis. It inhibits the degradation of wild-type p53, stabilizes 
the cdk inhibitor p21 which induces G 1 cell cycle arrest by 
inhibiting the cyclin D, E, and A-dependent kinases, and in
hibits the activation of NF-KB as described previously. In 
ongoing phase I studies, clinical responses have been docu
mented in patients with multiple myeloma, prostate and re
nal cell carcinomas (RCC) [ 10]. Phase II studies in multiple 
myeloma have demonstrated promising activity and phase III 
studies are ongoing. In solid tumors, the promise of PS-341 
lies in combination therapy with chemotherapy agents [10]. 

5. Over-expressed protein (EGFR, MEK) 

The Epidermal Growth Factor (EGF) is the prototype of 
a large family of closely related growth factors, which in
cludes transforming growth factor-a (TGF-a), amphireg
ulin, heparin binding-EGF, and betacellullin. TGF has been 
well-characterized as a key modulator of both normal and 
malignant cell proliferation. TGF binds to its specific cell 
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membrane receptor, the Epidermal Growth Factor Recep
tor (EGFR), with subsequent activation of the EGFR tyro
sine kinase catalytic activity that activates cytoplasmic and 
nuclear signaling leading to cell proliferation and survival. 
The biochemical pathways involved in EGFR signaling have 
been elucidated. Catalytic activity is initiated after ligand 
binds to the receptor. As previously mentioned, erbB2 has 
no known ligand, but participates in receptor signaling by 
heterodimerization with other ligand-bound family mem
bers. Dimerization results in a conformational change, ac
tivation of the kinase domain autophosphorylation and ini
tiation of cytoplasmic signaling [11]. Downstream effectors 
include the proliferative Ras/Raf/MEK/ERK pathway [12], 
and the anti-apoptic phosphoinositol 3-kinase pathway/ Akt 
pathway [13]. Thus, EGFR signaling appears to be impor
tant for the maintenance of the neoplastic phenotype, and is 
a rational target for anti-cancer therapy. 

VEGF trap: A potent anti-angiogenic agent 
in clinical trials 

Following the pioneering studies of Dvorak [14, 15] and 
Ferrara [16-18] that identified vascular permeability factor 
(VPF)/vascular endothelial growth factor (VEGF) and de
fined key roles for it during vascular development, we initi
ated studies that led to the discovery and characterization of 
additional requisite angiogenic growth factors, including the 
Angiopoietins and Ephrins. Using both genetic knockout ap
proaches as well as animal models of diseases such as cancer, 
we identified roles that these factors appear to play during 
vascular development and disease progression. While inves
tigating the actions of these factors in a variety of settings, we 
also recognized the pivotal role that VEGF plays in promot
ing the progression and pathology of many diseases and the 
tremendous therapeutic potential of a dmg that could block 
the action of VEGF. This approach was recently validated 
when it was demonstrated in clinical trials that a humanized 
monoclonal antibody that blocks VEGF efficaciously treats 
cancer [19]. 

In order to create a very potent, high affinity VEGF 
blocker, we employed our Cytokine and Growth Factor Trap 
Technology platform [20]. Blocking growth factors with sol
uble "decoy" receptors that are comprised of the extracellular 
domain of a receptor fused to the Fe portion of human im
munoglobulin has proven to be an effective means to block 
the action of some cytokines and growth factors; however, 
this approach does not always yield a drug with desirable 
affinity or pharmacokinetic properties. The Trap Technol
ogy platform utilizes portions of multiple receptors for a 
ligand to engineer a drug with more desirable characteris
tics [21]. In the case of VEGF, historical versions of solu
ble "decoy" receptors that were based on the extracellular 

t'.:--., 
"f.:: Springer 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 251



246 

domain of VEGF Receptor (VEGFRI) had proven to have 
high affinity for VEGF but relatively short in vivo half lives. 
Analysis of these constructs revealed that they had a high 
basic charge and we reasoned that this could make them 
"sticky" when in the milieu of extracellular matrix. To in
crease the in vivo half life of our construct, a soluble receptor 
was engineered with decreased basic charge by creating a 
fusion of the second immunoglobulin domain of VEGFRl 
and the third immunoglobulin domain of VEGFR2 which is 
in tum fused to the Fe pmtion of human immunoglobulin 1. 
The hybrid receptor-Fe fusion protein is termed the "VEGF 
Trap". Using a range of in vitro and in vivo assays, we have 
demonstrated that the VEGF Trap has a prolonged in vivo 
half life as well as excellent VEGFblocking properties [21]. 

To investigate the potential of the VEGF Trap as a can
cer therapeutic, initiallystudies were performed to verify that 
VEGF Trap could access and block VEGF in tumors, and as 
a consequence could inhibit tumor angiogenesis and growth. 
This was accomplished by employing subcutaneous tumor 
models in mice. Using cells lines derived from a variety of 
types of cancer such as mouse B16F10.1 melanoma, human 
A673 rhabdomyosarcoma and rat C6 glioma, mice bearing 
these tumors were treated shortly after tumor inoculation in 
each of the models, and it was found that VEGF Trap very 
effectively blocked tumor angiogenesis, resulting in largely 
avascular tumors, the growth of which was dramatically in
hibited [21]. Studies were expanded to evaluate drug effi
cacy in small, established tumors. By testing a wide range 
of doses in these studies, information about the relationship 
between circulating levels of free drug and efficacywas ac
quired, which was proven to be valuable in ongoing clinical 
trials. Additionally tumor samples from these studies were 
obtained for microarray analysis that revealed gene changes 
that provide a fingerprint of drug efficacy. Genes whose ex
pression is regulated in a dose dependent fashion by VEGF 
blockade are now being evaluated as potential surrogates of 
drug efficacy. Temporal studies have also been performed in 
the C6 glioma model and have found that VEGF Trap activ
ity is apparent within 4 hr after drug treatment at which time 
vascular remodeling is already apparent. Substantial vascu
lar pruning and regression continues to occur over a period 
over 72 hr. A profile of genetic changes that occurs concur
rently with the vascular remodeling has been identified. The 
genes identified in this screen, combined with the results of 
our previous microarray analyses, are allowing us to identify 
new anti-angiogenic targets. 

While subcutaneous models have provided a great deal of 
information about the action of VEGF Trap in cancer set
tings, we also wanted to dete1mine if it would be efficacious 
in models that may share additional characteristics of hu
man cancers. In a number of different laboratories, VEGF 
Trap has also been tested in a range of orthotopic models 
of cancer. It has been shown that it can inhibit both primary 
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tumor growth and metastasis in orthotopic mouse models 
of pancreatic cancer [22], renal cell carcinoma and Wilms 
tumor [23]. In the setting of Wilms tumor, VEGF Trap can 
not only inhibit, but can actually shrink both primary tumors 
and lung metastasis. While the decrease in size of metastases 
in mice treated with VEGF Trap as compared to that of mice 
at the initiation of the study was dramatic, it should be noted 
that the average number of metastases was the same. Thus 
it appears that even in very responsive cancers, combination 
therapy with traditional cytotoxic agents or new biological 
agents will be appropriate. Recent studies in a mouse model 
of advanced human ovarian cancer demonstrate that combin
ing VEGF Trap with paclitaxel can produce very dramatic 
and sustained tumor control. VEGF Trap as either a single 
agent or in combination with other agents is able to control 
tumor growth in a variety of settings [24]. 

The range of preclinical models in which VEGF Trap 
has been efficacious provides us with optimism for suc
cess in clinical trials, which are currently ongoing. It does 
seem likely, however, that some types of tumors will be able 
to attain a vascular supply independently of VEGF. Con
sequently it is important to investigate the mechanisms by 
which this can occur, as well as to search for novel anti
angiogenic targets. Regeneronhas developed a multi-faceted 
approach to identify candidates and to assess their function 
in tumor and general angiogenesis. As a first step, microar
ray analysis is used to identify gene changes in tumors har
vested from mice treated with various VEGF Trap regimens 
as compared to tumors from control mice. This approach 
has already yielded a number of potential angiogenesis gene 
targets. The role of each newly identified target in develop
mental and tumor angiogenesis is being evaluated by creating 
genetically engineered mice in which the gene of interest is 
replaced with a reporter gene. The ability to screen a large 
number of gene candidates using genetically modified mice 
is possible because Regeneron has developed a new tech
nology te1med VelociGene which allows for the expeditious 
generation of knockouts, knockins and transgenics [25]. Ad
ditionally, retroviral technology is being used to engineer 
populations of tumor cells to produce high levels of each 
gene of interest and the resultant cells are used in in vivo 
tumor assays where the effect of each gene of interest can be 
evaluated in the presence or absence of VEGF blockade. 

As an example of the effectiveness of our approach to iden
tify new angiogenesis targets, a genome-wide screen revealed 
that Delta-like ligand 4 (Dll4), a ligand for the Kotch family 
of receptors, is strikingly down-regulated in tumors by VEGF 
blockade. Using VelociGene technology, mice in which Dll4 
was replaced with the lacZ reporter gene were created and it 
was revealed that Dll4 is essential for normal vascular devel
opment. This was not unexpected as members of the Notch 
family and their ligands have previously been shown to be 
involved in this process [26]; however, more unexpectedly, 
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it was also observed that loss of only a single copy of Dll4 
resulted in embryonic lethality [27]. Gene expression analy
sis revealed that Dll4 is expressed in major arteries in early 
development. By adulthood, expression becomes restricted 
to smaller arteries and microvessels, with expression ending 
abruptly where capillaries merge into venules. Dll4 is highly 
expressed in tumors, where it continues to be excluded from 
the venous side of the circulation. To further explore the role 
of Dll4 in tumor angiogenesis, C6 glioma cells were engi
neered to express high levels of full length or a soluble form 
of Dll4. When implanted into mice, the resultant tumors had 
aberrant vasculatures, the nanu-e of which is currently being 
explored. 

In summary, using our Trap Technology platform, VEGF 
Trap can be created, a high affinity VEGF blocking agent 
with an extended in vivo half life. This drug has proven to 

be highly efficacious in a number of diverse preclinical mod
els: It dramatically inhibits the growth of a variety of types 
of subcutaneous and orthotopic tumors, and can even cause 
frank tumor regression in some settings. In other preclinical 
settings, it has been found that combination of VEGF Trap 
with a cytotoxic agent can result in potency far greater than 
that of either single agent. In addition to its efficacy as an anti
cancer agent, the VEGF Trap is also an invaluable research 
tool. Microarray analysis of tumors from mice treated with 
VEGF Trap, as compared to those from control mice, has 
provided a number of gene candidates that are being eval
uated using gene knockout and retroviral technology. This 
strategy is allowing us to identify and validate new targets 
for anti-angiogenic therapy. 

Anti-angiogenic agents in development 

Anti-angiogenic therapy has come of age in the treatment and 
management of patients with cancer. Advances in the use of 
these agents has improved the overall survival of patients 
with colorectal cancer and represents the first true advance 
in the treatment of first-line non-small cell lung cancer in 
the past decade. Exactly how these agents are causing such 
an improvement remains to be defined. Original hypotheses 
focused on the ability of inhibitors of VEGF to inhibit an
giogenesis and thereby decrease blood flow to tumors [28]. 
In this regard, it was thought that anti-angiogenic therapy 
may be synergistic to other more standard anti-cancer agents 
such as chemotherapy or even radiation therapy. Despite this 
simplistic concept the early course of drug development for 
anti-angiogenic agents was littered with failed phase III trials. 
In this regard, the inhibitors of vascular endothelial growth 
factor (VEGF) appear to have alternate possible mechanisms 
of action that represent a novel concept in development of 
combinations of cancer therapy [ 19]. Given the activities of 
VEGF as a factor that induces permeability within blood ves-
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sels it has been demonstrated that tumors with leaky blood 
vessels have an associated elevation of intra-nlmoral pres
sure related to high interstitial fluid pressure (IFP) [29]. This 
high IFP results in possible disruption of the delivery of drug 
therapy to the tumor by "closing off" thin-walled tortuous 
vessels. Reversal of this effect by inhibitors of permeabil
ity such as VEGF inhibitors holds the potential to improve 
drug delivery by acnlally improving blood flow to the tu
mors. Such biology may explain the rapid improvement in 
response rates and outcome where active chemotherapy is 
using in combination with VEGF inhibitors. 

In addition to the activities of VEGF inhibitors as 
permeability-affecting agents, newer anti-angiogenic drugs 
affect angiogenesis by blocking not a single signal but multi
ple signals critical for the angiogenic pathway. In this regard, 
agents that disrupt angiogenesis by affecting endothelial cells 
as well as supporting cells such as pericytes have demon
strated activity in as single agents in diseases such as renal 
cell carcinoma [30, 31]. 

The ability to combine anti-angiogenic agents both with 
chemotherapy as well as with other similarly acting drugs 
holds great potential in cancer treatment and represents a new 
forum for combinatorial drug development. Exploration of 
this potential will take careful development of clinical trials 
with and without surrogates that need to be validated. 

Tumor pericytes as targets for antiangiogenic 
therapies 

Blood vessels are composed of two interacting cell types: 
endothelial cells, which form the inner lining of the ves
sel wall and perivascular cells, referred to as pericytes, vas
cular smooth muscle cells (vSMCs) or mural cells which 
wrap around the vascular tube. Due to their contractile capa
bilities and their multiple cytoplasmic processes, pericytes 
have mainly been associated with stabilization and hemody
namic properties of blood vessels [32, 33] but pericytes are 
also actively involved in angiogenesis. Angiogenesis starts 
from a preexisting vasculature, being either the primitive 
vascular plexus formed by vasculogenesis in the embryo, 
or the postcapillary venuous compartment of the mature 
vascular systems during the menstrual cycle, in pregnancy 
and in wound healing or under pathological conditions like 
tumor growth [32, 34]. The neovascularization process it
self is complex and multi-step involving the concerted ac
tion of several molecules [35, 36]. Angiogenic factors (e.g. 
vascular endothelial growth factor (VEGF)) stimulate the 
normally quiescent endothelial cells. Pericytes detach from 
the vessel wall and endothelial cells and pericytes secrete 
several proteases in order to degrade the vessel basement 
membrane, which in turn allows endothelial cells to invade 
into the surrounding matrix. Furthermore endothelial cells 
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begin to proliferate and migrate, and eventually differen
tiate in order to form a new, lumen-containing vessel. Fi
nally, endothelial cells secrete growth factors that recruit 
pericytes to the newly formed blood vessel to stabilize and 
mature the vascular network. Specifically, PDGF-B has been 
shown to be a crucial player in pericyte recruitment. During 
angiogenesis PDGF-B is expressed by sprouting capillary 
endothelial cells whereas its receptor PDGFR/3 is localized 
on pericytes suggesting a paracrine signaling circuit between 
the two cell types [37, 38]. Mice that lack either PDGF-B or 
PDGF R -show a severe deficit in pericyte coverage of blood 
vessels leading to widespread microvascular leakage, hemor
rhage and edema fonnation which in turn causes embryonic 
lethality, underscoring the essential role of pericytes in vessel 
formation during development [39-41]. 

Much less is known about the functional significance 
of pericytes for the tumor vasculature, which is quite dif
ferent from a normal vasculature as it has structural and 
functional abnormalities. Angiogenesis in tumors leads to a 
chaotic, poorly organized vasculature with tortuous, irregu
larly shaped and leaky vessels that are often unable to support 
efficient blood flow [42, 43]. Due to the imbalanced expres
sion pattern of angiogenic factors, tumor vessels appear to 
be in a constant state of remodeling, involving simultaneous 
formation and regression of vascular tubes [36, 44]. As tumor 
endothelial cells differ from the normal quiescent endothe
lium, so do tumor pericytes differ from normal pericytes. 
Pericytes in tumors are more loosely attached, irregularly 
distributed and often less abundant [45-47] which may re
sult from an inherent inability to properly organize pericytes, 
but probably also from a limitation to the pool of recruitable 
perivascular cells [48]. Thus, pericytes in tumors had been 
suggested as rather "dysfunctional" cells. Consequently, full 
attention has been given to the tumor endothelial cell as the 
only critical cell component of tumor vessels. 

Yet, there is emerging evidence that have turned back 
the attention to the hardly appreciated vascular cell type by 
providing evidence that tumor pericytes are potentially im
portant and functional vascular cell constituents by eliciting 
survival mechanisms to establish and maintain tumor ves
sels. In pancreatic islet tumors of Ripl Tag2 mice, PDGF-B 
is expressed by endothelial cells and its receptor PDGFR 
is localized on pericytes to form a paracrine signaling cir
cuit similar to the situation in the embryo. Tumor cells ex
press neither the PDGF receptors nor the ligands [36]. When 
Rip 1 Tag2 mice were treated with the broad spectrum recep
tor tyrosine kinase inhibitor SU6668, which preferably tar
gets PDGFR, but also to a lesser extent FGFR-and VEGFR 
signaling, pericytes in tumors, but not in normal tissue, de
tached from the vasculature causing blood vessel regression 
and stabilization of the cancer [49]. Congruently, SU6668 
diminished pericytes in xenograft tumors and restricted tu
mour growth [50, 51]. Recent data also suggest that target-
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ing pericytes in prostate cancer reduces tumor-and lymph 
angiogenesis [52]. When Rip1Tag2 mice were treated with a 
specific blocking antibody against PDGFR/3 pericytes were 
reduced by ~85% in comparison to pericytes in untreated 
tumors [53]. In contrast, neutralizing PDGFR/3-antibodies 
did not affect pericyte numbers or attachment in normal or
gans such as pancreas and liver suggesting a new therapeutic 
window for tumor pericytes. Consistent with the absence of 
pericytes, tumor vessels became enlarged and hyperdilated 
indicating that tumor pericytes still have the capability to sta
bilize blood vessels. There was also an increase in apoptotic 
cells in PDGFR/3-antibody treated tumors which were pre
dominantly located within the vascular lining. Quantitative 
analysis revealed that about 80% of all apoptotic cells were 
endothelial cells in treated [53]. These results further sup
port the notion that tumor pericytes have protective functions 
for endothelial cells, likely by expressing important survival 
factors. Indeed, pericytes in the pancreatic islet tumors ex
pressed very high levels of VEGF [53]. The protective capa
bilities of pericytes for endothelial cells is further supported 
by the finding that immature blood vessels without pericytes 
were more vulnerable to anti-VEGF therapy [45]. 

In summary all these data suggest that targeting two in
terdependent cellular constituents of the tumor vasculature, 
pericytes and endothelial cells, should exhibit synergis
tic effects and regress both immature and large, ma
ture tumor vessels. Indeed, combinatorial treatment with 
SU5416 (blocking VEGFR-signaling) and SU6668 (block
ing PDGFR/3-signaling) in Ripl Tag2 mice was better than 
either of the single drugs and produced substantial regression 
of bulky tumors concomitant with severe reduction in ves
sel density and increased apoptosis and necrosis [ 49]. These 
data reveal a new strategy for treating human cancer by tar
geting both endothelial cells and pericytes in tumors to render 
anti-angiogenic therapies more efficacious. 

In vivo effects of a monoclonal antibody to the 
murine VEGFR-3 that antagonizes the binding 
of VEGF-C and receptor signaling 

The third member of the VEGF receptor tyrosine kinase 
family, VEGFR-3 (At-4) mediates growth, survival and mi
gration of lymphatic EC [54]. The ligands that activate 
VEGFR-3, VEGFs-C and D bind only to VEGFR-3 as 
nascent peptides but bind to and activate both VEGFR-2 
and VEGFR-3 after proteolytic processing [55, 56]. The 
observation that a significant percentage of human tumors 
express VEGF-C or D has led to speculation that the ele
vated expression of these factors may contribute to tumor 
lymphangiogenesis and increased rates of metastasis [54]. 
Lymphatic vessels are a conduit for the spread of tumor cells 
to draining lymph nodes and experimental over-expression 
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of VEGF-C or D in tumor xenografts promotes tumor 
lymphangiogenesis and metastasis [56, 57]. This increase in 
metastatic rates can be blocked by systemic administration 
of soluble VEGFR-3 [56, 58]. 

The importance of VEGFR-3 in tumor biology led us 
to develop antagonist monoclonal antibodies to the mouse 
and human fonns of this receptor. We generated a fully hu
man antibody called hF4-3C5 to the human VEGFR-3 that 
completely inhibits the binding of soluble VEGFR-3 to im
mobilized VEGF-C and antagonizes in a dose-dependent 
manner the mitogenic response to VEGF-C of cells that 
express human VEGFR-3 [59]. However, hF4-3C5 does 
not cross-react with the murine VEGFR-3. In order to be 
able to study the effect of inhibiting VEGFR-3 in mouse 
models, we produced an antagonist rat monoclonal anti
body to the mouse VEGFR-3 called mF4-31Cl. The cur
rent presentation deals primarily with the characterization 
of this antibody and its effects in vivo. mF4-31Cl stains 
lymphatic endothelial cells lining splenic sinusoids in im
munochemical analysis of frozen sections. The antibody in
hibits the binding of soluble mouse VEGFR-3 to immobilized 
VEGF-C and antagonizes VEGF-C-stimulated phosphory
lation of VEGFR-3 [60]. Thus, mF4-31Cl is an appropri
ate proof-of-principle antibody for use in in vivo studies of 
VEGFR-3 function in normal physiology and pathological 
processes. 

It has been reported that VEGFR-3 is re-expressed in 
adult vascular endothelium under pathological conditions. 
We investigated the role of VEGFR-3 in tumor angiogene
sis in a series of tumor xenograft studies in immunodeficient 
mice. Systemic treatment with mF4-31Cl inhibited tumor 
growth of subcutaneously engrafted human pancreatic, renal 
and colon cell lines. Work of Nicole Roberts in the labora
tory of Mihaela Skobe at the Mt. Sinai School of Medicine 
showed that mF4-31Cl also reduced the growth of breast 
carcinoma xenografts engineered to over-express VEGF-C. 
This inhibition was accompanied by a reduction in the fre
quency of CD31-positive blood vessels [61]. Although the 
inhibition of xenograft growth was statistically-significant 
compared to control rat IgG in several models, the magni
tude of the effect was modest (60--75% of control). In sim
ilar studies, a monoclonal antibody DC101 that antagonizes 
VEGFR-2 typically gives greater than 80% inhibition of tu
mor growth at similar doses and with comparable treatment 
schedules. 

In a series of collaborative studies we demonstrated that 
specific blockade of VEGFR-3 in vivo profoundly disrupts 
normal and pathologic lymphangiogenesis. Work of Jeremy 
Goldman in the laboratory of Melody Swartz in Switzer
land utilized a novel mouse tail model of lymphatic regen
eration. In normal mice or in nude mice implanted with 
VEGF-C overexpressing cells, treatment with mF4-31Cl 
completely blocked lymphatic regeneration without affect-
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ing pre-existing lymphatics vessels [60]. Two additional lines 
of investigation showed the potent in vivo effect of treatment 
with mF4-31Cl antibody. Our colleagues in the laboratory 
of Raza Dana in the Scheppens Eye Institute studied corneal 
pathology of mice null for the gene encoding the cytoskeletal 
protein destrin. In these mice, lymphangiogenesis and angio
genesis occur postnatally in the nonnally avascular cornea 
and both could be blocked with the administration of mF4-
3 l Cl [62]. In the second model, Peter Baluk in the labora
tory of Donald McDonald at UCSF used the pathogen My
coplasma pulmonis to induce airway inflammation in mice. 
In these mice, pathological lymphangiogenesis in the tracheal 
lining is driven by VEGF-C and D produced by infiltrating 
inflammatory cells. Treatment of the mice with mF4-31Cl 
concurrently with the initiation of infection prevented the 
occurrence oflymphangiogenesis [63]. Together, these stud
ies show that mF4-31Cl is a potent proof-of-principle tool 
for investigating the biological role of VEGFR-3 in mouse 
models. Finally, Nicole Roberts (Skobe Laboratory) demon
strated that selective inhibition of VEGFR-3 signaling with 
mF4-31Cl suppressed lymph node and lung metastases in 
a mouse breast cancer xenograft model. This inhibition was 
statistically significant even if treatment was started as late 
as 4 weeks after tumor injection. Neutralization ofVEGFR-
2 decreased primary tumor growth to a much greater de
gree, inhibited both angiogenesis and lymphangiogenesis 
but, surprisingly, was less effective than VEGFR-3 block
ade in reducing tumor metastases to both lymph nodes and 
lungs [61]. 

In conclusion, the fully-human antibody hF4-3C5 repre
sents an excellent candidate for clinical development as an 
antagonist ofVEGFR-3 and its possible clinical activity may 
be predicted from the results obtained with the anti-murine 
VEGFR-3 antibody mF4-31Cl. However, significant issues 
remain to be resolved. The direct anti-tumor effect appears 
modest compared to the results seen with VEGFR-2 an
tagonists. In addition, while antagonizing VEGFR-3 clearly 
inhibits active lymphangiogenesis, it is unclear if such inhi
bition has utility in reducing the dissemination of human can
cers. Attempts to define such utility have been hampered by 
the limitations of the current mouse models of tumor metas
tasis. Nevertheless, potential therapeutic value of inhibiting 
VEGFR-3 signaling in tumor therapy appears to warrant fur
ther investigation. 

HER2/neu ( c-erbB2) as a target for monoclonal 
antibody therapy 

Overexpression of the pl85erbB2 protein results from ampli
fication of the HER2 gene in ~20--25% of primary breast 
cancers and is associated with poor clinical prognosis [64]. 
In HER2-amplified breast tumors, there can be as many as 
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2 x 106 p 18serbB2 molecules per cell, in contrast to normal 
breast epithelial cells, which have only 20-50,000 molecules 
per cell. These elevated levels of HER2 receptors have been 
shown to play a pathogenic role in the cancers where they 
occur. Thus HER2 is an attractive target for Ulmor-selective 
anti-cancer drng development. A murine monoclonal anti
body, 4D5, was found to have dose-dependent antiprolifera
tive effects specific for HER2-overexpressing cell lines and 
xenografts. In phase I clinical trials at UCLA, this antibody 
was shown to localize to tumors in vivo and had anecdotal 
efficacy, but treated patients developed human anti-murine 
antibodies against 4D5 which limited its usefulness as a 
therapeutic [65]. Antibody humanization technology was ap
plied to 4D5 resulting in an antibody molecule (trastuzumab, 
Herceptin ®) which maintained specificity and binding affin
ity for HER2, and yet was only ~5% murine. Consequently 
trastuzumab is non-immunogenic [66]. 

In preclinical studies, we demonstrated that trastuzumab 
retained anti-tumor activity relative to 4D5 in vitro 
and in vivo [67]. In addition, it was able to elicit 
antibody-dependent cellular immune responses ex vivo 
against HER2-overexpressing tumor target cells using im
mune effector cells isolated from breast cancer patients [ 68]. 
Trastuzumab also sensitizes tumor cells to the cytotoxic ef
fects of certain chemotherapeutic drngs, as well as tamoxifen 
and ionizing radiation, making it an attractive agent for inte
gration into existing breast cancer treatment paradigms [69]. 
Results from phase II and randomized phase III clinical trials 
demonstrated that trastuzumab has anti-tumor efficacy both 
as a single agent and in combination with chemotherapy. We 
reported that trastuzumab in combination with chemotherapy 
as first line treatment for HER2-overexpressing metastatic 
breast cancer is associated with a 24% decrease in relative 
risk of death, and an increased median survival duration from 
20.3 to 25.4 months [70]. Subsequently this observation has 
been confirmed in more recent studies in which a prolon
gation in median survival from 18.3 to 27.7 months (P = 
0.0002) was demonstrated through utilization of the syner
gistic combination of trastuzmab plus docetaxel, versus do
cetaxel alone [71]. 

Despite these otherwise encouraging results, the absence 
of clinical response to trastuzumab in some women with 
HER2-amplified breast cancers suggests that there must be 
mechanism(s) by which breast cancers are, or become re
sistant to, trastuzumab. However, to date there are only a 
few reports addressing this important clinical observation. 
Postulated mechanisms for trastuzumab resistance include: 
(1) insulin-like growth factor receptor co-activation [72], (2) 
AKT activation [73], (3) co-expression ofMUC4 which may 
sterically inhibit erbB2 antibody binding [74], and (4) re
duced expression of PTEN [75]. It is hoped that identifica
tion of resistance mechanisms may provide new insights into 
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potential targets for future therapeutic strategies to be used 
in combination with trastuzumab to optimize the therapeutic 
efficacy of the drng. 
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Although the systemic administration of a number of different 
gene products has been shown to result in the inhibition of 
angiogenesis and tumor growth in different animal tumor models, 
the relative potency of those gene products has not been studied 
rigomusly. To address this issue, recombinant adenoviruses en
coding angiostatin, endostatin, and the ligand-binding ectodo
mains of the vascular endothelial gmwth factor receptors Flk1, 
Flt1, and neuropilin were generated and used to systemically 
deliver the different gene products in several different preexisting 
murine tumor models. Single i.v. injections of viruses encoding 
soluble forms of Flk1 or Flt1 resulted in °~80% inhibition of 
preexisting tumor growth in murine models involving both murine 
(Lewis lung carcinoma, T241 fibmsarrnma) and human {BxPC3 
pancreatic carcinoma} tumors. In contrast, adenoviruses encoding 
angiostatin, endostatin, or neuropilin were significantly less effec
tive. A strong correlation was observed between the effects of the 
different viruses on tumor growth and the activity of the viruses 
in the inhibition of corneal micropm:ket angiogenesis. These data 
underscore the need for comparative analyses oi' different thera
peutic approaches that target tumor angiogenesis and provide a 
rationale for the selection of sped fie antiangiogenic gene products 
as lead candidates for use in gene therapy approaches aimed at the 
treatment of malignant and ocular disorders. 

T be central role of angiogenesis in the development of nu
merot1s pathologic conditions including cancer, diabetic ret

inopathy, and vascular malformations is now well appreciated 
(1). Tn the case of cancer, the concept of an "angiogenic switch'' 
has been proposed by Hanahan and Follm1an (2), wherein 
angiogenesis both precedes and is necessary for 1he development 
of frank tumorigenicity. Recent findings nevertheless have un
derscored the mechanistic complexity underlying the develop
ment of tumor blood supply including delayed angiogenesis into 
initially avascular tmnor masses (3), the early cooption of 
vasculature from neighboring tissue ( 4 ), and the contribution of 
circulating endothelial stem cells (5). 

Extensive data have implicated the vascular endothelial 
growth factor ( VEGF) family and their receptors as critical 
mediators of physiologic and tumor blood vessel formation, and 
consequently these molecules have attracted particular attention 
as targets for antiangiogenic therapy by a variety of strategies 
(6---13). Recently, the administration of several tumor-derived 
circulating proteins have been proposed also as an alternative 
strategy for achieving 1he systemic inhibition of angiogenesis. In 
particular, both human and murine forms of angiostatin (AS), a 
proteolytic fragment of plasminogen, have been described to 
exert potent antiangiogenic and antitumor activities in a variety 
of murine tumor models, extending to frank regression of tumors 
(14, 15)_ Similarly, a C-terminal fragment of collagen XVIII, 
termed endostatin (ES), has been reported to exhibit antiangio
genic and tumor-regressing activities accompanied by a lack of 
acquired tumor resistance (16, 17). 

Interestingly, despite the large number of previous studies that 
have demonstrated the antitumor activity of different gene 
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products that inhibit angiogenesis via either VEGF-dependent 
or --independent pathways, a systematic comparison of tbe 
relative efficacy of the different gene products in the same tumor 
models has not been described. To begin 10 address !his impor
tant issue, we have generated a series of recombinant adenoviral 
vectors encoding different antiangiogenic gene prodt1cts and 
have used the viruses to deliver the different gene products in 
several different preexisting murine tumor models. Here, we 
present a comparative evaluation of the anti!umor and an!ian
giogenic activity of those gene products. 

Methods 

Constrm::tion and Purification of Recombinant Adenovirnses. The 
Flkl-Fc cDNA was a gift from T. Niederman (Children's Hos
pital, Boston) and contained the murine Flki cDNA sequence 
encoding tbe signal peptide and the ectodomain (to TLR
RVRKEDGG, amino acid 731) fused to a murine IgG2a Fe 
fragment. The Fikl- Fe fusion gene was released with Xba[ and 
BamHI and inserted in the polylinker of the adenovirus shuttle 
vector HTHG Add2 (J. Gray and R.C.M., unpublished data). In 
the resulting construct, Flkl-Fc expression is controlled by the 
human cytomegalovirus promoter and the rabbit /3-globin intron 
and polyadenylation signal. The expression cassette is flanked by 
the adenovirus type 5 sequences encompassing nucleotides 
l---459 and 3328---4619. The murine Fltl(l--3) c:DNA was ampli
fied by PCR from Flt-1 cDNA (S. Soker, Children's Hospital, 
Boston) resuhing in amplification of the Flt-1 signal sequence, 
coding sequence with the first three lg repeats to FNTSVHV, 
with an added C-terminal 6X His tag. The tagged cDNA then 
was ligated into HIHG Add2. as an EcoRI--Sa!i fragment. 

For the control Fe fragment, a cDNA encoding the murine 
IgG-2.n Fe cDNA (L.exigen, Lexington, Mi\) was released with 
XhoI andXbaI and ligated into HIHG Add2.. The human soluble 
neurnpilin (sNRP) cDN/\ with signal peptide, ABC domains, 
and a C-terminal 6X His tag (S. Soker) was excised ,vith BamHI 
and ,\-'baI and cloned into HIHG Add2. A fragment comprising 
the human growth hormone leader peptide-encoding sequence 
fused to the human AS cDNA (Lys-97-Glu-458, kringle domains 
l---4) was synthesized by PCR of human plasminogen cDN/\. Tbe 
PCR product was digested withBamHI andXhoI and cloned into 
the shuttle vector pAd-MDM, wbicb differs from HIHG Add2 
only by the plasmid backbone. A cDNA encoding the murine ES 
coding sequence (HTHQD_ .. TSFSK) fused to the collagen 
XVIli signal peptide (B. Olsen, Harvard Medical Scbool, Bos-

Abbreviations: VEGf, vascular endothelial grovvth factor; sNR.P, soluble neuropi!!n; ES, 

endostatin; /1,S, angiostatin; ptu, p!aque-forrning unit; LLC, Lewis !ung carCinoma; SOD, 
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ton) was cloned into the HIHG Add2 shuttle vector to generate 
pAdd2 mu endo IL An alternative cDNA containing the same 
ES sequence fused to the human growth hormone signal se
quence (MATGSRTSLLLAFGLLCLPWLQEGSA) was pro
duced by PCR from murine collagen XVIII cDNA (B. Olsen), 
and the BamHI and XhoI-restricted product cloned into pAd
MDM to generate pAdd2 mu endo I. AH the PCR-generated 
DNA fragments were sequenced on botb strands 10 exclude PCR 
errors. 

The Hi HG pAdd2-derived recombinant shuttle vectors then 
were digested ,vithPacI andA1feI to release a fragment where the 
transgene is flanked by 2.0 and 1.4 kb of homology with the 
adenovirus plasmid pAd-GM-CSF. Tbe GM-CSF insert of the 
adenovirus plasmid is replaced v,1ith our trnnsgene by homolo
gous recombination in Escherichia coii (18). The Flkl--Fc, Fltl( l--
3), Fe, sNRP, and mu endo II adeno vectors were rescued by 
transfection of tbe PacJ-restric1ed adenovirus plasmids in 293 
cells. Homologous recombination between the pAd-MDM
derived shuttle vectors and viral DNA in 293 cells (19) allowed 
the rescue of the AS and mu endo I recombinant Ad vectors. The 
viral vectors are propagated on 293 cells and purified by CsCl 
banding as described (18). 

Protein Analysis of Virally Produced ES and Flt1(1-3). C57BL/6 mice 
were injected with Ad mu endo II or Ad Fl!1(1--3) [109 plaque
forming units (pfu) by tail vein]. After 3 days mice were bled, and 
the respective proteins were purified from plasma by using either 
heparin-Sepharose chromatography with NaCl elution (ES) or 
Ni-agarose chromatography with imidazole elution [Fltl(l---3)]. 
These purified proteins were transferred to poly(vinylidene 
difluoride) membrane and digested in situ with trypsin folimved 
by N-terminal sequencing and mass spectroscopy. 

EUSA Determination of Transgene Expression. Plasma samples were 
obtained by retroorbital puncture with heparinized capillary 
tubes after anesthesia. Murine Flkl-Fc concentrations were 
determined by sandwich ELISA with anti-murine Flkl primary 
(PharMingen) and anti-murine IgG2a Fe-horseradish peroxi
dase secondary (Jackson lmmunoResearch). Murine ES plasma 
levels were quantitated by competition ELISA (Cytimmune 
Sciences, College Park, MD) and hmnan AS plasma levels by 
sandwich ELISA (Entremed, Rockville, MD). 

Western Blot Determination of Transgene Expression. Plasma was 
analyzed by Western blot for Flkl-Fc (rat anti-rnurine Flkl, 
PharMingen, or goat anti-murine Fe, Jackson ImmunoRe-
search), Fltl(l-3) (rabbit anti-His, Santa Cruz Biotechnology), 
ES (rabbit anti-mouse ES, gift of K. Javaherian, Children's 
Hospital, Boston), AS (rabbit anti-human plasminogen, Accu
rate, Westbury, NY) or sNRP (rabbit anti-His, Santa Cruz 
Biotechnology). Fl!(l--3) and sNRP levels were estimated by 
Western blot against purified standards. Development was per
formed with species-specific secondary Ab--borseradisb peroxi
dase conjugates and chemiluminescence. 

Tumor Ceil Lines, Mice, and Adenovirnl Injections. Murine Lewis lung 
carcinoma (LLC) cells were passaged on the dorsal midline of 
C57BL/6 mice or in DMEM/10~% FCS/penicillin/streptomycin 
(PNS)/L-glutamine. T241 murine fibrosarcoma was grown in 
DMEM/10% FCS/PNS/1.-gll1tarnine and human pancreatic 
BxPc.3 adenocarcinoma in RPMI medium 1640/10% FCS/PNS. 
Tumor cells (106) were injected s.c. into the dorsal midline of 
C57BL/6 mice (8--10 weeks old) for murine tumors and severe 
combined immunodeficient (SCID) mice for human tumors, 
grown to 100--200 mm3 (typi~ally 10---14 days) to demonstrate 
tumor take, and 109 pfu of antiangiogenic adenoviruses or the 
control adenovirus Ad Fe given by i.v. tail-vein injection. In Fig. 
2B, seven Flt1 control animals received Ad G-FP instead of Ad 
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Fe, altbougb we have not observed any differences in tumor 
inhibition with either control construct. Ad mu endo II was used 
in all ES experiments, except in Fig. 2B in which Ad mu endo I 
was used. Tumor size in mm3 was calculated by caliper mea
surements over a 10- to 14-day period by using tbe formula 
0.52 X length (mm) X width (2) (mm), using width as the smaller 
dimension. P values were determined by using a two-tailed t test 
assuming unequal variances (Microsoft EXCEL). 

Corneal Micropocket Assay. C57BL/6 mice received 109 pfu i.v. of 
antiangiogenic adenoviruses or the control adenovirus Ad Fe 2 
days before assay. Mice were anesthetized ,vitb avertin i.p. and 
!he eye was treated with topical proparacaine·HCl (Allergan, 
Irvine, CA). Hydron/sucralfate pellets containing VEGF-A165 

(R & D Systems) were implanted into a corneal micropocket at 
1 mm from the limbus of both eyes under an operating micro
scope (Zeiss) followed by intra stomal linear keratotorny by using 
a microknife (Medtroni Xomed, Jacksonville, FL). A corneal 
micropocket \Vas dissected toward the limbus with a von Graefe 
knife ·#3 (2 X 30 mm), followed by pellet implantation and 
application of topical erythromycin. After 5 days, neovascular
ization was quanti1a1ed by using a slit lamp biornicroscope and 
the formula 2-.r X (vessel length/10) X (dock hours). P values 
were determined by t1sing a two-tailed t test assuming unequal 
variances (Microsoft EXCEL). 

lmnnmohistochemistry. C57BL./6 mice bearing LLC tumors on tbe 
dorsal midline at 50 mm3 received 109 pfu i.v. of Ad Fe, Ad 
Flkl-Fc, or Ad Flt1(1--3). After tumor growth to ~~200 rmn3, 
tumors were harvested, fixed in formalin, and paraffin
embedded sections were stained for CD31 by using a biotin
streptavidin horseradish peroxidase system (Vectastain). Mi
crovessel areas were quantitated by manual counting of hotspots 
in sections. 

Results 
Construction and Characterization of Adenovirnses Encoding Antian
giogenic Gene Products. By using homologous recombination 
techniques in bacteria (18), DNA sequences encoding human 
AS, murine ES, and the ligand-binding ectodomains of the 
VEGF receptors Flkl, Fltl, and neurnpilin were introduced into 
the El region of a standard El-deleted adenoviral vector (Fig. 
iA; see Methods for details of construction). Viruses encoding 
each of !he gene products were generated after trnnsfection of 
the different vector DNAs into 293 cells as described (18). In the 
case of each vector, particle tilers of '""'[OL:!/ml and infectious 
titers of= 1011 pfu/ml were obtained routinely, with a particle/ 
infectivity ratio of 40:60. 

To evaluate the in vivo expression potential of tbe different 
viruses, 109 pfu of each virus was administered by i.v. or i.m. 
roU!es into immunocompetent C57BL/6 mice. Transgene ex-
pression was easily detectable in the plasma of infected mice by 
Western blot!ing (Fig. 1 B). In the case of Flk-Fc, AS, and ES, 
plasma expression levels at different times after injection of virus 
were quantitated by sandwich ELISA (Fig. lC). Ad Flkl-Fc virus 
provided very bigh levels of protein expression (2--8 mg/ml) 
compared with Ad AS (100-250 µ,g/ml) or Ad ES(:> 10 µ,g/ml), 
and the expression of all gene products declined progressively 
with time, consistent with the known transient nature of trans
gene expression afforded by first-generation adenoviral vectors 
(20). ln !he case of animals injected with viruses encodin2 
Flt(l-3) or sNRP, Western blot· analysis, in conjunction with 
purified protein standards, was used to estimate the serum 
concentration of each gene product. By this method, peak 
Flt(l--3) ectodomain plasma levels were 3---10 µ,g/ml, whereas 
peak sNRP levels were estimated to be >50 µ,g/ml (data not 
shown). 

In vitro assays were used to confirm tbe functional activity of 
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Fig. 1. Construct.ion and characterization of antlangiogenic adenoviruses. 
(A) Schematic of insertion of various antiangiogenic cDNAs into the E1 region 
of E3-deleted adenovirus type 5. (B) Western blot analysis of adenovirus-
expressed antiang!ogenic proteins in mouse plasma. C57BL/6 mice received 
!.v. injection of 109 particles of the appropriate adenovin.1s, foiiovved after 2-3 
days by Western b!ot of 1 µ.I of plasma, except for Flk1-Fc which was taken at 
day 17 and was a 1 :-io dilution. •. position of t.ransgene products: Flk·I-Fc (180 
kDa), f'it1(1-3) (S3 kDa), ES (20 kDa), AS (55 kDa), and sNR.P-ABC (120 kDa). 
levels !n adjacent blots are not comparable because of different enhanced 
chemiluniinescence exposure times. {C) Pharmacokinetics of expression from 
antiangiogen;c adenoviruses. Plasma from mice infected i.v. with 109 pfu of 
the appropriate adenovlrus v,1as analyzed after the indicated times for ex-· 
press ion by ELISA (Fik 1-Fc, n = 4; ES, n = 4; AS, n = 3). See the text for further 
details. Error bars, ± 1 SD. 

several of the adenovirus-expressed gene products. Vector en
coded F!tl(l-3) and Flkl-Fc proteins both ,vere shown to inhibit 
VEGF-induced lwman umbilical vein endothelial cells 
(HlJVEC) proliferation in vitro, with ICsos of ,~5 and 100 ng/ml, 
respectively ( data not shown), paralleling reports of the relative 
affinities of the two receptors for VEGF (21 ). Because endo
thelial proliferation assays take at least 3 dai·s and migration 
assays through a Boyden chamber are demanding technically, we 
used a bioassay for virally encoded ES on the basis of the 
dispersion of endothelial cells from endothelial tubes in Ma!rigel 
in vitro. In this assay, we were able to shmv that the virus-encoded 
protein consistently inhibited endothelial migration in Matrigel 
cultures in a manner similar to that observed with recombinant 
ES produced in yeast, baculovirus, or myeloma cells (C.J.K., 
unpublished observations). In addition, as an additional bio
chemical measure of the structural integrity of the virally 
encoded ES, we were able to demonstrate by both mass spec
troscopy and N-terminal sequencing analysis that the vi{·aily 
encoded ES purified from the serum of mice injected with 
ES-encoding virus possessed the expected protein sequence (K. 
Javaherian and C.J.K., unpublished data). 

Systemic Inhibition of Tumor Growth by Antiangiogenk Adenovirnses. 
The ability of each recombinant adenovirus vector to provide 
systemic inhibition of preestablished tumors was evaluated first 
in the aggressive LLC model in ,vhich recombinam AS and ES 
had been evaluated previously (14-17). LLC cells were im
plarned s.c. on the dorsum of C57BL/6 mice for 10--14 days w 
a size of 100--150 mm3, consistent with definitive tumor engrafl
ment. followed by i.v. injection of i 09 pfu of the various 
adenoviruses. Under these conditions, adenoviral infection oc
curs primarily in liver without significant intratumoral infection 
(da!a not shown); consequently, any inhibition of tumor growth 
on the dorsum from protein produced in a remote site (i.e., liver) 
would presumably occur by a systemic mechanism. 

Kuo et al. 

In mice bearing preexisting LLC tumors, i.v. injection of Ad 
Fe did not inhibit tumor growth, with animals often requiring 
sacrifice by 14 days after virus injection, and no significant 
difference was observed between tumor growth in Ad Fe- and 
PBS-treated animals ( F. F., C.J.K., and R.C.M., unpublished 
observations). In contrast, after 10-14 days of treatment, tumors 
in either Ad Flkl-Fc- or Ad Fltl-injected mice exhibited '""80% 
growth inhibition relative to controls, which was statistically 
significant compared with the Ad Fe control virus (P < 0.000001; 
Fig. 2 A and E). On the other hand, LLC growth was inhibited 
less strongly by Ad ES (27%, P = 0.004), Ad AS (24%, P = 
0.001), or Ad neurnpilin (14%, P CCC 0.15; Fig. 2A). The antitmnor 
effects of both Ad Flkl-Fc and Ad F!tl ,\/ere dose-dependent, 
with the minimal day-3 plasma concentrations for effective 
systemic tumor suppression being approximately > 1 mg/ml for 
Flkl-Fc and >2 µg/ml for Fltl(l-3) (F.F., E.Y., RS., and C.K., 
tmpublished data). In most cases, tumor growth eventually 
supervened after 3-4 weeks (data not shown). Although the 
studies do not rule out acquired endothelial and/or tumor 
resistance as !he mechanism underlying the observed escape 
from inhibition, the rapid decline of vector-mediated gene 
expression over time most likely accounts for the observed 
results. 

A similar relative efficacv of the different viruses was observed 
in a syngeneic murine T24lfibrosarcoma-C57BL/6 tumor model 
(Fig. 2B-D) and in a xenogeneic BxPc3-SCID tumor model (Fig. 
3 A and B). In tbe case of the T24l model, strong tumor 
suppression was exhibited again by Ad Flkl-Fc (83%, P < 
0.000001) and Ad Fltl (8'N{J, P < 0.000001); yet in this model, 
little or no inhibition of tumor growth was achieved by Ad ES 
(6%, P = 0.71). Ad AS (6%, P = 0.86), or Ad neuropilin (6%, 
P = 0.77) (Fig. 2 B--D). In the case of the BxPc.3 model, Ad 
Flkl-Fc produced a strong suppression of tumor growth (83%. 
P CCC 0.025), whereas Ad ES, Ad sNRP, or Ad AS did not inhibit 
growth of preestab!ished BxPC3 tumors significantly with < 12 % 
inhibition (P cc 0.60--0.98) (Fig. 3 A and B). For these latter 
studies, the data for Ad Fltl-injected animals was not included 
because of the death of the animals before completion of the 
experiments (see Discussion). In a last series of experiments, Ad 
Flk-Fc was shown also to strongly inhibit tumor growth in 
another xenogenic tmnor model involving LS174T hmnan colon 
carcinoma and SCID mice (79%, P = 0.0003; Fig. 3C). 

Systemic Inhibition of Tumor Angiogenesis by Ad Flk1-Fc and Ad Flt1. 
Microvesse! density has been used extensively as a marker for 
!Umor angiogenesis, !Umor grade, and inhibition of rnicrovessel 
density as a measure of antiangiogenic activity (22). To evaluate 
the mechanism for Ad Flk1 -Fe and Ad Fltl smmression of !Umor 
growth, !he microvessel density of treated vs. ~l;Jntreated tumors 
\Vas measured. LLC cells ( i 06) were implanted s.c. in the dorsal 
midline of C.57BL/6 mice, and tumors were allowed to grow to 
0~50 mm3 • The tumor-bearing mice then received i.v. injections 
of Ad Flkl-Fc, Ad Fltl(l--3), or Ad Fe followed by confirmation 
of expression levels by ELISA and were killed for histologic 
analysis after reaching a size of 200 mm3 • Immunohistochemistry 
for the endothelial antigen CD31 demonstrated an =50%) re-
duction of microvessei density in Flti(l-3) and Flkl-Fc mice 
relative to Fe mice (Fig. 1-1-l. Parallel administration of Ad lacZ 
virus produced strong ~tain'ing in liver and minor staining in lung 
but did not produce significant intratumoral t3-galactosidase 
staining ( data not shown). 

Systemic inhibition of VEGF-Stimiilated Corneal Angiogenesis by 
Antiangiogenk Adenovirnses. The ability of the different adeno
virus-produced proteins to provide systemic inhibition of angio
genesis in vivo was evaluated also in a VEGF-dependent corneal 
neovascularization model. C57BL/6 mice received i.v. injections 
of the various adenoviruses followed after 2 days by implantation 
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Fig. 2. Inhibition of preexisting tumor growth by antiangiogenic adenoviruses. C57BL/6 mice were implanted s.c. with 106 ce! !s of mur;ne LLC (A) or murine 
T241 f!brosarcoma (B). At a tumor vo!ume of 100--1 SO mm3, tumor-bearing mice received i.v. injection of 109 pfu of the control virus Ad Fe (green bars) or the 
appropriate antiang!ogenic adenov!rus (yellow bars), and tumor vo!urne vvas calculated after 10-·14 days. Tumor size is expressed as percentage of maximal 
tumor volume standardized to 100% for Ad Fe, which did not produce sign;ficant inhibition re!ativeto PBS controls. Percentage of inhibition of an;mals receiving 
antiangiogenic adenoviruses relative to animals injected with the control virus Ad Fe is caicuiated. Error bars, _7_- 1 SEM; N, number of individual rnice assayed vvith 

each adenovirus. for LLC, the number of anima!s was as follows for Fe and the treatment group: ES, n = 24,22; AS, n = 11,9; 1:lk1-Fc, n = "18, 17; F!t1, n = 8, 10; 
sNRP, n = 8,8. ForT241, the number of animals was as follows for Fe and the treatment group: ES, n = 6, 10; AS, 11 = 6,7; Flk1-Fc, 11 = 24,25; Flt 1, 11 = 19,20; sNRP, 
11 = 7,5. (C and D) Representative growth curves oi T241 fibrosarrnrna in C57BL/6 ,nice treated with Ad Fik1-Fc (n = 6) (C) or Ad F!t1(1-3; n = 7) (D). CS7Bl./6 

mice bear;ng preexisting T241 tumors of 100--1 SO mm3 received 103 pfu i.v. of the appropriate adenoviruses, and tumor size was measured overtime. Error bars, 
+_ 1 SD. (E) Suppression of LLC growth by Ad Flk1-Fc. Mice with preexisting tumors of 1 SO mm3 received i.v. injections ot 109 particles of Ad Fe (11 = 4), Ad F!k1-Fc 
{n = 5), or Ad F=lt'I (1-3) {n = 5), and tumor growth was measured over time. Error bars, ± 1 SD. 

of hydron pellets cootaioiog human VEGF-At65 into the mouse 
cornea" Plasma expression of the appropriate transgene was 
confirmed by ELISA or Western blotting followed by quantita-
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Fig. 3. Suppression of human tumor xenografts in SC!D mice by Ad Fik 1 --Fe. (Ai 
Treatment of BxPC3 human pancreatic carcinoma with Ad Fik 1--Fc. CB 17 SCiD 

mice bearing preexisting tumors BxPC3 tumors of 60 mm 3 received 109 pfu i.v. of 
the appropriate adenoviruses, and tumor size was measured over time. Error 
bars, _7_- 1 SD; Fen= 6; F!k1-Fc n = 7. (B) Comparative inhibition of preexisting 

SxPC3 tumor growth by antiangiogenic adenoviruses. Ad Fe and Ad f;lk1-Fc mice 
in A were compared 'vVith tun1or-bearing mice in the san1e experiment that 
received Ad ES (11 = 7), Ad AS (n = 7). or Ad st,JRP (n = 6). Tumor size is expressed 
as percentage of maximal tumor volume standardized to 100% for Ad Fe, which 
did not produce significant inhibition relative to PBS controis. Error bars, ~- 1 SEM; 
N, number of individual mk.e assayed ·with each adenovln.1s. (CJ Treatment of 
human LS174T co!on adenocarcinoma in SC!D mice with Ad Fik1--Fc. n ,:, S per 
group. Error bars, -_t-_ 1 SD. 
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tioo of corneal neovascularization 5 days after pellet implanta
tion. In mice receiving VEGF pellets, corneal neovascularization 
was inhibited strongly by Ad F!kl-Fc (74%, P < 0.0000001) or 
Ad Fltl (80%, P < 0"0000001), which ,vas statistically significant 
relative to the Ad Fe control virus (Fig. 5 A and B). VEGF
stimulated corneal angiogenesis was inhibited 10 a lesser degree 
by Ad ES (33%), P = 0.0001 ), Ad AS (23%, P = 0.002), or Ad 
neuropilin (35%, P = 0.027) Fig. 5 A and B). 

Discussion 
The studies presented above provide important information 
regarding the relative potency of a number of antiangiogenic 
gene products previously sbown to possess anti!umor activity and 
specifically identify soluble forms of Flk1 and Fl!1 as candidates 
for future gene tberapy strategies. Our finding that soluble forms 
of Flkl and F!tl possessed significantly more potent antitumor 
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Fig. 4. Decreased microvesse! density in tumors treated with Ad Flk1-Fcor Ad 
Fit1 (1--3). CS7BL/6 mice bearing LLC tumors of ~-so mm3 received i.v. injection 
ot 109 pfu ot Ad Fe, Ad Flk 1--Fc, or Ad Flt1(1--3). Tumors were harvested at a size 
of 200 mrn3 for CD31 imrnunohistochemistry, magnification, and manual 
quantitation of microvesse! density. Error bars, ± 1 SD with four representa-
tive fields counted per condition. 
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Fig. 5. Systemic inhibition of cornea! ang;ogenesis by antiangiogenic ad-
enoviruses. (A) Comparative activity in VEGF corneal micropocket assays. 
C57BL/6 mice received i.v. injection of 109 pfu of the appropriate adenovirus, 
followed after 2 days by imp!antation ofVEGF-A165--containing hydron pe!!ets 
into the mouse cornea. Five days after pellet irnpiantation, corneal neovas
cuiarization was quantitated by siit lamp examination. Results are presented 
as percentage of n1axima! neovascularization relative to the control virus Ad 
Fe, vvhich was standardized at 100'% and produced <5%, inhibition relative to 
PBS. Error bars, ::c 1 SEM. The number of eyes examined was as fo!!ows for Fe 
and the treatment group: ES, n = 13, 18; AS, n = 13, 14; F!k1-Fc, 11 = 16, 1.5; F!t1, 
n = 21,25; sNRF', n = 10,8. (B) Systemic inhibition of cornea! neovascularization 
by Ad Flk1-Fc or Ad Flt1 (1---3). Representative corneas from experiments in A 
with preinjection of Ad Fe, Ad Fik1-Fc, or Ad Fit1("l-3) were photographed S 
days after pellet implantation. The position of the VEGF pellet is indicated by 
the arrow'. Robust blood vessel ingrovvth tovvard the peiiet Is noted in Ad Fe 
but not Ad F!k 1-Fc or Ad F!t1(1-3) mice. 

activity than AS or ES when delivered via gene transfer was auite 
unexpected and is of panirnlar interest in light of pre1/ious 
reports of the extremely potent antitumor effects of ES and AS 
delivered via conventional protein administration (14---16 ). The 
reasons for this imponant discrepancy are tmclear currently. 
Although the serum levels of AS and ES achieved in the previous 
studies tbat reported frank tumor regression were not measured 
( i 4-17), it is highly likely that the levels of the proteins obtained 
after adenovirnl-mediated gene transfer are far greater. In 
addition, although differences in protein structure, folding, or 
posttranslational processing between the conventionally pro
duced molecules and those produced via gene transfer could 
account for differences in their bioactivity, at leas! in the case of 
vector-encoded ES, mass spectroscopy and N-terminal sequenc
ing demonstrated that tbe expected protein structure was present 
in mouse serum after gene 1r:msfer. Moreover, in this regard, the 
adenovirus-produced ES exhibits motility-inhibiting properties 
comparable to tbat of recombinant ES produced in yeast, 
baculovirus, or myeloma cells in matrigel assays. Taken together, 
the data suggests that, at a minimum, ES or AS will not be as 
easily utilizable as soluble VEGF receptors in convemional 
single-injection adenoviral strategies aimed at the systemic de
livery of protein and may require more innovative approaches 
witb different vector systems, modified transgenes, or alternative 
routes of administration. Clearly, further studies aimed at un
derstanding 1he discrepancy between om rernlts and those 
involving the administration of conventionally produced ES and 
AS are warranted. 

A llhough several previous reports also had documented the 
antitumor effects of vector-mediated delivery of AS, ES, soluble 
Fl!1 ectodomains, and sNRP domains (13, 23---27), the ability of 
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tbe gene products 10 provide for tbe potent inhibition of large 
(> 100 mm3

) aggressive preexisting tumors such as LLC had not 
been demonstrated previously. For example, altbougb it has 
been shown that tumor lines stably transfected with AS cDNA 
exhibit impaired tmnor growth, systemic gene therapy with AS 
has not been well documented to strongly suppress preexisting 
tumor growth (23, 25). Additionally, although several studies 
reoort tbe inhibition of tumor growth and metastases in mice 
after vector-mediated delivery ~f ES, no strong activity against 
preexis1ing tumors bas been reported (24--27). in tbe case of 
soluble Flt-1 ectodomains, Kong et al. ( 28) have documented the 
efficacy of adenovirus vector-encoded Flt when delivered locally 
but not systemically, whereas Takayama et ai. (13) bave reported 
systemic antitumor efficacy of adenovirus Flt, but only against 
coinjected and not preexisting tumor burdens. ln tbis latter case, 
the inability to observe significant activity against preexisting 
1umors may have resulted from insufficient produc1ion of Flt 
ectodomains, as our preliminary dosing studies suggest that high 
levels of gene product ( >2 [Lg/ml) may be necessary for activity 
against preexisting tumors of > 100 mm3. In tbe case of soluble 
forms of neuropilin (sNRP), previous studies have shown that a 
soluble form of neuropilin representing a natmally occurring 
spliced form of the gene product was able to inhibit the ability 
of rat prnstatic carcinoma cell lines engineered to express the 
gene product to grow as tumors (29). The inability of our Ad 
sNRP to inhibit tumor growth could reflect either the stringency 
of the tumor models used in our study or tbe use of a suboptimal 
soluble form of NRP ( the sNRP gene used in the current studies 
differs from that used in previm1s studies in that the "C' domain 
is included). It is noteworthy that sNRP binds to regions of 
VEGF encoded by exon 7 (30, 31), whereas Flki and Fltl bind 
10 more N-!erminal domains of VEGF (32). 

In addition to identifying candidate gene products of potential 
use in cancer 1herapy, om studies also represent 1he first 
comparative study of systemically administered antiangiogenic 
agents against ocular angiogenesis. Small molecule inhibitors of 
!he Flkl/KDR kinase domain, direct intraocular injection of 
soluble VEGF receptors, or adenoviral production of soluble 
Flt-1 have been shown previously to inbibit experimental retinal 
vascularization (33-35). Potentially, a variety of conditions ac
companied by pathologic eye angiogenesis, such as diabetic 
retinopathy, macular degeneration, retinal ischemia, and ocular 
melanomas (36, 37) could benefit from the sustained delivery 
afforded by single injection dosing of gene transfer vectors. 

Lastly, although the comparative analysis \Ve have presented 
is obviously imperfect in 1hat we ,vere not able to provide for the 
same level of each gene product in the circulation, the expression 
levels we have achieved likely represent a theoretical "maxi
mmn" that reflects the inherent pharmacokinetic properties 
governing the circulating levels of each protein that can be 
achieved via gene transfer. As sucb, tbe results provide impor-
tant practical information regarding which antiangiogenic gene 
prodt1cts are most likely to be therapeutically effective ,vben 
delivered via gene therapv. In addition to the need to evaluate 
the use of vector systems that can provide for the sustained high 
level expression of genes in vivo such as the recently developed 
'"gutless" adenoviral vectors (38), considerably more effort will 
need to be paid to the issue of the safety and long--1erm sequelae 
of systemic, soluble receptor-mediated VEGF inhibition in adult 
organ isms. In this regard, we have observed that although 
non-tumor-bearing animals injected with Ad Flk1 -Fe and viruses 
encoding ES, AS, and sNRP remained grossly asymptomatic for 
> 1 year, =30'?7J of animals injected ,vith Ad Fltl(l---3) develop 
ascites after 22-28 days followed by frequent mortality despite a 
several log Imver serum concentration of Flt than Flkl-Fc 
( unpublish~d results). Determination of whether the toxicity we 
have observed after injection of Ad Fltl results from either 
excessive VEGF chelation by higher affinity Fl!1 (21) or the 
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distinct VEGF binding spectra of these receptors should aid 
the safety assessment of chronic VEGF-based aotiangiogenic 
therapies. 
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~ Therapeutic Advances in Chronic Disease 

AfUbercept in wet age-related macular 
degeneration: a perspective review 

Matthew Ohr and Peter K. Kaiser 

Abstract: In the treatment of neovascular age-related macular degeneration [AMO]. vascular 
endothelial growth factor [VEGF) has emer·ged as a key target of therapy. Currently, patients 
with neovascular AMO are treated with monthly intravitreal injections of anti-VEGF medications. 
AfLibercept is a novel r·ecombinant fusion protein engineered to bind aU isoforrns of VEGF-A 
VEGF-B, and placental growth facto,~ It is the latest medication to ;·eceive US Federal Drug 
Adm;nistration [FDA] approval for the treatment of neovascui.ar AM D. Theoretical. models 
suggest this molecule may have a longer duration of action compared with current tr·eatments. 
The resul.ts of the VEGF Trap-Eye: Investigation of Efficacy and Safety in wet Age-related Macular 
Degeneration studies MEW 1 and VIEW 2] support this by demonstrating that aflibercept, dosed 
every 2 months after a monthly loading dose for 3 months, was noninferior 1n the proportion of 
patients who maintained or improved vision at 52 weeks compared with monthly injections of 
ranibizumab. These results were maintained over the 2 years of the studies. AfLibercept (Eylea; 
Regeneron Phannaceuticals, Inc., Tarrytown, NY. USA and Bayer. Basel, Switzerland] was 
approved by the FDA for the treatment of neovascular AM Don 18 November 2011. 

Keywords: aflibercept, neovascular age-related macular degeneration, ran1bizumab, vascular 
endothelial growth factor, wet age--related macular degeneration 

introduction 
In the USA, age-related macular degenerarion 
(A1\1D) is the leading cause of vision loss in older 
patients. It is estimated that the prevalence of 
A.ivlD is 6.5% among people aged 40 years and 
older [Klein et al. 2011]. AMD also remains a 
leading cause of vision loss among older adults in 
orher Western countries. !vlost of this vision loss 
stems from advanced Al\1.D. Advanced Al\tlD can 
be classified into nvo major forms: the non-neo
vascuiar, atrophic (dry) form or the neovascular 
(wet) form. The majority of people with severe 
vision loss (201200 or worse) from A.ivlD have the 
neovascular forn1, which is estimated to occur in 
10---20c% of patients [I•'erris et al. 1984]. Currently, 
there is no effective treatment for advanced, dry 
A.ivlD [l'vleleth et al. 2011]. H.owever, neovascular 
A1\1D has been successfully targeted by a number 
of treatment strategies. 

Overview of current therapy 
The hallmark of wet i\.1.\1.D is the formation of 
ne,v, anomalous blood vessels that typically arise 

ht lp :/ /ta j.sagepub. com 

from the choroidal vasculature and can grow into 
rhe subretinal pigment epithelial or subretinal 
space. Rarely, this process may originate from the 
retina and extend posteriorly into the subrerinal 
space, a form of neovascular Al\liD termed retinal 
angiomatous proliferation. These neovascular 
vessels commonly hemorrhage and leak and can 
compromise vision by distorting the retinal and 
subretinal architecture with J:1uid, blood, or fibro
vascular tissue [ S pilsbury et al. 2000 J . U ntreared, 
choroidal neovascularization (CNV) usually leads 
to permanents loss of central vision. 

The pathogenesis of CNV is not completely 
u...riderstood. However, the overexpression of vas
cular endothelial grown factor (VEGF), a pro
angiogenic cytokine, has been shown to play a 
crucial role [Spilsbury et al. 2000J. Previous stud
ies have demonstrated increased levels ofVEGF in 
the presence of inflammatory cytokines, suggest
ing that inflammation is a key component of A.MD 
[Nagineni et al. 20 l 2]. Others have suggested that 
ischemia, also associated with increased VEGF 
['"Witmer et al. 2003], may play a role in AMD 
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[Feigl, 2009). All of these reports deariy indicate 
that \lEGF is vital to Liie pathogenesis of CNV in 
AMn 

Eariy treatment strategies focused on destruction 
of choroidal neovascuiar membranes using laser 
photocoagulation. The 1\facular Photocoagulation 
Study (lViPS) esrablished guidelines for tream1ent 
of these lesions [l'viacular Photocoagulation Study 
Ciroup, 1982, 1986, 1991]. AJrhough this treat
ment reduced the likelihood of severe vision loss 
compared with rhe natural course of the disease, 
there were many limitations, especially when 
trearing lesions in rhe fovea. The primary down
sides were related to the fact that the laser induced 
a permanent scotoma, and recurrence of the Cl\!V7 

occurred in over 50% of treated eyes [.i\1acular 
Photocoagulation Study Group, 1991]. 

Until 1999, laser photocoagulation was the only 
treatment for neovascular i\lVlD that had been 
shown to reduce the risk of vision loss. Ar rhar 
time, the Treatment of Age-Related l\facular 
Degeneration wirh PhorndynarnicTherapy (TAP) 
Study reported that photody11-amic therapy (PDT) 
,:vith verteporfin (Visudyne; Novartis Pharma AG, 
Basel, Switzerland) reduced the risk of moderate 
ro severe vision loss for at least :5 years in patients 
who presented with subfoveal lesions classified as 
predominanrly classic [TAP Study Group, 1999; 
Azab et al. 2004; Blumenkranz et al. 2002; Bressler 
and TAP Study Group, 2001; Bressler et al. 2002; 
Kaiser et al. 2006]. PDT is a two-step process 
that involves rhe intravenous injection of verte
porfin, a photosensitizing molecule, which is 
raken up by dividing cells within CNV. The drug 
is activated by local application of energy from a 
diode laser source ar a wavelength that corre
sponds to an absorption peak of the molecule. A 
photochemical reaction occurs and acrivared free 
radicals are generated that can lead to capillary 
endothelial cell damage and vessel thrombosis. Ar 
2 years, 59%J of verteporfin treated eyes versus 
31 '% of placebo eyes avoided at least moderate 
vision loss [Bressler and TAP Study Group, 2001]. 
While PDT improved the results seen wirh laser 
photocoagulation, there remained a pressing need 
for betrer trearment modalities. 

The first VEGF inhibitor to obtain US Federal 
Drug Administration (IiDA) approval for CNV 
in At\!lD was pegapranib (l'viacugen; OSI/ 
Eyetech Pharmaceuticals, New York, NY, USA) 
in 2004. Pegaptanib is an RNA aptamer thar 
binds human VEGF 105 with high affinity and 

specificity [Gragoudas et al. 2004]. The drug, 
however, did nor bind other active \lEGF isoforms 
such as VEGF 121 • Pegaptanib is administered as 
an imravitreal injection every 6 weeks. The VEGF 
Inhibition Study in Ocular Neovascularizm:ion 
(VISION) trial was a prospective, randomized, 
double-masked, controlled, dose-ranging phase 
III clinical trial in \vhich 1186 parients with 
Ai\1D and subfoveal CNV received one of three 
doses of pegaptanib or sham injecrions every 
6 ·weeks for 48 weeks [Gragoudas et al. 2004]. 
The results of this study were promising, with 
70% of patients losing less than three lines of 
vision compared with 55% of controls (J; < 0.00 i). 
Unfortunately, similar to the results with PDT, 
a minority of patients gained vision wirh this 
therapy. 

One of the most exciting advances in the treat
ment of CNV in At'\1D came wirh the imroduc
tion of ranibizumab (Lucentis; Genentech, South 
San Francisco, CA, USA) in 2006. Ranibizumab 
is a recombinantly produced, humanized, anti
body (Fab) fragment that binds VEGF [Rosenfeld 
et al. 2006]. Unlike pegaptanib, ranibizumab 
binds ro and inhibits the biological activity of 
all active forms of VEGF-A. The lvlinimally 
ClassiciOccult Trial of rhe Anti-VEGF Antibody 
Ranibizumab in the Treatment of N eovascular 
An--1D (MARINA) study was a randomized, dou
ble-masked, sham-controlled clinical trial of 716 
patients with minimally classic or occult CNV 
secondary to Al'v1D treated ,vith one of two dif
ferent doses of intravitreal ranibizumab or sham 
injections given every 4 weeks for 2 years 
[Rosenfeld el al. 2006]. The results of this study 
were revolutionary with 94.5%, of patients treated 
with ranihizumab 0.3 mg and 94.6% of parients 
treated with ranibizumab 05 mg experiencing 
vision stabilization or improvement compared 
with 62.2';{. of patients receiving sham injections 
(p < 0.001). In fact, visual acuity improved by 
15 letters or more in 24.8% of patients receiving 
0.3 mg and 33.8% of patients receiving 0.5 mg 
ranibizumab compared with 5.0%1 of the sham 
injection group (J; < 0.001). These results were 
further supported by the i\nti-VEGF Antibody 
for rhe Trearment of Predominanrly Classic 
Choroidal Neovascularization inAtviD (AL"\IC.H OR) 
study, which was a randomized, controlled, dou
ble-masked phase lll clinical trial of 423 patients 
that compared patients treated with ranibizumab 
with patients treated with PDT with verteporfin 
treatment [Brown et al. 2006, 2009]. These results 
showed that 94.3'% of patients treated 'vvith 
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0.3 mg ranibizumab and 96.4'}~ of patients treated 
with 0.5 mg ranibizumab lost less than 15 letters 
of vision compared with 64.3% of patients treated 
with PDT at 1 year (p < 0.001). Patienrs receiving 
ranibizumab again showed increased vision in 
35.7'% of patients treated \'l?ith 0.3 mg ranibi
zumab and 40.3% of patients treated with 0.5 mg 
ranibizumab compared with only 5.6% ofpariems 
treated with PDT (p < 0.001 ).T1-1e results of these 
trials resulted in anri-VEGF therapies largely 
replacing previous treatment modalities. 

Bevacizumab (Avastin; Genentech) is a full
length monoclonal anribody thar binds all isoforms 
of VEGF-A The FDA originally approved it in 
February 200-4 for the treatment of metastatic 
colorectal cancer, Soon th.ereafter, physicians 
starred to m.e it off label as an intravenous or 
intravitreal treatment for neovascular Ai.\1D. 
Despite the lack of clinical research to support its 
safety or efficacy, anecdotal evidence led to its 
widespread popularity prior to the approval of 
ranibizumab in 2006. To deliver an intravitreal 
injection, a physician or pharmacy takes a vial of 
bevacizumab and makes nurn.erous unit doses. 
This dramatically lowers rhe cost of the drug. The 
approximate cost differential between ranibizumab 
(US$2000) and bevacizumab (US$S50) was 
prohibitive for some patients, and bevacizumab 
continued to be utilized, despite not being FDA 
approved for intravitreal use. In fact, in a review 
of Medicare claims for neovascular AJViD in 2008, 
it was noted that 58% of all intravitreal injections 
given were bevacizumab and 41 % were ranibi
zumab [Brechner et al. 2011] . 

To address the safety and therapeutic concerns of 
the widespread, off-label use of bevacizumab in 
the treatment of ,,vet Li\J.\1D, the National Eye 
Institute commissioned the Comparison of Age
Related 1\tlacular Degeneration Treatment Trial 
(CATT) [CATT Research Group et al. 201 l]. In 
this multicenter, single-blind, noninferiority trial, 
1208 patiems with neovascular Al\'lD were rand
omized imo four groups. After the first mandatory 
intravirreal injecrion, patienrs received ranibi
zumab every 28 days (ranibizumab monthly), bev
acizumab every 28 days (bevacizumab monthly), 
ranibizumab only when signs of active neovascu
larization were present (ranibizumab as needed), 
and bevacizumab only when signs of active 
neovascularizarion were present (bevacizumab as 
needed). 'The 1-year results of this study demon
strated that monthly bevacizumab was equivalent 
to monthly ranibizumab vvith 8.0 and 8.5 letters 
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gained, respectively. Bevacizumab as needed was 
found to be equivalent to ranibizumab as needed 
with 5.9 and 6.8 letters gained, respectively. While 
ranibizumab as needed was found to be equivalent 
to ranibizumab monthly, the equivalence of beva
cizumab as needed compared with bevacizumab 
monthly was found to be inconclusive. 

AfUbercept 
Af.libercept (Eylea; Regeneron, Tarrytown, NY, 
USA and Bayer, Basel, Switzerland) is a fully 
human, recombinant fusion protein composed of 
the second immunoglobulin (lg) binding domain 
of VEGF receptor 1 and the third Ig binding 
domain of VEGF receptor 2, fused to rhe Fe 
region of human IgG 1. It binds to all VEGF-A 
isoforms, VEGF-B, and placental growth factor 
(PlGF) [Papadopoulos et al. 2012]. Aflibercept 
is a member of Regeneron's proprietary family 
of 'Trap' products that catch, hold, and block 
(i.e. trap) certain cytokines [Adis R&D Profile, 
2008]. Aflibercept is being developed for the 
treatmem of cancer (Zaltrap; Regeneron and 
Sanofi, Bridgewater, NJ, USA) and eye disorders. 
The eye formularion, also referred to in the liter
ature as VEGF Trap-Eye, is identical in structure 
to the intravenous cancer treatment, ,vith further 
purification steps and buffer modification to 
allow for comfortable, nonirritating intravitreal 
injection [Dixon et al. 2009]. 

Unlike currently available anti-VEGF therapies, 
aflibercept binds PlGF in addition to all iso
forms of VEGF-A and VEGF-B. Like VEGF, 
PIGF is present in human CNV membranes, and 
animal studies have shown that PlGF contrib
utes to the developmem of experimemal CNV 
[Rakic et al. 2003]. Another differentiating 
feature of atlibercept is that the binding affinity 
for VEGF is 0.5 pM Kd, which is considerably 
stronger than ranibizumab, bevacizumab, or native 
VEGF receptors. This aHovvs for effective block
ing ofVEG·F, even at low concentrations, which 
may translate into a longer duration of action and 
exrended dosing intervals [Stewart and Rosenfeld, 
2008]. 

The results of preclinical studies were promising. 
In l\fatrigel-i.nduced models of CNV in rats, 
aflibercept was shown to arrest the growth ofCNV 
and led to the regression of recently established 
lesions [ Cao et al. 20 l OJ. Primate studies of laser
induced CNV also showed promise for the drug. 
When ailibercept was given prior to and following 
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attempted laser induction of CNV, minimal neo
vascularization was noted compared with placebo. 
In drug-naive eyes with. previously established 
CNV, afiibercepr ,vas successful in causing regres
sion of the CNV and resolving vascular leakage 
lNork et al. 2011]. These encouraging results cou
pled with the apparent safety of the drug, fueled 
rhe demand for human clinical trials. 

Phase I 
A phase I, randomized, multicenter, masked, 
placebo-controlled clinical trial of intravenous 
aflibercepr in patients with subfoveal CNV from 
Ai\tD showed a dose-dependent decrease in 
retinal thickness [Nguyen et al. 2006]. However, 
at systemic doses of 3 mg/kg, hypertension and 
proteinuria were observed, and the study was 
halted for safety concerns. This led to investiga
rion of alternative delivery methods. 

The safety, tolerability, maximum tolerated dose, 
and bioactivity of intravitreal injection of afliber
cept were evaluated in a phase I, multicenrer, 
dose-escalation study [Nguyen et al. 2009]. In the 
study, 21 patiems received a single dose of afliber
cept. Patients were monitored for 12 ,veeks after 
injection. There were no serious ocular or sys
temic events noted. \Vith any dose of aflibercept, 
stable or improved vision was seen in 95% of 
patients at 6 weeks. The mean decrease in foveal 
rhickness was -105. 5 ~un, and the mean increase 
in visual acuity was +4.43 letters. Half of the 
patients receiving 2 or 4- mg doses showed no reti
na! leakage and maintained vision gains at 12 
weeks after a single injection. These positive 
results paved the way for forth.er development of 
an int:ravitreal formulation of aflibercept. 

Phase I! 
The clinical evaluation of anti-angiogenesis in the 
retina study (CLEAR-IT) 2 trial was a phase 11 
mulricenrer, prospective, randomized, double
masked clinical trial designed to study the effect 
of imravirreal aflibercept in patients with neovas
cular AJviD [Brown et a!. 2011; Heier et al. 2011]. 
This trial was divided inro two pans. Jn the first 
part, patients were treated with a fixed dosing 
inrerval up to 12 weeks. The second part of the 
study was designed to be as needed (PRl"-J) dosing 
and rook place from week 16 ro 52. The primary 
endpoint of the study was tl1e change in central 
rerinal thickness. The mean change in best cor
rected visual acuity (BCVA) was evaluated as a 

secondary outcome. The study included 159 
patiems who were randomized into five tream1ent 
f,'1.·oups. The first two groups received treatment 
every 4 weeks and were dosed at 0.5 mg (group 1) 
or 2 mg (group 2). The last three groups were 
treated every 12 weeks and were dosed at 0.5 mg 
(group 3), 2 mg (group 4), or 4 mg (group 5).The 
primary outcome was at 12 weeks, following the 
fixed dosing period. The mean decrease in central 
retinal thickness from baseline to 12 weeks in all 
f,'1.·oups was -119 µm. 1\/1.onthly dosing with either 
0.5 or 2 mg (groups 1 and 2) provided a more 
profound and consistent effect than any of the 
groups treated every 12 weeks. Overall, r.here was 
a mean increase in BCVA of+5.7 Eady Treatment 
Diabetic Rerinopathy Study (ETDRS) letters in 
all groups. The greatest mean increase in BCVA_, 
more than +8 letters, was seen in die monthly 
dosing groups compared with the patients receiv
ing only one injection [Brown et al. 2011]. 

For the PRN dosing arm of the study, patients 
were evaluated every 4 weeks to determine the 
need for com:inued treatment. Patienrs received an 
injection of th.e baseline dose at week 12. At week 
16 and thereafter, eyes were reinjected ,vith afliber
cept if any of the follmving conditions were noted: 
increase in central retinal thickness of at least 
100 µm by optical coherence tomography (OCT); 
Joss of at least 5 ETDRS letters with recurrent 
fluid on OCT; persistent fluid on OCT; new-onset 
of classic CNV; new or persistent leak on fluores
cein angiography; or new macular hemorrhage on 
clinical examination. Using these criteria, the 
mean decrease in central retinal thickness in all 
groups from baseline to 52 weeks was - 130 µm. 
The mean increase in BCVA was +5,3 ETDRS 
letters in all groups. The greatest increase in BCVA 
occurred in the group initially treated with 2 mg 
every 4 weeks for 12 weeks before PRL"'f dosing 
with a mean increase of +9.0 letters at 1 year. To 
achieve these excellent visual gains, an average of 
two additional injections 1.-vas administered after 
the 12-week fixed-dosing phase across all groups. 
The mean time to the first reinjection was 129 
days, with 19'% of patients receiving no injections 
and 45% receiving one or two additional injec
tions [Heier et al. 20 l 1]. 

Phase Iii 
Two parallel, phase III, double-masked, rand
omized studies were initiated in August 2007. T11e 
VEGF Trap-Eye: Investigation of Efficacy and 
Safety in wet Age-Related i\facular Degeneration 
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Tabte 1. Summary of the 1-year results of V!EW 1 and VIEW 2 studies compared with MARIN.A. and CA.TT tria!s. 

(VIEW 1) smdywas performed in NonhAmerica. 
The VIE\X,' 2 study was an international study 
including Europe, Asia Pacific, Japan, and Latin 
America. Th.e studies were designed as noninferi
ority studies comparing intravirreal aflibercept 
with ranibizumab. Patients with subfoveal CNV 
due to Alv1D were randowized into four groups. 
TI1e first two groups received intrnvitreal injections 
of aflibercept at doses of 0.5 a...rid 2 mg adminis
tered at 4--vveek intervals. The third group received 
2 mg of aflibercept at 8-week intervals following 
three loading doses given every ,t ,veeks. Tnese 
\Vere compared \vith the fourth group, the control, 
receiving 0.5 mg of ranibizumab administered 
every 4 weeks. ]11e primary endpoint ,vas statisti
cal noninferiority in the proportion of patients 
\Vho maintained or improved vision over 52 weeks 
compared with ranibizumah. 

The 1--year results of the VIEW J study showed 
that vision was maimained, defined as losing 
fe\11er than 15 ETD RS letrers, in 96% of patiems 
receiving aflibercept 05 mg monthly, 95% of 
patiems receiving 2 mg monthly, and 95% of 
patients receiving 2 mg every 2 months. Tbese 
results cornpared favorably vvith the 9,t%J of 
patiems maintaining vision in the group receiving 
nmibizumab 0.5 mg monthly [Regeneron, 2010; 
Heier, 2011]. The patients receiving afiibercept 
2 mg monthly on average gained 10.9 letters 
compared with a mean 8 .1 lerter gain with ranibi
zumab 0.5 mg dosed every month (JJ < 0.01). The 
VlE\1(1 2 study showed similar results, wirh 
maintenance of vision in 96% of patients receiv-
ing 0.5 mg monthly, 96'~1o of patients receiving 
2 mg monthly, and 96% of patiems receiving 2 mg 
every 2 months. T11ese results also compared 
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favorably with the 94% of patients maintammg 
vision in the group treated with nmibizmnab 0.5 
mg monthly [Schmidt-Erfurth, 2011]. They are 
sin:iilar to results found in the .MARINA and 
CATT trial (Table 1).T11e safety ofboth VIEW 1 
and VIE\V 2 smdies was excellent with no differ
ence seen bern,een any aflibercept group and the 
ranibizumab group. The fact that 2 mg aflibercept 
dosed every 8 weeks ati:er three loading doses was 
noninferior to rnnibizumab dosed every '± weeks 
in terms of safety and efficacy is exciting, as it 
offers the hope of similar visual gains wit:h less 
treatment burden. 

The 2-year results of rhe VI.E\X1 l and VIE\Xl 2 
studies were recently released [Regeneron, 2011]. 
-.rhe integrated analysis of these t\vo studies 
(Table 2) shows that patients receiving aflibercept 
2 mg every 8 weeks gained +7.6 lettern from base
line m week 96 compared wilh +8.4 letters at 
week 52. T11e visual acuity gain in from baseline 
in patients receiving monthly ranibizmnab was 
+7. 9 letters at week 96 compared ,vith +8.7 letters 
at week 52. Pmients receiving aflibercept 2 mg 
every 8 weeks received an average of 11.2 injec
tions over 2 years while patienrs treated with 
ranibizumab had an average of 16.5 injections 
over 2 years. Aflibercept: (Eylea) ,vas approved by 
the FDA for the treatment of wet A .. M.D on 18 
N oven:i ber 2011. 

Conclusions 
The evolution of treatment strategies for neovas-
cular Al\iD has resulted in a paradigm shift in 
terms of expectations arnong patients and physi-
cians. Prior IO these recent advances, patients 
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Table 2. Summary of combined 2-year results of 
V!EW 1 and VIEW 2 studies. 

,:v·ho developed neovascular changes could anric
ipate a progressive and permanent decrease in 
vision. While destruction of the CNV lesion with 
laser photocoagulation was possible, in particu
lar when the lesion was located outside of the 
visual a..xis, it offered only modest hope of main
raining vision compared with the natural hisrory 
of the disease, and results were less than satisfac
tory. The imroduction of PDT with verteporfin 
offered some improvement, especially to patients 
with subfoveal disease. However, many patients 
continued to lose vision, and only minimal visual 
gains were achieved. 

The advent of anti-VEGF therapy marked a 
turning point in the treatment of neovascular 
AMD. The firsr FDA-approved ami-VEGF 
therapy for neovascular Alv1D was pegaptanib. 
Unfortunately, the specific rargeting ofVEGF165 

seemed to limit its effectiveness, and as with 
PDT, patients generally continued rn slowly lose 
vision. It was the phase 111 results of ranibizumab 
and the off-label intravitreal use of the cancer 
drug, bevacizumab, that began to change expec
tations. Anecdotal evidence of improvements in 
vision and retinal thickness after a single treat
menr were reported in parients whose condition 
had failed to respond to pegaptanib therapy 
[Rosenfeld er al. 2005]. \X'ith rhe publication of 
the ANCHOR and MARINA trials, and the sub
sequent FDA approval of ranibizumab, vision 
could be expected to stabilize in close to 95% of 
cases, with improvemenr of BCVA by three or 
more lines in approximately 40% of patients. 

\Xlhile anti-VEGF therapy has changed the efficacy 
of treatmenr, it is not with our drawbacks. Patients 
are subjected to intrnvitreal injections as often as 
every 4 week:-. to maintain vision. Frequent office 
visits, testing, and medication costs represent a 
burden to patients, physicians, and society. Although 
there have been no proven, adverse systemic 
effects from inrravitrea1 injections, every injecrion 
puts patients at risk for endophthalmitis, intraoc
ular inflan1mation, vitreous hemorrhage,, retinal 
tear, retinal detachment, and iatrogenic cawract. 
Recent smdies have also suggested a sustained 
rise in intraocular pressure may occur with serial 
injections of anti-VEGF agents [Tseng et al. 
2011]. Aside from serious complications, patients 
are commonly subject to anxiety, discomfort, and 
the undesirable aestl-1etics of conjunctival hyperemia 
or hemorrhage. 

Current efforts have focused on extending the 
benefits of anti-VEGF treatment with less fre
quent dosing. In [he phase Hib, rnulti-cenrer, 
randomized, double-masked, sham injection
controlled study of efficacy and safety of ranibi
zumab in subjects with subfoveal CNV with or 
without Classic CNV secondary ro Al'\1.D (PIER) 
study, patients received monthly injections of 
ranibizumab for 3 months foHowed by quarterly 
dosing. Gains in visual acuity were noted at 3 
months, only to be lost during the quarterly dos
ing phase of the trial [Regillo et al. 2008] , In the 
prospective oprical coherence tomography OCT 
imaging of patients with neovascular age-related 
macular degeneration treated with intra-ocular 
lucentis (PrONTO) study patients also received 
monrhly injections of ranibizumab for 3 monrhs. 
Follov,ring the initial dosing, additional treatments 
were given on a PRN basis. After 2 years, 78'.}~ of 
patients maintained vision and 43% of patients 
showed improvement in more than three lines of 
vision, An average of 9. 9 injections was given over 
rhe 2-year period [L,1wani et al. 2009]. 

One of the criticisms of PRN dosing is the facr 
that monthly visits are still required. One approach 
to treatment that aims to reduce the number of 
injections and visits is the 'inject and extend' 
method [Spaide, 2007). This strategy involves 
treatment with 3-monthly injections follmved by a 
follow up appointment extended to 6 weeks. At 
the follow-up visit OCT and biomicroscopy are 
petformed. If edema or any other sign of exuda
tion is present, the patient is given an injection 
and told to follow up in 4 weeks. Patients without 
any evidence of exudation are injected and have 
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t.11.eir follow-up ·visit extended to 8 weeks. The same 
evaluation occurs at the 8-week visit. However, 
patients with signs of exudation are injected and 
scheduled to follow up ar 6 weeks. Patients with
out evidence of exudation are further extended to 
fo1low up at 1 O weeks. In this way, an oprirnal, 
individualized treatment strategy can be obtained. 
W'hile a few small studies have reporred positive 
results with this method, there have been no large, 
prospective srudies to support irs effectiveness 
[Engelbert et al. 2009; Oubraham et al. 2011]. 

T\velve-month results from the VlE\V 1 and 
VIE\"Xl 2 studies appear promising for atliber
cepL Although the data ·win have to be analyzed 
further, the apparent noninferiority of the vari
ous aflibercept dosing regimens compared with 
ranibizumab represenrs a new mi1esrone in the 
treatment of CNV due to Al\1.D. Of particular 
interest is the 2 mg every 8 weeks dosing interval 
studied in the trials. The recent results of the 
2-vear data for the VIE\1{;' 1 and VIEW' 2 studies 
h;ve further demonstrated the ability of afliber
cept to maintain the visual gains artained in the 
first year of the study with a significantly smaller 
number of injections compared with ranibi
zumab. Aflibercept was recently approved by 
the FDA for rhe treatment of CNV in Al\ii.D. 
The wholesale price of at1ibercept (US$1850) 
is slightly below that of ranibizumab. However, 
the reduced treatn1-ent requirements of every 
8-week dosing ·versus monthly dosing of ranibi
zumab may represent a substantial savings in 
cost and rrearment burden to patients. 
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Abstract Pharmacological inhibition of VEGF-A has 
proven to be effective in inhibiting angiogenesis and 
vascular leak associated with cancers and various eye dis
eases. However, little information is currently available on 
the binding kinetics and relative biological activity of various 
VEGF inhibitors. Therefore, we have evaluated the binding 
kinetics of two anti-VEGF antibodies, ranibizumab and 
bevacizumab, and VEGF Trap (also known as aflibercept), 
a novel type of soluble decoy receptor, with substantially 
higher affinity than conventional soluble VEGF receptors. 
VEGF Trap bound to all isoforms of human VEGF-A 
tested with subpicomolar affinity. Ranibizumab and bev
acizumab also bound human VEGF-A, but with markedly 
lower affinity. The association rate for VEGF Trap binding 
to VEGF-A was orders of magnitude faster than that 
measured for bevacizumab and ranibizumab. Similarly, in 
cell-based bioassays, VEGF Trap inhibited the activation 
of VEGFRI and VEGFR2, as well as VEGF-A induced 
calcium mobilization and migration in human endothelial 
cells more potently than ranibizumab or bevacizumab. 
Only VEGF Trap bound human PlGF and VEGF-B. and 
inhibited VEGFRI activation and HUVEC migration 
induced by PlGF. These data differentiate VEGF Trap from 
ranibizumab and bevacizumab in terms of its markedly 
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higher affinity for VEGF-A, as well as its ability to bind 
VEGF-B and PlGF. 

Keywords VEGF receptor • Aflibercept • Affinity • 
Age-related macular degeneration • Placental growth factor 

Abbreviations 
AMD Age-related macular degeneration 
HUVEC Human umbilical vein endothelial cells 
VEGF Vascular endothelial growth factor 
VEGFR VEGF receptor 
PlGF Placental growth factor 

Introduction 

Angiogenesis is the process by which new vessels are 
created from pre-existing vasculature. Abnormal angio
genesis is a hallmark of diseases such as cancer [l] and the 
neovascular or 'wet' form of age-related macular degen
eration (AMD) [2], the leading cause of blindness in the 
elderly population [J]. The process is characterized by an 
increase in the number of proliferating endothelial and 
stromal cells, and altered morphology of the vasculature 
[ 4, 5]. Several proangiogenic factors are consistently 
upregulated during diverse forms of pathological angio
genesis, including two members of the vascular endothelial 
growth factor (VEGF) family, VEGF-A and placental 
growth factor (PlGF) [6-8]. These factors activate quies
cent endothelial cells and promote cell proliferation, 
migration and vascular permeability [5-9]. As in cancer, 
VEGF-A is the major driver of pathological angiogenesis 
and vascular leak in wet AMD, as well as in other ocular 
vascular diseases, such as diabetic and ischemic 
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retinopathies. Moreover. growing evidence suggests that 
PlGF synergizes with VEGF-A in promoting vascular 
pathology in these diverse conditions [ l0-16]. 

In humans and other mammals, the VEGF family of 
factors consists of five related glycoproteins, VEGF-A, -B, 
-C, -D and PlGF [17, l8]. VEGF-A is the first, and most 
well studied member of the VEGF family and is currently a 
key target for antiangiogenic therapy [ 1 7]. Although 
encoded by a single gene, several distinct isoforms of 
VEGF-A exist as a result of alternative splicing and/or 
proteolytic cleavage. The various VEGF-A isoforms are all 
active as dimers, differing principally in their size and their 
ability to bind heparin or accessory, non-signaling binding 
proteins called neuropilins. For example, VEGF-A 165 binds 
heparin and neuropilins with low affinity, and is the pre
dominant isoform expressed in humans. VEGF-A 121 is also 
expressed at high levels in many tissues and in pathological 
conditions, but it lacks the domains that mediate binding to 

heparin and neuropilins [l 7, l 8] and is thus freely diffus
ible. Other isoforms such as VEGF-A189 and VEGF-A206 

bind heparin with high affinity and thus accumulate in the 
extracellular matrix. Isoforms of VEGF-B and PlGF, which 
differ in their capacity to bind heparin and/or neuropilins 
are also produced by alternative splicing. 

VEGF family ligands bind with high affinity to and 
signal through three receptor tyrosine kinases, VEGFRl, 
VEGFR2 and VEGFR3 [8, 17-19]. VEGFR2 is expressed 
predominantly on vascular endothelial cells. In addition to 

being expressed on the vascular endothelium, VEGFRl is 
also expressed by several other cell types including neu
trophils, monocytes, macrophages, mural cells, and endo
thelial progenitor cells. Although VEGFRl has a higher 
affinity for VEGF-A than does VEGFR2, in endothelial 
cells VEGFRl exhibits only weak tyrosine phosphorylation 
when activated by VEGF-A induced dimerization. Thus, 
the effects of all isoforms of VEGF-A on the vascular 
endothelium are thought to be mediated primarily through 
activation of VEGFR2. PlGF and VEGF-B bind only to 
VEGFRL and in further contrast to VEGF-A, neither PlGF 
nor VEGF-B are essential for normal vascular development 
or physiological angiogenesis in the adult. However, like 
VEGF-A, both PlGF and VEGF-B have been implicated in 
pathological vascular remodeling [8, l l, 18]. The remain
ing VEGF family members, VEGF-C and VEGF-D, bind 
with high affinity to VEGFR3. VEGFR3 is found primarily 
on lymphatic endothelial cells in the adult. Consequently, 
VEGF-C and VEGF-D are involved primarily in the 
regulation of lymphangiogenesis [ t 9], although VEGFR3 
signaling is also thought to be important for both devel
opmental and tumor angiogenesis [20-22]. 

The arsenal of VEGF blockers has evolved over time, 
with newer generations offering potentially improved anti
angiogenic activity by increasing their affinity for VEGF-
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A, and/or the number of VEGF-isoforms and family 
members that they inhibit. Pegaptanib (Macugen™, Eye
tech, Inc.) is an aptamer that selectively binds to and 
neutralizes VEGF-A165, but not VEGF-A121, and was the 
first anti-VEGF therapy approved for the treatment of wet 
AMD [23, 2A-]. Bevacizumab (Avastin®, Genentech, Inc.) 
is a recombinant, humanized monoclonal antibody that 
binds all isoforms of VEGF-A, and has been approved for 
the treatment of metastatic colorectal cancer, non-small
cell lung cancer, and glioblastoma multiforme [ l, 25]. 
Ranibizumab (Lucentis®, Genentech, Inc.) was developed 
specifically for intravitreal administration to treat vascular 
eye diseases, notably the wet or neovascular form of AMD 
[26, 27]. Ranibizumab is an affinity-matured antigen
binding fragment (Fab) derived from bevacizumab, and 
thus has a higher affinity for VEGF-A relative to that of the 
parental bevacizumab Fab molecule (Fab-12) [28]. Rani
bizumab was developed as a Fab because the smaller size 
was thought to enhance its diffusion from the vitreous into 
the retina and choroid, relative to full-length antibodies 
[26]. Being an antibody Fab fragment, each ranibizumab 
molecule has one binding site for VEGF (compared to 
bevacizumab's two), such that two molecules of rani
bizumab are bound by each VEGF dimer. In clinical trials, 
pegaptanib was shown to have a modest effect in slowing 
the rate of vision loss in patients with wet AMD, while 
ranibizumab has proven to be highly effective not only in 
reducing macular edema and preventing further vision loss, 
but also in producing clinically meaningful improvements 
in vision in significant numbers of patients [26, 29, 30]. 
Ranibizumab has been approved by the FDA for the 
treatment of wet AMD, while bevacizumab is also 
currently used off-label to treat AMD by intravitreal 
administration. While the comparative safety and efficacy 
of bevacizumab for the treatment of wet AMD have not yet 
been definitively established, several large, controlled 
clinical trials comparing the relative efficacy of rani
bizumab and bevacizumab in the wet AMD are in progress 
[3l, 32]. 

VEGF Trap ( aflibercept, Regeneron Pharmaceuticals, 
Inc.) is a novel type of soluble decoy receptor generated 
with Trap technology [33], which employs the fusion of 
components from multiple endogenous receptors. VEGF 
Trap consists of an all human amino-acid sequence and 
comprises the second lg domain of human VEGFRl and 
the third lg domain of human VEGFR2 expressed as an 
inline fusion with the constant region (Fe) of human IgG 1 
[34]. Like bevacizumab and ranibizumab, VEGF Trap 
binds multiple isoforms of VEGF-A [35] but in contrast to 
these antibodies the VEGF Trap was designed to also bind 
the related VEGFRl ligands, VEGF-B and PlGF. An 
intravenous formulation of VEGF Trap, generically known 
as aflibercept, is being developed for use in oncology 
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[ZALTRAP™ (aflibercept)]; this formulation is hyperos
motic and diluted prior to infusion. An alternate formula
tion of aflibercept, known as VEGF Trap-Eye [EYLEA TM 

(aflibercept) Injection)], is an ultra-purified and iso-osmotic 
drug product that has been developed specifically for 
intravitreal injection for use in the treatment of various 
ophthalmological conditions. 

Although some data on the binding affinities and in vitro 
activities of bevacizumab, ranibizumab and VEGF Trap 
have been published [28, 34-, 36~,fO], the available data are 
incomplete. Moreover, comparison of the cunently available 
data for these agents across publications is problematic as the 
experimental methods, cell lines, and particular conditions 
employed differ significantly from study to study. For 
example, the equilibrium dissociation constant (K0 ) of the 
Fab fragment of bevacizumab (Fab-12) for VEGF-A has 
been variously reported as 1.8 and 20 nM, as determined by 
surface plasmon resonance (SPR) technology (Biacore) 
[28, 36], while the binding characteristics of the full bivalent 
bevacizumab molecule have not been reported. Thus, the 
goal of the present work was to assess the binding properties 
and in vitro activity of VEGF Trap, ranibizumab and bev
acizumab under identical experimental conditions. 

The results of these experiments show that VEGF Trap 
binds to VEGF-A with higher affinity and a faster association 
rate than ranibizumab or bevacizumab, and that VEGF Trap 
has the unique ability to additionally bind VEGF-B and 
PlGF. Consistent with its higher affinity for VEGF-A and 
faster association rate, VEGF Trap demonstrates increased 
potency relative to ranibizumab and bevacizumab in block
ing VEGF-A induced activation of VEGFRl and VEGFR2 
in cell-based assays, and also in blocking VEGF-mediated 
calcium mobilization and migration in human endothelial 
cells. Finally, the high affinity binding of VEGF Trap to 
PlGF is borne out by the finding that only VEGF Trap can 
markedly inhibit VEGFRl activation and endothelial cell 
migration induced by PlGF. 

Materials and methods 

VEGF reagents 

Human VEGF-A121 , human PlGF-1, human VEGF-C, 
human VEGF-D, murine VEGF-A164, murine VEGF-A120, 

murine PlGF-2, rat VEGF-A164, human VEGFRl-hFc, 
human VEGFR2-hFc and h VEGFR3-hFc were purchased 
from R&D Systems (Minneapolis, MN). VEGF Trap, 
rabbit VEGF-A165, human PlGF-2, human VEGF-Bc10_108l 

and human VEGF-A165 were made at Regeneron Phar
maceuticals, Inc. (Tarrytown, NY). Bevacizumab and 
ranibizumab (Genentech, Inc., South San Francisco, CA) 
were purchased. 
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Surface plasmon resonance (SPR) 

SPR experiments were performed on a Biacore 3000 
instrument using a dextran-coated (CMS) chip at 25°C. The 
running buffer was filtered HBS-T (10 mM Hepes, 
150 mM NaCL 3.4 mM EDTA, 0.05% polysorbate 20, pH 
7.4). A capture sensor surface was prepared by covalently 
immobilizing recombinant Protein A (Pierce, Rockford, 
IL) or an anti-human Fab polyclonal antibody (human Fab 
capture kit, GE Healthcare, Piscataway, NJ) to the chip 
surface using (l-Ethyl-3-[3-dimethylaminopropyl]carbodi
imide hydrochloride )/N-hydroxysuccinimide (EDC/NHS) 
coupling chemistry. Following surface activation, Protein 
A or anti-human Fab polyclonal antibody in coupling 
buffer (0.1 M acetate buffer, pH 4.5) was injected over the 
activated chip surface until a resonance unit (RU) signal of 
about 2,000 RU (Protein A) or 1,000 RU (anti-human Fab 
polyclonal antibody) was reached. The activated coupled 
chip surfaces were then washed and treated with 10 mM 
glycine-HCI, pH 1.5, to remove uncoupled residual 
proteins. 

