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Electronically Filed

PRELIMINARY Attorney Docket No. REGN-O08CIPCON6

AMENDMENT Confirmation No.
Under CFR 1.115 First Named Inventor YANCOPOULOS, GEORGED.

Application Number To Be Assigned

Address to Filing Date
Mail Stop Patent Application Group Art Unit
Commissioner for Patents Examiner Name Po
P.O. Box 1450 Title: “Use ofa VEGF Antagonist to Treat Angiogenic
Alexandria, VA 22313-1450 Eye Disorders”

 
Sir:

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

amendments below.
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This AcknowledgementReceipt 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 componentsfora 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 shownonthis
AcknowledgementReceiptwill 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/903indicating acceptanceof the application asa
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PTO/AIA/14

U.S, Patent and TrademarkOffice; U.S. DEPARTMENT OF COMMERCE

 

Attorney Docket Number REGN-008CIPCONG 
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 arrangedin a format specified by the United States Patent and TrademarkOffice as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and includedin a paperfiled application.

   
Secrecy Order 37 CFR 5.2:

Portionsorall of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
L CFR 5.2 (Paperfilers only. Applications thatfall under Secrecy Order may notbefiled electronically.) 

Inventor Information:

Ta caaleele 1

Legal Name

Prefix |GivenName Middle Name Family Name Suffix 
Residence Information (Select One) (@) US Residency ©) Non USResidency ©) Active US Military Service

City Yorktown Heights State/Province Country of Residence i US

Mailing Addressof Inventor:

Address 1 c/o Regeneron Pharmaceuticals, Inc.

Address 2 777 Old Saw Mill River Road

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated
within this form by selecting the Add button.

  
CorrespondenceInformation:

Enter either Customer Numberor complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[_] An Addressis being provided for the correspondence Informationofthis application. 
Customer Number 96387

Email Address docket@bozpat.com Add Email Remove Email

Application Information:

Title of the Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Attorney Docket Number|REGN-OO8CIPCONG Small Entity Status Claimed [|

 

  
 

Subject Maier

Total Numberof Drawing Sheets(if any) 1 Suggested Figure for Publication (if any) 1
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REGN-OO8CIPCON6   
  
  
 

 
 

oo. 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 

Filing By Reference:

Only complete this section whenfiling an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papersincluding a specification and any drawingsare beingfiled. 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 purposesofa filing date under 37 CFR 1.53(b), the description and any drawingsof the present application are replaced by this
reference to the previouslyfiled application, subject to conditions and requirements of 37 CFR 1.57(a).

i

Application numberof the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:

[_] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish.| hereby request that the attached application not be published under 35 U.S.C.
CO 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
monthsafterfiling.

 
  
 

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a powerof attorneyin the application (see 37 CFR 1.32).
Either enter Customer Numberor 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 C) USPatent Practitioner C) Limited Recognition (37 CFR 11.9)

Customer Number 93726

Prefix|GivenName|Middle Name|FamilyName=||FamilyName=||Suffix
aeeeones

Registration Number

Prefix|GivenName|Middle Name|FamilyName=|Name|Suffix
—Te

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Domestic Benefit/National Stage Information:
This section allowsfor the applicantto 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.
Whenreferring to the current application, please leave the “Application Number”field blank.

 
l | Filing or 371(c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 16055847 2018-08-06

 
  

 Prior Application Status Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

  

Continuation of 16397267 2019-04-29

 
 Prior Application Status|Pending  Remove

 

 

   
 

 
 

 

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD}

16397267 Continuation of 16159282 2018-10-12

Application 4 Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

16159282 Continuation of 15471506 2017-03-28 10130681 2018-11-20

Application 4 Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

15471506 14972560 2015-12-17 9669069 2017-06-06

Application a Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

14972560 13940370 2013-07-12 9254338 2016-02-09

 

 

  
Prior Application Status|Expired

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD}

13940370 Continuation in part of PCT/US2012/020855 2012-01-11
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REGN-OO8CIPCON6   
  
 
 
 

 
 

oo. 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

 
 
  
 

 

Prior Application Status|Expired  Remove

Filing or 3/1(c) Date
(YYYY-MM-DD)

 

  
  Application Number Continuity Type Prior Application Number

 
 PCT/US2012/020855 Claims benefit of provisional 61432245 2011-01-13

 

   
 

Prior Application Status Remove

Filing or 3/1(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2012/020855 Claims benefit of provisional 61434836 2011-01-21

  
 Prior Application Status Remove

Filing or 3/1(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 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application thatis eligible
for retrieval underthe priority document exchange program (PDX) the information Will be used by the Office to automatically attempt retrieval
pursuant to 37 CFR 1.55(i)(1) 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

applicationis filed, within the time period specified in 37 CFR 1.55{g){1).

Additional Foreign Priority Data may be generated within this form by selecting the Add
button.

  
 

Application Number Access Code if applicable)  
 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventorto 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 effectivefiling date on or after March

[] 16, 2013.
NOTE:By providing this statement under 37 CFR 1.55 or 1.78, this application, withafiling date on or after March
16, 2013, will be examined underthefirst inventorto file provisions of the AIA.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Authorization or Opt-Out of Authorization to Permit Access:

Whenthis Application Data Sheet is properly signed andfiled 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 B in subsection 1 below).

Should applicant choose notto 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 INITIALfiling 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 Ain subsection 2 (opt-out of autharization) 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 otherforeign intellectual property office participating with the USPTO ina
bilateral or multilateral priority document exchange agreementin whicha foreign application claiming priority to the instant
patent applicationis filed, access to: (1} the instant patent application-as-filed andits 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 1.14(h}(1).

 

 
B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO accessto the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent applicationis filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
searchresults 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 USPTOto permit a participating foreign IP office access to the instant
[_] application-as-filed. If this box is checked, the USPTOwill not be providing a participating foreign IP office with any

documents and information identified in subsection 1A above.

Oo B. Applicant DOES NOT authorize the USPTOto transmit to the EPO anysearch results from the instant patent
application.If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Oncethe application has published oris otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Applicant Information:

Providing assignment informationin this section does not substitute for compliance with any requirementof part 3 of Title 37 of CFR to have
an assignment recorded by the Office.

Ye)e1is: 11ae
If the applicantis the inventor (or the remaining joint inventoror inventors under 37 CFR 1.45), this section should not be completed. The
information to be providedin this section is the name and addressof the legal representative whois the applicant under 37 CFR 1.43; or the
name and address of the assignee, person to whomtheinventoris under an obligation to assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter whois the applicant under 37 CFR 1.46.If the applicantis an applicant under 37 CFR 1.46 (assignee,
person to whom the inventoris obligated to assign, or person who otherwise showssufficient proprietary interest) together with one or more
joint inventors, then the joint inventor or inventors whoare also the applicant should be identified in this section.

Clear

©) Assignee ©) Legal Representative under 35 U.S.C. 117 QC) Joint Inventor

(@) Person to whom theinventoris obligated to assign. QO Person who showssufficient proprietary interest

 

 
 

If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

Nameof the Deceased or Legally Incapacitated Inventor: Po
If the Applicantis an Organization check here. x]

Organization Name REGENERON PHARMACEUTICALS,INC.

Mailing Address Information For Applicant:

Address1 777 Old Saw Mill River Road

Address 2

Email Address
 

Additional Applicant Data may be generated within this form by selecting the Add button.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 Title of Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Assignee Information including Non-Applicant Assignee Information:

Providing assignmentinformationin this section does not substitute for compliance with any requirementofpart 3 ofTitle 37 of
CFR to have an assignmentrecorded 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 onlyif identification as an assigneeis also desired on the patent application
publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. x]

Organization Name REGENERON PHARMACEUTICALS,INC.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 777 Old Saw Mill River Road

Address 2

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.
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PTO/AIA/14 (08-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 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,if this Application Data Sheet
is submitted with the INITIALfiling of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is ajuristic entity (e.
g., corporation or association).If the applicant is two or more joint inventors, this form must be signed by a patentpractitioner,
all joint inventors who are the applicant, cr one or morejoint inventor-applicants who have been given powerofattorney(e.g.,
see USPTO Form PTO/AIA/81) on behalf ofall joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.
  

/Karl Bozicevic/ Date (YYYY-MM-DD)

Additional Signature may be generated within this form by selecting the Add button.
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Atty Dkt.. No. REGN-008CIPCON6

ABSTRACT

The present invention provides methodsfor treating angiogenic eye disorders by sequentially

administering multiple doses of a VEGF antagonist to a patient. The methodsof 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.

-25-
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Atty Dkt.. No. REGN-008CIPCON6

Whatis claimedis:

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 dosesof the VEGF antagonist, followed by one or moretertiary doses of the

VEGF antagonist;

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

dose; and

wherein eachtertiary 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 weeksafter 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 doseis administered 4 weeksafter the immediately preceding

dose.

4. The method of claim 3, wherein each tertiary dose is administered 8 weeksafter 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 weeksafter

the immediately preceding dose, and wherein each subsequenttertiary 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 disorderis age related macular

degeneration.

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

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

chimeric molecule.
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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 VEGFR1R2-FcAC1(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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USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

CROSS-REFERENCETO RELATED APPLICATIONS

[0001] This application is a continuation of 16/055,847 filed August 6, 2018 and is a continuation

of 16/397,267filed April 29, 2019 which is a continuation 16/159,282 filed October 12, 2018, which

is a continuation of 15/471 ,506filed March 28, 2017, now U.S. Patent No. 10,130,681 issued

November20, 2018, which is a continuation of 14/972,560 filed December 17, 2015, now U.S.

Patent No. 9,669,069 issued June 6, 2017, which is a continuation of 13/940,370filed July 12,

2013, now U.S. Patent No. 9,254,338 issued February 9, 2016, which is a continuation-in-partof

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 referencein 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 byor associated with angiogenesis.

BACKGROUND

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

developmentof age-related macular degeneration (AMD) is associated with a processcalled

choroidal neovascularization (CNV). Leakage from the CNV causes macular edemaandcollection

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

disorder with an angiogenic component. DMEis 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 whenfluid 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 andfluid 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.
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[0004] FDA-approved treatments of angiogenic eye disorders such as AMD and CRVOinclude

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

monthly basis byintravitreal injection.

[0005] Methodsfor treating eye disorders using VEGF antagonists are mentionedin, e.g., US

7,303,746; US 7,306,799; US 7,300,563; US 7,303,748; and US 2007/0190058. Nonetheless,

there remains a needin the art for new administration regimens for angiogenic eye disorders,

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

BRIEF SUMMARYOFTHE INVENTION

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

methodsof 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 dosesof the VEGF antagonist, followed by one or moretertiary 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 methodsof the present invention, each secondary dose of VEGF

antagonist is administered 2 to 4 weeksafter the immediately preceding dose, and eachtertiary

doseis administered at least 8 weeksafter the immediately preceding dose. An example of a

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

regimenis that, for most of the course of treatment (/.e., the tertiary doses), it allows for less

frequent dosing (@.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 methodsof the present invention can be used to treat any angiogenic eye disorder,

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

central retinal vein occlusion, corneal neovascularization, etc.

[0008] The methodsof 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

"VEGFR1R2-FcAC1(a)"or"aflibercept.”
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[0009] Various administration routes are contemplated for use in the methodsof the present

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

administration).

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

November2011, for the treatment of patients with neovascular (wet) age-related macular

degeneration, with a recommendeddoseof 2 mg administered by intravitreal injection every 4

weeksforthefirst three months, followed by 2 mg administered byintravitreal injection once every

8 weeks.

[0011] Other embodimentsof 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 0"), two "secondary doses" are administered at weeks 4 and 8, respectively,

and at least six "tertiary doses" are administered once every 8 weeksthereafter, /.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 mayvary. It is also to be understoodthat the terminology used herein is for the purpose

of describing particular embodimentsonly, and is not intended to belimiting, since the scope of the

present invention will be limited only by the appendedclaims.

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

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

As used herein, the term "about," when usedin 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 (eé.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
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[0016] The present invention provides methodsfor treating angiogenic eye disorders. The

methodsof 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

predeterminedinterval (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 dosesof the VEGF antagonist, followed by oneor

moretertiary 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 whichis

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 mayall contain the same amount of VEGF antagonist, but will generally differ

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

amount of VEGF antagonist containedin the initial, secondary and/or tertiary doseswill vary from

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

[0018] In one exemplary embodimentof the present invention, each secondary doseis

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

tertiary dose is administered at least 8 (é€.g., 8, 81, 9, 91%, 10, 10%, 11, 11%, 12, 12%, 13, 13%, 14,

144, or more) weeksafter 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 sequencewith no intervening doses.

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

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

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

dose(/.e., at week 4 and at week8), followed by at least 5 tertiary doses, each administered eight

weeksafter the immediately preceding dose (/.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 methodsof the invention may comprise administering to a patient any numberof

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

a single secondary doseis administered to the patient. In other embodiments, two or more (é.g,., 2,

3, 4, 5, 6, 7, 8, or more) secondary doses are administered to the patient. Likewise, in certain
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embodiments,only a single tertiary dose is administered to the patient. In other embodiments, two

or more(é.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 weeksafter the immediately preceding dose. Similarly,

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

samefrequency asthe other tertiary doses. For example, each tertiary dose may be administered

to the patient 8 weeksafter 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 dosesof 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 subsequenttertiary dose is administered from 8 to 12 (eé.g., 8,

8%, 9, 9%, 10, 10%, 11, 11%, 12) weeksafter the immediately preceding dose. The frequencyof

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

the needsofthe individual patient following clinical examination.

VEGF ANTAGONISTS

[0022] The methodsof 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 whichinterfere 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 hinderthe 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 FIt1) and/or VEGFR2(also referred to as FIk1 or KDR), and mayalso contain a multimerizing

domain (@.g., an Fc 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 VEGFR1R2-FcAC1(a) which is encoded by the nucleic acid sequence of SEQ ID

NO:1. VEGFR1R2-FcAC1(a) comprises three components: (1) a VEGFR1 component comprising
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amino acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2 component comprising amino acids 130 to

231 of SEQ ID NO:2; and (3) a multimerization component ("FcAC1(a)") comprising amino acids

232 to 457 of SEQ ID NO:2 (the C-terminal amino acid of SEQ ID NO:2 [/.e., K458] may or may not

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

7,396,664). Amino acids 1-26 of SEQ ID NO:2 are the signal sequence.

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

comprising two VEGFR1R2-FcAC1(a) molecules and is referred to herein as "VEGFT." Additional

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 whichis

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 methodsof

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

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-

surgicalfibrosis 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, é.g., a

pharmaceutically acceptable carrier. Other agents may beincorporated into the pharmaceutical

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

“pharmaceutically acceptable” means approved by a regulatory agencyof the Federal or a state

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

in animals, and moreparticularly, 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 knownto all pharmaceutical chemists: Remington's

Pharmaceutical Sciences (15th ed, Mack Publishing Company, Easton, Pa., 1975), particularly
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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. Anyof the foregoing mixtures may be

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

antagonistis 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

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 preparedby dissolving, suspending or emulsifying a VEGF antagonistin

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 otherauxiliary 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 castoroil)], 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 befilled in an appropriate ampouleif

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, é.g., via eye drops or otherliquid, 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.
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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 schemesin which the quantity of VEGF

antagonist contained within the individual doses increases overtime (é€.g., each subsequent dose

contains more VEGF antagonist than the last), decreases overtime (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 courseof the administration regimen.

[0031] The amount of VEGF antagonist administered to the patient in each doseis, in most

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

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

symptomsorindicia of an angiogenic eye disorder, or a dose of VEGF antagonistthat 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 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 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(/.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 methodsof the present invention are useful for treating angiogenic eye disordersin

patients that have been diagnosedwith orare at risk of being afflicted with an angiogenic eye

disorder. Generally, the methods of the present invention demonstrate efficacy within 104 weeksof
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the initiation of the treatment regimen (with the initial dose administered at "week 0"), 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 methodsfor treating angiogenic eye

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

patient exhibits a loss of 15 or fewerletters 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 ETDRSchart from the timeofinitiation of

treatment.

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 intendedto 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,

temperatureis 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 Ig

domain 2 from VEGFR1 fused to Ig domain 3 from VEGFR2, whichin turn is fused to the hinge

region of a human IgG1 Fe domain (VEGFR1R2-FcAC1(a); encoded by SEQ ID NO:1). This VEGF

antagonistis referred to in the examples below as "VEGFT". For purposesofthe following

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

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

[0036] In this Phase | study, 21 subjects with neovascular AMD receiveda single intravitreal (IVT)

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

VEGFT, and a sixth groupof 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 decreasein foveal thickness and macular volume was

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

retinal thickness [excessretinal thickness = (retinal thickness — 179y)] on optical coherence

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

194to 60" as assessed using a single Posterior Pole scan. The mean increasein best corrected
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visual acuity (BCVA) was 4.75 letters, and BCVA wasstable or improved in 95% of subjects. In the

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

subjects demonstrating improvementof 2 3 lines.

Example 2: PhaseIl Clinical Trial of Repeated Dosesof Intravitreally 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

VEGFTtested at 4-week and/or 12-week dosing intervals. There were 5 treatment armsin 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 dosedata fixed interval for the

first 12 weeks, after which they were evaluated every 4 weeksfor 9 months, during which additional

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

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

that VEGFT metits primary endpointof a statistically significant reduction in retinal thickness after

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

changefrom baselinein 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

decreasein excessretinal thickness (p < 0.0001) and an increasein 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 thosetypically

associated with intravitreal injections.

Example 3: Phase | 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 VEGFTby IV infusion in subjects with neovascular AMD. Groups of 8

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

were assigned to receive 4 IV injections of VEGFT or placeboat doselevels of 0.3, 1, or 3 mg/kg

over an 8-weekperiod.

[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 (DLT) (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 changesin excessretinal thickness were: -12%, -10%,-

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

-10-
APOTEX V. REGENERONIPR2022-01524

REGENERONEXHIBIT 2010 PAGE 029



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 030

Atty Dkt.. No. REGN-008CIPCON6

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 BCVAin the subjects treated with VEGFT. As would

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

Example 4: PhaseIll Clinical Trials of the Efficacy, Safety, and Tolerability of Repeated
DosesofIntravitreal VEGFT in Subjects with Neovascular Age-Related Macular Degeneration

A. Objectives, Hypotheses and Endpoints

[0040] Two parallel PhaseIII clinical trials were carried out to investigate the use of VEGFTto

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

The primary objective of these studies was to assessthe efficacy of IVT administered VEGFT

compared to ranibizumab (Lucentis®, Genentech, Inc.), in a non-inferiority paradigm, in preventing

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

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

administration of VEGFTin subjects with all sub-types of neovascular AMD for periods up to 2

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

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

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

VEGFTwith 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 ETDRSchart, compared to baseline, at 52 weeks. Secondary endpoints

were asfollows: (a) change from baseline to Week 52 in letter score on the ETDRSchart; (b) gain

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

Week52 in total NEI VFQ-25 score; and (d) change from baseline to Week 52 in CNVarea.

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 VEGFT administered every 4 weeks (2Q4); (2) 0.5 mg VEGFT administered

every 4 weeks (0.5Q4); (3) 2 mg VEGFT administered every 4 weeks to week 8 and then every 8

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

(2Q8); 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 Week52).
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[0045] The study duration for each subject was scheduled to be 96 weeksplus the recruitment

period. Forthe 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 yearof 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 yearof 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)

increasein central retinal thickness of 2100 um comparedto 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 ETDRSletters in conjunction with recurrentfluid as indicated by OCT; or(iii) new or

persistentfluid 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

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 weeksintervals for safety and best corrected visual acuity

(BCVA) using the 4 meter ETDRSprotocol. Quality of Life (QOL) was evaluated using the NE!

VFQ-25 questionnaire. OCT and FA examinations were conductedperiodically.

[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 AMD. "Subfoveal" CNV was defined as the presenceof

subfoveal neovascularization, documented by FA, or presenceof a lesion thatis juxtafoveal in

location angiographically but affects the fovea. Subjecteligibility was confirmed based on

angiographic criteria prior to randomization.

[0049] Only one eye wasdesignated as the study eye. For subjects who meteligibility criteria in

both eyes, the eye with the worse VA wasselected 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 asfollows: (i) signed Informed consent; (ii) at least

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

lesions that affect the fovea as evidencedby FAin the study eye; (iv) CNV at least 50% of total

lesion size; (v) early treatment diabetic retinopathy study (ETDRS) 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
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for all clinic visits and completeall 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 AMD except dietary supplements or vitamins. 2. Any

prior or concomitant therapy with another investigational agent to treat neovascular AMD 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 wasnot allowed; (b) Prior

treatmentwith anti-VEGF therapyin the fellow eye with an investigational agent (not FDA approved,

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

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

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

Canada approved, wasonly allowed up to 3 monthspriorto first dose, and was not allowed during

the study. 4. Total lesion size > 12 disc areas (30.5 mm2, including blood, scars and

neovascularization) as assessed by FAin the study eye. 5. Subretinal hemorrhagethatis either

50% or more ofthe total lesion area,orif 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

degreesbyvisible CNV.) 6. Scaror fibrosis, making up > 50% oftotal 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

weeksprior 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 evidenceof diabetic retinopathy, diabetic macular edema or any

other vascular diseaseaffecting the retina, other than AMD, in either eye. 12. Prior vitrectomy in

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

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

intraocular or periocular surgery within 3 months of Day 1 on the study eye, exceptlid 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 trabeculectomyor otherfiltration 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 weeksprior to Screening in either eye. 21. Any history of uveitis in either eye. 22. Active

scleritis or episcleritis in either eye. 23. Presenceorhistory of scleromalacia in either eye. 24.
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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 mightinterfere

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 whatis to be expected from standard proceduresofintraocularinjection, or

which otherwise mayinterfere 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

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 useof long acting steroids, either systemically or

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

Knownseriousallergy to the fluorescein sodium for injection in angiography. 36. Presence of any

contraindications indicated in the FDA Approvedlabel 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); |UD; Depo-Provera®; Norplant® System

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

sponge, foam or jelly.

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

of their AMD in the study eye other than their assigned study treatment with VEGFTorranibizumab

as specified in the protocol until they completed the Completion/Early Terminationvisit

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 asfollows:

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

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

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

VA examiners were required to remain maskedto treatment assignment.
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[0055] Optical Coherence Tomography: Retinal and lesion characteristics were evaluated using

OCTon 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 readersat 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 becertified by the reading center to ensure consistency and quality in image

acquisition. Adequate efforts were made to ensure that OCTtechnicians 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 andtransmitted 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 angiographiccriteria prior to randomization. All FAs and

fundus photographs were archivedat the site as part of the source documentation. Photographers

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

acquisition. Adequate efforts were madeto ensurethat 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-Item 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 andinitiated thefirst call to the call center to collect all

of the subject’s contact information and to complete the first NEI VFQ-25 on the phoneprior to

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

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

[0058] Intraocular Pressure: Intraocular 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

metforall three VEGFT groups (204, 0.504 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 2mqgevery 8
(RQ4) (0.504) (204) weeks"! (208)

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

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

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

Mean improvementin 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

'l Following threeinitial monthly doses
* Visual acuity was measured as the total numberof 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 Study2, respectively)
*“* Test for superiority
NS = non-significant

   
[0061] In Study 1, patients receiving VEGFT 2mg monthly (2Q4) achievedastatistically significant

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

compared to ranibizumab 0.5mg monthly (RQ4); 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 VEGFTin Study 1 and all dose groups in Study 2

were notstatistically 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 acrossall 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

conjunctival hemorrhage, macular degeneration, eye pain, retinal hemorrhage, and vitreous

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

this elderly population who receiveintravitreal treatment for wet AMD; the mostfrequently 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: PhaseIl 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 overfive groups. The

control group received macularlaser therapy at baseline, and patients were eligible for repeat laser
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treatments, but no more frequently than at 16 week intervals. The remaining four groups received

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

four weeks throughout the 12-month dosing period (0.5Q4 and 2Q4,respectively). Two groups

received threeinitial doses of 2 mg VEGFT onceevery four weeks(/.e., at baseline, and weeks 4

and 8), followed through week 52 byeither once every 8 weeks dosing (2Q8) or as needed dosing

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

shownin Table 2:

Table 2

Mean changein visual acuity at|Mean changein visual acuity at
week 24 versus baseline week 52 versus baseline

(letters) (letters)

Laser

VEGFT 0.5 mg
monthly (0.5Q4)

VEGFT 2 mg monthly
(204)

VEGFT 2 mg every 8
weeks! (2Q8)

VEGFT 2 mg as
needed! (PRN)
[al Following threeinitial monthly doses
*“p < 0.01 versus laser

   
[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., AMD and DME)at a frequency of once every 8

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

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

Example 6: A Randomized, Multicenter, Double-MaskedTrial in Treatment Naive Patients
with Macular Edema Secondary to CRVO

[0066] ‘In this randomized, double-masked, Phase3 study, patients received 6 monthly injections

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

Week52,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 0 through Week20, followed byintravitreal VEGFT as needed from Week 24 through
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Week 52. "VEGFT-treated patients" means patients who received VEGFTintravitreal injections

once every four weeks from Week 0 through Week20, followed by intravitreal VEGFT as needed

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

215 ETDRSletters 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 VEGFT-treated patients gained 215 ETDRSletters from baseline vs

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

patients gained 215 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 numberof injections was 2.7 for VEGFT-treated patients vs 3.9 for sham-treated patients.

Mean changein central retinal thickness was -413.0 um for VEGFT-treated patients vs -381.8 um

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 changefrom baseline in the VFQ-25total 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.

[0068] This Example confirms that dosing monthly with 2 mgintravitreal VEGFT injection resulted

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

Week52 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 byintravitreal injection once every 4 weeks

(monthly).

[0071] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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

[0072] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

8 weeks, followed by 2 mg (0.05 mL)via intravitreal injection administered pro re nata (PRN) based
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on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical

professional).

[0074] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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

[0075] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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

[0078] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

16 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).

[0079] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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

[0081] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

24 weeks, followed by 2 mg (0.05 mL)via intravitreal injection once every 8 weeks.
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[0084] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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

[0087] VEGFT 2 mg (0.5 mL) administered byintravitreal injection once every 4 weeksforthefirst

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 byintravitreal injection once every 4 weeksforthefirst

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).

[0089] VEGFT 2 mg (0.05 mL) administered byintravitreal 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 volumeof 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] Anyof the foregoing administration regimens may be usedfor the treatment of, é.g., age-

related macular degeneration (e.g., wet AMD, exudative AMD,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.
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SEQUENCES

[0092] SEQ ID NO:1 (DNA sequence having 1377 nucleotides):

ATGGTCAGCTACTGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTCTGCTTCTCAC

AGGATCTAGTTCCGGAAGTGATACCGGTAGACCTTTCGTAGAGATGTACAGTGAAATCCCCGA

AATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCACCTAACAT

CACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGG

GACAGTAGAAAGGGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGCTTCTGACCTGT

GAAGCAACAGTCAATGGGCATTTGTATAAGACAAACTATCTCACACATCGACAAACCAATACAA

TCATAGATGTGGTTCTGAGTCCGTCTCATGGAATTGAACTATCTGTTGGAGAAAAGCTTGTCTT

AAATTGTACAGCAAGAACTGAACTAAATGTGGGGATTGACTTCAACTGGGAATACCCTTCTTCG

AAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAG

AAATTTTTGAGCACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTG

CAGCATCCAGTGGGCTGATGACCAAGAAGAACAGCACATTTGTCAGGGTCCATGAAAAGGACA

AAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCT

TCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTG

GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGT

GCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCG

TCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAAC

AAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACC

ACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT

GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCG

GAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC

AAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA

TGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA

[0093] SEQIDNO:2 (polypeptide sequence having 458 aminoacids):

MVSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLK

KFPLDTLIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGI

ELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRS

DQGLYTCAASSGLMTKKNSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV

TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV

SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN

NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

[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
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becomeapparentto thoseskilled in the art from the foregoing description and the accompanying

figures. Such modifications are intendedto fall within the scope of the appendedclaims.
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PTOVALADE (08-12)
Approved for use through 0/31/2014, GMB 0651-0002

. U.S. Patent and Trademark Olfco; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unless iL displays a valid OB control numbar.

 DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET(37 CFR 1.76)

Title of USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIG EYE DISORDERS
invention

As the below named inventor, | hereby dectare that:

This declaration ry The attached application,or
is directed fo:

dX United States application or PCT International application number__13/940,370

fledon_ July 12, 2013 :

The above-identified application was made or authorized to be made by me.

| beeve that 2. am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made fn ihis declaration is punishable under 18 U.S.C. 1001
by fine or imprisonmentof not more than (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avold submitting personal information in decumenis filed in a patent application thal may
ontibute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers

(other than a check or credif card authorization form PTO-2038 submitted for payment purposes) is never required by the
USPTO to support a petition or an application. lf this type of personal information is Included in documents submitted to the
USPTO,petitioners/applicanis should consider redacting such personalinformation from the documents before submitting them
o the USPTO.Petitioner/applicant is advised that the record of a patent application is available to the public after publication of
he application (unless a non-publication request in compliance with 37 CFR 4.213{a) is made in the application) or issuance of a
oatent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced
in a published application or an issued patent (see 37 GFR 1.14). Checks and credit card authorization forms PTO-2038
ubmitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: JULS EO Date (Optional) :

Signaiure: t_

Note: An application data sheet (PTO/SB/14 of equivalent}, including naming the entire inventive entity, must accompany this form.
Use an additional PTG/AIA/G1 form for each additional inventor.

 
This collection of information is required by 35 U.S.C, 115 and 37 CFR 1.63. The infermation is required to obtain or retain a benefit by the public which isto file
fand by the USPTOto process} an apptication. Confidantatity is governed by 35 U.S.C, 122 and 37 CFA 1.11 and 1.14. This collectionis estimated to take 1 minute
to complete, including gathering, preparing, and submitting the completed application form io the USPTO.Timewail vary depending uponthe individual case. Any
comments on the amountof fime you require to complete this form and/or suggestions far reducing this burden, should be sentto tha Chief Information Officer, U.S,
Patent and Trademark Office, U.S, Deparment of Commerce, P.O, Box 1456, Alexandria, VA 22913-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O, Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the farm, calf 1-800-PTO-9199 and select option 2.

APOTEX V. REGEN ERON IPR2022-01524
REGENERON EXHIBIT 2010PAGE 043

 

 
 



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 044

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this Information is 35 U.S.C. 2(b)(2); (2) furnishing of the Information solicited is voluntary;
and (3) the principal purposefor which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submissionrelated to a patent application or patent.If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonmentof the application or expiration of the patent.

 

The information provided by youin this form will be subject to the following rouline uses:

1, The information on this form willbe treated confidentially to the extent allowed under the
Freedom of information Act (5 U.S.C, 552} and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Deparlmentof Justice to determine whether
disclosure of these records is required by the Freedom of information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosuresto
opposing counselin the course of settlement negotiations.

3. Arecard in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request Involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject mattar of the
record,

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order io perform a contract. Recipients of
information shail be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 582a(m)}.

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)}.

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, i
General Services, or his/her designee, during an inspection of records conducted by GSA as i
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with ihe GSA regulations governing inspection of records forthis
purpose, and any other relevant ( .e., GSA or Commerce) directive, Such disclosure shall not
be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after
eliner publication of the application pursuant to 35 U.S.C. 122{(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a recotd may bedisclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedor in which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issuéd patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes aware ofa violation or potential
Violation of law or regulation.

10.
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Electronically Filed 10/16/2020

INFORMATION

DISCLOSURE STATEMENT

Group Art Unit To Be Assigned

Addressto: To Be Assigned
Commissioner for Patents ay . : :
P.O. Box 1450 Title: “Use ofa VEGF Antagonist to Treat Angiogenic
Alexandria, VA 22313-1450 Eye Disorders”

 
Sir:

Applicant submits 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 documentreferred 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 publications discussed herein are provided to comply with the duty to disclose in accordance

with 37 C.F.R. § 1.56. However, nothing herein is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of

publication provided may be different from the actual publication dates which may need to be

independently confirmed

The Examineris requested to make the documentslisted on the enclosed PTO/SB/08A of record in this

application. Applicants would appreciate the Examinerinitialing 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 16/397,267,

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

Statements

Xx] No statement

LC] PTA Statement under 37 CFR § 1.704(d)(1): Each item of information contained in

the information disclosure statement filed herewith:

(1) Wasfirst cited in any communication from a patentoffice in a counterpart foreign or

international application or from the Office, and this communication was not received
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by any individual designated in § 1.56(c) more than thirty dayspriorto thefiling of the

information disclosure statement; or

Gi) 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.

[] IDS Statement under 37 CFR § 1.97(e)(1): Each item of information contained in the

information disclosure statement wasfirst cited in any communication from a foreign

patent office in a counterpart foreign application not more than three monthspriorto the

filing of the information disclosure statement; or

[] 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.

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 046



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 047

Atty Docket No.: REGN-008CIPCON6
USSN: To Be Assigned

Fees

Xx No fee is believed to be due.

[| The appropriate fee set forth in 37 C.ER. §1.17(p) accompaniesthis information disclosure
statement.

The Commissioneris hereby authorized to charge any underpaymentoffees uptoastrict 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-OO8CIPCON6.

Respectfully submitted,
BOZICEVIC, FIELD & FRANCIS LLP

Date:_October 16, 2020 By:__/Karl Bozicevic, Reg. No. 28,807/
Karl Bozicevic

Reg. No. 28,807

 

BOZICEVIC, FIELD & FRANCIS LLP

201 Redwood Shores Parkway, Suite 200
Redwood City, CA 94065
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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Application Number To Be Assigned

Filing Date 2020-10-16
INFORMATION DISCLOSURE First Named Inventor George D. YANCOPOULOS
STATEMENTBY APPLICANT To Be Assigned

To Be Assigned
[Shet|1[of]18_|Attorney Docket Number___| REGN-008CIPCONG

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

Kj (iInitial* No.|Numbor-KindCode(iknow)YYYY-MM-DD Applicant of Cited Document Relevant Passages or RelevantNumber-Kind Gode(ifknown) Figures Appear

||1|7ovos9|2006-07-04|Papadopoulos,|
||2|7308746|2007-12-04|Wiegand|
||38|7308748|2007-12-04|Wiegand|
||4|3067992007-12-11|Wiegand|
||5|7396664|2008-07-08|dDayetal.|
||6|80928032012-01-10|Furfineetal.|
||7[9254338|2016-02-09|Yancopoulos|
||8|oe69069|2017-06-06|Yancopoulos|
||9|10130681|2018-11-20|Yancopoulos|
|sf10|104062262019-09-10|Dixetal.|
|tt[io4e49922019-11-05|Furfineetal.|

U.S. PATENT APPLICATION PUBLICATIONS
Examiner Publication Date Nameof Patentee or Pages, Columns, Lines, Where

Ki (iInitial* No.|NumberKindCode(irknown)YYYY-MM-DD Applicant of Cited Document Relevant Passages or RelevantNumber-Kind Code(if known) Figures Appear

|1|2003/0171320|2003-09-11|Guyer|
||2|2005/0163798_|2005-07-28|Papadopoulosetal.|
||3|2005/0260203_|2005-11-24|Wiegandetal.=|
||4|2006/0058234_|2006-03-16|Dalyetal.|
||S|2006/0172944|2006-08-03|Wiegandetal.=|
||6|2007/0190058_|2007-08-16=|Shams|
|«|7_~=~|2008/0220004_|2008-09-11|Wiegandetal.|
||8|2019/0290725|2019-09-26|Vittietal.|
||9|2019/0388539|2019-12-26=|Dixeta.|
|0|2020/0017572_|2020-01-16|Furfineetal|

FOREIGN PATENT DOCUMENTS
Publication Date Nameof Patentee or

|__ForeignDocumentNumber_|=YYYY-MM-DD Applicant of Cited Document Pages, Columns, Lines,Where Relevant Passages
Examiner Country Code-Number-Kind Gode(if or Relevant Figuresiti No. Appear

  
T

1 WO 2006/047325 2006-03-04 Genentech, Inc.

Regeneron
2|WO 2000/75319 2000-12-14 Pharmaceuitcals. Inc

Regeneron
4|WO 2005/000895 A2|2005-01-05 Pharmaceuticals. Inc

Regeneron
5|WO 2007/022101 A2|2007-02-22 Pharmaceuticals, Inc
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[Sheet[of|18|Attorney Docket Number REGN-008CIPCON6

FOREIGN PATENT DOCUMENTS

— Publication Date Nameof Patentee or p Col LiForeign Document Number YYYY-MM-DD Applicant of Cited Document AVES, VOUMINS, LINES,
Where Relevant Passages TExaminer|Cite coycaenonbrtntcoeCode-Number-Kind Code(if or Relevant Figures

_os known, Appear6|wo 2008/063932 2008-05-2805-29 [Genentechinc.|Inc.
See WO 2008/063932

Pharmaceuticals. Inc.

NON PATENT LITERATURE DOCUMENTS

examin i Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Initials* - [magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or

rT 16/055,847 — Third Party Submissions dated May 1, 2019

FT2 16/159,282 — Third Party Submissions dated May 31, 2019

Pd . yy|

P|8|ANONYMOUS AESE 2019: The State of = Art” Review ofon(published aa
August 5, 2019

BARBAZETTO, “Dosing Regimen And The Frequency Of Macular Hemorrhages In
Neovascular Age-Related Macular Degeneration Treated With Ranibizumab.” Retina,

aa BayerInvestor News, “Bayer and RegeneronStart additional Phase 3 Study for VEGF Trap- aaEye in Wet Age-related Macular Degeneration.” (May 8, 2008

Fa|BayerInvestor News, “VEGF Trap-Eye: New Data Confirm Successesin the TreatmentofAge-related Macular Degeneration” (September 28, 2008

BENZet al. “CLEAR-IT-2: Interim Results Of The Phase II, Randomized, Controlled Dose-
and Interval-ranging Study Of Repeated Intravitreal VEGF Trap
Administration In Patients With Neovascular Age-related Macular Degeneration (AMD)”
ARVO Annual Meeting

BOYER, “A PhaseIllb Study to Evaluate the Safety of Ranibizumab in Subjects with
Neovascular Age-related Macular Degeneration.” Ophthalmology, 116(9):1731-39

BROWN, “Ranibizumab versus Verteporfin for Neovascular Age-Related Macular
Degeneration.” N Engl J Med, 355(14):1432-44 (October 5, 2006

BROWN, “Primary Endpoint Results of a PhaseII Study of Vascular Endothelial Growth
Factor Trap-Eye in Wet Age-related Macular Degeneration.” Ophthalmology, 118(6):1089-

BROWN, “Long-term Outcomes of Ranibizumab Therapy for Diabetic Macular Edema: The
36-Month Results from Two phase Ill Trials.” Ophthalmology, 120(10):2013-22 (October

BROWNINGetal. “Aflibercept for age-related macular degeneration: a game-changeror
quiet addition?” American Journal of Ophthalmolog
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STATEMENTBY APPLICANT To Be Assigned
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}of|18‘|Attorney Docket Number REGN-008CIPCON6

NON PATENT LITERATURE DOCUMENTS

examin i Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T
Initials* - [magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/orcountry where published.

CAMPOCHIAROetal. “Ranibizumab for Macular Edema Dueto Retinal Vein Occlusions

Implication of VEGF as a Critical Stimulator” Molecular Therap

CAMPOCHIARO, “Ranibizumab for Macular Edema following Branch Retinal Vein
Occlusion: six-month primary end point results of a phase Ill study.” Ophthalmology,

Central Retinal Vein Occlusion: Twelve-Month Outcomes of a phase Ill Study.”
Ophthalmology, 188(10):2041-49 (October 2011

CAO, “A Subretinal Matrigel Rat Choroidal Neovascularization (CNV) Model and Inhibition
of CNV and Associated Inflammation and Fibrosis by VEGF Trap” Investigative
Ophthalmology & Visual Science, 51(11):6009- 6017 (November 2010

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

CAMPOCHIARO, “Sustained Benefits from Ranibizumab for Macular Edema following|

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

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

P|at|CHARLES, Steve (Guest Lecturer) “VEGF Trap Has Positive DME Data” Tenth Annual aaRetina Fellows Forum Jan 29 and 30, Chicago, (Article Date 03/01/2010
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DIXONet al., “VEGF Trap-Eyefor the treatment of neovascular age-related macular
degeneration” Expert Opin. Investig. :
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intravitreal injection of vascular endothelial growth factor Trap-Eye in patients with diabetic
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with diabetic macular edema" O 9):1819-1826 (September 2011
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“Safety and Tolerability of Intravitreal Administration of VEGF Trap in Patients With
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Information from ClinicalTrials.gov archive History of Changes for Study: NCT00527423
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Information from ClinicalTrials.gov archive History of Changes for Study: NCT00527423
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Information from ClinicalTrials.gov archive View of NCT00637377 “Vascular Endothelial
Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in Wet Age-Related
Macular Degeneration (AMD) (VIEW 2)” ClinicalTrials.gov. Web. (2010-11-30).

Information from ClinicalTrials.gov archive on the VIEW 2 study (NCT00637377) “VEGF
Trap-Eye: Investigation of Efficacy and Safety in Wet AMD (VIEW 2)” version available
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Information from ClinicalTrials.gov archive on the view of NCT00509795 “Vascular

Endothelial Growth Factor (VEGF) Trap Eye: Investigation of Efficacy and Safety in Wet
Information from ClinicalTrials.gov =chive on the view of NCT00789477 “DME and VEGF

-Eye: Investigation of Clinical Impact” (11-18-2010

Information from ClinicalTrials.gov archive on the view of NCT00509795 “Vascular

Endothelial Growth Factor (VEGF) Trap Eye: Investigation of Efficacy and Safety in Wet
Information from ClinicalTrials.gov =chive on the view of NCT01012973 “Vascular
Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of Efficacy and Safety in
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Age- related Macular Degeneration: Year 2 of the PONTO Study.” Am J Ophthalmology,
LEVINE, “Macular Hemorrhage In Neovascular Age-Related Macular Degeneration After
Stabilization With Antiangiogenic Therapy.

Lucentis Label Title, 7 pages, 30/06/2010 [Cited in Third Party Observationsfiled in
parent application USSN 16/055,847 for which a copy is unavailable on PAIR

MAJORetal., “DA VINCI: DME and VEGF Trap-Eye: Investigation of Clinical Impact:
Phase 2 Studyin Patients with Diabetic Macular Edema (DME)” ARVO Annual Meeting

MARGOLIS, “Hemorrhagic Recurrence Of Neovascular Age-Related Macular
Degeneration Not Predicted By Spectral Domain Optical Coherence Tomography.”
Retinal Cases & Brief Reports, 4:1-4 (2010

MASSIN, “Safety and Efficacy of Ranibizumabin Diabetic Macular Edema (RESOLVE
Study*).” Diabetes Care, 33(11):2399-405 (November 2010

MITCHELL, “The RESTORE Study, Ranibizumab Monotherapy or Combined with Laser
versus Laser Monotherapy for Diabetic Macular Edema.” Ophthalmology, 188(4):615-25
April 2011

MITCHELL,Edith P. “Targeted Therapy for Metastatic Colorectal Cancer: Role of
Aflibercept’” Clinical Colorectal Cancer (2013) 12(2):73-85

MITRAet al., “Review of anti-vascular endothelial growth factor therapy in macular edema
secondary to central retinal vein occlusions” Expert Review in Ophthalmol, Taylor &
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NGUYENet al., "A Phase | Study of Intravitreal Vascular Endothelial Growth Factor Trap-
Eye in Patients with Neovascular Age-Related Macular Degeneration" Opthamology,J.B.
Lippincott Co., Philadelphia, PA, US, 116(11):2141-2148 (November 1, 2009

NGUYENet al., "A phase| trial of an IV-administered vascular endothelial growth factor
trap for treatment in patients with choroidal neovascularization due to age-related macular
degeneration" Ophthalmolog

NGUYENet al., “Randomized, Double-masked, Active-controlled Phase 3 Trial of the

Efficacy and Safety of Intravitreal VEGF Trap-Eyeiin Wet AMD: One-year Results of the
VIEW 1 Study” ARVO Annual Meeting A

NGUYEN, “Ranibizumab for Diabetic Macular Edema, Results from 2 Phase Ul
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NGUYENet al., “Results of a Phase |, Dose-Escalation, Safety, Tolerability, and
Bioactivity Study of Intravitreous VEGF Trap in Patients with Neovascular Age-Related
Macular Degeneration” ARVO Annual Meeting

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

OHR, “Aflibercept in wet age-related macular degeneration: a perspective review” Ther.
Adv. Chronic Dis., 3(4):153-161 (2012

OLIVERAet al., “VEGF Trap R1R2 suppresses experimental corneal angiogenesis”

PAI et al., "Current conceptsin intravitreal drug therapy for diabetic retinopathy" Saudi
Journal of Ophthalmolog :

PAPADPPOULOS, “Binding and neutralization of vascular endothelial growth factor
(VEGF)andrelated ligands by VEGF Trap, ranibizumab and bevacizumab” Angiogenesis,
15:171-185 (2012)
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[||122|RegeneronSECForm10-Q(August3,2007)
|__|123|RegeneronSECForm10-Q(April30,2009)
|124|Regeneron SEC Form 10-Q (November3, 2009) ||[Fins|RegeneronSECForm10-0(aprt26,2010)
[||126|RegeneronSECForm10-Q(July28,2010)
|«|127|Regeneron SEC Form 10-Q (October 28, 2010) ||

Signature Considered

*EXAMINER: Initial if reference considered, whetheror notcitation is in conformance with MPEP 609. Drawline through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 056

—~L—~L~L~|_~_~L~-—|-—I~ 



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 057

Application Number To Be Assigned

Filing Date 2020-10-16
INFORMATION DISCLOSURE First Named Inventor George D. YANCOPOULOS
STATEMENTBY APPLICANT To Be Assigned

To Be Assigned
[Set]10[of]18_|Attorney Docket Number__| REGN-008CIPCONG

NON PATENT LITERATURE DOCUMENTS

examin Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, aaInitials* magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/orcountry where published.

|=|128|RegeneronSECForm10-Q(May3,2011)
|__|129|RegeneronSECForm10-Q(July28,2011)
|__—-|130|Regeneron SEC Form 10-Q (October 27, 2011) ||
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2007

Regeneron SEC Form 8-K Exhibit: “Press Release dated November6, 2007” (November
137|6 2007

|---|138|Regeneron SEC Form 8-K Exhibit: “Press Release dated May 1, 2008” (May 2, 2008)
Regeneron SEC Form 8-K Exhibit: “Press Release dated November4, 2008” (November
4, 2008
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|_—:|141|Regeneron SEC Form 8-K Exhibit: “Press Release dated April 30, 2009” (May 1, 2009)
Regeneron SEC Form 8-K Exhibit: “Press Release dated November3, 2009.” (November
4, 2009)

Regeneron SEC Form 8-K Exhibit: “Press Release Reporting Positive Results for VEGF
Trap-Eye in Phase 3 Study in Central Retinal Vein Occlusion (CRVO) and in Phase 2
Study in Diabetic Macular Edema (DME) dated December20, 2010.” (December20,
2010)

Regeneron SEC Form 8-K Exhibit: “Press Release dated February 17, 2011” (February
18, 2011

Regeneron SEC Form 8-K Exhibit: “Press Release Reporting Positive Results for VEGF

}|146|Regeneron SEC Form 8-K Exhibit: “Press Release dated May 3, 2011.” (May 3, 2011) aa
Regeneron SEC Form 8-K Exhibit: “Press Release, dated June 17, 2011, Announcing that

147|EYLEA™(aflibercept ophthalmic solution) Received Unanimous Recommendation for
Approval for Treatment of Wet AMD from FDA Advisory Committee.” (June 21, 2011
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Regeneron SEC Form 8-K Exhibit: “Presentation entitled VEGF Trap-Eye in CRVO: 1-
ear Results of the Phase 3 COPERNICUSStud

Regeneron SEC Form 8-K Exhibit: “Press Release Announcing FDA Approval of EYLEA™
(aflibercept) Injection for the Treatment of Wet Age-Related Macular

Regeneron Press Release “Positive Interim Phase 2 Data Reported For VEGF Trap-Eye
In Age-Related Macular Degeneration” (March 27, 2007

Regeneron Press Release “VEGF TRAP-Eye Phase 2 Wet AMD Results Reported At aaArvo Annual Meeting” (May 9, 2007

152|Regeneron Press Release “Regeneron Reports Second Quarter Financial And Operating152|Rogers! August 1, 2007
Regeneron Pharmaceuticals, Inc., “Regeneron and Bayer Healthcare Initiate Phase 3
Global Development Program for VEGF Trap-Eye In Wet Age-Related Macular
Degeneration (AMD)” (August 2, 2007

154|Regeneron Pharmaceuticals, Inc. FORM 10-Q,published on 7 November 2007for theperiod ending 30 September 2007| pease Press Release “Regeneron AnnouncesPositive Primary Endpoint Results
From A Phase 2 Study Of VEGF Trap-Eye In Age-Related Macular Degeneration”
October 1, 2007

156|Regeneron Press Release “Regeneron Reports Fourth Quarter And Full Year 2007156|Regener And Operating Results” (February 27, 2008
Regeneron Pharmaceuticals, Inc., “Regeneron and Bayer HealthCare Announce

157|Encouraging 32-Week Follow-up Results from a Phase 2 Study of VEGF Trap-Eyein
Age-Related Macular Degeneration” (April 28, 2008

||158|Regeneron, Press release “Regeneron Reports First Quarter 2008 Financial and aaOperating Results”, May 1, 2008.

| Regeneron Press Release, “Bayer and Regeneron DoseFirst Patient in Second Phase 3 aaStudy for VEGF Trap-Eye in Wet Age-Related Macular Degeneration.” May 8, 2008

Regeneron Pharmaceuticals Inc., “CLEAR-IT-2: Interim Results Of The PhaseIl,
Randomized, Controlled Dose-and Interval-ranging Study Of Repeated Intravitreal VEGF
Trap Administration In Patients With Neovascular Age-related Macular Degeneration
(AMD)” poster presented at the 2007 Association for Research in Vision and

Regeneron Pharmaceuticals Inc., “An Exploratory Study of the Safety, Tolerability and
Biological Effect of a Single Intravitreal Administration of VEGF Trap in Patients with
Diabetic Macular Edema”poster presented at the 2007 Association for Research in Vision

Patients with Neovascular Age-Related Macular Degeneration: The CLEAR-IT 1 Study”
poster presented at the 2007 Association for Research in Vision and Ophthalmology

 
Regeneron Pharmaceuticals Inc., “Optical Coherence Tomography Outcomes of a Phase
1, Dose-Escalation, Safety, Tolerability, and Bioactivity Study of Intravitreal VEGF Trap in
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Regeneron Pharmaceuticals, Inc., “Regeneron and Bayer HealthCare Announce VEGF
Trap-Eye Achieved Durable Improvementin Vision over 52 Weeks in a Phase 2 Studyin
Patients with Age-related Macular Degeneration” (August 19, 2008

Regeneron Pharmaceuticals Inc., “ VIEW 1 Vascular Endothelial Growth Factor (VEGF)
Trap-Eye 1-Year Results: Investigation of Efficacy and Safety in Wet Age-Related
Macular Degeneration (AMD) ” presented at Bascom Palmer EyeInstitute's Angiogenesis,
Exudation and Degeneration 2011 meeting in Miami, Florida (Februar

Regeneron Pharmaceuticals Inc., “ VIEW 2 Vascular Endothelial Growth Factor (VEGF)
Trap-Eye 1-Year Results: Investigation of Efficacy and Safety in Wet Age-Related
Macular Degeneration (AMD) ” presented at Bascom Palmer EyeInstitute's Angiogenesis,
Exudation and Degeneration 2011 meeting in Miami, Florida (Februar

Regeneron Pharmaceuticals Inc., “VEGF Trap-Eye CLEAR-IT 2 Final Primary Endpoint
Results” presented at the 2007 Retina Society Conference in Boston, Massachusetts

|168|Regeneron2008AnnualReport

Regeneron Pharmaceuticals, Inc. “Regeneron Reports Full Year and Fourth Quarter 2008 aaFinancial and Operating Results” (February 26, 2009

Regeneron Pharmaceuticals, Inc. “Bayer and Regeneron Extend Development Program aafor VEGF Trap-Eye to Include Central Retinal Vein Occlusion” (April 30, 2009

Regeneron Press Release “First Patient Enrolled In Regeneron And Bayer Healthcare
VEGF Trap-Eye Phase 3 Program In Central Retinal Vein Occlusion” (July 23, 2009

pf Regeneron Press Release “Enrollment Completed in Regeneron and Bayer HealthCare172|Phase 3 Studies of VEGF Trap-Eye in Neovascular Age-Related Macular Degeneration
Wet AMD)” September 14, 2009

|=173|Regeneron2009AnnualReportand10-K_

pdaza|Regeneron Press Release, “VEGF Trap-Eye ShowsPositive Results in a Phase 2 Study aain Patients With Diabetic Macular Edema.” February 18, 2010

Regeneron Press Release “Regeneron Schedules November22, 2010 Teleconference
175|And Webcast To Discuss Results Of Two Phase 3 Studies With VEGF Trap-Eye In Wet

Age-Related Macular Degeneration” (November 19, 2010

Regeneron Press Release “Bayer and Regeneron Report Positive Top-Line Results of
176|Two Phase 3 Studies with VEGF Trap-Eye in Wet Age-related Macular Degeneration”

November22, 2010

Regeneron Press Release “Regeneron and Bayer Report Positive Results for VEGF
177|Trap-Eye in Phase 3 Study in Central Retinal Vein Occlusion (CRVO) and in Phase 2Study in Diabetic Macular Edema (DME)” December 20, 3010
|«|178|Regeneron2010AnnualReportand10-K

Regeneron Press Release “Regeneron And BayerStart Phase 3 Trial To Extend
179|Ophthalmology Research & Development Program For VEGF Trap-EyeIn Asia” (January

18, 2011
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Regeneron Press Release “Regeneron To Webcast Investor Briefing On VEGF Trap-Eye
Clinical Program On Sunday, February 13th At 9 Am Et” (February 9, 2011

Regeneron Press Release “Regeneron Submits Biologics License Application To FDA For
VEGF Trap-Eye For Treatment Of Wet Age-Related Macular Degeneration” (February 22,
2011

Regeneron Press Release “Regeneron And Bayer Announce Start Of Phase 3 Clinical
Program In Diabetic Macular Edema”(April 8, 2011

Regeneron Pharmaceuticals, Inc., “FDA Grants Priority Review for VEGF Trap-Eye for the
Treatment of Wet Age-Related Macular Degeneration” (April 18, 20114

Regeneron Press Release “VEGF Trap-Eye Submitted for EU Marketing Authorization for
Treatment of Wet Age-Related Macular Degeneration (June 7, 2011

Regeneron Pharmaceuticals, Inc., “Regeneron Announces EYLEA™(aflibercept
ophthalmic solution) Receives Unanimous Recommendation for Approval for Treatment of
Wet AMD from FDA Advisory Committee” (June 17, 2011)

Regeneron Press Release “Regeneron AnnouncesClinical Presentations at ASRS 2011
Annual Meeting” (August 17, 2011

Regeneron Pharmaceuticals, Inc., “Regeneron Announces FDA Approvalof
187|EYLEA&#153; (aflibercept) Injection for the Treatment of Wet Age-Related Macular

Degeneration: CORRECTED (November18, 2011

Regeneron Pharmaceuticals, Inc., “Regeneron and Bayer Initiate Phase 3 Clinical
188|Program for the Treatment of Wet Age-Related Macular Degeneration in China”

November 28, 2011

Regeneron Pharmaceuticals, Inc., “Two Year Results of Phase 3 Studies with EYLEA™
(aflibercept) Injection in wet AMD Show Sustained Improvement in Visual Acuity”
December5, 2011

REGILLOetal., “Randomized, Double-Masked, Sham-Controlled Trial of Ranibizumabfor
Neovascular Age-related Macular Degeneration: OIER Study Year 1” American Journal

; 2): -

ROSENFELD, “Ranibizumab for Neovascular Age-Related Macular Degeneration.” N
Engl J Med, 355(14):1419-31 (October 5, 2006

ROSENFELD, “Lessons Learned From Avastin and OCT-The Great, the Good, the Bad,
and the Ugly: The LXXV Edward Jackson Memorial Lecture.” Am. J. Ophthalmology,
204:26-45 (August 2019)

RUDGEet al., “VEGF Trap complex formation measures production rates of VEGF,
providing a biomarkerfor predicting efficacious angiogenic blockade” PNAS (November

Treatment in Neovascular Age-related Macular Degeneration: The EXCIE Study”
Ophthalmolog

 
SCHMIDT-ERFURTH, “Efficacy and Safety of Monthly versus Quarterly Ranibizumab |
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SCHMIDT-ERFURTHetal. “Primary Results of an International PhaseIII Study Using
Intravitreal VEGF Trap-Eye Compared to Ranibizumabin Patients with Wet AMD (VIEW

” ARVO Annual Meeting Abstract (Apri

SCHMIDT-ERFURTH, “Three-Year Outcomesof Individualized Ranibizumab Treatment
in Patients with Diabetic Macular Edema.” Ophthalmolog

SCHMIDT-ERFURTHetal., “Intravitreal Aflibercept Injection for Neovascular Age-related
Macular Degeneration” Ophthalmology (2014) 121:193-201

SCHNICHELS, “Comparative toxicity and proliferation testing of aflibercept, bevacizumab
and ranibizumab on different ocular cells.” Br. J. Ophthalmol., 97:917-923 (2013

SEMERAROetal., “Aflibercept in wet AMD: specific role and optimal use” Drug Design,
Development and Therapy (August 2, 2013) 7:711-722

SHARMAand S. AND KAISER, P. K., Update on VEGF TRAP-EyeClinical Trials and
Retinal. Physician, pp. 1-6 (Nov/Dec 2010) <URL:
https://www.retinalphysician.com/issues/201 0/nov-dec/update-on-vegf-trap-eye-clinical-
trials>

SIMO AND HERNANDEZ,“Advances in Medical Treatment of Diabetic Retinopathy”
Diabetes Care, 32(8):1556-1562 (August 2009

SLAKTERetal., “Influence of Baseline Angiographic Classification on Outcomesin the
CLEAR-IT 2 Phase 2 Studyof Intravitreal VEGF Trap-Eyeiin Neovascular Age-Related
Macular Degeneration” ARVO Annual Meeting A

SLAKTERetal., “A Phase 2, Randomized, Controlled Dose-and Interval-Ranging Study
of Intravitreal VEGF Trap-Eye in Patients with Neovascular Age-Related Macular

Degeneration: Optical Coherence Tomography (OCT) and Fluorescein Angiography (FA)
Outcomes at 1 Year” ARVO Annual Meeting A

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

SPAIDE, “Ranibizumab According to Need: A Treatment for Age-related Macular
Degeneration.” Am J Ophthalmolog

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

STEWARTet al., “Predicted2d biological activity of intravitreal VEGF Trap”British JournalofOphthalmolog

|[209|STEWART, “Aflibercept” Nature Reviews: Drug Discovery 11:269-270 (04/01/2012) an
TANNOCKetal., “Aflibercept versus placebo in combination with docetaxel and
prednisone for treatment of men with metastatic castration-resistant prostate cancer
VENICE): a phase 3, double-blind randomizedtrial” Lancet Oncol (2013) 14:760-768

THOMAS REUTERS INTEGRITY "VEGF Trap-Eyefinal phaseII results in age-related
macular degeneration presented at 2008 Retina Society Meeting" (September 28, 2008

THURSTON, “Vascular endothelial growth factor and other signaling pathwaysin
developmental and pathologic angiogenesis.” International Journal of Hematology, 80:7-
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Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730118201327424.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT01012973_01252011_27433.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 11 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730126201227428.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730130201327423.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730209201027442.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 11 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730220201227427.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730316201027441.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT0101297304082011 _27432.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730416201027440.1
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Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT01012973_06232011_27431.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730722201027439.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730825201027438.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730826201027437.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129730908201027436.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT0101297309192011 _27430.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731004201027435.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731023201227426.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731027201327422.1
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Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731101201027434.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731113200927444.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 10 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT0101297311292011 _27429.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 38 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731218201227425.1

Updated Information from ClinicalTrials.gov archive History of Changes for Study:
NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investigation of
Efficacy and Safety in Central Retinal Vein Occlusion (CRVO)(GALILEO) 12 pages,
Latest version submitted October 27, 2014 on ClinicalTrials.gov
NCT010129731221201027443.1

Vascular Endothelial Growth Factor Trap&#8208; Eye Investigation of Efficacy and Safety
in Central Retinal Vein Occlusiontitle, 8 pages, 11/12/2009, US [Cited in Third Party
Observationsfiled in parent application USSN 16/055,847 for which a copyis
unavailable on PAIR] NOTE: May correspond to “Information from ClinicalTrials.gov
archive on the view of NCT01012973 “Vascular Endothelial Growth Factor (VEGF) Trap-
Eye: Investigation of Efficacy and Safety in Central Retinal Vein Occlusion
(CRVO)(GALILEO) 7 pages, first posted 11/13/2009; results first posted 11/22/2012; last

update posted 11/3/14; printed 12/4/19
giiglinical:dals aoy/cig//ohicnay/sttuch/NOTOTOT 2373)" cited by the Examinerin the

WACHSBERGER, “VEGF trap in combination with aioe |improves tumor control in* Int. J. Radiation Oncolog

WHODrug Information, *‘International Nonproprietary Names for Pharmaceutical aaSubstances (INN)” 20(2):115-119 (2006

Biology 15:303-304 (April 2008

XIA et al., “Transgenic delivery of VEGF to mouseskin leads to an inflammatory condition
resembling human psoriasis” Blood (July 1, 2003) 102(1):161-168

YANCOPOULOS,“Vascular-specific growth factors and blood vessel formation.” Nature an407:242-48 (September 14, 2000
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YANCOPOULOS,“Clinical Application of Therapies Targeting VEGF.” Cell 143:13-16
October 1, 2010

YUNG, “Moving Toward the Next Steps in Angiogenesis Therapy?” Society for Neuro- aaOncology, 10:939 (2008
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REMARKS UNDER 37 CFR § 1.115

Formal Matters

Claims 21-72 are pending after entry of the amendmentsset forth herein.

Original claims 1-20 were previously canceled without prejudice.

Claims 21-72 are added here.

Support for new claims 21-72 can be found in originally pending now canceled claims 1-20, and

throughoutthe specification.

No new matter has been added.

