IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Number: 7,070,959

(Application No. 10/009,852)

For: Modified Chimeric Polypeptides with RECEIVED
Improved Pharmacokinetic Properties DEC 2.2 201
Inventors: Papadopoulos, Davis and Yancopoulos PATENTOEPX'LRENSION

Issued: July 4, 2006

Assignee: Regeneron Pharmaceuticals, Inc. Unit: OPLA

Office of Patent Legal Administration (via hand delivery)
Room MDW 7D55

600 Dulany Street (Madison Building)

Alexandria, VA 22314

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. §156
Dear Sir,

Applicant, Regeneron Pharmaceuticals, Inc., hereby submits this application
for extension of the term of United States Letters Patent No. 7,070,959 (the “”959
patent”) under 35 U.S.C. §156 and 37 C.F.R §1.740.

Applicant represents that it is the assignee of the entire interest in and to the
'959 patent by virtue of assignment of all rights of inventors Nicholas |]. Papadopoulos,
Samuel Davis and George D. Yancopoulos (Papadopoulos et al.) to Regeneron
Pharmaceuticals, Inc., as recorded in the U.S. Patent and Trademark Office on August
13,2001, Reel 012077, Frame 0978 and on February 19, 2002, Reel 012639, Frame
0222 (a copy of each is attached in Attachment A). §5/09/2012 CKHLOK 8080610 188658 7878909
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Application Under 35 U.S.C. § 156

This application is based on the approval by the United States Food and Drug
Administration (“FDA”) of a Biologics License Application (BLA No. BL 125387/0) on
November 18, 2011, for EYLEA ™ (aflibercept intravitreal injection , also known as
aflibercept IVT, aflibercept ophthalmic injection and aflibercept ophthalmic solution).

1. Identification of the Approved Product under 37 C.F.R. §1.740 (a)(1)

The name of the approved product is EYLEA™. The name of the active
ingredient of EYLEA™ is aflibercept, also known as VEGF trap, VEGF-trap, VEGF Trap-
Eye and VEGF-TRAPrir2. Aflibercept is a fusion protein consisting of (a) a vascular
endothelial growth factor (VEGF) receptor component having immunoglobulin-like
(Ig) domains consisting of an Ig domain 2 of a first VEGF receptor that is human Flt1
and an Ig domain 3 of a second VEGF receptor that is human Flk1; and (b) an Fc
portion of human IgG1.

2.  Federal Statute Governing Regulatory Approval of the Approved Product
under 37 C.F.R. §1.740(a)(2)

The approved product was subject to regulatory review under, inter alia, the
Public Health Service Act (42 U.S.C. § 201 et seq. , including 42 U.S.C. §262(a)) and the
Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355 et seq.).

3.  Date of Approval for Commercial Marketing under 37 C.F.R. §1.740 (a)(3)

EYLEA™ was approved for commercial marketing or use under §351 of the
Public Health Service Act on November 18, 2011.

4, Identification of Active Ingredient and Certifications Related to
Commercial Marketing of Approved Product under 37 C.F.R. §1.740(a)(4)

(a) The active ingredient of EYLEA™ is aflibercept, which is a recombinant
fusion protein consisting of a VEGF receptor component having Ig domains
consisting of an Ig domain 2 of human Flt1 and an Ig domain 3 of human
Flk1, fused to the Fc domain of human IgG1.

(b) Applicant certifies that aflibercept has not been approved for commercial
marketing or use under the Federal Food, Drug and Cosmetic Act, the
Public Health Service Act or the Virus-Serum-Toxin Act prior to the
approval granted on November 18, 2011 to the present Applicant.
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(c) Aflibercept has been approved for the treatment of patients with
neovascular (wet) age-related macular degeneration. See EYLEA™ product
label, provided as Attachment B.

(d) EYLEA™, whose active ingredient is aflibercept, was approved for
commercial marketing pursuant to § 351 of the Public Health Service Act
(42 U.S.C. §262) under Regeneron’s existing Department of Health and
Human Services (DHHS) U.S. License No. 1760. See EYLEA™ approval
letter, provided as Attachment C.

5. Statement Regarding Timeliness of Submission of Patent Term Extension
Request [§ 1.740(a)(5)]

Applicant certifies that this application for patent term extension is being
submitted within the sixty (60) day period permitted for submission specified
in 35 U.S.C. § 156(d)(1), (as amended on September 16, 2011), and 37 C.F.R. §
1.720(f). The amended provisions of the America Invents Act state that the
date on which a product receives permission is the next business day if
permission is “transmitted after 4:30 P.M., Eastern Time, on a business day
....” Permission was transmitted to Applicant at 5:47 P.M., Eastern Time, on
Friday, November 18, 2011, a business day. The next business day is Monday,
November 21, 2011. Accordingly, the last date on which this application may
be submitted is January 19, 2012.

6. Complete Identification of the Patent for Which Extension Is Being Sought
[§ 1.740(a)(6)]

The complete identification of the patent for which an extension is being
sought is as follows:

(a) Names of the inventors: Nicholas J. Papadopoulos, Samuel Davis and
George D. Yancopoulos

(b) Patent Number: U.S. Patent No. 7,070,959 (“the ‘959
patent”)

(c) Date of Issue: July 4, 2006

(d) Date of Expiration : May 23,2020
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7. Copy of the Patent for Which an Extension is Being Sought [§ 1.740(a)(7)]

A copy of the "959 patent is provided as Attachment D to the present
application.

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance
Fee Payment, or Reexamination Certificate [§ 1.740(a)(8)]

(a)  The’959 patent is subject to a terminal disclaimer, a copy of which is
attached in Attachment E.

(b)  No certificate of correction has been issued for the ‘959 patent.

(c)  The first maintenance fee for the ‘959 patent was timely paid on
January 4, 2010 (a copy of the Maintenance Fee Statement is attached
here as Attachment F).

(d) The’959 patent has not been the subject of a reexamination
proceeding.

9. Statement Regarding Patent Claims Relative to Approved Product
[§ 1.740(a)(9)]

The statements below are made solely to comply with the requirements of 37

C.FR § 1.740 (a)(9). Applicant notes that, as the M.P.E.P. acknowledges, § 1.740 (a)(9)
does not require an applicant to show whether or how the listed claims would be
infringed, and that this question cannot be answered without specific knowledge
concerning acts performed by third parties. As such, these comments are not an
assertion or an admission of Applicant as to the scope of the listed claims, or whether or
how any of the listed claims would be infringed, literally or under the doctrine of
equivalents, by the manufacture, use, sale, offer for sale or the importation of any
product.

(a)  Atleast the following claim of the 959 patent claims a method of
manufacturing the approved product: claim 11.

(b)  Pursuantto M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9), the following
explanation is provided which shows how the above-listed claim of the
'959 patent claims a method of manufacturing the approved product.

(1)  Description of the approved product
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The approved product is described as follows in the approved
label for EYLEA™, a copy of which is provided as Attachment B.

EYLEA™ (aflibercept ophthalmic solution) is a recombinant
fusion protein consisting of portions of human VEGF receptors 1 and 2
extracellular domains fused to the Fc portion of human IgG1 and
specially purified and formulated as an iso-osmotic solution for
intravitreal administration. Aflibercept is a dimeric glycoprotein with a
protein molecular weight of 97 kilodaltons (kDa) and is glycosylated,
with the glycosylation constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa.

Aflibercept is also described in Holash et al. Proc. Natl. Acad. Sci.
USA, August 20, 2002, Vol. 99, No. 17, pp. 11393-11398 (“Holash,”
Attachment G) as VEGF-Traprirz, which has the Ig domain 2 of VEGF
receptor 1 (VEGFR1; also known as Flt-1) fused to the Ig domain 3 of
VEGF receptor 2 (VEGFR2; also known as Flk-1), which in turn is fused
to the constant region (Fc) of human IgG1. See paragraph bridging
pages 11393 and 11394 and Figure 1A.

As noted in Section 11 of the EYLEA™ label (Attachment B),
aflibercept is produced in Chinese hamster ovary (CHO) K1 cells by
recombinant DNA technology. Holash (Attachment G) also describes the
method of producing aflibercept (VEGF-Traprirz) as expressing a
recombinant DNA construct in Chinese hamster ovary cells (See
“Engineering VEGF-Traps” in the Materials and Methods section on
page 11393-11394).

(2)  Explanation Regarding Claim 11 Relative to Aflibercept
As explained below, a method for manufacturing aflibercept, the
active ingredient of the approved product, is covered by at least claim
11.
Claim 11 reads as follows:
11. A method of producing a fusion polypeptide, comprising
growing cells of the host-vector system of claim 8, under
conditions permitting production of the fusion polypeptide and
recovering the fusion polypeptide so produced.

Claim 11 depends from claim 8, which reads as follows:

8. A host-vector system for the production of a fusion
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polypeptide comprising an expression vector encoding a fusion
protein capable of binding VEGF, wherein the fusion protein
consists of immunoglobulin-like (Ig) domain 2 of VEGF receptor
human FIt1, Ig domain 3 of VEGF receptor human Flk1, and a
multimerizing component, in a suitable isolated host cell.

Comparison of aflibercept to Claim 11

As noted above, aflibercept is a recombinant fusion protein
having an Ig domain 2 from VEGFR1 fused to an Ig domain 3 from
VEGFR2 (See Holash (Attachment G), paragraph bridging pages 11393
and 11394 and Figure 1A). The "959 patent refers to VEGFR-1 as Flt1 in
column 25, line 43, and refers to VEGFR-2 as Flk1 in column 25, line 65.
In addition, Holash discloses that VEGFR-1 is also known as Flt-1 and
that VEGFR-2 is also known as Flk-1. See Figure 1A of Holash.
Aflibercept also comprises the Fc domain of human IgG1 fused to the
extracellular domains from the VEGF receptors. See Section 11 of
EYLEA™ label, provided as Attachment B. As described in the "959
patent, a “multimerizing component” of the fusion protein includes an
immunoglobulin domain, such as the Fc domain of IgG. See col. 5, lines
38-42 and col. 7, lines 14-19. Aflibercept binds VEGF, as described in
Section 12.1 of the EYLEA™ label (Attachment B). Thus, aflibercept is a
fusion protein that is capable of binding VEGF and that consists of Ig
domain 2 of VEGF receptor human Flt-1, Ig domain 3 of VEGF receptor
human Flk-1, and a multimerizing component as encoded by the
expression vector defined in claim 8.

Claim 11 describes a method of producing the fusion polypeptide
encoded by the expression vector in the host-vector system of claim 8
comprising growing cells of the host-vector system under conditions
permitting production of the fusion polypeptide and recovering the
fusion polypeptide. As described above, aflibercept is a fusion
polypeptide encoded by the expression vector in the host-vector system
of claim 8. Therefore, growing cells of the host-vector system under
conditions permitting production of the encoded fusion polypeptide
according to claim 11 will produce aflibercept. Thus, claim 11 is
directed to a method of manufacturing aflibercept, the active ingredient
of the approved product.

Example 20 at col. 29, lines 13-29 of the ‘959 patent describes
the construction of a nucleic acid (VEGFR1R2-FcAC1(a))encoding a
fusion protein having the three components of aflibercept. The nucleic
acid and amino acid sequence of VEGFR1R2-FcAC1(a) is provided in
Figures 24A-C. See col. 9, lines 65-67. Thus, aflibercept is a fusion
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protein encoded by a nucleic acid sequence of SEQ ID NO: 15. The
nucleotides encoding the various components of aflibercept are further
described in Figures 24A-24C, whereby the Flt1 Ig domain 2 is encoded
by nucleotide residues 80 through 389, the Flk1 Ig domain 3 is encoded
by nucleotide residues 390 through 693 and the Fc component is
encoded by nucleotide residues 694 through 1377.

In addition, Example 20 at col. 29, lines 13-29, of the ‘959 patent
describes the construction of the pVEGFR1R2-FcAC1(a) expression
vector by insertion of DNA encoding amino acids SDT (corresponding to
amino acids 27-29 of FIGS. 24A-24C) between Flt1d2-Flk1d3-FcAC1(a)
amino acids 26 and 27 of FIGS. 21A-21C (GG) and removal of DNA
encoding amino acids GPG corresponding to amino acids 229-231 of
Figure 21B. As noted in Example 20, the SDT amino acid sequence is
native to the Flt1 receptor and was added back in to decrease the
likelihood of heterogeneous N-terminal processing. The GPG (bridging
sequence) was removed so that the Flt1 and Flk1 immunoglobulin
domains were fused directly to one another. The complete DNA and
deduced amino acid sequences of the pVEGFR1R2 FcAC1(a) chimeric
molecule is set forth in FIGS. 24A-24C.

The fusion polypeptide as described in the ‘959 patent was
produced utilizing the cell culture system described in Example 21,
column 29, lines 31-67 through column 30, lines 1-17. More
particularly, suspension cultures of recombinant Chinese hamster ovary
(CHO K1/E1A) cells, which constitutively express the fusion
polypeptide, were used to manufacture the fusion polypeptide. The
cells were grown in bioreactors and the protein product was isolated
and purified by affinity and size exclusion chromatography. The process
is provided in greater detail in column 29, lines 48-58. The fusion
polypeptide was harvested from the bioreactor using the process
described in Example 22.

Conclusion

Because a method of manufacturing aflibercept meets all of the
limitations of claim 11 of the '959 patent, and because aflibercept is the
active ingredient of EYLEA™, the approved product, claim 11 of U.S.
Patent No. 7,070,959 covers a method of manufacturing the approved
product.
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10.