VEGF Trap, bevacizumab or ranibizumab were diluted 
into the running buffer and captured on the coupled Protein 
A (VEGF Trap and bevacizumab) or anti-human Fab 
polyclonal antibody (ranibizumab) chip surface. Following 
the capture step, a range of concentrations of test ligands 
(1.0-0.062 nM for VEGF-A ligands, 2.5--0.156 nM for 
VEGF-B(10-J08J and 5.0--0.078 nM for PlGF ligands) were 
individually injected over VEGF inhibitor captured 
surfaces. For all ligands, the association rate constant (ka) 
was determined from data obtained at multiple test ligand 
concentrations. The dissociation rate constant (kct), which is 
independent of test ligand concentration, was determined 
from the change in VEGF inhibitor-bound test ligand RU 
over time ( ~ 10-70 min) for PlGF and VEGF-B ligands. 
Since the dissociation rate (kct) of VEGF-A family ligands 
is too slow to allow for sufficient RU change within ligand 
dissociation time periods typically employed, the dissoci
ation rates for these ligands were measured on a Biacore 
2000 instrument using the "fixed kct" procedure as descri
bed by Drake et al. [ 4 l]. This format uses a saturating 
concentration of ligand for binding, followed by monitor
ing the dissociation rate for an extended period of time 
( ~ 2-3 h). Specific Biacore kinetic sensorgrams (Online 
Resource 1, Figures 1-5) were obtained by a double 
referencing procedure as described by Myszka et al. [42]. 
The data were then processed using Scrubber software 
(version 2.0, BioLogic Software) and kinetic analyses 
performed using BiaEvaluation (version 4.1, Biacore). The 
equilibrium dissociation constant (K0 ) was calculated from 
the ratio of the dissociation rate constant divided by the 
association rate constant (K0 = kJkJ. Similar studies were 
conducted to evaluate the binding kinetics of VEGF-A 165 
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to the extracellular domains of native VEGFRl and 
VEGFR2 fused to human Fe (Online Resource, Fig. 5) and 
several other VEGF family related ligands from multiple 
species (Online Resource 1, Table l ). Additional studies 
demonstrated no detectable binding of VEGF Trap to 
human VEGF-C and human VEGF-D, however a positive 
control binding experiment confirmed the ability of VEGF
C and VEGF-D to associate with VEGFR3 (Online 
Resource 1, Fig. 5). 

KinExA equilibrium assays 

In addition to surface capture kinetic experiments, solution 
binding studies were also conducted at room temperature 
(25°C) using a KinExA 3000 instrument (Sapidyne 
Instruments, Boise, ID) to quantify the equilibrium binding 
constants of VEGF inhibitors in solution, using varying 
concentrations of VEGF-A 165,VEGF-A121 , hPlGF-2 or 
VEGF-B(l0-10SJ· Inhibitor-ligand mixtures were equili
brated at room temperature for 10-96 h. Fifty microgram 
of human VEGF-A165 was immobilized onto 75 mg 
Azlactone beads, suspended in 1.5 ml PBS and rotated at 
4 °C overnight. The supernatant was removed and the beads 
were incubated for another hour at room temperature in 
1.0 ml PBS with 10 mg/ml BSA to block nonspecific 
binding sites. The blocked beads were washed three times 
with PBS, resuspended in 30 ml of PBS, and used imme
diately. Co-complex mixtures contained: VEGF Trap 
(concentration range 1-50 pM) with VEGF-A165 or VEGF
A121 (concentration range 19.5 fM-100 pM) or hPLGF-2 
(concentration range 0.5pM-5 nM) or VEGF-Bc10-10si 
(concentration range 0.61 pM-1.25 nM): Ranibizumab 
(concentration range 50-400 pM) with VEGF-A165 (con
centration range 0.73 pM-15 nM): Bevacizumab (concen
tration range 25-50 pM) with VEGF-A165 (concentration 
range 0.49 pM-5 nM). Human VEGF-A165 was coupled to 
Azlactone beads and was used to capture unbound inhibi
tor. Equilibrated mixtures were injected through a column 
of VEGF-A165-coupled micro-beads in the KinExA system 
at a flow rate of 0.25 ml/min. Bead contact time was 
<0.5 s, permitting unbound VEGF inhibitors to be 
captured by the beads without perturbing the equilibrium 
state of the solution. Captured VEGF inhibitors were 
quantified with Cy5-conjugated goat polyclonal anti
human IgG or anti-human F(ab'h fragment specific for 
light-chain antibody (Jackson ImmunoResearch Laborato
ries, West Grove, PA). The K0 was obtained from non
linear regression analysis of the data using a one-site 
homogeneous binding model contained within the KinExA 
software (Version 1.0.3; Sapidyne Instruments) using the 
'standard analysis' method. The software calculates the K0 

and determines the 95% confidence interval by fitting the 
data points to a theoretical K0 curve (Online Resource 1, 
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Figures 6 and 7). The 95% confidence interval is given as 
K0 low and K0 high as described by Darling et al. [ 43]. 

Cell-based bioassays 

VEGFRI/VEGFR2 cell lines and VEGF assay 

In order evaluate the ability of VEGF Trap, ranibizumab 
and bevacizumab to specifically block ligand-mediated 
dimerization and activation of VEGFRl or VEGFR2, two 
separate cell lines expressing these receptors were created. 
Two chimeric VEGFRl receptors were constructed that 
incorporated the VEGFRl extracellular domain (1-756, 
Genbank # NP _002010) fused to the transmembrane and 
cytoplasmic domain of either IL18Rcx: (328-541, Genbank 
# NP _003846.1) or IL18R/J. 355-549, Genbank 
# NP _003844.1). The VEGFR1/IL18Ro: chimeric receptor 
was cloned into a plasmid with a G418 resistance marker, 
while the VEGFR1/IL18Rfi chimeric receptor was cloned 
into a plasmid with a hygromycin resistance marker. The 
chimeric receptors were transfected into an HEK293 cell 
line with an integrated NFKB-luciferase-IRES-eGFP 
reporter gene using Lipofectamine plus (Invitrogen, 
Carlsbad, CA) according to manufacturer's instructions. 
Likewise, similar chimeric receptors incorporating 
the VEGFR2 extracellular domain (1-764, Genbank 
# NP _002244.1) fused to the transmembrane and cyto
plasmic domain of either IL18Rcx or IL18Rfi were con
structed and transfected into the same HEK293 reporter 
cell line. In order to isolate cells for use in a bioassay, the 
cells were grown in G418 (Invitrogen, Inc.) and hygro
mycin (Calbiochem) to ensure the presence of both chi
meric receptors. Cells underwent further selection by 
stimulating the cells with VEGF and then sorting cells 
expressing GFP by fluorescence activated cell sorting 
(FACS). When the extracellular VEGFRl or VEGFR2 is 
dimerized by binding VEGF, the IL18Rcx: and fi intracel
lular domains interact and are able to signal through the 
NFKB driven luciferase reporter gene. 

VEGF and PlGF activation of the VEG FRI and VEGFR2 
cell lines 

Cells expressing either VEGFRl or VEGFR2 were resus
pended at 1.25 x 105 cells/ml in Optimem (Invitrogen, 
Inc.) plus 0.1 % fetal calf serum (FCS) and 80 µl was 
placed in each well of a 96 well plate (10,000 cells/well). 
The cells were incubated overnight at 37°C, 5% CO2. The 
dose response curve for VEGFRl activation was deter
mined by adding 20 µl of VEGF-A165 , VEGF-A121 or 
PlGF-2 (human or mouse) to the cells at concentrations 
ranging from 0.022 pM to 4.0 nM. One well served as the 
negative control with no test ligand added. The dose 
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response curve for VEGFR2 activation was determined by 
adding 20 µl of VEGF-A165, VEGF-A121 , or hPlGF-2 to 
the cells at the same concentrations used above. Each dose 
response curve was done in quadmplicate. After addition of 
the VEGF or PlGF, the plates were incubated at 37°C and 
5% CO2 for 6 h, and then equilibrated to room temperature 
for 30 min. An equal volume of One-glo luciferase sub
strate (Promega, Madison, WI) was added to each well and 
the plate was incubated at room temperature for a further 
15 min. Plates were read on Victor X instmment and the 
values were analyzed by a four-parameter logistic equation 
over a 12-point dose response curve (Prism, GraphPad 
Software, version 5.03, La Jolla, CA). 

VEGF Trap, bevacizumab and ranibizumab were tested 
with both the VEGFRl and VEGFR2 cell lines. VEGF 
Trap was added to the cells at concentrations ranging from 
0.8 pM to 50 nM and included a control well with buffer. 
Bevacizumab and ranibizumab were added to the cells at 
concentrations ranging from 8.5 pM to 500 nM and 
included a control well. Immediately after addition of 
VEGF Trap or the antibodies to the VEGFRl cell line, 
VEGF-A165, VEGF-A 121 , or hPlGF-2 was added to the 
cells at a constant concentration of 20 pM (VEGF) or 
40 pM (hPlGF-2). The VEGFR2 cell line was stimulated 
with 20 pM VEGF-A 165 or 20 pM VEGF-A121 . The plates 
were incubated at 37°C and 5% CO2 for 6 h and then 
equilibrated to room temperature for 30 min. An equal 
volume of One-glo luciferase substrate (Promega) was 
added to each well and the plate was incubated at room 
temperature for a further 15 min. Plates were read on 
Victor X instrument and the values were analyzed by a 
four-parameter logistic equation over a 12-point response 
curve (GraphPad Prism). Each inhibition curve was done in 
triplicate. 

VEGF dependent calcium mobilization in human umbilical 
vein endothelial cells (HUVEC) 

HUVEC (Vee Technologies, Inc., Rensselaer, NY) were 
diluted to 3 x 105 cells/ml in MCDB-131 complete med
ium (Vee Technologies, Inc.), and 100 µl was added to 
each well of a 96 well plate. The plates were incubated 
overnight at 37°C and 5% CO2. The media was then 
removed and the HUVEC loaded with a calcium sensitive 
dye, Fluo4 NW (Invitrogen, Inc), in ECB media (BD 
Biosciences) with 0.25 mM of probenicid and 0.3% BSA 
(80 µl per well). The solution was incubated with the cells 
for 30 min at 37°C and 5% CO2 followed by another 
30 min at room temperature. 

To measure the dose response, HUVEC were simulated 
with buffer or VEGF-A165 at concentrations ranging from 
0.023 pM to 4.0 nM. The cellular response was recorded at 
a fluorescence emission wavelength of 575 nm with an 
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excitation of 515 nm for 6 min, using the FLIPRTETRA 

(Molecular Devices, Sunnyvale, CA). Each dose response 
curve was done in duplicate. 

Inhibition of VEGF-A 165 was determined by adding 
VEGF Trap at concentrations ranging from 0.17 pM to 
10.0 nM and for bevacizumab and ranibizumab at con
centrations ranging from 8.4 pM to 500 nM. VEGF Trap, 
bevacizumab, or ranibizumab were incubated with 20 pM 
VEGF-A165 for 10 min and then added to the cells, and the 
calcium response recorded as above. The data were ana
lyzed using the average peak fluorescence at each inhibitor 
concentration tested in triplicate. 

Cell migration assays 

Cell culture 

HUVEC, at first passage, were purchased from VEC 
Technologies and grown at 37°C in a 5% CO2 humidified 
incubator, in MCDB-131 complete media. Cells grown to 
confluency in l O cm2 culture dishes, were washed twice 
with Hank's Buffered Saline Solution (HBSS; Mediatech, 
Manassas, VA.) without calcium, magnesium or phenol 
red, and dissociated with Trypsin/EDT A (Lonza, Walk
ersville, MD). Cells were then seeded at approximately 
2 x 105 cells/dish and typically reached confluency in 
3-4 days. Prior to use in cell migration assays, cells were 
semm-starved for 5 h in MCDB-131 basal media (MBM; 
VEC Technologies) supplemented with 2 mM L-glutamine, 
100 U/ml Penicillin, 100 µg/ml Streptomycin, 10 µg/ml 
heparin, and 0.1 % fetal bovine semm. 

HUVEC migration 

HUVEC migration was assessed using a modified Boyden 
chamber [BD FluoroBlok™ 24-well Biocoat angiogenesis 
system: Endothelial cell migration (ECM); 3 µm pore size] 
according to the manufacturer's suggested protocol. 
Briefly, semm-starved HUVECs were dissociated using 
enzyme-free cell dissociation media (Millipore, Billerica, 
MA) and resuspended in MBM to a final concentration of 
2-3 x 105 cells/ml. An aliquot of resuspended cells 
(250 µl; ~ 50,000 cells/well) was placed in the upper well 
of the ECM plate, and MBM (750 µl) with or without 
ligand (130 pM human VEGF-A165 , 7.1 nM human PLGF-
2, or 3.5 nM mouse PLGF-2), was mixed with VEGF Trap, 
bevacizumab, or ranibizumab (inhibitor concentration 
range 0.013-13 nM) and placed in the lower well follow
ing a l h incubation of the mixture at room temperature. 
The ECM plate was incubated for 18-20 h in a 37°C/5% 
CO2 incubator to allow cells from the upper well to migrate 
through the FluoroBlokTM membrane towards the lower 
well. Following migration, cells attached to the underside 
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of the FluoroBlok™ membrane were stained with 500 µL 
of a 2 µg/mL solution of the fluorescent dye Calcein AM 
(Anaspec, Freemont, CA) for 1.5 h in a 37°C/5% CO2 

incubator. Fluorescence emission was measured at 580 nm 
with excitation at 485 nm in a Flexstation 3 (Molecular 
Devices, Sunnyvale CA) bottom-reading fluorescent plate 
reader. Statistical analyses were carried out using a 1-way 
ANOV A followed by a Dunnett' s multiple comparison 
post hoc test (Prism, GraphPad Software, version 5.03, 
La Jolla, CA). 

Results 

VEGF Trap binds VEGF-A, VEGF-B and PlGF 
from multiple species with high affinity 

The interaction between VEGF Trap and VEGF family 
ligands was measured using SPR-Biacore technology. 
Kinetic binding data was generated using an amine-cou
pled Protein A surface and subsequent VEGF Trap capture 
at low density. VEGF Trap bound heparin binding and non
heparin binding isoforms of human VEGF-A, and PlGF, as 
well as VEGF-B(lo-JOs) with high affinity (Table 1 and 
Online Resource 1, Table 1). Notably, the equilibrium 
dissociation constant (K0 ) of VEGF Trap for VEGF-A165 

(0.490 pM) was significantly lower (tighter binding) than 
that of the extracellular domains of dimerized human 
VEGFRl (9.33 pM) or VEGFR2 (88.8 pM) fused inline to 

hFc (Table 1 and Online Resource 1, Fig. 5). The above 
absolute and relative K0 values for VEGFRl-Fc and 
VEGFR2-Fc are comparable to those previously reported 
for native VEGFRl and VEGFR2 using cell-based bind
ings assays [44, 45]. VEGF Trap did not bind human 
VEGF-C or human VEGF-D (Online Resource 1, Fig. 5). 
The K0 values for the interaction between VEGF Trap and 
VEGF-A from mouse, rat and rabbit were similar to those 
of human and ranged from 0.471 to 0.776 pM. VEGF Trap 
also bound human and murine PlGF-2 with a K0 of 38.9 
and 3.32 pM, respectively (Table 1 and Online Resource 1, 
Table 1). In contrast, bevacizumab and ranibizumab are 
specific for human and non-human primate VEGF-A, and 
do not effectively bind or neutralize rodent VEGF [ 46-48]. 

Binding parameters for VEGF Trap, ranibizumab 
and bevacizumab interactions with human VEGF-A165 

and PlGF-2 

While all three VEGF inhibitors bound human VEGF-A165 

with high affinity, the K0 for VEGF Trap binding of 
VEGF-A165 was approximately 100-fold lower (i.e. the 
binding affinity was ~ 100-fold tighter) than that for 
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ranibizumab or bevacizumab (Table l). Specifically, the 
K0 value for VEGF Trap was 0.490 pM, while those for 
ranibizumab and bevacizumab were 46 and 58 pM, 
respectively. The lower K0 value for VEGF Trap binding 
VEGF-A165 was primarily attributable to a significantly 
faster association rate (ka) that was 77- and 256-fold faster 
than that for bevacizumab and ranibizumab, respectively 
(Table l). VEGF Trap also bound human PlGF-2 with high 
affinity (K0 = 38.9 pM), whereas no binding was detected 
between ranibizumab or bevacizumab and human PlGF-2 
(Table l ). Biacore kinetic sensorgrams analyzed for asso
ciation and dissociation rate constants are provided in 
Online Resource 1, Figures 1-4. 

To confirm the surface kinetic data determined using 
SPR-Biacore, the binding interactions between soluble 
VEGF Trap, bevacizumab or ranibizumab and human 
VEGF-A165 were also compared in solution equilibrium 
assays using KinExA methodology. As shown in Table '.2 
and Online Resource 1, Figures 6 and 7, the absolute K0 

values and 95% confidence interval obtained for the VEGF 
inhibitors binding to VEGF-A165, were comparable to those 
obtained with SPR-based measurements. Similarly, VEGF 
Trap binding affinities for VEGF-A121 , VEGF-B(lo-JOS)• and 
PlGF were also comparable between SPR and solution 
based equilibrium assays. 

Effects of VEGF Trap, ranibizumab and bevacizumab 
on VEGF-A or PlGF-2 induced activation of VEGFRl 

To determine the ability of VEGF Trap, ranibizumab and 
bevacizumab to block human VEGF-A or PlGF-2 induced 
VEGFRl activation in vitro, a VEGFRl specific luciferase 
assay was developed, which used the human cell line 
HEK293 transfected with an NFKB-luciferase reporter 
plasmid and human VEGFRl (Fig. 1). Notably in this 
assay, the potency of ranibizumab for blocking 20 pM 
VEGF-A121 or VEGF-A165 induced luciferase activity 
through VEGFRl was only slightly greater than that of 
bevacizumab. Ranibizumab exhibited IC50 values (50% 
inhibitory concentration) of 675 and 1,140 pM, while IC50 

values for bevacizumab were 845 and 1,476 pM for 
VEGF-A121 or VEGF-A165 , respectively. In contrast, 
VEGF Trap exhibited a 45-92-fold greater blocking 
potency compared to either ranibizumab or bevacizumab, 
with IC50 values of 15 and 16 pM for blocking VEGFRl 
activation by 20 pM VEGF-A121 or VEGF-A165, respec
tively (Table 3: Fig. ] ). VEGF Trap also blocked luciferase 
activity induced by human PLGF-2 ( 40 pM) or mouse 
PlGF-2 (20 pM) with IC50 values of 2.9 nM and 104 pM, 
respectively. In contrast, neither bevacizumab nor rani
bizumab showed ability to block human or mouse PlGF-2 
under these experimental conditions. 
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Table 1 Kinetic binding parameters for VEGF Trap, ranibizumab 
and bevacizumab binding to human VEGF family ligands determined 
by SPR-Biacore 

VEGF 
inhibitor 

VEGF Trapa 

VEGF Trapa 

Ranibizumabb 

Bevacizumab3 

hVEGFRl-Fca 

hVEGFR2-Fca 

VEGF Trapa 

Ranibizumabb 

Bevacizumab a 

VEGF Trapa 

Ligand 

VEGF-Al2l 

VEGF-A16s 

VEGF-A16s 

VEGF-A16s 

VEGF-A16s 

VEGF-A16s 

PlGF-2 

PlGF-2 

PlGF-2 

VEGF-Bo0-10s) 

Kinetic binding parameters 

kafl05 

(M- 1 s- 1) 

375.0 (5.0) 

410.0 (10.0) 

1.6 (0.003) 

5.3 (0.01) 

300.0 (20.0) 

152.0 (5.0) 

17.5 (0.06) 

NB 
NB 
352.0 (3.0) 

1.35 (.02) 

2.01 (.01) 

0.73 (.005) 

3.10 (.02) 

28.0 (1.0) 

135 (6.0) 

6.81 (.03) 

NB 
NB 
6.74 (.09) 

0.360 

0.490 

46 

58 

9.33 

88.8 

38.9 

NB 
NB 
1.92 

Numbers in parentheses represent the standard error of the kinetic fit 

NB No binding under assay conditions used 

a VEGF inhibitor captured on a Protein A-coupled sensor chip 

b VEGF inhibitor captured on an anti-human Fab polyclonal anti
body-captured sensor chip 

Table 2 Solution binding parameters for VEGF Trap, ranibizumab 
and bevacizumab binding to human VEGF family ligands determined 
by KinExA equilibrium assays 

VEGF inhibitor Ligand Kinexa equilibrium binding 
parameters 

KD (pM) KD range (pM)" 

VEGF Trap VEGF-A16s 0.66 0.36-1.06 

Ranibizumab VEGF-A16s 20.6 10.9-36.3 

Bevacizumab VEGF-A16s 35.1 12.2-82.9 

VEGF Trap VEGF-A121 0.18 0.08-0.32 

VEGF Trap PlGF-2 20.7 13.7-29.3 

VEGF Trap VEGF-Boo-JOsl 17.5 12.9-22.9 

a 95% confidence interval 

Effects of VEGF Trap, ranibizumab and bevacizumab 
on VEGF-A induced activation of VEGFR2 

To determine the ability of VEGF Trap, ranibizumab and 
bevacizumab to block VEGFR2 activation in vitro, a 
VEGFR2 specific luciferase assay was developed, which 
used the human cell line HEK293 transfected with an 
NFKB-luciferase reporter plasmid and human VEGFR2 
(Fig. 2). As for VEGFRl, VEGF Trap efficiently blocked 
VEGFR2 signaling induced by 20 pM of human VEGF
A121 or VEGF-A16s (IC50 of 16 and 26 pM, respectively). 
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VEGF Trap was again markedly more potent in blocking 
VEGF-mediated VEGFR2 activation than either rani
bizumab or bevacizumab (33-51-fold more potent, see 
Fig. 2; Table 3). As expected, hPlGF-2 was not able to 
activate VEGFR2 in this assay. 

The effect of VEGF Trap, ranibizumab 
and bevacizumab on VEGF-A165 induced calcium 
mobilization in human endothelial cells 

The ability of the three VEGF inhibitors to block human 
VEGF-A165 induced activation of VEGF receptors was also 
tested in human endothelial cells. A VEGF-A165 induced 
calcium mobilization assay was developed using HUVEC 
[49, 50], which express native VEGFRI and VEGFR2 
(Fig. 3). Interestingly in this assay, bevacizumab was ~ 5-
fold more potent than ranibizumab at blocking VEGF-A 165 

induced calcium mobilization. Nevertheless, the IC50 for 
VEGF Trap was ~27-fold lower than that ofbevacizumab 
and ~ 129-fold lower than ranibizumab, confirming the 
greater potency of VEGF Trap for blocking VEGFRI and 
VEGFR2 activation in vitro (Table 3; Fig. 3). The relative 
potency of VEGF blockers in this acute assay may reflect 
differences in their association rate constants. 

The effect of VEGF Trap, bevacizumab 
and ranibizumab on HUVEC migration induced 
by VEGF165 or PlGF-2 

Endothelial cell migration plays a central part in the pro
cess of angiogenesis and, consistent with its pro-angiogenic 
profile, VEGF acts as a chemoattractant for endothelial 
cells [SJ]. To determine the ability of VEGF Trap, rani
bizumab and bevacizumab to block human VEGF-A165 

induced cell migration, HUVEC mobility was assessed in a 
modified Boyden chamber assay. None of the VEGF 
inhibitors affected basal endothelial cell migration in the 
absence of test ligands (data not shown). In the presence of 
VEGF-A16s (130 pM), VEGF Trap blocked VEGF-A16s 

induced cell migration in a dose-dependent manner (Fig. 4). 
At a 1:1 molar ratio of VEGF Trap and VEGF-A 165, cell 
migration was reduced by approximately 90%. Ranibizumab 
and bevacizumab also inhibited cell migration in a dose
dependent manner (Fig. 4) but were less potent than VEGF 
Trap, requiring a 10- to 100-fold greater molar concentration 
of inhibitor to produce an equivalent level of inhibition of 
cell migration due to VEGF-A165 activation. 

PlGF also acts as a chemoattractant for endothelial cells 
through VEGFRl [52]. Again, the modified Boyden 
chamber assay was used to test the ability of the VEGF 
inhibitors to block HUVEC migration stimulated by human 
PlGF-2. As shown in Fig. 4 (inset), a 100-fold excess of 
VEGF Trap blocked cell migration induced by human 
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Fig. 1 The effects of VEGF Trap, ranibizumab and bevacizumab on 
luciferase activation induced by VEGF-A 121 , VEGF-A 165, human 
PlGF-2 (hPlGF-2) or mouse PlGF-2 (mPLGF-2) in HEK293/VEG
FR1 cells. a Dose response curves for VEGF-A121 , VEGF-A165 and 
hPlGF-2 yielded EC50 values of 13, 17, and 29 pM, respectively. 
b Serial dilutions of VEGF Trap (open box), ranibizumab (triangle), 
or bevacizumab (closed circle) were added to HEK293/VEGFR1 cells 
along with 20 pM of VEGF-A121 _ c Serial dilutions of VEGF Trap 
(open box), ranibizumab (triangle), or bevacizumab (closed circle) 
were added to HEK293/VEGFR1 cells along with 20 pM of VEGF-

LogM Log M 

A 165 . d Serial dilutions of VEGF Trap (open box), ranibizumab 
(triw1gle), or bevacizumab (closed circle) were added to HEK293/ 
VEGFRl cells along with 40 pM of human PlGF-2. e Dose response 
curve for mPlGF-2 yielded an EC50 value of 10 pM (f). Serial 
dilutions of VEGF Trap were added to HEK293/VEGFR1 cells along 
with 20 pM of mPlGF-2. The cells were incubated for 6 h and 
OneGlo luciferase substrate was then added to each welL The plates 
were read on a luminometer and the data were plotted using a four 
parameter curve fit with GraphPad Prism_ Each point represents a 
replica of 3 wells at each concentration 

Table 3 Summary of IC50 values for VEGF Trap, ranibizumab and bevacizumab blocking VEGF-A or PlGF-2 induced activation of VEGFRl 
and VEGFR2 

VEGF inhibitor VEGFR 1 cell line 

IC50 at 20 pM IC50 at 20 pM 
hVEGF-Al2l hVEGF-A165 

VEGF Trap 15 pM (2.4) 16 p:Vf (2.2) 

Ranibizumab 675 pM (165) 1,140 pM (226) 

Bevacizumab 854 pM (214) 1,476 pM (288) 

IC50 at 40 pM 
hPlGF-2 

2,890 pM (227) 

NB 

NB 

Numbers in parentheses represent standard error of the mean 

IC50 at 20 pM 
mPlGF-2 

104 pM (23) 

NB 

NB 

VEGFR2 cell line 

IC50 at 20 pM 
hVEGF-Al21 

16 pM (2.5) 

576 pM (84) 

630 pM (66) 

IC50 at 20 pM 
hVEGF-A16s 

26 pM (11) 

845 pM (185) 

1,323 pM (491) 

Ca2
_,_ mobilization 

in HUVE cells 
IC50 at 20 pM 
hVEGF-A16s 

2.6 pM (1.2) 

334.9 pM (61.1) 

70.8 pM (20.1) 

The IC50 numbers were obtained from at least 3 separate experiments 

hVEGF: human VEGF; hPIGF-2: human PIGF-2; mPLGF-2: mouse PlGF-2 

NB Xo blocking activity observed under the assay conditions used 

PlGF-2 (7.1 nM) or mouse PlGF-2 (3.5 nM) by approxi
mately 80%. In contrast, ranibizumab and bevacizumab did 
not inhibit cell migration induced by either human or 
mouse PlGF-2. 

Discussion 

The experiments described herein provide a comprehensive 
assessment of the ability of VEGF Trap, ranibizumab and 
bevacizumab to bind and block the activity ofVEGF family 

':Q Springer 

ligands in vitro, under identical experimental conditions. 
The data demonstrate that VEGF Trap binds human VEGF
A with higher affinity and a significantly faster association 
rate, thus neutralizing VEGF-A with greater potency than 
ranibizumab or bevacizumab. In addition. the studies show 
that VEGF Trap has the unique ability to bind the additional 
VEGF family ligands. VEGF-B and PlGF. Moreover, VEGF 
Trap also bound VEGF-A and PlGF isoforms from all 
mammalian species tested with similar high affinity, while 
neither ranibizumab nor bevacizumab efficiently bind and 
neutralize mouse or rat VEGF-A [ 46-48). 
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Fig. 2 The effects of VEGF Trap, ranibizumab and bevacizumab on 
luciferase activation induced by VEGF-A121 and VEGF-A 165 in 
HEK293/VEGFR2 cells. a Dose response curves for VEGF-A 121 and 
VEGF-A 165 with EC50 values of 70 and 30 pM, respectively. PlGF-2 
was not active in this assay. b Serial dilutions of VEGF Trap (open 
box), ranibizumab (triangle) or bevacizumab (closed circle) were 
added to HEK293NEGFR2 cells along with 20 pM of VEGF-A121 . 
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Fig. 3 The effects of VEGF Trap, ranibizumab and bevacizumab on 
calcium mobilization induced byVEGF-A 165 in HUVEC. a A dose
response curve generated using serial dilutions of VEGF-A165 

(4.0 nM-0.023 pM) resulted in an EC50 value of 5 pM. b Serial 
dilutions of VEGF Trap (open box), ranibizumab (lriwigle) or 
bevacizumab (closed circle) were added to HUVEC along with 

Several published papers have provided binding affinity 
data for ranibizumab's interactions with human VEGF-A 
[28. 36. 37]. However, to date, binding affinity and speci
ficity data have been provided only for the monovalent Fab 
fragment of bevacizumab (Fab-12), and not the full biva
lent bevacizumab molecule itself. The equilibrium disso
ciation constant (K0 ) for Fab-12 has been variously 
reported as 1.8 nM [36] or 20 nM [28). indicating an 
affinity improvement of ranibizumab over Fab-12 of 
10-100-fold. Likewise, ranibizumab has been reported to 

be 30-100-fold more potent than Fab-12 in bioassays 
measuring VEGF-induced endothelial cell mitogenesis 
[26). However. measuring the kinetic binding parameters 
or in vitro activity of the Fab-12 fragment does not take 
into account potential avidity interactions of bivalent 
antibodies, especially when the binding partner is a dimeric 
ligand such as VEGF-A. These types of avidity driven 
interactions can significantly increase binding affinity, and 
potentially the potency of the bivalent antibody relative to 

LogM LogM 

c Serial dilutions of VEGF Trap (open box), ranibizumab (triangle) or 
bevacizumab (closed circle) were added to HEK293/VEGFR2 cells 
along with 20 pM of VEGF-A 165. The cells were incubated for 6 h 
and OneGlo luciferase substrate was then added to each well. The 
plates were read on a luminometer and the data were plotted using a 
four parameter curve fit with GraphPad Prism. Each point represents a 
replica of 3 wells at each concentration 
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20 pM of VEGF-A165. The VEGF-A165 was preincubated with the 
inhibitors for 10 min at 25°C. The solution was added to HUVEC 
preloaded with fluo-4 and the fluorescence of the well was determined 
on a FLIPR instnunent. The data were plotted using a four parameter 
curve fit with GraphPad Prism. Each point represents duplicate wells 
at each concentration 

that of the monovalent antigen binding fragment in cell
based assays and in vivo. 

In the present study, Biacore and KinExA analyses have 
demonstrated that the equilibrium dissociation constants for 
VEGF Trap binding VEGF-A121 and VEGF-A165 • were less 
than l pM, in close agreement with earlier reports [34]. In 
contrast, ranibizumab exhibited a K0 of 46 pM for VEGF
A 165. While this represents an approximately 3-4-fold 
greater affinity for VEGF-A relative to SPR Biacore values 
previously reported for ranibizumab (Ko :S 140 pM, [28); 
:S 179 pM, [37)), it is nevertheless an ~ 94-fold weaker 
binding for VEGF-A165 relative to VEGF Trap (0.490 pM) 
(Table 4). Similarly, the K0 of soluble VEGF Trap for 
VEGF-A165• as determined by KinExA was 0.66 pM, while 
that of ranibizumab was 20.6 pM, approximately 30-fold 
lower than that of VEGF Trap. 

Interestingly, the K0 of bevacizumab for VEGF-A165 as 
determined by Biacore was 58 pM, markedly lower than 
that reported previously for Fab-12 [28, 36) and within 
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Fig. 4 The effects of VEGF Trap, ranibizumab and bevacizumab on 
HUVEC migration. a HlJVEC were placed in the upper compartment 
of the Boyden chamber and allowed to migrate towards basal media 
containing 0.1% fetal bovine serum with or without VEGF-A 165 or 
VEGF-A 165 mixed with four concentrations each of VEGF Trap 
(circles, solid line), ranibizumab (triangles, dotted line) or bev
acizumab (squares, dashed line) ranging from 0.013 to 13 nM. The 
percentage of total migration (y-axis) was calculated as (FDrug -
FBasa1J/(FTota1- FBasa1) x 100; where FTotal is fluorescence in the 
presence of VEGF-A165, FBasaI is fluorescence in the absence of 
VEGF-A 165, and FDrug is fluorescence in the presence of VEGF-A165 
mixed with drug at a specific molar ratio (x-axis). b HUVEC 

Table 4 Relative VEGF binding affinities and potency of VEGFR 
signaling blockade 

Parameter 

Affinity for VEGF-A16s 
(Biacore) 

Ranibizumab Bevacizumab VEGF 
Trap 

1.0 0.79 94.0 

Potency of blocking VEGF (20 pM) mediated signaling 

VEGFRl 

VEGF-A121 1.0 0.79 45.0 

VEGF-A16s 1.0 0.77 71.3 

VEGFR2 

VEGF-A121 1.0 0.91 36.0 

VEGF-A16s 1.0 0_64 32.5 

HUVEC 

VEGF-A16s 1.0 4.73 128.8 

The relative fold differences for the KD and IC50 values for 
bevacizumab and VEGF Trap are expressed relative to values for 
ranibizumab (set at l)_ Higher numbers reflect tighter binding or 
increased potency in the indicated assays. Raw values used to cal
culate relative fold differences were taken from Table 1 and Table 3 

twofold of the binding affinity of ranibizumab. This was 
also the case for soluble equilibrium binding of bev
acizumab in the Kinexa assay (K0 of 35.1 pM for bev
acizumab and 20.6 pM for ranibizumab ), and most likely 
reflects avidity interactions of the bivalent, full antibody 
molecule. However, like other conventional antibodies that 
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migration was assessed in the absence and presence of human PLGF-
2 (hPLGF-2) or mouse PLGF-2 (mPLGF-2) with and without a 
10O-fold molar excess of VEGF Trap (VGT), ranibizumab (RAN) or 
bevacizumab (BEV). Fold migration (y-axis) was calculated as the 
ratio FIFBasa!; where F is the total fluorescence measured for the 
indicated condition (x-axis) and FBasaI is the fluorescence in the 
absence of either hPLGF-2 or mPLGF-2. Statistical significance: 
*P < 0.05; **P < 0.01; ns, no significance. Values and error bars 
represent the average value and standard error of the mean from at 
least three independent experiments with each experiment containing 
four biological replicates per condition (total n = 12-16 per condi
tion) for all conditions tested. AU arbitrary units 

bind dimeric targets, bevacizumab has the potential to form 
higher order complexes with VEGF. which under some 
conditions may act as immune complexes [53]. In contrast, 
each molecule of VEGF Trap forms an inert 1 to 1 complex 
with VEGF, and cannot form higher order complexes [35]. 

The K0 for VEGF Trap binding of VEGF-A docu
mented in the SPR Biacore and KinExA assays translated 
into increased potency relative to ranibizumab and bev
acizumab in all of the bioassays employed. Specifically, 
VEGF Trap was ~33-71-fold more potent than rani
bizumab at inhibiting VEGF-A induced receptor activation 
in cell lines expressing either VEGFRl or VEGR2 
(Table 4 ). Moreover, VEGF Trap was highly effective at 
reducing VEGF-A-induced calcium signaling in HUVEC, 
where it was ~ 130-fold more potent than ranibizumab 
(Table 3). In addition to promoting endothelial cell 
proliferation and vascular permeability, VEGF-A is pow
erful mediator of endothelial cell migration [25]. Consis
tent with the high potency of VEGF Trap to neutralize 
VEGF receptor activation, VEGF Trap was highly effec
tive at blocking HUVEC migration induced by VEGF
A 165. In agreement with previous reports [38, 54], rani
bizumab and bevacizumab were also effective at decreas
ing HUVEC migration, though they were less potent than 
VEGF Trap, such that a 10- to 100-fold molar excess of 
ranibizumab or bevacizumab was required to completely 
block VEGF-induced HUVEC migration, while VEGF 
Trap was effective at equimolar concentrations. 
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In the present studies, the ability of ranibizumab to 

neutralize VEGF-A activity in cell-based assays was only 
moderately better than that of bevacizumab. For example, 
the IC50 values for inhibition of activation of VEG FR l and 
VEGFR2 by 20 pM VEGF-A were less than twofold lower 
for ranibizumab than bevacizumab (Table 3). This corre
sponded closely to the observed differences in the binding 
kinetics of ranibizumab and the full length bivalent 
bevacizumab antibody, where the K0 of bevacizumab 
for VEGF-A was within twofold of that of ranibizumab, as 
determined by both Biacore and KinExA assays (Tables l, 
2, 4). Interestingly, bevacizumab was ~ fivefold more 
potent than ranibizumab at neutralizing VEGF-A induced 
calcium influx in HUVEC. This finding may reflect the 
~ threefold faster association rate of bevacizumab 
(Table 1 ), as ka is a critical determinant of potency in 
relatively acute cell-based assays. 

The above findings stand in contrast to those recently 
described by Yu et al. [40]. Specifically, ranibizumab and 
VEGF Trap were reported to be equally effective in 
blocking endothelial cell proliferation and migration in 
HUVEC, while bevacizumab was approximately tenfold 
less potent. Evaluation of MAPK phosphorylation, which 
reflects activation of intracellular signaling pathways 
downstream of the VEGF receptors, showed that all three 
agents completely blocked MAPK phosphorylation when 
the VEGF inhibitors were pre-incubated with VEGF-A 
overnight, before addition to the cells, while VEGF Trap 
was more potent than either ranibizumab or bevacizumab 
when preincubated with VEGF-A for shorter time periods 
(5 and 30 min). The apparent discrepancies with findings 
of the present study are likely attributable to the fact that 
Yu et al. [ 40] utilized higher concentrations of exogenous 
VEGF-A in all of their cell-based assays, in the range of 
0.15-1.25 nM. In other words, the concentration of ligand 
was above the K0 values for ranibizumab and bev
acizumab, as well as VEGF Trap (Table l ); under these 
assay conditions the IC50 is determined primarily by the 
concentration of ligand relative to that of the blocker, 
rather than by the binding affinity. Therefore, precise 
evaluation of the relative activity of different inhibitors in 
bioassays requires utilization of the lowest amount of 
VEGF-A practicable, so that the IC50 can reflect differ
ences in binding affinity and not simply inhibition of 
activity at stoichiometric concentrations of inhibitor, which 
predominates under conditions where both antibody and 
ligand concentrations are well above the K0 . 

For example, several studies published to date have 
reported that ranibizumab and bevacizumab are equally 
effective in neutralizing VEGF-induced endothelial cell 
proliferation at 'clinically relevant' concentrations, i.e., 
those that obtain in the eye shortly following intravitreal 
injection [38, 55], which are well above the equilibrium 
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dissociation constants for both antibodies. Differences in 
activity emerge only when lower concentrations of drug are 
evaluated, or where acute bioassay readouts reflect differ
ences in association rate constants. For example, Klettner 
et al. [39], reported that at lower concentrations rani
bizumab more efficiently neutralized VEGF secreted from 
retinal-choroidal cultures than did bevacizumab. Costa 
et al. [54] also reported that ranibizumab was moderately 
more effective at inhibiting endothelial cell proliferation 
than bevacizumab, while in an acute assay bevacizumab 
more effectively inhibited VEGF-stimulated VEGFR2 and 
MAPK phosphorylation in human microvascular endothe
lial cells. 

Binding kinetics and affinity are key determinants of the 
biological activity of antibody-like drugs. In addition to 
binding affinity, the activity of a drug is also influenced by 
the concentration present at the site of target activity, 
which is in turn dependent on tissue distribution and 
clearance, with larger molecules typically having longer 
half-lives. With respect to ocular delivery, it was estimated 
that biologically active concentrations of ranibizumab 
would be maintained in the vitreous for approximately 
4 weeks following intravitreal injections of 0.5 mg 
[26, 56]. Indeed, monthly injection of 0.5 mg ranibizumab 
has proven to be the most effective regimen for the treat
ment of neovascular AMD, based on the outcomes of 
several phase III clinical trials [29, 57-60], and is the 
currently approved regimen for treating this disease. Using 
mathematical modeling, and the then available information 
on intravitreal clearance and binding affinities, Stewart [ 61] 
predicted that the anti-VEGF bioactivity present in the 
vitreous 30 days following intravitreal (IVT) injection of 
0.5 mg ranibizumab would be equivalent to that present at 
27-38 days following an injection of 1.25 mg bev
acizumab. More recently, using the same modeling 
approach, Stewart and Rosenfeld [62] predicted the intra
ocular biological activity comparable to that of 0.5 mg 
ranibizumab at 30 days post-injection would be maintained 
for approximately twice that time following injection of 
0.5 mg VEGF Trap, and potentially as long as 12 weeks 
following IVT injection of 2 mg VEGF Trap. This sub
stantial theoretical increase in the relative duration of 
VEGF neutralizing activity was driven primarily by the 
higher binding affinity of VEGF Trap for VEGF-A com
pared to ranibizumab, with a lesser contribution of the 
predicted longer int:ravitreal half-life of VEGF Trap (e.g. 
4.7 days in rabbits, compared to ~ 2.9 days for 
ranibizumab, [63, 64]. Thus, modeling studies suggested 
that intravitreal administration of the current clinical doses 
of ranibizumab and bevacizumab would result in effective 
VEGF-A inhibition of relatively similar duration, while 
VEGF Trap might be as efficacious as ranibizumab, but 
with less frequent dosing. 

~ Springer 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 284



182 

While it remains to be unequivocally determined whe
ther the durations of bioactivity of these VEGF blockers 
predicted by the above modeling studies will be confirmed 
by clinical experience, data available to date suggest that 
the results of these modeling studies may prove reasonably 
accurate. For example, several clinical smdies have 
investigated alternative strategies to monthly ranibizumab 
injection, including quarterly (every 3 months) or pro 
renata (PRN) injections following a treatment initiation 
phase comprising 3 monthly loading doses. Most large, 
well-controlled smdies conducted to date have found that 
improvements in visual acuity attained during the initiation 
phase are lost during the quarterly or PRN maintenance 
phases [58-60, 65]. The recent CATT Trial produced the 
best results obtained to date using PRN dosing of rani
bizumab, which was statistically non-inferior to that of 
monthly ranibizumab. This may reflect the fact that in the 
CA TT study patients were followed monthly and rigorous 
criteria were established for retreatment [32]. Nevertheless, 
the mean improvement in visual acuity attained in CATT 
using PRN ranibizumab was 1.6 letters below that of 
monthly ranibizumab, at the end of 1 year. Importantly, the 
effect of bevacizumab given monthly on visual outcomes 
was within 0.4 letters of that obtained with ranibizumab 
given monthly. However, bevacizumab administered PRN 
failed non-inferiority comparisons to monthly regimens for 
both antibodies, despite the fact that it was administered 
more frequently than ranibizumab PRN. These findings are 
in line with the predictions of modeling smdies, as well as 
the results of the present report, which indicate that the 
binding affinity and in vitro activity of bevacizumab are 
moderately less than those of ranibizumab. Several addi
tional large scale controlled trials are currently in progress 
to evaluate the effects of these two antibodies in patients 
with neovascular AMD, using both fixed and PRN dosing 
schedules [31]. These studies, together with outcomes from 
the CATT trial following longer-term treatment, should 
provide a clearer picture of the relative clinical activity, 
and safety, of ranibizumab and bevacizumab. 

Although fewer clinical trials have been conducted to 
date with VEGF Trap-Eye, the available data suggest that, 
as predicted in modeling sn1dies, the increased affinity of 
VEGF Trap for VEGF-A may be reflected in clinical 
activity. For example, in a recent double masked phase 2 
trial (CLEAR-IT 2) patients with exudative AMD were 
randomized to an initiation phase of either a single, or 
monthly IVT injections of VEGF Trap for 12 weeks at 
doses of either 0.5 or 2 mg. Patients were then switched to 
a PRN regimen at their originally assigned doses. Reports 
of the 1 year results described maintenance of statistically 
significant improvements in vision, retinal thickness and 
size of the CNV lesions [66, 67]. Here, patients initially 
dosed on a 2.0 mg monthly schedule received, on average, 
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only 1.6 additional injections during the 40 week PRN 
period, and those initially dosed on a 0.5 mg monthly 
schedule received, on average, 2.5 injections. More 
recently, 1 year results have been reported from two phase 
3 clinical trials (VIEW 1 and VIEW 2) in which VEGF 
Trap-Eye was dosed monthly at 0.5 or 2.0 mg in patients 
with wet AMD, or at 2.0 mg every other month following 
an initiation phase of 3 monthly doses. All VEGF Trap-Eye 
treatment arms, including the 2.0 mg every other month 
treatment regimen, produced improvements in visual acuity 
that were equivalent to that obtained in patients dosed with 
0.5 mg ranibizumab monthly [68, 69]. 

The development of ranibizumab has demonstrated that 
binding multiple VEGF-A isoforms is of substantial benefit 
in the treatment of neovascular AMD, compared to treat
ment with pegaptanib, which binds only the 165 isoform of 
VEGF-A [23, 29, 57, 70-72]. Recent smdies have impli
cated additional VEGF family members, notably PlGF and 
VEGF-B, in the pathology of ocular vascular diseases as 
well as some cancers [8, 16, 73]. Therefore, a unique 
potential advantage of VEGF Trap relative to ranibizumab 
and bevacizumab is that it also binds VEGF-B and PlGF 
with high affinity. PlGF in particular has been shown to act 
in concert with VEGF-A to promote pathological angio
genesis, vascular leak and inflammation [8, 11, 18, 74], and 
like VEGF-A, levels of PlGF are elevated in the eyes of 
patients with diverse ocular vascular diseases, including 
wet AMD [15, 75]. Furthermore, genetic deletion or 
pharmacological inhibition of PlGF has been shown to 
inhibit choroidal neovascularization and inflammation, and 
to enhance the activity of VEGF-A targeted molecules in 
animal models of choroidal neovascularization [ l 3, l 6]. 
More recently, it has been reported that overexpression of 
VEGF-B in the murine retina, via adeno-associated virus 
gene transfer, also promotes retinal and choroidal neovas
cularization and blood-retinal barrier breakdown [76]. 
These smdies suggest that targeting PlGF and VEGF-B, in 
addition to VEGF-A, could be of added benefit in treating 
angiogenic ocular disorders. 

Similarly, targeting these additional factors may be 
important in the oncology setting. First, these VEGF family 
ligands, most notably PlGF, have been implicated in pro
moting mmor growth [8, 16, 73], therefore inhibiting these 
factors, in addition to VEGF-A, may prove therapeutically 
beneficial in treating cancer. Bevacizumab, which inhibits 
only VEGF-A, is approved for use in various cancer 
treatment settings. VEGF Trap, while not currently 
approved for use, has also exhibited efficacy in the 
oncology setting. Most recently it was reported to have an 
overall survival benefit in metastatic colorectal cancer [77]. 
Changes in the levels of PlGF and other factors have been 
observed in patients with metastatic colorectal cancer 
treated with bevacizumab, during and following cessation 
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of treatment [78, 79], and the authors of both studies 
suggested that increases in other pro-angiogenic factors 
may be one mechanism underlying the development of 
resistance to anti-VEGF therapy. However, further pro
spective evaluations are needed to confirm these 
hypotheses. 

In summary, VEGF Trap demonstrated higher binding 
affinity for VEGF-A isoforms and greater potency in vitro 
than ranibizumab or bevacizumab. These attributes, in 
addition to its ability to bind VEGF-B and PlGF, could be 
of added benefit in treating various ocular disorders and 
cancers. 
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September 14, 2009 

Enrollment Completed in Regeneron and Bayer HealthCare Phase 3 Studies of VEGF Trap
Eye in Neovascular Age-Related Macular Degeneration (Wet AMD) 

One-year primary endpoint data expected in Q4 2010 

TARRYTOWN, N.Y., Sept 14, 2009 /PRNewswire-FirstCall via COMTEX News Network/ -- Regeneron Pharmaceuticals, Inc. 
(Nasdaq: REGN) today announced the completion of patient enrollment in two randomized, double-masked, Phase 3 clinical 
trials evaluating VEGF Trap-Eye in the treatment of the neovascular form of age-related macular degeneration (wet AMO). In 
each study of the VIEW (VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMO) program, VEGF Trap-Eye is being 
evaluated for its effect on maintaining and improving vision when dosed as an intravitreal injection on a schedule of 0.5 
milligram (mg) every four weeks, 2.0 mg every four weeks, or 2.0 mg every eight weeks (following three monthly doses), as 
compared with intravitreal ranibizumab (Lucentis((R)), a registered trademark of Genentech, Inc.) administered 0.5 mg every 
four weeks during the first year of the studies. As-needed (PRN) dosing with both agents is being evaluated during the second 
year of each study. These studies are part of the global development program for VEGF Trap-Eye being conducted by 
Regeneron and Bayer HealthCare AG. Each study has enrolled in excess of the targeted 1,200 patient goal. One-year primary 
endpoint data from both studies are expected in the fourth quarter of 2010. 

VEGF Trap-Eye, an investigational drug, is being developed by Regeneron and Bayer HealthCare AG for the potential 
treatment of eye diseases, including wet AMO, diabetic macular edema (DME), and Central Retinal Vein Occlusion (CRVO). 
Regeneron maintains exclusive rights to VEGF Trap-Eye in the United States. Bayer HealthCare has exclusive rights to market 
VEGF Trap-Eye outside the United States, where the companies will share equally in profits from any future sales of VEGF 
Trap-Eye. 

"Even with recent advances in the treatment of wet AMO, vision is not improved or stabilized in all patients despite monthly 
office visits and examinations that are inconvenient for these often elderly patients," said George D. Yancopoulos, M.D., Ph.D., 
President of Regeneron Research Laboratories. "This Phase 3 program is exploring various doses and dosing schedules with 
our novel anti-VEGF investigational agent to evaluate whether further improvements in vision and/or longer dosing intervals 
than monthly administration are possible." 

About the VIEW Program 

The VIEW 1 study is being conducted in the United States and Canada by Regeneron and the VIEW 2 study is being 
conducted in Europe, Asia Pacific, Japan, and Latin America by Bayer HealthCare. In the first year of the studies, the safety 
and efficacy of VEGF Trap-Eye at doses of 0.5 mg and 2.0 mg administered at four-week intervals and 2.0 mg at an eight-week 
dosing interval following one additional 2.0 mg dose at week four are being evaluated. Patients randomized to the ranibizumab 
arm of the trial will receive a 0.5 mg dose every four weeks. After the first year of treatment, patients will continue to be followed 
and treated for another year on a flexible, criteria-based extended PRN regimen with a dose administered at least every 12 
weeks, but not more often than every four weeks until the end of the study. 

The primary endpoint of these non-inferiority studies is the proportion of patients treated with VEGF Trap-Eye who maintain 
vision at the end of one year, compared to ranibizumab patients. Visual acuity is defined as the total number of letters read 
correctly on the Early Treatment Diabetic Retinopathy Study (ETDRS) chart, a standard chart used in research to measure 
visual acuity. Maintenance of vision is defined as losing fewer than three lines (equivalent to 15 letters) on the ETDRS chart. 
Key secondary endpoints include the mean change from baseline in visual acuity as measured by ETDRS and the proportion 
of patients who gained at least 15 letters of vision at week 52. 

About VEGF Trap-Eye 

Vascular Endothelial Growth Factor (VEGF) is a naturally occurring protein in the body whose normal role is to trigger the 
formation of new blood vessels (angiogenesis) to support the growth of the body's tissues and organs. It has also been 
associated with the abnormal growth and fragility of new blood vessels in the eye, which lead to the development of wet AMO. 
VEGF Trap-Eye is a fully human, soluble VEGF receptor fusion protein that binds all forms of VEGF-A along with the related 
placental growth factor (PIGF). lnvestigational VEGF Trap-Eye is a specific blocker of VEGF-A and PIGF that has been 
demonstrated in preclinical models to bind these growth factors with greater affinity than their natural receptors. Blockade of 
VEGF can prevent abnormal blood vessel formation as well as vascular leak and has proven beneficial in the treatment of wet 
AMO. 
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VEGF Trap-Eye is also in Phase 3 development for the treatment of Central Retinal Vein Occlusion (CRVO), another cause of 
blindness. The COPERNICUS (COntrolled Phase 3 Evaluation of Repeated iNtravitreal administration of VEGF Trap-Eye In 
Central retinal vein occlusion: Utility and Safety) study is being led by Regeneron and the GALILEO (General Assessment 
Limiting Infiltration of Exudates in central retinal vein Occlusion with VEGF Trap-Eye) study is being led by Bayer HealthCare. 
Patients in both studies will receive six monthly intravitreal injections of either VEGF Trap-Eye at a dose of 2 mg or sham 
control injections. The primary endpoint of both studies is improvement in visual acuity versus baseline after six months of 
treatment. At the end of the initial six months, patients will be dosed on a PRN (as needed) basis for another six months. All 
patients will be eligible for rescue laser treatment. Initial data from the program are anticipated in early 2011. 

VEGF Trap-Eye is also in Phase 2 development for the treatment of Diabetic Macular Edema (DME). VEGF Trap-Eye dosed at 
0.5 mg or 2 mg monthly, 2 mg every eight weeks after three monthly loading doses, or 2 mg on an as-needed (PRN) basis after 
three monthly loading doses is being compared to focal laser treatment, the current standard of care in DME. The primary 
efficacy endpoint evaluation is mean improvement in visual acuity at six months. Patient enrollment has been completed with 
initial data expected in the first half of 2010. 

About Wet AMO 

Age-related Macular Degeneration (AMO) is a leading cause of acquired blindness. Macular degeneration is diagnosed as 
either dry (non-exudative) or wet (exudative). In wet AMO, new blood vessels grow beneath the retina and leak blood and fluid. 
This leakage causes disruption and dysfunction of the retina creating blind spots in central vision, and it can account for 
blindness in wet AMO patients. Wet AMO is the leading cause of blindness for people over the age of 65 in the U.S. and 
Europe. 

About Regeneron 

Regeneron is a fully integrated biopharmaceutical company that discovers, develops, and commercializes medicines for the 
treatment of serious medical conditions. In addition to ARCAL YST((R) )(rilonacept) Injection for Subcutaneous Use, its first 
commercialized product, Regeneron has therapeutic candidates in clinical trials for the potential treatment of cancer, eye 
diseases, inflammatory diseases, and pain, and has preclinical programs in other diseases and disorders. Additional 
information about Regeneron and recent news releases are available on Regeneron's Web site at www.regenEffon.com. 

Forward Looking Statement - Regeneron Pharmaceuticals, Inc. 

This news release discusses historical information and includes forward-looking statements about Regeneron and its products, 
development programs, finances, and business, all of which involve a number of risks and uncertainties, such as risks 
associated with preclinical and clinical development of VEGF Trap-Eye, determinations by regulatory and administrative 
governmental authorities which may delay or restrict Regeneron's ability to continue to develop or commercialize VEGF Trap
Eye, competing drugs that may be superior to VEGF Trap-Eye, uncertainty of market acceptance of VEGF Trap-Eye, the 
potential for any collaboration agreement, including Regeneron's agreements with the sanofi-aventis Group and Bayer 
HealthCare, to be canceled or to terminate without any product success, risks associated with third party intellectual property, 
and other material risks. A more complete description of these and other material risks can be found in Regeneron's filings with 
the United States Securities and Exchange Commission (SEC), including its Form 10-K for the year ended December 31, 2008 
and Form 10-Q for the quarter ending June 30, 2009. Regeneron does not undertake any obligation to update publicly any 
forward-looking statement, whether as a result of new information, future events, or otherwise unless required by law. 

Contact Information: 
Peter Dworkin 
Investor Relations 
914.345.7640 
peter.dworkin@regeneron.com 

SOURCE Regeneron Pharmaceuticals, Inc. 

http://www.regeneron.com 

Laura Lindsay 
Media Relations 
914.345.7800 
laura.lindsay@regeneron.com 
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Comparative toxicity and proliferation testing 
of aflibercept, bevacizumab and ranibizumab 
on different ocular cells 
Sven Schnichels, Ulrike Hagemann, Kai Januschowski, Johanna Hofmann, 
Karl-Ulrich Bartz-Schmidt, Peter Szurman, Martin S Spitzer, Sabine Aisenbrey 

ABSTRACT 
Background/aims Vascular endothelial growth factor 
(VEGF) is a key factor in the pathogenesis of neovascular 
retinal diseases including age-related macular 
degeneration. VEGF inhibitors including ranibizumab, 
pegaptanib or bevacizumab improve retinal morphology 
and vision in many patients. The recently approved drug 
aflibercept (VEGF Trap-Eye/Eyelea, Regeneron, Tarrytown, 
New York, USA) offers a new therapy modality. We 
therefore tested for toxic and anti-proliferating effects of 
aflibercept. 
Methods The effects of aflibercept (0.125, 0.5, 2 mg), 
ranibizumab (0.125 mg) and bevacizumab (0.3125 mg) 
after 1, 24, 48 and 72 h on cell morphology via phase 
contrast pictures, cell viability via MTS assay, total cell 
amount via crystal violet staining, apoptosis induction 
via caspase 3/7 assay and proliferation via BrdU assay 
were investigated. Three ocular cell lines were chosen 
for toxicology testing: ARPE 19 cells, RGC-5 cells and 
661W cells. 
Results Aflibercept did not cause changes in cell 
morphology, induce apoptosis or cause permanent 
decrease in cell viability, cell density or proliferation in 
any cell line or concentration investigated. In general, 
aflibercept had fewer effects (upregulation or 
downregulation) compared with controls than 
bevacizumab or ranibizumab. 
Conclusions In our experiments, aflibercept did not 
lead to any negative effects on retinal cell lines and 
might therefore be used safely in clinical applications. 

INTRODUCTION 
Clinical trials have shown that inhibition of vascular 
endothelial growth factor (VEGF} by either intravi
treal pegaptanib (Macugen, Eyetech Pharmaceutical, 
New York, USA}, ranibimmab (Lucentis, Genentech, 
San Francisco, California, USA} or bevacizumab 
(Avastin, Roche, Basel, S"Witzerland} can result in sta
bilisation or improvement of retinal morphology and 
vision in many patients with neovascular age-related 
macular degeneration (AMD} 1

-4 and other retinal dis
eases.5-9 

Aflibercept (VEGF Trap-Eye/Eyelea, Regeneron, 
Tarrytown, New York, USA} is a new agent avail
able for the treatment of exudative "i\JvlD. It is a 
decoy receptor with a longer half-life in rabbits and 
a higher affinity to VEGF compared with ranibizu
mab or bevacizumab. 10 11 In addition to its effect 
on VEGF, aflibercept inhibits placental growth 
factors 1 and 2. 11 12 Aflibercept has shown benefits 
in treating wet Al\ID in phase III trials comparable 
with those of ranibizumab. Since it was approved 

by the FDA, the drug seems to represent a safe 
treatment option for patients suffering from exuda
tive AMD. 13 

In this study, we compare the proliferative and 
cytotoxic effects of three different aflibercept con
centrations (0.125, 0.5 and 2.0 mg/ml}, bevacizu
mab and ranibizumab on three different ocular 
cell lines (ARPE19, RGC-5 and 661W) at four dif
ferent time-points (1, 24, 48, 72 h). We used 
the aflibercept diluent without aflibercept as an 
additional control. 

MATERIALS AND METHODS 
Cell culture 
The rat ganglion cell-like/neuronal progenitor cell line 
-RGC-5-was kindly provided by Professor Neeraj 
Agarwal (UNT Health Science Center, Fort Worth, 
Texas, USA}. The human retinal pigment epithelium 
cell line-ARPE19-was purchased from American 
Type Culture Collection (Manassas, Virginia, USA}. 
The mouse photoreceptor cell line-661W-origi
nated from Professor Dr Muayyad AI-Ubaidi. 14 15 All 
cell lines were maintained throughout the experi
ments in Dulbecco's modified Eagle's medium con
taining 4 ml\!1 L-glurarnine, 10% fetal bovine serum, 
100 U/ml penicillin G and 100 µg/ml streptomycin 
sulphate at 37°C and 5% CO2• Depending on the spe
cific experiment and cell line, ARPE19 cells were 
seeded either at a density of 30 000 cells/well in a 
24-well plate or at a density of 10 000 cells/well in a 
96-well plate; RGC-5 and 661W cells were seeded 
at a density of 10 000 cells/well in a 24-well plate 
or at a density of 5000 cells/well in a 96-well plate. 
Bevacizumab, ranibizumab and aflibercept were 
diluted with culture medium to obtain bevacizumab 
at concentrations of 0.3125 mg/ml, ranibizumab at 
concentrations of 0.125 mg/ml and aflibercept at con
centrations of 0.125, 0.5 and 2.0 mg/ml, representing 
the injection doses, epiretinal doses and taking into 
account presumed dilution by the vitreous humor. 
The formula for the aflibercept diluent was prepared 
by the university pharmacy, TiibingeIL In addition, 
the apoptosis inducer staurosporine (600 nM) was 
included in this study. Twenty-four hours after 
seeding, diluent, bevacizumab, ranibizumab, afliber
cept or staurosporine at the desired concentration was 
added to the medium. Twenty-four, 48 and 72 hours 
after supplementation photographs were taken (lOOx 
magnification) from the 24-well plates using a phase 
contrast/fluorescence microscope (Axiovert 135, 
Zeiss, Gottingen, Germany} and AxioVision 4.6 soft
ware (Zeiss) 
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MTS viability assay 
One, 24, 48 and 72 hours after supplementation, 20 µl of the 
CellTiter 96 AQueous One Solution Reagent (Promega) was dir
ectly added to the culture wells and incubated for 90 min. Then 
the absorbance was recorded at 490 nm with a Microplate 
Reader (BioTek, Synergy HT, Bad Friedrichshall, Germany) with 
the correction of interference at 690 nm.16 

Crystal violet staining 
After the _MTS assay medium was removed and the cells fixed 
overnight with 4% paraformaldehyde, the cells were washed 
three times, stained with crystal violet solution (Sigma Aldrich, 
Steinheim, Germany), washed again, and incubated with 1 % 
SDS for 1 h. Absorbance was determined at 595 nm (BioTek). 16 

Caspas.e 3fl activity assay 
One, 24, 48 and 72 hours after supplementation, caspase 3/7 
activity was determined using the CaspaseGlo 3/7 activity kit 
(Promega, Madison, Wisconsin, USA) according to the manufac
turer's protocol. Luminescence was measured with a lumin
ometer (BioTek). 16 

BrdU cell proliferation assay 
Cellular proliferative activity was directly monitored by quantifi
cation of 51 -bromo-2' -deoxyuridine (BrdU) incorporation into 
the genomic DNA during cell growth. DNA synthesis was 
assessed by BrdU Cell Proliferation Assay (Calbiochem, La Jolla, 
California, USA). Briefly, 24, 48 and 72 h after supplementation, 
cell proliferation was monitored by adding 20 µl BrdU label to 
the media 24 h prior to the desired time-point. All additional 
steps were performed according to the manufacturer's protocol. 
Absorbance was determined at 450 and 595 nM (BioTek). 

Statistical analysis 
Data are represented as mean±SD. \Vith every assay, four to ten 
different experiments were conducted per cell line and concen
tration or control, respectively (n=4-10). Statistical analysis was 
performed using JMP (Y.9.0.0, SAS Institute Inc., Cary, North 
Carolina, USA). Dunnett's analysis was used for comparison 
between medium versus diluent or drugs and diluent versus 
drugs. Differences were considered to be significant at p<0.05. 
Results differing more than 0.2 or 20% were considered to be 
relevant. 

RESULTS 
Effect of afiibercept on RGC-5 cells 
Untreated RGC-5 cells appeared as a spindle-type shape 
(figure lA) as observed by phase contrast pictures. This shape 
did not change after the treatment of aflibercept, bevacizumab 
or ranibizumab, independent of the time-point (figure lA). 
Only staurosporine changed the morphology at every time-point 
investigated (figure lA). 

Cell viability of RGC-5 cells treated with varying concentra
tions of aflibercept (0.125, 0.5 or 2 mg), bevacizumab, ranibizu
mab and diluent did not show a relevant decrease in cell 
viability. However, some significant differences were detected 
(figure lB). For all substances, cell viability was significantly 
reduced 1 h after treatment compared with medium only 
treated cells. The cell viability at all other time-points varied 
between 98% and 137% of the control. Only 2 mg aflibercept 
compared with medium and diluent 24 h, bevacizumab com
pared with medium 48 h and bevacizumab compared with 
medium and diluent 72 h after supplementation showed a 

significant difference with only bevacizumab 72 h after supple
mentation differing relevantly. In contrast, staurosporine signifi
cantly reduced cell viability down to 11 %. No substance 
decreased cell viability below the amount of the apoptosis 
inducer staurosporine at any time-point (figure lB). 

Accordingly, cell density via crystal violet staining did not 
show any relevant differences. Cell density was significantly 
lower 1 h after application of aflibercept (2 mg) and bevacizu
mab compared with diluent. Cell density increased significantly 
for bevacizumab 24 h after treatment compared with diluent 
supplemented probes. All other drugs or time-points investi
gated did not show a significant or even relevant difference 
(figure lC). 

With regard to cell viability and cell density, a significant 
effect of the applied drugs could only be observed on caspase 3/ 
7 activity at the 1-hour time-point. All drugs ( except for 
0.125 mg aflibercept) showed a significant increase of the 
caspase 3/7 activity. All effects were diminished at the 24-hour 
and later time-points, except for staurosporine treated probes 
with a caspase activity up to 13-fold higher compared with the 
control (figure lD). 

Proliferation was similar in all measurements except for 
0.125 mg aflibercept 24 h and bevacizumab 48 h after supple
mentation. The proliferation of staurosporine treated probes 
was significantly reduced at all time-points (figure lE). 

Effect of aflibercept on ARPE19 cells 
Untreated and treated ARPE19 cells showed no obvious 
morphological changes as observed by phase contrast pictures 
(figure 2A). Staurosporine changed the morphology at every 
time-point investigated (figure 2A). 

Cell viability of ARPE19 cells treated with varying concentra
tions of aflibercept, bevacizumab, ranibizumab and diluent did 
not show relevant decrease in cell viability. Only ranibizumab at 
1 h was significantly different from medium only and diluent 
supplemented probes. Staurosporine decreased the cell viability 
in a time-dependent manner (figure 2B). 

Accordingly, cell density via crystal violet staining did not 
show any relevant negative effects: no significant differences 
were found 1 h after treatment. At all other time-points, an 
increase in cell density could be observed in treated probes. 
Only a few were significant to the medium only probes (figure 
2C). No significant difference was found for any drug compared 
with diluent (figure 2C). In contrast, staurosporine caused a 
time-dependent decrease in cell density (figure 2C). 

Few significant differences in caspase 3/7 activity were observ
able immediately after application of the drugs (1 h) compared 
with medium or diluent supplemented probes. No differences 
were observed at 24, 48 and 72 h after treatment. In contrast, 
staurosporine induced apoptosis in a time-dependent manner 
(figure 2D). 

All drugs had a positive effect on proliferation 24 h after appli
cation compared ,,rith control. At 48- and 72-hour time-points, 
the proliferation rate of treated probes ranged below the prolifer
ation rate of control cells. These findings were significant for 
2 mg aflibercept, bevacizumab and ranibizumab 48 h after appli
cation and all drugs except for ranibizumab at 72 h after applica
tion. No change in proliferation rate was defined as relevant. 
Staurosporine reduced proliferation in a time-dependent manner. 

Effect of afiibercept on 661 W cells 
Untreated 661W cells showed spindle-type shape (figure 3A) as 
observed by phase contrast pictures. Treatment of the cells with 
aflibercept, bevacizumab or ranibizumab, independent of the 
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Figure 1 Effects of aflibercept, bevacizumab or ranibizumab on RGC-5 cells. Representative phase contrast pictures of RGC-5 cells 72 h after 
supplementation with medium, diluent, aflibercept (0.125, 0.5, 2 mg), ranibizumab (0.125 mg) or bevacizumab (0.3125 mg) and staurosporine 
(600 nM): no morphological changes of the RGC-5 cells were observed by phase contrast pictures at any time-point or concentration or drug, except 
for staurosporine (A). No drug (except staurosporine) had a relevant negative effect on cell viability, total cell amount, apoptosis and proliferation in 
RGC-5 cells. Bar graphs represent cell viability (B), total cell amount (C), caspase 3n activity (D) and proliferation (E) expressed as arbitrary units 
with the control set as 1 of RGC-5 cells 1, 24, 48 and 72 h after supplementation with different concentrations of aflibercept (0.125, 0.5, 2 mg), 
bevacizumab (0.3125 mg) and ranibizumab (0.125 mg) (n=4-6). (B) Although the application of the drugs shows an immediate decrease of cell 
viability, no drug permanently negatively affects the cell viability of the RGC-5 cells. Even more, the cell viability increased continuously with time. 
In contrast, staurosporine decreased the cell viability. (C) The application of the drugs does not affect the amount of cells in a relevant way. All cell 
amounts vary between 86% and 108% of the medium controls. In contrast, staurosporine decreased the cell amount in a time-dependent manner. 
(D) One hour after treatment, the caspase 3/7 activity was significantly higher in all cells supplemented with a drug. This effect was not observable 
at any other time-point, at which the caspase 3/7 activity varied between 89% and 115% of the control. However, staurosporine induced apoptosis, 
with a peak caspase 3/7 activity at the 24-hour time-point. (E) Cell proliferation was significantly changed in 3 of 18 investigated treatments: no 
relevant increase or decrease was observed. Proliferation varied between 101 % and 118% compared with the medium only control. Only 
staurosporine reduced the proliferation to a minimum (2%). 

time-point did not result in obvious changes in morphology 
(figure 3A). In contrast, staurosporine obviously changed 
morphology at every time-point investigated (figure 3A). 

Application of the drugs or the diluent led to immediate, 
sometimes significant increase of cell viability 1 h after treat
ment (103% and 125% of the control) (figure 3B). Cell viability 

of most treated 661 \'Q cells did not show a significant or rele
vant difference 24 and 48 h after application. Only two samples 
differed significantly: 0.125 mg aflibercept versus diluent and 
2 mg aflibercept versus medium supplemented samples 48 h 
after stimulation. In contrast, at the 72-hour time-point, all 
treated probes showed significant and relevant increase in cell 
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Figure 2 Effects of aflibercept, bevacizumab or ranibizumab on ARPE19 cells. Representative phase contrast pictures of ARPE19 cells 72 h after 
supplementation with medium, diluent, aflibercept {0.125, 0.5, 2 mg), ranibizumab {0.125 mg) or bevacizumab {0.3125 mg) and staurosporine 
{600 nM): no morphological changes of the ARPE19 cells were observed by phase contrast pictures at any time-point or concentration or drug, 
except for staurosporine {A). No drug {except staurosporine) had a permanent and relevant negative effect on cell viability, total cell amount, 
apoptosis and proliferation in ARPE19 cells. Bar graphs represent cell viability {B), total cell amount {C) caspase 3n activity {D) and proliferation 
{E) expressed as arbitrary units with the control set as 1 of ARPE19 cells 1, 24, 48 and 72 h after supplementation with different concentrations of 
aflibercept {0.125, 0.5, 2 mg), bevacizumab {0.3125 mg) and ranibizumab {0.125 mg) {n=5-1 0). {B) No drug showed a relevant reduction in cell 
viability at any time-point Although some variations between the medium were significant, none of these are regarded relevant, as the cell viability 
varied between 96% and 107% of the medium only vials. However, staurosporine, which served as an additional control for a negative induction, 
decreased the cell viability in a time-dependent manner. {C) No significant or even relevant negative effect on the cell density was observed at any 
time-point or condition investigated except for staurosporine, which reduced the amount of cells in a time-dependent manner. In contrast, the cell 
amount was even higher at many time-points compared with the controls. {D) Although the caspase 3/7 activity was significantly and relevantly 
higher in some drug treated probes 1 h after application, these effects were not permanent and not found at further time-points. Staurosporine 
induced apoptosis in a time-dependent manner. {E) At the 24-hour time-point, all drugs caused an increased proliferation. Moreover, ranibizumab 
even caused a relevant increase. At the 48- and 72-hour time-point, the proliferation rate was lower than that of the controls. Staurosporine reduced 
proliferation in a time-dependent manner. 

viability compared with untreated cells. Compared with the 
cells treated with diluent only, the 2 mg aflibercept treated cells 
had significant and relevant higher cell viability. Cell viability of 
staurosporine treated cells was reduced at every time-point from 
24 h onwards. 

Except for the 0.125 and 0.5 mg aflibercept, bevacizumab 
and ranibizumab treated probes 24 h, 0.125 and 2 mg afliber
cept 48 h, ranibizumab 72 h after treatment, we did not record 
a difference in cell density. Only the 0.125 and 0.5 mg afliber
cept treated probes 24 h after stimulation showed a relevant 
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Figure 3 Effects of aflibercept, bevacizumab or ranibizumab on 661W cells. Representative phase contrast pictures of 661W cells 72 h after 
supplementation with medium, diluent, aflibercept (0.125, 0.5, 2 mg), ranibizumab (0.125 mg) or bevacizumab (0.3125 mg) and staurosporine 
(600 nM): no morphological changes of the 661W cells were observed by phase contrast pictures at any time-point or concentration or drug, 
except for staurosporine (A). No drug (except staurosporine) had a distinct negative permanent effect on cell viability, total cell amount and 
proliferation in 661 W cells. However, an increased caspase 3/7 activity was measured in some settings. Bar graphs represent cell viability (B), 
total cell amount (C), caspase 3/7 activity (D) and proliferation (E) expressed as arbitrary units with the control (medium only) set as 1 of 661W 
cells 1, 24, 48 and 72 h after supplementation with different concentrations of aflibercept (0.125 mg; 0.5 mg; 2 mg), bevacizumab (0.3125 mg) 
and ranibizumab (0.125 mg) (n=4-6). (B) One and 24 hours after supplementation no drug showed a negative effect. However, 48 h after 
treatment, cell viability was reduced (87%-100%) in many probes compared with the medium only treated samples. In contrast, 72 h after 
treatment cell viability was higher in every drug treated sample than in the controls (1.30-1.59-fold higher). In contrast, staurosporine decreased 
the cell viability permanently. (C) The amount of cells was always higher than the amount of cells in the medium only treated cells. In contrast, 
staurosporine reduced the amount of cell in a time-dependent manner. (D) The caspase 3/7 activity was not more than 1.3-fold higher than that 
of the controls at any time-point investigated after application of the drugs or diluents. However, based on our definition that any increase of 
more than 20% should be regarded as relevant, the following settings are crucial: aflibercept 0.125 mg 1 h after treatment, aflibercept 0.5 and 
2 mg 48 h after treatment and bevacizumab and ranibizumab 48 and 72 h after treatment. Although one should pay attention to these findings, 
this does not mean that these drugs are not safe because a real induction of apoptosis would be much higher, as observable with staurosporine. 
Staurosporine induced caspase 3/7 activity with a peak (6.8-fold) at the 24-hour time-point. (El Cell proliferation was significantly and sometimes 
relevantly increased (between 1.1- and 1.28-fold) in several drug treated probes 24 and 48 h after application. In contrast, 72 h after treatment 
proliferation was reduced to 95%-88% relatively compared with the medium only samples (controls). Only staurosporine reduced the proliferation 
to a minimum (5%) in a time-dependent manner. 
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difference compared with medium. In staurosporine treated 
probes, the cell density was significantly and relevantly lower 
compared with medium only probes from 24 h onwards. 

Neither aflibercept (except 0.125 mg 1 h) nor bevacizumab or 
ranibizumab significantly increased caspase 3/7 activity in the 
661 W cells 1 or 24 h after treatment compared with the control 
or the diluent supplemented probes. In contrast, 48 and 72 h 
after supplementation the caspase 3/7 activity significantly 
increased in all drug-treated probes compared with the medium 
only cells. In addition, caspase 3/7 activity increased significantly 
in 2 mg aflibercept, bevacizumab or ranibizumab treated probes 
compared with the diluent 72 h after supplementation. 
Moreover, except for 0.125 mg aflibercept all differences were 
relevant 48 h after supplementation compared with medium and 
diluent, whereas only bevacizumab and ranibizumab showed rele
vant differences 72 h after treatment. However, the knm~rn apop
tosis inducer staurosporine increased the caspase 3/7 activity at 
24 h up to 6.8-fold compared with control (figure 3C). 

The cell proliferation rate was higher in several of the treated 
probes: the proliferation rate was significantly higher in bevacizu
mab or ranibizumab at 24 h, all drugs or diluent at 48 h, 2 mg 
aflibercept, bevacizumab and ranibizumab at 72 h after stimula
tion compared with medium only cells. Compared with diluent, 
the proliferation rate of bevacizumab and ranibizumab treated 
cells were significantly higher 24 h after treatment. Staurosporine 
decreased proliferation rates in a time-dependent manner. 

DISCUSSION 
The most important finding of this study is the observation that 
aflibercept, even at the highest concentration tested, did not 
lead to any obvious change in cell morphology and did not 
induce apoptosis or a permanent decrease in cell viability, cell 
density or proliferation in any of the three cell lines investigated. 
It is important to consider that while testing aflibercept we used 
the maximum dose for intravitreal injection taking an inhomo
geneous distribution of aflibercept into account. 

The tests applied in this study (MTS viability assay, caspase 3/7 
activity assay, crystal violet staining and BrdU assay) are well eval
uated and standardised tests. Although each of these tests exam
ines only a single effect: MTS for cell viability, caspase 3/7 
activity for apoptosis, crystal violet staining for the amount of 
cells, phase contrast pictures for morphology, BrdU assay for pro
liferation, the combination of these assays would reveal any nega
tive effects that might be hidden if only a single test is performed. 
Single tests alone could be misleading: apoptosis as an active 
process is sometimes characterised by a high cell activity leading 
to a higher reduction of l\!lTS, which can be misinterpreted as a 
higher or normal cell viability. With the additional assays per
formed in this set of experiments, such an effect can be excluded 
since apoptosis would have been detected with higher caspase 3/ 
7 activity, a less amount of cells or a lower proliferation rate. 

Other interesting observations concerning the results need to 
be discussed further. Aflibercept was constructed to bind human 
VEGF isoforms. 11 The RGC-5 and 661W cell lines are of rat or 
mouse origin, whereas the ARPE19 cell line is of human origin. 
However, Holash et al stated that despite its affinity for human 
proteins, aflibercept binds VEGF in all species tested. 11 

Therefore, we assume that independent of the cell line origin any 
possible effect should be present in these cells. Moreover, several 
authors successfully reported the use of aflibercept in vivo and in 
tissue of mice and rat origin under different conditions. 17

-
21 

In a previous study, we investigated proliferation and cyto
toxic effects of bevacizumab and ranibizumab on ARPE19 and 

RGC-5 cells; in these experiments only bevacizumab at 
0.3 mg/ml showed a significant but not relevant inhibition of pro
liferation. 22 The results of the present study are in accordance 
with our previous results. We also investigated the effects of 
staurosporine on RGC-5 cell viability, cell density and apoptosis 
induction using the same assays and achieved similar results. 23 

Since the diluent of the agent might also cause certain effects, 
we decided to include the diluent in the tests. It contains 
sucrose, which is known to cause a higher proliferation rate in 
cells. 24 This might explain the higher proliferation rates and 
higher cell density, cell viability and sometimes apoptosis ratio 
in our experiments and is additionally supported by the increas
ing cell density rate seen in figures 1 C, 2C and 3C. Our results 
were not normalised for cell density. Therefore, with increasing 
cell numbers the amount of the converted agents in the assays 
also increases; this effect has to be taken into consideration in 
the interpretation of the data (figures 1-3). The diluent in beva
cizumab and ranibizumab solutions, both including trehalose 
instead of sucrose, differs from the diluent used in the afliber
cept formula. Our data indicate that the proliferation rate 
decreases for all drugs at the 72-hour time-point. This effect 
could be explained by the fact that in general the proliferation 
rate decreases with increasing confluence. The probes main
tained in medium only proliferated slower due to the missing 
sucrose or trehalose. However, after 72 h, these cells prolifer
ated relatively faster due to less confluence (figures lD, 2D 
and 3D). 

In the RGC-5 and ARPE19 cells, we observed changes in cell 
viability, cell density, a slight induction of apoptosis or changes 
in proliferation rate in some drug-treated probes (figures lB-D 
and 2B-D). Bevacizumab only shows long term effects in cell 
viability in RGC-5 cells. Recently, 24-hour tests with an MTT 
assay on ARPE19 cells were performed by another group.25 The 
results of the two identical concentrations tested in that study 
(0.125 and 0.5 mg) are in accordance with our results.25 

In the 661 W cell line, we observed a slight increase in the 
caspase 3/7 activity. However, this is accompanied by a higher 
cell density and cell viability. Since we also observed a higher pro
liferation rate at 72 h, we assume that the sugar in the drugs 
increases the proliferation rate until confluence is reached. 
Therefore, a higher number of cells is present in the drug-treated 
probes and accordingly a higher cell viability and caspase 3/7 
activity are observable. In conclusion, the slight induction of 
apoptosis cannot be considered as a concerning effect. 

Our data show that the recently approved drug aflibercept 
does not induce toxic effects over a 72-hour time period at any 
of the clinically used and tested concentrations. Based on our 
findings, administration of aflibercept can be considered a safe 
treatment option for neovascular retinal diseases with regard to 
local effects on the retina. 
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Multiple studies have implicated vascular endothelial growth factor in the pathogenesis of neovascular eye 

diseases, including neovascular age-related macular degeneration, diabetic retinopathy, diabetic macular edema 

and central retinal vein occlusion (CRV0).1-6 Currently, the only FDA-approved treatments for AMO targeting the 

VEGF pathway are pegaptanib sodium (Macugen, Eyetech Pharmaceuticals, Inc), an aptamer that binds VEGF 

165 and ranibizumab (Lucentis, Genentech), a humanized, affinity-matured Fab fragment that binds all isoforms of 

VEGF-A; bevacizumab (Avastin, Genentech), a humanized monoclonal antibody with two VEGF-binding domains 

against all VEGF-A isoforms, is also used off label as an alternative to ranibizumab given its much lower cost. 

lntraocular injection of pegaptanib every six weeks reduced the percentage of patients who experience severe 

vision loss but did not lead to a significant improvement in visual acuity.7 In contrast, monthly injections of 

ranibizumab resulted in a significant improvement in visual acuity in about one-third of patients. 8-9 

It is felt that the difference in efficacy between these two drugs is due to the fact that isoforms other than VEGF 165 

are implicated in the pathogenesis of neovascularization in the eye. Although there have been a few small studies 

evaluating bevacizumab for the treatment of neovascular AMO, there are no completed randomized clinical trials 

comparing ranibizumab to bevacizumab, but many are currently in progress, including the Comparison of AMO 

Treatment Trials (CATT), with results expected in 2011. 

VEGF TRAP-EYE 

VEGF Trap-Eye (Regeneron Pharmaceuticals and Bayer Healthcare AG) is a 110 kDa fusion protein of portions of 

the extracellular binding domains of VEGF receptors 1 and 2 (VEGFR-1 and VEGFR-2) and the Fe region of 

human lgG1. Previous studies have found that one of the most potent ways to block VEGF signaling is to prevent 

VEGF from binding to its receptor by administering decoy VEGF receptors. 10 VEGF Trap-Eye was engineered to 

have much higher affinity for VEGF-A (~1 pM), 11 compared to bevacizumab (500-2,200 pM)12-14 and ranibizumab 

(140 pM).15 This may allow VEGF Trap-eye to be more potent than either drug currently in use. 

It is mathematically estimated that VEGF Trap-Eye will maintain significant intravitreal VEGF-binding activity for 

10-12 weeks after a single intravitreal injection.16 Another possible advantage that VEGF Trap-Eye has over 

ranibizumab is that it blocks all isoforms of VEGF-A as well as placental growth factor (PIGF)-1 and -2. PIGF is a 
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part of an independent angiogenesis cascade (Figures 1 and 2). 

Figure 1. A key binding domain of VEGFR1 and a key binding domain of VEGFR2 (left) are fused for tight 
binding affinity for both VEGF-A isomers and PIGF (center). Two dual-domain arms are used for one VEGF 

Trap-Eye molecule to mimic the natural receptor pairing necessary for growth factor signaling (right). 

Figure 2. The Fe portion of lgG1 (left) is fused to the two dual-domain arms (center) resulting in the 
engineered molecule of VEGF Trap-Eye (right). This exemplifies how a molecule can be designed to 

possess specific properties of different naturally-occurring molecules with a goal of optimizing 
therapeutic activity. 

Herein, we review the results of phase 2 trials evaluating VEGF Trap-Eye for neovascular AMO and diabetic 

macular edema, as well as describe trials that are currently in progress. 

THE TRIALS 

The CLEAR-IT-2 trial was a phase 2, randomized, double-masked, multicenter dose-comparison study of the 

safety and efficacy of VEGF Trap-Eye in patients with neovascular AMO. Subjects were assigned to one of five 

treatment groups: monthly intravitreal injections of 0.5 or 2.0 mg of VEGF Trap-Eye for the first 12 weeks (for a 

total of four mandatory injections) or quarterly dosing with one initial intravitreal injection of 0.5, 2.0 or 4.0 mg of 

VEGF Trap-Eye followed by a second mandatory injection at week 12. After the 12-week primary outcome, all 

patients were treated on an as-needed basis for another 40 weeks. 
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At one year of follow-up, there was a mean improvement of +5.3 letters in best corrected visual acuity for all 

groups combined (P<0.0001 ). Patients who received four monthly doses of 0.5 or 2.0 mg followed by as-needed 

dosing achieved a mean improvement of +5.4 letters (P<.085 vs baseline) and +9.0 letters (P<0.0001 vs baseline) 

from baseline, respectively. Patients receiving quarterly dosing of 0.5 mg gained +2.6 letters (P=0.344 vs 

baseline), those receiving quarterly dosing of 2.0 mg gained +5.2 letters (P=0.0412 vs baseline), and those 

receiving quarterly dosing of 4.0 mg gained +4.2 letters (P=0.0154 vs baseline) at one year. Analysis of retinal 

imaging studies revealed a statistically significant reduction in central retinal thickness and mean CNV lesion size 

for all groups. 

One hundred seventeen patients originally enrolled in CLEAR-IT-2 were followed in an open-label extension study 

and received injections of 2.0 mg of VEGF Trap-Eye on an as-needed basis with q8-week monitoring. The mean 

gain in BCVA from baseline in the original trial of the 117 patients who were followed in the extension study was 

+ 7 .3 letters (P<0.0001 vs baseline) at three months, +8.4 letters (P<0.0001 vs baseline) at one year, + 7 .1 letters 

(P<0.0001 vs baseline) at 18 months, and +6.1 letters (P<0.0001 vs baseline) at two years. Of the patients 

enrolled in the extension study, 92% lost less than 15 letters, 71 % gained O or more letters, and 30% gained 15 or 

more letters of visual acuity after treatment with VEGF Trap-Eye. This compares favorably to the pivotal 

MARINA/ANCHOR studies, but in CLEAR-IT-2 patients did not require monthly injections, as in the Genentech 

trials. Over the 21 months of the PRN dosage stage of the phase 2 trial and extension study patients received an 

average of only 4.6 additional injections of VEGF Trap-Eye, with 9% requiring no additional injections. 

Serious adverse events in CLEAR-IT-2 were rare: one patient had culture-negative endophthalmitis, five patients 

died (one from pre-existing pulmonary hypertension, one from pancreatic cancer, one from pulmonary failure, one 

from squamous cell lung cancer and one from cerebrovascular accident) and four patients had arterial 

thromboembolic events (two cerebrovascular accidents and two myocardial infarctions). The most commonly 

reported adverse events were those related to the intravitreal injection: subconjunctival hemorrhage at the injection 

site and transient increase in intraocular pressure. Subgroup analysis showed that patients less than 75 years old 

achieved greater BCVA gains compared to patients older than 75. No other subgroup comparisons achieved 

statistical significance. 

The DME And VEGF Trap-Eye: INvestigation of Clinical Impact (DA VINCI) study was a double masked, 

randomized, active controlled phase 2 study of the safety, tolerability and biological effect of repeated intravitreal 

administration of VEGF Trap-Eye in patients with clinically significant DME. Data were presented by Diana Do, 

MD, at the World Ophthalmology Congress in Berlin, Germany. The primary outcome measure was the change in 

BCVA at 24 weeks. Two hundred nineteen patients were randomized into one of five groups: the control group 

received macular laser therapy at week one and as-needed repeat laser therapy as often as every 16 weeks; two 

groups received doses of 0.5 mg or 2.0 mg every four weeks for 24 weeks; two groups received three initial doses 

of 2.0 mg every four weeks, followed by either every-eight-week dosing or as-needed dosing. 

At the six-month primary analysis, patients had a mean change in vision of +2.5 letters with traditional laser 

photocoagulation. In contrast, all of the VEGF Trap-Eye arms achieved statistically significant improvements in 

BCVA over the laser control arm, gaining from +8.5 to +11.4 letters. There was no statistically significant difference 

in outcomes noted between the VEGF Trap-Eye groups compared to the laser group. There were two cases of 

endophthalmitis, one growing Staphylococcus epidermidis and one culture negative. The most common adverse 

events reported were those related to intravitreal injections and were similar to those described above. 

TRIALS STILL UNDER WAY 

The Double-Masked Study of Efficacy and Safety of lntravitreal VEGF Trap-Eye in Subjects with Wet AMO (VIEW 

1 and VIEW 2) studies are the two pivotal, randomized, active controlled, double-masked, phase 3 studies to 

compare VEGF Trap-Eye dosed 0.5 mg every four weeks, 2.0 mg every four weeks, or 2.0 mg every eight weeks 
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(after three monthly 2.0 mg doses) for one year, compared to ranibizumab 0.5 mg delivered every four weeks for 

one year. 

In the second year of the trial, PRN dosing will be evaluated, but patients will receive a treatment at least once 

every 12 weeks. The primary outcome is the proportion of subjects who maintain or improve vision at week 52, 

compared to ranibizumab. VIEW 1 is being performed at 188 sites in the United States and Canada, and VIEW 2 

is being performed at 190 sites in Europe, Asia, Japan, Australia and South America. Both trials have completed 

enrollment with one-year results expected in early 2011. 

VEGF Trap-Eye: Investigation of Efficacy and Safety in Central Retinal Vein Occlusion (COPERNICUS and 

GALILEO) studies are randomized, double-masked, sham controlled phase 3 trials of the efficacy, safety and 

tolerability of repeated intravitreal administration of VEGF Trap-Eye in subjects with macular edema secondary to 

CRVO. Both trials consist of two arms: injection of 2.0 mg of VEGF Trap-Eye every four weeks for one year vs 

sham injections every four weeks for one year. 

The primary outcome measure is the improvement of BCVA vs baseline at 24 weeks. All patients are eligible for 

panretinal photocoagulation at any time during the study if they progress to anterior segment neovascularization. 

Both trials have reached their enrollment goals of 165 patients and will reach completion in early 2011. 

COPERNICUS is based at 61 locations in the United States, Canada, India, and South America, while GALILEO is 

based at 73 sites in Europe, Australia and Asia. 

CONCLUSION 

Results of the phase 2 AMO and DME trials are expected in the coming year. These results, along with data from 

the phase 3 studies, should position VEGF Trap-Eye for FDA approval by 2012. RP 
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M VV Stewart, 1 P J Rosenfeld2 

ABSTRACT 
Aim: To corn pare the intravitreal binding activity of \/EGF 
Trap with that of ranibizumab against vascular endothelial 
growth factor (\/EGF) using a time-dependent and dose
dependent mathematical model. 
Methods: lntravitreal half-lives and relative equimolar 
VEGF-binding activities of \/EGF Trap and ranibizumab 
were incorporated into a fast-order decay model. Time
dependent VEGF Trap activities !relative to ranibizumab) 
for different initial closes (0 5, 1.15, 2 and 4 mg} were 
calculated and plotted. 
Results: Seventy-nine days after a single VEGF Trap 
(1 15 mg) injection, the intravitreal VEGF-binding activity 
would be comparabie to rarnbizumab at 30 days. After 
injection of 0.5, 2 and 4 mg VEGF Trap, the intravitreal 
VEGF-binding activities (comparable to ranibizumab at 
30 days) would occur at 73, 83 and 87 days, respectively 
Conclusion: On the basis of this mathematical model. 
VEGF Trap maintains significant intravitreal VEGF-binding 
activity for 10-12 weeks after a single injection. 

Vascular endothelial growth factor (VEGF), a 
potent vasoactive cytokine, mediates the patholo
gical angiogenesis and hyperpermeability asso
ciated with several chorioretinal vascular 
disorders including neovascular age-related macular 
degeneration (Alvill). Attempts to stabilise and 
improve the condition of patients with AtvtD have 
led to the development and subsequent Food and 
Drug Administration (FDA) approval of two drugs 
with anti-VEGF action: pegaptanib1 sodium 
(lvtacugen, a pegylated aptamer from Eyetech/ 
OSI, Nevi York, USA.) and ranibizurnab2 3 

(Lucentis), a recombinant, humanised, antibody 
fragment from Genentech Inc (San Francisco, 
California, USA;. In addition, administration of 
intravitreal bevacizurnab (Avastin), a full-length, 
recombinant, humanised antibody from 
Genentech and approved for the systemic treat
ment of metastatic colon cancer, appears to be 
useful for the treatment of neovascular Atv'\.D." The 
intravitreal administration of each of these drugs is 
likely to achieve high intraocular concentrations 
with low systemic levels and few adverse effects. 

VEGF Trap, a 110 kDa soluble protein, contains 
extracellular VEGF receptor sequences (VEGFR1 
and VEGFR2) fused to an IgG backbone. 5 Although 
its intraocular duration of action is unknown, its 
high VEGF-binding affinity suggests a longer 
period of biological activity than ranibizumab. 

This report presents a time-dependent mathe
matical model of intraocular VEGF Trap activity 
relative to ranibizumab 

METHODS AND RESULTS 
VEGF Trap has a very high VEGF-binding af
finity (Kd <1 pmol/1)/ about 140 times that of 

Br J Ophthalmoi 2008;92:657--658. doi:10.1136/bjo.2007.134874 

ranibizumab. On the basis of laboratory and 
clinical data, significant biological activity of 
ranibizumab (0.5 mg) persists for 30 days after 
intrav1treal administration. 7 

If we assume that the intraviueal half-lives of 
antibodies and antibody fragments are propor
tional to their molecular masses, then we can 
predict the intravitreal half-life of VEGF Trap in 
primates even though it is not known. \Ve know 
that its molecular mass is 110 kDa, approximately 
half way between that of ranibizumab (48 k.Da) 
and that of bevacizurnab (148 kDa;. As a monkey 
model showed that rhuFab VEGF (a 48 kDa 
antibody fragrn.ent) has an intravitreaI half-life of 
3.2 days and rhuiviab HER2 (a 148 kDa antibody 
similar to bevacizumab) has an intravitreal half-life 
of 5.6 days/ the half-life of VECF Trap in a primate 
eye n1ay be reasonably estimated as 4-5 days. In a 
rabbit model, VEGF Trap concentration decreased 
according to first-order kinetics, with a half-life of 
4.79 days (unpublished data from Regeneron 
Pharmaceuticals. Tarrytown, New York, USA); 
this value was used for the calculations that 
follow. 

A pharmacokinetic single-compartment rabbit 
model showed that intravitreal bevacizumab 
concentration decreases according to first-order 
decay. 9 Therefore, after a 1.15 mg injection of 
VECF Trap (1.15 mg VEGF Trap is eqmmolar to 
0.5 mg ranibizumabt the intravitreal biological 
activity of VEGF Trap, relative to ranibizurnab, 
can be calculated according to the follm,ving 
equation: 

A, = Are-kt 

where A, is the time-dependent VEGF activity, A, 
is the baseline VECF activity relative to ranibizu-
mab, and k is a VEGF Trap time-dependent 
constant. Figure 1 shows this relationship graphi
cally. VEGF Trap activity at 79 days equals that of 
ranibiz.umab at 30 days. 

One treatment arm in the recently completed 
phase 2 VECF Trap trial used a 4 mg dose. After a 
4 mg VECF Trap injection, the time-dependent 
intravitreal anti-VEGF activity, relative to 0.5 mg 
ranibiz.umab, can be calculated according to the 
following: 

At = ArC,.e +t 

where C,. is the molar concentration of iniected 
VEGF Trap relative to 0.5 mg ranibizumab. Figure 2 
shows this relationship graphically. On day 87 
after a 4 mg VEGF Trap injection, the relative 
biological activity would be comparable to ranibi
zumab at 30 days. Doses of 0.5 mg and 2 mg 
would provide similar biological activities at 
73 days and 8:3 days, respectively. 
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Figure 1 Time-dependent intravitreal 
activity of U 5 mg VEGF Trnp compared 
with that of 0.5 mg ranibizumab. The 
biological activity of VEGF Trap at 
79 days is comparable to that of 
ranibizumab at 30 days. 

Figure 2 Time-dependent intravitreal 
activity of 4 mg VEGF Trap compared 
with that of 0.5 mg ranibizumab. The 
biological activity of VEGF Trap at 
87 days is comparable to that of 
ranibizumab at 30 days. 
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At 10 weeks after an injection, the intraocular biological 
activity of VEGF Trap is theoretically comparable to the 
activity of ranibizumab at 30 days. This prolonged biological 
activity can be explained by the higher VEGF-binding affinity of 
VEGF Trap and its presumed longer intravitreal half-life ,.vhen 
compared Vlith ranibizumab. If this theoretical model is correcL 
then the advantages of VEGF Trap will include less frequent 
drug administration, resulting in fevver physician appointments 
and ancillary' tests, lower overall cost, less cumulative risk from 
intravitreal injections, and the potential for improved patient 
compliance. However, it should be appreciated that, by 
increasing the intravitreal dose of VECF Trap from 1.15 mg to 
4 mg, there is only a marginal increase in the relative biological 
activity from 79 days to 87 days compared with ranibizumab at 
30 days, and this increased dose rnay not be worth the increase 
in potential systemic adverse events. Consequently, there seems 
to be little advantage to increasing the dose above 1 mg unless a 
much higher initial dose results in greater suppression of VEGF 
and less frequent dosing overall because of the increased initial 
potency of the 4 mg dose. 

A similar analysis comparing the biological activities of 
ranibizumab with bevacizumab showed that the two drugs 
\,vere comparable after 27--38 days.1° This can be explained by 
the lmver affinity of bevacizumab for VEGF-A combined with 
longer half-life of bevacizumab compared with ranibizumab. In 
contrast vvith bevacizumab, VEGF Trap has both a longer 
intravitreal half-life because of its larger size and a much higher 
affinity for \lEGF-·A than ranibizurnab, resulting in the greater 
theoretical duration of biological activity in the eye. 
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If our assumptions for the half-life and relative biological 
activity of VEGF Trap are correct, then the modelling presented 
in this paper supports less frequent dosing of VEGF Trap 
compared with ranibizumab for the treatment of neovascular 
AMD. This approach will be tested in the upcoming phase 3 
trial with VEGF Trap. 

Competing interests: ~fone. 
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Aflibercept 
Michael W. Stewart, Seden Grippon and Peter Kirkpatrick 

in November 2011, aflibercept 
(Eylea; Regeneron Pharmaceuticals), 
a recombinant fusion pr·otein that binds 
to members of the vascular endothelial 
growth factor family, was approved by 
the US Food and Drug Administration 
(FDA) for the treatment of patients 
with neovascular ,,ge-related macular 
degeneration. 

Age-related macular degeneration (AMD) 
is the leading cause of blindness among the 
elderly in the developed world'. Il1e disorder 
is classified into two forms: non .. neovascular 
(dry) AMD and neovascular (wet) AiviD. 
The neovascular form involves abnormd 
neovascularization und,:r the rnacula (the 
central part of the retina), which leads to 
le3kage of hi nod or sernm tint damages the 
macula and causes deterioration in sight. 
Although only~ 10'.li, of patients with A!vH) 
have the neovascular form, it accounts for 
--90% of the severe loss of vision'. 

Treatment strategies for neovascular 
AMD have progressed substantially 
in the past decade or so, from thermal 
laser photocoagulation to specific 
ph2,rmacoth,,rapies, in particular those tbat 
inbibit vascular endothelial growth factor 
(VEGF), which is important in choroid3.l. 
neovasrnlarization (C:NV)2. In 2000, 
photodynamic thernpy with verteporfin 
(Visudyne; QLTiNovartis), which causes 
selective destruction of CNV lesions, 
became the first FDA-approved treatment for 
neovascular AMD. However, inmost patients 
photocoagulation and photodynamic therapy 
only slow the deterioration in vision1

. 

Basis of discovery 
VEGH Yvhjch acts -vi.a hvn receptor t;---ros]ne 
kinases, VEGFR1 and VEGFR2, on the 
surface of endothelial cells, has a key role in 
physiological angiogenesis and pathological 
angiogenesis'. Recognition of tbe importance 
ofVEGF in cancer and pathologicai ocular 
neovascularization led to tbe development 
of various strategies to inhibit VEGF 
signalling'. 

Pegaptanib (Ivfacugen; Eyetech), an 
aptamer that targets the VEGt\

65 
isofonn, 

~Na-; approved by the FD_A ft1T neovascular 
AMD in 2004. However, its effectiveness 

in preventing deterioration of vision is not 
as great as that of ranibizumab (Lucentls; 
GenentechiRoche), a recombinant 
VEGF-specific antibody fragment that 
was approved by tbe FDA for neovascular 
AMD in 2006 following trials showing that 
it not only maintained visual acuity in more 
than 90% of pati,:nts hut also improved it 
in around a third of patients'. In addition, 
bev,tcizumab (Avastin; GenentediiRoche), 
a monoclonal VEGF-specific antibody 
that has been developed and approved for 
the treatment of various cancers~ has been 
widely used off-label for the treatment 
of nenvascular AMD following studies 
indicating its effectiveness, largely owing 
to ]ts lo1ver cost than ranibizumab1

. 