SEQUENCE LISTING

Applicants submit herewith the attached SequenceListing in .txt format. As set out in MPEP

§2422.03(a), the Office has advised that if the sequencelisting text file submitted via EFS-Web complies

with the requirements of 37 CFR 1.824(a)(2)-(6) and (b)(1.e., is a compliant sequencelisting ASCII text

file), the text file will serve as both the paper copy required by 37 CFR 1.821(c) and the computer

readable form (CRF) required by 37 CFR 1.821(e). Further, per MPEP §2422.03(a), neither (1) a second

copy of the sequencelisting in a PDF file; nor (2) a statement under 37 CFR 1.821(f) (indicating that the

paper copy and CREcopy of the sequencelisting are identical) should be submitted.

The Sequence Listing was prepared with the software FASTSEQ for Windowsversion 4.0, and

conformsto the Patent Office guidelines. Applicant respectfully submits that the subject application is

in adherence to 37 CFR §§ 1.821-1.825. [hereby certify that the enclosed submission includes no new

matter.

Applicants respectfully submit that the present patent application is now in compliance with 37

CFR §§ 1.821-1.825.

STATEMENT UNDER37 C.E.R. §§1.56 AND 1.2 

Applicants hereby advise the Examinerofthe 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).
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The Applicant wishes 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 Applicant wishes to bring to the Examiner’s attention U.S. Patent Application No.

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

The Applicant wishes to bring to the Examiner’s attention U.S. Patent Application No.

15/471,506, filed March 28, 2017 which issued on November 20, 2018 as U.S. Patent No. 10,130,681.

The Applicant wishes to bring to the Examiner’s attention co-pending U.S. Patent Application

No. 16/055,847, filed August 6, 2018 for which a Notice of Allowance was mailed on July 22, 2020 and

the Issue Fee was paid on October 8, 2020.

The Applicant wishes to bring to the Examiner’s attention co-pending U.S. Patent Application

No. 16/159,282, filed October 12, 2018 for which a Notice of Allowance was mailed on July 22, 2020

and the Issue Fee was paid on October8, 2020.

The Applicant wishes to bring to the Examiner’s attention co-pending U.S. Patent Application

No. 16/397,267, filed April 29, 2019 for which an Office Action was mailed on May 12, 2020.

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

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

from PAIR.

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 numberprovided.
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The Commissioneris hereby authorized to charge any underpaymentof fees up toastrict 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-008CIPCONG6.

Respectfully submitted,
BOZICEVIC, FIELD & FRANCIS LLP

Date: 16 October 2020 By:__/Karl Bozicevic, Reg. No. 28,807/
Karl Bozicevic, Reg. No. 28,807

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

1. - 20. (Canceled)

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

in need thereof comprising administering 2 mg aflibercept to the patient by intravitreal injection

approximately once every 4 weeks, wherein the patient achieves a gain in visual acuity following

treatment.

22. (New) The method of claim 21 wherein the patient has macular edemafollowing central

retinal vein occlusion.

23. (New) The method of claim 21 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

24. (New) The method of claim 21 wherein the patient achieves a gain in visual acuity at 24

wecksfollowing the initial dose.

25. (New) The method of claim 24 wherein the patient gainsat least 5 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.

26. (New) The method of claim 24 wherein the patient gains at least 10 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.

27. (New) The method of claim 24 wherein the patient gains at least 15 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.
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28. (New) The method of claim 21 wherein the patient achieves a gain in visual acuity at 52

wecksfollowing the initial dose.

29. (New) The method of claim 28 wherein the patient gainsat least 5 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

30. (New) The method of claim 28 wherein the patient gains at least 10 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

31. (New) The method of claim 28 wherein the patient gains at least 15 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

32. (New) The method of claim 21 wherein exclusioncriteria for the patient include (1)

active intraocular inflammation; or (2) active ocular or periocular infection.

33. (New) The method of claim 32 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

34. (New) The method of claim 31 wherein the patient achieves a gain in visual acuity at 24

wecksfollowing the initial dose.

35. (New) The method of claim 34 wherein the patient gainsat least 5 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.

36. (New) The method of claim 34 wherein the patient gainsat least 10 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.
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37. (New) The method of claim 34 wherein the patient gains at least 15 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 24 weeksfollowing the initial dose.

38. (New) The method of claim 32 wherein the patient achieves a gain in visual acuity at 52

wecksfollowing the initial dose.

39. (New) The method of claim 38 wherein the patient gainsat least 5 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

AQ. (New) The method of claim 38 wherein the patient gains at least 10 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

Al. (New) The method of claim 38 wherein the patient gains at least 15 letters Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score

at 52 weeksfollowing the initial dose.

42. (New) A method of treating macular edema following retinal vein occlusion in a patient

in need thereof comprising administering 2 mg aflibercept to the patient by intravitreal injection

approximately once every 4 weeks, wherein the patient achieves a reduction in central retinal thickness

as measured by optical coherence tomography (OCT) following treatment.

43. (New) The method of claim 42 wherein the patient has macular edemafollowing central

retinal vein occlusion.

44. (New) The method of claim 42 wherein the patient achieves a reduction in central retinal

thickness at 24 weeks following theinitial dose.
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45. (New) The method of claim 44 wherein the patient achieves a reduction in central retinal

thickness of at least 400 um at 24 weeks followingthe initial dose.

46. (New) The method of claim 42 wherein the patient achieves a reduction in central retinal

thickness at 52 weeks following theinitial dose.

47. (New) The method of claim 46 wherein the patient achieves a reduction in central retinal

thickness of at least 400 um at 52 weeks following the initial dose.

48. (New) The method of claim 42 wherein exclusioncriteria for the patient include (1)

active intraocular inflammation; or (2) active ocular or periocular infection.

49, (New) The method of claim 48 wherein the patient achieves a reduction in central retinal

thickness at 24 weeks following theinitial dose.

50. (New) The method of claim 49 wherein the patient achieves a reduction in central retinal

thickness of at least 400 um at 24 weeks following the initial dose.

51. (New) The method of claim 48 wherein the patient achieves a reduction in central retinal

thickness at 52 weeks following theinitial dose.

52. (New) The method of claim 51 wherein the patient achieves a reduction in central retinal

thickness of at least 400 um at 52 weeks following the initial dose.

53. (New) A methodof treating macular edema following retinal vein occlusion in a patient

in need thereof comprising administering an initial dose of 2 mg aflibercept to the patient by intravitreal

injection and subsequently administering one or more additional doses of 2 mg afliberceptto the patient

by intravitreal injection on an as needed/pro re nata (PRN)basis, based on visual and/or anatomical

outcomesas assessed by a physician or other qualified medical professional.

54. (New) The method of claim 53 wherein the patient achieves a gain in visual acuity

following treatment.
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55. (New) The method of claim 54 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

56. (New) The method of claim 53 wherein the patient achieves a gain in visual acuity at 12

wecksfollowing the initial dose.

57. (New) The method of claim 56 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

58. (New) The method of claim 53 wherein the patient achieves a gain in visual acuity at 24

wecksfollowing the initial dose.

59. (New) The method of claim 58 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

60. (New) The method of claim 53 wherein the patient achieves a reduction in central retinal

thickness as measured by optical coherence tomography (OCT) following treatment.

61. (New) The method of claim 60 wherein the patient achieves a reduction in central retinal

thickness at 12 weeks following theinitial dose.

62. (New) The method of claim 60 wherein the patient achieves a reduction in central retinal

thickness at 24 weeks following theinitial dose.

63. (New) The method of claim 53 wherein exclusioncriteria for the patient include (1)

active intraocular inflammation; or (2) active ocular or periocular infection.

64. (New) The method of claim 63 wherein the patient achieves a gain in visual acuity

following treatment.
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65. (New) The method of claim 64 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

66. (New) The method of claim 63 wherein the patient achieves a gain in visual acuity at 12

wecksfollowing the initial dose.

67. (New) The method of claim 66 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

68. (New) The method of claim 63 wherein the patient achieves a gain in visual acuity at 24

wecksfollowing the initial dose.

69. (New) The method of claim 68 wherein the patient achieves a gain in Best Corrected

Visual Acuity (BCVA) according to Early Treatment Diabetic Retinopathy Study (ETDRS) letter score.

70. (New) The method of claim 63 wherein the patient achieves a reduction in central retinal

thickness as measured by optical coherence tomography (OCT) following treatment.

71. (New) The method of claim 70 wherein the patient achieves a reduction in central retinal

thickness at 12 weeks following theinitial dose.

72. (New) The method of claim 70 wherein the patient achieves a reduction in central retinal

thickness at 24 weeks following theinitial dose.
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Sequence Listing was accepted.

See attached Validation Report. 
 If you need help call the Patent

217-9197 (toll free).
 

 Reviewer: Anjum, Durreshwar

Timestamp: [year=2020; month=10;

]

  Electronic Business Center at (866)
 

day=16; hr=15; min=21; sec=32; ms=593;
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Error code

 

Validated By CRFValidator v 1.0.5

Application No:

  

17072417 Version No: 1.0

Input Set:

Output Set:

Started: 2020-10-16 14:01:20.948

Finished: 2020-10-16 14:01:21.111

Elapsed: O hr(s) 0 min(s) 0 sec(s) 163 ms

Total Warnings: 2

Total Errors: 1

No. of SeqIDs Defined: 2

Actual SeqID Count: 2

Error Description

287 Invalid WIPO ST.2 date format; Use (YYYY-MM-DD) in <141>

213 Artificial or Unknown found in <213> in SEQ ID (1)

213 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> REGN-OO8CIPCON6

 
<140> US 17/072,417
<141> 2020-10-16

<150> 16/055, 847
<151> 2018-08-06

<150> 16/397, 267
<151> 2019-04-29

A Vv150> 16/159, 272
<151> 2018-10-12

A 150> 15/471,506
<151> 2017-03-28

Vv

A be ua oO Vv 14/972, 560
<151> 2015-12-17

<150> 13/940, 370
<151> 2013-07-12

   
<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

atggtcaget actgggacac cggggtectg ctgtgegege tgetcagetg tetgettcte 60

acaggatcta gttccggaag tgataceggt agacctttcg tagagatgta cast FasetY V- REGENERON IPR2022-01524
REGENERONEXHIBIT 2010 PAGE 077
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eccgaaatta
cctaacatca

egceataatct

gggcttctga

catcgacaaa

tetgttggag

gacttcaact
ctaaaaaccc

gtaacccgga
aagaacagca

ecagcacctg

accctcatga

gaccctgagg

aagcecgcggg

caccaggact

geccccatcg

acectgcecccc

aaaggcettct

aactacaaga

ctcaccgtgg

gaggctctge

<210>

<211>

<212>

<213>

2

458

PRT

<220>

<223> Synth

<400> 2

Met Val

1

Cys

ser

Leu Leu

Phe Val Glu

35

Gly Arg Glu
50

Val Thr

65

Leu

Arg Ile Ile

Tyr Glu

 Leu Lys
115

Val Val

130

Lys Leu Val
145

PheAsp Asn

Val Arg

Thr

195

Leu ser

tacacatgac

etgttacttt

gggacagtag

ectgtgaage
ccaatacaat

aaaagecttgt

ggqgaataccc

agtctgggag

gtgaccaagg

catttgtcag

aactcctggg

tetccecggac

tcaagttcaa

aggagcagta

ggctgaatgg

agaaaaccat

catcccggga

atcccagega

ecacgectce

acaagagcag
acaaccacta

etic

Tyr

Leu Thr

20  
Met Tyr

 
Trp

Ile

100

Thr

Gly

Asn

Ser

 Asn

Asp

Gly

Ser

Tle

Phe

70

Ser

Leu

Tyr

Pro

Cys

tgaaggaagg

aaaaaagttt

aaagggcttec

aacagtcaat

catagatgtg

cettaaattgt

ttcttcgaag

tgagatgaag

attgtacacec

ggtccatgaa

gggaccgtca

ecetgaggtc

ctggtacgtg

caacageacg

caaggagtac

ctccaaagec

tgagetgacc

catcgecgtg

egtgctggac

gtggcagcag

cacgcagaag

Artificial Sequence

Thr

Glu Ile

40

Pro Cys
55

Pro Leu

Arg

  
Ser

135

Thr Ala

150

 Leu

Tyr

Ly

Ile

Pro Ser

Thr Gln

Asp Gly
200

gagctcgtca

ecacttgaca
atcatatcaa

gggceatttgt

gttctgagtc

acagcaagaa

catcagcata

aaatttttga

tgtgcagceat
aaggacaaaa

 
gtcttectct

tgcegtgg

gacggcgtgg

tacecgtgtgg

aagtgcaagg

aaagggcage

aca

aagaaccagg

gagtgggaga

tecgacggcet

gggaacgtct

agectctcce

 

Val Leu Leu

10

Ser Gly
25

GluPro Ile

Arg Val Thr

Thr Leu

75

Ile

Asp

Phe

90

Glu

Gly

Cys Ala
105

His Arg Gln

Gly Ile Glu

Glu

155
Arg

 
Ser Lys His

170

GlySer Ser

185

Val Thr Arg

ttecectgccg

etttgatccc

atgcaacgta

ataagacaaa

egtctcatgg

ctgaactaaa

agaaacttgt

gcaccttaac

ecagtgggcet

ctcacacatg
tcececcccaaa

tggtggacgt

aggtgcataa

teagegtcct
tetecaacaa

eccgagaacc

tecagectgac

gcaatgggcea
ecttecttccet

teteatgetc

tgtctecggg

 
Cys Ala Leu

Asp Thr Gly
30

Ile His Met

45

Ser Pro Asn

60

Ile Pro

Ile Ser

Val Asn

110

Asn Thr

125

Ser Val 
Asn Val

Gin His Lys

 Glu Met Lys
190

Ser Asp Gln
205

ggttacgtca

tgatgqgaaaa

caaagaaata
ctatctcaca

aattgaacta

tgtggggatt
aaaccgagac

tatagatggt

gatgaccaag

eccaccegtge

acccaaggac

gagecacgaa

tgccaagaca

caccgtcctg

ageecctccca

acaggtgtac

etgectggtc

gecggagaac

ctacagcaag

egtgatgcat

taaatga

Leu ser

15

Arg Pro

Thr Glu

Thr

Lys
80

Thr

His

Ile

Glu
 

Ile

160

Lys Leu
175

Lys Phe

Gly Leu
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180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1377
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Tyr

Phe

225

Pro

Lys

Val

Tyr

Glu

305

His

Lys

Gln

Leu

Pro

385

Asn

Leu

Val

Gln

Thr

210

Val

Ala

Pro

Val

Val

290

Glin

Gln

Ala

Pro

Thr

370

ser

yr

 yr

Phe

Lys
450

Cys

Arg

Pro

Lys

Val

275

Asp

Tyr

Asp

Leu

Arg
355

Lys

Asp

Lys

Ser

ser

435

ser

Ala

Val

Glu

Asp
260

Asp

Gly

Asn

Trp

Pro

340

Glu

Thr

Lys
420

Cys

Leu

Ala

His

 

Leu

325

Ala

Pro

Gin

 
ser

Glu

230
Leu

 
Ser

Glu

Thr

310

Asn

Pro

Gln

Val

Val

390

Pro

Thr

Val

Leu

ser

215

Lys

Gly

Met

His

Val

295

Tyr

Gly

Tle

Val

Ser

375

Glu

Pro

Val

Met.

ser

455

Gly

Asp I]

Gly

Ile

Glu

280

His

Arg

Lys

Glu

Tyr
360

Leu

Trp

Val

Asp

His

440

Pro

heu

 
Pro

Ser

265

Asp

Asn

Val

Glu

Lys
345

Thr 
Glu

heu

 Lys

425

Glu

Gly

Met

Thr

ser

250

Arg

Pro

Ala

 
ser

Asp
410

Ser

Ala

Lys

Thr

His

235

Val

Thr

Glu

Lys

Ser

315

Lys

Tle

Pro

Leu

Asn

395

Ser

Arg

Leu

Lys
220

Thr 
Phe

Pro

Val

Thr

300

Val

Cys

ser ]

Pro

Val

380

Gly

Asp

Trp

His

Lys

Cys

Leu

Glu

Lys
285

Lys 
Ser

365

Lys

Gln

Gly

Gln

Asn

445

Asn

Pro

Phe

Val

270

Phe

Pro

Thr

Val

Ala

350

Arg

Gly

Pro

Gln

430

His

Pro

Pro

255

Thr

Asn

Arg

Val

Ser

335

Lys

Asp

Phe

Glu

Phe

415

Gly

Tyr

Thr

Cys
240

Pro

Cys

Trp

Glu

Leu

320

Asn

Gly

Glu

Tyr

Asn

400

Phe

Asn

Thr
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 17/072,417

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
(37 CFR 1.16(K), (i), or (m))

ONaslo hom(37 CFR 1.16(0

If the specification and drawings exceed 100
APPLICATION SIZE|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(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))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f 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 SPACEis less than 20, enter "20".
* lf the "Highest Number Previously Paid For" IN THIS SPACEis 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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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

52 3

 
 
   

17/072,417 10/16/2020 5020 REGN-O08CIPCON6

CONFIRMATION NO. 7325

96387 FILING RECEIPT

R - Bozi ic, Field & F i201REDWOODSHORES PARKWAY NOUO.A4
SUITE 200

REDWOODCITY, CA 94065

Date Mailed: 10/23/2020

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR,and TITLE OF INVENTION. Fees transmitted by check or draft are
subjectto collection.

Pleaseverify the accuracyof the data presented onthis receipt.If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts” or
other Notice requiring a responseforthis application, please submit any requestfor correction to this Filing Receipt
with your reply to the Notice. When the USPTO processesthe reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
George D. YANCOPOULOS, Yorktown Heights, NY;

Applicant(s)
REGENERON PHARMACEUTICALS,INC., Tarrytown, NY

Assignment For Published Patent Application
REGENERON PHARMACEUTICALS,INC., Tarrytown, NY

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/055,847 08/06/2018
and is a CON of 16/897,267 04/29/2019
which is a CON of 16/159,282 10/12/2018 PAT 10828345
which is a CON of 15/471,506 03/28/2017 PAT 10130681
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
whichis a CIP of PCT/US2012/020855 01/11/2012

whichclaims benefit of 61/482,245 01/13/2011
and claims benefit of 61/434 ,836 01/21/2011
andclaims benefit of 61/561 ,957 11/21/2011

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see htto://www.uspto.gov for more information.) - None.
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Foreign application information must be provided in an Application Data Sheetin 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

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: 10/22/2020

The country code and numberof your priority application, to be usedfor filing abroad underthe Paris Convention,
is US 17/072,417

Projected Publication Date: 01/28/2021

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 thefiling 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 sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the need of applicantsto file additional documentsandfees in countries where patent
protection is desired.

Almost every country has its own patent law, and a persondesiring a patent in a particular country must make an
application for patent in that country in accordancewith 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 thatin the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling 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 asto the status of applicant's license for foreignfiling.

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 deadlinesforfiling foreign
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
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:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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 issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations 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 indicatedis 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 licenseis to be retained by the licensee and maybe usedat any time onorafter 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 grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).
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SelectuSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, 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 andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations 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:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
 
   

17/072,417 10/16/2020 George D. YANCOPOULOS REGN-O08CIPCON6
CONFIRMATION NO.7325

96387 PUBLICATION NOTICE

Regeneron- Bozicevic, Field & Francis

201 REDWOOD SHORES PARKWAY INOUE
SUITE 200 000000122975789
REDWOODCITY, CA 94065

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

Publication No.US-202 1-0023173-A1

Publication Date:0 1/28/2021

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 Databasesvia the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Awww.uspto.gov/pattt/.

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 paymentof 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 orvia the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and
the dates of receipt of correspondencefiled 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 directlink to accessthis 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 Centerat 1-866-217-9197.

 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Application Number 17/072,417
Filing Date 2020-10-16

INFORMATION DISCLOSURE First Named Inventor George D. YANCOPOULOS
STATEMENTBY APPLICANT Art Unit To Be Assigned

Examiner Name To Be Assigned
Attorney Docket Number REGN-008CIPCON6

 
 
 
 
   

U.S. PATENT DOCUMENTS
Examiner i Patent Number Issue Date Nameof Patentee or Pages, Columns,Lines, Where

Initial* . YYYY-MM-DD Applicant of Cited Document Relevant Passagesor Relevant
Number-Kind Gode(if known) Figures Appear

U.S. PATENT APPLICATION PUBLICATIONS
Examiner i Publication Number Publication Date Nameof Patentee or Pages, Columns,Lines, Where

Initial* . YYYY-MM-DD Applicant of Cited Document Relevant Passages or RelevantNumber-Kind Code(if known)

FOREIGN PATENT DOCUMENTS

— Publication Date Nameof Patentee or Pages. Columns, LinesForeign Document Number YYYY-MM-DD Applicant of Cited Document ges,
Cite

rt

 

   
Where Relevant Passages

Examiner countycaenontrtntcoaeCode-Number-Kind Code(if or Relevant Figurespp

C
NON PATENT LITERATURE DOCUMENTS

Examin
er
Initials*

Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or

HEIER,J., “Intravitreal VEGF Trap for AMD: An Update, The CLEAR-IT 2
Extension Study” Presented at the annual meeting of the Association for
Researchin Vision and Ophthalmology, Retina Today (2009) pp. 44-45

 
SeeDOBePOSignature Considered

*EXAMINER: Initial if reference considered, whetheror notcitation is in conformance with MPEP 609. Drawline through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 086



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 087

Electronic AcknowledgementReceipt

Application Number: 17072417

International Application Number:

Confirmation Number: 7325

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

ee

Paymentinformation:

 
Submitted with Payment

File Listing:

Document sa: File Size(Bytes)/ Multi Pages|"Number"|__PeewnentDesaiption|FileName Message Digest (if appl.)
REGN-O08CIPCON6_2020-06-1

Transmittal Letter “SuppIDS_Trans.pdf ee8bcb7596678471 c40fff4a93452f85bc8fc|
bS6

Warnings: APOTEX V. REGENERONIPR2022-01524
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Information:

Information Disclosure Statement(IDS)|REGN-OO8CIPCON6_2021-06-1

Form (SB08) _SuppIDS_SBO8A.pdf dda3a70228b82a819f1b1 1e5d1a5345dfc5f
5c65

Information:

This is not an USPTOsupplied IDSfillable form

NonPatentLiterature Heier_10-2009.pdf 7554f5fad491fOc5d0a6cf8043ea82a80933
396

Information:

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe 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 componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptanceof the application as a
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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Electronically Filed 6/17/2021

INFORMATION

DISCLOSURE STATEMENT

October 16, 2020

Group Art Unit To Be Assigned

Addressto: To Be Assigned

Commissioner for Patents Title:
P.O. Box 1450 E Di on”
Alexandria, VA 22313-1450 ye Lisoraers

“Use ofa VEGF Antagonist to Treat Angiogenic
 

Sir:

Applicant submits 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 documentreferred 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 publications discussed herein are provided to comply with the duty to disclose in accordance

with 37 C.F.R. § 1.56. However, nothing herein is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of

publication provided may be different from the actual publication dates which may need to be

independently confirmed

The Examineris requested to make the documentslisted on the enclosed PTO/SB/08A of record in this

application. Applicants would appreciate the Examinerinitialing 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

[] PTA Statement under 37 CFR § 1.704(d)(1): Each item of information contained in

the information disclosure statement filed herewith:

(1) Wasfirst cited in any communication from a patentoffice 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 dayspriorto thefiling of the

information disclosure statement; or

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

international application or by the Office, and this COMMUFSAUOBSHASOEOREAMGAY4 504
REGENERONEXHIBIT 2010 PAGE 089
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Atty Docket No.: REGN-008CIPCON6
USSN: 17/072,417

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

information disclosure statement.

Xx IDS Statement under 37 CFR § 1.97(e)(1): Each item of information contained in the

information disclosure statement wasfirst cited in any communication from a foreign

patent office in a counterpart foreign application not more than three monthspriorto the

filing of the information disclosure statement; or

[] 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.
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Atty Docket No.: REGN-008CIPCON6
USSN:17/072,417

Fees

Xx No fee is believed to be due.

C] The appropriate fee set forth in 37 C.F.R. §1.17(p) accompaniesthis information disclosure
statement.

The Commissioneris hereby authorized to charge any underpaymentoffees up toastrict 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-O008CIPCON6.

Respectfully submitted,
BOZICEVIC, FIELD & FRANCIS LLP

Date:_June 17, 2021 By:__/Karl Bozicevic, Reg. No. 28,807/
Karl Bozicevic

Reg. No. 28,807

 

BOZICEVIC, FIELD & FRANCIS LLP

201 Redwood Shores Parkway, Suite 200
Redwood City, CA 94065
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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ATTY. DOCKET NO. APPLICATION NO.

REGN-008CIPCON6 17/072,417

SUBSTITUTE1449 APPHCANT
INFORMATION DISCLOSURE STATEMENT Regeneron Pharmaceuticals, Inc.

FILING DATE GROUP

October 16, 2020 1647

U.S. PATENT DOCUMENTS

DOCUMENT
NUMBER DATE NAME REFERENCE PROVIDED*

1|6,171,586 1/9/2001__|Lam er al. not required per 69 Fed. Reg. 56481

2|7,303,747 12/4/2007__|Wiegander al. not required per 69 Fed. Reg. 56481

3|7,374,757 5/20/2008_|Papadopouloseral. not required per 69 Fed. Reg. 56481

4|7,374,758 5/20/2008_|Papadopouloseral. not required per 69 Fed. Reg. 56481
S| 7,378,095 5/27/2008_|Caoet al. not required per 69 Fed. Reg. 56481

6|7,521,049 4/21/2009_|Wiegandetal. not required per 69 Fed. Reg. 56481

7|7,531,173 5/12/2009_|Wiegandetal. not required per 69 Fed. Reg. 56481

8|10,828,345 11/10/2020_|Yancopoulos not required per 69 Fed. Reg. 56481
9|2003/0113316 6/19/2003_|Kaishevaer al. not required per 69 Fed. Reg. 56481

10|2003/0138417 7/24/2003_|Kaishevaer al. not required per 69 Fed. Reg. 56481

11|2004/0197324 10/7/2004_|Liuer al. not required per 69 Fed. Reg. 56481

12|2006/0217311 9/28/2006_|Dix er al. not required per 69 Fed. Reg. 56481

13 |.2016/0130337 5/12/2016_|Gekkievaer al. not required per 69 Fed. Reg. 56481

FOREIGN PATENT DOCUMENTS

DOCUMENT
NUMBER DATE COUNTRY TRANSLATION REFERENCE PROVIDED*

14|2663325 11/20/2013_|EP n/a Herewith

15 |97/04801 2/13/1997__|WO n/a Herewith
  
 

 

NON-PATENT LITERATURE DOCUMENTS

DOCUMENT(Including Author, Title, Date, Pertinent Pages,etc.) REFERENCE PROVIDED*
 

7,374,758 — Patent Term Extension Application submitted December 22, 2011 Herewith
 

ADIS R&D Profile “Aflibercept: AVE 0005, AVE 005, AVE0005, VEGF Trap-
Regeneron, VEGF Trap (R1R2), VEGF Trap-Eye.” Drugs R D, 9(4):261-269 Herewith
(2008)

  
DATE CONSIDERED 

 
 

 
 

  EXAMINER

 

EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawline throughcitation if not in conformance and not
considered. Include copy of this form with next communication to Applicant. 

*Copies of the listed references are either submitted herewith or were previously cited by or submitted to, the Office in a prior application. Pursuant to 37 C.F.R. §
1.97(d) and MPEP §609,the indicated reference may have been previously cited by or submitted to, the Office in a prior application, where the prior applicationis
identified by its U.S. Application Numberin this Information Disclosure Statement.
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ATTY. DOCKET NO. APPLICATION NO.

REGN-008CIPCON6 17/072,417

SUBSTITUTE 1449 APPLICANT
INFORMATION DISCLOSURE STATEMENT Regeneron Pharmaceuticals, Inc.

FILING DATE GROUP

October 16, 2020 1647

   
NON-PATENT LITERATURE DOCUMENTS

Pf DOCUMENT(Including Author, Title, Date, Pertinent Pages, etc.) REFERENCE PROVIDED*
Andersen & Krummen, "Recombinantprotein expression for therapeutic

18 applications” Current Opinion in Biotechnology 13:117-123 (2002)
Herewith

Andersonet al., “Delivery of Anti-Angiogenic Molecular Therapies for Retinal
Disease” Drug Discovery Today 15: 272 (2010)

Herewith

Article in Retinal Physician, "Subspecialty News", available online at
http://www.retinalphysician.com/printarticle.aspx?article[ID= 104007 (March Herewith
2010)
 

Ass’n for Res. Vision & Ophthalmology, ARVO® News (Summer 2007) Herewith
 

Ass’n for Res. Vision & Ophthalmology, ARVO® News(Winter/Spring 2008) Herewith
 

AVASTIN®label Herewith
 

Avery, R. L., D. J. Pieramici, M. D. Rabena, A. A. Castellarin, M. A. Nasir and
M.J. Giust, "Intravitreal bevacizumab (Avastin) for neovascular age-related Herewith
macular degeneration" Ophthalmology 113(3): 363-372 e365 (2006)
 

Bashshuret al., “Intravitreal Bevacizumab for the Management of Choroidal
Neovascularization in Age-Related Macular Degeneration” Am J. Herewith
Ophthalmology 142: 1 (2006)

Bayer Press Release, “Bayer and Regeneron DoseFirst Patient in Second Phase
3 Study for VEGF Trap-Eye in Wet Age-Related Macular Degeneration.” May Herewith
8, 2008
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Stabile isotonic lyophilized protein formulation

Backgroundof the Invention

Field of the Invention

This invention is directed to a lyophilized protein formulation. In particular, it relates to a stable

lyophilized protein formulation which can be reconstituted with a diluent to generate a stable reconstituted

formulation suitable for subcutaneous administration.

Description of Related Disclosures

In the past ten years, advances in biotechnology have madeit possible to produce a variety of proteins

for pharmaceutical applications using recombinant DNAtechniques. Because proteins are larger and more

complex than traditional organic and inorganic drugs (ie. possessing multiple functional groupsin addition to

complex three-dimensional structures), the formulation of such proteins poses special problems. For a protein

to remain biologically active, a formulation must preserve intact the conformationalintegrity of at least a core

sequence ofthe protein's aminoacids while at the same time protecting the protein's multiple functional groups

from degradation. Degradation pathways for proteins can involve chemicalinstability (ie. any process which

involves modification of the protein by bond formation or cleavage resulting in a new chemicalentity) or

physical instability (i.e. changes in the higher order structureofthe protein). Chemicalinstability can result from

deamidation, racemization, hydrolysis, oxidation, beta elimination or disulfide exchange. Physicalinstability

can result from denaturation, aggregation, precipitation or adsorption, for example. The three most common

protein degradation pathways are protein aggregation, deamidation and oxidation. Cleland et al. Critical Reviews

in Therapeutic Drug Carrier Systems 10(4): 307-377 (1993).

Freeze-drying is a commonly employed technique for preserving proteins which serves to remove water

from the protein preparation ofinterest. Freeze-drying, or lyophilization, is a process by which the material to

be driedis first frozen and then the ice or frozen solvent is removed by sublimation in a vacuum environment.

An excipient may be included in pre-lyophilized formulations to enhance stability during the freeze-drying

process and/or to improvestability of the lyophilized product upon storage. Pikal, M. Biopharm. 3(9)26-30

(1990) and Arakawaet al. Pharm. Res. 8(3):285-291 (1991).

It is an object of the present invention to provide a lyophilized protein formulation whichis stable upon

storage and delivery. It is a further object to provide a stable reconstituted protein formulation whichis suitable

for subcutaneous administration. In certain embodiments,it is an object to provide a multi-use formulation which

is stable for at least the time over which it will be administered to a patient.

Summaryofthe Invention

This invention is based on the discovery that a stable lyophilized protein formulation can be prepared

using a lyoprotectant (preferably a sugar such as sucrose or trehalose), which lyophilized formulation can be

reconstituted to generate a stable reconstituted formulation having a protein concentration whichis significantly

higher(e.g. from about 2-40 times higher, preferably 3-10 times higher and most preferably 3-6 times higher)

than the protein concentration in the pre-lyophilized formulation. In particular, while the protein concentration

in the pre-lyophilized formulation may be 5 mg/mLorless, the protein concentration in the reconstituted

formulation is generally 50 mg/mL or more. Such high protein concentrationsin the reconstituted formulation

are considered to be particularly useful where the formulation is intended for subcutaneous administration.
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Despite the very high protein concentration in the reconstituted formulation, it has been found that the

reconstituted formulation is stable (i.e. fails to display significant or unacceptable levels of chemical or physical
instability of the protein) at 2-8°C for at least about 30 days. In certain embodiments, the reconstituted

formulation is isotonic. in spite of the use of lower concentrations of the lyoprotectantto achieve such isotonic

formulations upon reconstitution, it was discovered herein that the protein in the lyophilized formulation

essentially retains its physical and chemicalstability and integrity upon lyophilization and storage.

Whenreconstituted with a diluent comprising a preservative (such as bacteriostatic water for injection,

BWFP),the reconstituted formulation may be used as a multi-use formulation. Such a formulationis useful, for

example, where the patient requires frequent subcutaneous administrations of the protein to treat a chronic

medical condition. The advantage of a multi-use formulationis that it facilitates ease of use for the patient,

reduces waste by allowing complete use ofvial contents, and results in a significant cost savings for the
manufacturer since several doses are packagedin a single vial (lowerfilling and shipping costs).

Based onthe observations described herein, in one aspect the invention provides a stable isotonic

reconstituted formulation comprising a protein in an amountofat least about 50 mg/mLand a diluent, which

reconstituted formulation has been prepared from a lyophilized mixtureofa protein and a lyoprotectant, wherein

the protein concentration in the reconstituted formulation is about 2-40 times greater than the protein
concentration in the mixture before lyophilization.

In another embodiment, the invention provides a stable reconstituted formulation comprising an
antibody in an amountofat least about 50 mg/mL anda diluent, which reconstituted formulation has been

prepared from a lyophilized mixture ofan antibody and a lyoprotectant, wherein the antibody concentration in
the reconstituted formulation is about 2-40 times greater than the antibody concentration in the mixture before
lyophilization.

Theratio of lyoprotectant:protein in the lyophilized formulation ofthe preceding paragraphs depends,
for example, on both the protein and lyoprotectant of choice, as well as the desired protein concentration and

isotonicity ofthe reconstituted formulation. In the case ofa full length antibody (as the protein) and trehalose

or sucrose (as the lyoprotectant) for generating a high protein concentration isotonic reconstituted formulation,

the ratio may, for example, be about 100-1500 mole trehalose or sucrose: 1 mole antibody.

Generally, the pre-lyophilized formulation ofthe protein and lyoprotectantwill further include a buffer

whichprovides the formulation at a suitable pH, depending onthe protein in the formulation. Forthis purpose,
it has been found to be desirableto useahistidine buffer in that, as demonstrated below,this appears to have
lyoprotective properties.

The formulation may further include a surfactant(e.g. a polysorbate) in that it has been observed herein

that this can reduce aggregation of the reconstituted protein and/or reduce the formation of particulates in the
reconstituted formulation. The surfactant can be addedto the pre-lyophilized formulation, the lyophilized
formulation and/or the reconstituted formulation (but preferably the pre-iyophilized formulation) as desired.

The invention further provides a method for preparing a stable isotonic reconstituted formulation

comprisingreconstituting a lyophilized mixture ofa protein and a lyoprotectantin a diluent such that the protein
concentration in the reconstituted formulation is at least 50 mg/mL, wherein the protein concentration in the
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reconstituted formulation is about 2-40 times greater than the protein concentration in the mixture before

lyophilization.

In yet a further embodiment, the invention provides a method for preparing a formulation comprising
the steps of: (a) lyophilizing a mixture of a protein and a lyoprotectant; and (b) reconstituting the lyophilized

mixture of step (a) in a diluent such that the reconstituted formulation is isotonic and stable and has a protein

concentration of at least about 50 mg/mL. For example, the protein concentration in the reconstituted

formulation may be from about 80 mg/mL to about 300 mg/mL. Generally, the protein concentration in the

reconstituted formulation is about 2-40 times greater than the protein concentration in the mixture before

lyophilization.

An article of manufacture is also provided herein which comprises: (a) a container which holds a

lyophilized mixture of a protein and a lyoprotectant; and (b) instructions for reconstituting the lyophilized

mixture with a diluentto a protein concentration in the reconstituted formulationofat least about 50 mg/mL. The

article of manufacture may further comprise a second container which holds a diluent (e.g. bacteriostatic water

for injection (BWFI) comprising an aromatic alcohol).

The invention further provides a method for treating a mammal comprising administering a

therapeutically effective amount of a reconstituted formulation disclosed herein to a mammal, wherein the

mammalhas a disorder requiring treatment with the protein in the formulation. For example. the formulation

may be administered subcutaneously.

Oneusefulanti-HER2 antibody pre-lyophilized formulation as discovered in the experiments detailed

below was found to comprise anti-HER2 in amountfrom about 5-40 mg/mL(e.g. 20-30 mg/mL)and sucrose or

trehalose in an amount from about 10-100 mM (e.g. 40-80 mM), a buffer (e.g. histidine, pH 6 or succinate, pH

5) and a surfactant (e.g. a polysorbate). The lyophilized formulation was found to bestable at 40°C for at least

3 monthsandstable at 30°C for at least 6 months. This anti-HER2 formulation can be reconstituted with a

diluent to generate a formulation suitable for intravenous administration comprising anti-HER2 in an amount

from about 10-30 mg/mL whichis stable at 2-8°C forat least about 30 days. Where higher concentrations of the

anti-HER2 antibody are desired (for example where subcutaneousdelivery of the antibody is the intended mode

of administration to the patient), the lyophilized formulation may be reconstituted to yield a stable reconstituted

formulation having a protein concentration of 50 mg/mL or more.

Onedesirable anti-IgE antibody pre-lyophilized formulation discovered herein has anti-lgE in amount

from about 5-40 mg/mL(e.g. 20-30 mg/mL) and sucroseor trehalose in an amount from about 60-300 mM (e.g.

80-170 mM), a buffer (preferably histidine, pH 6) and a surfactant (such as a polysorbate). The lyophilized anti-

IgE formulationis stable at 30° C for at least 1 year. This formulation can be reconstituted to yield a formulation

comprising anti-lgE in an amount from about 15-45 mg/mL (e.g. 15-25 mg/mL) suitable for intravenous

administration which is stable at 2-8°C for at least 1 year. Alternatively, where higher concentrations ofanti-lgE

in the formulation are desired, the lyophilized formulation can be reconstituted in order to generate a stable

formulation having an anti-IgE concentration of 250 mg/mL.

Brief Description of the Drawings

Figure 1 shows the effect of reconstitution volumeonthestability of lyophilized rhuMAb HER2. The

lyophilized formulation was prepared from a pre-lyophilization formulation comprising 25 mg/mL protein, 60
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mM trehalose. 5 mM sodium succinate, pH 5.0, and 0.01% Tween 20™. The lyophilized cake was incubated

at 40°C andthen reconstituted with 4.0 (©) or 20.0 mL (®) of BWFI. Thefraction of intact protein in the

reconstituted formulation was measured by native size exclusion chromatography and defined as the peak area
ofthe native protein relative to the total peak area including aggregates.

Figure 2 illustrates the effect of trehalose concentration on thestability of lyophilized rhuMAb HER2.

Theprotein was lyophilized at 25 mg/mL in 5 mM sodium succinate, pH 5.0 (circles) or 5 mMhistidine, pH

6.0 (squares) and trehalose concentrations ranging from 60 mM (360 molar ratio) to 200 mM (1200 molar ratio).

The lyophilized protein was incubated at 40°C foreither 30 days (closed symbols) or 91 days (open symbols).

The amountofintact protein was measured after reconstitution of the lyophilized protein with 20 mL BWFI.

Figure 3 demonstrates the effect of trehalose concentration on the long term stability of lyophilized

rhuMAbHER? stored at 40°C. The protein was lyophilized at either 25 mg/mL in 5 mM sodium succinate, pH

5.0, 0.01% Tween 20™, and 60 mM trehalose (m) or 5 mM histidine, pH 6.0, 0.01% Tween 20™, and 60 mM

trehalose (0) or 21 mg/mLin 10 mM sodium succinate, pH 5.0, 0.2% Tween 20™and 250 mMtrehalose (@).

The lyophilized protein was incubated at 40°C and then reconstituted with 20 mL of BWFI. The amount of

intact protein was measuredafter reconstitution.

Figure 4 showsthestability of rhuMAb HER2 lyophilized in 38.4 mM mannitol (7 mg/mL), 20.4 mM

sucrose (7 mg/mL), 5 mM histidine, pH 6.0, 0.01% Tween 20™. The lyophilized protein was incubated at 40°C

and then reconstituted with either 4.0 mL (©) or 20 mL (@ ) of BWFI. The amountofintact protein was
measuredafter reconstitution.

Figure 5 demonstratesstability ofreconstituted rhuMAb HER2 lyophilized in 5 mM sodium succinate,

PH 5.0, 60 mMtrehalose, 0.01% Tween 20™. Samples werereconstituted with either 4.0 mL (squares) or 20.0

mL (circles) of BWFI (20 mL:0.9% benzylalcohol; 4 mL:1.1% benzyl alcohol) and then stored at 5°C (solid

symbols) or 25°C (open symbols). The % native protein was defined as the peak area of the native (not

degraded) protein relative to the total peak area as measured by cation exchange chromatography.

Figure 6 showsstability of reconstituted rhuMAb HER2 lyophilized in 5 mM histidine, pH 6.0, 60 mM

trehalose, 0.01% Tween 20. Samples were reconstituted with either 4.0 mL (squares) or 20.0 mL(circles) of

BWFI (20 mL:0.9% benzyl alcohol; 4 mL:1.1% benzyl alcohol) and then stored at 5°C (solid symbols) or 25

°C (open symbols). The % native protein was defined as the peak area of the native (not degraded)protein

relative to the total peak area as measured by cation exchange chromatography.

Figure 7 reveals stability of reconstituted rhuMAb HER2 lyophilized in 5 mM histidine, pH 6.0, 38.4

mM mannitol, 20.4 mM sucrose, 0.01% Tween 20. Samples were reconstituted with either 4.0 mL (squares)

or 20.0 mL (circles) ofBWFI (20 mL:0.9% benzyl alcohol; 4 mL:1.1% benzyl alcohol) and then stored at 5°C

(solid symbols) or 25 °C (open symbols). The %native protein was defined as the peak area ofthe native (not

degraded)protein relative to the total peak area as measured by cation exchange chromatography.

Figure 8 showsstability of reconstituted rhuMAb HER2 lyophilized in 10 mM sodium succinate, pH

5.0, 250 mMtrehalose, 0.2% Tween 20. Samples were reconstituted with 20.0 mL of BWFI(0.9% benzyl

alcohol) and then stored at 5°C (®) or 25 °C (0). The % native protein was defined as the peak area ofthe native

(not degraded) protein relative to the total peak area as measured by cation exchange chromatography.
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Figure 9 shows aggregation ofrhuMAbE25 formulated into buffers ranging from pH 5 to pH 7 at 10

mM buffer concentration and 5 mg/mL antibody concentration. Samples were lyophilized and assayedat time

zero and after 4 weeks, 8 weeks, and 52 weeks ofstorage at 2-8°C. The buffers were: potassium phosphate pH

7.0 (©); sodium phosphate pH 7.0 (C); histidine pH 7.0 (0); sodium succinate pH 6.5 (@); sodium succinate pH

6.0 (1); sodium succinate pH 5.5 (#); and sodium succinate pH 5.0 (4).

Figure 10 depicts aggregation of rhuMAbE25lyophilized in 5 mM histidine buffer at both pH 6 and

pH 7 and assayed following storage as follows. The buffer was at: pH 6.0 stored at 2-8°C (©); pH 6 storedat

25°C (0); pH 6 stored at 40°C (0); pH7stored at 2-8° C (©); pH 7 stored at 25° C (™); and pH7storedat 40°C

(4).

Figure 11] illustrates aggregation of 5 mg/mL rhuMAb E25 formulated into 10 mM sodium succinate

at pH 5.0 with lyoprotectant added at a concentration of275 mM(isotonic). The lyoprotectants were: control,

no lyoprotectant (©); mannitol (1); lactose (©); maltose (#); trehalose (™); and sucrose (#). Samples were

lyophilized and assayed at time zero and after 4 weeks, 8 weeks, and 52 weeks of storage at 2-8°C.

Figure 12 shows aggregation of 5 mg/mL rhuMAb E25 formulated into 10 mM sodium succinate at
PH 5.0 with lyoprotectant added at a concentration of 275 mM(isotonic). The lyoprotectants were: control, no

lyoprotectant (0); mannitol (CQ); lactose (©); maltose (@); trehalose (™); and sucrose (¢#). Samples were

lyophilized and assayed at time zero and after 4 weeks, 8 weeks, and 52 weeksofstorage at 40°C.

Figure 13 depicts hydrophobic interaction chromatography of 20 mg/mL rhuMAbE25lyophilized in

histidine buffer at pH 6 with an isotonic concentration (i.e. 275 mM)oflactose stored for 24 weeks at 2-8, 25

or 40°C and reconstituted to 20 mg/mL.

Figure 14 shows hydrophobic interaction chromatography of20 mg/mL rhuMAb E25 lyophilized in

histidine buffer at pH 6 stored for 24 weeksat 2-8, 25 or 40°C andreconstituted to 20 mg/mL.

Figure 15 illustrates hydrophobic interaction chromatography of 20 mg/mL rhuMAbE25lyophilized

in histidine buffer at pH 6 with an isotonic concentration (i.e. 275 mM)of sucrose and stored for 24 weeksat

2-8, 25 or 40°C and reconstituted to 20 mg/mL.

Figure 16 illustrates the effect ofsugar concentration on rhuMAbE25 formulated at 20 mg/mL in 5 mM

histidine at pH 6.0. Sucrose (@) and trehalose (1) were addedto the formulation at molar ratios ranging from

0 to 2010 (isotonic) (see Table 1 below). Samples were lyophilized and assayed after 12 weeks of storage at
50°C.

TABLE1

Moles of Sugar: E25 antibod Sugar conc. (mM)
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2010 275

Figure 17 reveals aggregation ofrhuMAb E25 formulated at 25 mg/mLinto 5 mMhistidineat pH 6 with

85 mM sucrose (©); 85 mM trehalose (C1): 161 mM sucrose (#) or 161 mM trehalose (4). Samples were

lyophilized andstored at 2-8°C followed by reconstitution with 0.9% benzyl alcohol to 100 mg/mLantibody in
20 mM histidine at pH 6 with isotonic (340 mM)and hypertonic (644 mM) sugar concentration.

Figure 18 showsaggregation ofrhuMAb E25 formulated at 25 mg/mL into 5 mM histidine at pH 6 with

85 mM sucrose (©); 85 mMtrehalose (C1); 161 mM sucrose () or 161 mM trehalose (4). Samples were
lyophilized and stored at 30°C followed by reconstitution with 0.9% benzyl alcohol to 100 mg/mLantibodyin
20 mMhistidine at pH 6 with isotonic (340 mM) and hypertonic (644 mM) sugar conicentration.

Figure 19 illustrates aggregation of rhuMAb E25 formulated at 25 mg/mLinto 5 mMhistidine at pH
6 with 85 mM sucrose (©); 85 mM trehalose (C1); 161 mM sucrose (#) or 161 mM trehalose (4). Samples were
lyophilized and stored at 50°C followed by reconstitution with 0.9% benzyl alcoholto 100 mg/mL antibody in
20 mM histidine at pH 6 with isotonic (340 mM) and hypertonic (644 mM)sugar concentration.

Detailed Description of the Preferred Embodiments

I. Definitions

By "protein"is meant a sequence of aminoacids for which the chain length is sufficient to producethe
higher levels of tertiary and/or quaternary structure. This is to distinguish from "peptides" or other small
molecular weight drugs that do not have such structure. Typically, the protein herein will have a molecular
weightofat least about 15-20 kD,preferably at least about 20 kD.

Examplesof proteins encompassed within the definition herein include mammalian proteins, such as,

e.g., growth hormone,including human growth hormoneand bovine growth hormone: growth hormonereleasing
factor; parathyroid hormone;thyroid stimulating hormone; lipoproteins; a-|-antitrypsin; insulin A-chain; insulin
B-chain;proinsulin;follicle stimulating hormone;calcitonin; luteinizing hormone; glucagon;clotting factors such
as factor VIIIC, factor IX, tissue factor, and von Willebrands factor; anti-clotting factors such as Protein C:atrial
natriuretic factor, lung surfactant; a plasminogenactivator, such as urokinaseor tissue-type plasminogen activator
(t-PA); bombazine; thrombin; tumornecrosis factor-« and -B; enkephalinase; RANTES(regulated onactivation

normally T-cell expressed and secreted); human macrophage inflammatory protein (MIP-1-«); serum albumin

such as human serum albumin; mullerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin;
mouse gonadotropin-associated peptide; DNase: inhibin; activin; vascular endothelial growth factor (VEGF);
receptors for hormonesor growth factors; an integrin; protein A or D; rheumatoid factors: a neurotrophic factor
such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6),
or a nerve growth factor such as NGF-;platelet-derived growth factor (PDGF); fibroblast growth factor such

as aFGFand bFGF;epidermalgrowth factor (EGF); transforming growth factor (TGF) such as TGF-« and TGF-

B, including TGF-B 1, TGF-B2, TGF-B3, TGF-B4, or TGF-5; insulin-like growth factor-1 and -II (IGF-I and
IGF-II); des(1-3)-IGF-I (brain IGF-I); insulin-like growth factor binding proteins; CD proteins such as CD3,
CD4, CD8, CD19 and CD20; erythropoietin (EPO); thrombopoietin (TPO); osteoinductive factors:
immunotoxins; a bone morphogenetic protein (BMP); an interferon such as interferon-a,, -B, and -; colony
stimulating factors (CSFs), e.g., M-CSF, GM-CSF,and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10; superoxide
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dismutase; T-cell receptors; surface membraneproteins: decay accelerating factor (DAF); a viral antigen such

as, for example, a portion of the AIDS envelope; transport proteins; homing receptors; addressins: regulatory

proteins; immunoadhesins; antibodies; and biologically active fragmentsor variants of any of the above-listed
polypeptides.

Theprotein which is formulated is preferably essentially pure and desirably essentially homogeneous

(ée. free from contaminating proteins etc). “Essentially pure" protein means a composition comprising atleast

about 90% by weightofthe protein, based on total weight of the composition,preferably at least about 95% by

weight. “Essentially homogeneous" protein means a composition comprising at least about 99% by weight of
protein, based on total weight of the composition.

In certain embodiments, the protein is an antibody. The antibody may bind to any of the above-

mentioned molecules, for example. Exemplary molecular targets for antibodies encompassed by the present
invention include CDproteins such as CD3, CD4, CD8, CD19, CD20 and CD34; members of the HERreceptor

family such as the EGF receptor, HER2, HER3 or HERGreceptor; cell adhesion molecules such as LF.‘A-1I, Mol,

p150,95, VLA-4, ICAM-1. VCAM and a.v/B3 integrin including either « or B subunits thereof(e.g. anti-CD1 la,

anti-CD18 or anti-CD1 1b antibodies); growth factors such as VEGF; IgE; blood group antigens: f1k2/flt3

receptor: obesity (OB) receptor; proteinCetc.

The term "antibody" is used in the broadest sense and specifically covers monoclonal antibodies

(including full length antibodies which have an immunoglobulin Fe region), antibody compositions with

polyepitopic specificity, bispecific antibodies, diabodies, and single-chain molecules, as well as antibody
fragments (e.g., Fab, F(ab’), and Fv).

The term "monocionalantibody"as used herein refers to an antibody obtained from a population of

substantially homogeneousantibodies. 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 preparations whichtypically include different antibodies directed against different

determinants (epitopes), each monoclonalantibodyis directed against a single determinantonthe antigen. In

addition to their specificity, the monoclonalantibodies are advantageousin that they are synthesized by the

hybridoma culture, uncontaminated by other immunoglobulins. 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

monoclonal antibodies to be used in accordance with the present invention may be made by the hybridoma

method first described by Kohler er ai, Nature, 256: 495 (1975), or may be made by recombinant DNA methods

(see, ¢.g., U.S. Patent No. 4,816,567). The "monoclonal antibodies” mayalso be isolated from phage antibody

libraries using the techniques described in Clackson et a/., Nature, 352:624-628 (1991) and Markset al., J. Mol.

Biol., 222:581-597 (1991), for example.

The monoclonalantibodies herein specifically include "chimeric" antibodies (immunoglobulins) in

whicha portion ofthe heavy and/orlight chain is identical with or homologous to corresponding sequencesin

antibodies derived from a particular species or belonging to a particular antibody class or subclass, while the

remainder ofthe chain(s) is identical with or homologous to corresponding sequences in antibodies derived from
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anotherspecies 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; Morrison et al., Proc. Natl Acad

Sci. USA, 81:6851-6855 (1984)). .

"Humanized" forms of non-human (e.g.. murine) antibodies are chimeric immunoglobulins,

immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab’), or other antigen-binding
subsequencesofantibodies) which contain minimal sequence derived from non-human immunoglobulin. For

the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from

a complementarity determining region (CDR)ofthe recipient are replaced by residues from a CDRofa non-

human species (donor antibody) such as mouse,rat or rabbit having the desired specificity, affinity, and capacity.
In some instances, Fv framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanizedantibodies may comprise residues which are found

neitherin the recipient antibody nor in the imported CDR or framework sequences. These modifications are

madeto furtherrefine and optimize antibody performance. In general, the humanized antibody will comprise
substantially all of at least one, and typically two, variable domains, in whichall or substantially all of the CDR

regions correspondto those of a non-human immunoglobulin andall or substantially all of the FR regions are
those of a human immunoglobulin sequence. The humanized antibody optimally also will comprise at least a
portion of an immunoglobulin constant region (Fc), 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). The humanized antibody includes a Primatized™ antibody
wherein the antigen-binding region of the antibody is derived from an antibody produced by immunizing
macaque monkeys with the antigen ofinterest.

A "stable" formulation is one in which the protein therein essentially retains its physical and chemical

stability and integrity upon storage. Various analytical techniques for measuring protein stability are available
in the art and are reviewed in Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker,

Inc., New York, New York,Pubs. (1991) and Jones, A. Adv. Drug Delivery Rev. 10: 29-90 (1993). Stability can
be measuredat a selected temperature for a selected time period. For rapid screening, the formulation may be
kept at 40°C for 2 weeks to | month, at which time stability is measured. Where the formulation is to be stored

at 2-8°C, generally the formulation should bestable at 30°C or 40°C forat least | month and/orstable at 2-8°C
for at least 2 years. Wherethe formulationis to be stored at 30°C, generally the formulation should bestable for

at least 2 years at 30°C and/orstable at 40°C for at least 6 months. For example, the extent of aggregation
following lyophilization and storage can be usedas an indicatorofprotein stability (see Examples herein). For
example, a "stable" formulation may be one wherein less than about 10% andpreferably less than about 5% of

the protein is present as an aggregate in the formulation. In other embodiments, any increase in aggregate
formation following lyophilization and storageofthe lyophilized formulation can be determined. For example,
a "stable" lyophilized formulation may be one wherein the increase in aggregatein the lyophilized formulation
is less than about 5% andpreferably less than about 3%, whenthe lyophilized formulationis stored at 2-8°C for

at least one year. In other embodiments,stability of the protein formulation maybe measuredusinga biological
activity assay (see, e.g, Example 2 below).
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A “reconstituted” formulation is one which has been prepared by dissolving a lyophilized protein

formulation in a diluent such that the protein is dispersed in the reconstituted formulation. The reconstituted

formulation in suitable for administration (e.g. parenteral administration) to a patient to be treated with the

protein of interest and, in certain embodiments ofthe invention, may be one whichis suitable for subcutaneous

administration.

By “isotonic” is meant that the formulation ofinterest has essentially the same osmotic pressure as

humanblood. Isotonic formulations will generally have an osmotic pressure from about 250 to 350mOsm.

Isotonicity can be measured using a vapor pressure or ice-freezing type osmometer, for example.

A "lyoprotectant"is a molecule which, when combined with a protein ofinterest, significantly prevents

or reduces chemical and/or physical instability of the protein upon lyophilization and subsequent storage.

Exemplary lyoprotectants include sugars such as sucrose or trehalose; an amino acid such as monosodium

glutamateorhistidine: a methylamine suchas betaine; a lyotropic salt such as magnesium sulfate: a polyol such

as trihydric or higher sugar alcohols,e.g. glycerin, erythritol, glycerol, arabitol, xylitol, sorbitol, and mannitol:

propylene glycol; polyethylene glycol; Pluronics; and combinations thereof. The preferred lyoprotectantis a

non-reducing sugar, such as trehalose or sucrose.

The lyoprotectant is added to the pre-lyophilized formulation in a "lyoprotecting amount” which means

that, following lyophilization of the protein in the presenceofthe lyoprotecting amountofthe lyoprotectant, the

protein essentially retains its physical and chemical stability and integrity upon lyophilization andstorage.

The "diluent" of interest herein is one which is pharmaceutically acceptable (safe and non-toxic for

administration to a human) andis useful for the preparation of a reconstituted formulation. Exemplary diluents

includesterile water, bacteriostatic water for injection (BWFI), a pH buffered solution (e.g. phosphate-buffered

saline), sterile saline solution, Ringer's solution or dextrose solution.

A "preservative" is a compound which can be addedtothe diluentto essentially reduce bacterial action

in the reconstituted formulation, thusfacilitating the production of a multi-use reconstituted formulation, for

example. Examples of potential preservatives include octadecyldimethyl!benzyl ammonium chloride,

hexamethonium chloride, benzalkonium chloride (a mixture of alkytbenzyldimethylammonium chlorides in

which the alkyl groups are long-chain compounds), and benzethonium chloride. Other types of preservatives

include aromatic alcohols such as phenol, butyl and benzylalcohol, alkyl parabens such as methyl or propyl

paraben, catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. The most preferred preservative herein

is benzyl alcohol.

A “bulking agent" is a compound which adds massto the lyophilized mixture and contributes to the

physical structure of the lyophilized cake (e.g. facilitates the production of an essentially uniform lyophilized

cake which maintains an open pore structure). Exemplary bulking agents include mannitol, glycine, polyethylene

glycol and xorbitol.

“Treatment”refers to both therapeutic treatment and prophylactic or preventative measures. Those in

needoftreatmentincludethose already with the disorderas well as those in which the disorderis to be prevented.

"Mammal"for purposes of treatmentrefers to any animalclassified as a mammal, including humans,

domestic and farm animals, and zoo,sports, or pet animals, such as dogs, horses, cats, cows, efc. Preferably, the
mammal!is human.
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A "disorder" is any condition that would benefit from treatmentwith the protein. This includes chronic

and acute disorders or diseases including those pathological conditions which predispose the mammalto the

disorderin question. Non-limiting examples of disorders to be treated herein include carcinomas and allergies.
IL. Modesfor Carrying out the Invention

A. Protein Preparation

The protein to be formulated is prepared using techniques which are well establishedin the art including
synthetic techniques (such as recombinanttechniques and peptide synthesis or a combination ofthese techniques)
or may be isolated from an endogenoussourceof the protein. In certain embodiments ofthe invention, the
protein of choice is an antibody. Techniques for the production ofantibodies follow.

@~ Polyclonal antibodies.

Polyclonalantibodies are generally raised in animals by multiple subcutaneous (sc) or intraperitoneal
(ip) injectionsof the relevant antigen and an adjuvant. It may be useful to conjugatethe relevant antigen to a
protein thatis immunogenic in the species to be immunized,e.g., keyhole limpet hemocyanin, serum albumin,
bovine thyrogiobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent, for example,
maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccinimide
(through lysine residues), glutaraldehyde, succinic anhydride, SOCI,, or R'N=C=NR, where R and R! are
different alkyl groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining |
mg or | 1g of the peptide or conjugate (for rabbits or mice, respectively) with 3 volumesof Freund's complete
adjuvant. One month later the animals are boosted with 1/5 to 1/10 the original amount ofpeptide or conjugate
in Freund's complete adiuvant by subcutaneous injection at multiple sites. Seven to 14 dayslater the animals
are bled and the serum is assayed for antibodytiter. Animals are boosted untilthetiter plateaus. Preferably, the
animalis boosted with the conjugate ofthe sameantigen,but conjugated to a different protein and/or through
a different cross-linking reagent. Conjugates also can be made in recombinantcell culture as protein fusions.
Also, aggregating agents such as alum are suitably used to enhance the immune response.

(ii) Monoclonal antibodies.

Monoclonal antibodies are obtained from a population of substantially homogeneousantibodies,i.ec.,

the individual antibodies comprising the population are identical except for possible naturally occurring
mutations that may be present in minor amounts. Thus, the modifier "monoclonal"indicates the character of the
antibody as not being a mixtureofdiscrete antibodies.

For example, the monoclonal antibodies may be made using the hybridoma methodfirst described by
Kohler e# al., Nature, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Patent No.
4,816,567),

In the hybridoma method, a mouseorother appropriate host animal, such as a hamster. is immunized

as hereinabove describedto elicit lymphocytes that produceor are capable of producing antibodies that will
specificaily bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro.
Lymphocytesthen are fused with myelomacells using a suitable fusing agent, such as polyethyleneglycol, to
form a hybridomacell (Goding, Monoclonal Antibodies: Principles and Practice, pp.S9-103 (Academic Press,
1986)).
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The hybridomacells thus prepared are seeded and grownin a suitable culture medium that preferably

contains one or more substancesthatinhibit the growth or survival of the unfused, parental myelomacells. For

example, if the parental myelomacells lack the enzyme hypoxanthine guanine phosphoribosyl transferase
(HGPRTor HPRT), the culture medium for the hybridomas typically will include hypoxanthine. aminopterin,

and thymidine (HAT medium), which substances prevent the growth of HGPRT-deficientcells.

Preferred myelomacells are those that fuse efficiently, support stable high-level production ofantibody

bythe selected antibody-producingcells, and are sensitive to a medium such as HAT medium. Amongthese,

preferred myelomacell lines are murine myelomalines, such as those derived from MOPC-21 and MPC-11

mouse tumors available from the Salk Institute Cell Distribution Center. San Diego, California USA. and SP-2

cells available from the American Type Culture Collection, Rockville, Maryland USA. Human myeloma and

mouse-human heteromyelomacell lines also have been described for the production of human monoclonal

antibodies (Kozbor, J. Jmmunol., 133:3001 (1984); Brodeur et al, Monoclonal Antibody Production Techniques

andApplications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).

Culture medium in which hybridomacells are growing is assayed for production of monoclonal

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced

by hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as

radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA).

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard

analysis of Munsonet al., Anal. Biochem.. 107:220 (1980).