(a)

(b)

(c)

(d)

Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable
Regulatory Review Period [§ 1.740(a)(10)]

Patent Issue Date
The 959 patent issued on July 4, 2006.
IND Effective Date [35 U.S.C. § 156(g)(1)(B)(i); 37 C.F.R. § 1. 740(a)(10)(i)(A)]

The date that an exemption under § 505(i) of the Federal Food, Drug and
Cosmetic Act became effective (i.e, the date that an investigational new drug
application ("IND") became effective) for EYLEA™ (referred to in the IND-
receipt letter as “Vascular Endothelial Growth Factor Fc Protein (human,
recombinant, CHO cells, Regeneron)”) was June 15, 2005. The application date
for this IND was May 13, 2005. The IND was assigned number BB-IND #
12462. A copy of the letter from the FDA reflecting the IND’s number, date of
submission and date of receipt is provided in Attachment H.

BLA Submission Date [35 U.S.C § 156(g)(1)(B)(i); 37 C.F.R
§1.740(a)(10)(1)(B)]

The BLA was submitted on February 17, 2011 and received by the FDA on
February 18, 2011, as shown in Attachment I. The BLA was assigned number
BL 125387/0.

BLA Issue Date [35 US.C'§ 156(g)(1)(B)(ii); 37 CE.R. § 1. 740(a)(10)(i)(C)]

The FDA approved biologic license application 125387/0 authorizing the
marketing of EYLEA™ on November 18, 2011. EYLEA™ was approved under
Department of Health and Human Services (DHHS) U.S. License No. 1760. A
copy of the approval letter from the FDA is provided as Attachment C.
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11. Summary of Significant Events During Regulatory Review Period
[§1.740(a)(11)]

Pursuant to 37 C.F.R. § 1.740(a)(11), the following provides a brief description
of the activities of Regeneron Pharmaceuticals, Inc., before the FDA in relation to the
regulatory review of EYLEA™. The brief description lists the significant events that
occurred during the regulatory review period for the approved product. In several
instances, communications to or from the FDA are referenced. Pursuant to 37 C.F.R. §
I. 740(a)(11), 21 C.F.R. § 60.20(a), and M.P.E.P. § 2753, copies of such communications
are not provided in this application, but can be obtained from records maintained by
the FDA.

On May 13, 2005 Regeneron submitted to FDA an investigational new drug
application for a recombinant fusion protein (originally vascular endothelial growth
factor Fc protein, now aflibercept) consisting of (a) a vascular endothelial growth
factor (VEGF) receptor component having immunoglobulin-like (Ig) domains
consisting of an Ig domain 2 of a first VEGF receptor that is human FIt1 and an Ig
domain 3 of a second VEGF receptor that is human Flk1; and (b) an Fc portion of
human IgG1. The fusion protein was developed as a potential new therapeutic for
intravitreal administration for treating (wet) age-related macular degeneration.

On June 15, 2005, BB-IND #12462 became effective via a communication
mailed to Regeneron on May 24, 2005, (see Attachment H). According to the
FDA, initiation of trials could begin 30 days after May 16, 2005.

From approximately July 2005 until approximately June 2008, a series of U.S.
Phase I and II clinical trials were conducted. In addition, an extension trial is ongoing
as of the date of this application.

Between approximately July 2007 and July 2011, Phase IlI clinical trials
were conducted. In addition, an extension trial is ongoing as of the date of this
application.

On June 1, 2009, representatives of Regeneron and CBER participated in a
Type C meeting to seek agency agreement on the pharmacology/toxicology program
for aflibercept.

On September 15, 2009, representatives of Regeneron and CBER participated
in a Type C meeting to review the status and development of pre-filled syringes as the
intended container-closure device to support commercialization of aflibercept.

On September 8, 2010, representatives of Regeneron and CBER participated in
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a Type B pre-BLA submission meeting to discuss and review clinical results of trials
conducted prior to that date.

On September 27, 2010, representatives of Regeneron and CBER participated
in a Type B pre-BLA submission meeting to discuss information and requirements for
the chemical, manufacturing and control (CMC) chapter of the BLA.

On April 15, 2011, FDA granted priority review for aflibercept for AMD.

On November 18, 2011, FDA approved BLA No. BL 125387/0, issuing
marketing authorization for EYLEA™. (See Attachment C.)
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12. Statement Concerning Eligibility for and Duration of Extension Sought Under
35U.5.C. §156 [37 C.F.R § 1.740(a)(12)]

(a) In the opinion of the Applicant, U.S. Patent No. 7,070,959 is eligible for an
extension under § 156 because:

(i) one or more claims of the ’959 patent claim a method of manufacturing the
approved product;

(ii) the term of the ‘959 patent has not been previously extended on the basis
of § 156;

(iii) the '959 patent has not expired;

(iv) no other patent has been extended pursuant to § 156 on the basis of the
regulatory review process associated with the approved product, EYLEA™ ;

(v) there is an eligible period of regulatory review by which the patent may be
extended pursuant to § 156;

(vi) the applicant for marketing approval exercised due diligence within the
meaning of § 156(d)(3) during the period of regulatory review;

(vii) the present application has been submitted within the 60-day period
following the approval date of the approved product, pursuant to § 156(c); and

(viii) this application otherwise complies with all requirements of 35 U.S.C.
§ 156 and applicable rules and procedures.

(b) The period by which the term of the ‘959 patent is requested by Applicant to be
extended is 1118 days.

(c) The requested period of extension of term for the '959 patent corresponds to the
regulatory review period that is eligible for extension pursuant to §156, based on the
facts and circumstances of the regulatory review associated with the approved
product EYLEA™. The period was determined as follows.

(i) The relevant dates for calculating the regulatory review period, based on
the events discussed in the section above, are the following.

Exemption under FDCA § 505(i) became effective June 15, 2005 (30 days after
FDA receipt of the IND on May 16, 2005)

Patent was granted July 4, 2006
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Biologics License Application (BLA) under PHSA § 351 was filed February 17,
2011

BLA was approved November 18, 2011

(ii) The '959 patent was granted during the period specified in
§156(g)(1)(B)(i) (i.e, the period from the date of the grant of the exemption under
§ 505(i) of the FDCA until the date of submission of the BLA). Pursuant to § 156(b)
and (c)(2 ), the calculated regulatory review period includes a component equal to
half of the number of days within that period that are after the grant of the patent
(1/2 of 1688, or 844 days).

(iii) Because the patent was granted before the start of the period specified in §
156(g)(1)(B)(ii) (i.e, the period from the date of submission of the BLA until the date
of approval), the regulatory review period under § [56(b) includes a component equal
to the total number of days in that period (274 days).

(iv) The '959 patent will expire on May 23, 2020 taking into account the
Terminal Disclaimer (See Attachment E).

(v) Taking into account the 844 days specified in (ii) above, which accounts for
the time period between the date of grant of the exemption under § 505(i) of the
FDCA until the date of submission of the BLA), and further pursuant to § 156(b) and
(c)(2 ), whereby the calculated regulatory review period includes a component equal
to half of the number of days within that period that are after the grant of the patent,
plus the 274 days specified in the regulatory review period under § 156(b) and noted
in (iii) above, which includes the number of days from the date of submission of the
BLA until the date of approval, the total number of days to be included for
consideration of patent term extension is believed to be 1118 days.

(vi) The date of approval of the approved product is November 18, 2011.

(vii) The date that is fourteen years from the date of approval of the approved
product is November 18, 2025.

(viii) The addition of 1118 days to the time of patent expiry (which includes
the period disclaimed via the terminal disclaimers) brings the projected patent expiry
date to June 15, 2023. The date until the end of the fourteen-year period specified in
§156 (c)(3) is November 18, 2025. Accordingly, the projected date of expiration
taking into account the 1118 day patent term extension does not exceed the date
projected to be 14 years beyond the date of BLA approval. As such, the period by
which the patent may be extended is not limited by the fourteen-year rule of §
156(c)(3).
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(ix) The '959 patent issued after the effective date of Public Law No. 98-417.
As such, the two- or three -year limit of 35 U.S.C. § 156(g)(6)(C) does not apply.

13. Statement Pursuant to 37 C.F.R. § 1.740(a)(13)

Pursuant to 37 C.F.R. § 1.740(a)(13), Applicant acknowledges its duty to
disclose to the Director of the PTO and to the Secretary of Health and Human Services
any information which is material to the determination of entitlement to the
extension sought, particularly as that duty is defined in 37 C.F.R. § 1.765. In
furtherance of this duty, Applicant wishes to inform the Director and Secretary that
concurrently with the present Application for Extension of Patent Term Under 35
U.S.C. §156 Applicant has filed an Application for Extension of Patent Term Under 35
U.S.C. §156 (plus two copies) in connection with U.S. Patent Nos. 7,374,757 and
7,374,758.

14. Applicable Fee [§ 1.740(a)(14)]

Please deduct all fees necessary pursuant to 37 C.F .R. §1.20(j) corresponding
to the fee for a patent term extension application under 35 U.S.C. § 156 from deposit
account no. 18-0650. Please deduct any additional fee or fees deemed necessary in
excess of this amount from our deposit account no. 18-0650.

15. Name and Address for Correspondence [§ 1.740(a)(15)]

Please direct all inquiries, questions, and communications regarding this
application for term extension to :

Valeta Gregg, Ph.D., ].D.

Vice President and Assistant General Counsel, Patents
Regeneron Pharmaceuticals, Inc.

777 0ld Saw Mill River Rd.

Tarrytown, NY 10591-6707

Tel. 914-847-1077

Fax 914-847-7705

email: valeta.gregg@regeneron.com
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Two additional copies of this application are enclosed, in compliance with 37
C.F.R.§ 1.740(b).

Sincerely,

Attorney/Agent for Applicant

Registration Ng. 35,127
Dated: _<2/ c XRo lt
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Index of Attachments
Attachment A - Copy of Assignments of U.S. Patent No. 7,070,959
Attachment B - Copy of EYLEA™ Product Label
Attachment C - Copy of EYLEA™ BLA Approval letter from the FDA
Attachment D - Copy of U.S. Patent No. 7,070,959
Attachment E - Copy of Terminal Disclaimer for U.S. Patent No. 7,070,959
Attachment F - Copy of Maintenance Fee Statement for U.S. Patent No. 7,070,959
Attachment G - Copy of Holash et al. PNAS 99(17):11393-11398 (2002)
Attachment H - Copy of IND-receipt letter from FDA

Attachment | - Copy of BLA Submission acknowledgement letter from FDA
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A. Patent Application No.(s) B. Patent No.(s)
PCT/US00/14142

Additional numbers attached? [JYes No

5. N:me and address 0: party to Wt]:o’;‘dc;’"e‘ 6. Total number of applications and patents
spondence concerning document should be involved:
mailed: —

Name: Linda O, Palladino ,
Internal Address: Regeneron Pharmaceuticals, 7. Total fee (37 CFR 3 41) L5400 |

Inc. ® Enclosed
0] Authorized to be charged to deposit account

Street Address:777.Old Saw Mill River Road | 8. Deposit account number:
18-0650

City: _Tarrytown,  Srate: NY  Zzip: 10591
DO NOT USE THIS SPACE

9. Statement and signature.
To the best of my knowledge and belief, the foregoing wgformanon is true and correct and any attached copy is a

true copy of the original document.

Linda O. Palladino /x

August 9, 2001

Name of Person Signing Date
08/20/2001 HTONLL 00000105 PCTUSO014142
01 FC:581 40.00 0P Total number of pages comprising cover sheet: E
/ PATENT
REEL: 012077 FRAME: 0978
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A1t. Docket No. REG 710-A-PCT

ASSIGNMENT

WHEREAS, We, Nicholas J. Papadopoulos, residing at 59 Heritage Lane, LaGrangeville,
New York 12540, a citizen of the United States of America; Samuel Davis, residing at 332 West
88th Street, Apt. #B2, New York, New York 10024, a citizen of The United States of America; and
George D. Yancopoulos, residing at 1519 Baptist Church Road, Yorktown Heights, New York
10598'at, a citizen of the United States of America (HEREINAFTER CALLED “ASSIGNORS")
are inventor(s) of the invention(s) disclosed and/or claimed in the following patent application:

PCT/US00/14142 filed May 23, 2000; and

WHEREAS, REGENERON PHARMACEUTICALS INC,, a corporation organized and
existing under the laws of the State of New York, with offices at 777 Old Saw Mill River Road,
Tarrytown, New York 10591-6707, U.S.A. (HEREINAFTER called “ASSIGNEE”) is desirous of
acquiring our entire right, title and interest in, to, and under the said applications;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to us in hand
paid, and other good and valuable consideration, the receipt of which is hereby acknowledged,
We, the said ASSIGNORS, have sold, assigned, transferred and set over, and by these presents do
hereby sell, assign, transfer and set over unto the said ASSIGNEE, its successors, legal
representatives, and assigns, our entire right, title and interest for all countries in and to any and all
inventions which are disclosed and claimed, and any and all inventions which are disclosed but
not claimed in the above-described United States applications, and in and to said United States
Applications and all divisions, renewals, continuations, and continuations-in-part thereof, and all
Patents of the United States which may be granted thereon and all reissues and extensions thereof;
and all applications for industrial property protection, including,‘ without limitation, all
applications for patents utility models, and designs which may hereafter be filed for said
inventions in any country or countries foreign to the United States, together with the right to file
such applications and the right to claim for the same the priority rights derived from said United
States applications under the Patent Laws of the United States, the International Convention of
1883 and later modifications thereof, under the Patent Cooperation Treaty, under the European
Patent Convention, or under any other available international agreement or under the domestic
laws of the country in which any such application is filed, as may be applicable; and all forms of
industrial property protection, including, without limitation, patents, utility models, inventors’
certificates and designs which may be granted for said inventions in any country or countries
foreign to the United States and all extensions, renewals and reissues thereof;

AND WE HEREBY authorize and request the Commissioner of Patents and Trademarks

of the United States and any Official of any country or countries foreign to the United States
whose duty it is to issue patents or other evidence or forms of industrial property protection on

PATENT

RTINS

REEL: 012077 FRAME: 0979
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Att. Docket No. REG 710~-A-PCT
USSN PCT/US00/14142
Assignment

Page 2

o

applications as aforesaid, to issue the same to the said ASSIGNEE, their successors, legal
representatives and assigns, in accordance with this instrument;

AND WE HEREBY covenant and agree that WE have full right to convey the entire
interest HEREINAFTER assigned, and that WE have not executed, and will not execute, any
agreement in conflict herewith;

AND WE HEREBY further covenant and agree that WE will communicate to the said

~ ASSIGNEE, its successors, legal representatives and assigns, any facts known to us respecting said

inventions, and testify in any legal proceeding, sign all lawful papers, execute all divisional,

continuing, continuation-in-part, reissue and foreign applications, make all rightful oaths, and

generally do everything possible to aid the said ASSIGNEE, its successors, legal representatives
and assigns, to obtain and enforce proper protection for said inventions in all countries.