Another strategy that has been developed 
to block th,: activity of cytokines such as 
VEGF is to prevent them from binding to 
their normal receptors by administering 
soluble decoy receptors that are constructed 
by fuslng binding domajns of the normal 
receptors to an imnrnnoglobulin constant 
region 3

• Aflihercept (previously known as 
VEGF:frap) was developed by optimizing 
the pharmacokinel.:ic properties of such 
fusion prot<:ins to improve their in vivo 
anticancer activity". In particular, these 
diorts focused on selecting portinns of 
the extracellular domains ofVEGFRl and 
VEGFR2 that w<:re anticipated to lead to 
fusion proteins with reduced propensity 
for nonspecific interactions witb the 
extracellular matrix, as well as improved 
b1ndlng potency3 

Drug properties 
_Afiibercept is a recombinant fusion protein 

that consists of portions ofhuJnan VEGFRl 
and VEGFR2 extracellular domains fosed to 
the Pc portion of human immunoglobulin Gl 
(REFS 3_1-+J. It binds strongly to \ 1EGF and 
placental grmvth factor, and thereby inhibits 
the binding and activation of the cognate 
VEGFRs3A. 

Clinical data 
The efficacy and safety of aflibercept 
( administered by intravitreal rnjection) 
were assessed in two randomized, 
doll ble-masked, adive-controll,xl trials 
in patients with wet AMD'i. A total of 

N 

2,412 patients were treated and evaluable 
for efficacy in the two trials (known as 
VlEWl and VIEW2)4

• In each oftbese 
triais, patients were randomly assigned in 
a 1:1:1: ! ratio to one of the following four 
treatment regimens: aflibercept at a dose of 
2 mg adwJnistered every 8 weeks, following 
tbn,,: initial monthly doses; aflihercept at a 
dose of2 mg administered every 4 weeks; 
aJlibercept at a dose of0.5mg administered 
every 4 weeks; artd ranibizumab at a dose of 
0.5mg administered every 4 weeks". Tn both 
triais, the primary efficacy end point v,as 
the proportion of patients wbo maintained 
vision, defined as losing few,:r than 15 letters 
of best corrected visual acuity (tWCA) 
at 52 weeks compared ·with the baseline". 
Secondary end points included the mean 
change in BVCA as measun:d by the ETD RS 
(I:arly Treatment Diabetic Retinopathy 
Study) score from the haseline4

• 

After 52 weeks, the efficacr results for 
tbe two groups that received aflibercept at tbe 
2 mg dose were chmcally equivalent to those 
from the ranibiz;1mab group4

• Of the patients 
who received 2 mg aflibercept every 8 weeks 
(after the initial three monthly doses), 
the proportions that maintained visual acuity 
were 94% in VIEW! and 95% in VIEW2 
,REF L,). Of the [)2,tients who received 2 mg 
aflibercept every 4 weeks, the proportions 
that n1a]ntained visual acuitr v?ere 9591:> in 
VJEWl and 95% in VIEW2 (REF t,)" Of the 
p,ttients ,vho received ranibizumab, 94'Xq 
maintained visual acuity in VJEWl, 

and 95% maintained visual acuity in 
VJEW2 (REF !i;. 

For the secondary end point of mean 
change in BVCA, of the patients v,bo 
received 2 mg aflibercept every 8 weeks 
after three initial monthly doses, the mean 
changes vvere 7.9 in \r1EVV1 and 8.9 in 

V1EVv2 [REF L,;. Th,: mean changes for tbe 
groups that received 2 mg afiibercept every 
4 ,veeks were 10.9 in VIEW] and 7.6 in 
V1E\V2, and for the groups that received 
ranibizumab the mean changes were 8.1 
in VIEWl and 9.4 in V1EW2 ,REF f,). 

Indications 
Aflihercept is approved by the FDA for 
tbe treatment of patients with neuvascular 
(wet) AMIJ4. ,, 
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,. Analysing issues in the treatment of AMD is 
Michael W. Stewart, M.D., Chair, Department 
ofOphd1almology. Ivlayo Clinic, Mayo School 
of Medicine, Jacksonville, F]orida, USA. 

The recent approval of aflihercept provides 
ophthalmologists and patients with a third 
excellent anti-VEGF therapy for AMD. 
vVbereas bevacizumab was developed for 
tbe treatment of advanced solid tumours 
and has been used oft~label for AMD and 
other ophthalmic disorders, ranibizumab 
was deveioped exclusively for ophthalmic 
conditions. The pivotal Phase HI trials for 
ranibizumab' established monthly injections 
as the standard against which other drugs and 
dosing regimens have since been compared. 
Despite this, many physicians have preferred 
lmv-cost bevacizumah (-•US$50 per dose) 
over the higlwr-cost ranibizumab (--$1,9'.>0 
per dose) for the initial treatment of AIVI D, 
although on:.y recently bas bevacizumab 
(administered monthly) been shown to 
produce improvements in. vision that are 
comparable to ranibizumab5

• 

The year 1 results of the Pb ase lil VIEW 
trials for aflibercept demonstrated for the 
first time that injections of an anti-VEGF 
drng every 8 weeks (aflibercept; 2 mg) 
improve vjsion comparably to ranibizumah 
administered every 4 weeks". For patients 
treated according to the labelling guidelines 
(based on. tbe Phase UI trial protocols), those 
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receiving aflibercept require fewer office 
visits and injections than those receiving 
ranibizumab (?versus 12) during t.1-ie first year. 

To reduce the burden of clinic visits 
and intravitreal injections, hmvever, most 
physicians use 'treat and observe' or 'treat 

.md extend' strategies. Although the VIE\V 
trials did nol strictly evaluate either of these 
strategies, in the second year a 'treat and 
observe' strategy with a 3-month cap (that 
requinxl injection) was used. During year 2, 
the developer Regeneron has tJ:pQrtc:cl that 
both ranibizumah and aflibercept performed 
well, as patients receiving either drng lost 
an average of only 0.8 letters of visual acuit-y. 
Compared with ranibizumab, aflihercept 
sbowed slightly better durability for each group 
studied, suggesting that the duration between 
injections for aJlibercept could he extended 
by an additional 2--4 weeks compared with 
ranibizumab. Hmvever, doubling the injection 
intervals, as suggested by the year l result, 
is probably not achievable for most patients. 

For patients treat,,d according to th,, 
VIEW protocols, aflibercept (~$1,850 per 
dose) reduces costs and patient visits by 
L12% compared with ranibizumah. For those 
on 'treat and observe' or 'treat and extend' 
regimens, the savings will be cons1derably 
lower. As physicians gain experience wilh 
aflibercept, it fa possible that many could 
switch from ranibizwnab for cases ,11ben a 
high-affinity anti-VEGF drug is indicated. 

Despite the savings resulting from less 
frequent aflihercept therapy, however, 
monthly bevacizmnab remains the less 
expensive ,tlternative. Vvben choosing an 
anti-VEGF drug, physicians and patients 
wi1l need to consider the trade-offs between 
lO'wer costs (bevacizun1ab) versus less 

frequent visits and injections ( aflibercept). 
The pivotal AJ'vID trials for mnibizumab 

and aflibercept all showed that regularly 
administered anti-VEGF injections improve 
visual acuity hy 8--11 letters over the study 
period, leading many physicians to believe that 
anti~VEGF monotberapy has hit an efficacy 
'ceiling'. Future anti-VEGF agents, such as the 
designed ankyrin repeat protein (DARPin) 
I\IIP0112 (which has completed Phase I/Il 
trials), will need to he differentiated from 
current drugs based on improved durability. 

Improving tbe efficacy of AMD treatment 
by reducing tbe size of the neovascular 
complex, thereby improving the anatomy and 
function of the photoreceptors, retinal pigment 
epithelium and choriocapiliaris, will probably 
require combination drug therapy. Several 
drugs that inhfoit the actions of molecules tbat 
are crucial to the growth of the n.eovascular 
complex --- including integrins, complement 
component 5 and platelet-derived growth 
factor --- are in various stages of development 
Effective comhmation therapy, however, 
is still several years away. Given the crucial role 
ofVEGF in wd AMD and the demonstrated 
efficacy of the currently available drugs, 
anti-VEGF tberapywiH remain an important 
component of AMD therapy for many years. 
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Ranibizumab for Macular Edema Due to 
Retinal Vein Occlusions: Implication of VEGF 
as a Critical Stimulator 
Peter A Campochiaro1, Gu!nar Hafiz1, Syed Mahmood Shah 1, Quan Dong Nguyen 1, Howard Ying1, 
Diana V Do 1, Edward Quinlan 1, Ingrid Zimmer-Ga!ier1, Julia A Ha!ier1, Sharon D Soiornon 7, 

Jennifer U Sung 1, Yasmin Hadi1, Kashif A janjua1, Nida Jawed1, David F Choy2 and Joseph R Arron 2 

'Department of Ophlha/mology; Johns /-!opkins University' School of Medicine, Baltimore, Maryland, USA; 2/mmunology, Tissue Growth, 
and Repair Diagnostics and Biomarkers Genentech, Inc., South San Francisco, California, USA 

Macular edema is a major cause of vision loss in patients 
with central retinal vein occlusion (CRVO) or branch reti
nal vein occlusion (BRVO). It is not clear how much of 
the ederna is due to hydrodynarnic changes from the 
obstruction and how much is due to chemical media
tors. Patients with macular edema due to CRVO (n == 20) 
or BRVO (n == 20) were randomized to receive three 
monthly injections of 0.3 or 0.5 mg of ranibizumab. At 
the primary endpoint, month 3, the median improve
ment in letters read at 4 m was 1 7 in the 0.3-mg group 
and 14 in the 0.5-rng group for CRVO, and 10 and 18, 
respectively for the BRVO group. Optical coherence 
tomography (OCT) showed that compared to injections 
of 0.3 mg, injections of 0.5 mg of ranibizumab tended to 
cause more rapid reductions of central retinal thickening 
that lasted longer between iniections, but in 3 months, 
excess central retinal thickening which is a quantita
tive assessment of the macular edema was reduced bv I ✓ 

-90% in all four treatment groups. There was no correla
tion between the amount of improvement and duration 
of disease or patient age at baseline, but there was some 
correlation between the aqueous vascular endothelial 
growth factor (VEGF) level at baseline and amount of 
improvement. These data indicate that excess produc
tion of VEGF in the retinas of patients with CRVO or 
BRVO is a major contributor to macular edema and sug
gest that additional studies investigating the efficacy of 
intraocular injections of ranibizumab are needed. 

Received 28 September 2007; accepted 7 January 2008; published oniine 
_, February 2008. doi: ! 0 ! 0 38/mL!OOii / 0 

'TI1e pathogenesis of central retinal vein occlusions (CRVOs) is 
poorly understood. In the early stages, there are scattered hemorr
hages throughout the entire retina, cotton wool patches, a sign of 
retinal ischemia, and massive edema of the retina. Huorescein 
angiography often shows delayed filling of retinal veins suggesting 

reduced blood flow, staining of the wails of retinal veins, and leakage 
of dye into the retina. It has been concluded that this picture most 
likely occurs from thrombosis within the central retinal vein caus
ing partial obstruction of blood flow from the eye, increased intra
luminal pressure in the retinal veins, and increased trar1sudation of 
blood ,md plasma into the retina. Histopathology has confirmed 
the presence of a thrombus in ihe central retinal vein in several 
cases.1 The marked increase in intersti1ial fluid and protein increases 
inters1itial pressure and is likely to be an impediment to capillary 
perfusion resulting in ischemia. TI1e subacute stage varies among 
patients depending primarily upon the amount of retinal ischemia, 
and patients are classified as ischemic or nonischemic, although it is 
no! an all or none dichotomy. In some pa1ients ischemia increases 
over time and they are viewed as undergoing a transition from nonis
chemic to ischemic. Severe retinal ischemia can be complicated by 
retinal neovascularization, iris neovascularization, neovascular glau
coma, and a very poor visual outcome. Thus the amount of retinal 
ischemia is one of the major determinants of outcome. 

TI1ose patients classified as nonischemic still have retinal isch
emia, as demonstrated by cotton wool patches and areas of capil
lary nonperfusion seen in fluorescein angiograms. These patients 
often enter a chronic stage in which they have severe macular 
edema that may last for many months and often years. Eventually 
the edema may resolve, presumably because there is resolution of 
the venous obstruction due to recanalization and/or formation of 
collateral vessels, but generally the visual outcome is poor due to 
damage to macular photoreceptors from the chronic edema, poor 
perfusion of perifoveal capillaries, or both.1 

Hypertension is a major risk factor for branch retinal vein 
occlusions (BRVOs). 3 Chronic hypertension leads to thickening 
of ihe walls of retinal arterioles and since retinal arterioles and 
veins share a common adventitia at crossings, this may cause 
constriction of retinal veins that can lead to occlusions:1•

5 1he 
complications of BRVOs are similar to those for CRVOs but more 
limited in scope, because only part of the retina is drained by the 
involved branch vein. "[};ere is increased lmninal pressure distal 
to the obstruction resulting in increased transudation of blood 
and plasma, increased interstitial fluid pressure, and reduced 
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capillary perfusion causing ischemia. Since the area of ischemic 
retina tends to be much less than that in patients with CRVO, iris 
neovascularization and neovascular glaucoma are rare, but retinal 
neovascularization adjacent to the ischemic retina can occur and 
can cause vitreous hemorrhages necessitating scatter photocoagu
lation to the ischemic retina. TI1e most common cause of reduced 
vision is macular edema, but nonperfusion of perifoveal capillar
ies can also be another contributing factor. Grid laser photoco-
agulation to the poorly perfused retina adjacent to the fovea can 
help to resolve macular edema and improve vision. 6 

Thus, in both CRVO and BRVO, retinal ischemia occurs and 
serves as an exacerbating factor. 'Ihe ischemic retina releases 
vascular endothelial growth factor (VEGF) which underlies 
neovascular complications, but also causes excessive vascular 
permeability. Hence, the release of VEGF is likely to contrib
ute to macular edema. In this study, we investigated the potential 
contribution of VEGF to macular edema in patients with CRVO 
and BRVO by testing the effects of intraocular injections of ranibi
zumab (Lucentis; Genentech, South San Francisco, CA), an Fab 
fragment that hinds and neutralizes all isoforms ofVEGF-A. 9 

Baseline characteristics of study patients 
Tbe baseline characteristics of patients are shown in •:fahk 1. For 
CRVO patients, the 0.5-mg group was somewhat older than the 
03-mg group and had a longer duration of disease. 

Effect of ranibizumab on central retinal 
(foveal) thickening 
Fi.gun l shows optical coherence tomography ( OCT) scans at all 
time points up to the primary endpoint for five randomly selected 
patients with CR.VO randomized to each dose. Although the 
response varied somewhat among patients in each group, most 
patients showed substantial reduction in central retinal thickness 
over time. Vlithin 7 days of the first injection, 8 out of 10 patients 
in the 0.3-mg group and 9 out of 10 in the 0.5--mg group had a 
substantial improvement in edema as assessed by OCT (flgBn' 2a 
and h). Four patients in the 0.3-mg group showed a worsening of 
the thickening between the time points of 1 week and 1 month 
but improved after the next two injections, while the other six 
showed persistent improvement 1 month after the first injection 
that improved further with subsequent injections ( Figure 2a). All 
the patients in the 0.5-mg dose group showed the latter pattern 
of response (Figme 2h). Figm·e 3 shows the OCT scans of the 
five randomly selected patients with BRVO randomized to each 
group. TI1ey tended to show rapid and sustained responses after 
the first injection of 0.3 or 0.5 mg of ranibizumab with further 
improvement after subsequent injections. Measurements of cen-
tral retinal thickening confirmed that this was the case for most 
patients, but two in the 0.3-mg group and one in the 0.5-mg group 
showed slight worsening between the time points of 1 week and 
1 rriontb (I-\gure 4). 

In patients with CRVO, the median excess foveal thickness 
;vas 340 µm at baseline in the 03-mg group and 7 days after the 
first injection it improved to i 24 µm, thus eliminating 64% of the 
edema (Hgm·e Sa). In the (l.5-mg group, the median excess foveal 
thickness improved from 30911m at baseline to .53 pm l week after 
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Table 1 Baseline characteristics 

CRVO 

0.3mg 

i\,ge (years) 

Mean ± SD 63 ± 17 

Nredfan 69 

Range 34--83 

Duration of disease (n1onths) 

i\fran ± SD 9 ± 7 

lvf.:dian 7.1 

Range l--26 

Diabetes 3 

Hyperiipidema 1 

Elt~vated hon1ocystdne 

Ocular disease 

Glaucoma 

Other 

Prior treatment 

Bevadzurnab 

Steroids 

Laser 

0 

Visual acuity (ETD RS letters read at 4 m) 

Mean± SD 16 ± 13 

Median 18 

Excess foveal thickness (in pm) 

BRVO 

0.5 mg 0.3 mg 0.5 mg 

68±13 69±13 65±10 

70 68 6.5 

18-83 43-81 50-82 

16±17 5±3 3±2 

13 5 3 

0.5-53 0.4-9 0.8--6 

3 3 3 

6 9 8 

7 7 3 

3 3 6 

3 

5 

0 

2 

3 

0 

5 

4 

3 

2 

2 

3 

23 ± 15 26 ± 12 20 ± 14 

26 29 2} 

Mean ± SD 346 ± 88 297 ± ]26 252 ± 104 288 ± 101 

!\'ledian 340 309 270 294 

Abbreviations: BRVO, branch retina! vein occlusion; CRVO: centra! retina! vein 
occlusion; ETDRS, Early Treatment Diabetic Retinopathy Study. 

the first injection, thus eliminating 83% of the edema (Figure Sh)" 
At the primary endpoint of 3 months, excess foveal thickness was 
reduced to 25 µm (eliminating 93% of the edema) in the 0.3-mg 
group, and 3.5 flm (eliminating 89':1/o of the edema), in the 0.5-mg 
group. TI1us, in patients with CRVO, edema was reduced to a 
greater extent and the reduction was more sustained after a single 
injection of (l.5 mg of ranibizumab compared to 0.3 mg, hut after 
three injections of either dose, most of the edema, i.e., --90%, had 
been eliminated" 

In patients with macular edema due to BRVO, the median 
excess foveal thickness was 270 µmat baseline in the 0.3-mg group 
and 7 days after the first injection it improved to 48 pm, thus eli
minating 82% of the edema (Figure 5c). In the 0.5-mg group, the 
median excess foveal thickness was 294 ~lm at baseline and 'i' days 
after the first injection it improved to 51 µm, eliminating 83% of 
the edema (Figun, Sd). At the primary endpoint, excess foveal 
thickness was essentially eliminated in each group. 

The last injection was at the time point of month 2; by month 
1± in some patients and month 6 in most patients there was recur
rent edema in patients with CRVO and worsening of the edema 
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n9L;re 1 Cn)s~ S\::X.t~.z..~ns thn)~J9h th.::~ f.z..1\•f~..:~ .z..1bt.:~5n\::~d by f.'ptk-:~~ (_t:-h.:::~r\:~n,-:"2 tf;n~L~9n~phy ~n p..:~di~nt~ \.;.:5th -.::-2nt~·I~~ re Un-:~~ \,•e5n or;i:JusS.z..1n. The hori
zontal cross sections at baseline (BL), day 7 (D7), month 1 (!v11 ), month 2 (!vl2), and month 3 (M3, primary endpoint) are shown for five randomly 
selected patients of the 1 G patients treated with (a) 0. 31119 or (b) 0.5 mg of ranibizumab. 

tended to occur sooner after the last injection in the 0.3-mg 
group compared to the 0.5-mg group. In the 0.3-mg/CRVO group, 
seven, and then five patients were given another treatment (usually 
an off.label injection ofbevacizumab) at the time points of months 
4 and 6, respectively. In the 05-mg/CRVO group, three, and then 
six patients received additional injections at the time points of 
months 1± and 6, respectively. [n patients with BRVO, recurrent 
edema was somewhat less frequent than in patients with CRVO, 
but still occurred in several patients. In the 0.3-mg/BRVO group, 
one, and then two patients received additional injections at the time 
points of months 4 and 6, respec1ively, and in the 0.5-mg/HRVO 
group, four patients, and then one, received additional injections at 
time points of months 4 and 6, respectively. 

Effect of ranibizumab on visual acuity 
[n the CRVO group at the primary endpoint, the change from base
line (in the median number of letters read on an Early Treatment 
Diabetic Retinopathy Study chart) at 1± m was 17 and 14 in patients 
treated with 0.3 or 0.5 mg of ranibizumab, respectively ( Figun,' 5a 
and h). All the patients in the 0.3-mg group and eight patients in 
the 0.5-mg group showed improvement in vision at the primary 
endpoint compared to baseline. One of the patients showed a 
reduction of 16 letters at the endpoint of 3 months, that was back 
to baseline at 4 months. The other patient showed a reduction of 
11 letters at the endpoint of 3 months that was judged to be due 
to progression of edema despite administration of ranibizumab; 
there was no evidence of ischemia or any other problem that 
could be attributed to the clrng. The percentage of patients with 
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clinically significant visual improvement defined as an improve
ment of ~15 letters was 70% in the 0.3-mg group and 40% in the 
0.5--mg group. 

At the primary endpoint in patients with macular edema due 
to BRVO, the median change in visual acuity (VA) from baseline 
was 10 letters in the 0.3-mg group, and 18 in the 0.5-mg close 
group (HguH~ Sc and d). One patient in the (l.5-mg dose group 
showed a reduction in VA of three letters at the primary endpoint, 
but all other patients showed improved vision. The percentage of 
patients with clinically significant visual improvement defined as 
an improvement of '.:15 letters was 40% in the 0.3--mg group and 
70% in the 0.5-mg group. 

Effect of duration of disease and patient's age 
on visual outcome 
hgure 6 shows scatter plots of change from baseline in VA versus 
the patient's age or duration of disease for patients with CRVO 
or BRVO treated with ranibizumab. There was no correlation 
between the amount of improvement in VA and duration of 
edema. There were four patients who had edema from CRVO for 
>2 years prior to starting injections of ranibizumab and three of 
them improved in VA by >15 letters. Three patients had edema 
from HRVO for >2 years at baseline and they showed improve
ments of 41, 21, and 14 letters in 3 months. Therefore, chronic 
edema from a vein occlusion docs not preclude visual improve
ment as a result of intraocular injections of ranibizumab. There 
was no correlation between the patient's age and visual improve
ment; improvement in VA of> 15 letters occurred in two out of 
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represent excess foveal thickness (central 1 mm retinal thiclmess-212 µm), which is a measure of the amount of macular edema, at BL just prior to 
injection of ronibizumab, and at day 7 (D7) and months 1 (M 1 ), 2 (rv12), 3 Uv13), 4 (M4), and 6 (M6) for patients that received three in;ections of 
(a) 0.3 mg or (b) 0.5 rng o1 ranibizumab. The arrows show when injections were done (R, r-anibizumab; B, bevacizumab; T, triamcinolone). Faidy rapid 
improvement in excess foveal thickness occurred in essentially all patients in the 0.5-mg dose group and most patients in the 0.3-mg group, but a few 
patients in the latter group showed small and/or delayed responses. Most patients showed recurrent edema ·1-3 months after the last injection. 

three patients with CRVO and three out of four patients with 
BRVO who were >80 years at baseline. 

VEGF levels in aqueous 
1he mean aqueous VEGF level at baseline was 39 pg/ml in 17 

patients with BR.VO and 380 pg/ml in tbe 18 patients with CRVO 
for which measurements could he performed, a difference tha1 
;vas statistically significant (P cc 0.001). TI1ere was an inverse cor
relation between baseline aqueous VEGF level and visual outcome 
in CR.VO patients considered alone ( P = 0.038) and for CRVO and 
BRVO patients considered together (P cc 0.038); although BRVO 
patients considered alone did not reach statistical significance 
(Figure 7). There was no correlation of VEGF levels with excess 
foveal thickness at baseline or change in excess foveal thickness 
after treatment with ranibizumab. 

Safety 
Intraocular injections of ranibizumab were tolerated well 
with no inflammation or other problems. None of the patients 

794 

showed elevation of blood pressure, thromboernbolic events, or 
any other systemic problems. One patient, an 83-year-old male 
with a history of pre-existent heart disease, died from a myocar
dial infarction 6 months after the last injection of ranibizumab; 
this was judged io be unrelated to the ranihizurnah_ As noted 
above, 38 out of 40 subjects showed improvement in VA at the 
primary endpoint compared to baseline and in the other two 
patients the reduction in vision was not felt to be attributable to 
ranibizurnab. 

Although this is an uncontrolled, open-label trial involving a rela
tively small number of patients, the results were very consistent 
among patients and suggest that intraocular injections of ranibi
zumab have a substantial effect on macular edema due to CRVO 
or BRVO. In both patient populations, the results were good with 
either 0.3 or 0.5 mg of ranibizumab and no clear differences could 
be discerned between the closes except tbat more patients seemed 
to have rapid improvements in center subfield thickness and more 
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zontal cross sections at baseline (BL), day 7 (D7), month 1 (!v11 ), month 2 (!vl2), and month 3 (M3, primary endpoint) are shown for five randomly 
selected patients of the ten patients treated with (a) 0.3 mg or (b) 0.5 mg of ranibizumab. 

bad improvements tbat lasted for a month after the initial injection 
in the 0.5-mg groups compared to the 0.3-mg groups. However, at 
the 3-month primary endpoint, 1 month after the third injection, 
~-90% of excess foveal thickness was eliminated in both patient 
populations witb either dose. In addition, improvements from 
baseline in VA were large in both dose groups for patients with 
macular edema due to CRVO or BRVO. TI1ese results are very 
encouraging and strongly support the performance of larger, more 
definitive studies. 

'TI1e Central Retinal Vein Occlusion Study was a large multi
center trial that investigated the effect of grid laser photocoagula
tion in patients with macular edema due to CRVO. 10 Although 69% 
of patients in the treated group compared to 0':1/o in tbe untreated 
group showed reduction of fluorescein leakage in the macula at 
the end of 1 year, there was no difference in the final VA (20/200 
in treated patients versus 20/ 160 in untreated patients). H has been 
felt that a possible explanation is that chronic edema due to CRVO 
leads to permanent visual loss. Our data demonstrate that visual 
improvement is possible in some patients who have had edema 
fr;r > l year and in some cases several years. In fact, there was no 
inverse correlation between duration of edema at baseline and 
improvement in VA after three injections of ranibizumab, sug
gesting that patients with chronic edema should not be excluded 
from treatment based solely upon the duration of edema. Our 
data suggest that chronicity of edema and tbe relatively slow reso
lution of edema after grid laser therapy are not likely to explain 
the poor visual results after grid laser therapy. Our data also sug
gest that elderly patients with macular edema due to CRVO or 
BRVO should no! be exdudecl from treatment with intraocular 
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ranibizumab, because the patient's age being advanced at baseline 
did not negatively impact the outcome. 

No drug-related adverse effects such as elevation of blood 
pressure, thromboembolic events, or any other systemic problems 
were observed. 1his provides some preliminary data, suggesting 
that intraocular injections of ranibizumab are well-tolerated in 
patients with retinal vein occlusions just as they are in patients 
with neovascular age-related macular degeneration. 11

•
12 

Measurement of VEGF levels in aqueous demonstrated a 
higher mean level in patients ;vith CRVO compared to patients 
with BRVO. In patients with CRVO there was an inverse correla
tion with VEGF level at baseline and the visual outcome. Further 
work is needed to determine the predictive value of baseline aque
ous levels ofVEGF and to determine the range ofVEGF levels that 
occur in other disease processes such as neovascular age-related 
macular degeneration and diabetic macular edema. 

In addition to grid laser therapy, several treatments have been 
tried in patients with macular edema due to CRVO including 
the use of anticoagulants, fibrinolyiics, steroids, acetozolamide, 
isovolemic hemodilution, surgically induced retinochoroidal 
anastamoses or laser-induced retinocboroiclal anas!amoses, and 
radial optic neurotomy. A recent meta-analysis of all published 
randomized clinical trials concluded that there is no convincing 
evidence that any of these treatments provide benefit.13 [n con
trast, grid laser tberapy provides modest benefit in patients with 
macular edema due to BRVO; 0 after 3 years, patients treated with 
grid laser photocoagulation improved by 1.33 lines from base
line compared to an improvement of 0.23 lines in the control 
group. Tbere are several case series suggesting possible benefit 
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represent excess foveal thickness (central 1 mm retinal thickness-----212 µm), which is a measure of the amount of rnacular edema, at BL just prior 
to injection oi ranibizumab, and at day 7 (D7) and months 1 (Ml), 2 (M2), 3 (M3), 4 (M4), and 6 (!v16) for patients who received three injections 
of (a) 0.3mg or (b) 0.5mg of ranibizurnab. The arrows show when injections of ranibizurnab were done. The response was uniformly good in all 
patients of both groups. Several patients in each group showed recurrent edema 1--3 months after the last in1ection. 

from intraocuiar steroids and the ongoing Standard Care vs. 
Corticosteroid for Retinal Vein Occlusion Study should deter
mine if there truly is benefit. There are also case series suggesting 
possible benefit from intraocular injections of bevacizumab. 10

-
18 

\Vhen examined together, these reports and our study suggest 
that VEGF plays an important role in the development of macu
lar edema in retinal vein occlusions. Hemodynamic changes 
from the vascular occlusion lead to reduced retinal perfu
sion and ischemia causing increased production of VEGE "[be 
increased production of VEGF is the major cause of macular 
edema, because blockade of the VEGF results in substantial 
improvement in the edema. 

The results of our study are very encouraging because of the 
magnitude and consistency of response among patients and the 
rarity of spontaneous improvements in patients with rnacular 
edema due to CRV0; 10 however, they are not definitive because of 
the relatively small number of patients studied, the lack of a con
trol group, and the short follow-up. A major unanswered question 
is the duration of treatment that will be needed. Three injections 
was not sufficient in achieving long-term benefit in most of our 
patients and it is important to determine if and when injections 
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can be terminated without recurrent edema. The CRUISE ' ana 
BRAVO phase III trials investigating the effect of ranibizumab in 
patients with macular edema due to CRVO or BRVO are under
way and should provide a definitive answer as to the usefulness of 
intraocular ranibizumab in these conditions. 

Ihe protocol for this study V\ias designed to test the effoct of two doses 
of ranibizumab, 0.3 and 0.5mg, in patients 'A~t.1-i marnlar edema due to 
CRVO or BRVO and was approved by the Federal Drug Administration 
under a physician-initiated investigational new drug application and by 
the Institutional Review Board of the Johns Hopkins Medical Institutions. 
Th.is study '\/\fas conducted in cornpliance with the Declaration of Helsinki, 
US Code 21 of Federal Regulations, and the Harmonized Tripartite 
GuideJjnes for Good Clinical Practice (]996). Twenty patients with CRVO 
and 20 patients ¼r.ith BRV-O ·were ra11don1jzed l:l to receive three 111ontbly 
intraocular injections of 03 or 0.5 mg of ranibizumab, ,vith both patients and 

h'1.Vestigators masked with respect to treatment group. The primary endpoint 
was 3 months after the first injection and J month after the third injection. 
1be primary outcome measure was the percentage of patients who achieved 
an improvement in VA from baseline for 215 letters read on a..'1. Early 
Treati-nent Diabetic Retinopathy Study VA chart at 4 m. Secondary outcome 
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wm:p .. The bars show the median excess foveal thickness at baseline, day 7 (D7), and months 1 (Ml), 2 (iv12), 3 (tv13), 4 (M4), and 6 (M6) for patients 
with central retinal vein occlusion (CRVO) who received three injections of (a) 0.3 or (b) 0.5 mg of ranibizumab or patients with branch retinal vein 
occlusion (BRVO) who received (c) 0. 3 or (d) 0.5 mg of ranibizumab. The scale, in microns, for excess foveal thickness is shown along the left side of 
each graph. The median number of letters for VA that has improved from baseline is shown by 1.he points connected by lines and the scale is located 
along the right side oi each graph. The arrows show when injections of ranibizumab were done. Substantial improvements in edema and VA occurred 
in each group. After injections were stopped, recurrent edema was more substantial in the CRVO patients, particularly those treated with 0.3 mg of 
ranibizumab. FTH, foveal thickness. 

measmes were mean and media."l change in v?, at several time points after 
study entry and change in excess foveal thickness 1neasw·ed by OC'I 19

•
20 

Inclusion and exclusion criteria. Patients > 18 years with VA between 
20/30 and 20/400 from macuiar edema due to CRVO or BRVO were eli·
gible if foveal thickness (central subfield) was >250µm and none of the fol
lowing exclusion criteria were present: (i) VA <20/ 400 in the fellow eye, (ii) 
a sign of possible permanent vision loss in the study eye such as atrophy or 
prominent pigrnentary change in the macula, (iii) laser photocoagulation 
or intraocular surgery¼r.ithin the prevjous 3 1nontbs, (jv) intraocular jnjec
tion of a \TEGF antagonist within the prcvjous 3 months, (v) intraocular 
steroids ,vithin the prcvjous 4 1nontbs, or (vj) vitreomacular tractjon or an 

epiretinal membrane. 

Study protocol, Consenting patients were screened for the study by tak
ing down their medical history, conducting a physical examination, mea
sw·ing best-corrected VA b>' an experienced exarniner using the Early 
T\·eatment Diabetic Retinopathy Study protocol." conducting a complete 
eye examination, an OC'T~ doing a fluorescein ang.iogran1, and labora
tory tests on blood and urine. Patients who entered the smdy underwent 
an anterior chan1 ber tap and Vlcre randornized to receive an intra ocular 
injection of 0.3 or 0..5 mg of ranibizumab. Patients returned l week later 
for a repeat examination and OCT. Intraocular injections of ranibizumab 
were given at time points of J and 2 months, and the primary endpoint 
,vas at 3 months. Safi~ty evaluations, 1neasure1nent of best--corrected \TAr 

Molecular Therapy vol. 16 no. 4 april 2008 

eye exa1ninations~ and ()CTs vvere done at all study visits, and fluorescein 

angiograrns 'li\/ere done at baseline and 3 1nonths. 

Administration of study drug. Povidone iodine was used to dean the lids 
and a lid speculum V\ias inserted. Topical anesthesia was applied and the 
conjunctiva was irrigated with 5% povidone iodine. A 30·-gauge needle was 
inserted through the pars plana and 0.05 ml of ranibizurnab was injected 
into the vitreous cavity. I-s'unduscopic exarnination vvas done to confinn 

retinal perfusion. 

OCT!i. OCT scans were performed by an experienced investigator with a 
StratusOCT3 ( Carl Zeiss Meditec, Dublin, CA) using the fast macular scan 
protocol. Ihis protocol consists of six line scans that are 6.0-mm long cen
tered on fixation and spaced 30" apart around the circrnnference of a circle. 
Each line consists of 128 A-scan measurements. With each A-scan, the OCT 
software measures the distance between the inner surface of the retina and 
the anterior border of retinal pigrnented epithe1iwn-choriocapi11aris co1n
pl.ex based on changes in reflectivity. In some cases the retinal pigmented 
epithdium/choriocapillaris layer is obscured due to excessive edema and 
StratusOCT software misinterprets the outer boundary of the retina. We 
used the RetinaTomographer (version J .J; R1RRC, Baltimore, MD) to cor
rect the outer boundary of t..1-ie retina for cases in which StratusOCT soft
ware identified it erroneously. 

The center point thickness, also lmmvn as the foveol.ar thickness, is 
a mean value generated by the StratusOCT software from the six central 
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patients. There was no inverse correlation for either indicatin9 that neither a9e nor duration of disease had a negative impact on visual outcome. 
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{V/'..,) b-:_:t,,;.:-:_:~:n b..:1s.~:Hn,:_' ::~nd rn•onth -~ The aqueous humor levels of Vt.CF 
at baseline are plotted against the chan!Je in VA between baseline and 
month 3 1or all patients for whom measurements couid be made [n = 
18 ior central retinal vein occlusion (CRVO); n = 17 for branch retinal 
vein occlusion (BRVO)]. Two CRVO patients and one BRVO patient experi
enced a net loss of VA at 3 months and were included in the analysis, but 
are not depicted in the graph, as negative values cannot be plotted on a 
iogarithmic scale. Spearman rank order correlation analysis was conducted 
and a significant correlation was observed for CRVO alone (P = 0.038) 
and for CRVO and BRVO considered to9ether (P = 0.038); although BRVO 
alone did not reach statistical significance (P = 0.278). CRVO patients are 
depicted as closed squares, BRVO patients are depicted as open squares. 
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A-scan thickness values of each of the radial lines comprising the fast 
macuiar thiclmess map. \Ve did not use this value generated from only six 
data points for our primary measure of central retinal thickness, but instead 
used the foveal or central l--mm thickness, which is an average interpolated 
value based on central 21 scans of each of the six lines passing through the 
patient's fixation ( 126 data points). Macular volume throughout the entire 
6-mm zone was calculated using extrapolated values between the line scans. 
Excess foveal thickness was calculated by subtracting the measured foveal 
thick.c'tess value from the normal me;m value of 212µm calculated from 
measurements on a large population of subjects.22 

Measurement of VEGF in aqueous samples. A 30-gauge needle 
was inserted into the anterior chamber and 0.1 mi of aqueous was 
removed just prior to each injection of ranibizumab and l hour after 
each injection. "l1tis report focuses on the level of VEGF in the aque
ous at baseline prior to the first injection of ranibizumab. It ,vas mea
sured by a highly sensitive sandwich enzyme--linked immunosorbent 
assay designed to detect all isoforms of VEGF-A." Briefly, we used 
two monoclonal mouse capture antibodies and a biotinylated detec
tion antibody against human VEGF-A. AqLieous humor samples were 
diluted tenfold in enzyme-linked immunosorbent assay diluent for 
accurate quantification, VEGF levels were measured by fluorometry for 
the detection of j3-ga1actosidase conversion of 4-methyliumbeHiferyl
}'3-n-ga]actopyranosi.de. A four-parameter cure fit progran1 ,vas used to 

generate a standard curve from ¼ 7hich san1p]c and control concentra
tions were interpolated. 

Statistical analysis. Statistical analyses were performed using statistical pack
age for the social sciences (SPSS, Chicago, [L). Tbe likelihood that the ch,mge 
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in foveal thickness or VA from baseline to month 3 was due to ranibizumab 
rather than chance was determined by the v\Tilcoxon signed-rank test. 
To assess the relationship between baseline aqueous VEGF level and visual 
outcome, Spearmads rank order correlation coefficient was calculated. 

Supported by an Investigator Initiated Study grant from Genentech, 
].A.H. is the Katharine Graham Professor of Ophthalmology. P.A.C. is 
the George S. and Dolores Dore !cedes Professor of Ophthalmology 
and Neuroscience and recipient of a Senior Scientist Award from 
Research to Prevent Blindness, New York, NY. 
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Abstract 
The field of angiogenesis received a huge boost in 2003 with rhe announcement of positive results in a phase Ill clinical trial 

using a vascular endothelial growth factor (VEGF)-blocking antibody for the treatment of cancer. Although the VEGF path
way has emerged as a central signaling path\lvay in normal and pathologic angiogenesis, several other pathways are also now 
recognized as playing essential roles. This review focuses on 2 specific areas. First, we summarize some of the work on newly 
discovered angiogenic signaling pathways by primarily describing the molecular biology of the pa!hways and tbe evidence for 
their involvement in vascular development. Second, we describe progress in therapeutic antiangiogenesis in cancer, particu
larly with agents that block the VEGF pathway. 
int .l Hematol. 2004;80:7-20. doi: 10.1532/IJH97.04065 
<92004 The Japanese Society of Hematology 

Key words: Vascular endothelial growth factor; Inhibitors; Notch receptor; Robo receptor; Delta-like ligand 

l. Introduction 

The field of angiogenesis is in an exciting phase. Tbe past 
several years have witnessed increasingly powerful experi
ments and insights into the biology of vascular endothelial 
growth factor ( V EGF), which has emerged as the central 
signaling pathway in angiogenesis. Associated with these 
developments in our knowledge of the VEGF pathway have 
been several key clinical trials with positive results. which 
have energized the field and have prnvided new opponuni .. 
ties for treating various diseases. At the basic research end of 
the spectrnrn, we have also witnessed a proliferation in our 
understanding of additional signaling pathways that are 
believed to be involved in angiogenesis. Much of rbe data on 
this front come from developmental biology. Some of these 
ne\v pathways appear to be upstream or dmvnstream of the 
VEGF pathway, but others are clearly not and can function 
separately. The precise roles of these new pathways in tbe 
angiogenic process have not yet been defined. These path
ways include Delta/Notch, Slit/Robo4. SIP/edgl, ephrin/ 
Eph, and angiopoietin/Tie. 

111is review focuses on 2 specific areas. First, we summa
rize some of the wmk on new angiogenic signaling pathways 

Correspondence and reprint requests: Gavin Thurston, 
Regcneron Pharmaceuticals, 777 Old Saw Mill River Rd, 
Tarrytown, NY 10591, USA (e-mail: Gavin.Thurston@Regeneron. 
com: Nicholas.Gale@Regeneron.com). 

by primarily describing the molecular biology of the path
ways and the evidence for their involvement in vascular 
development Cfable 1). Second, we describe progress in tbe 
use of therapeutic antiangiogenesis in treating cancer, par
ticularly witb agents !hat block rhe VEGF pa!hway. This 
review is not meant to be a comprehensive review of the 
fields of angiogenesis and antiangiogenesis but rather is 
intended to provide a very selective sampling of some of the 
hot areas of basic and clinical research. 

2. New Angiogenic Pathways in Vascular Develo1nnent 

ln the past several years, several newly discovered ligand/ 
receptor signaling pathways bave been implicated in angio
genesis. In many cases, the direct evidence for a protein's 
involvement in angiogenesis has come from genetic studies 
with mice (Table 1). Here, we briefly review vascular devel
opment in the mouse and then focus on 2 specific signaling 
pathways, Delta/Notch and Slit/Robo, !hat bave emerged 
through a set of genetic experiments as important players in 
the angiogenic program. 

2.1. Overvievv of Vi1scular Development 

Embryonic vascular development can be divided into 2 
major phases. termed vasculogenesis and angiogenesis. 
Established in the initial vasculogenic phase is a primitive 
vascular system that includes the principle arteries and veins, 
a beating heart, and a poorly structured plexus of peripheral 
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Table 1. 
Some ot the Vascular Receptors and Ligands Discussed in This Review Summarized with Respect to Expression Patterns, Phenotype of Genetic 
Deletion, and Human Diseases Associated with Genetic Alterations' 

Receptor/Ligand Expression Pattern 

~fotch1 Arterial endothelial and 
smooth muscle cells [135] 

~fotch2 During development, the ~fotch2 gene 
is expressed i 11 a wide vanety of 
tissues, including neuroepithel;a, 
somites, optic vesicles, otic vesides, 
and br anchial arches. but not the 
heart [136] Notch2 is also 
reportedly expressed in vascular 
smooth muscle cell and 
pericytes [ 135]. 

~fotch3 Vascular smooth muscle ce!ls and 
pericytes [ 135] 

~fotch4 Arterial and venous endothelium [135] 

Jag1 Arterial and venous endothelium and 
smooth muscle cells [135] 

Jag2 Jag express;on observed in develop;ng 

Dll1 

Dll3 

D114 

O--Fucosyl-
transferase 1 

limb [138] and reportedly expressed 
in artenes [ 13'5] 

Arterial (embryo) and capillary 
endothelium (adult) and sites of 
adult angiogenesis [135] 

Ubiquitously expressed [23] 

Knock--outiTransgenic Vascular Phenotype 

Defective vascular remodeling 
(angiogenesis) and somewhat 
defective vasculogenesis 
resulting in embryonic 
death at E11 5 [33] 

Two knock-outs are reported, 1 with 
embryonic death at E115 [136]. Th;s 
report d;d not evaluate vasculature, but 
embryonic death may have been due to 
vascular defects. Another report described 
a hypomorphic allele with pen natal 
lethality due to k;dney defects and a 
variety of developmental vascular defects. 
including pericardial and general edema 
and defective hyloid angiogenesis in 
the eye [137]. 

~Jo vascular phenotype reported [149] 

~Jo obvious vascular phenotype but synergistic 
with Notch1 knock-out w;th early 
angiogenic defects and death at E95 [34] 

Failure/defects in a.ngioge11esis resulting in 
embryonic death at E115 [31] 

Pennatal death due to defects in craniofacial 
morphogenesis with deft palate and fusion 
of the tongue with the palatal shelves. 
Mutant mice also exhibit syndactyly of the 
forelimbs and hindl;mbs, defects in thymic 
development with altered thymic 
morphology. and impaired differentiation 
of certain T-cell populations [138] 
However, no vascular phenotype was 
described [138] 

Hemorrhage beginning at E10 0. death by E12 
[139] Knock-out embryos also have left--right 
asymmetry defects, including improper 
formation of the heart and other midline 
structures [140]. as well as defects in 
som;togenes;s [139] and in subsequent 
neural crest cell m;gration through som;tes. 
l11terest;ngly, D111 appears to be critical in 
regulat;ng somitic expression of ephrins [ 141], 
as has also been suggested to occur in 
the vasculature. 

tfo vascular defects. D113 was found to be 
mutated in the Pudgy line, which exhibits 
severe vertebra and rib abnormalities due to 
somite polarity defects [142]. 

HaploinsuHiciency leads to death at E10 due to 
failure in angiogenesis (unpublished data). 

Embryonic death at midgestation with severe 
defects in somitogenesis, angiogenesis (and 
possibly vasculogenesis), cardiogenesis, and 
neurogenesis. The phenotype is similar to that 
of Notch'! /Notch4 double-knock-out embryos 
but is more severe. The knock-out phenotype 
may be similar to that of embryos lacking 
downstream effectors of all Notch signaling 
pathways [23] 

Human Phenotype 

Acute T-cell lymphoblastic 
leukemia. 

CADASIL 

Alagille syndrome 

Mutations cause spondylocostal 
dysostosis, a group of 
vertebral n1a!segmentatior1 
syndromes with reduced 
stature resulting from 
axial skeletal defects [143]. 

Continued 
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Table 1. Continued 

Slit2 

Slit'I/Slit2 
double 
knock-out 

Slit3 

Robo•i 

Robo4 

r~eu ropili n 'I 

Neuropi!in 2 

Neuropilin 
·1;2 double 
knocl<:--out 

Central nervous system 

Central nervous system (Slit1) 

Expression is observed in the 
diaphragm, central nervous 
system, r-eti na, exocrine 
pancreas. hair fo!licles, the 
anterior region of the !imb 
buds, and blood vessels in 
the lung a.nd kidney [48]. 

Broadly expressed 

Expressed in vascular endothelium 
during development but down
regulated in qu;escent adult 
vessels. Expression is reactivated 
in pathologic angiogenesis. 

Arterial endothelium 

b:press;on is initially in veins and 
becomes primarily restricted to 
lymphatics by EB [145]. 

Arterial, venous, and lymphatic 
endothelium 

/v1ost Slit2 knock-out mice die within a tew days 
of birth, although they appear grossly normal 
just before birth and are present at normal 
1\/\endelia11 ratios 147]. K11ock--out mice have 
subtle defects in retinal axon guidance but no 
apparent vascular defects. 

Slit2 knock-out mice have subtle retinal axon 
guidance defects but otherwise appear- normal 
and have normal survival ;-ates. However, 
Slit1 /Slit2 double---knock--out animals all die 011 

the day ot birth, although they appear grossly 
normal just before birth and are present at 
normal Mendelian ratios [47]. Knock-out mice 
have severe defects ;n retinal axon guidance 
and formation of the optic chiasm but have 
no vascular defects. 

l<nock-out animals are born at normal frequencies, 
but many develop congenital diapr1ragmatic 
hernia leading to death [48,49]. Herniation 
is caused by a defective central tendon of the 
diaphragm. In addition. the hearts of 
Slit3-deficient mice have a.n enla.rged right 
ventricle 148,49]. 

Knock-out mice frequently die at birth from . 
respiratory failure due to delayed lung 
maturntion. Lungs from these mice have 
reduced air spaces and increased mesenchyme. 
Survivors acquire extensive bronchial epithelial 
abnormalities, including hyperplasia [144] 

Embryonic death is at E10.5 to E13 .5 with axon 
guidance defects as well as impaired 
angiogenesis into neural tissues, aortic and 
brachia! arch artery formation defects, and 
defective yolk sac vascularization [13]. 

Mice are viable but are born at reduced frequency 
with axon guidance defects. Although knock
out mice develop arteries, veins, and large 
collecting lymphatics, they show an absence 
of or severe reduction in small lymphatic 
vessels and capillaries [1 ,15-147]. 

Neuropilin 1 /2 double-knock-out mice die at E8.5 
because of major defects in yolk sac 
vasculogenesis and angiogenesis. Mice lacking 
3 of 4 alleles were also embryonically lethal 
and surv;ved to E10 to E10.'5 with yolk sacs 
that failed to remodel the prim;tive vascular 
plexus. This abnormal vascular phenotype 
resembled that of VEGF and VEGF-R2 
knock-outs [·148]. 

Similar to very common 
spontaneous congenital 
defect known as congenital 
diaphragmatic hernia. 
Mutations associated with 
Sl;t3 have not been 
reported in this human 
condition. 

9 

'E11 5 ind;cates embryonic day 115; CADASIL, cerebral autosomal dominant arteriopa.thy w;th subcortical infarcts and leukoencephalopathy; 
VEGF, vascular endothelial growth factor; VEGF-R2, VEGF receptor 2. 

connecting vessels, ln the second phase, angiogenesis, the 
primitive plexus of vessels undergoes sprouting, pruning, and 
remodeling events that refine it into a hierarchy of larger and 
smaller vessels, including arterioles, capillaries, and venules, 
with defined struc:rural characteristics. 

Although several of the key molecular players in the 
process have been elucidated by genetic means, hmv they 
actually function in vasculogenesis and angiogenesis is some
what mysterious. Tn vasculogenesis, the principle players 
include VEGF-A and VEGF receptor 1 (VEGF-Ri) througb 
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VEGI"'·-R3, and these critical players are also required 
throughout the subsequent steps of angiogenesis. Without 
the precise regulation of expression of tbese factors, rhe ear
liest steps of vascular development go awry. tor example, 
VEGF--A and its receptor VEGF-R2 are clearly required for 
the proliferation and migration of the endothelial cells that 
constitute the first blood vessels. However. the molecular 
mechanisms involved in regulating the expression of VEGF 
and VEGF-R2 in the appropriate locations at the appropri
ate times, as well as the key factors involved in instructing 
endothelial cells where to go and how to form intercon
nected tubules, are very poorly understood. 

Many molecular players in the phase of angiogenesis have 
also been elucidared by genetic: methods. However, develop
mental angiogenesis is a delicate and essential process. With
out faidy successful initiation and progression of angiogene-
sis. embryonic development cannot progress much beyond 
l 0.5 days postconception, thus limiting the utility of standard 
genetic techniques in higher vertebrates for understanding 
how these factors work. 

Unfortunately for those of us trying to understand the 
process by using gene-targeted mice, defects in the angio
genesis phase appear to elicit a programmed abortive 
process in development that leads to a fairly generic pheno
type. Tbis phenotype, most commonly described in the yolk 
sac or in the plexus of vessels in the head, manifests as 
arrested development at approximately embryonic day 9.5 
with a relatively normal but primitive vasculature plexus 
that has failed to remodel imo a vascular hierarchy. Pericar
dial edema and failed cardiac trabeculation are also fre
quent observations. Sometimes, subtle differences in this 
generic phenotype are exploited to rationalize a specific role 
for a particular factor. Hmvever, because the phenotype is 
quite generic, further data, such as expression patterns and/ 
or data from in vitro models, are needed to claim more than 
that the facror does not appear to be critical for develop
ment leading up to the point of failure, in this case vasculo
genesis, and is required to complete the pbase of angiogen-
esis. Mutant mice for a large number of factors and their 
receptors fall into this brnad phenorypic class and include 
the following factors and receptors: angiopoietin-1 f 1] and 
Tie2 l2,3]; transforming growth factor 131 (TGF-131) [4], TGF
(Rl [5], alkaline receptor-like kinase 1 (Alkl) [ 6,7], and 
endoglin [8,9 J; ephrin-B2 l1 OJ and EphB4 [11 ]; Sema3A [12]; 
and neuropilin l [13-15]a 

Because of the inherent difficulties in studying vascular 
development in mice beyond this critical point, more 
progress has been made in some cases by using the 
zebrafish as a model. Zebrnfish embryos have several key 
advantages over mice. A critical advantage is that 
embryos can survive and develop without a functional 
cardiovascular system. This advantage, coupled with the 
ease of doing genetic screens and manipulations, bas 
made the zebrafish an invaluable tool in elucidating 
mechanisms and molecules involved in vascular develop
ment. However, critical differences in the molecules 
involved and the manner in which the zebrafish vascular 
system forms make it difficult to translate all of the find
ings from zebrafish experiments to mammals. One exam
ple in zebrafisb is Gridlock, a gene tbat \lvben mutated was 

discovered to lead to defects in anerial and venous speci
fication. Elegant studies with zebrafish demonstrated that 
Gridlock acts downstream of Notcb and upstream of 
ephrin-B2 and EphB4 to specify the major arteries. How
ever, knock .. outs of Hey2, the (iridlock homolog in mice, 
have ventricular septal defects and cardiomyopathy with 
varying penetrance fl6,17J. 

2.2. Delto./Notch Pathway 

The Notch signaling pathway was first identified in 
Drosophila. In this species. a single Notch receptor and 2 
ligands, Delta and Serrate, play key roles in development. 
Inirially, hypomorphic: mutarions in Notch were described 
to lead to wing-patterning defects. but follow-up studies 
have shown that virtually all tissues examined are affected 
by Notch deficiency. Using a variety of approaches, investi
gators have shown that a loss of Notch signaling results in 
abnormalities in tissues derived from all 3 germ cell layers. 
Postembryonically, Notch signaling is needed for the elabo
ration of the central and peripheral nervous systems as well 
as for spermatogenesis, oogenesis, myogenesis, heart forma
tion, and imaginal disc development (see [18]). 

0The mammalian Notch family. an expanded version of 
rhe fly system. comprises 4 receptors (Notch! rhrough 
Notch4) and 5 ligands, 3 of which are related to the 
Drosophila Delra ligands ( called Delta-like ligands [Dlls] 1, 
2. and 4) and 2 Serrate-related ligands (called Jaggedl 
[Jagl] and Jag2). The extracellular domains of the Notch 
family receptors contain between 29 and 36 epidermal 
grmvth factor (EGF) repeats, which are involved in ligand 
interaction, and 3 cysteine-rich LlN12 repeats that prevent 
signaling in the absence of ligand (see Figure l). Th.e cyto
plasmic regions of the Notch receptors are more variable 
but contain several domains involved in protein-protein 
interactions, including a RAM (recombination signal 
sequence-binding protein for J K genes-associated mole
cule) domain, ankyrin repeats, several nu dear localizarion 
signals and a transactivating domain, and, in the case of 
Notch1 but not Notcb:3 or Notch4, a PEST degradation 
sequence (see Figure l). Notch proteins are produced as a 
single polypeptide chain that is subsequently cleaved near 
the transmembrane domain and then reassembled at the 
cell surface. resulting in a heterodimeric receptor. 

111e Dlls and the Jags share an N-terminal domain, 
referred to as the Delta/Serrate domain or DSL, plus 8 or 16 
EGF repeats (for Delta and Serrate relatives, respectively) 
and. in the case of the Jags. a cysteine-rich domain proximal 
to a rransmembrane domain (see Figure 1). Thus far, no 
significant domain homology that might suggest a function in 
ligand regulation or signaling has been at!ributed to the cyto-
plasmic domains of Dlls or Jags. The ligand and the extracel
lular domain of Notch bave been suggested to be internal
ized into the signal-sending cell, where they are eventually 
degraded. The cleavage and release of the Notch extracellu
lar domain appear to be critical for the subsequent cleavage 
events described below that lead to Notch signaling [19l 
However, at present it is not clear whether degradation of 
the ligand and the Notch extracellular domain have a role in 
preventing further acrivation of signaling or in preventing 
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Figure 1. Diagram of 3 of the ligand/receptor systems implicated in angiogenesis. A, Shown is the Delta,'Notch system with the membrane-bound ligands 

Delta-like 1 {Dm), Dll4. Jagged-1 (Jag1). and Jag2 and the 3 endo1helial cell Notch receptors. B, TI1e Slit/Robo system is shown with 2 of the 3 known 

mammalian Slit ligands and 2 of the endothelial cell Robo receptors. C, Shown is the vascular endothelial growth factor (VEGF) system with VEGF 

ligands (VEGF-A, -B. -C, --D. and placental growth fac1or jPlGF]) and 1he endothelial cell receptors VEGFR'J, ··R2, and -R3. Shown are neuropilin recep

tors NPl and NP2, which can bind to specific VEGF ligands. Also shown is a member of the Semaphorin3 class (Sema3a), which can bind to the neu
ropilins. In the nervous system, neuropilins signal through coreceptors of the plcxin family. Recently, PlexinDl (shown) has been shown to be expressed 

in vascular endothelial cells, raising the possibility of sinnlar signaling rn these celJs. D, Different approaches currently being pursued in the clinic rn inhibit 

the VEGF signaling pathway. Approaches include the use of blocking antibodies (Ab) to VEGF such as Genrntech's Avastin, blocking antibodies to 

VEGF-R2. small-molecule tyrosine kinase inhibitors of VEGF-R2 such as Sugen Pharmaceuticals' SU5416, soluble receptors such as Regeneron Phar
maceuticals' VEGF-·lrap. and synthetic RNA molecules (aptamers) that bind to and block VEGF. CR indicates cysteine-rich domain; DSL. Delta, Ser

rate, and Lag domaill; CI: C-terminal cysteine knot-like domain; LamG, !amini.n G-like domain; EC,f\ epidermal growth factor-like domain; LRR, leucine
rich-repeat domain; lgL, immunoglobulin-like domain; Sema, semaphorin domain; CUB, complement-binding domain; PSI, plcxin, semaphorin, integrin 

domain; FA. factor V/factor VE coagulation factor homology domains; FN3. fibronectin type III domain; LIN, cysteine--rich No1ch/LIN12 domain; TPT. 

cell surface receptor lPTfflG domain; MAM, Meprin A5; R, RAM23 domain; CC, conserved Robo cytoplasmic domains; ANK, ankyrin repeat; NLS, 

nuclear localizing sequence; SP, semaphori.n, plexin domain; TAD. transactivation domain; f; PEST domain; RTK, recep1or tyrosine kinase domain; PDZ, 

PDZdomain. 

the liberation of soluble Notch extracellular domain, which 
could act as an inhibitor of Notch signaling [20J. 

Notch receptors use a unique and remarkably direct 
mechanism of signal transduction. On ligand binding, a series 
of proteolytic cleavage steps leads to the liberation of tbe 

intracellular domain of Notch, which then translocates to the 
nucleus. Once in the nucleus, Notch acts as a potent 
transcriptional coactivator through its interaction with the 
CSL transcriptional factor, converting CSL from a transcrip
tional repressor to a transcriptional activator. Major targers 
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of this transcriptional complex include several helix--loop-· 
helix-type transcription factors known as hairy and 
enhancers of split (HESs) (eg, HESl, HESS, and I--lEST) and 
HES-related repressor proteins (HERPs) ( eg, HERPl, 
HERP2. and HERP3), among orher genes. 

As mentioned above, several proteolytic events and post
translational modifications are involved in the tight regula
tion of Notch signaling and activity. A key event is the cleav
age of Notch by 1-secretase, a multicomponent protein 
complex that liberates the Notch intracellular domain, the 
active signaling component. Additional events include ubiq
uirinization, the liberation of soluble ligands and extracellu-
lar domains of receptors, and regulated endocytosis. \Ve refer 
the reader to an excellent recent review [21] for a more rhor
ough description of these processes. 

Adding to the complexity of the system is rbe facr that 
Notch signaling appears to be highly regulated by glycosyla
tion. Tn particular, Notch receptors and ligands undergo a 
very rare modification by 0-fucosyltransferase, which adds 
fucose to threonine and serine residues within Notch's EGF 
repeats [22,23]. This type of modification is known to occur 
on only a few other proteins, eg, urokinase plasminogen acti
vator, thrombospondin, and the locus PMP-C (for review 
see [24J). Notch function in Drosophila requires the addi
tion of this 0-fucose [22]. Similarly in mice, deletion of the 
O-fucosyltransferase-1 gene appears to largely phenocopy 
deletion of otber components of rhe Notch pathway [23]. 

Further modifications occur on the 0-fucose residues on 
Norcb. In panicular, fringe family pmteins caralyze acetyl
glucosaminylation on the 0-fucose. Three vertebrate fringe 
family members, lunatic fringe, maniac fringe, and radical 
fringe, have expression patterns that overlap with Notch fam
ily components. When fringe is coexpressed in cells that also 
express Notch, it is capable of glycosylating Notch [25,26]. 
Mutations in lunatic fringe in mice result in a phenotype sim
ilar to !hat of mice in \lvbich the Notch signaling path\lvay is 
deleted, supporting the notion that glycosylation by fringe is 
also essential for Notch function [23]. Tlrns, wben Notch sig-
naling is considered, a combinatorial expression of many reg
ularing factors in the particular cells can induce positive or 
negative regulation of the pathway, depending on the combi
nation of the factors that are coexpressed. The strict require
ment of Notch to be glycosylated and the relative uniqueness 
of Notch glycosylation suggest that the enzymes mediating 
the posttranslational modifications are potential therapeutic 
targets for antiangiogenic therapy. 

111e mammalian Notch pathway has been implicated in a 
vast array of developmental and adult processes in a wide 
variety of tissues. For example, Notch is involved in induction 
of left-right asymmetry, limb bud development, somitogene
sis, neurogenesis in the brain, cell fate decisions in tbe inner 
ear, inhibition of myogenesis and cardiogenesis, lym
phopoiesis, and kidney development (see [27] for a review). 
Recently, Notch has become interesting to vascular biolo
gists, in part because of expression studies clearly showing 
Notch in the vasculature. A variety of studies have evaluated 
the patterns of expression of Notch receptors in vascular 
cells as well as in different types of blood vessels. These 
expression patterns have been summarized in several recent 
reviews (see [28,29]). Even more recemly. expression data for 

the Notch ligand Dll4 have become available. Dll4 is expressed 
early in mouse development (eg, at embryonic day 8), begin
ning in the dorsal aorta and the major arteries [30]. Subse-
quently, Dll4 appears to be down-regulated in the major 
blood vessels, and DH4 expression instead shifrs to capillar
ies. Dll4 expression is relatively low in the adult vasculature 
[30] but is dramatically up-regulated in tumor angiogenesis. 
Accordingly, Dll4 expression is up-regulated by hypoxia in 
cultured endothelial cells f30l As noted above, there are 
inherent difficulties in trying to predict from surveys of 
expression the function or even the involvement of the 
Norcb pathway in a tissue compartmenL Nonetbeless, sucb 
analyses have been a starting point in the quest to under
stand the role of Notch signaling in vascular developmenL 

ln addition to the expression data, functional genetic data 
have also begun to implicate the Notch pathway as a critical 
regulator of vascular development. The deletion of the 
ligand Jagl [31,32] or Dll4 (unpublished data) or the dele
tion of their receptor Notchl [33] results in embryonic 
lethality, apparently with the somewhat generic phenotype 
described above. Although Notch4 mutant mice do not 
appear to have a vascular phenotype, double-mutant mice 
lacking both Notchl and Notch4 appear to have a more 
severe phenotype than those lacking Notchl alone [34l. 
Mice with mutations in Notch:3, which is expressed in vascu-
lar smooth muscle cells, apparently do not have vascular 
defects [149]. However, in humans Notch3 mutarions are 
associated with CADASIL ( cerebral autosomal dominant 
arteriopathy witb subc:onical infarcts and leukoen-
cephalopathy), an adult-onset disease of small arteries char
acterized by cerebrovascular fragility [35 J. These results sug
gest that the Delta/Notch pathway is not required for 
vasculogenesis but is required for essential but unspecified 
role(s) in angiogenesis. 

2.3. Regulation of Dll4 and Notch] by V kX""iF 

Severn] lines of evidence suggesr !hat the Notch pathway 
may act as a critical effector of the VEGF pathway. ln cul
rured human iliac arterial endothelial cells, Dll4 as well as 
its receptor Notchl can be up-regulated by VEGF but not 
by fibroblast growth factor f 36], indicating that D114 and 
Notchl are targets and possibly downstream effectors of 
VEGF. These results also suggest that the observed 
hypoxia-mediated regulation of Dl14 may be indirect via the 
up-regulation of VEGF, which is a well-known hypoxia
regulated gene. lnterestingly, the response of other cultured 
endothelial cells was somewhat distinct from that of iliac 
artery endothelial cells: femoral artery endothelial cells also 
up-regulated Dll4 and Notchl via VEGt~ but Dll4 was also 
up--regulated by fibroblast grnwtb facror. In venous or 
microvascular endothelial cells, Notch and Dll4 did not 
appear to be regulated by VEGF [36]. Furthermore, VEGF
mediated tube formation in cultured endothelial cells could 
be partially blocked by blocking Notch signals [36], thus 
bolstering the concept that Dll4iNotchl signals may be crit
ical effectors ofVEGF signaling. 

Because of the apparent specificity of Dll4 expression in 
embryonic arteries in mammals and lower vertebrates and 
because of the regulation of Dll4 and Notch in cultured 
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endothelial cells, VEGF has been suggested to be a key reg-
ulator of arteriogenesis via the Notch pathway (reviewed in 
[29]). In zebrafish, the connecrion between Notch signaling 
and arterial specification is well established [37-39].The tran
scriprion factor Gridlock is a key effector of Notch signaling, 
and mutations in Gridlock in zebrafish result in failure to 
properly specify arteries and veins l38J. More recently, 
VEGF has been shown to act upstream of the Notch signals 
that specify arterial formation in zebrafish [40,41]. 

2.4. Slit/Robo F'athvvay 

111e Slit/Robo pathway has also recently been added to 
the lisr of angiogenic pathways. Slit proteins are secreted fac
tors that bind to and signal through the roundabout (Robo) 
receptors. This signaling patbway has been best studied in 
axonal guidance, in which Slit ligands provide chemorepul
sive cues to axons and neuronal cells that express Robo 
receptors. In Drosophila and zebrafish, Slit and Robo genes 
are highly expressed in the developing nervous system and 
function in establishing the complex network of connections 
within the brain by helping to guide axons and migrating 
neural cells to their appropriate locations. Slit and Robo 
genes have also been shown to be involved in muscle devel
opment, in \lvbich !hey provide chemotactic signals to muscle 
cells. In higher vertebrates, the family comprises 3 secreted 
factors (Slit!, Slit2, and Slit3) that contain a variery of protein 
domains, including leucine-rich repeats, 9 EGF-like repeats, a 
laminin Ci domain. and a C-terminal cysteine knot Verte
brates have 4 Robo receptors (Robol, Robo2, Robo3 
(Rig-1), and Robo4). Robed and Robo3 contain 5 immuno
globulin domains and 3 fibronectin domains in the extracel
lular region. Although Robol, Robo2, and Robo3 are largely 
neural specific, Robol may be expressed in cultured 
endothelial cells [42J. 

Robo4, a more recently discovered family member, 
appears to be quite specific to the vascular system. It was ini
rially identified by means of a bioinformatic data-mining 
strategy to discover novel vascular-specific molecules [43 J. 
The extracellular region of Robo4 contains only 3 of the 5 
immunoglobulin domains and 2 of the 3 fibronectin domains 
found in other Robo genes. Robo4 was independently iden
tified in differential gene expression experiments when genes 
expressed in normal and Alkl knock-out embryos, which die 
during development with vascular defects [7,44], were com
pared [6l Tn vitro studies suggest that Robo4 shares ligands 
with the neuronal Robo receptors, and it appears to mediate 
analogous functions. For example, Robo4 appears to inhibit 
endothelial cell migration. 

Although the functional role in the vasculature has yet to 
be detennined, Robo4 has a striking expression pattern in 
the vasculature. Robo4 is expressed in vascular endothelium 
during development [43,44]. It appears to be down--regulated 
in the adult vasculature but is reactivated in endothelial cells 
at sites of active angiogenesis [43]. 

Although Robo4 has been shown to bind various Slits 
[44], it is not entirely clear which Slit ligand(s) may be inter
acting with the vascular Robo4 receptors in vivo. One candi
date for Robo4 binding is Slit2, which has been shown to 
induce net\lvork formation in culrured endothelial cells. Slir2 

1s higbly expressed in a broad range of cancers, and irs 
expression has been correlated with the extent of tumor 
growth and vascularity [42,45]. Furthermore, inbibirion of 
Robo signaling with Robo blocking agents was reported to 
prevent rumor growth [42,45]. However, the function of Slit2 
in tumors is still unresolved; some reports suggest that Slit2 
is antiangiogenic [46]. 

Gene-targeting studies with the Slit/Robo pathway in mice 
have not been very informative to date for elucidating poten
tial vascular involvement Most mice deficient for Slit2 die at 
birth, although a small percentage of the mice can survive for 
several days. Mice !hat are deficient for both Slitl and Slit2 
are born in the expected Mendelian ratios; however, these 
mice also die at birth. Slit2 and Slitl/2 knock--out mice appar-· 
ently do not have any vascular defects [471 suggesting that 
Slitl and Slit2 are not required for normal cardiovascular 
development. Unfortunately, the perinatal death of the Slit2 
and Slitl/2 knock-out mice prevents analysis of postnatal 
angiogenesis, such as in the neonatal retina and in tumors. 

One possibility is that Slit3 is able to compensate for 
the loss of Slitl and Slit2. Several groups have generated 
Slit3-deficient mice l48,49]; however, these mice also do 
not have obvious vascular defects, thus casting some 
doubt as to whether the 3 Slit family members are impor
ram for vascular development. The most obvious pheno-• 
type in the Slit3 knock-out was congenital diaphragmatic 
hernia [49]. 

Robo4 gene-targeted mice have not yet been described, 
and these mice will certainly be very informative regarding 
whether Robo signaling is required in vascular development. 
It is possible that combinatorial deletion of all 3 Slit family 
members will be required to determine if Slit ligands are 
important in vascular development, and conditional alleles 
of Slit2 may be valuable in assessing its suggested roles in 
tumor angiogenesis. However, it also is possible that novel 
ligands for the vasculature--specific Robo4 will be idemifled. 
Finally, it will be very interesting to see how Robo and Slit 
family members flt into tbe angiogenic pathway wi!h other 
more well-established pathways, particularly the VEGF 
patbway. 

3. Therapeutic Antiangiogencsis 

More than 30 years ago, Judah Folkman proposed that 
blocking tumor angiogenesis could be an approach to treat 
cancer [50l At that time, certain unique features of tumor 
endothelial cells, such as increased rates of proliferation rel
ative to endothelial cells in normal tissues [ 5 l-54 ], were 
beginning ro emerge, but agents to specifically block tumor 
angiogenesis had not yet become available. ·n1e past 25 years 
have seen a dramatic: increase in om knowledge of tbe 
molecular pathways involved in angiogenesis and have 
accordingly increased opportunities ro specifically interfere 
with tumor angiogenesis. In the past few years, the agents to 
rigorously pursue Folkman's proposal have been developed 
and have begun to be applied in the clinic. 

Although numerous molecular pathways have been 
explored, the VEGF pathway has emerged as perhaps the 
key angiogenic growth---signaling system in initiating normal 
and pathologic: angiogenesis. Nmv !hat several porent and 
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specific inhibitors are available (see below), a wealrh of accu-
mulated data shows that VEGF is essential in such physio
logical angiogenic processes as ovarian cycling [55,56], post
natal bone growth [57], and angiogenesis-dependent wound 
healing. In addition, VE(}F is now well documented to be 
necessary for many situations of pathologic angiogenesis, 
including ischemia-induced retinopathy [58,59] and cancer. 

3.1. Biology of VL(CiF 

Various genes for VEGF (VEGF-A, -B, -C, -D, and the 
placemal grmvth factor gene, PlGF), whic:b encode distinct 
gene products, are evolutionally conserved in mammals 
(Figure lC). VEGF-A appears to be the key initiator of 
blood vessel growth. Each of the VEGFs has various iso
forms as a result of alternative splicing, the major ones of 
VEGF-A being 121 kD. 165 kD, and 189 kD [60-62].A recent 
report suggests that alternative splicing of the last exon of 
VEGF can produce yet another family of isoforms; however, 
these isoforms appear to be down-regulated in cancer and 
appear to block many of the traditional actions of VEGF 
l63]. The larger isoforms of VEGF, particularly VEGF-189, 
contain heparin-binding regions and bind strongly to compo
nents of the extracellular matrix. In contrast, VEGF-12l is 
relatively freely diffusible. 

VEGF expression is regulated by a number of factors and 
stimuli, including hypoxia. VEGF-A. is crucial for vascular 
development; loss of even a single allele results in embryonic 
letbality in mice, wi!h an almost complete failure to form 
blood islands and a profound lack of primitive vessels 
[ 64,65]. VEGF continues to be required throughout embry
onic and perinatal development. lnhibition ofVEGF in mice 
at a postnatal age of 2 weeks resulted in the loss of blood ves
sels in some organs and in death [66]. However, the need for 
VEGF is apparently diminished as mice mature; inhibition of 
VEGF in adult mice has much less of an effect on vessels in 
most organs [66]. 

VE(}F has at least 3 distinct bm higbly related receptors 
known as VEGF-R l, -R2, and -R3. In addition, other cell sur
face molecules (suc:b as neuropilin) can bind VEGF mole
cules and appear to play important roles in cardiovascular 
development. The key receptor for VEGF-A on blood vas
cular endothelial cells appears to be V EGF-R2, and most 
therapies against VEGF receptors have targeted this recep
tor. VEGF receptors are intrinsic tyrosine kinases that, once 
they are dimerized by homodimers of VEGF, autophospho
rylate on multiple tyrosine residues and thereby transmit sig
nals into the cell [67-69l.Activation ofVEGF-R2 on cultured 
endothelial cells can increase cell survival, proliferation. and 
migration [67,70-72]. 

3.2. Clinical Approaches to Block VEGF 

At the present time, several different approaches are 
being pursued to block the VEGF signaling pathway (see 
Figures ID). 

VEGF-blocking antibodies are being developed by 
Genentech. The agent currently used in the clinic is known 
as bevacizumab (Avastin) [62]. Bevacizumab is a human
ized monoclonal antibody ,vith approximately 13~4; resid--

ual mouse sequence. H binds to buman VEGF-A (all iso
forms) and inhibits the binding of VEGF-A to VEGF-Rl 
and VEGF-R2. A.ltbougb bevac:izumab and its parental 
mouse monoclonal antibody (A4.6. l) do not effectively 
block m urine VE(IF; prec:linica l studies have sbown that 
bevacizumab given systemically is effective at blocking the 
growth of many human tumors in nude mice [73-75]. Stud
ies with monkeys have shown that bevacizumab and 
related antibodies are effective at blocking ovarian cycling 
in the mature female reproductive cycle and bone growth 
in postnatal development [56,76J. 

Another approach to inhibit the VEGF patbway is 
being taken by Regeneron Pharmaceuticals with the devel
opmem of a soluble receptor known as VE(}F-Trap [7'7]. 
·n1is molecule is a fusion of portions of both VEGF-Rl 
and VEGF--R2 witb tbe Fe: domain of human immuno
globulin GL VEGF-Trap has an affinity for VEGF-A in 
the range of l pM and has a half-life in humans that is sim
ilar to that of bevacizumab. Preclinical studies have shown 
that VEGF-Trap can block vessel growth in human and 
murine cancers grown in mice [77,78] and can inhibit 
ascites produced by human ovarian cancer cell lines grmvn 
in mice [79]. 

A third approach, which is being pursued by Tmclone 
Systems, is to use antibodies to VEGF--R2 tbat block bind-
ing of VEGF to the receptor [80l. Fully human antibodies 
generated by phage display were shown to block binding 
of VEGF to human VEGF-R2 and to block the down
stream effects of VEGF on buman endotbelial cells in cul-
ture [81]. Antibodies to VEGF-R2 were also potent 
inhibitors of tumor growth in mice [82]. Subsequent gener
ations of antibodies, made by focusing on a particular 
heavy-chain variable sequence and testing various variable 
light-chain sequences, have resulted in antibodies to 
VEGF-R2 with affinities of approximately mo pM and 
improved potencies at inhibiting downstream cellular sig-
naling of VEGF [83]. 

Anotber approach, \lvbich is being pursued by Eyetec:b 
with its drug Macugen, is to use synthetic RNA molecules 
(apramers) that bind to VEGF and block interaction with 
VEGF-R2 [84,85J. Macugen binds specifically to the VEGF
l65 isoform but not to other VEGF isofonns [86]. M acugen 
is being used primarily in treating ocular diseases that 
involve angiogenesis and/or edema in the retina or choroidal 
vasculature. ln clinical studies to date, Macugen has been 
delivered by local intraocular injection. 

Several pharmaceutical companies have developed small 
molecules that inhibit the tyrosine kinase activity of VEGF
R2. An early leader was Sugen Pbannaceuticals, and now 
Pfizer, AstraZeneca, and Novartis Pharmaceuticals are all 
pursuing this approach. One example of a drug from this 
class is the orally available compound PTK787 from Novar
tis Pharmaceuticals. PTK787 inbibirs the 1yrosine kinase 
activity of all 3 VEGF receptors with an IC50 of <100 nM and 
inhibits related receptor tyrosine kinases, such as platelet
derived growth factor receptor f3 (PDGF-R() and c-Kit, at 
somev,rlrnt higher concentrations [87]. PTK787 was shmvn to 
have antiangiogenic and antitumor activities against several 
types of transplanted tumors, including thyroid l88], pancre
atic [89], and renal cell carcinomas [90]. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 354



Signaling Parhways in Angiogenesis 15 

3.3. insights into Actions of VEGF in fomor 
Angiogenesis 

With the advent of potent and specific blockers of VEGF, 
we bave gained new insight into the precise actions of tbe 
VEGF pathway in tumor angiogenesis. However, even 
before VEGF blockers were widely available, one study 
turned off VEGF expression in an androgen-dependent 
tumor and monitored changes in tumor vessels by in vivo 
microscopy [91]. This study found that the tumor vasculature 
changed rapidly on the removal of androgen, with vessel 
regression and endothelial cell apoptosis occurring within 1 
day of decreased VEGF expression. At 1 week after 
decreased VEGF expression, the tumor vessels were less tor
tuous and less leaky, suggesting a normalization of vessel 
structure and function [91,92]. 

The unexpected finding that inhibition of VEGF signal
ing could lead to a "normalization" of tumor vessels has 
provoked much follow-up study. In addition, the abnor
malities of tumor vessels have been described in the past 
several years in increasingly elegant studies. These more 
recent studies bave greatly extended and clarified a body 
of earlier work that described abnormal tumor vessels [93-
97]. In most of tbe experimental models used to date, 
tumor vessels are generally disorganized and are irregular 
in diameter and spacing. The normal hierarchy of arteri
oles, capillaries, and veins is typically not observed in 
tumor tissue. Instead, the vessels form a multiplicity of 
interconnections. Despite a dense vascularity, tumors often 
contain regions of hypoxia [98-103]. Another important 
and consistent physiological abnormality of experimental 
and human solid tumors is their increased interstitial 
pressure l 104- l 08]. 

On a cellular level, the endothelial cells of tumor ves
sels can form a defective monolayer. Instead of a continu
cms layer of tightly apposed endothelial cells, the endothe
limn of tumor vessels contains large pores or gaps between 
endothelial cells [109] that permit free leakage of macro•• 
molecules across the vessel wall and into tbe tumor tissue 
[110,111]. The luminal surface charge on the tumor 
endothelium also appears to be different from that found 
on normal endothelium, thus facilitating enhanced cell 
surface binding of circulating cationic liposomes [112,113] 
and the delivery of complexed chemotherapeutic agents 
[114,115]. On the abluminal surface, the endothelial cells 
extend numerous sprouts into the surrounding tumor tis
sue [109,116]. lnstead of the normal tight association 
between pericytes and endothelial cells, the pericytes of 
mmor vessels are often poorly associated with the 
endothelial cells and extend away from tbe vessels 
[116,117]. Furthermore. the basement membrane of tumor 
vessels is abnormal, with holes and poor association with 
endothelial cells and peric:ytes [118]. 

Remarkably, inhibition of the VEGF pathway with spe
cific VEGF blockers rapidly results in tumor vessels that are 
more regularly spaced and of more uniform size [91,119]. 
Most of the endothelial cell sprouts disappear, and tbe 
endothelium forms a better monolayer. ln addition, tumor ves
sel leakiness is decreased, and even the pericyte--endothelial 
cell associarion is tightened. Treatment of tumor•-bearing 

mice wi!h VEGF-blocking antibody also resulted in a signi
ficant decrease in tumor interstitial pressure [120]. Tn a 
recent clinical smdy [121], rhe interstitial pressure and tbe 
size of colorectal tumors were rapidly reduced after treat
ment with bevacizumab. 

Despite expectations to the contrary, inhibition of 
VEGF and the subsequent pruning and normalization of 
tumor vessels appear to increase the delivery of oxygen 
and chemotherapeutics to tumor tissue [122] and to 
improve the responses of some tumors to radiation [120], 
at least for some duration after VEGF blockade [l19J. 
Clearly, blockade of VEGF can cause major cbanges in 
tumor physiology, and these changes have important 
implicarions in the actions of orber tumor tberapies such 
as chemotherapy and radiation therapy. Our understand
ing of the changes in tumor physiology with VEGF block
ade is still very incomplete, and our understanding of how 
to exploit these changes with cotherapies is even more 
rudimentary. 

3.4. Positive Clinical Results 

A key development in the field of antiangiogenesis was 
the release at tbe 2003 meeting of the American Society of 
Clinical Oncology of positive clinical results with an anti•
VEGF antibody (bevacizumab, Avastin). ln a previous 
phase III trial for breast cancer,Avasrin had failed rn signi
ficantly increase patient survival times, although the time 
ro progression was increased. I--lowever, in a phase ff! !rial 
for advanced colorectal cancer that involved more than 
900 patients, Avastin produced positive results l123] (see 
also the Genentech web site for a summary). Approxi
mately 800 of the patients either received standard 
chemotherapy with lFL (5-fluorouracil, leucovorin, and 
CPT~ 11) plus placebo or received TFL plus Avast in. Avastin 
was given at 5 mg/kg every 2 weeks. Patients in the Avastin 
group had significantly improved overall survival times 
(20.3 months versus 15.6 mombs). In addition, patients 
who received Avastin had an increased time to disease 
progression (10.6 months versus 6.2 months) and an 
increased duration of response. The Avastin group tended 
to have increased hypertension as a side effect, although it 
was generally mild. The positive results of this trial led to 
US Food and Drug Administration approval of Avastin in 
February 2004 for first-line treatment of patients with 
metastatic colorectal cancer. Thus, the field of antiangio
genesis appears to be on its feet. 

Avastin study is continuing with trials for several other 
cancers. Interestingly, the use of Avastin alone in a more 
recent trial did not seem to provide colorectal patients with a 
benefir better than that of standard chemotberapy, suggesting 
that antiangiogenic therapy is best used in combination with 
otber forms of tberapy. in addition to tbe studies ,vitb 
Avastin, several of the agents described above are also in 
clinical trials. For example, PTK787 is being tested in a large 
phase IIl trial for colorectal cancer. In addition to providing 
benefit for patients, these \Viele-ranging trials should provide 
a wealth of new data on the role of VEGF in various cancers 
and on the optimal dosing and timing for antiangiogenic 
therapy. 
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3.5. Other Approaches to Antiangiogenic Therapy 

Blockade of the VEGF pathway is currently rhe most 
fruitful clinical approach for inhibiting tumor angiogenesis, 
but ir is by no means tbe only approacb. Indeed, numerous 
other antiangiogenic approaches have been or are being 
tested in preclinical models and in clinical trials. These 
agents have been divided based on their site of action into 
"direct" or "indirect" antiangiogenic agents [124]. Some of 
these potential antiangiogenic agents, such as those that tar
get the PDGF signaling system, have a well-defined mecha
nism of antiangiogenesis, wbereas other agents, such as 
endostatin, are still being characterized in terms of their sig
naling pathways and mechanisms of antiangiogenesis [125]. 
These other antiangiogenic agents may be useful in combi
nation with agents !hat inhibit VEGF signaling. For exam-
ple, one study found a more potent antitumor effect by 
blocking both the PDGF and VEGF signaling pathways 
than by blocking either pathway alone [126].111e conclusion 
from this study was that it may be necessary to target multi
ple vascular cell types in late-stage tumors to achieve maxi
mal antiangiogenic effects, perhaps by targeting both estab
lished and newly formed tumor vessels. 

Another approach to antiangiogenic therapy is to alter 
the closing and timing of standard chemorhernpy agents and 
thereby shift the site of action from the tumor cells to the 
endothelial cells [127,128]. This approach, often called metrn-
nomic therapy, has used reduced amounts of chemothera
peutic drugs given on a more frequem dosing schedule [129-
131]. 111e result is less overall toxicity and a different 
mechanism of anticancer action. The protracted dosing 
appears to selectively target proliferating endothelial cells 
[132] and not tumor or stromal cells. Strikingly, this change in 
dosing appears to bypass previously induced chemoresis
tance. In one study, low doses of cyclophosphamide given 
daily to mice witb rransplanted human prostatic cancer cells 
produced substantial growth delays, but the tumors eventu
ally gre\lv progressively [133]. However, these regrowing 
tumors remained sensitive to low-dose cyclophosphamide 
when transplanted to new hosts, suggesting that the tumor 
cells had not acquired chemoresistance [133l. Clinical trials 
are currently under \vay to evaluate the utility of metronomic 
chemotherapy in cancer treatment [134]. 

4. Summary and Perspectives 

With the variety of potent and specific agents now avail
able to inhibit the VEGF signaling pathway, we are likely to 
learn much more about tbe role of VE(iF in a variety of dis-
eases, with the potential to extend antiangiogenic therapy 
beyond the field of cancer and into other diseases, including 
many inflammatory diseases. In addition, we are likely to 
learn whether other signaling pa!hways can compensate in 
any way for V EGF blockade. Such compensation may be in 
the form of inducing vessel growth in the absence ofVEGF, 
making tumors more invasive and thereby more able to co
opt existing vessels, or adapting the tumor cells to grow in a 
more hypoxic environmenL Because of the potent effects of 
VEGF inhibitors on tumor physiology, we are also likely to 
gain great insight into how to manipulate the vascular phys--

iology of tumors and normal tissues for therapeutic advan
tage. For example, blocking VEGF can profoundly alter vas
cular perfusion in tumors, with corresponding alterarions in 
tumor oxygenation. These changes in the tumor environ
ment offer new windows of opportunity for applying existing 
or novel chemotherapeutic: agents. Many years of creative 
research will be required to explore all of the therapeutic 
possibilities now open in this area. 

Although VEGF has emerged as a central angiogenic 
pathway, several other pathways are also now recognized as 
essential for normal angiogenesis, and the list of such path
ways is likely to grow. Tbe recognition and characterizarion 
of other angiogenic signaling pathways provides new thera
peutic targets. Some of tbe pathways appear to lie upstream 
or downstream of the VEGF pathway, whereas others 
appear to be parallel and separare. Mucb work is needed to 
integrate these various pathways into a rigorous develop
mental program. At the next level of complexity, we are just 
beginning to study variations on the basic angiogenic pro
gram, such as tissue-specific and vascular segment---specific 
angiogenic factors. Ongoing angiogenesis research will con
tinue to rely heavily on studies with gene-targeted mice, 
coupled with careful analyses of gene expression. Thorough 
expression studies are increasingly important as we learn 
!hat some of rbe factors can be regulated on mulriple levels. 
Future research will place increased reliance on conditional 
gene knock--outs to avoid the early embryonic lethali!y and 
the generic vascular phenotype described above. Transgenic 
mice and other in vivo overexpression systems (such as 
transduc:ed tumor cells or myoblasts) are another very valu
able research approach. 

Finally, we have not mentioned the large amount of basic 
and clinical research that has been done in the area of thera
peutic proangiogenesis. Much of this work has involved 
VEGF as an angiogenic: factor, but other angiogenic factors 
have also been tested. As we learn more about the precise 
spatial and temporal orchestration of the different angio
genic patbways, we may be better able to provide a sequen
tial cocktail of factors and thereby mimic the tissue's endoge
nous proangiogenic program. Research on angiogenesis is 
likely to only accelerate in the coming years. 
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BIOLOGY CONTRIBUTION 

VEGli' TRAP IN COMBINATION \VITH RADIOTHERAPY IMPROVES TIJI\tlOR 
CONTROL IN U87 GLIOBLASTOlVIA. 

PHYLLIS R. WACHSBERGER, PH.D.,* RANDY BURD, Pr-1.D} Cr-IR1s CARDI, M.S.,' 
MATHE\V THAKUR, PH.D_/ CONSTANTINE DASKALAKIS, Sc.D.,'f' JOCELYN HOLASH, PH.D.,11 

GEORGE D. YANCOPOULos, PH.D.,1l AND ADAM P. DICKER, M.D., Pr-r.D.,* 

Departments of *Radiation Oncology. ·'Radiology. tp11armacology and Experirnenta1 Therapeutics, Thomas Jefferson University, 
Philadelphia, PA: 'Department of Nutritional Sciences. 1..Jniversily of Arizona. Tucson, i\Z; and 11Novar1is, Emeryville, CA 

Purpose: To determine the effect of vascular endoihelial growth factor VEGF Tra13 (Regeneron Pharmaceuticals, 
Tarrytown, KY), a humanized soluble vasculm:· endothelial growth factor (VEGF) receptor protein, and radiation 
(RT) on tumor growth in lJ87 g.!iohlastoma xenografts in nude mice. 
Methods and lVfat.;rials: U87 cell suspensions were implant1.."ll subcutam;ously into hind limbs of nude mice. 
VEGF Trap (2.5-25 mg/kg) was administered eve1·y 3 days for 3 weeks alone or in combination with a single dose 
of lO Gy or fractionai.ed RT (3 x 5 Gy). In addition, i.hree scheduling proi.ocols for VEGF Trap plus fradionai.ed 
RT were examined. 
Results: Improved tumor control was seen when RT (either single dose or fractionated doses) was combined with 
the lowest dose of VEGF Trap (2.5 mg/kg). Scheduling did not sigllilicantly al'fect Ehe efficacy of combined 
therapy. Although high-dose V:EGF Trap (10 mg/kg or 25 mg/kg) significantly reduced tumor· growth over i.hat 
of RT alone, i.here was no additional benefit to combining high-dose VEGF Trap with RT. 
Conclusions: Vascular endothelial growth factor Trap plus radiation is dearly better than radiation alone in a 
IJ87 subcutaneous xeuografi. modeL AUhough high doses of VEGF Tra1) alone arc highly efficacious, it i.;; unclear 
whether such high doses call be used clinically withmd im:urring normal tissue toxidtics. Thus, Information on 
lower doses of VEGF' Trap and ionizing radiation is of clinical relevance. © 2007 Elsevier Jnc. 

Vascular endothelial growth factor Trap, Radiotherapy, Anti-angiogenic, U87 giioblastoma. 

INTRODUCTION 

Radiation (RT) therapy is an important treatment modality 
for many cancers: however, its therapeutic: success is im
peded by dose-limiting normal tissue toxicities and t.l:te 

development of radioresistance. Recent stndies ernpl1asize 
the importance of the tumor microvascular response in 
addition to the tumor cell response in determining rumor 
radioresistance (1, 2). Ionizing radiation can directly induce 
endothelial cell apoptosis (l, 3), which can inhibit tumor 
growth and lead to radiosensitization. However, in opposi
tion to endothelial cell damage, radiation also induces signal 
transduction cascades, which contribute to radiation resis
tance through upregulation of proliferative, survival, and 
angiogenic pathways ( 4 ). In particular, radiation induces 
vascular cytokines, such as vascular endothelial growth 
factor (VEGF) (5, 6), one of the most potent endothelial cell 
survival factors (7), which functions as a powerful antiapo-
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ptotic factor for endothelial cells in new blood vessels (8, 9). 
Radiation-induced VEGF results in tumor radioresistance 
through vascular radioprotection (2, 10). 

Inhibition of VEGF activity or disabling the function of 
VEGF receptors is therefore a potential sn·ategy for improving 
radiation outcome. The VEGF blockade alone has been shown 
to inhibit both tumor growth and metastasis in a variety of 
animal tumor models (11). Currently, three approaches are in 
clinical development to target the VEGFNEGFR-signaling 
pathway: ( 1) monoclonal antibodies directed against VEGF or 
its receptors (12-15), (2) small molecule inhibitors of the 
VEGFR-2 tyrosine kinase enzyme (16-19), and (3) soluble 
decoy receptors created from the VEGFRl receptor which 
selectively inhibit VEGF (20, 21). The relative benefits of 
these strategies have yet to be determined clinically. 

Tumor cures are rare when VEGF blockers are used as 
the sole method of treatment; in general, antiangiogenics 
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appear to work best in combination with cytotoxic therapies 
(22). A number of preclinical studies suggest that radiother
apy in combination with VEGF targeting agents enhances 
the radiotherapeutic ratio (see reviews; 23, 24). The best 
way to incorporate VEGF inhibition strategies into current 
radiotherapy regimens remains unknown. 

Because of the role that angiogenesis plays in the radia
tion response, the objective of this study was to determine 
whether VEGF Trap (Regeneron Pharmaceuticals, Tarry
town. NY), a potent anti-VEGF angiogenesis inhibitor that 
traps circulating VEGF in the bloodstream and in the ex
tracellular space, would enhance radiation therapy in the 
human U87 glioblastoma (GBM) tumor model. Because 
GBM tumors are among the most radioresistant and vascu
lar of neoplasms and are known to secrete high levels of 
VEGF (25), U87 GBM was deemed an appropriate model to 
assess the effects of VEGF Trap and radiation. It was 
hypothesized that inhibition of VEGF signaling by VEGF 
Trap would improve the human U87 glioblastoma model 
response to radiotherapy. 

The administration of decoy soluble VEGF receptors has 
been found to be a very effective way to block the VEGF 
signaling pathway (26-29). VEGF Trap is a unique human 
fusion protein comprising portions of human VEGF recep
tor 1 (VEGFRl) and human VEGF receptor 2 (VEGFR2) 
extracellular domains fused to the constant region (Fe) of 
human IgGl (21). VEGF Trap has greater affinity for the 
VEGF ligand than anti-VEGF monoclonal antibodies (mab) 
do ( dissociation constant < 1 pMol/L for VEGF Trap vs. 
0.1-10 nMol/L for mab) (30). VEGF Trap has been shown 
to inhibit neoangiogenesis and tumor growth in tumor xeno
grafts and metastases, as well as reduce the formation of 
malignant a sci tes (14, 21, 31). 

METHODS AND MATERIALS 

Analysis of VEGF levels in U87 tumor cells in culture 
U87 glioblastoma cells (American Type Culture Collection) 

were maintained in alpha MEM (Sigma-Aldrich, St. Louis, MO) 
with 10% fetal bovine serum (Atlanta Biologicals, Norcross, GA). 
U87 cells were irradiated at doses between 2 and 20 Gy in the 
presence or absence of 40 nM VEGF Trap and incubated for 48 h. 
Using a commercially available human VEGF immunoassay kit 
(R&D Systems, Minneapolis, MN), VEGF was assayed from 
culture supernatants. 

Animal and tumor model 
U87 cell suspensions (5 X 105 cells in 100 µL phosphate 

buffered saline) were implanted subcutaneouly (SC) into the right 
hind limbs of athymic NCR NUM mice (Taconic Farms, Hudson, 
NY). A SC xenograft model was chosen to facilitate radiation 
dosing and ease of tumor measurements in the more than 200 mice 
measured in this study. Mice were not pretreated before tumor 
implantation. U87 tumors were allowed to grow for approximately 
14 to 18 days until reaching an approximate diameter of 4 to 5 mm 
before treatment. 

Drug and irradiation treatment 
In an initial pilot study, VEGF Trap was administered at two 

doses, a high dose (25 mg/kg) or low dose (2.5 mg/kg), every 3 
days, up to 3 weeks, with or without a single dose of radiation (10 
Gy) given on Day 0. VEGF Trap was administered every 3 days 
because it has a half-life of 72 h in mouse serum (drug pharma
cokinetics communicated by Regeneron). Drug was administered 
2 h before radiation. When fractionated radiotherapy was used, 
VEGF Trap was combined at 2.5 mg/kg (low dose) or 10 mg/kg 
(intermediate dose) with fractionated radiotherapy (three fractions 
of 5 Gy each) on Days 0, 1, and 2. Scheduling of VEGF Trap was 
either 1 week before fractionated radiation and continuing for a 
period of 3 weeks, concurrent with radiation and continuing for a 
peiiod of 3 weeks, or 3 days postradiation treatment and continu
ing for a peiiod of 3 weeks. Thus, the total number of drug doses 
was constant for each schedule (see Fig. l for dose and irradiation 
scheduling protocol). 

Irradiation was performed on anesthetized mice using an X-ray 
machine (Gulmay Medical, Bethel, CT) operating at 250 kV, 10 
mA, with a 2-mm aluminum filtration. The effective photon energy 
was =90 keV. Mice were anesthetized with a combination of 
ketamine and acepromazine at a concentration of 75 mg/kg and 
0.35 mg/kg, respectively. Each mouse was confined in a lead 
casing with its tumor-bearing leg extended through an opening on 
the side to allow the tumor to be irradiated locally. Radiation was 
administered as three daily fractions of 5 Gy each as described 
earlier. 

Tumor size was measured 4 to 5 times per week after treatment 
by direct measurement with calipers and calculated by the formula 
[(smallest diameter (2) X widest diameter)/ 2]. Tumors were not 
allowed to grow beyond 2,000 mm3 in accordance with Institu
tional Animal Care and Use Committee regulations. 

VEG!' Tr<>p .,- Single Dose RT (Hl Gy) 

ll 7 14 

VE.GF Trap+ Fractionated RT (3 X 5 Gy) 

II 

-1 tHZ 14 

Ill [§[] 

~ RT(1 <la\,) 
: ~ Rt (.J <lays) ! 
I - VEGF Trap [2-i Days) : 

Days 

Fig. 1. Scheduling protocols for vascular endo!helial growth factor 
(VEGF) Trap administration in combination with radiation (RT). 
VEGF Trap was given at 2.5, 10. or 25 mgFKg every 3 days in four 
schedules: (I) VEGF Trap given on Day O concuffent with a single 
dose of RT (10 Gy) and continued up to 3 weeks: (II) VEGF Trap 
given on day - 7 before RT (3 X 5 Gy) and continued for 3 weeks; 
(III) VEGF Trap given on Day 0 concurrent vvith RT (3 X 5 Gy) 
and continued up lo 3 weeks: (IV) VEGF Trap given on Day 3 post 
RT (3 X 5 Gyl and continued up to 3 weeks. AH three protocols 
received the same number of dmg doses. Day {} was always the 
start of radiation. 
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Positron emission tomography imaging 
The MOSAIC PET scanner (Philips Medical Systems, Brisbane, 

CA) was used for PET st,idies. Before imaging, mice were &'les
thetized wiih ketamine (75 mg/kg) and aceprornazine (0.35 mg/kg) 
via a SC injec1ion. Once anesthetized 0.3 to 0.5 f.LCi of 18-
fluorodeoxyglucose (FDG) was administered intravenously. Sixty 
to seventy min were allowed for uptake of the tracer. Mice ,>,·ere 
placed in a 50-mL specimen tube to facilitate rnultimodality ste
reotaclic posilioning. The PET data were acquired in a single 
position for 15 min. Volumes of interest (VOfa) were defined by 
drawing rrmltislice regions of imerest (ROls) on the PET images 
using 50% of the foil-width-at-half-maximum (FWHi\/l.) of the 
tumor to determine the tumor boundary. In the case of tumors with 
a core lacking FDG uptake, the tumor and core boundaries were 
defined by 50% FWHM of each wall adjacem io the core. M:ice 
were divided into 1hree groups (n = 3--6 animals per group): 
untreated; low-dose VEGF Trap--treated (2.5 mg/kg), and high
dose VEGF Trnp--treated ( l O mg/kg). 

fmmunohistochemistry 
Plateiet--endotlielial cell adhesion molecule l (PECAM-1) irn

nmnostaining for microvessel density (MVD): control, rndiation
treated, VEGF Trap--treated tumors, and VEGF Trap plus radia
tion--treated tumors ,vere immunos1ained with a rat antimouse 
PECAM-l rnAb (BD Biosciences, Boston, MAJ and a rabbit 
antira, biotinyiated ,;ecomlary arttibody (Veclor Labs, Burlingame, 
CA). Enhanced horseradish peroxidase-conjugated streptavidin 
and a suhslra,e chromogen, AEC (3--amino-9-ethyl carhazole), 
were used to visualize the signal. (HISTOSTAIN-PLUS kit, fo
vi,rogen, Carlsbad, CA); slides were examined with a Nikon 
Eclipse E600 microscope to calculate MVD, the area occupied by 
the PECAM-1-positive micrnvessels, and tmal tissue area per 
section were quantified using National Institute of Health Image J 
software. Microvessel density was expressed as percent area of 
blood vessels stained per tissue section. Areas of necrosis were 
excluded from calculations. Four or five high-power fields were 
identified on each section ·with three to four sections per tumor and 
two tumors per endpoint. 

Smtistical analysis of tumor growth 
Tumor size measurements over time were obtained from the 

following groups: control; radiation 3Jone: VEGF Trap, low dose 
(2.5 mg/kg), intennediale dose (IO mg/kg), or high dose (25 
mg/kg); and the corresponding two radiation plus VEGF Trap 
combinations (n cc 10--14 animals per group). Tumor grnwlh over 
the entire study follow-up period was modeled via mixed-effects 
iinear regression. This approach fits a "raudom" growth curve to 
each animal's data and ti'Jen statistically "averages" these curves 
wi,hiu each treatment group lo estimate an overall '"fixed effect" 
for each group. It also properly handles unbalanced data (i.e .• 
different number of measurements for different animals) and takes 
into account the con-elation of each animal's measurements over 
time. Because tumors typically grow exponentially, the base-10 
logarithm of tumor volume was modeled as a function of time and 
treatment. The interpretation of the linear model for the iog of 
tumor volllme is in terms of geometric means and geometric mean 
ratios (while foe usual interpretation of a regression model for an 
untransformed oulcome is in terms of arithmelic meaus and mean 
differences). The fined linear growth curves fitted the data well. In 
addition, an allowance was made for the variance of the random 
effects to differ across groups to account for the larger variability 
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of measurements in cenain treated groups. All statistical ,malyses 
were conducted in SAS 8.2 {SAS institute, Cary, NC, 1999-2001). 