After hybridomacells are identified that produce antibodies of the desired specificity. affinity, and/or

activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods (Goding,

MonoclonalAntibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable culture media

for this purpose include, for example, D-MEM or RPMI-1640 medium. In addition, the hybridomacells may

be grown im vivo as ascites tumors in an animal.

The monoclonalantibodies secreted by the subclonesare suitably separated from the culture medium,

ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein

A-Sepharose, hydroxylapatite chromatography,gel electrophoresis, dialysis, or affinity chromatography.

DNAencoding the monoclonal antibodies is readily isolated and sequenced using conventional

procedures(e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the

heavy andlight chains of murine antibodies). The hybridomacells serve as a preferred source of such DNA.

Onceisolated, the DNA maybe placed into expression vectors, which are then transfected into host cells such

as E. coli cells, simian COScells, Chinese hamster ovary (CHO)cells, or myelomacells that do not otherwise

produce immunoglobulin protein, to obtain the synthesis ofmonoclonal antibodies in the recombinant hostcelis.

Review articles on recombinant expression in bacteria ofDNA encodingthe antibody include Skerra et al., Curr.

Opinion in Immunol., 5:256-262 (1993) and Pliickthun, /mmunol. Revs., 130:151-188 (1992).

In a further embodiment, antibodies can be isolated from antibody phage libraries generated using the

techniques described in McCafferty er al., Nature, 348:552-554 (1990). Clacksonet al., Nature, 352:624-628

(1991) and Marks e¢ al., J. Mol. Biol., 222:581-597 (1991) describe the isolation of murine and human

antibodies, respectively, using phage libraries. Subsequent publications describe the production of high affinity
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(nM range) human antibodies by chain shuffling (Marks et al.. Bio/Technology, 10:779-783 (1992)), as well as

combinatorial infection and in vivo recombination as a strategy for constructing very large phage libraries
(Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniquesare viable alternatives to

traditional monoclonalantibody hybridomatechniquesfor isolation of monoclonal antibodies.

The DNAalso may be modified, for example, by substituting the coding sequence for human heavy-
and light-chain constant domainsin place of the homologous murine sequences (U.S. Patent No. 4,816,567;
Morrison,er al, Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently joining to the immunoglobulin
coding sequenceall or part of the coding sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an

antibody,or they are substituted for the variable domainsofone antigen-combiningsite of an antibody to create
a chimeric bivalent antibody comprising one antigen-combiningsite havingspecificity for an antigen and another
antigen-combining site having specificity for a different antigen.

Chimeric or hybrid antibodies also may be prepared in vitro using known methods in synthetic protein
chemistry, including those involving crosslinking agents. For example, immunotoxins maybeconstructed using
a disulfide-exchangereaction or by forming a thioether bond. Examplesofsuitable reagents for this purpose
include iminothiolate and methyl-4-mercaptobutyrimidate. (iti)
Humanized and human antibodies.

Methodsfor humanizing non-human antibodies are well known intheart. Generally, a humanized
antibody has one or more aminoacid residues introducedinto it from a source which is non-human. These non-

human aminoacid residuesare often referred to as "import" residues, which are typically taken from an "import"
variable domain. Humanization can be essentially performedfollowing the method of Winter and co-workers

(Jones et al., Nature, 321:522-525 (1986); Riechmanner al., Nature, 332:323-327 (1988); Verhoeyenet ai.,
Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the corresponding
Sequences of a human antibody. Accordingly, such "humanized"antibodies are chimeric antibodies (U.S. Patent
No. 4,816,567), wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-humanspecies. In practice, humanized antibodies are typically human
antibodies in which some CDRresidues and possibly some FR residues are substituted by residues from
analogoussites in rodentantibodies.

The choice of human variable domains, both light and heavy, to be used in making the humanized
antibodies is very important to reduce antigenicity. According to the so-called "best-fit" method,the sequence
of the variable domain ofa rodent antibody is screened against the entire library of known humanvariable-
domain sequences. The human sequence whichis closestto that of the rodentis then accepted as the human
framework (FR) for the humanized antibody (Simset al, J. Zmmunol., 151:2296 (1993); Chothia et al, J Mol.

Biol., 196:901 (1987)). Another method uses a particular framework derived from the consensus sequence of
all human antibodies of a particular subgroup oflight or heavy chains. The same framework maybe used for
severaldifferent humanized antibodies (Carter et al, Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al.,
J. Immmnol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the antigen and
other favorable biological properties. To achieve this goal, according to a preferred method, humanized
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antibodies are prepared by a processofanalysis of the parental sequences and various conceptual humanized

products using three-dimensional models of the parental and humanized sequences. Three-dimensional

immunoglobulin models are commonlyavailable andare familiar to those skilled in the art. Computer programs
are available which illustrate and display probable three-dimensional conformationalstructures of selected

candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the

residuesin the functioning ofthe candidate immunoglobulin sequence,:.¢., the analysis ofresiduesthat influence

the ability of the candidate immunoglobulin to bindits antigen. In this way, FR residues can be selected and

combinedfrom the recipient and import sequencesso that the desired antibody characteristic. such as increased

affinity for the target antigen(s), is achieved. In general. the CDRresidues are directly and most substantially
involvedin influencing antigen binding.

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that are capable, upon
immunization, ofproducing a full repertoire ofhuman antibodies in the absence ofendogenous immunoglobulin
production. For example,it has been described that the homozygousdeletion ofthe antibody heavy-chain joining
region (J,,) gene in chimeric and germ-line mutant miceresults in complete inhibition of endogenousantibody
production. Transfer of the human germ-line immunoglobulin genearray in such germ-line mutant mice will

result in the production ofhuman antibodies upon antigen challenge. See, e.g., Jakobovits et al., Proc. Natl.

Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258( 1993); Bruggermannet al.. Year in

Immuno., 7:33 (1993). Human antibodies can also be derived from phage-display libraries (Hoogenboom e7ai,
J. Mol. Biol., 227:381 (1991); Marks et al.. J. Mol. Biol., 222:581-597 (1991)).

(wv) Bispecific antibodies

Bispecific antibodies (BsAbs) are antibodies that have binding specificities for at least two different

epitopes. Such antibodies can be derived from full length antibodies or antibody fragments (e.g. F(ab’), bispecific
antibodies).

Methods for makingbispecific antibodies are knownin the art. Traditional production offull length
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, where
the two chains havedifferent specificities (Millstein et a/., Nature. 305:537-539 (1983)). Because ofthe random

assortmentofimmunoglobulin heavy andlight chains, these hybridomas (quadromas) produceapotential mixture
of 10 different antibody molecules, of which only one has the correctbispecific structure. Purification of the

correct molecule, which is usually done by affinity chromatographysteps,is rather cumbersome, and the product
yields are low. Similar procedures are disclosed in WO 93/08829 and in Trauneckeret al., EMBO J., 10:3655-
3659 (1991).

According to a different approach, antibody variable domains with the desired binding specificities
(antibody-antigen combiningsites) are fused to immunoglobulin constant domain sequences. The fusion

preferably is with an immunoglobulin heavy chain constant domain, comprising atleast part of the hinge, CH2,

and CH3regions.It is preferred to havethefirst heavy-chain constant region (CH1) containing thesite necessary
for light chain binding, presentin at least one ofthe fusions. DNAsencoding the immunoglobulin heavy chain
fusions and,if desired, the immunoglobulin light chain,are inserted into separate expression vectors, and are co-

transfectedinto a suitable host organism. This providesfor greatflexibility in adjusting the mutual proportions
ofthe three polypeptide fragments in embodiments when unequalratios of the three polypeptide chains used in
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the construction provide the optimum yields. It is, however, possible to insert the coding sequences for two or

all three polypeptide chains in one expression vector when the expression ofat least two polypeptidechains in

equalratios results in high yields or whenthe ratios are of no particular significance.

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid

immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy

chain-light chain pair (providing a secondbindingspecificity) in the other arm. It was foundthat this asymmetric

structure facilitates the separation ofthe desired bispecific compound from unwanted immunoglobulin chain

combinations, as the presence of an immunoglobulin light chain in only one half of the bispecific molecule

provides for a facile way of separation. This approach is disclosed in WO 94/04690 published March 3, 1994.

Forfurther details of generating bispecific antibodies see, for example, Suresh et al., Methods in Enzymology,

121:210 (1986).

Bispecific antibodies include cross-linked or "heteroconjugate" antibodies. For example, one of the

antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies have, for

example, been proposed to target immunesystem cells to unwanted cells (US Patent No. 4,676,980), and for

treatment of HIV infection (WO 91/00360, WO 92/200373). Heteroconjugate antibodies may be made using

any convenientcross-linking methods. Suitable cross-linking agents are well known in the art. and are disclosed

in US Patent No. 4,676,980, along with a numberofcross-linking techniques.

Techniques for generating bispecific antibodies from antibody fragments have also been describedin

the literature. The following techniques can also be used for the production ofbivalent antibody fragments which

are not necessarily bispecific. For example, Fab’ fragments recovered from E. coli can be chemically coupled

in vitro to form bivalent antibodies. See, Shalaby ef al., J. Exp. Med., 175:217-225 (1992).

Various techniques for makingandisolating bivalent antibody fragments directly from recombinantcell

culture have also been described. For example, bivalent heterodimers have been produced using leucine zippers.

Kostelny et al., J. Immunol., 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun

proteins werelinked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers

were reducedat the hinge region to form monomers andthen re-oxidized to form the antibody heterodimers.

The "diabody" technology described by Hollinger et al, Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993) has

provided an alternative mechanism for making bispecific/bivalent antibody fragments. The fragments comprise

a heavy-chain variable domain (V,,) connected to a light-chain variable domain (V_) by a linker which is too short

to allow pairing between the two domains on the same chain. Accordingly, the V,, and V, domains of one

fragment are forced to pair with the complementary V, and V,, domainsofanother fragment, thereby forming

two antigen-binding sites. Another strategy for making bispecific/bivalent antibody fragments by the use of

single-chain Fv (sFv) dimers has also been reported. See Gruberet al., J. Immunol., 152:5368 (1994).

B. Preparation of the Lyophilized Formulation

After preparation of the protein of interest as described above, a "pre-lyophilized formulation"is

produced. The amountofprotein present in the pre-lyophilized formulation is determined taking into account

the desired dose volumes, mode(s) of administration etc. Where the protein of choiceis an intact antibody (such

as an anti-IgE or anti-HER2 antibody), from about 2 mg/mL to about 50 mg/mL,preferably from about 5 mg/mL

to about 40 mg/mL and mostpreferably from about 20-30 mg/mLis an exemplary starting protein concentration.
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Theprotein is generally present in solution. For example. the protein may bepresent in a pH-buffered solution

at a pH from about 4-8. and preferably from about 5-7. Exemplary buffers includehistidine, phosphate, Tris.

citrate, succinate and other organic acids. The buffer concentration can be from about | mM to about 20 mM,

or from about 3 mMto about 15 mM,depending. for example, on the buffer and the desired isotonicity of the
formulation (e.g. of the reconstituted formulation). The preferred bufferis histidine in that. as demonstrated

below,this can have lyoprotective properties. Succinate was shownto beanother useful buffer.

The lyoprotectant is added to the pre-lyophilized formulation. In preferred embodiments, the

lyoprotectant is a non-reducing sugar such as sucrose or trehalose. The amount of lyoprotectantin the pre-
lyophilized formulation is generally such that, upon reconstitution, the resulting formulation will be isotonic.

However, hypertonic reconstituted formulations mayalso be suitable. In addition, the amount of lyoprotectant
mustnot be too low such that an unacceptable amountof degradation/aggregation of the protein occurs upon
lyophilization. Where the lyoprotectantis a sugar (such as sucrose or trehalose) and theprotein is an antibody,
exemplary lyoprotectant concentrationsin the pre-lyophilized formulation are from about 10 mM to about 400

mM,and preferably from about 30 mM to about 300 mM,and most preferably from about 50 mM to about 100
mM.

Theratio of protein to lyoprotectantis selected for each protein and lyoprotectant combination. In the

case of an antibodyas the protein of choice and a sugar (e. &., sucrose or trehalose) as the lyoprotectant for
generating an isotonic reconstituted formulation with a high protein concentration, the molar ratio of

lyoprotectant to antibody may be from about 100 to about 1500 moles lyoprotectant to 1 mole antibody, and
preferably from about 200 to about 1000 moles of lyoprotectant to 1 mole antibody, for example from about 200
to about 600 molesoflyoprotectantto | mole antibody.

In preferred embodiments ofthe invention. it has been found to be desirable to add a surfactantto the

pre-lyophilized formulation. Alternatively, or in addition, the surfactant may be added to the lyophilized
formulation and/orthe reconstituted formulation. Exemplary surfactants include nonionic surfactants such as

polysorbates (¢.g. polysorbates 20 or 80); poloxamers(e.g. poloxamer 188): Triton; sodium dodecyl sulfate
(SDS); sodium laurel sulfate: sodium octyl glycoside:lauryl-, myristyl-, linoleyl-, or stearyl-suifobetaine; lauryl-,
myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetyl-betaine; lauroamidopropyl-,
cocamidopropyl-, linoleamidopropyl-, myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-betaine(e.g.
lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-dimethylamine; sodium methyl
cocoyl-, or disodium methy!oleyl-taurate; and the MONAQUAT™series (MonaIndustries, Inc., Paterson, New

Jersey), polyethyl glycol, polypropyl glycol, and copolymers ofethylene and propylene glycol(e.g. Pluronics,

PF68 etc). The amount ofsurfactant addedis such that it reduces aggregation ofthe reconstituted protein and
minimizes the formation of particulates after reconstitution. For example, the surfactant maybepresentin the
pre-lyophilized formulation in an amount from about 0.001-0.5%, and preferably from about 0.005-0.05%.

In certain embodiments ofthe invention, a mixture ofthe lyoprotectant(such as sucrose or trehalose)
and a bulking agent(e.g. mannitolor glycine) is used in the preparation ofthe pre-lyophilization formulation.

The bulking agent mayallow for the production ofa uniform lyophilized cake without excessive pockets therein
etc.
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Other pharmaceutically acceptable carriers. excipients or stabilizers such as those described in

Remington's Pharmaceutical Sciences 16th edition. Osol. A. Ed. (1980) may be includedin the pre-lyophilized

formulation (and/or the lyophilized formulation and/orthe reconstituted formulation) provided that they do not
adversely affect the desired characteristics of the formulation. Acceptable carriers. excipients orstabilizers are

nontoxic to recipients at the dosages and concentrations employed and include: additional buffering agents;

preservatives; co-solvents; antioxidants including ascorbic acid and methionine; chelating agents such as EDTA:

metal complexes(e.g. Zn-protein complexes); biodegradable polymers such as polyesters; and/or salt-forming
counterions such as sodium.

The formulation herein may also contain more than one protein as necessary for the particular indication

being treated, preferably those with complementary activities that do not adversely affect the other protein. For

example, it may be desirable to provide two or more antibodies which bind to the HER2 receptororIgE in a

single formulation. Furthermore, anti-HER2 and anti-VEGFantibodies may be combinedin the one formulation.

Suchproteins are suitably present in combination in amounts that are effective for the purpose intended.

The formulations to be used for in vivo administration mustbesterile. This is readily accomplished by

filtration through sterile filtration membranes. prior to. or following, lyophilization and reconstitution.

Alternatively, sterility of the entire mixture may be accomplished by autoclaving the ingredients, except for

protein, at about 120°C for about 30 minutes, for example.

After the protein, lyoprotectant and other optional components are mixed together, the formulationis

lyophilized. Many different freeze-dryers are available for this purpose such as Hull50™ (Hull, USA) or GT20™

(Leybold-Heraeus, Germany) freeze-dryers. Freeze-drying is accomplished by freezing the formulation and

subsequently subliming ice from the frozen content at a temperature suitable for primary drying. Underthis

condition, the product temperature is below the eutectic point or the collapse temperature of the formulation.

Typically, the shelf temperature for the primary drying will range from about -30 to 25°C (provided the product

remainsfrozen during primary drying) at a suitable pressure, rangingtypically from about 50 to 250mTorr. The

formulation, size and type of the container holding the sample (e.g., glass vial) and the volumeofliquid will

mainly dictate the time required for drying, which can range from a few hours to several days (e.g. 40-60hrs).

A secondary drying stage may be carried out at about 0-40°C, depending primarily on the type and size of

container and the type of protein employed. However, it was found herein that a secondary drying step may not

be necessary. For example, the shelf temperature throughoutthe entire water removal phase of lyophilization

maybe from about 15-30°C (e¢.g., about 20°C). The time andpressure required for secondary drying will be

that which producesa suitable lyophilized cake, dependent, e.g., on the temperature and other parameters. The

secondary dryingtimeis dictated by the desired residual moisture level in the productandtypically takes at least

about 5 hours (e.g. 10-15 hours). The pressure maybe the same as that employed during the primary dryingstep.

Freeze-drying conditions can be varied depending on the formulation andvialsize.

In someinstances, it may be desirable to lyophilize the protein formulation in the container in which

reconstitution of the protein is to be carried out in order to avoid a transfer step. The containerin this instance

may, for example, be a 3, 5, 10, 20, 50 or 100ccvial.

Asa general proposition, lyophilization will result in a lyophilized formulation in which the moisture

content thereofis less than about 5%, and preferably less than about 3%.
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Cc. Reconstitution of the Lyophilized Formulation

At the desired stage, typically whenit is time to administer the protein to the patient, the lyophilized

formulation may be reconstituted with a diluent such that the protein concentration in the reconstituted

formulationis at least 50 mg/mL,for example from about 50 mg/mLto about 400 mg/mL,morepreferably from

about 80 mg/mLto about 300 mg/mL.and most preferably from about 90 mg/mL to about 150 mg/mL. Such

high protein concentrations in the reconstituted formulation are considered to be particularly useful where

subcutaneous delivery ofthe reconstituted formulation is intended. However, for other routes ofadministration,

such as intravenous administration, lower concentrationsofthe protein in the reconstituted formulation may be

desired (for example from about 5-50 mg/mL, or from about 10-40 mg/mL protein in the reconstituted

formulation). In certain embodiments, the protein concentration in the reconstituted formulation is significantly
higherthan thatin the pre-lyophilized formulation. For example. the protein concentration in the reconstituted

formulation may be about 2-40 times, preferably 3-10 times and most preferably 3-6 times(e.g. at ieast three fold

or at least four fold) that of the pre-lyophilized formulation.

Reconstitution generally takes place at a temperature of about 25°C to ensure complete hydration,

although other temperatures may be employed as desired. The time required for reconstitution will depend,e.g.,

on the type ofdiluent, amountofexcipient(s) and protein. Exemplary diluents includesterile water, bacteriostatic

water for injection (BWFI), a pH buffered solution (e.g. phosphate-bufferedsaline), sterile saline solution,

Ringer's solution or dextrose solution. The diluent optionally contains a preservative. Exemplary preservatives

have been described above, with aromatic alcohols such as benzyl or phenol alcohol being the preferred

preservatives. The amount of preservative employed is determined by assessing different preservative

concentrations for compatibility with the protein and preservative efficacy testing. For example, if the

preservative is an aromatic alcohol (such as benzyl alcohol), it can be present in an amount from about0.1-2.0%

and preferably from about 0.5-1.5%, but most preferably about 1.0-1.2%.

Preferably, the reconstituted formulation has less than 6000particles per vial which are 2 10 umin size.
D. Administration of the Reconstituted Formulation

The reconstituted formulation is administered to a mammalin need of treatmentwith the protein,

preferably a human, in accord with known methods, such as intravenous administration as a bolus or by

continuousinfusion overa period oftime, by intramuscular, intraperitoneal. intracerobrospinal, subcutaneous,

intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes.

In preferred embodiments,the reconstituted formulation is administered to the mammalby subcutaneous

(i.e. beneath the skin) administration. For such purposes. the formulation may be injected using a syringe.

However, other devices for administration of the formulation are available such as injection devices(e.g. the

Inject-ease™ and Genject™ devices); injector pens (such as the GenPen ™; needleless devices (e.g.
MediJector™ and BioJector™); and subcutaneouspatch delivery systems.

The appropriate dosage("therapeutically effective amount") of the protein will depend,for example,

on the condition to be treated, the severity and course of the condition, whetherthe protein is administered for

preventive or therapeutic purposes, previous therapy,the patient's clinical history and responseto the protein,

the type ofprotein used, and the discretion ofthe attending physician. Theprotein is suitably administered to

the patient at one timeor over a series of treatments and may be administeredto the patient at any time from
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diagnosis onwards. The protein may be administered as the sole treatment or in conjunction with other drugs

or therapies useful in treating the condition in question.

Where the protein of choice is an antibody, from about 0.1-20 mg/kgis an initial candidate dosage for

administration to the patient, whether, for exampie, by one or more separate administrations. However, other

dosage regimens maybe useful. The progressofthis therapy is easily monitored by conventional techniques.

In the case of an anti-HER2 antibody, a therapeutically effective amount of the antibody may be

administeredto treat or prevent cancer characterized by overexpression ofthe HER2 receptor. It is contemplated

that a reconstituted formulation of the anti-HER2 antibody may be used to treat breast. ovarian, stomach,

endometrial, salivary gland, lung, kidney. colon and/or bladder cancer. For example, the anti-HER2 antibody

maybeused to treat ductal carcinomain situ (DCIS). Exemplary dosages of the anti-HER2 antibodyare in the

range 1-10 mg/kg by one or more separate administrations.

Uses for an anti-IgE formulation include the treatmentor prophylaxis of IgE-mediated allergic diseases,

parasitic infections,interstitial cystitis and asthma, for example. Depending on the disease or disorder to be

treated, a therapeutically effective amount (e.g. from about 1-15 mg/kg)ofthe anti-[gE antibody is administered

to the patient.

E. Articles of Manufacture

In another embodimentof the invention, an article of manufacture is provided which contains the

lyophilized formulation ofthe present invention and provides instructionsfor its reconstitution and/or use. The

article ofmanufacture comprises a container. Suitable containers include, for example, bottles. vials (e.g. dual

chambervials), syringes (such as dual chambersyringes) and test tubes. The container may be formed from

a variety ofmaterials such as glass or plastic. The container holds the lyophilized formulation and the label on,

or associated with, the container may indicate directions for reconstitution and/or use. For example, the label

mayindicate that the lyophilized formulation is reconstituted to protein concentrations as described above. The

label may further indicate that the formulation is useful or intended for subcutaneous administration. The

container holding the formulation may be a multi-use vial, which allows for repeat administrations(e.g. from 2-6

administrations) of the reconstituted formulation. The article of manufacture may further comprise a second

container comprisinga suitable diluent (e.g. BWFI). Upon mixingofthe diluent and the lyophilized formulation,

the final protein concentration in the reconstituted formulation will generally be at least 50 mg/mL. Theanticle

of manufacture may further include other materials desirable from a commercial and user standpoint, including

other buffers, diluents, filters, needles, syringes, and packageinserts with instructionsforuse.

The invention will be more fully understood by reference to the following examples. They should not,

however, be construed as limiting the scope of the invention. All literature citations are incorporated by
reference.

EXAMPLE1

ANTI-HER2 FORMULATION

Overexpression of the HER2 proto-oncogene product (pl gsiER2) has been associated with a variety
ofaggressive human malignancies. The murine monoclonal antibody known as muMAb4DSis directed against

the extracellular domain (ECD)ofpi gsHER2, The muMAb4DS5molecule has been humanizedin an attempt to
improveits clinical efficacy by reducing immunogenicity and allowing it to support humaneffector functions
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(see WO 92/22653). This example describes the developmentofa lyophilized formulation comprising full length

humanized antibody huMAb4D5-8 described in WO 92/22653.

In the development of a lyophilized formulation, excipients and buffers are initially screened by

measuring the stability of the protein after lyophilization and reconstitution. The lyophilized protein in each

formulation is also subjected to accelerated stability studies to determinethe potential stability ofthe protein over

its shelf-life. These accelerated studies are usually performed at temperatures above the proposed storage

conditions and thedata are then usedto estimate the activation energy for the degradation reactions assuming

Arrhenius kinetics (Clelandetal., Critical Reviews in Therapeutic Drug Carrier Systems 10(4): 307-377 (1993)).

The activation energy is then used to calculate the expected shelf-life ofthe protein formulation at the proposed

storage conditions.

In early screening studies, the stability of several lyophilized recombinant humanized anti-HER2

antibody (rhuMAb HER2) formulations was investigated after incubation at 5°C (proposed storage condition)

and 40°C (accelerated stability condition). In the liquid state, rhuMAb HER2 was observed to degrade by

deamidation (30Asn of light chain) and isoaspartate formation via a cyclic imide intermediate, succinimide

(102Asp ofheavy chain). The deamidation was minimized at pH 5.0 resulting in degradation primarily at the

succinimide. At pH 6.0. slightly greater deamidation was observedin the liquid protein formulation. The

lyophilized formulations were therefore studied with: (a) 5 or 10 mM succinate buffer, pH 5.0 or (b) 5 or 10 mM

histidine buffer, pH 6.0. Both buffers contained the surfactant, polysorbate 20 (Tween 20™), which was

employedto reduce the potential for aggregation of the reconstituted protein and minimize the formation of

particulates after reconstitution. These buffers were used with and without various sugars. The protein was

formulated in the buffer at 5.0, 21.0 or 25.0 mg/mL. These formulations were then lyophilized and assessed for

protein stability after 2 weeks at 5°C and 40°C. In the lyophilizer, the vials were frozen at a shelf temperature

of -55°C for approximately 5 hours followed by primary drying at a shelf temperature of 5°C and 150 mTorr

for 30 hours, and drying to 1-2% residual moisture was achieved with secondary drying at a shelf temperature

of20°C for 10 hours. The major degradation route for this protein upon lyophilization was aggregation, and

therefore the protein stability was assessed by native size exclusion chromatography to measure the recovery of

intact native protein (%intact protein in Table 2 below).

The stabilizing effects of various lyoprotectant sugars on lyophilized protein was measured in 10 mM

sodium succinate, pH 5.0 (Table 2). At high sugar concentrations (250-275 mM) and lowprotein concentration

(5.0 mg/mL), trehalose and lactose stabilized the protein against aggregation for the lyophilized protein stored

for 2 weeks at 40°C. However, lactose, a reducing sugar, was observedto react with the protein over longer term

storage at 40°C. The formulations at 5.0 mg/mL protein containing either sorbitol or mannitol] yielded

aggregated protein after storage at 40°C for 2 weeks. At the higher protein concentration (21.0 mg/mL),

formulations comprising mannitol. or mannitol in combination with sorbitol or glycine, contained aggregated

protein after lyophilization and storage at both conditions. In contrast, trehalose and sucrose prevented

aggregation at both storage conditions.

The 250 mMtrehalose and 250 mMlactose formulations were assessed for long term stability. After

9 monthsat 40°C or 12 monthsat 5° C, there was no changein the % intactprotein for the trehalose formulation.

Forthe lactose formulation, the % intact protein remained constant (sameasinitial) after 3 months at 40°C or
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6 months at 25°C. Thetrehalose formulation could be stored at controlled room temperature (15-30° C) for 2

years without a significant change in % intactprotein.

The 10 mMhistidine, pH 6.0 formulation with mannitol containedless aggregated protein after storage
at 40°C for 2 weeks than the 10 mM succinate formulation, pH 5.0 with mannitol. This result mayberelated

to somestabilizing effect contributed by histidine alone. After storage at 40°C for 2 weeks. there was, however,

significant aggregation for histidine aloneorhistidine/mannitol formulations. The addition of sucrose at an equal

mass to mannitol (10 mg/mL ofeach)in thehistidine formulation stabilized the protein against aggregation for

both storage conditions. The use of glycine with mannitol did not improve the protein stability, while the
sucrose/glycine formulation provided the samestability as the sucrose/mannitol formulation. These results

further indicated that sucrose was useful for preventing aggregation ofthe lyophilized protein during storage.
TABLE 2

Formulation 5§°C 2 wk, 5°C 2wk, 40°C

10 mM sodium succinate pH 5.0 ||

   
  

 
 
 

 

mg/mL 

 
 

xo°

275 mM lactose, 0.01%Tween 20

275 mM sorbitol. 0.01% Tween 20™|994|993|
250 mM mannitol, 0.01% Tween 20™|999|98.8

5.0 250 mM trehalose. 0.01% Tween 20™|1000|999=|1000‘
250 mM lactose. 0.01% Tween 20™|100.0||1000|

5.0

5.0

5.0

  
210_|2s0mmuchalose.02%Tween20™|993[|991|oot

[210[asomavoeoxorweenaom™|we|oe|97|
250 mM mannitol. 0.01% Tween 20™|1000|946|90|

21.0 188 mM mannitol/63 mM sorbito), 0.01% 99.8 98.6 96.5

Tween 20™

21.0 250 mM mannitol/25 mM glycine. 0.01% 99.5 96.5 96.4 Tween 20™

10 mM histidine pH 6.0 Fo

21.0 No sugar, 0.01% Tween 20™|100.0|
21.0 54.9 mM mannitol, 0.01% Tween 20™

21.0 29.2 mM sucrose/266.4 mM glycine,
0.01% Tween 20™

21.0 54.9 mM mannitol/266.4 mM glycine, 99.8 98.9
0.01% Tween 20™
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|CompositionPriortoLyophilization=Prior to Lyophilization % Intact Protein*
[Protein]* Lyophilized Lyophilized

mg/mL Formulation 2 wk, 58°C 2wk, 40°C

54.9 mM mannitol/29.2 mM sucrose,

0.01% Tween 20™
 
a. The fraction of intact protein was measured by native size exclusion HPLCandthe peakarea of the native
protein relative to the total peak area including aggregates (TSK3000 SW XL column, TosoHaas, withaflow rate
of 1.0 mL/min; elution with phosphate buffered saline: detection at 214 and 280 nm). The protein formulations
were analyzed before lyophilization (liquid, 5° C) andafter lyophilization and storage at 5°C or 40°C for 2 weeks.
b. Formulations containing 5 mg/mL protein were reconstituted with distilled water (20 mL, 5.0 mg/mL protein),
and formulations containing 21 mg/mLprotein were reconstituted with bacteriostatic water for injection (BWFI,
0.9% benzyl alcohol; 20 mL, 20 mg/mLprotein).

The delivery ofa high protein concentration is often required for subcutaneous administration due to the

volumelimitations (< 1.5 mL) and dosing requirements (2100 mg). However, high protein concentrations (2 50

mg/mL)are often difficult to achieve in the manufacturing process since at high concentrations, the protein has

a tendency to aggregate during processing and becomesdifficult to manipulate (e.g. pump)andsterile filter.

Alternatively, the lyophilization process may provide a method to allow concentration of the protein. For

example, the protein is filled into vials at a volume (Vf) and then lyophilized. The lyophilized protein is then

reconstituted with a smailer volume (Vr) ofwater or preservative (e.g. BWFI) than the original volume(e.g. Vr

= 0.25Vf) resulting in a higher protein concentrationin the reconstituted solution. This processalsoresults in the

concentration of the buffers and excipients. For subcutaneous administration. the solution is desirably isotonic.

The amountoftrehalosein the lyophilized rhnhuMAb HER2 was reducedto producean isotonic solution

uponreconstitution to yield 100 mg/mLprotein. The stabilizing effect of trehalose was determinedas a function

ofconcentration for 5 mM sodium succinate, pH 5.0 and 5 mM histidine, pH 6.0 at 25.0 mg/mL protein (Table

3). At trehalose concentrations from 60 to 200 mM.there was nosignificant aggregation after incubation of the

lyophilized protein for 4 weeks at 40° C. These formulations were reconstituted with 20 mL ofbacteriostatic water

for injection (BWFI. USP, 0.9% benzyl alcohol). Reconstitution of the 50 mM trehalose formulation (5 mM

sodium succinate) with 4 mL of BWFI (100 mg/mLprotein)after incubation for 4 weeks at 40° C yielded a slight

increase in aggregate formation. The preserved reconstituted formulations provided the advantage of multiple

withdrawals from the same vial withoutsterility concerns. Whensterile needles are used, these formulations

would then allow for several doses fromasinglevial.
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TABLE3

% Intact Protein’

[Protein] fremun Lyophilized Lyophilizedmg/mL Formulation 5°C 4 wk, 5°C 4 wk, 40°C

||smatsoainmsuccinaep'so||||
[a0[somintlow.001%Tween20=™|wow[woo|os
[20|eomMueiate001%Twem20~"|m0|1000

60 mM trehalose, 0.01% Tween 20™|1000|100|992|
[250[100deine001%Tween20%|1000|
[250|somwiaos001%Twemam|120|100|a|
[250[20nates001%Twem20%|1000|1000|000
|__| S mM histidine pH 6.0 aee|

25

25

 

 

 
 

 

  

 
  

 
   

  
 

 
 
 
 
 
 

0 38.4 mM mannitol/20.4 mM sucrose, 0.01% 99.3
Tween 20™

0 38.4 mM mannitol/20.4 mM sucrose, 0.01%

Tween 20™ ©
 

[250[comwens001%Twee20™°|To00
60 mMtrehalose, 0.01% Tween 20™|1000|100|94|
100 mMtrehalose, 0.01% Tween 20™|1000|100.0=|996

[250|isomnneino,001%Twen20™|1000|100.0|1000
|250[200mmerehaiose.0.01%Tween20™|1000|100.0|1000_‘|

a. The fraction of intact protein was measured by native size exclusion HPLC and defined as the peak area of the
native protein relative to the total peak area including aggregates (TSK3000 SW XL column. TosoHaas. with a
flow rate of 1.0 mL/min: elution with phosphate buffered saline; detection at 214 and 280 nm). The protein
formulations were analyzed before lyophilization (liquid, 5° C) andafter lyophilization and storage at 5°C or 40°C
for 4 weeks. Formulations were reconstituted with bacteriostatic water for injection (BWFI, USP, 0.9% w/w
benzyl alcohol; 20 mL, 22 mg/mLprotein).
b. Reconstituted with 4 mL of BWFI (0.9% benzyl alcohol) to yield 100 mg/mLprotein.
c. Reconstituted with 4 mL of BWFI(1.1% benzyl!alcohol) to yield 100 mg/mLprotein.
d. Sample incubated for 2 weeks at 5°C or 40°C and then reconstituted with 20 mL of BWFI (0.9% benzyl
alcohol) to yield 22 mg/mLprotein. |

Currently, rhuMAb HER2 is under investigation as a therapeutic for the treatment ofbreast cancer. The

    

protein is dosed to patients at 2 mg/kg on a weekly basis. Since the average weightofthese patients is 65 kg, the
average weekly dose is 130 mg of rhuMAb HER2. For subcutaneous administration. injection volumes of 1.5 mL

or less are well tolerated and, therefore, the protein concentration for a weekly subcutaneous administration of

thuMAb HER2 maybe approximately 100 mg/mL (130 mg average dose/1.5 mL). As mentioned above,this high
protein concentration is difficult to manufacture and maintain in a stable form. To achieve this high protein
concentration, rhuMAb HER2 formulated in: (a) 5 mM sodium succinate, pH 5.0 or (b) 5 mMhistidine, pH 6.0,
was lyophilized at 25 mg/mLprotein in 60 mM trehalose, 0.01% Tween 20™. The lyophilization was performed
by filling 18 mL ofthe protein formulation into 50 cc vials. In the lyophilizer, the vials were frozen at a shelf
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temperature of -55°C for approximately 5 hours followed by primary drying at a shelf temperature of $°C and

150 mTorr for 30 hours, and drying to 1-2% residual moisture was achieved with secondary dryingat a shelf

temperature of20°C for 10 hours. Thermocouples placed in vials containing the placebo (formulation without

protein) indicated that the productin the vials was maintained below -10°C throughoutprimary drying. Sequential

stoppering studies during the lyophilization revealed that the residual moisture after primary drying was usually
less than 10%.

The lyophilized protein was then reconstituted with either 4 or 20 mL of BWFI(0.9 or 1.1% benzyl
alcohol) to yield concentrated protein solutions:

(a) 4 mL: 102 mg/mL rhuMAb HER2. 245 mM trehalose, 21 mM sodium succinate, pH 5.0 or 21

mM histidine, pH 6.0, 0.04% Tween 20™;

(b) 20 mL: 22 mg/mL rhuMAb HER2, 52 mMtrehalose, 4 mM sodium succinate, pH 5.0 or 4 mM

histidine, pH 6.0, 0.009% Tween 20™.

After storage of the lyophilized formulations for 4 weeks at 40°C and reconstitution to 22 mg/mL

protein, the amountof aggregated protein appeared to increaseslightly with decreasing trehalose concentration.

Thestability of the lyophilized protein was not affected by the volume ofreconstitution. As shown in Figure 1.
the amountofintact protein after incubation of the lyophilized protein at 40°C was the same for the 60 mM

trehalose, 5 mM sodium succinate, pH 5.0. 0.01% Tween 20™formulation reconstituted with either 4 or 20 mL

of BWFI.

The results shown in Table 3 suggested that there may be a relationship between the trehalose

concentration andthe protein stability. To further assess this relationship, the formulations containing different

concentrations oftrehalose formulated in either sodium succinate orhistidine were incubated for 91 days at 40°C.

The stability was then measured as a function ofthe trehalose to protein molar ratio for each concentration of

trehalose. As shownin Figure 2, the protein stability clearly decreased with decreasing trehalose concentration

for both formulations. There was no apparent difference between the two buffers, succinate and histidine, in these

formulations suggesting that the primary stabilizer under these conditions is trehalose. In addition. the observed

decrease in intact protein for both these formulations would be acceptable even at the low trehalose concentration

for a formulationthatis stored at 2-8°C throughoutits shelf-life. However, if controlled room temperature (30° C

maxmimum temperature)stability is required, higher trehalose concentrations (2 600:1 trehalose:protein) may

be needed dependingonthestability specifications for the product(i.e. the specification for the amountofintact

protein remaining after 2 years of storage). Typically, a controlled room temperature storage condition would

require stability for 6 months at 40°C whichis equivalentto storage at 30°C for 2 years.

As shown in Figure 3, the 250 mM trehalose formulation was unchanged after 6 months at 40°C while

both the 60 mM trehalose formulations wereless stable. The 60 mMtrehalose formulations maythen require

refrigerated storage if the product specification at the endofits shelf-life is, for example, >98% intact protein by
native size exclusion chromatography.

In the previousscreening study, sucrose was also observed to prevent aggregation ofhuMAb HER2 after

lyophilization and subsequent storage. To achieve isotonic solutions after reconstitution for subcutaneous

administration (approximately four-fold concentration of formulation components and protein), the sucrose

concentration mustbe reducedsignificantly. The equal mass concentration of sucrose and mannitol(bulking
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agent) used in the screening studies prevented aggregation of the protein. A lower concentration of sucrose and

mannitol (equal mass concentrations) was chosenas a potential subcutaneous formulation of rhuMAb HER2. The

protein solution (25 mg/mLprotein, 5 mMhistidine, pH 6.0. 38.4 mM (7 mg/mL) mannitol. 20.4 mM (7 mg/mL)

sucrose, 0.01% Tween 20™) was lyophilized in the same manneras the 60 mMtrehalose formulation except that

the primary drying cycle was extended to 54 hours. After 4 weeks at 40°C,there was a slight increase in the

amountof aggregates after reconstitution with 4.0 or 20.0 mL of BWFI (Table 3). The amount of aggregated

protein was the samefor reconstitution at 22 or 100 mg/mLprotein (Figure 4). Like the 60 mM trehalose

formulations, the mannitol/sucrose formulation yielded less intact protein over time at 40°C. The molar ratio of

sucrose to protein for this formulation was 120 to I, indicating that the mannitol/sucrose combination may be more

effective than trehalose alone at the same molar ratio of stabilizing sugar (Figures 2 and 4).

In the previous examples, the stability of the lyophilized rhuMAb HER2 formulations was determined

as a function of temperature. These studies demonstrated that the trehalose and mannitol/sucrose formulations

prevented degradation of the protein in the lyophilized state at high temperatures (40°C). However, these

experiments did not addressthestability of the protein after reconstitution and storage. Once reconstituted with

BWFI, the lyophilized rhuMAb HER2 formulations may be used for several administrations of the drug. In

particular. the vial configuration (450 mg rhuMAb HER2) was designed to provide three doses to the average

patient (130 mg rhuMAb HER? per dose). Since the drug is dosed weekly, the vial may be stored at least three

weeks after reconstitution. To assure that the rhuMAb HER2 remainedstable after reconstitution, stability studies

on the reconstituted rhuMAb HER2 formulations were performed at 5°C and 25°C.

For subcutaneous administration, the formulations were reconstituted to 100 mg/mL (4 mL BWFI). At

this high protein concentration. the protein may be more susceptible to aggregation than the intravenous dosage

form that was reconstituted to 22 mg/mLprotein (20 mL BWFI). The four rhuMAb HER? formulations from the

previous example were assessed for aggregation (loss of intact protein). As shown in Tables 4 through6, there

was no difference in stability for formulations reconstituted at 22 and 100 mg/mLprotein. Furthermore, these

formulations maintained the protein completely intact for up to 90 days at 5 °C and 30 days at 25 °C, indicating

that the reconstituted protein could be stored refrigerated for at least 90 days. Unlike the lyophilized protein

stability in the previous example, the trehalose concentration in the formulation did not affect the protein stability

(Table 7).

TABLE4

Stability of the reconstituted formulations for rhuMAb HER2 lyophilized
at 25 mg/mL protein in 5 mM sodium succinate, pH 5.0, 60 mM trehalose, 0.01% Tween 20™

(days) 22 mg/mL protein 100 mg/mL protein
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The samples were reconstituted with 4.0 or 20.0 mL of BWFI(1.1% or 0.9% benzyl alcohol), and then stored at
5°C or 25°C. The % intact protein was defined as the fraction of native peak area as measured bynative size
exclusion chromatography. ND = not determined.

TABLE5

Stability of the reconstituted formulations for rhuMAb HER2 lyophilized
at 25 mg/mLprotein in 5 mM histidine, pH 6.0, 60 mM trehalose, 0.01% Tween 20™

% Intact Protein

22 mg/mL protein 100 mg/mL protein 
The samples were reconstituted with 4.0 or 20.0 mL of BWFI(1.1% or 0.9%benzyl alcohol), and thenstored at
5°C or 25°C. The % intact protein was defined as the fraction of native peak area as measured bynative size
exclusion chromatography. ND = not determined.

TABLE6

Stability of the reconstituted formulations for rhuMAb HER2 lyophilized
at 25 mg/mL protein in 5 mM histidine, pH 6.0, 38.4 mM mannitol,

20.4 mM sucrose, 0.01% Tween 20™

22 mg/mLprotein 100 mg/mLprotein

  

  
The samples were reconstituted with 4.0 or 20.0 mL of BWFI(1.1% or 0.9% benzyl alcohol), and then stored at
5°C or 25°C. The % intact protein was defined as the fraction ofnative peak area as measured bynative size
exclusion chromatography. ND = not determined.
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TABLE 7

Stability of the reconstituted formulations for rhuMAb HER2 lyophilized
at 21 mg/mLprotein in 10 mM sodium succinate, pH 5.0, 250 mM trehalose, 0.2% Tween 20™

% Intact Protein

21 mg/mLprotein 
The samples were reconstituted with 20.0 mL of BWFI (0.9%benzyl alcohol), and then stored at 5°C or 25°C.
The % intact protein was defined as the fraction of native peak area as measured by native size exclusion
chromatography. ND = not determined.

As mentioned previously, the major degradation route for rhuMAb HER2 in aqueoussolutionsis

deamidation or succinimide formation. Theloss ofnative protein due to deamidation or succinimide formation

was assessed for the four reconstituted rhuMAb HER2 formulations.

Analysis of rhuMAb HER2 deamidation and succinimide formation was performed using cation

exchange chromatography. A Bakerbond Wide-Pore Carboxy Sulfon (CSX) column(4.6 x 250 mm) was operated

at a flow rate of 1 mL/min. The mobile phase buffers were (A) 0.02 M sodium phosphate, pH 6.9, and (B) 0.02

M sodium phosphate, pH 6.9, 0.2 M NaCl. The chromatography was then performedat 40°C asfollows:

TABLE8

 
Peak elution was monitored at 214 nm and 75yg ofprotein was loaded for each analysis.

Again, there were nodifferencesin stability of the formulations reconstituted at 22 and 100 mg/mL

protein (Figures 5 through 7). The protein degradation was morerapid at 25°C than 5°C for each formulation,

and the rate ofdegradation was comparableforall the formulationsstored at 5°C. The formulations containing
histidine underwenta slightly greater rate ofdegradation at 25°C than the succinate formulations. The amount

oftrehalosein the formulation did notaffect the degradationrate at either temperature (Figures 5 and 8). These
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results indicated that these four formulations provide an acceptable rate of degradation underrefrigerated

storage conditions (5° C) for the intended period of use (30 daysafter reconstitution with BWFI).

Multi-use formulations should pass preservative efficacy testing as described by the US Pharmacopeia

(USP) for use in the United States. The rhuMAb HER2 lyophilized formulation consisting of 25 mg/mL

protein, 5 mM histidine, pH 6.0, 60 mMtrehalose, 0.01% Tween 20™was reconstituted with 20 mL ofbenzy]

alcohol at concentrations between 0.9 and 1.5% w/w. For concentrations at or above 1.3% w/w, the

reconstituted solution becamecloudy after overnight incubation at room temperature (~25 °C). Reconstitution

with the standard BWFIsolution (0.9% benzy! alcohol) resulted in a solution that did not consistently pass the

preservative challenge tests. However, reconstitution with 1.0 or 1.1% benzyl alcohol was both compatible with

the formulation and passed the preservative challenge testing. The manufacturer's specifications forthe solution

required a range of + 10%, andtherefore, the lyophilized formulations are reconstituted with 1.1% benzyl
alcohol (1.1 + 0.1%).

A single step lyophilization cycle for the rhuMAb HER2 formulation was developed . in the single

step lyophilization cycle, rhuMAb HER2 at 25 mg/mL, 60 mMtrehalose, 5 mM histidine pH 6 and 0.01%

polysorbate 20 was lyophilized at a shelf temperature of 20°C. and a pressure of 150 mTorr. After 47 hours.

the residual moisture contentofthe lyophilized cake was less than 5%. This lyophilization cycle is considered

to be usefulin that it simplifies the manufacturing process, by eliminating the secondary drying step.
EXAMPLE 2

ANTI-IgE FORMULATION

IgE antibodies bind to specific high-affinity receptors on mastcells, leading to mast cell degranulation

and release ofmediators, such as histamine, which produce symptomsassociated with allergy. Hence, anti-IgE

antibodies that block binding of IgE to its high-affinity receptor are of potential therapeutic value in the

treatmentofallergy. These antibodies must also not bind to IgE onceit is bound to the receptor becausethis

would trigger histamine release. This example describes the development of a lyophilized formulation

comprising full length humanized anti-IgE antibody MaE]1| described in Presta et a/. J. Immunology, 151:
2623-2632 (1993).

Materials: Highly purified rhuMAb E25 (recombinant humanized anti-IgE antibody MaE11) which

did not contain Tween 20™ was usedin the formulations described below. Spectra/Por 7 dialysis membranes

were purchased from Spectrum (Los Angeles, CA). All other reagents used in this study were obtained from

commercial sources and wereofanalytical grade. Formulation buffers and chromatography mobile phase were

prepared by mixing the appropriate amount of buffer and salt with Milli-Q water in a volumetric flask.

Formulation: E25 § Sepharose pool was dialyzed into formulation buffers as specified. Dialysis was

accomplished by a minimum of4 x 2L buffer exchanges over a 48 hourperiod at 2-8°C. Following dialysis,

lyoprotectant was added at a isotonic concentration to some of the formulations as required. Protein

concentration following dialysis was determined by UV spectroscopy using a molar absorptivity of 1.60. The

dialyzed protein was diluted to the predetermined formulation concentration with an appropriate formulation

buffer, sterile filtered using a 0.22 4m Millex-GV filter (Millipore) and dispensed into pre-washed and

autoclaved glass vials. The vials werefitted with siliconized teflon lyophilization stoppers and lyophilized

using the following conditions: the E25 formulation was frozen to -55°C at 80° C/hourandthevial content was

kept frozen for 4 hours. The shelf temperature was ramped to 25°C at 10°C/hourfor primary drying. Primary
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drying was carried out at 25°C, 50 » chamber vacuum pressure for 39 hours such that the residual moisture of

the lyophilized cake was 1-2%. Following lyophilization, a vial of each formulation was removed for t=0

analysis and the remaining vials were held at various temperatures whichinclude -70° C. 2-8°C, 25°C, 30°C
(controlled room temperature) 40°C and 50°C.

Chromatography: Native size exclusion chromatography was carried out on a Bio-Rad Bio-Select™

SEC 250-5 column (300 x 7.8 mm). The coiumn was equilibrated and ran in PBS at a flow rate of 0.5 mL/min

using a Hewlett Packard 1090L HPLC equipped with a diode array detector. Molecular weight standards (Bio-

Rad, Inc.) consisting of thyroglobulin (670 kd), gamma-globulin (158 kd), ovalbumin (44 kd), and

cyanocobalamin (1.35 kd) were used to calibrate the column. The sample load was 25 yg and protein was

detected by monitoring the UV absorption at 214 nm using Turbochrom 3 software (PE Nelson,Inc).

Hydrophobic Interaction Chromatography: F(ab’), fragments of the E25 antibody were

chromatographed using a TosoHaas Butyl-NPR column (3.5 x 4.6 mm) and a Hewlett Packard 1090L HPLC

equipped with a diode array detector. Elution buffer A was: 20 mM Tris, 2 M ammonium sulfate, 20% (v/v)

glycerol, pH 8.0 while elution buffer B was: 20 mM Tris, 20%(v/v) glycerol, pH 8.0. The column was

equilibrated with 10% elution buffer B at a flow rate of 1.0 mL/min for a minimum of 20 minutes. The sample

load was 5 ug and protein was detected by monitoring the UV absorption at 214 nm using Turbochrom 3 data

acquisition software (PE Nelson, Inc). Following injection of the sample, the column was maintained at 10%

buffer B for 1 minute followed by a linear gradient of from 10% to 62% buffer B in 20 minutes. The column

was washedwith 100% buffer B for 5 minutes and re-equilibrated with 10% buffer B for a minimum of 20

minutes between successive sample injections.

Antibody Binding Activity: IgE receptor binding inhibition assay (IE25:2) was carried out as described

in Presta et al., supra. on samples diluted to 20 pg/mL and 30 pg/mLin assay diluent (phosphate buffered

saline, 0.5% BSA, 0.05% polysorbate 20. 0.01% Thimerosol). Each dilution was then assayed in triplicate and

the results were multiplied by an appropriate dilution factor to yield an active concentration. The results

from 6 assays were averaged. The assay measuresthe ability of rhuMAb E25 to competitively bind to

IgE and thereby prevent IgE from binding to its high affinity receptor which is immobilized to an ELISAplate.

The results are divided by the antibody concentration as determined by UV absorption spectroscopy and

reported as a specific activity. Previous experiments have shownthat this assay is stability indicating.

Particulate Assay: Reconstituted vials of lyophilized rhuMAb E25 were pooledto achieve a volume

of approximately 7 mL. A count of the numberofparticles of size ranging from 2 to 80 um present in | mL

of sample was determined using a Hiac/Royco model 8000 counter. The counter was first washed with 1 mL

of sample three times followed by the measurementof | mL of sample in triplicate. The instrument determines

the numberofparticles per mL that are equalto or greater than 10 um and the numberofparticles per mL that

are equalto or greater than 25 ym.

Thefirst step in the development ofa formulation for the anti-IgE antibody was to determine a suitable

buffer and pH for lyophilization and storage of the product. Antibody at a concentration of 5.0 mg/mL was

formulated into 10 mM succinate buffers ranging from pH 5.0 to pH 6.5 and into sodium phosphate, potassium

phosphate andhistidine buffers at pH 7.0. Figure 9 showsincreased antibody aggregate was observed in the

higher pH formulations both before and after lyophilization. An exception was the histidine formulation at pH
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7, where no increase in aggregate was observed upon storage at 2-8°C. Figure 10 shows rhuMAb E25

lyophilized in 5 mM histidine buffer at both pH 6 and pH 7 andstored for 1 year at 2-8°C, 25°C, and 40°C.

At each assay time point and storage temperature the pH 6 formulation had less aggregate than the antibody

formulated at pH 7. These results show histidine at pH6is a particularly useful buffer system for preventing

aggregation ofthe antibody.

To facilitate screening of lyoprotectants, the anti-IgE antibody was formulated into sodium succinate

at pH 5 with or without a lyoprotectant. Potential lyoprotectants, added at isotonic concentrations, were

groupedinto 3 categories:

(a) non-reducing monosaccharide (i.e. mannitol);

(b) reducing disaccharides(i.e, lactose and maltose); and

(c) non-reducing disaccharides(i.e. trehalose and sucrose}.

Aggregation ofthe formulations following storage at 2-8°C and 40°C for one year is shownin Figures

11 and 12. With storage at 2-8°C, the monosaccharide formulation (mannitol) aggregatedat a rate similar to

the buffer control, while formulations containing the disaccharides were equally effective in controlling

aggregation (Figure 11). The results following storage at 40°C where similar with the exception of the sucrose

formulation whichrapidly aggregated (which correlated with a browningofthe freeze-dried cake (Figure 12)).

This waslater shown to be caused by degradation of sucrose following storage at both acidic pH and high

temperature.

Hydrophobic interaction chromatographyofthe antibody formulated in histidine buffer at pH 6 with

lactose showsthe antibody is altered following storage for 6 monthsat 40°C (Figure 13). The chromatography

peaks are broadened andthe retention time decreases. These changes are not observed with the buffer control

and sucrose formulations stored under similar conditions as shown in Figures 14 and 15, respectively.

Furthermore,isoelectric focusing showed an acidic shift in the p] of the antibody formulated in lactose and

stored at 25°C and 40°C. This indicates that reducing sugars are notsuitable as lyoprotectants for the antibody.

Aggregation of lyophilized formulations ofanti-[gE at a concentration of20 mg/mLin 5 mMhistidine

bufferat pH 6 with variousconcentrations of sucroseandtrehalose following storage for 12 weeks at 50°C is
shownin Figure 16. Both sugars have a similar protective effect on aggregation when the sugar concentration

is greater than 500 moles of sugar per mole of antibody. From these results, isotonic and hypertonic

formulations of both sucrose and trehalose were identified for further development. The formulations are

designed to befilled prior to lyophilization at a relatively low concentration of antibody and the lyophilized

product is reconstituted with less volume than wasfilled with bacteriostatic water for injection (BWFI)

comprising 0.9% benzyl alcohol. This allows the concentration of the antibody immediately prior to

subcutaneous delivery and includes a preservative for a potential multi-use formulation while avoiding

interactions between the protein and preservative upon long-term storage.

tsotonicformulation: Anti-IgE at 25 mg/mL formulated in 5 mM histidine buffer at pH 6 with 500

moles of sugar per mole antibody which equals a sugar concentration of 85 mM. This formulation is

reconstituted with BWFI (0.9% benzy]alcohol) at a volume whichis four timesless than was filled. This results

in a 100 mg/mLofantibedy in 20 mM histidine at pH 6 with an isotonic sugar concentration of 340 mM.
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Hypertonicformulation: Anti-IgE at25 mg/mL formulated in 5 mMhistidine bufferat pH 6 with 1000

moles of sugar per mole antibody which equals a sugar concentration of 161 mM. This formulation is

reconstituted with BWFI (0.9% benzyl alcoho!) at a volume which is four times less than was filled. This

results in a 100 mg/mLofantibody in 20 mM histidine at pH 6 with a hypertonic sugar concentration of 644
mM.

Comparisonsofthe antibody aggregation following storage ofthe isotonic and hypertonic formulations

for up to 36 weeks are shown in Figures 17 to 19. No changein aggregation is observedin either the hypertonic

or isotonic formulations with storage at 2-8°C (Figure 17). With storage at controlled room temperature (30° C)

increased aggregation is not observed in the hypertonic formulations while an increase in aggregate of from 1

to 2% occurs in the isotonic formulations (Figure 18). Finally, following storage at 50°C a minimalincrease

in aggregate is observed with the hypertonic formulations, a 4% increase in aggregate occurs with the isotonic

trehalose formulation and a 12% increasein aggregate occurs with the isotonic sucrose formulation (Figure 19).

These results show the isotonic formulation contains the minimum amountof sugar necessary to maintain the

stability of the antibody with storage at a temperature up to 30°C.

The binding activity of the anti-IgE in the isotonic and hypertonic formulations was measuredin an

IgE receptor inhibition assay. It was discovered that the binding activity ofthe isotonic and hypertonic sucrose

and trehalose formulations was essentially unchanged following storage at -70° C, 2-8° C, 30°C and 50°C for

up to 36 weeks.

Lyophilized formulationsofproteins are known to contain insoluble aggregatesor particulates (Cleland

et al., Critical Reviews in Therapeutic Drug Carrier Systems, 10 (4):307-377 (1993)). Accordingly, a

particulate assay of antibody lyophilized at a concentration of 25 mg/mLin 5 mMhistidine, pH 6 with the

addition of 85 mM and 161 mM sucrose and trehalose was performed. Polysorbate 20 was addedto the

formulations at a concentration of0.005%, 0.01%, and 0.02%. Samples were lyophilized and assayed following

reconstitution to 100 mg/mL antibody in 20 mM histidine, pH 6 with 340 mM and 644 mM sugar. The

polysorbate 20 concentration following reconstitution was 0.02%, 0.04%. and 0.08%.

Table 9 below shows the numberofparticles of size equal to or greater than 10 jm and equalto or

greater than 25 ym from theisotonic and hypertonic sucrose andtrehalose formulations. Polysorbate 20 was

added to the formulations at concentrations of 0.005%. 0.01%, and 0.02% prior to lyophilization. The results

show that the addition of Tween™to the formulation significantly reduces the numberofparticles in each size

range tested. The US Pharmacopeia (USP) specification for small volume injections are not more than 6,000

particles of greater than or equal to 10 pm and not more than 600 particles of greater than or equal to 25 um

per container (Cleland er a/., supra). With the addition of polysorbate 20, both the hypertonic and isotonic

formulations pass this specification.
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TABLE9

Formulation Polysorbate 20 Particles per mL
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One formulation developedfor the anti-IgE antibody (i.¢. 143 mg vial isotonic formulation ofrhuMAb

E25) which is considered to be useful for subcutaneous delivery of this antibody is shown in Table 10 below.

A 10 cc vialis filled with 5.7 mL ofrhuMAbE25at a concentration of25 mg/mL formulated in 5 mMhistidine

at pH 6.0 with 0.01% polysorbate 20. Sucrose is added as a lyoprotectant at a concentration of 85 mM which

correspondsto a molar ratio of sugar to antibody of 500 to 1. The vial is lyophilized and reconstituted with

0.9% benzyl alcohol to one quarter of the volumeofthefill or 1.2 mL. Thefinal concentration of components

in the formulation is increased four fold to 100 mg/mL rhuMAb E25 in 20 mMhistidine at pH 6 with 0.04%

polysorbate 20 and 340 mM sucrose(isotonic) and 0.9% benzyl alcohol. The formulation contains histidine

buffer at pH 6 because of its demonstrated protective effect on antibody aggregation. Sucrose was added as

the lyoprotectant because of previous use in the pharmaceutical industry. The concentration of sugar was

chosento result in an isotonic formulation upon reconstitution. Finally, polysorbate 20 is added to preventthe

formation of insoluble aggregates.

-31-

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 132



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 133

WO 97/04801 PCT/US96/12251

TABLE10

Reconstituted Formulation

ill 5.7 mL into 10 ce vial) (1.2 mL 0.9% Benzy! Alcohol)

85 mM Sucrose 340 mM Sucrose

0.01% Polysorbate 20 0.04% Polysorbate 20
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WHATIS CLAIMEDIS:

l. A stableisotonic reconstituted formulation comprising a protein in an amountofat least about

50 mg/mL anda diluent, which reconstituted formulation has been prepared from a lyophilized mixture of a

protein and a lyoprotectant, wherein the protein concentration in the reconstituted formulation is about 2-40

times greater than the protein concentration in the mixture before lyophilization.

2. The formulation of claim 1 wherein the lyoprotectant is sucrose or trechalose.

3. The formulation of claim 1 which further comprises a buffer.

4, The formulation of claim 3 wherein the bufferis histidine or succinate.

5. The formulation of claim 1 which further comprises a surfactant.

6. A stable reconstituted formulation comprising an antibody in an amountofat least about 50

mg/mLanda diluent, which reconstituted formulation has been prepared from a lyophilized mixture of an

antibody anda lyoprotectant, wherein the antibody concentration in the reconstituted formulation is about 2-40

times greater than the antibody concentration in the mixture before lyophilization.

7. The formulation of claim 6 wherein the antibody is an anti-IgE antibody or anti-HER2

antibody.

8. The formulation of claim 6 whichis isotonic.

9. A methodforpreparing a stable isotonic reconstituted formulation comprising reconstituting

a lyophilized mixture of a protein and a lyoprotectantin a diluent such that the protein concentration in the

reconstituted formulation is at least 50 mg/mL, wherein the protein concentration in the reconstituted

formulation is about 2-40 times greater than the protein concentration in the mixture before lyophilization.

10. A methodfor preparing a formulation comprising the stepsof:

(a) lyophilizing a mixture of a protein and a lyoprotectant; and

(b) reconstituting the lyophilized mixture of step (a) in a diluent such that the

reconstituted formulation is isotonic and stable and has a protein concentration of at least about 50 mg/mL.

ll. The method of claim 10 wherein the protein concentration in the reconstituted formulation

is from about 80 mg/mLto about 300 mg/mL.

12. The method ofclaim 10 wherein the protein concentration in the reconstituted formulation

is about 2-40 times greater than the protein concentration in the mixture before lyophilization.

13. The method ofclaim 10 wherein lyophilization is performedata shelftemperature maintained

at about 15-30°C throughout the entire lyophilization process.

14. Anarticle of manufacture comprising:

(a) a container which holds a lyophilized mixture of a protein and a lyoprotectant; and

(b) instructions for reconstituting the lyophilized mixture with a diluent to a

protein concentration in the reconstituted formulation of at least about 50 mg/mL.

15. The article of manufacture of claim 14 further comprising a second container which holds

a diluent.

16. Thearticle ofmanufacture ofclaim 15 wherein the diluent is bacteriostatic water for injection

(BWFI) comprising an aromatic alcohol.
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17. A formulation comprising a lyophilized mixture ofa lyoprotectant and an antibody, wherein

the molar ratio of lyoprotectant:antibody is about 100-1500 mole lyoprotectant:1 mole antibody.

18. Use of the formulation ofclaim 1 in the preparation of a medicamentfor treating a mammal

which has a disorder requiring treatment with the protein in the formulation.