IN TESTIMONY HEREOF, WE hereunto set our hands and seals the day and year set
opposite our signatures.

g gz 1)
b Pl A & PPV 2 -
Dated: 7/ (/[ ¢! ﬂ?% L.S.

Nichddy/J. Papadopoulos

Stéte of New York
S.S.

County of Westchester

On this ___ /42 day Qeol  aoo: ,  before me,
Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally
appeared Nicholas J. Papadopoulos to me known, and to me known to be the person of that name,
who signed and sealed the foregoing instrument, and acknowledged the same to be his free act

and deed.

ﬁ&w—_«—ﬁ_w;&&y
Notary Public

BERNADETTE 8. FAHEY
Notary Public, State of New York
No. 01FAB035870
Qualified in Putnam County
Commission Expires January 10, 2080

PATENT 4
... REEL: 012077 FRAME: 0980 ... . §
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E Att. Docket No. REG 710-A-PCT
USSN PCT/US00/14142

Assignment

Page 3
Dated: ‘7('//’/"/ M"v/w L.S.

Samuel Davis

\

State of New York
S.S.
County of Westchester

On this ___J1 & day Qaornid Qoo , before me,
Bernadette B. Fahey, a Notary Public in and for ({he State and County aforesaid, personally
appeared Samuel Davis to me known, and to me known to be the person of that name, who signed
and sealed the foregoing instrument, and acknowledged the same to be his free act and deed.

BERNADETTE B. FAHEY
r.iary Public, State of New York Wﬁyﬂg
No. 01FA8035876 otary Public
Qualified in Putnam County
. ¢ mission Expires Januany 10, 2082

Dated: G- -0\ ‘ | GAAA O\/{/\/\——' L.S.

d(_‘fdrge D. Yancopoulos

State of New York
S.S.

County of Westchester

On this g lal day rvg-r_-‘m-n_— 220 ( , before me,
Bernadette B, Fahey, a Notary Public in and for the State and County aforesaid, personally
appeared George D. Yancopoulos to me known, and to me known to be the person of that name,
who signed and sealed the foregoing instrument, and acknowledged the same to be his free act
and deed.

" Notary Public

BERNADETTE B. FAHEY
Notary Public, State of New York
No. 01FAB035879
Qualified in Putnam County
Commission Expires January 10, 20,02

PATENT
RECORDED: 08/13/2001 e .. _REEL: 012077 FRAME: 0981
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Form PTO-1595 RCC 200z

- U.S. Department of Commercel
D DR S
2110 [2- 102009007

To the f{on‘orable Commissioner of Patents and Trademarks: Please record the attached original documents or copy thereof.

1. Name of conveying party(ies): 2. Name and address of receiving party(ies):

Nicholas J. Papado poul os Name: Regeneron Pharmaceuticals, Inc.

Samuel Davis Internal Address:
George D. Yancopoulos
Additional name(s) of conveying party(ies)
attached? ] Yes (X No

Street Address: 777 Old Saw Mill River Road

3. Nature of conveyance:
K) Assignment [J Merger . . .
[ Security Agreement [] Change of Name City: _Tarrytown, . State: NY_ Zip: 10591

Additional name(s) & address(es) attached?

O Other
Execution Date; __February 4, 2002 O Yes No

4. Application number(s) or patent number(s):

If this document is being filed together with a new application, the execution date of the application is:
A. Patent Application No.(s) B. Patent No.(s)
USSN 10/009,852

Additional numbers attached? [J Yes No
5. Name and address of party to whom corre- 6. Total number of applications and patents
spondence concerning document should be involved: [::1:—_]
mailed: ) i
Name: Linda O. Palladino —
Internal Address: Regeneron Pharmaceuticals, 7. Total fee (37 CFR 3.41):....$4000

Inc. 3 Enclosed :
® Authorized to be charged to deposit account

Street Address:772.0ld Saw Mill River Road | 8. Deposit account number:

18-0650
City: _Tarrytown,  sate: NY  Zip:_ 10591 ‘
V1172002 AAEDL DOOOOBTY 100650 T00UIBSE DO NOT USE THIS SPACE
1 FC3581 40,00 CH » 4

9. Statement and signature.
To the best of my knowledge and belief, the foregoing information is true and correct and any attached copy is a

true copy of the original document. ) 7

Linda O. Palladino Lj&y e (7 / IO, /u\,\ Febrp‘ar'}-/ ‘4 2002

Name of Person Signing Szgn Date
PATENT

REEL: 012639 FRAME: 0222
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Att. Docket No. REG 710-A-US

ASSIGNMENT

WHEREAS, We, Nicholas J. Papadopoulos, residing at 59 Heritage Lane, Lagrangeville,

New York 12540, a citizen of the United States of AmericsSamucl Davis, residing at 332 W. 88th
Street #B2, New York, New York 10024, a citizen of the United States of America, and George D.
* Yancopoulos, residing at 1519 Baptist Church Road, Yorktown Heights, New York 10598, a

citizen of the United States of America (HEREINAFTER CALLED “ASSIGNORS”) are
inventor(s) of the invention(s) disclosed and/or claimed in the following patent application:

USSN 10/009,852 filed December 6, 2001,
which is the national stage filing of PCT/US00/14142 filed June 8, 1999;

WHEREAS, REGENERON PHARMACEUTICALS INC., a corporation organized and
existing under the laws of the State of New York, with offices at 777 Old Saw Mill River Road,
Tarrytown, New York 10591-6707, U.S.A. (HEREINAFTER called “ASSIGNEE") is desirous of
acquiring our entire right, title and interest in, to, and under the said applications;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to us in hand

paid, and other good and valuable consideration, the receipt of which is hereby acknowledged, »

We, the said ASSIGNORS, have sold, assigned, transferred and set over, and by these presents do
hereby sell, assign, transfer and set over unto the said ASSIGNEE, its successors, legal
representatives, and assigns, our entire right, title and interest for all countries in and to any and all
inventions which are disclosed and claimed, and any and all inventions which are disclosed but
not claimed in the above-described United States applications, and in and to said United States
Applications and all divisions, renewals, continuations, and continuations-in-part thereof, and all
Patents of the United States which may be granted thereon and all reissues and extensions thereof;
and all applications for industrial property protection, including, without limitation, all
applications for patents utility models, and designs which may hereafter be filed for said
inventions in any country or countries foreign to the United States, together with the right to file
such applications and the right to claim for the same the priority rights derived from said United
States applications under the Patent Laws of the United States, the International Convention of
1883 and later modifications thereof, under the Patent Cooperation Treaty, under the European

~ Patent Convention, or under any other available international agreement or under the domestic

laws of the country in which any such application is filed, as may be applicable; and all forms of

industrial property protection, including, without limitation, patents, utility models, inventors’
certificates and designs which may be granted for said inventions in any country or countries

foreign to the United States and all extensions, renewals and reissues thereof;

AND WE HEREBY authorize and request the Commissioner of Patents and Trademarks
of the United States and any Official of any country or countries foreign to the United States

PATENT

REEL: 012639 FRAME: 0223
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whose duty it is to issue patents or other evidence or forms of industrial property protection on
. applications as aforesaid, to issue the same to the said ASSIGNEE, their successors, legal
representatives and assigns, in accordance with this instrument;

AND WE HEREBY covenant and agree that WE have full right to convey the entire
interest HEREINAFTER assigned, and that WE have not executed, and will not execute, any

agreement in conflict herewith;

AND WE HEREBY further covenant and agree that WE will communicate to the said
ASSIGNEE, its successors, legal representatives and assigns, any facts known to us respecting said
inventions, and testify in any legal proceeding, sign all lawful papers, execute all divisional,
continuing, continuation-in-part, reissue and foreign applications, make all rightful oaths, and
generally do everything possible to aid the said ASSIGNEE, its successors, legal representatives
and assigns, to obtain and enforce proper protection for said inventions in all countries.

IN TESTIMONY HEREOF, WE hereunto set our hands and seals the day and year set

opposite our signatures.

Dated:,alZ‘AZQ_gl___

State of New York

S.S.
County of Westchester

On this o DB day W RaV Y- S before me,
Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally

appeared Nicholas J. Papadopoulos, to me known, and to me known to be the person of that
name, who signed and sealed the foregoing instrument, and acknowledged the same to be his free

act and deed.

Notary Public

BERNADETTE B. FAHEY

Notary Public, State of New York
No. 01FAB0358709

Qualitied ir. Putnarn County

Cotmpnission Extses  un o 10, 2026

PATENT
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A tt. Docket No. REG 710-A-US
F{JSSN 10/009,852

F Assignment

‘Page 3

A; Bated: 2’/(/'/(/2 b/mw/&%w" L.S.

Samuel Davis

State of New York
S.S.
County of Westchester ’

On this _ 4Ll day _SFabrsiosrun. 9003 .  before me,
Bernadette B. Fahey, a Notary Public in and for the State anc? County aforesaid, personally
appeared Samuel Davis, to me known, and to me known to be the person of that name, who
signed and sealed the foregoing instrument, and acknowledged the same to be his free act and
deed. ‘

EERNADETTE 6. FAHEY
Notery Pubiic. State of New York
Ne. NFAS0SSH7E
[{ TP ~, ¢
r.:-..;!_m, v Pumam ,ou:’s':v 506 é a.

~ . v Haaen sanLany >
Corm: Notary Public

Dated:_ 2/‘/10 & Q/—/I />\7/\/L//’L.S.

ec)y(ge D. Y}gncopoulos

State of New York
S.S.
County of Westchester
On this Y £ day sz RO Do, before me,

Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally
appeared George D. Yancopoulos, to me known, and to me known to be the person of that name,
who signed and sealed the foregoing instrument, and acknowledged the same to be his free act

and deed.

boaditt & ik

Notary Public

BERNADETTE 8. FAHEY
Notary Public, State of New York
No. O1FAB03587€
Qualified ir Putner “ounty
Comrniss:irm Extuits ot 7 e 206006

PATENT
RECORDED: 02/19/2002 REEL: 012639 FRAME: 02256
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ATTACHMENT B
Copy of EYLEA™

Product Label
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HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use EYLEA
safely and effectively. See full prescribing information for EYLEA.

EYLEA™ (aflibercept) Injection

For Intravitreal Injection

Initial U.S. Approval: 2011

—ererem— INDICATIONS AND USAGE

EYLEA is indicated for the treatment of patients with Neovascular (Wet)
Age-Related Macular Degeneration (AMD). (1)

DOSAGE AND ADMINISTRATION:
. For ophthalmic intravitreal injection only. (2.1)

e  The recommended dose for EYLEA is 2 mg (0.05 mL) administered by
intravitreal injection every 4 weeks (monthly) for the first 3 months,
followed by 2 mg (0.05 mL) via intravitreal injection once every
8 weeks (2 months). (2.2)

e  Although EYLEA may be dosed as frequently as 2 mg every 4 weeks
{monthly), additional efficacy was not demonstrated when EYLEA was

.dosed every 4 weeks compared to every 8 weeks. (2.2)

DOSAGE FORMS AND STRENGTHS
40 mg/mL solution for intravitreal injection in a single-use vial (3)

CONTRAINDICATIONS
®  Ocular or periocular infection (4.1)

®  Active intraocular inflammation (4.2)

e  Hypersensitivity (4.3)

WARNINGS AND PRECAUTIONS
¢  Endophthalmitis and retinal detachments may occur following
intravitreal injections. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment
without delay and should be managed appropriately. (5.1)
#  Increases in intraocular pressure have been seen within 60 minutes
of an intravitreal injection. (5.2)

ADVERSE REACTIONS
The most common adverse reactions (25%) reported in patients receiving
EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous
detachment, vitreous floaters, and increased intraocular pressure. (6.2)

To report SUSPECTED ADVERSE REACTIONS, contact Regeneron at
1-855-395-3248 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

See 17 for PATIENT COUNSELING INFORMATION.
Revised: 11/2011

FULL PRESCRIBING INFORMATION: CONTENTS*

1 INDICATIONS AND USAGE
2 DOSAGE AND ADMINISTRATION
2.1  General Dosing Information
22 Dosing
2.3 Preparation for Administration
24  Administration
3 DOSAGE FORMS AND STRENGTHS
4 CONTRAINDICATIONS
4.1  Ocular or Periocular Infections
42  Active Intraocular Inflammation
4.3  Hypersensitivity
S WARNINGS AND PRECAUTIONS
5.1  Endophthalmitis and Retinal Detachments
5.2 Increase in Intraocular Pressure
5.3 Thromboembolic Events
6 ADVERSE REACTIONS
6.1 Injection Procedure
6.2 Clinical Studies Experience

6.3  Immunogenicity
8 USE IN SPECIFIC POPULATIONS
8.1  Pregnancy
83  Nursing Mothers
84  Pediatric Use
8.5  Geriatric Use
11  DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
122 Pharmacodynamics
12.3 Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
13.2  Animal Toxicology and/or Pharmacology
14  CLINICAL STUDIES
16 HOW SUPPLIED/STORAGE AND HANDLING
17 PATIENT COUNSELING INFORMATION

*Sections or subsections omitted from the full prescribing information
are not listed.
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 FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

EYLEA is indicated for the treatment of patlents with Neovascular (Wet) Age-Related Macular
Degeneration (AMD)

2 DOSAGE AND ADMINISTRATION

2.1 General Dosing Informatmn

FOR OPHTHALMIC INTRAVITREAL INJECTION ONLY EYLEA must only be
administered by a quahﬁed physician.