The mixed-effects regression has multiple advantages over anal
yses of tumor gmwfu delay that typically compare groups with 
respect to the average time it takes tumors to reach some arbitrary 
size (e.g., 2,000 mm 3

). First, mixed-effects regression yields more 
general paranteters of interest. such as average daiiy tumor growth 
rate and doubling time. Second. it can investigate (if necessary) 
treatment interactions and nonline3r patlerns of mrnor gro<N,h. 
Finally. it is more efficient because it used the repeated tumor size 
rneasnremen!s obtained over the entire study period. 

RESULTS 

Effect of VEGF Trap and radiation on 1/EGF secretion in 
U87 cells in culture 

Levels of VEGF increased in U87 c:ulmre supernatams in 
a dose-dependent manner following irradiation (Fig. 2). The 
addition of VEGF Trap (40 nM) reduced free VEGF in the 
supernatant to undetectable levels. 

Effect of VEGF Trap and radiation on U87 tumor 
growth inhibition 

The linear models for the log-transformed tumor growth 
fitted the data quite well in all groups. The raw data for all 
treatment groups with regression lines are plotted in Figs. 3 
through 6 with corresponding Tables 1 through 4. The average 
daily percent increase in tumor volume for the untreated con
trol group was consistent across all protocols and ranged be
tween 27% and 31 %, corresponding to a tumor doubling time 
between 2.5 and 3.0 days (Tables 1-4). Radiation alone (both 
single or fractionated doses) or VEGF Trap alone (all doses) 
significantly reduced the tumor growth rate compared with 
control (p < 0.001, Figs. 3-6, Tables 1-4). Results with 
VEGF Trap in combination with single dose or fractionated 
radiotherapy are now summarized. 

1{) 

Fig. 2. Effect of vascular endoihelial growth factor (VEGF) Trap 
and radiation on VEGF secretion in U87 cells in culture. U87 cells 
were irrndiated at doses between 2 and 20 Gy in the presence or 
absence of 40 nM VEGF Trap. Cell culture supernatants were 
assayed for VEGF secretion 48 h following treatment VEGF 
secretion was undetectable in presence of 40 nM VEGF Trap. 
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Fig. 3. Effect of vascular endothelial growth factor (VEGF) Trap combined with single-dose radiation (10 Gyi on tumor 
growth iJ1 U87GBM. Individual mouse data for six treatrnent groups (n = 10--12 animals per group). VEGF Trap was 
given at 2.5 or 25 mgikg starting on Day 0. concurrent with radiation and continuing every 3 days for 3 weeks (see 
schedule I, Fig. l). 

Effect of VEGF Trap and single dose radiation ( JO Gy) 

on U87 tumor growth inhibition 
Table 1 presents tumor growth data based on the mixed

effects linear regression analysis described in Methods and 

Materials, and Fig. 3 presents the original animal data. In this 
experiment, a low dose of VEGF Trap (2.5 mg/kg) initiated 
concurrently with a single dose of 10 Gy was compared with 
a lOX higher dose ofVEGF Trap (25 mg/kg) plus 10 Gy. The 
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Fig. 4. Effect of vascular endothelial growth factor (VEGF) Trap initiated before fractionated radiation (3 X 5 Gy) on 
tumor grmvth in U87 GBM. Individual mouse data for 6 treatment groups (n = 10-14 animals/group). VEGF Trap was 
given al 2.5 or 10 mg/kg starting on Day ·--7 and continuing every 3 days for 3 Weeks (see scbedu]e IL Fig. 2). 

six groups are compared in tenns of average daily tumor 
grmvth and doubling time. It can be seen from Table 1 and Fig. 
3 that both low-dose and high-dose VEGF Trap were effective 
inhibitors of daily percent increase in tumor volume (%.1. = 

15% and 5%, respectively, vs. 31 % for controls, p = 0.001). 
Although low-dose VEGF Trap was not significantly better 
than 10-Gy treatment alone, the combination of low-dose 
VEGF Trap and 10 Gy slowed daily tumor growth (%.1. = 
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Fig. 5. Effect of vascular endothelial growth factor (VEGF) Trap sequenced concmTent vvith fractionated radiation (3 
:< 5 Gy) on tumor Growth in U87 GBM. Individual mouse data for six treatment groups (n = 10--14 animals per group). 
VEGF Trap vvas given at 2.5 or 10 mg/kg starting on Day O and continuing every 3 days for 3 weeks (see schedule III, 
Fig. 3). 

12% vs. 18% for !O Gy alone and 15% for low VEGF Trap 
alone). Thus, a less t11an additive enhancement in tumor control 
over either modality alone \Vas observed. High-dose VEGF 
Trap, as a single treatment modality, was highly effective in 

slowing daily percent increase in tumor volume (5% vs. 18% 
for 10 Gy). Its efficacy was not improved by the addition of 10 
Gy. This study suggests that low-dose VEGF Trap in combi
nation with single-dose radiation has an enhanced effect on 
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Fig. 6. Effect of vascular endothelial gr()\Jvth factor (VEGF) Trap sequenced pos1 frac1ionated radiation (3 X 5 Gy) on 
tumor Growth in U87 GBM. Individual mouse data for six treatment groups (n = 10-14 animals/group). VEGF Trap 
was given at 2.5 or !O mg/kg starting on Day 3 and continuing every 3 days for 3 v,1eeks (see schedule IV, Fig. 4). 

tumor cell kill. It ,vas thought rhat this enhancement might be 
improved by varying dose and scheduling protocol Additional 
studies \Vere carried om in which low-dose VEGF Trap at 
2.5 mg/kg was compared with an intermediate dose of 10 

mg/kg (because VEGF Trap at 25 mg/kg appeared to 
have masked any additional benefit of radiation in en
hancing tumor control) in combination \Vith a more clin
ically relevant fractionated radiotherapy protocol. The 
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Table 1. Effect of VEGF Trap combined with single-dose radiation: Summary of tumor growth (Schedule I) 

Treatment (95% CI) T2x p values 

2.6 Control (human FC protein) 
RT (10 Gy) 
VEGF Trap (2.5 mg/kg 
VEGF Trap (25 mg/kg) 
VEGF Trap (2.5mg/kg) + RT 
VEGF Trap (25 mg/kg) + RT 

31.0 
18.0 
15.0 

(27-35) 
(15-21) 
(13-28) 
(2-7) 
(9-14) 
(2-7) 

4.2 0.001 vs. control, 0.19 vs. VEGF Trap (low) 
4.9 0.001 vs. control, 0.19 vs. RT alone 

5.0 
12.0 
5.0 

15.2 0.001 vs. control, 0.001 vs. RT alone, 0.001 vs. VEGT Trap (low) 
6.3 0.003 vs. RT, 0.06 vs. VEGF Trap (low) 

15.5 0.001 vs. RT, 0.417 vs. VEGF Trap (high), 0.96 vs. VEGF Trap (low) + RT 

Abbreviations: %8. = daily% increase in tumor volume; CI = confidence interval; RT = radiation; VEGF = vascular endothelial growth 
factor; T2x = average doubling time for tumor volume (in days). 

resuhs of these stndies are reported in the following 
sections. 

tffecr of VEGF Trap and fractionated radiation on U87 
tumor growth inhibition 

VEGF Trap given before fractionated radiation: in this 
protocol, VEGF Trap was administered 7 days before radi
ation. The analyses a!lmved for separate 1umor growth rares 
in the first and second pe1iods (preradiation: Days -7 to 0; 
postradiation: Days O+) for the groups tha! n'.ceived radia
tion. The study's main aim was m compare tumor growth 
rn!es across treatment groups in the ianer period, when all 
treatments had been applied. Table 2 summarizes the results 
of the tumor growth modeling analyses during this main 
study phase, and Fig. 4 presents the original animal data. 
The low-dose VEGF Trap group (2.5 mg/kg every third day, 
starting at Day - 7) demonstrated a reduction in daily per
cent increase in tumor volume (12% vs. 27% for control; p 
= 0.001) that was similar to the first single-dose radiation 
study, whereas the high-dose VEGF Trap group (10 mg/kg 
every third day, starting at Day -7) had an even stronger 
effect (7%) that, again, was similar in trend to the first study. 
In the radiation only group, tumor daily growth was slowed 
to 11 % (p < 0.001 vs. control). Although low-dose VEGF 
Trap was comparable to radiation alone (p = 0.59), the 
combination of low-dose VEGF Trap with radiation (7% 
average daily percent increase in tumor volume, Table 1) 
was significantly better than either radiation alone (p = 
0.036) or low-dose VEGF Trap alone (p < 0.005). The 
combination of high-dose VEGF Trap with radiation (5% 
average percent daily increase in tumor volume) was also 
significantly better than radiation alone (p = 0.002) but not 

significantly better than high dose VEGF Trap alone (p = 
0.33). 

VEGF Trap given concurrently with fractionated radia
tion: Table 3 summarizes the results of the tumor growth 
modeling analyses based on original animal data shown in 
Fig. 5. High-dose VEGF Trap was significantly better than 
radiation in reducing daily percent increase in tumor volume 
(8.5% vs. 16. l % for radiation, p = 0.001). The combination 
of low-dose VEGF Trap with radiation (12% average daily 
increase in tumor volume) was significantly better than 
either radiation alone (p = 0.029) or low-dose VEGF Trap 
alone (p = 0.012). The combination of high-dose VEGF 
Trap ( 10 mg/kg) with radiation (7% average daily increase 
in tumor volume) was also significantly better than radiation 
alone (p = 0.001) but not high-dose VEGF Trap alone (p = 

0.417). 

VEGF Trap given postradiation: Table 4 summarizes the 
results of the tumor growth modeling analyses based on 
original animal data shown in Fig. 6. The results of this 
schedule followed the same pattern as seen in the previous 
two schedules with fractionated radiation as well as the first 
experiment with single-dose radiation. The benefit of com
bining VEGF Trap with radiation compared with single
modality treatments was once again seen with low-dose 
VEGF Trap plus radiation. High-dose VEGF Trap at 10 

mg/kg plus radiation significantly reduced percent daily 
increase in tumor volume when compared with radiation 
alone but was not significantly different from VEGF Trap 
alone (p= 0.187). 

In summary, improved tumor control was seen when 
radiation (either single dose or fractionated doses) were 
combined with the lowest dose of VEGF Trap (2.5 mg/kg) 

Table 2. VEGF Trap initiated before fractionated radiation: Summary of tumor growth (Schedule II) 

Treatment %8. 

Control (human FC protein) 27.0 
RT (3 X 5 Gy) 11.0 
VEGF Trap (2.5 mg/kg) 12.0 
VEGF Trap ( 10 mg/kg) 7.0 
VEGF Trap (low)+ RT 7.0 
VEGF Trap (high) + RT 5.0 

(95% CI) T2x 

(23-31) 3.0 
(8-15) 6.5 
(10-15) 5.9 
(4--9) 11 
(4--9) 10.6 
(2-7) 15.3 

p values 

0.001 vs. control, 0.59 vs. VEGF Trap (low), 0.027 vs. VEGF Trap (high) 
0.001 vs. control, 0.59 vs. RT 
0.001 vs. control, 0.027 vs. RT, 0.001 vs. VEGF Trap (low) 
0.034 vs. RT, 0.004 vs. VEGF Trap (low) 
0.002 vs. RT, 0.33 vs. VEGF Trap (high) 

Abbreviations: %8. = daily% increase in tumor volume; CI = confidence interval; RT = radiation; VEGF = vascular endothelial growth 
factor; T2x = average doubling time for tumor volume (in days). 
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Table 3. VEGF Trap sequenced concurrently with radiation: Summary of tumor growth (Schedule III) 

Treatment %Li (95% CI) T2x p values 

Control (human FC protein) 27.0 (24--30) 2.9 
RT (3 X 5 Gy) 16.0 (13-19) 4.6 0.001 vs. control, 0.729 vs. VEGF Trap (low), 0.001 vs. VEGF Trap (high) 
VEGF Trap (2.5 mg/kg) 17.0 (14--19) 4.5 0.001 vs. control, 0.729 vs. RT alone 
VEGF Trap (10 mg/kg) 8.5 (6-11) 8.5 0.001 vs. control, 0.001 vs. RT alone, 0.001 vs. VEGT Trap (low) 
VEGF Trap (low) + RT 12.0 (9-14) 6.3 0.020 vs. RT, 0.008 vs. VEGF Trap (low) 
VEGF Trap (high) + RT 7.0 (5-9) 10.3 0.001 vs. RAD, 0.392 vs. VEGF Trap (high), 0.014 vs. VEGF Trap (low) + RT 

Abbreviations: %Li = daily% increase in tumor volume; CI = confidence interval; RT = radiation: VEGF = vascular endothelial growth 
factor; T2x = average doubling time for tumor volume (in days). 

used in these studies. Scheduling did not significantly affect 
the efficacy of combined therapy. The relative benefits of 
combined low-dose VEGF Trap plus fractionated radiation 
relative to radiation as judged by percent reduction in av-
ernge daily increase in tumor volume \;;,'ere 36% for VEGF 
Trap given before radiation, 27'1/c for c:oncmTent treatment, 
and 32%· for drug given postradiation treatment. Although 
high--dose VEGF Trap (either 10 mgikg or 25 mg/kg) sig-
nificantly reduced tumor growth over that of radiation 
atone, there was no added benefit to combining high dose 
VEGF Trap ,vith radiation. 

tffecr of VEGF Trap and radiation on 
microvessel density 

Immunoassaying for endothelial cells with PECAM--1 
revealed an inhibition of tumor angiogenesis 3 ,veeks after 
treatment with VEGF Trap or VEGF Trap and radiation. 
Tumor MVD was similar in the control and radiation
treated tumors. Tumor MVD in the VEGF Trap treated 
tumors was decreased to between 43% to 57% of control or 
radiatimHreated tumors (p =0 0.06). Tumor MVD in VEGF 
and radiation-treated groups decreased to between 15% and 
30% of control or radiation-treated groups (p =0 0.001) (Fig. 
7). There was no significant difference in MVD between 
high-dose VEGF Trap-treated with radiation vs. high dose 
VEGF Trap alone (p = 0.29). However, there was a signif
icant difference in MVD between low-dose VEGF Trap
treated with radiation and low-dose VEGF Trap alone (p = 
0.01, Fig. 8). 

18-fiuorodeoxyglucose-PET imaging of VEGF 
Trap-treated tumors 

Figme 9a illustrates a series of images from a represen
tative, untreated mouse. Figure 9b represents a series of 

images from a representative mouse treated with VEGF 
Trap dosed at or 10 mg/kg eve1y 3 days (starting at Day 0) 
for 3 weeks. Tumor volume (mm3

) and days following start 
of treatment are indicated. Because of the difficulty in 
matching tumor volumes and time after treatment, the per
cent of metabolically inactive tumor volume (as measured 
by FDG uptake) was measured as a function of tumor 
volume and averaged over a range of tumor volumes be
tween 900 and 1,600 mm3

. The percent of metabolically 
inactive tumor was significantly less in untreated tumors 
(2.46% :±: 0.18%) than in tumors treated with 10 mg/kg 
VEGF Trap (8.7 :±: 1.26%, p = 0.01) but not significantly 
different from tumors treated with 2.5 mg/kg VEGF Trap 
(3.36 :±: 0.36%, p = 0.13). 

DISCUSSION 

This work demonstrated that VEGF Trap alone is an 
effective dose-dependent inhibitor of tumor growth in 
U87GBM. These findings agreed with previous studies of 
VEGF Trap in other preclinical animal models demonstrat
ing efficacy in halting angiogenesis and shrinking tumors 
(30). Because VEGF Trap was very potent by itself and 
could have potentially masked any additional benefits of 
radiation, both low-dose and high-dose scheduling of the 
dmg were used with radiotherapy. In all scheduling proto
cols that were investigated, the combination of low-dose 
VEGF Trap with radiation was significantly better than 
either treatment modality alone. On the other hand, high
dose VEGF Trap was significantly better than radiation 
alone and therefore masked any additional benefit that may 
have resulted from combination therapy. 

The benefit of combined treatment with low VEGF Trap 

Table 4. VEGF Trap sequenced post-fractionated radiation: Summary of tumor growth (Schedule IV) 

Treatment %Li 

Control (human FC protein) 31.5 
RT (3 X 5 Gy) 15.0 
VEGF Trap (2.5 mg/kg) 16.0 
VEGF Trap ( 10 mg/kg) 8.0 
VEGF Trap (low)+ RT 10.0 
VEGF Trap (high) + RT 5.5 

(95% CI) T2x 

(28-35) 2.5 
(13-17) 5.1 
(13-19) 4.7 
(5-10) 9.2 
(7-12) 7.4 
(3-8) 12.8 

p values 

0.001 vs. control, 0.460 vs. VEGF Trap (low), 0.001 vs. VEGF Trap (high) 
0.001 vs. control, 0.460 vs. RT alone 
0.001 vs. control, 0.001 vs. RT alone, 0.001 vs. VEGT Trap (low) 
0.011 vs. RT, 0.001 vs. VEGF Trap (low) 
0.001 vs. RT, 0.187 vs. VEGF Trap (high), 0.013 vs. VEGF Trap (low) + RT 

Abbreviations: %Li = daily% increase in tumor volume: CI = confidence interval; RT = radiation; VEGF = vascular endothelial growth 
factor; T2x = average doubling time for tumor volume (in days). 
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RT 2.5mg,'l<g 10mg/kg 2.5mglkg 10 mg/kg 
+RT +RT 

Treatment 

Fi.g. 7. Effect of vascular emlotbeli.al growth factor (VEGFl Trap 
and radiation (RT) (Schedule m on microvessel density (]'vlVD}. 
Tumor MVD in VEGF Trap--treated tumors was decreased to 
between 43c;;:, and 57% of control or RT-treated lumor:; (p = 0.06 ). 
Tumor MVD in VEGF Trap and RT-treated groups decreased to 
between 15Sf; and 30% of control or RT-treate,l groups (p = 
0.001). There was no significant difference in MVD between 
VEGF Trap--irealed (high dose) + radiation vs. VEGF Trap (liigb 
dose! alone (p = 0.29). Hmvever, there ,vas a significant difference 
in MVD between VEGF Trap (low dose) + radiation and VEGF 
Trap (low dose) alone (p = 0.0]) 

and radiation relative to radiation alone was not influenced 
by scheduling protocol. This result was in contrast to earlier 
work demonstrating improved radiation response when a 

VEGFR2 blocker. DCl0l, was given 4 to 6 days before 
radiotherapy (32). This earlier work suggested that tumor 
vasculature normalization occurred during pretreatment 
with the VEGFR2 blocker, a process in which pruning of 
immature and inefficient blood vessels occurs leading to 

improved tumor perfusion and oxygenation and improved 
radiation response. The current observations may reflect the 
absence of a normalization effect by VEGF Trap on U87 
GBM vasculature or a missed window of opportunity for 
normalization because of the particular protocols used in 
this work. Because it is not known how tumor oxygenation 
levels may have varied throughout the course of combined 
treatment with VEGF Trap and radiation, additional studies 
are waITanted to resolve the issue of normalization. 

The observation that scheduling did not have an impact 
on efficacy of combined treatment with VEGF Trap and 
radiation in this study is also in contrast to recent studies in 
which VEGF blockade was obtained either by a VEGF 
receptor2 tyrosine kinase inhibitor, ZD6474, or indirectly 
by HIF-1 alpha blockade of VEGF secretion. In both these 
studies, optimal antitumor efficacy was obtained when 
VEGF blockers were sequenced following radiation (2, 33). 
These studies suggested that prolonged suppression of ra
diation-induced angiogenesis account for enhanced efficacy 
of combined treatments with angiogenesis blockade and 
radiation. However, it is not clearly understood why there is 
a difference in the impact of scheduling among these agents. 

This work is encouraging in that it demonstrates for the 
first time a benefit in combining VEGF Trap with ionizing 
radiation in a highly resistant GBM tumor model. VEGF 
Trap is a unique human fusion protein with very potent 
binding affinity for VEGF A isoforms as well as placental 
growth factor (PIGF) and is cuITently in clinical trials. Its 
affinity for VEGF is potentially 100- to 1,000-fold higher 
than existing VEGF monoclonal antibodies such as bevaci
zumab (34). This high-affinity blockade of VEGF differen
tiates VEGF Trap from other anti-VEGF strategies and 
therefore gives this drug the potential to enhance combina
tion modality treatment with lower dosing. 

Mechanisms of enhanced U87 tumor control by com-

Fig. 8. Piatelet--endothelial cell adhesion molecule 1 (PECAivI-1) staining in subcutaneous U87 glioblastoma xenografts 
treated with vascular endothelial growth factor tVEGF) Trap with and without radiation therapy (Schedule II). Lower 
microvessel density (MVD) and altered vessel morpbology were observed in treated tumors. (VEGFT L cc VEGF Trap 
low dose; VEGFT H = VEGF Trap high dose; R = radiation) Original magnification: X 100. 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 370



1536 L J. Radiation Oncology 8 Biology ~ Physic, 

a. 

Control 

147 /1 

b. 

Treated 

406/ 12 

Volume 67. '.\'umber 5, 2007 

507 /4 

1063 /27 

[L,c::1,.,> 

/I 
1617 / 9 

1543 / 35 

,i,.\Jolume(mm3) I (day-s 
[post-trnatlmmt} 

Fig. 9. 18-fiuomdeoxyglucose (FDG)-PET imaging of human U87 glioblastoma xenografts in nude mice. (a) A series 
of typical images from an untreated mouse. (b) A series of images from a mouse treated with vascular endothelial growth 
factor (VEGFl Trap dosed at 10 mg/kg every 3 days (starting at Day OI for 3 weeks. Tumor volume (mm:;) and days 
follmving start of treatment are indicated. Imaging ,vas performed as described in Methods and Materials. The percent 
of metabolically inactive tumor (as measured by FDG uptake) vvas significantly less in umreared mmors than in tumors 
treated with 10 mg/kg VEGF Trap. 

bined therapy with VEGF Trap and radiation most likely 
include inhibition of radiation-induced angiogenesis by 
VEGF Trap sequestration of circulating VEGF in the blood
stream and in the exrracellular tumor space resulting from 
radiation-induced secretion. lndeed, in this study, a radia
tion-dose-dependent increase in VEGF secretion by U87 
glioblastoma cells was observed and excess VEGF was 
bound in the presence of VEGF Trap. In addition, irnmu
nohistochemical findings indicated a reduction in MV D 3 
weeks following rreatrnent with VEGF Trap and radiation. 
Inhibition of radiation-induced angiogenesis was also ob
served indirectly through FDG---PET imaging, which re
vealed an increase in metabolically inactive tumor tissue 
after VEGF Trap treatment, possibly arising from the in
duction of tumor necrosis or apoptosis in the presence of 
angiogenesis inhibition. Ir is also of interest that in this 
study, a brief period of fractionated radiotherapy with 
VEGF Trap resulted in tumor growth rerardation bur not 
remission. The lack of remission is probably related to 
continued production of VEGF after removal of drug and 
radiation and points to the need for chronic therapy with 
VEGF Trap, which is in agreement with what has been 
observed for the transient effects of other antiangiogenic 
agents on tumor control (23, 35). 

In conclusion, these studies demonstrate that the com
bination of low-dose VEGF Trap and radiation is clearly 
better than radiation alone in a U87 subcutaneous xeno
graft model. Although high doses of VEGF Trap alone 
are highly efficacious, it is unclear whether such high 
doses can be used clinically without incurring normal 
tissue tox1c1t1es. Thus, information on lower doses of 
VEGF Trap and ionizing radiation are of clinical rele
vance. 

It is understood that the SC xenograft model used in 
this study has shortcomings in that ectopic tumors im
planted SC in the hind limb of animals do not duplicate 
the vascular microenvironment of orthotopic brain im
plants (36). However, the use of hind limb injection is the 
standard approach for xenograft studies with radiation. In 
addition, human xenografts in immunocompromised 
nude mice, whether they be ectopic or orthotopic, both 
have deficiencies in that they can only approximate the 
human patient situation and seldom reflect accurately the 
glioblastoma multiforme histopathology seen in patients. 
This study is encouraging in that it demonstrates for the 
first time a benefit in combining VEGF Trap with ioniz
ing radiation and warrants further investigations both 
preclinically and clinically. 
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US. The companies initially agreed to jointly develop aflibercept in oncology, 
opht.l-ialmoiogy and possibly in other indications.l4l 

Originally, aflibercept was being developed under a research and development 
al.liance between Regeneron and Procter & Gamble. However, in 2000 this 
agreement was restmctured and Regeneron regained all righ!s. 

An NCI-sponsored phase II trial tNCT00407654) of aflibercept, involving 80 
patients with previously treated metastatic colorectai cancer, is also underway in 
the US and Canada. The triai was initiated in October 2006 and is evaluating the 
efficacy of aflibercept in this patient group, as measured by objective tumour 
response and progression-free survival at 4 months. 

In September 2006, a phase I1 trial in 82 patients with locally advanced, 
UJ'J_tesectable or metastatic gynaecological soft !issue sarcoma was initiated by 
NCI and Regenernn in the US and Canada. This ongoing trial :NCT00390234) 
will evaluate the efficacy of aflibercept, as measured by progression-free survival 
and turnour response rate. 

Regeneron and sanofi-aventis are conducting a phase II trial of intravenously 
(lV) administered aflibercept in patients with advanced ovarian cancer who have 
recurrent symptomatic maiignant ascites (SMA). The trial (NCT00327444) began 
in July 2006 and \Vas continuing to recruit a total of 54 patients at centres in the 
US, Canada, India and the EU (Austria, Belgium, Hungary, Spain and the UK) in 
April 2007. 

In October 2006, the companies initiated a second sma!l phase II trial of 
aflihercepl (NCT00396591) in 15 pa!ients with malignant ascites associaied ,vith 
ovarian cancer. The study will assess the efficacy, safety, pharmacokinetics and 
immunogenicity of aflibercept IV given every 2 weeks in the US and EU (Italy 
and Sweden) and was recruiting patients in May 2007. 

Regeneron and sanofi-aventis are also conducting a single-agent phase II study 
of aflibercep! in non-small-ceil lung adenocarcinoma (NSCLA). The open-label, 
single-arm study (NCT00284141) has completed enrolment of approximately 100 
patients with platinum- and erlotinib-resistant, locally advanced or metasw.tic 
NSCLA to receive aflibercept (4.0 mg/kg IV) in the US, France and Canada. 
Results from the first 37 evaluable patients have been reported showing 
anibercept was generally \.Vell tolerated and two partial reponses were noted_f5,6i 

Regeneron has completed an open-label phase 1 trial in patients with solid 
tumours and non-Hodgkin's lymphoma (NHL) at three sites in the US. The study 
enrolled 38 patients \Vith incurnble, relapsed or refractory solid tumours who 
received subcutaneous injections. In total, the trial enrolled patients with 15 
different types of cancer who were treated with seven subcutaneous doses of 
aflibercept over 10 weeks. In June 2004, Regeneron presented results from this 
study showing that the aflibercept was well tolerated and had a good safety 
profile. The maximum tolerated dose \Vas not established. The company has not 
conducted any further trials in this indication with afiibercept as a monotherapy, 
although the NCI has ongoing trials of aflibercept in patients with solid tumours 
and NHL (e.g. NCT0008283J_l7J 

In 1\!Iay 2005, Regeneron announced initiation of a phase I safety and tolerabili
ty study ,vith aflibercept in combination with the FOLFOX-4 regimen (oxalipia
tin, 5-fluorouracil and leucovorin) in patients with advanced solid tumours. As at 

[)rugs F? D 2008; 9 (Llj 
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August 2006, the maximum tolerated dose had not been reached and dose
escalation was continuing in this study.l8,°-l 

The NCiiRegeneron trial in patients with metastatic or unresectable kidney 
cancer began in September 2007 with continued recruitment in April 2008. This 
trial (NCT00357760) is anticipated to recrnit 120 patients in the US to evaluate 
the efficacy of two doses of aflibercept. 

Regeneron and Bayer inititiated a phase JU trial of afiibercept in approximately 
1200 patients with the neovascular form of wet Afv1D in August 2007. The non
inferiority, VIEW 1 (VEGF Trap: Investigation of Efficacy and safety in \Vet age
related macular degeneration) study ,Nill evaluate the safety and efficacy of 
intravitreal aflibercept at doses of 0.5 mg and 2.0 mg administered at 4-week 
dosing intervals, and 2.0 mg at an 8-week dosing interval, compared 'vvith 0.5 mg 
ranibizumab administered every 4 weeks. The randomized, double-blind trial will 
be conducted at more than 200 centres throughout the US and Canada, pursuant to 
a Special Protocol Assessment (SPA) issued by the the US FDA. Patients will 
continue to be treated &"1d followed for an additional year, after the first year of 
treatment. The VIEW 1 study is the first in a phase Ill global development 
programme in wet AMO, ,vhich is expected to be conducted in the US, Europe 
and other nations. Regeneron received a $US20 million milestone payment from 
Bayer HealthCare in August 2007 following dosing of the first patien1J10,u1 

A second phase UI trial (VIE\V 2) in wet ANlD began with the first patient 
dosed in May 2(X)8. The VIEW 2 trial will enrol approximately 1200 patients from 
the EU, Asia Pacific, Japan and Latin America. This study will evaluate the safety 
and efficacy of afiibercept at 0.5 mg and 2.0 mg administered at 4-week intervals 
and 2.0 mg at an 8-week dosing interval, including one additional 2.0 mg dose at 
week 4. Patients randomized to the rnnibizumab arm of the trial wiH receive a 
0.5 mg dose every 4 weeks. The primary endpoint wiil be the proportion of 
patients treated witb aflibercept who maintain vision al the end of l year 
compared with ranibizumab patients.f12J 31 

Regeneron has completed a 12--week, phase 11 trial in patients with wet AMD, 
to evaluate !he safety and efficacy of intravitreal aHibercept using different doses 
and dose regimens. Two patient groups received monthly doses of 0.5 or 2J} mg, 
and three groups received quarterly doses of 0.5, 2.0 or 4.0 mg (baseline and 
week 12). Analysis of data demonstrated that all five doses of aflibercept met 1he 
primary study endpoint of a statistically significant reduction in retinai thickness 
after 12 weeks and .32 ,veeks of treatment compared with baseline. The study 
commenced in April 2006 and enrolled 157 paiients at sites in the US. Preliminary 
phase I trial results in 21 patients have also been presented.l 14· 16l 

Additionally, Regeneron bas conducted a phase I trial of aflibercept ln five 
patients with diabetic macular oedema (DME) in the US. Results presented in 
May 2007 indicated that a singie 4 mg injection resulted. in a marked decrease in 
mean central retinal tbickness and mean macutar volume throughout the 6-week 
observation period. The VEGF Trap-Eye was generally ,veH tolerated, and there 
were no drug-related serious adverse events.f17l Regeneron plans to conduct 
advanced studies of the VEGF Trap-Eye in DME. 

Previously, sanofi-aventis and Regeneron had been collaborating on the devel
opment of aflibercept for eye diseases through local delivery systems. However, 
t.11e exclusive rights to develop and commercialize afiibercept for eye diseases 
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Table L Features and properties 

CAS number 

WHO ATC code 

EphMRA ATC code 

Originator 

Licensee companies 

Highest development phase 

Properties 

Mechanism of act!on 

Pharmacodynamics 

Route 

1. Profile 

l . 7 Phormacokinetics 

A.dis R&I) Profile 

through local delivery systems reverted to Regeneron in Janua,ry 2005. Addition
ally, Regeneron chose to pursue intravitrea] inection as a route of administration, 
instead of systemic delivery.l 18l 

Results from an earlier phase I trial assessing t.l-ie safety and tolerability of 
intravenous infusions of at1ibercept in patients with wet Al\-1D have been reported. 
Preliminary results from the trial showed t.l-iat the efficacy endpoint was met. 
Furthermore, systemic delivery of aflibercept was associated with a dose-depen
dent increase in blood pressure.l19l 

862111-32-8 

A10X (Ott,er Drugs Used in Diabetes) 
S01X (Other Opl,thalmologicals) 
LOi (Antineoplastic Agents) 

A10X (Otl,er Drugs Used in Diabetes) 
S1X (Other Ophthalmologicals) 
L 1 {Antineoplastics) 

Regeneron Pharmaceuticals: USA 

Bayer HealthCare: world; sanofi-aventis: world 

Phase Ill (World) 

Vascular endotr,elial grovvth factor A antagonists 

Halts new blood vessel grevvtl, and stopped leakage fmm existing blood vessels 
in mice: inhibits VEGF and aboiishes mature, pre-existing vasculature of tumours 
in mice; inl1ibits development of ascites and decreases tumour burden in animal 
models ot ovarian cancer 

IV 

Clinical studies: Preliminary results of an open
Iabel, phase I trial of a single dose of subcutaneous 
VEGF Trap (25, 50, 100 or 200 µg/kg) foUowed 
4 weeks later by six weekly doses in patients with 
solid tumours or lymphoma shm:ved that VEGF Trap 
binds to VEGF in plasma and has an apparent ehmi-
nation half-life (t½) of =17 days.l20l 

est dose groups or 800 µg/kg once or twice Vv'eekly. 
ln the trial patients received one or two initial doses 
of VEGF Trap followed 4 weeks later by six weekly 
or twice--weekly doses. Seven dose groups were 
evaluated in the trial ranging from 25 to 800 µg/kg 
weekly or 800 ~.Lg/kg twice weekly. Values for tmax, 

Cmax, t 1h, AUC28 and CL/F were 84 ± 60 hours, 
3 ± l ,ag/mL, 25.3 ± 9.3 days, 1304 ± 256 µg .. h/rnL 
and 0.4 ± 0.1 mL/h/kg, respectively.l2 11 

l .2 Adverse Events 

Solid tumours: Results of a phase I, open--label, 
dose-escalation t1ial of VEGF Trap in 38 patients 
with relapsed or refractory solid tumours showed 
that the drug had a good safety profile and was well 
tolerated overall. The maximum tolerated dose was 
not reached in the study, which reached the highest 
planned dose level of 800 µg/kg twice weekly. The 
majority of adverse events reported were grade 1 or 

Results of a phase I, open-label, dose-escalation 
!rial of 38 patients with relapsed or refractory solid 
tumours showed that VEGF Trap has a long t½ and 
binds to botb VEGF 121 and VEGF 165 in patient 
plasma. Plasma VEGF Trap levels that were asso
ciated with antitumour activity in animal models 
were approached in patients receiving the two high-
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Table IL Drug development l1isto,y 

May 2000 

Nov 2001 

r,Jov 2001 

Jun 2003 

Jun 2003 

,lun 2003 

Sep 2003 

Mar 2004 

Apr 2004 

Aug 2004 

Feb 2005 

Feb 2005 

May 2005 

May 2005 

Jul 2005 

Jul 2005 

Dec 2005 

Dec 2005 

Dec 2005 

Dec 2005 

May 2006 

May 2006 

Jun 2006 

Jun 2006 

Jun 2006 

Jun 2006 

Jul 2006 

Jul 2006 

Jul 2006 

Jul 2006 

Aug 2006 

Sep 2006 

Sep 2006 

Oct 2006 

Oct 2006 

Oct 2006 

Oct 2006 

Nov 2006 

Dec 2006 

,Jan 2007 

Jan 2007 

Preclinical development for Cancer in the US (Unknown route) 

Phase-I for Non-Hodgkin's lymphoma in th,, US (Unknown route} 

Phase-I for Soiid tumours in the US (Unknown route) 

Prein Age-related macuiar degeneration in the US {iV) 

Prein Eye d;sorders in the US (lntravitreous) 

Prei>1 Wilms' tumour in ti1e US (lntraperitoneal) 

Atlibercept has been l,censed to Aventis worldwide (excluding Japan} 

Phase-I in Age-related macular degeneration in tlie US (IV) 

Regeneron has initiated enrolment in a phase I trial tor cancer in the US 

Aventis t,as merged witil Sanofi-Synthelabo to form sanofi-aventis 

26:5 

Atlibercept received Fast Track designation for Malignant ascites [IV] in the US 

Discontinued - Phase-I for Age-related macuiar degeneration in ti1e US (IV
intusion) 

Regeneron has initiated the saiety and tolerability study with VEGF Trap in 
comb.nation with the FOLFOX-4 regimen (oxalipiatin, 5-tluorouracil and folinic 
acid) in patients with advanced twnours 

Phase-I in Solid tumours in the US (IV) 

Phase--I in Age-related macular degeneration in the US (lntravitreous) 

Prein Eye disorders in the US {lntravitreous) 

Regeneron has licensed aflibercept to sanofi-aventis in ,Japan 

Pliase-11 in Non-small cell iung cancer in France (IV) 

Phase-II in Non-small cell iung cancer in Canada (IV) 

Phase-II in Non-small cell lung cancer in the US (iV) 

Phase-I in Diabetic macular oedema in the US (lntravitreous) 

Pliase-11 in Age-related macular degeneration in the US (lntravitreous) 

Phase-II in Ovarian cancer in the US (iV) 

Phase-II in Ovarian cancer in Austraiia (IV) 

Phase-II in o.,arian cancer in Canada (IV) 

Phase·-11 in Ovarian cancer in Europe (!V) 

Phase-II/Ill in Malignant ascites in India (IV) 

Phase-II/Ill in l'vlalignant ascites in the US (iV) 

Phase-II/Iii in Malignant ascites in Canada (IV) 

Phase-II/Ill ;n Malignant ascites in Europe (IV} 

Phase-II in Glioma in the US (IV) 

Phase-II in Sarcoma in Canada {!V) 

Phase-II in Sarcoma in the US (IVi 

Atlibercept has been l,censed to Bayer HealthCare for the treatment of eye 
disorders 

Phase-II in Colorectal cancer in Canada (!V) 

Regeneron and sanofi-aventis initiate enrolment in a second phase II trial in 
Malignant ascites in the EU and US 

Phase-II in Colorectal cancer in the US (IV) 

Phase-II in Bladder cancer in the USA (IV) 

Phase-II ;n Mult,ple myeloma ;n the US (IV) 

Phase-II in Gynaecological cancer in the US (IV) 

Phase-II in Breast cancer in the US (IV) 

Continued next page 
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Table IL Contd 

Mar 2007 

Mar 2007 

Jun 2007 

,Jun 2007 

Jun 2007 

Jul 2007 

,lul 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Aug 2007 

Oct 2007 

Dec 2007 

Dec 2007 

Dec 2007 

Dec 2007 

Dec 2007 

Apr 2008 

May 2008 

A.dis R&I) Profile 

Interim results from a phase II clinicai trial in wet Age.·related macular 
degeneration added to the Eye Disorders therapeutic triais section 

Phase-I in Cancer in ,lapan (IV) 

Final results from a phase ! c!inical triai in patients with diabetic macular 
oedema added to the adverse events and Eye Disorders therapeutic trials 
sections 

Data presented at the 43rd Annual Meeting of the American Society of Clinica! 
{)ncology (ASCO-:2007) added to the adverse events and Cancer therapeutic 
tria Is sections 

Phase-II in Malignant melanoma in tr1e US (IV) 

Suspended-· Phase-II tor Colorectal cancer in Canada (IV) 

Suspended - Phase-II for Colorectal cancer in the US (iV) 

Phase··ll1 in Age-re!ated macular degeneration in the US (lntravitreous) 

Regeneron initiates patient dosing in a phase ill trial for Age-related rnacuiar 
degeneration in the US 

Phase·ll1 in Prostate cancer in the US (IV} 

Phase-Ill in Prostate cancer in Canada (IV) 

Phase-Ill in Prostate cancer in European Union (!V) 

Pilase-111 in Prostate cancer in Swrrzerland (IV) 

Pilase·ll1 in Prostate cancer in South Africa (!V) 

Phase-Ill in Prostate cancer in South America (IV) 

Pilase-111 in Prostate cancer in Asia (IV) 

Phase-Ill in Non-small celi iung cancer in the US (!Vi 

Phase·ll1 in Non-small celi lung cancer in France (!V) 

Phase-Ill in Prostate cancer in Australia (IV) 

Results from a phase II clinical trial in age-related macular degeneration added 
to the Eye Disorders therapeutic trials section 

Phase-Ill in Pancreatic cancer in World (IV) 

Phase-Ill in Colorectal cancer in World (IV) 

Pilase-111 in Non-small celi iung cancer in World (IV) 

Phase·ll1 in Prostate cancer in Wor!d (IV) 

Suspended - Phase-II for Breast cancer in the US (IV) 

Interim efficacy data from a phase II trial in wet AMD released by Regeneron 

Bayer and Regeneron initiates enroiment in the VIEW 2 trial for Age-related 
macuiar degeneration in EU, Asia Pacific, Japan, and Latin America 

2, including fatigue, nausea and vomiting. Observed 
grade 3 and 4 adverse events that were potentially 
drug related were grade 3 leukopenia, afehrile neu
t:ropenia and proteiuuria, and grade 3 and 4 thrombo
emholic events including a transient cerebral ischae
mia and a pulmonary embolism. Dose-•Idated ad-· 
verse events included hypertension and grade 1 
hoarseness and anorexia. AH patients who discomin•
ued participation in the extension study withdrew 
due to disease progression, except one patient who 
developed grade 3 hypertension and proteinuria and 
was withdrawn after 22 weeks.!21l 

The VEGF Trap administered intravenously eve

ry 2 \Veeks was generaliy well tolerated in a phase I, 
open-label, dose-ascending study in 27 patients with 
advanced solid tumours. The maximum tolerated 

dose has not been reached. The most frequently 

reported adverse events included fatigue, pain and 

constipation. The majority of adverse events were 

mild to moderate by nature. Occasional adverse 

events, including hypertension, were manageable 
and reversible. 'Ibere were no anti-VEGF Trap anti

bodies detectec!.f9l 
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l .:3 Phorrnacodynamics 

1.3. 1 Cancer 

Preclinical studies: VEGF Trap inhibited VEGF 
and destroyed mature, pre-existing vasculature in 
nude mice bearing established Wi]ms' tumour (SK· 
NEP-1) xenografts. This could provide an alterna
tive therapeutic option for patients \Vith bulky, meta
static cancers. Destruction of blood vessels was 
foHowed by marked tumour regression that included 
regression of lung micrometastases. The size of 
pulmonary metastases was significantly smaller in 
the lungs of VEGF Trap-treated animals compared 
with controls. These observations indicated that 
VEGF inhibition by VEGF Trap had interrupted cell 
signalling of the endothelial-vascular wall essential 
for the protection of tumours from apoptosis. Thus, 
it was concluded that even low levels of VEGF 
could be critical to the integrity of blood vessels and 
the maintenance of even the smallest tumour mass
es.1221 

VEGF Trap inhibited the development of ascites 
and decreased tumour burden in animal models 
of ovarian cancer. Findings indicated that 
VEGF Trap's activity was facilitated by inhibition 
of tumour angiogenesis as well as reduction in vas
cular permeability. In the first model, SKQv .. 3 ova
iian carcinoma cells were engineered to overexpress 
VEGF (SKOV-VEGF) and then injected into the 
peritoneum of female nude mice. The animals were 
then administered subcutaneous (SC) VEGF Trap 
25 rngikg or control solution twice weekly until they 
had lost > 10%, of bodyweigbt or had persistent 
ascites. In the second model. OVCAR-3 ovarian 
cancer cells \Vere injected into tbe peritoneum 
of athymic Balb/C nude mice. Fourteen days later, 
twice••Weekly treatment with subcutaneous VEGF 
Trap 25 mgikg or control solution was initiated and 
continued for 5 weeks. Ascites developed considera-• 
bly earlier in control animals injected with SKOV -
VEGF cells, compared with those injected with un•· 
altered SKOV-3 cells. ln contrast, the majority of 
mice administered VEGF Trap did not develop asci-• 
tes, and those that did develop ascites had much 
lower volumes of fluid, compared with controls, 
according to the researchers. The mean volume of 
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ascites in the OVCAR·3 model was also significant·· 
ly lower in the VEGF Trap group, compared with 
controls. In fact, VEGF Trap completely inhibited 
the development of measurable ascites. Ftu-ther
more, tumour burden was reduced by 561-tc1 in the 
VEGF Trap group, compared with the controls_r?:ll 

1.3.2 Eye Disorders 

Preclinical studies: Administration of VEGF 
Trap (either subcutaneously or directly into the eye) 
resulted in significanrly less new blood vessel 
grmvth, and also blocked leak-jng of blood vessels 
usually caused by VEGF, in two groups of mice. In 
the first group, mice with laser-induced rupture of 
Bruch's membrane n•,,ceived a single intravitreous 
injection of VEGF Trap. In the second group, mice 
genetically engineered to express VEGF in the reti
na received subcutaneous injections of VEGF Trap. 
No adverse effects were observed in these stud
ies.1241 

1.4 Therapeutic Triols 

1.4.1 Cancer 

Ovarian cancer: Preliminary results of an open
label, phase I trial of a single dose of subcutaneous 
aflibercept (25, 50, 100 or 200 µg!kg) followed 
4 1.veeks later by six weekly doses in patients with 
solid tumours or lymphoma (n = 14 treated to date) 
showed stable disease in patients with renal cell 
carcinoma (up to 15 weeks) and colon cancer.f2°1 

Preliminary efficacy data of rhe aflibercept ad
ministered intravenously every 2 weeks showed the 
reduction of tumour size and prolonged stable dis
ease in some patients. A pa1tial response with disap
pearance of ascites has been achieved in one patient, 
two patients had minor responses, and a stable dis
ease was maintained in one patient for more than 
11 months.l91 

1.4.2 Eye Disorders 

Age•related macular degeneration (A1t1D): At 
32 weeks, the 157 patients receiving either 0.5 or 2.0 
mg followed by as••needed (PRN) dosing achieved 
mean improvements in visual acuity of 8.0 and 10.1 
letters, respectively, and mean decreases in retinal 
thickness of 141 and 162 microns, respectively. 
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\¥bile PRN dosing also maintained the improve•
ments versus baseline following a fixed dosing regi
men (quarterly dosing at baseline and week 12), the 
results achieved were generaUy not as robust as 
!l,ose achieved witb initial fixed monthly dosing. 
After the last fixed-dose administration at week i 2, 
patients from all dose groups required on average 
only one additional injection over the following 
20 weeks to maintain visual acuity gain achieved. 
Fifty-five percent of patients receiving 2.0 mg 
monthly for 12 weeks did not require any additional 
treatment throughout the next 20-week PRN dosing 
period.l14J 

Preliminary results from a phase I trial in 20 
patients with wet Al\iID have shown rapid, substan
tial and prolonged (:2:4 weeks) reductions in retinal 
thickness with single-dose intravitreal injt>.,ctions of 
VEGF Trap. Ninety-five percent of patients had 
stabilization or improvement in visual acuity)l 6-25l 

Preliminary results from a phase l trial in 25 
patients with advanced AMD showed a statistically 
significant decrease in excess retinal thickness \Vith 
VEGF Trap (0.3, l .0 and 3.0 mg/kg) compared with 
placebo. r; 91 
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June 17, 2011: Dermatologic and 
Ophthalmic Drugs Advisory Committee 
Meeting Announcement 

Agenda 

The Inn & Conferenee Center 
University Maryland University College 
(UMUC) 

Marriott Conference Centers 
3501 University Blvd. East 
Adelphi, Maryland 
Telephone: 301-985-7300 

On June 17, 2011, the committee will discuss biologic license application (BLA) 125387, atlibercept ophthalmic 
solution, proposed trade name EYLEA, sponsored by Regeneron Pharmaceuticals, Inc., indicated for the treatment 
of neovascular age-related macular degeneration (wet AMD). 

Meeting Materials 

FDA intends to make background material available to the public no later than 2 business days before the meeting. 
If FDA is unable to post the background material on its Web site prior to the meeting, the background material will 
be made publicly available at the location of the advisory committee meeting, and the background material will be 
posted on FDA's Web site after the meeting. 

,. 2011 __ Meeting __ Materials, __ Dermatologic_and __ Oghthalmic __ Drugs_Adviso[Y._Committee 
(/7993/201_701_1_21_01_438/httR:llwww.fda.gov/Adviso[Y.Committees/CommitteesMeetingMaterials/Drug~ 
matologicand09hthalmicDrugsAdvisoryCommittee/ucm256601_.htm), 

Public Participation Information 

** Deadlines for Open Public Hearing Registration and Written Submissions Deadlines Extended - see below ** 

interested persons may present data, information, or views, orally or in writing, on issues pending before the 
committee. 

http:!lwayback.archive-it.org/7993/20170112101438/http:/ /www.fda.gov/AdvisoryCommittees/Calendar/ucm256594.htm 1/3 
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.. Written submissions may be made to the contact person on or before June 10, 2010 . 

.. Oral presentations from the public will be scheduled between approximately 1 p.m. and 2 p.m. Those desiring to 
make formal oral presentations should notify the contact person and submit a brief statement of the general 
nature of the evidence or arguments they wish to present, the names and addresses of proposed participants, 
and an indication of the approximate time requested to make their presentation on or before June 8, 2011. 

Time allotted for each presentation may be limited. If the number of registrants requesting to speak is greater than 
can be reasonably accommodated during the scheduled open public hearing session, FDA may conduct a lottery to 
determine the speakers for the scheduled open public hearing session. The contact person will notify interested 
persons regarding their request to speak by June 9, 2011. 

Contact Information 

.. Yvette Waples, Pharm.D. 
Center for Drug Evaluation and Research 
Food and Drug Administration 
10903 New Hampshire Avenue 
WO31-2417 
Silver Spring, Maryland 20993-0002 
Phone: 301-796-9001 
Fax: 301-84 7-8533 
E-mail: DODAC@fda.hhs.gIDL(mailto:DODAC,@fda._hhs.gmt) 

.. FDA Advisory Committee Information Line 
1-800-7 41-8138 
(301-443-0572 in the Washington DC area) - follow the prompts to the desired center or product area 
Code:3014512534 
Please call the Information Line for up-to-date information on this meeting. 

A notice in the Federal Register about last minute modifications that impact a previously announced advisory 
committee meeting cannot always be published quickly enough to provide timely notice. Therefore, you should 
always check the agency's Web site and call the appropriate advisory committee hot line/phone line to learn about 
possible modifications before coming to the meeting. 

Persons attending FDA's advisory committee meetings are advised that the agency is not responsible for providing 
access to electrical outlets. FDA welcomes the attendance of the public at its advisory committee meetings and will 
make every effort to accommodate persons with physical disabilities or special needs. If you require special 
accommodations due to a disability, please contact Yvette Waples at (301) 796-9001 at least 7 days in advance of 
the meeting. 

FDA is committed to the orderly conduct of its advisory committee meetings. Please visit our Web site at Public 
Conduct __ During FDA_Advisory; __ Committee __ Meeting~ 
(/7993/201_701_121_01_438/http:llwww.fda.gov/Advisory;Committees/AboutAdvisory;Committees/ucm11_1_462.htm 
l for procedures on public conduct during advisory committee meetings 

Notice of this meeting is given under the Federal Advisory Committee Act (5 U.S.C. app.2). 

More in Advisory Committee Calendar 
.{/7993/20170112101438/httP-:lfwww.fda.gov/AdvisofY.Committees/Calendar/default.htm} 

http:!lwayback.archive-it.org/7993/20170112101438/http:/ /www.fda.gov/AdvisoryCommittees/Calendar/ucm256594.htm 2/3 
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Claudia Karwoski, Pharm.D., Director 

Division of Risk Management 

Office of Medication Error Prevention and Risk Management 

Office of Surveillance and Epide1niology 

Center for Drug Evaluation and Research 

December 1, 2011 
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• Food and Drug Administration Amendments Act 
(FDAAA) of 2007 
- provides FDA the authority to require a a Risk 

Evaluation and Mitigation Strategy (REMS) if the 
Agency determines that a REMS is necessary to ensure 
the benefits of the drug outweigh the risk. 
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• A REMS can include: 
- A Medication Guide or patient package insert 

- A Communication Plan to healthcare providers 

- Elements to assure safe use (ETASU) 

- An implementation system 

- Timetable for submission of assessments 
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• The following elements can be included: 
- Healthcare providers who prescribe the drug have particular 

training or experience, or are specially certified 

- Pharmacies, practitioner, or health care setting that dispense the 
drug are specially certified 

- The drug is to be dispensed to patients only in certain health care 
settings, such as hospitals 

- The drug is to be dispensed to patients with evidence or other 
documentation of safe use conditions, such as laboratory test 
results 

- Each patient using the drug is to be subject to certain monitoring 

- Each patient using the drug is to be enrolled in a registry 
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- to bring at least one drug with a REMS with elements to 
assure safe use (ET ASU) to the Drug Safety and Risk 
Management Advisory Committee (DSaRM) 

- solicit views of DSaRM on whether the elements 
• Assure safe use of the drug 

• Are not unduly burdensome on patient access to the drug 

• To the extent practicable} mini1nize the burden on the 
healthcare delivery system 
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• The morning meeting will focus on the evaluation of one 
drug that has a REMS with ET ASU, the isotretinoin REMS, 
called iPLEDGE 

• The afternoon meeting will be a general discussion of how 
REMS programs may be implemented to minimize the 
negative effects on patient access to drugs covered by 
REMS and to decrease the burdens of REMS on the 
healthcare system 
- The afternoon meeting will not include any drug-specific 

information 
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• The committee members will be asked to consider and 
discuss several points 

• This meeting represents the first opportunity 
- for FDA to discuss an assessn1ent of a REMS with ET ASU 

- to discuss in1portant REMS-related issues 

• We look forward to the discussion 
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• Severe recalcitrant nodular acne 

• Sole drug approved 

• Complete and prolonged disease 
remission in many patients after single 
15-20 week course of therapy 

• Off-label use includes 
- Scarring non-nodular acne 
- Neuroblaston1a 
- Other cancers 
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• Accutane approved 1982 

• Generic products 
Arnn esteem 
Sotret 
Claravis 

11/2002 

12/2002 

4/2003 

• Accutane withdrawn 2010 
- Not for safety or efficacy 
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• Increased risk of spontaneous abortion and premature 
birth 

• Major malformations: craniofacial, cardiac, thymus, CNS, 
functional 

• High frequency of effect in exposed pregnancies 

• No known safe dose/exposure window during gestation 

• Long history of risk management 
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• Risk assessment + risk minimization 

• Four step process 
- Assessment of benefit-risk balance 

- Development and implen1entation of tools to minimize risks while 
preserving benefits 

- Evaluation of tool effectiveness and reassessment of benefit-risk 
balance 

- Adjust1nent of tools to further enhance benefit-risk balance 
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• Routine measures 
- Rx status 
- Professional labeling 

• Targeted education and outreach 
- Dear Health Care Provider letters 
- Medication Guides 

• Reminder systems 
- Consent forms 
- Limitations on an1ounts dispensed/refills 
- Specialized product packaging 
- Prescription stickers 

• Performance-linked access systems 
- Dispensing only with documentation of safe-use conditions 
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1. 1982 - 1988: early marketing 
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2. 1988 - 2002: Accutane Pregnancy Prevention Program 

3. 2002 - 2005: sticker-based programs 

4. 2006 - present: iPLEDGE 
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• Non clinical signal for teratogenesis 
- Contraindications, Warnings, Precautions 

- Pregnancy category X 

• Human data accrued (fetal exposure) 
- Labeling: Boxed warning 1984 

- Dear Doctor/Dear Phar1nacist letters 

- Red warning stickers for pharmacist to apply to dispensed 
prescriptions 

• Pregnancy exposures continued 
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• Sponsor proposed Pregnancy Prevention Program (PPP) 

• PPP presented to the advisory committee in 1988 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 468



i-w~ ~( .......... ,§ ·r_... .. ,,.~ 
jj,✓.# ~j jj,✓.# 
~ ?.I ~ .a. z. .a. 

"i"_.,._.,._.,.1 '] ~ 

~ "'.4 I ✓----1 _.§f.,.-?t'.,..~ ,.r----1 _.§f.,..-t: 1 .... .,, :r--~ r ~A m t ........ ~ ~ 1 ; t ........ ~ ~ ; 1 f.~~ 

,¼_.,._.,._.,,~ ,.Z~ .,,.,.,..// .&.. ,&._ .Z~ .,,.,.,..// .&.. ,&._ ~ .... ,,, r,_.,._.ft 

• Revised labeling 
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• Targeted education and outreach tools 
- Dear Doctor letters 
- Patient brochures 

• Reminder tools 
- Patient informed consent forms 
- Blister pack w /"avoid pregnancy" icon 
- Limitation of a1nount dispensed 

• Assessment instruments: patient and prescriber surveys 
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• Substantial non-compliance with critical elements of PPP 

• Low survey participation 

• Pregnancy exposures continued 

• Advisory committee convened in 2000 
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• No woman begin isotretinoin therapy if she is pregnant 

• No pregnancies occur while a woman is taking isotretinoin 
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• Augmentation of patient education 

• Registration of all patients 

• Registration of prescribers 

• Implementation of pregnancy registry 
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• Linkage of prescription to adequate pregnancy testing 
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• Based on need for fetal exposure risl< management, AC 
recommendations, and extensive discussions and 
negotiations between HLR and FDA 

• Approved for innovator in October 2001 
- Accutane S.M.A.R.T. 

• Generics, plans included essential elements 
- Amnesteem: S.P.LR.LT. 

- Sotret: LM.P.A.R.T. 

- Claravis: A.L.E.R.T. 

Noven1ber 2002 

December 2002 

April 2003 
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• Continued the content and tools of PPP 

• Revised labeling 
- 2nd pregnancy test within first 5 days of 1nenses 

• Targeted education and outreach tool 
- Medication Guide dispensed with each prescription 

• Reminder tools 
- Prescriber attestation 
- Yellow qualification sticker on prescription 
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• Hoffman-La Roche and FDA agreed to assess impact of 
sticker program after one year: Prescription Compliance 

Survey and Patient Survey 

• HLR proposed metrics: 
- Increase patient survey enrollment to 60% 

- Demonstrate >90% Accutane Rxs had qualification sticker 

• 2004: HLR, FDA, and Advisory Committee agreed that 
sticker program did not meet objectives 
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• No decline in number of exposed pregnancies in survey 
cohort 

• Low participation in voluntary survey 

• Sticker use an imperfect surrogate for pregnancy testing 
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ff 

Recommended that isotretinoin risk management be 
strengthened and consolidated 

• Registration of all patients, male and female 
• Registration of all prescribers 
• Registration of all pharmacies 
• Tightly link pregnancy testing to dispensing of drug 
• Establish a pregnancy registry for root-cause analysis 
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.l 

• Technology-based pregnancy risk management program to 
prevent fetal exposure to isotretinoin 

• Restricted distribution 
Only registered wholesalers/distributors ship isotretinoin 

Only registered and activated pharmacies receive/dispense 
isotretinoin 

Only registered and activated prescribers prescribe isotretinoin 

• Performance-linked access system 
- Registered and qualified patients receive isotretinoin 
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.K 

• Approved August 12, 2005 

• Stakeholder registration (wholesalers and pharmacies) 
began in September 2005 

• Patient enrollment opened December 30, 2005 

• Transition completed March 1, 2006 
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• Single, consolidated program for innovator and generic firms 

• Documentation monthly counseling for all patients 

• Documentation monthly CLIA-certified laboratory pregnancy 
testing for FCBP 

• Demonstration of comprehension by FCBPs: answering 
monthly questions 

• Pregnancy registry for root cause analysis 
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• Single consolidated program for both innovator and 
generic products 

• First performance-linked access system for widely 
prescribed drug 

• Multi-source marketplace 
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Advisory Committee discussions 

1988 2000 
~ ~ ~ ~ t 

w. ~ ~ ~ ·J w 

1982-1988 1988-2002 

Early PPP 

Routine Measures 

Rx status X X 

Professional labeling X X 

Targeted Education & Outreach 

HCP letters X X 

Patient labeling X X 

Medication Guide 

Reminder Systems 

Consent forms X 

Limit amt dispensed X 

Specialized packaging X 

Prescription stickers 

Performance-linked access systems 

Stakeholder registration 

Rx linked to safe-use conditions 

2004 
~ ~ ~ 
1%1 ·f, 
~ 

2002-2006 

Sticker 
programs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2007 
w. ~ ~ ~ ,, 

2011 
w. ~ ~ ~ ·t, w 

2006-present 

iPLEDGE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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? A 

• Discuss burden of iPLEDGE 

- Define burden in the context of REMS with elements to assure 
safe use* 

- Discuss challenges with measuring iPLEDGE-related burden 

• Discuss patient access to therapy in iPLEDGE 

- Define patient access in the context of REMS 

- Present a framework for evaluating access under REMS 

- Review the analysis of iPLEDGE effects on patient access 

- Illustrate challenges with measuring iPLEDGE-related access 

In this presentation, I will use the acronym REMS to refer to REMS with 
ele1nen.ts to assure safe use (ETASU) 
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• Risk management by its nature imposes at least some level of 
burden on the healthcare delivery systern 

• REMS, including iPLEDGE, emphasize safe use practices for the 
drug in question, e.g. 
- Verifying that a patient about to receive isotretinoin is not pregnant 

- Counseling about the nature of the risk 

- Counseling what the patient needs to do to minimize risk 

• REMS may also introduce new risk mitigation measures, e.g., 
pharmacists verify that safe use conditions are met 

• Administrative checks support these risk mitigation efforts 
- Documenting and verifying that safe use practices are followed 
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• Describing burden alone falls short of FDAAA's evaluation goal 

• Measuring whether burden could further be lowered requires 
identification of a process that is more efficient but does not 
compron1ise risk n1anagement goals 
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• Burden-lowering enhancements have been implemented 

• Not clear how an assessment can be done to identify the extent 
to which iPLEDGE currently rninimizes the burden 
- Assessing this requires identifying a 1nore efficient risk 

1nanagen1ent n1echanism/process, which does not compro1nise 
risk managen1ent goals 

• Another way to look at whether iPLEDGE is overly burdensome 
is to consider its irnpact on patient access 
- Burden of REMS processes may translate into providers' 

unwillingness to prescribe a clinically appropriate therapy 
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• FD AAA requires an evaluation of whether the REMS are unduly 
burdensome on patient access to the drug 

• Common definition of access-to-care* is the ability of a person to 
receive health care services, which is a function of: 
- Availability of personnel and supplies and 

- Ability to pay for those services 

• In the context of REMS, patient access is the ability of a person 
to receive a drug under clinically appropriate conditions 
- Some REMS are designed to limit certain uses, e.g., use of a teratogen 

in pregnant women 

- REMS are generally designed to provide information about risks, 
which may lead to lower prescribing 

*Source: McGraiv-Hill Concise Dictionary ofll/lodem Medicine 
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• Assessing impact on access requires: 

(1) Defining an appropriate baseline 

(2) Accounting for non-REMS factors 

(3) Accounting for clinically-appropriate 
decline by: 

(a) Isolating targeted inappropriate use 

(b) Accounting for effects of education 
and/ or new inforn1ation 

• Remaining difference in utilization can be 
used as surrogate for loss in patient access 
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• Goal of analysis is to estimate magnitude of components 2-4 above 
in the short term and long term 
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• Our analysis of access under iPLEDGE 
- Isolate non-REMS effects 
- Account for clinically-appropriate decrease in utilization 
- Focus on introduction of iPLEDGE 
- Study various metrics around patient utilization and provider 

participation 

• We use several sources of data 
- Projected national Rx clain1s data (_IMS, Vector One®: National VONA) 
- De-identified longitudinal sa1nple of patients (_Wolters Kluwer® CPA) 

• We adjust for seasonality 
- Isotretinoin prescriptions exhibit strong seasonal patterns 
- Use Census Bureau ARIMA-12 seasonal adjustn1ent softvvare 
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• Baseline: pre-iPLEDGE utilization 

This baseline allows us to make inferences about iPLEDGE 
introduction, but inferences about today are not possible 

Understanding the impact at introduction, including any short-term 
disruption, is important from perspective of future REMS 

• Introduction of iPLEDGE did not coincide with other events that 
rnay affect utilization: 

No new competing therapies were introduced 

No discernable price or copayn1ent changes took place 

Media coverage was related to iPLEDGE 

Time series were adjusted for seasonality 
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Source: IMS, Vector One®: National (VOI\Ll\), Date Extracted: Noverrtler 3, 2011 

Seasonal Adjustment Methodology: US. Census Bureau's X-12-ARIMA Seasonal Adjustment 

With no obvious utilization-lowering events unrelated to iPLEDGE, 
the 39% drop could be attributed to iPLEDGE becoming mandatory. 
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• iPLEDGE intends to prevent use by: 
- Pregnant women 

- Sexually active won1en not using appropriate contraception 

• New inforrnation about risk may change a patienfs or provider's 
assessment about the benefit-risk balance of isotretinoin 
- Part of iPLEDGE is an acknowledge1nent of risks and education 

about ways to mitigate the risk 

- Such clinically-appropriate reassessment 1nay lead to 
a decrease in utilization 

• Because of the focus on pregnancies, it is useful to consider 
iPLEDGE impact on utilization by gender 
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lsotretinoin Projected Prescription Count 
Seasonally Adjusted (Jan 2004 - Sep 2011) 
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Source: IMS, Vector One®: National (VONA), Date Extracted: Noverrber 3, 2011 
Seasonal Adjustment Metl'iodo/ogy: US, Census Bureau's X-12-ARIMA Seasonal Adjustrnent 

Women face higher program requirements than n1en and the decline likely 
reflects that fact But ,vhat about effect on clinically-appropriate use? 
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• Introduction of iPLEDGE lead to a 29% decrease in utilization, 
which then returns to trend in 7-8 months 

• iPLEDGE focuses on pregnancies so utilization by men should not 
have changed for clinical reasons 

• The 29% initial drop could be interpreted as a decrease in 
patient access because 

No identifiable factors unrelated to iPLEDGE took place in March'06 

No clinically-appropriate decrease in prescribing to men is expected 

• The return to pre-iPLEDGE utilization levels suggests that, on a 
broad population level, there may not have been an access 
problem for men past month 8 
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• Women's utilization initially decreased by 55% and returned to 
pre-iPLEDGE trend within a year 

• Women face higher requirements than men and the decline likely 
reflects that But what about clinically-appropriate use? 

• iPLEDGE enhanced but did not introduce risk-mitigation efforts 
that may affect clinically-appropriate use: 

Pregnancy prevention \Vas the focus of education in prior progra1n 

Same uses \Vere targeted by the prior progra1n 

• Nonetheless, disentangling the new requirements from potential 
changes in clinically-appropriate use is difficult 
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• Technical impedin1ents during in1plementation 
Less than 10°/o of known prescribers registered their patients with 
iPLEDGE during phase-in 

Calls initially exceeded call center capacity 

• iPledge-related decrease in patient demand 
Son1e patients 1nay perceive the requirements as overly burdensome 

• iPledge-related decrease in prescriber participation 
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• Decrease in patient access may occur when burden on 
providers translates into their unwillingness to prescribe a 
clinically appropriate therapy 

• We studied the in1pact of iPLEDGE introduction on the number 
of prescribing physicians 

Used a large longitudinal sample of isotretinoin patients fron1 
Wolters Kluwer® CPA 

Identified the nun1ber of active prescribers in a given month by 
specialty and location 

Adjusted ti1ne series for seasonality us Census ARIMA-12 

Assessed the change in the number of prescribers at the time 
iPLEDGE became mandatory 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 498



~f"""~ f"l.t"~ l:i r. 9. ~ 9. 
ft4. 4-.. f--- %':_"'"t. ✓ ...... (, --1---- r ... .,,,,._ -~---1 ·z,,..-.. ~ ,(,__.._,~ ..... --~ r__--.,~ --y .. ~ 4-... ¥"'1 If__.._,~ r.,~ ✓ ....... ❖.• Z'"''❖-- (__.."(, .... f.,' A ·y 9'"'1: r"'-"(, --~ --y .. ~ 
I ~ I I t .... ~ I ~ ::: J ~ I f I r--1 I ~ t .... x ::: ~ I .?' .. {: I ::: f .... ~ ~ ... ~ :--.-_.~ \, \/ ✓--{: .~ ... ~ ~ ::: ~ 
9 ...... A Q... z. ~❖ ... / ~ ..... _... ~..... ~ ...... ? z. z. , .... ..! ........ A.. ~;/ 9. ~❖ ... / Q .. , I. t/• i ... A. ~ ... -✓- t_._.,.,_., ~ ... // ~ .. .:I '!,.,__..} ~ ~ i ... A. "!,.,_.,.J 9. Q .. , I. ~. 

t;i ·i 9. ... I ... i ... 1 z 9. .,-; ,!, 9. , z --y-----~ 9'"'1: ·w~ --1---- r--1 "V--"' --~ ·'l r ✓ ....... ❖.• -~---1 ~---~ -~ z- ::: ✓ ......... ->- ·'l· A -r r ....... ,,,., -~~ -~---~ ~---, -~ r c.,~ ·1 11 ...... ~ --~ .c .... --~ --v .. ~ -~---~ :-•.., .. ->- ·w~ -f---- ·1 r.,~ --::: i---.. 1 ¥---1 4---· ·1 ✓ ....... ~ --v .. ~ ::: J ✓--{: I ~ ::: ::: ~ ~ t1 f .... ~ ~ I ~I\/ ~ I I \1\ 1 J .... z I ~II~ 11 -=-..-.. ~~I ~ r--1::: ~ ~!.<--~I I I::: I I lz----j ~ ~I!:::~ t ..... ? i ... A. z. i..... %. ... A .. .i. 9. V ~ ... // z. z. f. ..... f . y I. ~ .. ,,..! ~ V ~ ..... __..r~ l. ~ ..... ,? z. 7.,. ,Y ~ .. ,,fi z. ~ ... -✓- 9 . ........ A.. Q .. , I. 1 ...... _.P ~.,A. z. ~ ..... z. %,_._,,,. Q.. ~--_.I ~_..A. t/' l. ~❖ .. .,,$ Q .. , I. 
~ # A ~ A & 

• Effect of iPLEDGE differed by specialty rather than location 
The number of prescribing dermatologists initially declined 
by a lower percentage than the number of non-dermatologists 
(15°/o dermatologists vs. 36% other) 

This may reflect the fact that der1natologists are heavier 
prescribers 

The initial percentage decrease following full iPLEDGE roll-out 
was si1nilar by location (2 2 % in rural vs. 2 0% in urban) 

• In contrast to utilization, the number of active prescribers 
appears to have dropped permanently after iPLEDGE 

Instead, the average nun1ber of patients per active prescriber rose 
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• Risk management in1poses burdens; goal is to minimize burden 

• Assessment whether PLEDGE n1inimizes burden requires 
identifying a risk rnanagement process that is rnore efficient but 
does not compromise risk management goals 

• Evidence that iPLEDGE initially adversely affected patient 
access but that it recovered within a year 
- Impact: combination of stakeholder response and implen1entation 

• Methodology but not iPLEDGE experience extrapolates 
- Different REMS have different requirements 

- Saine requirement may be implemented differently 

- Severity of condition and availability of treatment options may 
affect patients' and providers' willingness to embrace burden 
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• A Risk Evaluation and Mitigation Strategy is 
dynamic throughout the life cycle of its product 

• Assessments are required periodically 

• In each assessment review, we ask: 
- Is the REMS meeting the risk mitigation goal? 

- Is the REMS necessary to ensure the benefits outweigh 
the risks? 
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• Preventing fetal exposure to isotretinoin? 

• Necessary for prevention of fetal 
exposure to isotretinoin? 
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• The number of fetal exposures to isotretinoin 
(pregnancy rate) is an obvious direct metric to 
assess whether iPLEDGE is meeting this goal 

• This metric presents two problems 
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• Pre-define 'how many exposed fetuses are too many?' 
The aspirational goal is that there be no fetal exposures 
to isotretinoin at all 
Problem: all complex factors that contribute to 
unplanned pregnancy cannot be eliminated 

• Know the number of isotretinoin exposed pregnancies 
Problem: complete ascertainment is unlikely due to 
lost-to follow up and under-reporting 
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• Severe nodular acne is a serious medical problem, 

but it is not life-threatening 

• Patients who stop isotretinoin on discovering pregnancy 
have no medical need to return to the prescriber 

➔ lost to follow-up 

• Stak:eholders with privacy or compliance action concerns 
➔ under-reporting 
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• iPLEDGE processes are designed to prevent fetal 
exposure by: 

eliminating knowledge deficits that can contribute to 
fetal exposure 

eliminating clinical practices that can contribute to 
fetal exposure 

• Use knowledge and clinical practice metrics to 
assess iPLEDGE 
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The question 
'how-tnany-fetal exposures-are-too tnany?' 

then becotnes answerable 

'1t 
Any that could be prevented by 

knowledge and best clinical practices 
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• iPLEDGE data indicate that women across age 
groups understand the risk and the need to 
prevent pregnancy 

• As shown by the pregnancy root cause analysis, 
consistent correct use of 2 forms of birth control 
is the challenge 
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• iPLEDGE data indicate that most HCPs are performing 
clinical practices aimed at fetal exposure prevention 

• Most identified problems are knowledge/practice errors 
amenable to iPLEDGE re-training protocols 

• Prescribers and pharmacies found to be intentionally by
passing iPLEDGE requirements that they agreed to follow 
are subject to iPLEDGE deactivation 
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• Pharmacists: dispensing without a risk: management 
authorization (RMA#) 
- Why serious? The RMA# is the key to the 'closed loop' system; it 

signifies that all iPLEDGE requirements have been met for the 
patient's assigned risk category 

• Prescribers: failure to correctly identify females of child
bearing potential 
- Why serious? Misclassification as FNCBP allows iPLEDGE to 

generate a RMA# without completion of requirements aimed at 
preventing/n1inimizing fetal exposure 
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• Ensures that prescribers cannot treat with isotretinoin if 
unaware of iPLEDGE or choose not to enroll - they can 
write prescriptions, but the drug won't be dispensed 

• Does not ensure patient won't become pregnant during 
30-day supply, but does ensure to practicable extent that 
she is not already pregnant and understands 
risk/prevention 

• iPLEDGE's 30-day supply limit, coupled with monthly 
pregnancy testing prior to the next RMA, may limit fetal 
exposure duration and time between conception and 
counseling 
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• All patients, regardless of risk category, need to be 
enrolled and have a RMA# for each dispensing 

• The pharmacy then need verify only that the 
RMA# has been generated by iPLEDGE 
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By dispensing only with a RMA# 

the pharmacist is the barrier between a potent 
teratogen and a pregnant and/or inadequately 
informed patient standing at the pharmacy's 
counter 
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• Risk category classification errors 
new web 'wizard' will auto-assign based on approved 
labeling criteria for non-child bearing potential 

• Dispensing without RMA# 
technology innovations are needed to integrate 
pharmacy systems with iPLEDGE's RMA# 

'V 
The afternoon session will address healthcare system integration 

in the larger context of REMS 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 515



'Wff1. 

J/4 ~-

, f.j z: ~ ·w---~ ·ffl'· ·w_..~ 7 i£::• ·-w-~ ra 111'-ti g:-~ ·,w-~ £'0. ff"' t~ 111 -~ F K'a r~ ·w'h "'ill !!I $ I ~,ii · 
~ !ii!!!!~'✓✓.,!!! '%i)J!~'M!il! !fJl!!l~~~,✓h «!!!!!ii!!!! !!Ii;. !!I !fJI' •-f~ j,» ~u✓- ~- .,;~ J,» ~u/ ~,P i,,..~. ~ ~uP ij,,Jr ~- ~- ~- .m. %,,& %,.4 ~- ~-

# ....... .,..w..,...,,..-::: f.j 

~ · !!I~ · -r~ i£::• #"'• If~ e:_-~ ~:• 'w.✓¥~ £'0. w✓~ i~ i•~r ~~¾,¾,~-~¾,¾;ii!il!!!l~·"'!!i!!!!fJI ~_.._M ~ .. .4 ~;~, f_._,~ '&,)J %-u/ ')_.,., ~.,_,,,~ Jt »... ~- ~u/ _._ -~. ij_,... 

• iPLEDGE is ensuring delivery of needed l<nowledge and 
clinical practices for the majority of patients 

• iPLEDGE does affect access and burden, but clinical 
practice burden is inherent to use of a potent teratogen 

• No currently envisioned program can eliminate all fetal 
exposures 

• This reality should not discourage robust efforts to 
achieve that goal, or justify denial of uniquely 
efficacious therapy 
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• iPLEDGE gives HCPs a powerful web-based tool to 
optimize the probability that all patients, under all 
healthcare delivery systems, benefit from 
systematized execution of best practices codified in 
isotretinoin' s labeling 
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• Pending development of more advanced strategies for 
systematically managing use of potent teratogens, 
programs such as iPLEDGE are state-of-the art 

• Programs such as iPLEDGE are required to ensure 
continued availability of needed drugs for eligible patients 
while minimizing the risk of fetal harm 
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Vascular-specific gro h factors and 
blood vessel formation 
George D. Yancopoulos, Samuel Davis, Nicholas W. Gale, John S. Rudge, Stanley J. Wiegand & Jocelyn Holash 

Regeneron Pharmaceuticnls, Inc.) 777 Old Saw Niill River Road) J;-;rrytown, JVeH1 i'.iJrk l0591, LISA 

A rncimt explosion in newly discovered vascu!ar gmwth factors has coincided wm1 exploitation of powerful 
new germtic approaches far studying 1,1asclilar development An emerging rule is that al! of these factors mt1st 
be m,ed in perfect harmony to form functional vessels. These new findings also demand rn-ew1!m1tion of 
thernpeutic efforts almed al: reg1.1!atlng blood vessel grnwth in ischaemla, cancer and other patho!oglca! 
settings. 

ntil recently, vascular endothelial growth factor 
(VEGF) was the only growth factor proven to 
be specific and critical for blood vessel 
formation 1 -='< Other long-known factors, such 
as the fibroblast grm11th factors (FGFs), had 

profound effects in various endotlldial cell assays4
• But such 

factors wn-e also known to be nonspecific in that they could 
act on many other cell types, and it was questionable 
whether the assays used to evaluate them were 
physiologically relevant. For example, the most widely used 
assa)'S involved adding putative angiogenic agents to cornea 
pocket models, or to chick chorioallantoic membraness,r,_ Jn 
such assays, FGFs could robustly induce new vessel growth, 
but there was limited ability to evaluate the induced vessels 
functionally, or to determine the relevance of these 
inductions for normal vascular development. 

A recent explosion of nevvly djscovered growth factors 
acting on tbe vascular endothelium has coincided with appli-
cation of pm,rerful new genetic approaches to the problem of 
vascular development'·8

• The vasrnl.ar endothelium-specific 
growthfactorsnowincludefivememhersoftl1eVEGFfamil)', 
four members of the angiopoietin farnil.y, and at least one 
member of the large ephrin family (Fig. l). For almost all of 
these and their receptors, mouse models involving genetic 
disruption and/or transgenic misexpression have con-
tributed to an understanding of their normal physiological 
roles, as well as of their pathological capabilities. A rule that is 
emerging is that all of these factors must be used in perfect 
harmony, in a complementary and coordinated manner, to 
form functional vessels'. 1n addition, many other grm,rth 
factors that are not vascular endothelium-specific are also 
required for blood vessel formation, such as members of the 
platelet-derived growth factor or transforming growth 
factor-13 families, although these factors also have critical 
roles for many other systems as welf·-rn_ Furthermore, 
there are myriad other gene products ----· ranging from 
transcription factors to members of the Notch farnily----· that 
haw been shown crucial for vessel formation 8. In an attempt 
to do justice to the topic, this review will focus only on the 
vascular endothelium--specific growth factors, and bow they 
are involved in vessel fonna6_on. 

The H'cent explosion in identifying and characterizing 
physiological regulators of blood vessel growth demands re
evaluation of therapeutic efforts aimed at regulating blood 
vesselgrowth-whether it be promoting vascularingrowth 
to replenish ischaemic tissue, blocking vessel growth in 
order to blunt tumours, or repairing damaged and leaky 

242 

vessels during inflammation or other pathological settings. 
The privilege of hindsight makes some of the bold, early 
therapeutic efforts directed towards ischaemic disease, 
based on random delivery of a singk growth factor to grow 
an entirely ne,,r functional network of vessels, now appear 
somewhat naive and even misguided. On the other hand, 
recent insights continue to support the notion that 
blockade of even a single growth factor might limit disease
induced vascular growth, with the most compelling 
evidence supporting approaches based on blockade of 
VEGE Furthermore, recent advances indicate previous!)' 
unanticipated clinical applications for vascular growth 
fr!ctors, such as tbe use of angiopojetin-1 (Angl) for the 
repair of damaged and leaky vessels. 

Vascuiogenesis and angiogenic remodemng 
Vessel formation can occur by a number of different 
pn.Jcesses4. Early in devdop1nent, vessel forrnation occurs 
bya process referred to as vasculogenesis (Fig. 2, stage A), in 
which endothelial cells differentiate and proliferate in siru 
within a previous!)' avascular tissue, and then coalesce to 
form a primitive tubular network. This primary network 
includes some of the major vessels in the embryo, such as the 
aorta and major veins, as well as a honeycomb-like plexus 
connecting these major vessels. Angiogenic remodelling 
refers to the process by which this initial network is modi-
fied- through both pruning aml vessel enlargement- to 
form the interconnecting branching patterns characteristic 
of the mature vasculature ( Fig. 2, stage B). During this time, 
vessel walls also mature, as endothelial cells integrate tightly 
with supporting cells (such as smooth muscle cells and peri
cytes) and surrounding matrix (Eg. 2, stage C:). A different 
process, referred to as angjogenic sprouting, jnvolves the 
sprouting fron1 existing vessels into a prevjously avascular 
tissue. In some cases, it seems as if mature vessels must first 
be destabilized to allow for subsequent sprouting (Fig. 2, 
stages D, F); once again, vessels formed by sprouting are ini
tially immature cmd must further devdop. Angiogenic 
sprouting is responsible for vascularizing certain structures 
during normal development, such as the neural tube or the 
retina, and for most new vessel formation in the adult. 
Destabilization of vessels can also apparently lead to 
vascular regression (I~ig. 2, stage E), as described bdo,iV. 

Emerging model of vascular formation 
Recent insights have led to a model of vascular formation that 
attempts to incorporate the known vascular--specific growth 

NATURE i \ 10(, 407 i 14 S[t'TEMBER 2000 i .. Nvvw.nature.com 

~ © 2000 Macmillan Magazines Ltd 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 530



PiGF : VEGF-A] VEGF-8 VEGF-C VEGF-D 

VEGFR-1 VEGFR-2 VEGFR-3 
(Fit--1) (KDR/Fik-·1) (Fit--4) 

tc1Ctors7,11
-", and the details of this model will be a major subject of this 

review. According to this model, the first characterized vascular
specific growth factor, VEG F, maintains its position as the most critical 
drjverofvascularfonnation, as jtjs required to jnitiate the fonnation of 
immature vessels b)' vasculogenesis or angiogenic sprouting (Fig. 2, 
stages A, F), during development as well as in the adult. Angl and 
ephrin-B2 are subsequently required for forther remodelling and mat
uration of this initially immature vasculature (Fig. 2, stages B, C), with 
ephrin-B2 being particularly importasit in distinguishing developing 
arterial and venous vessels, as will be discussed in more detail helm,·. 

Following vessel maturation, Angl seems to continue to be impor
tant in maintaining the quiescence ;md stability of the mature vascula
ture (Fig. 2, stage C). Disruption of this stabilizing signal coincides with 
reinitiation of vascular remodelling in the adult-as occurs in the adult 
ternale reproductive system or in tumours (Fig. 2, stage D, and see 
below). Such de-stabilization seems to involve the autocrine induction 
----- by the endothelium to be remodelled---- of a natural antagonist of 
Angl, termedAng2 (Fig. 2, stage D ). VEGFs, a11giopoietins and ephrin
B2 apparently recapitulate their developmental roles during vascular 
remodelling in the adult, and administration ofindividual factors to the 
adult allows them to reprise these roles but not to trigger the entire 
process (see below). Thus VEGF administration can initiate vessel 
formation in adult animals, hut by itself promotes formation of only 
leaky, immature and unstable vessels. In contrast, Ang1 administration 
seemingly iurtl,n stabilizes and protects the adult vasculatuH', making 
it resistant to t..1-ie damage and leak induced by VEG F or inilammatory 
challenges. Altogether, it is becoming dear that precise understanding 
of the normal developmental roles of tbe VEGFs, the angiopoietins ami 
the ephrins will greatly aid in understanding how to manipulate these 
growth factor sy'sterns for therapeutic benefit. 

VEGf, its relatives, and their receptors 
1/EGF was initially defined, characterized and purified for its ability 
to induce vascular leak and permeability, a;; well as for its ability to 
promote vascular endothelial cell proliferation1

'
2

• Thus, it was 
originally termed vascular permeability factor as well as 1/EGF. 
Although most research efforts have focused on its growth-promot
ing ability, recent findings are once agajn highlighting its potent 
penneabilit)'-inducing efft'Cts, a11d in particular their role- in disease" 
Other members of the 1/EGF family were identified based on their 
homology to VEGF'. The various members oft he VEGF family have 
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overlapping abilities to interact with a set of cell-surfaec· receptors3 

that trigger responses to these factors (Fig. la). The main receptors 
that seem to be involved in initiating signal transduction cascades in 
response to the VEGFs comprise a family of closely related receptor 
tyrosine kinases consisting of thH'e members now termed VEGFR-1 
( previously known as Flt- J), VEGFR-2 ( previously known as KDR or 
Flk-J) and VEGFR-3 (previously known as Flt-3). In addition, there 
are a number of accessory receptors such as the neuropilins15 which 
seem to be involved primarily in modulating binding to the main 
receptors, although roles in signalling have not been ruled out. 

'/EGFR-2 seems to mediate the major growth and permeability 
actions of VEG g whereas VEG FR-1 may have a negative role, either by 
acting as a decoy receptor or by suppressing signalling through VEGFR-
2. Thus, mice engineered to lack VEGFR-2 fail to develop a vasculature 
and have very few endotl1dial cells'". whereas mice lacking VEGFR-1 
seem to have excess formation of endothelial cells which abnormally 
coalesce into disorganized tubules"'. Mice engineered to express only a 
truncated frnm ofVEGFR-1, lackjng its kinase domain, appear rather 
normal, consistent wit..1-i the notion that the primary role of VEGiiR--1 
may be that of a decoy receptor'8

• VEGFR-3 may be important during 
blood vessel development, but is most unique based on itse1qJression on 
lymphaticwssels, for which it seems to be critical'9. The first VEGF rela
tive identified is known as placental growtl1 factor (PlGF), and until 
recentlylittlewaslmuwn about its normal fonction, in part because mice 
engineered to lack PlGF were overt! )'norma.18

'
20

• Recent findings indicate 
that adult mice lacking PlGF exhibit deficiencies in certain models of 
adult vascular remodelling, raising the interesting possibility that the 
activity of PlGF may be limited to these settings8

• VEGF-C, based on its 
ability to hind the lymphatic-specific VEGFR-3, seems to be important 
for lymphatic development, and transgenic overexpression ofVEGF-C 
leads to lymphatic hyperplasia". Mice lacking VEGF-B are overtly nor
mal and frrtik, but their hearts are reduced in size, suggesting that 
\liiGF--B mav have a role in coronaryvascu1arizationandgrowth22

• Little 
is known a b;utthe normal physiol,~gical role ofVEGF- D'. 

VEGf nmst be we!! regulated 
Compared to its more recently discovered relatives, much more is 
known about VEGF. It is now quite dear tbat VEGF is such a potent 
and critical vascular regulator that its dosage must be exquisitely 
regulated in spatial, temporal and quantitative manner to avoid 
vascular disaster. Disruption of both VEGF alleles in mice mimicks 

243 

~ © 2000 Macmillan Magazines Ltd 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 531



Primary vascu!ature 

(A) V asculogenesis 

VEGF 

(E) Regression 

(B) Angiogenic 
remodelling 

VEGF 
Ang1 & 
EphrinB2 

Artery Vein 

~l 
{D) Destabiiization 

Ang2 

{F) Angiogenic sprouting 

Unstable 
vessei 

knockout ofVEGFR-2, resulting in almost complete absence ofa vas
culature"·24_ Disruption of even a single VEG F allele in mice leads to 
embryonic lethality due to severe vascular abnormalities, providing 
perhaps the only example of embryonic lethality due to a simple half
dosage effect"·24

" Even more subtle' alterations in VEGF expression 
during embryonic development result in profound abnormalities, 
leading to embryonic or early post-natal deatb"·'6• VEGF continues 
to be critical during early post-natal growth anddevdopment,asevi
denced by post--natal VEGF inactivation using C:re--loxP-mediated 
VEGF gene deletion, or byadministrationofa soluble VEGFreceptor 
that effectively blocks VEGF action 27. Although VEGF inactivation is 
lethal during the first frw post-natal weeks, 1/EGF inactivation in 
older animals is much less traumatic, seemingly affecting only those 
structures that continue to undergo vascular remodelling, such as 
bone growth plates or ovarian corpus lutei'7-'9• Thus, VEGF does not 
seem to have a continuous maintenance function for much of the 
aduitvasculature. 

Tbe most elegant demonstration of the need for exquisite VEGF 
regulation involves retinal vascularization, which occurs post-natally 
in rodents. Angiogenic sprouting into the initially avascular and 
hypoxic rodent retina depends upon its VEGF expression"'·". Any 
perturbation of normal VEGF expression patterns destroys retinal 
vascularization patterns, with dire results for retinal function; subse
quent restoration ofVEGF expression does not correct the problem, 
but rather exacerbates it. A simple way to perturb VEGF expression 
involves exposing post-natal rodents to a brief period of hyperox
ia3J,n,,,,, which transiently suppresses retinal VEGF, resulting in 
cessatjon of vessel grovvth and even causing vascular regression31

'
33

'
34

• 

\Nhen the rodents are returned to normoxia, the now undervascular
ized retina becomes hypoxic, causing an abnormal burst of VEG!'~ 
which promotes robust ne,,11 angiogenesis, but of haemorrhagic and 
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leaky vessels growing in totally abnormal patterns that wrea.k havoc 
upon the retina. This model reflects the ability of oxygen therapy in 
premature infants to cause retinopathy of prematurity, and shows the 
need for precise regulation ofVEGF. Similarly, diabetic retinopathy 
initiates with damage and loss of health)' vessels, followed by H'tinal 
hypoxia and resulting VEGF induction, once again leading to an 
abnormal angiogenic response with leaky and haemorrhagic 
vesseis35

·
36

• These findings show that inappropriate induction of 
VEGF, in the absence of the entire angiogenic programme, leads to 
formation of immature and leaky vessels that cause disease. These 
findings also show that tissue hypoxia cannot necessarily induce a 
useful angiogenic response. 

Consistent with the above findings concerning the devastating 
consequences of unregulated VEGF eXflfession, several studies have 
deliwred excess VEGF to adult tissues- to adult muscle- using retro
virally engineered m yoblasts37

, to skin using transgenic or adenoviral 
delivery58

_,JJ, or to whole animals using acute adenoviral delivery'!'----· 
a11d found that and haemorrhagic vessels were formed, often 
associated with an inflarnmator)' response, resulting in pronounced 
tissue swelling and oedema" 

The ,mgiopoiet!ns ,md the!r Tie receptors 
Despite its requisite role in vascular formation, VEGF must work in 
concertv,~th other factors. The angiopoietins (Fig. lb) seem to be some 
ofVECiF's n1ost im_portant partners (Fig. 2.). The angiopoie6ns ,vere 
discovered as ligands for the Ties, a famil)' of receptor tyrosine kinases 
that are as selectively expressed within the vascular endothelium 
(despite expression in some other cells, such as in the haemopoietic 
linmge) as are the VEGF receptors43

-4
7

• There are now four definitive 
members of the ;mgiopoietin family, although Ang3 ;md Ang4 may 
represent widely diverged counterparts of the san1e gene locus in mouse 
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and man''''""', All of the known angiopoietins bind primarily to Tie2, 
and it j5 unclear vv-bether there are jndependent ligands fOr the second 
Tie receptor, Tie l, or - as currently seems more likely - whether the 
known angiopoietins can in some way or under some circumstances 
also engage Tiel, perhaps as a second component in a heteromerized 
complex.Therestofthisreviewwi1ldealonlywithAnglandAng2,since 
little more Gm be said at this time about A.rig3 andAng4. 

Ang1 stahrnzes 1.1esse! wails 
The most important insights into the normal roles of Angl and its 
Tie2 receptor came from the analysis of mice engineered to lack these 
gene prnducts11,so,si. Unlike mouse embryos lacking VEGF or 
VEGFR-2, embryos lacking Angl or Tie2 develop a rather normal 
primary vasculature. However, this vasculature fails to undergo 
normal further remodelling. The most prominent defects are in the 
heart, with problems in the associations between the endocardium 
and underlying myocardium as well as in trabeculae formation, and 
also in the remodelling of many vascular beds into large and small 
vessels. In these vascular beds, as in the heart, ultrastructural analysis 
indicates that endothelial cells fail to associate appropriately with 
underlying support cells, which are the cells that provide the Angl 
protein that acts on endothelial Tie2 receptors 11

• This finding led to 
the suggestion that Angl does not supply an instructive signal that 
actual!)' directs spt'Cific vascular remodelling events, but rather has 
more of a permissive role by optimizing the manner in which 
endothelial cells integrate with supporting cells, thus allowing them 
to receive other critical signals from their enviromnent11

• 

Transgenic overexpression of Ang l in skin results in pronounced 
hypervacularization40

,SJ. Although there ate modest increases in ves
sel number, the most marked increase is in vessel size. In contrast, 
VEGF in similar models primarily increases vessel numberJ,s-4o" 

These findings indicate that Ang] might promote circumferential as 
opposed to sproutive grovvtb. Con1bining transgenfr Angl and 
VEGF leads to unprecedented hn,,ervascularity resulting from 
increases in both vessel size and number"'- The vascular patterns 
induced by the combination are still obviously abnormal morpho
logically, suggesting that much must be learned about exploiting 
even this growth factor combination in therapeutic settings so as to 
grow normal vessels. 

In addition to their effects on vascular morphology, transgenic 
oveH'xpH'ssion of Angl and VEGF had distinct effects on vascular 
function and integrity. As had been expected, VEGF led to immature, 
leaky and haemorrhagic vessels38

-
40

• On the other hand, Ang1 led to 
vessels that were actually resistant to l_ea.k, whether the leak was 
induced by VEGF or inflammatory agents•rn. This resistance seems 
related to the ability of Ang1 to maximize interactions between 
endothelial cells and their surrounding support cells and matrix, as 
the Angl vessels were H'sistant to treatments that normally created 
holes in the endothelial cell batrid10

• These findings indicated that 
AngJ might counter the effect of VEGF on permeability, raising 
multiple thnapc-utic possibilities40

" There are numerous disease
processes ---- ranging from diabetic retinopathy to inflammation to 
brain oedema following ischaemic stroke -----in which vessels become 
damaged and leaky, and an agent that could repair the damage and 
prevent the leak could have enormous therapeutic bendit Support
ing the clinical potential ofAngl, acute adenoviral administration of 
AngJ to adult animals showed that Ang1 can indeed protect the adult 
vasculature from vascular kak, without inducing immediate changes 
in vascular rnorphology42

• 

Ang2: agon!st and antagonist? 
Ang2 was cloned based on its homology to Angl, and displayed simi
larly high affinity for Tie2, but-----depending on the cell examined---
Ang2 could either activate or antagonize Tie2 (ref. J 2). Transgenic 
overexpression of Ang2 in the embr)'Onic endothelium resulted in 
embryonic death due to defects resembling those of Angl or Tie2 
knockouts, demonstrating thatAng2 could act as a Tie2 antagonist in 
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vivo, at least under some circumstances 1". This possibility became 
even n1ore intriguingvvben Ang2 expression profiles vv-ere examined. 
ln adult animals, Ang2 was induced in the endothelium of vessels 
undergoing active remodelling, such as sprouting or regressing 
vessels in the ovary12

Y\ or in tun101..us13
'
14

'
54

'
55 (as vv-i]l be discussed in 

detail below). These findings, togethn with the possibility that Ang2 
could act as a Tie2 antagonist, led to the hypothesis that Ang2 might 
provide a key de-stabilizing signal involved in initiating angiogenic 
remodelling"-14

,
55

_ That is, based on previous evidence that Ang] 
engagement of the Tie2 receptor was constitutive in the adult vascu
lature and indeed necessary to maintain its quiescence (hg. 2, stage 
C), it was proposed thatautocrine induction ofAng2 in endothelium 
blocked this constitutive stabilizing influence of paracrine Angl, 
allowing the endothelial cells to revert to a more plastic and destabi-
lized state reminiscent of developing vessels (Fig.":, stage D). Such 
destabilized vessels could then be prone to two fates. On the one 
hand, these de-stabilized vessels would be prone to regression in the 
absence of associated growth factors, as also occurs with primitive 
vessels during development (Fig. 2, stage E). On the other hand, they 
would be more sensitive- to angiogenic changes induced by simulta
nrnusly available angiogenic factors such as VEGH essentially 
recapitulating an early em bryonicsituation in which VEGF acts prior 
to the involvement ofAngl (Fig. 2, stage F). 

This model of Ang2 as a destabilizing signal that reverts vessels to a 
more plastic and tenuous state, initially developed based on observa
tions in tbe ren1odel]ing ovaryn, is consistent vv-ith m_ore recent data 
in tumours ( see below) as well as emerging data fr om knockout mice 
lacking Ang2. One of the best characterized settings of post--natal 
vascular regression and ren1odelljng in mice involves the eye, jn 
which regression of the hyaloid vascularnre encasing the lens is 
rnupkd to angiogenic sprouting that leads to vascularization of the 
initially avascular retina, as described above. Neither regression of 
the hyaloid vasculature nor vascularization of the retina occur in 
mice lacking Ang2 (S.J.W., R. Tzekova, Q. Wong, N. W.G., C Suri & 
G.D.Y., unpublished results). These data show that Ang2 is required 
for some post--natal vascular remodelling events, and support the 
notion that Ang2 provides a key role in destabilizing the vascularnre 
in a manner that is necessary for its subsequent remodelling. 
However, other defects in the Ang":--knockout mice suggest that it 
may in some cases also have an agonistic role. That is, it is highly 
expressed in the developing aortic wall, which does not develop 
properly in mice lacking Ang2. Similarly, lymphatic development is 
perturbed in these mice. 

The ephrirns 
The Eph receptor tyrosine kinases comprise the largest known family 
of grovvth factor receptors (Fig. le), and use the sim_i.larly nun1erous 
ephrins as their ligands7'56

• The ephrins aH' unlike ligands for other 
receptor tvrosine kinases in that thev must be tethered to the 
membran; to activate their Eph receptors"'''. Although initially 
characterized in the nervous S)'Stem7

'
56, recent knockout studies have 

suggested key roles for ephrin--B2 and its EphB4 receptor during 
vascular development1

'·
00

• Mouse embryos lacking ephrin-I\2 and 
EphI\4 suffer fatal defects in early angiogenic remodelling that are 
sornev;hat re1ni.nisce.nt of those seen in rnice lacking r\ngl or 
Tie253

-
60

• Moreover, ephrin--B2 and EphB4 display remarkablyrecip-· 
rocal distribution patterns during vascular development, with 
ephrin-B2 marking the endothelium of primordial arterial vessels 
while EphI\4 marks the endothelium of primordial venous 
vesseis"0

'·
00

• These distributions suggested that ephrin--B2 and Eph B4 
are involved in establishing arterial versus venous identity, perhaps in 
fusing arterial and venous vessds at their junctions, and that defects 
in these processes might account for the early lethality observed in 
mouse embryos lacking these proteins58

-
60 (Fig. 2, stage A). 

Ephrin-B2 continues to selectively mark arteries during later 
embryonic development as well as in tlie adult, although this expres
sion extends progressively from the arterial endothelium to the 
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surrounding arterial smooth muscle and to pn-iq'tes (N.W"G. and 
G.D.Y., unpublished results; D. Shin and D. J. Anderson, unpublished 
results). Thus, epbrin-I\2 is apparently not only required during the 
earliest stages of arterial/venous detern1ination, but m_ay continue to be 
important during the development of arteries, perhaps by regulating 
interactions between endothelial and smooth muscle cells involved in 
the formation of arterial muscular walls !Fig. 2, stage B). In adult 
settings of angiogenesis, as in tumours or in the female reproductive 
system, the endothelium of new vessels strongly re-expresses 
ephrin-B2 (N.W.G. and G.D.Y., unpublished results; D. Shin and D. T. 
Anderson, unpublished results) (Fig. 3a,b). The finding that angio
genic sprouting in tbe adult and in tumours involves re--expression of 
tbe epbrin-I\2 arterial marker challenges e:<isting dogma that such 
sprouting primarily involves venous or uncommitted vessels, and also 
suggests that ephrin-B2 may be important in these angiogenicsettings. 

'\JEGf mu! Arig2 in tumour ar1giogem~sis 
Much has been made of the notion that tumours and metastases initi
ate as small avascular masses, which only subsequently induce the 
angiogenic ingrowth that is required to allow further gnwrtb of the 
early tumour6'-63 (Fig. 3a). Jt is dear that many natural. tumours 
initially arise in this manner, particularly primary epithelial tumours 
that are initially separated from underlying vessels by a basement 
membrane that must be broken before tumour cells can access the 
vasculature. In addition, many artificial model S)'Stems forcibly 
create initially a vascular tumours by placing tumour cells in a space 
that is normally devoid of vessels---- such as the subcutaneous space, 
the cornea pocket or the vitreous or the nunour V\'jndovv - thus 
requiring angiogenesis to get vessels to the tumour. 