5 19, Use as in claim 18 wherein the formulation is for subcutaneous administration.

20. A formulation comprising anti-HER2 antibody in amount from about 5-40 mg/mL,sucrose
or trehalose in an amountfrom about 10-100 mM,a buffer and a surfactant.

21. The formulation of claim 20 further comprising a bulking agent.

22. The formulation of claim 20 which is lyophilized and stable at 30°C for at least 6 months.

10 23. The formulation of claim 20 which is reconstituted with a diluent such that the anti-HER2

antibody concentration in the reconstituted formulation is from about 10-30 mg/mL, wherein the reconstituted

formulationis stable at 2-8°C for at least about 30 days.

24. A formulation comprising anti-IgE antibody in amount from about 5-40 mg/mL,sucrose or

trehalose in an amount from about 80-300 mM,a buffer and a surfactant.

15 25. The formulation of claim 24 which is lyophilized and stable at about 30°C forat least 1 year.
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USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

FIELD OF THE INVENTION

{o0G2] The present invention relates to the field of therapeutic treatments of eye disorders.

More specifically, the Invention relates to the administration of VEGF antagonisis to treat eye

disorders caused by or associated with angiagenesis.

BACKGROUND

fooe2] Several sye disorders are associated with pathological angiogenesis. For example,

the development of age-related macular degeneration (AMD)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

@ 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

angiogsnic-promoting properties of VEGF appears to be an effective strategy for treating

angiogenic eye disorders.

{0003} FDA-approved treatments of angiogenic eye disorders such as AMD and CRVO

include the administration of an anti-VEGF antibodycalled ranibizumab (Lucentis®, Genentech,

inc.) on a monthly basis by intravitreal injection.

{6004] Methods for treating eye disorders using VEGF antagonists are mentioned in, eg., US

7,303,746; US 7,306,799; US 7,300,563; US 7,303,748; and US 2007/0190058. Nonetheless,

there remains a need in the art for new administration regimens for angiogenic eye disorders,

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

BRIEF SUMMARY OF THE INVENTION

fooo5] The present invention provides methodsfor treating angiogenic eye disorders. The

methods of the inventian 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

fe
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one or more secondary doses of {he 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 VEGFanlagonist to a pationi al 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 regimenis that, for most of the course of treatment (1.6, the

tertiary dases), 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.).

fo906] The methods of the present invention can be used to treat any angiogenic eye

disorder, inciuding, é.g., age related macular deqeneration, diabetic retinopathy, diabetic

macular edema, central retinal vein occlusion, corneal neovascularization, etc.

f9007} 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

mulfimeric VEGF-binding protein comprising lwo or more VEGF receptor-based chimeric

molecules referred to herein as "VEGFRIR2-FcAC1(a)}*or “aflibercept."

foec8] Various administration roules are contemplated for use in the methodsof the present

invention, including, 6.g., topical administration or intraocular administration (e.g., intravitreal

administration).

fogos}  Afflbercept (EYLEA™, Regeneron Pharmaceuticals, Inc} was approved by the FDA in

November 2071, for the treatment of patients with neovascular (wet) age-related macular

degeneration, with a recornmended dose of 2 mg adrninistered by intravitreal injection every 4

weeks for the first three months, followed by 2 mg administered by intravitreal injection once

every 8 weeks.

fOO10} Other embodiments of the present invention will become apparent from a review of the

ens.ing detaiied description.

SRIEF DESCRIPTION OF THE FIGURE

fooii} Figure7 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 (Le. at "week 0°), two "secondary doses” are administered at weeks 4 and 8,

2.
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respectively, and al ieast six “tertiary doses” are administered once every 8 weeks thereafter,

Le, at weeks 16, 24, 32, 40, 48, 86, eic.).

DETAILED DESCRIPTION

[0012] Before the present invention is. described, ii is to be understood that this inverition is

not limited to particular methods and experimenial conditions described, as such methods and

conditions may vary. [tis also to be understood that fhe 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.

{0013} Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skil in the art to which this invention

belengs. 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 160” includes 99 and 101 and all values in

between(e.g., 99.1, 99.2, 99.3, 99.4, etc.}.

fggad} 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

[8015] The present invention provides methods fortreating 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 al 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

intial dose of a VEGF antagonist, followed by one or more secondary doses of the VEGF

antagonist, followed by ane or more tertiary doses of the VEGF antagonist.
RoW

[0016] 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 js

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. Theinitial,

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

generally differ from one anoiherin terms of frequency of adrninistration. in certain

embodiments, however, the amount of VEGF antagonist containedin 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, 24, 3, 314, or 4) weeks after the immediately preceding dose, and

each tertiary dose is administered ai least 8 (e.g., 8, 8%, 9, 9%, 10, 10%, 11, 11%, 12, 12%, 15,

13%, 14, 14%, 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 dase in the sequence with no intervening doses.

[0018] in one exemplary embodiment of the present invention, a single initial dase of a VEGF

antagonist is administered to a patient on the first day of the treatment regimen(/.¢., at week 0},

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

preceding dose {i.e., at week 4 and at week 3), followed by at least 5 tertiary doses, each

administered eight weeks after the immediately preceding dose (ie., at weeks 16, 24, 32, 40

and 48). The tertlary doses may continue (at intervals of 8 ar more weeks) indefinitely during

ihe course of fhe treatment regirnen. This exemplary administration regimen is depicted

graphically in Figure 4.

[0025] The methods of the invention may comprise administering to a patient any numberof

secondary and/or tertlary 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, &, 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, ar more) tertiary doses are administered to

the patient.

{9020} in embodiments involving multiple secondary doses, each secondary dase may be

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

secondary dose may be administered fa 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 frequencyas the other tertiary doses. For exampie, each tertiary

dose may be administered to the patient 8 weeks after the immediately preceding dose.

Alternatively, the frequency at which the secondary and/ortertlary 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 iniiial dose of a VEGF

anlagonist, 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 sach subsequent

tertiary dose is administered from 8 to 12 (e.g., 8, 8%, 9, 9%, 10, 10%, 11, 117%, 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

folowing clinical examination.

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 154



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 155

WO 2012/097019 PCT/US2012/020855

VEGF ANTAGONISTS

{e021} 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 orinterferes with the normalbiological

activity of VEGF.

{0022} 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”).

{0623} VEGF receptor-based chirneric molecules Inciude chimeric polypepiides which

comprise two or more immunoglobulin (Ig}-like domains of a VEGF receptor such as VEGFR?1

(also referred to as Fit?) and/or VEGFR2(also referred to as FIk1 or KDR), and may also

contain a multimerizing domain (¢.¢., 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 VEGFRIR2-FcACi(a} which is encoded by the

nucieic acid sequence of SEQ ID NOv1. VEGFRIR2-FcAC1(a) comprises three components:

(1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2

component comprising amino acids 130 te 231 of SEQ ID NO:z: and (3) a multinerization

component (’FcAC1(a}"} comprising amino acids 232 fo 457 of SEQ ID NO:2 (the C-terminal

amino acid of SEQ ID NOx2 fie, 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 NO:2 are the signal sequence.

[0024] The VEGF antagonis! used in the Examples set forth herein below is a dimeric

molecule comprising two VEGFRIR2-FcAC1(a} molecules and is referred to herein as

“"VEGFT.” Additional 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

{0025} The methods of the present invention can be used fo treat any angiogenic eye

disorder. The expression “angiogenic eye disorder,” as used herein, means any disease of the

aye which is caused by or associated with the growth or praliferation 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 inchide choroidal neovascularization, age-related

macular degeneration (AMD), diabetic retinopathies, diabetic macular edema (DME), central

retinal vein occlusion (CRVO}, corneal neovascularization, and retinal neovascularization.
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PHARMACEUTICAL FORMULATIONS

i026] 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 suchas, e.g., a pharmaceutically acceptable carrier. Other agents may be

incorporated into the oharmaceutical composition to provide improved transfer, dalivery,

tolerance, anc! the like. The term “pharmaceutically acceptable’ means appraved by a

regulatory agency of the Federal ara state government or listed in the U.S. Pharmacopeia or

ather 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 muititude of appropriate formulations can be found in the formulary known to

all pharmaceutical chemists: Remingion'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, anhycrous

absorption pastes, oil-in-water and water-in-oil emulsions, emulsions carbowax (polyethylene

glycols of various molecular weights), semi-solid geis, and semi-solid mixtures containing

carbowax. Any of the foregoing mixtures may be appropriate in the context of the methads of

the present invention, provided that the VEGF antagonist is not inaclivated by the formulation

and the formulation is physiologically compatibie and tolerabie with the route of adminisiration,

Sée also 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.

[6027] Pharmaceutical formulations useful for administration by infection in the context of the

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

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

aqueous medium for injections, there are, for example, shysiological saline, an isotonic solution

coniaining glucose and other auxiliary agents, eic., which may be used in combinatian with an

appropriate solubilizing agent such as an alcohol (e.g., ethanol), a polyalechoi (e.g., prepylene

glycol, polyethylene glycol), a nonionic surfactant [e.g., palysorbate 80, HCO-50

(polyoxyethylene (50 mol} adduct of hydrogenated castor ol}, etc. As the oily medium, there

may be employed, e.g., sesame oi], soybean ol, eic., which may be used in combination with a

solubilizing agent such as benzyl benzoate, benzyl alcohal, etc. The injection thus prepared

can be filed in an appropriate ampoule if desired.

MODES OF ADMINISTRATION

fea@28] 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,

“G-
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in certain embodiments, the VEGF antagonist is adrninistered to the patient by ocular, .

intraocular, intravitreal or subcenjunctival injection. in other embodiments, the VEGF antagonist

can be administered to the patient by topical administration, e.g., via eye drops or other fiquid,

géi, ointmentor fluid which contains the VEGF antagonist and can be applied directly to the

eye. Other possible routes of administration include, e.g., intradermal, intramuscular,

infraperitoneal, intravenous, subcutaneous, intranasal, epidural, and oral.

AMOUNT OF VEGF ANTAGONIST ADMINISTERED

foo29] Each dose of VEGF aniagonist administered to the patient over the course of the

treatment regimen may contain the same, or substantially the same, arricunt of VEGF

antagonist. Alternatively, the quantity of VEGFanflagonist 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 antagonistis

administered in the tertiary doses. The present invention contemplates dosing schemesin

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 dase contains less VEGF antagonist thanthe last), initially

increases then decreases, initially decreases then increases, or remains the same throughout

the course of ihe administration regimen.

foo3g)) The amount of VEGF antagonist administered to the patient in each doseis, in mast

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, prevenis, jessens, or delays the progression of an angiogenic eye disorder. in the case

of an ant-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.9.,

about 3.05 mg, about 0.1 mg, about 0.18 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, aboui 0.75 mg, about 0.8 mg, about 0.85 mg, about 0.9 mg,

about 71.0 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 1.8 mg, about 2.0 mg, about 2.06 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 ofthe

antibody or recepfor-based chimeric molecule.
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{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! (L¢., mg/kg).

For example, the VEGF antagonist may be administered to a patient at a dose of about 6.0001

to about 10 mg/kg of patient body weight.

TREATMENT POPULATION AND EFFICACY

[9032] 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 0"),

€.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 methodsfor treating

angiogenic eye disorders such as AMD, CRVO, and DME, “efficacy” means that, from the

inttlation of treatment, the patient exhibits a loss of 15 or fewerietlers on the Early Treatment

Diabetic Retinopathy Study (ETDRS)visual acuity chart. In certain embodiments, “efficacy”

means a qain of one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 17 or more) letters on the ETDRS

chart from the timeof Initiation of treatment.

EXAMPLES

{9633} The following examples are pul forth so as to provide these 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 whai the inventors

regard as their invention. Efforts have been made to ensure accuracy with respect io numbers

used (@.g., amounts, lemperature, etc.) bul some experimental errors and deviations should be

accounted for. Unless indicated otherwise, parts are paris by weight, molecular weightis

average molecular weight, temperature is in degrees Centigrade, and pressure is af or near

atmospheric.

[0034] The exemplary VEGF aniagonist 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 ig damain 3 from VEGFR2, which in turn is fused to the

hinge region of a human igG? Fe domain (VEGFRIR2-FcAC1 (a); encoded by SEQ ID NO-1).

This VEGF antagonist is referred to in the examples below as “VEGFT". For purposes ofthe

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

Example 1: Phase | Clinical Trial of Intravitreally Administered VEGF Receptor-Based
Chimeric Molecule (VEGFT) in Subjects with Neovascular AMO

[0035] in this Phase | study, 21 subjects with neovascular AMD received a single intravitreal

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

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

related fo 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 — 1779u}] on

optical coherence tomography (OCT) was reduced from 119) to 27p as assessed by Fast

Macular Scan and from 1941: to 60u as assessed using a single Posterior Pole scan. The mean

increase in best corrected visua! acuily (BCVA} was 4.75 Istters, and BCVA was stable or

impraved 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 demonsirating improvement of 2 3 lines.

Examole 2: Phase Clinical Trial of Repeated Doses of Intravitreally Administered VEGF
Receptor-Based Chimeric. Molecule (VEGFT} in Subjects with Neovascular AMD

{9036] This study was a double-masked, randomized study of 3 doses (0.5, 2, and 4 mg) of

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

study, as follows: 1} 6.5 mg every 4 weeks, 2) 0.5 mg every 12 weeks, 3) 2 mg every 4 weeks,

4) 2 mg every 12 weeks and S) 4 mg every 12 weeks. Subjects were dosed at a fixed interval

for ihe first 12 weeks, after which they were evaluated every 4 weeks for 9 months, during which

addHional doses were administered based on pre-specified criteria. All subjects were then

followed for one year after their last dose of VEGFT. Preliminary data fromm a pre-planned

interim analysis indicated that VEGFT mel its primary endpoint of a statistically significant

reduction in retinal thickness after 12 weeks compared with baseline (all groups combined,

decrease of 135u, p < 0.0001). Mean change from baseline in visual acully, a key secondary

endpoint of the study, also demonstrated statistically significant improvemeni (all groups

combined, increase of 5.9 ietters, p < 0.0001). Moreover, patients in the dose groups that

received only a single dose, an average, demonstrated a decrease in excess retinal thickness

(p < 0.0001) and an increase in visual acuily (p = 0.092} at 12 weeks. There were no drug-

related serious adverse events, and treatment with the VEGF antagonisis was generally well-

talerated. The most common adverse events were those typically associated with intravitreal

injections.

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

foo37} This study was a placebo-contralled, sequential-group, dose-escalating safely,

tolerability and bioeffect study of VEGFT by [V infusion in subjects with neovascular AMD.

Groups of 8 subjects meeting eligibility criteria for subfoveai choroidal neovascularization (CNV)

related to AMD were assigned to receive 4 !V injections of VEGFTor placebo at dose levels of

0.3, 1, or 3 ma/kg over ari 8-week period.
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[0038] Most adverse events that were attributed to VEGFT were mild fo moderate in severity,

but 2 of S sublects treated with 3 mg/kg experienced dose-timiting toxicity (BLT) (one with

Grade 4 hypertension and one with Grade 2 proteinuria); therefore, all subjects in the 3 mg/kg

dose group cid not enter the study. The mean percent changes in. excess retinal thickness

were! -12%, -10%, -66%, arid -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 BCVAin the

sublects treated with VEGFT. As would be expected in such a smail study, the results were not

statistically significant.

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

A. Qbjectives, Hypotheses and Endpoints

{0039} Two parallel Phase fll clinical trials were carried out to Investigate the use of VEGFTto

treat patients with the neovascular form of age-related macular degeneration (Study 7 and

Study 2). The primary objective of these studies was fo assess the efficacy of IVT administered

VEGFT compared to ranibizumab (Lucentis®, Genentech, Inc.), ina non-inferiorify paradigm, in

preventing moderate vision loss in subjects with all subtypes of neovascular AMD.

jg040]} The secondary objectives were (a} to assess the safety and tolerability of repeated [VT

administration of VEGFT in subjects with all sub-lypes of neovascular AMD for periods up fo 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 AMD.

{0042} The primary hypothesis of these studies was that the proportion of subjects treated

with VEGFTwith stable or improved BCVA (<15 letters lost} is similar io the proportion treated

with ranibizumab who have stable or improved BCVA, thereby demonstrating nor-infertorily.

{0042} The primary endpoint for these studies was the preventionof 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 fram 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 NE] VFQ-25 score; and (d) change from baseline to Week 52

in ONY area.

B. Study Design

{e043} For each study, subjects were randomly assigned in a 1:1:1:4 ratio to 1 of 4 dosing

regimens: (1) 2 mg VEGFT administered every 4 weeks (2Q4); (2) 0.5 mg VEGFTadministered

every 4 weeks (0.5Q4); (3) 2 mg VEGFT administered every 4 weeks to week 8 and then every

8 weeks (with sharn injection at the Interim 4-week visits when study drug was not administered

-10-
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(208): and (4} 0.5 mg ranibizumab administered every 4 weeks (ROQ4). Subjects assigned to

(2Q8) received fhe 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 ofihe

studies. (No shar injection were given at Week 52).

ig9o44} The study duration for each subject was scheduled to be 96 weeks pilus the recruftment

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 wil be evaluated every 4 weeks and will receive IVT injection of study drug

at iniervais determined by specific dosing criteria, but at least every 12 weeks. (During ihe

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 fess frequenily than every 12 weeks, according

te the following criteria: (1} Increase in central retinal thickness of 2700 um compared to the

lowest previous value as measured by optical coherence tomography (OCT); or (i) a loss from

the best previous jetter score of at least 5 ETDRSletters in conjunction with recurrentfluid as

indicated by OCT; or (i!) new or persistent fluid as indicated by OCT, or {iv} new onset classic

neovascularization, or new of persistent leak on fluorescein angiography (FA); or (v} new

macular hemorrhages; or (vi} 12 weeks have elapsed since the previous injection. According to

the present protocol, subjects must receive an injection ai least every 12 weeks.

190645) 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 NE] VFQ-25 questionnaire. OCT and FA examinations were conducted periodically.

f9a46] Approximately 1200 subjects were enralied, with a target enrollment of 300 subjects

per treatment arm.

io047] To be eligible for this study, subjects were required to have. subfoveail choroidal

neovascularization (CNV) secondary to AMD. “Subfoveal” CNV was defined as the presence of

subfoveal neovascularization, decumented by FA, or presence of a lesion that is juxtafovealin

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

angiographic criteria prior to randomization.

ise48}] Only one eye was designated as the study eye. For subjects whe met eligibility criteria

in both eyes, the eye with the worse VA was selected as the sludy eye. if both eyes had equal

VA, the eye with the clearest lens and ocular media and least amount of subfoveai scar or

geographic atrophy was selected. Hf there was no objective basis for selecting the stucy eye,

factors such as ocular dominance, other ocular pathology and subject oreference were

considered in making the selection.

foe4s] Inclusion criteria for both studies were as follows: {i) signed Informed consers; (1) at

least 50 years of age: (H}) active primary subfoveal CNV jesions secondary to AMD, including

juxiafoveal lesions that affect the fovea as evidenced by FA in the study eye; (iv} CNVatleast

50%of iotal lesion size; (v) early treatment diabetic retinopathy study (ETDRS) best-corrected

~44-
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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 ail clinic visits and complete all study-related procedures: and

(vii) able fo 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 follows: 1. Any prior ocular (in the study

eye) or systemic treatment or surgery for neovascular AMD except cietary supplements or

vitamins. 2. Any prior or concomitant therapy with another investigational agent to treat

neovascular AMD in the study eye, except dietary suppiements or vitamins. 3. Prior treatment

with anti-VEGF agents as follows: (a) Prior treatment with antl-VEGF therapyin the study eye

was not allowed; (b) Prior treaiment 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. Priar

freatment with an approved anti-VEGF therapyin the fellow eye was allowed; (c) Prior systemic

anti-VEGFtherapy, investigational or FDA/Health Canada approved, was only allowed up to 3

months prior to first dose, and was not allowed during the study. 4. Total lesion size > 12 disc

areas (30.5 mmz2, including blood, sears and neovascularization) as assessed by FA in the

study eye. 5. Subretinal hemorrhage thatis either 56% or more of the tolal 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%oftotal lesion in the study eye. 7. Scar, fibrosis, or atrophy involving

the center of the fovea. 8. Presence of refinal pigment epithelial tears or rips involving the

macula in the stucy eye. 9. History of any vitreous hemorrhage within 4 weeks prior to Visit 1 In

fhe 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 AMD,in either eye. 12. Prior

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

detachmentin 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 4, as long as it was

unlikely to interfere with the infection. 16. Prior rabeculectomyor otherfilfration 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 periocularinfection 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 episclerilis in either eye. 23. Presence

42.
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or history of scleromalacia in either eye. 24. Anhakia 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 dystrophyin 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 concition in the

study eye (€.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 mayinterfere 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. 34. Participation as a4

subject in any clinical study within the 12 weeks prior fo Day 1. 32. Any systemic or ocular

treaiment 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 fhe 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); |UD: Depo-Provera@®; Norplani® Systern imolants; bilateral tubai ligation:

vasectorny; condom or diaphragm plus either contraceptive sponge, foam or jelly.

fee51] Subjects were not allowed to receive any standard or investigational agents for

treatrnent of their AMD in the study eye other than their assigned study treatment with VEGFT

or ranibizumab as specified in the protocol until they completed the Cormpletion/Early

Termination visit assessments, This includes medications administered locally (e.g., IVT,

topical, juxtascieral or periorbital routes), as well as those administered systemically with the

intent of treating the study and/or fellow eye.

{0052] The sludy procedures are summarized as follows:

{9053} Best Corrected Visual Acuity: Visual function of the study eye and the fellow eye were

assessed using the ETDRS protocoi (The Early Treatment Diabetic Retinopathy Study Group)

at 4 meters. Visual Acuity examiners were certified io ensure consistent measurement of

BCVA. The VA examiners were required to remain masked to treatment assignment.

{e084} Optical Coherence Tomaaraphy: Retinal and lesion characteristics were evaluated

using OCTon the study eye. At the Screen Visit (Visit 1} images were captured and transmitied

-12.
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for both eyes. All OCT images were captured using the Zeiss Stratus OCT™ with software

Version 3 or greater. OCT images were sent fo 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 fo treatrnent assignment.

(0055}. FA)

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

Fundus Photography and Fiuorescein Angiograph The anatomical state of the  

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

reading center confirmed subject eligibility based on angiographic criteria prior to randamization.

All FAs and fundus photograghs were archived at the sife 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 fo 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. NEI 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 call to the call

center io collect all of the subject’s contact information and to complete the first NE! VFQ-25 on

the phane prior to randomization and IVT injection. For all subsequentvisits, the call center

called the subject on the phone, prior to IVT injection, to complete the questionnaire.

{0057} intraocularPressure: intraocular pressure (IOP) of the study eye was measured using

applanatian tonometry or Tonopen. The sare method of (OP measurement was used in each

subject throughout the study.

([o058]

C. Results Summary (52 Week Bata)

{0059} The primary endpoint (prevention of moderate or severe vision loss as defined above)

was met for all three VEGFT groups (204, 0.5Q4 and 2Q8) in this study. The results from both

studies are summarized in Table 1.

{de
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Table 4

“VEGFTssVEGFT00)CVEGFT
i 22mg monnthly 2 mg every 8

weeks!(2Q8)

 “Ranibizumab|

0.5 mg monthiy 0.8 mgsan
mice .
 

 
  
 
 

 
 

 

 
5.6%"*x
 
 

sat
wt sane) “40.9 (p<0.01)

[Study2 9.4 9.7 (NS) | 7.6 (NS)| 89 (NS |
 

    
* Visual acuity was measured as thetotal numberof 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

fo060} In Study 4, patients receiving VEGFT 2mg monthly (204) achieved a statistically

significant greater mean improvement in visual acuity at week 52 versus baseline (secondary

endpaint), comparedto ranibizumab 0.5mg monthly (RQ4): patients receiving VEGFT 2mg

monthly on average gained 10.9 letters, compared ic a mean 8.7 letter gain with ranibizumab

.Bmg dosed every month (p<0.01). All other dose groups of VEGFT in Study 7 and all dose

groups in Study 2 were not statistically diferent from ranibizumab tn this secondary endpoint.

i9061} A generally favorabdie safety profile was observed for both VEGFT and ranibizumab.

The incidence of ocular treatment emergent adverse events was balanced acrass all four

ireaiment 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 conjunctival hemorrhage, macular degeneration, eye pain, retina!

hemorrhage, and vitreous flcaters. The most frequent serious non-ocular adverse events were

typical of those reported in this elderly populatian who receive intravitreal treatment for wet

AMD,the most frequently reported events werefalls, pneumonia, myocardial infarction, atrial

fibrilation, breasi cancer, and acute coronary syndrome. There were no notabie differences

among the study arms.

Example §: Phase Hi Clinical Trial of VEGFT in Subjects with Diabetic Macular Edema
(OME)

{062} In this study, 221 patienis with clinicallysignificant DMEwith central macular

involvement were randomized, and 219 patients were treated with balanced disiribution over

five groups. The control group received macularlaser therapy at baseline, and patients were

eligible for repeat laser freatments, but no more frequently than at 16 week intervals. The

ABp
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remaining four groups received VEGFT byintravitreal Injection as follows: Two groups received

0.5 ar Z mg of VEGFTonce every four weeks throughout ine 12-month dosing period (0.5Q4

and 204, respectively). Twa groups receivedthree initial doses of 2 mg VEGFT once. every

four weeks (/.¢., at baseline, and weeks 4 and 8), followed through week 52 by either once

every 8 weeks dosing (2Q8) or as needed dosing with very strict repeat dosing criteria (PRN).

Mean gains in visual acuity versus baseline were as shown jn Table 2:

  Table 2

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

(letters)
 

VEGFTO5mg —

 

 

monthly(0.604)+
| VEGFT 2 mg monthly 44 ge |

ea) Ad 14.4 |
| VEGFT2 mg every 8 oe
weeks" (208) 42 8.8
| VEGFT 2 mg as a6 10.3"

   
| needed”! (PRN)

"I Following threeinitial monthly doses
** 9 < 0.01 versus laser

 

{8063} [n this study, the visual aculty 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

{0064} As demonstrated in the foregoing Examples, the administration of VEGFT to patients

suffering from angiogenic eye disorders (e.g., AMD and DME) af 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, bouble-Masked Trial in Treatment Naive Patients
with Macular Edema Secondary to CRVO

feg65} 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 62, all patienis 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 fromm Week.0 through Week 20, followed by intravitreal VEGFT as

needed from Week 24 through Week 52. "VEGFT~treated patients” means patients who

received VEGFTintravitreal injections once every four weeks from Week 0 through Week 20,

followed by intravitreal VEGFT as needed fram Week 24 through Week 52. The primary

-16-
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endpoint was the propartion of patients who gained 215 ETDRSletters from baseline at Week

24, Secondary visual, anatomic, and Quality of Life NEI VFQ-25 outcomes at Weeks 24 and 52

were also evaluated.

Foose} At Week 24, 56.1% of VEGFT-treated patients gained =15 ETDRSletters from

baseline vs 712.3% of sham-treated patients (P<0.0001). Similariy, at Week 52, 55.3%of

VEGFTreated patients gained 215 letters vs 30.1%of sham-treated patients (P<0.01), At

Week 52, VEGFT-treated patients gained a mean of 16.2 letiers vs 3.8 letlers for sham-treated

patients (P<0.001). Mean numberof injections was 2.7 for VEGFT-ireated patients vs 3.9 for

sham-treated patients. Mean change in central retinal thickness was -413.0 um for VEGFT-

treated patients vs ~381.8 um 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 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 Exampie confirms that dosing monthly with 2 mq intravitreal VEGFTinjection

resulted in a statistically significant improvementin visual acuity at Week 24 that was

maintained through Week 52 with PRN dosing compared with sham PRN treatment. VEGFT

was generally well tclerated and had a generally favorable safety profile.

SEQUENCES

feoss} SEQ ID NO:4 (DNA sequence having 1377 nucleotides):

ATGGTCAGCTACTGGGACACCGGGGTCCTGCTCTGCECOCTGCTCAGCTGTCTGCTTCTC

ACAGGATCTAGTTCCGGAAGTGATACCGGTAGACCTTTCGTAGAGATGTACAGTGAAATCC

CCGAAATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCOCTGCCGGGTTACGTCAC

CTAACATCACTGTTACTTTAAAAAAGCTTTCCACTTGACACTTTGATCCCTGATGGAAAACEC

ATAATCTGGGACAGTAGAAAGBGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGC

TICTGACCTGTGAAGCAACAGTCAATGGGCATTTGTATAAGACAAACTATCTCACACATCGA

CAAACCAATACAATCATAGATGTGGTTCTGAGTCCGTCTCATGGAATTGAACTATCTGTTGG

AGAAAAGCTTGTCTTAAATTGTACAGCAAGAACTGAACTAAATGTGGGGATTGACTTCAACT

GGGAATACCCTTCTTCGAAGCATCAGCATAAGAAACTTGTABACCGAGACCTAAAAACCCA

STCTGGGAGTGAGATGAAGAAATTTTTGAGCACCTTAACTATAGATGGTGTAACCCGGAGT

GACCAAGGATTGTACACCTGTGCAGCATCCAGTGGGCTGATGACCAAGAAGAACAGCACA

TTTGTCAGGGTCCATGAAAAGGACAABACTCACACATGCCCACCGTGCOCAGCACCTGAA

CTCCTGGGGGGACCOTCAGTCTTCOTCTTCOCOCCAAAACCCAAGGACACCCTCATGATC

TCCCGGACCCCTGAGGTCACATGCGTGGCTGGTGGACGTGAGCCACGAAGACCCTGAGGT

CAAGTTCAACTGGTACGTGGACGGCGTGGAGSGTGCATAATGCCAAGACAAAGCESCEGGE

AGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCOTCACCGTCOTGCACCAGGACT

-17-
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GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCOCTCCCAGCCCOCATCG

AGAAAACCATCTCCASAGCCAAAG GECAGCOCCGAGAACCACAGGTGTACACCCTGCECE

CATCOCGGGATGAGCTGACCAAGAACCAGSTCAGCCTGACCTGCCTGGTCAAAGGCTTCT

ATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCASCCGGAGAACAACTACAAG

ACCACGCCTCCCOTGCTGGACTCOGACGGCTCCTICTTCCTCTACAGCAAGCTCACCGTG

GACAAGAGCAGGTGGCAGCAGGGGAACBTCTICTCATGCTCCGTGATGCATGAGGCTCOTG

CACAACCACTACACGCAGAAGAGCCTCTCOCTGTCTCCGGGTAAATGA

{0069} SEQ ID NO:2 (polypeptide sequence having 458 amino acids):

MVSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMYSEIPENHMTEGRELVIPCRVTSPNITV

TLEKFPLDOTLIPDGKRIWDSRKGFISNATYKEIGLLTCEATVNGHLYKTNYLTHROTNTHUDVVLS

PSHGIELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHOQHKKLVNRDLKTOSGSEMKKFLSTLT

IDGVTRSDOGLYTCAASSGLMTRENSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPRKPRD

TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVKGFYPSD

IAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEALHNHYTQ

KSLSLSPGK

iee70} The present invention Is not fo be Hmited in scope by the specific embodiments

described herein. indeed, various modifications of the inverition in addition to those described

herein wil 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.

~48~
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Whatis 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 ar 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 terliary 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 affer ihe initial dose

of the VEGF antagonist.

5

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 & weeks after

the immediately preceding dose.

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

are administered to the patient, and wherein the first four terflary doses are administered &

weeks affer the immediately praceding dose, and wherein each subsequenttertiary dose is

administered 8 or 12 weeks after the immediately preceding dose.

§. 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 and corneal neovascularization.

7, The methodof claim 6, wherein the angiogenic eye disorderIs age related

macular cegeneration.

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

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

based chimeric melecule.

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

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

comprises VEGFRIR2-FcAC1 (a} encoded by the nucleic acid sequance of SEQ ID NOW,

14. 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 cormponeni comprising amino acids 130-231 of SEQ iD NO:2: and (3) a

muliimerizaiion component comprising amino acids 232-457 of SEQ ID NOx2.

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 he 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 patlent by intraocular administration.

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

administration.

18. The method of claim 17, wherein ail 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 VEGFantagonist comprise 0.5

mg of the VEGF antagonist.

20. The method of claim 18, wherein all doses of the VEGFantagonist comprise 2 mg

of the VEGF antagonist.

21. AVEGF antagonist for use in a method of treating an angiogenic eye disorder in a

patient, wherein the method comprises sequentially administering to ihe patient a single Initial

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

followed by one or more tertiary doses of fhe VEGF antagonist

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

preceding dase; and
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wherein each terliary dose is administered al least 3 weeks after the immediately

preceding dase.

22. The VEGFantagonist of claim 21, wherein only a single secondary doseis

administered to the patient, and wherein the single secondary dose is administered 4 weeks

after the initial dose of the VEGF antagonist.

23. The VEGFantagonist of claim 24, wherein only two secondary doses are

administered to the patient, and wherein each secondary dose is administered 4 weeksafter the

immediately preceding dose.

24. The VEGF antagonist of any one of claims 21 to 23, wherein eachtertiary doseis

administered & weeks after the immediately preceding dose.

25. The VEGF antagonist of any one of claims 27 fo 23, wherein at least 5 tertiary

doses of fhe VEGF antagonist are administered fo 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

disarder is selected from the group consisting of: age related macular degeneration, diabetic

retinopathy, diabetic macular edema, central retinal vein occlusion and corneal

neovascularization.

2?. The VEGF antagonist of claim 26, wherein the angiogenic eye disarder is age

related macular degeneration.

28. The VEGF antagonist of any one of claims 21 to 27, wherain the VEGF antagonist

is an and-VEGFantibody or fragment thereof, an ant-VEGF receptor antibody or fragmeni

thereof, ora 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 28, wherein the VEGF receptor-based chimeric

molecule comprises VEGFR1R2-FcAC1(a) encoded by the nucisic 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 comprising amino acids 27 to 129 of SEQ ID

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

multhnerization component comprising amino acids 232-457 of SEQ [D NO:2,

2246
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32. The VEGFantagonist 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 all doses of the VEGF antagonisi are

administered to the patient by intraccular administration.

34. The VEGF antagonist of claim 33, wherein the intraocular administration is

intravitreal administration.

35. The VEGF antagonist of claim 34, wherein all doses of the VEGF antagonist

comprise from about 0.5 mg to about 2 mg of the VEGF anfagonist.

36. The VEGF antagonist of clair 35, wherein all doses of the VEGF antagonist

comprise 0.5 mg of ihe VEGF antagonist.

37. The VEGF antagonist of claim 35, wherein all doses of the VEGF antagonisi

comprise 2 mg of the VEGF antagonist.
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National Stage of an International Application under 35 U.S.C. 371
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Electronically Filed

Attorney Docket No.
Confirmation No.

INFORMATION First Named Inventor
DISCLOSURE STATEMENT Application Number

Filing Date

Group Art Unit po
Addressto: Examiner Name Pe
Commissioner for Patents Title:
P.O. Box 1450 . a
Alexandria, VA 22313-1450 Eye Disorders

“Use ofa VEGF Antagonist to Treat Angiogenic
 

Sir:

Applicant submits 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 documentreferred 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 publications discussed herein are provided to comply with the duty to disclose in accordance

with 37 C.F.R. § 1.56. However, nothing herein is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of

publication provided may be different from the actual publication dates which may need to be

independently confirmed.

The Examineris requested to make the documentslisted on the enclosed PTO/SB/08A of record in this

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

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

Statements

Xx] No statement

LC] PTA Statement under 37 CFR § 1.704(d)(1): Each item of information contained in

the information disclosure statement filed herewith:

(1) Wasfirst cited in any communication from a patentoffice 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 dayspriorto thefiling of the

information disclosure statement; or
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Atty Docket No.: REGN-008CIPCON6
USSN: 17/072,417

Gi) 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.

[] IDS Statement under 37 CFR § 1.97(e)(1): Each item of information contained in the

information disclosure statement wasfirst cited in any communication from a foreign

patent office in a counterpart foreign application not more than three monthspriorto the

filing of the information disclosure statement; or

[] 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.

Xx No fee is believed to be due.

C] The appropriate fee set forth in 37 C.F.R. §1.17(p) accompaniesthis information disclosure
statement.
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Atty Docket No.: REGN-008CIPCON6
USSN: 17/072,417

The Commissioneris hereby authorized to charge any underpaymentoffees up toastrict 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-O008CIPCON6.

Respectfully submitted,
BOZICEVIC, FIELD & FRANCIS LLP

Date:_8 July 2021 By:__/Karl Bozicevic, Reg. No. 28,807/
Karl Bozicevic

Reg. No. 28,807

BOZICEVIC, FIELD & FRANCIS LLP

201 Redwood Shores Parkway, Suite 200
Redwood City, CA 94065
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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Application Number: 17072417

International Application Number:

Confirmation Number: 7325

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
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Information:
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AcknowledgementReceiptwill establish thefiling 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/903indicating acceptanceof the application as a
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
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STATEMENTBY APPLICANT Art Unit To Be Assigned
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5|IPR2021-00880, Paper 10, Preliminary Response of Patent Owner (August 16,2021
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Commissioner for Patents Title:
P.O. Box 1450 E Di on”
Alexandria, VA 22313-1450 ye Lisoraers

“Use ofa VEGF Antagonist to Treat Angiogenic
 

Sir:

Applicant submits 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 documentreferred 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 publications discussed herein are provided to comply with the duty to disclose in accordance

with 37 C.F.R. § 1.56. However, nothing herein is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of

publication provided may be different from the actual publication dates which may need to be

independently confirmed

The Examineris requested to make the documentslisted on the enclosed PTO/SB/08A of record in this

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

PTO/SB/08A,indicating the documents cited therein have been considered and made of record herein.
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Xx] No statement

LC] PTA Statement under 37 CFR § 1.704(d)(1): Each item of information contained in

the information disclosure statement filed herewith:

(1) Wasfirst cited in any communication from a patentoffice 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 dayspriorto thefiling of the

information disclosure statement; or

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

information disclosure statement.

[] IDS Statement under 37 CFR § 1.97(e)(1): Each item of information contained in the

information disclosure statement wasfirst cited in any communication from a foreign

patent office in a counterpart foreign application not more than three monthspriorto the

filing of the information disclosure statement; or

[] 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.

Xx No fee is believed to be due.

C] The appropriate fee set forth in 37 C.F.R. §1.17(p) accompaniesthis information disclosure
statement.

The Commissioneris hereby authorized to charge any underpaymentoffees up toastrict 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-O008CIPCON6.

Respectfully submitted,
BOZICEVIC, FIELD & FRANCIS LLP

Date:_3 September 2021 By:__/Karl Bozicevic, Reg. No. 28,807/
Karl Bozicevic

Reg. No. 28,807
BOZICEVIC, FIELD & FRANCIS LLP

201 Redwood Shores Parkway, Suite 200
Redwood City, CA 94065
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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Vein Occlusion,” presented by Jean-Francois Korobelnik, MD at Orange
County Convention Center (October 2011)

Anonymous, Meeting Archive Titled “PO571 OCT and Fluorescein
Angiographic Outcomes Through | Year for the Phase 2 Studyof Intravitreal
VEGFTrap-Eye in Neovascular AMD,” presented by Quan Dong Nguyen, MD
at Georgia World Congress Center (November 2008)
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Notice
This translation is machine-generated. li cannot be guaranteedthatit is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be

based on machine-translation output.

ABSTRACT CN1304427C

{G001)

13 The present invention relates to a fusion protein that inhibits angiogenesis andits use. The fusion protein of the

present inventionis obtained byfusing FLT-1 and KDR fragments and immunoglobulin Fc fragments, and is
called FP1, FP2, FP3, FP4, FPS, FP6, the amino acid FLT-1 D2, FLT-1 D4, KDR, DL, KDR D3, KDR D4, FP3

sequence of FLT-1 and KDR immunoglobulin-like regions are shown in Sequence Table 1-6, FP3 coding

DNAsequence See sequencetable 7.
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CNI3O6427C Angiogenesis inhibiting fusion protein and its use

Data originatingfrom sources other than the EPO may not be accurate, complete, or up to date.

The wordingbelowis an initial machine transtation ofthe original publication. To generate a version usingthe
latest ranslation technology, ga to the original language text and use Patent Translate.

Technical feild

The invention relates to a series of gene recombinant proteins that can effectively inhibit angiogenesis.
Angiogenesis refers to the process of growing new blood vessels fromexisting blood vessels. The vast majonty
of blood vessels in adults are at rest, and angiogenesis is only seen in a few pathological orpliysiological states,
such as tamors, diabetic lesions, arthritis, anemia organs, and endometrial hyperplasia. In the process of tumor
occurrence, angiogenesis plays a key role in the rapid growth of tumors (Hanaban and Folkman: Patterns
andemerging mechanisms of the angiogenic switch daring tumongenesis. Cell, 1996, 86. 353-364). Research on
animal tumor models and tnnan clinical trials have shownthat inhibiting the formation of neovascularization in
tumors can effectively prevent the growth and developmentof tumors, thereby extending the life of patients

Angiogenesis is regulated and controled by a variety of biologically active substances. The main cells that
dominate the angiogenesis process are the vascular endothelial cells that make up the innermost layer of the
blood vessel wall. Various growth factors can bind to the corresponding receptors on the surface of vascular
endothelial cells, and repulate the acuvity of vascular endothelial cells through the mtracelhular signal
transinission system, thereby regulating the angiogenesis.

Background techimaue

Among various growthfactors, vascular endothelial growth factor (Vascular endothelial cell growth factor,
VEGF) is the most important factor regulating angiogenesis (Ferrara: VEGF and the question for tamor
angiogenesis factor. Nat. Rev. Cancer, 2002, 10: 795-803. Ferrara: Role of vaseular endothelial prowth factor in
physiologic and pathologic angiogenesis: therapeutic implications. Semin. Once], 2002, 29 (Gsumppl: 10-14).
Vascular endothelial growth factor can be secreted by a variety of cells, but it is often overexpressed in tumor
cells. Endothehal growth facter works by binding to the corresponding receptor. There are two main receptors
that bind fo VEGF: FLT-1 and KDR. In terms of molecular structure, these two receptors are composed ofthree
different functional regions. The first functional area is the extracellular part located outside the cell. Tt consists
of seven immunoglobulin-like regions (di-d7). This part has specific affinity for VEGF and is a keypart of
VEGFbinding to the receptor. The second functional area is the part of the transmembrane composed of
hydrophobic amino acids, The third fmuctional area is the intracethular part, whichincludes the tyrosine kinase
group. After the receptoris activated by VEGF, the tyrositie Kinase group is phosphorylated, thereby initiating
the signal transmission sysiem inside the cell, and ultimately causing functional changes in endothelial cells,
leading to angiogenesis.

FLT-i and KDR are niainhy distributed in vascular endothelial celis. Therefore, VEGF has a highly specific
regulatory effect on vascular endothelial cells. VEGFhas the functions of promoting endothelial cell division,
guidiag endothelial cell migration, inhibikoeg cell apoptosis, and iscuciaeg vascular morphogenesis, etc. [tis a
highly effective inducer of angiogenesis.

 

Tn tumer tissues, the expression level of VEGFis higher than in normal ussues. In addition, the rapid growth of
tumors often leads to fvpoxia inside the tumors. The decrease in oxygen partial pressure leads to an increase in
VEGFexpression. Therefore, VEGF is a key factor leading to angiogenesis in tumors. Many animal
experiments have shown that blocking the binding of VEGF to its receptor can effectively inhibit angiogenesis
in tumors, thereby proventing tumor growth. [In other diseases related to angiogenesis, such as visual retinopathy
ofdiabetes and arthropathyofarthritis, etc., VEGF is also closelyrelated to the development of these diseases.

In viewof the key role of VEGF in tumors and other diseases, proteins or compoundsthat can specifically block
VEGFwill have the potentialfo treat these diseases. For example, stuches have shownthat anb-VEGF
neutralizing antibodies can effectively inhibit tumor prowth (Jain: Tamor angiogenesis and accessibility: role of
vascular endothelial growth factor. Semin. Oncol. 2002, 29 (6 supup): 3-9). Therefore, it is of great significance
to find newand more effective VEGFblockers. Because FLT-{ and KDR have a natural affinity for VEGF,
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studies have investigated the anti-angiogenic effects of soluble FLT-1 (the extracellular portion of PLT-L or
sohible KDR (he extracelhilar portion of KDR}. Schuble FLT-1 can effectively inhibit the proliferation of
vascular endothelial celis in vitro, but its half-life in serum is very short, and it carmot reach an effective sernm
concentration. Sohible KDR canalso inhibit the proliferation of vascular endothelial cells in vitro, but its
aphtumer effect is not good in aniraal experiments. Part of the basic amino acids in the third imprnoglebulin-
ike region of FLT-1 is the main cause of FLT-1 instabihty inthe body, so replacing these basic amineacids
with partial anno acids of KDR can increase the stability of FLT-1.

US patents 6100701, 5952199, and 6383486 describe several proteins fused with partial fragments of KDR and
partal fragraents of FLT-1, bat due to their instability and large side effects, no further development bas been
made.

Suomnary ofthe ravention

The invention relates to a method for constructing and producing protein drugs capable ofblocking VEGF using
genetic engineering technology and the application of such drags in disease treatment.

The invention provides six fusion proteins obtained by Musing fragments of FLT-1 and KDR and
imprunoagiobulin Fo fragments, which have the biological effect of blocking vascular endothelial cell growth
factor and inhibiting angiogenesis, referred to as FP1, FP2, PP3 , FP4, PPS, FPO, with the following stractare:

a. FPL is a protein fused by the second immunoglobulin-like region of FLT-1 and the third immunogiobulin-like
region of KDR: FLYd2-KDRd3-Fe;

b. FP? is the fusion proteinofthe first immunoglobulin-like region of KDR, the second immuncelobulin-like
region of FLT-1 and the third immunogiobulin-like region of KDR: RDRd1-FLTd2-KDRd3 -Fe

c. FP3 is aprotein fused by the second immuncelobulin-like region of FLT-1 and the 3-4 iramunogtobulin-like
region of KDR: FLTd?-KDRd3, 4-Fe;

d. FP4 is a protein fused by the second immunogiobulintike region of FLY-t, the third immunoglobalin-like
region of KDR and the fourth immunogtobulin-like region of FLT-t: FL¢d2-SDRd3-FLTd4-Pe ;

e. FPS is aprotein fused by the second pmmumezlobulin-hke region of FLT-1 and the third 3-3 immunoglobulio-
like region of KDR: FLTd2-K.DRd3, 4, 5-Fe;

f. FP6 is a protein fused bythe second immunoglobulin-like region of FLT-1, the third immunogiobulin-like
region of KDR andthe 4-3 inumunoglebulin-like region of FLT-L: FLTd2-KDRd3-FLTd4 , 5-Fe.

The annno acid FLT-1D2, FLT-1D4, KDR, D1, KDR D3, KDR D4, and FP3 sequences of the above FLT-1 and
KDR immunogiobulin-like regions are shown in Sequence Table 1-6, and the FP3 coding DNA sequence is
shownin Sequence Table 7,

Where FLT stands for FLT-1 sequence, KDR stands for KDR sequence, d is the immunoglobulin-like region of
FLT-f or KDR, which can alse be represented by a capital D, and Fe is the Inman immunegicbulin Fo
sequence.

The immunoglobulin FC fragment is selected from human immunoglobulin FC er animal immunoglobulin FC.
Such as: IgG, IgM. IgA or subtypes LeG!, [gG2, e3, IeG4. The impunogiebulin FC fragments are full-length
FCor partial FC sequences, selected from CH2 fragments, CH3 fragments, and stranded region fragments.
These sequences and fragments are all existing technologies and can be found in textbooks.

The present tavention also provides the application of the fusion protein of the present invention in the
preparation of a drug that blocks the biological action of vascular endothelial cell growth factor and inhibits
angiogenesis.

The kev to this invenbonis te constrict a series of fusion proteins fused with different FLT-f fragments, KDR
fragments, and human immunoglobulin Fc according to the structural design of FLT-1 and KDR, and then use
VEGF binding test, etc. Methods Screen fusion proteins with the greatest affinity for VEGF. So asto get the
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best VEGFblocker. The construction technology of fusion protein is based on molecular cloning method. For
specific experimental metheds, please refer to the second and third editions of Molecular Cloning.

According to the amino acid sequence structure of each region of FLT-1 and KDR molecules, among the above
fusion proteins, the FP i fusion protein will provide the basic structure that binds to VEGF, which is composed
ofthe second immunoglobulie region of FLT-1 (FL1d2) Sequence, the third immunoglobulna repion (KDRd3)
sequence of KDR and Fc. In the FP2 fusion protein, the amino acid sequence from the first immunogiobulin-like
region (CDRdD of KDRis added. These seqnences can increase the site of binding to VEGF, thereby
increasing the affinity for VEGF. The sequence of the fourth @LTd4 or KDRd4) imnmnogiobulin-like region of
PLT-1 or KDR was addedte the FP3 and FP4 fusion proteins. FPS and FP6 are the fourth and fifth
immunogicbulin-like regions (FLT-1d4, 3, KDRd4, 5) with the addition of FLT-i or KDR on the basis of FP1.
These newly added sequences will facilitate the coupling between the fusion proteins, thereby further forming a
spatal structure that is conducive to binding to VEGFand increasing the affinity for binding to VEGF.

The fusion protein of the present invention can be obtained by gene recombination technology, whichis a
conventional technology. First, the DNA encoding the above-mentioned fusion protein is obtained. The DNA
can be obtained by conventional techniques, such as PCR synthesis, etc. Carner. The vector used may be a
plasmid, virus or DNA fragment conimonly used in molecular biology. The protein secretion signal sequence is
added before the amino terminal of each fusion protein to ensure that the protein is secreted from the cell, The
vector sequence includes a promoterfor driving gene expression, protein translation initiation and termination
signals, and polyadenylation (Poly Ab sequence. The vector has an antibiotic resistance gene to facilitate the
propagation of the plasmid in bacteria. In addition, the vectoralso includes enkaryotic cell selection genes for
the selechion of stable transfected cell lines.

 

Since there is no absolute boundary between the amino acid sequences of each immunoglobulnlike region in
FLT-1 and KDR,the length of the amine acid sequence of each immunoglobuiin-like region may vary to some
extent. Therefore, the amine acid sequence of the fusion protein involved in the present invention may also have
certain changes. Theyall fall within the scope of the present tavention.

After completing the construction of the plasmids for the various fusion proteins listed above, the plasmid DNA
cant be used to transfect the ceBs and express the corresponding proteins. There are many expression systems
that can be used to express these fasion proteins, mchiding (ut not limited to) mammaliancells, bacteria, veast,
insect cells, etc. Gvhere mammalian ceils and insect cells are eukarvotic cells, bacteria and yeast The cells are
prokarvotic cells. The proteins expressed from mammalian celis have ghycosylation. Since the amino acid
sequence ofthe fusicnprotein of the present invention includes glycosylated amino acids, mammalian cells are
the best cells for expressing these proteins. There are many mammalian cells that can be used forlarge-scale
protein expression, such as 293 cells, CHO cells, SP20 celis, NSO cells, COS cells, BHK cells, PerCo cells, etc.
Manyothercells can also be used for the expression and expression of these proteins Preduction is therefore
included in the list of cells that can be used in the present invention. Plasmids encoding polypeptides can be
transfected into celis. There are many methods for transfecting cells, incliding (but not limited to): electrodrill
{clectroporation), liposome (liposome) mediated, calcium mediated, and so on.

In addition to maramalian cells, otber expression systems can alse be used for the expressionofthese
poivpeptides, such as bacteria, yeast, insect cells, etc. Thev are also included in the cells that can be used in the
present invention. The protern production of these expression systems is higher than that of maranialiap cells,
However, the expressed proteins lack elvcosylaten or form different sugar chains than manmumalan cells.

After the fasion protein is expressed, the concentration of the fusion protein in the cell culture fuid can be
determined by enzyrac-liaked immunosorbent assay (ELISA) ar other methods. Since these fusion proteins have
immunogiobulin Fc fragments, protern A alfinity chromatographycan be ased to extract the expressed fusion
protein.

 

Ip the present invention, various fusion proteins are obtained from plasmid-transfected 293 cell culture fluid.
The VEGF binding test was then used to compare the affinity ofvarious proteiis for VEGF. Furthermore,
human vascular endothelial cell division test induced by VEGF was used to detect and compare the blocking
effect of each fusion protein on VEGF. The experimental resulis prove thal the varions fusion proteins
constructed by the present invention have a bighaffinity for VEGF(see FIG. 2), and they can effectively block
the stimulation of vascular endothelial cells by VEGF and inhibit the division of endothelial cells. Further
experiments found that FP3 had the best blocking effect on VEGF.it is the most effective fusion protein to
block VEGF.
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Therefore, the fusion protein constructed by the present invention has a blocking effect on VEGF. The
molecular weight of FPL is the smallest. FP3 is most effective in blocking VEGF. These fusion proteins have
the biological properties of anti-angiogenesis, and thus have the possibility of treating discases.

 Since the basic function of the various fasion proteins of the present invention is to block VEGF,these proteins
thay be usec in diseases related to angiogenesis or VEGF. These diseases mayinclude(butare not limited to)
various tumors, optic retinopathy, arthritis, etc. The fusion protein can be injected into the patient as an extracted
recombinant protein. The DNA sequence of the fusion protein can alse be inserted into an appropriate vector
and expressed in the patient by gene therapy or cell therapy. Therefore, there are many ways to use the fusion
protein according to the present invention, including not only the protein itself but also the DNA encoding the
fasion protein.

In order to farther prove the anti-vascular effect of the fusion protein in vivo, the present invention tested the
anti-tumoreffect of the FP3 fusion protein in animals. In mouse BI6F10 melanoma and xenograft model mman
PC-3 prostate cancer, the fusion pretein very effectively inhibited the growth of the tumor and prolonged the fife
ofthe individual. Therefore, the Mision protein constructed by the present invention bas high anti-cancerability.

The invention alse includes a pharmaceutical composition containing the fusion protein of the Invention, which
mav contain a pharmaceutically acceptable carner. The composition can exist in any form of pharmacentical
preparation, preferably an injechon, and most preferably a freeze-dried injection. The pharmaceutical
composition in the formof a pharmaceutical preparation can be prepared according to conventional techniques
in pharmacentics, inchiding the pharmaceutical active ingredient, The fusion protein is mixed with the drug
caroer, and the required dosage formis prepared according to the conventional techmane of pharmacentics.

Compared with the prior art, the fusion protein of the present invention has obvious advantages, good stability,
high vield, and low side effects. The particularly preferred fusion protein of the present invention is FP3, which
is obtained through extensive screening, Comparaive experiments on other fasion protems invented andother
similar fusion proteins in the prior art revealed that the fusion protein has particularly excellent antitumoreffects
in animals. In mouse BIGF10 melanoma and xenogratt mode! human PC-~3 prostate cancer, the FP3 fusion
protein very effectively iahibits the growth of the fmor and prolones the hfe ofthe individual. Experiments
have shown that PP3 ts more effective than other Aision proteins and has side effects itis smatler and has the
best stability after preparation. Among the fusion proteins of the present invention, it has the most anti-cancer
application value.

BRIEF DESCRIPTION

Figure 1 shows the stracteral composition of the six fusion proteins. Thev are constructed fromdifferent FLT-
and BDRpolypeptide fragments and immunoglobulin Fc fragments by genetic engineering,

Figure 2 showsthe test results of six fusion preteins binding to VEGF. The OD reading represents the binding
signal of the fusion protein to VEGF. The results show that they have a strong binding capacity with VEGF,
especially FP3 has the strongest binding capacity.

Figure 3 The fusion protein effectively inhibits the division of buman vascular endothelial cells in vitro.

Figure 4 showsthat the fusion protein FP3 effectively inlubits the growth of mouse BIGFLO melanoma in vivo.

Figure 3 showsthat the fision protein effectively inhibits the growth of buman PC-3 prostate cancer in mic

Figure 6 A comparative study of the insion polypeptides FP1 and FP3 effectively inhibiting the growth of
mouse tumors.

detailed description

The following examplesillustrate the construction, testing and application of the fusion proteins involved in the
present invention. However, the content and use of the present invention are not limited to the scope of
exampics.

Example §: Construction of fusion protein and its plaspud.
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in addition to smmmoglobutin Fe fragments, the original sequences for constracting various fusion proteins in
the present invention are derived fromthe corresponding CONAs of FLT-1 and KDR. Since the expression of
FLT-! and KDR are mainly found in vascular endothelial cells, the present invention uses RNA purification kit
(QIAGEN) to extract total RNA from human unibilical vein vascular endothelial cells (HUVEC). Reverse
transcriptase is then used to synthesize CONA from RNA. Then use different primers to obtain the desired FLT-
i and KDR fragments by polymerase chain reaction (PCR) amplification. Finally, PCR was used to fuse
sequences from FLT-1, KDR, and human inmmnoglobulin Fe UgGl Fe) to construct DNA sequences of
different fusion proteins. The structure of the six fusion proteins is shown ip Figure L.

Construction of FP3 gene:

Hannan umbilical vein endothelial cells GAL VEC cells) (Clonetics) were cultured ta T-175 flasks with EGM-2
medium(Clonetics). Collect about 1 x 10e7 cells, use Qiagen's RNA extraction kit to extract the total RNA of
the cells, and use the Invitrogen cDNAkit to svnthesize cDNA,and store at -80 ° C until use. The following
specific primers were used te amplify PLT-1 and KDR gene fragments from HUVEC cDNA.

Human IgG! Fe-specific primers were used to ampliftv IgGl Fe gene fragments fron cDNA derived from lymph
nodes (BD Clantech).

Primers:

FLY-1 D2 forward: cetticetagagatgiacagtga

FLT-1 D2 reverse: tatgattgtatiggttigiccat

KDR D3-4 forward: catetepticigapiccrtctca

KDR 153-4 reverse: cpgigegacatacacaaccaga

Hinman ieGl Fc forward: pacaaaactcacacatgeccact

Human IgGl Fc reverse: teatltacceggagacageragag

Under the conditions of denaturation 95 OC, 30 minutes, annealing 56 °C, 45 seconds, extension 72 °C, 2
minutes, PCR amphfication was performed for 30 cycles te obtain FLT-1 and KDR IgG-like domain PCR
products and hnman IgGl Fe segment PCR product. Using TA cloning kit, clone the PCR product into pCR2.1
plasmid and transfect E. coli, select white colonies, add LB medium, and cuitire overnight. Qiangen Plasmid
Extraction Kit extracts plasimds, digests them, and performs sequencing identification.

Using splicing PCR (sewing PCR) method, FLT-1, KDR and IgG Fc cDNA were linked together, and EcoRI
enzyme digestionsite was designed 1a the primer. Affer digestion with EcoR{, Qiangen purification kit purified
DNAfragment and inserted pcDNA3.f plasmid, recombinant plasmidtransfected E. colt, select positive
colonies, add LB medinm, and culture overnight. Qiagen Plasmid Extraction Kit extracts the plasnud, digests it
and performs sequencing identification. The confirmed plasmid was then transfected into 293 or CHOcells to
obtain a cell line stably expressing FP3. The specific amino acid sequence of FP3 is shownin Sequence Listing
6,

Example 2: Expression of fusion protein in cells.

One of the componeits of the present invention is to express the constructed fusion protein in cells. After
completing the construction of each plasmid, high-purity plasmid DNA was extracted using a plasmid DNA
purification kit (QIAGEN), Then, the plasmid DNA was introducedinte 293 celis using a FIIGENS6 plasmid
transfection kit (ROCHE Corporation). According to the required protein miass, two different plasmid
transfection methods were used to express the fusion protein.

The first method is the transient transfection method, which can be ased to obtain smail-scale fusion proteins.
First, 293 cells were cultured in cell culture dishes with DMEMcomplete medium containing 10%fetal bovine
serum. When the celis growto cover 60-80%of the area, the complex of plasmid DNA and FUGEN®Sreagentis
added to the cell culture finid. The next day, the medium was replaced with serum-free DMEM median.
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Continue culturing for another three days, and then collect the supernatant. These supernatants contaia fusion
protein polypeptides expressed fromcells. The concentration of fusion polypepide was quanbtatively
determined by ELISA.inthis way, the present invention expresses the above six fusion polypeptides.

The second method is to use stable transfection (Stable transfection) method to establish stable cells to express a
large number of fusion protein polypepides. The cells used were aiso 293 cells. The plasmidtransfection
method is the same as the transient transfection method described shove. However, on the second dayof
transfection, the cells are cloned and cultured in a limited density dilution method inDMEMcontaining
necenzyme. After about 21 days, the new enzyme-resistant clones were picked andthe cells were expanded and
cultered, Finally, the cells are culiivated in dram culture flasks to produce fusion polypepudes. The
concentration of fusion pelypeptide was quantitatively determined by ELISA.

The invention proves that the constricted fusion polypeptide can be expressed and produced from the plasmid
through cell transfection.

Example 3: Binding experiment of fusion polypeptide and VEGF.

In the present invention, the VEGF binding test was used to determine the binding ability of each fusion
polypeptide to VEGF. Inthis test, the recombinant VEGF (Chemicom) protein was first coated on a 96-well
HLISAplate. Then use 5% milk powder solution to block non-specilic protein binding sites. Then add various
fusion proteins containing diferent concentrations to each well and incubate at 37 degrees for two hours. After
washing, rabbit anti-human Ig antibody-HRP was added. Finally, the color is developed with peroxidase
substrate. OD valne of each well of 96-well plate was measured with ELISA reader. A high GD valne represents
the binding siznal of the fusion protein lo VEGF.

As shownin FIG. 2, the six fusion proteins constructed and expressed by the present inventionall have the
ability te bind to VEGF. At a concentration of | nanogramper milliliter, their binding signal te VEGFcan be
detected. Therefore, these six fusion proterss have a high affimty for VEGF. However, in companson, FP3 has
the largest binding capacity to VEGF and is the most powerful VEGF blocker. Its half maxinium binding
concentrationalfmaximal binding concentration) is about 5 times lower than FP1. The binding ability of FP3
to VEGFis slightly weaker than FP3. This result indicates that the amino acid sequence ofthe fourth
unnnimogiobulin-bke region of SDR can enhance the fusion proteim's abuity to block VEGF, However, further
increasing the sequence of KDRin the fusion protein, such as the fifth immmnoglobulin-like region, does not
farther increase the ability to inbibit VEGP. The inbibitory ability of the other three fusion proteins is weaker
than FP3 and FPS, but stronger than FPL.

Example 4: The fasion protein effectively inhibits the division of human vascular endothelial cells in vitro.