2.2 Dosing

The recommeénded dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by
intravitreal injection every 4 weeks (monthly) for the first 12 weeks (3 months), followed by

2 mg (0.05 mL) via intravitreal injection once every 8 weeks (2 months). Although EYLEA may
be dosed as frequently as 2 mg every 4 weeks (monthly), additional efficacy was not
demonstrated when EYLEA was dosed every 4 weeks compared to every 8 weeks [see Clinical
Studies (14)].

2.3 Preparaﬁon for Administration

EYLEA should be inspected vxsually prior to administration. If partlculates, cloudmess, or
discoloration are visible, the vial must not be used.

| Using aseptic techmque the mtrawtreal injection should be performed with a 30-gauge x %-inch

inj ectlon needle.

Vial
The glass vial is for single use only. -

1. Remove the protective plastic cap from the vial (see Figure 1).

Mylan Exhibit 1102
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Figure 1:

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

Figure 2:

3. Remove the 19-gauge x 1%4-inch, S-micron, filter needle from its pouch and remove the .
~ 1-mL syringe supplied in the carton from its pouch. Attach the filter needle to the syringe by
twisting it onto the Luer lock syringe tip (see Flgure 3).

Mylan Exhibit 1102
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Figure 3:

4. Push the ﬁlter needle into the center of the vial stopper until the needle touches thc bottom
edge of the vial.

5. Using aseptic technique withdraw all of the EYLEA vial contents into the syringe, keeping
the vial in an upright position, slightly inclined to ease complete withdrawal (see Figure 4).

Figure 4:

6. Ensure that the plunger rod is drawn suffimently back when emptying the v1al in order to
completely empty the filter needle _

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

8. Remove the 30-gauge x %z-inch injection needle from the plastic pouch and attach the
mjectxon needle to the syringe by firmly tw1stmg the mjectmn needle onto the Luer lock

syringe tip (see Figure 5).

Mylan Exhibit 1102
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Figure 5:A

9. When ready to administer EYLEA, remove the plastic needle shield from the needle.
10. Holding the syringe with the needle pointing up, check the syringe for bubbles. If there are
* bubbles, gently tap the syringe with your finger until the bubbles rise to the top (see Figure
6). B : '

Figure 6:

11. To eliminate all of the bubbles and to expel excess drug, SLOWLY depress the piunger so
that the plunger tip aligns with the line that marks 0.05 mL on the syringe (see Figures 7 and
8). : o o : :
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Figure 7: ’ , o Figure 8:

Solution after
expelling alr bubbles
and excess drug

Dosing Line

Flat ﬁlunger
Edge

24  Administration

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

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

Following intravitreal injection, patients should be instructed to report any symptoms suggesfive
of endophthalmitis or retinal detachment (e.g., eye pain, redness of the eye, photophobia, .
blurring of vision) without delay [see Patient Counseling Information (17)].

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

other eye.
After inj ection, any unused product must be discarded.

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

3 DOSA'GE FORMS AND STRENGTHS

Smgle-use glass vial designed to pr0v1de 0. 05 mL of 40 mg/mL solution for intravitreal
_ mjectlon
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4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections

EYLEA is contraindicated in patients with ocular or periocular infections.

4.2 Active Intraocular Inflammation

EYLEA is contraindicated in patients with active intraocular inflammation.

4.3 Hypersensitivity

EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the
excipients in EYLEA.

5 WARNINGS AND PRECAUTIONS

51 Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis
and retinal detachments [see Adverse Reactions (6.1)]. Proper aseptic injection technique must
always be used when administering EYLEA. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment without delay and should be
managed appropriately [see Dosage and Administration (2.4) and Patient Counseling
Information (17)].

5.2 Increase in Intraocular Pressure

Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection,
including with EYLEA [see Adverse Reactions (6.1)]. Sustained increases in intraocular pressure
have also been reported after repeated intravitreal dosing with VEGF inhibitors. Intraocular
pressure and the perfusion of the optic nerve head should be monitored and managed
appropriately [see Dosage and Administration (2.4)].

53 Thromboembolic Events

There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of
VEGF inhibitors, including EYLEA. ATEs are defined as nonfatal stroke, nonfatal myocardial
infarction, or vascular death (including deaths of unknown cause). The incidence in the VIEW1
and VIEW2 wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined
group of patients treated with EYLEA [see Clinical Studies (14)].
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6 ADVERSE REACTIONS

The following adverse reactions are discussed in detail in other sections of the labeling:
e Endophthalmitis and retihal detachments [see Warnings and Precautions (5.1)]
¢ Increased intraocular pressure [see Warnings and Precautions (5.2)]
e Thromboembolic events [see Warnings and Precautions (5.3)]

The most common adverse reactions (>5%) reported in patients receiving EYLEA were
conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and increased

intraocular pressure.

6.1 Injection Procedure

Serious adverse reactions related to the injeetion procedure have occurred in <0.1% of -
intravitreal injections with EYLEA including endophthalmitis, traumatic cataract, and increased
intraocular pressure. '

6.2 Clinical Studies Experience

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

The data described below reflect exposure to EYLEA in 1824 patients with wet AMD, including
1223 patients treated with the 2-mg dose, in 2 double-masked, active-controlled clinical studies
(VIEW1 and VIEW2) for 12 months [see Clinical Studies (14)].

Table 1: Most Common Adverse Reactions (>1%) in Phase 3 wet AMD studies

Adverse Reactions ' EYLEA Active Control
(N=1824) (ranibizumab)
_ (N=595)
Conjunctival hemorrhage 25% 28%
Eye pain 9% 9%
Cataract 7% 7%
Vitreous detachment _ 6% 6%
Vitreous floaters 6% _ 7%
Intraocular pressure increased 5% 1%
Conjunctival hyperemia 4% ) 8%
Corneal erosion 4% 5%
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Adverse Reactions ‘ EYLEA Active Control
: (N=1824) (ranibizumab)
S ) _ ‘ (N=595) .
Detachment of the retinal pigment 3% | 3%
epithellum " ‘ ' ‘
Injectlon site pain v o 3% 3%
Foreign body sensatlon in eyes 3 3% | 4%
Lacrunatlon mcreased B o o ’ ‘ 3% } | _ - 1%
Vision blurred , o 2% | 2%
Retmal plgment cplthehum tear . , 2% A »  1%
Injection site hemorrhage ' ] 1% | 2%
Eyelid edema o A . | 1% | »_ | | 2%
Corncaledema o 7 ] l% . | 1 ‘ 1%

Less common serious adverse reactions reported in< 1% of the patients treated w1th EYLEA
were retinal detachment, retinal tear, and endophthalmitis. Hypersensitivity has also been
reported in less than 1% of the patlents treated with EYLEA.,

6.3 Immunogenicity

As with all therapeutic proteins, there is a potential for an immune response in patients treated
with EYLEA. The immunogenicity of EYLEA was evaluated in serum samples. The
immunogenicity data reflect the percentage of patients whose test results were considered
positive for antibodies to EYLEA in immunoassays. The detection of an immune response is
highly dependent on the sensitivity and specificity of the assays used, sample handling, timing of
sample collection, concomitant medications, and underlying disease. For these reasons,
comparison of the incidence of antibodies to EYLEA with the 1n01dence of antibodies to other
products may be misleading. :

In the phase 3 studies, the pre-treatment incidence of immunoreactivity to EYLEA was 1% to
3% across treatment groups. After dosing with EYLEA for 52 weeks, antibodies to EYLEA were
-detected in a similar percentage range of patients. There were no dlfferences in efficacy or safety
between patients with or without 1mmunoreactxv1ty

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C. Aflibercept produced embryo-fetal toxicity when administered during
organogenesis in pregnant rabbits at intravenous doses of 3 to 60 mg/kg. A series of external,
~ visceral, and skeletal malformations were observed in the fetuses. The maternal No Observed
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" Adverse Effect Level (NOAEL) was 3 mg/kg, whereas the fetal NOAEL was below 3 mg/kg. At
this dose, the systemic exposures based on Cmax and AUC for free aflibercept were
approximately 2900 times and 600 times higher, respectively, when compared to correspondmg
values observed in humans after an intravitreal dose of 2 mg.

There are no adéquate and well-controlled studies in pregnant women. EYLEA should be used
during pregnancy only if the potential benefit justifies the potential risk to the fetus.

83 Nursing Mothers

It is unknown whether aﬂ1bercept is excreted in human milk. Bccause many drugs are excreted
in human milk, a risk to the breastfed child cannot be excluded. EYLEA is not recommended
during breastfeeding. A decision must be made whether to discontinue nursing or to dlscontmue
treatment with EYLEA, taking into account the importance of the drug to the mother.

8.4 Pediatric Use '
The safety and effectiveness of EYLEA in pediatric patients have not been estéblished.

8.5 Geriatric Use

- In the clinical studies, approximately 89% (1616/1817) of patients randomized to treatment with
EYLEA were >65 years of age and approximately 63% (1139/1817) were >75 years of age. No
significant differences in efficacy or safety were seen with increasing age in these studies.

11 . DESCRIPTION

EYLEA (aflibercept) is a recombinant fusion protein consisting of portions of human VEGF
receptors 1 and 2 extracellular domains fused to the Fc portion of human IgG1 formulated as an
. iso-osmotic solution for intravitreal administration. Aflibercept is a dimeric glycoprotein with a
protein molecular weight of 97 kilodaltons (kDa) and contains glycosylation, constituting an
additional 15% of the total molecular mass, resulting in a total molecular weight of 115 kDa.
Aflibercept is produced in recombinant Chinese hamster ovary (CHO).cells.

EYLEA is a sterile, clear, and colorless to pale yellow solution. EYLEA is supplied as a
preservative-free, sterile, aqueous solution in a single-use, glass vial designed to deliver 0.05 mL
(50 microliters) of EYLEA (40 mg/mL in 10 mM sodium phosphate, 40 mM sodium chloride,
0.03% polysorbate 20, and 5% sucrose, pH 6.2).
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12 CLINICAL PHARMACOLOGY

12.1 Mechamsm of Action -

Vascular endothehal growth factor-A (VEGF-A) and placental growth factor (P1GF) are
members of the VEGF family of angiogenic factors that can act as mitogenic, chemotactic, and
vascular permeability factors for endothelial cells. VEGF acts via two receptor tyrosine kinases,
VEGFR-1 and VEGFR-2, present on the surface of endothelial cells. PIGF binds only to
VEGFR-1, which is also present on the surface of leucocytes. Activation of these receptors by
VEGF A can result in neovasculanzanon and vascular permeability.

Afhbercept acts as a soluble decoy receptor that binds VEGF-A and PIGF, and thereby can
inhibit the bmdmg and acnvatlon of these cognate VEGF receptors. :

12.2 Pharmacodynamlcs ,

In the phase 3 studies anatomic measures of disease activity improved similarly in all treatment
groups from baseline to week 52. Anatomic data were not used to influence treatment decisions.

12.3  Pharmacokinetics

EYLEA is administered intravitreally to exert local effeots in the eye. In patients with wet AMD,
following intravitreal administration of EYLEA, a fractxon of the administered dose is expected
to bind with endogenous VEGF in the eye to form an inactive aflibercept: VEGF complex. Once
absorbed into the systemic circulation, aflibercept presents in the plasma as free aflibercept
(unbound to VEGF) and a more predominant stable inactive form with circulating endogenous
VEGF (i.e., aflibercept: VEGF complex).

Absorption/Distribution

Following intravitreal administration of 2 mg per eye of EYLEA to patients with wet AMD, the
mean Cpy 0f free aflibercept in the plasma was 0.02 mcg/mL (range: 0 to 0.054 meg/mL) and
was attained in 1 to 3 days. The free aflibercept plasma concentrations were undetectable two
weeks post-dosing in all patients. Aflibercept did not accumulate in plasma when administered as
~ repeated doses intravitreally every 4 weeks. It is estimated that after intravitreal administration of
2 mg to patients, the mean maximum plasma concentration of free aflibercept is more than

"100 fold lower than the concentration of aflibercept required to half-maximally bind systemic
VEGF.

The volume of dlstnbutlon of free aflibercept following intravenous (I.V.) admxmstrahon of
- aflibercept has been determined to be approximately 6L.

Metabolism/EIiminqtion

Mylan Exhibit 1102
Mylan v. Regeneron, IPR2021-00881
Page 36



BL 125387/0
Page 20

Aflibexcept is a therapeutic protein and no drug metabolism studies have been conducted.
Aflibercept is expected to undergo elimination through both target-mediated disposition via
bindingto free endogenous VEGF and metabolism via proteolysis. The terminal elimination
half-life (t1/2) of free aflibercept in plasma was approximately 5to6 days. aﬁer LV.

- administration of doses of 2 to 4 mg/kg aflibercept.

Specific Populations
- Renal Impairment

Pharmacokinetic analysis of a subgroup of patients (n=492) in one Phase 3 study, of which 43%
had renal impairment (mild n=120, moderate n=74, and severe n=16), revealed no differences
with respect to plasma concentrations of free aflibercept after intravitreal administration every 4
or 8 weeks. No dose adjustment based on renal impairment status is needed

13  NONCLINICAL TOXICOLOGY

13.1 = Carcinogenesis, Mutagenesis, Impairnient of Fertility

No studies have been conducted on the mutagenic or carcinogenic potential of aflibercept.

Effects on male and female fertility were assessed as part of a 6-month study in monkeys with

intravenous administration of aflibercept at doses ranging from 3 to 30 mg/kg. Absent or

~ irregular menses associated with alterations in female reproductive hormone levels and changes
in sperm morphology and motility were observed at all dose levels. In addition, females showed .
decreased ovarian and uterine weight accompanied by compromised luteal development and
reduction of maturing follicles. These changes correlated with uterine and vaginal atrophy. A No
Observed Adverse Effect Level (NOAEL) was not identified. Based on Cpax and AUC for free
aflibercept observed at the lowest dose used of 3 mg/kg, the systemic exposures were
approximately 4900 times and 1500 times higher, respectively, than the exposure observed in
humans after an intravitreal dose of 2 mg. All changes were reversible.