Despite all the attention directed towards avascular tumour 
grovvth, recent findings~ 4

'
55 have refocused attention on previous 

ohservations64-66 that 1na.ny turnours, and rnetastases in particular; 
do not initiate in an avascular manner (Fig. 3b ). Rather, tumour cells 
can initially home in on and grow by co-opting existing host vessels, 
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and thus start off as wdl-vascularized small tumours13
'" (Fig. 3h, 

left). ln response to co-option, the host vessels mount a defence---
sensing inappropriate co-option, they regress, choking off tbe 
tumour and resulting in a secondarily avascular and hypoxic tumour 
(Fig. 3b, middle). However, successful tumours seem to overcome 
bast vessel regression by inducing robust new angiogenesis ( Fig. 3b, 
right). Ang2 and VEGF inductions correlate remarkably well with 
the above processes1J.l4,55 _ That is, soon after turnour co-option, host 
vessels start expressing high autocrine levels of Ang2; thus Ang2 is 
one of the earliest tumour markers described, and one of the most 
general because it marks co-opted vessels and not the tumour ceHs 
themselves (Fig. 3b, left). Consistent with the possibility that 
autocrine Ang2 expression can destabi]jze vessels (Fig. 2, stage D), 
the co-opted vessels begin to die by an apoptotic process shortly after 
expressing Ang2 (Fig. 3b, middle). As vessels die, the tumour 
becomes secondarily avascular and hypoxic, resulting in marked 
induction of tumour-derived VEGF (Fig. 3b, middle). These high 
levels ofVEGF correlate with cessation of regression of the destabi
lized co--opted vessels, and onset of robust new angiogenesis sprout-
ing from these vessels, allowing for tumour survival and further 
growth (Fig. 3b, right). Thus, in such settings, endothelial Ang2 
expression seems to corrdate with vessel destabilization, apparently 
leading to vessel regression in the absence of tumour-derived VEGf 
or robust ne,,r angiogenesis following induction of tumour--derived 
VEGF (stage Din Fig" 2, and Fig. 3h)" The possibility that tumour 
vessel Tie2 receptors are blocked continuously by Ang2 and thus have 
an imbalance towards VEGF may ,,rel! explain long--standing 
observations that tumour vessels fail to mature, exhibit poor associa
tions between endothelial cells and their supporting cells, and are 
characterized by their leaky and baemorrhagicstate. 

One practical prediction, which applies ,,rhether tumour growth 
initiates a.vascular!)' or through co-option, is that anti-V.EGF the rap)' 
should ultimately blunt tumour growth. Early studies using an 
anti-VEGF antibody provided the first support for this notion 67. This 
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has subsequently been confirmed in many laboratories using 
numerous approaches ranging from antibodies that bind aml block 
VEGf~ to those that bind and block VEGFR-2, to small molecuks 
that block the activity of the VEGii-2 kinase domain, to genetic 
ablation ofVEGF in tumour cdls68

• Thus, blockade ofVEGF repre
sents the best validated and most compelling anti-angiogenesis 
approach described so far. 

Perspectives and 1:hempeutic possibWl:!es 
There are many critical growth factors involved in the physiological 
regulation of blood vessel formation, and the actions of these molec
ular players n1ust be very carefully orchestrated jn tern1s of tim_e, 
space and dose so as to forrn a functioning vascular network. The 
complexity of the process makes ongoing therapeutic efforts aimed 
at growing new vascular networks to treat ischaemic disease, using 
randorn deli.very of sjngle agents, appear son1evvhat naive V\'jtl1 tbe 
potential to cause more harm (by forming malfunctioning vessels 
prone to leak and haemorrhage) than good. In their defence, these 
efforts vvere injtiated years ago \,vhen much less vvas understood 
about the process of vascular formation. Recent failures of large, 
well-controlled clinical trials for cardiac ischaemia using delivery of 
single agents (either VEGF or FGF) 69

'
70 raises the question of why 

these trials failed despite claims of success in animal studies and earli
er, smaller (and uncontrolled) human trials. As recently discussed 68, 
this may be due to the failure ofanimal models to correctly model the 
human disease, as well as the need for blind approaches in both 
animal and human studies to overcome investigator bias when mea
suring subjective endpoints, together with the requirement for 
placebo controls in settings ,,rhere there is a marked placebo effect in 
subjective patient reports of their own condition. 

Although the complexities of vascular formation create signifi
cant challenges for those trying to grow vessels for therapeutic use, 
these same complexities may work in favour of therapeutic 
approaches aimed at blocking vessel growth. That is, blockade of 
many different molecular players may all result in the blunting of 
vessel formation. There is no doubt that VEGF is the best-validated 
target for anti-angjogenesis therapies, based on oven,,vhehning 
genetic, mechanistic and animal efficacy data. Despite the attention 
devoted to a number ofotherputative angiogenic antagonists for use 
in cancer (for exa1nple, endostatin, angiostatin and a11tithro1n
bin)71-73, most of these antagonists have yet to be characterized from a 
mechanistic and genetic point of view. Thus, they lack defined 
mechanisms of action, and cannot be pl aced within existing models 
of m_olecular angiogenesjs using genetic approaches. i\lso troubling 
is that these agents seem to work whether they are delivered as 
properly folded proteins or as denatured aggregates'". 

Recent efforts also indicate as yet unimagined applications for 
vascular growth factors. For example, the possibility that Angl may 
help prevent or repair damaged and leaky vessels offers therapeutic 
hope for an assortment of unmet clinical needs, such as in diabetic 
reti.nopathy, acute 1nacular degeneration; ischaerr1ia/reperfusion 
injury ( which can occur after strokes and in acute respiratory distress 
syndrome), or in inftamrnatory set6ngs{o,,v_ The continued discov
ery and characterization of the molecular factors that regulate vessel 
formation will lead to additional unexpected therapeutic opportuni
ties, as well as to the refinement of current therapeutic approaches 
aimed at growing or blockingvessel formation. [J 
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Attorney Docket No. REGN-008CIPCON3 
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INFORMATION First Named Inventor George D. Yancopoulos 
DISCLOSURE STATEMENT Application Number 16/055,847 

Filing Date August 6, 2018 
Group Art Unit 1647 

Address to: Examiner Name Jon McClelland Lockard 
Commissioner for Patents Title: "Use of a VEGF Antagonist to Treat Angiogenic 
P.O. Box 1450 

Eye Disorders" Alexandria, VA 22313-1450 

Sir: 

Applicants submit herewith documents which may be material to the examination of this application 

and in respect of which there may be a duty to disclose in accordance with 37 C.F.R. § 1.56. This submission 

is not intended to constitute an admission that any document referred to therein is "prior art" for this invention 

unless specifically designated as such. A listing of the documents is shown on enclosed Form PTO/SB/08A 

and copies of the foreign patents and non-patent literature are also enclosed. 

The Examiner is requested to make the documents listed on the enclosed PTO/SB/08A of record in this 

application. Applicants would appreciate the Examiner initialing and returning the initialed copy of form 

PTO/SB/08A, indicating the documents cited therein have been considered and made of record herein. 

Statements 

~ No statement 

D PTA Statement under 37 CFR § 1.704(d)(l): Each item of information contained in 

the information disclosure statement filed herewith: 

(i) Was first cited in any communication from a patent office in a counterpart foreign or 

international application or from the Office, and this communication was not received 

by any individual designated in § 1.56( c) more than thirty days prior to the filing of the 

information disclosure statement; or 

(ii) Is a communication that was issued by a patent office in a counterpart foreign or 

international application or by the Office, and this communication was not received by 

any individual designated in § 1.56(c) more than thirty days prior to the filing of the 

information disclosure statement. 
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information disclosure statement was first cited in any communication from a foreign 

patent office in a counterpart foreign application not more than three months prior to the 

filing of the information disclosure statement; or 

D IDS Statement under 37 CFR § 1.97(e)(2): No item of information contained in the 

information disclosure statement was cited in a communication from a foreign patent 

office in a counterpart foreign application, and, to the knowledge of the person signing 

the certification after making reasonable inquiry, no item of information contained in 

the information disclosure statement was known to any individual designated in § 

1.56( c) more than three months prior to the filing of the information disclosure 

statement. 

Fees 

IZI No fee is believed to be due. 

D The appropriate fee set forth in 37 C.F.R. §1.17(p) accompanies this information disclosure 

statement. 

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of 

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due with 

any communication for the above referenced patent application, including but not limited to any necessary fees 

for extensions of time, or credit any overpayment of any amount to Deposit Account No. 50-0815, order 

number REGN-008CIPCON3. 

Date: September 18, 2019 

BOZICEVIC, FIELD & FRANCIS LLP 
201 Redwood Shores Parkway, Suite 200 
Redwood City, CA 94065 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: /Karl Bozicevic, Reg. No. 28,807 / 
Karl Bozicevic 
Reg. No. 28,807 
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DOSING REGIMEN AND THE FREQUENCY 
OF MACULAR HEMORRHAGES 
IN NEOVASCULAR AGE-RELATED 
MACULAR DEGENERATION TREATED 
WITH RANIBIZUMAB 
IRENE BARBAZETTO, MD,* NAMRATA SAROJ, OD,t HOWARD SHAPIRO, PHD,t 
PAMELA WONG, MPHJ K. BAILEY FREUND, MD* 

Purpose: The purpose of this study was to investigate if monthly intravitreal ranibizumab 
decreases risk of macular hemorrhages in patients with choroidal neovascularization 
secondary to age-related macular degeneration. 

Methods: Incidences of macular hemorrhages in the control and ranibizumab 
groups from three, multicenter, randomized, clinical trials (MARINA, ANCHOR, and 
PIER) were compared. Two time intervals (Months 0-3 and 5-17) were evaluated to 
account for transition from monthly to quarterly injections in PIER. Time interval after 
Month 17 was excluded because of crossover from control to active treatment in 
all trials. 

Results: Months 0-3: Ail trials showed higher incidence rates of hemorrhages in 
control compared with ranibizumab groups (ANCHOR: photodynamic therapy 127.3%], 
0.3 mg [8.0%], 0.5 mg [8.6%]; MARINA: sham [18.6%], 0.3 mg [8.8%], 0.5 mg [8.8%]; 
and PIER: sham [16.1 %], 0.3 mg [3.4%], 0.5 mg [3.TX,]). In ANCHOR and MARINA, data 
of Months 5---17 showed higher incidence rates in control compared with monthly 
ranibizumab groups (ANCHOR: photodynamic therapy [47.8%], 0.3 mg [12.5%], 0.5 mg 
[12.~1%]; and MARINA: sham [38.0%], 0.3 mg [1'.3.29-'iJ], 0.5 mg [13.09-'iJ]), but this was not 
seen for quarterly ranibizumab groups in PIER (sham [22.4%], 0.3 mg [23.7%], 0.5 mg 
[28.3%]). 

Conclusion: Treatment with monthly intravitreal ranibizumab was associated with 
reduced risk of new macular hemorrhages when compared with photodynamic therapy 
(ANCHOR) or sham (MARl~~A and PIER). There was no difference between PIER quarterly 
ranibizumab-treated and sham patients. 

RETrNA ~10:1~176-1385, 20Hl 

M acular hemorrhages are considered to be a hall
mark of neovascular age-related macular 

degeneration (AMD). Reading centers use the pres
ence of subretinal hemorrhages or hemorrhagic 
pigment epithelial detachments as a criteria for the 
presence of choroidal neovascularization 1 when 
grading fundus photographs of patients with AMD 
in the absence of other imaging modalities such as 
fluorescein angiography or optical coherence tomog-· 
raphy. Even intraretinal hemorrhages can be a sign of 
serious progression because they have been associated 
vvith the early stages of retinal angiornatous prolifer
ation/type 3 neovascularization. 2 Overall, macular 

1376 

hemorrhages are considered to be a sign of disease 
activity and, when occupying larger areas or located in 
the subfoveal region, they are usually associated with 
a poor visual prognosis in a majority of cases_3

-
5 

Therefore, prevention or suppression of hemorrhagic 
incidences should help arrest vision loss. 

Intravitreal antivascular endothelial growth factor 
therapy has become the new standard of care for treating 
neovascular AMD. This therapy has not only changed 
the management of neovascular AMD but also, for the 
first time, improved visual function and limited disease 
activity in the majority of patients for at least two 
years.6

'
7 Thus, it seems reasonable to believe that 
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frequent treatment could al so potentially limit the 
occrn-rence of macular hemorrhages in these patients. 

The aim of this exploratory analysis of the data from 
1.hree Phase 3 clinical trials was to investigate if monthly 
treatment with intravitreal ranibizumab (Lucentis; 
Genentech Inc., South San Francisco, CA) decreases 
the risk of new macular hemorrhages in patients with 
choroidal neovascularization secondary to AMD. 

Material and Methods 

An exploratory analysis was conducted using the 
2-year safety data from patients enrolled in three, 
Phase 3, randomized, controlled, multicenter, clinical 
trials: MARINA," ANCHOR,7,8 and PIER.9 Safety
evaluable population included all patients who re
ceived at least one study treatment 

freatment and FiJllow-up 

In MARINA, patients were randomized to sham 
control or monthly intrnvitreal ranihizumab injections 
of 0.3 mg or 0.5 mg. Patients in the ANCHOR study 
vvere assigned to verteporfin photodynamic therapy 
(PDT) (plus monthly sham injections) control or 
monthly intravitreal ranibizumab injections of 0.3 mg 
or 0.5 mg (plus sham PDT ,vith saline infusion). 
In PIER, patients vvere randomized to sham control or 
intravitreal ranibizumab injections of 0.3 mg or 0.5 mg. 
Patients received 3 initial monthly treatments of their 
assigned dose followed by treatment every 3 months. 

In an 3 studies, patients were examined at 
screening and Day 0. Tn MARINA and ANCHOR, 
patients ,vere seen at Day 7 and then monthly from 
Month 1 through Month 24. In PIER. patients were 
examined monthly through Month 3 and quarterly 
starting at Month 5 through Month 23 with additional 
visits at Months 12 and 2.4. There was no Month 4 

From the *Vitreous Retina Macula Consultants of New York. 
New York, New York; and i'Genentech Jnc., South San Francisco, 
California. 

This material was partially presrnted at the Retina Society 
Annual Meeting, Scottsdale, Arizona, September 2008. 

KB. Freund is a consultant for Genentech. P. VVong, N. Sarnj 
and H. Sahpiro are employees of Genentech. 

The study protocols of the ANCHOR, Jv1ARINA, and PlER trials 
(p1imary repmts of safety and efficacy published previously"-9

) were 
appmved by the Institutional Review Board, National Competent 
Authority, or Ethics Committee at each participating clinical center 
before the sta..'1 of the study. All US sites were compliant with the Health 
Insmance Portability and Accountability Act of l 996. The three studies 
are registered at ClinicalTrials.gov (ANCHOR m No.= NCT006l594; 
MARL'JA lD No. = NCT00056836; PlER ID No. = NCT00090623). 
Before determination of their full eligibility for enmHmrnt, all patients 
provided written infonued consent for their study pmticipation. 

Reprint requests: K. Bailey Freund, MD, Vitreous Retina Macula 
Consultants of New York, 460 Park Avenue, 5th Floor, New York, 
NY lOlt!'.!; e-mail: kbfnyf@ao!.com 

v1s1t rn the PIER study. /\t all study visits, patients 
were evaluated using Early Treatment Diabetic 
Retinor,atby Study protocol-based best-corrected 
visual acuity, slit-lamp examination, intrnocular 
pressure measurement, and dilated binocular indirect 
and high-magnification ophthalmoscopy. Adverse 
events were collected at every visit except at 
screening. Fiuoroscein angiography and fundus 
photography vvere performed at screening and at 
Months 3, 6, 12, and 24 in M /\RINA, every 3 months 
starting at screening up to 24 months in ANCHOR, 
and at screening and at Months 3, 5, 8, 12, and 24 in 
PIER. In MARINA and ANCHOR, optical coherence 
tomography was done at select sites at Days O and 7 
as well as at Months 1 and 12. In PIER, optical 
coherence tomography was done at select sites at Day 
0 and at Months 1, 2, 3, 5, 8, and 12. 

Data Collection 

The incidences of new macular hemorrhages 
detected during these studies were identified based 
on verbatim reports by the study investigators. All 
verbatim adverse event descriptions coded to the 
MEDDRA (Medical Dictionary of Regulatory 
Activities) preferred term: ''RETINAL HEMOR
RHAGE'' in the databases were reviewed by the 
authors (LB., K.B.F., and N.S.) and reclassified to 

three categories ("Yes," "Maybe,'' and "No") on 
whether they were macular hemorrhages. Only events 
coded with "Yes" or "Maybe" were included in the 
final analysis (Table l). 

To account for the transition from monthly 
injections to quarterly injections in the PIER trial 
after 3 months, the number of events in all studies was 
evaluated for 2 time intervals: 0 to 3 months (during 
monthly injections in MARINA, ANCHOR, and 
PIER) and 5 to l 7 months (during monthly injections 
in MARINA and ANCHOR and quarterly injections in 
PIER). The 5- to 17-month time interval was further 
broken clown into quarterly intervals: 5 to <8 months, 
8 to < 11 months, 11 to < 14 months, and 14 to 
17 months. The time interval between 3 and 5 months 

Table 1. Included cases ior "macular hemorrhage" 
based on investigator verbatim report coded to the 

MedDRA (Medical Dictionary for Regulatory Activities) 
preferred term: "RETINAL HEMORRHAGE" 

New subrefoal hemorrhage 
Punctate hemorrhage ·-· subretinai 
Hemorrhagic pigment epithelial detachment 
Peripapi!!ary subretinal hemorrhage 
Recurrent subretinal hemorrhage 
Worsening of subretinal macular hemorrhage 
Macular dot-blot hernorrhage 
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was excluded because there was no Month 4 study 
visit in the PIER trial. The time interval after Month 17 
was excluded because control patients remaining in 
the studies ,vere allowed to "crossover" to receive 
ranibizumab in all 3 studies, and many patients switched 
to monthly 0.5 mg during this period in PIER. 
Hmvever, all adverse events occuning after the 
crossover were excluded from the analysis. 

Statistical Analysis 

Incidences of macular hemorrhages were compared 
using Pearson chi-square or Fisher exact test (v,·hen 
expected cell counts <5) for treatment comparisons 
within each study as well as cross-study comparisons 
within each treatment group. These cross-study com
parison tests were performed not for fomial comparison 
but for hypothesis generation only. Statistical signifi
cance was defined as P ·< 0.05; alihough in an 
exploratory analysis, it is particularly important to 
consider the risks of false conclusions due to multiple 
comparisons. All statistical analyses were carried out 
using SAS software v9.l (SAS Inc, Cary, NC). 

Subgroup Analyses 

The influence of selected variables was explored in 
three separate subgroup analyses comparing the 
incidences of macular hemonhages: 1) by baseline 
angiographic lesion composition, presence of classic 
(either predominantly classic or minimally classic) 
versus occult lesions in MARINA and PIER; 2) by 
baseline presence or absence of anticoagulation/ 
platelet inhibitors; and 3) by baseline presence or 
absence of blood on fluorescein angiography. 

Results 

A total of 1,315 patients receiving at least l study 
treatment were analyzed from the 3, randomized, 
controlled, clinical trials: ANCHOR (n = 420), 
MARINA (n::: 713), and PIER (n::: 182). The sample 
size of each study for the evaluated treatment intervals 
and study arms is shmvn in Figure 1. 

incidences cf Macular Hemorrhages 

kfonths 0---3: monthly ranibizumab or sham injection. 
ln all 3 trials, a higher percentage of patients developed 
macular hemoIThages in the control group compared 
with both the ranibizumab-treated groups during 
Months O to 3. In the ANCHOR trial (Figme IA), 
new macular hemorrhages vvere seen in 27 .3% of 
PDTtreated eyes compared with 8.()% in the 0.3-mg 
rani.bizumab-treated group (P < 0.0001) and 8.6% i.n 
the 0.5-mg r:mibizumab-.treated group (P < f).0001). 

The MARINA trial (Figure lB) showed 18.6% in 
the sham group developing macular hemonhages 
compared with 8.8% in the 0.3-mg ranibizumab
treated group (P = 0.0019) and 8.8% in the 0.5-mg 
ranibizumab-treated group (P = 0.0018). 

In the PIER trial (Figure 1 C), 16. l % in the sham 
group and 3.4% in the 0.3-mg raoibizumab-treated group 
(P = 0.019) and 3.3% in the 0..5--mg ranibizumab--treated 
group (P::: 0.016) developed macular hemorrhages. 

Monrhs 5---17_, monthly ranibizumab or sham injection 
(MARINA/ANCHOR); quarterly ranibizumah or shanz 
injection ( PIER). During Months 5 to 17, the incidence 
of macular hemoIThages was still higher in the control 
groups for ANCHOR and MARINA when compared 
with the ranibizumab-treated groups. The ANCHOR 
trial (Figure 1, Panel D) bad 47.8 110 of PDT treated 
patients compared to 12.5% in the 0.3 mg ranibizumab
treated group (P ·< 0.0001) and 12.3% in the 0.5 mg 
ranibizumab-treated group (P < 0.0001) develop 
a macular hemorrhage. The MARINA trial (Figure 
1 E) also shmved a higher rate of new macular 
hemorrhages in the sham group vvith 38.0% compared 
with lower rates of 13.2% in the 0.3--mg r:mibizumab-
treated group (P < 0.0001) and 13.0% in the 0.5-rng 
ranibizumab--i.reated group (P < 0.0001). 

However, in the PIER trial (Figure lF), the 
incidence rates were not lower in the ranibizumah
treated groups compared with the control group (in 
fact, they were slightly higher although the differences 
,vere not statistically significant). 22.4% of patients in 
the sham group developed new rnacular hemorrhages 
when compared with 23.7% in the 0.3--mg ranibizu-
mab-treated group (P = 0.87) and 28.3% in the 0.5-rng 
ranibizumab--i.reated group (P = 0.46). 

For quarterly incidences of new macular hemor
rhages in the ANCHOR (Figure 2/\) and MARINA 
(Fig1u-e 2B) studies after Month 5, the rate in the 
ranibizumab-treated groups appears stable between 1 % 
and 7%, ,vhereas the control groups (sham/PDT) range 
from 10% to 22%. Tn the PIER study (Figure 2C), the 
overall incidence of new macular hemonhages ranged 
from 3% to 17% for the ranibizumab-treated eyes and 
from 4% to 10% for the control (sham) eyes. 

Cross-Srudy Comparison Between Studies 

Given the different patient populations; different 
control groups; and differences in sample size, follow
up, and crossover regimens, cross-study comparisons 
(Figure 1) are intended for hypothesis generation only 
and the data should he revievved with caution. As 
a reference (not for formal comparisons), Pearson chi-
square or Fisher exact test (when expected cell counts 
<5) yields the following P values for cross--study 
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l!"ig. 1. Summary of the in
cidences of new tnacular 
hemmThages in the study eye 
in the ANCHOR (A & D), 
MARINA (B & E) and PIER 
(C & F) studies subdivided 
for the 2 study periods 
(rrff_rnrhs G--3 and montJ-1s 
5 J7). *P < 0.0001, tP = 
0.0019, tP == 0.018 §P == 
O,GJ9. ❖ *P == O,OJ6 vs. con
trol (sham or PDT). E1Tor 
bars are 95q?: exact confi
dence intervals. 
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Fig. 2. (.'u:rrterly reported incidences of new 
macular hemorrhages in the ANCHOR (A). 
MARINA CB). and PIER (C) studies, Months 5 to 
17. *Months 14 to 17 for the PIER sham group 
\Vere exc lud.ed. fron1 the sun:imary because most 
patients hi shmn crossed over to recehre G.5-rng 
ranibizumab at Month 14. Error bars :ire 95% 
exact confidence intervals. 

comparison for the incidence of macular hemoIThages 
within each treatment group. 

MARINA trials (control [P::: 0.65], 0.3 mg [P::: 0.27], 
and 0.5 mg [P = 0.18]). Similarly, little difference was 
found between ihe incidence raies in PIER and 
ANCHOR trials (control [P ::: 0.09], 0.3 mg [P = 

For the Monihs O to 3 interval, liitle difference was 
found between the incidence rates in the PIER and 
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0.351, and 0.5 mg [P = 0.241). For ihe Mooths O to 3 
interval, the incidence of macular hemorrhages was 27% 
in the ANCHOR PDT arm and 19% in the MARINA 
sham arm (P = 0.049) altl1ough there was little difference 
between ANCHOR and MARINA in the ranibizumah 
arms (0.3 mg [P = 0.791 and 0.5 mg [P = 0.94]). 

However, at months 5 to 17 differences were 
observed between the rates in the PIER and MARINA 
trials for all the study arms including the control group 
(PIER vs MARINA: control [P = 0.1)26, rate in PIER 
less than MARINA], 0.3 mg [P::: 0J)46, rate in PIER 
greater ihan MARINA], and 0.5 mg [P = f).0039, rate 
in PIER greater than MARINA]). The comparison of 
the PIER and the ANCHOR studies also showed 
similar results with differences bet ween all groups 
(PIER versus ANCHOR: control [P = 0.0009, rate in 

A 100 

80 

26 

20 
15 

MARINA 
Month Oto 3 

PIER less ihan ANCHOR]), 0.3 mg (P = fJ.049, rate in 
PIER greater than ANCHOR), and 0.5 mg (P = 0.0060, 
rate in PIER greater than ANCHOR). For the Months 5 
to 17 interval, the incidence of macular hemorrhages 
differed little between ANCHOR and MARINA among 
the treatment groups (control [P = 0.06], 0.3 mg 
[P = 0.84], and 0.5 mg [P == 0.84]). 

Lesion Composition at Baseline: Presence al Classic 
(Predominantly Classic or Afinimally Classic) or 
Occult Without Classic 

Baseline angiographic lesion composttton, as de
termined by the reading center (Figure 3), did not 
reveal any significant influence on the subsequent 
incidences of macular hemorrhages in the MARINA 
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I<"ig. 3. Macular hemmThages 
by baseline lesion type (clas
sic vs occuJt lesions) in the 
MARINA (A & CJ and PIER 
(B & rn studies subdivided 
for rJ-1e 2 study pedods 
(months G--3 and months 

Sham 0.3mg 0.5mg Sham 0.3 mg 0.5 mg 

5--17). There was only one 
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and PIER studies duriog the first 3 months, except for 
MARINA sham (P::: 0.041, 26% classic versus 15% 
occult without classic). In the Months 5 to 17 interval, 
the MARINA study showed a trend tmvard lesions 
with a classic component to be more likely to develop 
hemonhages than occult ,vithout classic lesions; the 
difference was statistically significant for the 0.3-mg 
group (P = f).044, 19% classic versus l 0% occuli 
vvithout classic). However, the PIER study showed 
a reversed indication during Months 5 to 17 (not 
statistically significant) where occult lesions were 
more likely to develop hemorrhages thao classic 
lesions for the sham and the CU-mg ranibizumab-
treated groups. 

The subgroup analysis stratified by lesion type was 
not dooe for ANCHOR because of the inclusion 
criterion that allowed only patients with at least 50% 
classic lesions in the trial. However, there was one 
safety-evaluable patient io ANCHOR ,vith occult 
without classic lesion at baseline. 

Role ofAnticoagulation/Platelet inhibitors at Baseline 

The incidence of macular hemorrhages was ana
lyzed for patients taking anticoagulants (i.e., warfarin) 
or platelet aggregation inhibitors (i.e., acetylsalicylic 
acid LAspirio ], dopidogreJ hisulfate [Plavix ], etc.) 
versus patients taking none of these medications at 
baseline (Figure 4). No statistical differences between 
the groups were found in ANCHOR, MARINA, or 
PIER for each time interval. 

Presence or Absence of Blood at Baseline 

Blood at baseline was categorized as present, absent, 
questionable, or cannot be graded. for these analyses, 
present and questionable were combined as present at 
baseline and compared with absent at baseline (Figure 5). 

In ANCHOR the incidence of macular hemorrhage 
was higher with blood present at baseline compared 
with blood absent at baseline except for the control 
group at Months 0 to 3 and the 0.5-mg group at 
Months 5 to 17. However, none of the comparisons 
were statistically significant. 

In MARINA, the incidence of macular hemorrhage 
vvas higher with blood present at baseline compared 
with blood absent at baseline in all instances although 
none ,vere statistically significant. 

ln PIER, the incidence of macular hemorrhage was 
higher with blood present at baseline compared with 
blood absent at baseline except for the control group at 
Months 5 to i 7 and 0.3 mg at Months Oto 3 where the 
reverse was found but was not statistically significant. 
One statistically significant comparison was found, for 
the sham group at Months Oto 3 (P::: 0.050, 22.2% for 
present versus 0% for absent). 

Discussion 

Macular hemonhages of varying degrees and 
extensions are known to occur as part of the natural 
course of AMD3

'
4 aod as complications after inter

ventions for neovascular disease. rn The outcome can 
be devastating for the patient and not only lead to 
visual impairment but also place a significant 
psychological burden oo patients and families. 5 

Controlling the neovascular process with reduction of 
exudative activity is a logical approach to reduce the risk 
of developing oew hemorrhages secondary to AMD. 
Sustained inhibition of vascular endothelial grmvth 
factor ,vith intravitreal ranibizumab is a promising 
strategy for such a therapeutic/preventive concept 6' l l 

The analysis of the safety data of the three major 
controlled clinical trials (ANCHOR, MARINA, and 
PIER) presents the unique opportunity to evaluate large 
treated patient cohorts and controls for the incidence of 
macular hemonhages in randomized double-blind 
studies with standardized treatment protocols. Patients 
on monthly rnnibizumab io MARINA, ANCHOR, and 
PIER were significantly Jess likely to develop macular 
hemonhages when compared with the control groups. In 
PIER no benefit of ranibizumab over sham was observed 
after the patients were switched to the quarterly protocol. 
It should be noted that the evaluation of the PlER study 
data is complicated as a result of the study arms being 
significantly smaller and some patients of the sham group 
having crossed over (15 at Mooth l4 and aoother 17 at 
Month 17) to receive 0.5-mg ranibizumab. Baseline 
angiographic lesion composition as well as medications 
for anticoagulation and platelet aggregation inhibition did 
not influence the risk of developing macular hemorrhages 
in any of the study treatment groups. Baseline presence of 
blood was mostly consistent as to incidence of macular 
hemorrhages being higher in the group with blood 
present at baseline versus blood absent at baseline, but 
only 1 of the 18 comparisons among study treatment 
groups was statistically significant. 

This study is also limited by several factors, which 
include hut are not limited to the retrospective nature of 
the data review as ,vell as the differences in follow-up, 
treatment protocols, and control group composition of 
the individual studies. In the PIER study, the number of 
patients is significantly smaller when compared with the 
MARINA and ANCHOR studies. In addition, the 
follow-up intervals after the initial 3 months were only 
quarterly in PIER, which may result in missed events 
and lead to an underestimation of the number of events. 
Finally, because none of the studies required monthly 
fundus photographic documentation, identification of 
macular hemorrhages is dependent on verbatim reports 
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I<'ig. 4. Iv!acular hemorrhages by base
line medication for anticoagulation/ 
platelet inhibitors jn the ANCHOR 
(A & Dl, JvlARINA (B & E) and PIER 
(C & F) studies subdivided for the '.2 
study periods (months 0--3 and months 
5-17). Error bass are 95Sf exact 
confidence intervals. 
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of adverse eveots by the individual investigators who 
may have varying definitions/methods of identification. 
However, in spite of its limitations, the results of this 
analysis may give the treating ophthalmologists 
additional information oo how to manage their patients 

with AMD and to achieve best functional results and 
visual preservation. 

In conclusion, although none of the treatment arms 
in MARINA, ANCHOR and PIER showed a complete 
absence of new macular hemorrhages during the study 
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period, monthly application of 0.3--mg or 0.5--mg 
rnnibizumab significantly decreased the risk of de
veloping new macular hemorrhages when compared 
with the control groups (sham or PDT). As seen in 

PIER, switching from monthly to quarterly injection 
intervals may not have the same beneficial effect and 
could put the patient at an increased risk for vision
threatening complications. 
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Fig. 5. Macular hemorrhages by baseline 
presence or absence of blood in the 
ANCHOR (A & D). MARI.NA (B & E) and 
PIER (C & F) studies subdivided for the 
2 study periods (mont..11.s 0--3 and n-1onths 
5--17). Error bars. are 95r)f; exact confidence 
intervals. 
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Key words: age-related rnacular degeneration, 
choroidal neovascularization, ranibizumab, macular 
hemorrhage. 
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A Phase Illb Study to Evaluate the Safety 
of Ranibizumab in Subjects ,vith 
N eovascular Age~related Macular 
Degeneration 

Objective: To evaluate the safety and efficacy of intravitreal ranibizumab in a large population of subjects 
with neovascuiar age-related macular degeneration (AMD). 

Design: Twelve-month randomized (cohrni 1) or open-label (cohrni 2) rnulticenter clinical trial. 
Participants: A total of 4300 subjects with angiographicaily determined subfoveai choroidai neovascular

ization (CNV} secondary to AMD. 
Methods: Cohort 1 subjects were randomized 1 :1 to receive 0.3 mg (n = 1169) or 0.5 mg (n = 1209) 

intravitreal ranibizumab for 3 monthly loading doses. Dose groups were stratified by AMO treatment history 
(treatrnent-na'i've vs. previously treated). Cohort 1 subjects were retreated on the basis of optical coherence 
tomography (OCT) or visual acuity 0/A) criteria. Cohort 2 subjects (n = 1922) received an initial intravitreal dose 
of 0.5 mg ranibizumab and were retreated at physician discretion. Safety was evaluated at all visits. 

Main Outcome Measures: Safety outcomes included the incidence of ocular and nonocular adverse 
events (AEs) and serious adverse events (SAEs). Efficacy outcomes included changes in best-corrected VA 
over time. 

Results: Some 81.7% of cohort 1 subjects and 49.9% of cohort 2 subjects completed the 12-month study. 
The average total number of ranibizumab injections was 4.9 for cohort 1 and 3.6 for cohort 2. The incidence of 
vascular and nonvascular deaths during the 12-month study was 0.9% and 0.7% in the cohort 1 0.3 mg group, 
0.8% and ·1.5% in the cohort ·1 0.5 mg group, and 0.7% and 0.9% in cohort 2, respectively. The incidence of 
death due to unknown cause was 0.1 % in both cohort 1 dose groups and cohort 2. The number of vascular 
deaths and deaths due to unknown cause did not differ across cohorts or dose groups. Stroke rates were 0.7%, 
1.2%, and 0.6% in the 0.3 mg and 0.5 mg groups and cohort 2, respectively. At month 12, cohort 1 treatment
narve subjects had gained an average of 0.5 (0.3 mg) and 2.3 (0.5 mg) VA letters and previously treated subjects 
had gained 1.7 (0.3 mg) and 2.3 (0.5 mg} VA letters. 

Conclusions: lntravitreal ranibizumab was safe and well tolerated in a large population of subjects with 
neovascular AMD. Ranibizumab had a beneficial effect on VA. Future investigations wiH seek to establish optima! 
dosing regimens for persons with neovascular AMO. 

Financial Discfosure(s): Proprietary or commercial disclosure may be found after the rererences. Ophthalmology 
2009;116:1731-1739 © 2009 by the Amen'can Academy ofOphthafmr:;fogy. 

Neovascular age-related nrncular degeneration (AMD) is 
characterized by new vessel growth and leakage in the 
choroidal vascular network beneath the macula, with 
extension and leakage into the subrerinal space. Although 
the pathologic events that precede choroidal neovascu
lalization (CNV) are not clearly understood, disrupting 
the activity of vascular endothelial growth factor A 
(VEGF-A), a diffosible cytokine that promotes angiogen
esis and vascular permeability, effectively treats CNV 
secondary to AMD. 

Ranibizumab (LUCENTIS, Genentech, Inc., South San 
Francisco, CA) is a recombinant, humanized monoclonal 
antibody antigen-binding fragment (Fab) u'-iat neutralizes ail 
active forms of VEGF-A. In 2 pivotal phase III trials-

© 2009 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

M_inimally ClassiciOccult Trial of the Anti-VEGF Antibody 
Ranibizumab j_n the Treatment of _Neovascular A_ge-Related 
Macular Degeneration (MARINA) 1 and Anti-Vascular 
Endothelial Growth Factor (VEGF) Antibody for the 
Treatment of Predominantly Classic Choroidal Neovas
cularization (CNV) in Age-related Macular Degeneration 
(ANCHOR)2-monthly intravitreal injections of 0.3 mg or 
0.5 mg ranibizumab not only prevented vision loss but also 
improved visual acuity (VA) in patients with minimally 
classic or occult without classic and predominantly classic 
CNV, respectively. In those studies, ranibizumab treatment 
was associated with a low rate of serious adverse events 
(SAEs), including those attributable to systemic VEGF 
inhibition. 

ISSN 0161-6420/091$-see front matter 1731 
doi: I 0. IO 16/j. ophtha. 2009 .05 .024 
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The Safety A_ssessment of Intravitreous Lucentis f9_r 
AMD (SAILOR) siUdy was a phase IITb follow-up study 
to the MARlNA and ANCHOR studies to evaluate the 
long-term safety and efficacy of ranibizumab in a large 
population of subjects witb all subtypes (minimally clas-
sic, occult without classic, and predominantly classic) of 
neovascular A\'1D. SA.ILOR included more than 5 titnes 
as many ranibizumab-treated subjects as the lVIARIN A 
and ANCHOR studies combined. Thus, it is the largest 
multicenter randomized study to date to evaluate safety 
and efficacy outcomes of anti-VEGF treatment in wet 
AMD, and it is the only phase III study to examine 
individualized, criteria-based retreatment. 

Nfaterials and :Methods 

SAILOR was a 12-month, multicenter, phase IHb study intended 
to further characterize the safety and efficacy profiles of intrnvitreal 
rnnibizurnab. Protocols were approved by the inslitulional review 
board at each study site. and the study was conducted accrnding to the 
International Conference cm Harmonisation E6 Guideline for 
Good Clinical Practice and any national requirements. All sub
jects provided informed consent before parlicipalion in the 
study_ The SAILOR study is registered a! www.clinicaltrials. 
gov (NCT00251459; accessed February 5, 2009). 

Two study cohorts were enrolled. Cohort 1 subjects were 
randomized 1:1 to receive 0.3 mg or 0.5 mg intravitreal ranibi
zumab. Cohort 2 subjects received open-label 0.5 mg intravitreal 
ranibizumab. Eligible subjects were 2>50 years of age with 20/40 
to 20/400 (Snellen equivalent) best-corrected VA in the study eye. 
Cohort 1 VA was assessed with the Early Treatment Diabetic 
Retinopathy Study (ETDRS) chart. In the interest of conserving 
time and resources, VA for cohort 2 (under a less rigorous treat
ment and assessment schedule) was assessed using Snellen charts. 
All subjects had angiographically determined subfoveal CNV 
(minimally classic, occult without classic, predominantly classic) 
secondary to AMD (as determined by the investigating physician), 
with evidence of recent disease progression defined by any of the 
following: loss of 2>5 ETDRS letters (or 2>-l Snellen line) within 
6 months before study initiation (i.e., day 0); 10% increase in the 
CNV lesion area determined by comparing a fluorescein angio
gram performed within 1 month before day O with an angiogram 
performed within 6 months before day 0; subretinal hemmThage 
associated with CNV within 1 month before day 0; or classic CNV 
comprising >50% of the CNV lesion area. 

Key exclusion criteria included verteporfin photodynamic ther
apy, pegaptanib sodium, or other AMD therapy within 30 days 
before day 0; previous submacular surgery or other surgical inter
vention for AMD in the study eye; participation in an investiga
tional drug (except vitamins and minerals) study within 30 days 
before day 0; previous participation in a ranibizumab clinical trial; 
intravitreal administration of bevacizumab within 30 days before 
day 0; or current use of systemic anti-VEGF agents. Also excluded 
were subjects with fibrosis or atrophy involving the foveal center 
of the treated eye in the absence of a new lesion; CNV in either eye 
due to other causes, such as ocular histoplasmosis, trauma, or 
pathologic myopia; a tear in the retinal pigment epithelium of the 
study eye involving the macula; or any current intraocular condi
tion in the study eye (e.g., cataract or diabetic retinopathy) that, in 
the investigating physician's opinion, would require medical or 
surgical intervention during the 12-month study period or, if al
lowed to progress untreated, would likely contribute to the loss of 
at least 2 Snellen equivalent lines of VA over the 12-month study 

Month 
0 2 3 6 9 12 

Cohort 1 
0.3mg □ □ [] □ 
0.5mg •• ■□ □ 0 □ 

Cohort.2 ~ 
0.5 mg ~ □ D 

Retreat based (>n functional ;3-nd/or anatornicai c.-i}efia 

■ ~ h1trav:i.real lnjecl!ons O Sthedtil.ed Vlsits 

Figure 1~ Study treatn:1ent and assessments, Cohort 1 subjec::::s received 3 

kJ:::iding doses of ranH,izurn:::ib and -,,_-..,1erf~ retre3ted on the basis of\//\_ (:......,.5 
letter decrease in\/;\ fn_,rn_ highest score ar prior vi:;it::,) or VA 2.nd/or ()C~T 

(:> 100 µ.m increJ_se in (=FT from the lo-\vest :::neasurement at prior visits) 

\..'riteria, (~ohort 2 subje;~ts rcx:eived 1 dose .:_-rf nrnibizutnab on d::::iy 1 and 

wen:'- retreated at physician discretion. CFr = central foveal thickness; 

C)(=T :..-_-: optical cohe-rence tonK>graphy; \//\ ;-_-.:- visual acuity-

period. Subjects with a history of cardiovascular disease were not 
excluded if their disease was controlled. 

Cohort 1 subjects were randomized 1: 1 to receive 0.3 mg or 0.5 
mg intravitreal ranibizumab. To prevent bias in reporting i\Es, 
subjects were masked to treatment dose. (Because SAILOR was 
not designed with efficacy as an objective, physicians and study 
monitors were not masked.) Randomization was stratified accord
ing to treatment history. "Previously treated" subjects had previ
ously received treatment AMD. "Treatment-naive" subjects were 
newly diagnosed with neovascular AMD. Cohort 1 subjects 
received 3 monthly loading doses of intravitreal ranibizumab (day 
0, month 1, and month 2) with scheduled follow-up visits at 
months 3, 6, 9, and 12 (Fig 1). If, at any time, the investigating 
physician believed that the between-visit interval was too long for 
a patient to go without being assessed, an unscheduled visit could 
occur. After the 3 loading doses, retreatment was based on ( 1) VA 
(a >5 ETDRS letter decrease in VA compared with the highest 
VA score at any prior scheduled visit) or (2) VA (same as above) 
and/or optical coherence tomography (OCT) (a> 100-µm increase 
in central foveal thickness [CFT] compared with the lowest mea
surement at any previous scheduled study visit, with intraretinal or 
subretinal fluid present). Thus, OCT assessment was required only 
for retreatment option 2, in which case OCT data were consistently 
obtained at all study visits. Retreatment was to occur no more 
frequently than every 30 days. Before randomization, the investi
gating physician selected the retreatment criterion for each subject 
that was to be used throughout the study. 

Cohort 1 subjects were evaluated with a full ocular exami
nation and best-corrected VA (ETDRS chart at a distance of 
4 m) and safety assessments on day O and at all scheduled 
(months 1, 2, 3, 6. 9, and 12) visits. Visual acuity assessments 
were required at unscheduled visits if a subject was being 
evaluated for retreatment. Safety assessments were required at 
all unscheduled visits. 

Cohort 2 included both previously treated and treatment
naive subjects. Subjects received 0.5 mg of ranibizumab, with 
an initial injection on day O and retreatment at the investigating 
physician's discretion, no more frequently than every 30 days. 
Cohort 2 subjects were evaluated for Snellen VA at day O and 
months 6 and 12. At unscheduled visits, VA was assessed at the 
investigating physician's discretion. Serious adverse events and 
adverse events (AEs) were assessed at scheduled and unsched
uled visits, with formal safety assessments scheduled for 
months 6 and 12. 
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Adverse events included any unfavorable or unintended sign, 
symptom, or disease temporally associated with use of study drug 
or o!her protocol-imposed intervention. An AE was classified as an 
SAE if it caused or led to death, required or prolonged subject 
hospitalization, resulted in persistent or significant disability or 
incapacitation, or was considered to be a significant medical event 
by !he inves1iga1ing physician. 

One eye per subject (i.e,, the study eye) was treated. After 
thoroughly cleansing the lid, lashes, periorbitai area, and conjunc
tiva with povidone iodine, local anesthesia and antimicrobials 
(ofioxacin ophthalmic solution, trimethoprirn-polymyxin B oph
tbalmic solution, moxiiloxacin ophlhalmic solulion, or galitloxacin 
ophthalrnic soh;tionl ,vere administered to the study eye. A 30-
gauge, 0.5--inch needle attached to a low-volume syringe contain
ing 50 pL of ranibizumab solulion was inserted through the 
conjunctiva and sclera, 3.5 to 4.0 mm posterior to the lirnbus, 
avoiding the hodzontaJ meridian and aiming tow,ml tbe center of 
the globe. The injection volume was delivered slowly, The needle 
was slowly removed, ensuring ,hat aH drug solution was in the eye. 
[mmediately after the injection, antimicrobial drops were admin
istered, and the subject was instructed to self-administer antimi
crobial drops 4 times daily for 3 days. The study eye was assessed 
with a finger coum test and intrnocular pressure within 15 and 70 
minutes. respectively, of the ranibizmnab injecfam. 

The primary safety end point for cohort l was incidence of 
ocular and nonocular SAEs evaluated tlmmgh monlh 12. A. sec
ondary safety end point was incidence of ocular and nonocular 
A.Es evaluated through month 12, Efficacy end points for cohort l 
included change from baseline VA, proportion of subjects ,vho 
gained :,,. 15 VA letters from baseline, and change from baseline 
CFT across 1he study period. 

The primary safety end poims for cohort 2 were the inci
dence of ocular and nonocular SAEs and AEs evaluated through 
month 12. Efficacy outcomes for cohorl 2 included median 
change in Sne1len VA from baseline and the proportion of 
subjects with Snellen 20i200 or worse at baseline compared 
with months 6 and 12. 

Statistical Analysis 

Safety and efficacy analyses included all subjects who received at 
least l injection of ranibizurnab. Incidence of ocular and nonocular 
SAEs and AEs and 95<X1 2-sided confidence imervals for key SAEs 
were determined for both cohorts and each dose group, No· formal 
hypolhesis testing was conducted to compare cohorts, dose groups, 
or treatment-naive arid previously treated subjects, A sample of 
2378 cohort l subjects and l 922 cohort 2 subjects was considered 
sufficient to estimate rates of uncommon SAEs and ,".Es. 

Efficacy results for cohort 1 were stratified by dose group and 
treatment hislory. Estimated proportions ,.vere ob,ainr.<l for dichot
omous end points_ Continuous end points were evaluated using 
descriptive statistics, including mean, median, sta.'ldanl deviation, 
standard error, and range. 

To further evaluate stroke rales across cohorls and dose groups, 
each subject's medical history was reviewed, and subjects were 
classified by preexisting conditions that may have been associated 
vvilh the incide,ice of stroke during the 12-month study. These 
included prior stroke, myocardial infarction (MI), hypertension, 
transient ischetnic attack, coronary artery disease, arrhylhmias, 
valve malfunction, congestive heart failure, angioplasty, deep vein 
thrombosis, diabetes, endocanlectmny, cardiac inflammation. prior 
stent, and use of aspi.rin, lipid-lo·wering drugs, anticoaguhmts, or 
platelet aggregation inhibitors. A univariate Cox prop011ional haz
ard regression model was used to idenlify which of those were 
significant (Le., P"':0.05) risk factors for su-oke in SAILOR, In 

addition, models that included the interaction of dose ,vith each of 
the significant risk factors were fit separately. 

Missing Data 

Missing data were nm imputed for safety end points. For cohort l, 
missing vaines for efficacy end points were imputed using the 
last-observation-carried-forward method. For cohort 2, missing 
Snellen values were not impuled. 

Results 

From November 2005 to June 30, 2006 (wben rnnibizumab was 
approved for the treatmem of neovascular AJv1D by the Food and 
Drug Adminisirn,ion). 2378 cohort l subjects were randomly 
assigned to receive 0.3 mg (n = 1169) or 0.5 mg (n = 1209) 
intravitreal ranibizurnab al 105 US centers. Cobmi 1 subjects had 
an average age of 79 years, and 59% we·e female (Table 1). 
Approximately 60% of cohort 1 subjects in each dose group had 
been previously treated for AMD. The types of previous treatment 
were similar across dose groups and included photodynamic ther
apy (33%), intravitreal pegaptanib sodium (30%), intravitreal tri
amcinolone acetonide (17%), and laser photocoagulation (10%). 
Investigating physicians elected to use the VA plus OCT retreat
ment criterion for approximately 81 % of the subjects in each dose 
group. 

Previously treated and treatment-naive subjects had similar 
baseline ocular characteristics, with the exception that previously 
treated subjects had a longer time since first diagnosis and lower 
baseline VA (Table 2). Approximately 18% of cohort 1 subjects in 
each dose group discontinued the study before the month 12 visit 
(Table 3). Baseline ocular characteristics of subjects who com-

Table 1. Subject Baseline Characteristics 

Cohort 1 

0,3 mg 0.5 mg 
Characteristic (n=l169) (n = 1209) 

Age (yrs) 
Mean:+: SD 78.7:+:7.6 78.7:+:8.6 
Range 51-97 52-101 

Sex 
Female 59.9 58.1 

Race 
Caucasian 96.6 97.l 

AMO treatment 
history 

Treatment na"ive 39.5 40.5 
Previously treated 60.5 59.5 

Rerreatment criteria 
VA 19.3 18.4 
VA plus OC'T 80.7 81.6 

Systolic BP 
Mean:+: SD 137.4±17.3 137.8:+:18.0 
Range 90-213 80-220 

Diastolic BP 
Mean:+: SD 76.2:+:9.7 77.0:+:9.7 
Range 48-118 48-110 

Cohort 2 

0.5 mg 
(n = 1922) 

78.7:+:8.l 
45-99 

61.6 

96.2 

AMO = age-related macular degeneration; BP = blood pressure; OCT = 
optical coherence tomography; SD = standard deviation; VA = visual 
acuity. 
Values are percentages except where otherwise noted. 
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Table 2. Baseline Ocular Characteristics 

Age at diagnosis (yrs) 
Time since diagnosis (yrs) 
CNV type (%1) 

Predominantly classic 
Minimally classic 
Occult without classic 

VA 
ETDRS letters 
Snellen 
Median 
20/200 or worse (%) 

Central foveal thicl.uess (µm) 

lntraocular pressure (mmHg) 

Treatment Naive 

0.3 mg 0.5 mg 
(n = 462) (n = 490) 

79.9±7.9 75.8±8.0 
0.3±1.4 0.3±0.7 

32.0 29.4 
19.7 20.2 
45.5 48.6 

55.0± 12.5 48.9± 13.8 

20/80 20/80 
12.2 15.0 

312±104 322±116 
15.3±3.2 15.3±3.2 

Cohort 1 

Previously Treated 

0.3 mg 0.5 mg 
(n = 707) (n = 719) 

79.9±7.5 79.9±7.5 
l.4±2.0 1.3±1.7 

30.6 31.7 
26.2 23.5 
38.6 40.6 

53.8±13.8 50.0± 14.3 

20/100 20/100 
22.9 23.0 

315±113 310±113 
15.7±3.3 15.4±3.4 

Cohort 2 

0.5 mg 
(n = 1922) 

20/100 
39 

CNV = choroidal neovascularization; ETDRS = Early Treatment Diabetic Retinopathy Study; VA = visual acuity. 
Values are mean ± standard deviation except where otherwise noted. 

pleted the study and those who discontinued were similaL All 
cohort l subjects received their assigned dose of ranibizumab on 
day 0, and approximately 96% of cohort 1 subjects received their 
assigned dose at months l and 2 (Fig 2). Cohort 1 subjects received 
an average of 4.6 injections during the 12-month study (the pro
tocol required 3 initial injections). The average number of visits 
was 8.8 (the protocol required 7 scheduled visits). During months 
that visits were not scheduled (i.e., months 4, 5, 7, 8, 10, and 11), 
approximately 40% of the subjects made unscheduled visits, and 
approximately 16% of those subjects received an injection of 
ranibizumab at the unscheduled visit (relative to the number of 
subjects remaining in the study that month) (Fig 2). 

From March 2006 to June 30, 2006, 1922 cohort 2 subjects 
were enrolled at 104 US centers and received 0.5 mg intravitreal 
ranibizumab (Table 1). Approximately 50% of cohort 2 subjects 
discontinued the study before the month 12 visit (Table 3). All 

cohort 2 subjects received the protocol-required injection on day 0 
and received an average of 3.6 injections during the 12-month 
study (the protocol required 1 injection). The average number of 
visits for cohort 2 subjects was 4.9 (the protocol required 3 
scheduled visits). During months that visits were not required 

Table 3. Reasons for Discontinuation 

Cohort 1 Cohort 2 

0.3 mg 0.5 mg 0.5 mg 
(n = 1169) (n = 1209) (n = 1922) 

Discontinued early (%1) 18.6 18.0 50.l 
Reason for early 

discontinuation (%) 
Death 1.7 2.3 1.5 
Adverse event 2.6 2.2 1.8 
Loss to follow-up 0.7 0.9 2.0 
Subject decision 6.7 5.8 29.0 
Physician decision 3.4 2.8 9.4 
Sponsor decision C.2 0.1 0.3 
Subject noncompliance 0.6 0.9 0.9 
Subject's condition mandated 2.7 3.1 5.3 

other therapeutic 
intervention 

Reason not provided 0.1 0 0 

I734 

(i.e., all but months 6 and 12), the percentage of subjects who 
remained in the study that made unscheduled visits ranged from 
65% at month 2 to 17.4% at month 11. The percentage of 
subjects receiving injections ranged from 64% at month 2 to 
16.5% at month 11. 

100 

!){) 

ao 
ro 

,,, 
8{) ti ., 

'1', 6{) 
::, 
II> M) 

* 3{) 

20 

·;o 

0 
0 

·::en 

() 5 t: 
Month 

Figure 2. Visirc ,md trestment. The percemage of cohort 1 (upper) and 

ccJhc,rt 2 (ks\.i\Tt:r) p2rienrs :n:r::iking ·visits and rf::.ceivin.g ra--.cllbizurrrnb tn::::it~ 

ment during eac}:,_ 1nonth of the 12~rnc•:nth study are shoYvn. C:ohort l vi::dts 

,vere. :,chf::.duled for d;:-:ry O and rr1Gnths L 21 3, 6, 9 1 ::ind J.2. C:ohort 2 v1sits 

wen::· s(:l1edt!lfii fr_..r day O and tnonths 6 and 12. Data frDn1 cohort l C.J and 

0.5 mg dose gn:iups nre combined. Values are based on tbe percentage ot 

subjects re1naining in the study at each time point, Tn:>at1uent received at 

month 12 \Vas in violarion of rhe protocol. 
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Table 4. Key Ocular Serious Adverse Events 

Presumed endophrhr1lmitis* 

Uveirn 
Retinal detachment 
Retinal tear 
Retinal hemorrhage 
Dt'.tachrnent of retinal 

r.,1g~IH~!lt epithelium 
Vitreous hemorrhage 
c:ataract 

Cohort l 

0.3 mg 

(n = 1169) 

0.2 
0.1 
0.1 
0 
0.9 
0 

0.3 
0.1 

0.5 rng 

(n = l.209) 

C.4 
C.2 
C 
0.1 

0.1 
0.1 

Cohort 2 

0.5 mg 
(n = 1922) 

G.1 
0 
0.1 
0 
0.3 
0.1 

*Inclu,Jes 2 cases of uveitis and l case of iridocvclitis thu_t were treu_te,J 
\Vith antibiotics. 

Safety 

Ocular saJ,'ty. The rates of individual key ocular SAEs in cohort 
l were < 1 % and similax across dose groups (Table 4 ). Two 
subjects (0.2%) in the 0.3 mg group and 5 subjects (0.4%) in the 
0.5 mg group developed endophthalmitis or presumed endoph
thalmitis (i.e., ocular infection treated with antibiotics). One sub
ject in each cohort 1 dose group had a serious cataract event. The 
rates of individual key ocular SAEs in cohort 2 were <l %. One 
cohort 2 subject developed endophthalmitis, and 1 subject had a 
serious cataract event (Table 4 ). 

The incidence of ocular inflammation AEs, including iritis, 
uveitis, vitritis, and iridocyclitis, was 1.0% in the 0.3 mg group, 
1.5% in the 0.5 mg group, and 0.5% in cohort 2. The overall 
incidence of cataract AEs was 5.4% in the 0.3 mg group, 6.0% 
in the 0.5 mg group, and 2.8% in cohort 2, and was similar when 
broken down by nuclear, subcapsular, and cortical subtypes. 

Nonocular safety. The rates of key nonocular SAEs were sim
ilar across cohort 1 dose groups (Fig 3; Table 5). Nonvascular 
death, stroke, and hemorrhage rates were numerically higher in the 
0.5 mg group. Eight subjects (0.7%) in the 0.3 mg group and 15 
subjects (1.2%) in the 0.5 mg group had a stroke during the 

:-t.Jt❖ ;} ~!i ~~mi! :;:;>(},j- 1":19 {i•"'~ -;{3ff,: •t.5 n:og ~f?-'.=12fl$) 
~%} ~V'._-.'!:'1~ •.-..<Jx,r: :: ~- :1 .:""1 }}l~ t,-,--·1 RZ?: 

f'igure 3s Key nonocular SA.Es. ~rhe rates of individual evenrs are de~ 

picred as point estimates with 2-Slded Biyth-Sri!l--Casel!a 95% cc,r,fidence 

intervals. i\ntiplatelet ~frialist::> 1 C\_1llaboration ;-\T-Es include v<.-tscular 

deaths and deaths due to unknown cause, nonfatal lv1[, :and nonfatal 

stroke. A.PT(~ ::.-.: ;-\ntiplatelet T riaii:~ts 1 C~oHaboration; A TE = arterial 

thrornboernbolic event; S/\.E = serious adverse events, 

Table 5. Nonocuiar Adverse Events Potentially Related to 
Anti, Vascular Endothelial Gro;vth Pactor Therapy 

Classification~ '3·0 

events 
All 
S-2.rious 

Hypertension 
AU 
Se.rio-11s 

:>~ onDc.t1lar hen1orrhage 
AH 
Serious 

Proteinuria 
All 
Senf..:it1s 

Other 
All 

Cohort 1 

0.3 :m.g 

(n=ll69) 

3.8 
2.5 

9.0 
O.l 

2.9 
0.9 

0 

0.7 

0.5 mg 
(n = 1209) 

4.1 
3.1 

10.3 
0.1 

3.1 
1.5 

0 
0 

0.4 
0.2 

VECF =0 vascubr endor.hdial 

Cohort Z 

0,.5 rng 
(n = 1922) 

2.4 
L6 

3.0 
0 

1.4 
0.6 

0 
0 

G.l 
D.J 

12-month study period. The incidence of MI and Antiplatelet 
Trialists' Collaboration (APTC)3 arterial thromboembolic events 
(ATEs), which include vascular death and death of unknown 
cause, nonfatal MI, and nonfatal cardiovascular accidents, were 
similar across cohort 1 dose groups. 

Rates of key nonocular SAEs in cohort 2 were generally 
lower than those in cohort 1, which may be a result of under
reporting because of the large number of cohort 2 subjects who 
discontinued. The incidence of nonocular AEs potentially re
lated to anti-VEGF therapy was low and comparable across 
cohorts and dose groups. 

Prior stroke, history of arrhythmias, and history of congestive 
heart failure were significant risk factors for stroke (Fig 4). Al
though the numbers were small, there was a nonstatistically sig
nificant trend toward higher incidence of stroke in the cohort 1 0.5 
mg group subjects with a history of stroke. Seven of the 73 
subjects (9.6%) with a history of stroke in the 0.5 mg group 
experienced a stroke during the study compared with 2 of the 73 
subjects (2.7%) with a history of stroke in the 0.3 mg group. None 
of the cohort 2 subjects with a history of stroke expe1ienced a 
stroke during the study (Fig 4). 

Twenty subjects (1.7%) in the cohort 1 0.3 mg group, 29 
subjects (2.4%) in the cohort 1 0.5 mg group, and 33 subjects 
(1.7%) in cohort 2 died dming the 12-month study (Table 6). The 
number of vascular deaths and deaths due to unknown cause did 
not differ across cohorts or dose groups. 

Efficacy 

Cohort 1 efficacy results were stratified by dose and previous 
treatment for AMD. For all groups, study eye VA increased with 
3 loading doses ofranibizumab (day 0, month 1, month 3) (Fig 5). 
At month 3, treatment-nai:ve subjects in the 0.3 mg group had 
gained an average of 5.8 VA letters and those in the 0.5 mg group 
had gained an average of 7 .0 VA letters. From months 3 to 12, with 
protocol-defined retreatment, VA tended to decrease. At month 12, 
treatment-nai"ve subjects in the 0.3 mg group had gained an aver
age of 0.5 VA letters and those in the 0.5 mg group had gained an 
average of 2.3 letters. A similar pattern was observed for previ-
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ously treated subjects. At month 3, previously treated subjects in 
the 0.3 mg group had gained an average of 4.6 VA leners and those 
in the 0.5 mg group had gained an average of 5.8 VA letters. At 
montb l 2. previously treated subjects in the 0.3 mg group had 
gained an average of l.7 VA letters and those in the 0.5 mg group 
had gained an average of 2.3 letters. 

In all cohort l groups, the propm1ion of subjects wbo gained 
:,, 15 letters from baseline VA increased with 3 loading doses of 
ranibizumab (Fig 6). At month 3, 19.4% of treatment-naive sub
jects in the 0.3 mg group and 20.1 % in 0.5 mg group had gained 
:,,.15 letters. The proportion of those who gained :,,.15 letters 
tended to be maintained for the duration of the 12-month study, 
with 14.6% of0.3 mg group subjects and 19.3% of0.5 mg subjects 
gaining :,,.15 VA letters at month 12. A similar pattern was 
observed for previously treated subjects. At month 3, 16.0% of 
previously treated subjects in the 0.3 mg group and 18.6% in the 
0.5 mg group had gained :,,.15 letters; and at month 12, 15.8% of 
0.3 mg group subjects and 16.5% of 0.5 mg group subjects had 
gained :,,.15 VA letters. 

Study eye CFT of cohort 1 subjects for whom OCT data 
were available decreased with 3 loading doses of ranibizumab, 
increased from months 3 to 6, and remained stable from months 
6 to 12 (Fig 7). For treatment-naive subjects, CFT had de
creased an average of 107.0 µmin the 0.3 mg group and 122.0 
µmin the 0.5 mg group at month 3. At month 12, the average 
decrease from baseline CFT was 72.0 µm in the 0.3 mg group 
and 92.0 J.Lm in the 0.5 mg group. For previously treated 
subjects, CFT had decreased an average of 98.0 µm in the 0.3 
mg group and 108.0 µmin the 0.5 mg group at month 3. At 
month 12, the average decrease from baseline CFT was 71.0 
µmin the 0.3 mg group and 76.0 µmin the 0.5 mg group. 

Because of the large number of cohort 2 subjects who discon
tinued, the last-observation-carried-forward method was not used 
to impute missing efficacy values, and observed results are re
ported. This should be kept in mind when interpreting the results. 
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Figure 4. Stroke rate by risk facrnr. Point es<imates 2nd 2-sided Blyth
Still-l--=-:asella 95\':6 confidence i.ntervah for strc,ke rate w-hen_ the risk factor 

,,vas present or absen.t are shown. \X1 e evaluated the irnpact of 21 factors on 

the incldence of stroke. TI1e 5 ri:--J,: factors th:::it 1--rnd the gre::irest effect on 

stroke rates are presented. 
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Table 6. Cause of Death 

Al! demhs, % 
De3ths due to ,mknc,,vr, 

c ::-:n.J st·\ t:~h 
\/ascular dearh:-,, l!lc, 

(~2.rdk,vcY::iCUh:ffa 

Stroke6 

Nonvas,:ular dearhs, '}0 
Respiratory: pneumonia, 

faj]t_;,e 
,,m,.n,m, failure 

puln1ona.ry edena 
i\ccid.ent, injury, int::.-acranial 

bleed :=cecondary to ·fall 
Renal faj) me 
Lancer 
[nfectic,n (sepnc sh.ock, 

sepsjs, :.JrosepsJ:;), liver 
failure due to hepatitis 

Postc1perative bo\vel 
obstruction 

Vasculitis 

Cohort 1 

0.3 rng 

(n = i 169) 

1.7 
0.1 

0.9 
0.8 
0.2 
0.7 

0 

C: 
0 
03 

0.1 

0 

0.5 mg 
{n ..c..:. 1209_} 

0.8 
0.5 
0.3 
I..5 
0.6 

0.2 

0 

0 

Cohort 2 

0.5 mg 
{Tl = l9.!.2) 

1 7 

O.L 

0.7 
0.7 
0.1 
0.9 
0.5 

0.1 

0 

0 

0.1 

aincludes ischen1ic cardi.:~nnyopathyj coronary heart diseaseJ cardiac arresr1 

Ml, s2ddle r>tdmonarv embolisrn) and heart failure. 
bindncles ~.irokei au..1.te jsc,hen1ic ::,troke, intrac.erebral hernorrhoge, c,e.re~ 
brovascu1ar disease, and brain hemorrhage seconch-iry to :fall. Three 0.5 1T1g 

;,uhjects -...vid1 preexisting cancer had previously received csncer trestn1ent. 

Snellen VA in cohort 2 subjects improved from a median of 
20/100 at baseline to 20/80 at months 6 and 12. The proportion of 
subjects with a Snellen equivalent of 20/200 or worse decreased 
from approximately 39% at baseline to 31 % at month 6 and 32% 
at month 12. 

Discussion 

SAILOR is the largest study to date to evaluate safety 
(primary objective) and efficacy (secondary objective) of 

Figure 5~ C:hangi.: f::.-on.1 bas,:dine \l A (cohort .1 ). For aU groups, \//\_ 

increased ;,vith 3 loo.ding dosc·s of ranibizun1ab (d,__;_y OJ n1onth l, rnonth 3), 

Prom months .3 to 121 with protocol--defrned retreatment 1 VA tendecl to 

decrease. Error bars are --~ l ':>tmh.iard e.tT()f. ETl)RS -= Eariy T reatrn_ent 

Diabetic R.etinopathy Study; VA = visual acuity. 
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intravitreal ranibizumab in a population of subjects with 
CNV secondary ro AMD. Ranibizumab was well tolerated, 
and t11e incidence of ocular SAEs and AEs was low and 
unrelated to dose. The rates of key nonocuhrr SAEs and 
AEs, including APTC ATEs, :vll, and vascular death, were 
similar across cohorts and dose groups. 

The incidence of stroke in SAILOR \Va~ similar to that 
observed in previous ranibizumab studies. 1,2 ,4 ,5 An in
terim analysis of SAILOR cohort l safety data (October 
2006) suggested a higher incidence of stroke in subjects 
who received 0.5 mg ranibizumab compared with those 
who received 0.3 mg ranibizumab and triggered a "Dear 
Doctor" letter in January 2007. The interim safety anal
ysis was based on an incomplete data set, and the differ
ence between doses was less pronounced in the final 
study data. 

The final smdy data showed a difference in stroke rate 
between doses, with a higher rate in the 0.5 mg dose group 
compared with the 0.3 mg dose group. The total number of 
events was small, and the difference was not confirmed 
statistically. However, there is potentially a higher stroke 
rate associated with the 0.5 mg dose, which is being mon
itored via postmarketing surveillance and ongoing trials of 
ranibizumab in neovascular AMD. 

A more comprehensive data set exists with regard to 
safety when SAILOR data are combined with data from 
the studies designated A f'.hase IIIb, Multicenter, Ran
domized, Double Masked, Sham Injection Controlled 
Study of the Efficacy and Safety of Ranibizumab in 
Subjects with Subfoveal Choroidal Neovascularization 
(CNV) with or without Classic CNV Secondary to Age
Related Macular Degeneration (PIER)5 and Rhu_Eab V2 
Ocular Treatment .Combining the Use of Visudyne to 
Evaluate _S_afety,6 MARINA, and ANCHOR trials. Fur
ther evaluation from a meta-analysis of these studies 
evaluating the incidence of strokes and overall APTC 
A TEs will be conducted and will include additional clin
ical trial data as they become available. 

In SAILOR there was not a difference between doses in 
APTC A TEs overall, which is consistent with our current 
understanding of ranibizumab pharmacology. As a Fab, 
ranibizumab has low systemic bioavailability (-1/90,0000 
of intravitreal concentration) and a half-life of only several 
hours (Kubler P, Xu L, Jumbe N, et al. Population pharma
cokinetics of ranibizumab in patients with age-related mac
ular degeneration. Presented at: American Society of Retina 
Specialists Annual Meeting, December 1-5, 2007; Indian 
Wells, California). 

Certain subgroups of subjects (e.g., those with prior 
cardiovascular accidents) may experience higher rates of 
systemic SAEs. We observed that the incidence of stroke 
was greater for cohort 1 subjects who had a history of 
stroke, congestive heart failure, or arrhythmias. However, 
the low incidence of stroke in SAILOR made it difficult to 
draw meaningful conclusions about the relationship be
tween risk factors and stroke. Although the results of clin
ical trials cannot be directly compared with epidemiology 
studies in AMD, epidemiology stroke rates can provide a 
reference that aids in understanding stroke rates in SAILOR. 
The annual stroke rate for new-onset neovascular AMD in a 
large sample of Medicare subjects was 3.8%, and the annual 
ischemic stroke rate was 56.4% for those subjects who had 
experienced an ischemic stroke in the year before study 
entry.7 Both of these rates are higher than those observed in 
SAILOR. 

Ranibizumab treatment was associated with a net gain 
in VA in the cohort 1 0.3 mg and 0.5 mg dose groups. 
However, consistent with the results of MARINA and 
ANCHOR, 0.5 mg doses of ranibizumab tended to have a 
slightly greater VA benefit than 0.3 mg doses in subjects 
with neovascular AMD. Ranibizumab also tended to be 

{:" 
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Figure 7. Chaage from baseline CFf (cohort 1). la col10,, 1 subjects with 

OCT dc,<a, CFT de,~cec,sed with 3 !oadmg doses of rnnibiztff,nb. Ceatral 

fc,vea1 thickness then ir:.cre2.sed frorn rnc•nths 3 to 6 2nd rern2.in.ed .stoble 

fron1 months 6 tc 12. Error bars are ~l standard error. CFT = central 
fove.-1i thickness; ETDRS =-: F~rly T·reatrnerH Diabetic Retinopathy Stud·y; 

()C~T = optical coherence ton1ograph-y. 
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more efficacious in treatment-nai\:e subjects than in previ
ously treated subjects. 

The VA changes observed after month 3 on the SAILOR 
dosing regimen were not as great as those observed with 
continual 1nonthly dosing in the .MARINA and ANCHOR 
studies, in which VA increased throughout the first study 
year. In the SAILOR srudy, VA increased with 3 loading 
doses of ranibizumab and then decreased from month 3 to 
12. A similar trend was observed in the PIER study, in 
which subjects received 3 loading doses of ranibizumab 
followed by quarterly injecrions. Thus, SAILOR and PIER 
subjects made fewer visits and were treated less frequently 
than subjects in MARINA and A::\'CHOR, which may ac
count for the reduced VA benefits observed with less-than
rnonthly dosing. 

The protocol-defined retreatment criteria in SAILOR 
may have permitted too much disease progression before 
retrea11nent was permitted. For example, for cohort 1 sub
jects who were retreated according to VA and OCT criteria 
(81 %), retreatment was not permitted until a l 00 r1.m in-· 
crease in CFT or a loss of > l line of best-con-ected VA, 
relative to the lowest previously recorded value, occurred. 
Given that the largest average decrease in CFT ranged from 
98 to l 22 ,um, it is possible that subjects lost nearly an of 
their prior anatomic improvement before qualifying for 
retreatment. 

The Prospective Optical Coherence Tomography Im
aging of Patients with Neovascular A~1D Treated ,vith 
Intra-Ocular Ranibizumab (Lucentis) (PrONTO) study, a 
nonrandomized, single-institute stlldy with more flexible re
treatment criteria, 4 demonstrated that VA benefits similar to 
those of ANCHOR and MARINA could be obtained with 
less-than-monthly dosing when retreatment was based on 
qualitative and quantitative OCT, VA, hemorrhage, and fluid 
criteria. A future goal is to develop less-than-monthly treat
ment regimens that will prove optimal for physicians and 
subjects while realizing the full VA benefits of ranibizumab. 

Study Limitations 

Because the study did not include a control arm, safety 
could not be evaluated in terms of events related to 
ranibizumab treatment and events inherent to the elderly 
SAILOR subject population. Although differences in 
subject populations and dosing regimens prevent direct 
comparison across ranibizumab studies, the rates of 
safety events in the SAILOR study were low and similar 
to those of previous ranibizumab studies. Likewise, al
though the true benefit of ranibizumab could not be 
evaluated in the absence of a control group, SAILOR 
efficacy results were consistent with those in other con
trolled ranibizumab studies. 

Eligibility for the SAILOR study was contingent on 
angiographically determined CNV. However, angiography 
was evaluated by individual investigators rather than a 
central reading center. Thus, investigator bias may have 
been introduced in subject selection across study sites. 

Approximately 18% of cohort I subjects in each dose 
group discontinued the study before the month 12 visit, and 
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approximately 50% of cohort 2 subjects discontinued before 
the end of the 12-month study. The primary reason for 
discontinuation from each cohort was "subject decision," 
and although case report forms did not provide specific 
reasons that subjects opted to discontinue, one can speculate 
reasons for doing so. For instance, subjects may have dis
continued so that their fellow eye could be treated with 
ranibizumab. Also, subjects who did not fulfill the retreat
ment criteria may have discontinued the study so that they 
could follow a less-conservative retreatment regimen. 
Ranibizumab became commercially available, and bevaci
zumab (Avastin, Genentech, Inc.) became widely used for 
AMD treatment during the study period; therefore, subjects 
were not required to remain in the study to receive ranibizumab/ 
anti-VEGF-A therapy. Furthermore, ranibizumab was pro
vided to cohort 2 subjects for only 30 days after it became 
commercially available on June 30, 2006. Thus, many co
hort 2 subjects may have discontinued the study to pursue 
other treatment options. 

In conclusion, intravitreal ranibizumab was safe and 
well tolerated in a large population of subjects with 
neovascular AMD. Ranibizumab had a beneficial effect on 
VA and retina anatomy. Future investigations will seek to 
establish optimal dosing regimens for persons with neovascu
lar AMD. 
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1.432 

Ranibizun1ab versus Verteporfin for 
N eovascular Age-Related Macular Degeneration 

c;;'3.el,:- $,)ub:-;~ne; 1\:'].D,;jeff~·ey $. Heier .. ~··1.D" .. Robe:-t ·{. Ki~~n .. ~··1"D .. judy P. Sy; F·h.D.; 

and Sus;:tn S:::hneld-:::. [\/l D.
1 

:\:,: the ANCH()R Study C~n:,up;-.: 

ABSTRACT 

We compared ranibizumab - a recombinant, humanized, monoclonal antibody 
Fab that neutralizes all active fonns of vascular endothelial growth factor A-witb 
photodynamic therapy with verteporfin in the treatment of predominantly classic 
neovascular age-related macular degeneration. 

During the first year of this 2-year, multicenter, double-blind study, we randomly 
assigned patients in :-i 1:1:1 ratio to receive monthly intravitreal injections ofranibi
zumab (0.3 mg or 0.5 mg) plus sham verteporfin therapy or monthly sham injec
tions plus active verteporfin therapy. The prirnary end point was the proportion of 
patients losing fewer than 15 letters from baseline visual acuity at 12 months. 

Of the 423 patients enrolled, 94,3% of those given (U mg of ranibizumab and 
%.4% of those given 0.5 mg lost fewer than 15 letters, as compared with 64.3% of 
tbose in the verteporfin group (P<0.001 for eacb comparison). Visual :-icuity im
proved by 15 letters or more in 35. 7% of the 0.3-mg group and 40.3% of the 0. 5-mg 
group, as cornp:-ired with 5.6% of tbe verteporfin group (P<0.001 for e:-ich compari
son). Mean visual acuity increased by 8.5 letters in the 0.3-mg group and 11.3 letters 
in the 0.5-rng group, as compared with a decrease of 9.5 letters in tbe verteporfin 
group (P<0.001 for each comparison). Among 140 patients treated with 0.5 mg of 
ranibizurnab, presumed endophtbalmitis occurred in 2 patients (1.4tYo) :md serious 
uveitis in 1 (0.7%). 

Ranibizumab was superior to verteporfin as imravitreal treatment of predominantly 
classic neovascular age-related macular degeneration, with low rates of serious ocular 
adverse events. Treatment improved visual :-icuity on :werage at 1 year. (CtinicalTrials. 
gov number, NCT00061594.) 

N E!\IGL.J MED 355;14 \VWW.NEJM.ORG OCTOBER 5, 2006 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 566



RANJJHZUJv\AB VERSUS VERTEPORFIN PflOTODYNAJvUC THERAPY 

f\ GE··RELATED MACULAR DEGENERATION .1L\ is a leading cause of severe and irrevers
JL .£ ible vision loss in the developed world 
among people 50 years of age or older. 1-4 The neo
vascular form of the disease is characterized by 
the growth of abnormal, choroidal blood vessels 
beneath the macula, which causes severe loss of 
vision.5 Tvv0 main patterns of choroidal neovas
cularization that are associated with age--related 
macular degeneration, as seen on fluorescein 
angiography, are classic (in which intensely bright 
fluorescence is seen in early phases of the angio
gram and leaks in late phases) and occult (in which 
leakage is less intense and appears in the late 
phases of disease). 6 Choroidal neovascular lesions 
that are predominantly (50% or more) classic in 
composition cause more severe and more rapid 
loss of vision than do lesions that are minimally 
(less than 50%) classic or occult.7,8 

Phor.odynamic therapy with verteporfin9 •12 and 
intravitreal administration of pegaptanib sodi-
um are approved by the Food and Drug Admin
istration (FDA) and the European Agency for the 
Evaluation of Medicinal Products for the treat
ment of neovascular age-·related macular degen-· 
eration. 13 Neither treatment has resulted in clini
cally significant improvements in visual acuity. 

Ranibizumab - a recombinant, humanized 
monoclonal antibody Fab that neutralizes all ac-· 
tive forms of vascular endothelial growth factor A 
(VEGF-·A) ----- was recently approved by the Food 
and Drug Administration for the treatmem of 
this condition. Elsewhere in this issue of the Jour-
na1, Rosenfeld et al. report on a phase 3 study, 
called the Minimally Classic/Occult Trial of the 
Ami-VEGF Antibody Ranibizumab in the Trear~ 
ment of Neovascular Age-Related Macular De-· 
generation (MARINA),14 which demonstrated that 
monthly intravitreal injections of ranibizumab 
prevented the loss of visual acuity in approximate
ly 95% of patients and improved visual acuity in 
one quarter to one third of treated patients dur
ing 24 months of treatment. In a similar manner, 
the addition of ranibizurmb to verteporfin phor.o
dynamic therapy in patients with predominantly 
classic choroidal neovascularization was associ
ated with a reduction in the loss of visual acuity, 
as compared ,vir.h verteporfin therapy alone, and 
with an improvement in visual acuity over base-· 
line in many patients. is We report the first-year 
results of a 2--year, phase 3 study, which compared 
the efficacy and safety of repeated intravitreal 

injections of ranibizumab with that of photody
namic therapy with ven:eporfin in patients with 
predominantly classic lesions associated with neo
vascular age-related macul:.J r degeneration, 

METHODS 

STlJOY DESIGN 

The Anti-VEGF Antibody for the Treatment of 
Predominantly Classic Choroidal Neovascular
ization in Age-Related Macular Degeneration 
(ANCHOR) trial was an intermtional, multicemer, 
randomized, double-blind, active-treatment-con
trolled study. Before the initiation of the study, 
we obtained approval from institutional review 
bo:.Jrds or ethics committees at all clinical centers. 
Patients provided written informed consent for 
study participation. Screening lasted as long as 
28 days. 

For inclusion in the study, patients h:.Jd to be 
at least 50 years of age; have a lesion whose total 
size was no more than 5400 p,m in greatest lin
ear dimension in the study eye; have best-corrected 
visual acuity of 20/40 to 20/320 (Snellen equiva
lent), assessed with the use of Early Treatment 
Diabetic R_etinopathy Study (ETDRS) charts; have 
no permanent structural damage to the central 
fovea; and have had no previous treatment (in
cluding verteporfin therapy) that might compro
mise :m assessment of the study treatment, No 
patients were excluded because of preexisting 
cardiovascular, cerebrovascul:.Jr, or peripheral vas
cular conditions. 

STUDY TREATMENT 

We randomly assigned eligible patients in a 1:1:1 
ratio to receive either 0.3 or 0.5 mg of ranibizurnab 
(Lucentis, Genemech) pius sham verteporfin ther
apy or sham intravitreal injections plus active verte
porfin therapy. R_andomiz:.Jtion was stratified ac
cording to study center and to visual-acuity scores 
on day O (<45 letters vs, :?:45 letters, with a score of 
45 letters as the approximate Snellen equivalent 
of 20/125 vision). In the group th:.Jt received pho
todynamic therapy with verteporfin, intravenous 
:.Jchninistr:.Jtion of verteporfin (Visudyne, Novartis 
Pharmaceuticals) was followed by bser irradiation 
of the macula, according to instructions provided 
in the product package insert (www.visudyne.com). 
In the ranibizurnab groups, sham verteporfin ther
apy was achieved by an intravenous infusion of 
saline rather than veneporfin, followed by laser 

N ENGL) MED 355;14 W\VW.NEJM.ORG OCTOBER 5, 2006 :l433 
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l'i,hle L Baseline Characteristics of the Patients.'~ 

Characteristic 

Sex---- no. (%) 

Male 

Female 

Race - no. (%)"f' 

Other 

Age-yr 

rv1ean 

Range 

Age gmup---- no. (%) 

50--64 yr 

65--74 yr 

75--84 yr 

~85 yr 

Previous therapy----· no. (%) 

Any treatment 

Laser photocoagu!ation 

Medication 

l\lutritionai supr1iements 

f\Jo. ofietters read as a measure of visual acuity:j:§ 

Mean 

<45 - no, (::'kl) 

~45 - no. (9b) 

irradiation of the macula identical to that in the 
active verteporfin-therapy group. 

Ranibizumab was injected into the study eye 
ar. a monthly interval {ranging from 23 w 37 
days, for a total of 12 injections, excluding the 
i njecr.ion at momh 12) in the first year, beginning 
on day O; sham injections were administered on 
the same schedule. Either verteporfin or sham 
verteporfin was administered on day O and then 
if needed on the basis ofinvestigators' evaluation 
of angiography at months 3, 6, 9, or 12. 

The study ,vas designed and analyzed by a 
committee composed of Dr. Brown, representing 
the academic investigar.ors, and representatives of 
Genentech. ln analyzing the data and writing this 
manuscript, Dr. Brown had full and unrestricted 
access to the data, and all coauthors contributed 
to the interpretation of the data and the writing 
of the manuscript. The authors vouch for the ac•· 
curacy and completeness of the reported data. 

0.3 mg of 0.5 mg of 
Verteporfln Ranibizumab Ranibiwmab 

(N=l43} {N=l40) (N=l40) 

64 (44.8) 73 (52.1) 75 (53.6) 

79 (55.2) 67 (47.9) 65 (46.4) 

140 (97.9) 137 (97.9) 136 (97.1) 

3 (2.1) 3 (2.1) 4 (2.9) 

77. h7.8 77.4=~ rs 76.0c±,8.6 

53-95 54-97 54-93 

8 (S.6) 9 (6.4) 14 (10.0) 

35 (24.5) 28 (20.0) 41 (29.3) 

74 (51.7) 84 (60.0) 64 (45.7) 

26 (18.2) 19 (13.6) 21 (15.0) 

64 (44.8) 63 (45.0) 58 (41.4) 

19 (13.3) 2.3 (16.4) 20 (14.3) 

l (0.7) 1 (0.7) l (0.7) 

51 (35.7) 48 (34.3) 45 (32.1) 

45.S,tl3.l 47.0d3.l 47.1±13.2. 

66 (46.2) 63 (45.0) 60 (43.2) 

77 (53.8) 77 (55.0) 79 (56.8) 

STATISTICAi_ AN Al YSIS 

We performed efficacy analyses on an intention
w-treat basis with the use of a iast-observation
carried-forward method for missing data. Pair
wise treatment comparisons were performed witb 
the use of statistical methods adjusting for base
line scores of visuai :.Jcu ity (<45 letters vs. ;?.45 
letters) and, for lesion morphologic end points, 
the b:.Jseiine v:.J lue of the lesion characteristic. Bi
nary end points were analyzed with the use of the 
Cochran chi-square test.16 Mean ch:mges from 
baseline were analyzed with the use of analysis 
ofvari:mce for end points with respect to visual 
acuity and an analysis of covariance for morpho
logic end poims. The Hochberg-Honferroni mul
tiple-comparison procedure17 was used to adjust 
for the two pairwise treatment comparisons of 
the primary end point. Safety analyses included all 
treated patients. 

The number of patients required for statistical 
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Characteristic 

V,sua! acuity (approximate Snellen equiva!ent) ---- no. (%)t§ 

20/200 or worse 

Better than 20/200 but worse than 20i40 

20/40 or better 

Type of chomidal neovascu!arization ---- no. (%) 

Predom,nantly class,c lesion 

Minimally classic lesion 

Occuit with no classic lesion 

Size ofiesion - optic-disk area, 

Mean 

Range 

Size of chon..1idal neovascuiarlzabon - optic-disk an::a, 

Mean 

Range 

Verteporfln 
(N=l43) 

46 (32.2.) 

97 (67.8) 

0 

141 (98.6) 

2 (l.4) 

0 

1.88±1.40 

0.07---5.75 

l.48,d.25 

0.07-5.55 

0.3 mg of 0.5 mg of 
Ranibizumab Ranibizumab 

(N=l40) (N=l40) 

35 (25.0) 32 (23.0) 

103 (73.6) 101 (72.7) 

2 (1.4) 6 (4.3) 

134 (95 7) 135 (96.4) 

5 (3.6) 5 (3.6) 

1 (0.7) 0 

1.89±1.44 1.79±1.54 

0.12--7.20 0.0S--10.00 

148±1.33 l.3h1 .24 

0.11-6.80 0.05-7.50 

Size of classic choroida! neovascularization ----· optic-disk area, 

Mean 1.36±1.13 l.28:±:1.05 l.2.Ii,l.12 

Range 0.07-5.55 0.00-640 0.05-5.30 

Size ofieakage frorn choroidal neovascu!arization plus staining 
of retinal pigment epitheiium ---- optic--disk area, 

Mean 3.06±1.81 3.00,d.92 2.9h2.08 

Range 0.20--8.20 0.20--11.00 0. 25--9.0 

-f, Plus-rninus values are means ±SD. Percentages rnay not tota! 100 because of rounding. 
i" Race was determined by the investigators. 
t Visuai acuity was rneasured with the use of Early Treatment Diabetic Retinopathy Study charts at a starting distance 

of2 rn. A score of 45 letters is the ar1proxirnate Sneiien equivalent of 20i125. 
§ For the group that received 0.5 mg of rarnbizumab, 139 patients were observed. 
, One optic-disk area Is equal to 2.54 rnrn 2 on the basis of one optic-disk diarneter of L8 rnni. 

significance was determined on the basis of a 
1:1:1 randomization ratio, the Pearson chi-square 
test for the two p:-iirwise comparisons of the pri
mary end point, and the Hochberg-Bonferroni 
multiple-comparison procedure :-it :m overall type I 
error of0.0497. We estimated that the enrollment 
of 426 patients would provide the study with a 
statistical power of 96% to detect a significant dif. 
ference between one or both ranibizumab groups 
and the verteporfin group in the percentage of 
patients losing fewer tban 15 letters at 12 months, 
assuming a rate of 84% in each ranibizumab 
group and 6"7°k, in tbe sham verteporfin group. 
(See the Supplementary Appendix, available with 
the fuli text of this article at www.nejrn.org, for 
additional information on the study design and 
analysis,j 

RESULTS 

STUDY PATIENTS 

Between June 2003 and September 2004, 423 pa
tients were enrolled and randomly assigned to a 
study treatment (143 to the verteporfin group and 
140 w each oftbe ranibizum:-ib groupsj. The dis
position of the patients is summarized in Table 1 
of the Supplementary Appendix. Three patients 
in the group receiving 0.3 mg of ranibizumab did 
not receive any treatment: one because of the pa
tient's decision and two because of an investiga
tor's decision, i\fore than 90% of patients in each 
group (91.5% overall) were receiving treatment at 
12 months. Of a possible 12 injections ofranibi
zumab or sham injections, the mean number ad
ministered was 11.1 in the verteporfin group, 
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11.0 in the 0.3-mg group, and 11.2 in the 0.5-mg 
group. Including the required administration on 
day 0 and excluding month 12, active verteporfin 
thernpy was administered a mean of2.8 times in 
the verteporfin group, and sham verteporfin was 
adrninistered a mean of 1.7 thnes in each of the 
ranibizumab groups. 

R_:.i ndomized tre:.itrnent groups were balanced 
for demographic and baseline ocular and morpho
logic characteristics (Table 1). The independent 
reading center subtyped the choroidal neovascu
larization as predominantly classic in ail patients 
during the expedited screening evaluation. Subse
quent reevaluation confirmed the initial classifi
cation in 9Ci.9% of patients, and 3.1% were reclas
sified. In each group, the mean total lesion area 
was slightly less than 2 optic-disk areas (1 optic
disk area equals 2.54 mm2 on the b:.isis ofl optic
disk diameter of 1.8 mm). 

PRIMARY AIIID SECONDARY END POINTS 

All end points witb respect to visual :.icuity in the 
study eye at 12 months favored ranibizumab treat
ment over verteporfin therapy. Witb respect to tbe 
primary efficacy end point, 94.3% of patients in 
tbe 0.3-mg group and 96.4% in the 0.5-mg group 
lost fewer than 15 letters from baseline visual 
acuity, as compared with 64.3% in the vertepor
fin group (P<0.001 for each comparison) (Fig. lA). 
In addition, the proportion of patients whose vi
sual acuity improved from baseline by 15 or more 
letters was significantly greater among tbose re
ceiving ranibizumab treatment (35.7% in the 0.3-
rng group and 40.3% in the 0.S-mg group, :.is com
pared with 5.6% in the verteporfin group; P<0.001 
for each comparison) (Fig. 1E.j. Significantly great
er proportions of ranibizumab-treated patients 
than patients in tbe verteporfin group bad visual 
acuity of 20/40 or better (P<0.001 for the com
parison of each ranibizumab group witb the verte
porfin group) (Fig. lC), and smaller proportions 
had visual acuity of 20/200 or worse (P<0.001 for 
each comparison) (Fig. lD). A severe loss of vi
sual acuity (defined as a decrease of 30 letters or 
more) did not occur in any patient in the ranibi
zumab groups but occurred in B. 3% of patients 
in the verteporfin group (P<0.001 for each com
parison) mg. lEj. Although no patient had base
line visual acuity of 20i20 or better, at 12 months 
7.1% of the patients in tbe 0.3-mg group and 6.4% 
in the 0.5-mg group had visual acuity of 20/20 or 
better, as compared witb 0.7'"3/o of patients in tbe 
verteporfin group. 

F~g:Jre 1 ffocfr~ft P''-~§f:}.· Visual Acuity Scores and Snellen ~ 
Equivalents at 12 Months. ! 
Panel A shows the percentage of patients who lost fewer ~ 
than 15 letters (rnoder·ate loss) frorn baseline visual ! 
acuity at 12 months (the primary efficacy end point). j 

1 
1 
1 
1 
1 
1 

Panei B shows the percentage of patients who gained 

15 or more letters (m,Jderate gain) from baseline at 
12 rnonths. Pane!s C and D show the percentage of ! 
patients with vision of the Snellen equivalent of20/40 ! 
or better and of those with vision of 20/200 or worse, 
respectively, at both baseline and 12 months. {For the 
group that received 0.5 mg of ranibizumab, 139 pa., 

1 
1 
1 
1 
1 
1 
1 
1 
1 

tients \Vere observed at baseline and 140 patten ts were ! 
observed at 12 months in Panels C and D.) Pane! E ! 

1 
shows the percentage of patients who lost 30 or more ! 
letters (severe loss) from baseline at 12 months. Treat- j 
ment con1parisons were based on the Cochran chi

square test strattfled according to the visuai--acuity 

score on day O ( <45 ietters vs. ;e:45 letters). Confidence 

1 
1 
1 
1 
1 
1 
1 
1 

intervals, denoted by I bars, were based on the norrna! ! 
approxirnation and the sirnple (unstratified) estimates ~ 
of the percentages and their standard errors. The !ast- ! 
observat!on-carded-fon,vard rnethod was used to irn-

1 
1 
1 

pute n1lss!ng data.}\!! statfstica! tests were t~:o-s!ded. ! 
1 
1 
1 
1 
1 
I 

f)<0.001 for all comparisons of each dose of ranibizu
mab with verteporfln. 

The tracking of mean changes in visual-acuity 
scores over time showed that the values in each 
of the ranibizumab groups were significantly SU·· 

perior to those in the veneporfin group at each 
month during the first year (P<0.001) (Fig, 2). 
On average, visual acuity of ranibizumab-treated 
patients increased by 5.9 letters in the 0.3·-mg 
group and 8.4 letters in the 0.5-mg group at 
l month afi:er the first treatment and increased 
forth er over time to a gain of 8. 5 letters in the 
0.3--mg group and 11.3 letters in the OS-mg group 
by 12 months. In contrast, the verteporfin group 
had an average loss in visual acuity at each month 
afi:er the first month, with a mean loss of 9. 5 let
ters by 12 months. Results for all end points with 
respect to visual acuity at 12 momhs were simi
lar when the analyses used the observed data 
,vith no imputation of missing values {data not 
shown). 

Results for prespecified secondary end points 
related to the morphologic characteristics of le
sions are summarized in Table 2. At 12 momhs, 
the area occupied by classic choroidal neovascu•· 
larization decreased by a mean of0.52 optic-disk 
area in the 0.3-·mg group and 0.67 optic-·disk area 
in the 0.5-mg group, as compared with a mean 
increase of 0.54 optic--disk area in the vertepor·· 
fin group (P<0.001 for each comparison). The area 
ofleakage from choroidal neovascularization plus 
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0.5 mgof 
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0.3 mgof 
Rar1ibizumab 

(N=l40) 

0.5 mgof 
Ranibizumab 

(N=l39) 

intense, progressive st:.Jmmg of tbe retinal pig
ment epithelium at 12 months decreased by a 
mean ofl.80 optic-disk areas in the 0.3-rng group 
and 2.05 optic-disk areas in the 0.5-mg group, 
as compared witb a mean increase of0.32 optic-

disk area in the verteporfin group (P<0.001 for 
each comparison). Figure 3 shows a representa
tive patient with a reduction in the area of cho
roidal neovascularization and leakage from base
line to 12 rnonths. 
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15 
0.5 n1g of ranibizun1ab 

Verteporiln 

-15·-+----~--------------------~ 
0 2 6 8 9 lO ll 

Month 

(day 7) Mean Change from Baseline 
0.5 mg ofrsa,bizumab +-4.6 +8.4 +9.8 +10.0 +9.9 +-10.2 +10.6 +10.2 +10.9 +11.4 +10.9 +ll.l +11.3 
0.3 mg of nrnibizumab 
Verteporftn 

+2.9 +5.9 +6.4 +6.8 +7.2 +7.4 +7 9 +S.2 +7.7 +8.l +7.8 +8.6 +8.S 
+3.9 +0.5 --1.E --2.5 --3.1 --4.l -5.6 --5.8 --7.1 -1.l --B.3 --9.l --9.5 

Fi€t"·"1 ,:. Mean {±SE) Changes in the Number of Letters Read as a Measure of Visual Acuity from Baseline 

through 12 Months. 

P<0.001 for all monthly c,Jmparisons ,Jf each dose of ranibizc1mab With verteporfin. Pairwise analysis of variance 
adjusting for the visual-.acuity score on day O (<45 ietters vs. ~45 ietters) \Vas used to analyze the rnean change in 

visual acuity from baseline at each monthly assessment. The last--observation-carried--forward method was used t,J 
impute missing data. All statistical tests were two-sided. 

The area occupied by choroidal neovascuiariza
tion (classic and occult, if present) incre:.Jsed by 
a mean of 1.63 optic-disk areas in the vertepor
fin group, as compared with small mean increas
es of 0.20 optic-disk area in the 0.3-mg group 
2nd 0.22 optic-disk area in the 0.5-mg group 
(P<0.001 for each comparison). The mean lesion 
are:.J increased in the verteporfin group to 2.56 
optic-disk areas, as compared with small increas
es in the ranibizumab groups of 0.36 optic-disk 
area in the 0.3-mg group and 0.28 optic-disk 
are:.J in the 0.S-mg group (P<0.001 for each com
parison). 

ADVERSE EVENTS 

S:.Jfety results are summarized in Table 3. Serious 
ocular adverse events associated with treatment 
were uncommon. Endophthalmitis, classified as 
a condition treated with intravitreal or systemic 
antibiotics, was reported in one patient, who w:.Js 
in the 0.5-mg group (0.7%). An additional patient 
in the 0.5-mg group (0.7"3/o) had two events of 
intraocular inflammation that were classified by 
the investigator as serious uveitis. However, since 

one of the events was treated with systemic anti
biotics (without obtaining ocular culture speci
mens or treatment with intravitreal antibiotics), 
this patient was presumed to have had endoph
thalmitis, and was so classified in Table 3. Rheg
m:.Jtogenous retinal detachment occurred in one 
patient (0.7%) in the 0.3-mg group and one in the 
verteporfin group, and vitreous hemorrhage oc
curred in one patient (0.7%) in the 0.3-mg group. 

Rates of adverse events ofintraocular inflam
mation (pooled for reported events of iritis, irido
cyditis, vitritis, uveitis, and anterior-chamber in
flammation) were higher in both ranibizumab 
groups (10.2% in the 0.3-mg group :md lS.0tYo in 
the 0.5-mg group) than in the verteporfin group 
(2.8%), Rates ofintraocul:.Jr inflammation (regard
less of cause) observed during slit-lamp examina
tion were consistent with those reported as ad
verse events (12.4% in the 0.3-mg group and 17.1% 
in the 0.S-mg group, as compared with 3.5% in 
the verteporfin group). Most patients in all groups 
had no observable inflanmiation during the study, 
and the proportion of inflammation events grad
ed 2+ or higher among ranibizum:.Jb-treated pa-
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'fabie :t Summary of Changes from Base!ir1e in Morphologic Characteristics of Lesions at 12 MonthsJ< 

0.3 mg of O.S mg of 
Vertepodin Ranibizumab Ranibizumab 

End Point (N=l43} (N=l40} (N=l40) PValue"j" 

Change in size of classic chorolda! neovascular
ization (optic-disk area):!: 

Mean 

959{) Ci 

0.54;,2.37 --0.5h0.89 --,0.67~:l.10 <0.001 

0.15 to 0.93 ---0.67 to ·--0.3 7 -- 0.86 to --0.49 

Change in size ofieakage from choroidal neo
vascularization plus staining of retinal 
pigment epithelium (optic-disk area)i: 

Mean 

959{) Ci 

0.32d.09 

--0.19 to 0.83 ---2.09 to ·--1.51 

--2.05;,l.98 <0.001 

---2.38 to ---1. 72 

Change in size ofchoroidal neovascularization 
(dassic iesion p!us occult iesion, if 
present) (optic-disk area):f 

Mean 

959{) Ci 

1.63;,2.37 

1.23 to 2..02 

0.20;,0.97 

0.04 to 0.37 

0.22,d.25 

O.OJ. to 0.42 

<0.001 

Change in size of lesion (optic--disk area):j: 

Mean 

95%Ci 

2.56:~3,09 0.36,tl.06 

0.18 to 0.53 

0.28±1.29 

0.06 to 0.49 

<0.001 

2.05 to 3.07 

-1~ Plus--minus values are means ±SD. Ci denotes confidence interval. 
·r P values are for the comparison of each dose ofranibizurnab with verteporfin therapy. Cornparisons were based on 

r1airwise anaiysis-of-covariance models adjusted for the stratification variabie (a baseline visuai-acuity score of <45 
letters or ~45 letters) and the baseline vaiue of the end point. The iast-observation-carried-forward method was used 
to irnpute rnissing data< A!! statistical tests were two-sided. 

t One optic-disk area is equal to 2.54 mm 2 on the basis of 1 optic-disk diameter of 1.8 mm. 

tients was small: three patients in each dose 
group (2.2% in the 0.3-mg group and 2.1% in the 
0.5-mg group). 

Transient changes in intraocutar pressure af 
ter injection were corn mon in tbe ranibizumab
treated patients. The proportion of patients with 
a postii~ection irn:raocular pressure of30 tmn Hg 
or more was greater in both ranibizumab groups 
(8.8% in the 0.3-mg group and 8.6% in the 0.5-mg 
group) than in the verteporfin group (4.2%). How
ever, very few patiern:s had measurements of 40 
mm Hg or more (2.9% in each ranibizumab group 
vs. 0.7% in the verteporfin group). 

The ranibizumab groups had an increased fre
quency of cataract fonnation (10. 9% in the 0.3-mg 
group and 12.9% in the 0.5-mg group, as com
pared with 7.0% in the verteporfin group). With 
the exception of one severe cataract in the verte
porfin group, all adverse events associated with 
cataracts were mild or moderate. A small number 
of p:-itients h:-id changes in lens starns reported 
during the first treatment year. Of patients whose 
study eye was pbakic at baseline, five underwent 

cataract surgery during the 12 nwmhs of the 
study: four (5.3%) in the 0.3-mg group and one 
(1.2%j in the 0.5-mg group, as compared with 
none in the verteporfin group. Visual-acuity out
comes of these patients at 12 months were not 
notably different from those of the respective 
treatment groups overall. No traumatic lens dam
age was reported in the study eye of any patient 
during tbe first treatmern: year. 

There was no overall imbalance among groups 
in the rates of serious nonocular :-idverse events: 
14.6% in the 0.3-mg group and 20.0% in the 
0.5-mg group, as compared with 19.6% in the 
verteporfin group. The numbers of deaths were 
sirnil:.Jr across groups: three patients (2.2%j in tbe 
0.3-mg ranibizumab group and two patients each 
(1.4%) in the 0.5-nig group and verteporfin group. 
With respect to specific nonocular adverse events, 
there were imbalances in back pain and nonocu
lar hemorrhage (a combination of serious and 
nonserious events). Hack pain was less common 
in the ranibizumab groups (3.6% in the 0.3-mg 
group and 1.4% in tbe 0.S-mg group) than in tbe 
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Adverse Event 

Serious ocular adverse event---- no. (%) 

Presurned endophtha!rnitls~r 

Culture positive 

Culture not obtained 

Uveitis 

Rhegmatogenous retina! detachment 

Retinal tear!! 