Another kev example of the present invention is to prove that the constructed fusion protem can effectively
block the division of vascular endothelial celis inchiced by VEGF. Inthis experiment, 96-well cell culture plates
were seeded with umbilical vein endothelial cells (HUVEC cells, CLONETICS). The cell culture mediumis
EBMbasic medium (CLONETICS), containing 2% fetal bovine serumand iSep/ ml VEGF. In the cell culare
fhuid of the experimental group, 293 cell supernatant contaimog fusion proteins of different concentrauans was
added. In the cell culture Muid of the negative contro! group, supematamt of 293 cells Gvithout fusion protein)
without plasmid transfection was added. HUVEC cells of different treatments were continuously cultured at 37
degrees. Afterthree days, the cell count determines theHUVEC density in each weil.

As shownin Figure 3, the six proteins can effectively block the stimulation of VEGF ontheir receptors. Among
them, FP3 had the most obvious inbibitory effect on HOVECprowth.

The HUVEC cell division test shows that the six fusion proteins constructed bythe present invention can inhibit
the division of vaseular endothelial cells. Since the division of HUVECcells in this experiment is caused by
VEGFstimulation, these six proteins can effectively block the stinvulation of VEGFon their receptors. They all
have the function of inhibiting angiogenesis. Among these six proteins, FP3 has the strongest inhibitory effect
on HUVEC cell division, and their halfinhibitory concentration ((CS0) is around 3 ng / mi. The [C50 of FPL is
around 12 ng/ml. The iC50 of FP2, FP4, FPS, and FP6 is 5-8ng / ml.

Example 3: Fusion polypeptide can effectively inhibit the growth of mouse tumors.
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Asa VEGFblocker, one of the applications of the fusion protein constricted in the present inventionis forthe
treament of tumors. In viewof the high-efficiency blocking effect of FP3 fusion protein on VEGF, the present
invetition selects FP3 to conduct an anti-tumoreffect test in animals.

The mouse turmor model tested in the present invention is BIGOF LO melanonia. This is a rapidly prowling
mahgnant timor. In this experiment, BIGFLO cells were injected into the back of the mouse. The purified fusion
protein was injected via tail vein. The injection dose is 400 micrograms per mouse (ihe average body weight of
mice is about 22 prams) twice a week. The control group was injected with the sarne dose of purified human
immunoglobulin Fo. Figpre 4 shows the growth curve of the turaor. The fasion protein very effectively inhibited
the growth of this melanoma (P (0.91).

The xenograft model that allows Inman tumorcells to growin mude mice is the closest animal tamor model to
human tumors. Nude mice lack immutie rejection ability, so many lman tumor cell lines can growin nude
mice to form tumors. The present invention tested the inhibitery effect of fusion protein FP3 on the growth of
human prostate cancer PC-3 cells in made mice. In this model, PC-3 cells were injected into the back of nude
mice and the punfied fusion protein was injected from the tail vein. Each mouse is 400 ug eachtime, twice a
week. The contro! group was injected with the sanie dose of human immunogiobulin Fe. The experimental
results are shown in Figure 5. In the control group, 45 days after tumor cell inoculation, the tumor had grown to
greater than {000 mum3. In animals injected with fusion protein, the fusion protein almost completely inbibited
the growth of PC-3 tumors (P (6.01), and had a very significant therapeutic effect on tfamors.

Example 6: Comparative study of fusion polypeptides FP t and FP3 offecnvely inhibiting the growth of mouse
tumors.

In order to better illustrate that FP3 has a good tumorsuppressing effect, FPi and FP3 were selected as a
comparative test for inhibiing tumor growth, Ten well-grown nude mice were selected, Each glioma C6 cell f x
105, 0.95 ni was injected into the back, and the purified fusion proteins FP1 and FP3 were injected into the tail
vein, 2.5 mg/kg, twice a week. To 31 days. The contro! group was injected with the same dose of hnman
imrannogiobulin Fe. The experimental results are shawn in Figure 6. FP1 and PP3 have averysignificant
therapeutic effect on the tumor. By day 35, the tumor volume of the FPL growp was 1167.3, while the FPS group
was 557.6, and the control group lad reached 1312.3 by the 24th day. Therefore, the effect of FP3 is more
obvious (P (0.05.}. The results are shown in Figure 6.

 

In summary, the fusion protein constructed by the present inventionhas a high affinity for VEGF, can inhibit the
proliferation of vascular endothelial cells in vitro, and can significantly inhibit the growth of tumors in vivo.
Since angiogenesis is necessary for the proliferation of all twmors, the fusion protein of the present invention can
be used forthe treatment of various tumors.

Sequence Listing

(110) Chengdu Kanghong Technology Industrial (Group) Co., Ltd.

(126) Fusion protein inhibiting angiogenesis and use thereof

(16097

(24G)4

(ZEE)93

(212) PRT

(213) Artificial sequence

(400) 3

Pro, Phe, Val, Glu, Met, Tyr, Ser, Ghu, He, Pro, Gin, fle, Ile, His, Met, Thr, Gin, Gly, Arg, Gla

i 3 1o 15 20
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LeuValleProCysAresValThrPirPronAsiieThrThrvValThrThrealysLysLhePhePro

4S 2
ad 3 oS 35 40

Lea Asp Thr Len Be Pro Asp Gly Lvs Arg Ue De Trp Asp Ser Ser Are Lvs Gly Phe Ue

wa45 50 35 60
n

lle Ser Asa Ala Thr Tyr Lys Glu Ue Gly Leu Leu Thr Cys Gln Ala Thr Val Asn Gly

65 76 75 80

His Lea Tyr Lys The Asn Tyr Lea Thr His Arg Gln Thr

83 30 93

(ZL E96

(212) PRT

(213) Artificial sequence

(400)2

Pbe Be Phr Vals Lys His Arg vs Lys Gin Gin Gla Val Val Lea Ghi The Thr Val Ala Ghy Lys Arg Ser

I 5 1 oS 15 20

Tyr Are Lea Ser Ser Met Lys Val Lvs Ala Phe Pro Pro Ser Gi Glu Val Val Trp Leu Lys Asp

ai25 30 33 40
f

Gly Lea Pro Ala Thr Gla Lys Ser Ala Arg Tyr Leu Thre Arg Gly Tyr Ser Leu le Tle

7AAS 5G 35 60
f

Lys, Asp, Val, Thr, Ghu, Asp, Ala, Ghy, Asn, Tvr, Thr, De, Len, Len, Ser, fe, Lys, Gln, and Ser

65 7 75 80

Ast Vai Phe Lys Asn Leu Thr Ala Thr Leu Ye Val Asn Vai Lys Pro

8S we 95 96

(210)3

(211386

(212) PRT

(213) Artificial sequence

(460)3

Pro Arg Leu Ser Ser Gin Lys Asp Ile Leu Thr De Lys Ala Asn Thr Thr Leu Gin Ile

20i 10 La 17)
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Thr, Cvs, Arg, Gly, Gla, Arg, Asp, Len, Asp, Trp, Len, Trp, Pro, Asn, Asn, Gin, Ser, Giv, Ser, Glu

46 2
ad 3 oS 35 40

Gln, Are, Val, Gin, Val, Thr, Gta, Cvs, Ser, Asp, Gly, Len, Phe, Cvs, Lys, Thr, Len, Thr, and JlePre

wa45 50 35 60
n

Lys Val Tle Gly Asn Thr Thr Gly Ala Tyr Lys Cys Phe Tyr Arg Gis Thr Asp Len Ala

65 76 75 80

Ser Val fle Fyre Val Tyr

ai83 86
f

(210)4

(2EE)102

(212) PRT

(213) Artificial sequence

(400)4

Val, Val, Leu, Ser, Pro, Ser, His, Ghy, Mle, Ghia, Len, Ser, Val, Gly, Gin, Lys, Len, Val, Lea, Asn

I 5 1 oS 15 20

Cys Thr, Ala, Arg, Thr, Gla, Len, Asn, Val, Gly, fle, Asp, Phe, Asn, Trp, Gla, Tyr, Pro, Ser, and Ser

ai25 30 33 40
f

LysHisGintlisLysLysLeuLesValAsAsArgArpasLeaLysTbrTtrGiaserGhSerGinGluMet

7A45 56 35 60
f

Lys, Lys, Phe, Len, Ser, Thr, Leu, Thr, lle, Asp, Gly, Val, Thr, Are, Ser, Asp, Gin, Gly, Len, Tyr

6s 70 75 80

Thr, Cys, Ala, Ala, Ser, Ser, Gly, Leu, Met, Thr, Lys, Lys, Asn, Ser, Thr, Phe, Val. Arg, and His

85 OG OS 100

Glilys

102

(210)5

(211992

(212) PRT

(213) Artificial sequence

(400)5
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Phe Val Ala Phe Gly Ser Ser Gly Met Glu Ser Ser Len Val Glu Ala Thr Val Val Gly Gin Arg Val

1 5 1 oS 15 20

Arg, fe, Pro, Ala, Lys, Tyr, Leu, Gly, Tyr, Pro, Pro, Pro, Glu, fle, Lvs, Trp, Tyr, Lvs, Asn, Giv

2i) 30 3 7 40

He Pro Leu Ghai Ser Ser As Thr His fe Lys Ala Gly His Val Val Len Thr Ile Met Ghai Val

45 56 35 50

Ser, Gin, Arg, Asp, Thr, Gly, Asn, Tyr, Phr, Val, le, Lea, Thr, Asa, Pro, He, Ser, Lys, Gln, and Lys

65 70 75 80

GinSerHis Val ValSerLeuValValTyrValPro

85 OG «92

(21096

214)552

(212) PRT

(213) Artificial sequence

(400}6

MetValSerfyrTrpAspThrThr Gly ValleuLeuCysAlaLeaLeuSerCysLenLenLeu

i 10 i Sawa 20ws

Thr, Ghy, Ser, Ser, Ser, Gly, Gly, Are, Pro, Phe, Val, Glu, Met, Tyr, Ser, Ghu, Ie, Pro, Gla, and He

25 36 35 40

De His Met Thr Gin Gly Arg Ghia Len Val Ile Pro Cys Arg Val Val Thr Ser Pro As As Te

45 80 $5 60

Thr, Val, Thr, Leu, Lys, Lys, Phe, Pro, Leu, Asp, Thr, Len, fe, Pro, Asp, Gly, Lys, Arg, He, le

65 70 78 80

Trp, Asp, Ser, Arg, Lys, Gly, Phe, Iie, fle, Ser, Asn, Ala, Thr, Tyr, Lys, Ghu, Ue, Gly, Lew, and Leu

85 90 $5 100

Thr, Cys, Ghai, Aja, Thr, Val, Asn, Ghy, His, Leu, Tyr, Lys, Thr, Asn, Tyr, Leu, Thr, His, Arg, Gln

1G5 110 11S 126

Thr Asn Thr lle Ue Asp Val Vai Lou Ser Ser Pro His His Gly De Glu

LeuSerValGly

125 130 135 146
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Gla, Lys, Lea, Val, Leu, Asn, Cvs, Thr, Ala, Arg, Thr, Ghai, Leu, Asn, Val, Gly, Tle, Asp, Phe, Asn

14s 150 155 16 ~,=¢

TrpGluGinTyrPreserSerLysHisGinHisLysLvsLysLeuVal4sAs4reAresAspLouLysThr

165 170 175 180

Gln, Ser, Gly, Ser, Glu, Met, Lys, Lys, Phe, Leu, Ser, Thr, Les, Thr, Me, Asp, Ghy, Val, Thr, Arg

[gs 190 195 206

Ser, Asp, Gin, Gly, Leu, Tyr, Phr, Cys, Ala, Ala, Ser, Ser, Gly, Leu, Met, Thr, Lys, Lys, Asn, and Ser

205 210 215 220

Thr, Phe, Val, Are, Val, His, Ghia, Lys, Pro, Phe, Val, Ala, Phe, Gly, Ser, Gly, Met, Glu, Ser, Len

225 230 235 246

Val, Glu, Ala, Thr, Val, Ghy, Gln, Are. Val, Are, leu, Pro, Ala, Lys, Tyr, Len, Gly, Tyr, Pro

248 256 255 260

Pro Glu, Ile, Lys, Trp, Tyr, Lys, Asn, Ghy, He, Pro, Len, Gin, Ser, Asn, His, Thr, Ue, Lys, Ala

265 270 275 286

GlvHisValLeuThrTtr leMetGluiGluSerGluGhiArg AspThrPhryGly AsnTyrThrTirVallle

285 290 295 308

Leu Thr Asn Pro Ile Ser Ser Lys Ghu Lys Gin Ser Ser His Vai Val Ser Ser Len Vai Val Tyr Val

305 3410 3i8 320

Pro Pro Gly Pro Pro Gly Asp Lys Thr His His Thr Cys Pro Pro Len Cys Pro Pro Ala Pro Pro Glu Leu Leu

325 330 335 340

Gly, Gly, Pro, Ser, Val, Phe, Len, Phe, Pro, Pro, Lys, Pro, Lys, Asp, Thr, Len, Met, Ne, Ser, Arg

345 350 358 366

Thr, Pro, Glu, Val, Thr, Cvs, Val, Val, Asp, Val, Ser, His, Gla, Asp, Pra, Ghia, Val, Lys, Phe

wa365 370 375 33oS
p

Asn, Trp, Tyr, Val, Asp, Gly, Val, Gln, Val, His, Asn, Ala, Lys, Thr, Lys, Pro, Arg, Glu, Glu, Gla

385 390 395 4650

Tyr, Asn, Ser, Thr, Tyr, Arg, Val, Val, Ser, Val, Len, Thr, Val, Len, His, Gin, Asp, Trp, Len, Asn

405 410 415 426

Gh, Lys, Gla, Pyr, Lys, Cys, Lys, Val, Ser, Asn, Lys, Ala, Leu, Pro, Ala, Pro, Ue, Gla, Lys, Thr

425 436 435 440
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lle, Ser, Lys, Ala, Lys, Gly, Glo, Pro, Arg, Gla, Pro, Gin, Val, Tyr, Thr, Lou, Pre, Pro, Ser, Arg

445 450 435 46oS

Asp Ghi Leu Thr Lys Asn Gin Val Ser Ser Leu Thr Cvs Leu Val Lys Gly Phe Tyr Pro Ser

465 470 475 480

Asp, Me, Ala, Val, Glu, Tro, Ghi, Ser, Asa, Ghy, Gha, Pro, Gia, Asn, Asn, Tyr, Lys, Ala, Tbr, Pro

ASS 490 495 506

Pro Val Len Asp Ser Ser Asp Gly Ser Ser Phe Phe Leu Tyr Ser Ser Lys Lean Thr Val Asp Lys Ser

305 310 7) 13 a20

Arp, Trp, Gha, Gha, Gly, Asn, Val, Phe, Ser, Cys, Ser, Val, Met, His, Glu, Ala, Len, His, Asn, His

525 530 $35 S40

Tyr Thr, Gin, Lys, Ser, Len, Ser, Len, Ser, Pro, Gly, Lys

545 3350 552

(2LE) 1656

Gi2) DNA

(213) Artificial sequence

{400)7

atggicapct acipgeacac cgpsetccig cigigceces tectcagcis ictgctictc 60

acaggatctagticcegagetavacctticgiagagatgtacagivaaatceccgaaatt120

atacacatga ctgaageaag geapcicgic aticcetgce gegtiacete acctaacaic 180

acigtiactt taaaaaagit iccactigac actiizaicc cigalzgaaa acecataatc 246

ipppacaptapaaapgecticaicatatcaaatgcaacglacaaapaaatageecttctg300

accigtpaar caacagicaa tgpecatttg tataagacaaactatcicac acatczacaa360

accaatacaa tcatagaigigptictgagiccgictcatypaatigaactaictetipgad20

paaaazctig tcllaaattg tacagcaapa actgaactaa algtegerat tracttcaac 480

igegpaatacccticticgaapcaicapcataagaaacttgtaaaccgagacctaaaaaccS40

cagtctegea pigagaigaa saaatttity apcaccttaa clatagatgr irtaacceeg 600

agtgaccaag gatigiacac ctgigcagea tccagtgegc tgatgaccaa gaagaacagc 660

acatiigicagrpiccatgaaaacciticigitgctitigpaaptoscatgeaatctcty720

gigeaagcca ceelveperpa scatytcaga atccctgega agetacctige tacccacce 780
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ccagaaataaaategiataaasaatpeaataccecttyagiccaaicacacaaitaaazceedo

pgecatptac tgacgattat gpaapigagt gaaagapaca cagpaaatta cactgicatc 900

ctlaccaatc ccatticaaa gpagaagcar apccatgige icictciggegt teigtaigic 960

ccaccgepce cpepcpacaa aacicacaca igeccactgt geccageacc tgaaciccty 1020

peorpaccptcapicticcicticcccccaaaaaacccaagpacacccicaizaiciccceg 1080

accccigage icacatgcateptesiggacgigagccace aagaccctgaggtcaapticl 140

aacigetace ipgacepceipgargtigcat aatgocaagacadapccecyespasgagcag lt 200

tacaacagcacelaccgigtezicagcptecicaccgicc tgcaccaggaciggctgaat 1260

pecaaspagiacaaptpcaapriciccaacasapcccicccapcececaicpapaaaace 1320

aictccaaagccaaapepcagceccpasaaccacagetistacaccctgcccccatecege 1380
HOE

agatgapctya coaagaaccapsicagectgacctycctag tcaaagectictatcccage 144k

pacaicgcce iggagigepa papcaatoep cagccppaga acaactacaa geccacgecct 1500

ceegigciges aciecgaceg ctectictic cictacagca apgctcaccet peacaagage 1560

appigecarc apprepaacpicitcicatgc tocpizaige atgagpctct gcacaaccac 1620

lacacgcagaapagecicteccigiciccegptaaa getaaa
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CNI3O6427C Angiogenesis inhibiting fusion protein and its use

Data originatingfrom sources other than the EPO may not be accurate, complete, or up to date.

The wordingbelowis an initial machine transtation ofthe original publication. To generate a version usingthe
latest ranslation technology, ga to the original language text and use Patent Translate.

1.The six fusion proteins obtained fromthe fusion of the fragments of FLT-{ and KDR and the immmaogiobulin
Fe fragments have the function ofblocking the biological function of vascular endothelial growth factor and
inhibiiing angiogenesis, asd are characterized by the folowing structures:

a. FPt, a protein fused by the second imprimnogiobulin-like region of FLT-1 and the third invmunegiebulin-like
region of KDR: FLTd2-KDRd3-Fe,

b. FP2, a protein fused by the first immunoglobulin-like region of KDR, the second immunoglobulin-like region
of FLT-f and the thicd iramunoplobulin-like region of KDR: KDRd1-FLTd2-KDRdS3-Fe;

c. FP3, a protein fused bythe second imnmunogiobulin-like region of FLT-1 and the 3-4 immunoglobulin-like
region ofKDR: PLTd?2-KDRdS, 4-Fe;

d. FP4, a protein fused from the second immanogtobalin-like region of FLT-1, the third inununoglobalin-hke
region of KDR and the fourth immunoglobulin-like region of FLT~-1: FLTd2-KDRd3-FLTd4- Fe;

e. FPS, a protein fused from the second immunoglobulin-hke region of FLT-1 and the third 3-5
immmunogiobulin-like region of KDR: FLTd2-KDRd3, 4, 5-Fe: or

f. FP6, a protein fused from the second imrannoglobulin-like region of FLYT-1, the third immunogiobulim-like
region of KDR and the 4-5 imamunogtobalin-like region of FLUT-£: FLPd2-KDRd3- PLTd4,5-Pe.

2.The fusion protein of claim 1, wherein the imammnoglobulin FC fragmentis sclected from human
immunogiobulin PCor animal immunogtobulin FC.

3.The fusion protein of claim 1, wherein the immunoglobulin FC fragmentis selected from IgG, IgM, IgA or FC
fragments of subtypes IeGt, 1gG2, [2G3, IgG.

4 The fusion protein ofclaim: 1, wherein the immunoglobulin FC fragmentis a full-length FC or a partial FC
sequence selected from CH2 fragments, CH3 fragments, and stranded region fragments.

5.DNAencoding the fusion protern of claim 1.

6.A vector containing the DNA sequence of claim 5, which is selected from plasmids, viruses or DNA
fragments,

7 Celis containing the vector of claim 6, which can be used for the expression of the corresponding fasion
protein of claim 1, which are selected from eukaryotic cells or prokarvotic cells.

8.Use of the fusion protein of claim 1 in the preparationofa drug that blocks the biological action of vascular
endothelial cell growth facter and inhibits angiogenesis.

2A pharmaceutical composition containing the fusionprotein ofclaimt.

10.The pharmaceutical composition of claim 9 is an injection, and the active ingredient is fusion protein FP3.p N : g
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200510073595. 4 int HA ai Bit HBA/3 iH
 

 

 

FLT-1d2__ KDR IgG Fc

FP1

KDRdl _-FLT-1d2_—_ KDRd3

FP2

FLT-1 d2 KDR 43 KDR d4 IgG Fe

FP3

FP4

FLT-1d2. KDRd3 KDRd4_ KDRd5 IgG Fe

FP5

FLT-1d2. KDRd3  -FLT-1d4__FLT-1d5 IgG Fe
FP6

eal

 
50 25 125 625 3 1.56 0.78 039 02 0.1 0.05

7BEST RIE (ng/ml)

| 2
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Ad 3

2500 -

2000  
1500

1000 -}AAER(mm5)
500 

20 APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 232



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 233

200510073595. 4 wh OTS i F3/3i
 

APARAR(mm?)

1600

1200 —+— BEAEA FP3 ee

800

400 -

5 7 10 14 17 21 24 28 31 35 38 42 45 49 51 56 59 63

RR

fal 5

 
Do D7 014 017 Dat 024 031 035

AE

Fd 6
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[74] Saleyliy ALARARAISESBT

RBA £ WA RRA 

ALA BER 2 HL PLA 15 Te PAA 3 

[54] RAAB R

4) ral).TENRAEe RRA

[57] #=

AS Re WABe —Fh SH Hel aEF aT AE AYABBAJ

ALAS, AAHAaASEA A FLT -1 #1 KDR AY FY

BL Re ERA Fe WTA RRA SEI, BRA

FP1, FP2, FP3, FP4, FPS, FP6, Heh FLT —1 fil

KDR 432BREE PEeK)EB FLT -1 D2, FLT

—1 D4, KDR, D1, KDR D3, KDR D4, FP3 FF%il|

SLI 1 -6, FP3 ant DNA FeFl WLPoze 7.

 

 FLT-1d2 Fc
FP1

KDR dl FLT-1d2_KDRG GFc

FP2 [teeed
PLT-1 & KDR 3 KDR Fe

aae
T-1 dz KDR dG FLT-1 d4 1gG Fe

FP4

FLT-1 d2 KDR KDR. KDR dS Fe
FPS

FLT-1 KDR d} FLT-1d4__FLT-] d5 1g Fe

voi|is
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1. FH FLT-1 #1 KDR AU HoT A BeERE A Fo HeBBYNPB

eARAEKASEWA.REMeRA, HREET.

RAWBM:

a. FP1, HH FLT-1 WH2 RRRESHRMA KDR OS 3 RRRBARK

shahtoABA: FLTd2-KDRd3-Fe;

b. FP2, H KDR1 SERRAKM, FLT-1 HA 2 PARSER

Al KDR WR 3 BERRA RKRHMEH RM BA:

KDRd1-FLTd2-KDRd3-Fe;

c. FP3, HH FLT-1 HW 2 RRREARKIAM KDR NA 3-4 BERS

KaaTARAS SS A: FLTd2-KDRd3,4-Fe;

d. FP4, -H FLT-1 KU 2 BRREAR KM, KDR NF 3 RARER

flsFL-l HS 4 PRE RERARP KRM AMMA RA:

FLTd2-KDRd3-FLTd4-Fe;

e. FPS, + FLT-1 U5 2 REREGHEKMA KDR NR 3-5 RRR

RRATARASA: FLTd2-KDRd3,4,5-Fe; a

f. FP6, A FLT-1 3 2 BERRAKM, KDR NA 3 BERRA

fl FLT-1 HHA 45 RRRERRPKRRMAT RH BA:

FLTd2-KDRd3-FLTd4,5-Fe.

SABRI NRARA, REEET, RPMRRRPCHRRAAR

REA FC MaMhRRREA FC.

HABER I HMAEA, REET, RPMRERSA FC HBA IgG,

IgM. IgA Be! IgGl. IgG2. IgG3. IgG4 HFC HR.

NASR I NMSERA, HEAT, RPMRRRES FC KRR FICE

KREBS FC PRS, 32 CH2 HT. CHB HM. REKMAE.

KLAR 1 HSE AH DNA.

SAMAIBR 5 PBT DNA FOUR, AERRL, Fa BEB DNA

Fit.
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7. SARA6PRR, EaETAER 1 PY

Mae ARMA, CN BARRaHe

8. RABI MRARALASEMEAeetKeEER. eldo

SaENAD> HMA

9. SARARR | HASRAHAMAAD.

10. RAIBRKOMAWHAM, REA, HR?RMaEA FP3.
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ieldoTEASARHIe

RAR

ASABR —FRINGAAHlHE(angiogenesis)HeAl B48AMh.

heeLEECAEENiEEKinreyOSIL. MAA BYaKS

SULTRERA, MEMEARTDEBRA, A, BRA

APAMA, ATR, ROBE, WEMTEARS. CPRHREVES, th

‘EF BrETHebe BY CRAEtkifBAPEFR (Hanahan and Folkman: Patterns and

emerging mechanisms ofthe angiogenic switch during tumorigenesis. Cell. 1996, 86:353-364).

BAPHSRSBVADARRAeSUEAEF

AahEAPAERA, MmREIA REat

iHE52 FBSEERael.ESEMBER

2A itlaFBAFtABH.EESatSeSR

AMARA, BAANSBRTeARo. Aiae

MLTE »

ABRRA

ESMREKAT +S, 1A XA Ae KA F (Vascular endothelial cell

growth factor, VEGF) HMTMERENRBSH AS(Ferrara: VEGF and the

quest for tumor angiogenesis factor. Nat. Rev. Cancer, 2002, 10: 795-803. Ferrara:

Role of vascular endothelial growth factor in physiologic and pathologic angiogenesis:

therapeutic implications. Semin. Oncol. 2002, 29 (6 sumppl): 10-14). MBA K

AHEKAFUT ASHRAM, BCERAMSRRRA. ARAMAK

AidtSAMASAASER.5 VEGF HASHSAKERAAE: FLT-1

A KDR. ERTROL, KAPRAQH=NTTAM DH REKAM. BSA

DX FEAL FAMShSPABP6OSSeEREK(1-7). IK—

PROX} VEGF RARE, s VEGF SVAMBAHRRMIL. BOTW

REde RKEARRR. BHSERAAAa,

ACRABRMEA. ZR VEGF RUG, MARRBEAKYRBI,
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MTUSHABBBSeARSE, PEABRSREEL, Bi

.

FLT-1 #1 KDR EROAFMEARai. Ak, VEGF FmeA Bee

AAESHER. VEGF RAGEHEA RAATRe, S| SEA BeeUt

8B, MHAMAC, PASMRCSRESSHR, BMHENRASH.

FERPIBAAZR, VEGF KIAPIERARA RM. Ab, ABMteaK

eSBUARRAS. TOMS ARS VEGF Rid. Alt,

VEGF ESBUSPeaeENKBAS. FeAWA, PA VEGF GR

SERENE&BEAHhAaAeePnBE,MeKK. ERHS

BREAKRAP, PRR KULBRATRA KTARS Ss,

VEGF #5iX#RANRRANKR

3F VEGF CMP MRAWRIARSIAA, BERTED PAT

VEGF HS ARROHAABTxXERASAT AE. lo, HPAUEAHL VEGF

FAP AelkBEAhe YSElAPTA4t<(Jain: Tumor angiogenesis and accessibility:

role of vascular endothelial growth factor. Semin. Oncol. 2002, 29 (6 suppl): 3-9).

Alt, FRReT NSAAA VEGFEARERABAK. HF FLT

Al KDR XY VEGF AARNE, BAO E FLT-1(FLT-1 AHS

ABD)EK OTHSHE KDR(KDR BAADeSEEA. ATMS HE FLT-1 BT LL

ERD3 EAI FAllofPN BeAEE, (BSEaPAESEA.EIA2

AAMRE. YATE KDR ESPEAAeAN Be AnAER

BEDWMARPRARME. FLT-1 HPRPEREREADatt

FARESR FLT-1 EAADRRENERRA, AULA KDR MBSR

TkEkteSEFY VASFLT-1 Faete

32SF) 6100071. 5952199, 6383486 HRTILA KDR ABBAHRAO

FLT-1 BOFRBH, HHTHABRE. RIFAK, RAH-DHR.

BAA

ARWGRABALBRAMBAPRET VEGF HSAawh

EURKRAMERIAATLH.

ARASek—FF eh FLT-1 AUKDR AORBRRFe HABA
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SHANAARMEARAREKATEOER, MHREMMASA,

faj@K 4) FP1, FP2, FP3. FP4, FP5. FP6, RATE:

a. FP] i FLT-1 WH 2 RRREAHKRMA KDR AS 3 ARR

ARGTtRAVE A: FLTd2-KDRd3-Fe;

b. FP2 H KDR NS 1 RRRRAR KAM, FLT-1 HA 2 SRRRAHKM

Al KOR WR 3 RRR BARK RM AM RHA RA:

KDRd1-FLTd2-KDRd3-Fe;

c. FP3  FLT-1 HB 2 RRRE AKIRA KDR AS 3-4 BRERA

RAGiRANE A: FLTd2-KDRd3,4-Fe;

d. FP4  FLT-1 ASS 2 BIRR ARK, KOR AA 3 BERS A HKAA

FLT-1 HS 4 BRR R KRM STH RH BA:

FLTd2-KDRd3-FLTd4-Fe;

e. FPS i FLT-1 HS 2 RRS AKRAM KDR NS 3-5 RRR

AREAAA: FLTd2-KDRd3,4,5-Fe;

f. FP6 GH FLT-1 A992 GRRS AMIR, KDR A 3 BARRARA

FL-1 WS 45 RRERERAR KRM AT RHEA:

FLTd2-KDRd3-FLTd4,5-Fe.

DAE FLT-1 AIKDR SJEREEKERFLT-1 D2. FLT-1 D4, KDR,

Dl. KDR D3. KDR D4. FP3 FRI LARS1-6, FP3 Hots DNA FEI OLAS

R 7.

HEP FLT 40FLT-1 FF, KDR 1% KDR FP, d  FLT-1 & KDR #1

PREARK, tLAAS D #AR(domain), Fe AARFe FFI.

EPSRE A FC ARMA EARRREA FC RHRRREA

FC. if: IgG, IgM, IgA BRIA IgGl, IgG2, I[gG3, IgG4. HPHRR

BREA FC HERE FC S14REARS FC FPF, #EA CH2 Ai. CHI AM, BE

KA, HEPTIARRARKA, RBSPORS,

ARACREARRABSSAESSAeeKAT

fea, MimERENAMSAA.

IX — KAA AREFAE FLT-1 A KDR MAMRHET —RWHAR
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A FLT-1 FA, KDRAR, AASRREA Fe ARAMKHBARA, BA

VEGF 4SikeSEMER VEGF RARKRAEHESABAR. MioBee

ft} VEGF SA. MSRMAMNMBRARETATTRA, RABE

YBR<<}FREs_—KASRSLHSH.

#48 FLI-1 KDR OFSKRHARRPIBH, ELIMASAt,

FP] OSASALES VEGF MASHERAY, Cy FLT-1 MARRR

5 AX SY(FLTd2)FF, KDR NW=RISERE A KR(KDRd3)FF7A Fo 4AK. FP2

MsHA Piin TRA KDR KS—BERS ARKR(KDRADNABI,

IXLEFEPETLAS VEGF MASH, Mio VEGF ARYA. FP3

fl FP4 MARAPT FLT-1 Be KDR AYSSPUCPLTd4 R KDRd4) RBRBA

PKBUNFPS. FPS Al FPO 2ZE FPL MaLT FLT-1 & KOR MABAF

FiEERE A PER SR(FLT-1d4, 5, KDRd4, 5). XLSHPWHAAFMS

HAZMARK, Miv—-DSUERAATE VEGF HBSHSAH,ds

VEGF 4AHRA»

ARAMASADRABARARE, BRAABMEA, BIRR

BaioLRMSAR DNA, DNA MRAALRRA, on PCR Am

SANE, TEA PCR SRERREARAD. MARADUEDTESEA

NA.RDNA Hi. SRCRANABAMALEADSPIL

PRES ARAMAPwHK. RAPPARAFRMRARANET, &

ARRRAAIES, URSRRRPolyAFP. RAPAARI

RAUATRAEPATS. AS, RAPCLAGABGAMERHBAAR TS

FaeeREREF.

HF FLT-1 A KDR PSThEAKER[a] FFAR

BRIDE » ALL2SeHSERSt OS AE DeSA)EPRLHB,

AS A ATBBeASYSPtBTWACMRFAR

BF a)9 Bal.

ECKLAISHRSSANAMELS, BAAR DNA BRAIN,

RAANHNEA MR. RSATRAKAMSRANRARAALSH, CNA

AMRF)HALZH, We, Be, BRA, SS APAWARA
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HeFHJy SEAAR AR, FEayAA. MOFLALTFIABE

GARAGE. HFRRANRASAANASBSPPaisRSLHA

®, Ast, WIWWAWARAReESABE. TERARK

AALSA, Glin 293 Ai, CHO Aid. SP20 4A, NSO 4ii,

COS 44. BHK 40ff. PerCé Wid, SS. 7#SHRPRAMHNAPREASAR

KZAAEP, ARABARPTR. Sah SAR EYHH

teUu(transfection#AMM. PRABHHARASH, RPRCATRF): HH

4L(electroporation), Ag/iK(liposome)tS, ASG, SE.

BR SOPLZAl, ARIAAASBEA FIRESKHRIA, PON,

BY, Raa, Se. EtIEERATREE AA). IKERIK AR

ETE AJBaOnFLa,EIAERSEAT

FEEYBBESngFLDyAHSI.

RicSe AUARIAS, FlFRRRAAIS(ELISABHfbHyaoe

SAMPRSRARHE. HPRAMASARAAREREA Fe A, A

KAA A KARPIEMAMSS AR.

AEBRTSAY 293 SA RSFRRAAS

AFA VEGF AGARRRSSAAN VEGF RAD. iin, FIA VEGF

BSPAAMS A BaiopBRALORSSG VEGF BUSA TEAR.

SeeRIE WARTMSHMSSAM VEG AAREMKAHL

2), WOE, E41 REA38chh BAT VEGF xtitnA Be4Bfee, SAD El)SHA4)BY

MEAiAHL, FP3 MY VEGF GARRRAF. AERA VEGF RAHA

A.

Alt, BAPMBHBGSAtt VEGF RAPIER. Hp FPI AY

FBR). FP3 MAAR VEGF BAAR. KHMCSARRAAHMERE

ASE, MilRAATRIAARE.

PARBe ASRSESaksPEA ABT VEGF, BieA

RNASSieeeERMA VEGF HMRI. HRAREALIA

SHH, DIAMBRR, KK, SS. MERATUEARRH BASRA

KIERBAAMAA. AHMAR A DNA FPSIABi4HORA, RA
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irRATAEARABARA. AU, KRAMSRHMAEARN

AFERSHBE, MABE ARAS, HAMMAEAH DNA.

ATHPEARCEAREAMSE, RAAT FP3 Ah

SEAREDWDAAN TARE. EDR BIOFIO RERBARHBE

(Xenograft)#@#A1A PC-3 AIRE, MAE BAERAaTMAK,

EK YT MAMEt. Alt, SRAMMASARASERED

BRACARGAA RAMASANAMASY ASWPAUAAAY

TELA. AAMIUUEAEAHNAMMAEREE, RNR,

BRNAARRVENR, ZAHMERADASD, BWRHISBM

RAGE, QHD, SRAKRASASAMRARA, RHF!

FisLRAalDTee

ARAVBCEA, SRABARAL, RAE, RAREED, OR,

HER DNRA, KRARARENMESAE FP3, BAMAKRMRARN,

BARAAHMMSSAURRMARAP HARUN MSSATORER

FR. RR, ZRSEARARARAHEDOAA ATPTER. EDR

BI6F10 RERSAFPBA(Xenograft)RAA PC-3 AUTRE, FP3 RRASAE

ARaTEK, SER TMe, SEMRUERA, FP3 HMA

ASA, EAE), HRSREERE. EARAMARARPRA

fsWYFAM.

Bet Bike

Al RATARRASANAMAR. EIAIBY FLT-1 #1 KDR SAKA

ORBRREA FoARALR.

Al2 BAASBAS VEGF ESHRRAR. OD ERRRMAEA

RS VEGF HAs. AREmcNS VEGF AARRANAAHA, HAV

FP3 26BE77oR.

3 BSSARHaALe A eaeHIEESPBPR

Al4 SoBeBi 2 Jit FP3 AuDHl) BR BIOF1O RERMAAA MAK.

5 reeSARASHA PC-3 ATUREDRA ARIE.

FA 6 MAS SAK FP1 4S FPSel)BatASEHBS ERS.
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RRSHK

WPRAMAR AMERHMSES AE, ARAL YETA. (A

FEAR AC AA AEPAIHEBR5SBX

SH1: RERARRERAYE.

PRT SRSA Fo A, RARPSMAEARee

FLT-1 #1 KDR 48 AV AY cDNA. Fa-F FLT-1 Al KDR A323AEBAF1SABae

AAR AC HAF RNA $22025(QIAGEN 28) )MA ASr aisPKttPY Be4 Hl(HUVEC)

seTB RNA. REAWHRRBM RNA ACDNA. BATA S| DAHA RS

Beteze DY(PCR)FRGAEA FLT-1 1 KDRi.JaPCR #$3%. B FLT-1,

KDR, FA&REA Fe (IgGi Fc) FIVE, MMMBRAABSSARAH

DNA #9). AAPMEAHAAA 1.

FP3 BAMME:

FA EGM-2 #3383 (Clonetics) 7£ T—175PRAHBS

BZ 4H Hd (HUVEC 4H HZ) CClonetics). WRAHW 1X10e7 SA, FIFA Qiagen 2

BAY RNA SEAMFFHEAY Sals RNA, FAQ Invitrogen cDNA ikF#IB AAR cDNA,

-80°CURFERFA. SEAR FOURS| BA HUVEC cDNA “PH#42 FLT-1 and KDR #

Al.

FAA IgG] Fo $51MYR BME 4 (BD Clontech) f} cDNA PHHy Sl)

IgG] Fc BARR.

Primers (5/9) :

FLT-1 D2 forward: cctttcgtagagatgtacagtga

FLT-1D2 reverse: tatgattgtattggtttgtccat

KDR D3-4 forward: gatgtggttctgagtccgtctca

KDR D3-4 reverse: cgegtgggacatacacaaccaga

Human IgGl Fe forward: gacaaaactcacacatgcccact

Human IgGl Fe reverse: tcatttacccggagacagggagag
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FERVYE 95°C, 305}, eK 56, 45 MH, FE72°C, 25HRE, EFT PCR

58,30 SUB, ARG FLT-1 #1 KDR IgG FESHK PCR 49 RA IgG) Fe FR PCR

r=. FATA cloning iA, #0 PCR PRMSEMEA pCR2. 1 MHL, FHHR E.coli.

GRABER, MA LB HSE, HEM. Qiangen MAHEMANBEDRA

BO, RMPEE.

SKFABER PCR(sewing PCR) A¥k, JB FLT-1. KDR Al IgG Fe cDNA i€#E7E—

i, S|WRU EcoR] MMWELA, FA EcoRI BUI, Qiangen HH(LikWaati

46 DNA Fr BtHeiBiA. pcDNA3. 1 Sit, HAE E.coli, MRMPATERA, MA

LB Fre, HLA. Qiagen MARRAWNARLANAR, WEE. Oo

SRE SEJLFSHE 293 BK CHO AAASEIA FP3 MAA. FPI MARA

FEIBFFILPRIUR 6,

SHEP 2: BARAAEMPHRIA.

AS $0 AAABS)2—EEARIANABAR. EMSMH

ALNCG. FARR DNA $4825&(QIAGEN 47))$25x T PALEA DNA.

Mla, AFA FUGENG JitHi$4 4224(ROCHE 2A)#¢RE DNA SA 293 4A.

iimSORENS>, RATRPAHGHRM AERAMAEA.

AEA$eA(Transient transfection)\¥K, FAIX—AEA LA By -h

PREMSAR. BAAS 10%KR4iAH DMEM SseFESE293 4H

ERMA. SMMEKR BRi 60-80%RN, HRA DNA 45

FUGEN6 HINESWARHR. BOA, AAI DMEM HER

Ro REFHK, RARLIAM. RELAMPSAMARAE

Ashik. MOSKELISA ZEBRA. Aiki, BRRARIAT L

IRAPPARBHK o

FIMAERMBEHA(Stable transfectionWAEAW, WHRIAK

BMMSEASIK. AAAI 293 A. RNRHESLRNeye:

All, GR, ERAK, MHESASMEKN DMEM KAPPAARE

ERBLATRMF. AWK, PRPMRARE, TMNTK

Br. Ri, AMERRISPREFRAaS IK. BSSAKA ELISA

TEEBE

11 APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 244



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 245

200510073595. 4 ve HH Th 3R9/1om

 

AS AG AA HE AA AY AAJR2HASAe TKAEPFBTHERL

KM3: BSSKS VEGF MBSR.

ARYA VEGF AGRWME TEMAS VEGF HEARED. TEIK

—iae+, BIEBA VEGF(Chemicom 44) AJRARE 96 FL ELISA KE.

eR2FAAeeaEAAALACA

RAEPRGBe AUR, 7637 SRTIN. YELLS, MARTA Ie Sit

4K-HRP. eSAeFUeeie4. A] ELISA Ui96 FLAK SFL OD B.

mm OD teaRAMS VEGF HAAS.

tO 2 Fim, RRAPMBMRANARRSESABRAS VEGF 44

RIAE7). CEREAL 1 RELOKE, RERMIDICTS VEGF HAAS. A

ik, ARREHAMS VEGF AARAWRADA. ER, Rs, FP3 5

VEGF M4GHARK, BRAN VEGF MAF. CHEMBAEAWA(Half

maximalbinding concentration) Lt FP1 {KA 5 f%. FPS 5 VEGF M4@ AREAL FP3

FA55. 1X—HRUA KDR HBARRERE AACRNRABPSABARS SE

FX} VEGF APART RED. (BA, MARAPHDKDR ES, BON

LREREARKM, HPD VEGF HIDRED. Rih=hee

FEROSIAEI EL FP3 A FPS 459, (Att FP1 am.

SEH) 4: BORAARMlAtoABeaeREASEYP

ABBA Fi —KEEPl LUETABRBeAHR VEGF Pt

BPAYANSTSS. FEISER RPTATPAKA BZA(HUVEC

SH ffl, CLONETICS 24] )FF 96 FLASSER. SAISFAKA EBM 3A

F£2E(CLONETICS 24]), & 2%HG4 tLeH A1Sng/ml VEGF. 42404) ae Ase

FMP, MASAPARERSBAA 293 AiLiam. ZEB HETREH

BP, MAAERA 293 AilERAARSA). AAD EBAY) HUVEC

HAUTE 37 RESRSEIESE. =RKia, MAMSFL PA) HUVEC HE.

WH 3 Bias, AAAAREABAT VEGF XSRE

$CF FP3 Xf HUVEC 4KABITEA

HUVEC M47RABETR, BRAMAMAE A eyBeHlto

BARAMASe. BFEIRSSP HUVEC SRY VEGF Re,
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200510073595. 4 bi A Th 810/15 mM

 

Ek, <AeE SRABREAAPA VEGF WHSRRR. ENA

ilBEABE. CIAAREAM, UL FP3 Xt HUVEC 4fl5y38 Bo BBS te FA

BAR, CATER(C50) ZE 3 ng/ml 224. FP1 HY ICSO % 12 ng/ml A

Ai. FP2, FP4, FPS, #il FP6 ft IC50 & 5-8 ng/ml.

SeGO 5: RebAREAStAel2) BatBYEK

fe VEGF FAbTH, SRAMESAYAATAe

Kesr. SF FP3 ASEAN VEGF ARPTPER, AR AAAFPS ETT

TDATERRTA

ARSATeA)BRSE BOF 10 RE. KERBERN

RH. XA, A BIOFIO MEAD RBMRT. BRAKE

MKMESa. ENWMBAR) RK 400 HCDRFE 22 5),

SARK. MRAAAEMRAARRREA Foo A 4 DREKH

&. MOAIAMTAmERNEK(P<0.01).

ULAR ASeAER BA AEKB FE PPSA(Xeengraft)kB5A

RABINBRE. RRREABEHRED, Alt, FERAAMIE

AMARETERRAAEK, CRAP. RABATMSA FP3 XABUFR

HE PC-3 AAFER RAEKAIRIE. CIARA, CHE PC-3 NAMIEA

RRR, ARREARSA. Hh)RK 400 Hi, AP

Ke RAESBARRRSA Fe. RMRINR 5 Ata. TEMA,

AisRP45K, APR OCREKF 1000 UVASK. MERMARAREN

Haw, BaBAILELEMT PC-3 AANAK(P<0.01), HABAAAR

EATER.

SEP 6: ASSAK FPL 5 FPS AcHal> BRAPIBEHR BY EEFE

7A BOFAhA FPS AABeeEA SEF FP1 fe) FPSih

ABEKAIBA. HA IO REK RAR, BRENRARE

C6 Aid 1x 10°, 0.05mI,ARIK4)RTEStAAAESEG FP 1 A FP3, 2.5mg/kg,

BARK, 231K. WRALAEHARERE A Feo RRR 6

Bizx. FP1 4 FP3 MARATESTE, BI 35 AK, FP] Aap

fAze 1167.3, if FP3 284 557.6, MRA24 AEB 1312.3. PLA, FP3 AE
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200510073595. 4 bi AR Th B11/1om 

FAA (P<0.05.). 45RMH 6 Piz.

@EPR, RRMRNRARAM VEGF RAMSARA, fe

HEADOHill tn.EPBeAE, SEEAESei.

aeHE Jy PASAPRS A:ZA, ARTAETFS

IT
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200510073595.4 iH Th 12/15 mM

FF OW

<1 10> ARABRE SLBSeb (A) APRa]
<120>40tiFAAMMARARRAAR
<160>7
<210>1
€211>93
<212>PRT
<213>ALFPS
<400>1
Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu
I 5 10 15 20
Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Lys Phe Pro

25 30 35 40

Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile
45 50 55 60

Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly
65 70 75 80

His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln Thr
85 90 93

<210>2

€211>96
<212>PRT

<213>ALFF
<400>2

Phe Ile Thr Val Lys His Arg Lys Gln Gln Val Leu Glu Thr Val Ala Gly Lys Arg Ser
1 5 10 15 20

Tyr Arg Leu Ser Met Lys Val Lys Ala Phe Pro Ser Pro Glu Val Val Trp Leu Lys Asp
25 30 35 40

Gly Leu Pro Ala Thr Glu Lys Ser Ala Arg Tyr Leu Thr Arg Gly Tyr Ser Leu Ile Ile
45 50 55 60

Lys Asp Val Thr Glu Glu Asp Ala Gly Asn Tyr Thr Ile Leu Leu Ser Ile Lys Gln Ser
65 70 75 80

Asn Val Phe Lys Asn Leu Thr Ala Thr Leu Ile Val Asn Val Lys Pro
85 90 95 96

<21033
€211>86
<212>PRT
<213>ALFF
€400>3

Pro Arg Leu Ser Ile Gln Lys Asp Ile Leu Thr Ile Lys Ala Asn Thr Thr Leu Gln Ile
1 5 10 15 20

Thr Cys Arg Gly Gln Arg Asp Leu Asp Trp Leu Trp Pro Asn Asn Gln Ser Gly Ser Glu
25 30 35 40

Gln Arg Val Glu Val Thr Glu Cys Ser Asp Gly Leu Phe Cys Lys Thr Leu Thr Ile Pro
45 50 55 60

Lys Val Ile Gly Asn Asp Thr Gly Ala Tyr Lys Cys Phe Tyr Arg Glu Thr Asp Leu Ala
65 70 75 80

Ser Val Ile Tyr Val Tyr
85 86

<210>4
<211>102

<212>PRT
<213>ALFS
<400>4

Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser Val Gly Glu Lys Leu Val Leu Asn
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200510073595. 4 Bi AR Th 813/15
 

1 5 10 15 20
Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile Asp Phe Asn Trp Glu Tyr Pro Ser Ser

25 30 35 40
Lys His Gln His Lys Lys Leu Val Asn Arg Asp Leu Lys Thr Gln Ser Gly Ser Glu Met

45 50 55 60
Lys Lys Phe Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg Ser Asp Gln Gly Leu Tyr

65 70 75 80
Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr Phe Val Arg Val His

85 90 95 100
Glu Lys

102

<210>5
¢211>92
€212>PRT
£2139ALFF
<400>5
Phe Val Ala Phe Gly Ser Gly Met Glu Ser Leu Val Glu Ala Thr Val Gly Glu Arg Val
1 5 10 15 20
Arg Ile Pro Ala Lys Tyr Leu Gly Tyr Pro Pro Pro Glu Ile Lys Trp Tyr Lys Asn Gly

25 30 35 40
Ile Pro Leu Glu Ser Asn His Thr Ile Lys Ala Gly His Val Leu Thr Ile Met Glu Val

45 50 55 60
Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val Ile Leu Thr Asn Pro Ile Ser Lys Glu Lys

Gln Ser His Val Val Ser Leu Val Val Tyr Val Pro
85 90 92

<210>6
€211>552
€212>PRT

£213>ALFS
¢<400>6
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu
l 5 10 15 20
Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile

25 30 35 40
Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile

45 50 55 60
Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile [le

65 70 75 80
Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu

85 90 95 100
Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln

105 110 115 120
Thr Asn Thr Ile Ile Asp Val Val Leu Ser Pro Ser His Gly Ile Glu

Leu Ser Val Gly
125 130 135 140

Glu Lys Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile Asp Phe Asn
145 150 155 160

Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Leu Val Asn Arg Asp Leu Lys Thr+) 8Gln Ser Gly Ser Glu Met Lys Lys Phe Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg
185 190 195 200

Ser Asp Gln Gly Leu Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser
205 210 215 220

Thr Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met Glu Ser Leu
225 230 235 240
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REGENERONEXHIBIT 2010 PAGE 250

200510073595.4 vie TT 14/15 mH

Val Glu Ala Thr Val Gly Glu Arg Val Arg leu Pro Ala Lys Tyr Leu Gly Tyr Pro Pro
245 250 255 260

Pro Glu Ile Lys Trp Tyr Lys Asn Gly Ile Pro Leu Glu Ser Asn His Thr Ile Lys Ala
265 270 275 280

Gly His Val Leu Thr Ile Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val Ile
285 290 295 300

Leu Thr Asn Pro Ile Ser Lys Glu Lys Gln Ser His Val Val Ser Leu Val Val Tyr Val
305 310 315 RYA0)

Pro Pro Gly Pro Gly Asp Lys Thr His Thr Cys Pro Leu Cys Pro Ala Pro Glu Leu Leu
325 330 335 340

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
345 350 355 360

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe
365 370 375 380

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
385 390 395 400

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn
405 410 415 420

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
425 430 435 440

lle Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg
445 450 455 460

Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Vai Lys Gly Phe Tyr Pro Ser
465 470 475 480

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Ala Thr Pro
485 490 495 500

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
505 510 515 520

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His
525 530 535 540

Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
545 550 552

<210>7

¢211>1656
<212>DNA
<213>ALPP
<400>7

atggtcagct actgggacac cggeggtcctg ctgtecgcec tectcagctg tctgcttctc 60
acaggatcta gttccggagg tagacctttc egtagagatgt acagtgaaat ccccgaaatt 120
atacacatga ctgaaggaag ggagctcgtc attccctgcc gggttacgtc acctaacatc 180
actgttactt taaaaaagtt tccacttgac actttgatcc ctgatggaaa acgcataatc 240
tgggacagta gaaagggctt catcatatca aatgcaacgt acaaagaaat agggcttctg 300
acctgtgaag caacagtcaa tgggcatttg tataagacaa actatctcac acatcgacaa 360
accaatacaa tcatagatgt ggttctgagt ccgtctcatg gaattgaact atctgttgga 420
gaaaagcttg tcttaaattg tacagcaaga actgaactaa atgtggggat tgacttcaac 480
tgggaatacc cttcttcgaa gcatcagcat aagaaacttg taaaccgaga cctaaaaacc 540
cagtctggga gtgagatgaa gaaatttttg agcaccttaa ctatagatgg tgtaacccgg 600
agtgaccaag gattgtacac ctgtgcagca tccagtgegc tgatgaccaa gaagaacagc 660
acatttgtca gggtccatga aaacctttct gttgcttttg gaagtggcat gegaatctctg 720
gtggaagcca cggtggggga gcetetcaga atccctgcga agtaccttgg ttacccaccc 780
cCagaaataa aatggtataa aaatggaata ccccttgagt ccaatcacac aattaaagcg 840
gegcatgtac tgacgattat ggaagtgagt gaaagagaca caggaaatta cactgtcatc 900
cttaccaatc ccatttcaaa gpagaagcag agccatgtgg tctctctget tgtgtatgtc 960
ccaccgggcc cgggcgacaa aactcacaca tgcccactgt gcccagcacc tgaactcctg 1020
ggggegaccgt cagtcttcct cttcccccca aaacccaagg acaccctcat gatctcccgeg 1080
acccctgagg tcacatgcgt ggteetggac gtgagccacg aagaccctga ggtcaagttc 1140
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200510073595.4 oH OR 15/15 He

aactggtacg tggacggcet ggaggtgcat aatgccaaga caaagccgcg ggaggagcag 1200
tacaacagca cgtaccgtgt ggetcagcgtc ctcaccgtcc tgcaccagga ctggctgaat 1260
ggcaaggagt acaagtgcaa ggtctccaac aaagccctcc cagcccccat cgagaaaacc 1320
atctccaaag cCaaagggca gccccgagaa ccacaggtgt acaccctgcc cccatcccgg 1380
gatgagctga ccaagaacca ggtcagcctg acctgcctag tcaaagectt ctatcccagce 1440
gacatcgccg tggagtggga gagcaatggg cagccggaga acaactacaa ggccacgecct 1500
cccgtgctgg actccgacgg ctccttctte ctctacagca agctcaccgt ggacaagage 1560
agetggcagc aggggaacgt cttctcatge tccgtgatge atgaggctct gcacaaccac 1620
tacacgcaga agagcctctc cctgtctccg gegtaaa 1656

18
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200510073595. 4 int HA ai Bit HBA/3 iH
 

 

 

FLT-1d2__ KDR IgG Fc

FP1

KDRdl _-FLT-1d2_—_ KDRd3

FP2

FLT-1 d2 KDR 43 KDR d4 IgG Fe

FP3

FP4

FLT-1d2. KDRd3 KDRd4_ KDRd5 IgG Fe

FP5

FLT-1d2. KDRd3  -FLT-1d4__FLT-1d5 IgG Fe
FP6

eal

 
50 25 125 625 3 1.56 0.78 039 02 0.1 0.05

7BEST RIE (ng/ml)

| 2
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200510073595. 4 be HH OTS it F2/3 HL
 

 
Ad 3

2500 -

2000  
1500

1000 -}AAER(mm5)
500 
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200510073595. 4 wh OTS i F3/3i
 

APARAR(mm?)

1600

1200 —+— BEAEA FP3 ee

800

400 -

5 7 10 14 17 21 24 28 31 35 38 42 45 49 51 56 59 63

RR

fal 5

 
Do D7 014 017 Dat 024 031 035

AE

Fd 6
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200610066257. 2 U3 Fil = *K acl BA/LM
 

1. APL ABEE? VEGF ASEEA FPS ZERITTEth

AES TAD S| BeBOBJoa BM25EA)A,ERPS. FySEaPPeH

J 5 PAN.

2. —FPAAERI VEGF BY S2RABE PPS ZEBAITER

MESSSFBEMMSTE, MMSIRA, SEP FPS Be

FEBFpFl OOFFSPES O BT AN

3. —FRMAAETRVEGF SZRRSEA FPS ZEST BH KES

AEPAT, MTS| ARBREZSPA,FPS SEBOO

RP MPSS Bia.

4, ARGEALABES 1 ARAMA, BTRBPCLTEFEE, BEER

PATRIABE, PRATERDEARAM, 400 Po AitEF RHSE

5. WAMABESR 1-4 (EITIRAIA. BR25IaeeEYeS

1K

6. WUARA BES 5 ATARAAL, Prey_bwyRECABee A EREe

HERE. AR. RE.OR. FRLL. AU.

=Fe REAR CSLae

7, WALABE 1-4 E—TUTEOA, TRaBSESllUEaTZH

Di

8. UALAY BER 7 BRANDA, BrasAdds BREra FFBPIHa FA

9, MALAY BER 1-4 FE— DATE HYAS, TRaes2TyaKPBAE

Sy. KS25, REN. BEPERTBCDARR2KRFyASZA

10. WAMA BES 1-4 FETTAA, PRBeeeARB

TaSEF AATAEKG|BITAHL
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200610066257. 2 int AA act 1/13

 

VEGF 2(4sRohCrSe aZEBBeJos BSDY

RARBG:

ARAB VEC CAMSSAETAMEMEH+EKMSIARAR

FaPAA

BRERA:

LP FR atABEAORESR (chorodial) MfA St2AAALPAY2

BRAD. GiBIA MO 5|ih AYESPBSPBTFBIE

KNHEBRA. BIO, FRIAR(diabetic retinopathy) ZHTRR

FASFBOL PARiIE,HETRS.CRRARANEZRA.

FEAR AB SSHhEAREPAEBRAEEKR

3S Poa ER at. ES AE te FeA7ABRB OR BBRA] (Nature 438:

932-938, 2005).

SEUOAA SERBBESTECAMD) fe —Fp eHLoDe)2 Pf221

SATSaR. WEEP. PePE AMD ZKRSE

RNResBN, teeSAARAAY)EeA.

ifAAERAF (VEGF)2HEaEEHRECAm. J.

Pathol. 167:1451-1459, 2005). VEGF HiARaniaRee, ETTTe

MB7AK, UREAAASARAM. (REARBRRt

ALPSLHSRS CORTE “GRPESESE”), VEGF ZEALA BRS

Aeme, AMREPEMAEK. K-NRRA “MEMS HR”

(angiogenesis). EIRA, MPENMPEBALSERREAR. SRAM,

SRSABR. AAMBHaRImAeeeeSBRLEee

RM, FHPREREAD

VFSFLZE AMEE AMD FAHKSSBSERPAACE BY VEGF 222K (Invest.

Opthal. Vis. Sci 37 :855—868, 1996 ; Microvascular Res. 64:162—169,

2002). ENT VEGF #iA7K*FGHEE AMD ZMAIASAH SCE, VEGF BY DAB HE SB AMD

RIEtbste (Br. J. Opthalmol. 88:809—815, 2004).
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200610066257. 2 ve HH Th 22/13m

 

—#6 VEGF SBFAT CA BET VEGF 45 AQ Beant VEGF S244 Cf1t—1. KDR 4)

ZR ASABEER, JATOBELLE ES VEGF SP}SSRseSea VEGP me2eiATiSle

ATEMEK, LIABBAABBEPeEmAY. ISS VEGP HEFT

43, #§ Macugen (pegaptanib sodium), Lucentis, VEGF-Trap, Avastin

(bevacizumab) #1 AdPEDF %. HF Macugen #l Avastin BHRRHRRAB

USE CFDA) HEET.

RAAB:

ARRAERRil VEGF MOR, WATT ATaEHAKIO

RASAPIREBA. ARRIAAIS CARIN) ATARERPILIERBRE

RSH, PRAMRAR, HRARPRRAURwesKsAY

wTRMR, FRR. ERR, PRSRARBAD

FUAM, RHF VEC SAKHBAMARA. BRAM. AACA VECR Hil

MNEPHSA RA SME MEREMMARARREAR” CRBS

CN200510073595. 4) -RHERAY FP,. FP. FPs, FP;. FP;. FP, MAS Ae BASEPEAY FP, Al

PP. PANE—FP. LER OPP,. FP. FP3. FP. FPs. FPe ASRSe A SASaFFSIZE

XRALBFP FP, APP, ESSEBPPEAS BAPPFePPS1 AP 2.

AR BAA BTIRRY VEGF 52RSETWitFRARBTSS

FC OFP.. FP2, FPsy FPs. FPsy FPeCey, FP, PRRew, MTOM,

ARARETRHEHSTES, HleRAMLASAAIA

ASBAASetBe2eRafl hsaTAI2,PRaTG

BERKSRAWHA,RAMAAEATIERa, BOA YE

HA, BRIER, REN, WAMRASA, HHSTAPURRAWRIA

APES, TeeAaalaEea, EAP, ARPA

REMAY. ARREARS BN, FeAT ADA25BTSeB.A

RRATURETRSARM HABAAWR, Tithe: BH

€sodium phosphate), HEFHBBAN (sodium succinate), ZARB Chistidine),

H BABE (mannitol). #e2h%F (trehalose dihydrate), ei)3AEHE (polysorbate

20). AGFA (sodium chloride) . HEF Csucrose ). =34PABFE (trometamol)

MIL, ERACformulation buffer), MAA pH Arp RAonewe
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200610066257. 2 ve HH Th 23/13Mm
 

(phosphate). FFERBREE (citrate). Z.BR#R (acetate). GRAAMBEE Csuccinate). =

74FA(trometamol, 4% Tris) RAAB histidine) FFH—H, pH

MYR 3 #9, TABATA (sodium chloride). WMA

(dextrose) &; HAARTMABM Camino acids). HY (glycerol). Hpi

#8 (cyclodextrin). #ES¥ (sucrose). #¢EK#F (trehalose dihydrate) GF: WAAR

RtHK (thimerosal). WHRERS (sodium bisulfite), RAZA (benzyl

alcohol) . WATE, WEARERRE Cmamitol) F; Wank

HF, HAACISEFORLLAE Cpolysorbate 20 R80). +ohese

fi (SDS) $. MSRANKGHE 0.0lmg/ml 2 1000mg/ml. HABRE

RABEec. AOAPREBECAMARRH, Brew, BoysBhke

Sy, WEBEEaSAB. TEAKMASAM,

BARS

AREA,ESAT VEGF IANAAK. MAALlSs

HAANBARBEEAPRA, HPAI CART) RA, BURAAIEN,

thayDtAR2SByAESeFePAASATRRA BA.

AB BCAA SbaS BeARAC AaSBeBSVEGP SRLSRARAR

BMRAIER, MARE, Zee, BIER, SRR. RAH

XARA TARMARR, ABE.