13.2 Animal Toxicology and/or Pharmacology

Erosions and ulcerations of the respiratory epithelium in nasal turbinates in monkeys treated with
aflibercept intravitreally were observed at intravitreal doses of 2 or 4 mg/eye. At the NOAEL of
0.5 mg/eye in monkeys, the systemic exposure was 42 times and 56 times higher based on Ciay
and AUC, respectively, than the exposure observed in humans after an intravitreal dose of 2 mg.
Similar effects were not seen in clinical studies [see Clinical Studies (14)].

14  CLINICAL STUDIES

The safety and efficacy of EYLEA were assessed in two randomized, muln—eentef double-
masked, active-controlled studies in patients with wet AMD. A total of 2412 patients were
treated and evaluable for efficacy (1817 with EYLEA) in the two studies (VIEW1 and VIEWZ)
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In each study, patients were randomly assigned in a 1:1:1:1 ratio to 1 of 4 dosing regimens:

1) EYLEA administered 2 mg every 8 weeks following 3 initial monthly doses (EYLEA 2Q8);
2) EYLEA administered 2 mg every 4 weeks (EYLEA 2Q4); 3) EYLEA 0.5 mg administered
évery 4 weeks (EYLEA 0.5Q4); and 4) ranibizumab administered 0.5 mg every 4 weeks
(ranibizumab 0.5 mg Q4). Patient ages ranged from 49 to 99 yé_ars with a mean of 76 years.

In both studies, the primary efficacy endpoint was the proportion of patients who maintained
vision, defined as losing fewer than 15 letters of visual acuity at week 52 compared to baseline.
Data are available through week 52. Both EYLEA 2Q8 and EYLEA 2Q4 groups were shown to
have efficacy that was chmcally eqmvalent to the ranibizumab 0.5 mg Q4 group.

- Detailed results from the analysis of the VIEW1 and VIEW?2 studies are shown in Table 2 and
Fxgure 9 below.
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Table 2: Efficacy Outcomes at Week 52 (Full Analysxs Set with LOCF) in VIEWl and
VIEW2 Studles
VIEWI1 ) | vn;wz |
EYLEA EYLEA. | remibizm- | EYLEA EYLEA | ranibiz- "
- 2mgQ8 2 mg Q4 mab 2 mg Q8 2 mg Q4 mab
weeks weeks 0.5 mg Q4 weeks ® weeks 0.5 mg Q4
» weeks weeks
Full Analysis Set |  N=301 N=304 | N=304 N=306 N=309. | N=291
Efﬁcac& Oﬁtcdm:e's , ' ‘ _ . '
Proportion of patients. 94% 95% 94% 95% 95% 95%
who maintained ' :
visual acuity (%)
(<15 letters of BCVA
. loss) A ' .
T Difference® (%) | 06 13 0.6 0.3
(95 1% CI) (-3.2, »4.4) (-24,5.0) _ (-2.9,4.0) A(-4.0, 3.3)
Moan change in 79 109 8.1 8.9 7.6 9.4
BCVA as measured
by ETDRS letter
score from Baselme . A
D1fference mLS 0.3 32 -0.9 -2.0
mean
95.1% CI) - (20,25) (0.9,5.4) (-3.1,1.3) | (4.1,02)
Numbcr of patxents S92 114 9% 96 91 99
Y;‘feﬁzglff‘filfgf (31%) (38%) (31%) (31%) (29%) (34%) -
ﬁ'om Baseline (%) .| - ‘ '
Dlﬁ'erence (%) =04 6 6 -2.6 -4.'6
(95.1%CH) | 7. 7 70) (—1 0, 14 1) . (-10.2, 4. 9) (-12.1,2.9)

BCVA = Best Corrected Visual Acuxty, CI "Confidence Iuterval ETDRS Early Treatment Diabetic Retmopathy
Study, LOCF = Last Observation Carried Forward (baseline values are not carried forward); 95.1% confidence
intervals were presented to adjust for safety assessment conducted during the study

? After treatment initiation with 3 monthly doses

®EYLEA group minus the ranibizumab group
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Fi};nre 9: Mean Change in Visual Acuity from Baseline to Week 52 in VIEW1 and
. VIEW2 Studies .
15 = VIEW 1
+10.9
10p
+8.1
+7.9

Mean Change in Visual Acuity
(letters)
w

' 2 e . e a a2 A o ' 8 .

4 8 1216 20 24 28 32 36 40 44 48 52.
© Weeks ' ’

VIEW 2

sy
W
| ]

il
L=/
t

Mean Changé in Visual Acuity
(letters)

4 8 12 16 20 24 28 32 36 40 44 48 52

_ Weeks ‘
_._'.._EYLEA 2mg QB weeks __*__EYLEA 2mg Q4 weeks

i Ranibizumab 0.5mg Q4 weeks

16 HOW SUPPLIED/STORAGE AND HANDLING

Each Vial is for smgle eye use only. EYLEA is supphed in the followmg presentation [see

Dosage and Administration (2.3) and (2.4)].

Mylan v.
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NDC NUMBER - CARTON TYPE CARTON CONTENTS ,
61755—005—02 Vial one single-use, stérile, 3-mL, glaés vial containing
. a 0.278 mL fill of 40 mg/mL EYLEA
| one 19-gauge x 1%-inch, S-micron, filter necdle for
withdrawal of the vial contents
one 30-gauge x Y2-inch injection needle for intravitreal
injection ’
one 1-mL syringe for administration
N one package insert ‘
Storage

EYLEA should be refn'geratéd at 2°C to 8°C (36°F to 46°F). Do Not Freeze. Do not use beyond
the date stamped on the carton and container label Protect from light. Store in the original carton
until time of use. ,

- 17 ~ PATIENT COUNSELING INFORMATION

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

In the days following EYLEA administration, patients are at risk of developing endophthalmitis »
or retinal detachment. If the eye becomes red, sensitive to light, painful, or develops a change in
vision, the patient should seek 1mmed1ate care from an-ophthalmologist [see Warnings and

Precautions (5.1)).
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REGENERON

Manufactured by:

Regeneron Pharmaceuticals, Inc,
777 Old Saw Mill River Road
Tarrytown, NY 10591-6707

U.S. License Number 1760

EYLEA™ is a trademark of Regeneron Pharmaceuticals, Inc.

© 2011, Regeneron Pharmaceuticals, Inc.
All rights reserved.

V1.0

Issue Date: November /2011

. Initial U.S. Approval: 2011

Regeneron U.S. Patents 7,306,799; 7,531,173, 7,608,261; 7,070,959; 7,374,757, 7,374,758, and

other pending patents
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Carton Label

- Py -pet r ROC 6175500802
Gt O C8 . (30 icremery) o8 VLA O i v} ), ~ -
Rt -a:"-;-:?%:::_‘.‘::'“;:."' &‘«;EYLEQ : k\/ EYLEA
TR i Sm Ko (afidercept) Inection
:_";‘“ e @ [ et H— ﬁ [ Y For irdravireal kyection

N | e g mm. Soratenpopee, 2 mg2/0.05 ml

< - [N ===
\ o . ’

] ! ' :
\ 3 (il * /, ‘ :
’Wm‘\ . -

| s ..

BT IS |

NEYLEA 'wénsue
gk\/ (aibercept octin % ONLY
§ Fer heravitres’ injection 6208602
2 mg /0,08 mL
Singie-use Visl
E e —— N
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ATTACHMENT C

Copy of EYLEA™ BLA Approval
Letter from the FDA
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Subject: Approval Letter for BLA 125387

Date: Friday, November 18, 2011 5:47 PM

From: Puglisi, Michael <Michael.Puglisi@fda.hhs.gov>
To: Laura Pologe <Laura.Pologe @regeneron.com>

Hi Laura,

Here it is. Congratulations. Please confirm receipt. The hard copy will be mailed on
Monday. '

Mike

Page 1 of 1
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__(( DEPARTMENT OF HEALTH AND HUMAN SERVICES
N
Food and Drug Administration
Silver Spring MD 20993
Our STN: BL 125387/0 . BLA APPROVAL

November 18, 2011

Regeneron Pharmaceuticals, Inc.
Attention: Laura Pologe, Ph.D.
Associate Director, Regulatory Affairs
777 Old Saw Mill River Road
Tarrytown, New York 10591-6707

Dear Dr. Pologe:

Please refer to your Biologics License Application (BLA) dated February 17, 2011, received
February 18, 2011, submitted under section 351 of the Public Health Service Act for Eylea
(aflibercept).

We acknowledge receipt of your amendments dated February 28, March 10, 18, and 24, April 1,
8, 11 (two), 13 (two), and 29, May 11, 16, 23, and 27, June 3, 7, 9, 16, 20, and 28, July 8, 18, and
19, August 1, 5, 10, 12, and 31, September 1, 7, 12, 20, and 26, October 7, 21, 24, and 27, and
November 1,9, 11, and 17, 2011.

We have approved your BLA for aflibercept effective this date. You are hereby authorized to
introduce or deliver for introduction into interstate commerce, aflibercept under your existing
Department of Health and Human Services U.S. License No. 1760. Aflibercept is indicated for
treatment of neovascular (wet) age-related macular degeneration.

Under this license, you are approved to manufacture aﬂlberce ! substance intermediate,
drug substance, and formulated bulk at| : :
roduct will be manufactured

| pac aged at

Eylea and market 1t in a -use v1a1 containing 0:278 mL of 40 mg/mL aflibercept, as part
of a final packaged product containing the aflibercept single-use vial, a 19-gauge x 1'2-inch 5-
micron filter needle, a 30-gauge x '2-inch needle and a 1-mL plastic syringe.

The dating period for aflibercept shall be 15 months from the date of manufacture when sto)red at

2 - 8°C. The date of manufacture shall be defined as thew
” The expiration date for the packaged product, (aflibercept single-use
v

1als, syringe, needle and ﬁlter needle) shall be dependent on the shortest ex 1rat10n date of any
component. ' :
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Results of ongoing stability should be submitted to the annual report.

You are not currently required to submit samples of future lots of aflibercept to the Center for
Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2.
We will continue to monitor compliance with 21 CFR 610.1, requiring completion of tests for
conformity with standards applicable to each product prior to release of each lot.

Any changes in the manufacturing, testing, packaging, or labeling of aflibercept, or in the
manufacturing facilities, will require the submission of information to your biologics license
application for our review and written approval, consistent with 21 CFR 601.12.

We are approving this application for use as recommended in the enclosed agreed-upon labeling
text.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA
automated drug registration and listing system (eLIST), the content of labeling [21- 601.14(b)] in
structured product labeling (SPL) format, as described at
http://www.fda.gov/Forlndustry/DataStandards/StructuredProductLabeling/default.htm, that is
identical to the enclosed labeling (text for the package insert). Information on submitting SPL
files using eLIST may be found in the guidance for industry titled “SPL Standard for Content of
Labeling Technical Qs and As™ at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/U
CM072392.pdf. For administrative purposes, please designate this submission “Product
Correspondence — Final SPL for approved BLA STN 125387.”

The SPL will be accessible via publicly available labeling repositories.
CARTON AND IMMEDIATE CONTAINER LABELS

Submit final printed carton and container labels that are identical to the enclosed carton and
immediate container labels submitted on November 17, 2011, as soon as they are available, but
no more than 30 days after they are printed. Please submit these labels electronically according
to the guidance for industry titled “Providing Regulatory Submissions in Electronic Format —
Human Pharmaceutical Product Applications and Related Submissions Using the eCTD
Specifications (June 2008)”. Alternatively, you may submit 12 paper copies, with 6 of the copies
individually mounted on heavy-weight paper or similar material. For administrative purposes,
designate this submission “Product Correspondence — Final Printed Carton and Container
Labels for approved BLA STN 125387.” Approval of this submission by FDA is not required
before the labeling is used.
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Marketing the product(s) with final printed labeling (FPL) that is not identical to the approved
labeling text may render the product misbranded and an unapproved new drug.

REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of
administration are required to contain an assessment of the safety and effectiveness of the
product for the claimed indication(s) in pediatric patients unless this requirement is waived,
deferred, or inapplicable. We are waiving the pediatric study requirement for this application
because the product treats a disease that does not exist in pediatric age groups.

POSTMARKETING REQUIREMENTS UNDER 505(0)

Section 505(0)(3) of the Federal Food, Drug, and Cosmetic Act (FDCA) authorizes FDA to
require holders of approved drug and biological product applications to conduct postmarketing
studies and clinical trials for certain purposes, if FDA makes certain findings required by the
statute.

We have determined that an analysis of spontaneous postmarketing adverse events reported
under subsection 505(k)(1) of the FDCA will not be sufficient to identify an unexpected serious
risk of corneal endothelial cell decompensation following the intravitreal administration of Eylea
(aflibercept).

Furthermore, the new pharmacovigilance system that FDA is required to establish under section
505(k)(3) of the FDCA will not be sufficient to assess this serious risk.

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational
study) will be sufficient to identify an unexpected serious risk of corneal endothelial cell
decompensation following the intravitreal administration of Eylea (aflibercept).

Therefore, based on appropriate scientific data, FDA has determined that you are required to
conduct the following:

1. Provide clinical information from a 1-year (minimum) clinical trial evaluating the
adverse effects, if any, on the corneal endothelium following administration of
aflibercept.

The timetable you submitted on October 24, 2011, states that you will conduct this trial
according to the following schedule: ‘

Final Protocol Submission: March 2012
Trial Completion: November 2015
Final Report Submission: May 2016

Submit the protocol to your IND 12462, with a cross-reference letter to this BLA. Submit all
final report(s) to your BLA. Prominently identify the submission with the following wording in
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bold capital letters at the top of the first page of the submission, as appropriate: “Required
Postmarketing Protocol Under 505(0)”, “Required Postmarketing Final Report Under
505(0)”, “Required Postmarketing Correspondence Under 505(0)”.