Vitreous hemorrhage 

Lens darn age 

Most severe ocular infiammat,on ----·no.(%)""' 

None 

Trace 

J.+ 

2+ 

4+ 

Nonocuir.n adverse event 

!nvestigator--defined hypertension 

Treat men t-ernergent hypertension - no. (9-:~) 

Mean change in blood pressure frorn base!ine 
-----mm Hg 

!(ey arterial nonfatal thromboembolic events - no. (%) 

Myocardial infarction 

Stroke 

Cerebral infarction 

Death - no. (%) 

Vascular cause (f,PTC criteria) 

~.Jonvascui;::n cause 

Nonocular hemorrhage---- no. (%) 

Reported as a serious adverse event 

Total serious or non serious events1n'dc 

Af5TC denotes Antiplatelet Trialists' Collaboration. 

0.3 mg of 
Verteporfin Ranibizumab 

(N=l43} (N=137) 

0 0 

0 0 

0 0 

0 0 

1 (0.7), l (0.7) 

0 0 

0 1 (0.7) 

0 0 

138 (96.5) 120 (87.6) 

4 (2.8) 11 (8.0) 

l. (0. 7) 3 (2.2) 

0 l (0.7) 

0 2. (1.5) 

0 0 

12 (8.4) 3 (2.2) 

0.1/0.3 -2/-2 

l (0.7) l (0.7) 

1 (0.7) 0 

0 l (0.7) 

2 (l.4)-rt 3 (2.2) 

1 (0.7)tt l (0.7)t:j: 

l.(0.7),, 2 {1.5) II 

0 2. (l.5) 

3 (2.1) 7 (5.1) 

O.S mg of 
Ranibizumab 

{N=l40) 

2 (1.4) 

1 (0.7):t 

1 (0.7) 

1 (O.m 

0 

0 

0 

0 

116 (82.9) 

13 (9.3) 

8 (5.7) 

1 (0.7) 

1 (0.7) 

1 (0.7) 

9 (6.4) 

-2/1 

3 (2.1) 

1 (0.7) 

0 

2 (1.4) 

2 (1.4)§§ 

0 

3 (2.1) 

9 (6.4) 

Events were categorized as presumed endophthalrnitis in cases in which intravitreai or systernic antibiotics were ad
ministered. 
Vitreous culture was positive for Staphylococcus epidermidis. 
One patient had two episodes ofintraocular inflammation that were reported as uveitis, but one of the episodes was 
classified as presumed endophthalmitis because it was treated with systemic antibiotics. in neither of these two epi-
sodes was a vitreous culture obtained. and neither was treated with intravitrea! antibiotics< 
One patient had two episodes of rhegmatogenous retinal detachrnent. 
No serious or nonsenous adverse events assooated with retina! tears were reported. 

-Jdr Ocular inilarnrnation (regardless of the cause) was determined on the basis ofsiit-larnp ex;HY1ination. The grading 

system used to evaluate intraocular infiarnmation is outlined in Tables 2 and 3 of the Supp!ementary Appendix. 
ti" One patient d,ed after withdrawing from the study because of an adverse event. 
t:~ One patient died from cardiac arrest. 
§§ One patient died from cardiac failure, and one patient died from worsening of chronic heart fai!ure. 
,, One patient died frorn chronic obstructive pulmonary disease. 
i! II One patient died from respiratory arrest and one frorn viral syndrome. 
;'d:-:1:ft.!! nonocular hernorrhagic adverse events are listed in Tabie 4 of the Supp!ernentary Appendix. 
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the study and continued to receive ranibizumab 
had an intestinal perforation, a known risk associ
ated with systemic bevacizumab therapy.19 

We observed immunoreactivity to ranibizumab 
in a percentage of patients in alt treatment groups 
(1.5% in the veneporfln group, 3.2% in the 0.3-mg 
group, and 0.8% in the 0.5-mg group) before any 
exposure to ran ibizumab. Monitoring of immuno
reactivity during the first treatment year revealed 
no increase from baseline in the number of pa
tients testing positive in the verteporfin group 
or the 0.3-mg group (1.6% in e:.Jch group at 12 
months), whereas the 0.5-mg group showed an 
increase to 3.9% of patients at 12 nwnths. Al
though the small number of patients with immu
nore:.Jctivity precludes drawing definitive conclu
sions, proportionately more ranibizumab-treated 
patients who were immunoreactive at any point 
had adverse events associated with intraocular in
£1:.Jmtmtion (3 of 6 in the 0.3-mg group :.J nd 3 of 
5 in the 0.5-mg group, as compared with O of 3 in 
the veneporfin group) than did patients who were 
never immunoreactive (11 of 127 in the 0.3-mg 
group :md 17 of129 in the 0.5-mg group, as com
pared with 3 of 129 in the verteporfin group). 
The presence or absence of immunoreactivity ap
peared to be unrelated to end points associated 
with visual acuity or nonocular adverse events 
potentially related to immunoreactivity. 

DISCUSSION 

Our study demonstrated that ranibizumab pre
vents central vision loss and improves mean vi
sual acuity at 1 year. In this study, monthly intra
vitreal injections of ranibizurnab were superior in 
efficacy to verteporfin therapy. Although our study 
was not designed to evaluate the superiority of 
one ranibizumab dose over the other, efficacy re
sults suggest a dose-response effect. 

Intravitreal injections of ranibizumab were as
sociated with a low rate of serious ocul:.Jr adverse 
events, including such key events as presumed 
endophth:.Jlmitis, severe intraocular inflammation, 
and retinal detachment (each of which was re
ported in less than 1% of the pooled ranibizumab
treated patients and in less than 0.1% of ranibi
zumab injections). The ocular safety profiles for 
the three treatment groups revealed no overall 
imbalance in serious and nonserious adverse 
events, although there were trends toward in-

ally mild), cataract (consistently mild or moder
atej, :mdnonocular hemorrhage with ranibizumab. 
The rates of intraocular inflammation and cata
ract in the ranibizum:.Jb groups were simil:.Jr to 
those for ranibizumab-treated patients in the 
MARJNA study.H However, the rates of these 
events in the verteporfin group in our study were 
lower than the rates in the sham-injection group 
in the MARINA study.14 

Regarding adverse events that potentially re
flect systemic VEGF inhibition, no adverse events 
of prrn:einuria were reported and no imbalance in 
adverse events of hypertension or in blood-pres
sure measurements was noted in either our study 
or the MARINA study. In both studies, ranibizu
mab-treated patients had a higher percentage of 
nonocular hemorrhages than did patients who did 
not receive ranibizumab, and patients treated with 
a 0.5-mg dose had a higher rate of APTC-classi
fied arterial thromboembolic events than did 
those who received a 0.3-mg dose or verteporfin 
therapy (Table 3). Since our study was not designed 
to distinguish small differences in rare adverse 
events among treatment groups, the clinical sig
nificance of these trends is unclear and requires 
fort her attention. l n the M AR[NA study, with 
2 years of study treatment, the rates of events clas
sified as arterial thrornboembolism according to 
APTC criteria were similar among the treatment 
groups. 1 3 Follow-up is continuing through 2 years 
of treatment in our study to identify these events. 
The clinical significance of immunore:.Jctivity to 
ranibizumab observed with the assay method 
used in our study :md in the MARINA study is also 
not clear. 

[n summary, the ANCHOR study showed that 
ranibizumab administered monthly by intravitreal 
injection was superior in efficacy to phowdynam
ic therapy with verteporfin in patients with sub
foveal, predominantly classic choroidal neovas
cularization associated with age-related macular 
degeneration. The first-year results of our study 
and the 2-year results of the 1v1ARINA study, con
sidered together, demonstrate that ranibizumab 
was effective with an acceptable adverse-event pro
file in the treatment of all angiographic subtypes 
of choroidal neovascularization associated with 
age-related macu!:.Jr degeneration. 
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Primary Endpoint Results of a Phase II 
Study of Vascular Endothelial Growth 
Factor Trap--Eye in Wet Age--related 
Macular Degeneration 

Da,,id M. Broum, MD,1 Jeffrey S. Heier, t-AD,2 Thomas Ciulla, MD,3 Matthew Benz, MD,1 
Prema Abraham, MD,4 G~org~ Yancopoulos, MD, PhD,5 Neil Stahl, PhD, 5 f'wner lngerman, MD,5 
Robert Vitti, MD, MBA,5 Alyson]. Berliner, MD, PhD,5 Ke Yang, PhD, 5 Quan Dong Nguyen, MD, MSc,6 
for the CLEAR-IT 2 fovestigators 

Objective: To evaluate the biologic effects and safety of vascular endothelial growth factor (VEGF) Trap--Eye 
during a 12-week fixed-dosing period in patients with neovascular (wet) age-related macular degeneration (AMD). 

Design: Muiticenter, prospective, randomized, double--masked clinical trial with initial 12-week fixed dosing 
period. Data were analyzed to week 16. 

Participants: We included 159 patients with subfoveal choroidal neovascularization secondary to wet AMD. 
Methods: Patients were randomized 1 :1 :1 :1 :1 to VEGF Trap-Eye during the fixed-dosing phase (day 1 to 

week 12): 0.5 or 2 mg every 4 weeks (0.5 mg q4wk, 2 mg q4wk) on day 1 and at weeks 4, 8, and 12; or 0.5, 2, 
or 4 mg every 12 weeks (0.5 mg q12wk, 2 mg q12wk, or 4 mg q12wk) on day 1 and at week 12. 

Main Outcome Measures: The primary endpoint was change from baseline in central retinal/lesion thick
ness (CR/LT) at week 12; secondary outcomes included change in best-corrected visual acuity (BCVA), propor-· 
tion of patients with a gain of 215 letters, proportion of patients with a loss of > 15 letters, and safety. 

Results: At week 12, treatment with VEGF Trap--Eye resulted in a significant mean decrease in CR/LT of 119 
µm from baseline in all groups combined (P<0.0001). The reduction in CR/LT with the 2 mg q4wk and 0.5mg 
q4wk regimens was significantly greater than each of the quarterly dosing regimens. The BCVA increased 
significantly by a mean of 5.7 letters at 12 weeks in the combined group (P<0.0001), with the greatest mean gain 
of >8 letters in the monthly dosing groups. At 8 weeks, BCVA improvements were similar with 2 mg q4wk and 
2 mg q12wk dosing. After the iast required dose at week 12, CR/LT and visual acuity were maintained or further 
improved at week 16 in all treatment groups. Ocular adverse events were mild and consistent with safety profiles 
reported for other intraocular anti-VEGF treatments. 

Conclusions: Repeated monthly intravitreal dosing of VEGF Trap-Eye over 12 weeks demonstrated signif
icant reductions in retinal thickness and improvements in visual acuity, and was well-tolerated in patients with 
neovascular AMD. 

Financial Disclosure(s): Proprietary or commercial disdosure may be found after the references. 
Ophthalmology 2011;118:1089-1097@ 2011 by the American Academy of Ophthalmology. 

Age-related macular degeneration (AMD) is a leading cause of 
vision loss among older adults in Western countries. 1

,
2 The 

vast majority of patients with AMD have the dry form of the 
disease, but severe vision loss occurs most frequently in pa
tients who develop choroidal neovascularization (CNV).3 Neo
vascular AMD is characterized by the growth of anomalous 
vessels originating from the choroidal vascular network, which 
causes hemorrhage and leakage in the subretinal and intrareti
nal spaces resulting in metamorphopsia and decreased vision. 

The pathophysiology of ocular neovascularization is 
complex, but vascular endothelial growth factor (VEGF)-A 
is an important stimulus for both the growth of new blood 
vessels and increased vascular leakage resulting in retinal 
edema as seen in animal models and human AMD_ 4

--
7 The 

mammalian VEGF family also includes VEGF-B, VEGF-C, 

© 2011 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

VEGF-D, and placental growth factor (PlGF), but the mem
bers predominantly involved in ocular neovascularization 
are VEGF-A and PlGF. 8·9 Of at least the 4 major isoforms 
of human VEGF-A, VEGF165 is the most abundantly ex
pressed, although the other isoforms are also biologically 
active_s,,o The biological activities of VEGF-A are medi
ated through 2 receptor tyrosine kinases, VEGF receptor 
(VEGFR)l and VEGFR2. Found predominantly on the sur
face of vascular endothelial cells, VEGFR2 plays a key role 
in mediating endothelial cell survival, migration, and pro
liferation, both during normal development as well as in a 
variety of pathophysiologic conditions. Initially discovered 
as a vascular permeability factor, VEGF-A also decreases 
barrier functions of the endothelium, resulting in increased 
extravasation of water and macromolecules. 10· 11 Vascular 

ISSN 0161-6420/11/$-see front matter 1089 
doi: 10.1016/j.ophtha.2011.02.039 
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endothelial growth factor-A is a potent promoter of vascular 
permeability (approximately 50 000 times more potent than 
histamine), and the onser of this effect is very rapid. 

Vascular endothelial growth factor increases permeabil
ity of the pathologic choroidal vessels, leading to extrava
sation of fluid into and under the retina. The resulting 
increase in central retinal thickness is responsible in part for 
tbe decrease in central visual acuity. Although not always 
couelative with visual acuity, the change in central retinal 
thickness, as measured by optical coherence tomography, 
has become one of the established means of monitoring the 
disease and irs response to rreatrnent. 

The related angiogenic factor, PlGF, binds to VEGFRl 
and collaborates with VEGF-A in promoting angiogenesis 
and vascular permeability, plli"ticularly in pathologic condi
tions.9·12·1 3 The mechanism of action of PlGF has not yet 
been fully elucidated, 11

·
14 but it has been shown that PlGF 

ligation of VEGFRl promotes leukocyte chemotaxis,13 and 
that PlGF may play a role in recruiting inflammatory cells 
into the diseased retina, leading to release of VEGFs and 
other inflammatory mediators, perpetuating the cycle of 
angiogenesis and inflammation. 15 

Most current anti-VEGF treatments target VEGF-A. Of 
the currently approved anti-VEGF agents for ocular disease, 
pegaptanib is specific for VEGF165 , '

6 and ranibizumab tar
gets multiple VEGF-A isoforms and their degradation prod
ucts.17 Bevacizumab, a full-length humanized monoclonal 
anti-VEGF antibody that is used off-label to treat AMD, is 
derived from the same mouse antibody as ranibizumab and 
is also directed against all isoforms of VEGF-A. 18·19 

Vascular endothelial growth factor Trap-Eye (VEGF 
Trap-Eye) is a fully human, soluble recombinant decoy 
VEGFR that is biologically engineered to contain key bind
ing domains of VEGFRl and VEGFR2 fused to the constant 
Fe region of IgGl.20 Unlike currently available anti-VEGF 
agents, VEGF Trap-Eye inhibits PlGF in addition to all 
isoforms of VEGF-A. 20 Because the binding affinity of 
VEGF Trap-Eye for VEGF-A isoforms (K0 , 0.5-1 pmol/L) 
and PlGF (K0 , 39-392 pmol/L) is higher than that of native 
receptors (K0 of 10-30 pmol/L for VEGFRl and 100-300 
pmol/L for VEGFR2), it effectively blocks VEGF binding 
and activation of these receptors, even when VEGF Trap
Eye is present at low concentrations. The binding affinity of 
anti-VEGF monoclonal antibodies by contrast is many fold 
lower (KO , 0.1-10 nmol/L). 21

•
22 Tight binding of VEGF 

Trap-Eye to all VEGF-A isoforms and PlGF could theoret
ically offer a differential impact on visual acuity. As shown 
in modeling studies, high-affinity blockade of VEGF-A and 
PlGF activity with VEGF Trap-Eye may increase the dura
tion of effect, thus allowing an extended dosing interval.23 

VEGF Trap-Eye also forms a stable, inert 1:1 complex with 
VEGF dimers, unlike the rapidly cleared multimeric im
mune complexes formed with an antibody. 2

-i 

Preclinical studies support a therapeutic role for VEGF 
Trap-Eye in multiple vascular eye diseases, including wet 
AMD. Blockade of VEGF with VEGF Trap-Eye inhibited 
CNV, suppressed VEGF-induced breakdown of the blood
retinal barrier, and promoted regression of newly formed 
and established blood vessels (Invest Ophthalmol Vis Sci 
5307 [Suppl]:46,2005; Invest Ophthalmol Vis Sci 1411 

1090 

[Suppl]:46,2005; and Invest Ophthalmol Vis Sci 5300 
[Suppl]:46,2005). 25 Primate studies showed VEGF Trap
Eye rapidly reversed vascular leakage in retinal injury mod
els and had a favorable ocular safety profile (Invest Oph
thalmol Vis Sci 1751 [Suppl]:47,2006). 

The clinical activity of VEGF Trap-Eye was initially 
demonstrated in a 6-week, sequential, single ascending
dose, phase 1 study (CLinical Evaluation of Anti-angiogenesis 
in the Retina /ntravitreal Trial [CLEAR-IT l]) in patients 
with neovascular AMD (Invest Ophthalmol Vis Sci 1751 
[Suppl]:47,2006). After receiving single intravitreal injec
tions of VEGF Trap-Eye (0.05-4 mg), patients showed a 
dose-dependent improvement in visual acuity, which corre
lated with anatomic improvement. At 6 weeks, an overall 
mean decrease in foveal thickness of 104.5 µm and mean 
increase in visual acuity of 4.4 letters was reported for all 
groups combined. In the 2 highest dose groups (2 and 4 mg) 
combined, best-corrected visual acuity (BCV A) increased 
by a mean of 13.5 letters, and by 6 weeks, vision had 
stabilized or improved in 95% of patients. Anatomic benefits 
and visual gains were maintained out to 12 weeks in 3 of 6 
patients who received single administrations of higher doses. 
Based on these encouraging results from CLEAR-IT 1, a dose
and interval-ranging phase 2 study (CLinical Evaluation of 
Anti-angiogenesis in the Retina /ntravitreal Trial [CLEAR-IT 
2]) was designed to investigate the safety and biologic effects 
of VEGF Trap-Eye after repeated dosing. The study consisted 
of a fixed-dosing phase during which patients received 1 of 5 
regimens of VEGF Trap-Eye for 12 weeks, followed by as
needed (PRN) dosing from weeks 16 through 52. The details 
of the PRN dosing phase are presented in the accompanying 
article.26 The primary endpoint and results from the fixed
dosing period are presented herein. 

Materials and Methods 

Study Design 

The primary objectives of the study were to assess the effect of 
intravitreal VEGF Trap-Eye on central retinal/lesion thickness 
(CR/LT) and to assess the ocular and systemic safety and tolera
bility of repeated doses of VEGF Trap-Eye in patients with CNV 
associated with wet AMD. A key secondary objective was to 
assess the effect of VEGF Trap-Eye on BCV A. 

The CLEAR-IT 2 was a prospective, double-masked, random
ized study conducted at 33 sites in the United States. Patients were 
enrolled between May 2006 and April 2007. Five groups of ap
proximately 30 patients each were randomized in a balanced ratio 
to receive an intravitreal injection of VEGF Trap-Eye 0.5 or 2 mg 
every 4 weeks, (0.5 mg q4wk or 2 mg q4wk) on day 1 and at weeks 
4, 8, and 12 for a total of 4 treatments or 0.5, 2, or 4 mg every 12 
weeks (0.5 mg q 12wk, 2 mg q 12wk, or 4 mg q 12wk) on day 1 and 
week 12 for a total of 2 treatments (Fig 1). The PRN dosing phase 
began at week 16 and continued through week 52.'26 The primary 
endpoint (change in CR/LT) and BCVA were assessed at week 12 
(after 1 or 3 doses in the quarterly and monthly dosing groups, 
respectively) and the results of the fixed dosing phase were as
sessed at week 16 (after 2 or 4 doses in the quarterly and monthly 
dose groups, respectively). Although the primary endpoint of the 
study was at week 12, results at week 16 were evaluated to assess 
the impact of the final fixed dose from each dose group on 
anatomic outcomes and BCV A. 
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Figure 1. Study design. During the fixed~dosing p}rnse of the CIJ~ .. AR~JT 2 study, p2tient:, 'Nere rando1.nized in equal rntios to receive 1 of 5 different 

regin1ens of \/EC1F' Trap-Eye for 12 -Yveeks: 0,5 or 2 mg every 4 weeks, or O.Si 2> or 4 mg every 12 weeks. The primary endpoint) change from baseline in 

CR/LT, 8nd a key secondmy' endpoint; BCVA, '.V8S rneasured at J 2 weeks. BCVA :.-_-: best-corrected visual 2cuity; CLEA.R~JT :.-_-: CLinica1 Evaluation of 

l\nti~angiogenesis in the Retina lntravitreal Trial; CR/LT ..c..:. central retinal/lesion thicknessi ETDRS =- Early TreatnH::'nt of Diabetic Retinopathy Studyi 

VECF = vascular endothelial growth factor. 

The study protocol was approved by 1he institutional review 
board or ethics committee at every institution and was conducted 
according to the recommendations of Good Clinical Practice and 
the Declaration of Helsinki. The study was complia.'1t vvith the 
mies and regulations under the Health Insurance Portability and 
Accountability Act of l 996. All patients provided w1itten informed 
consent to participate in foe study, The CLEAR-IT 2 study is 
registered wi1h Clinic:alTrials.gov (NCT00320788). 

Study Population 

Patients eligible for the study were :o>50 years old, had a diagnosis of 
subfoveal CNV secondary to wet AMD, and met the following 
inclusion criteria: CR/LT :o>300 µm, Early Treatment of Diabetic 
Retinopathy Study (ETDRS) BCVA letter score of 73 to 34 letters 
(20/40-20/200), loss of :0,5 ETDRS letters in BCV A over the pre
ceding 6 months for previously treated patients with minimally classic 
or occult lesions, linear diameter of lesion """5400 µm by fluorescein 
angiography, subretinal hemorrhage (if present) sparing the fovea and 
comprising """50% of total lesion, area of scar """25% of total lesion, 
and sufficient clarity of ocular media to allow retinal photography. 

Exclusion criteria were vitreous hemorrhage in preceding 4 
weeks; aphakia or pseudophakia with absence of a posterior cap
sule (unless as a result of a yttrium aluminum garnet capsulotomy); 
significant subfoveal atrophy or scarring; active ocular inflamma
tion; corneal transplant; previous uveitis in either eye; or history of 
macular hole of grade 3 or higher. Patients who had previously 
received any of the following treatments in the study eye were 
excluded: Subfoveal thermal laser therapy, any operative interven
tion for AMD, extrafoveal laser coagulation treatment or photo
dynamic therapy in preceding 12 weeks, pegaptanib sodium in 
preceding 8 weeks, systemic or intravitreal treatment with VEGF 
Trap-Eye, ranibizumab, or bevacizumab at any time, juxtascleral 
steroids, anecortave acetate, or intravitreal triamcinolone acetonide 
or other steroids in preceding 24 weeks. Additional reasons for 
exclusion were other causes of CNV in either eye; active ocular 
infection; congenital lid anomalies that might interfere with intra
vitreal administration; any retinal disease other than CNV in either 
eye; previous trabeculectomy or pars plana vitrectomy; cup-to-disc 

ratio :o>0.8, intraocular pressure >25 or receipt of >2 agents for 
treatment of glaucoma; allergy to povidone iodine, fluorescein, or 
recombinant proteins; absolute neutrophil count < 1000 cells/mm3

; 

human immunodeficiency virus positivity, active systemic infec
tion requiring antibiotics; proteinuria > 1 + or urine protein:creati
nine ratio :o>J on 2 repeated determinations within 1 week; New 
York Heart Association class III or IV; symptomatic cardiovascular or 
peripheral vascular disease, malignancy other than basal cell carci
noma in preceding 2 years; and any other conditions or laboratory 
abnormalities that could interfere with disease assessment or patient 
participation in the study. The use of standard agents or other anti
VEGF agents was not permitted before week 16. 

Endpoints and Assessments 

The 12-week assessment measured anatomic and visual changes 
after administration of 3 doses of VEGF Trap-Eye in the monthly 
dose group and 1 dose in the quarterly dosing group. All assess
ments at week 12 were performed before the planned injection. 
Results at week 16 were evaluated to assess the impact of the final 
fixed dose at week 12 from each dose group on these parameters. 

One eye was designated as the study eye, with all evaluations 
performed on that eye. Criteria, in descending order, for selection of 
the study eye in cases of bilateral exudative AMD were worse visual 
acuity, clearer ocular media, and nondominant eye. If these factors 
were similar in both eyes, the right eye was chosen as the study eye. 

The primary efficacy endpoint was change in CR/LT from 
baseline at 12 weeks, as assessed by Stratus (software version 4.0 
or higher) optical coherence tomography scans (Carl Zeiss Med
itec, Inc., Dublin, CA) read at a masked independent central 
reading center (Digital Optical Coherence Tomography Reading 
Center [DOCTR], Cleveland, OH). The CR/LT was defined as the 
distance between the inner limiting membrane and the inner border 
of the retinal pigment epithelium/choriocapillaris complex, includ
ing any subretinal fluid and thickness of any observable choroidal 
neovascular membrane or scar tissue in the central 1 mm of the 
posterior pole scan. A posterior pole scan was obtained, consisting 
of a high-resolution 7-mm scan from a single scan line from the 
meridian of the optic disc margin, declined at a 5-degree angle 
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Table 1. Patient Disposition 

No. of Patients 0.5 q4 2 q4 0.5 q12 2 q12 4 q12 All patients 

Screened 301 
Randomized 32 32 32 32 31 159 
Treated 32 31 32 31 31 157 
Completed week 12 31 31 31 29 30 152 (96.8%) 
Withdrawn by week 12 2 5 (3.2%) 

0.5q4 = 0.5 mg every 4 weeks; 2q4 = 2 mg every 4 weeks; 0.5ql2 = 0.5 mg every 12 weeks; 2ql2 = 2 mg every 12 
weeks; 4ql2 = 4 mg every 12 weeks. 

through !he presumed foveal center. The placement of the scan line 
was based on anatomic landmarks as visualized by a trained, 
certified operator to offer better registration. 

Key secondary endpoints included the change in BCV A as 
measured by ETDRS letter score at 12 weeks and foe proportions 
of patients wi1h avoidance of modera1e vision loss (loss of -:--:15 
let1ers). stabilization. or improvement in visual acui1y (gain of 2>0 
letters). and significant vision gain (gain of :>:15 letters) at l2 
weeks. Certified examiners assessed BCVA using the ETDRS 
protocol (at 4 m), Examiners were masked to treatment assignment 
ihrid performed no o1her study assessmen1s. Safely was monitored 
with reporting of adverse events (AEs) and serious i\Es, clinical 
laboratory tests. vital signs, and ophthalmic examination. 

Statistical Analyses 

Efficacy analyses were performed on the full analysis set, which 
included all enrolled patients who underwent baseline and 2> l 
postbaseline assessment The last observation can-ied-forward 
method was used to impute missing data. The safety analysis set 
included all patients who received study treatment. The primary 
analysis was a paired comparison t test of the change in CR/LT 
from baseline to week l 2 for all groups combined. If this was 
significant, an analysis of covariance was done on the 5 individual 
groups. A similar analysis was done for BCV A measurements. 
Results are presented for all 5 treatment groups combined as well 
as for the individual groups. 

Results 

Disposition 

Patient disposition is shown in Table 1. Among the 159 patients 
who were randomized, 157 received treatment. Two patients, 1 
each in the 2-mg monthly and 2-mg quarterly groups, were with
drawn before receiving treatment. Of the 157 patients who re
ceived treatment, 152 (96.8%) completed the 12-week visit, and 5 
patients were withdrawn. Reasons for withdrawal were death (n = 
1, 4ql2 group), AE (n = 1, 2ql2 group), inability to attend visits 
(n = 1, 2ql2 group), investigator decision (n = 1, 0.5ql2 group), 
and subject request (n = 1, 0.5q4 group). 

Baseline Characteristics 

The study population was representative of the exudative AMD 
population in the United States. The mean age of patients overall 
was 78.2 years (range, 53-94) and a majority were women (62%). 
The duration of disease ranged from O to 67 months, with a mean 
of 3.9 months, and 20 patients had received previous treatment 
(photodynamic therapy [n =5], focal laser photocoagulation [n = 
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4]. intravitreal pegaptanib sodium [n = 3]. intravitreal triamcino
lone [n = l]. and combination [n = 7]). All CNV lesion types 
were represented in the following distribution: Predominantly clas
sic (38.2% ), minimally classic (23.6% ), and occult-no-classic 
(38.2%; Table 2). Of note, the baseline CR/LT was thicker (507 
µ,m) in the 4 mg ql2wk arm (Table 3). 

Primary Endpoint: Change in Central Retinal 
Lesion Thickness 

At week 12, treatment with VEGF Trap-Eye resulted in a signif
icant decrease in mean CR/LT of 119 µ,m from baseline in all 
treatment groups combined (P<0.0001; Fig 2A). A significant 
mean improvement from baseline was observed as early as week 1 
( -103 µ,m for all treatment groups combined; P = 0.04 ). The 
significant reduction in CR/LT was observed in each treatment 
group at week 12, with monthly dosing with 0.5 or 2 mg providing 
a more profound and consistent effect (Fig 2B). At 12 weeks, the 
mean reductions in CR/LT with the 0.5 mg q4 wk (-153.5 µ,m; 
standard deviation [SD] = 113.3) and 2 mg q4wk ( -169.2 µ,m; 
SD = 138.5) regimens were significantly greater than mean re
ductions with each of the quarterly dosing regimens (0.5 mg q4: 
P = 0.0022, P<0.0001, and P = 0.0255; 2 mg q4: P = 0.0010, 
P<0.0001, and P = 0.0129 versus 0.5 mg ql2, 2 mg ql2, and 4 
mg ql2, respectively). 

Changes in Best-corrected Visual Acuity 

At week 12, BCV A, as measured by ETDRS letters score, showed 
a significant mean increase from baseline of 5.7 letters in all 

Table 2. Baseline Demographic and Clinical Characteristics 

Characteristic 

Age, years ( mean [range]) 
Gender (%M:%F) 
Disease duration, mos (mean [range]) 
Previous treatment 
Lesion size (mean :+: SD) in disc 

area 
Lesion type (n [%]) 

Predominantly classic 
Minimally classic 
Occult lesions 

Disease status (mean [range]) 
Central retinal/lesion thickness 
Foveal thickness 
Best corrected visual acuity 

(ETDRS letters) 

All Treated Patients (n = 157) 

78.2 (53-94) 
38:62 

3.9 (0---67) 
20 (12.7%) 
3.11:+:2.12 

60 (38.2) 
37 (23.6) 
60 (38.2) 

456 µm (186-1316 µm) 
327 µm (116-1081 µm) 

56 (27-83) 

ETDRS = Early Treatment of Diabetic Retinopathy Study; F= Female; 
M = Male; SD = standard deviation. 
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Table 3. Baseline Disease Status by Treatment Group 

0.5q4 (n = 32) 2q4 (n = 31) 0.5q12 (n = 2) 2q12 (n = 31) 4q12 (n = 31) All groups (n = 157) 

CR/LT (µm) 
Foveal Thickness (µm) 
BCV A (ETDRS letters) 

434 (282-710) 
329 (212-509) 
54 (27-76) 

453 (232-960) 
307 (171-524) 

58 (32-83) 

442 (186-762) 
319 (116-559) 

56 (30-72) 

447 (265-948) 
334 (186-762) 
57 (32-72) 

507 (240-1316) 
360 (177-1081) 

53 (28-80) 

456 (186-1316) 
327 (116-1081) 

56 (27-83) 

BCV A = best-corrected visual acuity; CR/LT = central retinal/lesion thickness; ETD RS = Early Treatment of Diabetic Retinopathy Study; 0.5q4 = 0.5 
mg every 4 weeks; 2q4 = 2 mg every 4 weeks; 0.5ql2 = 0.5 mg every 12 weeks; 2ql2 = 2 mg every 12 weeks; 4ql2 = 4 mg every 12 weeks. 
Values are presented as mean (range). 

treatment groups combined (P<:0.0001; Fig 3A). A significant 
gain in BCV A was noted as early as week 1 (mean gain of 3 
letters). Each treatment group showed an improvement in visual 
acuity at week 12 (Fig 3B). Mean increases were similar among all 
treatment groups at week 8 (P:,,.0.25 for all pairwise comparisons, 
analysis of covariance), after which in the monthly treatment 
groups of 0.5 mg q4wk and 2 mg q4wk, vision continued to 
improve, with a mean gain of 8.8 (SD = 9.2) and 8.3 (SD = 10.1) 
letters, respectively, at week 12. Of note, the mean improvement in 

A 

2: ·50 

~ 
ii: 
<..> ·HJO 
.'E 

"' g' -t!;O 
:0 

5 
i ·WO 
:;, 

B 

ti 12 rn :,_o 

Figure 2. }Aean change frorn ba:,eline in centrnl retina1/1esion t}1ickne:,s 
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Chnnge in CR/LT fro1T1 baseline at 12 vveeks was the primm-y study 

endpoint; in the combined treatment group) a significant decrease of 119 
/Jaffi was observed m week 12. *P<0.0001 versus baseline. All treatment 

groups demonstrated a significant reduction in CR/LT from baseline at 

week 12, with the greatest reductions in the monthly dosing groups. The 

last-observation-carried-forward method was used to impute missing data. 

CR/LT = central retinal/lesion thickness; 0.5q4 = 0.5 mg every 4 weeks; 

2q4 = 2 mg every 4 weeks; 0.5ql2 = 0.5 mg every 12 weeks; 2ql2 = 2 mg 

every 12 weeks; 4q 12 = 4 mg every 12 weeks. 

visual acuity at 8 weeks was similar after administration of a single 
2-mg dose (quarterly dose group) or 2 monthly 2-mg doses. 

Frequency of Changes in Best-corrected Visual 
Acuity 

After 12 weeks, 98% of patients in all treatment groups combined 
(range, 94%-100% in the individual dose groups) avoided vision 
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T}1e combined treatment group shcnved a significant gain of 5.7 letters 

(P<0.0001 versus baseline). The BCVA was improved in all treatment 

groups at week 12, but the greatest improvements were observed in the 

monthly dosing groups. The last observation-carried-forward method was 

used to impute missing data. BCV A = best corrected visual acuity; 

ETDRS = Early Treatment of Diabetic Retinopathy Study; 0.5q4 = 0.5 
mg every 4 weeks; 2q4 = 2 mg every 4 weeks; 0.5ql2 = 0.5 mg every 12 
weeks; 2q 12 = 2 mg every 12 weeks; 4q 12 = 4 mg every 12 weeks. 
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due to retinal pigment epid1eliopathy as reported by the investigators {n =- l), subretinal }1ernorrhage {n =- l), retinal he1nonhage (n ::..:..: l), and 

unexplained (n = 6). 

loss of ?:' l 5 le1ters (Fig 4 ). Overall, 4 patients (2.5%) experienced 
vision loss of :o> 15 letters, including 2 patients in the 0.5 mg q 12wk 
group, 1 patient in the 2 mg q4wk group, and 1 patient in the 4 mg 
ql2wk group. In all treatment groups combined, the proportion of 
patients experiencing a clinically significant gain in vision (:o> 15 
letters) was 19% at week 12. Again, the frequency of clinically 
significant vision gain was highest in the 2 mg q4wk group (26% 
at 12 weeks). 

By week 12, monthly dosing reduced the proportion of patients 
with vision of <e::20/200, and all dose regimens of VEGF Trap-Eye 
(Fig 5) increased the proportion of patients with :o>20/40 vision. 
The proportion of patients with <e::20/200 vision was higher in the 
quarterly treatment groups than in the monthly treatment groups at 
week 12; none of the patients in the 2 mg q4wk group had 
<e::20/200 vision (data not shown). Conversely, a lower proportion 
of patients who received quarterly doses achieved :o>20/40 vision; 
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Figure 5. Snellen equiv2lent of 2.20/40 vision. AH treat1nent groups 

sho\ved an increase from baseline in the proportion of parients with 
::.:-:20/40 vision nt week 12. Tl1e last-·observatic,11-·carried-.fc,rward rnethod 

was used to impute missing data. BL ::..:..: baselinej 0.5q4 =- 0.5 mg every 4 

v,reeks; 2q4 = 2 n-1g every 4 vveeksi 0 . .5ql2 = (J.5 mg every 12 weeks; 2ql2 = 
2 rng every J 2 \Veeks; 4q1 Z :.-_--, •t n1g every 12 weeks. 
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the 2 mg q4wk dose group again had the highest proportion of 
patients (58%) with :o>20/40 vision. 

Results at 16 Weeks (Fixed-Dose Phase) 

Although the primary endpoint was assessed at week 12, the data 
collected at week 16 were indicative of the response to the last 
mandatory injection of the fixed-dosing phase at week 12. In the 
treatment groups combined, a further decrease in CR/LT was noted 
from a mean of -119 µmat week 12 to a mean of -160 µmat 
week 16 (Fig 2A). In the monthly treatment groups, CR/LT de
creased continuously from baseline to week 16; in the quarterly 
treatment group, the reduction in CR/LT was attenuated by week 
12 but was noted again at 16 weeks (after administration of the 
second dose at week 12). 

In addition, the BCVA improved from week 12 to week 16 in 
the combined treatment group and in most individual treatment 
groups (Fig 3B). In the combined treatment group, the BCV A 
improved further, from a mean of 5.7 letters at week 12 to a mean 
of 6.6 letters at week 16. The 0.5-mg and 2-mg monthly dose 
groups showed a continuing and consistent improvement in BCV A 
to week 16. In the quarterly dose groups, the BCV A, which had 
declined by week 12, showed mixed results at week 16, with 
improved acuity in the 0.5- and 4-mg dose groups, but with 
worsened vision in the 2-mg dose group. The proportion of pa
tients experiencing a gain of :o> 15 letters continued to increase 
between weeks 12 and 16 for the overall group (from 19% to 23%) 
and in both monthly dose groups (from 19% to 25% in the 0.5 mg 
q4wk group and from 26% to 39% in the 2 mg q4wk group; Fig 4). 

Safety 

The mean total dose administered to each group was consistent 
with the anticipated amount based on the dosing schedule. The 
highest total exposure was in the 2 mg q4wk group, which received 
a mean total of 5.74 mg through week 12. All patients in the 
quarterly dosing groups, and 90.6% and 90.3% in the 0.5 mg q4wk 
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Table 4. Adverse Events in the Study Eye (Frequency :,,.5% in 
All Groups Combined*) at Week 16 

Adverse Event 

Conjunctiva! hemorrhage 
Increased !OP (transient postinjection) 
Refraction disorder 
Retinal hemorrhage 
Eye pain 
Vitreous detachment 
Detachment of retinal pigment 

epithelium 
Visual acuity reduced (patient

reported) 

!OP = intraocular pressure. 

Number (n) Percent (%) 

42 26.8 
22 14.0 
16 10.2 
14 8.9 
12 7.6 
11 7.0 
9 5.7 

9 5.7 

*Patients receiving treatment with vascular endothelial growth factor 
Trap-Eye (n = 157). 

and 2 mg q4wk dose groups, respectively, received the required 
doses. 

Most AEs were related to the injection procedure and no ocular 
serious AEs, clinically significant ocular inflammation, or endo
phtbalmitis was reported in ih'lY study eyes during the first 16 
weeks of the study. The ocular AEs ti-tat occurred through ,veek 16 
were mild and were similar to those repm1.ed for other intravitre
ally administered anti-VEGF compounds. An ocular AE \Vas re
ported in 70.7% of patients in the treatment groups combined 
(Table 4 ). In general, fewer patients in the 0.5 mg q 12wk and 2 mg 
ql2wk groups (62.5% and 74.2%, respectively) reported an ocular 
AE compared with the 0.5 mg q4wk, 2 mg q4wk, and 4 mg ql2wk 
groups (68.8%, 67.8%, and 80.7%, respectively). 

Systemic serious AEs were observed in 12 patients. One case of 
angina pectoris (2 mg q4wk group), 2 cases of congestive heart 
failure (0.5 mg q4wk and 2 mg q4wk groups), and 2 cases of 
coronary artery diseases (2 mg q4wk and 4 mg ql2wk groups) 
were reported during the treatment period. One death occurred 
during this part of the study from preexisting pulmonary hyper
tension. There did not seem to be any relationship between the 
VEGF Trap-Eye dose and the occurrence of any particular AE. 

Discussion 

During the 12-week fixed-dosing period of this phase 2 
study, intravitreally administered VEGF Trap-Eye demon
strated significant anatomic and visual improvements from 
baseline at week 12 after repeated monthly dosing. Treat
ment with VEGF Trap-Eye 0.5 mg and 2 mg dosed every 4 
weeks resulted in the greatest improvements in both mea
sures at the 12-week endpoint. The CR/LT decreased by a 
mean of -153.5 and -169.2 µm from baseline, and BCVA 
mean letter score improved by 8.8 and 8.3 letters with 0.5-
and 2-mg monthly dosing, respectively. In this index study, 
60% of patients had occult or minimally classic lesions and 
40% had predominantly classic lesions. In the pivotal trials 
of ranibizumab, the improvement in BCVA at 12 weeks 
after fixed monthly dosing was 10.0 and 6.8 letters with 0.5 
and 0.3 mg ranibizumab, respectively, in patients with pre
dominantly classic lesions27 and 5.9 and 5.1 letters with 0.5 
mg and 0.3 mg ranibizumab, respectively, in patients with 
minimally classic or occult lesions.28 Although our smaller 

study did not compare VEGF Trap-Eye directly with ranibi
zumab and cross-trial comparisons must be made with cau
tion, the improvements in BCV A with VEGF Trap-Eye are 
of similar magnitude to those noted at 12 weeks after fixed 
dosing with ranibizumab in the larger pivotal trials.27-29 

Both monthly dose groups continued to show anatomic 
and vision improvements after administration of the fourth 
mandatory dose at week 12. Both mean visual acuity and 
frequency of patients with a significant gain in vision in
creased from weeks 12 to 16. Whether continued monthly 
dosing (rather than PRN dosing) beyond 12 weeks would 
offer further vision gains will be determined from ongoing 
phase 3 studies. The PRN dosing phase of the current study 
demonstrates that visual gains were maintained through 
week 52.26 

In the phase 1 study, an extended duration of efficacy to 
12 weeks was noted in 3 of 6 patients who received a single 
intravitreal injection of 2 or 4 mg of VEGF Trap-Eye 
(Invest Ophthalmol Vis Sci 1751 [Suppl]:47,2006). The 
phase 2 study of VEGF Trap-Eye in exudative AMD was 
designed to evaluate whether quarterly dosing could provide 
similar efficacy as could be achieved with monthly dosing. 
Although the fixed quarterly dosing regimens reduced reti
nal thickness and improved visual acuity at all time points, 
the effect in general was less robust than that achieved with 
monthly fixed dosing. The improvements in CR/LT and 
BCV A seen in the monthly dose groups (3 initial injections) 
were greater than those seen in the quarterly dose groups (1 
initial injection). An initial intensive monthly loading dose 
period may be required to completely resolve edema and 
render the lesion fluid free and/or to maximize visual gain. 
Whether quarterly dosing could maintain efficacy after an 
initial, intensive anti-VEGF treatment period was not eval
uated. Notably, a single 2-mg dose achieved an improve
ment in visual acuity that was similar to that achieved with 
2 mg dosed monthly out to 8 weeks, raising the possibility 
that dosing with 2 mg every 8 weeks may be as effective as 
monthly dosing. 

Based on these findings, 2 identical phase 3 pivotal 
studies of VEGF Trap-Eye, VIEW-1 and VIEW-2 (VEGF 
Trap-Eye: Investigation of Efficacy and Safety in Wet Age
Related Macular Degeneration), were designed to test both 
of these hypotheses. The regimens evaluated in phase 3 
were VEGF Trap-Eye at doses of 0.5 mg and 2 mg every 4 
weeks and 2 mg every 8 weeks (after 3 monthly loading 
doses), compared with ranibizumab 0.5 mg every 4 weeks. 
Phase 3 data have been released (http://newsroom.regeneron. 
comireleasedetaiLcfm?ReleaseID _532099 accessed December 
21, 2010) and manuscripts are under preparation. These phase 
3 results support the efficacy findings of the current study. The 
PRN phase of the CLEAR IT-2 study,26 with PRN dosing 
from weeks 16 through 52 also provides further information on 
the durability of the anti-VEGF effect of VEGF Trap-Eye. 

In conclusion, results from the fixed-dosing phase of the 
CLEAR-IT 2 study show that repeated intravitreal dosing 
with VEGF Trap-Eye administered monthly was associated 
with clinically and statistically significant improvements in 
CR/LT and BCV A at 12 weeks in patients with neovascular 
AMD. In all dosing groups, VEGF Trap-Eye was generally 
well-tolerated and there were no unexpected safety findings. 
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Long-term Outcomes of Ranibizumab 
Therapy for Diabetic Macular Edema: The 
36--Month Results from Two Phase III Trials 

RISE and RIDE 

. 1, 2s . 3 . 4 David M. Brown, MD,·,, Quan Dong Nguyen, MD, MSc, -,c, Dennis M. Marcus, MD,· David S. Boyer, MD,· 
Sunil Patel, MD, PhD, 5 Leonard Feiner, MD, PhD, 6 Patricio G. Schlottmann, MD,7 Amy Chen Rundle, MS,13 

Jiameng Zhang, PhD, 8 Roman G. Rubio, MD, 8 Anthony P. Adamis, MD, 8 Jason S. Ehrlich, MD, PhD, 8 

J. Jill Hopkins, MD, 8 on behalf of the RIDE and RISE Research Group* 

Purpose: To report 36-month outcomes of RIDE (NCT00473382) and RISE (NCT00473330), trials of rani
bizumab in diabetic macular edema (DME). 

Design: Phase Ill, randomized, multicenter, double-masked, 3-year trials, sham injection-controlled for 
2 years. 

Participants: Adults with DME (n=759), baseline best-corrected visual acuity (BCVA) 20/40 to 20/320 
Snellen equivalent, and central foveal thickness (CFT) ~275 µm on optical coherence tomography. 

Methods: Patients were randomized equally (1 eye per patient) to monthly 0.5 mg or 0.3 mg ranibizumab or 
sham injection. In the third year, sham patients, while still masked, were eligible to cross over to monthly 0.5 mg 
ranibizumab. Macular laser was available to all patients starting at month 3; panretinal laser was available as 
necessary. 

Main Outcome Measures: The proportion of patients gaining ~15 Early Treatment Diabetic Retinopathy 
Study letters in BCVA from baseline at month 24. 

Results: Visual acuity (VA) outcomes seen at month 24 in ranibizumab groups were consistent through month 
36; the proportions of patients who gained ~15 letters from baseline at month 36 in the sham/0.5 mg, 0.3 mg, and 
0.5 mg ranibizumab groups were 19.2%, 36.8%, and 40.2%, respectively, in RIDE and 22.0%, 51.2%, and 41.6%, 
respectively, in RISE. In the ranibizumab arms, reductions in CFT seen at 24 months were, on average, sustained 
through month 36. After crossover to 1 year of treatment with ranibizumab, average VA gains in the sham/0.5 mg 
group were lower compared with gains seen in the ranibizumab patients after 1 year of treatment (2.8 vs. 10.6 and 
11.1 letters). Per-injection rates of endophthalmitis remained low over time ( ~ 0.06% per injection). The incidence 
of serious adverse events potentially related to systemic vascular endothelial growth factor inhibition was 19. 7% in 
patients who received 0.5 mg ranibizumab compared with 16.8% in the 0.3 mg group. 

Conclusions: The strong VA gains and improvement in retinal anatomy achieved with ranibizumab at month 
24 were sustained through month 36. Delayed treatment in patients receiving sham treatment did not seem to 
result in the same extent of VA improvement observed in patients originally randomized to ranibizumab. Ocular 
and systemic safety was generally consistent with the results seen at month 24. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophthalmology 2013; ■:1-10 © 2013 by the American Academy of Ophthalmology. 

l~I *Group members listed online (available at http://a.aojournaf.org). 

In 1985, the Early Treatment Diabetic Retinopathy Study 
(ETDRS) established macular laser photocoagulation as the 
standard of care for diabetic macular edema (DME). 1 

Despite widespread use of macular laser for the past 
quarter-century, its mechanism of action still remains 
largely unknown. In contrast, Folkman's pioneering work in 
angiogenesis led to the discovery of precise molecular 
mechanisms that could be specifically targeted in cancer, 
macular degeneration, and diabetic retinopathy (DR).2 The 
subsequent cloning of vascular endothelial growth factor 

© 2013 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

(VEGF) A by Ferrara and Henzel3 and the creation of 
highly specific VEGF antagonists led to targeted therapy 
for DME with ranibizumab, a monoclonal antibody 
fragment (Fab, or antigen-binding fragment) that potently 
inhibits VEGF.4 Randomized prospective clinical trials have 
demonstrated that intravitreal inhibition of VEGF with 
ranibizumab, given monthly for up to 24 months or less 
frequently using a variety of as-needed regimens, results 
in rapid and sustained improvements in vision and retinal 
anatomy in patients with DME_s-- 9 

ISSN 0161-6420/13/$ - see front matter 
http://dx.doi.org/J 0 l ll l6/j.ophlha.20l3.02.034 
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RIDE and RISE are phase III, multicenter, randomized 
clinical trials that enrolled a total of 759 patients with vision 
loss from DME (best-corrected visual acuity [BCV A], 20/ 
40-20/320 Snellen equivalent, and documented macular 
edema with central subfield thickness ?_275 µm on time
domain optical coherence tomography [OCT]), with the 
objective of evaluating the efficacy and safety of intravitreal 
ranibizumab for DME. The 24-month sham-controlled 
outcomes, previously published in Ophthalmology, 
demonstrated that the response to intravitreal inhibition of 
VEGF was rapid and substantial.7 Compared with the 
control treatment of sham injections plus macular laser per 
protocol-specified criteria, statistically significant improve
ments in BCV A and reductions in retinal thickness were 
observed on average as early as 7 days after the first rani
bizumab injection; these improvements were maintained to 
24 months. Furthermore, in the first 2 years of RIDE and 
RISE, fewer patients treated with ranibizumab experienced 
significant vision loss (?_15 ETDRS letters), and fewer 
patients treated with ranibizumab developed proliferative 
DR. 10 The ocular safety of ranibizumab in patients with 
DME was consistent with previous phase III studies of 
ranibizumab in DME, age-related macular degeneration, 
and retinal vein occlusion.5

·
10

-
14 

Although sham-controlled for only the first 24 months, 
the RIDE and RISE studies continued after the primary 
analysis so that additional questions could be addressed. 
The study design allowed for patients in the sham control 
group to cross over and receive monthly 0.5 mg ranibizu
mab injections in the third year. Patients originally 
randomized to ranibizumab were maintained in a masked 
fashion on their originally assigned regimens of monthly 
0.3 or 0.5 mg. The additional data provide for evaluation of 
3 important clinical questions: (1) Are the results seen after 
24 months of ranibizumab treatment maintained over 
a third year of monthly therapy? (2) What is the effect, if 
any, of delayed initiation of treatment with ranibizumab in 
the sham crossover group? (3) Which tested dose of rani
bizumab should be recommended over the long term for 
patients with DME, a population that differs from other 
populations with retinal disease treated with anti-VEGF 
therapy in having a higher likelihood of bilateral disease5 

and an elevated risk of cardiovascular events and 
mortality?15

•
16 In this report, the ongoing efficacy and 

safety of monthly injections of 0.3 mg and 0.5 mg ranibi
zumab for DME through 36 months are presented, and the 
questions are addressed. 

Materials and Methods 

RIDE (registered on ClinicalTrials.gov as NCT00473382: accessed 
September 15, 2012) and RISE (registered on Clinica1Trials.gov as 
NCT00473330: accessed September 15, 2012) are methodologically 
identical, phase III, randomized, multicenter, double-masked, 3-year 
trials that were sham injection-controlled for the first 2 years. 
Adults with decreased vision due to center-involved DME and the 
presence of macular edema documented on OCT were eligible to 
enroll. Both trials were designed and conducted in accordance with 
the principles of the Declaration of Helsinki and in compliance with 
the Health Insurance Portability and Accountability Act. The stndy 

2 

protocols were approved by institntional review boards, ethics 
committees, or as applicable. All patients provided written informed 
consent before enrolling as stndy participants. 

The study methods have been reported in detail elsewhere.7 

Upon completion of the 24-month sham-controlled treatment 
period ( time point for the primary efficacy outcome), sham patients 
were eligible to cross over to receive treatment with monthly 0.5 
mg ranibizumab. Of note, to preserve stndy masking, all patients 
were asked if they wanted to cross over, but only patients 
randomized to sham injection were actnally crossed over by the 
stndy management computer system. After a protocol amendment 
in 2010, sham patients who met predefined vision loss and OCT 
criteria became eligible for early (before month 25) crossover to 
active treatment with monthly 0.5 mg ranibizumab starting in mid-
2010. Patients with stndy eyes originally randomized to 0.3 or 0.5 
mg ranibizumab continued on the monthly schedule to which they 
originally had been assigned. All patients remained eligible for per
protocol macular laser beginning at month 3 and throughout the 
duration of the 36-month treatment period on the basis of pre
specified subjective and objective criteria. 

Outcomes 

The primary efficacy outcome measure was the proportion of 
patients who gained 2: 15 ETD RS letters in BCV A score at month 
24 compared with baseline. Secondary outcome measures at month 
36 were analogous to the 24-month outcomes and included the 
proportion of patients who had gained 2: 15 letters from baseline at 
month 36, mean change from baseline in BCV A score over time, 
proportion of patients who lost < 15 letters in BCV A score 
compared with baseline, proportion of patients with BCV A Snellen 
equivalent of 20/40 or better, and mean change from baseline in 
central foveal thickness (CFT) over time, as assessed on OCT by 
the central reading center. Exploratory outcomes included the 
proportion of patients with OCT CFT <'.'.250 µm and the proportion 
of patients progressing to proliferative DR. 

Analysis 

The statistical methods used to analyze the data have been 
described in detail elsewhere.7 Analyses for efficacy end points 
were based on the intent-to-treat (ITT) population, with patients 
grouped according to their assigned treatment. The methods used 
to analyze the 36-month efficacy were the same as those described 
for the analysis of the 24-month end points: however, because most 
patients in the sham group crossed over to receive 0.5 mg ranibi
zumab monthly in the third year of treatment, analyses of 36-month 
efficacy data consisted of descriptive statistics by treatment group 
with limited formal comparisons made post hoc. Comparisons of 
efficacy at month 36 were between patients actively treated for 3 
years (with monthly 0.3 or 0.5 mg ranibizumab) versus patients 
treated with sham for 2 years followed by treatment for up to 1 year 
with monthly 0.5 mg ranibizumab. Missing data were imputed by 
last observation carried forward. 

Safety analyses were based on the safety-evaluable population, 
defined as patients who received at least 1 dose of study drug. 
Patients were grouped according to the treatment received. Patients 
randomized to sham who inadvertently received treatment with the 
active stndy drug were classified in the active drug treatment 
group. For the sham group, safety outcomes were summarized 
during the 24-month sham-controlled period and separately for the 
sharn/0.5 mg group during the 36-month stndy. The sharn/0.5 mg 
group consists of patients who received sham only and patients 
who crossed over to receive treatment with monthly 0.5 mg rani
bizumab in the third year of treatment. 
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Table 1. Patient Retention and Drug Exposure through Month 36 

RIDE RISE 

Sham/0.5 mg 
Ranibizumab 

Sham/0.5 mg 
Ranibizumab 

Category 

On study at month 24, n (%) 
On study at month 36, n (%) 
Drug exposure (ranibizumab or 

sham injections) 
Months 

No. of patients 
Total No. of injections 
Per patient 

Mean (SD) 
Median 

SD = standard deviation. 

(N=130) 

108 (83.1) 
102 (78.5) 

25-36~ 
101 t 
1015 

10.0 (1.8) 
11 

0.3 mg (N=125) 

105 (84.0) 
98 (78.4) 

1-36 
125 

3499 

28.0 (11.2) 
34 

*Reflects 1 year of ranibizumab 0.5 mg exposure after crossover. 

0.5 mg (N=127) (N=127) 0.3 mg (N=125) 0.5 mg (N=125) 

110 (86.6) 102 (80.3) 105 (84.0) 106 (84.8) 
98 (77.2) 86 (67.7) 98 (78.4) 100 (80.0) 

1-36 25-36* 1-36 1-36 
124 89t 125 125 

3765 881 3724 3562 

30.4 (9.2) 9.9 (2.3) 29.8 (10.2) 28.5 (10.4) 
34 11 35 34 

tNumber of patients originally randomized to sham who crossed over to ranibizumab 0.5 mg. 

Results 

Patient Disposition 

A total of 594 patients (78.3%) received ranibizumab treatment 
after month 24. At month 36, the proportion of patients remaining 
in the study varied from 67.7% to 80.0% across the treatment 
groups (Table i). Among the 210 sham patients from both studies 
remaining in the study at month 24 (of 257 originally randomized 
to sham), a total of 190 (91 % ) crossed over to active treatment with 
monthly 0.5 mg ranibizumab. In the 2 studies, 5 sham patients 
(2.6%) crossed over early, at month 23. The median number of 
ranibizumab injections received by the patients in the sham and 
crossover to 0.5 mg group after crossover (between months 25 
and 36) was 11, whereas patients originally randomized to 
ranibizumab received a median of 34 to 35 injections over their 
3-year treatment period (Table l ). 

Visual Acuity Outcomes 

Continued treatment with ranibizumab through month 36 resulted 
in maintenance of the efficacy outcomes seen at earlier time points. 
At the 3-year time point, in RIDE, 36.8% of patients receiving 0.3 
mg ranibizumab and 40.2% of patients receiving 0.5 mg ranibi
zumab had gained 2: 15 ETD RS letters in BCV A from baseline, 
compared with 19.2% of patients treated with sham/0.5 mg 
(P=0.0026 for comparison of0.3 mg with sham/0.5 mg, P=0.0001 
for comparison of 0.5 mg with sham/0.5 mg in post hoc stratified 
calculations; Fig 1 and Table 2). In RISE, corresponding 
proportions were 51.2%, 41.6%, and 22.0%, respectively 
(P < 0.0001 for comparison of 0.3 mg with sham/0.5 mg, 
P=0.0005 for comparison of 0.5 mg with sham/0.5 mg in post 
hoc stratified calculations; Fig l and Table 2). 

Consistent with the maintenance of efficacy measured in terms 
of 2:15-letter improvement, the average change in BCVA from 
baseline achieved at month 24 was sustained through month 36 in 
patients originally randomized to ranibizumab (Fig 2). In RIDE, the 
mean number of ETDRS letters change from baseline at month 24 
versus change from baseline at month 36 in patients randomized to 
sham, 0.3 mg, and 0.5 mg ranibizumab was 2.3 versus 4.7, 10.9 
versus 10.6, and 12.0 versus 11.4, respectively. In RISE, the 
corresponding numbers were 2.6 versus 4.3, 12.5 versus 14.2, 
and 11.9 versus 11.0 (Fig 2). The efficacy of the 0.3-mg and 

0.5-mg doses of ranibizumab was similar over 36 months, as 
demonstrated in efficacy data pooled from RIDE and RISE (Fig 3). 

Other measures of BCV A outcome also were consistent with 
the results previously observed at month 24. At month 36, fewer 
patients originally randomized to ranibizumab had lost 2:15 letters 
from baseline (0.8%-3.9% ), compared with patients originally 
randomized to sham (7.7, 8.7%; Fig 1). Likewise, more patients 
treated with ranibizumab from the beginning of the study 
completed with a Snellen BCV A equivalent of 20/40 or better, 
and fewer patients originally randomized to ranibizumab 
completed month 36 with a Snellen BCV A of 20/200 or worse 
(Fig l and Table 2). 

At baseline, the mean time from first known DME diagnosis to 
study enrollment was 2.3 to 2.4 years in patients randomized to 
sham (comparable to the baseline duration of DME in the groups 
originally randomized to ranibizumab).7 Patients in the sham/ 
0.5 mg group thus had DME for approximately 4.5 years before 
initiation of ranibizumab treatment. Because the sham crossover 
group had received only 1 year of ranibizumab treatment, 
a comparison was made to assess vision gains achieved after the 
initial 12 months of treatment (Table 3). In pooled data from the 
2 studies, the mean number of letters gained after 12 months of 
monthly ranibizumab was 2.8 letters in the sham/0.5 mg group 
compared with 10.6 and 11.1 letters in the ranibizumab 0.3 mg 
and 0.5 mg groups, respectively. However, the conclusions that 
can be drawn from this observation are limited because the 
groups were no longer fully comparable. 

In evaluating the response of the sham group to delayed rani
bizumab therapy, it is notable that the average BCV A improve
ments in the sham group showed relatively little gain after crossover 
to 0.5 mg ranibizumab after month 24 (2.5 letters at month 24 and 
4.5 letters at month 36 in the pooled RIDE/RISE population; Fig 3). 
Because the primary analysis was ITT, the mean BCV A values may 
have been affected by the last observation carried forward method 
of imputing missing data where values from patients who had 
discontinued from the sham group and did not receive treatment 
were carried forward. To better understand the potential 
improvements associated with ranibizumab use after 2 years of 
sham treatment (plus laser, when indicated, in 70%-74% of 
sham patients through month 247

), an analysis was performed in 
the subgroup of patients receiving 2: 1 study drug injection after 
month 24. Sham patients who received at least 1 study drug 
injection after month 24 (n=l90) gained on average 7.5 (RIDE) 

3 
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Figure 1. The visual acuity (VA) outcomes at 36 months: percentage of patients who gained 2:15 or more Early Treatment Diabetic Retinopathy Study 
(ETDRS) letters from baseline VA at 36 months (top left), percentage of patients who lost 2:15 ETDRS letters from baseline VA at 36 months (top right), 

percentage of patients with vision of the Snellen equivalent of 2:20/40 at 36 months (bottom left), and percentage of patients with vision of the Snellen 
equivalent of "'5c20/200 at 36 months (bottom right). Vertical bars are 95% confidence intervals for the percentage. Differences shown are unadjusted for 

stratification variables. The last observation carried forward method was used to impute missing data. 

and 7.8 (RISE) ETDRS letters from baseline (Fig 4, available at 
http://aaojoumal.org). However, this is compared with a 12.1- to 
15.6-letters average gain at month 36 in the similar subset of 
patients originally randomized to ranibizumab who also received 
at least 1 dose of study drug after month 24 (Fig 3). 

Anatomic Outcomes 

The mean OCT thickness in the sham group at baseline was 
447.4 µmin RIDE and 467.3 µm in RISE, matching that of the 
originally randomized ranibizumab groups (all >450 µm). All 
groups at baseline also were well matched with respect to mean 
duration of DME (1.6-2.4 years) and prior therapy for DME 
(68.8%-82% in each of the sham, 0.3 mg, and 0.5 mg groups). 
After 12 months of monthly ranibizumab therapy, the sham/0.5 mg 
group experienced a reduction (SD) of -98.4 µm (142.8) 
compared with reductions of -237.9 µm (186.1) and -249.3 µm 
(194.8) in the 0.3 and 0.5 mg groups, respectively (Table 3). 

The average OCT CFT at month 24, after sham treatment but 
before any ranibizumab exposure, was 292.5 µm in the sham 
group compared with 463.8 and 478.6 µm at baseline in groups 
originally randomized to ranibizumab. This may reflect the effect 
of laser or thinning associated with ongoing retinal cell loss in the 
diabetic retina. In patients originally randomized to ranibizumab, 
the significant reductions in CFT from baseline observed at month 
24 also were maintained through month 36 (Fig 2). By using the 
ITT analysis that carried forward the last observation from sham 
patients who discontinued the study before month 24, OCT 
reductions after crossover from sham injection to 0.5 mg 
ranibizumab did not seem to be as great at month 36 as in 
patients originally randomized to ranibizumab (Fig 2). When 
considering only the subgroup of patients who received 2 l 

4 

study drug injection after month 24, observed OCT reductions 
after sham crossover to ranibizumab were greater than those 
seen using the ITT analysis, as shown by the steeper decline in 
the mean OCT CFT curve (Fig 3). Of note, the OCT thicknesses 
at month 36 were more similar among the groups: the sham/ 
0.5 mg group at month 36 had an average OCT thickness of 
194.1 µm, compared with 223.4 µm in the 0.3 mg group and 
201.9 µmin the 0.5 mg group. 

Consistent with the 24-month outcomes, patients randomized to 
ranibizumab were more likely to experience improvements in DR 
severity as measured by the ETDRS retinopathy severity scale and 
less likely to develop proliferative DR (Table 2). The sham 
crossover group also demonstrated improvements in DR severity 
after crossover to ranibizumab therapy (Table 2). 

Use of Macular and Panretinal Laser Treatment 

Compared with patients who had been randomized to receive rani
bizumab, a much greater proportion of sham patients had received 
macular (19.7%-36% vs. 70% and 74%) or panretinal laser (0%-
1.6% vs. 11 % and 12.3%) at month 24.7 These differences were 
maintained through 36 months, largely as a result of the 
difference in laser use during the 24-month sham-controlled 
portion of the studies. Through 36 months, the proportion of 
patients in the sham/0.5 mg group who received macular laser at 
least once over 36 months was 72.3% in RIDE and 74.0% in RISE, 
compared with 21.3% to 40.8% of patients originally randomized to 
ranibizumab (Table 2). The proportion of patients in the sham/0.5 
mg group who underwent panretinal laser was 13.8% in RIDE 
and 12.6% in RISE over 36 months compared with 0.0% to 3.2% 
in patients originally randomized to ranibizumab. The proportions 
of patients receiving macular laser between months 24 and 36 was 
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Table 2. Key Efficacy Outcomes at Month 36 in the Intent-to-Treat Population 

RIDE RISE 

Ranibizumab Ranibizumab 

Sham/0.5 mg 0.3 mg 0.5 mg Sham/0.5 mg 0.3 mg 0.5 mg 
(N=130) (N=125) (N=127) (N=127) (N=125) (N=125) 

VA Outcomes 
Gaining 2:15 ETDRS 25 (19.2%) 46 (36.8%) 51 (40.2%) 28 (22.0%) 64 (51.2%) 52 (41.6%) 

letters, n ( % ) 
95% CI for percentage 12.5-26.0 28.3-45.3 31.6-48.7 14.8-29.3 42.4-60.0 33.0-50.2 

ETDRS letters change 4.7 (13.3) 10.6 (12.9) 11.4 (16.3) 4.3 (14.9) 14.2 (12.8) 11.0 (12.9) 
from baseline, (SD) 
95% CI for mean 2.4-7.0 8.3-12.8 8.6-14.3 1.7-7.0 12.0-16.5 8.8-13.3 

Gaining 2:10 ETDRS 43 (33.1 %) 71 (56.8%) 80 (63.0%) 49 (38.6%) 87 (69.6%) 72 (57.6%) 
letters, n ( % ) 
95% CI for percentage 25.0-41.2 48.1-65.5 54.6-71.4 30.1-47.0 61.5-77.7 48.9-66.3 

Loss of < 15 ETD RS 120 (92.3%) 121 (96.8%) 122 (96.1 %) 116 (91.3%) 124 (99.2%) 122 (97.6%) 
letters, n ( % ) 
95% CI for percentage 87.7-96.9 93.7-99.9 92.7-99.4 86.4-96.2 97.6-100 94.9-100 

Snellen 2:20/40, n (%) 55 (42.3%) 69 (55.2%) 75 (59.1 %) 54 (42.5%) 79 (63.2%) 74 (59.2%) 
95% CI for percentage 33.8-50.8 46.5-63.9 50.5-67.6 33.9-51.1 54.7-71.7 50.6-67.8 

Snellen "5c20/200, n (%) 9 (6.9%) 4 (3.2%) 5 (3.9%) 14 (11%) 5 (4.0%) 5 (4.0%) 
95% CI for percentage 2.6-11.3 0.1-6.3 0.6-7.3 5.6-16.5 0.6-7.4 0.6-7.4 

Anatomic Outcomes 
Mean change in CFT -213.2 (193.5) -261.8 (180.8) -266.7 (207.8) -200.1 (215.6) -261.2 (196.5) -269.1 (178.9) 

from baseline (SD), µm 
95% CI for percentage -246.8 to -179.6 -293.8 to -229.8 -303.2 to -230.2 -238.0 to -162.3 -296.0 to -226.4 -300.8 to -237.4 

2:3-step progression on 4 (3.2%) 1 (0.9%) 1 (0.8%) 5 (4.3%) 2 (1.7%) 2 (1.7%) 
ETDRS scale, n (%)* 
95% CI for percentage 0.1-6.3 0.0-2.5 0.0-2.5 0.6-8.1 0.0-4.1 0.0-4.1 

2:2 step progression on 11 (8.9%) 1 (0.9%) 2 (1.7%) 11 (9.6%) 5 (4.3%) 5 (4.3%) 
ETDRS scale, n (%)* 
95% CI for percentage 3.9-13.9 0.0-2.5 0.0-4.0 4.2-14.9 0.6-7.9 0.6-8.1 

2:3-step improvement on 5 (4.0%) 17 (14.5%) 18 (15.1 %) 3 (2.6%) 18 (15.4%) 13 (11.3%) 
ETDRS scale, n (%)* 
95% CI for percentage 0.6-7.5 8.1-20.9 8.7-21.6 0.0-5.5 8.8-21.9 5.5-17.1 

2:2-step improvement on 29 (23.4%) 46 (39.3%) 45 (37.8%) 28 (24.3%) 45 (38.5%) 47 (40.9%) 
ETDRS scale, n (%)'' 
95% CI for percentage 15.9-30.8 30.5-48.2 29.1-46.5 16.5-32.2 29.6-47.3 31.9-49.9 

Progression to PDR by 18 (13.8%) 6 (4.8%) 7 (5.5%) 22 (17.3%) 3 (2.4%) 9 (7.2%) 
ophthalmoscopy, n (%) 
95% CI for percentage 7.9-19.8 1.1-8.5 1.5-9.5 10.7-23.9 0.0-5.1 2.7-11.7 

Laser Treatment 
Patients who received 94 (72.3%) 46 (36.8%) 27 (21.3%) 94 (74.0%) 51 (40.8%) 47 (37.6%) 

macular laser, n (%) 
95% CI for percentage 64.6-80.0 28.3-45.3 14.1-28.4 66.4-81.6 32.2-49.4 29.1-46.1% 

Patients who received 18 (13.8%) 4 (3.2%) 3 (2.4%) 16 (12.6%) 0 3 (2.4%) 
PRP laser, n (%) 
95% CI for percentage 7.9-19.8 0.1-6.3 0.0-5.0 6.8-18.4 0.0-0.0 0.0-5.1 

CFT = central foveal thickness; CI = confidence interval; ETDRS = Early Treatment Diabetic Retinopathy Study; PDR = proliferative diabetic reti
nopathy; PRP = panretinal photocoagulation; VA = visual acuity. 
The last observation carried forward method was used to impute missing data. Stratification variables in stratified analyses: baseline VA ("5c55 or >55 letters), 
baseline hemoglobin Ale ("5c8%, >8%), and prior treatment for DME (yes, no). 
*N = 124, 117, and 119 (RIDE) and 115, 117, and 115 (RISE) for sham/0.5 mg, 0.3 mg, and 0.5 mg groups, respectively. 

5.5% to 9.4% across all treatment groups among patients who 
received at least 1 dose of study drug after month 24. Likewise, 
the proportions of patients who had received at least 1 dose of 
study drug after month 24 and underwent panretinal laser between 
months 25 and 36 was 0% to 2.2% among all groups. 

Safety Outcomes 

Safety data collected through month 36 were evaluated to 
assess whether the longer-term safety profile of ranibizumab 

was consistent with that initially observed and to further assess 
the relative long-term safety of ongoing monthly 0.3 mg and 0.5 
mg ranibizumab doses. Because the majority of patients in the 
sham group crossed over to monthly 0.5 mg ranibizumab 
dosing after month 24 and received 12 months of exposure 
compared with 36 months of exposure in the originally 
randomized groups, comparisons between the groups need to be 
interpreted with caution because the populations are not directly 
comparable with respect to the duration of ranibizumab 
exposure. 

5 
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Figure 2. Mean change in best-corrected visual acuity (BCVA) and central foveal thickness (CFT) from baseline over time. Vertical bars are 95% 

confidence intervals. Missing data were imputed by last observation carried forward. 

Ocular Safety 

Key study eye ocular safety data are summarized in Table 4 
(available at h1tp:/iaaojournal.org). The ocular safety profile was 
consistent with the sham-controlled safety observations from the 
24-month analysis. In particular, rates of procedure-related serious 
adverse events (SAEs), such as endophthalmitis and traumatic 
cataract, remained low. The total number of patients in the rani
bizumab treatment groups experiencing endophthalmitis or trau
matic cataract in the study eye over the 36-month treatment period 
across both studies was 6 (1.2%) and 4 (0.8%), respectively. The 
per-injection rate of endophthalmitis was approximately 0.06%, 
whereas the per-injection rate of traumatic cataract was 0.03% 
(Table 5, available at http://aaojoumal.org). Similar proportions of 
the patients randomized to ranibizumab reported an adverse event 
(AE) of increased intraocular pressure at months 24 and 36 
(Table 4, available at http:i/aaojournal.org). The mean pre-dose 
intraocular pressure in the study eye at month 36 in the sham 
and crossover to 0.5 mg, 0.3 mg, and 0.5 mg groups was 
15.4 mmHg, 15.5 mmHg, and 14.9 mmHg, respectively. 

Systemic Sa£ ety 

The long-term systemic safety of ranibizumab in DME was eval
uated using 2 methods. As in previous studies of intravitreal 
ranibizumab across several retinal vascular diseases, we first 
assessed rates of arterial thromboembolic events (ATEs) using the 
Antiplatelet Trialists' Collaboration (APTC) classification, t·i which 
is based on a specific and well-defined spectrum of ATE AEs: 
vascular deaths (including deaths of unknown cause), nonfatal 
myocardial infarction, and nonfatal stroke (Table 6 ). Overall 
APTC-classified AEs occurred in 7.2%, 10.8%, and 10.4% of 
patients in the shami0.5 mg, 0.3 mg, and 0.5 mg groups, respec
tively. Among APTC-classified events occurring over 36 months, 
deaths of vascular and unknown causes occurred in 2%, 3.6%, and 
3.6% of patients in the sharni0.5 mg, 0.3 mg, and 0.5 mg 

6 

ranibizumab groups, respectively. The overall incidence of deaths 
through 36 months, including deaths from nonvascular causes, was 
4.4% (11 patients) in the monthly 0.3 mg group, 6.4% (16 patients) 
in the 0.5 mg group, and 2.8% (7 patients) in the sharni0.5 mg 
group (Table 7, available at ht1p://aaojoumal.org). Causes of death, 
listed in Table 7, were mostly consistent with those typical of 
patients with advanced complications of diabetes. i8 Rates of 
stroke over 3 years were higher in the 0.5 mg group (12 [4.8%]) 
compared with the 0.3 mg group (5 [2.0%]) or sharni0.5 mg 
group (6 [2.4%]) (Table 6). The incidence of myocardial 
infarction through month 36 was 18 (7.2%) in the 0.3 mg group 
and 9 (3.6%) in the 0.5 mg group (Table 6). 

Although the APTC classification system provides useful insight 
into the systemic safety of intraocular anti-VEGF therapy, a more 
thorough understanding of systemic anti-VEGF safety has devel
oped over the last several years, primarily because of the use of 
intravenous agents in oncology. As clinical experience with 
systemic anti-VEGF agents has grown, additional types and cate
gories of systemic AEs potentially associated with the use of 
systemic anti-VEGF treatment have been identified. These are 
considered "class" effects related to systemic VEGF inhibition.19 

Categories of these anti-VEGF class-related AEs include hyper
tension, proteinuria, arterial and venous thromboembolic events, 
bleeding/hemorrhage (central nervous system and cerebrovascular, 
non-central nervous system), congestive heart failure, fistulae, 
gastrointestinal perforation, and wound-healing complications. 
Categorizing SAEs using this second broader approach demon
strated that the overall incidence of SAEs potentially related to 
systemic VEGF inhibition was higher in patients who received 
0.5 mg ranibizumab compared with 0.3 mg ranibizumab or sharni 
0.5 mg: 49 of249 (19.7%) versus 42 of250 (16.8%) and 33 of251 
(13.1 %) (Table 8, available at http://aaojoumaLorg). The incidence 
of several categories ( central nervous system and cerebrovascular 
hemorrhage, congestive heart failure, hypertension, gastrointestinal 
perforation, proteinuria, and wound-healing complications) ap
peared to increase in a dose-dependent fashion in patients with 
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Figure 3. Mean change in best-corrected visual acuity (BCVA) and central foveal thickness (CFT) from baseline over time in the RIDE and RISE pooled 

population and the subgroup of patients receiving 2:1 study drug injection after month 24. Vertical bars are 95% confidence intervals. Missing data were 
imputed by last observation carried forward. ETDRS = Early Treatment Diabetic Retinopathy Study. 

DME treated with intravitreal ranibizumab, although in each of the 
latter 3 categories, only 1 SAE in the 0.5 mg group was observed. 

Discussion 

The 36-month results from the RIDE and RISE studies 
demonstrate that the rapid and sustained efficacy of ranibi
zumab in patients with DME initially observed at 2 years is 
maintained over an additional third year of continued 
monthly treatment. A gain of ~15 letters from baseline was 
experienced by 36.8% to 51.2% of ranibizumab-treated 
patients, and the incidence of further vision loss was signif
icantly reduced in ranibizumab-treated eyes. Poor BCV A 
outcomes (such as BCV A worse than by Snellen <20/200) 
occurred in fewer patients initially treated with ranibizumab, 
confirming the long-term abilities of ranibizumab to improve 

vision and prevent significant v1s10n loss in patients with 
DME. Reductions in retinal edema on OCT and improve
ments in DR severity also were maintained through 36 
months. 

The 36-month results provide important clinical insights 
into treatment outcomes after a 24-month delay in initiation 
of ranibizumab therapy in the sham crossover group. The 
relatively limited improvements in vision in this group, 
compared with the groups initially treated with ranibizumab, 
suggest that chronic retinal edema (for an average of 4.5 years 
before ranibizumab therapy) may result in a certain amount of 
potential vision gain being irreversibly lost. Retinal atrophy 
due to chronic edema may provide an explanation for this 
finding. Although OCT measurements in the sham crossover 
group after ranibizumab treatment showed a reduction in 
absolute CFf to a mean value of 190 µm (approximately 
20 µm less than that observed after treatment in the 

7 
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Table 3. Changes in the Study Eye at 12 Months After the First Dose ofRanibizumab for Key Efficacy Outcomes (RIDE and RISE Pooled) 

Ranibizumab 

Sham and Crossover to 0.5 mg (N = 191) 0.3 mg (N=250) 0.5 mg (N=252) 

Total No. of ranibizumab injections by first 12-mo ranibizumab 
treatment, mean (SD)'' 

BCV A (ETDRS letters) 
Before ranibizumab treatment/ mean (SD) 
12-mo after ranibizumab treatment, mean (SD) 
Change from before treatment, mean (SD) 
Gain of 2:15 letters from before treatment, n (%) 

CFT (µm), mean (SD) 
Before ranibizumab treatment 1 

12-mo after ranibizumab treatment 
Change from before treatment 

10.0 (2.0) 

62.0 (15.3) 
64.8 (14.8) 

2.8 (9.8) 
14 (7.3) 

292.5 (167.2) 
194.1 (118.2) 

-98.4 (142.8) 

10.6 (2.6) 10.9 (2.2) 

56.1 (12.2) 56.9 (11.6) 
67.8 (15.0) 68.9 (14.1) 
10.6 (10.6) 11.1 (10.1) 

81 (32.4) 80 (31.7) 

478.6 (162.3) 463.8 (160.4) 
223.4 (136.2) 201.9 (107.3) 

-237.9 (186.1) -249.3 (194.8) 

BCVA = best-corrected visual acuity; CFT = central foveal thickness; ETDRS = Early Treatment Diabetic Retinopathy Study; SD= standard deviation. 
* Actual treatment duration for sham crossover groups is 11 months. 
tMonth 24 for the sham/0.5 mg group, baseline for the 0.3 mg, and 0.5 mg groups. 

groups originally randomized to ranibizumab ), the average 
improvement in BCV A was considerably smaller than that 
achieved in the originally treated cohorts. This outcome may 
represent the effect of several potential factors: neural cell 
loss over time in the diabetic retina, compounded by the 
effects of chronic edema (including neuronal retinal damage, 
retinal pigment epithelium pigmentation, and/or subretinal 
fibrosis), additional structural changes induced by repeated 
macular laser, and/or the natural history of DR. 

In the phase III trials of ranibizumab in the treatment of age
related macular degeneration and retinal vein occlusion, there 
appeared to be a dose response curve favoring 0.5 mg over 0.3 
mg ranibizumab for optimum efficacy. However, in the pooled 
data from the RIDE and RISE trials, efficacy was equivalent 
between the 0.3-mg and 0.5-mg doses. The comparative profile 
of the 2 doses of ranibizumab in DME was assessed using 

a structured, systematic approach based on the Benefit Risk 
Action Team framework (Fig 4A-C, available at hrtp:/i 
aaojoumaLorg).20

•
21 These figures help demonstrate that, 

although concentrations of ranibizumab in the systemic 
circulation are lower than vitreous concentrations, the use of 
0.3 mg may reduce risks potentially related to systemic VEGF 
suppression while still maintaining optimal efficacy. This may 
be particularly appropriate in the management ofDME because 
not only do 40% to 50% of patients with DME have bilateral 
disease requiring contemporaneous treatment, 22 but also 
diabetic patients have an underlying increased risk of 
mortality and cardiovascular disease, including stroke and 
silent myocardial ischemia.23 In light of these considerations, 
Genentech recommended the 0.3-mg dose; the US Food and 
Drug Administration ultimately approved use of 0.3 mg 
ranibizumab for DME on August 10, 2012. 

Table 6. Antiplatelet Trialists' Collaboration (APTC) Events through Month 36 (Safety-Evaluable Population) 

Sham Months 0 - 24 Sham/0.5 mg* Months 0- 36 
Ranibizumab 

Category/Event (N=250) (N=251t) 0.3 mg Months 0-36 (N=250) 0.5 mg Months 0-36 (N=249) 

Total APTC-classified 13 (5.2%) 18 (7.2%) 27 (10.8%) 26 (10.4%) 
events 
Deaths 3 (1.2%) 7 (2.8%) 11 (4.4%) 16 (6.4%) 

Vascular 3 (1.2%) 5 (2.0%) 8 (3.2%) 8 (3.2%) 
Non vascular 0 2 (0.8%) 2 (0.8%) 7 (2.8%) 
Unknown cause 0 0 1 (0.4%) 1 (0.4%) 

Myocardial infarction 9 (3.6%) 13 (5.2%) 18 (7.2%) 9 (3.6%) 
Fatal 2 (0.8%) 4 (1.6%) 3 (1.2%) 1 (0.4%) 
Nonfatal 7 (2.8%) 9 (3.6%) 15 (6.0%) 8 (3.2%) 

Stroke (CVA) 4 (1.6%) 6 (2.4%) 5 (2.0%) 12 (4.8%) 
Fatal 1 (0.4%) 2 (0.8%) 1 (0.4%) 3 (1.2%) 
Nonfatal 3 (1.2%) 4 (1.6%) 4 (1.6%) 9 (3.6%) 

CV A = cerebrovascular accident. 
APTC events include vascular deaths, deaths of unknown cause, nonfatal myocardial infarctions, and nonfatal strokes. 
*Patients initially randomized to sham including those who crossed over to ranibizumab 0.5 mg during year 3. There is no pure sham control group at month 
36, so it is not valid to compare the sham groups with the ranibizumab treatment arms. 
tone sham patient received 0.5 mg ranibizumab starting at month 23. This patient was classified in the ranibizumab 0.5 mg group for the 24-month analyses 
per the prespecified definition of treatment groups for safety analyses. For the 36-month analyses, it was determined that this patient crossed over early and 
thus was classified in the sham/0.5 mg crossover group. 

8 
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Study Limitations 

As with all clinical trials, certain limitations exist in extrap
olating the RIDE and RISE study observations to routine 
clinical practice. One potential limitation is that some 
patients discontinued their participation, with 67.7% to 
80.0% of patients completing month 36 across the various 
treatment groups. However, interpretation of the study 
results did not change when performing sensitivity analyses 
using a variety of methods for missing data imputation (data 
not shown). A more important potential limitation is that 
ranibizumab was administered on a continuous monthly 
dosing schedule, which may optimize efficacy but not be 
practical for many patients with DME. However, additional 
large phase III and phase III-scope studies using 0.5 mg with 
less than monthly dosing have provided important additional 
data on the efficacy and safety of ranibizumab in DME.5

•
6

•
8

•
24 

For example, in the DRCRnet study of ranibizumab, macular 
laser, or triamcinolone for DME, significant visual acuity 
benefits were observed with a median of 8 to 9 ranibizumab 
injections in the first year, 2 to 3 injections in the second year, 
and 1 to 2 injections in the third year. 5

•
9

•
14 In the RESTORE 

phase III study of DME, which compared 0.5 mg ranibizu
mab (with individualized pro re nata dosing) with or without 
macular laser with laser alone, significant improvements in 
BCV A and OCT outcomes were observed with ranibizumab 
with an average of 6.8 to 7.0 injections over 12 months. 6 

Mean BCV A gain was maintained or improved through 36 
months.25 These studies also provide insights into the 
systemic safety of ranibizumab in separate DME 
populations enrolled and studied contemporaneously with 
RIDE and RISE. No systemic safety imbalances emerged 
with 0.5 mg ranibizumab dosed on a less than monthly 
basis compared with control in the DRCRnet Protocol I or 
RESTORE studies. In DRCRnet Protocol I, patients in the 
sham group experienced higher rates of APTC-classified 
systemic events than patients receiving ranibizumab. H In 
RESTORE, no meaningful differences in the number of 
ATEs or other systemic events potentially related to VEGF 
inhibition were observed between the ranibizumab and 
laser control groups, although patients with a history of 
stroke or transient ischemic attack were excluded from this 
study (Abstract PO532. Annual Meeting of the American 
Academy of Ophthalmology, November 10-13, 2012, 
Chicago, IL). 6 Forthcoming data from the open-label 
extension phase of RIDE and RISE, in which ranibizumab 
is administered less frequently, will also contribute infor
mation on this question. 

Another limitation is that it is unknown whether the 
results with ranibizumab for the management of DME as 
demonstrated in RIDE and RISE are applicable to other anti
VEGF agents. The various commonly used intravitreal anti
VEGFs have different molecular characteristics, leading to 
differences in potency, systemic clearance, and systemic 
VEGF inhibition. 25 To help address these questions, 
a comparative study of 3 anti-VEGF agents for DME is 
now being recruited by the Diabetic Retinopathy Clinical 
Research Network (NCT01627249).26 

In conclusion, the 36-month results of RIDE and RISE 
confirm the long-term efficacy and safety of ranibizumab in 

DME. These data further highlight the importance of 
expanding DR screening programs and greater awareness of 
and adherence to already-recommended national screening 
guidelines. Recent reports suggest that 93% of patients with 
DR and 63% of patients with vision-threatening DR were 
unaware they had DR; 83% with vision-threatening DR had 
no scheduled follow-up eye examination (Abstract 1287/A37. 
Association for Research in Vision and Ophthalmology 
Annual Meeting, May 1-5, 2011, Fort Lauderdale, FL). 
Prompt treatment with anti-VEGF therapy at the time of 
initial diagnosis may avoid the considerable visual morbidity 
associated with chronic DME. Ophthalmologists now have 
considerable evidence from multiple clinical studies demon
strating that intraocular anti-VEGF therapy with ranibizumab 
offers a new and substantially better approach to the treatment 
of DME, one of the leading causes of vision loss in working
aged adults, and thus has set a new standard of care for DME. 
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Ranibizumab for Macular Edema fallowing 
Branch Retinal Vein Occlusion 
Six,Month lJrimary End lJoint Results of a I)}U1Se III Study 

Peter A. Campochia:ro, MD, 1 Jeffrey S. Heier, MD,2 Leonard Feiner, ?v1D, 3 Sarah Gray, PhD,4 
N, . ., . .--)[) 1 A c~' R di , • s -+ ,v1 , v , • , , . , • ,.1 4 R c·, R 1 . r fT) 1 .r , , amrata :iaroJ, c , . rny ,nen un .e, LV1., wencty ,ee LViuranasm, LV1L,' ,oman .1. iwzo, .v 1., 1or tne 
BRA VO Investigators* 

Purpose: To assess efficacy and safety of intraocular injections of 0.3 mg or 0.5 mg ranibizumab in patients 
with macular edema following branch retinal vein occlusion (BRVO). 

Design: Prospective, randomized, sham injection-controlled, double-masked, multicenter clinical trial. 
Participants: A total of 397 patients with macular edema following BRVO. 
Methods: Eligible patients were randomized 1 :1 :1 to receive monthly intraocular injections of 0.3 mg or 0.5 

mg of ranibizumab or sham injections. 
Main Outcome Measures: The primary efficacy outcome measure was mean change from baseline best

corrected visual acuity (BCVA) letter score at month 6. Secondary outcomes included other parameters of visual 
function and central foveal thickness (CFT). 

Results: Mean (95% confidence interval [Cl]) change from baseHne BCVA letter score at month 6 was 16.6 
(14.7-18.5) and 18.3 (16.0-20.6) in the 0.3 mg and 0.5 mg ranibizurnab groups and 7.3 (5.1-9.5) in the sham 
group (P<0.0001 for each ranibizumab group vs sham). The percentage of patients who gained 2:15 letters in 
BCVA at month 6 was 55.2% (0.3 mg) and 61. 1 % (0.5 mg) in the ranibizurnab groups and 28.8% in the sham 
group (P<0.0001 for each ranibizumab group vs sham). At month 6, significantly more ranibizumab-treated 
patients (0.3 mg, 67.9%; 0.5 mg, 64.9%) had BCVA of ~::20i40 compared with sham patients (41.7%; P<0.0001 
for each ranibizumab group vs sham); and CFT had decreased by a mean of 337 µ.m (0.3 mg) and 345 11-m (0.5 
mg) in the ranibizumab groups and 158 µmin the sham group (P<0.0001 for each ranibizumab group vs sham). 
The median percent reduction in excess foveal thickness at month 6 was 97.0% and 97.6% in 0.3 mg and 0.5 
mg groups and 27.9% in the sham group. More patients in the sham group (54.5%) received rescue grid laser 
compared with the 0.3 mg (18.7%) and 0.5 mg (19.8%) ranibizumab groups. The safety profile was consistent 
with previous phase Ill ranibizumab trials, and no new safety events were identified in patients with BRVO. 

Conclusions: lntraocular injections of 0.3 mg or 0.5 mg ranibizumab provided rapid, effective treatment for 
macular edema following BRVO with low rates of ocular and nonocular safety events. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophthalmology 2010;xx:xxx © 2010 by the American Academy of Ophthalmology. 

!1ijij1I *Group members listed on!ine in Appendix 1 (available at http:i/aaojoumal.org). 

The blood supply to tbe retina is unique in several re
spects. It involves 2 vascular beds: the retinal vessels 
supply the inner two thirds of the retina, whereas botb the 
retinal and choroidal vessels supply the outer one third of 
the retina, via diffusion. The retinal vessels emanate from 
the central retinal artery, which enters the eye at the optic 
disc and sends branches a long the surface of the retina to 
the far periphery. Blood flow extends from larger to 
smaller branches along tbe retinal surface and through 
penetrating branches to the inner plexiform layer to form 
tbe superficial, intermediate, and deep capillary beds. The 
capillaries drain into a network of veins that reverse the 
process, sending blood into progressively larger branches to 
the central retinal vein, which exits through the optic nerve. 
Major branch arteries and veins on the surface of the retina 

© 2010 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

often nm in close approximation to each otber and sbare an 
adventitial sheath. 

The retinal vascular bed is highly organized with little or 
no overlap in vessel distribution. When retinal vessels are 
obstrncted. there are few functional collaterals to compen
sate, and the retina becomes ischemic. Diseases that damage 
retinal vessels and lead to vessel closure are referred to as 
ischemic retinopathies and include diabetic retinopathy, ret
inal vein occlusions (RVOs), hypertensive retinopathy. 
sickle cell retinopathy, and several others. Diabetic retinop
arhy is the most prevalent retinal vascular disease and tbe 
most common cause of moderate and severe vision loss in 
working-aged Americans. 1 The RVOs are the second most 
common type of retinal vascular disease and include branch 
RVOs (BRVOs), hemiretinal vein occlusions, and central 

ISSN 0161-6420/10/$-see front matter 
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RVOs. 2 The incidence of RVOs is estimated at 180 000 
eyes per year in the United States, and BRVOs account for 
nearly 80% of those.3.4 Hypertension and atherosclerosis are 
risk factors for BRVO, and both cause thickening of arte
riole walls. Most BRVOs occur at sites where arterioles 
cross over veins, and pathologic findings support the hy
pothesis that, because of a common adventitial sheath, 
thickening of the arteriole wall compresses the lumen of the 
retinal vein, altering flow and promoting thrombosis. 5 In
creased vascular permeability leads to hemorrhage and 
edema throughout the area of retina that is drained by the 
vein. Because most BRVOs occur at proximal arteriole
venous crossings on the temporal side of the optic nerve, the 
macula is included in the distribution of the occluded vein, 
resulting in hemorrhage and fluid in the macula (macular 
edema) and reduced vision. The severity of BRVO varies 
depending upon the location of the occlusion; in general, the 
more proximal the occlusion, the more severe the edema. 

The amount of hemorrhage that occurs acutely in BRVO 
varies, but it is usually sufficient to impede visualization of 
retinal vessels by fluorescein angiography (FA). Once hem
orrhages clear, which may take several months, FA gener
ally shows areas of capillary nonperfusion in the region of 
the retina drained by the obstructed vein. Severe nonperfu
sion of perifoveal capillaries is an additional source of 
reduced vision, but in most patients macular edema is the 
predominant cause of vision loss. 

The Branch Vein Occlusion Study (BVOS) Group investi
gated the effects of grid laser treatment in 139 eyes of patients 
with macular edema following BRVO occurring within 3-18 
months of study entry, with best-corrected visual acuity 
(BCV A) :S20/40 and sufficient clearing of retinal hemor
rhage to allow safe laser photocoagulation. 6 At the 3-year 
primary end point, patients treated with laser photocoagu
lation showed a significant mean improvement of 1.33 lines 
of vision compared with 0.23 lines in the control group. In 
the control group, 34% of patients had a visual acuity of 
~20/40 at the third-year visit. Since publication of the 
BVOS results, grid laser therapy has become the standard of 
care for BRVO. However, because many patients with 
BRVO present with BCV A of :S20/80, an average improve
ment of 1.33 lines may leave affected patients with substan
tial visual disability in the affected eye. Because visual 
improvement occurs very slowly after laser treatment, there 
is a need for more effective treatments that provide rapid 
and complete restoration of vision. 

Elevated intraocular levels of vascular endothelial growth 
factor (VEGF) have been demonstrated in patients with 
RVOs.7--9 Sustained release of VEGF in primate eyes causes 
vascular leakage and macular edema. 10 Thus, there is strong 
rationale for testing VEGF antagonists in patients with macular 
edema following RVO. Ranibizumab (Lucentis, Genentech, 
Inc., South San Francisco, CA) a humanized, affinity-matured 
VEGF antibody fragment that neutralizes all isoforms of 
VEGF-A and their biologically active degradation products, 
provides benefit to patients with neovascular age-related mac
ular degeneration and has been approved by the Food and Drug 
Administration for that indication_ n ,12 

In a pilot trial, 8 20 patients with BRVO and 20 patients 
with central RVO were randomized to receive 3 monthly 

2 

intraocular injections of 0.3 mg or 0.5 mg of ranibizumab. 
At the month 3 primary end point, approximately 90% of 
excess foveal thickness (EFT) was eliminated across all 
treatment groups, and mean improvement in BCV A ranged 
from 10 to 18 Early Treatment Diabetic Retinopathy 
Study13 (ETDRS) letters. Here we report the month 6 pri
mary and key secondary end points of the RanibizumaB for 
the treatment of macular edema following BRAnch Retinal 
Vein Occlusion: Evaluation of Efficacy and Safety 
(BRA VO) study, a phase III multicenter trial in which 
patients with macular edema following BRVO were ran
domized to receive monthly intraocular injections of 0.3 mg 
or 0.5 mg of ranibizumab or sham injections. 

Materials and Methods 

The BRA VO 6-month, phase III, multicenter, randomized, injection
controlled study, with an additional 6-months of follow up (total 
12 months), was designed to evaluate efficacy and safety of in
traocular injections of ranibizumab in patients with macular edema 
following BRVO. The study included a 28-day screening period (days 
-28 to -1); a 6-month treatment period (day Oto month 6), during 
which patients received monthly intraocular injections of 0.3 mg or 
0.5 mg ranibizumab or sham injections; and a 6-month observation 
period (month 6 to month 12), during which all patients could receive 
monthly intraocular ranibizumab if they met prespecified functional 
and anatomic criteria (i.e., Snellen equivalent study eye BCV A 
<e::20/40 according to the ETDRS chart or mean central subfield 
thickness :o>250 µm on optical coherence tomography [OCT]; Fig l). 
The BRAVO trial is registered at www.dinicaltrials.gov 
(NCT00486018; accessed December 18, 2009). The protocol was 
approved by the institutional review board at each study site, and the 
study was conducted according to the International Conference on 
Harmonisation E6 Guideline for Good Clinical Practice and any 
national requirements. All patients provided informed consent before 
participation in the study. The primary efficacy outcome was the 
mean change from baseline BCV A in the study eye at month 6. 

Screening and Eligibility 

Eligibility was determined by the investigating physician at indi
vidual studies sites using the criteria listed in Table l. During the 
screening visit, patients who provided informed consent provided 
a medical history and underwent a physical examination, a com
plete eye examination (including measurement of BCV A), OCT, 
FA, and laboratory tests. The BCVA was measured by the proce
dure described in the ETD RS. If the investigating physician judged 
a patient to be eligible for participation in the study, the patient's 
OCT using the Zeiss Stratus and the FastMac protocol (Carl Zeiss 
Meditec, Inc., Dublin, CA) was evaluated by certified personnel at 
the University of Wisconsin Fundus Photograph Reading Center 
(UWFPRC, Madison, WI). If that evaluation and all laboratory 
tests supported inclusion, the patient was scheduled for the day 0 
study visit. 

Randomization 

Eligible patients were randomized 1: 1: 1 to receive monthly injec
tions of 0.3 mg or 0.5 mg ranibizumab or sham injections, using a 
dynamic randomization method. 14 Randomization was stratified 
by baseline BCVA letter score (<e::34 [approximate Snellen equiv
alent <20/200], 35-54 [approximate Snellen equivalent 20/200 to 
<20/80], or :0,55 [approximate Snellen equivalent :o>20/80]) and 
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Figure 1. Study design. Eligible patients were randomized 1 :1:1 to receive 

monthly injections of 0.3 1T1g or 0.5 mg ranibizumab or shan1 injections 
during the 6-n1onth treatment period (day 0, months 1--5). During the 

6~month observation period> subjects were eligible to receive monthly 

intraocular rnnibizun1ab if they h8d Snellen equivalent study eye best~ 

corrected visual acuity (BCV A) :S20/40 occor(hng to the Early Treatment 

Diabetic Retinopathy Study chart or mean central subfield thickness ?: 250 

µrn according to optical coherence totnography. Potients were eligible for 

laser treatrnenr once during the r:reatment period and once during the 

obsen/8tion period, beginning at n1onths 3 8nd 9, respectively, if hen1or~ 

rhages had cleared suffrciently to allow safe application of laser and the 

follovving criteria were met: Snellen equ1v2lent BCV A ~:;;20/40 or 1T1ean 

central subfield thickness 2:250 p,111, and compared \Vith the visit 3 tnonths 

before the cuffent visit, panent had a gain of <5 letters in BCV ft,._ or a 

decre8se of <50 µxn in rnean centrni subheld thickness. PRN = pro re nata. 

stndy center, One eye was chosen as the study eye for each patient. 
If both eyes were eligible, the eye with the worse BCVA at 
screening was selected. Patients, certified BCV A examiners, and 
evaluating physicians were masked to treatment and dose. Inject
ing physicians, who did not perform examinations or outcome 
assessments, were masked to dose but not treatment. 

Study Visits and Assessments 

During the 6-month treatment period, study visits occurred on days 
0 and 7 and months 1-6. At each visit, patients were given a 
complete eye examination witb OCT assessment of central foveal 
thickness (CFT). Patients provided a medical history, vital signs 
were measured (except for day 7), concomitant medication was 
reviewed, and safety was assessed. Any new sign. symptom, 
illness, or worsening of any preexisting medical condition was 
recorded as an adverse event (AE). An AE was classified as a 
seiious AE if it led to death, ,vas life threatening, required pro
longed hospitalization, resulted in persistent or significant disabil
ity, resulted in a congenital anomaly/birth defect, or was consid
ered a significant medical event by the investigator. Patients who 
discontinued the study before the month 12 visit were encouraged 
to return for an early termination visit 30 days after their last 
injection or study visit to record AEs and serious AEs tbat had 

occurred since the patient's last visit and complete other study 
assessments. Patient-reported visual function was assessed with 
the National Eye Institute Visual Functioning Questionnaire-25 
(]'fEI VFQ-25) at day O and months 1, 3, and 6. 

Intraocular Injections 

Patients received their assigned treatment at day O and months 1--5 
for a maximum of 6 injections. Injection procedures ,vere identical 
to those previously described.11- 12 Briefly, topical anesthetic drops 
were given, a lid speculum was inserted, and after subconjunctival 
injection of 2% lidocaine and cleaning of the injection site with 5% 
povidone iodine, a 30-gauge needle was inserted through the pars 
plana, and 0.05 mL of ranibizumab was injected. Patients who 
were randomized to the sham group were treated similarly to those 
in the ranibizumab groups, except that a needleless hub of a 
syiinge was placed against the injection site; and the plunger of the 
syiinge was depressed to mimic an injection. The ability to count 
fingers with the stndy eye was assessed 15 minutes after injection, 
and intraocular pressure was measured within 50-70 minutes of an 
injection. 