Bt PA We BE

All: RAH 8 HRSANAM

Al2: MABAS VEG BARATwR

3: RASBe ayAPRaaPE5| oSEg

4: MeeAKARHEEetKHBs

ARSMTTA:

DAPaiiictSk HePaldt—2ARABA, ABSYEtASYBH

SHES 1, FP, AE

abe3 FP? E914 f1t—1D2(F), flt—1D2 (R), KDRD3 CF) #0 KDR

D3—4 (R) (SAFARI, FRIAS CN200510073595. 4) A HUVEC 4H HSE AY BAS

mRNA FEA BARAALA cDNA ERAS f1t—l A KDR BARRBATR. A
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200610066257. 2 ve HH Th 3R4/13m
 

BOAREREESBHE 95° . 30 474R, 18 56° . 45 Eh, KEMP 72° . 2 eRARE

TF, BET PCRS, 307MEM, HRS flt—l AKDR leG EAERAY PCR FEW.

FATA cloning AZ. FE PCR PoScReD PCR2.1 RAH, HR EL coll, ie

RAHwe, DIA LB FE, HFA. AA Qiangen MMMAHRAL

EMORMFAS. AHH PCR (Sewing PCR) Wik, #2 flt—1 AER. KDR

FB leG BERKRAPRRIEE. TEPS|PPit EcoR] BEY]

AiR. PCR AP-4ZeA EcoR] MVS, & Qiangen SELAHAE DNA HER, +

iA pcDNA3. 1 RAL. BAPE 2 coli, WIRES, WA LB BRE,

FLAK. Qiangen MUERTE, FPS. CREMR

CHO 2Lh798xe ZeIA BRSBS FP7 SAAR FP,AYHFLPRE 3.0

RMSE C AHRARK Chinge) HIFFI.

SCHEGI 2, FP. AY HR

Mica FPS £0 FP7 ARRARA PCR Pio, PCR AAW

fit-ID. ( F ) # KDR D3-hing (R). BB 42W HWA:

5’-aggtectgegcacagtgegcatgtgtgagttttgtctttttcatgeaccctgacaaate. EMis KDR =

SJOR TE AYAD ELAUPPSUALA IgG Fo REEMARSIET. PCR PE
ABA REMITESSP 1 A. RABAT FP8 AY Po DNA3.1 JREHE

CHO “i, FARAase. ATR SUZIA. FPS PEARARTY LPP

2, REBTLAPAR 3.

SCH3 RRARAS VEGF ASSMAN

AS AC BAAiaz VEGF ABORAESRAG VEG BORED. FER—iM

, 3—i2) VEGF (10PM) MARE, REKBARRNAACASHAH

MSS AMESA VEGF ASH, SRS. 437° SREPRTETat.

—AS NES DUG AEPYES AY VEGF 6h R&D RSET] CRUD systems) HMAM

VEGF BAAR— — VEGF AMRF (VEGF assay Kit) We. MERA

oeFY AbTi79 Billoo A 2 OZER, FA 2 SR, FP,. FPS #0 FP, MB REAeS VEGF

KAMBS, HAAMBEATH 1Co Rm, APR 11. 2PM. 4. 3PM A 4.1 PM.

XSSCSSERA, FP3 #0 FP,Ze9b 4S VEGF ARS RED AB, APSabet FP.

XPiAaRE25EA KDR BS DG SeisOREKBYAE
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200610066257. 2 ve HH Th 35/13 mM

 

SoutRSAX VEGF MAA AED.

SL A ibe2B BELaekaea|TE
Bey2 RR

WAR+ARATESLs (75% 42%) ABSA, FEE

23C+2C, Aste. CLAREPRLAZIS. PPAReee

RE, BRA, BORBAAERADRHREAP. HTSARN

SB AYFRRETSH BR ASLPEMRE, MAIRERTAR

faeAAth ca FRESPeES

AAS, WASHPRASA CFP. FP: Al FP,) ZEGRIPESESE

aeASArEBERTBEEA

BORERADEMMP, RAZBHAAERASESAR

, RRMASA, B410R, —KZIGU 30mg/ke HERSSAA

VERSA, BARIEN—K, HEN 1K. HRASAS

fi Fe BA. WTR, MED 6 A, CAEEINRIGR PAM, 10 3)4

Ia, SRARRREMSRL. RAVERRE,

ERKDOHPMEEMERRR, SARARAD AERAA

ih, MAA HERE. HUME ARAHM, AMPAlRSEA

WHEEKM Clnvestigative Ophthalomogy visual science 43, 1994

—2000, 2002). 44ROIA 3 AraN. BESS Fo RAVES HIS BAAR PARAe

KRZE. AERALARAIABRAALEMOE. AMASA

BCHARAREWENeEK CN 3).FP RAAM, FP,

RAR, (SRAFP, RESRADRE RIRA Pe HRTBMEEH

AR Face ve. FP, 55 FP, RRR.

RS, PONT BiAM T HREMARARAAAPTE

SZARRANOMRD, ADVEERADKHEARAA-AR,

bi4§RARER 0.5 SRBRTRAAARH, BADWRRSKAT. BAL

BACK, DOMBREATVERAALE. MARAEESeooo

AS hia. GRR, ARIA, SAMAR AUNPEMEHMEKRAL

SABIEA . BAAESPECRRFRES. TRI, TIA,
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200610066257. 2 ve HH Th 26/13 mM

 

BUTIBY FP,SRAFP: PSAABBERF PPL. FERRE, HH

JAAVES. FP7 RBAAAIIMS. Alt, RMRABERRKHWATSY

MlSITBe

SHS MARANRtRRHRARHERMStKH

FTERASCHEH (American Journal Pathology 153, 1641-1646, 1998),

BRATFA BOGE AR BR AY BABg:VEGBJRBksRTE:otFEBRAK) AMD AH

3 150 RABWARAROA, SAA 10 RARPENS Pe BA

(20 mg/kg) , PHBH 10 RARAPEST 20 mg/kg AY) FP\. FP3 ai

FP; SAFER O UVER, REEDRAOZS 3. 6. 9 A

12K. FERBCCABS 15K, ARIATENRS 50mg RIGICHAee

f, REARRAE, SRR, SRAGAR, BRPRESeKEK

DUAFFSyOT CNV FART. SOND 4 eA, AREAbRB) BRAY) CNV THAR

ABLEAR (Fo) Be), SEP PPS ARSE FP, A FP, FP, 5 FP, Rss CNV AE

RAHRA

SHG 6 AaRAATIRRPMA

REASADWESAK, WRBAAERRBRKAA, WAT

fTSRREMSEKBANATURE, RPRBERHARERRSE

CAMD >. $25PRPs4. PO HBAE (diabetic retinopathy). FRIBBE ZKAF (diabetic

macular edema) Ft4iitSRF (central retinal vein occlusion). [WH

REHAACRARAWAR RAT HE-BRACHA, MAKRAD

(photocoagulation) R&5SBHHITEACEA, DMRROCAZe

MES|IGTALR. RSIEAASRAE. ME

RBH2, HTREMSHEKHERRBENFRAM. MREPRH

MN, WARSLMSSOIT, MADRERBHI. AMD IBA

FIERRAREZe, BURRER, PESAe

2A Con FP; Bk FP) HARA. BHRARERMRAM, VW

TIKESA AMD AYIA.ERRTSHR 1. 2. 6. 14. 30

90 ADAlMA—M. AN, WARRERRSKiss, ALARB)AE

HK. BUENSASAIRE 10 HE 5 SIA.
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200610066257. 2 ve HH Th A7/13m
 

SHG7«|FP3 BRAAeeAae

SERCHRIZEPA (formulation buffer), HAMAR (drug substance)

Rie, HABARHSaKE. BTR, ABR

RICEREBESESNCUE: 05mi/2m) F, TROIaH

TEGRE CHEE). DBACRTRILT, REMPARHAT HE (BIT.

A. THA. FHRSMRMN. BE. RERSSRMKE), WTRT.

4RTRBARA, RRRE, ROM, EREEe. ASLmealA.

CAILE, BARS, FRTERNGE.

SH8 FPS MeRAARRANAS

FeBeFAK (formulation buffer), HAAR (drug substance)

fe, AANARRSMNRoRE. BTR, FBwee

RRRRETRASHCUS: SmV/20mD FF, GROIAAT

BORE, 2K. ETRARELi, SLR. HEALMS,

RARE, FUTRRNME.

SREB] 9=FP3 RAAT RRael

FeiilaeRE, PRIRYR (drug substance) MURR, Fame

REERAB ARE. HTTERRA, ABRERERRE €<200p))

heBISHR CALA: O.Sml) b, RARERSS COUR: Iml, TAR

BEEH. 27 Sek) HREBRAES (<100n). WFR, COMA

ADTSee, UR, CETRELn, ASLaaa, EPL

POSE; MITTENSS, TEPBEALE, TERTARARER, FERRIC Sb

AMS, ARR (CER) A ACHTRBR. A

fiAMRRL, AAA). RARE, TMPBRNEE.

SSH10 FRI MSR ARABIAN, BleTIASEB9

SHG! 11 FPSARRANIS, BSTESTE9

SERED 12 FRAPRRABITEHI. BISATATSCHEB9

SCHEPI 13 FPSRRGRARARIMGIS, BISATSipl 9

SH14 FROMRANABIAHS, HeTIERSHP 9

SMG 1S FR7RRSRARHS, BIASSCE9
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200610066257. 2 ve HH Th 2A8/13m

 

FIR

<110>RABBE SLEPREYARA

<120> VEGF 52hRAG3 AEYAITARB BIAPBBYA

<160>4

<210>1

<211>308

<212>PRT

<213>AFFHI

<400> 1

GlyArgProPheValGluMetTyrSerGlulleProGlullelle 15

HisMetThrGluGlyArgGluLeuValIleProCysArgValThr 30

SerProAsnI leThrValThrLeuLysLysPheProLeuAspThr 45

LeulleProAspGlyLysArglleIleTrpAspSerArgLysGly 60

PhelleIleSerAsnAlaThrTyrLysGluIleGlyLeuLeuThr 75

CysGluAlaThrValAsnGlyHisLeuTyrLysThrAsnTyrLeu 90

ThrHisArgGlnThrAsnThrlleIleAspValValLeuSerPro 105

SerHisGlylleGluLeuSerValGlyGluLysLeuValLeuAsn 120

CysThrAlaArgThrGluLeuAsnValGlyIleAspPheAsnTrp 135

GluTyrProSerSerLysHisGlnHisLysLysLeuValAsnArg 150

AspLeuLysThrGlnSerGlySerGluMetLysLysPheLeuSer 165

ThrLeuThrIleAspGlyValThrArgSerAspGInGlyLeuTyr 180

ThrCysAlaAlaSerSerGlyLeuMetThrLysLysAsnSerThr 195

PheValArgValHisGluLysProPheValAlaPheGlySerGly 210

MetGluSerLeuValGluAlaThrValGlyGluArgValArgIle 225

ProAlaLysTyrLeuGlyTyrProProProGlulleLysTrpTyr 240

LysAsnGlylleProLeuGluSerAsnHisThrIleLysAlaGly 255

HisValLeuThr1IleMetGluValSerGluArgAspThrGlyAsn 270

TyrThrVal IlleLeuThrAsnProlIleSerLysGluLysGlnSer 285
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200610066257. 2 ve HH Th 39/13 mM
 

HisValValSerLeuValValTyrValProProAspLysThrHis 300

ThrCysProLeuCysProAlaPro 308

<210>2

<211>214

<212>PRT

<213>ALPS

<400>2

GlyArgProPheValGluMetTyrSerGlulleProGluIleIle 15

HisMetThrGluGlyArgGluLeuValIleProCysArgValThr 30

SerProAsnIleThrValThrLeuLysLysPheProLeuAspThr 45

LeulleProAspGlyLysArgIleIleTrpAspSerArgLysGly 60

PheIleIleSerAsnAlaThrTyrLysGlulleGlyLeuLeuThr 75

CysGluAlaThrValAsnGlyHisLeuTyrLysThrAsnTyrLeu 90

ThrHisArgGlLnThrAsnThrIleIleAspValValLeuSerPro 105

SerHisGlyI leGluLeuSerValGlyGluLysLeuValLeuAsn 120

CysThrAlaArgThrGluLeuAsnValGlylleAspPheAsnTrp 135

GluTyrProSerSerLysHisGlnHisLysLysLeuValAsnArg 150

AspLeuLysThrGlnSerGlySerGluMetLysLysPheLeuSer 165

ThrLeuThrIieAspGlyValThrArgSerAspGinGlyLeuTyr 180

ThrCysAlaAlaSerSerGlyLeuMetThrLysLysAsnSerThr 195

PheValArgValHisGluLysAspLysThrHisThrCysProLeu 210

CysProAlaPro 214

£210>3

<211>924

<212>DNA

<213>ALPF

<400>3

getagacctt tcgtagagat gtacagtgaa atccccgaaa ttatacacat gactgaagga 60
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200610066257. 2 bi fi 310/130
 

agggagctcg

tttccacttg

ttcatcatat

aatgggcatt

gtegttctga

tgtacagcaa

aagcatcagc

aagaaatttt

acctgtgcag

gaaaaacctt

gagcgtgtca

aaaaatggaa

atggaagtga

aaggagaagc

acatgcccac

<210>4

<211>642

<212>DNA

tcattccctg

acactttgat

caaatgcaac

tgtataagac

gtccgtctca

gaactgaact

ataagaaact

tgageacctt

catccagtgg

ttettgcttt

gaatcectge

taccccttga

gtgaaagaga

agagccatgst

tetgcccage

<213>ALPS

¢400>4

ggetagacctt

agggagctcg

tttccacttg

ttcatcatat

aatgggcatt

gtggttctga

tgtacagcaa

aagcatcagc

aagaaatttt

acctgtgcag

tcgtagagat

tcattccctg

acactttgat

caaatgcaac

tgtataagac

gtccgtctca

gaactgaact

ataagaaact

tgagcacctt

catccagteg

ccgggttacg

ccctgatgga

gtacaaagaa

aaactatctc

tggaattgaa

aaatgtggse

tgtaaaccga

aactatagat

gctgatgacc

tggaagtggc

gaagtacctt

gtccaatcac

cacaggaaat

ggtctctctg

acct 924

gtacagtgaa

ccgggttacg

ccectgatgga

gtacaaagaa

aaactatctc

tggaattgaa

aaatgtgggg attgacttca

tgtaaaccga gacctaaaaa

aactatagat

gctgatgacc aagaagaaca

tcacctaaca

aaacgcataa

atagggcttc

acacatcgac

ctatctgttg

attgacttca

gacctaaaaa

getgtaaccc

aagaagaaca

atggaatctc

ggttacccac

acaat taaag

tacactgtca

gttgtetatg

tcactgttac

tctgggacag

tgacctgtga

aaaccaatac

gagaaaagct

actggegaata

cccagtctgge

ggagtgacca

gcacatttgt

tegtggaage

cccecagaaat

cggggcatet

tcecttaccaa

tcccaccgga

tttaaaaaag

tagaaagggc

agcaacagtc

aatcatagat

tgtcttaaat

cccttcttcg

gagtgagatg

aggattgtac

caggegtccat

cacggtggge

aaaatggtat

actgacgatt

teccatttca

caaaactcac

120

180

240

300

360

420

480

540

600

660

720

780

840

900

atccccgaaa ttatacacat gactgaagga 60

tcacctaaca

aaacgcataa

atagggcttc

acacatcgac

ctatctgttg

getgtaaccc

12

tcactgttac

tctgggacag

tgacctgtga

aaaccaatac

gagaaaagct

actgggaata

cccagtctgg

ggagtgacca

gcacatttgt

tttaaaaaag

tagaaageggc

agcaacagtc

aatcatagat

tgtcttaaat

cccttcttcg

gagtgagate

aggattgtac

cagggtccat

120

180

240

300

360

420

480

040

600
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200610066257. 2 bi AR Th B11/13m
 

faaaaagaca aaactcacaca tgcccactegt gcccagcac ct 642

<210>5

<211>552

<212>PRT

<213>APPS

<400>5

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu

1 5 10 15 20

Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile

25 30 35 40

Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile

45 50 55 60

Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile Ile

65 70 75 80

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu

85 90 95 100

Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln

105 110 115 120

Thr Asn Thr Ile Ile Asp Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser Val Gly

125 130 135 140

Glu Lys Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile Asp Phe Asn

145 150 155 160

Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Leu Val Asn Arg Asp Leu Lys Thr

165 170 175 180

Gln Ser Gly Ser Glu Met Lys Lys Phe Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg

185 190 195 200

Ser AspGln Gly Leu Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser

205 210 215 220
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200610066257. 2 bi AR Th 812/13m
 

Thr Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met Glu Ser Leu

229 230 235 240

Val Glu Ala Thr Val Gly Glu Arg Val Arg leu Pro Ala Lys Tyr Leu Gly Tyr Pro Pro

245 250 255 260

Pro Glu Ile Lys Trp Tyr Lys Asn Gly Ile Pro Leu Glu Ser Asn His Thr Ile Lys Ala

265 270 275 280

Gly His Val Leu Thr Ile Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val Ile

285 290 295 300

Leu Thr Asn Pro Ile Ser Lys Glu Lys Gln Ser His Val Val Ser Leu Val Val Tyr Val

305 310 315 320

Pro Pro Gly Pro Gly Asp Lys Thr His Thr Cys Pro Leu Cys Pro Ala Pro Glu Leu Leu

325 330 335 340

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg

345 350 355 360

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe

365 370 375 380

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln

385 390 395 400

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn

405 410 415 420

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr

425 430 435 440

Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg

445 450 455 460

Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser

465 470 475 480

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Ala Thr Pro

485 490 495 500
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200610066257. 2 Bi A Th 813/13 Km
 

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser

505 510 515 520

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His

525 530 535 540

Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

545 550 592
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200610066257. 2 be HH OTS it 2/4Ue
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200610066257. 2 be HH OTS it 3/4Ue
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200610066257. 2 be HH OTS it FB4/4UL
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Notice
This translation is machine-generated. li cannot be guaranteedthatit is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be

based on machine-translation output.

ABSTRACT CN100567325C

{G001)

13 The present inventionrelates to two VEGFreceptorfusion proteins, its preparation methodand its application

in the treatmentof eye diseases, including age-related macular degeneration, diabetic retinopathy, diabetic

xanthoma glands, and growthof newbloodvessels. Treatment failures caused bylaser coagulation, surgical

retina transplantation.
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CN1G8367328C VEGF receptor fusion protein aed its use ip preparation of medicament for treating eye
Gisease

Data originatingfrom sources other than the EPO maynot be accurate, complete, or up to date.

The warding belowis an initial machine transiation ofthe original publication. Ta generate a version using the
latest translation technology, go te the original languagetext and use Patent Translate.

This applicationis a divisional application for a Chinese invention patent application with an application date of
March 31, 2006, application sumber 2006610066257.2, and an invention titled "Application of VEGF Receptor
Fusion Protein in Treatment of Eye Diseases.”

Technical fieid:

The inventionrelates to the apphcakon of VEGFreceptor fasion protein in the treatment of various ophtbalouc
diseases caused by the growth of newblood vessels.

Backproundtechnique:

The retinal vasculature and choredial vasculature are important components of the retina. Abnormal changes in
the stracmre or function of blood vessel walls caused by tranma or disease are the main causes of vision lass or
loss. For example, diabetic retinopathy (habetic retinopathy) is due to diabetes and leads to retinal bloodvessel
proliferation, which in turn causes retinal detachment. [tis the main cause of vision loss. It may also cause the
growth of new bicod vessels in the retina after eye injury or recovery after surgery. This type of retinal vascular
hvperplasia is also an important cause ofvision loss or blindness (Nature 438: 932-938, 2003).

Age-related macular degeneration (AMD)is a disease caused by the degradation of cells or tissues in the central
area of the retina and the proliferation of blood vessels. Can be divided into dry and wet. Among them, wet
AMD is the most common formof choroidal neovascularization, and iis also the main cause of blindness in the
eyes.

Vascular endothelial growth factor VEGF)is a protein that specifically regulates the growth of new blood
vessels (Am. f. Pathol. 167: 1451-1459, 2005). VEGFstimulates endothelial ceils to divide and proliferate,
which in tur promotes the growth of new blood vessels to provide mutrients and oxygen to tissue cells. Many
studies have shown that once the photoreceptorcells of the eve's retina begin to shrink due to nutritional
deficiencies (called "ischemic atrophy"), the concentration of VEGFin the retina begins to increase, thereby
promoting the growth of new blood vessels. This process is called “angiogenesis” (angiogenesis). In the eye, the
newblood vessels are different from normal blood vessels in shape, the himenis irregular, and the wail is
mostly leaky. This abnormal proliferation of highly permeable or icaking blood vessels often leads te scarring
onthe retina, and farther shedding can occur, affecting vision.

Manystudies have shown high levels of VEGF expressionin the choroid tissue of patients with wet AMD
Caivest. Opthal. Vis. Sci 37: 855-868, 1996; Microvascular Res. 64: 162-169, 2002). Due te the cerrelahion
between VEGFexpressionlevels and wet AMD, VEGF can be used as a biochemical indicator for the diaznosis
of AMD (Br. f. Opthatmol. 88: 809-815, 2004}.

Some VEGFinhibitors can block the interaction between VEGFand VEGF receptors (H-f, KDR,etc.) on
endothelial cells, thereby preventing VEGP-mediated information transmission and intibiting
reovascularization caused by high expression of VEGF Growto achieve the purpose ofpreventing and stopping
bleeding on the retina. Such VEGF inhibifors incinde Macugen (pegaptanib sodium), Lucentis, VEGF-Trap,
Avastin (bevacizumab) and AdPEDP. Macugen ard Avastin have been approved by the US National Food and
Drug Administration (FDA) for fisting.

 

Summaryof the invention:

The present invention provides a class offusion proteins that inhibit VEGF and can be used to treat various
ophthaimic diseases caused by the growth of newblood vessels. The diseases include (but are not limited to} the
eve discases inchiding age-related macular degeneration, diabetic retinopathy, diabetic macular tumor glands,
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and treatment failures caused by noovasculanization such as laser coagulation, surgical retina transplantation. In
the present invention, the fusion protein refers te a macromolecular compound, especially a recombinant Mision
protein of VEGF receptor. More specifically, the VEGF inhibitors of the present invention are FP1, FP2, FP3,
FP4, FP5, FP6 and the present invention described in the Chinese patent application "Fusion Proteins Inhibiting
Angiogenesis and Their Uses" (application miniber CN200510073395.4) Any one of FP7 and FP8 provided.
The amino acid sequences of the fusion proteins of FP1, FP2, FP3, FP4, PPS, and FP6 are in the above patent
specification, and the amino acid sequences of FP7 and FP8 are in sequence | and sequence 2 in the sequence
listing of the present invention,

The VEGFreceptor fusion protein of the present invention can be prepared by the methodin the above patent
specification, where FPL, FP2, FP3, FP4, FP5, FP6 are knownsubstances, FP7 and FP8 are newsubstances, and
for new substances, the present invention An exarnpie of its preferred preparation method is provided, and its
preparation principle is the same as the above patent specification.

The products made by the recombinant technologyof the present invention are purified to achieve
pharmaceutical purity, and then prepared into pharmacentical preparations according te the needs of the
preparations. These preparations should be particularly surtable for intravenons administration, mtravitreal
injection, intraperitoneal injection, and subcutaneous injection For injection and local intraocular adininistration,
the preparation process can be completed by the conventional preparation method of phanmnacentical
preparations, preferably a sohution preparation or a dry powder preparation. As a dey powder preparation, the
dry powder is dissolved inte a scluton when used. The Mision proteta preparation of the present invention can
be added with a pharmaceutically acceptable carrier if necessary, and the carrier can be any pharmaceutical
carrier suitable for the preparation form of the present invention, preferably selected from: sodium phosphate
and sodinmsuccinate succinate, histidine, mannitel, trehalose (trehalase dilndrate}, polysorbate 20 (poly sorbate
20}, sodium chioride (sodiumchioride), sucrase (sucrose), trishydroxymethy laminomethane (rometamol) or
lactose, the above formulation buffer (formulation buffer) should contain a pH buffer system such as phosphate,
ciate, acetate, succinate, irinydroxy Methylaminomethane (trometamal, also known as Tris) or histidine
(histidine), etc., the pH range is 3 to 9; may contain osmotic pressure regulators such as sediurn chloride
{sodium chloride}, glucose (dextrose } Bic .; may contain stabilizers such as amino acids, glycerol, cyclodextrin,
suctese, trehalose dihydrate, etc .; may contain preservatives such as thimerosal Sodiumbisulfite (sodium
bisulfite}, phenylethanol (benzylalcche) and the like. For tvophilized formulations, 1 may conlain excipients
such as mannitol, etc .; for schitienformmlations, it may contarn surfactants such as polysorbate (pohysorbate 26
or 80), sodium dodecy! sulfonate (SDS), etc... The concentration of fusion protein ranges from 0.01 me / mi to
{000 mg / rl. Its dosage depends on clinical needs. In addition, preservatives, stabilizers, co-solvents and other
auxihary components can be added io the formulation as needed, and can be selected fromanysuilable avxiliary
components of pharmacy. The solvent is selected from water or other isotonic sohitions, buffer solutions, etc.

In the present invention, the adrainistration method ofVEGF inhibitoris also introduced. These inhibitors can
be administered to patients througha variety of different routes of administration, including (but net limited to)
intravenous administration, intravitreal injection, and can also be administered to patients by eve drops ina
certain dosage formto achieve the purpose of treating eye diseases.

The present invention unexpectedly found that the VEGF inhibitor tn the form of a fusionproteinof the present
invertion has superior ophthalmic treatment effect than the pnor art, and has good stability, high safety, low
side effects, and excellent effects. The present invention proves the present 1aveption throngh experimental data
See the examples for specific data.

BRIEF DESCRIPTION:

Figure t: Schematic diagram ofthe eight fusion proteims ofthe present invention

Figure 2: Comparisonof the affinity of the fusion protein to VEGF

Figure 3: Effect of fusion protein on neovascularization caused byretinal ischemic atrophy

Figure 4: Effect of fusion protein on choroidal neevascularization

detailed description:
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The following examples further illustrate the present invention, bat it is not intended to lout the present
invention.

Example L, construction of FP7

Thefusion protein FP7 was extracted from HUVECcells by primers ft-1D2 0), f-tD2 (R), KDR D3 F) andKDRDS3-4 (Rj Gee patent application, application uaiber CN2005 10073 595.4) The amplified fit-1 and KDR
gone fragments synthesized on the cDNA syathesized by using mRNAas a template are recombined. The
specific conditions are: denaturation 93 °, 30 minutes, annealing 56 °, 45 seconds, extension 72 °, 2 rainutes,
PCR amplification, 30 cycles te obtain Cite 1 and KDR fgG-like do:matin PCR products. Using T A cloning kit,
clone the PCR product into the PCR2.1 plasmid, and transfect E. coli, select white colonies, add LE medium,
and culture overmght. The plasmid was extracted with Qiangen plasmid extraction kit, digested and sequenced.
Using splicing PCR (Sewing PCR) method, the Ot-1 fragment, KDR fragment and ribonucleotidesof the partial
sequence ofthe IgG lunge region are connected together. Design EcoRI restriction sites in the primers at both
ends. After digestion with EcoR1, the final PCR product was purified by Qiangen purification kit and inserted
into pcDNA3.1 plasnid. The recorabinant plasmid was transfected into E. coli, positive colonies were selected,
added to LB medium, and cultured overmight Quangenplasmid was digested after plasmid extraction, and
sequenced for identification. If the confirmed plasmid is then transfected into CHO cells, a cell ime stably
expressing the fusion protein FP? must be obtained. The specific nucleotide sequence of FP? is shown in
Sequence Listing 3. At the C-terminus of the fusionprotein, a partial sequence of the biage region is retained.

Example 2, constriction of FP8

The fusion protein FP8 is directly amplified by PCR using FP7 as a template. The primers used in PCR are fit-
1D2 (F) and KDR D3-hing (R). The sequenceofthe latter is: 5’-
agetectegecacarigggcatetgtgagitttgictttticatggaccctgacaaate. It includes a sequence complementary to the third
imnuinogiobulin-like region ofKDRand a partial nucleotide sequence of the human [eGFe hinge region. The

method of PCR amphiication and gene cloningis the sameas in pane 1. Finally, the PCDNA3.1 plasmidinserted with FP8 was transfected into CHO cells, and a stable cell line was obtained for protein expression. The
amino acid sequence of FP8 is shown in Sequence Listing 2, and the nuclectide sequence is shown in Sequence
Listing 4,

Example 3 Experiment ofbinding affinity of Mision protein to VEGF

The present invention determines the ability of various fusion proteins to bind VEGF by measuring the amount
of VEGF.In this experiment, a certain amount of VEGF (10PM) was added to the test tube, and then the dihited

varions fusion proteins containing different amounts were added to the test ube containing VEGF, after mixing,a37 ° incubator Save for an hour. One hourlater, the free VEGFin the test tube was measured by the VEGFdetection kit (VEGFassay kid provided by R & D Systems. The measured results are processed by the sofiware
to obtain the results shown in Figure 2. Figure 2 shows that FPi, FP3 and FP7 can effectively bind to VEGF,
and their binding affinity can be expressed by IC50, which are 11.2PMand 4.3 respectively. PMand 4.1PM.
This experiment proves that FP3 and FP? have similar binding ability to VEGFin vitro, and both are higher
than FP}.

The results of this experiment further illustrate that the amino acid sequence of the fourth rmmunoglobulin-like
region of KDR can enbance the fusion protenn's ability to bind VEGF.

Example 4 Experimental results of fusion protein preventing the formation of neovascularization caused by
retinal ischemic atrophy

The seven-day-old pups were placed in an incubator containing high oxygen partial pressure (75%+ 2%), and
the temperature was controlled at 23 ° C= 2 ° C under daylight illumination. After a few days of culture under
this condition, ne angiogenesis will occur in the center of the retina, and after five days, the pups are returned to
the incubator with normal oxygen partial pressure. Due to the relatively low oxygen partial pressure
concentration in the chamber, tivpoxic conditions are generated in the retina ofyoung rats, thereby stimulating
the generation of neovascularreactions similarto diabetic retinopathy and other ischemic atrophic retinopathy.

Using this model, the role of three fusion proteins (FP1, FP3, and FP7) in neovascularization associated with
ischemic atrophic retinopathy can be evaluated.
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Place the pups in a high oxvgen partial pressure incubator and bring them back to the normal oxygen partial
pressure iacubator after five days. The pups were divided into five proups of 10 mice, and the fusion protein was
injected intraperitoneally at a dose of 30 mg / kg one daylater, o1ce every two days, for a total of 4 injections.
The control mice were injected with the same amount of Fe protein. After the end of the treatment period, 6
mice were taken from each group and flnorescein FAMwas injected toto the heart. After 10 rainntes, the retinas
ofthe young mice were removed for analysis of neovascularization. Daring the operation, the retina was laid
flat, and the neovascularization and finorescence leakage were observed wndera fluorescent microscope. The
eyes of the remaining four mice in cach group were embedded in paraffin and stained with H &Eafter
sectioning. The numberof vascular endothelial cell nuclei was counted under a microscope to determine the
effect of fusion protein on neovasculanzaton (investigative Ophbthalomogy visual science 43, 1994-2000,
2002). The results are shown in Figure 3. The retinas of young mice receiving Fc protein injection ail showed
severe lesions. A large mmmberof disordered blood vessels can be observed on the innerretinal membrane.
There 18 no obvicns blood vessel prowth on the retina ofthe treated mice weated with fasion protein (Figure 3}.
Among them, FP3 is the most effective and FP7 is also more effective, but its effect is sinmlar to FP1, the main
reason may be due to the deletion of Fc fragments And affect its stability in the body. FP! and FP7 have similar
effects.

At the same time, we also tested the effect of these fusion proteins on neovascularization when administered
intravitreally. The sarne animal mode! was used for the test. One dav after the animal returned to the incubator
with normal oxy gen partial pressure, putravitreal injection was performed at 6.5 mg per eye, and each ammal
received only ope treatment. On the seventh day after administration, the ammmat's retina was collected and
processed as described above. The effect of fusion protein on neovascularization is shown in Figure 3. The
results showedthat after intravitreal injection, these fusion proteins had a significant inhibitory effect on the
growthof neovascularnzation. The effect of intravitreal injection is better than intraperitoneal injection. At the
same time, through this set of experiments, we observed that the effect of FP7 is similar to FP3 and both are
better than FPL. In this test, duc to intravitreal injection, FP7 does net need to circulate through the body.
Therefore, substances with lowerstability in the blood will not affect its efficacy.

Example 5 Effect of fusion protein on laser-induced choroidal neovascularization

According to published literature (American Journal Pathology 153, 1641-1646, 1998), we used lasers to build
ap AMDmodel that can induce fundus cheroidal neovascularizationin the eyes of rats. About 150 rats were
divided into four groups. The 10 rats in the control gronp received Fc protein (20 mg / kg) by subcutaneous
injection. Each 10 rats treated were subcutaneously injected with 20 mg / ke of FPL, FP3 and FP3. FP7 received
4 total of 5 injections, one day before laser treatment and 3,6, 9 and 12 daysafterlaser treatment. On the [Sth
dayafter laser treatment, rats received 50 mg of fluorescently labeled dextran by mitravenous injection, and then
under anesthesia treatment, the eyes were removed, the choroid was peeled off as soon as possible, cut into flat
or Frozen embedded sections for analysis of CNVlesions Happening. The resnlts shown in Figure 4 showthat
the CNVarea ofmice treated with fusion protein is smaller thanthat of the control (Fc), and the effect of FP3 is
better than that of FP 1 and FP7. FP7 is equivalent to FPi in inhibiting CNVproduction.

Example 6 Apphcatoen offusion protein in the treatment of eve diseases

These fusion proteins can be used by appropriate methods, such as intravitreal injection or intravenous
adpunistration, to treat a range of ocular diseases related to the growth of diseased neovascularization, including
age-related macular degeneration (AMD), diabeucretinopathy (diabetic retinopathy) }, Diabetic macular edema
(diabeticmacniar edema) and retinal vascular occlusion (centralretinal venocclusion). At the same time, these
fusion proteins can also be used in combination with other treatment methods, such as photecoagulation orlaser
therapy, to reduce the chance of treatment failure caused by neovasculanzationafterlaser treatment. These
fusion proteins can also be used in conjunction with surgery. For example, after retinal transplantation, the
operationofretinal transplantation fails due to the growth of newblood vessels. If the patient receives these
fusion proteins at the same time as the operation, the success rate of retinal transplantation can be improved.
AMDpatients establish a basic baseline after passing a normal eye examination, and then inject the fusion
protein (such as FP3 or FP7} into the body byvitreous injection. Afterthe treatment, the patient will gc to the
hospital for observation and examination to record the impact of these fnsion proteins on AMD.ftis usuaily
checked on days 1, 2, 6, 14, 30 and 96 after receiving treatment. At the same time, patients may need to receive
multiple treatments, which can be given every two to cight weeks. The amount of each injection is in the range
of 10 pig to 5 mig pereye.

Exarnple 7 Preparation of FP3 fusion protein lyophilized preparation
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First prepare the foranilation buffer Gormulation buffer), thaw the qualified stock schiuen (drug substance), and
then use the formmlation bulfer te dilute to the desired protein concentration. After filtration and sterilization,
use a pipetic / dispenserto dispense into a clean vial (specification: 0.5mi / 2ml) according to the required
amount, and add a clean buty] mibberstopper (half pressure stepper) to the bottle mouth . Put it in the freeze
dryer, set the appropriate freeze-drying curve (including the setiug of parameters such as time, temperature,
vacnumdegree of pre-freezing, freezing, evacuation, temperature rise), and freeze-dry. When the freeze-drying
process is over, conrpress the rubber stopper, take out the vial, add an aluminum-plastic cap to the rubber
stopper, and tighten it with a capping device. Put a label on the vial, put it ina carton, and store at a suitable
temperature.

Exaniple 8 Preparation of FP3 fusion protein solution preparation

First prepare the formulation buffer Cormulation buffer}, thaw the qualified stock solution (drag substance), and
then use the formulation buffer to dilute to the desired protein concentration. After filtration and sterilization,
use a pinetie / dispenser to dispense into a clean vial (specification: Soil / 20mi) according te the required
amount, and add a clean buty! rubber stopperto the bottle to tightly stop. Add an aluminum-plasiiccap to the
botyl rubber plug and tighten it with a capping device. Put a label on the vial, put it in a carton, and store at a
suitable temperature.

Example ° Preparation of FP3 fusionprotein ophthalmic preparation

Prepare the preparation bufferfirst, thaw the qualified substance (dmg, substance), and then use the preparation
buffer to dilate to the desired protein concentration. After filtration and sterilization, ase a pipette to Hl the
cleaned vial (<200u)inte a clean vial (specification: 0.5mi), or use a glass syringe (specification: Inil, with
gray rubber piston, 27 gauge needle) ) Pumpto the required volume (<10Gu). Forthe vial, add a clean butyl
mibber stopper te the end of the bottle, plug ughthy, add an alurninum-plastic cap to the butyl rubber stopper, use
a capping machine fo tighten, and label the vial: for syringes, add a stopper to the pisten Install a mbber phig,
add a gray rubber coverto the needie, and add a bard plastic sleeve outside the rubber cover, and encapsulate it
with an aluminum sealing bag (with a printed label) (also equipped with a threaded plastic piston red, white
Tange) The joints are sealed in different aluminum bags}. Pat ina carton and store at a suitable temperature.

Example 10 Preparation of FPi fusion protein ophthalmic preparation, the preparation thethod is the same as
Exaniple 9

Example 11 Preparation of FP2 fusion protein ophthalmic preparation, the preparation tethod is the same as
Example 9

Example 12 Preparation of FP4 fusion protein ophthalmic preparation, the preparation method is the same as
Exaniple 9

Example 13 Preparation of FPS fusion protein ophthalmic preparation, the preparation method is the same as
Example 9

Exaniple 14 Proparation of FP6 fusion protein ophthalmic preparation, the preparation method is the same as
Example 9

Example 15 Preparation of FP? fusion protein ophthalmic preparation, the preparation methodis the same as
Example ®

Sequence Listing

(110) Chengdu Kanphone Biological Technology Co., Lid.

(120) Application of VEGF receptor fusion protein in preparation of medicine for treating eve diseases

(160)4

(210)1
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(2415308

(212) PRT

(213) Aruficial sequence

(400)1

GlyArpProPhe ValGluMetTyrSerGlillePraGinietle 15

HisMetThrGinGlyAreGluLenVallleProCysArgValThr30

SerProAsplleThrValThrLesLysLysPheProLeuAspThr45

LentlcProAspGlyLysArefielleTrpAspSerArgLysGly60

PhelleleSerAsnAlaTbrtyrLysGlateGlyLeuLeuTin75

CysGluAlaThrValAsnGlyHisLeuTyvrLysThrAsnTyrLen90

TherbisAreGlathrAsnThritelteAspValValLeuSerPro £05

SerHisGlyleGiuLeuSerValGhyGlaLysLeuVaiLenAsni 20

CysThrAlaArgThrGlaLeuAsnValGlyfeAspPheAsnTrpl35

GintyrProSerSerLysHisGinHisLysLysLouValAsnAra 130

AspLeuLysThrGlaserGly SerGluMetLysLysPheLenSerl6$

ThrLeaThricAspGly ValThrArgSerAspGinGly LeuTyrl 80

ThrCysAtaAlaserSerGlyLeuMetThrLvsLysAsnSerPhrl 95

PheValArgValHisGtaLysProPhe ValAlaPheGhy SerGlv2 10

MetGluSerLeaValGinAlaThrValGly GhvAreValArgie225

ProAlaLysTyrLeuGlyTyrProProProGinBeLysTrpTyr240

LysAsnGlylleProLeuGluSerAsnHisThilieLysAlaGly253

His ValLenThrileMetGhuValsSerGluAredspltrGlyAsn?70

TyrTbhrVallicLeuThrAsnProfleSerLvsGluLysGinSer285

HisValValSerlLeouVal ValfyrValProProAspLysThrHis306

ThrCysProLeaCysProAlaPro308

(Z10)2

{2EE)214

(212) PRT

(213) Artificial sequence

(400)2
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GlvArgProPheVaiGluMetTyrSerGinfleProGinfielle 15

HisMetThrGiuGly ArgGlaLeuVailleProCysAreValThr30

SerProAsnfleThrValThrLeouLvsLysPheProLenAspThr4$

LeulieProAspGlyLysArgtieleTrpAspSerAre.ysGlyo0

PhellefleSerAsnAlaThrTyrLysGhilleGly LeaLouThr?7

CysGlnAlaThrVaiAsnGlydisLenTyrLysThrAsnTyrLen90

ThrtisArgGinThrAsnThrilebedsp Val VallcuderPro 10S

erHisGhfeGinLouSerValGlyGinLysLenValLeuAsnt 26

CysThrAlaAreTirGhalenAspValGlyfeAspPheAsaTrpt35

GlityxProSerSerLysHisGinHisLysLysLenValAspArg {50

AspLeuLysThrGinSerGhySerGiuMetLysLysPheLeuSerl6$

ThrLeuThrilcAspGtyValThrAreSerAspGinGlyLeuTyrl86

ThrCysAlaAlaSerSerGlyLeuMetThirLysLysAsnSerThri95

PheValAreValHisGinLysAspLysThrlisThrCysProLen2 10

CysProAlaPro2i4

21033

(ZL E9924

(212) DNA

(213) Artificial sequence

(460)3

getagacctt tcptagagat gtacagtoaa aicccczaaa tlatacacat pactzaapga 60

aggpascicg icaticccig cozgettacg icacctaaca tcactgtlac ttaaaaaag 120

itiecactigacacttipatccctgatygaaaacgcataaictepracastapaaaperc 186

iicaicatatcaaatecaacgtacasapaaatagegeticigacctgtyaagcaacagic240

aatgpecatttgiataapacaaaciatcicacacatcgacaaaccaatacaatcatapans OO

pigptictya giccpicica ipgaatipaa claicigtte gagaaaagct teictlaaat 360

igtacarcaa gaactgaactaaatptepypatigacticaactpgpaataccctictteg420

angcaicagcataagaaactigtasaccpapacctanaaacccapictgepagivagatg4so

aagaaatttt trapcacctt aactatagat geiptaacce peaptpacca agpatiotac 540

&6oS syOs°3Lie] oa_GiSoSgSoe oepcipatpacc aaagaagaaca pcacatttgt cagzeetocat 600
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paaaaacctitivtizcittiggaapicocatygaatcictgetpgaasccaceatersp660

gagegtpica gaatcccige gaaptaccit gettacccac ccccagaaat aaaatgetat 720

aaaaatgeaa taccectizagiccaatcacacaattaaancgeeecaigtacigacgatt7 80

atpgaagiva pteaaagaga cacaggaaat tacacigica tecttaccaa tcccattica 840

aaggaraarcapagccatpterictcictgptiztetaigiccccaccgpacaaaactcacooe

acatge ccac igtgcccage acct 924

(2410)4

(211}642

(212) DNA

(213) Aruficial sequence

(400)4

gotagaccit icetagapat gtacagizaa atccccgaaa ttatacacal gactgaagpa 60

agpgagcteg tcaticcctg cogeptiace tcacctaaca tcactettac tttaaaaaag 120

tticcactigacactitgatccctgatgpanaacscataaicigreacagtapaaagprsc 180

ticalcatatcaaatgcaacgtacaaagaaatapgecticigacctgtpaagcaacapic240

aaieeecatttptataagacaaactatctcacacatcgacaaaccaatacaatcatagat3oG

gigetictga giccgicica tggaatigaa ctaictgttg gagaanagct tgtcttaaat 360

iglacageaa gaactpaactaaatgingrgatigacticaactgegaatacceticticgd26

aagcatcagcatiaagaaactipiaaacceapacctaaaaacccapictepeaptgagatg430

aagaaattitigapcaccttaactatagateptplaacccepyptgacca ageaitetacs40

accigtgcag catccagize ectratgacc aaapaapaaca gcacatitet cagegtccat 600

paaaaapacaaaacicacacatgcccactsigcccagcacct642
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CN1G8367328C VEGF receptor fusion protein aed its use ip preparation of medicament for treating eye
Gisease

Data originatingfrom sources other than the EPO maynot be accurate, complete, or up to date.
fas

The warding belowis an initial machine transiation ofthe original publication. Ta generate a version using the
latest translation technology, go te the original languagetext and use Patent Translate.

 

i Receptor fusion proteia FP7 of vascular endothelial growth factor VEGF, its amino acid sequence is shown as
sequence | in the sequence table.

2.The ancleotide sequence of the gene encoding the vascular endothelial crowth factor VEGFreceptor fusion
protein FP7 is shown as sequence 3 in the sequence table.

3.The expression vector containing the gene of vascular endothelial growth factor VEGF receptorfusion protein
PP? according te claim2.

4.4 method for preparing the VEGF receptorfusion protein FP7 according to claim 1, coniprising the steps of
constructing a vector containing a fusion protein gene using penetic recombination technology, introducing the
vectorinto a genetically engineered cell, and expressing the fasion protein.

5_A pharmaceutical composition comprising a therapentically effective amount of the VEGF receptor fusion
protein FP7 of claim 1 and optionally one or more pharmaceutically acceptable carriers,

6.The pharmaceutical coniposition according to claim 5, wherein the carrier is selected fromone or more of
buffers, stabilizers, preservatives, co-solvents, excipients, and osmotic pressure adjusting agents between PH3-9,

7 The pharmaceutical conmposition according to claim 6, wherein the carrier is selected fromm phosphate baffer,
succinate buffer, histidine buffer, mamnitol, trehalose, polysorbate, sodium chloride, sucrose, Qne or more of
hydroxymethylaminomethane orlactose.

$.The pharmaceutical composition according to any one of claims 5-7, which is prepared 1oto a pharmaceutical
preparation suitable for use, the preparation is selected from a lyophilized preparationor a solution preparation.

9.The pharmacentical composition according to claim8, wherein the administration method ofthe fomnplaton
is selected fromintravitreal injection, intravenous injection, intraperitoneal inection, subcutaneous injection, or
eye drop administration,

10.Use of the fusion protein FP7 according to claim 1, the gene according to claim: 2 or the pharmacentcal
composition according to any one ofclaims 5-9 in the preparation of a medicament for the treatment of ocular
diseases related te neovasculanization, wherein The ocular diseases related to neovascularization are selected

from age-related macular degeneration, diabetic retinopathy, diabetic macular edema, retinal vein occlusion, and
treatment failure caused by neovascularization.

i].The use according to claim 10, wherein the treatment fadure caused by neovascularization is selected from
laser coagulation and surgical retina transplantation.
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200810160842. 8 be HH OTS it HA/AA WL
 

“F349 CNV HAR Cmm?x10-*)

Ss 8aie

- 68 8 8 8
oO 86=S

94

bil CHE
Ldd

Edd

édi
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fio] HEARENE RRMAHNE [51] Int. Cl.
CO7K 19/00 (006.01 )

. e . C12N 15/62 (2006.01 )

“; [12] az iA = #] iit FR 4 C12N 15/85 (2006.01 )
” _ A61K 38/17 (2006.01 )
- FS ZL 200810160842.8 AGIK 9/19 006.01 )

A61K 9/08 (006.01 )

[45] #ZAABHA 20094712 9A [11] #ZAABS CN 100567325C 

[51] Int. Cl. ( 4)

A61P 27/02 (006.01 )

[22] HIB 2006. 3.31

[21] HIBS 200810160842.8

SSARIB= 200610066257. 2

[73] SAMA ARAB RESALEBLA PE ZB]

Heht 610036 DU JI] 4 We AB TH ae EK Ag FB

36 &

[72] AA APRB

[56] BAIR

CN1222192A  1999.7.7

CNI701814A 2005.11.30

CN1706867A 2005.12.14

HaR Fe Fj

ALABERG 1  BEBAB 11 OP4 

[54] AAA ER

VEGF 528aRSEAA EOEiilIT ARABO

BA2+ EK YF

(S7] #2

ASBBePi VEG 32 PR RG SEAL. Ball 4

TIERAAT IREBOA HP IS DA, BTS FIRA

ELF TEAS FAREREEHE, BEDALE, BE

DRIP BRBLAARAL Ae PE PAEIAES|A

FR ISCRU BIGBEE) A, <PARAL RAS Ho
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200810160842. 8 U3 Fil = *K acl BA/LM

1. MLA BAIRIFVEGF WSCARREA FP? ,, SRSTOOPZS PR

HIFPS 1 BraN.

2. HatsLS A EEAVEGE 52RRREEA PPT AOE, RRa

FRIZe PNPF 3 BTA.

3. 2AOUAIBER 2 PRLA RAREVEGF 52(RahSe PPT BE

ZEA

4, —Fh HilOAR 1 APRAY VEGF ASSeRRSeRA FPT AS, eon

PR: AAABARKWESBSSAEA, HARASSARATL

AEH, RIAAEA

5. MAMAS, ARBAREALALEER | TRA) VEG AS2AS

BSA PPT UREERSASDeEYESIB

6. REMARK SAANAWAAM, BRB PH3-9 ZAMS.

AEF, BU. BOAT. IRIE. BesRHPHRSAH

7. REMABR 6 PANAWAAW, PRABBRMR. AR

EB. ARAM. PR. eR. Pe WUFRRR Re. A.St

FAEe FASeaPtRSAF

8. AEAABE 9-7 E-TTRMAWASYW, RisRaTHAMADGl

Fl, PRRBALE BFaCAEA

MENAER 8 PRNAWAAW, KelNAAisRRAA

St. BGENA. IRE. BEPESRURAL2

10. ALABER 1 ARRASSA FP7. ARFSEK 2 PTRAEARABE5-9

fE-WRBNAWASWEHTSHESEKAARARAARAN ADP

KOA, PSASereEKAREBERET, BER

UPS, PRESSEK, PLP ARPRKARZE, eeeKim SlA

ITREM.

11. GEAABER 10APA, ARANTeAETTS RIATAK

6 A BOCREA, F7RBI
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200810160842. 8 int BA act B/W
 

VEGF St/AASAREEITRRAP

AEB iBSE iS Ay 2006 44 3A 31 A, Pigs 200610066257. 2, RAR

Oy“VEGF SBMAZEA ZIRTROE”A

HA.

RMR:

ASBEBBXVEGF SEARLSEA CEMATESAEKTSRSRY

Boma PRODLA

PARR: |

357 PH BLPFA PALAUHA (chorodial) in.27% 26L2HaRLPRA

BOS}0All OsBREA5LSA.EPORTY AESEFBOTEee

AMER A. Gli, BERLE (diabetic retinopathy) RHTPRR

iitFU PAALPE,BETTERR.CEREREE

EMRES01JSBEARS AYORREtTESSEEK.BK

SSH, FA BLAthFHUABEeB BEBE JR] (Nature 438:

932-938, 2005).

SEBSASE AT BEBESEHE CAMD) SE—7 ely BLP BE oH Dei2Be2BAf

PMETT SABO. APPEALED. EMEYE AMD FEARSBYEtnBIG

RUALES, CSAUAAEE.

te A AEKEE VEGF)2bEEEEKAm. J,

Pathol. 167:1451-1459, 2005). VEGF #ilRkA Re4aneseu: , EMEERT AE

MBK, DREAMAAAA.SE OTFEAe—5wn

nid HPS SEARLTDPUA CORRE “RUESBS”), VEGFCERRORE

(SHR, MTGEEMEEK. R-MEKA “PEM HR”

(angiogenesis). IRA, HEMMEABALSESMEAR, SRR,

PRS NR. ARETEROSIHhSSESSSbPoe

K, HPTRABETBELD
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200810160842. 8 ve HH Th 2/11 mM

 

VESFERSREE AMD aLA AKERRASRPyZKSAAD VEGF2234(Invest.

Opthal. Vis. Sci 37 :855—868, 1996 ; Microvascular Res. 64:162—169,

2002). HHT VEGF 23474GUEHE AMDZNAAAASSEE, VEGF BTLAANEST AMD

—SEAKRhE CBr. J. Opthalmol. 88:809—815, 2004).

—28VEGF HasAY DA BALISTVEGF 45 A BeadVEGF 824 Cf1t—1. KDR &)

CIARAEAR, SMTUBELLE Ha VEGF SpSette, Seb ea VEGF aeIATO1S

orame OAK, DOABIABTAIBLIEPLRAA. 3x28 VEGF HUBlaA

4, 4 Macugen (pegaptanib sodium), Lucentis, VEGF-Trap, Avastin

(bevacizumab) #1 AdPEDF #. 3£° Macugen #il Avastin LHSHRARMA

SEA CFDA) HteyeETH.

RBA:

AREA) VEGF MEA, WAPaeeK

S|RSARP. SURBAEE CERI) PRRUR WBPORCUBENOHEHE

BOTARPE, BERALBoASe, BEROEBCAREnETSAY

rTROCA, FRR. TERR, RRAAIBA

FG, ANVECVANBAMAEA. PRAMA, AAAAAY VEGF4

MAPAAH MMe ReEMMARARRERR” CHS

CN200510073595. 4) PHAR fK) FP,. FP.. FP;. FP., FPs, FP. MAS AC BASEGEN FP, Ft

FP, PAEDF. SEA FP.. FP. FP;, FP,. FP;. FP; RRAEEIITE

BeAL BB FB FP, AlFP, SEBRPIZEABSPSBA) 1 ABZ 2.

ASFA TIRE VEGF 52ARS2 GYRtLRATES,

FGH1 FP, FP..FP;. FPs. FPs. FPS, FP,AFP,RR, WR,

AACHeH TAENeTESCH, HISALIARSAABAA.

ASBCA ASBAORHlAHB ohThakBHABE,SRSBFOE

RPAlSAA,ANASFENAA, BORK AE

SA, BUES, PU, RBIAS, SOASORT SRAeA

PRRSEM, TEEEAaBa, (EATBIT, BEA RDREPRNA

PERAK. ARANGAS AGT, ENAMABRNSK, Br

BRKTREMMAARANMABR HAWK, (NEA: BR
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200810160842. 8 ve HH Th A4/11 mM

 

SERA1, FP, Aye

falaeA FP7S| f1t—1D2(F). flt—1D2 (R). KDRD3 (F) #1 KDR

D3—4 (R) CASAS, BTiS CN200510073595. 4) M HUVEC 48ASEAyI fy

mRNA 4EARRABEY cDNA _EBCKEI AY £1t—1 #0 KDR ABARBARR. Atk

AARTERETERE 95° . 30 46H, 1K 56° . 45 PBK, METH 72° . 2 4BRIE

Fy ET PCR IY, 30 SE, IRA F1t—1 AL KDR 1eG eReAY PCR PEM.

FATA cloning iA, FE PCR PFEMeB PCR. 1 PERE, HEY A coli, HE

RACH, DIA LBS, FFE. FA Qiangen AERIAWAPE

aR)RMP. RAPEHE PCR (Sewing PCR) F7¥E, $2 F1t—1 HER. KDR

FrBA 1gG BREaaPFOREE. CEPS|Pe EcoR] MEW

Bim. PCR APOTE EcoR] MEU, 4 Qiangen (LinhAalte DNA HER, IF

fi peDNA3. | JRL. HEYAEYE EL col/, MeHPAPERAYE. DA LB SSzRZE,

HALA. QiangenAAR, FUPSe. BRECKASR

CHO 25HL49ikxeZEAaAPPT FAISRoFP,BRRPLS3

FELCRRAA OC RSPRAE Chinge) AVBRZDFRR.

SEH2, FP. AFA

MGae FPS xe FP7 AIREREAD PCR $ieionk, PCR PTASl|we

flt-1D2 ( F ) @ KOR D3-hing (R). Is #AW F WW :

5’ -agetectgggcacagtggecatgtgtgagttttgtctttttcatggaccctgacaaatg. EHS KDR B=

GEERTEKFAAP PRUALA, 1eG Fo AER ERIMEERFPS. PCR 934

POZESERENESSB 1 ATR). AOAT FPS AY) Pc DNAS. 1 RAYE

CHO 4h, JFRAMEean. FAPGhzeaA. FPS AYERAPTLE

22, PREERAPII WLPSIZ 4.

SHS] 3 RRABAS VEGF ASRDHL

ARRCBH AA GU xe VEGFSRESARSEG VEGE BRED. HEX-RH

, OKXEVECF (10PM) DARE, REHAMRRNSAAANEA

RaMSSA VECR EEea, Ze 37° SSRPRE

—ASIBU» AEAY VEGF EH R&D ABEF] (R&D systems) HRM

VEGF Sis— — VEGF MMA CVEGF assay Kit) Wz. WHAHAR

6 APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 292



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 293

200810160842. 8 ve HH Th 3A3/11 mM
 

Csodium phosphate), S#3HBR4N (sodium succinate), #42 (histidine),

HERES (mannitol). 4e7R#F (trehalose dihydrate), Be uF2ES (polysorbate

20). S644 (sodium chloride) . #E¥# (sucrose), =#2 PSEREFE (trometamol)

PRSLAE, eAYA (formulation buffer), WEA pH BrRStenwee

(phosphate). FreBR#b (citrate), ZABE (acetate). BEFAMRE: (succinate), =

Fe PSEA AGE Ctrometamol, M4 Tris) BRAAB histidine) “EH A—FH, pH

MHZ 3 29; TABSRAMA (sodium chloride), MADE

(dextrose) ; FAARAUR Camino acids). HH (glycerol). HHH

¥i (cyclodextrin), FEGF (sucrose), ¥EBEHF (trehalose dihydrate) |; WAAR

RAGE(thimerosal). WHRA (sodium bisulfite), AEZRE (benzyl

alcohol) Fo MPARPRMA, WOAHATHSEM Cmannitol) F; wT
Fala, TTREEPERMARA Cpolysorbate 20 BK 80). +-heatGR

A (SDS) So AGATA ARBLIEEZE 0. Olmg/ml 22 1000mg/m1. HARRI

PREIS2. ASMBIPAGERSLSOTOARA, RH, BAPE

Sy, HY WLSEATSPL ASHELR YAFICHEAKBHihBAM,
BMS

ACR, TINIEST T VEGF VAE.RHEHFAAY LAet

HRAWARRRAPRA, HELE CHARI) BRO, TAA ATER,
tomy BAGAae25Uesh CE—EYBSPAWKSATAN A

ABS BCAA RESP AACEAS AC AaSFBSA VEGF FBLARABA

BMHURIGT(EA. WARE, ZEA, BIER, SRR, RR

WReREGHEWB TARAMRR, ABELSE

Bet alUt HH

Al: AAY 8 MASAHAMREA

2: BOREAS VEGR SERATT A ee

PS] 3: Fah Se ATRPtnES5|BE

PS 4: PRB AREaKSAetEe

RAMA:

DXBHIESeePAE—TARAA, AAAEAASCA
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200810160842. 8 ve HH Th 3AS/11m

 

ZARAAb SE4So A 2 SER, 2 228, FP, FP. Ail FP, SSRABS VEGF

RAE, HSAAGEDTH ICBAN, SPHFE 11. 2PM. 4. 3PM All 4.1 PM.

XPSEAS UEBA, FP, Al FP, ZEAKSSS VEGF MAREDAI, BRAT FP.

e-MAGSPREEHAT KDR BSB D0 SEERAR EKBR AESFPBT

JMUEREA AE SR VEGF ZEARET.

SEU4 faep RE a BEL be a 2eRRE|TEaEBSE

Ie SF SR

REALCRS ERBOESEAL(75% 42%) ASSEN, JERSERE

A 23°C+2°C, AGRA. FEMAPRLAZIS, PPCteeaE

RE, DARZIa, HOREERASEMSS. APSABR

SESPRETAT3 Ba AT HRRERARE, MITREAES(LEaaA

esBRAAte,FaSSaPeTENo

AAMAL, ADSPPRRA HBA CPP. FP, Al FP.) FERRESESE

JERRBrAEAERTTYEP

E30 BABEALEBRA, RZeBTEBS)isWN SSSRS

. SORMMA, BA 10, —AZJSU 30me/ke HEAEAA

ESB, ARPESik, PERT 4K. SARE AS)UEA

Fo BA. YHA, MSZ) ALOR, CRESSS@6FAM, 10 4}4h

Jet, 30 BERD A PdASRATBT AETLPAERH. BRERAPRE,

FERCAEPTEIERISa,SAROA)ROR

iE, DAA HE RE. PRMAaK, MTSEG

WrEFAERA] (Investigative Ophthalomogy visual science 43, 1994

—2000, 2002). 27720 3 Pras. PSE Fe BAUER Sh ALPRA

NaS. FERAKLRAKSRA. EARSEAA

FaAyBEAES COOP 3) . Bo FP, BOAR, FP,

THEA, (ABORT FP, SEESRBERA Pe HRMBMCEA

A MEETE. PP, 5 FP, ARR.

FURY, BoteikTRECRATe FEaA A 282PE

2AW.RAeae,(eASEASRAAB,

 

 

 —
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200810160842. 8 ve HH Th A6/11M
 

DaeURGE 0. 5 SECMUETBRAEN, ERSREWT. BAS

BACK, SRAEREIAAS. RAETEtSog

KA SBia. GRR, ARAN, SERSRAPESHEKAAB

2THEA. BTAAESOECREEBES. IY,IA,

BUNTLRAI FP, ABCRSDLPFP,PSAEEFP.FER, HP

AR AVES, FP7AAAULE. uh, EARERRMRA

WS AT FTBR

SEG] 5 RRAETASKSEiEH

KEPEACR AYSCRBL (American Journal Pathology 153, 1641-1646, 1998),

BUNT)FOCTEA BR BLL7GcERKASTEELA AMD RE

#3 150 RAABHARS)ZA, RRA AY 10 ROA BURPIER PeHA

(20 mg/kg) , MHSHE 10 RACERSaePIE20 mg/kg AY FP.. FP.

FP; BAFRBESS O UREN, SAI ZERBOEMAT—RABESHI3. 6. 9 A

12K. FEROS 15A, KRUHES 50mg RIGIDAHee

ff, FAZORA, OPERAIER, SPREEHKZRHR, BREALE

DLFAFADAT CNV FSR. SEOUL 4 SEW), ZOAESAER) BLOG CNV TAR

ABLGRTAR (Fo) Ba), FOeH FP; ASRBEGLF FP, A FP. FPG FP, BSSCNV AE

BO7TTHSRAB =4

SCH6|RABEEVOET

ATEAB LORESTK, WAAERA, WAT

FfimSetiERASE—RGRALB, ECR LFEEEE

CAMD) . #8FR3P52 PA IRAE (diabetic retinopathy). #2RaBEBEZKIF (diabetic

macular edema) Al#8P4 RRL‘ PHAE (central retinal vein occlusion). [AJEY

REBAR ARAU ART AKE-RACHH, WH HKRAD

(photocoagulation) RRA-SROCTIERAHA, DRMRARBOLAMEZJa Are

AEEASROTKALE. EAEEAWEREAE. RE

RBZ, HTPELENEKERBMNERAM. MREFAN A

NS, ARSRSSANA, RAT DERALARBANRS. AMDA

FETIEIRABZJ, BEEAREER, SRSLBAES
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200810160842. 8 ve HH Th A7/11 mM

 

SA Coo FP: BR FP.) JEAN. AMEAERSORE, vd

WISeSae XT AMD ASEM. ARESOTZIG 1. 2. 6. 14. 30 A

90 KARMAKR. AN, AAWMRRBRSSKAT, WWEB/E

AK. BOERSKtARRAS 10 WOE 5 SICH.