Section 505(0)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any
study or clinical trial required under this section. This section also requires you to periodically
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a
safety issue. Section 506B of the FDCA, as well as 21 CFR 601.70 requires you to report
annually on the status of any postmarketing commitments or required studies or clinical trials.

FDA will consider the submission of your annual report under section 506B and 21 CFR 601.70
to satisfy the periodic reporting requirement under section 505(0)(3)(E)(ii) provided that you
include the elements listed in 505(0) and 21 CFR 601.70. We remind you that to comply with
505(0), your annual report must also include a report on the status of any study or clinical trial
otherwise undertaken to investigate a safety issue. Failure to submit an annual report for studies
or clinical trials required under 505(0) on the date required will be considered a violation of
FDCA section 505(0)(3)(E)(ii) and could result in enforcement action.

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING
REQUIREMENTS UNDER SECTION 5068

We remind you of your postmarketing commitments:

2. To conduct three dru(% product hold time studies of the 40 mg/mL vial presentation filled
at site. Material will be held at commercial scale, and
microbiological samples (total viable count, bacterial endotoxin) will be taken at the end
of the hold times. The completed validation report will be submitted as a CBE-0
supplement.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: November 2012

3. To conduct three dru gggduct hold time studies for the 40 mg/mL vial presentation filled

at the site. These studies will include t=0 and end of hold samples

for product quality (pH, purity by size exclusion, purity by nrSDS-PAGE, charge variant

distribution by IEF, isoaspartate, and potency of aflibercept) evaluation. The completed
validation report will be provided as a CBE-0 supplement.

The timetable you submitted on November 11 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2012
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4,

To conﬁrmm by the aﬂiberceptm process. The
ﬂ study will be performed under gotocol on three lots of drug substance
p

roduced at the commercial scale. will be measured with a validated analytical
test method for determining 2 The completed method
validation and final reports will be submitted 1n the 2012 annual report by January 2013.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: January 2013

To re-evaluate the release and shelf-life specifications for aflibercept drug product after
30 commercial manufacturing runs to reflect increased manufacturing experience. The
revisions to the quality control system, the corresponding data from the 30 commercial
manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS within 60 days
after completion of the 30™ lot manufactured using the commercial process or by
December, 2014, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: December 2014

To re-evaluate the release and shelf-life specifications for aflibercept drug substance after
30 commercial manufacturing runs to reflect increased manufacturing experience. The
revisions to the quality control system, the corresponding data from the 30 commercial
manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS by within 60
days after completion of the 30" lot manufactured using the commercial process or by
June, 2013, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2013

To re-evaluate the release and shelf-life specifications for aflibercept drug substance
intermediate after 30 commercial manufacturing runs to reflect increased manufacturing
experience. The revisions to the quality control system, the corresponding data from the
30 commercial manufacturing runs, and the analysis and statistical plan used to evaluate
the specifications and any chanﬁes to specifications will be provided in a PAS within 60
days after completion of the 30™ lot manufactured using the commercial process or by
June, 2014, whichever occurs first.

i
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The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2014

8. To re-evaluate the release and shelf-life specifications for aflibercept formulated bulk
after 30 commercial manufacturing runs to reflect increased manufacturing experience.
The revisions to the quality control system, the corresponding data from the 30
commercial manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS within 60 days
after completion of the 30™ lot manufactured using the commercial process or by June,
2013, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2013

Submit clinical protocols to your IND 12462 for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all final reports to this BLA. In addition, under 21
CFR 601.70 you should include a status summary of each commitment in your annual progress
report of postmarketing studies and clinical trials to this BLA. The status summary should
include expected summary completion and final report submission dates, any changes in plans
since the last annual report, and, for clinical studies/trials, number of patients entered into each
study/trial. All submissions, including supplements, relating to these postmarketing
commitments should be prominently labeled “Postmarketing Commitment Protocol,”
“Postmarketing Commitment Final Report,” or “Postmarketing Commitment
Correspondence.”

REPORTING REQUIREMENTS

You must submit adverse experience reports under the adverse experience reporting
requirements for licensed biological products (21 CFR 600.80). You should submit
postmarketing adverse experience reports to:

Food and Drug Administration

Center for Drug Evaluation and Research
Central Document Room

5901-B Ammendale Road

Beltsville, MD 20705-1266

Prominently identify all adverse experience reports as described in 21 CFR 600.80.

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse
event reports that are received directly by the FDA. New molecular entities and important new
biologics qualify for inclusion for three years after approval. Your firm is eligible to receive
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copies of reports for this product. To participate in the program, please see the enrollment
instructions and program description details at
http://www.fda.gov/Safety/Med Watch/HowToReport/ucm166910.htm.

You must submit distribution reports under the distribution reporting requirements for licensed
biological products (21 CFR 600.81). :

You must submit reports of biological product deviations under 21 CFR 600.14. You should
promptly identify and investigate all manufacturing deviations, including those associated with
processing, testing, packing, labeling, storage, holding and distribution. If the deviation involves
a distributed product, may affect the safety, purity, or potency of the product, and meets the other
criteria in the regulation, you must submit a report on Form FDA-3486 to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
5901-B Ammendale Road

Beltsville, MD 20705-1266

Biological product deviations, sent by courier or overnight mail, should be addressed to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
10903 New Hampshire Avenue, Bldg. 51, Room 4206
Silver Spring, MD 20903

PROMOTIONAL MATERIALS

You may request advisory comments on proposed introductory advertising and promotional
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the
proposed materials in draft or mock-up form with annotated references, and the package insert
to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Drug Marketing, Advertising, and Communications
5901-B Ammendale Road

Beltsville, MD 20705-1266

You must submit final promotional materials, and the package insert, at the time of initial
dissemination or publication, accompanied by a Form FDA 2253. For instruction on completing
the Form FDA 2253, see page 2 of the Form. For more information about submission of
promotional materials to the Division of Drug Marketing, Advertising, and Communications
(DDMAC), see http://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm090142.htm.
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All promotional claims must be consistent with and not contrary to approved labeling. You
should not make a comparative promotional claim or claim of superiority over other products
unless you have substantial evidence to support that claim.

POST-ACTION FEEDBACK MEETING

New molecular entities and new biologics qualify for a post-action feedback meeting. Such
meetings are used to discuss the quality of the application and to evaluate the communication
process during drug development and marketing application review. The purpose is to learn
from successful aspects of the review process and to identify areas that could benefit from
improvement. If you would like to have such a meeting with us, call the Regulatory Project
Manager for this application.

If you have any questions, call Michael Puglisi, Regulatory Project Manager, at
(301) 796-0791.

Sincerely,

/ Edward Cox. M.D., M.P.H./

Edward Cox, M.D., M.P.H.

Director

Office of Antimicrobial Products

Center for Drug Evaluation and Research

ENCLOSURES:
Content of Labeling
Carton and Container Labeling
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Fig.10A.

- 10 20 30 40 50 60

* * * ] * » - * * * * *

ATG GTC AGC TAC TGG GAC ACC GGG GIC CTIG CIG T6C GCG CT¢ CIC AGC TAT CIG CTT CTIC
_mmmnmmmmmmmmmmmmmmmmm
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu>

70 80 90 100 110 120

* * - * * * * * E * * *

ACA GGA TCT AGT TCA GGT TCA AAA TTA AAA GAT CCT GAA CTG AGT TTA AAA GGC AOC CAG
“TGT CCT AGA TCA AGT CCA AGT TTT AAT TIT CTA GGA CTIT GAC TCA AAT TTT COG TGG GIC
Thr Gly Sex Ser Ser Gly Ser Lys Leu Lys asp Pre Glu Leu Ser Leu Lys Gly Thr Gln>

130 140 150 160 170 180
* *

* * * - * * * * - -

CAC ATC ATG CAA GCA GGC CAG ACA CIG CAT CIC CAA TGC MGG GGG GAA GCA GUC CAT AAA
GTG TAG TAC GTT OGT COG GTC TGT GAL GTA GAG GTT ACG TCC O CIT CGT OGS GTA TTT
His Ile Met Gln Ala Gly Gln Thr leu His Leu Gln Cys Ary Gly Glu Ala Ala His Lys>

150 200 210 220 230 240

* * * * * »* - L * * * -
TGG TCT T1G OCT GAA ATG GTG AGT AAGC GAA AGSC GAA AGG CTG AGC ATA ACT AAA ICT GCC
AQC AGA AAC GGA CTT TAC CAC TCA TIC CIT 706G CTT 7TCC GAC TOG TAT TGA TTT AGA CGG
Trp Sexr Leu Pro Glu Met Val Ser Lys Glu Ser Glu Arg Leu Ser Ile Thr Lys Ser Ala>

250 260 270 280 290 300

* - * * * * * * * * * *
TCT GGA AGA AAT GGC AAR CAA TIC TGC AGT ACT TTA ACC TTG AAC ACA GCT CAA GCA ARC
ACA CCT TCT TTA COOG TTT GTT AAG ACG TCA TGA AAT TGG AAC T7G 76T CGA GTT COGT TIG
Cys Gly Arg Asn Gly Lys Gln Phe Cys Ser Thr Leu Thr Leu Asm Thr Ala Gln Ala Asn>

310 320 330 340 350 360

* * * * * L 4 - * * * - *
CAC ACT GGC TIC TAC AGC TGC AAA TAT CTA GCT GTA CCT ACT TCA ARG ARG AMG GAA ACA
GTG TGA CCG ARG ATG TCG ACG TTT ATA GAT CGA CAT GGA TGA AGT TIC TTC TIC CTT IGT
His Thr Gly Phe Tyr Ser Cys lys Tyr Leu Ala Val Pro Thr Ser Lys lys Lys Glu Thr>

370 380 390 400 410 420

* * -* »* * *® - ® * * - -
GAR TCT GCA ATC TAT ATA TTT ATT AGT GAT ACA GGT AGA CCT TIC GTA GAG ATG TAC AGT
CIPT AGA OGT TAG ATA TAT AAA TAA TCA CTA TGT OCA TCT GGA AAG CAT CTIC TAC ATG TCA
Glu Ser Ala Ile Tyr Ile Phe Ile Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser>

430 440 450 460 470 480

* * * * * * * * * * * -
GAA ATC COC GAA ATT ATA CAC ATC ACT GAA (GA AGG GAG OTC GTC ATT OCC 1GC OGG GIT
CTT TAG GGG CTT TAA TAT GTG TAC TGA CTT CCT TCC CTC GAG CAG TAA GGG ACG GCOC CAA
Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arxrg Val>

4s0 500 510 520 530 540

* * * * * * - * - * - *

ACG TCA CCT AAC ATC ACT GTT ACT TTA AAA AAG TTT CCA CTT GAC ACT T1G ATC CCT GAT
TGC AGT GGA TTG TAG TGQA CAA TGA AAT TTT TTC AAA GGT GAA CTG TGA AAC TAG GGA CTA
Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Lys Phe Fro Leu Asp Thr Leu Ile Pro Asp>
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Fig.10B.

550 560 5§70 580 590 600
- * *

* * * * * - *

GGA AAA CGC ATA ATC TGG GAC AGT AGA AAG GGC TIC ATC ATA TCA AAT GCA ACG TAC AAA
CCT TIT GOG TAT TAG ACC CTG 'ICA ICT TTC OCG AAG TAG TAT AGT TTA CGT TGC ATG TTT
Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

*

610 620 630 640 650 660

L * * * * * * 3 * * * *
GAA ATA GGG CTT CTIG ACC TGT GAA GCA ACA GTC AAT GGG CAT TTG TAT AAG ACA AAC TAT
CIT TAT COC GAA GAC TGG ACA CTT OGT TGT CAG TTA COC GTA AAC ATA TIC TGT TTG ATA
Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr>

670 680 690 700 710 720

* * * -* L ] - * » * * * *
CTC ACA CAT CGA CAA ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA CCA COGC CCA GIC
GAG TGT GTA GCT GIT TGG TIA TGT TAG TAT CTA CAG GTT TAT TCG TGT GGT GOG GGT CAG
Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Pro Val>

730 740 150 760 710 780

* * * * * - * * * *® * *
ARA TTA CIT AGA GGC CAT ACT CIT GIC CIC AAT TGT ACT GCT ACC ACT COC T1G AAC AOG
TIT AAT GAA TCT COG GTA TGA GAA CAG GAG TTA ACA TGA OGA TGG TGA GGG AAC TTGC 1GC
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr>

790 800 810 820 830 840

* * * * * * * * * * * *
AGA GTT CAA ATG ACC TGG AGT TAC CCT GAT GAA AAA AAT AAG AGA GCT TCC GTA AGG CGA
TCT CAA GITT TAC TGG ACC TCA ATG GGA CTA CIT TTT TTA TIC TCT OGA AGG CAT TCC GCT
Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys Asn Lys Arg Ala Ser Val Arg Arg>

850 860 870 880 890 800

* * * * * * * * * * * *
CGA ATT GAC CAA AGC AAT TCC CAT GOC AAC ATA TTC TAC AGT GTT CTT ACT ATT GAC AAA
GCT TAA CIG GIT TOG TTA AGG GTA OGG TIG TAT AAG ATG TCA CAA GAA TGA TRA CTG TTT
Arg Ile Asp Gln Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys>

910 920 930 940 950 960

-* * * - * * * * * * * *

ATG CAG AAC ARA GAC AAA GGA CTT TAT ACT TGT COGT GTA AGG AGT GGA CCA TCA TTC AAA
TAC GIC TTG TIT CTG TTT CCT GAA ATA TGA ACA GCA CAT TCC TCA CCT GGT AGT AAG TTT
Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys>

970 280 890 1000 1010 1020

» * L] * »* » - * - * * *
TCT GTT AMC ACC TCA GTG CAT ATA TAT GAT AAA GCA GGC CCG GGC GAG CCC AAA 1CT TGT
AGA CAA TTG TGG AGT CAC GTA TAT ATA CTA TTT CGT CCG GGC CCG CTC GGG TTT AGA ACA
Ser val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys>

1030 1040 1050 1060 1070 1080
*

- * * - L] * * - * - *

GAC ARA ACT CAC ACA IGC CCA OOG TGC CCA GCA CCT GAA CTC CTG GGG GSA COG TCA GIC
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val>
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Fig.10C.