Rescue Laser Photocoagulation 

Rescue grid laser treatment was allowed based upon the precedent 
of the BVOS.6 As was the case in the BVOS, patients were 
observed for 3 months after stndy entry before laser treatment was 
considered. Starting at month 3, patients were eligible for laser 
treatment if hemorrhages had cleared sufficiently to allow safe 
application of laser and the following criteria were met: Snellen 
equivalent BCV A ""'20/40 or mean central subfield thickness 
:,,.250 µm, and compared with the visit 3 months before the current 
visit, patient had a gain of <5 letters in BCV A or a decrease of 
<SO µmin mean central subfield thickness. If rescue laser was not 
given at month 3, the same criteria were applied at month 4, and 
if rescue laser was not given at month 4, the criteria were applied 
at month 5. Fluorescein angiography obtained within 30 days 
before laser giid application was used to guide treatment. 

Outcome Measures 

The piimary efficacy outcome measure was mean change from 
baseline BCV A at month 6. Secondary efficacy outcome measures 
included mean change from baseline BCV A letter score over time 
to month 6, percentage of patients who gained :,,.15 letters from 
baseline BCVA at month 6, percentage of patients who lost <15 
letters from baseline BCV A at month 6, percentage of patients 
with CFT ""'250 µm at month 6, and mean change from baseline 
CFT over time to month 6. Exploratory efficacy outcomes included 
percentage of patients with Snellen equivalent BCV A :,,.20/40 at 
month 6, percentage of patients with Snellen equivalent BCV A 
""'20/200 at month 6, mean change from baseline EFT over time to 
month 6, and mean change from baseline NEI VFQ-25 composite 
score over time to month 6. The upper limit of normal for central 
subfield thickness is 212 µm, based on measurements of a popu
lation of normal patients. 15 Thus, EFT was estimated by subtract
ing 212 µm from the central subfield thickness. Safety outcomes 
included the incidence and seveiity of ocular and nonocular AEs 
and serious AEs. 

Optical coherence tomography scans obtained at day O and 
months 1, 2, 3, and 6 duiing the 6-month treatment period were 
evaluated by masked graders at the UWFPRC; the CFT was 
recorded as the center point thickness provided by Stratns 3 
software (Carl Zeiss Meditec, Inc.), unless there was an error in 
computer recognition of the outer or inner boundaries of the retina 
or the center point. If that occurred, the grader determined the CFT 
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Table 1. Key Inclusion/Exclusion Criteria 

Key Inclusion Criteria* Key Exclusion Criteria* 

Age 2:18 years of age with foveal center-involved ME secondary Prior episode of RVO. 
to BRVOt diagnosed within 12 months before study 
initiation. 

BCV A 20/40 to 20/400 Snellen equivalent using the ETDRS Brisk afferent pupillary defect (i.e., obvious and unequivocal). 
charts. 

Mean central subfield thickness 2:250 µm from 2 OCT > 10-letter improvement in BCV A between screening and day 0. 
measurements (central 1 mm diameter circle with a Stratus 
OCT3) on 2 measurements, one at screening confirmed by 
University of Wisconsin Fundus Photograph Reading Center, 
the other on day O confirmed by the investigating physician. 

History of radial optic neurotomy or sheathotomy. 
lntraocular corticosteroid use in study eye within 3 months before day 0. 
History or presence of wet or dry AMO. 
Panretinal scatter photocoagulation or sector laser photocoagulation within 3 

months before day O or anticipated within 4 months after day 0. 
Laser photocoagulation for ME within 4 months before day O (for patients who had 

previously received grid laser photocoagulation, the area of leakage at day O must 
have extended into the fovea [i.e., prior laser treatment was inadequate], and 
there could be no evidence of laser damage to the fovea). 

Evidence upon examination of any diabetic retinopathy. 
CV A or MI within 3 months before day 0. 
Prior anti-VEGF treatment in study or fellow eye within 3 months before day O or 

systemic anti-VEGF or pro-VEGF treatment within 6 months before day 0. 

AMO = age-related macular degeneration; BCVA = best-corrected visual acuity; BRVO = branch retinal vein occlusion; CVA = cerebrovascular 
accident; ETDRS = Early Treatment Diabetic Retinopathy Study; ME = macular edema; MI = myocardial infarction; RVO = retinal vein occlusion; 
VEGF = vascular endothelial growth factor. 
* Pertains to study eye, except where noted otherwise. 
tBRVO was defined as an eye that had retinal hemorrhage or other biomicroscopic evidence of R VO ( e.g., telangiectatic capillary bed) and a dilated ( or 
previously dilated) venous system in one quadrant or less of the retina drained by the affected vein. Hemiretinal vein occlusion (HRVO) is an R VO that 
involves 2 altitudinal quadrants. In this study, eyes with HRVO were treated the same as eyes with BRVO. 

,vith a caliper. Software-generated central subfield thickness was 
recorded at UWFPRC and was used to calculate EFT. Fluorescein 
angiogrnphs were evaJua1ed by masked graders at the UWFPRC. 

Statistical Analysis 

Unless otherwise noted, the intent-to-treat approach was used for 
efficacy analyses and included all patients as randomized. Missing 
values for efficacy outcomes were imputed using t.1-ie last-observation
carried-forward method. For each efficacy outcome, 2 paitwise com
parisons were made: 0.3 mg ranibizumab versus sha..'Il and 0.5 mg 
ranibizumab versus sham. Unless otherwise noted, efficacy out
come analyses were stratified by baseline BVCA letter score (sc_::34 
vs 35 ·--54 vs ?:55). For the primary outcome, the mean change 
from baseline BCV A at month 6 ,vas compared between each 
ranibizumab group and the sham injection group. using an analysis 
of vaiiance model stratified by baseline BCV A, with no additional 
adjustments for covariates. and using the Hochberg-Bonferroni 
multiple comparison procedure to maintain an overall type l error 
rate of 0.05. Cochran-Mai1tel-Haenszel chi-square tests, stratified 
by baseline BCVA, were used for secondaiy and exploratory 
binary end point group comparisons (except for percentage of 
patients who had lost ·< 15 letters from baseline BCV A at month 6 
and percentage of patients who had Snellen equivalent :S20/200 at 
month 6, for which the Fisher exact test ,vas used because the 
percentage of patients meeting that end point was high [for tbe 
fonner] and low [for the latter] in all treatment groups). Analysis 
of variance or analysis of covariance models were used to analyze 
continuous outcome measures. To manage type I e1Tor across 
secondary end points, a type I e!Tor rate of 0.05 was allocated for 
each dose, and a staged hierarchical testing procedure was used 

4 

with a Hochberg-Bonfe1Toni procedure at each stage. To determine 
the earliest time point at which statistically significant between
group differences were obtained for mean change from baseline 
BCVA, CFT, EFT. and t.½e NEI VFQ-25 composite score, a 
hierarchical testing procedure for significance at each time point 
was pelionned sequentially for each end point, beginning with 
month 6 and working backward to tbe time point at which tbe test 
for between-group differences resulted in P>0,05. Additional 
analyses were performed to assess sensitivity of the results ro the 
statistical methods used. National Eye Institute VFQ-25 scores 
were calculated according to published guidelines. The mean of all 
of the NEl VFQ-25 subscales was used to calculate the overall 
composite score (available from: http://w,vw.rnnd.org/health/ 
surveys ... tools.htm1; accessed December 15, 2009). The incidence 
of ocular and nonocular AEs and serious AEs was summarized by 
treatment group. 

Results 

Baseline Characteristics and Patient Disposition 

Between July 2007 and November 2008, 397 patients were random
ized to receive intraocular injections of 0.3 mg (n = 134) or 0.5 mg 
(n = 131) ranibizumab or shatn injections (n = 132) at 93 centers in 
the United States. Patient demographics and baseline ocular charac
teristics were similar across treatment groups (Table 2). The average 
age of patients was 66 years, and 53% were male. The mean time 
from diagnosis of BRVO to screening was 3.5 months (median, 2 
months for each treatment group), with duration sc::3 months in 
65% of patients. Mean study eye baseline BCV A letter score was 
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Table 2. Patient De1nographics and Baseline Ocu1ar Characteristics 

Sham 
(n = 132) 

Ranibizumab 

Age (yrs) 
Mean (SD) 
Median 
Range 

Male 
Female 

Race,* n (9S) 
'vlhite 

Parameter 

Bhick/l\frican /\rnericsin 
Other 
Unavail8ble 

Study eye characteristics 
Months fro1T1 RVO d12gnosis to screening 

Mean (SD) 
Median 
Range 

Distribution) n (9'6) 
:s:;3 
>3 to :::::;:6 
>6 to :::::;:9 
>9 to ~12 
>12 

HRVO classification,t n (0/o) 

BCVA 
ETDRS letter score 

}v1ean (SD) 
Ronge 

Distribution, n (i}O) 

<34 
3554 
?55 

fa. ... pproxi1T1ate Snellen equivalent, median 
!OP (mmHg),1f mean (SD) 
Taking lC)P~lowering medication, n (9,0) 
Phakic eye/* n (9,0) 
Irnoging data 

CFT(p,tn)i 1nean (SD) 
Total rnacular volume (mm3

)/ rnean (SD) 
Total area of retinal hemorrhage) centrnl subfield (DI\), 

calculated,tt mean (SD) 
Area of fluorescein leakage within grid (DA_),<rr<rr tnedian 
> 10 DA of capillary nonperfusion (':YC,) 

Fello--..x; eye charncteristics 
Fellow eye BCVA._ (ETDRS letters), mean (SD) 
Fellow eye vision compared v,rith study eye, n (g{,) 

Better 
V./orse 
Same 

65.2 (12.7) 
64.0 

2689 

74 (56.1) 
58 (43.9) 

108 (81.8) 
n (9.8) 
8 (6.0) 
4 CLO) 

3.7 (3,7) 

2 
0-16 

ss (64.4) 
17 (12.9) 
12 (9.1) 
16 (12.1) 
2 (l.5) 

17 (13.1) 

54.7 (12.2) 
16-73 

9 (6.8) 
so (37.9) 
73 (55.3) 
20/80 

14.8 (3,0) 
10 (7,6) 
93 (78.B) 

488.0 (192.2) 
9.641 (1.831) 
0.121 (0.137) 

() 

79.8 (17.4) 

121 (91.7) 
8 (6.1) 
3 (2.3) 

03 mg (n = 134) 

66.6(11.2) 
66.5 

43 90 

67 (50.0) 
67 (50.0) 

11Z (83.6) 
11 (8.2) 
3 (2.2) 
9 (6.7) 

3,6 (4,1) 
2 

0-35 

85 (63.4) 
29(21.6) 

9 (6.7) 
8 (6.0) 
3 (2.2) 

16 (12.0) 

56.0 ( 12. l) 
25-73 

9 (6.7) 
48 (35.8) 
77 (57.5) 

20/63--20/80 
15J) (33) 

20 (14.9) 
103 (85, l) 

522.l (201.9) 
9.640 (l.833) 
0.103 (0.129) 

6 
0 

79.4 (13.7) 

118 (88.l) 
9 (6,7) 
7 (5,2) 

0.5 mg (n =- 131) 

67.5 (11.8) 
67.0 

41 91 

71 (54.2) 
60 (45.8) 

107 (817) 
l 3 (9.9) 
5 (3.8) 
6 (4.6) 

3.3 (3.1) 
2 

0-13 

88 (67.Z) 
20(15.3) 
14 (10.7) 
7 (5.3) 
2 (LS) 

17 (13.2) 

53.0 (12.5) 
22.-79 

l 3 (9.9) 
4907.4) 
69 (52.7) 
20/80 

14.9 (3.3) 
16 (12.2) 
94 (80.3) 

551.7 (223.5 
9.839 (2.151 
O.J 17 (O.J 31 

0 

81.4 (U.8) 

125 (95.4) 
4 (3.1) 
2 (l.5) 

BCVA = best•correcred visual acuity; CFT = central foveal thickness; DA = disc area; ETDRS = Early Treatmem 
Diabetic Retinopathy Study; 1-iRVO = hemiretinal vein occlusionj IOP = intraocular pressure; RVO = retinal vein 
occlusion; SD .::..::... standard deviation. 
*lv1ultiracial patients 1,vere counted in each race category that they indicated. Nu1T1ber of patients in Other category 
may be overestin1ated. Nurnber assessed in sham, 0.3 n1g, and 0.5 rng groups 1.:vas i"] 30, l 3 3, and 129; cir 131, 134i 
130; *"118, 121, and 117; 96, and 85; tt129, 132, and 131; nl31, 133, 130. 

54.6 letters (approximate Snellen equivalent 20/80), and mean 
baseline CFT was 520.5 /Lill. Approximately 13% of patients had 
a diagnosis of hemixe1inal vein occlusion. 

Of patients in the 0.3 mg, 0.5 mg, and sham groups, 95.5%, 
95.4%, and 93.2%, respectively, completed the study through 

month 6. The most common reason for study discontinuation was 
a decision made by the patient to do so. All but 2 of the 397 
patients received study drng; for those who did, the mean number 
of ranibizumab or sham injections received during the 6-momh 
treatment period was 5.7 and was similar across treatment groups. 

5 
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Functional Outcomes at Month 6 

ll 
D 7 2 tl 

Day Month 

Figure 2. lviean change from study eye baseline BCV A over time to 
1nonth 6. ~P<0.0001 versus shmn. Earliest statistically significant group 

difference (P<0.0001 vs sha1T1) 1,vas at day 7. Vertical bars are ±1 standard 

error of the mean. The last~observation~u1rried~for\vord method \Vas used 

to impute missing data. BCV A. = best~corrected visual acuity; ETD RS =

Early Treatment Di8betic Retinopathy Study. 

Change from Baseline BCV A. The primary efficacy outcome was 
mean cha.'1ge from baseline BCVA at mon1h 6. At month 6, patien1s 
in the 0.3 mg and 0.5 mg ranibizumab treatment groups had gained a 
mean (95% confidence interval [CID of 16.6 (14.7--18.5) and 18.3 
(16.0-20.6) letters compared with 7.3 (5.l-9.5) letters in the sham 
group (P<0.0001 for each ranibizumab group vs sham; Fig 2, Table 
3). The improvement in BCV A after injection of ranibizumab was 
rapid and dramatic, with patients having gained an average of 7.5 
letters 7 days after the first injection, and significantly greater than that 
of the sham group at day 7 and all subsequent monthly assessments. 
The group differences in BCV A were maintained when analyzed by 
subgroup (Table 4). In all treatment groups, the mean improvement in 
BCV A letter score was greater for patients who were diagnosed with 
BRVO <3 months before stndy screening (sham = 8.2; 0.3 mg = 

17.0; 0.5 mg = 19.9 letters) compared with those diagnosed :0,3 
months before screening (sham = 6.3; 0.3 mg = 16.1; 0.5 mg = 16.1 
letters). Although some of the subgroups were small, the mean change 
in BCV A at month 6 was greater for patients with worse BCV A and 
CFT :o>450 µm at baseline. 

Percentage of Patients Who Gained 2:::15 Early Treatment 
Diabetic Retinopathy Study Letters. At month 6, 55.2% and 
61.1 % of patients in the 0.3 mg and 0.5 mg ranibizumab groups 
had gained :o>l5 letters from baseline BCVA letter score compared 
with 28.8% of patients in the sham group (P<0.0001 for each 
ranibizumab group vs sham). The percentage of patients who 
gained :o> 15 letters increased rapidly after injection of ranibizumab 
and was 20.1 % in the 0.3 mg group and 14.5% in the 0.5 mg group 
compared with 3.8% in the sham group at day 7. This difference 
was significant, as were the differences at all subsequent assess
ments (P<0.005 ranibizumab vs sham at day 7 and months 1-5). 

Five (3.7%) patients in foe 0.3 mg group, 5 (3.8%) in foe 0.5 mg 
group, a.rid 9 (6.8%) in the sham group discontinued treatment at or 
before month 5. More patients in the sham group (54.5%) received 
rescue grid laser therapy compared wifo the 0.3 mg (18.7%) and 
0.5 mg (19.8%) rnnibizumab groups. 

Table 3. Change from Study Eye Baseline Best-Corrected Visual Acuity at Month 6 

6 

Parameter 

ETDRS letrer score 
Mean (SD) 
95o/o CI for mean 
Difference in means ( vs sham) 

95o/o CI for difference 
P (ranibizurnab vs sharn)* 

Distribution of change at n1onth 6, n (\Yo) 
Gain (letters) 

ccC 15 
1014 
5-9 
No change) ~!_:4,0 

Loss (letters) 
5-9 
10--14 
2:\5 

:2::: 15-letter gain, ~-b 
Day 7 
Month 1 
Month 2 
Month 3 
Month 6 

Sham 
(n = UZ) 

7.3 (13.0) 
5.l, 9.5 

38 (28.8 
15 (11.4 
27 (20.'i 
31 (23.'i 

j j (8.3) 
4 (3.0) 
6 (4.5) 

3.S 
8.3 

16.7 
17.4 
28.8 

Ranibizumab 

0 .. 3 rng (n = i 34) 

16.6(110) 
14 7, 18.5 

9.3 
6.4-12.2 
<0.0001 

74 (55.2) 
25 (18.7) 
18(13.4) 
13 (9.7) 

3 (2.2) 
1 (0.7) 
0 

29.9t 
39.6t 
38.l t 
55.Z* 

O.Smg(n= l3l) 

18.3 (13.2) 
16.0, 20.6 

l l.O 
7.8-14.2 
<0.0001 

80 (61.l) 
23 (17 6) 
8 (6,1) 

17 (13.0) 

l (0.8) 
0 
2 (l.5) 

14.51 

32.st 
39_7t 
so,4t 
61.l t 

Cl :..c..: confidence interval; ETDRS =-- Early Treatment Diabetic Retinopothy Study; SD :..c..: standard deviation. 
~Based on pairwise analysis of variance models adjusting for baseline ETDRS letter score (~:;;34 vs 35--54 vs ;:~55). 
The last-observation-·carried-fonvard n1ethod was used to impute missing data. 
t P<0.005 versus sham (post hoc analyses). 
:~P<0.0001 versus shmT1 (prespecified secondary end po1nt). 
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Table 4. Change from Study Eye Baseline Best-Corrected Visual Acuity by Subgroup 

No. of 
Patients 

Sham/0.3 mg/ 
0.5 mg 

Ranibizumab 

Visual Acuity Outcomes at Month 6 Compared with Baseline 

Mean Change (95% CI) Gained 2:15 ETDRS Letters, % 

Subgroup Sham 0.3 mg 0.5 mg Sham 0.3 mg 0.5 mg 

Baseline BCV A, ETDRS letter score 
:S34 9/9/13 13.6 (2.3-24.9) 

8.9 (5.0-12.9) 
5.4 (2.6-8.2) 

28.8 (19.2-38.4) 30.7 (25.9-35.5) 33.3 77.8 100 
35-54 50/48/49 19.6 (16.1-23.1) 21.8 (17.8-25.8) 36.0 66.7 63.3 
2:55 73/77 /69 13.3 (11.3-15.2) 13.4 (10.8-16.1) 23.3 45.5 52.2 

Baseline CFT, µm 
<450 61/53/48 

71/81/83 
8.0 (5.4-10.5) 
6.8 (3.2-10.4) 

14.7 (12.0-17.5) 13.8 (10.2-17.5) 24.6 49.1 47.9 
2:450 17 .8 (15.2-20.4) 20.9 (18.0-23.7) 32.4 59.3 68.7 

Time from BRVO diagnosis to screening (mos) 
<3 71/69/75 8.2 (5.0-11.4) 17.0 (14.1-20.0) 19.9 (16.9-23.0) 32.4 55.1 69.3 
2:3 61/65/56 6.3(3.1-9.4) 16.1 (13.7.18.5) 16.1 (12.6-19.5) 24.6 55.4 50.0 

BCVA = best-corrected visual acuity; BRVO = branch retinal vein occlusion; CFT = central foveal thickness; CI= confidence interval; ETDRS = Early 
Treatment Diabetic Retinopathy Study. 
The last-observation-carried-forward method was used to impute missing data. 

Percentage of Patients \Vho Lost < 1.5 Early Treatment Dia
betic Retinopatby Study Letters. A large percentage of patients in 
each treatment group had lost <15 letters from BCVA letter score at 
month 6, with 100%, 98.5%, m-1d 95.5% the 0.3 mg, 0.5 mg. and sham 
groups, respectively. The percentage of ranibizumab-treated patients 
who lost <1.5 letters compared with tbe sham group was significant 
only for the 0.3 mg group (P<0.05). 

Percentage of Patients ,vith Snellen Equivalent BCV A ~20/40. A 
Snellen equivalent of 2>20/40 is generally sufficient to support 
reading a..'1d driving and is considered an excellent outcome. The 
percentage of patients that obtained this outcome at month 6 was 
67,9% in the 0.3 mg group and 64.9% in the 0.5 mg group 
compared with 41.7% in the sbam group (P<0.0001 for each 
ranibizumab group vs sham; Table .5). 

Percentage of Patients with Snellen Equivalent BCV A of 
-s;z0/200. Snellen equivalent BCV A -s; 20/200 is considered a 
poor visual outcome. This outcome occurred in the study eye at 
month 6 in 1.5% (0.3 mg) and 0.8% (0.5 mg) of patients treated 
with ranibizumab compared with 9.1 % of patients in the sham 
group (P<0.01 for each ranibizumab group vs sham; Table 5). 

Impact on Patient-Reported Outcomes Because of Visual 
Function. An improvement from baseline in the mean NEI 
VFQ-25 composite score was observed as early as month 1 in 
ranibizumab-treated patients. At month 6 the mean (95% CI) 
change from baseline score was 9.3 (7.2-11.4), 10.4 (8.3-12.4), 

and 5.4 (3.6-7.3 points in the 0.3 mg [n = 133]. 0.5 mg [n = 130]. 
and sham [n = 129] groups, respectively [P<0.005 for each 
ranibizumab group vs sham]; Fig 3). 

Anatomic Outcomes at Month 6 

Change from Baseline Central Foveal Thickness. Concomitant 
with the improvement in BCV A, there was a rapid and dramatic 
reduction in CFT after treatment with ranibizumab. At day 7, the 
mean reduction from baseline CFT was >250 µmin both ranibi
zumab groups compared with no reduction in the sham group (Fig 
4 ). The difference at day 7 was significant, as were differences at 
all subsequent graded assessments (P<0.0001 for each ranibi
zumab group vs sham at each time point). At month 6, the mean 
(95% CI) change in CFT was -337.3 ( -375.6 to -298.9) µm and 
-345.2 ( -386.4 to -304.0) µm in the 0.3 mg and 0.5 mg 
ranibizumab groups compared with -157.7 (-196.3 to -119.1) 
µm in the sham group. 

Residual Edema. In addition to assessing the absolute reduc
tion in CFT, it is important to determine how much macular edema 
is eliminated by treatment. The upper limit of normal central 
subfield thickness is 212 µm; thus foveal thickness >212 µm is 
considered excess. At baseline, the mean EFT was 276.0, 279.3, 
and 271.2 µm for the 0.3 mg, 0.5 mg, and sham groups, respec
tively. At month 6, the mean (95% CI) EFT had decreased to 57.2 

Table 5. Snellen Equivalent Study Eye Best-Corrected Visual Acuity at Baseline and Month 6 

Baseline Month 6* 
Study Eye BCV A 

Ranibizumab Ranibizumab 
(Approximate Snellen 

Equivalent), n (%) Sham (n = 132) 0.3 mg (n = 134) 0.5 mg (n = 131) Sham (n = 132) 0.3 mg (n = 134) 0.5 mg (n = 131) 

2:20/20 0 0 0 9 (6.8) 27 (20.1) 26 (19.8) 
20/25-20/40 19 (14.4) 21 (15.7) 15 (11.5) 46 (34.8) 64 (47.8) 59 (45.0) 
20/50-20/63 44 (33.3) 46 (34.3) 36 (27.5) 27 (20.5) 25 (18.7) 25 (19.1) 
20/80-20/160 55 (41.7) 53 (39.6) 59 (45.0) 38 (28.8) 16(11.9) 20 (15.3) 
20/200-20/500 14 (10.6) 14 (10.4) 21 (16.0) 12 (9.1) 2 (1.5) 1 (0.8) 
<20/500 0 0 0 0 0 0 

BCVA = best-corrected visual acuity. 
*Last-observation-carried forward method was used to impute missing data. 
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Figure 3. ~1ean change frorn baseline Notional Eye Institute Visual Fune~ 

tioning Questionnaire~25 (NEI VFQ~25) composite score over time to 

111011th 6. *P<0.005 versus s}rnm. The last~observation~carried~fonvard 

method \Vas used to irnpute rnissing dara. 

(38.7-75.7) µm (0.3 mg, n = 115) and 50.9 (29.5-72.3) µm (0.5 
mg, n = 105) in the ranibizumab groups, and 186.5 ( 155.4 217.7) 
p,m in the sham group (n = 98; Fig 5). The median percent 
reduction from baseline EFT was 97.0% and 97.6% in 0.3 mg and 
0.5 mg groups and 27.9% in the sham group at month 6. Another 
method of assessing residual edema is to determine the percentage 
of patients with CFT ~ 250 µmat month 6, which was 91.0% (0.3 
mg) and 84.7% (0.5 mg) in ranibizumab-treated patients compared 
with 45.5% in the sham group (P<0.0001 for each ranibizumab 
group vs sham). 

Sa£ ety Outcomes through Month 6 

All patients who received :,,.1 injection of ranibizumab or sham 
injection were evaluated for safety (sham = 131; 0.3 mg = 134; 
0.5 mg = 130; Table 6). A retinal detachment and retinal tear 
occurred in the same patient in the 0.3 mg ranibizumab group. One 
patient in the 0.5 mg group developed endophthalmitis, a recog
nized complication of intraocular injections, which led to study 
discontinuation. Four patients in the sham injection group, 1 pa-

o --r 

Day 

·Figure 4, Mean change from study eye baseline central foveal rhickness 

over tin1e to month 6. *P<0.0001 versus sham. Earliest statistical1y sig~ 

nificant difference at dav 7. Ven:ical bars are :_-!_-: l standard error of the 

n1ean. The last-·observation-·carried-·forward method vvas used to 1mpute 

1nissing data. Independent revie\v of optical coherence totnography was 

performed at the University of \)Visconsin Fundus Photograph Re2d1ng 

Center. CFT = centrnl foveal thickness. 
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Figure 5. Mean study eye excess foveal thickness over time to 1T1onth 6. 

*P<0.0001 versus sharn (prespecified exploratory end point). P<0.0001 
ranibizumab versus sharn ar day 7 and months 1-3 (post hoc analyses), 

Vertical bars are ::±:: l standard error of the mean. 

tient in the 0.3 mg ranibizumab group, and 4 patients in the 0.5 mg 
ranibizumab group were reported to have an AE of cataract. 

Some nonocular serious AEs are potentially associated with 
systemic VEGF inhibition and warrant close scrutiny (Table 7). 
One patient in the sham group had a hemorrhagic stroke. In the 0.3 
mg ranibizumab group, 2 patients had hypertension, and 2 patients 
had nonocular hemorrhages: 1 intra-abdominal hematoma and 1 
rectal hemorrhage. In the 0.5 mg ranibizumab group, there was 1 fatal 
cerebral hemorrhage, 1 nonfatal myocardial infarction, 1 unstable 
angina, 1 hemorrhage after colonoscopy, and 1 intestinal perforation 
in a patient with intestinal obstruction from adhesions. Three of these 
serious AEs qualified as thromboembolic events based on Antiplatelet 
Trialists' Collaboration criteria16-l in the sham group (nonfatal 
hemorrhagic stroke) and 2 in the 0.5 mg group (fatal hemorrhagic 
stroke and nonfatal myocardial infarction). 

Discussion 

Although a small pilot study suggested that VEGF plays an 
important role in macular edema following BRVO,8 this is 

Table 6. Key Study Eye Adverse Events through Month 6 

Adverse Events, n (40) 

Any intraocular inflanunation 
event 

Iridocyclitis 
Iritis 
Vitritis 

Endophrhalmiris 
Lens damage 
Cataract 
lris neovascularization 
Neovascular glaucoma 
Rhegtnatogenous retinal 

detachment 
Retinal rear 
Vitreous hemorrhage 

*Reported as serious, 

Sham 
(n = Lil) 

4 (3.l) 

0 
4CU) 

0 
0 
0 

4 (3.1) 
3 (2.3) 

0 
0 

0 
6 (4.6) 

Ranibizumab 

0 . .3 rng 
(n -= 1.34j 

2 (1.5) 

l (0.7) 
l (0.7) 

0 
0 
0 

1 (0. 7) 
0 
0 

(O. 

1 (O. 
6 (4.5) 

0.5 
(n -= 

0 

0 
0 
0 

l (0.8)* 
0 

4 (31) 
0 
0 
0 

0 
2 (1.5) 

'Same patiem had rhegmarogenous retinal detachment and retinal tear. 
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Table 7. Key Nonocular Serious Adverse Events through 
Month 6 

Sham 
Serious Adverse Events, n (%) (n = 131) 

Potentially related to VEGF 
inhibition 

Hemorrhagic stroke 1 (0.8) 
lschemic stroke 0 
Acute myocardial infarction 0 
Unstable angina 0 
Hypertension 0 
Nonocular hemorrhage, other 0 
Intestinal perforation 0 
Proteinuria 0 

Antiplatelet T rialists' Collaboration 
arterial thromboembolic events 

Vascular death 0 
Nonfatal myocardial infarction 0 
Nonfatal hemorrhagic stroke 1 (0.8) 
Nonfatal ischemic stroke 0 

VEGF = vascular endothelial growth factor. 
*Fatal event. 

Ranibizumab 

0.3 mg 0.5 mg 
(n = 134) (n = 130) 

0 1 (0.8)* 
0 0 
0 1 (0.8) 
0 1 (0.8) 

2 (1.5) 0 
2 (1.sit 1 (0.8)* 

0 1 (0.8) 
0 0 

0 1 (0.W 
0 1 (0.8) 
0 0 
0 0 

tone intra-abdominal hematoma and 1 rectal hemorrhage. 
*Postprocedural ( colonoscopy) hemorrhage. 
§ Also reported as hemorrhagic stroke potentially related to VEGF 
inhibition. 

the first study to definitively prove that this is the case. 
Blocking VEGF with intraocular injections of ranibizumab 
has a rapid beneficial effect on visual function. There was a 
mean improvement of approximately 7.5 letters l week after 
the first treatment with either dose of ranibizumab. The 
mean improvement of between 3 and 4 lines of vision after 
6 months of treatment with either dose of ranibizumab 
compared with l .5 lines in the sbam group is large and 
clinically meaningful. Differences in other parameters of 
visual function were equally impressive, with more tban 
half of patients in the 2 ranibizumab treatment groups 
improving by ~?".3 lines of BCV A compared witb roughly 
29% in the sham group. Probably the most notable finding 
was that >-65% of patients treated with ranibizumab were 
220/40 in the study eye at month 6, compared witb only 
42% in the sham group. Whereas < 10% of patients were 
affected in their better-seeing eye, tbe impact on a patient's 
reported outcome based on visual function, measured by the 
NEJ VFQ changes from baseline, indicated tbat the visual 
acuity results in the study eye translated into meaningful 
visual function results for the patient. With ranibizumab, 
roughly twice as much improvement had occurred at month 
6 on the NEI VFQ-25, a validated test that measures the 
impact of visual function on activities of daily life. 

The effect of ranibizumab on macular edema assessed by 
OCT \Vas also rapid. with a reduction in mean CFT >250 
µm at day 7 in the 2 ranibizumab groups compared with no 
reduction in the sham group. More important than tbe ab
solute reduction in CFT is an indication of the amount of 
residual edema. To determine this precisely would require 
knowing the normal premorbid CFT for each patient, which 
was not available. A reasonable alternative was to use 

population-based normative data as an estimate. Thus, we 
calculated EFT by subtracting the upper limit of normal of 
the central subfield thickness for each patient, which pro
vided a reasonable estimate of residual edema. Of the pa
tients with available data at month 6, the median percent 
reduction in EFT was 97%---98% in tbe 2 ranibizumab 
groups compared with 28% in the sham group. Thus, treat
ment with ranibizumab for 6 montbs essentially eliminated 
macular edema in most patients with BRVO; this is the 
ultimate anatomic goal and helps to explain the impressive 
impact of ranibizumab on visual function. 

No new risks of treatment with ranibizumab were iden
tified in patients with RVO compared with patients with 
neovascular age-related macular degeneration. One patient 
developed endophthalrnitis, and it is clear that this is a very 
small, but definite, risk of any treatment that involves in
traocular injections. One patient developed a retinal tear and 
a retinal detachment. Because it is possible that repeated 
intraocular injections can cause or exacerbate vitreous trac
tion, it is possible that these events were also related to the 
study procedure. Tbere is evidence of increased thmmbo
embolic events in patients receiving systemic treatment with 
VEGF antagonists, 17 but it remains unclear whether intraoc
ular injections of ranibizumab are associated with increased 
risk of such events. Using Antiplatelet Trialists' Collabora
tion criteria, thromboembolic events were identified in 1 
patient in the sham group (a hemorrhagic stroke) and 2 
patients in the 0.5 mg ranibizumab group (a hemorrhagic 
stroke and a myocardial infarction). Thus, the incidence of 
these events was small and does not provide any evidence to 
suggest particular concerns in patients with RVO. 

The BRA VO trial did not directly compare efficacy of 
ranibizumab injections and grid laser treatment for macular 
edema following BRVO, in part because they are very 
different types of treatment. Laser treatment cannot be given 
initially to most patients owing to retinal hemorrhages in the 
macula. Hemorrhages on the surface of the retina increase 
toxicity and reduce the effectiveness of laser photocoagu
lation by changing light absorption from the retinal pigment 
epithelium below the retina to blood on the surface of the 
retina. This may cause damage to ganglion cell bodies and 
axons, which is more likely to cause visual field defects and 
reduce vision. It often takes several months for hemorrhages 
to clear sufficiently to make laser treatment less dangerous; 
during that time, patients may experience severe edema. It is 
likely that severe edema compromises retina cells and leads 
to permanent vision loss over time, but the extent and timing 
of permanent vision loss from edema are unknown. 

In the BVOS,6 patients randomized to grid laser photo
coagulation were observed for 3 months after study entry 
and were then given grid laser photocoagulation. We fol
lowed the same protocol, and 3 months after study entry, all 
patients were eligible for grid laser photocoagulation if 
there had been sufficient clearing of retinal hemorrhages 
and they had not shown substantial visual and anatomic 
improvement from baseline. If laser was deferred, it could 
be given at month 4 or 5, according to the same criteria. 
Compared with the sham group, in which 54.5% of patients 
received rescue grid laser therapy, only 18.7% (0.3 mg) and 
19.8% (0.5 mg) in the ranibizumab groups received laser 
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treatment. Between baseline and month 3 there was an 87.2 
µm reduction in mean CFT in the sham group; between 
months 3 and 6, there was an additional reduction of 70.5 
µm. This suggests that the modest improvement in the sham 
group may be attributable in part to laser treatment, but in 
some instances may represent spontaneous improvement. 

Because injections were safe and well-tolerated, it would be 
reasonable to consider treating with ranibizumab soon follow
ing BRVO is diagnosed if the baseline criteria of this study are 
met. However, it should be noted that tbis approach would 
result in unnecessary treatment for the small percentage of 
patients who undergo complete, spontaneous resolution. Treat
ing physicians would have to decide if the potential benefits of 
rapid elimination of macular edema by immediate treatment 
with ranibizumab outweigh the risks and the added cost and 
inconvenience of treatment for the small percentage of patients 
who would resolve spontaneously. 

Although it is clear from this study that 6 monthly 
injections of ranibizurnab provided tremendous benefit to 
patients with macular edema following BRVO, many im
portant questions still exist, some of wbich will be unable to 
be addressed given the lack of a comparator group during 
tbe 6-rnonth observation period. For instance, what percent
age of patients remains edema-free following ranibizumab 
treatment is discontinued? For patients with recmTent 
edema, can ranibizumab-induced visual gains be maintained 
when therapy is administered if retreatment criteria are met, 
and if so, what is the average number of injections required 
to do so? Will treatment with ranibizumab after a 6-month 
delay allow the sham group to achieve similar visual out
comes to those seen in the ranibizumab groups at 12 
months? Are tbere any clinical, FA, or OCT features that 
help to predict outcome of ranibizumab treatment? What are 
tbe effects of long-term edema on visual acuity? Continued 
follow-up of patients in the BRA VO trial will help to 
answer some of these questions. If the functional gains 
observed in the 6-month treatment period are maintained 
with longer term follow-up of the BRA VO cohort, it is 
likely that this therapy will be considered a "standard of 
care" for the treatment of macular edema following BRVO. 
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Sustained Benefits from Ranibizumab for 
Macular Edema following Central Retinal 
Vein Occlusion: Twelve ... Montl1 Outcomes 
of a Phase III Study 

Peter A. Cmnpochiarn, MD, 1 Da,,id M. Broum, MD, FACS, 2 Carl C. Aivh, MD,3 S. Young Lee, MD,4 
Sarah Gray, I)hD, 5 Namrata Saroj, OD, 5 Wendy Yee Murahashi, ?v1D, 5 Roman G. Rubio, MD5 

Purpose: Assess the 12--rnonth efficacy and safety of intraocular injections of 0.3 mg or 0.5 rng ranibizurnab 
in patients with macular edema after central retinal vein occlusion (CRVO). 

Design: Prospective, randomized, sham injection-controlled, double--masked, multicenter clinical trial. 
Participants: We included 392 patients with macular edema after CRVO. 
Methods: Eligible patients were randomized 1 :1 :1 to receive 6 monthly intraocular injections of 0.3 mg or 0.5 

mg ot ranibizumab or sham injections. After 6 months, all patients with BCVA ::::-.;20i40 or central subfield 
thickness 2:250 f,tm could receive ranibizumab. 

Main Outcome Measures: Mean c~iange from baseline best-corrected visual acuity (BCVA) letter score at 
month 12, additional parameters of visual function, central foveal thickness (CFT), and other anatomic changes 
were assessed. 

Results: Mean (95% confidence interval) change from baseline BCVA letter score at month 12 was 13.9 
(11.2--·16.5) and 13.9 (11.5---16.4) in the 0.3 rng and 0.5 mg groups, respectively, and 7.3 (4.5--·10.0) in the sharn/0.5 
mg group (P<0.001 for each ranibizumab group vs. shami0.5 mg). The percentage of patients who gained 2:15 
letters from baseline BCVA at month 12 was 47.0% and 50.8% in the 0.3 rng and 0.5 mg groups, respectively, 
and 33.1 % in the sham/0.5 mg group. On average, there was a marked reduction in CFT after the first as-needed 
injection of 0.5 mg ranibizumab in the sham/0.5 mg group to the level of the ranibizumab groups, which was 
sustained through month 12. No new ocular or nonocular safety events were identified. 

Conclusions: On average, treatment with ranibizumab as needed during months 6 through 11 maintained 
the visual and anatomic benefits ac~1ieved by 6 monthly ranibizumab injections in patients with macular edema 
after CRVO, with low rates of ocular and nonocular safety events. After sham injections for 6 months, treatment 
with ranibizumab as needed tor 6 months resulted in rapid reduction in CFT in the sharn/0.5 mg group to a level 
similar to that in the 2 ranibizumab treatment groups and an improvement in BCVA, but not to the same level as 
that in the 2 ranibizumab groups. lntraocular injections of ranibizumab provide an effective treatment for macular 
edema after CRVO. 

Financial Disclosure(s): Proprietary or commercial disclosure rnay be found after the references. 
Ophthalmology 2011;118:2041-2049@ 2011 by the American Academy of Ophthalmology. 

Central retinal vein occlusion (CRVO) is an important cause 
of vision loss and is estimated to have a 15-year cumulative 
incidence of 0.5% in a population study based in Wiscon
sin 1 and to affect 0.4% of the population in Australia.2 As 
the name indicates, the inciting event is thought to be 
thrombosis within the central retinal vein, and there is 
pathologic evidence to support that contention. 3 Occlusion 
of the major outflow channel of the retinal circulation mark
edly increases intraluminal venous pressure, resulting in 
hemorrhages and edema. Massive swelling within the retina 
also causes variable amounts of capillary closure in some, 
but not all, patients. Vision is reduced if there are hemor
rhages and/or edema in the macula or if there is closure of 

© 2011 by the American Academy of Ophthalmology 
Published by Elsevier Inc. 

a substantial proportion of the perifoveal capillaries, result
ing in macular ischemia. Hemorrhages are gradually re
sorbed, leaving edema and/or ischemia in the macula as the 
major causes of reduced vision, with the former predomi
nant in most patients. 

Recent studies have demonstrated that, while increased 
venous pressure may be the precipitating event for hemor
rhages and edema, increased production of vascular endo
thelial growth factor (VEGF) occurs early in the disease 
process and is a major contributor to macular edema.4

-
6 

Those studies were made possible by the development of 
ranibizumab (Lucentis, Genentech, Inc., South San Fran
cisco, CA), a humanized, affinity-matured anti-VEGF anti-

ISSN 0161-6420/11/$-see front matter 2041 
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body fragmenr rhat binds to and neutralizes all isoforms of 
VEGF-A and their biologically active degradation products. 
A small, interventional pilor study in patienrs with CRVO or 
branch retinal vein occlusion demonstrated that monthly 
injections of 0.3 mg or 0.5 mg ranibizumab for 3 months 
caused a marked reduction in macular edema and a mean 
improvement in best-corrected visual acuity (BCV A) of 
approximately i 5 letters in all ranibizumab treatmem 
groups.4 Other pilot trials had similar results. 5

•
6 This pro

vided the rationale for 2 large, multicenter trials-Ranibi
zumab for the Treatment of Macular Edema after Central 
Retinal Vein OcclUs/on Study: Evaluation of Efficacy and 
Safety (CRUISE) and the RanibizumaB for the Treatment of 
Macular Edema after BRAnch Retinal Vein Occlusion: 
Evaluation of Efficacy and Safety (BRA VO) study-which 
were designed to determine the efficacy and safety of ranibi
zumab in patients with macular edema following retinal 
vein occlusion. 7

•
8 After 6 monthly intraocular injections of 

0.3 mg or 0.5 mg ranibizumab in patients with CRVO, mean 
improvement in BCV A letter score was 12.7 and 14.9 letters 
compared with 0.8 letters in the sham injection group. 
Starting at month 6, all patients were eligible to receive 
ranibizumab treatment as needed based on prespecified cri
teria. Herein, we report the 12-month outcomes of CRUISE. 

Materials and Methods 

Study Design 

The CRUISE Study was a 12-month, phase III, multicenter, ran
domized trial that included a 6-month, injection-controlled treat
ment period followed by a 6-month observation period, designed 
to evaluate efficacy and safety of intraocular injections of ranibi
zumab in patients with macular edema following CRVO. Details 
of the CRUISE methodology were previously reported7 and are 
briefly summarized here. During the treatment period (day 
0-month 5) patients received monthly intraocular injections of 
0.3 mg or 0.5 mg ranibizumab or sham injections. During the 
observation period (months 6-11) all patients could receive 
monthly intraocular ranibizumab if study eye Snellen equiva
lent BCV A was ""'20/40 or mean central subfield thickness 
assessed by the investigator was :,,.250 µm as measured by 
Zeiss Stratus 3 (Carl Zeiss Meditec, Inc. Dublin, CA) optical 
coherence tomography. The CRUISE trial is registered at www. 
clinicahrials.gov (NCT00485836; accessed October 20, 2010). 
The protocol was approved by the institutional review board at 
each study site, and the study was conducted according to the 
International Conference on Harmonisation E6 Guideline for Good 
Clinical Practice and any national requirements. All patients pro
vided informed consent before participation in the study. 

Patients 

Eligible patients were :,,.18 years of age with foveal center
involved macular edema following CRVO diagnosed within 12 
months of screening, study eye Snellen equivalent BCV A of 20/40 
to 20/320, and mean central subfield thickness :,,.250 µm (assess
ments at both screening and day 0). Patients were randomized 
1: 1: 1 to receive monthly injections of 0.3 mg or 0.5 mg ranibi
zumab or sham injections for 6 months. 7 Randomization was 
stratified by study center and baseline BCV A letter score ""'34 
(approximate Snellen equivalent <20/200), 35 to 54 (approximate 
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Snellen equivalent 20/200 to <20/80), and :,,.55 (approximate 
Snellen equivalent :,,.20/80). 

During months 6 through 12, patients continued to be evaluated 
monthly with a complete eye examination, optical coherence to
mography, measurement of vital signs, review of medical history, 
including concomitant medications and concurrent ocular proce
dures, and safety assessments. Fluorescein angiography was per
formed at months 6, 9, and 12. At months 6 and 12, the National 
Eye Institute Visual Functioning Questionnaire-25 (NEI VFQ-25) 
was administered. At each visit from months 6 to 11, all patients 
with BCV A ""'20/40 or mean central subfield thickness :,,.250 µm 
in the study eye were to receive intraocular ranibizumab. Patients 
in the 0.3 mg and 0.5 mg groups received their assigned dose; and 
patients in the sham group, hereafter referred to as the sharn/0.5 
mg group, received 0.5 mg ranibizumab. 

Patients who discontinued the study before the month 12 visit 
were encouraged to return for an early termination visit 30 days 
after their last injection and/or study visit to record adverse events 
(AEs) and serious AEs (SAEs) that had occurred since the pa
tient's last visit and to complete other study assessments. 

Outcome Measures 

The primary endpoint of CRUISE was mean change from baseline 
BCV A letter score at month 6. Secondary outcome measures 
included mean change from baseline BCV A letter score over time 
to month 12, proportion of patients who gained :,,.15 letters from 
baseline BCV A letter score at month 12, proportion of patients 
who lost :,,.15 letters from baseline BCVA letter score at month 12, 
mean change from baseline CFT over time to month 12, and 
proportion of patients with CFT ""'250 µm at month 12. Explor
atory and post hoc outcomes included mean change from the 
baseline NEI VFQ-25 composite score over time to month 12, 
proportion of patients with study eye Snellen equivalent :,,.20/40 at 
month 12, proportion of patients with study eye Snellen equivalent 
""'20/200 at month 12, proportion of patients with > 10 retinal 
hemorrhages over time to month 12, and proportion of patients 
with zero retinal hemorrhages over time to month 12. Safety 
outcomes included the incidence and severity of ocular and non
ocular AEs and SAEs. 

Optical coherence tomography scans, fnndus photographs, and 
fluorescein angiography were evaluated by masked graders at the 
University of Wisconsin Fundus Photograph Reading Center 
(Madison, WI); CFT was recorded as the center point thickness 
provided by Stratus 3 software, unless there was an error in 
computer recognition of the outer or inner boundaries of the retina 
or the center point. If the latter occurred, the grader determined 
CFT with a caliper. 

Statistical Analysis 

Analyses of efficacy endpoints for the observation period were 
based on the intent-to-treat population, with subjects grouped 
according to their assigned treatment. Missing values were im
puted using the last-observation-carried-forward method, unless 
otherwise noted. The study was not powered to compare efficacy 
outcomes between the treatment groups during the 6-month ob
servation period (i.e., at months 7-12). Thus, efficacy analyses 
during that time were based on descriptive statistics, and presented 
statistical comparisons of efficacy outcomes between the sham/0.5 
mg and ranibizumab treatment groups were performed post hoc. 
For visual acuity and CFT outcomes, post hoc subgroup analyses 
based on month 6 treatment status were performed using observed 
data (i.e., without imputation for missing values). The incidence of 
key study eye ocular AEs, SAEs potentially related to VEGF 
inhibition, and Antiplatelet Trialists' Collaboration9 arterial throm-
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Table 1. Patient Disposition and Treatment 

Ranibizumab 

Completed study, n (%) 
Through month 6 
Through month 12 

Sham/0.5 mg 
(n = 130) 

115 (88.5) 
109 (83.8) 

Mean number of injections/patient* 
Treatment period 5.4 
Observation period 3.7 

Patients receiving first 100 (76.9) 
as-needed injection 
at month 6, n (%) 

0.3 mg 
(n = 132) 

129 (97.7) 
126 (95.5) 

5.8 
3.8 

74 (56.1) 

0.5 mg 
(n = 130) 

119 (91.5) 
114 (87.7) 

5.5 
3.3 

64 (49.2) 

*During the 6-month treatment period (day 0-month 5), sham patients 
received sham injections; during the 6-month observation period (months 
6-11), sham patients received 0.5 mg ranibizumab if they met prespecified 
criteria. 

boembolic events (ATE) were summmized by 1rea1ment group. 
Safety outcomes for the 0.3 mg and 0.5 mg groups were summa
rized for the cumulative 12--month study pe1iod. Safety ou1comes 
for the shmn/0.5 mg group were summarized sepm·ately for tl-ie 
treatment and observa1ion periods. 

Results 

Patient Characteristics and Disposition 

We randomized 392 pa1ien1s lo receive in1rnocu1ar injections of 0.3 
mg ranibizumab (n = 132) or 0.5 mg ranibizumab (n = 130) or 
sham injections (n = 130) at 95 centers in the United Stales. 
Pa1ien1 demographics and baseline ocular characteristics were sim
ilar across treatment groups. The mean time from diagnosis of 
CRVO to screening was 3.3 months (median 2 months for each 
treatment group), with a duration of "':3 months in 69% of patients. 
Mean baseline BCV A letter score was 48.3 letters (approximate 
Snellen equivalent 20/l 00) and the mean baseline CFT was 685 
µm. Approximately 93'fo of enrolled patients completed the study 
through month 6, a,,rid 89%, completed through month l 2 (Table 1). 
The most common reason for study discontinuation was physi
cian's decision. During the 6-month observation period, the per
centage of patients treated with ranibizumab when the protocol
specified treatment criteria were met ranged from 79% to 94% 
across treatment groups and time points. Between months 6 and 
12, the mean number of as-needed ranibizumab injections among 
all randomized patients was 3.8, 3.3, and 3.7 in the 0.3 mg, 0.5 mg, 
and sham/0.5 mg groups; and the percentage of patients who did 
not receive any injections during the observation period was 9.1 %, 
14.6%, and 15.4%, respectively. Twenty-nine of the 392 patients 
discontinued from the study before month 6. Excluding those 
patients, the mean number of as-needed ranibizumab injections 
received during the observation period was 3.9, 3.6, and 4.2 in the 
0.3 mg, 0.5 mg, and sham/0.5 mg groups; and the percentage of 
patients who did not receive any injections during the observation 
period was 7.0, 6.7, and 4.3, respectively. 

Functional Outcomes at Month 12 

Change from Baseline BCV A. At month 6, the primary endpoint, 
the mean change from baseline BCV A letter score was 12.7 and 

14.9 in the 0.3 mg and 0.5 mg ranibizumab groups compared with 
0.8 in the sham group. In the 0.3 mg and 0.5 mg treatment groups, 
these improvements were maintained with as-needed ranibizumab 
during the observation period, with a mean (95% confidence 
interval) change from baseline BCV A letter score of 13 .9 ( 11.2-
16.5) and 13.9 (11.5-16.4), respectively, at month 12. 

The sham/0.5 mg group experienced an overall improvement in 
BCV A letter score during the observation period, with a mean 
(95% confidence interval) change from baseline of 7.3 (4.5-10.0) 
at month 12. The mean improvement from baseline BCV A at 
month 12 in the sham/0.5 mg group was significantly less than that 
of the 0.3 mg and 0.5 mg treatment groups (P<0.001 for each 
ranibizumab group vs sham/0.5 mg; Fig l). 

From months 6 to 7, the mean BCVA letter score decreased in 
the 0.3 mg and 0.5 mg groups and increased in the shmu/0.5 mg 
group. Across treatment groups, 43.9% (0.3 mg), 50.8% (0.5 mg), 
and 23.1 % (sham/0.5 mg) of patients did not receive ranibizumab 
treatment at month 6. Most patients who did not receive an 
injection showed worsening of BCV A from month 6 to 7, with 
mean decreases in BCV A letter score of 4.6 (0.3 mg), 7.2 (0.5 mg), 
and 2.4 (shmu/0.5 mg), whereas most of those who received an 
injection showed improvement in BCV A, with mean increases of 
1.7 (0.3 mg and 0.5 mg) and 4.9 (sham/0.5 mg; Fig 2, available 
online at http://aaojournal.org). 

Percentage of Patients Who Had a BCV A Letter Score Gain 
or Loss 2:::15. The percentage of patients who had an improve
ment from baseline BCVA letter score of :,,.15 at the month 6 time 
point was 46.2% (0.3 mg) and 47.7% (0.5 mg) in the ranibizumab 
groups and 16.9% in the shmu group. This was maintained in the 
ranibizumab groups during the observation period when ranibi
zumab was given as needed, and at month 12 the percentage of 
patients who had an improvement from baseline BCV A letter 
score :,,.15 was 47.0% (0.3 mg) and 50.8% (0.5 mg; Table 2). The 
shmu/0.5 mg group showed improvement from ranibizumab injec
tions given as needed throughout the observation period; however, 
the 33.1 % of patients who gained :,,. 15 in BCV A letter score at 
month 12 was less than that observed in the ranibizumab groups 
(P<0.05 for each ranibizumab group vs sham/0.5 mg). The per
centage of patients who lost :,,.15 from baseline BCV A letter score 
was 3.8% (0.3 mg), 1.5% (0.5 mg), and 15.4% (sham) at month 6 
compared with 3.8% (0.3 mg), 2.3% (0.5 mg), and 10.0% (sham/ 
0.5 mg) at month 12. 

Percentage of Patients with Snellen Equivalent BCV A 2:::20/ 
40. A Snellen BCV A of :,,.20/40 is generally sufficient to support 
reading and driving and is considered an excellent outcome. The 
percentage of patients with Snellen equivalent BCV A :,,.20/40 was 
43.9% (0.3 mg), 46.9% (0.5 mg), and 20.8% (sham) at month 6, 
compared with 43.2% (0.3 mg), 43.1 % (0.5 mg), and 34.6% 
(sham/0.5 mg) at month 12. Snellen equivalent BCV A outcomes 
are broken down into several categories in Table 3. 

Percentage of Patients with Snellen Equivalent BCV A -5,20/ 
200. Snellen equivalent BCV A ""'20/200 is a poor visual outcome 
and is defined as legal blindness. This outcome occurred in the 
study eye in 15.2% (0.3 mg), 11.5% (0.5 mg), and 27.7% (sham) 
of patients at month 6, compared with 12.1 % (0.3 mg), 12.3% (0.5 
mg), and 20.0% (sham/0.5 mg) at month 12. 

Impact of Visual Outcome on Daily Life Activities. At 
month 6, the mean increase from baseline NEI VFQ-25 composite 
score was 7.1 points (0.3 mg) and 6.2 points (0.5 mg) in the 
ranibizumab-treatment groups compared with 2.8 points in the 
shmu group. Treatment with ranibizumab as needed from months 
6-11 maintained, on average, the increases in the 2 ranibizumab 
groups (7.1 points in the 0.3 mg group and 6.6 points in the 0.5 mg 
group) and resulted in an increase (from baseline) of 5.0 points in 
the sham/0.5 mg group (Fig 3). 
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Figure 1. £\1e2n change frorn study eye ba:,eline best~corrected visual acuity letter score over time to n1onth 12. *P<0.0001 versus sham, **P<0.001 versus 

sham/0.5 mg. Earliest statistically significant group difference was at day 7. The last-observation-carried-forward method was used to impute missing values. 
Vertical bars are :+: 1 standard error of the mean. On average, visual gains during the treatment period were maintained in the ranibizumab treatment groups 
during the observation period. There was substantial improvement in visual acuity in the sham/0.5 mg group during the observation period; however, the 
mean change from baseline best-corrected visual acuity score of the sham/0.5 mg patients remained significantly different from that of the 0.3 mg and 0.5 
mg groups at month 12. BCVA = best-corrected visual acuity; ETDRS = Early Treatment Diabetic Retinopathy Study. 

Table 2. Change from Baseline Study Eye Best-Corrected 
Visual Acuity at Month 12 

Sham/0.5 mg 
(n = 130) 

Ranibizumab 

0.3 mg 
(n = 132) 

0.5 mg 
(n = 130) 

Change from baseline BCVA (ETDRS letter score) at month 12 
Mean (SD) 7.3 (15.9) 13.9 (15.2) 13.9 (14.2) 
95% CI for mean 4.5-10.0 11.2-16.5 11.5-16.4 
Difference in means 6.6 6. 7 

( vs. sham/0.5 mg) 
95% CI for difference 
P-value (ranibizumab 

vs. sham/0.5 mg) 

Distribution of change at month 12, n (%) 
Gain (letters) 

2:15 43 (33.1) 
10-14 22 (16.9) 
5-9 13 (10.0) 

No change, :+:4.0 29 (22.3) 
Loss (letters) 

5-9 7 (5.4) 
10-14 3 (2.3) 
2:15 13 (10.0) 

2:15-letter gain, % 
Month 7 25.4 
Month 8 26.2 
Month 9 31.5 
Month 10 31.5 
Month 11 30.8 

2.8-10.4 
0.0007 

62 (47.0) 
23 (17.4) 
21 (15.9) 
13 (9.8) 

6 (4.5) 
2 (1.5) 
5 (3.8) 

42.4 
43.9 
43.2 
45.5 
45.5 

3.0-10.4 
0.0006 

66 (50.8) 
20 (15.4) 
14 (10.8) 
23(17.7) 

2 (1.5) 
2 (1.5) 
3 (2.3) 

43.1 
53.8 
48.5 
51.5 
46.2 

BCV A = best-corrected visual acuity; CI = confidence interval; ETDRS = 
Early Treatment Diabetic Retinopathy Study; SD = standard deviation. 
Last-observation-carried forward method was used to impute missing data. 
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Anatomic Outcomes at Month 12 

Cbangc from Baseline CFT. At the month 6 time point the mean 
change from baseline CFT was a reduction of 433.7 and 452.3 µm 
in the 0.3 mg and 0.5 mg rnnibizumab groups compared wifa a 
reduction of 167.7 p.m in 1he sham group. ln the 0.3 mg and 0.5 mg 
treatment gronps. these reductions were maintained with as-needed 
ranibizumab during the observation period, with a mean reduction 
from baseline CFT of 452.8 and 462.l µm, respectively, at month 
12 (Fig 4). The sham/0.5 mg group experienced au overall im
provement in CFT during the observation period, with a mean 
reduction from baseline of 427.2 µm at month 12. The mean 
improvement from baseline CFT at month 12 in the sham/0.5 
mg group was not significantly less than that of the 0.3 mg or 
0.5 mg treatment groups (P>0.40 for each ranibizumab group 
vs sham/0.5 mg). 

Most patients in the 0.3 mg, 0.5 mg, aud sham/0.5 mg groups 
who did not receive an injection of as-needed rauibizumab at 
month 6 showed worsening of CFT from months 6 to 7, with mean 
increases of 176, 200, and 21 µm, respectively, from months 6 to 
7, whereas most who received au injection showed improvement 
or no change in CFT from months 6 to 7, with mean reductions of 
11, 19, aud 295 µm, respectively, from months 6 to 7 (Fig 5, 
available online at http://aaojournaLorg). 

Residual Edema. In addition to assessing the absolute reduc
tion in CFT, it is important to determine how much macular edema 
a treatment eliminates. One way to assess this is to determine the 
percentage of patients with CFT -c::250 µm. At the month 6 time 
point, 75.0% (0.3 mg) and 76.9% (0.5 mg) of ranibizumab-treated 
patients had CFT -c::250 µm compared with 23.1 % of the sham 
group patients. At month 12, the percentages in the rauibizumab 
groups were similar to those at month 6-75.8% (0.3 mg) and 
77.7% (0.5 mg)-aud had increased markedly to 70.8% in the 
sham/0.5 mg group (Table 4). 

Retinal Hemorrhages. Indirect ophthalmoscopy and/or biomi
croscopy by investigators indicated that 0.8% (0.3 mg), 1.5 % (0.5 
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Table 3. Snellen Equivalent Study Eye Best-Corrected Visual Acuity (BCVA) 

Baseline Month 6* Month 12* 
Study Eye BCV A 

Ranibizumab Ranibizumab Ranibizumab (Approximate 
Snellen Sham 0.3 mg 0.5 mg Shamt 0.3 mg 0.5 mg Sham/0.5 ml 0.3 mg 0.5 mg 

Equivalent), n (%) (n = 130) (n = 132) (n = 130) (n = 130) (n = 132) (n = 130) (n = 130) (n = 132) (n = 130) 

2:.20/20 0 0 0 2 (1.5) 8 (6.1) 17 (13.1) 9 (6.9) 9 (6.8) 11 (8.5) 
20/25-20/40 12 (9.2) 9 (6.8) 7 (5.4) 25 (19.2) 50 (37.9) 44 (33.8) 36 (27.7) 48 (36.4) 45 (34.6) 
20/50-20/63 36 (27.7) 28 (21.2) 38 (29.2) 26 (20.0) 17 (12.9) 21 (16.2) 23 (17.7) 27 (20.5) 30 (23.1) 
20/80-20/160 47 (36.2) 54 (40.9) 46 (35.4) 41 (31.5) 37 (28.0) 33 (25.4) 36 (27.7) 32 (24.2) 28 (21.5) 
20/200-20/500 35 (26.9) 40 (30.3) 39 (30.0) 31 (23.8) 18 (13.6) 15 (11.5) 25 (19.2) 16 (12.1) 15 (11.5) 
<20/500 0 1 (0.8) 0 5 (3.8) 2 (1.5) 0 1 (0.8) 0 1 (0.8) 

Baseline and month 6 data are based on month 6 database. 
*Last-observation-carried forward method was used to impute missing data. 
touring the 6-month treatment period (day 0-month 5), sham patients received sham injections; during the 6-month observation period (month 6-11), 
sham patients received 0.5 mg ranibizumab if they met prespecified criteria. 

mg), and l.5% (sham) of patients had no intrnretinal hemorrhages 
at baseline (Fig 6, available online at h1tp://aaojournal.org), 
whereas 82.6%, 87 .7%, and 86.9%, respectively, had > 10 hem
orrhages. A greater increase was observed in the percentage of 
patients with no intraretinal hemorrhage in the 0.3 mg and 0.5 mg 
groups compared with the sham group at month 6 and the sham/0.5 
mg group at month 12; and the percentage of patients who had 
> 10 intraretinal hemorrhages decreased more rapidly in the ranibi
zumab treatment groups compared with the sham/0.5 mg group. 

Safety Outcomes at Month 12 

Key study eye AEs were infrequent, and the only one with a 
greater incidence in the ranibizumab groups during the 12-month 
study period compared with the sham group during the first 6 
months and the sham/0.5 mg group during the second 6 months 
was cataract (Table 5). If this small increase in the incidence of 
cataract in the ranibizumab groups-3.8% (0.3 mg; 12-month rate) 

15 

·1 2 3 ~~ 5 

Day 0-Month t5 
Monthly Treatment 

6 

and 7.0% (0.5 mg; 12-month rate) compared with 0% (sham; 
6-month rate)-was not due to chance, it could have been related 
to the procedure (intraocular injections) or to ranibizumab. 

There were few nonocular SAEs potentially related to VEGF 
inhibition (Table 6). Throughout the 12-month study, there were 2 
such SAEs in the 0.3-mg group and 4 in the 0.5 mg group, 
compared with 2 SAEs in the sham group during the first 6 months. 
This included 1 Antiplatelet Trialists' Collaboration ATE in the 
0.3-mg group, 3 in the 0.5 mg group, and 1 in the sham group. 
There were no nonocular SAEs potentially related to VEGF inhi
bition in the sharn/0.5 mg group between months 6 and 12, when 
patients were received ranibizumab injections as needed. 

Discussion 

Monthly intraocular mJections of 0.3 mg or 0.5 mg of 
ranibizumab for 6 months provided substantial benefit in 

7 " ,_, 9 ·10 ·1·1 ·12 

Monti,s 6--11 

Month 
As-NeededTreatment 

Figure 3. lv'lean change from baseline National Eye lnstitute Visual r''unction (.~uesr:ionnaire~25 cornposir:e score over tirne to rnonr:h 12. *P<0.01 versus 

sham. The last.-c,bservanon-carried.-fonvard method ,vas used to impute missing data. Vertical bars are :± l standard error of the mean. The compc,site score 

incn::-ased rapidly and ,vas significontly gn:'8ter in the rnnibi::~utnab treatment groups cornpan:'d with the shonl group at tnonth 6. During die observation 

peric,d, on avernge, the cc,rnposite score remained stable in the ranibizumab groups and incrensed substantially 1n the sham/0.5 mg group, v,rhich was no 

longer significantly different thm1 the rnnibi~~utnab group:, 8t month J 2. NEI VF(2~25 :-_-" National Eye Institute Visual Functioning Que:,tionnaire~25. 
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Figure 4. }v1ean change from baseline central foveal thickness over tink' to month 12. l'v1onth 6 values are based on tnonth 6 database. *P<0.0001_ versus 

sham. The last-observation-carried-forward method was used to impute missing values. The earliest significant group difference was at day 7. Vertical bars 
are :+: 1 standard error of the mean. On average, improvements in central foveal thickness during the treatment period were maintained in the ranibizumab 
groups during the observation period. There was substantial improvement in the sham/0.5 mg group during the observation period, and the mean change 
from baseline central foveal thickness of sham/0.5 mg patients was similar to that of the 0.3 mg and 0.5 mg groups at month 12. CFT = central foveal 
thickness. 

patients with CRVO, resulting in mean improvements from 
baseline BCV A letter score of 12.7 and 14.9. This benefit 
was maintained during the subsequent 6 months in which 
injections were given only if rerreatment criteria were met, 
so that at 12 months, the mean improvement in BCV A letter 
score was 13.9 in each ranibizumab treatment group. This 
indicates tliat after a period of aggressive treatment with 
ranibizumab, visual benefits can be maintained by close 
foHow-up and treatment if there is evidence of persistent or 
recurrent disease. What is not answered by this trial is 
whether even better visual outcomes would have resulted by 
continuing monthly injections during the second 6 months 
of the study. In fact, tbe trial was designed to ensure that 

Table 4. Study Eye Central Foveal Thickness 

Ranibizumab 

Sham/0.5 mg 0.3 mg 0.5 mg 
(n = 130) (n = 132) (n = 130) 

Baseline, n (%) 
:s250 µm 2 (1.6) 4 (3.1) 6 (4.6) 
> 250--400 µm 14 (10.9) 8 (6.1) 8 (6.2) 
>400 µm 113 (87.6) 119 (90.8) 116 (89.2) 

Month 6*, n (%) 
:s250 µm 30 (23.1) 99 (75.0) 100 (76.9) 
> 250--400 µm 17 (13.1) 14 (10.6) 12 (9.2) 
>400 µm 83 (63.8) 19(14.4) 18 (13.8) 

Month 12*, n (%) 
:s250 µm 92 (70.8) 100 (75.8) 101 (77.7) 
> 250--400 µm 14 (10.8) 11 (8.3) 13 (10.0) 
>400 µm 24 (18.5) 21 (15.9) 16 (12.3) 

Baseline and month 6 data are based on month 6 database. One sham/0.5 
mg patient and one 0.3 mg patient did not have an assessment at baseline. 
*Last-observation-carried-forward method was used to impute missing data 
at post baseline time points. 
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during the observation period, patients who might benefit 
from ranibizumab rreatment would receive it. It was thoughr 
that even if CFT was :S250 f,tm, patients should continue to 
receive treatmenr, unless t.heir BCVA had improved to the 
point that one could potentially question whether the risk/ 
benefit ratio favored anot.her injecrion. Jt was our judgmenr 
that this level was 220/40. However, some investigators 
questioned whether a patient with CFT :s;250 p.m should 
receive an injection, regardless of BCV A and defened 
treatment. This could be a source of undertreatment during 
the observation period. It is clear that although monthly 
injections of ranibizumab suppressed rhe effecrs of VEGF in 
tl1e majority of patients, they did not eliminate VEGF pro
ducrion, because r.he majority of patients who did nor re
ceive an injection of ranibizumab at month 6 had an in
crease in CFT and reduced vision and required an injection 
at month 7. During the observation period, recurrent/persis
tent edema or BCV A :s-;20/40 was common, necessitating 
an injection of ranibi zumab approximately two thirds of tbe 
time in each of the groups. 

On average, there was substantial improvement in the 
sham/0.5 mg group during the observation period when 
patients received injections of 0.5 mg of ranibizurnab if they 
met retreatment criteria. In fact, after 77% of sham/0.5 mg 
patiems received an injection of 0 . .5 mg ranibizumab at 
month 6, there was a dramatic reduction in macular edema 
at month 7, and mean CFT was similar to that in tbe 2 
ranibizumab treatment groups and remained so through 
month 12. There was also substantial improvement in 
BCV A in the sham/0.5 mg group during the observation 
period; however, unlike the mean CFT, which no longer 
differed from that of the 0.3 mg and 0.5 mg ranibizumab 
groups at month 7 and beyond, t.here remained a significanr 
difference in mean improvement from baseline BCV A at 
mont.h 12 berween t.he sham/0.5 mg group and the 0.3 mg 
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Table S. Key Study Eye Adverse Events through i'v1ontb 12t 

Adverse Events, n (~10) 

fa. ... nv intraocular inflm11n1ntion event 
(iridocyditisJ iritis, vitritis) 

Endop}1tha1rnitis 
Lens damage 
Cntaract 
Ins neovnscularization 
Neovascular glaucoma 
Rhegrnatogenous retinal 

detachment 
Retinal tear 
Vitreous hemorrhage 

Sham* 
Day 0--Momh 6 

(n = 129) 

5(3.9) 

0 
0 
0 

9 (7.0) 
2 ( 1.6) 

0 

0 
9 (7.0f1: 

Sbami0.5 mgt 
l\,fomhs 6---12 

(n = 110) 

2 (l.8) 

0 
0 

2 (LB) 
2 (1.8) 

0 
0 

2(1.8? 
2(1.8? 

Ranibizumab 

0 . .3 rng 

I)ay 0--?vionth 12 
(n :.-_-: l.32) 

3 (2.3) 

0 
0 

5 (3 8) 
2 (1.5) 

0 
0 

0 
7 (5.3) 

0.5 rn,g 
0--}'vfonth 12 

CCC J Z9) 

2 (1.6) 

0 
0 

9 (7.0) 
5 (3.9) 
l (0.8) 

0 

2 (1.6) 
7 (54) 

*C)utcc•1T1es dunng 6-·n1ond1 treatrnent period for safety-evaluable sham~group patients (received ~:: l sl1mT1 injection). 
tC)utcornes during 6~rnonth observation period for safety~evahrn.ble shan1/0.5 rng group patients (i.e.) received 2t least 

0.5 rn.g ranibizurn.ab injection), 
event reported as serious. 

and 0 . .5 mg groups. Just as it is unknown whether the 0.3 mg 
and 0.5 mg groups may have had even better outcomes at 
month 12 if they had continued to receive monthly injec
tions of ranibizurnab during the second 6 months of the 
srudy, it is unknown whether the shami0.5 mg group would 
have had even greater improvement if monthly injections 
were mandated; however, what is clear is that a 6-month 
period of monthly treatments followed by treatment as 
needed for 6 months is superior to observation for 6 months 

followed by treatment as needed for 6 months. This suggests 
that there may be a visual penalty incurred by delaying 
ranibizumab injections in patients with macular edema fol
lowing CRVO. 

In addition to providing a major impact on macular 
edema, monthly injections of ranibizumab accelerated the 
resolution ofretinal hemorrhages. The mechanism by which 
hemmThages are cleared from tbe retina is not completely 
understood, but it is felt that macrophages and microglia 

Table 6. Key Nonocular Seriom Adverse Events through Month 12 

Shaxn* 
Day 0---Month 6 

(n = 129) 

Sbami0.5 mgt 
Months 6--12 

(n = 110) 

.Serious /\.dverse Events Potentially Related to VECir'' inhibition) n (40) 
Hemorrhagic stroke 0 0 
Isc hen1ic stroke 
Transient isc}1ernic attack 

Myocardial infarction 
Angina pectoris 
1-{ypertension 

Nonocul2r hernorrhagei other 
l'rotein uria 

APTC ATEs, n (%) 
Vascular death 
Death from unkno\vn cause 
Nonfatal n1yocardial 

int1rction 
Nonfatal l1ernorrhagic stroke 
Nonfatal ischemic stroke 

0 
0 

l (0.8) 
0 

l (0.8) 
0 
0 

l (0.8) 
0 
0 

1 ((}8) 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 

0 
0 

Ranibizurnab 

0. 3 rng 

L)a)' O--l\1onth 12 
(-n :.-_-: l.32) 

0 
0 

l (0.8) 
l (0.8) 

0 
0 
0 
0 

l (O 8) 
0 
0 

l (O.S) 

0 
0 

0.5 rng 

L)ay O--l\1onth 12 
(n :.-_-: l29) 

0 

0 
0 
0 

3 (23) 
0 

l (0.8) 
l (0.8) 

0 
l (0.8) 

i\PTC A .. TEs = /\.ntiplatelet Trialists) Collaboration arterial throrn.boen1bolic events; VECir'' = vascular endothelial 
gro·Nth factor. 
~()utcornes during 6-tnonth treatrnent period for s2fety~evaluable ::;}rnrn~group patients {i.e.) received at least one 
sham injection). 
\)utcornes during 6~rnonth observ2tion period for safr:'.ty~ev2luable s}rnm/0.5 rng group patient:, {i.e., received at Je,;ist 
one 0,5 mg ranibizumab iniection). 
tBoth events occurred in the same panent. 
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play a role. Because VEGF promores influx of macrophages 
in the retina, and this is suppressed by V EGF blockade, it is 
unlikely rhat ranibizumab accelerates rhe removal of hem
orrhages from the retina. Another possibility is that hemor
rhages do nor occur all ar once at the onset of retinal vein 
occlusion, but rather are ongoing. Perhaps the large and 
sustained increases in VEGF that occur in retinal vein 
occlusions compromise the blood-retinal barrier to such an 
extent that influx of red blood cells accompanies influx of 
plasma. Thus, the rate of clearance of hemorrhage may 
result from 2 opposing processes: Ongoing hemorrhage that 
is gradually reduced under normal circumstances, and re
moval of hemmThages by macrophages and microglia. 
Ranibizumab may help to reduce the influx of RBCs, just as 
it reduces influx of plasma, and thus tip the balance toward 
hemorrhage removal, resulting in more rapid clearance of 
hemorrhages. 

These data suggest that RVOs are not simply acute 
events followed by gradual recovery that is accelerated by 
blockade of VEGF. Instead, it seems that vascular occlusion 
is an inciting evem that causes reduced perfusion, retinal 
ischemia, and increased production of VEGF. The level of 
upregulation of V EGF is likely to be influenced by several 
factors, including the amount of compromise of pe1fusion 
from the occlusion itself (possibly related to the location m 
extent of occlusion); the amount of preexistent arterial in
sufficiency: and the amount of retinal infarction, which can 
reduce the total area of retinal ischemia. If the upregulation 
of VEGF is sufficiemly high, it can become a major exac
erbating factor. This may explain why the level of VEGF at 
baseline bas an inverse cmTelation witb visual outcome.4 

In conclusion, 6 monthly intraocular injections of ranibi
zumab in patients with CRVO resulted in large gains in 
BCV A and improved quality of life that were maintained 
over a subsequent 6 months during which ranibizumab was 
given as needed. Patients met retreatment criteria and re
ceived injections roughly two thirds of the time during the 
observation period, and it is likely that treatment for longer 
than a year will be needed for many patients, as demon
strated in a previous uncontrolled trial. to Additional studies 
are needed to provide longer follow-up of patients with 
CRVO treated with ranibizumab to determine whether de
pendence on injections is reduced over time and whether 
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strategies such as scatter photocoagulation to areas of retinal 
nonperfusion provide added benefit. 
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Safety ln1plications of Vascular Endothelial Gro\vth 
Factor Blockade for Subjects Receiving lntravitreal 

Anti-Vascular Endothelial C~rowth Factor Therapies 

KARl CSA.KY AND DIANA V. DO 

111> J'URPOSE: To evaluate potential safety risks associated 
with nonspecific inhibition of vascular endothelial growth 
factor {VEGF). 
9 DESIGN: A perspective, reviewing the current literature. 
111> METHODS: Herein, we discuss the systemic safety of 
VEGl:•-targeted therapies, address safety issues for VEGF
targeted therapies in neovascula.r age-rela.ted macular degen, 
eradon, and propose the consideration of methods for 
identifying low rate systemic safety signals from patients 
treated wii:h these agents. 
• RES1JLTS: Sever,il prospective, randomized clinical trials 
have demonstrated that intravitreal anti-VEGF therapies 
generally are well tolerated. However, within these trials, 
there is smne circumstantial evidence that links systemic 
\lEGF inhibition to systemic adverse events, particularly 
systemic thromboembolic events. Because aH of the intra
vitreal anti-VEGF agents have been associated \\dth detect
able levels in the systemic circulation, there is a scientific 
rationale for the occurrence of potential systemic adverse 
events. Ho-,,vever, if safety issues are present, they occur at 
very low rates and may go undetec:ted in controlled clinical 
trials of premarketed drugs. 
• CONCLUSIONS: \Ve propose that highly sensitive meth
odologies be put into place for identifying low rate safety 
signals, including postmarketing clinical trials, chart 
reviews, electronic medical records, and various national 
and international registries and databases, to evaluate the 
systemic safety of antiangiogenic agents in ocular diseases 
such as neovascular age-related macular degeneration. 
(Am J Ophthalmol 2009;148:647-656. © 2009 by 
Elsevier Inc. AU rights reserved.) 

A 
GE-RELATED MACULAR DEGENERATION (AMD) IS 

the leading cause of irreversible blindness itl de-
... . ... . "(' . 

veloped countnes, prec!c)tmrnmdy afrecttng adults 
SO years of age or older.1 The vast majority of vision loss 
resulting from the disease occurs in patients with the 
exudative, or neovascular, form of AMD. Neovascular 
AMD often is characterized by the development of cho-

Accepted for publication Jun 8, 2009. 
From the Ophthalmic Unit, Duke Clinical Research Institute, Duke 

University Medical Center, Durham, North Carolina (K.C.); and The 
\Vilmer Eye Institute, Johns Hopkins University School of Medicine, 
Baltimore, Maryland (D.V.D.). 

Inquiries to Karl Csaky, Ophthalmic Unit, OCR!, Duke University 
Medical Center, Durham, NC 27710; e-mail: karl.csaky@duke.edu 

roidal neovascularization (CNV) penetrating the Bruch 

membrane, disrupting the retinal pigment epithelium, and 

resulting in scarring and vision loss.2 

Vascular endothelial growth factor A (VEGF-A) is a 

proangiogenic growth factor that has been implicated in 
the pathogenesis of neovascular AMD. Based on the obser

vation that VEGF-A may play a role in CNV secondary to 

AMD, therapies for neovascular AMD that target VEGF-A 

and proangiogenic pathways have been or continue to be 

investigated. These therapies vary greatly in the specificity of 
their targets (Figure). 

Currently, there are two therapies approved by the United 
States Food and Drug Administration (FDA) that target 

VEGF-A for the treatment of neovascular AMD: pegaptanib 
sodium (Macugen; OSI Pharmaceuticals, Melville, New 

York, USA), which binds VEGF165 , and ranibizumab (Lu

centis; Genentech Inc, South San Francisco, California, 
USA), which binds all VEGF-A isoforms and their biologi

cally active degradation products. In addition, bevacizumab 
(Avastin; Genentech Inc), which also binds all VEGF-A 

isoforms and is FDA approved for the treatment of breast, 

colorectal, and lung cancers, has been used off-label to treat 

CNV secondary to neovascular AMD. Bevacizumab cur

rently is being evaluated in a phase 3 clinical trial for this 
indication. A decoy VEGF receptor known as VEGF Trap 

also currently is under investigation in phase 3 clinical trials 

for the treatment of CNV secondary to neovascular AMD. 

Furthermore, several other agents that target VEGF receptors 

and downstream signaling pathways are in preclinical and 
clinical development (Table 1). 

Vascular endothelial growth factor ligands and their 

receptors are essential for development and for a wide 

variety of physiologic functions through adulthood, includ

ing visual function. 4 Indeed, Rosenfeld and associates 

demonstrated that the most common cause of three-line 

vision loss among ranibizumab-treated eyes was the devel

opment of geographic atrophy (Rosenfeld PJ, et al. Com
parison of lesion characteristics between ranibizumab 

treated patients who lost or gained visual acuity [VA] in 

the MARINA and ANCHOR trials. Paper presented at 

the Annual Meeting of the Macula Society, March 26 to 

29, 2008). These data suggest that VEGF-A may play a 
role in the protection of the retinal pigment epithelium; 

however, geographic atrophy as part of the normal disease 

0002-9394i09/$36.00 
doi:10.1016ij.ajo.2009.06.014 
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VEGF,s;,, 

Pegaptaoib --1 i 

VEGF,A 

tyrosine kinase signaling 

Extrac.!llula,r 

VEGFR1 mRNA i-- Slma--027 

VEGF·A mRNA ~ Bevaslranib 

FIGURE. Diagram showing vascular endothelial growth factor (VEGF) signaling pathways, indicating sites of inhibition by current 
and emerging anti-VEGF agents. Current and pipeline anti-VEGI; agents block VEGF signaling at different poims in the pathway and 
have varying degrees of specificity, In general, anti-VEGF antibodies, antibody fragments, and decoy receptors inhibit extracellular VEGF. 
Pegaptanib specifically blocks the VEGF-A isofrmn VEGF16s, wlw,reas bevadmmah, ranibizmnab, and VEGF trap hlock all VEGI;,A 
isoforms. In contrast, tyrosine kinase inhibitors and small interfering ribonucleic acids (RNA) inhibit VEGF-stimulated intracellular 
signaling. Vatalanih t.a:rgets VEGF receptor (VEGFR)-1, VEGFR-2, and VEGH_l.-3 tyrosine kinase activity, and pazopanih ta:rgets 
the activity of multiple tyrosine receptor kinases, including VEGFR-1 and VEGFR .. 2. TG100801 nonspecifically targets tyrosine 
kinascs, including VEGFRs. Sima-027 and bevasiranih target VEGFR-1 and VEGI;,A messenger RNA. 

process after neovascularization is arrested cannot be ruled 
out. 

Given the ubiquitous physiologic role of VEGF, evalu-· 
ation of potential safety risks associated with nonspecific 
inhibition of VEGF-A and other VEGf .. related targets is 
imperative. Herein, ,ve discuss potential safety issues \Vith 
current VEGF-targeted drng therapies in neovascuiar 
AMD and consider methods for identifying low rate 
systemic safety signals from neovascular A_l\11) patients 
treated ,virh these agents. 

ROUTE OF AD1vHNISTRAT!ON OF 
ANTI-VASCULAR ENDOTHELIAL 
GROWTH FACTOR AGENTS AND 

SYSTE1\,·HC SAFETY 

TT-IE ROUTE OF ADMINISTRATION MUST BE CONSJDERED TO 

understand potential systemic effects of anti-VEGF agents 
used to treat neovascular AJ:v1D. interestingly, i.ntraocular 
drugs also have been found in the systemic circulation, 
despite the presence of the blood-ocular barrier (ie, blood
retinal barrier), which shields the retina from circulating 
blood.5 Ocular drugs that are injected into the eye may enter 
the systemic circulation after absorption through uveal vessels 

( iris or ciliary body) or by aqueous humor outflow ( through 
the trabecular meshwork into the episcleral vessels).6 

Systemic circulation of topically applied ocular drugs 
{eg, eye drops, gels, or ointments) also is possible through 

several other routes. Penetration of topical ocular treat
ments into ocular tissues is relatively poor, and thus the 

active ingredients in ophthalmic drugs often are highly 
concentrated. 7 Approximately 40% of a standard 50-µl 
eye drop directly enters the highly vascular tear drainage 

apparatus,6 which results in drug absorption through mu
cous vessels in the nasal cavity. The conjunctiva repre

sents another route of drug entry into the systemic 
circulation. It has been estimated that up to 80% of 

topical ocular drugs may reach the systemic circulation 

after their ocular administration.8 For example, timolol 
maleate (Tim.optic; Merck & Co Inc, Whitehouse 
Station, New Jersey, USA), a (3-adrenergic receptor 

blocker used as a topical ocular therapy for glaucoma, 
can enter the systemic circulation and cause significant 
adverse events (AEs). Although the amount of timolol 

that reaches the systemic circulation is suspected to be 
low, these Levels nevertheless have produced significant 
AEs (eg, cardiovascular and bronchopulmonary AEs) in 

predisposed patients; however, these AEs were not 
discovered until after timolol was marketed.9

·
1c Timolol 

648 AMERiCAr·, j0URt--;AL OF OPHTHAL,v\0L0CY t'>~OVEMBER 2009  
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 621



Agent 

VEGF-A targeted 

Pegaptanib sodium (EyeTech 

Pharmaceuticals) 

Ranibizumab (Genentech Inc) 

Bevacizumab (Genentech Inc) 

VEGF Trapa (Regeneron 

Pharmaceuticals) 

Bevasiranibb (Acuity 

Pharmaceuticals) 

VEGFR targeted 

Sirna-027b (Sirna Therapeutics) 

TG100801 (TargeGen 

Pharmaceuticals) 

Vatalaniba (Novartis Pharma 

AG/Schering AG) 

Pazopaniba (GlaxoSmithKline) 

Administration Mechanism of Action Clinical Development Status 

lntravitreal Anti-VEGF-A aptamer that targets FDA approved in 2004 

VEGF165 and larger isoforms 

lntravitreal Humanized anti-VEGF-A antibody-binding FDA approved in 2006 

fragment that binds all isoforms and 

biologically active degradation products 

lntravitreal Humanized anti-VEGF-A antibody that 

binds all isoforms and biologically 

active degradation products 

lntravitreal Soluble fusion protein of VEGFR-1 and 

VEGFR-2 lg domains fused to lgG Fe 

domain; binds VEGF-A 

lntravitreal siRNA that targets VEGF-A 

lntravitreal siRNA directed against VEGFR-1 

Topical Multitarget tyrosine kinase (including 

VEGFR) antagonist that blocks 

neovascularization in preclinical trials 

Oral Receptor kinase inhibitor that targets 

VEGFR-1, VEGFR-2, and VEGFR-3 

Off-label use; ongoing phase 3 CATT trial to 

compare ranibizumab with bevacizumab 

in neovascular AMO 

Ongoing phase 3 study (VIEW 1) comparing 

VEGF Trap with ranibizumab for 

neovascular AMO 

Ongoing phase 3 clinical trial in combination 

with ranibizumab for neovascular AMO 

Ongoing phase 2 clinical trial in neovascular 

AMO 

Ongoing phase 2 trial in neovascular AMO 

Ongoing phase 1/2 trial in combination with 

PDT for treatment of neovascular AMO 

Topical Small-molecule tyrosine kinase inhibitor of A phase 1 trial in neovascular AMO was 

VEGFR-1, VEGFR-2, and VEGFR-3 recently completed (clinicaltrials.gov ID 

no. NCT00463320) 

w2s suspected of contributing to 32 deaths within the 
first 7 posrmarketing years. 11 

In some patients treated with systemic anti-VEGF-A 
agents, inhibition of essential VEGF-A functions has been 
detrimental to systemic health. VEGF-A is believed to 
function as a homeostatic factor for blood pressure (BP), and 

inhibition of this function is thought to increase vascular 
tension.12 For example, systemic inhibition of VEGF-A has 
been associated with an increased risk of arterial thromboem
bolic events (ATEs) in colorectal cancer patients treated 

with intravenous bevacizumab. In a phase 3 trial of 
bevacizumab in combination with chemotherapy, grade 3 
hypertension was reported in 4.0% of patients receiving 
bevacizumab compared with 1.0% receiving placebo; 
ATEs occurred in 2.0% of patients receiving bevacizumab 
compared with 1.0% receiving placebo. 13 In another phase 
3 trial of bevacizumab in combination with chemotherapy, 
grade 3 hypertension was reported in 16% and 3% of 
patients receiving bevacizumab plus chemotherapy vs che
motherapy, respectively. u 

SYSTEMIC SAFETY OF SYSTEMICALLY 
ADMINISTERED ANTI-VASCULAR 

ENDOTHELIAL GROWTH 
FACTOR AGENTS 

SYSTEMIC AES WITH VEGF ISOFORM INHIBIT!Ol',; MUST BE 

considered because of the ubiquitous distribution of the 
molecule and because VEGF isoform levels can change in 
response to disease conditions. It is possible that patients 
with lower systemic levels of VEGF-A have lower thresh
olds of tolerance to anti-VEGF agents and are at higher 
risk for systemic AEs that result directly from VEGF 
inhibition. To gain an understanding of potential systemic 
AEs that may emerge with intravitreal administration of 
anti-VEGF agents, we review the effects of such agents 
when administered systemically. 

An analysis of 5 randomized controlled trials that evalu
ated safety ofbevacizumab in 1,745 patients with colorectal, 
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Ocular AE, n (%) 

Presumed endophthalmitis 

Uveitis 

Traun·1atic cataract 

Rhegmatogenous retinal 

detachment 

Retinal tear 

Vitreous hemorrhage 

Systemic AE, n (%) 

/-\PTCATE 

Nonfatai Ml 

Non!atai stroke 

Vascular death 

0.5 mg 

F!anibizumab + Pl)]' 

l,n 105) 

3 (2 "'\ _,,~1, 

4(3.8) 

0 

0 

1 (1.0) 

2 (1.9) 

i:(4 31 ,J ,,} 

0 
5 (4.8) 

0 

RanibizurnaD 

PDT 0,3 mg 0.5 mg Sham 

(11 56) (11 238) In 239) l,n 236) \II 

0 2 (0,8) 3 (1.3) 0 

0 3 (1.3) 3 (1.3) 0 
I' ,/ 0 0 

0 0 0 

0 1 (0.4) 0 

2 (3.6) 1 (0.4) 1 (0.4) 2 (0 pi .. JJ 

4(7.'!) 11 (4,6) 11 (4.f)) 9 (3.8) 

3(5.4) 8(3.4) 3(1,3) 4 (1.7) 

0 3 (1.3) 8(3.3) 3 (1.3) 

1 ('1,8) 3 ('1.3) ~i (1.3) 4(U) 

t1~JCHOI~ - 2 Vesrs PIER - 2 Years 

Ranibizurnab Ra11ibizumab Ranibizurnab 

0 3 mg 0,5 mg PDT 0.3 mg 0.5 mg Shame 0.3 mg 0,5 mg 

\11 = 137) (11 = i40) (n = 143) (n = 59) (n = 61) (n = 62) (n = 1,169) (n = 1,209) 

0 3 (2.'I) 0 0 0 2 (0.2) 5(0.4) 

0 1 (0.7) 0 0 0 0 1 (O.i) 

0 0 0 0 0 0 0 

2 (1.5) 0 1 (0.7) 0 0 1 (0.1) 0 

0 1 (0.7) 0 0 0 0 1 (0.1) 

2(1.fi) 0 (' 0 0 11('13) 1 (0.1) \) ' v, I 

6 (4.4) 7 (5.0) 6/4 '') \ ,(. 1 (1.7) 0 30 (2,6) 34 (2.8) 

1 (0.7) 5(3.6) 2 (1.4) 0 0 14 (1.2) 15 (1.2) 

3 (2.2) 0 2 (1.4) 1 (1.7) 0 8 (0.7) 15 (0.2) 

2 ('I .5) 1) ,. 1 (1.7) 0 12 (1.0) 11 (0,9) 
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breast. and lung cancers demonstrated that the addition of 
bevacizumab to chemotherapy increased the risk for an 
ATE (hazard ratio, 2.0; 95% confidence imervaL LOS to 

3.75; P = ,031) compared with chemotherapy alone, ' 4 

Risk factor analysis revealed that development of an A TE 
was associated significantly with prior occurrence of an 
ATE (P < .001) and age older than 65 years (P = .01). 
The average age of patients in this study was not disclosed, 
but the majority of patients were younger than 65 years. 
Although the precise role of anti-VEGF-A agents in the 
development of ATEs is not understood fully, it has been 
suggested that inhibition of VEGF-A may disrupt the 
regulated expression of proinflammatory genes that pro
mote arteriovascular disease leading to thrombosis. t 4 

In the management of cancer, where VEGF-A plays a 
critical role in tumor vascularization, currently there is a 
lack of agreement about the clinical relevance of circulat
ing vs tumor VEGF-A levels. Furthermore, the absence of 
a predefined cut-off value for determining clinical useful
ness of VEGF-A measurement for therapy selection, as 
well as the absence of a standard VEGF-A detection assay, 
preclude the use of such measurements in treating solid 
tumors. 15 

ANTIANGIOGENIC AGENTS FOR 
NEOVASCULAR AGE-RELATED 

MACULAR DEGENERATION: OCULAR 
AND SYSTEMIC SAFETY 

• PEGAPT ANIB SODIUM: Pegaptanib sodium is a 28-base 
ribonucleic aptamer that binds with high affinity to VEGF165 
and larger isofonns. In the phase 3 VEGF Inhibition Study 
in Ocular Neovascularization (VISION) clinical trial, intra
vitreal pegaptanib sodium was well tolerated. Serious ocular 
AEs associated with pegaptanib sodium in the first year of the 
VISION were endophthalmitis, traumatic cataract, and 
retinal detachment, which were attributed to the injection 
preparation or procedure rather than to the drug itself. 16 

No AEs related to systemic VEGF-A inhibition were 
identified; however, patients with a history or evidence of 
severe cardiac disease or myocardial infarction (MI) within 
6 months and stroke within 1 year before the study were 
excluded from the VISION trial. 16 

• RANIBIZUMAB: Ranibizumab is a humanized antigen
binding fragment (48 kD) with a broader molecular target 
profile than pegaptanib sodium, binding to all isoforms of 
VEGF-A and their biologically active degradation prod
ucts. Ranibizumab is the first and only FDA-approved 
treatment for neovascular AMD that improves vision in 
patients. In the phase 3 Anti-VEGF Antibody for the 
Treatment of Predominantly Classic Choroidal Neovascular
ization in AMD (ANCHOR) and Minimally Classic/Occult 
Trial of the Anti-VEGF Antibody Ranibizumab in the 
Treatment of Neovascular AMD (MARINA) trials, intrav-

itreal ranibizumab injections were associated with a low rate 
of ocular AEs, including endophthalmitis, uveitis, and tran
sient increases in intraocular pressure. In these trials, a 
slightly increased but still low rate of systemic AEs, such as 
Antiplatelet Trialists' Collaboration (APTC) ATEs and 
nonocular hemorrhages, were reported (Boyer DS, et al. A 
safety overview of ranibizmnab in patients with wet AMD: 
ANCHOR, MARINA, PIER, and SAILOR. Presented at 
the Annual Meeting of the American Academy of Oph
thalmology, November 8 to 11, 2008, Atlanta, Geor
gia).17·18 Two-year data from the phase 3 MARINA trial 
showed that the rate of APTC ATEs was 4.6% in both 
ranibizumab dosage groups compared with 3.8% in the 
sham injection group (Table 2), and serious nonocular 
hemorrhages were reported in 2.1 % and 1.3% of patients 
in the 0.5-mg and 0.3-mg ranibizumab groups, respectively, 
compared with 0.8% of patients in the sham group. At 
2-year follow-up of the phase 3 ANCHOR trial, APTC 
ATE rates were 5.0% of patients in the 0.5-mg group 
compared with 4.4% in the 0.3-mg group and 4.2% in the 
verteporfin photodynamic therapy (PDT) group (Table 2); 
serious nonocular hemorrhages were reported in 2 .1 % and 
2.9% of patients in the 0.5-mg and 0.3-nig ranibizumab 
groups, respectively, compared with 0.7% of patients in the 
verteporfin group. 

Low rates of MI and stroke were reported in MARINA 
and ANCHOR. Although MARINA and ANCHOR did 
not exclude patients with a recent ~11 or stroke, investi
gators could exclude patients with any condition that 
might have contraindicated the use of an investigational 
drug or put the subject at high-risk for treatment compli
cation. The rates of MI and stroke for all patients enrolled 
in MARINA were 1.8% and 1.5%, respectively, and in 
ANCHOR these were 1.5% and 1.2%, respectively (at the 
24-month follow-up). 17

•
18 The annual rates of MI and 

stroke in a general inpatient population are 2.2% and 
4.1%, respectively. 19 

In the 2-year, Phase IIIb, Multicenter, Randomized, 
Double-Masked Sham Injection-Controlled Study of the 
Efficacy and Safety of Ranibizumab in Subjects with 
Subfoveal Choroidal Neovascularization with or without 
Classic CNV Secondary to AMD (PIER) clinical trial, in 
which ranibizumab (0.3 mg and 0.5 mg) was administered 
as 3 monthly injections followed by quarterly injections, 
few ocular and systemic AEs were reported. One stroke 
(1.7%) was reported in a patient receiving 0.3 mg ranibi
zumab; no Mis were reported among patients receiving 
either dose of ranibizumab (Table 2; Boyer DS, et al. A 
safety overview of ranibizumab in patients with wet AMD: 
ANCHOR, MARINA, PIER, and SAILOR. Presented at 
the Annual Meeting of the American Academy of Oph
thalmology, November 8 to 11, 2008, Atlanta, Georgia). 
In the 2-year, phase 1/2 rHu-Fab V2 Ocular Treatment 
Combining the Use of Visudyne to Evaluate Safety 
(FOCUS) trial, in which patients received 0.5 mg ranibi
zumab plus PDT or PDT alone, APTC A TE rates were 
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4.8%, and 7.1 1}0, respectively (Table 2). No Mis were 
reported in the ranibizumab plus PDT treatment arm; 
however, 4.8% of patients experienced a stroke (Table 2). 
In the I-year, phase 3b Safety Assessment of Intravitreal 
Lucentis for AMD (SAILOR) trial (cohort 1), in which 
patients received 0.3 mg or 0.5 mg intravitreal ranibizumab 
followed by treatment as needed, APTC A TE rates were 
2.6% and 2.8%, respectively (Table 2). The rate of MI was 
1.2% for each ranibizumab dose group. The rate of stroke 
was higher among patients receiving 0.5 mg ranibizumab 
(1.2%) than among patients receiving 0.3 n1g ranibizumab 
(0.6%), although this difference was not statistically sig
nificant (Boyer DS, et al. A safety overview of ranibizumab 
in patients with wet AMD: ANCHOR, MARINA, PIER, 
and SAILOR. Presented at the Annual Meeting of the 
American Academy of Ophthalmology, November 8 to 11, 
2008, Atlanta, Georgia). 

A meta-analysis of the systemic safety of intravitreal 
ranibizumab, based on a pooling of first-year data from 
Mi\RINA, ANCHOR, PIER, FOCUS, and SAILOR and 
on second-year data from MARINA, ANCHOR, PIER, 
and FOCUS showed that overall APTC ATE rates for the 
total patient population are similar across treatment groups 
(Boyer DS, et al. A safety overview of ranibizumab in 
patients with wet AMD: ANCHOR, MARINA, PIER, 
and SAILOR. Presented at the i\nnual Meeting of the 
American Academy of Ophthalmology, November 8 to 11, 
2008, Atlanta, Georgia). Further analysis of APTC ATE 
rates for the aforementioned clinical trials is ongoing. 

• BEVACIZUMAB: Bevacizumab is a full-length monoclo
nal antibody (148 kD) that binds to all isoforms of 
VEGF-A and its bioactive degradation forms. Bevacizumab 
targets the same VEGF-A isoforms as ranibizumab and, 
when administered intravitreally, is detected longer in 
systemic circulation than intravitreal ranibizumab.2

l:-l2 

In a small, nonrandomized clinical study, intravenous 
bevacizumab for the treatment of neovascular AMD re
sulted in a significant elevation of systolic and diastolic BP, 
evident at 3 weeks ( compared with baseline; P < .001 ).23 
Although the safety of intravitreal bevacizumab for neovas
cular AMD has not been investigated in large, randomized, 
masked clinical trials, retrospective case series evaluating 
intravitreal bevacizumab have shown that bevacizumab is 
well tolerated in most patients with neovascular AMD and 
other retinal and choroidal vascular diseases. 24 -

26 A prospec
tive, nonrandomized clinical study also demonstrated the 
ocular and systemic safety of intravitreal bevacizumab for the 
treatment of neovascular AMD. 27 Furthermore, the Interna
tional Intravitreal Bevacizumab Safety Survey, which col
lected self-reported safety data from retinal physicians 
through the Internet between November 2005 and April 
2006 from patients from 12 countries, showed that bevaci
zumab generally was safe: for 5,228 patients, a total of 
7,113 injections were reported. The most common poten
tial drug-related ocular AE was inflammation or uveitis 

(0.14%), and the most common potential drug-related 
systemic AE was BP elevation (O.21 %).28 The rates of AEs 
reported in this survey were lower than those reported for 
ranibizumab in the MARINA and ANCHOR trials, which 
raises the possibility that self-reporting methods may not 
be reliable to detennine true safety rates. The safety of 
intravitreal bevacizumab, as well as its efficacy, compared 
with ranibizumab currently are being evaluated in the 
National Eye Institute-sponsored randomized, phase 3 
Comparison of AMD Treatment Trials (CATT) Study. 

• VASCULAR ENDOTHELIAL GROWTH FACTOR TRAP: 

VEGF Trap is a soluble fusion protein ( 110 kD) containing 
the extracellular sequences for VEGF receptors 1 and 2 
that consequently acts as a VEGF decoy receptor.29 Based 
on its molecular structure, VEGF Trap has very broad 
targeting, binding to all VEGF family members. VEGF 
Trap binds VEGF-A with higher affinity than antibodies 
(it has an approximately 14O-fold higher affinity than that 
of ranibizumab),3° which may make it active at lower 
concentrations and may reduce the frequency of dosing 
relative to other anti-VEGF agents.3

l Based on the size and 
binding affinity of VEGF Trap, n1odeling of its predicted 
biologic activity demonstrated that on days 73, 83, and 87 
after a O.5-mg, 2-mg, and 4-mg injection, respectively, its 
biologic activity is comparable with that of ranibizumab 
dosed at 0.5 mg at 30 days.30 It is unclear whether the 
higher affinity of VEGF Trap for its targets, its relatively 
broad molecular targeting, and predicted intravitreal half
life will be associated with greater systemic safety risks. 