SCH] 7=FP3 REEF

SecaeFAHYR (formulation buffer), AIRAIIRYK (drug substance)

an, AARSmBORE. UTE, BRB

PeeteBARESASA CMU: 0.5m/2ml) PB, FARO DOS AY

TRE CER). BMAOAPRILA, REMAIFne (LIETR.

OUR. HRS. TSMARMS, RE. RERESSAMRE), BETO.

SATURERa, RARE, WO, ZEBELone, SLale.

FEVERLIES, EARS, FOP.

SERPS=FP3 AA

FeBeaeFYE (formulation buffer), 44SAO RYX (drug substance)

aE, ARSTeEAR. PTEE. BRAD

eaeRACEDARESE COU: Smi/20ml) A, FEODET

FERRE, SR. TE)BURbee, SLSR. HERMES,

RARE, FREAK.

SEHEP|O FP3 RRAIRA

FERCEEHIATTBL, ORAS ANE (drug substance) RJR, FAaah

BEBUSTioARE. BYTRERRA.EER (<200p1)

BEPECRU:0.Sml) A, BABESAS CAWS: Im, FARR

BSGZ. 27 Sth) FARMEBRES (<100nl).SPR, FEOEE

AY)SEU, ZR, CETSESELe, SLRASSL, FEU

ARE; NPEES, TEEREAPIERUBE, TERT SLLIRR, ZEBSP

FYNRBS, ASS (CAS BR AARARe. OB

SBS, FAP). BARS, FAIR.

S10 FRIARARABS. IATASCH9

SERGP| 11 FRRRAIABAe. BIAATIATSCP 9
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200810160842. 8 ve HH Th A8/11m

 

SCG) 12 FPARRAS, BRTSE 9

SCP) 13 FPS MARAMGIAIA, BAASSHH 9

SHG 14 FROMAR ARMAS, HSINSB 9

SHIP 15 FP7MARAIAAAS, BSA9
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200810160842. 8 bi HR Th FB 10/11a
 

ThrCysProLeuCysProAlaPro 308

<210>2

<211>214

<212>PRT

<213>.ATP

<400>2

GlyArgProPheValGluMetTyrSerGlulleProGlulleIle 15

HisMetThrGluGlyArgGluLeuValIleProCysArgValThr 30

SerProAsnI leThrValThrLeuLysLysPheProLeuAspThr 45

LeulleProAspGlyLysArgIlelleTrpAspSerArgLysGly 60

PhelIleIleSerAsnAlaThrTyrLysGlulleGlyLeuLeuThr 75

CysGluAlaThrValAsnGlyHisLeuTyrLysThrAsnTyrLeu 90

ThrHisArgGlinThrAsnThriIlelleAspValValLeuSerPro 105

SerHisGlyIleGluLeuSerValGlyGluLysLeuValLeuAsn 120

CysThrAlaArgThrGluLeuAsnValGlyIleAspPheAsnTrp 135

GluTyrProSerSerLysHisGlnHisLysLysLeuValAsnArg 150

AspLeuLysThrGlnSerGlySerGluMetLysLysPheLeuSer 165

ThrLeuThrI leAspGlyValThrArgSerAspGlnGlyLeuTyr 180

ThrCysAlaAlaSerSerGl yLeuMetThrLysLysAsnSerThr 195

PheValArgValHisGluLysAspLysThrHisThrCysProLeu 210

CysProAlaPro 214

<210>3

<211>924

<212>DNA

<21390ATFA

<400>3

ggtagacctt tcgtagagat gtacagtgaa atccccgaaa ttatacacat gactgaagga 60

agggagctcg tcattccctg ccgggttacg tcacctaaca tcactgttac tttaaaaaag 120

tttccacttg acactttgat ccctgatgga aaacgcataa tctgggacag tagaaagegc 180
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200810160842. 8 wi HH TS A9/11
 

FRI

 
<110> BOABREAEBYBe ZS

 
<120> VEGP 3éPider az Fl 4Eil48 VAT IRBPR ZAPEAYBP

<160>4

<210>1

<211>308

<212>PRT

(213>ALFFSI

<400>1

 

GlyArgProPheValGluMetTyrSerGlulleProGlulIleIle

HisMetThrGluGlyArgGluLeuVal IleProCysArgValThr 
SerProAsni leThrValThrLeuLysLysPheProLeuAspThr

LeulleProAspGlyLysArgllelleTrpAspSerArgLysGly

PhelleileSerAsnAlaThrTyrLysGluIleGlyLeuLeuThr

CysGluAlaThrValAsnGlyHisLeuTyrLysTorAsnTyrLeu

ThrHisArgGlnThrAsnThrIleIleAspValValLeuSerPro

SerHisGlylleGluLeuSerValGlyGluLysLeuValLeuAsn

CysThrAlaArgThrGluLeuAsnValGlyIleAspPheAsnirp

GluTyrProSerSerLysHisGlnHisLysLysLeuValAsndArg

AspLeuLysThrGlnSerGlySerGluMetLysLysPheLeuSer

ThrLeuThr IleAspGlyValThrArgSerAspGlnGlyLeuTyr

ThrCysAlaAlaSerSerGl yLeuMetThrLysLysAsnSerThr

PheValArgValHisGluLysProPneValAlaPhcGlySerGly

MetGluSerLeuValGluAlaThrValGlyGluArgValArglIle

ProAlaLysTyrLeuGlyTyrProProProGlutleLysTrpTyr

LysAsnGlylleProLeuGluSerAsnHisThrileLysAlaGly

HisValLeuThr1I] eMetGluValSerGluArgAspThrGlyAsn

TyrThrVal fleLeuThrAsnProlleSerLysGluLysGlnSer

HisValValSerLeuValValTyrValProProAspLysThrHis

11

15

30

45

60

75

90

105

120

135

150

165

180

195

210

220

240

bo on on

270

289

300

 at
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200810160842. 8 bi fi SBl1/11L aK
 

ttcatcatat

aatgggcatt

gtggttctga

tgetacagcaa

aagcatcagc

aagaaatttt

acctgtgcag

gaaaaacctt

gagcgtgtca

aaaaatggaa

atggaagtga

aaggagaagc

acatgceccac

<210>4

<211>642

<212>DNA

caaatgcaac

tgtataagac

gtccgtctca

gaactgaact

ataagaaact

tgagcacctt

catccagtgg

ttgttgcettt

gaatccctec

taccccttga

gtgaaagaga

agagccatgt

tgtgceccagc

<213>ALFS

<400>4

ggtagacctt

agggagctcg

tttccacttg

ttcatcatat

aatgggcatt

gtggttctga

tgtacagcaa

aagcatcagc

aagaaatttt

acctgtgcag

gaaaaagaca

tcgtagagat

tcattccctg

acactttgat

caaat gcaac

tgtataagac

gtccgtctca

gaactgaact

ataagaaact

tgagcacctt

gtacaaagaa

aaactatctc

tggaattgaa

aaatgtgggg

tgtaaaccga

aactatagat

gctgatgacc

tggaagtgge

gaagtacctt

gtccaatcac

cacaggaaat

ggtctctctg

acct 924

gtacagtgaa

ccggettacg

ccctgatgga

gtacaaagaa

aaactatctc

lggaattgaa

aaatgtgggeg

tgtaaaccga

aactatagat

atagggcttc

acacatcgac

ctatctgttg

attgacttca

gacctaaaaa

getetaaccc

aagaagaaca

atggaatctc

ggettacccac

acaattaaag

tacactgtca

gttgtetatg

tgacctgtga

aaaccaatac

gagaaaagct

actgggaata

cccagtctgg

ggagtgacca

gcacatttgt

tggtggaage

ccccagaaat

cggggcatgt

tcecttaccaa

tcccaccgga

agcaacagtc

aatcatagat

tgtcttaaat

ccecttcttcg

gagtgagatg

aggattgtac

cagggtccat

cacggtgggg

aaaatggtat

actgacgatt

teccatttca

caaaactcac

240

300

360

420

480

540

600

660

720

780

840

900

atecccgaaa ttatacacat gactgaagga 60

tcacctaaca

aaacgcataa

atagggctte

acacatcgac

ctatctgttg

attgacttca

gacctaaaaa

getetaaccc

catccagtgg gctgatgacc aagaagaaca

aaactcacaca tgcccactgt gcccagcac

13

tcactgttac

tctgggacag

tgacctgtga

aaaccaatac

gagaaaagct

actgggaata

cccagtctgg

ggagtgacca

gcacatttgt

ct 642

tttaaaaaag

tagaaagggc

agcaacagtc

aatcatagat

tgtcttaaat

eccttcttcg

gagtgagatg

aggattgtac

cagggtccat

120

180

240

300

360

420

480

540

600
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G4) Tide: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

(37) Abstract: The present tivention provides methods for treating angiogenic eve disorders by sequentially administering multiple
doses of a VEGF antagonist io a patient. The methods of the present invention include the administration of multiple doses of a
VEGF antagonisi to a pallent al a frequency of once every 8 or more weeks. The methods of the present invention are usefil for the
ireatment of angiogenic eye disorders such as age related macuiar degeneration, diabetic retinopathy, diabetic macular edema, ceniral
retinal vein occhision and corneal necvascularization.
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USE OF AVEGP ANTAGONIST TO TREAT ANGHOGENIC EVE KISORDERS

MELD OF THE INVENTION

{eo01) The sresent invention relates to the fleld of therapeutic treatments of eye disorders.

More specifically, the invention relates to the administration of VEGF antagonists to treat eyeavd

tisorders caused by or associated with angiogenesis.

BACKGROUND

fon02] Several eye disorders are associated with pathological angiogenesis. For exaninis,

the development of age-related macular degeneration (AMD) is associated with a process

calied choroidal neovascularization (CNV). Leakagefrom the CNV causes macular edema andcollection of fluid beneath the racula resulting In vision loss. Diabetic macular edema ‘oue) is
another eye disorder with an angiogenic component. DMEis the most prevalent causeof

moderate vision loss in patients with diabetes and is a cornmon 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 pari of the retina

responsible for sharp, direct vision. Fluid In the macula can cause severe visionlose or

blindness. Yet another eye disorder associaled with abnormal angiogenssis is central retinal
 

x sada to

ischemic, resulting in the

 vein occlusion (CRVO}. CRYO is caused by obstruction of the central retinal veinthat
oha os& Fan)a3%@ back-up of blood and fluid in the retina, The retina can a!

growth of new, inappropriate blood vessels that can cause further vision loss and rnore serious

nompioations. Release of vascular endothelial growth factor VEGF} contributes to increased!
vascular vermeatity in the eye and inaporopriate new vessel growth. Thus, inhibiting the
angiogenis-promoting properties of VEGF appears to be an effective strateay fortreating

angiogenic eye disorders.

igoos| FDM-approved treatments of angiogenic eye disarders such as AMD and GRVO

include the administration of an ant-VEGF antibody called ranibizumab (Lucentis®, Genentech,

inc.) on a pyonthly basis by intravitreal iniectian.

{9004] Methods fortreating eye disorders using VEGFantagonists are mentioned in, e.g. US

,303, 746; US 7,306,799; US 7,300,503; US 7,403,748: and US 2007/0190088. Nonethee

thera remains a need in the art for new administraiian recimens for angiogenic eye cisorcers,

especially those which allowfor less frequani dasing white mainiaining 2 highlevel of efficacy.

SRIEF SUMMARY OF TRE INVENTION

feg05] The present invention provides methodsfor treaiing angiogenic eye disorders. The
t

}

methodsof the inventian carmpriseSequential) acrministering muitipie doses of a VEGF
antagonist ip a patient over time. In particular, the methods of the invention comprise

sequentially administering to the patient a single infllal dose of a VEGFantagonist, followed by
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one of more secandaty doses of {he VEGFanlagonist, iolowed by one or morefertlary doses of

the VEGP antagonists. The present inventors have surorisingly discovered thal beneficial
ww ;

therapeutic affects can be achieved In patients suffering frorn angiogenic eye disorders by

administering a VEGF antagonist to a patient at e frequency of once every & or more weeks,
teeoO be 5

5

especialy when such doses are preceded by about three doses acministered to the patient ata

frequency of about 2 to 4 weeks. TRus, according to the methacs of the prasent invention, each

secondary dose of VEGF antagonist is administered 2 to 4 weeks after the immediately

rececing dose, and eacn tsriiary doseis administered at least 8 weeks afier the immedialely

preceding dose. An example of a dosing regimen of the present Invention is shawn in Figure 7.

One advantage of such a dosing regimenis thal, for rnost of the course of Ireatment (/e.,

tertiary doses}, Ht allows for jess frequent dosing (e.g., ance every & weeke) compared to prior

administration regimens for angiogenic eye disorders which require monthly administrations

throughout the erdire course of treatment (See, e.g, prescribing information for Lucenitis®

lrambizumah), Genentech, inc

f9006] The methods of the present invention can be used to treal any angiogenic eye

lsorder, including, e.g., age relafed macular degeneration, diabetic retinopathy, diabetic

reacuiar edema, central retinal vein occlusion, comeal neovascularization, etc.

S007} The metrods of the present invention camprise edministering any VEGF antagonist ta

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

based chimeric molecule(s), ase referred ic herein es a “VEGF-Trap” or
exemplary VEGF antagonist that can be used in the context of ihe present inventionis a

muliimeric VEGP-binding protein comnarising two or more VEC

4coat SPpoc a tf raferrad fo herein as "VEGPRIR2-FoACifay" or “aflibercept.”

fooas! Various administration roules are contemplatedfor use in the methods of the present

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

administration).

os] Afflbercent (EYLEA™’, Regeneron Pharmaceuficais, inc} was approved by the FDA in

November 2011, for ine treatment of patients wath neovascular (wel) age-related masular
-t

degeneration, with a recommended dose of 2 mg adrainistered byintravitreal injection every 4

weeks for the firsi three moriths, followed by 2 mq administered by intrendireal injection onc

eyery & weeks.

ENLGE «Other embodiments of the present invention wil become apparent from a reviewof the

ensuing delatied description

SRIEF DESCRIPTION OF THE FIGURE

foGli) Figure1 shews an exemplary desing regimen of the present invention. in this reqimer,

ware

so

a single “Initial dose” of VEGFanfagonist (VECET8 administered at the beginning of the
treaiment regimen (Le. al "week 0), two “secandary dases” are administered af weeks 4 and &,
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respectively, and at least six “tertiary doses” are acirninisterad once avery 8 weeksthereafter,

CETAILED DESCRIPTION

[@022] Before the present invention is described, fis fa be understoad that this invention |

nol iimiied to parucular methods anc experimental conditions described, as such methods and

conditions may vary. His also to be understood that the terminology used nerein is for ine

purpose of describing particular embodiments only, and is not Intended io be limiting, since the

scope of the» prosontninvention will be Uimiled only by the appended claims.
fgoisi Unless defined cinenvise, al technical and scientific terms used herein have ihe same

meaning as commonly undersiood by one of ordinary skill in the art to which this Invention
og

belongs. As used herein, the tern “about,” when used in reference to a particular recited

numerical value, means inat the value may vary from the rectied value by no rnore than 1%.

For exarmpls, as used herein, ihe expression “about 160" Inchides 89 and 704 and all values In

between (e.g., 99.1, 99.2, 99.3, 66.4, ete}

fM4} Although any methods arid materiais similar ar equivalent ia those Gescribed herein

can Oe used in the practice or testing of the present invention, the preferred methods and

materials are now described

DOSING REGIMENS

feois] The cresent invention provides methods for treating angiogenic eye disorders. The

5methods of the invention comprise seajuentially administering to a patient multiple dases of a

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

antagarist is administered to the patient al a different point in time, e.g., on different days

separated by a predetermined interval (é.9., hours, days, weeks or manths}. The present

invention includes methods which comprise sequentially administering to the patient a single

infial dose of a VEGF antagonist, followed by one or more secondary doses of the VEG
2

antagonist, followed by one or more terlary doses of the VEGF antagon
aR Oat Re

io016] The terms “intial dose,” “secondary doses,” and “tertiary doses,” refer to the temporale

sequence of administration of tha VEGF antagonist. Thus, the “intial dose" is the dose whichIsth

administered at the beginning of the frealment regimen (also relerred to as the "baseline dose”);

Reathe "secondary doses” are the doses which are administered after ihe initial dase: and the

“tertiary doses” are the doses which are acministered after the secondary doses. The initial,

secondary, and tertiary doses may all confain ihe same amount of VEGF anlagonist, bul will

generallydiffer from one anotherin terms af frequency of administration. In certain

embodiments, however, the amount of VEGF antagonist contained in the intial, secondary

and/or tertiary doses will vary from one another (e.g., adiusied us ar down as appropriate}

during the course of treaiment.
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oh secondary dose|
‘

P0017) in ons exemplary embodiment of ihe present invention, 3 3 =E

administered2 to 4 (e.g. 2, 274, 3, Vin, ar 4) weeksafter the imrnediataly preset g dose, and
each tertiary dose is administered alleast&(e.g. 8, 82, 9, 914, 10, 10%, 11, 11%, 12, 123, 13,

134, 14, 144, or more} weeks aller the Immediately oreceding dose. The ohrase “the

immediately prececing dose," as used herein, means, in a sequence of multinle administrations,

the dose af VEGFantagonist which is administered to a patient prior to the administration of the

very nexi dose in ihe sequence wilh no intervening dases

(6028) ino
 
ne exemplary embodiment of the present invention, a single intial daseofa VEGF

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

icllawed by two secondary doses, each administered four weeks after ihe immediately

preceding dose U2. al week 4 anc af week 8), followed by at least 5 tertiary doses, sach

administered sight weeks after ine immediately oraceding dose (La, at weexs 16, 24, 32, 40

and 48}. The tertiary doses may continue (at intervals of 6 or more weeks) indefinitely du

ine course of the treatment regimn This exemplary administration regimen Is decicted

graphically in Figure 4

8015] The methods of the invention may comprise administering to a patient any nuniber of

secondary and/or tariary doses of a VEGF antagonist. For example, in certain embodiments,
ony a singie secondary dose is administered ic the patient. In alher embodiments, two or more

fe.g., 2,3, 4, &, 6, 7, &, or nore} secondary doses are edministered to the pahent. Likewise, m

certain ambodimenis, onfy a single tertiary dase is acrminisieredfo the patient. in other

ambodiments, ive or more @o.g, 2,3, 45,6, 7, 8, or more) tertiary doses are adminisieradto

faoei in embodiments involving multiple secondary doses, each secondary dase maybe

adrninistered af ine sere Tequency as the other secondary doses. For “ee each
secondary dose may be administered fo the oalent 4 weeks after the immediately preceding

dose. Similarly, in ernbodimeris involving multipie tertiary doses, each iertiary dose may be

. —x & 2oy ona at the samefrequency as the other tertiary doses. For example, each tertiary

dose may be administered to the patient 8 weeksafter the immediately preceding dose.

Alternatively, the frequency at which the secondary and/or teriiary doses are administered to a

patient cam vary over the course of the treatment regimen. Far example, the present inverition
2

includes methods which comorise administering to the patient a single initial dose of a VEGF
yt

antagonist, followed °yone or more secondary doses of the VEGF antagonist, followed byat
least 5 tertiary dosesofthe VEGF antagonist, wherein the first four leriary doses are

é

administered 8 weeks after the immediately preceding dase, and wherein each subsequent
x

jose is administered from 8 to 12 (e.g., 8, BA, 9, 94, 10, 10%, 11, 11%, 12) weeks afterrele gD oa 33 ma < £ oyoH

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 clinical examination.
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YEGE ANTAGONMSTS

(D024; The methods of ihe present inventon comprise administering to a patient a VEGF

niaganist according to spectied dosing regimens. As used herein, the expression “VEGF

antagonist means any molecule tnat blocks, reduces or interferes with the normabiological

ivity of VEGF.
goog

(iae2} VEGF aniagonists include molecules which iverfere with the mieraction between
3S

ss
VEGF and a natural VEGF receptor, e.g., molecules which bind fo VEGFor 4 VEGF recepter

and prevent or otherwise hinder the interaction between VEGF and a VEGFreceptor. Specific

exemplary VEGF antagonists include antlVEGF antibodies, antVEGF receptor antibodies, and

VEGF recepiar-based chimeric molecules (aise referred to herein as “VEGF-Traps’).

{coa3} VEGF receptor-based chimeric molecules Include chirnaric polypepiices which

campriss two or more immunoglobulin (la)}ike damains of a VEGF receptor such as VEGFR?

{also referred io as FIT) and/or VEGFR2(also referredto as Fik 1 or KDR), and mayalse

contain a mullimerizing dornain fe.¢., an Fe darmain which fecitiates the maulimerization 6g.
3

dimerization] of two or more chimeric polypeptides). An exemplary VEGF recentor-basedi

chimeric molecule is a molecule referred to as VEGF RIR2-FcAC l(a} which ie encoded by the

nucleic acid sequerce of SEQ ID NO 1. VEGFRIRZ-FeAC 1 (a) comprises three components:

(tia VEGFR1 component comprising aming acids 27 to 129 of SEQ 1D NCh?: (3) a VEGFRE

camponent comprising avino acide 130 to 261 of SEQ 1D NO:2: and (3) a multimerization

amine acids 232 to 457 of SEQ 1D NGn2(the C-terminal

amino acid of SEQ 1D NOx2 ie. K458] mayor maynoi be included in the VEGF antagonist

component OFcacci (ar) comprising

used in the methods of the invention: see ag, US Patent 7,396,664). Amino acids 1-26 of SEQ

i NOx? are the signe! sequence.

Iop24) The VEGF antagonist used in the Examples sel forth herein below is @ dimeric

molecule comprising two VEGFRIR2Z-FcACTia} molecules and is referred fo herein as

“VEGFT” Additional VEGFreceptor-based chimeric molecules which can be used in the

context of ine present inveniion are disclased In US 7,396,664, 7,303,746 and WiC 00/75379.

ANGHOIGENIC SYE DISCRDERS

jag25} The methods of the oresent invention can be usedto leat any angiogenic aye

disorder. The expression “angiagenic eve disorder,” as used herein, means any disease of the

eye whichis caused by or associated with the growth ar praliferation of biaad veasels or by

blood vessel leakage. Non-limiling examples of angiogenic eye disorders that are frealabis

using the methods of the present inventioninclude choroidal neovascularization, age-relaied

riacular degeneration (AMD), chabetic refinopathies, dishelic macular edema (DME), central

etinal vein occlusion (CRVO), corneal neovascularization, and retinal neovascularization.
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PHARMACEUTICAL SORMULATIONS

i028) The present invention includes methads in which the VEGF antagonist that fs

administered to the patient is contained within a pharmaceutical formulation, The

pharmaceutical formulation may carnprise the VEGF antagonist slang with al least one Inactive

ingredient such as a pharmaceutically acceptable carter. Otheragents may beincorporatedinto the aharmaceutica campositian to provide improved transfer, delivery,
Age

g5

folarance, arc! the ike. The term “pharmaceutically acceptable’ means approved by a
regulatory agency of the Feder! or a state government ar listed in the U.S. Pharmnacopeia or

other generally recognized pharmacopela for use in animals, and more particularly, in hurnans.

The term “carrer” refers to a diluent, adjuvant, excipient, or vehicie with which the antibody Ie

administered. A mulittude of appropriate formulations can be found in the formulary knownio
“4i
iSth ed, Mack Publishing

S
aii pharmaceutical chemists: Remington's Pharmaceutical Sciences (

Cemparny, Easton, Fa. 1975), particulary Chapter 8? by Blaug, Seymour, therein. These

formulations include, for example, powders, pastes, olriments, jailles, waxes, ols, ipids, linid

{cationic or anloric) containing vesicles (such as LIPOFECTIN™) DNA conjugates, anhydrous

absorplion pastes, ollin-water and water-in-oil emulsions, emulsions carbowax (polyethylene

giycols of various molecular weights), semi-solid dels, and semi-solid mixtures containing

carbowax. Any of the foregoing mixtures may be apornoriate in the context of the methods of

the present invention, provided that the VEGFantagonist is not inactivated by the formulation

and the formulation is physiologically compatible and tolerabie with the rauie of administration,

See also Powell et al. PDA (1998) J Pharm Sei Technol. 52:238-311 and the clations therein

for additional information related to excipients and carriers well known fo pharmaceuiical

chemists.

igo27] Pharmaceutical formulations useful for administration byinfection in the context of the

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

ina stele aquoous medium or an oly medium conventionally used for Injections. As the

aqueous medium for injections, inere are, for example, physiological saline, an isotonic sclution

containing glucose and other auxiliary agents, etc., which may be used in cambination with an

appropriate solubilizing agent such as an alcohol (e.g., ethanod, a polyalcohol (e.g., pranviene

glycol, palyethyiene glycol}, a nonionic surfaciant [e.g., polysorbate 80, HCO-80

(polyoxyethylene (50 mol) adduct of hydragenated castor al}l, etc. As the cily medium, there

may be emolioyed, e.g., sesame oll, soybean ol, etc., which may be used in combination with a

olubiiging agent such as benzyl benzoate, banzyl alcohol, etc. The injection thus prepared

can be filed in an anpropriate ampoule if desired.

MODES Of ADMINISTRATION

fo028] The VEGF antagonist (or pharmaceutical formulation comprising the VEGF antagonist)
3 x

may be acininisterad to the patient by any known delivery system and/or administration method.
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incertain embodiments, the VEGFantagonist is administeredto the patient by ocular,

intracoular, intfraviveal ar subcenjunc!sval ininjection. in other embodiment, the VEGFantaganis!
can be administered fo the© Patient by topical administration, e.g., via eye droos or other liquid,
ge), ointrnent or fluid which contains the VEGFantagonist and can beopeed directly to tneeye. Other possible routes of administration include, e.g., intradermal, intramuscular,

nraperfoneal, iniravenous, subcutaneous, intranasal, epidural, and ordi.

AMOUNT GF VEGF ANTAGONIST ADMINISTERED

feG2e} ach dose of VEGF anlaganist administered te the patient over the course of the

treatment regimen may conigin the same, or substantiallythe same, arnount of VEGF

anliagonst Alternatively, the quantity of VEGFanlagonisi containedwithin the individual doses

may vary over the course of the treatment! regimen. For example, in cerlalin embodiments, a

first quantity of VEGF antagonist Is administeredin the initial dose, a second quantity of VEGF
& &nlagonist is adnunistered in the secondary doses, and a third quariity of VEGFantagonist is

administeredin ihe tertiary doses. The present invention contemplates dosing schemes in

which the quantity of VEGF antagonist contained within the individual doses increases over time

(2g, each subsequent dase carlains more VEGF antagonist than ine last}, decreases over
2

time (e.g., gach subsequent dose contains less VEGF antagonist than the last}, initlelly

increases then decreases, inhally decreases then increases, or remains the same throughout

ihe course of the administration regimen.

feos)«6The amount of VEGFantagonist administered to the patient in each dose is, in most

cases,atherapeutically sfective amount. As used herein, the phrase “therapeulically offactive

amount” means a dose of VEGF antagonist that results in a detectable Improvement in ane or

more symploms or indicia of an angiogenic eye disorder, or a dose of VEGF antagonist that

inhibits, prevenis, lessens, or delays the progression of an angiogenic eye disorder. in fhe case

of an anti-VEGF anilbody or a VEGFreceptor-based chimeric molecule such as VEGRRIR2-

FeAC 1 (a), & therapeulically effective amount can befrorn about 6.05 mg to about 5 mg, e.g

about 0.05 mg, about 0.1 mg, about 115 mg, about 0.2 mq, aboul 0.25 ma, about 6.3 ma,_

about 1.35 mg, about 24 mg, about 0.45 ma, abcut 0.5 7ng, about 0.55 mg, about 0.6 mg,

bout 0.65 mg, about 0.7 mg, aboul 9.75 mg, aboul 0.8 mg, about 0.88 mag, about 0.9 mg,

about 1.0 mg, about 7.05 mg, about 11 mg, about 1.48 mg, about 1.2 mg, about 1.25 mq,

about 1.3 mg, about 1.35 mg, aboul 1.4 mg, about 1.45 mo, about 7.5 mg, about 1.55 ma,

about 1.6 mq, about 1.65 mg, about 1.7 mg, about 7.78 mg, about 1.8 mg, about. 1.85 ma,

about 7.9 mg, about 2.0 mg, about 2.05 mg, about 2.1 mg, about 2.15 mg, about 2.2 mg, about

225 mg, about 2.3 mg, abou! 2.34 mg, about 2.4 mg, about 2.45 mg, about 2.4 mg, ebout 2.55

mg, abou? 2.6 mg, about 2.65 mg, about 2.7? mg, about 2.78 mo, about 2.8 ma, about 2.85 mag,

about 2.9 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg, about 4.5 mg, or about 5.0 mgofthe

antibodyor recepior-based chimenc molecule.
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{0032} The amount of VEGFardagonist contained within the individual doses may be

exprassed in terms of mitigrams of antibody per “gran of patient body weight (e., ma/ka).
For example, the VEGF antagonist may be administered to a patient ata dose of about §.00C4

fo about 10 me/kg of patlent body weight.

TREATMENT POPULATION GND EFFICAL

12032] The methods of the oresent invention are useful for treating angiogenic eyedisorders

in patients thal have been diagnosed wilh or are at risk of being afflicted with an angicgenis eye

disorder. Generally, fhe methods of the present Invention demonstrate efficacy within 104

weeks of the initiation of the ireatment regimen (with the inifial dose administered at “week 0°),

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

49, by the end of week 48, by the end of week 56, efc. in the context of methods for treating

angiogenic eye disorders such as AMD, CRVO, and DME, “efficacy” means thal, from the

iniiation of treatment, the patient exhibls a loss of 15 or fewerfetfere on the Early Treatment

Diabetic Retinopathy Stucy (ETORS) visual acully chart. in certain embodimenis, “efficacy”

again ofone armore (eg. 1,2, 3, 4,5, 6, 7, 8, 9, 18, 11 or more) letters on the ETDRS

chart from the timeof inflation of treatment.

EXAMPLES

[90327 The following exampies are put forth so as to orovide these of ordinary skill in the ar

with a complete disclosure and description of howto make and use the methods an

compositions of the invention, and are not intended to limit ihe scope of whai the inventors

regard as their invention, Efforts have bean madeio ensure accuracy with respect to numbers

used {e.¢., amounts, lemperature, ele.) bul some experimenial errors and deviations should be

accounted for, Unless indicated otherwise, parts are parts by weight, rnolecular weight is

average molecular weigh, lemperature is in degrees Cenfigrade, and pressure is af or near

aimosoharic,

{e024} The exemplary VEGFantagonist used in all Examples set forth below is a cimeri

molecuie having two functional VEGF binding units. Each functional binding unit is comprised
ger

af ig domain 2 from VEGFR1 fusedto ig demain 3 from VEGFR2, which in turn 's fused to the

hinge region of a human IgG? Fe dernain VEGFRIR2-FcACtay encoded by SEQ 1D NO:4).
c
GFT". For purposesofthe

ngzii
his VEGF antagonist ts referred fo in the examnples below as "VE

following Examples, “monthly” dosing is equivalent fo dosing once every four weeks,

CHEExample t: Phase | Clinical Trial of intravitreally Administered VEGF Receaptor-Based
Chimeric Molecule (VEGFT) in Sublecie with Neovascular AMD

(0035) in this Phase | study, 27 subjects with neovascular AMD received a single intravitreal

(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 VEGET, and a sixth group of six subjects received ¢ mg. No serious adverse events

related to the siudydrug, and no Hlentifiable intraocular inllarimation was reported. Preliminary

results showedthat, lollwing infection of VEGFT, a rapid decreasein foveal thickness and

miacular volume was observedthat was maintained thraugh 6 weeks. Al Day 4

groups, mean excess reting: thickness [excess retinal thickness = (retinal thie!

optical coherence fornography (OCT) was reduced fromm 179u lo 27u as assessed by Fast

Macular Scan and from 1Qdu to 60u as assessed using a single Posterior Pole scan.

norease in best corrected visua! acuity (BCVA) was 4.75 lelters, and BCVA was stable ar

improved in 96%of sublects. In fhe 2 highest dose groups (2 and 4 ma), fhe mean increase in

BCVA was 13.5 betters, with 3 of 6 sublects demorisiraling improvement of 2 3
3 xe

Example 2: Phase i Clinical Tria or Repeated Dosas of intravitroally Administered VEGRecepter-Based Chimeric Molecule (VEGFT} in Sublects wilh Neovasoular ANID
Se

fagas} This study was a double-masked, randomized study of 3 doses (0.5, 2, and 4 mg) of

VEGFTtested at 4-week and/or 1 2-week dosing intervals. There were 5 treatment armsin this

siudy, 48 follows: 1) 0.5 mg avery 4 weeks, 2} 0.5 mg every 12 weeks, 3) 2 mg avery 4 weeks,

4) 2 mg every 12 weeks and 5) 4 mg every 12 weeks. Subjects were dosed at a fixed interval

for the firs 12 weeks, afier which they were evaluated every 4 weeks for 9 months, during which

addNional doses were administered based onpre-specified criteria, All sublec’s were then

followed for one yaar after their jast dase of VEGFT. Preliridnary cata frorn a pre-planned

inierim analysis indicated that VEGFT mei iis primary endpoint of a statistically significant

reduction in retinal thicknass after 12 weeke compared with baseline (ali groups combined,

decrease of 195u, p< 0.9001). Mean change from bassline in visual acully, a key secondary

endpoint of the study, alse demonstrated statistically signilcant improvement (all graups

combined, increase of 5.9 letters, p < 0.00071). Moreover, patients in the dose groups that

received only a single dase, on average, demonstrated a decrease in excess retinal thickness

(p< 0.0007) and an increasein visual acully (o = 0.012) al 12 weeks. There were no drug-

related serious adverse events, and treatment with the VEGF antaganisis was generally well

icierated, The most common adverse events were those tyvically assaciated with Intravitreal

Example 3: Phage i Clinical Trial of Systemically Administered VEGF Receptor-Based
Chimeric Molecule VEGFT} in Sublects with Neovascular AND

iO037) This study was 4 placebo-coniralied, sequental-qroup, dose-escaiating safety,

tolerability and bloeffect study of VEGFT by PV infusion in mes with neovascular AMO,
Groups. of 8 subjects mesiing eligiblity criteria for subfoveal choroiial neovascularization (CNV)

related io AMD were assigned to receive 4 IV injections of VEGFTor placebo al dase levels of
a ,

0.3, 1, or 3 mo/ka over ari &-week period
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f0038] Most adverse events thet were attributed to VEGFT were mild io moderate in severity,

but 2 of & sublects treated with3 mafkg experienced dose-limiting toxicity (DLT) (one wihAY

Grade 4 hypertension and one with Grace 2 protsinuria); therefore, al sublacts in the 3 maska

dose group did not enter the study. The mean percent changes in excess retinal thickness

were: -12%, -10%, -80%, and -80%for the olaceba, 0.3, 1, and 3 mg/kg dose groups at day 75

(ANOVA o< 0.02), and -5.6%, +47.1%, and -63.3%for the placebo, 0.3, and 1 ma/kg dose

groups af day 71 (ANOVA o< 0.02). There was @ numerical mprovemert in BCVA in the
subjects treated with VEGPT. As would be expected in such a small study, the results were not

Stalistically significant.

Example 6: Phase Hi Clinical Trials of the ENicacy, Safety, ancd Tolerabliity of Repeater
Doses of intravitreal VEGFT in Subjects with Neovascular Age-Related Macular
Degeneration

& Ghjactives, Nypotheses and Endpoints

{0039} Two parallel Phase Hi clinical trials were carried out to investigate the use of VEGET
:

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

Study 2}. The primary objective of these studies was io assess the efficacy of IVT administered

 VEGFT compared to ranibizumab (Lucenus®, Genentech, Inc), in @ nor-inderiorty paradigm, in

preventing moderate vision loss in sublects with all sublynes of neovascular AMD.

IaMOGEL The secondary chiectives were (a) to assess the safely andtclerabilly of repeated IVT

administration of VEGFT in subiects with all sub-iyoes of neovascular AMD for oeriads un to 2nye

years; and (b) fo assess the efect of repeated IVT adrninisiration of VEGFY on Vision-Related

rNGiuality of Life (QOL)in subjects with all sub-tyrnes of neovascular AMD.

2042; The primary hypothesis of these studies was that the proportion of sublects trealad

with VEGFTwith stable or improved BCVA (<15 lettersfeuis similar to the proportion ireaied
with rarublzumab who have stable or immroved BOVA, thereby demonstrating nor-inferiorify.

{9042} The primary endpoint for these studies was the prevention of vision loss of greater than

of equal to 18 istlers on the ETDRSchart, compared to baseline, al S2 weeks. Secondary

endpoints were as follawe: fa} change from baseline toWeek 52 in letter score on the ETORS

chart (o} gain from baseline to Week 52 of 15 letters ar more on the ETDRS chart (c} ms
from baseline ia Week 52 in total NE] VFO-25 score; and (d) changefrarn baseline ta Week
See PMA eye,
in ONY ared,

5. Study ee
{e043} For each study, sublecis were rancomlyassigned ina d:7:4:4 ratio to 7 of 4 dosing

regimens: (1) 2 mg VEGFT administered every 4 weeks (2004); (2) 0.5 mg VEGFT administered

every 4 weeks (O.5Q: (33 2 mo VEGFT administered avery 4 weeks to week 8 and then every

8 weeks (with sham injection al ine interim 4-week visiig when study drug was not administered

~10-
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(S08) and (4) 0.5 mg ranibizumab administered avery 4 weeks (RO4). Subjects assigned to

(228) received the 2 mq injection every 4 weeks to week 8 and then @ shaminfectional interim

4.week visis (when study drug is not to be administered} during thefirst 52 weeks of the

stucies. (No sham injection were given ai Week 52).

josaa) The study durahon for each subject was scheduled to be 96 weeks plus the recrufiment

period. For the first B2 weeks (Year 1}, subjects received an IVT or sham injection in the study

eye avery 4 weeks. (No sham injections were given al Veek 32). uring the second year of
ihe study, subjects wil be evaluated every 4 weeks and will receive IVT inection of studydrug

at intervals determined by specific dosing criteria, but ai least every 12 weeks. (Duringihe

second year of the study, shaminjections wil not be given.) During this seriad, inlections may

he given as frequently as avery 4 weeks, bul no less frequently than every 12 weeks, according

to the folowing criteria: () increase in central retinal inickness of 2790 um compared to the

inwest previous value as measured by optical coherence tomography (OCT): of () a loss from

ine best ofevious letter score of at least 8 ETDRS letters in conjunction with recurrent fluid as

indicated by OCT: or Gn) new or persistent Mudd as indicated by OCT: or (iv) new anget classic

neovascuianzation, ar newor persistent Jeak on flucreacein angiograghy (FA) or Gr) new

macular hemorrhage; or (vi) 12 weeks have elapsed since the previcus injection. According ic

the present protocol, subiecis must receive an injection at least every 12 weeks.

igg4si Subjects were evaluaisd af 4 weeks imervals for safety and best corrected visual

acully (BCVA) using fhe 4 meter ETDRS oratoce!, Quality of LNe COOL} was evaluated using

the NEI VFQ-25 questionnaire. OCTand FA examinations were conducted periodically.

(046) Approximately 1200 subjects were snrofied, with a target enraliment of 300 subjects

per treatment arm.

jooa?] To be eligible for inis study, subjects were required to have subfoveal choroidal

neovascularization (CNVi secondary to AME. “Subfovaal” CNV was defined as the prasence of
subfaveal neovesculgrization, dacumented by FA, or presence of a lesion that is luxtafoveal in

location angiographically bul affects the fovea, Subject eligibility was canfirmed based an

angiographic criteria prior to randemization.

faGd8} Only one eye was cesiqnaied as the study eye. Far subjects who met sliigibiny criteria

in both eyes, the eye with the worse VA was selected as the study eye, if both eyes had aqua!

VA, the eye with the clearest lens and ocular media and least amount of subfoveal sear or

geographic atrophy was selected. H there was no oblective basis for selecting the stucy eys,

factors such as ocular dominance, other ocular pathology and sublect preference were

considered in making the selection.

fo048] inclusion criteria far both studies were as follaws: (i) signed Informed consent () at
Vee

igast SO years of age: (A) active primary subfoveal CNV lesions secondary fo AMD, including

juxtafoveal lesions that affect the fovea as evidenced by FA in the study eys; (iv) CNVatleast

80%of iotal lesion size: (v) early treatment diabeticretinopathy study (ETORS) best-corrected

44.
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ab acuity of: 20/40 to 20/820 (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

(Al) able fo read, understand arid willing to sign the informed consent form (or, # unable to read

due fo visual impairment, be read to verbatim by ihe person administering the informed consent

or a farnily member).

i050}=Exelusion criteria for both studies were as follows: 1. Any prior ocular {in the study

aye) or systemic treatment or surgery for neovascular AMD excepi dietary sunplements or

vilamlns. 2. Any prior or concomitant therapy with another investigational agent to treal
n

neovascular AMD in the study eye, excep! dielary supplements or vilamins. 3. Prior treatment
rn

with anti-VEGFagents as follows: (a} Prior reaiment with antl-VEGFtherapy in the study eye

was not allowed: (6) Prior treatment with ang-VEGF therapy inthe fellow eye with an

wivestigational agent (not FDA approved, e.g. bevacizurnab) was allowed up to 3 months prier

io first dose in the study, and such treatrnents were not allowed during the study. Pricr

freatment with an approved anti-VEGFtherapy in the fellow eye was allowed; (c) Prior systamic

anti-VEGFtherapy, investigational ar FDA/Health Canada approved, was only allowedup to 3

months orior to first dase, and was not allowed during the study. 4. Total lesion size > 12 dise

areas (30.8 mor, including blood, sears and neovascuiarization) as assessed by FA inthe

study eye. 5. Subretinal hemorrhage that is either 50%or more of the total lesion area, or Hf the

blood is under the fovea and is 1 or more disc areasin size in the y eye. Gfthe blood is

under the fovea, then the fovea must be surrouresed 270 degrees byvisible CNV.) 6. Sear or

fisrosis, making up > 50%of ictal lesionin the study eye. 7. Scar, fibrosis, or atrophyinvolving

the center of the fovea. &. Presenceof retinal pigment epithelial fears or rips involving the

macula in the stucy eye. 8. History of any vilreous hemorrhage within 4 weeks priar fo Visit 1 in

the study eye. 10. Presence of other causes of CONV, including pathologic myopia (spherical

squivalent of ~S dioplers or more nagalive, or axial length of 25 mm or more}, ocular

histoplasmosis syndrome, angioid streaks, choroidal rupture, or mullifocal choroiditis in the

sludy oye. 11. Mislory or clinical evidence of diabetic retinopathy, diabetic macular edema or

any other vascular disease affecting the relina, other than AMD, in either aye. 12. Prior

vitrectomyin the study eye. 73. History of retinal detachment or treatment or surgeryfor retinal

detachment inthe study eye. 74. Any history of macular hole of stage 2 and abovein the study
re

eye. 15. Any intraocular or perlocular surgery within 3 months of Day 7 on the stucly eye,

except id surgery, which may not have taker clace within 1 month of day 1, as long as # was

unikely to interfere with ihe injection, 16. Prior abeculeciomyor other fifration suraery in the

study eye. 17. Uncontratied glaucoma (defined as intraocular prassure greater than or equal to

25 mm Ng despite tresiment with anti-giaucoma medication) in the study aye. 18. Active

intraocular inflammation in either eye. 19. Active ocular or periocular infection in either eye. 20.
ry.

Any ocular or periocular infection within the last 2 weeks prior to Screening in elther eve. 21.

Any history of uveitis in either eye. 22, Active scleritis or episcleritis in either eye. 23. Presence

~42.

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 317



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 318

WO 2012/99 7019 PCT/US2012/020855
5

or history of sclercmalaca In eliher eye. 24. Aphakia or pseudophakia with absence of&

posierior capsule (uniessoccurred as a result of a yttrium aluminum garnet [VAG] posteriorq

capsuictomy) in the study eye. 25. Previous therapeulic radiation in the region of the study eye.

28. 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 acully,

assesement of safety, or hindus sholography. 28. Any concurrent intraocular condifion in the
y

study eye (e.g, cataract} that, in the opinion of the nyesteeter could require either medical or
. ?2

surgical intervention during the 96 week siudy paring. 29. Any conourrent ocular condition in

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

subject beyond what is fo be expectedfrom standard procedures of Intraocular injection, or

which otherwise may interfere with the infection orocedure or with evaluatian of eMeacy or

sately. 30. History of other disease, metabotic dysfunction, physicel examination finding, or

clinical laboratory finding giving reasonable suspicion of a disease or condition that

coniraindicates ihe use of an invest‘gelional drug or thal might affect interpretation of the results

af the study or rencier the subject at high risk for treatment complications. 34. Paricination as a

subject in anyclinical study within the 12 weeks orior to Day 1. 32. Any systemic or oqular

ipgaiment with an investigational agent in the cast 3 months prior to Day 1. 33. The use of long

acting steroids, either sysstemicaily or rfraocularly, in the 6 manihs oricr to day 1. G4. Any
history of aleray fo povidane iodine, 35. Known serious allergy to the fluorescein sodium far

injection in angiography. 36. Presence of any cantraindications indicated In the FDAAnoroved

abel for ranibizumab (Lucerntis®). 37. Females who were pregnant, breastfeeding, or of

chidbearing potential, unwilling to practice adequate contraception throughaut the stucy.ry

dequate contraceptive measures include oral contraceptives (stable use for 2 or more cycles

orior ta screening) |UD; Depo-Provera®: Norplani® System implants; bilateral tubal ligation:

vasectomy: condomor diaphragm plus ellher contraceptive sponge, foamarjelly.

i@651] Subjects were nol alowed to receive any standard or investigational agents for

ireatrnent of their AMD in the study eye olher than thelr assigned study treatment with VEGFT

or ranibizumab as specified in the profocs! until they completed the Completion/Eariy

Termination visit assessments. This includes medications administered lacally (e.g., VT.

iopical, juxtasciera! or periorbital routes}, as well as those administered systemically with the

intent of treating the study and/or fellow eye.

18052) The shucy procedures are surnmarized as follows:
(0053) : Visual function of the study eye and the fellow eye wer

 
\assessed using the ETDRS protocol4 (The ary Treatrnent Diabelic Refnopathy Study Group)

lpgafd meters. Visual Acuity examiners were certfied to ensure consistant measurement o

BCVA. The VA examiners were required to remain masked to treatment assiqnment.

e Tom

sing OCT on the stucy eye. At the Screen Visit (Visit 1) Images were cantured and transmittedi

(e084) Optical Coherenc raphy: Retinal and lesion characteristics were evaluated  
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for both eyes. Al OCTimagss were captured using the Zeiss Siratus OCT!™with sofware

Version 3 or greater. OCT images were sent to an independent reading center where images

were read by maskeo readers al visite where OCTs were required. A OCTs were electronically

archived at the sie as part of the source documentation. A subset of OCT images were read.

OCT technicians were required to be cerified by the reading center fo ensure consistency and

quality in image gequisition. Adequate efforis were made to ensure that OCTtechnicians at the

site remained masked to ireetrmment assignment,

[8055] Fundus Photographyand Fluorescein Angicoraphy (FAY The anatomical state of the
 

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

photography and FA. At the Screen Visit (Visi 1} funcuscopic examination, fundus photography

and FA were captured and transmitted for bolh eyes. Fundus and angicgraphic images were

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

reading center confirmed subject eligibility based an angiographic criteria prior to randomization,

Ai FAs and fundus photographs were archived af the site as pari of the source documentation

Photographers were required fo be cerifled by the reading center to ensure consistency and

qualityin image acquisition. Adequate efforis were made fo ensure that all photographers at

ne site remain masked to treatment assignment.

as6] Vision-Related Quality ofLife: Vision-related QOL was assessed using the National

‘
Eye instiute 25-Iteri Visual Function Questionnaire (ME} VFQ-25) in theinterviewer-

diministered format. NEI VP2-25 was administered by cerified personnel at a contracted call

center. Al the screeningvisk, the sites assisted ihe subject and initialed the first call to the call
gs

center fo callect all of the subject's contact information and fo carmnpiete thefirat NEI VFO-25 on

the phone prior to ranciomization and /VT Iniection, For aii subsequent visits, the call center

called ine subject on t

[50572 intraocular

prior fa VT injection, to complete the questionnaire. Infraocular pressure (HOP) of the study eye was measured using
applanation fonomeiry or Tonopen. The same method of IOP measurement was used in each

sublect throughout the study.

foosa}

&. Results Summary (62 Week Data)

[2058] The primary encpeint (prevention of moderate or severe vision loss as defined above}

was mel for all three VEGFTgrouns5 (0C24, 0 5Q4 and 208) in this study. The resudis from oth
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“=Test for ssuperiority
NS = non-significant

y
beoe

Eo

fanaa}? in Study 1, patients receiving VEGPYT2mg monthly (204) achieved a slatisically

significant greater mean improvement in visual acully al week 52 versus baseline isecondary

endpaings, compared to rariblzurnab O.Smg monthly (ROd): patients receiving VEGFT 2rmg
}

monthly on average gained 10.9 letiers, compared to a mean 8.4 letter gain with ranibizumab
i

O.5rm0 dosed every month (o<0.07), Al other dose groups of VEGFT in Study 7 and all dose
oe

grouos in Study 2 were not sialistcally diferent framranibizumab In this secondary endpoint

HSLE A generally lavorabis safely croiile was observed for bath VEGFT and ranibizumab.

The incidence of ocular lreatment emergent adverse events was balanced acrass af! four

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

procedure, the underying disease, and/ar the aging process, The most frequent ocular

adverse evenis were conjunctival hemorrhage, macular degeneration, sye pain, retinal

hemorrhage, and vitreous floaters. The most frequent serious non-oculer adverse events were
x

;

typical of those reportedin this elcierly pogilallan wha receive intraviireaal treatment for wet

AMO, the most frequently reported events were fas, pneurmonia, myocardial infarction, atrial

fibrilation, breasi cancer, and acute corenary syndrome. There were no notable differences
6 cae?

HMoang Ik Spy arms.

oyExample S: Phase # C}
(OME)

sical Trial of VEGFT in Sublects with Olabatic Macular Sclema

jg0e2} in this study, 221 patients with clinically sianificant DME with central macular

involvement were randomized, and 219 patients were treated with balanced distribution over

five groups. The control group received macularlaser therapy at baseding, and patients were

eligible for rapcal laser treatments, bul mo more frequently than at 15 week intervals. The
+

ari
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remaining four groupsreceived VEGFT byintravitreal injection as follows: Two groups received

0.5 ar 2 mg of VEGFTonce every four weeks throughout the 12-mornth dosing period (0.504

and 204, respectively), Twa groups received three inilial doses of 2 mg VEGFTonce every

four weeks (1e., af baseling, anc weeks 4 and 8}, followed through week 52 by elther once

every & weeks dosing (206) or as needed nose with very strict repeat dosing criteria (PRN).fs

Mean gains in visual acuity versus baseline ware as shownin Tabla 2:

 Mean change in visual acuity | Me ry visual acuily |
at week 24 versus baseline reek &: fi 

 
 
 

f| Lo.  

 wanebee 
“oO 0otversuss laser
[Q063} in this study, ihe visual acully gains echieved with VEGFT administration at week 24

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

study groups, inciehng 2 mo dosed every other month

{e064} As demonstrated in the foregoing Exarnples, the administration of VEGFTto patients

suffering framangiogenic eye disorders (e.9., AMD and DME) af a frequency of once every 3oy

weeks, folowing @ single inila: dese and twe secondary doses administered four weeks apart,
wv

regsulied in sianHicant prevention of moderate or severe vision loss of Improvements in visual

sae

Example 6: A Rancdemigea, Muliventer, Bouble-Masked Trial in Treatnent Naive Patients
with Macular edema Secondary to CRYO

(e068) fn Gis randomized, double-masked, Phase 3 study, pallenis received S monthly
2

injections of either 2 mg intravitreal VEGFT (114 patients} or shaminjections (7. maven)
From Week 24 to Week 52, ali patien rapWH received 2 mg VEGFT as-needed (PRN) according to

retreatment crleria. Thus, “sharm-trsaied patients” means patients who received shaminjections
a

once every four weeks frorn Week 6 through Week 20, followed by intravitreal VEGFTas‘

needed TramWeek 24 through Week 52. “VEGFT-lreaied pallenis” means patients who

recelved VEGPT intravitreal injections once evary four weeks for Week 0 through Week 29,

followed byintravireal VEGFT as needed from Week 24 through Week S2. The primary

-16-
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erpoint was the proportion of patients whe gained 215 ETORS letters from baseline at Week

24, Secondary visual, anatoriic, and Quality of Life NEI VFQ-25 oulcomes ai Weeks 24 and 2

were also evaluated.

foass} At Week 24, 66.1% of VEGFT-treated patients gained 215 ETORS letters from

4baseline v8 12.3% of sham-treated patients (P<0.0001)}. Similarly, al Week 52, 55.2%of

JEGFT-eated patients gained 215 letiers ve 30.1%of sharn-treated patients (P<0.01). At

Week 52, VEGFT-treated patients gained a mean of 16.2letlers vs 2.8 letlers for sharn-treated

patients G°<0.007). Mean number of injections was 2.7 for VEGFT-ireated patients vs 3.9 for

sham-treated patients. Mean change in central retinal iniokness was -413.0 um for VEGFT-

treated patients vs -3817.8 um for sharn-treated patients. The procortion of patients with ocular

neovascularization at Week 24 were 0% for VEGFT-freated patients and 6.6%for sham-treated

patients, respectively; at Week 2 after receiving VEGET PRN, proportions were 0% and 6.8%

for VEGFT-ireated and sham-treatad. At Week 24, tha niean change from baseline in the VFOQ-

ho25 total score was 7.2 vs 0.7 for the VEGFTreated and sham-treated groups; at Week 52, the

seores were 7.5 ve 6.4 for the VEGFT-ireated and sham-reated groups.

fOUG7] This Example confirms that dosing monthly with 2 mo iniravireal VEGFT injection

resulted ina slatistically significant improvement in visual acuity al Week 24 that was

aintained through Week 52 wih PRN dosing compared with sham PRN treatment VEG 

was generally well icierated and hada oncral favorable safety profile.

SEQUENCES

(2068: SEOIDNOT (ONA sequence having 1377 nucileotidesh

CIGGTCAGCTACTGGGAC.ACOSGGGTCCTECTCTGCECECTOCTCAGCTOTCTSOCTTCTS
ASAGGATCTABTTCCOGAAGTGATACCSGTAGACCTTTCGTAGAGATGTACAGTGAAATCCS

COGAAATTATACACATGACTGAAGGAAGGGAGCTCSTCATTCOCTGCCGGGTTACGTCAC

TPAACATCACTSOTTACTTTAAAASABTTTCCACTTGACACTTTGATCOCTGATGGABAACSC

ATAATCTGGGACAGTAGAAAGSGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGC

TICTGACCTGTGAAGSCAACAGTCAATGGGCATTTOTATAARGACAAACTATCTCACACATCGA

CAAACCAATACAATCATAGATGTGGTICTGAGTOCGTOTCATGGAATTGAACTATCTGTITGGS

AGAASAGCTTOTCTTAAATTSTACAGCAAGAACTGAACTAAATSTGGBGATTGACTTCAAC

GGOGAATACCCTTCTTCGAASCATCAGCATAAGAAAT TTGTASACCGAGACETAASAACOOA

STCTGGGAGTGAGATGAAGAAATTTTTGAGCACCTTAACTATAGATGGTGTAACCCGGAGT

GACCAAGGATTOTACACCTOTOCASCATCCAGTOGGCTGATGACTAAGAAGAACAGCACA

TTTGTCAGGGSTCOCATGAAAAGGACASAACSTCACACATGCOCACC GBTGCOCAGCACCTGAA
wr
CTOCTGGGGOGACCGTCAGTOTTCOTOTTCOCCCCAAAACTCAAGGACACCCTCATGATG

TCOCGGACCCCTGAGSTCACATCCSTGGTGOTGGACGTGAGCCACGAAGACCOTGAGGT

CAAGTTCAACTGSTACGTGGACGECOTGGAGGTOCATAATGCCAAGACAAAGCTCGOCEGGS

AGGAGSCAGTACAATAGCACSTACCOSTGTSGTCAGCGTCOTCACCGTCCTGCACOAGGACT

417-
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GGCTGAATAGCAAGGARTACAAGTGCSBGSTSTOCAACAAAGCOCTCOCASCECECATOS

AGARAAGCATCTCCAAAGCTCABAGGGCAGCCCOGAGAACCACAGBTGTASACCOCTGCOEC

CATCOCGGGBATGASCTGACCAAGAACCAGSTCAGOCTGACETSCOTGGTEAAAGBENTCT

ATCOECAGCGACATCGCCEGTOGAGTOGGAGAGB CAATGEGGCASBCCGGAGAACAACTACAAG

ALCAGCGCOTCCOCGTGCTOGACTCOGACGGCTCOCTICTTCOTCTACAGCARGCTCACCGTE

SACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATOCTCOGTGATGCATGAGSCTOTG

CACAACCACTACALCGCAGAAGASCCTCTCCCTOTCTCOGGGTAAATIOR

fO06ST SEQ ID NOce (nolypepiide sequence having 458 arning acids):

MVSYWDTGOVLLCALLSCLLETGSSSGSDTGRPFVEMYSEIPENNMTEGRELVIPCAVTSPNITY

TLKKFPLDOTUPOGERIAWDSREGFISNATYKEIGLLTCEATVNGHLYRKTNYLTRROTNTIDVVLS

BPSHGIELSVGERKLVLNCTARTELNVGIDFNWEYVPSSRNOHKKLVNRDLETOSGSEMEKKFLSTLT

IDGVTRSDOGLYTCAASSGLMTERNSTFVAVFEKOKTHTCPPCPAPELLGGPSVFELFPERERD

TLMISRTPEVTCVVVDVSREDPEVIKFAIWYVOGVEVANAKTKPREEQYNSTYRVVSYVLTIVLHOD

WLNGKEYKCKVSNEALPAPIEKTIGRAKRGOPREPOVYTLPPSRDELTRNQVSLTCLVKGFEYPSD

IAVEWESNGOQPENNYRTTPRVL DSDGSFFELYSKLTVDKSRWOQOQGNVFSCSVMHEALHNHYTO

KRSLSLSPGK

IQ07G] The present invention is not io be irnited in scone by the specific ambodimenis

described herein. Indeed, various modifications of the invention in addition tohase described

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

accompanying figures. Such modifications are intended to dail within the scope of the annended
Clayys.

4B
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Wrhal bs clairied Is:

1, A method tor eating an angiogenic eye disorder in a patient, said method
comprising sequentiallyadministering to tne patient a single initial dose af a VEGF antagonist,

followed by one or more secondary doses of ihe VEGFaniagonist, followed by one or more

lertiary doses of the VEGF antagonist:

wherem each secondary dose is administered 2 fo 4 weeks ater the immediately

rececing dase: and

wherein each terilary dose is administered al least 6 weeks atter the immediately

preceding dose

2. The rnethed of claim 1, wherein only ¢ single secondary dose is administered fo

the patient, and wherein the single secondary dose is adminisiered 4 weeks ater ine initial dase
mye

ofthe VEGF antagonist,

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

patient, and wherein each sacondary doseis administered 4 weeks after the immediately

4 The method of claim 3, wherein each terliary doseis adminisiered & wesks after

the immediately preceding dose.

5, The method of claim 1, wherein al least 5 lerliary doses of the VEGS antagonist

are administered to the patient, anc whergin the first four terflary doses are administered &

weeks affer the immediately preceding dase, arid wherein each subsequent tertiary dose is

administered 6 or 12 weeks after the immediately preceding dose.
x

&. The method of caim 1, wherein the angiogenic eye disorder is selecied from the

group consisting af age relaled macular degeneration, diabetic retinopathy, diabefic macular

edema, cantral retinal vein occlusion and corneal neovascularizaiion.

7. The method of clair 6, wherein the angiogenic eye disarder ls age relatedws

r

&, The methad of claim 4, wherein the VEGF antagonist is an anti-VEGF antibody or

fragrnent thereat, an anteVEGF recepior antibodyor fragment thereof, cr a VEGF receptor

based chimeric molecule.

g. The method of clairn 8, wherein the VEGF aniagonist is a VEGF receptor-hased

chimeric molecule.

Ae
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19. The rnethod of claim 8, wherein the VEGFreceptor-based chimeric molecule
oe

comprises VEGFRIR2-PcoACt(a) encoded bythe nucieic acid sequence of SEQ HD NO:1.

14. Re method of claim 9, wherein the VEGF receptor-based chimeric molecule

somprises (1}a VEGFR1 component comprising amine acids 27 fo 129 of SEQ ID NO:2: (234

VEGFRZcornponent comprising arnino acids 150-2314 of SEQ ID NC? and ha

mullimerization component comprising amino acids 232-457 of SEQ ID NO&cs.

12. The method of claim 1, wherein ail doses of the VEGFantagonist are

administered to the patient by topical administration or by intraccular administratian.

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

administered to the patient cy intraocular administration.,

14. The method of clair 13, wherein the intraocular adrainistration is intravitreal

acministatio

1S The method of claim 11, wherein all dosas of the VEGF antagonist are

iministered to the patien opical a stration or b ocular administration.adminisiered to the patient by topical administration or by intraocular adrninistration

16. The method of claim 75, wherein sil dases of the VE

administered to the patient by intraocular adrninistration.

47. The rnethod of claim 16, wherein the infraocular administrationisintravitreal

administration,

18. The method of clair 17, wherein all doses af the VEGF antegonist cornprise from

about 0.5 mg io about 2 mg of the VEGFanfagonist

19. The method of claim 16, wherein all doses of the VEGFantagonist comprise 0.5

ma of the VEGF antagonist

=

20. The method of clair 18, wherein all doses of the VEGF antagonist comprise 2 mg

of fhe VEGFantagonist.