1090 1100 1110 1120 1130 1140

* * * * * * * * * * * *
mcmmcccccamcccmeacmq@camammcccsaccccremcmm
AAG GAG AAG GGG GGT TTT GGG TTC CTG TGG GAG TAC TAG AGG GCC 1GG GGA CIC CAG TGT
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr>

1150 1160 1170 1180 1190 1200

* * * * * * * * * * * *
TGC GTG GIG GTIG GAC GTG AGC CAC GAA GAC CCT GAG GIC AAG TTC AAC TGG TAC GTG GAC
ACG CAC CAC CAC CTG CAC TOG GTG CTT CIG GGA CTC CAG TTC ARG TTG ACC ATG CAC CIG
Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp>

1210 1220 1230 1240 1250 1260

* * * * * * * * * * * *
GGC GTG GAG GTG CAT AAT GOC AAG ACA AAG CCG CGG GAG GAG CAG TAC AAC AGC ACG TAC
CCG CAC CTC CAC GTA TTA CGG TIC TGT TIC GGC GCC CTC CTC GIC ATG T16 TOG TGC ATG
Gly val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr>

1270 1280 1290 1300 1310 1320

* -* * * * - * * +* * * *
OGT GTG GTC AGC GTIC CTC ACC GTC CIG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG
GCA CAC CAG TCG CAG GAG TGC CAG GAC GTG GIC CIG ACC GAC TTA OCC T1C CTC ATG TIC
Arg val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys>

1330 1340 1350 1360 1370 1380

* * * * * * * * * - * *
TGC ANG GTC TCC AAC AAA GCC CTC CCA GOC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA
ACG TTC CAG AGG TIGC TTT CGG GAG GGT CGG GGG TAG CIC TIT TGG TAG AGG TIT OGG TIT
CYSLYSValSerAsnLysAlaLeuProAlaPmIleGluIysi‘hrIleS_etLysAlaLys>

1390 1400 1410 1420 1430 1440

* * 3 * * * * * w * * *
GGG CAG COC CGA GAA CCA CAG @QIG TAC ACC CIG CCC CCA TCC CGG GAT GAG CTG ACC ARG
CCC GIC GGG GOT CTT GBT GTC CAC ATG TGG GAC GGG GGT AGG GOC CTA CTC GAC TGG TIC
Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Lev Pro Pro Ser Arg Asp Glu Leu Thr Lys>

1450 1460 1470 1480 1490 1500

* * * * »* * * - * * * *
AARC CAG GTC AGC CTG ACC TGC CTG GTC AAA GGC TIC TAT CCC AGC GAC ATC GCC GTG GAG
TTG GTC CAG TCG GAC TGG ALG GAC CAG TIT COG AAG ATA GGG TCOG CIG TAG QGG CAC CIC
Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Fhe Tyx Pro Ser Asp Ile Ala Val Glu>

1510 1520 1530 1540 1550 1560

* * * * * * ® * * * * *
TGG GAG AGC AAT GGG CAG OCG GAG AAC AAC TAC AAG ACC ACG CCT COCC GIG CTG GAC TCQC
ACC CTC TCG TTA CCC GTC GGC CTC TIG TIG ATG TIC TGG TGC GGA GGG CAC GAC CTC AGG
Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser>

1570 1580 1590 1600 1610 1620

* * - * * * - * ~ * * *
GAC GGC TCC TTC TTC CTC TAC AGC AAG CTIC ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG
CTG CCG AGG ARG ARG GAG ATG TOG TIC @AG TGG CAC CIG TIC TCG TCC ACC GIC GIC CCC
Asp Gly Ser Phe Phe Leu Tyr .Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gla Gln Gly>
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Fig.10D.

1630 1640 1650 1660 1670 1680

L ] [ * - * * * * * ~ - w
ARC GTC TIC TCA TGC TCC GTG ATG CAT GAG GCT CTG CAC ARC CAC TAC ACG CAG AAG AGC
TTG CAG AAG AGT ACG AGG CAC TAC GTA CTC CGA GAC GIG TIG GTG ATG TGC GIC TIC 106
Asn Val FPhe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser>

1690 1700

* * - "

CTC 7CC CT6 TCT OCG GGT AAA TGA
GAG AGG GAC AGA GGC CCA TTT ACT
Leu Ser Leu Ser Pro Gly Lys ***>
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Fig.13A.

* [ ] - * * * * * * - * *

ATG GTC AGC TAC TGG GAC ACC GGG GTC CTG CTG TGC GOG CIG CTC AGC TGT CTG CTT ¢
TAC CAG TOG ATG ACC CTG TGG CCC CAG GAC GAC ACG OGC GAC GAG TCG ACA GAC GAA GAG
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu>

70 80 90 100 110 120

* * - » - - * w * * * *
ACA GGA TCT AGT TCA GGT TCA AAA TTA AAA GAT OCT GAR CTG AGT TTA AAA GGC ACC CAG
TGT CCT AGA TCA AGT CCA AGT TTT AAT TTT CTA GGA CTT GAC TCA AAT TIT OOG 7GG GTC
Thr Gly Ser Ser Ser Gly Ser Lys Leu Lys Asp Pro Glu Leu Ser Leu Lys Gly Thr Gln>

130 140 150 160 170 180

- - - *® »* * * * * * * *
CAC ATC ATG CAA GCA GGC CAG ACA CTG CAT CTC CAA TGC AGG GGG GAA GCA GOC CAT AAA
GTG TAG TAC GTT OGT CCG GTC TGT GAC GTA GAG GTT ACG TCC OCC CIT CGT CGG GTA TIT
His Ile Met Gln Ala Gly Gln Thr Leu His Leu Gln Cys Arg Gly Glu Ala Ala His Lys>

190 200 210 220 230 240

* * . * * - * * * * * *

TGG TCT TTG CCT GAA ATG GTG AGT AAG GAA AGC GAA AGG CTG AGC ATA ACT AARA TCT GCC
K ACC AGA AAC GGA CTT TAC CAC TCA TIC CTT TCG CTT TCC GAC TOG TAT TGA TTT AGA CGG
. Trp Ser Leu Pro Glu Met Val Ser Lys Glu Ser Glu Arg Leu Ser Ile Thr Lys Sexr ala>

250 260 270 280 290 300

- * * * ~ t * * * ” * -
TGT GGA AGA AAT GG ARA CAA TTIC TGC AGT ACT TTA ACC TTG AAC ACA GCT CAA GCA AAC
ACA CCT TCT TTA CCG TTT GTT AAG ACG TCA TGA AAT TGG AAC TTG TGT CGA GIT CGT TIG
Cys Gly Arg Asn Gly Lys Gln Phe Cys Ser Thr Leu Thr Leu Asn Thr Ala Gln Als Asn>

310 320 330 340 350 360

* * * * * *® * * - * * L3
CAC ACT GGC TTIC TAC AGC TGC AAA TAT CTA GCT GTA CCT ACT TCA ARG AAG AAG GAA ACA
GTG TGA COG ARG ATG TOG ACG TTT ATA GAT CGA CAT GGA TGA AGT TIC TTC TTC CIT TGT
His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val Pro Thr Ser Lys Lys Lys Glu Thr>

370 380 380 400 410 420

* * - L2 - * [ - »* * * *

GAR TCT GCA ATC TAT ATA TTT ATT AGT GAT ACA GGT AGA CCT TIC GTA GAG ATG TAC AGT
CTT AGA CGT TAG ATA TAT AAA TAA TCA CTA TGT CCA TCT GGA AAG CAT CIC TAC ATG TCA
~ Glu Ser Ala Ile Tyr Ile Phe Ile Sexr Asp Thr Gly Arg Pro Phe val Glu Met Tyr Ser>

430 440° 450 460 470 480

* * * * * * [ - * L] * *
GAA ATC COC GAA ATT ATA CAC ATG ACT GAA GGA AGG GAG CTC GTC ATT CCC TGC CGG GTT
mmocsmmarmmmcmmmmcmmcmmmmmcm
Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu val Ile Pro Cys Arg Val>

490 500 510 520 $30 540

* * L » - - » - * - * *

ACG TCA CCT AAC ATC ACT GTT ACT TTA AAA ARG TTT CCA CTT GRAC ACT TTG ATC CCT GAT
'IGCAGTGGA'I'IG"I‘AG_’IGACAA'KGAAATm-mmmwmmmwmcm
Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Lys Phe Pro Leu AsSp Thr leu Ile Pro Asp>
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Fig.13B.

$50 560 570 580 590 600

L L * * * * * -* * * - *
GGA AAA OSC ATA ATC TGG GAC AGT AGA AAG GGC TTC ATC ATA TCA AAT GCA AOG TAC AAA
CCT PIT GOG TAT TAG ACC CTG TCA TCT TIC CCG AAG TAG TAT AGT TTA COGT TGC ATG TIT
Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

610 620 630 640 650 660

* - * * * * * * » L4 * *

© GAA ATA GGG CIT CTG ACC TGT GAA GCA ACA GTC AAT GGG CAT TIG TAT AAG ACA AAC TAT
CIT TAT CCC GAA GAC TGG ACA CTT OGT TGT CAG TTA CCC GTA AAC ATA TIC TGT TIG ATA

Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr>

670 680 690 700 710 720

* » * * - - * * * * * *
CIC ACA CAT CQGA CAA ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA CCA CGC CCA GIC
GAG TGT GTA GCT GIT TGG TTA TGT TAG TAT CTA CAG GTT TAT TCG TGT GGT GOG GGT CAG
Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Fro Vals

730 740 750 760 70 780

* * « L 4 * * * * * * * *
AAA TTA CTT AGA GGC CAT ACT CTT GTC CIC AAT TGT ACT GCT ACC ACT CCOC TTG AAC ACG
TTT AAT GAA TCT OOG GTA TGA GAA CAG GAG TTA ACA TGA OGA TGG TGA GGG AAC T1G TGC
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thx Thr Pro Leu Asn Thr>

790 800 810 820 830 840

* * » * * * * * * * * *
AGA GTT CAA ATG ACC TGG AGT TAC OCT GAT GAA ATT GAC CAA AGC AAT TCC CAT GCC ARC
TCT CAA GTT TAC TGG ACC TCA ATG GGA CTA CTT TAA CTG GTT TOG TTA AGG GTA OGG TIG
Axg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Ile Asp Gln Ser Asn Ser His Ala Asn>

850 860 870 880 890 900

* * * w * * * W * * * *
ATA TTC TAC AGT GIT CTT ACT ATT GAC AAA ATG CAG AAC AAA GAC AAA GGA CTT TAT ACT
- TAT AAG ATG TCA CAA GAA TGA TAA CTG TTT TAC GTC T1C TIT CIG TTT OCT GAA ATA TGA
Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr>

910 920 930 940 950 960

* * * * * * * * * * ® *
TGT OGT GTA AGG AGT GGA CCA TCA T7C AARA ICT GTT AAC ACC TCA GTG CAT ATA TAT GAT
ACA GCA CAT TCC TCA CCT GGT AGT AAG TTT AGA CAA TTG TGG AGT CAC GTA TAT ATA CTA
Cys Arg Val Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Ile Tyr Asp>

970 980 990 1000 1010 1020

* * * ® * * * * L] * * »
AAA GCA GGC CCG GGC GAG CCC AAA TCT TGT GAC AAA ACT CAC ACA TGC CCA OOG TGC CCA
TTT CGT CCG GGC COG CTC GGG TTIT AGA ACA CTG TTT TGA GTG TGT ACG GGT GGC ACG GGT
Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro>

1030 1040 1050 1060 1070 1080

* * L3 * kg ® * * * * * *

- CGT GGA CTT GAG GAC CCC CCT GGC AGT CAG AAG GAG AAG GGG GGT TIT GGG TIC CTG TGG
Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr>
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Fig.13C.