In a randomized, double-masked, escalating-dose, pla
cebo-controlled phase 1 trial of 25 patients with neovascular 
AMD treated with intravenous VEGF Trap, a dose-depen
dent increase in hypertension was observed, and the clinical 
trial and clinical development of systemic VEGF Trap for 
neovascular AMD were halted. Systemic VEGF Trap no 
longer is being evaluated for ocular disease.32 

Consequently, the Clinical Evaluation of Antiangiogen
sis in the Retina (CLEAR-IT) AMD 1 phase 1 study 
evaluated intravitreal injection of VEGF Trap (O.15 or 4 
mg), which was well tolerated, with no ocular inflamma
tion.n In the CLEAR-IT AMD two randomized, con
trolled phase 2 study of the safety and efficacy of VEGF 
Trap at different doses and dosing regimens, VEGF Trap 
also generally was well tolerated, with no drug-related 
systemic AEs. The most common AEs were associated 
with the intravitreal injections (Do DV, et al. Results of 
a phase I study of intravitreal VEGF Trap in subjects 
with diabetic macular edema: the CLEAR-IT DME 
Study. IOVS 2OO7;48:ARVO E-Abstract 143O/B486). 
The VEGF Trap-Eye: Investigation of Efficacy and 
Safety in Wet AMD (VIEW) 1 and VIEW 2 are ongoing 
phase 3 trials designed to investigate different dosing 
intervals ofVEGF Trap and should help to elucidate the 
ocular and systemic safety profiles of VEGF Trap in 
neovascular AMD patients. 
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Description Pros Cons 

Clinical trials {including Studies that evaluate safety Postmarketing trials may help to Often lack statistical power to detect rare 

AEs or an increased rate of AEs in 

certain patient population; ethical 

concerns with conducting these trials 

postmarketing trials) and tolerability of new identify AEs not detected during 

Meta-analyses 

drugs under 

development 

Studies that pool clinical 

trial data of new or 

approved drugs 

clinical development 

Increase the number of patients 

evaluated to detect rare adverse 

events 

Often combine trials with heterogeneous 

study designs and patient populations; 

may not be statistically powered to 

detect very rare AEs 

Chart reviews Physician-recorded patient 

history 

Useful for verification of information Impractical as first-line approach 

obtained through other methods 

EMRs Health information 

technology systems of 

patient records 

Computerized search programs; large Inconsistencies in reporting and oversight 

data sets; allows combination of of potentially important variables; tend 

variables to identify new diagnoses 

or AEs 

to be small and expensive 

Registries and 

databases 

Disease- or product-based 

databases 

Large and relatively inexpensive; Nonrandomized treatment may result in 

sampling of patients with few or no inaccurate assessments based on 

exclusion criteria registry data; require close attention to 

patient enrollment plans, data 

collection methods, and study 

endpoints 

Spontaneous reporting 

databases 

May represent the best method for 

detecting low-frequency AEs 

Underreporting of AEs; delays in 

reporting; inability to assess incidence 

rates; reporting bias; lack of control 

group 

Healthcare utilization 

databases 

CMS population-based 

databases 

Large data sets; relatively 

inexpensive; able to capture data 

on routine clinical care 

Lack of detail; may include misdiagnoses 

or incomplete diagnoses; difficulty in 

distinguishing incidence vs prevalence; 

applicable to elderly or low-income 

populations only 

MECHANiSiV\S FOR IDENTIFYING LOVV 
RATE SYSTEMIC SAFETY SIGNALS 

lT lS USEFUL TO lr<TERPRET TRIAL-GENERATED SAfETY PRO

files to help predict AE risk frn real-life patients. Notably, 
however, safety profiles of marketed drugs used in the 
real--liJe sening may differ frorn those anticipated based on 
clinical lTial data because extremely rare AEs may be 
undetected duriwi clinical trials. 

Even large-scale clinical trials, including the MARINA 
(n = 716), ANCHOR (n = 423), SAILOR (n = 4,300), 
and the ongoing CATT (n = 1,200) and VIE\YJ l (n = 
1,200) and VIEW 2 (n = 1200) trials of anti-VEGF agents 
for the treatment of neovascular Alv1D mav not have 
sufficient statistical power to detect imv rates of AI:".s, 
including the differences between rates across treatment 
arrns. For example, a clinical trial involving 50,000 pa
tients would be needed to demonstrate statistical signifi
cance in the increase of an AE rate from 0.19{, to 0.2'Jo.H 
Even more difficult to detect is an increase in the rate of 
already established AEs (eg, an increased stroke rate in a 

group of diabetic patients already prone to stroke). 

The clinical significance of identifying low rate systemic 
safety signals is exemplified by the recent experience with 
rofecoxib. The failure to recognize the increased risk of 
rofecoxib-induced MI was a consequence of poor AE 
reporting and the interpretation of findings from clinical 
trials insufficiently powered to determine such risks.35 

It is estimated that adverse drug reactions account for 3% 

to 6% of hospital admissions and up to 100,000 deaths 
annually in the United States.36 It therefore is essential to 
have highly sensitive methodologies in place for identifying 
low rate systemic safety signals. Several common approaches 
are described below and are summarized in Table 3. 

• CLINICAL TRIALS (INCLUDING POSTMARKETING TRI

ALS): Clinical trials are designed to evaluate the safety 

and tolerability of new drugs under development. How
ever, as mentioned previously, most trials do not have 
sufficient statistical power to detect very rare AEs or an 
increase in the rate of established AEs in certain patient 
populations. Furthermore, clinical trials may exclude 
patients with certain preexisting medical conditions 
who could have adverse outcomes with comorbidities or 
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when ,he trial drugs and other medications are crnn
bined. The systematic assessment of potential safety 
issues in larger postrnarketing clinical rrials may help to 

identify AEs not detected during the clinical develop
ment stage. However, there are ethical concerns with 
conducting these trials unless there is evidence that 
patients may derive benefit from them. 

111> META-ANALYSES: Met:i<malyses may be performed to 
evaluate larger pools of patient safety data. The strongest 
rneta-;malyses are ,hose based on ;1 specific research ques
tion on which a hypothesis can be formulated and tested 
ancl those that include studies 1ha1 are relatively homoge
neous with respect to patient populations and design. 
Well-conducted rnern-analyses offer an inregrntion of a 
larger data pool that can provide much stronger support for 
a drug's safety profile. Nevertheless, mera-analyses often 
are limited by the inclusion of heterogeneous patient 
populations and varying doses and rreannent retiirnens. 
Similar to individual clinical trials, meta-analyses also may 
lack sufficient statistical power. 

,_ CHART REVIEWS: Ahhougb impractical as a firsdine 
approach, chart review remains the gold srnndard for 
identifying Afa and may be useful for the verification of 
h,formation obtained through other methods, such as 
Centers for Medicare and Medicaid Systems (CMS) data
bases, etc. 

• ELECTRONIC ?v1EDICAL RECORDS: Electronic medical 
records are health infrmnation technology systems that 
maintain patient records, including several detailed data 
fields, and 1har allow a combination ,)f variables to identify 
new diagnoses or AEs. 37 Computerized search programs, 
including free-text searches, can be used to detect drug
induced AEs with moderate sensitivity. Such methods for 
detecting AEs are limited by inconsistencies in reporting 
and omissions in reporting potentially important variables, 
such as the use of over-the-counter medications.38 Al
though electronic medical records typically provide exten
sive data sets, they also tend to be small and expensive. 37 

• REGISTRIES AND DATABASES: Registries are large dis
ease-based or product-based databases that include sampling 
of patients with few or no exclusion criteria; however, 
because treatment is not randomized, accurate assessment of 
safety based on registry data requires close attention to 
patient enrollment plans, data collection methods, and 
study endpoints. Other databases include spontaneous 
reporting databases, population-based databases, and 
healthcare utilization databases. 

National and international spontaneous reporting data
bases, such as those supported by the World Health 
Organization (WHO), have the advantages oflarge size (with 
200,000 patients included per year)39 and relatively low cost. 
However, the disadvantages of these spontaneous reporting 

databases include underreporting of AEs+0 (eg, it has been 
estimated that less than 1 % of serious AEs are reported to the 
FDA),41 A2 delay in reporting AEs (which may delay detec
tion of safety signals), inability to assess incidence rates, 
reporting bias, and lack of a control group.37 Nonetheless, 
it has been suggested that spontaneous reporting to these 
databases is the best method for detecting low-frequency 
AEs because of the minimal number of case reports ( range, 
3 to 9) needed for a signal.39

•
43 

The FDA is responsible for monitoring safety of mar
keted drugs by means of its AE Reporting System" Data
base. The database is updated with mandatory reports from 
pharmaceutical companies of physician- and pharmacist
communicated AEs and with AE reports submitted directly 
to the FDA's MedWatch program by healthcare professionals 
(physicians, pham1acists, nurses, and dentists) and patients.40 

Other countries have similar mechanisms to capture AEs 
reported by healthcare professionals. In the United Kingdom, 
the Medicines and Healthcare Products Regulatory Agency 
and the Commission on Human Medicines have collected 
more than 500,000 reports of AEs through their electronic 
database.36 In Canada, the Canadian Adverse Drug Reac
tion Information System Database is used to monitor the 
safety of marketed drugs and to corroborate safety trends 
in other countries (http://www.hc-sc.gc.ca/dhp-mps/alt_ 
formats/hpfb-dgpsa/pdf/medeff/cadris-2-eng.pdf; Accessed: 
April 20, 2009). 

The WHO Collaborating Centre for International Drug 
Monitoring in Uppsala, Sweden, compiles worldwide data 
from various national spontaneous reporting systems, in
cluding the FDA, thus allowing comparisons of AEs that 
occur in different countries. 39 With coordination among 
international organizations, this methodology may amplify 
the signal for the detection of extremely rare AEs. 

International Internet-based databases (or surveys) also 
may prove useful in estimating the rates of rare drug
related AEs. Self-reported AEs can be solicited from 
physicians to provide a real-world risk assessment of 
heterogeneous populations, similar to the aforementioned 
intravitreal bevacizumab survey.26 However, the AE rates 
calculated from such surveys should be interpreted with 
caution because of the voluntary nature of reporting safety 
events and the lack of standard and systematic methods of 
measuring parameters such as BP, intra ocular pressure, and 
inflammation. 44 

Health administration databases such as the CMS data
base contain data from millions of patients and can be used 
to assess drug-related AEs. The advantages of these large, 
linked, administrative databases include the collection of 
large data sets, relatively low cost, and ability to capture 
data related to routine clinical care.37 Limitations include 
lack of detail (eg, with respect to diagnoses), the potential 
to include misdiagnoses or incomplete diagnoses, and the 
difficulty in distinguishing between incidence and preva
lence (because patients may have had preexisting medical 
conditions before their inclusion in the CMS database), as 
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well as the applicability to elderly or bw-income popula
tions only." The FDA currently is coordinating collabo
rative efforts with CMS to integrate CMS safety data into 
the AE Reporting System safety analysis (http://www.fda. 
gov/oc/oms/ofm/budget/2007 /HTML/5DrugSafetyPOM. 
htm; Accessed: April 20, 2009). In addition, pharmaco
epidemiologic studies using these large databases can 
be useful in identifying rare events, as well as drug 
interactions. 

In summary, the specificity of molecular targeting of a 
therapeutic agent can impact its efficacy and safety profiles: 
in general, the more broadly acting an agent, the greater is 
its potential for efficacy, but so, too, is its potential for 
causing AEs. Two main potential determinants of systemic 
AEs with intravitreal anti-VEGF therapies include degree 
of systemic exposure (blood levels) and the degree of 
systemic anti-VEGF blockade. Data from animal studies 
suggest that systemic levels after intravitreal injection of 
0.5 mg ranibizumab45 are similar to those after an intrav
itreal injection of 0.3 mg pegaptanib.46 However, the exact 
isoforms that may play a role in maintaining systemic tissue 

health are unknown. Therefore, it is reasonable to hypoth
esize that a more selective VEGF blocker (such as pe
gaptanib )47 may elicit fewer systemic side effects than a 
pan-VEGF blocker (such as ranibizumab).45 

The systemic safety ofVEGF-targeted therapies currently is 
under investigation, with predominantly circumstantial evi
dence from clinical trials linking VEGF inhibition to systemic 
AEs. Additional data are needed to ascertain whether 
intravitreal administration of more broadly targeted 
antiangiogenic agents is associated more frequently with 
systemic AEs than the intravitreal administration of 
n10re VEGF isoform-selective agents. We propose im
plementing methodologies, including postmarketing 
clinical trials, chart reviews, electronic medical records, 
various national and international registries and data
bases, and meta-analyses for the detection of low rate 
safety signals to evaluate systemic safety of antiangio
genic drugs in ocular diseases such as neovascular AMD. 
Stricter FDA guidelines may be required to enforce 
policies of premarketing and postmarketing drug safety 
surveillance. 
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One..-Year Outcomes of the DA VINCI 
Study of VEGF Trap..-Eye in Eyes with 
Diabetic Macular Edema 

Diana V. Do, MD, 1 Qucm Dong Nguyen, MD, ?v1Sc, 1 DaqJid Boyer, MD,2 Ursula Sclrrnidt-fafunh, MD,3 
David M. Brown, MD,4 Robert Vitti, MD,5 Alyson]. Berliner, MD,5 Bo Cao, PhD, 5 Oliver Zeitz, MD, 6

·
7 

Rene Ruckert, MD,6 Thomas Schmelter, PhD, 6 Rupert Sandbrinl,, MD, PhD, 6
J
3 Jeff S. Heier, t-AD, 9 for the 

DAVINCl Study GroujJ* 

Purpose: To compare different doses and dosing regimens of Vascular Endothelial Growth Factor (VEGF) 
Trap-Eye with laser photocoagulation in eyes with diabetic macular edema (DME). 

Design: Randomized, double-masked, multicenter, phase 2 clinical trial. 
Participants: Diabetic patients (n = 221) with center-involved DME. 
Methods: Participants were assigned randomly to 1 of 5 treatment regimens: VEGF Trap-Eye 0.5 mg every 

4 weeks (0.5q4); 2 mg every 4 weeks (2q4); 2 mg every 8 weeks after 3 initial monthly doses (2q8); or 2 mg dosing 
as needed after 3 initial monthly doses (2PRN), or macular laser photocoagulation. 

Main Outcome Measures: The change in best--corrected visual acuity (BCVA) at 24 weeks (the primary end 
point) and at 52 weeks, proportion of eyes that gained 15 letters or more in Early Treatment of Diabetic 
Retinopathy Study (ETDRS) BCVA, and mean changes in central retinal thickness (CRT) from baseline. 

Results: As previously reported, mean improvements in BCVA in the VEGF Trap-Eye groups at week 24 
were 8.6, 11.4, 8.5, and 10.3 letters for 0.5q4, 2q4, 2q8, and 2PRN regimens, respectively, versus 2.5 letters for 
the laser group (P ~ 0.0085 versus laser). Mean improvements in BCVA in the VEGF Trap-Eye groups at week 
52 were 11.0, 13.1, 9.7, and 12.0 letters for 0.5q4, 2q4, 2q8, and 2PRN regimens, respectively, versus - ·1,3 
letters for the laser group I?::; 0.0001 versus laser). Proportions ot eyes wit~, gains in BCVA of 15 or more ETDRS 
letters at week 52 in the VEGF Trap-Eye groups were 40.9%, 45.5%, 23.8%, and 42.2% versus ·1 ·1 .4% for laser 
(P = 0.0031, P = 0.0007, P = 0.1608, and P = 0.0016, respectively, versus laser). Mean reductions in CRT in 
the VEGF Trap-Eye groups at week 52 were -165.4 f,tm, -227.4 p:m, -187.8 ,um, and -180.3 p,m versus -58.4 
p,m for laser (P < 0.0001 versus laser). Vascular Endothelial Growth Factor Trap-Eye generally was well tolerated. 
The most frequent ocular adverse events with VEGF Trap-Eye were conjunctiva! hemorrhage, eye pain, ocular 
hyperemia, and increased intraocular pressure, whereas common systemic adverse events included hyperten-· 
sion, nausea, and congestive heart failure. 

Conclusions: Significant gains in BCVA from baseline achieved at week 24 were maintained or improved at 
week 52 in all VEGF Trap-Eye groups. Vascular Endothelial Growth Factor Trap-Eye warrants further investigation 
for the treatment of DME. 

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references. 
Ophtha!moiogy 2012;xx:xxx © 2012 by the American Academy of Ophtha!moiogy. 

Diabetic mac:ular edema (DME) is the most common cause 
of vision loss for patients with diabetes meHitus. 1 The 
Wisconsin Epidemiologic Study found tbat the prevalence 
of mac:ular edema was associated with an increasing durn-
tion of diabetes_,? 3 Worldwide, the prevalence of adult dia
betes is anticipated to rise from 4.0% in 1995 to 5.4% by 
2025.4 Given this rising prevalence, it is expected that 
diabetic: retinopathy and DME will continue to be common 
and will be important causes of vision impairment. 

The complex pathophysiology of DME has been under 
investigation in recent years. In individuals with diabetic 
retinopathy. fluid can accumulate within the retina as a 
result of a breakdown in the blood-retinal ban-ier. Hyper
glycemia associated with diabetes stimulates an inflamma-

© 2012 by the American Academy of Ophthalmology 
Published by Elsevier In,:. 

tory response, which causes detrimental effects on the ret
inal vasculature. 3 Vascular occlusion and ischemia results, 
and can lead to local hypoxia. 6 Vascular endothelial growth 
factor (VEGF) and a host of other growth factors are up
regulated during hypoxic conditions, and an inflammatory 
cascade of events can ensue. 

Vascular endothelial growth factor is thought to be a key 
factor in the pathogenesis of DME3

'
7 and is a vasoactive 

cytokine thar both induces vascular pem1eabiliry and stim
ulates angiogenesis. It is approximately 50 000-fold more 
potent in inducing permeability than histamine8 -w and af
fects endothelial tight junction proteins. Vascular endotl1e
lial g:rowrh factor is known to cause a breakdown of rhe 
blood-retinal barrier, followed by extracellular fluid accu
mulation and retinal edema. t t 
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Vascular endothelial growth factor concentrations are 
elevated in both the vitreous fluid and aqueous humor of 
parients with active proliferative diabetic retinopathy. ,:u :, 
One study reported that VEGF concentrations in aqueous 
humor were elevated nearly 5-fold in DME eyes compared 
with that of age--matched controls.' 4 Another study showed 
that the VEGF concentrations in the aqueous humor of eyes 
with DME were 3--fold higber than in the plasma. 1

? More
over, these elevated VEGF levels were correlated signifi
cantly with the severity of DME. n Elevated VEGF c:oncen-
trations are associated with extensive macular leakage in 
diabetic eyes, and numerous srudies have shown that VEGF 
inhibitors are effective for reducing retinal thickness and 
improving visual acuity. ,s-n 

Vascular Endothelial Growth Factor Trap-Eye is a 
l l5-kDA recombinam fusion protein comprising the key 
VEGF binding domains of human V EGF receptors l and 
2 fused to the Fe domain of human immunoglobulin 
G i _n Vascular Endothelial Gmwtb Factor Trap-Eye is a 
panisoform VEGF-A inhibitor whose binding affinity to 
VEGF is substantially greater than that of either bevaci-
zumab or ranibizumab,2 3 leading to a mathematical 
model predicting it could have substantially longer dura
tion of action in the eye. 2" In addition, V EGF Trap-Eye 
binds placental growrh factors l and 2, which have been 
shmvn to contribnte to excessive vascular permeability 
and retinal neovascularization?5 

The phase 2 clinical trial DME And VEGF Trap-Eye: 
INvestigation of Clinical Impact (DA VlNCl) was designed 
to compare intravitreal VEGF Trap--Eye with rnacular laser 
photocoagulation. Results at week 24 (primary end point 
data) from tbe current study have been published previ-
ously,26 and all VEGF Trap-Eye arms showed significant 
gains in visual acuity compared with laser treatmem 
(P :S 0.0085) at week 24. Patients in this study continued 
with their assigned dosing regimen and continued follow-up 
to determine if these visual acuity gains were maintained 
through week 52. The l -year results are reported here. 

Patients and Methods 

The DA VINCI study was a randomized, double-masked, active
controlled multicenter phase 2 clinical trial. Thirty-nine sites in tl-ie 
United Slates, Canada, and Austria participated in the trial, and 
patients were enrolled between December 2008 and June 2009. 
The primary objective was to assess the efficacy of various doses 
a.'1d dose intervals of intravitreal VEGF Trap-Eye (aflibercep1 
injection) on BCV A. The primary end point was the change in 
BCVA from baseline to week 24. Secondary objectives were lo 
assess the effects of intrnvitreal VEGF Trap-Eye on retinal thick
ness assessed by optical coherence tomography (OCT) and to 
assess safety and tolerabili1y of intravi1real VEGF Trap-Eye in 
eyes with DME. Secondary outcomes were the change in BCV A 
from baseline al week 52, the propor1ion of eyes that gained at 
least 15 ETDRS letters in BCV A compared with baseline at ,veeks 
24 and 52, 1he change in central retinal thickness (CRT; cen1.rnl 
subfield on OCT) from baseline to weeks 24 and 52, and the 
number of focal laser treatmems given. 

The study protocol was approved by the institutional review 
board or ethics committee at every institution and was conducted 
according to the recommendations of Good Clinical Practice and 

2 

the 1.ene1s of the Declara1ion of Helsinki. The study was compliant 
with the rnles and regulations under the Health Insurance Porta
bility and Accountability Act of l 996. All patiems provided writ
ten info1med consent to pai1icipate in 1he study. The DA VINCI 
study is registered with ClinicalTrial,.gov (NCT00789477). 

Participants 

The study enrolled adult patients 18 years of age or older vvith type 
1 or 2 diabetes rnellitus with clinically significant DME with center 
involvement of 1he fovea, defined as a central subfield measure
ment of 250 i..tm or more on time-domain OCT (StrntLls OCT: Carl 
Zeiss Meditec, Jena, Germany). ln addition, patien1s bad an ET-
DRS BCVA letter score at 4 m of 73 to 24 (20/40 to 20/320) in the 
study eye.2 

'·
2

" Patients were excluded if any of the following were 
present in the study eye: history of vitreoretinal surgery, panretinal 
or macular laser photocoagulation within 3 momhs of screening, 
previous use of intraocular or periocular corticosteroids within 3 
months of screening, or other ocular disorders that could contribute 
to vision loss and could confound the study results. In addition, 
previous treatment wi1h antiangiogenic drngs for either eye 
(pegaptanib sodium, anecortave acetate. bevacizmnab, ranibi
zumab, etc.) \Vas not allowed within 3 months of screening. Pa
tients with uncontrolled diabetes mellitus or hypertension ( systolic 
blood pressure > l 80 rnmHg or > 160 mmHg on 2 consecutive 
measurements or diastolic blood pressure > 100 mmHg on optimal 
medical regimen) also were excluded from the study. 

Treatments 

Eyes were assigned randomly using a 1:1:1:l:l ratio to one of the 
following treatment regimens (Fig l): (1) 0.5 mg VEGF Trap-Eye 
every 4 weeks (0.5q4): (2) 2 mg VEGF Trap-Eye every 4 weeks 
(2q4); (3) 2 mg VEGF Trap-Eye every 8 weeks after 3 initial 
monthly doses (2q8); (4) 2 mg VEGF Trap-Eye, with dosing as 
needed after 3 initial monthly doses (2PRl~l; (5) laser photocoag
ulation using a modified ETDRS protocoln at baseline and then as 
needed (but no more frequently than every 16 weeks). Eyes in the 
laser group also received a sham injection every 4 weeks. 

Vascular Endothelial Grow1h Factor Trap-Eye, provided by 
Regeneron Pharmaceuticals, Inc (Tanytown. New York), was 
administered by intravi1real injection with a 30--gauge needle using 
standai·d ophthalmic techniques. Vasculai· Endothelial Growth 
Fac1or Trap-Eye was fommlated as a sterile liquid lo a final 
concentration of either JO mg/ml or 40 mg/ml VEGF Trap-Eye. 
The injection volume was 50 µJ (0.05 ml). which provided 1.he 
delivery of 0.5 mg or 2 mg of VEGF-Trnp-Eye. Sham injections 
were peliormed following the identical treatment protocol used for 
the active injections, but only gentle application of tbe hub of tbe 
syringe (without the needle) to the sclera ,vas used to mimic an 
injection. 

Laser photocoagulation was perfonued using the modified ET
DRS protocol (baseline treatment at week 1 ).-' '.' 8 After topical 
anesthesia and placement of a contact lens, grid therapy was 
applied to the thickened areas of the retina with diffuse lealrnge, 
focal 1herapy, or both being applied to leaking mic:roaneurysms 
within the areas of retinal thickening. Sham laser treatments con
sisted of placing a contact lens on the study eye and positioning the 
patient in front of the laser machine for the approximate duration 
of a laser treatment, ,vhile foe laser remained in the off position. 

Retreatrnent Criteria 

After the 3 initial monthly doses, eyes assigned to the 2PRN anu 
received an injection of smdy drug if any one of the following 
criteria were present: a more than 50-µ.rn increase in CRT com--
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Fjgure 1. Diagram :,ho\ving study design ,.vith interventions and schedule of visits throughout the course of the 12~rnonth :,tudy. 0.5q4 :..-_-: 0.5 rng every 

4 weeks; 2q4 = 2 mg every 4 weeks; 2q8 = 2 mg for 3 initial monthly doses rhen every 8 weeks; 2PRN = 2 mg for 3 iniriai monthly doses rhen as needed; 
box = injection; grey = as needed; c,val = laser; outline = sham; solid = active; VE()P = vascular endothelial grov.rth factor. 

pared with the lowest previous measurement new or persistent 
cystic retinal changes, subretinal fluid, or persistent di ffose edema 
of 250 1.un or more on OCT; a loss of 5 or more le1ters of BCV A 
from !he best previous measuremem in conjunction with any 
increase in CRT; and an increase in BCV A between the current 
and most recent visit of 5 letters or more. Eyes assigned to the 
2PRN anu received sham injections if none of the retreatmen1 
criteria above were met. 

Eyes in the laser photocoagulation arm of the study received 
their initial laser at week 1 (Fig 1 ). Starting at week 16, eyes were 
assessed for retreatment according to the following ETDRS crite
ria and were retreated if any one of the ciiteria were met: an 
increase in retinal thickness at or within 500 µm of the center of 
the macula; hard exndates at or within 500 µm of the center of the 
macula, if associated with thickening of adjacent retina; zone(s) of 
retinal thickening l disc area or larger (any part of which was 
wi1hin 1 disc diameter of the center of 1he macula). 

Starting at week 24 (month 6), these same three criteria were 
used to assess eyes in the VEGF Trap-Eye arms for laser rescue. 
Eyes in the VEGF Trap-Eye arms that met the criteria for laser 
rescue received laser l week after the scheduled visit, which they 
qualified for laser rescue. Subsequent laser rescue treatments could 
be performed a1 16-week intervals. 

Masking 

Treatments (study drng injection, sham injection, laser or sham 
laser photocoagulation) were perfo1med by an unmasked physi
cian. A separate masked physician was assigned to assess adverse 
events (AEs) and retreatment and rescue criteria and to supervise 
the masked assessment of efficacy. Every effort was made to 
ensure that all other study site personnel remained masked to 
treatment assignment to facilita1e an unbiased assessment of effi
cacy and safety. 

Measurements 

Visual acuity was measured using the ETDRS protocol.28 Retinal 
and lesion characteristics of the study eye were evaluated using 
time-domain OCT (Zeiss Stratus OCT equipped wi1h software 
version 3.0 or grea1er; Carl Zeiss Meditec, Jena, Ge1many). The 
study eye was evaluated by dilated funduscopic examination, 
fundus photography, and fluorescein angiography. The severity of 
each patient's diabetic retinopathy v.;as assessed using the Diabetic 
Retinopa1hy Severity Score.2'; [ntraornlar pressure of the study eye 
was measured using Goldmann applanation tonometry (Haag
Streit AG, K()niz, Switzerland) or the Tona-Pen (Reichert Tech
nologies, Depew, New York) before dosing and again approxi
mately 5 to 10 minutes after dosing. Safety assessments included 
ophthalmic examinations, clinical AEs, laboratory measures, and 
semm samples for potential development of anti-VEGF Trap-Eye 
antibodies. 

Concomitant Medications 

Patiems were not allowed to receive any treatment for their DME 
in the s1udy eye other than the assigned study treatment with 
VEGF Trap-Eye or laser until week 52 or until the early termina
tion visit assessments were completed. 

Statistical Analyses 

The full analysis set, which was nsed for the efficacy analysis, 
included all randomized patients who received any study medica
tion and had at least l assessment after baseline. The safety 
analysis set, used for all safe1y and tolerability assessments, in-· 
eluded all participants who received any study medication. The last 
observation carried forward approach was used to account for 
missing da1a. A sample size of 200 patients (40 per group) pro
vided 84% power to detect art 8-letter difference between each of 
the 4 VEGF Trnp--Eye arms and the laser ann (assuming a standard 

3 
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Table 3. Trea(ment and Exposure Summary for Vascular 
Endothelial Growth Factor Trap-Eye :md Laser Treatments over 

the Course of the First 48 'vi.leeks 

Study Arm 

0.5q4 (n = 44) 
2q4(n=44) 
2q8 (n = 42) 

2PRN (n = 45) 
Laser (n = 44) 

Mean No. of Vascular 
Endothelial Growth 

Factor Trap, Eye 
Injections (SD) 

11.7 (249) 
10.8 (2 87) 

7.2 (l.74) 
74 (3.19) 

N/i\ 

Mean No. of laser 
Treatments (SD) 

0.8(083) 
0.5(066) 
0.8(086) 
0.7 (0.T?) 
25(08'/) 

(J5q4 =- 0,5 mg every 4 ,veeks; 2q4 = 2 mg every 4 weeks; 2q8 = 2 111g for 
3 initieil monthly doses then 8 weeks; 2PRN = 2 mg for 3 initial 
monthly doses then as needed; = not applicable; SD = standord 
deviation, 

deviation of l O letters per group. with a 2-sided t test at an a level 
of 5%i4 ccc 0.0125). Change from baseline in BCVA and OCT 
were analyzed using analysis of covariance, models with tl-ie 
baseline value as covariate and the treatment as fixed factor. 
Hochberg's procedure was used for the primary analysis to control 
for the multiple comparisons. No adjustments for multiplicity were 
made for the secondary variables. The proportions of patients in 
the VEGF Trap-Eye anns gaining 10 letters or more (15 letters or 
more) were compared with the laser arm using the Fisher exact 
test Other secondary end points, as well as demographic, baseline, 
and safety data, were evaluated nsing summary statistics. 

Results 

Patient Disposition and Demographics 

A to1al of 221 eyes were randomized, 219 were treated, and 176 
completed the 52-,veek study (Table 1, available at http://aaojourmi!. 
org). Forty-three patients discontinued the study after receiving at 
least 1 trea1men1 for the following reasons: lost to follow-up (n = 11), 
withdrew consent (n = l l), death (n = 6), treatment failures (n = 2), 
AE (n ccc 7), protocol devia1ion (n ccc 2), other (n cc, 4). Discontinu
ations were distributed evenly among all tl-ie treatment groups. De
mographic information and baseline characte1is1ics are provided in 
Table 2 (available a1 http://a.3.ojmnna1.org). The groups generally 
were similar, although the VEGF Trap-Eye 2q8 group had a higher 
prevalence of proliferative diabetic retinopa1hy (regressed at base
line) compared with the other treatment groups. In addition, a 
history of cardiac disease was more common in the VEGF Trap•· 
Eye groups compared with the laser group. 

Treatment and Exposure Summary 

Over 1he 52 weeks of the study, the mean number of VECJF 
Trap-Eye injections administered was similar to foe number of 
required injections for 1he group (Table 3). The VEGF Trap•-Eye 
groups received an average of less tha.ri l laser treatment between 
month 6 and month 12 (up to 2 laser treatments were allowed from 
week 24 1o week 48). For the laser treatment group, the mean 
number of laser treatments was 2.5 (up to 4 laser treatments were 
allowed from baseline to week 48). 

Efficacy 

Treatment with VEGF Trap-Eye produced statistically signiJicant 
improvemen1s in BCV A in all treatment groups compared with 

4 

laser at both week 24 (the primary outcome) and week 52 (week 
52, P<0.001; Fig 2L27 The ranges of improvement were +8.5 
to + ll.4 letlers at week 24 and +9.7 to + 13.1 letlers at week 52. 
No significant differences \Vere observed among the VEGF Trap
Eye treatment groups. Waterfall plots displaying BCVA changes 
for individual eyes indicate that few patients in the VEGF Trap
Eye groups experienced any loss of vision (Fig 3). At week 52, the 
proportion of eyes that gained 15 letters or more was statistically 
greater (PS0.001) than that in the laser treatment group in all 
VEGF Trap-Eye groups except 2q8 (Fig 4). The percentages of 
eyes that gained l O letters or more were 57%, 71 %, 45%, 62%, 
and 30%, for the 0.5q4, 2q4, 2q8, 2PRN, and the laser groups, 
respectively. 

Eyes treated with each VEGF Trap-Eye dosing regimen expe
rienced statistically significant reductions in CRT compared with 
eyes undergoing laser treatment (week 52, P < 0.0001; Fig 5 ). For 
eyes on the VEGF Trap-Eye treatment regimens, CRT continued 
to decrease through week 52. 

For each study eye, baseline diabetic retinopathy severity was 
recorded using the Diabetic Retinopathy Severity Score (Table 2, 
available at http:i/Ba.ojournal.org). At week 52, 40'!'<), 31 %, 64%, 
and 32'fo of the 0.5q4, 2q4, 2q8, and 2PRN VEGF Trap-Eye 
groups, respectively, had an improvement in their Diabe1ic Reti•• 
nopathy Severity Score compared ;.vith 12% in the laser group. In 
addition, eyes treated with VEGF Trap-Eye were less likely to 
have worsening of 1heir Diabe1ic Re1inopathy Severity Score com
pared with laser-treated eyes (0%, 13%, 0%, and 14% in the 0.5q4, 
2q4, 2q8, and 2PRN VEGF Trap-Eye groups and 24% in the laser 
group). 

Safety 

Vascular Endothelial Growth Factor Trap-Eye was ;.vell tolerated, 
and the most common ocular AEs that occurred were typical of 
those associated with intravitreal injections (Table 4, available at 
ht,p:!/aaojournal.mg). The most frequent were conjunctiva[ hem
orrhage, eye pain, increased intraoc:ular pressure, ocular hyper
emia, cataract, and vitreous floaters. Approximately 11 % of pa
tients treated wi1h VEGF Trnp-·Eye experienced an AE of 
increased intraocular pressure immediately after the intravitreal 
injection; however, only 2 of these patients had ar1 increase of 
more than 10 mmHg. Two patients who were randomized to 

.• ·-1H .. H-. H'l,H!H,._H,rH""HlH .. H-, H .. H-, H'HlH~H:-vHr--.-H, H..., ·-~H1 

o 4 a n 16 20 24 28 31 ~6 ,;o 44 48 s;;, 

~~- 2q8~ 

·-♦-· 2PRN-~ 

+t::S<?r 

r~·igure 2. Craph showing 1T1ean d1anges 1n best~corrected visua1 acu1ty 

letter score by treatment groups (18ser and Vascubr Endot}1eli2l Chcnvth 

facrnr [VEGf] Trap·Eye) using lasr observation carried forward analysis: 
n :.-_-: 44 (laser; VEGF Trap-Eye 0.5 n1g every 4 weeks f0.5 q4J rm.d 2 n1g 
every 4 lveeks [2.q4j)i n :..c..: 42 (VECjF Trap~Eye 2 1ng for 3 initial tnonthly 

doses then every 8 vveeks l2q8l); 11 = 45 (VECP Trap-Eye 2 mg for 3 initial 

monthly doses d1en as needed [2PRN]). Difference between ec1c}1 treat~ 

rnent versus laser at -Yveek 5 2 \Vas assessed using an analysis of covariance. 

*P < 0.0001. ETDRS ::..-.c- E8rly Treatment Di2betic Retinopad1y Study. 
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Figure 3. Grnphs showing individual d1_2nges in best~corrected visual acuity (BCVA) letter score by treatment groups (laser and Vascular Endothelial 
Growth faccor Trap,-Eye). Each bar corresponds r:o an individual pm::ient. Dotted line represents median BCV/\., 05q4 = 0.5 rng every 4 v.reeks; 2q4-= 2 rng 
every •t 'Neeks; 2q8 :.-_-: 2 rng for 3 initial rnonthly doses then every 8 ,.veeks; 2P~'\.J :-_-.;: 2 rng fr1r 3 initi2l n1onthly doses then as needed; BL,__-.;: ba:,eline; PR~\! :.-.:

as needed; VA_ = visual acuity. 

VEGF Trap-Eye experienced injection-related endophthalmitis, 
a.'1d uvei1is developed in 1 patient. Serious nonocular AEs were 
infrequent in all treatment groups (Table 5). The most common 
systemic AEs were hypertension, nausea, and congestive heart 
failure. Because of its limited sample size, this phase 2 study was 
not powered adequately to assess the significance of differences in 
AEs among the treatmen1 arms. 
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ill lq<; 

so ~ ,?qf> 

!li1l! 
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Figure 4. Bar graph show1ng percentnge of patients with d1anges in 

changes in best-corrected visual acuity at 12 months by treatment groups 

(laser and Vascular Endothelial Growth factor [VEGF] Trap-Eye) using 

l2st observ2tion carried fonv,;ird analysis: n :..-.:: 44 (la:,er; VEC;F Trap~Eye 

(JS mg every 4 v.reeks f0,5q4L 2 111g every 4 weeks [2q41); n = 42 (VECif 
Trap~Eye 2 1T1g fr}r 3 initial monthly doses then every 8 v.reeks f2q8l); 11 = 
45 (VEGF Trap-Eye 2 tng for 3 initial rnondily doses then as needed 

[2PRN1). F = 0.0031, 0.5q4; P = 0.0007, 2q4; P = 0.1608, 2q8; I' 
0.0016, 2PRN; a!l are cornpan:~d with 1aser (analysis of covariance). 

Seven deaths occurred during the study. One patiem in the laser 
group died of cardiac mTest. One patient in 1he 0 . .5q4 group died of 
multiorgan failure, Three patients in the 2q4 group died: one of 
cerebral inforction, another from non--srnall-cell lung cancer, and 
the third from sudden death, Two patients in the 2q8 group died: 
one of renal failure and the other of acme coronary syndrome. 
None of the events that led to dea1h in these patients was judged by 

♦◊5q4'' 

-~ ~:q,~"' 
,., 2ql3'" 

+2PHW 
--&-U,,,,,-

r~·igure 5. (Jrnph shc,wing n1ean change in central retinal thickness (in 

rnicrorneters) by treattnent groups (laser ond Vascular Endothelial (jrcnvth 
facror [VEGF] Trap--Eye) over rhe course of 12 rnonrhs using last obser-

vation carried forward anrdysis: n '""--" •t•t {laser; VE(JF Trap-Eye 0.5 n1g 

every 4 weeks [0.5q4l, 2 mg every 4 weeks [2q4]); n = 42 (VEGF Trap-Eye 
2 mg for 3 initial monthly doses then every 8 ,,veeks l2q8l); 11 = 45 (VECJr 

Trnp-Eye 2 mg for 3 h1itiol monthly doses then as needed [2PRN]). 

* P < 0.000 l I d1fference betv.reen each treatment versus laser analysis of 
covariance. 
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Table 5. Serious Systemic /\dverse Events and Deaths by Treatment Group of 4% or j\1Jore in Any Treatment Arm 

Vascular Endothelial Growth Factor Trap,Eye Treatment Groups 

No. (safety anrdysis set) 
No. of subjects ,.vith at 

leost 1 AEJ n (o/o) 
Cardiac failure) congestive 

C.dlulitis 
Che:,t pain 
C:erebrovascular accident 
1-Iypertension 

1'\.ne1Tdn 
Dehydration 
Hyperglycemia 
}v1yocardial infarcr:ion and 

acute mvocardial 
infarction 

Deaths* 

AE ,;-_-_ adverse event. 

1\1acular Laser 
Photocoagulation 

44 
10 (22.7%) 

0 
0 
0 

(Z.3°k,) 
0 
0 
0 
0 
0 

0.5 rng Every· 4 
iXieeks 

44 
14 (31.8\1/o) 

0 
3 (6.840) 

0 

0 
l (2.3~1-J) 

0 
0 

3 (6.8%) 

2 rng Ecuery 
4 Weeks 

44 
13 (29.5~'6) 

3 (6.8%) 
2 (4.5l};)) 
2 (4.59&) 
2 (4.59&) 
2 (4.59&) 
2 (4.59&) 

0 
2 (4.5%) 

0 

3 (6.8%) 

42 

J_ (2.,4l};)) 

0 
0 
0 

l (2.4%) 
0 

2 (4.8%) 
0 
0 

2 (4.59&) 

2 :mg far 3 Irntwl 
?vionthl·y Doses 

Then as Needed 

45 
6(LLl%) 

(4.4%) 
(2.2%) 
(6.7~-b) 

0 
0 
0 
0 
0 
0 

0 

AH Vascular 
Endothelial 

Growth Factor 
Trap,Eye 

175 
45 (25.7~'6) 

6 (3.4%) 
6 (3.4%) 
5 (2.99&) 
3 (J.79&) 
3 (1.79&) 
3 (1.79&) 
2 (1.1%) 
2 (1.1%) 
3 (1.79&) 

7 (4.09&) 

*C)ne dearh occurred afrer a patienr in the 2 mg every 4 weeks group discontinued because of an J\E. 

the investigators to be related to the study drng or to 1he study 
procedure. 

Discussion 

In this phase 2 clinical trial, aH VEGF Trap-Eye doses and 
dosing regimens were found to be superior to macular laser 
photocoagulation for the treatment of DME over the course 
of 52 weeks and produced similar results in terms of pre
serving and improving visual acuity. Patients who received 
VEGF Trap-Eye benefited from significantly greater in
creases in mean visual acuity at l year (+9.7 to + 13.1 
letters of improvement) compared with laser treatment 
alone(,-- 1.3 letters change: P·<0.0001). However, it should 
be noted tbat this study was not powered adequately to be 
able to discern differences with regard to efficacy among the 
VEGF Trap•·Eye treatment groups. In addition, a study of 
longer duration may be able to detect further improvements 
in visual acuity for the laser treatment arm. 

The administration of VEGF Trap-Eye over the course of 
rhis study generally was consistent with the number of 
treatments that had been planned, indicating good compli
ance with the protocol. There were a similar number of 
injections in the 2PRN (7.2) and 2q8 (7.4) groups. These 
numbers are consistent with the number of injections in the 
RESTORE (Efficacy and Safety of Ranibizumab [Intravit
real Injections] in Patients with Visual Jmpairn1ent Due to 
Diabetic Macular Edema) trial for patients treated over 12 
months with ranibizumab or ranibizumab plus laser (7.0 and 
6.8 injections, respectively).'' Longer intervals between 
dosing may provide advantages compared with monthly 
dosing in terms of less frequent moniroring visits and 
a decreased number of iniections. Benefits of an extended 

.I 

dosing interval may include not only improved safety with 

6 

fewer injection-related complications such as endophthal
mitis, but also a decreased burden to the patient and their 
caregivers with fewer office visits. This benefit holds par
ticularly true for the 2q8 rreatment schedule, which could 
reduce the number of visits by half (after the loading phase), 
whereas monthly visits would be needed for determining the 
need for treatment in a PRN schedule. 

The average number of laser treatments administered to 
eyes randomized to VEGF Trap-Eye was fewer than 1 (of a 
maximum of 2 possible lasers), with most patients not 
requiring laser photocoagulation, indicating that the visual 
acuity and anatomic benefits achieved were tbe result of 
VEGF Trap-Eye and not laser treatment. Eyes that were 
randomized to the laser group received an average of 2.5 
laser treatments (of a maximum of 4 possible lasers), indi
cating that nearly tbe maximum amount of laser was applied 
during the 52-week study period. For comparison, during 
the first year of Protocol I from tbe Diabetic Retinopathy 
Clinical Research Network (DRCR) study, eyes that were 
randomized to macula.r laser photoc:oagulation received a 
median of 3 laser treatments, with 40% of eyes requiring 2, 
1, or O additional treatments after the initial laser.30 

A larger propmtion of eyes in all the VEGF Trap-Eye 
treatment groups experienced l 5--letter or more gains in 
visual acuity at week 52 compared with eyes in the laser 
arm, and these differences were statistically significant for 
0.5q4, 2q4, and PRN treatments. The 2q4 treatment group 
had the highest percentage of eyes with visual acuity im
provements at every level (~=0, ;::: 10, and :c: 15 letters 
gained). The 2q8 group seemed to have less improvement in 
BCV A than in the other 2-mg groups. However, this dif
ference \Vas observed during the first 3 months of the study, 
despite the identical 2-mg loading dose, and persisted 
through the end of the study; therefore, this difference in 
visual acuity gains likely is attributable to baseline differ-
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ences among treatment groups. rather than to rhe dosing 
interval. 

In this clinical trial, comt,mation trearment of VEGF 
Trap-Eye with laser photocoagulation was not investigated 
formally. Although eyes randomized to VEGF Trap-Eye 
could receive macular laser photocoagulation starting at 
week 24. most study eyes achieved gains in visual acuity 
with VEGF Trap--Eye monothernpy and did not require the 
addition of laser. Similarly, other studies20

·
21 demonstrated 

that tbe combination of VEGF inhibitor witb laser does not 
seem to provide any additional benefit in visual acuity gains 
or reductions in retinal thickness compared with VEGF 
inhibition alone. 

Significantly greater mean reductions in retinal thickness 
were observed at week 52 for eyes undergoing the V EGF 
Trap-Eye regimens than for those treated with laser alone. 
Retinal thickness continued to decrease for eyes in the 
VEGF Trap-Eye arms after the week 24 primary end point 

Eyes randomized to VEGF Trap-Eye also were more 
likely to have an improvement in their diabetic retinopathy 
severity scale compared with laser--treated eyes. The bio .. 
logic activity of VEGF Trap-Eye not only may treat DME, 
but also it can reduce the severity of diabetic retinopathy. 
This positive effect can be beneficial to patients who are at 
risk for severe vision loss associated with the development 
of proliferative diabetic retinopathy. 

Vascular Endorhelial Growth Factor Trap-Eye was well 
tolerated, and the incidence of ocular AEs was low. The rate 
of endophthalmitis was consistent with that observed for 
ranibizumab in tbe RESOLVE (Safety and Efficacy of 
Ranibizumab in Diabetic Macular Edema With Center In
volvement) study (2%).3

l Most of tbe systemic AEs ob .. 
served were attributed to the underlying medical conditions 
and cardiovascular comorbidities of these diabetic patients. 
Studies have shown that individuals with diabetes seem to 
have an approximately 2- to 4-fold greater risk for borh 
heart disease and stroke. 32

·
33

•
34 Most of the deaths that 

occurred in rhis study were associated wirh pre-existing 
heart disease. The DA VINCI study was not powered suf
ficiently to assess the relationship between VEGF inhibirion 
and systemic: AEs m mortality. The results from this study 
suggest that intravitreal VEGF blockade with VEGF Trap
Eye may be a safe treatment tbat confers an acceptable 
benefit-to-risk ratio for eyes with DME over a 1-year period. 

Because there is considerable individual variation in the 
progression of DME. patients could benefit from an indi
vidualized, as-needed treatment regimen? l At the same 
time. such individualized regimens may require dose follow-up 
and monrhly monitoring, which can be burdensome to patients 
and their caregivers. 'Uris intensive morritoring schedule may be 
mitigated by a dosing imerval extendt"/4:l to 2 months. The results 
of tlris study support additional phase 3 clinical studies \Vith every 
2-month dosing of VEGF Trap-Eye after an initial loading dose. 

Two phase 3 clinical midies of V EGF Trap-Eye, both 
with a primary end point of the change from baseline of 
BCVA in ETDRS letter score, have been initiated. The 
VlVJD (DME and VEGF Trap-Eye: Investigation of Clin
ical impact) DME study will evaluate 2 different dosing 
regimens of VEGF Trap-Eye compared with laser over the 
course of l year. The VISTA (Study of Imravitreal Admin-

istration of VEGF Trap-Eye [Bayer86-532l J in Patients 
with Diabetic Macular Edema) study \Vill assess the efficacy 
of 2 different dosing regimens of VEGF Trap-Eye com
pared with laser over a 2-year period. 

In conclusion, eyes receiving VEGF Trap-Eye experi
enced statistically significant improvements in BCVA com
pared with laser treatment at 6 months (primary end point). 
and these results were maintained or improved through 12 
months. The long duration of efficacy (at least 8 weeks) is 
consistent with the tight binding characteristics and en
hanced pharmacokinetic profile of VEGF Trap-Eye. Vascu
lar Endothelial Growth Factor Trap-Eye generally was well 
tolerated. The ocular AEs were typical of those associated 
with intravitreal injections. Vascular Endothelial Growth 
Factor Trap-Eye represents a promising therapeutic agent 
for the managemenr of diabetic macular edema. 
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"TREAT AND EXTEND" DOSING OF 
INTRA VITREAL ANTIV ASCULAR 
ENDOTHELIAL GROWTH FACTOR 
THERAPY FOR 1YPE 3 
NEOVASCULARIZATION/RETINAL 
AN GI OMA TOUS PROLIFERATION 
MICHAEL ENGELBERT, MD, P11D,*t SANDRINE A. ZWEIFEL, MD,*H 
K. BAILEY FREUND, MD*i" 

Purpose: The purpose of this study was to analyze long-term outcomes for the treat
ment of type 3 neovascularization/retinal angiornatous proliferation using a "Treat and 
Extend" dosing regimen for antivascular endothelial growth factor therapy. 

Methods: This was a retrospective analysis of visual acuity and optical coherence 
tomography data of 11 eyes of 10 consecutive patients with newly diagnosed type 3 
neovascularization/retinal angiornatous proliferation treated with intravitreal bevacizurnab 
and/or ranibizumab with at least a 12-month follow-up. Three monthly injections were 
followed by continued treatment at intervals increasinq by 2 weeks per visit, to a maximum 
of 10 weeks, unless clinical or optical coherence tomography evidence of persistent or 
recurrent fluid was present, in which case, the interval was shortened. 

Results: Mean baseline Snellen visual acuity was 20/80, improved to 20/40 at 1 month, 
and was maintained throughout the 36-rnonth period (n = 11 at 12 months, n = 10 at 24 
months, and n = 8 at 36 months) (P < 0.04, paired Hest). The mean center point optical 
coherence tomography thickness decreased from 320 /Lm to 180-230 /Lm, and was 
maintained during the study period (P < 0.02). The mean number of injections was seven 
in the first year, six in the second year, and seven in the third year. 

Conclusion: "Treat and Extend" antivascular endothelial growth factor dosing in type 3 
neovascularization/retinal angiomatous proliferation delivers promising outcomes at a 
reduced burden for the patient and heaith care system compared with monthly and optical 
coherence tomography-guided dosing regimens. 

RETINA 29:1424-1431, 2009 

Type 3 neovasculmization (othenvise known as reti
nal angiomatous proliferation [Rt\P])L2 is a subtype 

of neovascular age-related macular degeneration (AMD) 
with distinct angiographic and optical coherence tomog
raphy (OCT) features related to intraretinal proliferation 
of the abnormal vessels with associated retinal---retinal 
m1d retinal-choroidal anastomosis. lts natural course is 

From !he *LuEsther T. Mertz Retinal Research Center. Manhat
tart Eye, Ear a.'1d Throat Hospital; j"Vitrrnus-Retina-Macula Con
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ikstrasse 24, 8032 Zurich, Switzerland. 

Supported by The Macula Foundation Inc. 
Reprint requests: K. Bailey Freund, MD, 460 Park Avenue, 5th 

Floor, NY 10022; e-mail: kbfny@aol.com 

1424 

typically \Vorse than other more frequent lesion types 
such as subretinal pigment epithelium neovascularization 
(type 1)/occult choroidal neovascularization or subneu-
rosensory neovascularization (type 2)/well-defined (clas
sic) choroidal neovascularization.3 ··5 Many different 
treatment strategies6 such as photocoagulation,:;,.:,7 
transpupillary thermotherapy, 3 ·8 photodynamic therapy 
(PDT),9 ·-13 intravitreal antivascula:r endothelial growth 
factor (anti-VEGF) agents,6,1-iy-; intravitreal triamcino
lone acetonide, surgical excision,16,17 and many combi-
nations of the above18 ··21 have been tried in small case 
series with limited follow-up. 

Monthly injections of antiangiogenic agents have be-
come the standard of care for the treatment of neovas-
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cular AMD22,23 but are expensive and difficult to sustain 
in this elderly patient population. However, the less frequent 
dosing in the PIER ttial,2'1- in which patients received quar
terly injections after a,ri initial seiies of three monthly injec
tions, could not repnxiuce the excellent results obtained in 
trials using monthly dosing. lhe PrONTO Study25,26 at
tempted to tailor the dosing to the individual needs of the 
patient based on acuity decline, clinical findings, or (XT 
evidence of disease activity and \Vas able to demonstrate 
good visual results after a .>24-month period. 

Although PrONTO-style dosing has become widely 
adopted in the retinal community and seems to yield 
favorable results, this stt·ategy does require monthly vis
its, clinical examinations, and OCTs with patients uncer
tain if or when they will need treatment Because eyes 
with type 3 neovascularization/RAP typically manifest 
retinal---choroidal anastomosis, recurrent exudation may 
occur earlier and more frequently than with other neo
vascular lesion types. In our experience, some patients 
ma,riaged with this strategy will return for assessments 
having already developed macular hemorrhages in the 
injection-free interval with i1Teversible vision loss.27··29 

In theory, a dosing regimen that does not maintain the 
macula in a "dry" state could deny some patients the 
opportunity for f-urther visual recovery. 

'Tl1e "Treat and Extend"' dosing regimen is a strategy 
intended to resolve macular exudation and maintain the 
macula in this "dry" state indefinitely with, when possi
ble, fewer patient visits and treatments than monthly 
dosing.30,31 ll1e strategy consists of an initial induction 
or "loading" sequence of at least three monthly injec
tions. lf stable visual acuity, an absence of macular 
hemorrhage, and a dry OCT have been achieved at this 
point, patients continue to receive regular maintenance 
injections at increasing intervals. At 6 weeks after the last 
of the three monthly injections, visual acuity, clinical 
findings, and OCT changes are recorded again, and pa
tients receive an injection regardless of the presence or 
absence of disease activity. However, the interval to the 
next visit (and scheduled injection) is based on an observed 
change in the above parameters. If there are no changes, the 
next visit is scheduled for 8 weeks latL'f. If there is a change, 
the patient comes for another scheduled il~jection and ex
amination ai"ter 4 weeks. The observation a,rid scheduled 
treatment interval is extended (hence the term "Treat and 
Extend'') to a maximum of l O wee ks. We R'Port on 11 eyes 
of 10 patients \Vith type 3 neovascularization/RAP managed 
with the "Treat and Extend'' dosing regimen and with 
follow--up of between 12 and 36 months. 

Materials and Methods 

A waiver of authorization for use of protected 
health infom1ation for the above-referenced research 

and a waiver of consent for this retrospective chart 
review were obtained from the Institutional Review 
Board committee of the Manhattan Eye Ear and 
Throat Hospital, New York, NY. 

The diagnosis of type 3 neovascularization/RAP was 
made by the treating physician (K.B.F) based on the 
chm·acteristic clinical, OCT, and angiographic features 
including intraretinal hemoJThage, cystoid macular edema, 
intra.retinal vascular anastomosis, retinal---choroidal anasto-
mosis, and in some cases, the presence of pigment epithelial 
detachment (PED) on OCT Patients treated previously with 
thennal laser, PDT, or intravitreal pegaptanib (Macugen, 
Pfizer Inc., New York, NY), or who presented with subfo.
veal fibrosis or atrophy, a history of vitrectomy, aphakia or 
absence of _posterior capsule, history of idiopathic or auto
inmmne associated uveitis in either eye, or diabetic retinop
athy more severe than mild nonproliferative stage, were 
excluded from this study. Patients with preexisting cardiac 
or cerebrovascu.lar conditions \Vere not excluded from the 
study. 

The treatment consisted of intravitreal injection of 
1.25 mg of bevacizumab (Avastin, Genentech Jnc., 
South San Francisco, CA) or 05 mg ranibizumab 
(Lucentis, Genentech Inc.) suspended in 0.05 mL. For 
the purpose of this analysis, no distinction between 
either antiangiogenic drug \Vas made. Before intra
vitreal injection, topical anesthesia and surface disin
fection \vith 5% povidone-iodine was perfonned. Jn
travitreal injections were administered at the time of 
diagnosis and subsequently followed a protocol we 
termed "Treat and Extend." Patients all received at 
least 3 monthly injections followed by continued treat
ment at intervals increasing by 2 weeks per visit once 
visual acuity was stable, OCT showed an absence of 
intra- and subretinal fluid, and all hemorrhage had 
resolved. Resolution of PED was not required before 
treatment il1tervals were lengthened. Il1e tt·eatment interval 
was extended to a maximum of 10-week "maintenance" 
unless clinical examination or OCTdetected new hemor
rhage or persistent/reClJJTent fluid. Jn those cases, the intL'f
val was shmtened by 2 weeks and rnmntained at that dura-
tion, provided this resolved the fluid. 

Il1e main outcome measure in this study was visual 
acuity after treatment. Decrease in retinal thickness, 
number of injections needed, and change in funduscopic 
or tomographic appearance were assessed as well. 

Snellen visual acuity was measured by a certified 
ophthalmic technician. Snellen acuity was converted 
into logarithm of the minimum angle of resolution 
(logMAR) for statistical analysis at baseline and at l, 
3, 12, 24, and 36 months after ir~jection of an antiangio
genic agent. Changes in logMAR-converted acuities 
were tested \Vith a paired Student's t--test and accepted as 
significa,rit if P < 0.05. Also, the proprniions of patients 
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approximately halving (:C::0.3 logMAR, but <0.6 log
MAR-converted Snellen visual acuity improvement) or 
approximately quartering their visual angle (:C::0.6 log
MAR-converted Snellen visual acuity improvement), as 
well as those that remained stable ( <0.3 logMAR-con
verted visual acuity improvement) or lost lines on the 
Snellen chart compm·ed with baseline, were reported. 

The quantitative assessments of center point retinal 
thickness were made using Stratus OCT (Carl Zeiss 
Meditec, Dublin, CA) and Topcon OCT (Topcon 3D 
OCT-1000, Topcon Medical Systems, Paramus, NJ). 
The center point retinal thickness was defined as the 
distance between the internal limiting membrane and 
the retinal pigment epithelium under the fovea and did 
not include any fluid under the retinal pigment epithe
lium. For Topcon OCT images, the calipers provided 
by the Topcon image analysis software ,vere used. 
The Stratus OCT measurements were made manually 
on the IMAGEnet software on a single horizontal line 
scan through the fovea (Topcon Medical Systems), 
and the calculated data in pixels were multiplied with 
a conversion factor of 8 µ.mipixel. This conversion 
factor had been derived from previous comparisons of 
controls on the different imaging platfonns (based on 
20 normal eyes measured on the 2 platforms, Howard 
F. Fine, personal communication). 

The qualitative assessment included identification 
of intraretinal cysts, neovascular complex within the 
retinal layers, and PED. Additional funduscopic and 
tomographic changes and their development over time 
were recorded as well. Specifically, the presence of 
intraretinal hemorrhage or development of a pigment 
epithelial rip on funduscopy and the presence of intra
or subretinal fluid or PED on high-resolution B-scans 
were determined. Because staging of type 3 neovas
cularization/RAP is difficult and of controversial sig
nificance, this was not performed. 

Results 

Eleven eyes of 10 patients were included in this 
study. Eleven eyes completed the 12-month follow
up, 10 eyes completed the 24--month follow-up, and 8 
eyes completed the 36-month follow-up. 

Patient demographics, baseline, and follmv--up vi
sual acuity, center point retinal thickness data, and 
number of injections in the first, second, and third year 
are presented in Table 1. Median patient age was 85 
years (range, 71---92 years). Seven of 10 patients were 
women. Two contralateral eyes had evidence of anteced
ent type 3 neovascularization/Rl~P lesions, and 2 pa
tients developed disease in the contralateral eye dming 
the st11dy period. Only one of these two latter eyes was 
treated with a "Treat and Extend" protocol a.rid included 
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Table 2. Optical Coherence Tornography Center Point 
Retinal Thickness of Eyes With Type 3 

Neovascularization/RAP Treated With the 'Treat and 
Extend" Dosing Regimen (n at baseline and 1, 3, and 12 

Months = 11, n at 24 Months = 10, and n at '.36 
Months= 8) 

Mean 
Median 

Month r1r1onth Month Month Month 
Baseline 1 3 12 24 36 

320 
282 

229 
206 

"183 
174 

191 
174 

182 
189 

This difference was statistically significant at all time points 
(paired 2-taiied Student's t-test, P < 0.02). 

in the study. The mean number of iqjections was seven in 
the first year, six in the second year, and seven in the 
third year. 

Mean Snellen visual acuity at presentation was 
20/80 at baseline (n = 11 ), improved to 20/40 at 1 
month and 20/30 at 3 months. and was maintained at 
a level of 20/40 during the rest of the 36-month study 
period (n ccc 11 at L 3, and 12 months, n ccc 10 at 24 
months, and n = 8 at 36 months; Tables 1 and 2; 
Figures l and 2). The difference in logMAR-con
verted visual acuity was statistically significant at all 
time points (paired 2-tailed t-test, P < 0.04). 

The center point retinal thickness measurements 
improved in all patients (Table 2) and more rapidly 
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Fig. 1. Scatter plot of logMAR-rnnverted visual acuity change of 
eyes with type J neovascularization/RAP treated with the "Treat and 
Extencr dosh1g reghnen (n at ~!4 rnonths =-- 10). ?v[ean Snellen visual 
acuity at presentation was 20/80 at baseline (n = 11), improved lo 
20/40 at l month and 20/30 at 3 months. and was maintained 
thereafter at a level of 20/40, The difference in logJ'vlAR-converted 
visual acuity was statisticaily significant at ali time points (paired 
2-taiied I-test. P < 0.04). 
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l<-ig. 2. Scatter plot of logMAR-converted visual amity change of eyes 
with type 3 neovascularization/RAP treated with the "Treat and Ex,. 
tend" dosing regirnen (n at 36 1nonths =-- 8). The dH'ference in Jog11AR
converted visual acuity was statistically significant at all tirne points 
(paired 2-tailed :-test, P < 0.04). 

than visual acuity, even in those patients who experi-
enced initial worsening in visual acuity. Mean center 
point retinal thickness at the time of diagnosis was 
--·320 r,un and rapidly decreased to --,230 µ,ml month 
after the first injection. After the first 3 monthly in-
jections, center point retinal thickness had decreased 
to -180 µm and remained stable at that level during 
the 36-month observation period. This difference was 
statistically significant (paired 2-tailed Student's 
t-test, P < 0.02 at all time points). 

TI1e majority of eyes (9 of 11) had PEDs in the area 
of type 3 neovascularizationiRAP. During the treat
ment period of 36 months, the size of the PED dimin-
ished in seven of eight eyes and resolved completely 
in four out of eight eyes. 

Jn the l 0 patients we follmved for at least 24 months, 
16 recmrences of fluid occmred, 12 during the first year. 
After establishment of a defined treatment interval, 6 
recmrences occmred in l 0 patients (Figme 3) during the 
first 24 months of observation. During the cumulative 
observation period of 336 months, a total of 21 recur-
rences of fluid occurred. Because fluid would not always 
quickly regress within 1 month, a "wet" macula after the 
initial 3 monthly injections \Vas encountered for a total of 
35 of 240 cumulative months of observation in the group 
of 10 patients we follmved for 24 months. 

Despite the presence of a presumably vascuhu·ized 
PED at presentation in most patients and frequent injec
tions (mean of 20 ir~jections after 36 months), we did not 
observe any tears of the pigment epithelium during the 
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Fig.]. Color fundus photograph (A) at baseline of an 85-year-old woma.'1 showing intraretinal hemorrhages and retinal edema at the inferior edge of the 
fovea characterjstic of tJT,e 3 neovascuiarizatiorJRAP. Early- (B) and fate-phase (C) :fluorescein angiograms at baseline show poorly defined intraretinaJ 
leakage. Early- (D) and late-phase (E) indocyanine angiograms show a focal area of increasing hyperiluorescence ("'ho( spot") consistent with type 
3 neovascula..rizatiorJRAP. Color fundus photograph (F) al month 39 shows increased pigment hyperplasia and no evidence of exudalive changes. 

study period. There were no injection-related complica
tions such as endophthalmitis or retinal detachment 

Figure 3 illustrates the case of an 85-year-old 
woman \Vith type 3 neovascularization/RAP treated 
with the "Treat and Extend" dosing strategy. Color 
fundus photograph (A) at baseline demonstrates in
traretinal hemon-hages and retinal edema at the infe
rior edge of the fovea, characteristic of type 3 neovas
cularization/RAP. Early- (B) and late-phase (C) 
fluorescein angiograms at baseline show poorly de
fined intraretinal late leakage. Early- (D) and late
phase (E) indocyanine angiogrnms show a focal area 
of increasing hyperfluorescence ("hot spot"), consis
tent with type 3 neovascularization/RAP. A color fun
dus photograph (F) at month 39 shows increased pig
ment hyperplasia and no evidence of exudative 
changes. Optical coherence tomography images of the 
same patient as shown in Figure 3 at baseline are 
shown in Figure 4A, and the response to treatment 
after L 12, 14, 15, 36, and 44 months is shown in 
Figure 4, B-G. Intra- and subretinal fluid present at 
baseline decreased after the first injection (B), with a 
corresponding visual acuity improvement from 20/200 
at baseline to 20i40. After 3 monthly injections, the 
patient received injections every 6 weeks to 7 weeks 
until, at month 14, a mild recurrence of intraretinal fluid 
was observed (C), with a decline in visual acuity from 

20/40 to 20/50. lhe iajection interval was reduced to 5 
weeks. At month 15, the fluid was resolved, and visual 
acuity had returned to 20/40 a,-1d remained stable until the 
most recent follow--up visit at 44 months (G). TI1e patient 
continues to receive iajections at 5-week intervals. 

Discussion 

Although intravitreal anti-VEGF therapy has revo
lutionized the treatment of neovascular AMD, the 
optimal dosing regimen for these agents remains un
certain. Whether different neovascular lesion types 
\varrant different dosing regimens is also unclear. 
Type 3 neovascularization/RAP is a subtype of neo-
vascular AMD which has been difficult to treat2 U 2 

and usually involves the second eye within 3 years of 
onset in the first involved eye.33 

Prelirnimu·y short--tem1 data on visual acuity outcomes 
for the treatment of type 3 neovascularization/RAP with 
bevacizumab have been promising but have not yet led 
to an established consistent dosing regimen.6 ,15.:;4 .:;6 

Although monthly dosing of anti-VEGF agents for 
neovascular AMD have produced results far superior 
to previous treatments such as thermal laser and 
PDT,22 ,23 cost, convenience, and safety concerns have 
prompted studies of less frequent dosing regimens. 
The PIER study24 explored a regimen consisting of 
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'Fig~ 4~ ()ptical coherence ton1ogTaphy images of t..11.e san1e patient as 
shown in Fig, 3 at baseline (A) 3JJd after L 12, 14, 15, 36, and 44 rnonths 
(B--G). Intra- and subrelinal t1uid present al baseline decreased after the 
first htjecdon (B), with a co1Tesponding vjsual acuity jmproven1ent fron1 
20/200 at baseline lo 20/40. After 3 mont.1-,1 y injections, the patient received 
injections every 6 weeks lo 7 weeks until, at month J4, a mild recurrence 
of intraretinal flujd was observed (CJ, with loss of 1 line of vjsual acuity 
to 20/50. 111e injection interval was reduced to 5 weeks. At month 15, the 
fluid was resoJved, and vjsual acuity had returned to 20/40 and remajned 
stable until the rr1ost recent foHovv-up visit at 44 rnonths ((;). The patient 
continues to receive injections at S.-week intervals. 

three monthly injections followed by mandated quar
terly injections. However, this dosing regimen gave 
disappointing results, and this particular fixed-dosing 
strategy has largely been abandoned. The PrONTO 

study explored three monthly injections followed by 
dosing on an as-needed or PRN basis guided by 
changes in visual acuity, clinical findings, and OCT 
evaluation.25 ,26 This open-label, prospective, nonran
domized study yielded results similar to those of the 
ANCHOR and MARINA studies22-23 with fewer in
jections but a similar number of patient visits. 

Although the PrONTO dosing regimen has gained 
popularity, it might not be ideal for patients with 
disease that follows a more relentless course, such as 
type 3 neovascularization/RAP. Furthermore, elderly 
patients with comorbidities often find it difficult or 
impossible to adhere to the monthly visits required 
when following a PrONTO-style dosing regimen.25-26 

Recurrent fluid or possibly a sudden maculm· hemor
rhage may put patients at risk for iJTeversible vision loss 
in this "wait and watch, treat if necessm-y" strategy. AJso, 
noncompliant patients or patients forced to miss fol
low-up visits as a result of illness and/or hospitalization 
may not be suitable candidates for a PrONTO-style reg
imen. Finally, although the number of injections and cost 
are reduced with PrONTO-style dosing, patients still 
require monthly OCT evaluations, 

Type 3 neovascularization/RAP tends to follow a 
more aggressive course and has a higher risk of bilat-
erality than other lesion types. These patients tend to 
be older than the average patient with neovascular 
AMD (median age = 85 years in this series). With the 
intention of reducing the risk of recurrent exudation or 
vision loss and the burden of monthly visits and the 
overall cost of treatment for these patients, we inves
tigated a dosing regimen that we call "Treat and 
Extend." The "Treat and Extend" regimen consists of 
a minimum of three monthly injections followed by 
examination and treatment intervals which are gradu -
ally extended provided there is stable visual acuity, no 
hemorrhage on clinical examination, and neither intra-
nor subretinal fluid on OCT. ·me interval between 
examinations and treatment is extended in 2--week 
increments until a maintenance interval of :-s: 10 \veeks 
is reached. If new hemorrhage or fluid is detected on 
any visit, the interval between evaluations and treat
ment is reduced until an interval is found that main
tains the macula in a "dry" state. 

The "Treat and Extend" dosing regimen is a tailored 
maintenance regimen which typically achieves reduc
tions in patient visits, decreased imaging studies, and 
fewer injections compared \vith other dosing regi
mens, in particular continuous monthly dosing. Al-
though patients treated with a PrONTO-style regimen 
typically receive fewer injections than those receiving 
monthly dosing, these patients continue to undergo 
monthly examinations and OCT evaluations. In our 
series, patients following the "Treat and Extend" reg-
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imen were seen on average 13.6 :!: 2.8 times (range, 
9-18 times) during the first 24 months and 20.3 ± 4.1 
times dming 36 months. Although patients on a "Treat 
and Extend" regimen receive a mandated injection at 
each visit, the number of injections our eyes received 
(average of7.l ± 1.5; range, 5-10) was similar to that 
in the PrONTO study (average of 7.1 :t: 2.2 for 10 
patients with type 3 neovasculaiization/RAP, 5.6 for 
all choroidal neovascularization) during the first 12 
months.25 The reduction in patient visits without an 
increase in number of treatments could potentially 
decrease the burden on practitioners, patients, and the 
health care system as a whole. During the course of 2 
years, the mean number of treatments \Vas higher with 
the "Treat and Extend" regimen compared with the 
PrONTO study26 (13.6 ± 2.8 vs. 11.6 ± 5.9 in 10 
PrONTO patients with type 3 neovascularization/ 
RAP), but we cannot calculate \vhether this is statis
tically significant. 

In our attempt to evaluate long-ten11 results of the 
'Treat and Extend" dosing regimen, we investigated 
whether visual acuity and center point retinal thick
ness could be improved and maintained with this anti
VEGF treatment regimen and how any such an effect 
observed would compare with historical outcomes re
prnied for the large randomized trials ANCHOR and 
MARINA, PrONTO, and smaller case series focused 
on the treatment of type 3 neovascularization/RAP. 
\Ve evaluated 11 eyes managed \Vith the "Treat and 
Extend" regimen and followed for at least l year, the 
majority having 3 years of follow--up. Both visual 
acuity and central point retinal thickness improved 
significantly during the follow-up period. 

To the best of our knowledge, this is the first study 
demonstrating a long-term benefit with anti--VEGF 
therapy in the treatment of type 3 neovascularization/ 
RAP. Median Snellen visual acuity at presentation 
was 20/80 at baseline, improved to 20/40 at 1 month, 
and was maintained throughout the 36--month study 
period (n = 11 at 12 months, n = 10 at 24 months, and 
n "" 8 at 36 months). Of the 11 eyes we treated and 
follmved, only 2 did not regain or maintain reading 
vision, and not 1 eye worsened from baseline at the last 
follow-up visit. At 12 months, 4 of 11 (36%) eyes had 
more than one half their initial visual angle, and the rest 
remained essentially stable. This improvement was 
maintained dtu-ing the 36-month study period. The im
provement in logMAR-conve1ied visual acuity at l 2, 24, 
and 36 months was statistically significant (paired t-test, 
P < 0.04). Accordingly, there were statistically signifi
cant decreases in mean OCT from 320 J.Lm to 170 and 
190 f.Lm at 12, 24, and 36 months (P <. 0.02). The mean 
number of injections was seven in the first year, six in the 
second year, and seven in the third year. 

These positive long-tem1 outcomes contrast sharply 
with other treatment strategies tried before the avail
ability of effective anti-VEGF therapy. Results \vith 
other treatment modalities, including our own "se-
quenced combined'' regimen with intravitreal triamci
nalone acetonide followed by PDT, have been univer
sally inferior to anti -VEGF maintenance, although 
comparison with and between these studies are diffi
cult because of generally shmi follow-up and differ
ences in patient populatiorL6 -10- 15,18 Outcomes after 
laser therapy alone are generally poor, even if the 
localization of type 3 neovascularization/RAP lesion 
is juxta-- or extravofeal with results typically in the 
20/100 to 20/200 range.3 •32 The same is trne for 
PDT, t t where, in 1 study, visual acuity dropped from 
an average of 20/73 to 20/174 after an average of 
13.7--month observation with l .7 PDT sessions. Bot
toni et aP experimented with focal- or grid-laser, 
PDT, and transpupillary therapy and reviewed their 
experience with 104 eyes treated for type 3 neovas
cularization/RAP, which they categorized by stages. 
In the majority of eyes treated in this large series, 
visual loss could not be prevented, and only in the 
subgroup with early type 3 neovascularization/RAP 
lesions could visual acuity be improved from an av-
erage of 20/200 to 20/i 00, which may not be much 
different than the natural history of these early le
sions. 5 Our group eventually abandoned the "se-
quenced combined'' strategy in favor of intravitreal 
anti-VEGF therapy because of progressive atrophic 
macuhu· changes and associated visual decline occur-
ring with recurrent exudation and retreatment seen 
with longer-term follow-up in our cohort of patients 
(unpublished data). Combined intravitreal triamcino-
lone and focal laser has also been studied by Krieglstein 
et al.37 Although outcomes seemed superior to laser or 
PDT alone, this approach appears to have visual results 
inferior to the anti-VEGF therapy in our study. The 
population in the combined laser/trian1cinolone study 
was probably similar to this study, with similar baseline 
acuities and lesion types, but vision improved only to a 
mean of 20/60 at 4 months compared with 20/30 after 3 
monthly injections in our study. 

ln summary, "Treat and Extend" dosing of intra
vitreal anti-VEGF agents for type 3 neovasculariza
tion/RAP seems to yield improvements in visual acu-
ity comparable \vith the gold standard monthly 
injection regimen in this aggressive subtype of neo
vascular AMD and seems capable of maintaining 
these results long ten11. 

Key words: retinal angiomatous proliferation, type 
3 neovascularization, RAP, bevacizumab, ranibi-
zumab, lucentis, avastin, Treat and Extend. 
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LONG-TERM FOLLOW-UP FOR TYPE l 
(SUBRETINAL PIGMENT EPITHELIUM) 
NEOVASCULARIZATION USING A 
MODIFIED "TREAT AND EXTEND'' 
DOSING REGIMEN OF INTRA VITREAL 
ANTIVASCULAR ENDOTHELIAL 
GROWTH FACTOR THERAPY 
MICHAEL ENGELBERT, MD, PHD, *t SANDRINE A. ZWEIFEL, MD, tt K. BAILEY FREUND, MD*t§ 

Purpose: The purpose of the study was to analyze long-term outcomes for the treatment 
of type 1 (subretinal pigment epithelium) neovascularization using a modified "treat and 
extend" antivascular endothelial growth factor dosing regimen. 

Methods: We performed a retrospective, noncomparative analysis of visual acuity, 
funduscopic, and optical coherence tomography data for i 8 eyes of i 6 consecutive 
patients with newly diagnosed type 1 neovascularization treated with intravitreal bevaci
zumab and/or ranibizumab with at least 24-month follow-up. Three monthly injections were 
followed by continued treatment at intervals increasing by 2 weeks per visit to a maximum 
of 1 0 weeks. The interval was shortened if clinical or optical coherence tomography 
evidence of recurrent fluid at the foveola or increased extrafoveolar fluid was detected. 

Results: Median baseline logarithm of the minimum angle of resolution visual acuity was 
0.53 (20/69 Snellen equivalent) and remained stable at 24 months (logarithm of the 
minimum angle of resolution 0.52, P = 0.84) after an average of i 2 injections (range, 8-i 9 
injections) and at ~j6 months (logarithm of the minimum angle of resolution 0.52, P = 0.68) 
after an average of 20 injections (range, 18-25 injections). Although most eyes (i 5 of i 8 
[83%]) continued to manifest extrafoveolar subretinal fluid throughout the course of 
treatment, only i eye developed geographic atrophy overlying the areas of choroidal 
neovascularization. During a cumulative observation period of 540 months, no eyes 
developed a sight-threatening submacular hemorrhage. 

Conclusion: A modified "treat and extend" dosing regimen of intravitreal antivascular 
endothelial growth factor therapy reduces the need for monthly visits and imaging and 
allows ior stable long-term visual acuity in eyes with type 1 neovascularization. 

RETINA 30:1368-1375, 2010 

Type l neovascularization occurs as a subtype of 
neovascular age-related macular degeneration 

(AMD) in which the abnormal vessels are located 
between Bruch membrane and the basal surface of the 
retinal pigment epithelium (RPE). Type l neovascu
larization typically exhibits an occult pattern with 
fluorescei□ angiography and always manifests some 
degree of RPE elevation with optical coherence 
tomography (OCT). The type I pattern has a different 
natural course and treatment response from the type 2 
(classic) and type 3 (retinal angiomatous proliforation) 

1368 

neovascular patterns. For example, eyes with type l 
(occult) neovascularization presented with better visual 
acuity in the MARINA stud/ than eyes with type 2 
(classic) neovascularization in the ANCHOR study.2 
In addition, in these trials, patients with type l neovascu
larization did not gain as many letters1 as patients with 
type 2 oeovascularization,2 although they were treated 
with the same dosing regimen of continuous monthly 
intravitreal injections of ranibizumab during 24 months. 

It has been hypothesized that the type 1 neovascular 
pattern may be a compensatory form of neovascular 
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growth occurring in response to an ischemic outer 
retina. 3 Type 1 vessels may represent a more mature 
form of neovascularization confined to the sub-RPE 
space and may be less responsive to antivascular 
endothelial growth factor (anti-VEGF therapy) than 
other neovascular patterns. In addition, by recapitulating 
the choriocapillaris, these vessels may provide nutri
tional support to the outer retina and could theoretically 
protect against the advent of geographic atrophy (GA). 

Although a monthly dosing regimen of intravitreal 
ranibizumab has the greatest scientific support for 
efficacy, it may be difficult to sustain in the elderly 
population with AMD. In addition, by inhibiting 
a potentially compensatory neovascular response, GA 
could be accelerated in eyes treated with more 
aggressive anti-VEGF dosing regimens. However, 
the relatively infrequent dosing in the PIER trial,4 in 
which patients received quarterly injections after an 
initial series of three monthly injections, resulted in 
inferior visual results when compared with the trials 
that were using monthly dosing. 

The PrONTO Study5 attempted to customize the 
dosing to the individual needs of the patient based on 
acuity decline, clinical findings, or OCT evidence of 
disease activity. The results from the 37 patients who 
completed this trial seemed to be favorable at both 
during 12- and 24-month period.5

·
6 As a result, 

PrONTO-style dosing has become popular in the 
retina community. Nonetheless, this strategy does 
require monthly visits, clinical examinations, and 
OCTs, and patients are uncertain if or when they will 
need treatment. In addition, there have been more 
recent concerns that patients who are no longer 
receiving regular maintenance intravitreal anti-VEGF 
injections can occasionally experience sudden sight
threatening macular hemorrhages within days or 
weeks after a stable clinical examination and an 
OCT showing no apparent sub- or intraretinal fluid. 7-·

9 

The "treat and extend" closing regimen is a strategy 
intended to resolve macular exudation and then maintain 
the macula in this "dry" state indefinitely with, when 
possible, fewer patient visits and treatments than 
monthly closing. 10 \Ve recently reported encouraging 
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long-term results using this regimen in eyes with type 3 
neovascularization. 11 The dosing strategy consists of an 
initial induction or "loading"' sequence of at least three 
initial monthly injections. If stable visual acuity, an 
absence of macular hemorrhage, and a dry OCT have 
been achieved at this point, patients continue to receive 
regular maintenance injections at increasing intervals. 
At 6 weeks after the last of the 3 initial monthly 
injections, visual acuity, clinical findings, and OCT 
changes are recorded again, and patients receive an 
injection regardless of the presence or absence of disease 
activity. However, the interval to the next visit (and 
scheduled injection) is based on an observed change in 
these parameters. J f there are no changes, the next visit is 
scheduled for 8 weeks. If there is a change, the patient 
returns for another scheduled injection and examination 
after 4 weeks. The observation and scheduled treatment 
interval is extended (hence the phrase "treat and 
extend"). In mir clinical experience, the risk of recurrent 
sight-threatening hemorrhages seems to increase be
cause the interval between injections of anti-VEGF 
agents is extended. Because of this concern, 10 weeks 
was chosen as the longest interval between office visits 
and treatments in this and in our previous study of eyes 
with type 3 neovascularization_7

- 9,
11 

\Ve now report on 18 eyes of 16 consecutive patients 
with newly diagnosed type 1 neovascularization treated 
with intravitreal bevacizumab and/or ranibizumab 
using a modified "treat and extend" dosing regimen 
and followed for at least 24 months. 

Materials and Methods 

Waiver of authorization for use of protected health 
information for the referenced research and a waiver 
of consent for this retrospective chart review were 
obtained from the Institutional Review Board Com
mittee of the Manhattan Eye Ear and Throat Hospital, 
New York, NY. 

The diagnosis of type 1 neovascularization was 
performed by the treating physician (K.B.F.) based on 
the clinical, fluorescein angiographic, OCT, and, in 
some cases, indocyanine green angiographic findings. 
To be considered as having the type 1 neovascular 
pattern, eyes had to have clinical and OCT evidence of 
subretinal fluid and/or hemorrhage with an associated 
elevation of the RPE. Fluorescein angiography of these 
eyes exhibited late leakage and staining in an indistinct 
or "occult" pattern. When available, a well-delineated 
"plaque'' found on inclocyanine green angiography ,vas 
correlated with the OCT finding of a vascularized 
pigment epithelial detachment (PED). Only patients 
with recent symptoms, hemorrhage, or evidence of 
recent disease progression were included in this 
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analysis. Patients treated previously with thermal laser, 
photodynamic therapy, or intravitreal pegaptanib 
(Macugen, Eyetech Phannaceuticals Inc., Palm Beach 
Gardens, FL) or who presented with subfoveal fibrosis 
or atrophy, a history ofvitrectomy, aphakia, a history of 
idiopathic or autoimmune-associated uveitis in either 
eye, or diabetic retinopathy more severe than mild 
nonproliferative stage were excluded from this study. 
Patients with preexisting cardiac or cerebrovascular 
conditions were not excluded from the study. 

Patient characteristics, including age, sex, and 
presence or absence of disease in the contralateral 
eye, were recorded. Treatment consisted of intravitreal 
injection of 1.25 mgi0.05 mL bevacizumab or 0.5 mg/ 
0.05 mL ranibizumab. For the purpose of this analysis, 
no distinction was made between the antiangiogenic 
drugs. Before intravitreal injection, topical anesthesia 
and surface disinfection with 5% povidone-iodine were 
performed. Iotravitreal injections were administered at 
the time of diagnosis and subsequently following 
a protocol ,ve have termed "treat and extend.'' Io 
contrast to a PrON1O-style regimen, patients did not 
have to return for monthly examinations. Instead, all the 
patients received at least 3 initial monthly injections 
followed by continued examination and treatment at 
intervals increasing by 2 weeks per visit once visual 
acuity was stable and clinical examination and OCT 
showed an absence of intra- and subretinal fluid at the 
foveola, resolution of all macular hemorrhage, and no 
farther reduction in extrafoveolar subretinal fluid. 
Because most eyes with the type 1 neovascular pattern 
continued to manifest PED and/or extrafoveolar 
subretinal fluid after the initial 3 monthly injections, 
resolution of PEDs and/or extrafoveolar subretinal fluid 
that was judged not to affect visual acuity was not 
required before the treatment intervals were lengthened. 
The treatment interval was extended to a maximum of 
10 weeks "maintenance" unless clinical examination 
or OCT detected new hemorrhage, persistent/recurrent 
intra- or subretinal fluid at the foveola, or an increase in 
PED size and/or extrafoveolar subretinal fluid. In those 
cases, the interval was shortened by 2 weeks and 
maintained at that duration provided this restored the 
clinical and OCT findings back to their previous level. 

Jn this study, the main outcome measure was visual 
acuity after treatment. The number of injections 
needed and change in funduscopic or tomographic 
appearance were also assessed. Specifically, presence 
of a PED, subretinal fluid, sight-threatening submacu
lar hemorrhage, defined as a subretinal hemorrhage of 
any size within 200 ,_un of the foveal center or 
a subretinal hemorrhage of at least 2 disk areas within 
the temporal vascular arcades as well as presence and 
progression of GA were recorded. 

Snellen visual acuity was measured by a certified 
ophthalmic technician. Snellen acuity was converted 
into logarithm of the minimum angle of resolution 
(logMAR) for statistical analysis at baseline and subse
quently at l, 2, 3, 24, and 36 months after injection of an 
antiangiogenic agent. Changes in logMAR-converted 
acuities were tested with a paired Student's t-test and 
accepted as significant if the P value was < 0.05. 

Qualitative assessments of retinal thickness were 
initially made using Stratus OCT (Carl Zeiss Meditec, 
Dublin, CA). Later in the study, including at last 
follow-up visits, the Topcon OCT (Topcon 3D OCT-
1000, Topcon Medical Systems, Paramus, NJ) or 
Spectralis HRA + OCT (Heidelberg Engineering, Inc., 
Heidelberg, Germany) was used. 

Fundus photography, fluorescein angiograms, enface 
OCT scan images, and, where available, autofluores
cence photography were examined for the presence and 
progression of GA overlying tbe areas of type 1 
neovascularization. 

Results 

Eighteen eyes of 16 consecutive patients with newly 
diagnosed type l neovascularization treated with 
intravitreal injections of bevacizumab and/or ranibizu
mab with at least 24-month follow-up were included in 
this study. Nine eyes completed 36-month follow-up. 

Median patient age was 79 years (range, 67-90 
years). Twelve of 16 patients were ,vomen. Four 
contralateral eyes had evidence of neovascular AMD 
and 2 of these eyes ,vere treated with a "treat and 
extend" regimen and included in the study. 

Median logMAR visual acuity at presentation was 
0.53 (Snellen equivalent 20/69) and transiently 
improved to 0.41 (Snellen equivalent 20/51) at l month 
and maintained at this level during the next 2 months 
(Figure 1). The difference in logMAR-converted 
visual acuity was statistically significant at all early 
time points (paired 2-tailed t-test, P < 0.05). At 24 
months and after an average of 12 injections (range, 8-
19), median logMAR visual acuity was 0.52, which 
was not statistically significantly different from 
baseline (P = 0.84). For 9 eyes, 36-month follow-up 
data after an average of 20 injections (range, 18-25 
injections) were available. Visual acuity remained 
stable compared with the 24-month time point with 
a logMAR of 0.52, which also was no different 
from the baseline visual acuity of 0.54 for these 9 eyes 
(P = 0.68). 

As mandated by our inclusion criteria, all eyes had 
serous or vascularized PEDs present at the initiation of 
anti-VEGF treatment. Ten of the 18 eyes had OCT 
evidence of intraretinal fluid on presentation, and 17 of 
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I<"ig. 1. Mean Snellen visual acuity of patients with type l chomidal 
neovascularization on a "treat and extend" regin1en vvas assessed at 
baseline and ] , 2, 3, 24, and 36 m_onths and plotted after conversion to 
logMAR. Horizontal lines represent the median. 

18 eyes had subretinal fluid. In aH these latter cases, the 
subretinal fluid involved the foveola. At the last follow
up examination, PEDs had resolved in only 3 of 18 eyes 
(17%). Most eyes (15 of 18 [83%]) continued to 
manifest extrafoveolar subretinal fluid throughout the 
course of treatment. Of the 10 eyes with intraretinal 
fluid on presentation, complete resolution of this fluid 
occmTed in only 3 eyes. In the remaining seven eyes, 
the intraretinal fluid resolved at the foveola but 
persisted elsewhere within the macula. Three eyes that 
initially presented without intraretinal fluid developed 
extrafoveolar intraretinal fluid during the follow-up 
period. One eye developed a new PED while on the 
anti-VEGF treatment regimen. 

Only 1 of 18 eyes developed GA overlying the areas 
of type I neovascularization. Accordingly, visual acuity 
decreased from 20/200 to 20i400 in this patient. During 
a cumulative observation period of 540 months, no eyes 
developed a sight-threatening submacular hemorrhage. 

Figure 2 shows a representative case of a 75-year
old woman treated with the modified "treat and 
extend" dosing regimen (31 ranibizumab injections) 
dming 36 months. The patient's visual acuity 
remained stable despite persistent extrafoveolar sub
retinal and intraretinal fluid. 

Discussion 

Although intravitreal anti-VEGF therapy for neo
vascular AMD has produced visual outcomes superior 
to previous therapies, the optimal dosing regimen for 
these agents remains uncertain. Similarly, whether 
different neovascular patterns respond differently or 
require different dosing regimens remains unclear, 
Although monthly dosing of anti-VEGF agents gives 
visual outcomes superior to previous treatments, 1,

2 it 
can place a tremendous burden on patients, retinal 

practices, and the healthcare system as a whole. In 
addition, safety concerns about long-term monthly 
injections argue in favor of exploring alternative 
dosing regimens. 

The only randomized, double-blind, sham-con
trolled trial investigating an alternative dosing scheme 
is the PIER study,4 which showed that a regimen 
consisting of three initial monthly injections followed 
by mandated quarterly dosing gives inferior visual 
results compared ,vith a monthly dosing regimen. 
Presumably, persistent and/or recurrent exudation 
occurring during the extended intervals between 
treatments was related to these inferior visual out
comes. The PrONTO study investigated a strategy 
intended to limit macular exudation in which three 
initial monthly injections were followed by dosing on 
an as-needed basis based on changes in visual acuity, 
clinical findings, and evaluation of OCT.5

·
6 Although 

this open-label, nonrandomized study seemed to show 
that visual results similar to monthly dosing could be 
achieved with fewer injections, patients still required 
monthly visits, examinations, and OCTs. Furthermore, 
after the initial mandated series of three injections, 
fluid was allowed to reaccumulate at the foveola 
before the treatment was repeated, raising concerns 
regarding incremental long-term vision loss and the 
possibility of new hemorrhages occmTing during long 
periods without VEGF inhibition. 

Type 1 (occult) neovascularization tends to have 
a variable but often less aggressive natural course 
compared with type 2 ( well-defined [classic]) neo
vascularization and type 3 (retinal angiomatous 
proliferation) neovascularization based on the pre
senting acuities and long-term natural history data. 
Patients with type 1 neovascularization who were 
enrolled in the MARINA study presented with a mean 
Early Treatment Diabetic Retinopathy Study letter 
score of 53 (Snellen equivalent 20/8(r), 1 whereas 
patients ,vith type 2 neovascularization enrolled in the 
ANCHOR study presented with only 45 letters 
(Snellen equivalent of 20/125).2 Tt is well known that 
some patients who have evidence of type 1 (occult) 
neovascularization may never experience vision loss 
( often despite continued growth of the lesion), 12 or 
they may experience only a mild gradual visual 
decline. This benign natural course may relate to the 
theory that, in some eyes, the type 1 neovascular 
growth pattern may develop as a compensatory form 
of neovascularization providing nutritional support to 
an ischemic outer retina by recapitulating the normal 
choriocapillaris.3 Our finding that only 1 of 18 eyes 
(6%) developed GA overlying the areas of type 1 
neovascularization may support this hypothesis. 
However, in some eyes, the type I neovascular pattern 

 
APOTEX V. REGENERON IPR2022-01524 

REGENERON EXHIBIT 2008 PAGE 650



1372 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES• 2010 • VOLUME 30 • NUMBER 9 

Fig. 2. Representative case. A-D. Left eye of a 75-year-old woman with 20/200 visual acuity at baseline. A. Color fundus photograph showing a large 
area of subretinal hemotThage temporal to a vascularized PED. B. Fluorescein angiogran1 shovvs type l neovascularization nasal to blocked 
fluorescence resulting from sub-RPE and subretinal hemon-hage. C. Late indocyanh1e green angiogram shows a plaque of choroidal neovascularization 
representing type 1 neovascularization. D. Spectral domain OCT scan (Topcon 3D) shows a vascularized PED and subretinal fluid. E-H. Images at 36-
month follow-up dosed according to the "treat and extend" protocoi. Visual acuity is stable. E. Color fundus photograph. F. Red-free photograph 
shows resolution of the he1norrhage, G C Late indocyanh1e green angiograrn shows a persi stcnt plaque representing type l neovascularization. H. 
Spectral domain OCT scan (Heidelberg) shows persistent sub- and intraretinal fluid. 
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may fi)llow a more aggressive course similar to type 2 
vessels, or these vessels may erode through the RPE 
becoming type 2 neovascularization within l year 
leading to more rapid vision loss. :3

-
15 

Given a more variable natural course, a rigid 
monthly, "one-size-fits-all" dosing regimen may be 
less suitable for eyes with type 1 vessels than for eyes 
with other neovascular patterns and (in theory) could 
inhibit an important compensatory mechanism aimed 
at preventing loss of overlying oeuroseosory elements. 
We believe that aggressive strategies aimed at 
eli minatiog type 1 oeovascularization could ultimately 
prove to be detrimental by accelerating GA in some 
patients. This concern is limited not only to a fixed
schedule continuous monthly regimen, but also to 
combination strategies using verteporfin photody
namic therapy or radiation that aim to completely 
occlude the neovascular lesion. It is well known that 
photodynamic therapy monotherapy affects patho
logic neovascularization and vessels perfusing the 
normal choriocapillaris. 16

-
18 Combination strategies 

that add an antiangiogenic agent19 or an anti-inflam
matory agent seem to enhance and prolong choroidal 
hypoperfusion, occasionally resulting in profound 
visual loss.20

·
21 lt is unknown what effects this hypo

perfusion may have on RPE and the outer retina, but 
obvious concerns are GA and photoreceptor damage. 

The "treat and extend" dosing regimen is a tailored 
maintenance regimen intended to achieve optimal 
visual results with two additional goals. 10 One goal is 
to reduce the treatment burden by reducing the number 
of patient visits and the number of imaging studies 
performed by eliminating the need for the monthly 
visits necessitated by alternative dosing strategies. 
We recently reported success in achieving this goal in 
a small cohort of eyes with newly diagnosed type 3 
neovascularization. 11 In this previous report, patients 
experienced a sustained visual improvement of -2 
Snellen lines with nearly half the number of office 
visits and injections compared with a monthly dosing 
regimen. 

A second goal of the "treat and extend" dosing 
regimen is to reduce the risk of new sight-threatening 
submacular hemorrhages. We recently showed a sta
tistically significant increase in macular hemorrhages 
when patients in the PIER trial were switched from 
a monthly to quarterly dosing regimen. 8 Unfortu
nately, large and potentially devastating submacular 
hemorrhages may occur almost immediately after 
a high-quality OCT examination showing an absence 
of fluid. 7

'
9 Theoretically, eyes treated with an OCT

guided as-needed regimen in which patients may 
go long intervals without VEGF suppression could 
be at greater risk for sight-threatening submacular 

hemorrhages compared with eyes rece1vmg more 
frequent and regular anti-VEGF treatments. Because 
of our concern regarding the risk of new hemrnThages 
with long intervals between treatments, we limited the 
interval between anti-VEGF injections to no longer 
than l O weeks. 

In applying the "treat and extend" strategy to eyes 
with type 1 neovascularization, we elected to modify 
the regimen used in our previous report in which the 
closing interval was extended only in the absence of 
intraretinal t1uid, subretinal fluid, and PED. 11 In 
contrast to eyes with type 2 and 3 vessels, eyes with 
type l neovascularization often continue to manifest 
extrafoveolar subretinal fluid (83% in this series) 
and/or PED (83% in this series) after a loading 
sequence of 3 monthly intravitreal injections of an 
anti-VEGF agent. The type l neovascular lesions are 
typically larger and may represent a more mature 
neovascular phenotype that is less responsive to anti
VEGF treatment. In this study, after three monthly 
treatments, we extended the closing interval even i o the 
presence of a persistent PED and provided any 
remaining fluid spared the foveola and was judged 
not to he affecting visual acuity. 

ln our series, patients following this modified "treat 
and extend" regimen were seen on average 12 times 
(range, 8-19) during the first 24 months reflecting the 
variable course of these eyes and a reduced need for 
re treatment. Although patients on a "treat and extend" 
dosing regimen receive a mandated injection at each 
visit, their eyes received a similar number of injections 
as received by the 37 patients who completed 24-
month follow-up in the PrONTO study (average, 9.9; 
range, 3-25) during the first 24 months.6 The 
significant reduction in patient visits of nearly 50% 
without an increase in the number of treatments could 
potentially decrease the burden on patients, practi
tioners, and the healthcare system as a whole. 

Nooe of the 18 eyes in our series experienced 
a sight-threatening hemorrhage during a cumulative 
observation period of 540 months. This finding 
seemed to support our hypothesis that more frequent 
and consistent dosing of anti-VEGF treatment may 
help reduce the occurrence of new macular 
hemorrhages. 

In our goal of evaluating the long-term results of the 
"treat and extend" dosing regimen, we wanted to 
investigate whether visual acuity could be improved 
and maintained with this anti-VEGF treatment 
regimen and how any such effect observed would 
compare historically with outcomes reported for the 
large randomized MARINA1 trial, which examined 
almost exclusively type 1 neovascular lesions. Our 
patients' baseline visual acuity of20/69 was somewhat 
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better than the mean baseline Early Treatment 
Diabetic Retinopathy Study letter score in the 
MARINA study, which was 53.6 letters (Snellen 
equivalent of 20/80 ). Although, unlike in the 
MARINA trial, there was not a statistically significant 
visual improvement at 24 months, the mean visual 
acuity of 20/70 at this time point was similar to that of 
the MARINA trial. In addition, the reported results of 
the MARINA trial apply only to those patients who 
were willing and able to complete 2 years of monthly 
visits and injections. In the MARINA trial, 14.1 % of 
enrolled patients did not complete the 24-month 
follow-up visit. Similarly, in our experience, it is often 
difficult to sustain monthly visits in the population 
with neovascular AMD. 

lt is problematic to compare our visual acuity data 
with the PrONTO study5·6 in which patients gained an 
average of 11.3 letters because the lesion compositions 
in the 2 studies were dissimilar. Io the PrONTO study, 
75% of eyes had lesions with at least some classic 
choroidal neovascularization (type 2 neovasculariza
tion) and 25% had retinal angiomatous proliferation 
(type 3 neovasularization). These more aggressive 
lesions tend to present with more active exudation and 
worse visual acuity (20/80+ in the PrONTO study) 
compared with type 1 lesions. This may offer such 
patients a greater chance for visual improvement after 
resolution of exudation. \Ve have recently reported on 
type 3 lesions treated according to the "treat and 
extend" regimen in ,vhich an average of ~2 lines of 
improvement was found after 24 months.u This is 
similar to the ANCHOR study in which patients ,vith 
exclusively classic lesions gained 11.3 letters. The 
superior visual results in eyes with type 3 neo
vascularization may relate to a smaller size and a more 
robust response to treatment than are typical for type 1 
lesions. In addition, in mu- previous study, we used 
a more aggressive treatment regimen in which an 
absence of PED and fluid both centrally and in the 
extrafoveolar macula was required before the interval 
bet\veen injections was extended. 

Although historical comparisons between different 
studies may be relevant, they are hampered by the 
impossibility of statistical analysis. Conclusions about 
the superiority of one treatment protocol or the other 
remain speculative at best, particularly when the 
numbers in the studies being compared are low. 

Unlike the MARINA and PrONTO studies, which 
are limited to 24-month follow-up, 9 of our 17 patients 
completed 36-month follmv-up with a mean of 20 
injections. Visual acuity remained stable at the 24-
month level, suggesting true long-term stabilization. 
We are not aware of any other dosing regimen of anti
VEGF therapy, ,vhich has shmved stable visual acuity 

>3 years. Furthermore, the absence of sight-threat
ening macular hemorrhages and rare progression of 
GA overlying the neovascular lesions suggest addi
tional long-term benefits of the "treat and extend" 
dosing regimen. 

Our study is limited by its retrospective, noncom
parative nature and relatively few patients. Another 
limitation is a possible ascertainment bias as a result of 
a methodology that excluded patients with a follow-up 
of <24 months and those who were noncompliant with 
the "treat and extend" dosing regimen. It is possible 
that patients who did not have 24-month follow-up 
may have discontinued the treatment regimen as a 
result of poor outcomes. However, few such cases 
could be recalled. 

Despite these limitations, our study supports that the 
modified "treat and extend" dosing regimen used in 
this study for type 1 neovascularization may be a safe 
and effective way to reduce the number of follow-up 
visits and injections required in these eyes for up to 
36 months. Despite persistent PEDs and extrafoveolar 
fluid in most eyes, visual acuity remained stable with 
no eyes experiencing sight-threatening submacular 
hemorrhages. Given these encouraging long-term 
results of a treatment strategy designed to control 
but not eliminate a potentially protective compensa
tory form of neovascul arization, we suggest that future 
studies aimed at improving visual outcomes in eyes 
harboring type 1 neovascularization explore similar 
nondestructive treatment modalities. 

Key words: type l neovascularization, bevacizumab, 
ranibizumab, Lucentis, Avastin, treat and extend. 
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