21. A VEGF ariaconisi for use in a methad oftreating an angicgenic eye disorder ina

patient, wherein the method comprises sequeniiaily administering fo the palient a single initial

dase of a VEGF antagonist, followed by one or more sesondary doses of the VEGF antagonist,

followed by one or ntore tertiary doses of the VEGF antagonist;

wherein each secondarydase is adminstered 2 to 4 weeks after the immediately

preceding dose; and

oi
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wherein each tertiary dose is administered al least 4 weeks after the immediately

nreceding dase,

fe22. The VEGFaniagonist of clairn 21, wherein only @ Single secondary dose is

administered to the patiertl, and wherein the single secondarydose Is administered 4 waeks

after the initial dose of the VEGF antagonist.

23. The VEGFantagonist ofclaim 21, wherein only twa secondary doses are

administered io the patlerii, and wherein each secondary dose is administered 4 weeksafter ine

immediately preceding dose.

24. The VEGFantagonist of any one of claims 21 to 23, wherein sach teruary dose is

administered 8 weeks after the immediately preceding dose.

4 *y
28. @ VEGF anlagonist of any one of claings 21 to 23, wherein al least 6 lerllary

doses of the VEGF antagonist are administered to the patient, and wherein the first four tertiary

ar {hie immediately cracedina dese, and wherein sach
st

subsequent tertiary dose is admmmstered 8 or 12 weeks after the immedisisly preceding dose

2S. The VEGF antagonist of any one of claims 27 to 25, wherein the eeeaye
disorder is selected from the group consisting of age related macular degeneration, diabel

retinopathy, diabetic macular edama, central retinal vein occlusion and cornea!

@?. the VEGF antagonisi of claim 26, wherein ihe angiogenic eye disarderIs age

related macular degeneration.

‘

28. The VEGF antagonist of any one of claims 21 to 27, wherein the VEGF aniaganist

san anti-VEGEantibody or iragment theraol, an anikVEGFreceptor antibodyor fragment

thereat, ors VEGF receptor-based chimeric molecula.

29. The VEGFantagonist of claim 28, wherein the VEGF antagonist is a VEGFei

receptor-based chimeric molecule,

30, The VEGF antagcnisi of claim “wherein ina VEGF recenior-based chimericmolacuie comprises VEGFR 4 RO-FCACA La) anocded by the nucleic acid sequence of SEG ID
NOct.

31. The VEGF antagonist of claim 29, wherain the VEGFreceptor-basead chimeric

molecule comorises (1) a VEGFR1 component comprising amino acids 2? to 129 of SEQ 1D

NO: (2)a VERPR2 somponent comprising amino aciis 130-2237 of SEQ 1D NO:Z and (3) a

mullierizetion component comorising amine acids 202-457 af SEQ 1D NO:

«Pts
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32. The VEGF antagoniat of any one of claims 27 to 37, wherein ali dases of the
3

VEGFantagonist are administered to the catient bytoxC3 eoical administration or by intraocular

administration.

83. he VEGFantagonist of claim 32, wherein al doses of the VEGF antagonisi are

administered ta the patient by intraocular administration.

34. The VEGF antagonist of claim 33, wherein the infraocular administration is

intravitreal administration.

35. The VEGFFantagonis ¥ claim 34, wherein all doses of the VEGF antagonist

36. The VEGFantagonist of claim 35, wherein all doses of the VEGF antagonist
L

comprise 0.8 mg of the VEGF antagonist.

37. The VEGF antagonist of ciaim 35, wherein all doses of the VEGF antagonist

comprise 2 mg of the VEGF antaganisi.

“yeyne ge

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 327



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 328

WO 2012/99 7019 PCT/US2012/020855

TS seeneeconsns
a)

 oH
a o
oe

i o aes2 oo
©
oom

we
fe
a
Lh

TT

nnnss

Qo~ i
Od

Qe
w
”
3 DoseSecondaryinitial

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 328



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 329

INTERNATIONAL SEARCH REPORT ; international application No

PCT/US2012/020855
CLASSIFICATION OF SUEMEOT MATTER

TH. AGIKS3B/18 AGEP2?00
AbD.

Acsorcing io International Patent Classification GPC) or io both national classification and IPC
B. FIELDS SEARCHED

Minimum cocumentation searched (classification systemfollowed by classification symbcls)
AGLK AGIP

Documentaticn searched other than minimum documentation to the extent that such documents are included in the flelds searched

Electronic data base consulted during the international search (name cf data base and, where practicable, search terms usec)

EPG-Internal, WPI Data

Categary*|}Citation of document, with indication, where approgriate, of the relevant passages Felevant ta claim No.

Thomson Reuters Integrity: “VEGF Trap-Eye
final phase II results in age-related
macular degeneration presented at 2068
Retina Society Meeting",

28 Sentember 2008 (2008-09~28), pages 1-1,
XPO02674126,
Retrieved from the internet:

URL:https://integrity. thomson-pharma.com/i
ntegrity/xmixsi/pk_ref_fist.xml_ show fist
at_refs?psession id= 18680658porig=&pcou
nt=35485 num_dailys=42&pgrysave=&psubti

toleBiomedical420LiteratureS2OList&pdaily
s=N&ptsearch=A&ptext=N&p_whatToShow=REF&
p_prousQuantity=5&ppage=10#1]ink
[retrieved on 2012-04-18)
the whole document

Further dacuments are listed in the sentinuation of Box ©, § See patent family annex.

“ Special categories of cited documents : , ; , . oe .
"T" later document published after the internaticnalfiling date or priority

date and not in senflist with the application but cited to understand
the principle or theory underlying the inventionA” document defining ihe general state af the art which is not considered

tobe of particular relevance
T" gariar annliaation or yz ey ishe ‘ g the international a . . a . . .
& eariies applisation or patentbut published onor afier the Intemational Xx" document of particular relevance; the claimed invention sannot beHING Gate considered novel ar cannat be considered to involve an inventive

“L” dosument which may throw doubts on sriority claim(s} of whichis step when the documentis taken alonenived ta aetahli a Gublication cate mae eabtesti ; -

aeecial establishtheel late of ancther oltation or cther "Y" document of particular relevance; the claimed invention cannot be
DEGA!eason (as speck consideredto involve ar nventive step when the clocumentis“O" document referring to an oral disclosure, use, exhibition or other combined with one or iv rer such decuments, such combination

means being obvious to a person ‘skilled |in the art
“FY document published prior te the international filing date but later than

thepriority daie claimed “S" document mamberaf the same patent family

”

 

Date of the actual sempietion of the international searsh Date of mailing of the Intemational search repart

19 April 2012 22/05/2012

Name and mailing acdress of the ISA/ Authorized officer
Eurcpean Patent Office, P.B. 53816 Patentlaan 2
NL - 2280 HVRiiswiyk

Tel. (491-70) 340-2040, s os
Fax: (431-70) 840-3018 Rodrigo-Simon, Ana

Form PCT/| 72th {second sheet) (Ap
APOTEX V. REGEN N IPR -01524abi OatREGENERON EX E 329

 



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 330

  INTERNATIONAL SEARCH REPORT
; international application No

| PCT/US2012/020855

Citation of document, with indication, where aporopriate, of the relevant passages Relevant to claim No.

NGUYEN Q BD ET AL: “A Phase 1 Study of
Intravitreal Vascular Endothelial Growth

Factor Trap-Eye in Patients with
Neovascular Age-Related Macular
begeneration®,
OPHTHALMOLOGY, J. B. LIPPINCOTT CO.,
PHILADELPHIA, PA, US,
vol. 116, no. il,
| November 2009 (2009-11-61), pages
2141-2148.E1, xPQ26732998,
ISSN: O161-6420, DOT:
16.1016/0. QPHTHA. 2009 .04.Q36
[retrieved on 2069-08-22]
abstract

page 2142, column 1 - paragraph 3
page 2147, column 1, paragraph 2

US 2007/190058 Al (SHAMS NAVEED [US])
16 August 2007 (2007-08-16)
claim 2

paragraph [0112]
page 12, paragraph iil

US 2006/172944 AL (WIEGAND STANLEY J [US]
ET AL} 3 August 2006 (26006-G8-03}
paragraphs [0008], [0017]
claims 1.2

US 2005/163798 AL (PAPADOPOULOS NICHOLAS J
[US] EF AL} 28 July 2005 (2005-07-28)
claim 65

paragraph [0122]

WO 00/75319 AL (REGENERON PHARMA [US];
PAPADOPOULOS NICHOLAS J [US]; DAVIS SAMUEL
[US]} 14 December 2000 (2000-12-14)
page 87, line 14 ~ Tine 8&8
page 14, line 7 - line L2

US 2006/058234 Al (DALY THOMAS J [US] ET
AL) 16 March 2006 (2006-03-16)
paragraph [0067]
claim 23

page 2, paragraph 15

US 2005/260293 Al (WIEGAND STANLEY J [US]
ET AL} 24 November 2005 (2005-11-24)
page 7; example 8
page 8; example 3
page 8; example il
page 9: example 2

 
Form PCT/SA/216(continu n of second sheet! (April 2005)

APOTEX V. REGEN NI BaesyREGENERONEXH#I 2010 PAGE 330



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 331

 INTERNATIONAL SEARCH REPORT ; international application No

| PCT/US2012/020855
c(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where aporopriate, of the relevant passages Relevant to claim No.

DC BY ET AL.: “An exploratory study of
the safety, tolerability and bioactivity
of a single intravitreal injection of
vascular endothelial growth factor
Trap-Eye in patients with diabetic macular
oedema. ",
BR J OPHTHALMOL,
vol. 93, no. 2, February 2669 (2009-02),
pages 144-1449, xPgegi58490,
abstract

page 149. paragraph 2

ANANT PAI ET AL.: "Current concepts in
intravitreal drug therapy for diabetic
retinopathy",
SAUDE JOURNAL OF OPHTHALMOLOGY,
vol. 24, no. 4, 30 June 2016 (2010-06-39),
pages 143-149, xXPe@2674122,
page 147, paragraph 4

DO DIANA V ET AL: "The DA VINCI Study:
phase 2 primary results of VEGF Trap-Eye
in patients with diabetic macular ecema.",
OPHTHALMCGLOGY SEP 2011 LNKD-~-

PUBMED: 21546089,
vol. 118, no. 9, September 2011 (2011-09),
pages 1819-1826, XPe6?674123,
ISSN: 1549-4713

the whole document

STEWART MW.: “The expanding role of
vascular endothelial growth factor
inhibitors in ophthalmology”,
MAYO CLIN PROC,
vol. 87, no. 1, January 2012 (2012-91),
pages 77-88, XP002674124,
the whole document

anonymous: “LUCENTIS® {ranibizumab
injection} Intravitreal Injection",

June 2006 (2006-06}, pages 1-3,
XP002674125,
Retrieved from the Internet:

URL http://www. gene.com/gene/products/info
rmation/pdf/lucentis-preseribing. pdf
[retrieved on 2012-84-18]
page 1, column 1, line 20 ~ page 1, column
2, iine 9

 
Form PCT/SA/210(contin af second sheet) (Apri! 2005)

APOTEX V. REGEN NI BaeossREGENERONEX#I 2010 PAGE 331



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 332

 INTERNATIONAL SEARCH REPORT

information on patent family members

Patent document

cited in search report

US 2007190058

 ; international application No

| PCT/US2012/020855

2006172944

2008085276

03-08-2006

19-04-2008

YS 2005163798 28-07-2005 7070959

2005163798

2005175610

2005245447

2908194460

2908194799

2008220004

2009081217 |

2009155899

2010221782

2011028698

2012064621

84-07-2006

28-07-2005

11-08-2605
03~11-2005

14-08-2088

14-08-2008

11-09-2008
26-93-2009
18-66-2909

82-09-2010

03-02-2011
15-03-2012

wO 0075319 14-12-2006

MX

NZ

PL

PT
PT

SK

WO

417928

779303
5040400
8011407

2376379

1369069
191433715

29914387

69919415

60019415

1544299

1183353

1344299

2237429

2319305

1943388

29018908

8201515

146899
4723149

2003501689

2011024595

PAQ1012630

29016036

515913

352246
1183353

1544299
17522001

6075319

200116668 A

oofTheheefefOeeeieTe OSBet?OdIDoe—
aIToTea PQharele
os nS

deIemornI>I>i& m

15-64-2005

15-01-2009

13-01-2695

28-12-2006
82-04-2002

14-12-2000
11-09~2002

29~-05~2009
16-16-2002

19-05-2005

09-03-2006

23-03-2009

86-03-2002

22-96-2005

01-08-2005

06-05-2009

16-06-2005

39-04-2005

28-08-2002

08-07-2008
13-@7-2011

14-01-2803

16-02-2011

22~07~2002

98-02-2002

39-61-2004

11-08-2003

30-06-2005

18-03-2009

81-04-2003

14-12-2080
86~12-2002

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 332

Form PCT/ISA/210(patent family annex} (Apri! 2005)

 



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 333

 

Notice
This translation is machine-generated. li cannot be guaranteedthatit is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commerciallyrelevant or financial decisions, should not be

based on machine-translation output.

ABSTRACT CN102233132B

(0001

13 The present invention relates to the application of VEGFR fusionproteins FPL, FP3, FP7, and FPSin the

preparation of drugs forthe treatment of ocular surface neovascularization related diseases, and the combined

preparation of fusion proteins FPL, PP3, FP7 and FP8 and immunosuppressive agents. The

immunosuppressive agentis selected from any one or a combinationof corticosteroids, rapamycin,

dexamethasone, and cyclosporine A, wherein the amino acid sequences of FPL, FP3, FP7 and FP8 are as

shown in SEQ ID NO:1 and2 respectively , 3 and 4.
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CN1022331328 Application of VEGF acceptor fusion proteins in preparation of drags for inhibiting
growth of ocular surface seovascularization

Data originatingfrom sources other than the EPO maynot be accurate, complete, or up to date.
es

The warding belowis an initial machine transiation ofthe original publication, To generate a version using the
latest translation technology, go ta the original language text and use Patent Transtate.

 

Technical fieid

The present invention relates to the medical application of Vascular Endothehal Growth Factor (VEGFR) fusion
protein, in particular to the application of VEGFR fusion protein in the preparation of medicine for treating
diseases caused by the growth of ocular surface neovascularization.

Backeroundtechnique

The cornea and conjunctiva on the surface of the eve are susceptible to various stinrali, including microbial
infections, physical impact, chemical damage, comealfriction damage caused by contact lenses, comeal
hvpoxia, etc., can cause corneal or conunctival lesions, these diseases often produce eyes Table
neovascularization. Diseases related to ocular surface neovascularization include cormmeal neovascularization,
neovascular glaucoma, pteryzinm, conjunctivitis, bacterial keratitis, fungal keratitis, viral Keratitis, vesicular
keraloconjunctivins, comeal wcer, scleritis , Complications of contact lens, etc.

Coreal neovascular diseases include corneal trauma (incliding puncture wounds, rupture wounds, scratches,
insect bites, chemucal burns, physical bums, etc.}, comeal transplant rejection, ocular surface damage caused by
anterior and posterior segment surgery Corneal stromal ulcer scar formation, foreign body stimnlation, and
contact lens-related hypoxia lead to corneal neovascularization, limbal stem cell deficiency, malnutrition and
vitamin deficiency, adverse dmg reactions, and iatrogenic injury.

The cornea is one of the important refractive stroma of the eyeball, which is transparent and avascalar under
nortnal conditions. However, under the pathological conditions of infection, injury, lypoxia and corneal
transplantation, the capillaries zrow from the lirmbusto the cornea. , Forming corneal neoevasculanization
Althoughthe occurrence of corneal neovascularization is conducive to the local clearing ofinfection andthe
promotion of damage repair (Curr Opin Ophthaimal. 12: 242-249, 20013, the occurrence of corneal
neovascniarization can cause changes in the immune characteristics of comeal tissue (ExpEyeRes.78 : 579-589,
2004), eventnally leadingto clinical problems such as vision loss, corneal damage and lass of ocular surface
sinelding function, Corneal neovasculanzation often leads to persistent inflammation and scarring oftissues,
Corneal neovascularizationis the main feature in many blinding keratopathy lesions, and itis also a
complication of cormeal infection, chemical injury and majorvisual impairment after corneal transplantation. At
he same time, neovasculatizauonalso affects the success rate of corneal transplantation.

At preset, eve diseases caused by cormeal neoasculariation in developed countries account for the top causeof blindness, and the blindness rate reaches 37.2%. Corneal neevasculanizaion caused by ocular trauma in
China accounts for about 10%ofthe entire comeal disease. Therefore, the prevention and treatment of corneal
neovascularization has becomean urgent problemto be solved.

Although laser treatment and surgical intervention provide potential treatment for corneal neovascularization,
some problems remain after treatment. For example, immost cases, the avascular and transparent state ofthe
cornea of patients undergoing laser treatment and surgical intervention cannot be reconstructed. In addition,the
drugs currently used to treat corneal neovascularization are mainly hormonal drugs such as dexamethasone,
which have the defects of expanding the corneal injury area after treatment, slow comea! healing, and more side
effects. Therefore, if is veryportant to previde a safe and effective therapeutic drug for the prevention and
early treatment of ocular surface neovascularization and ocular surface inflammation.

The occurrence of corneal neovascalarization is a complex pathological process. The results of studies have
confirmed that the main cause of comeal neovascularization is due to the inclination ofthe balance between

angiogenic factors and anti-angiogenic factors in ocular surface tissues. Diseases can secondaryly express
cytokines that promote vascular growth and induce ocular surface development in a direction conducive to
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cormeal peovasculanzation. Among them, vascular endothelial growth factor is the most important vascular
endothelial growthfactor found so far (Science246 : 1306-9, 1989).

Chinese patent 7L2005 16073595.4 discloses the structure and preparation method of fusion protein FP 1-FP6
and its anti-tumor use, as well as for visual mesh lesions, but does net involve the prevention and treatment of
comeal neovascularization. Chinese patent 41,2006 10066257 .2 discloses the structure of fusion protein PP L-FP8
and its preparation method, as well as its applicationin the preparation ofdrugs for the treatment of ophthalmic
diseases caused by the growth of neovascularization, alse does aot involve VEGFR fusion proteins FP ft, FPS
FP7 and FP8 are used in the preparation of drugs for treating corneal neovascularization.

Neovascular glaucomarefers io glaucoma caused by the formation of new fibrous vascular membranes on the
suxface of the iris and trabecula, which prevents the drainage of aqueous humor. [ts neovascularization is easy to
ruphure and recurrent hemorrhage of the anterior chamber. . This kind of disease is a serious disease, easy to
relapse, and more stubborn secondary glanconia. At present, general anti-glancoma drugs and surgical
treatments are offen difficult to work together. Although laser or cryosurgeryis often used, it is easy to relapse
and even lead to blindness. . The patient's eves were hyperemia, corneal edema, severe eve pain and beadache.
Ta order to relieve the pain, some pabents had to remove the eyeballs.

The cause of pterygram is still upkeown, and it maybe related te ultravioletradiation and smoke pollution. In
recent years, stucbes have sugeested that the disease is related to neovascalarization andis also related to
allergic reactions and elastic fibrosis. At present, there is no good treatment for this kind of disease. AHboughit
can be treated by surgery, it has a greater impact on patients, and safe and effective prevention and treatment
dimgs are urgently needed.

Compunctivitis is a comnion and frequent disease in ophthalmology. Among them, antibiotics or hormones are
mainly used for the prevention and treatment of acute conjunctivitis. Chronic conjunctivitis is easy to relapse
and difficult to cure, resulting in dry eyes and foreign body sensation in patients. Long-term illness will cause
vision loss, vascular hyperplasia, and alse iovelve the corsea, causing keratitis and corneal ulcers. The effective
prevertion and treatment of these diseases also urgently need safe and effective prevention and treatment drugs.

The technical contents disclosed in Chinese patents 71.200510073595.4 and 2712006 10066257 .2 are used as
reference for this application.

Surmmaryof the invention

An object of the present invention is to provide a VEGFR fusion protein FP1, FP3, FP7, FP8 for the preparation
of drugs for treating ocular surface neovascularization-related disorders, wherein the amino acid sequences of
FP, FP3, FP7 and FP8 are as SEQ TD NO: I, 2, 3, 4 shown.

Ina preferred embodiment ofthe present invention, the ocular surface neovascularization-related disorders are
selected from corneal neovascularization, conjunctival neovascularization, conjunctivitis, pteryzinm,
neovascular glaucoma, keratitis, bacterial kerantis, fungal KReratttis, viral keratitis, corneal picer, alveolar
keratoconfunctivius, scleritis, contact lens complications, or anv complications thereof, preferably corneal
neovascularization, conjunctival neovascuilarization, or their complications disease.

In one exnbediment of the present invention, the cormeal neovascularization-related disorders are selected from
corneal trauma, corneal transplant rejection, ocular surface damage caused by anterior and posterior segment
surgery, comeal stromal ulcerscar formation, foreign body stimulation, and hypoxia Corneal
neovascularization, and any of or complications of neovascular disease caused by limbal stemcell deficiency,
malnatntion, vitamin deficiency, adverse dmg reactions, or iatrogenic inrury.

Ina preferred embodiment of the present invention, the corneal tranmais selected from any one of puncture
wounds, rupture wounds, scratches, insect bites, chemical burns, physical burns or complications of the ocular
surface.

In a preferred embodiment of the present invention, the chemical burn is selected from acid burnor alkali burn.

Ina preferred embodiment of the present invention, the viral keratitis is selected from viral keratitis caused by
herpes simplex virus (HSV) infection.
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Ina preferred embodiment of the present invention, the corneal neovascuiarization-related disorders are selected
from herpes simplex virus infection, surgical sutures, corneal transplantation, acid burn or alkali barn, any one
of which induces or causes corneal neovascularization .

 

The VEGFRfusion proteins FPL, PPS, FP? and FP8 of the present invention are blocked by captunng multiple
subclasses of the VEGFfamily (such as VEGF-A, VEGP-B, VEGF-C, VEGF-D) and placental prowth factor
(PIGF) Inhibit the activation ofits receptor, thesreby showing the effect of blocking or inhibiting the biological
activity of VEGFprotein.

 

 The VEGER fusion proterns FP1, PP3, FP? and FP8 ofthe present :nvention are all made of human VEGFI
functional domain proteins and / or human IgG FC fragment proteins. Specifically, FPi consists of the second
immunogiobulin-like region of VEGFRI and the third imniuneglobulin-like region of VEGFR2; FP3 consists of
the second imumunogiobulin-hke region of VEGPRI, the third and fourth immuncelobulin-hke regions of
VEGFR2 Region, and the FC segment protein of human igG immunogiobulin, FP7 is composed ofthe second
immunoglobulin-like region of VEGFR1, the third and fourth immunoglobulin-like regions of VEGFR2,and

the FC segment protein of buman [eG spumupoglobulin FPS is composed of the second rmmupoglobulin-like
region of VEGFRLE, the third inmunoeglobalin-like region of VEGFR2, and the FC segment protein of human
TeG immamnoglobulin,

The method provided by the invention can also be used for treating acute and subacute corneal injury. The acute
invary is within L week after mjpury. The clinical manfestations are oedema and thrombosis of the ocalar surface
tissucs, as well as degeneration and necrosis of the affected cornea, conjunctiva and vascular endothelial cells.
The subacute phase is generally within 2 weeks to 6 months after injury. The clinical manifestations are the
proliferation and migration of various cells on the ocular surface, repair of damage and defects, and the
appearance of corneal epithelial celis replaced by conjunctival epithelium, and a large nuniber of corneal
neevascularization ) Formation, a large number of leukocytes invade under the damaged tissue. In various
specific applications, the treatment of acute inpury should be carried out within 24 hours after injury, and the
treatment of subacute injury should be based onthe local comprehensive situation of the ocular surface, and the
optimal treattemnt tinte should be selected.

Another object af the present invention is to provide a combination preparation of VEGFR fusionproteins PPI,
FP3, FP7, and FP8 with an unoninosappressant selected from the group consisting of corticostercids,
rapamycin, dexatnethasone, and cyclosporin A Any one or a combinationthereof, preferably dexamethasone.

The combined preparation of the present invention can be administered sequentially or sequentially, that is to
say, when the medical staff administers to the patient, they canfirst use the VEGFR fusion protein FPL, FP3,
FP7 and FP& preparation for the patient, and then use it for the patient The inmunosuppressive agent according
to the present invention, or the immunesuppressive agent according to the present invention to the patient first,
and then the VEGFR fasion protein FP1, PP3, FP7 and FP8 preparation to the patient; , FP? and FPS
preparations and the immunosuppressive agents described in this invention.

BRIEF DESCRIPTION

Figure 1 Effect of fusion proteins FP1, FP3, FP7 and FP8 on corneal neovascularization indaced by alkali bum
in rats

Figure 2 Inhibitory effects of fusion proteins FP1, FP3, FP7 and FPS on mouse cormeal angiogenesis induced by
surgical suture

Fig 3 Inhibitory effect of fusion proteins FP1, FP3, FP7 and PP8 on mouse cormeal lymphangiogenesis induced
by surgical suture

Figure 4 Inhibitory effect of fusion protein FP3 on rabbit corneal angiogenesis induced byalkah burn

Figure 5 Inhibitory effect of fusion proteins FP1, FP3 and immunosuppressants on corneal angiogenesis after
corneal transplantation in rats

detailed description
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The following examples further iustrate the present invention, but should not be construed as constituting apy
limitahen to the present invention.

Example | The therapeutic effect and safety test of fusion protein en corneal angiogenesis induced byalkali
bum

An animal model of corncal angiogenesis in rats (SD rats, female, body weight 250g + 20g) was established by
alkali bum methed, and the inhibitory effect of fusion proteins FPL, FP3, FP7, and FP8 on rat corneal
angiogenesis induced by alkali burn was studied .

Take the rat and use the right eve as the experimental eye under anesthesia, use a filter paper with a diameterof
3ipmsoaked with tmal /L NaOHsolution and stick it to the center of the right eye cornea of the rat. After }
minute, remove the filter paper and use a large amount Wash the conjunctival sac with physiological saline to
remove residual NaOH, and add chloramphenicol eye drops (nanufacturer: Changzhon Siyao Pharmacentical
Co., Lid., specifications 8ml: 20mg} 20ul and 1%atropine ointment.

The next day, the rats were divided inte 7 groups (6 rats in each proup), namely FPL group, FP3 group, FP7
group, FP8 group, drug carrier group Ge PBSsolution), dexamethasone group and saline group (NS ). Among
them, the FP1, FP3, FP7, and FP8 groups were all administered with fusion protein at a concentration of 20 mz /
mi. They were prepared with PBS sohition immediately before use. Sodituin (Na2HPO4), 8.02 sodium chloride
(NaC), 0.2¢ potassinichloride GSC), add water te 1G00mEL, add NaOHto adjust pH7.4: the concentration of
dexamethasene group is 0.25me / ml. The solution of each group was added to the eye surface of each group of
animals 4 times a day, 40 microliters each time, the admiuimstration time was §:06, 12:00, £6:00, 20:00, for 14
consecutive days. At the same time, [8 davs after the model was made, the corneal fhicrescence staimnar
photography was performed to observe the effect of the drug on the ulcer area formed alter alkah burn of the
cornea, and the safety of the drug was evaluated.

Onthe 15th day after alkali burn, the amumals were anesthetized, corneal neovascularization was stained with
ink, the images were observed under the microscope and images were collected, and corneal neovascularization
was calculated according to Robert formula A= C/ 12 x 3.1416 [R2- (RL) 2] The growth area, where A
represents the area of neovascularization, C ts the mumber of minutes of the new cornea’s curantative corneal
circumference, Lis the length of the neevasculanzation extending from the limbus into the comea, and R is the
averape corneal radins of the test animal (2.6mminthis experiment)}, 4752 We i, The resulis are shown
in Table 1.

Table | Inhibitory effect of fusion protein on coraeal neovasculanization after alkali barny

 
Corneal neovascularization area (nim (sup) 2 ¢(/ sup}) FP1 treatment group 7.4 + 1.5 FP3 treatment prowp 3.0 +

0.7 PP? treatrmont group 4.2 + £1 FP8 treatment group 4.1 + 1.3 dexamethasone group 9.8 + 1.0 drug carner
Group 10.2 + 1.6 physiological saline growp iLO£12

The results in Table | showthat compared with the dexamethasone group, the VEGFR fusion proteins FP1,
FP3, FP’, and FPS can significantly inhibit corneal angiogenesis, and can be used ic treat ocular surface bura
diseases, and the fusion protein PP3 bas an effect on ocular surface angiogenesis The imbibition ability is
relatively stronger, and the inhibition on the length and area of comealneovascularization in rats is more
significant. In addition, the cornea! edema of the animals in the fusion protein treatment group was lighter, the
neovascularization was smaller and sparselydistributed, mostly located near the lumbus, and the blood vessels
did not enter the central corneal burn area, and the ratio of the length and area of comeal neovascularization in
the FP3 group It was significantly smaller than other treatment groups, dmg carrier group and saline group (p
(0.03), and also significantly better than dexamethasone group.

 

Table 2? Effect of fusion pretcin on corneal injury after alkali burn

Corneal damage areaafter 14 days of medication (mm {sup} 2 (/ sup)) FPL treatment growp 2.5 + 0.4 FP3
treatment group 2.6 + 0.9 FP7 treatment group 2.4 + 1.3 FP8 treatment group 2.7 + 1.2 dexamethasone group
94+ 1.4 Drag carrier group 2.3 + 1.2 physiological saline group 21-4 Lt

In the dexamethasone treatment group, after 14 days of continuous medication, although cormeal
neovascularization was suppressed, corneal injury was aggravated and the area of the injury was ulcerated.
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However, the corneal inpury in the fusion protein treatment group did not increase, which was comparable te the
saline control group, and it had good safety.

It can be seen that the fusion protein group inhibits neevascularization and has no sideeffects of dexamethasone
to inhibit corneal healing, and the efficacy and safety are better than dexamethasone.

Exaniple 2 The therapeutic effect and safety of fusion protein on herpes simplex virus keratitis

Ao aniraal model of corneal tapury infected with herpes simplex virus in mice (BalB / C once, female, 6-8
weeks old, body weight 20-25 2) was prepared using the corneal scratch method.

Herpes simplex virus was subcultured on vero cells and quantified by conventional methods. The right eye of
the mouse is the expenmental eve. Under anesthesia, use a micro-dose needle dipped in 2 ld of HSV-1 viras
liquid {about $ x 105 PFU herpes simplex tvpe 1 virus} to gently scratch the animal comea and Massage the
conjunctiva.

The experimental animals were divided into 7 groups (& per group), namely FP I group, FP3 group, FP7 group,
FP8 group, drig carrier group, dexamethasone group and saline group (NS). Among them, the FP 1, FP3, FP7,
and FP8 groups were all administered with a fnsion protein concentration of {6 mg / ml, and were dihited with
PBS solution before use; the drug catrier group was a PBS solution; the dexamethasone proup was administered
a concentration of 0.25 mg/ml. The sohition of each group was addedto the eve surface of each group 4 bmes
a day, 10 yl each time. The administration time was 8:06, 12:00, 16:00, 20:00, and the administration was
continued for 14 days.

After the treatment, the animals were anesthetized, and slit lamps were used to observe the degree of
angiogenesis and damage on the ocular surface. The corneal injury of each group of animals was evaluated by

be injury index, and the specific inpury index was divided according te the following criteria: 0: normal cornea,shght turbidity; 2: moderate turbidity; 3: severe turbidity Guvisible ims}; 4: severe opacity With ulcers;5:vorneal rupture. The distribution ofthe number ofanimals in each group of animals at each injury level is shown
in Table 3. Among them, a small damage indexindicates that the damage to the ocular surface is smaller, and
the smaller the number of anrmals with a smaller damage index, the smaller the damage to the cornea andthe
better the protection.

The results showed that the rats with damage index <2 in FP1 group, FP3 group, FP7 group, and FP8 gronp
were 50%, 75%, 62.5%, and 50%, respectively, and 25%in drug carrier group and normal salne group , 25% in
the dexamethasonegroup, indicating that FP3 has a better treatnient for viral keratitis and does not expand
corneal damage, and has a better protective effect.

Table 3 Anal statistics of corneal injury index

Injury index <1 Inhury index = 2 Inpury index = 3 Inpury index = 3 Inpury index = 4 25%25% 25%25%25%

FP3 37.5%37.5%12.5% 12.5%12.5% PPT 25% 15%25% 235%Yo FPR treatment group 25ve 25%5% 12.5%
37.5%Dexamethasone group 12.5%12.5%12.5% Dig carrier group 12.5% 12.5% 25% 30%Saline group
25% 12.5%

The depree of comeal angiogenesis is evaluated by the angiogenesis index. The specific angiogenesis index is
mainly based onthe range of neovascular invasion of the cornea. A 16-point system is used, which divides the
cornea into 16 zones (4 quadrants of the cornea and 4 zones within cach quadrant) , 1 point is scored by blood
vessel invasion, and the final angiogenesis index is the sura of the number of bloed vessel invasion corneal
regions.

Observations were made on the 7th and 13th days of administration respectively, and the angiogenesis index of
corneal neovasculanzation in each group of animals was calculated. Cormpared with the drag carder group and
saline group, the growth trend of comeal angiogenesis index of FP1 growp, FP3 group, FP? growp and FPS
group was significantly reduced (p (0.05), and the FP3 protein had the strongest and significantly better action
For the dexamethasone group, the results are shown in Figure €.

It can be seen that the fusion proteins FP1, FP3, FP7, and FP8 can significantly inhibit corneal angiogenesis and
reduce the degree of corneal damage, and can be used to treat viral keratitis with safety.
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Exaniple 3 Inhibition of fusion protein on mouse cormeal angiogenesis induced by surgical suture

An atimal model of corneal angiogenesis was established by implanting surgical sutures in the corneal stroma
of mice.

Take 6-week-old mate BalB /c mice, weighing {8-25g, under anesthesia, using the tight eye as the expenmental
eye, implant 3 surgical sutures (11-0 nylon thread} in the corneal stroma (each The line starts near the limbus
and ends at the central cornea, and the angle between two adjacent lines is 120°),

Three days after planting sutures, the animals were divided inte the following 7 groups (6 animals per group,
namely FPL group, FP3 group, FP7 group, FP8 group, drag carrier group, dexamethasone group, and saline
group CNS). Araong them, the FP1, FP3, FP7, and FP8 groups were all administered with a fusion protein
concentration of 10 mg / mi, and were diluted with PBS solution before use; the drug carner group was a PBS
solution; the dexamethasone proup was administered a concentration of 0.25 mg / mi. The sohition of each
group was added to the eve surface of cach group of animals 4times a day, 50 niicroliters cach time, the
administration time was 8:00, 12:00, 16:00, 26:60, for 14 consecutive davs.

 

After the treatment, the aniniais were sacrificed and corneal issue was taken for inmmmunchistochermical staining.
FITC Glnorescein isothiocyanate) labeled CD31 (platelet endothelial cell adbesion melecule-f) showed
neovascularization, and Cy3 Gndocyanine green dye} labeled LYVE-1 Gyimphatic endothelial cell hyahurenic
acid receptor) Body-)) shows neonatal lymphatic vessels. Under a fuorescence microscope, the comeais
divided into 8 zones, and the fluorescence images (100 x) of cach zone are collected in sequence. The area of
neovascularization and lymphatic vessels is calculated using image analysis software. The corneal
neovascularization or lymphatic vessel area of mice imthe saline proup was 100%, The growth of cormea!
neovascularization or lymphatic vessels in each group of animals was analyzed and expressed as the ratio of
neovascularization or lymphatic vessel area.

The results show that the application of eye drops contarome fusion protein FP3 through the ocular surface can
significantly reduce corneal vascular and lvmphangiogenesis induced by sutures. In addition, the comeal
neovascularization (p (6.08) and neoplastic lymphatic vessel area ratio (op @.05) of the FP3 group were
sipmBcantly smatier than thase of the control group, as shown in Figure 2 and Figure 3.

 

 

It can be seen that the fusion proteins FP1, FP3, FP7, and FPS can obviously inhibit the regeneration of corneal
blood vessels and lymphatic vessels, and can be used to treat traumaticocular surface neovascular diseases,
ocular surface inflammation, and keratitis caused by contact lens.

Exaniple 4 Inhibdery effect of subconiunctival injection of fusion protein FP3 on rabbit coracal angiogenesis
induced by alkali bam

As in Example 2, an animal model of rabbit corneal angiogenesis was established using the alkali burn method.

Take 18 New Zealand white rabbits, male or female, weighing 2.0-2.5ke. Under anesthesia, using the right eve
as the experimental eye, apply a filter paper sheet (diameter 5 nim) saturated with NaOH (concentration: 1 mol /
L} to the center of the cornea of the right eve of the rabbit. After | minute, removethe filter paper sheet and use
10 mi Wash the conpunctival sac with phvsiclogical saline to remove residual NaOH, and add chicramphenicol
eye drops (manufacturer: Changzhou Siyao Pharmaceutical Co., Ltd., specification mi: 20mg) 20ul.

The model! animals were randomiv divided inte the following 3 groups (6 animais in each group), that is, the
first day of FP3 administration group, sabconjauctival injection of FP3 on the first dav after alkak burn; FPS
administration group onthe 14th day, the i4th after alkali burn FP3 was injected subconpinctivallyin the dav;
the drug carrier PBS solution contro! group, and the dig carrier was injected onthe first day after alkali burn.
The administration vohime of the FP3 treatrnent group was 6.03 mi, and the administration concentration was
10 mg / ral. The administration vohime of the control group was the same as thal of the treatment group.

21 After the day, the animals were anesthetized, the cornea of the rabbit's eye was observed with a microscope,
and the area of corneal neevasculanzation was measured, and the degree of angiogenesis was represented bythe
percentage of the area of angiogenesis in the entire ocular surface.

It can be seen that the percentage of corneal neovascularization area of the animals in the first day of FP3
adrainistration group is significantly smaller than that in the control proup (pb (0.0D and the day [4 of PP3
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adpunistration group (p (0.05), indicating that FPS can significantly inhibit the cormea caused by alkali burn
Angiogenesis, and early use has a better inhibitory effect on injured angiogenesis.

of
Exanwple 3 Inhibuory effect of fusion protein on corneal neovascuiarization caused by acid burn in rats

The comeal neovascuilarization model of rats (SD rats, female, body weight 200-250¢) was established by acid
burn method.

Use the same saiuple pipette tip with aa raner diameter of |Sramcontaining absorbent cotton core, dip it mito a
mixture of 750¢ / L silvernitrate and 250g / L potassiumnitrate, and place it on the comea of the rat (randomly
bumthe right or left cornea) } [0s in the center, remove the pipette tip, inmmediately rinse with saline for imin.

The next day, the model rats (weight 186g + 26g) were randomly divided into the following 6 groups (G in each
group), namely FP! group, FP3 group, FP7 group, dmg carrier group, dexamethasone group and saline group
NS). Among them, the concentration of the fusion protein in the FPt, FP3, and FP7 groups is LO mg / ml,
which is dduted with PBS solution before use; the drug carrier group is the PBS sohition, the concentration of
the dexamethasone group is 0.25 mg / ml. The solution of each group was added to the eye surface of each
group4 times a day, 26 ul each time. The administration time was 8:00, 12:00, 16:00, 20:60, and the
administration was continued for 14 days.

15 davs after surgery, afterintraperitoneal anesthesia with ketamine (60 nig / kg) and chlorpromazine (30 me /
kg), images were collected undera sht lamp microscope io measure the length and number of corneal
neovascularization.

Corneal neovascularization area is calculated according to Robert's formula A= C/ 12 ~ 3.1416 [R2- (RL) 2],
where A represents the area of neevascularization, C is the nuraberof circumferential minutes of the cornea
accumulated by neovascularization, and Lis the neovascalarization from the limbus The length of the cornea, R
is the average radius of the corneaofthe test animal Gini inthis experiment).

The results showed that: 13 days after surgery, the corneal edema of the animals in the fusion protein treatment
group waslighter, and the neovascularization was smaller and sparsely distributed, mostly located near the
upper and lower corneal limbus. In addition, compared with the control group, the length and area of corneal
neovascularization in the FPf group, FP3 group, and FP7 proup were significantly reduced (p (0.03). The results
are shown in Table 4.

It can be seen that the fusion proteins FP], FP3, and FP7 have a significant inhibitory effect on inflammatory
corneal neovascularizaten caused by acid burns, and can be usedto treat inflammatory diseases of the ocalar
surface, and FP3 has a better inhibitory effect on angiogenesis of the ocular surface inflammatory disorders.

Table 4 Inhibitory effect of fusion protein on corneal neovasculanization after comeal acid bura

 
Corneal neovascularization area (mm (sup) 2 (/ sup}) FP1 treatment group 6.7 + 1.5 FP3 treatment group 3.0 4

0.5 FP? treatment group 4.3 + 0.6 dexamethasone group $8.8 + 1.1 drug carer group (0.9: 1.5 Group 11.2 +:
1.6,

Exaniple 6 The therapeutic effect of fusion protein on conjunctivitis

Animal model of rabbit conjunctivitis was prepared by ethanol induction method.

Porty-two Japanese white-eared rabbits were selected, both male and female, weighing §.8-2.2k¢. Randomly
divided into 7 groups, 6 in each proup, namely FPE group, FP3 group, FP7 group, FP8 group, drug carrier PBS
solution group, dexamethasone group and saline group (NS).

Pull the lowerevelid of the left ove of the rabbit inte a cup shape, and use a micro sampler to drip medical grade
absolate ethanol into the conjunctival sac. Add 6.135m1 on the first day, 0.69m1 on the second day, and drop on
the third day. 0.045mil, the right eye served as its own control. On the fourth day of observation, confunctival
hyperemia, edema, closed eyes shimmer, increased secretions, and ciliary hyperemia were considered successiul
modeling.
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After successful modeling, each group of drugs was administered. Among them, the concentration of the fusion
protein inthe FP, FP3, PP7, and FP8 groups were all 10 mg /mi. They were chluted with PBSsolution before
use; the drug carner group was PBS sohition: The dosing concentration of the mason group was 0.25 mp / mil.
Each group ef sohitions was added dropwise to the eye surface of each group of animals 4 times a day, 50 pl
each time, the administration time was 8:06, 12:00, 16:00, 20:00, continuous application 7 days.

After the treatment, observe the ammal conjunctiva and ocular surface. The severity of conjunetivitis in cach
group of animais is divided accordingto the following criteria: 1. Conjunctival hyperemia: no hyperemia (-);
mild hyperemia (+); obvious hyperemia, deep red (++), diffise hyperemia, purple-red (+++), 2. Evelid edema:
no edema (-), nild edema (+), obvious byperemia, partial eyelid valgus (++), obvious edema, eyelidsenn-
closed (+++); 3. secretion Substances: No abnormal secretions (-); a smali amount of secretions (+); secretions
make the eyelid or evelashes wet or sticky (++); secretions make the entire eve area wet or sticky (+++), the
results are shown in Table 5 .

 

 

Table 5 Effect of fusion protein on rabbit conjunctivitis

The results showed that both the fusion protein treatment group and the dexamethasone group conid
significantly xmpreve the syraptomsof conpunetivitis after the end of medication, and FP3 had the best effect on
conjunctivitis.

Exampie 7 Inhibitory effect of fusion protein on comeal angiogenesis after corneal transplantation in rats

The rat corneal transplantation model was used to study the inhibitory effect of fusion protein on angiogenesis
after corneal transplantation.

 48 Wistar femate rats Qveight 180% + 202) were used as donors, 96 SD female rats (weight 18Op+209) were

used as recipients, and the rats were 2-3 months old. The right eye ofthe recipient animal received comeal
ransplantation, and the donar eves were sacrificed after taking materials from both eves. The doner providescornea of both eyes, and the recipient chooses right eve surgery. The donor and recspient were disated with 1%

atropine evedrops and 0.5%tropineamide eyedrops 20 minutes before surgery, 10%chloral hydrate was injected
with 3ml / kg intraperitoneal anesthesia, and the eyes were locally anesthetized with topical anesthetics. A 3.5
mmdiameter iraplant wasdrilled from the donor cornea, placed in a Petr: dish and protected with viscoelastic
agent. In the nght eye of the recipient, a 3.0 mm diameter dnll was used to drill the reexpient implant bed, and 8
needles were intermittently sutured with non-damaged sutures between the implants. Wire knots are exposed
and not buried. Then, the anterior chamberis injected with a balance solution to form the anterior chamber.
After the operation, mydnasis was injected, 0.1 ml of gentamicin was injected subconjunctivally, and
erythromycin ointment was applied to the conjunctival sac. Gnesixtch of eyelid was sutured with sik thread and
removed onthe first day after surgery.

 

The next day, the model recipient rats were randomly divided inte 12 groups (8 rats in cach group), namely FP3
group, FPL proup, dexamethasone group, cyclosporine A group, rapamycin group, dexamethasone phis FP3
group, cyclosporine A phis FP3 group, rapamycin plus FP3 group, dexamethasone phis FP1 group, cyclosporine
A phis FPt group, rapamycin phis FP) group, dmg carrier PBS solution group.Among them, the administration
conceniration ofthe fusion protein in the FP] and FP3 groups is 10 mg/ml, which is dihited with PBS solution
before use; the drug carrier group is the PBS solution; the administration concentration ofthe dexamethasone
group is 0.25 mg / ml; The administration concentration of sporin A was | mg / mil: the administration
concentration of rapamycin was | mg /mil, both of which were adrainistered to the ocular surface. Among ther,
the FP3 group, FPE group, dexamethasone group, cyclosporine A group, rapamycin group, and drug carrier
group were administered 4 tines a day, 20ul each time, and the admimistration time was 8:00 and 12: 00, 16:00,
20:00, continuous application for 14 days; dexamethasone plus FP3 group, cyclosporine A plus FP3 group,
rapamycin plus FP3 group, dexamethasone plus FPL group, cyclosporine A phis The FP1 group and the
rapamycin plus FP] group are administered sequentially or successively. The FPi and FP3 protein are
administered once a day in the morning and evening, 20ui cach time, and the chemical digs are administered
once a day, 20ul cach time, continuous application 14 days.
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After intraperitoneal anesthesia with ketammne (60 mg/kg) and chlorpromazine (30 mg/kg} 15 days after
surgery, Images were collected undera slit lan microscope to measure the length and number of comeal
neovascuiarization.

Cormeal neovasculanzabon area is calculated according te Rabert's formula A= C/ 12 x 3.1416 [R2- (RL) 24,
where A represents the area of neovascularization, C is the numberofcircuniferential minutes of the cornea
accumulated by neovasculanization, and L is the neovascularization from the limbus The length of the cornea, R
is the average corneal radius of the test animal Gram in this expennment), the results are shown in Figure 5.

The resulis showed that the fisien proteins FP1, FP3 and immrunosuppressive agents (apamycin,
dexamethasone, cyclosporin A) had a svnergistic effect on comeal angiogenesis inhibition (p (0.05) 15 days
after surgery, and The combination of FP3, FP3 and immunosuppressants has the strongest inhibitory effect on
cerneal angiogenesis. Corneal edema is mild, and neovascularization is small and sparsely distributed.

Sequence Listing

(116) Chengdu Kanghoag Biological Technology Co., Ltd.

(120) Application of VEGF receptorfusion protein in the preparation of drugsfor treating ocular surface
angiagenesis diseases

(130) None

(16994

{170} Patentinversion3 $

(210)

(2EL)455

(212) PRT

(213) Aroficial sequence

(4001

Met Vai Ser Ser Tyr Trp Asp Thr Gly Val Leu Lou Cys Ala Lou Lou Ser

j 5 iG iS

Oys, Lou, Leu, Leu, Thr, Gly, Ser, Ser, Ser, Gly, Gly, Arg, Pro, Phe, Val, Gin

20 25 30

Met Tyr Ser Ser Glu Ile Pro Glu Ile Ile His His Met Thr Gia Gly Arg Ghi

35 40 45

LeuValleProCysArgAreValTbrThrP ronAsielleThrThrValThrea

50 60Lay We

Lys, Lys, Phe, Pro, Leu, Asp, Thr, Leu, fe, Pro, Asp, Ghy, Lys, Arg, He, He

65 70 75 80

Trp Asp Ser Ser Are Lys Gly Phe [le Tle Ser Asn Ala Thr Tyr Lys Glu
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85 90 $5

Ile, Ghy, Leu, Leu, Thr, Cys, Glu, Ala, Thr, Val, Asn, Giy, His, Len, Tyr, Lys

160 105 Ltd

Thr, Asn, Tyr, Len, Thr, His, Arg, Gin, Thr, Asn, Thr, Ile, fle, Asp, Val

iis £20 £25

Leu, Ser, Pro, Ser, His, Gly, lle, Glu, Leu, Ser, Val, Gly, Glu, Lys, Leu, Val

130 138 140

Leu Asn Cys Thr Ala Are Thr Glu Leu Asn Vail Gly Ile Asp Phe Asn

45 £50 155 160

TrpGluGinTyrPreserSersysLysHisGinHisLysLysLysLeaValAsAsarg

fo5 170 7S

Asp, Leu, Lys, Thr, Gin, Ser, Ghy, Ser, Ghi, Met, Lys, Lys, Phe, Len, Ser, Thr

180 185 196

Lea Thr fe Asp Gly Val Thr Arg Ser Ser Asp Gin Ghy Lou Tyr Thr Cys

195 200 205

Ala, Ala, Ser, Ser, Glv, Len, Met, Thr, Lys, Lvs, Asn, Ser, Thr, Phe, Val

210 215 220

Val, His, Ghy, Lys, Asp, Lys, Phr, His, Thr, Cys, Pre, Lea, Cvs, Pro, Ala, Pro

225 230 235 240

Gla, Len, Len, Gly, Gly, Pro, Ser, Val, Phe, Leu, Phe, Pro, Pro, Lys, Pro, Lys

245 250 255

Asp Thr Leu Met Ile Ser Arg Phr Pro Ghi Val Val Thys Cys Vai Val Val

266 265 270

Asp, Val, Ser, His, Gla, Asp, Pro, Glu, Val, Lys, Phe, Asn, Trp, Tvr, Val, Asp

275 280 285

GlyVal, Gin, Val, His, Asn, Ala, Lys, Ther, Lys, Pro, Arg, Gin, Gla, Gin, Tyr

290 295 360

Ast, Ser, Thr, Tyr, Arg, Val, Ser, Val, Leu, Thr, Val, Leu, His, Gin, Asp

305 310 315 320

TrpLewAsnGlyLysGiuGlaTyrLysCysLysValSerAsnLysAlaLen
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325 336 335

Pro, Ala, Pro, He, Ghia, Lys, Thr, fle, Ser, Lys, Ala, Lys, Gly, Gin, Pro, Arg

340 345 30had

Glu, Pro, Gin, Val, Tyr, Thr, Len, Pro, Pro, Ser, Arg, Asp. Giu, Len, Thr, Lys

355 360 365

Asn, Gin, Val, Ser, Lou, Thr, Cys, Len, Val, Lys, Gly, Phe, Tyr, Pro, Ser, Asp

370 378 380

Ile, Ala, Vai, Glu, Trp, Glu, Ser, Asn, Gly, Gin, Pro, Gin, Asn, Asn, Tyr, Lys

385 390 395 400

Aja Thr Pra Pro Val Val Len Asp Ser Ser Asp Gly Ser Ser Phe Phe Len Tyr Ser

405 4D 415

Lys, Len, Phr, Val, Asp, Lys, Ser, Arg, Trp, Gla, Gla, Gly, Asn, Val, Phe, Ser

420 425 43 oS

Cys, Ser, Val, Met, His, Glu, Ala, Lew, His, Asn, His, Tyr, Thr, Gln, Lvs, Ser

435 440 445

LeuSerLeuSerProGly Lys

450 455

(213) Aruficial sequence

{40032

Met Val Ser Ser Tyr Trp Asp Thr Gly Val Lea Leu Cys Ala Lou Lou Ser

1 5 10 I 7

Cys, Lon, Len, Leu, Thr, Gly, Ser, Ser, Ser, Gly, Ghy, Arg, Pro, Phe, Val, Gta

20 25 3 oS

Met Tvr Ser Ser Ghai He Pro Ghi Ite Me His His Met Phr Ghi Gly Arg Gin

35 40 45

LeuValllePrCysArgAreValltirThrProwAsielleThrPhrVal Threa

50 5 60ws

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 344



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 345

Lys, Lvs, Phe, Pro, Len, Asp, Thr, Len, Ne, Pro, Asp, Glv, Lys, Arg, He, Tle

oN 5 70 75 30

Trp Asp Ser Ser Arg Lys Glv Phe Ile Ne Ser Asn Ala Thr Tyr Lys Gin

wa85 50 oS
f

lle, Gly, Leu, Leu, Thr, Cys, Glu, Ala, Thr, Val, Asn, Giv, His, Len, Tyr, Lys

100 105 116

Thr, Asn, Tyr, Len, Thr, His, Arg, Gla, Thr, Asa, Thr, Ile, He, Asp, Val

iis 120 [25

Leu, Ser, Pra, Ser, His, Gly, Me, Gla, Len, Ser, Val, Gly, Gla, Lvs, Len, Val

130 138 146

Lea Asp Cys Thr Ala Are Thr Gin Lea Asn Val Glyle Asp Phe Asn

145 £80 155 160

TrpGloGinTyrProSerSerSysLysHisGinHisLysLysLysLeuValAsAsArg

165 170 178

Asp, Len, Lys, Thr, Gin, Ser, Gly, Ser, Glu, Met, Lys, Lys, Phe, Len, Ser, Thr

180 185 [90

Leu Thr fe Asp Gly Vai Thr Arg Ser Ser Asp Gin Gly Leu Tyr Thr Cys

195 200 205

Ala, Ala, Ser, Ser, Gbhy, Leu, Mer, Thr, Lys, Lys, Asn, Ser, Thr, Phe, Val, Arg

210 215 220

Val, His, Glu, Lys, Pro, Phe, Val, Ala, Phe, Gly, Ser, Gly, Met, Glu, Ser, Len

225 230 238 240

Val, Gla, Ala, Thr, Val, Giv, Gla, Arg, Val, Arg, Tle, Pro, Ala, Lys, Tyr, Len

245 250 255

Gly Tyr Pro Pro Pro Glu Ile Lys Trp Tyr Lys Asn GlyIle Pro Pro Leu

260 265 270

Glu, Ser, Asn, His, Thr, Tle, Lys, Ala, Gly, His, Val, Leu, Thr, Ile, Met, Gln

275 280 285

Val, Ser, Gla, Arg, Asp, Thr, Ghy, Asn, Tyr, Thr, Val, Tle, Lew, Thr, Asn, Pro

290 235 300
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He, Ser, Lys, Ghia, Lys, Gln, Ser, His, Val, Val, Ser, Len, Val, Tyr, Val

305 31 18 320& (ao

Pro Pro Gly Pro Pre Gly Asp Lvs Thr His His Thr Cys Pro Leu Cys Pro Ala

325 30 335oo)

Pro Glu, Leu, Len, Gly, Gly, Pro, Ser, Val, Phe, Len, Phe, Pro, Pre, Lys, Pro

340 345 336

Lys Asp The Leu Mei Ue Ser Arg Thr Pro Gla Val Val Thr Cys Val Val

ws35 360 365

Val, Asp, Val, Sex, His, Gh, Asp, Pro, Gla, Val, Lys, Phe, Asn, Trp, Tyr, Val

370 78 386ha

Asp, Gly, Val. Glu, Val, His, Asn, Ala, bys, Thr, Lys, Pro, Are, Gln, Gla, Gin

385 390 395 400

Tyr Asn Ser Thr Tyr Arg Val Val Ser Ser Val Val Leu Thr Val Leu His His Gla

405 410 415

AspTrpLeuAsnGlyLysGluGlaTvrLysCysLysValSerAsnlLysAla

420 425 430

Leu Pro Ala Pro Ue Glu Lys Thr Thie fer Ser Lys Ala Lys Gly Gln Pro

435 440 448

Arg, Ghi, Pro, Gin, Val, Tyr, Thr, Len, Pro, Pro, Ser, Arg, Asp, Glu, Leu, Thr

450 485 469

Lys, Asn, Gin, Val, Ser, Leu, Thr, Cys, Len, Val, Lys, Ghy, Phe, Tyr, Pro, Ser

465 Avo 475 480)

Asp, Tle, Ala, Val, Glu, Tre, Ghi, Ser, Asa, Ghy, Gia, Pro, Ghia, Asa, Asn, Tyr

485 490 495

Lys, Ala, Thr, Pre, Val, Leu, Asp, Ser, Asp, Gly, Ser, Phe, Phe, Leu, Tyr

500 505 S10

Ser, Lys, Len, Thr, Val, Asp, Lys, Ser, Arg, Trp, Gla, Gin, Gly, Asn, Val, Phe

515 520 525

Ser, Cys, Ser, Val, Met, His, Ghia, Ala, Leu, His, Asn, His, Tyr, Thr, Gln, and Lys

530 333 340
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SerLeuSerLeuSerProGlyLys

545 550

{210}3

(21 £9308

(212) PRT

(213) Artificial sequence

(400)3

GlvArg, Pro, Phe, Val, Glu, Met, Tyr, Ser, Ghia, fe, Pra, Ghy, Tle, Te, His

I 10 i5a

Met Thr Gla Gly Arg Gla Lea Val De Pro Cys Arg Val Val ThrSer Pro

20 2 0a ww

Asa, Te, Thr, Val, Thr, Leu, Lys, Lys, Phe, Pro, Leu, Asp, Thr, Leu, fle, Pro

3 40 43ws

Asp Ghy Lys Arg Del Trp Asp Ser Ser Arg Lys Gly Phe Ue De Ser

50 55 60

Ast Ala Thr Tyr Lys Ghi fe Gly Leu Leu Thr Cys Gla Ala Thr Val

63 70 75 80

Asn Gly His Leu Tyr Lys Thr Asn Tvr Leu Thr His Are Gin Thr Ash

85 90 95

Thr, fle, Asp, Val, Val, Leu, Ser, Pro, Ser, His, Gly, Ile, Glu, Len, Ser

100 105 1t6

Val Gly, Gln, Lys, Leu, Val, Leu, Asn, Cvs, Thr, Ala, Arg, Thr, Ghu, Leu, Asn

Lis £20 £25

Val, Gly, Tle, Asp, Phe, Asn, Trp, Glu, Tyr, Pro, Ser, Ser, Lys, His, Gin, His

130 135 140

Lys, Lys, Len, Val, Asn, Arg, Asp, Len, Lys, Thr, Gin, Ser, Gly, Ser, Gla, Met

145 Ls 155 160oS

Lys, Lys, Phe, Leu, Ser, Thr, Leu, Thr, Ile, Asp, Gly, Val, Thr, Arg, Ser, Asp

165 176 175

Gln, Gly, Len, Tyr, Thr, Cys, Ala, Ala, Ser, Ser, Gly, Len, Met, Thr, Lys, Lys
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180 185 190

Asn, Ser, Thr, Phe, Val, Arg, Val, His, Gin, Lys, Pro, Phe, Val, Ala, Phe, Gly

195 200 205

Ser, Gly, Met, Glu, Ser, Leu, Val, Gln, Ala, Thr, Val, Ghy, Glu, Arg, Val, Arg

210 218 220

lleProAlaLysTyrLeuGly TyrProProProGindleLysTrotyr

225 23 oS 235 240

Lys, Asn, Gly, le, Pro, Leu, Ghu, Ser, Asn, His, Thr, Ue, Lys, Ala, Gly, His

245 250 255

Val Leu Thr Ye Met Gla Vai Ser Ser Ghi Are Asp Thr Gly Asn Tyr The

260 265 276

Val, Ile, Len, Thr, Asn, Pro, Ile, Ser, Lys, Ghi, Lys, Gln, Ser, Has, Val, Val

27 280 2835ws

Ser Len Val Val Tyr Vai Pro Pro Asp Lys Thr His His Thr Cys Pro Leu

290 295 300

CysProAlaPro

305

{210)4

(2ZEE214

(212) PRT

(213) Artificial sequence

(400)4

GlyAre, Pro, Phe, Val, Glu, Met, Tyr, Ser, Glu, Ile, Pro, Glu, lle, Te, His

{ § 10 15

Met Thr Gin Gly Arg Gin Len Val Ue Pro Cys Arg Vai Val Thr Ser Pro

20 28 30

Asn, le, Thr, Val, Thr, Len, Lys, Lys, Phe, Pro, Leu, Asp, Thr, Leu, Tle, Pro

35 40 45

Asp Gly Lys Arg Ne I Trp Asp Ser Ser Arg Lys Gly Phe Ile He Ser

APOTEX V. REGENERONIPR2022-01524
REGENERONEXHIBIT 2010 PAGE 348



APOTEX V. REGENERON IPR2022-01524 
REGENERON EXHIBIT 2010 PAGE 349

50 55 60

Ast Ala Thr Tyr Lys Ghi fe Gly Len Leu Thr Cys Gla Ala Thr Val

63 70 75 80

Asn Gly His Len Tyr Lys Thr Asn Tyr Leu Thr His Are Gin Thr Asn

85 90 $5

Thr, tle, Asp, Val, Val, Lou, Ser, Pro, Ser, His, Gly, He, Glu, Len, Ser

100 105 1t6

Val Gly, Gln, Lys, Leu, Val, Leu, Asn, Cys, Thr, Ala, Arg, Thr, Gin, Leu, Asn

Lis {20 £25

Val, Gly, Tle, Asp, Phe, Asn, Trp, Gha, Tyr, Pro, Ser, Ser, Lys, His, Gin, His

130 138 140

Lys, Lvs, Len, Val, Asn, Arg, Asp, Leu, Lys, Thr, Gin, Ser, Gly, Ser, Glu, Met

145 isoS 155 160

Lys, Lys, Phe, Leu, Ser, Thr, Leu, Thr, He, Asp, Gly, Val, Thr, Arg, Ser, Asp

165 176 i75

Gln, Gly, Len, Tyr, Thr, Cys, Ala, Ala, Ser, Ser, Gly, Len, Met, Thr, Lys, Lys

180 185 196

Asn, Ser, Thr, Phe, Val, Are, Val, His, Ghe, Lys, Asp, Lys, Thr, His, Phe, Cys

195 200 205

Pro LeuCys Pro Ala Pro

240
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CN1022331328 Application of VEGF acceptor fusion proteins in preparation of drags for inhibiting
growth of ocular surface seovascularization

Data originatingfrom sources other than the EPO maynot be accurate, complete, or up to date.

The warding belowis an initial machine transiation ofthe original publication, To generate a version using the
latest translation technology, go ta the original language text and use Patent Transtate.

i.Tbe VEGFR fusion protein FP3 is used in the preparation of a medicine for treating conjunctivitis. The amine
acid sequence of FP3 is shown in SEQ ID NO: 2,
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