1080 1100 1110 1120 1130 1140

* * - * * » L 3 * » * - *
CIC ATS ATC TCC OGG ACC CCT GAG GTC ACA TGC GTG GTG GTG GAC GIG AGC CAC GAA GAC
GAG TAC TAG AGG GCC TGG GGA CIC CAG TGT ACG CAC CAC CAC CTG CAC 7CG GTG CTT CIG
Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val val Val Asp Val Ser His Glu Asp>

1150 1160 1170 1180 1190 1200

* * - ®x * * ® * * * * *

CCT GAG GTC ARG TIC ARC TGG TAC GTG GAC GGC GTG GAG GTG CAT AAT GCC AAG ACA AAMG
GGA CTC CAG TTC AAG TTIG ACC ATG CAC CTG CCG CAC CTC CAC GTA TTA CGG TIC TGT TIC
Pro Glu val Lys Fhe Asn Trp Tyr Val Asp Gly Val Glu val His Asn Ala Lys Thr Lys>

1210 1220 1230 1240 1250 1260
* *®

* * * * * * * * *

CCG CGG GAG GAG CAG TAC ARC AGC ACG TAC OGT GTG GTC AGC GTC CTC ACC GIC CTG CAC
GGC GCC CTC CTC GTC ATG TIG TOG TGC ATG GCA CAC CAG TOG CAG GAG TGG CAG GAC GTG
Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His>

*

1270 1280 1290 1300 1310 1320

* - * * * * * * * * * ®
CAG GAC TGG CTG AAT GGC ARG GAG TAC AAG TGC AAG GIC TCC AAC ARA GCC CTC CCA GCC
GTC CTG ACC GAC TTA OCG TIC CTC ATG TTC ACG TTC CAG AGG TTG TIT CGG GAG GGT OGG
Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala>

1330 1340 1350 1360 1370 1380

- »* * * * - * L 3 * * - ®
CCC ATC GAG AAA ACC ATC TCC AAR GCC AAA GGG CAG COC OGA GAA CCA CAG GTG TAC ACC
GGG TAG CTC TTT TGG TAG AGG T™T OGG TTT CCC GTC GGG GCT CTT GGT GIC CAC ATG TGG
Pro Ile Glu Lys Thr Ile Sex Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln vVal Tyr Thr>

13980 1400 1410 1420 1430 1440

- -~ * * * ® * -« * * * *
CTG CCC CCA TCC OGG GAT GAG CTG ACC AAG AAC CAG GTC AGC CTG ACC TGC CIG GIC ARA
GAC GGG GGT AGG GCC CTA CTC GAC TGG TIC TIG GIC CAG TOG GAC TGG ACG GAC CAG TTT
Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys>

1450 1460 1470 1480 1490 1500

L 4 * * * * * * k] * * - *
GGC TTC TAT CCC AGC GAC ATC GOC GTG GAG TGG GAG AGC AAT GGG CAG OOG GAG AAC ARC
CCG AAG ATA GGG TCG CTG TAG OGG CAC CTC ACC CTC TCG TTA CCC GIC GGC CIC TIG TIG
Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn>

1510 1520 1530 1540 1550 1560

* * L] - - * L 3 * - * - *
TAC AAG ACC ACG CCT OOC GTG CTG GAC TCC GAC GGC TOC TTC TIC CTC TAC AGC AAG C1C
ATG TTC TOG TGC GEA GGG CAC GAC CTG AGG CTG CCG AGG AAG AAG GAG ATG TCG TIC GAG
Tyr Lys Thx Thr Pro Pro Val Leu Asp Sexr Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu>

1570 1580

* L 3 L 3 *
ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG AAC GTIC TTC TCA TGC TCC GTG ATG CAT GAG
TGGCACCNTIC?OSKCACCGICGICCCCWCAGWAGTW&GGCACTACGT&W
Thr val Asp Lys Ser Arg}l_‘rpGlh’Gln Gly Asn Val Phe Ser Cys Ser val Met His Glu>

1590 1600 1610 1620
- *

* * - * * *
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Fig.13D.

1630 1640 1650 1660 1670

* * * * * * * * L 4 -
GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC CTIC TCC CTG TCT CCG GGT AAA TGA
OCGA GAC GTG TTG GTG ATG TGC GTC TIC TCG GAG AGG GAC AGA GGC CCA TTT ACT
Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Sexr Leu Ser Pro Gly Lys ***>
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Fig.14A.

* * * * * * « * - - * *

ATG GTC AGC TAC TGG GAC ACC GGG GTC CI6 CTG TGC GOG CTG CTC AGC TGT CTG CIT CIC
TAC CAG TCC ATG ACC CTG TGG CCC CAG GAC GAC AOG CGC GAC GAG TOG ACA GAC GAA GAG
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu>

70 80 9% 100 110 120

* " * * * * * * » * * *
ACA GGA TCT AGT TCC GGA GGT AGA CCT TIC GTA GAG ATG TAC AGT GAA ATC QOC GAA ATT
TGT CCT AGA TCA AGG CCT CCA TCT GGA AAG CAT CTC TAC ATG TCA CTT TAG GGG CTT TAA
Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu Met Tyxr Ser Glu Ile Pro Glu Ile>

130 140 150 160 170 180
»

* - * * * *® * L4 [ ] - *

ATA CAC ATG ACT GAA GGA AGG GAG CTC GIC ATT CCC TGC GGG GIT ACG TCA CCT AAC ATC
TAT GTIG TAC TGA CTT CCT TCC CIC GAG CAG TAA GGG ACG GOC CAA TGC AGT GGA TTG TAG
Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile>

190 200 210 220 230 240
*

- - * * + * " * * - *

ACT GTT ACT TTA AAA AAG TTT CCA CTT GAC ACT TTG ATC CCT GAT GGA AAA CGC ATA ATC
TGA CAA TGA AAT TTIT TTC AAA GGT GAA CTG TGA AAC TAG GGA CTA CCT TTT GCG TAT TAG
Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr leu Ile Pro Asp Gly Lys Arg Ile Ile>

250 260 270 280 290 300

* * * [ 3 * - * * - * ®x *

TGG GAC AGT AGA AAG GGC TIC ATC ATA TCA AAT GCA AOG TAC AAA GAA ATA GGG CTT CTG
ACC CTC TCA TCT TIC OOG ARG TAG TAT AGT TTA OGT TGC ATG TTT CTT TAT CCC GAA GAC
Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Lew>

310 320 330 340 350 360

w - * * * Y &« * - * L] »
AOC TGT GAA GCA ACA GTC AAT GGG CAT TTG TAT AAG ACA AAC TAT CTC ACA CAT CGA CAA
TGG ACA CTT OGT TGT CAG TTA CCC GTA ARC ATA TIC TGT TTG ATA GAS TGT GTA GCT GIT
Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln>

370 380 390 400 410 420

* * * +* * * * * * - * *

ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA CCA CGC CCA GTC AAA TTA CTT AGA GGC
TGG TTA TGT TAG TAT CTA CAG GTT TAT 9TCG TGT GGT GOG GGT CAC TTT AAT GAA TCT COG
Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly»>

430 440 450 460 470 480

- * - * * * * - * * * *

CAT ACT CTT GTC CTC AAT TGT ACT GCT ACC ACT CCC TTG ARC ACG AGA GTT CAA ATG ACC
GTA TGA GAA CAG GAG TTA ACA TGA CGA TGG TGA GGG AAC TTG TGC TCT CAA GTT TAC TGG
His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr Arg Val Gln Met Thr>

4590 500 510 520 530 540

* * - ~ * * * * * L - -

TGG AGT TAC CCT GAT GAA ATT GAC CAA AGC AAT TCC CAT GCC AAC ATA TIC TAC AGT GTT
-ACC TCA ATG GGA CTA CTT TAA CTG GTT TCG TTA AGG GTA OGG TIG TAT AAG ATG TCA CAA
Trp Ser Tyr Pro Asp Glu Ile Asp Gln Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val>
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Fig.14B.

550 560 570 580 580 600

* * * * * « * * * w * *
CTT ACT ATT GAC AAA ATG CAG AAC AAA GAC AAA GGA CTT TAT ACT TGT CGT GTA AGG AGT
GAA TGA TAA CTG TTT TAC GTC TTG TTT CIG TTT CCT GAA ATA TGA ACA GCA CAT TCC TCA
Leu Thr Ile Asp Lys Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser>

610 620 630 640 650 660

* * * - * - * * * * * *

GGA CCA TCA TTC AAA TCT GTT AAC ACC TCA GTG CAT ATA TAT GAT AAA GCA GGC COG GGC
CCT GGT AGT AAG TTT AGA CAA TTG TGG AGT CAC GTA TAT ATA CTA TITT OGT QUG GGC CCG
Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Xle Tyr Asp Lys Ala Gly Pro Gly»

670 680 690 700 710 720

* * - * * * - * * w * *
GAG CCC AAA TCT TGT GAC AAA ACT CAC ACA TGC CCA CCG TGC CCA GCA CCT GAA CTC CT1G
CIC GGG TTT AGA ACA CTG TTT TGA GTG TGT ACG GGT GGC ACG GGT CGT GGA CIT GAG GAC
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu leu Leu>

730 740 750 760 770 780

* * * * *® * * * - ® * »
GGG GGA COG ICA GTC TTC CTC TIC CCC CCA AAA CCC ARG GAC ACC CTC ATG ATC TCC CGG
CCC CCT GGC AGT CAG AAG GAG AAG GGG GGT TTT GGG TIC CTG TGG GAG TAC TAG AGG GOC
Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lye Asp Thr Leu Mst Ile Ser Arg>

790 800 810 820 830 840

* * * L3 * * * * * - * -
ACC CCT GAG GTC ACA TGC GTG GTG GIG GAC GTG AGC CAC GAA GAC CCT GAG GTC AAG TIC
TGG GGA CTC CAG 1GT ACG CAC CAC CAC CTG CAC TCG GTG CTT CTG GGA CTC CAG TIC AAG
Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys FPhe>

850 B6O 870 880 890 900

* * * * * * * * * L 3 - -
ARC TGG TAC GTG GAC GGC GTG GAG GIG CAT AAT GOC AAG ACA ARG OOG CGG GAG GAG CAG
TIG ACC ATG CAC CTG OCG CAC CTC CAC GTA TTA OGG TIC TGT TIC GGC GCC CIC CIC GIC
Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln>

910 920 930 %40 950 960

»* * * * * * * * * * * *
TAC AAC AGC ACG TAC OGT GIG GIC AGC GTC CIC ACC GTC CTG CAC CAG GAC TGG CTG AAT
ATG TTG TOG TGC ATG GCA CAC CAG TOG CAG GAG TGG CAG GAC GTG GIC CIG ACC GAC TTA
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn>

970 980 9590 1000 1010 1020

* * * - * w * * * * * *
GGC ARG GAG TAC AAG TGC AAG GTC TOC AAC AAA GCC CTC CCA GOC CCC ATC GAG AAA ACC
CCG TIC CIC ATG TIC ACG TIC CAG AGG TTG TTT CGG GAG GGT CGG GGG TAG CTC TTT TGG
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr>

1030 1040 1050 1060

- - * - - - * *
ATC TOC AAA GCC AAA GGG CAG CCC CGA GAA CCA CAG GTG TAC ACC CTG COC CCA TCC CGG
TAG AGG TTT OGG TIT CCC GTC GGG GCT CTT GGT GTC CAC ATG TGG GAC. GGG GGT AGG GOC
Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg>

1070 1080
= *

* -
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Fig.14C.

1030 1100 1110 1120 1130 1140

* * * - R ] * * - * * * *
GAT GAG CTG ACC AAG AAC CAG GTC AGC CTG ACC TGC CTG GTC AAA GGC TIC TAT CCC AGC
CTA CTC GAC TGC TTC TTG GTC CAG TCG GAC TGG ACG GAC CAG TIT CCG AAG ATA GGG TCG
Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser>

1150 1160 1170 1180 1190 1200
L * * * * * * - - * * *
GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG AAC AAC TAC AAG ACC ACG CCT
CTG TAG CGG CAC CTC ACC CTC TOG TTA CCC GTC GGC CTC TIG TTG ATG TIC TGG TGC GGA
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyx Lys Thr Thr Pro>

1210 1220 1230 1240 1250 1260

* * - * * * * - * * * L]

VCCC GTG CTG GAC TCC GAC GGC TOC TIC TTIC CIC TAC AGC AAG CTC ACC GTG GAC AAG AGC
- GGG CAC GAC CTIG AGG CTG CCG AGG AAG AAG GAG ATG TOG TTC GAG TGG CAC CIG TIC TQG
- Pro Val Leu Asp Ser Asp Gly Ser Phe Fhe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser>

1270 1280 1290 1300 1310 1320
* - * * ] « * L 1 * * - [
“AGG TGG CAG CAG GGG ARC GTC TIC TCA TGC TCC GIG ATG CAT GAG GCT CTG CAC AAC CAC
TCC ACC GTC GIC CCC TTG CAG AAG AGT AQG AGG CAC TAC GTA CIC CGA GAC GIG TTG GIG
Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Sexr Val Met His Glu Ala Leu His Asn His>

1330 1340 1350

* * * * * * *

TAC ACG CAG AAG AGC CTC TCC CTG TCT OOG GGT AAA TGA
ATG TGC GIC TIC TCG GAG AGG GAC AGA GGC CCA TTT ACT
Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys ***>
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Fig.15A.

10 20 30 40 50 60

B * * * * * * * * * - *
ATG GTC AGC TAC TGG GAC ACC GGG GTC CTG CTG TGC GOG CTG CTC AGC TGT C1G OTT C1C
TAC CAG TCG ATG ACC CTG TGG CCC CAG GAC GAC ACG CGC GAC GAG TOG ACA GAC GAA GAG
Met val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu>

7C¢ 80 90 100 110 120

* * ® * L 2 * * L J " * - -
ACA GGA TCT AGT TCC GGA GGT AGA CCT TIC GTA GAG ATG TAC AGT GAR ATC CCC GAA ATT
TGT CCT AGA TCA AGG CCT CCA TCT GGA AAG CAT CTC TAC ATG TCA CIT TAG GGG CTT TAA
Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu Met Tyr Ser Glu lle Pro Glu Iie»

130 140 150 160 170 180
« *

* - * " L 4 * * * *

ATA CAC ATG ACT GMA GGA AGG GAG CTC GTC ATT CCC TGC CGG GTT ACG TCA OCT ARC ATC
TAT GIG TAC TGA CIT CCT TCC CIC GAG CAG TAA GGG ACG GCC CAA TGC AGT GGA T1G TAG
Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile>

190 200 210 2290 230 240

* * * * * ® * - * - L -
ACT GTT ACT TTA ARA AAG TIT CCA CTT GAC ACT TTG ATC CCT GAT GGA AAA CGC ATA ATC
TGR CAA TGA AAT TTT TTC AAA GGT GAA CTG TGA AAC TAG GGA CTA OCT TTT GCG TAT TAG
Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile Ile>

250 260 270 280 290 300

- L3 * * * * » L 1 * * - *
TGG GAC AGT AGR AAG GGC TIC ATC ATA TCA AAT GCA ACG TAC ARA GAA ATA GGG CTT CTG
ACC CTG TCA TCT TTC CCG AAG TAG TAT AGT TTA OGT 1GC ATG TIT CIT TAT CCC GAA GAC
Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu>

310 320 330 340 350 360

-* * * * - * * L] * * L] *
ACC TGT GAA GCA ACA GTC AAT GGG CAT TTG TAT AAC RCA AARC TAT CTC ACA CAT OGA CAA
TGG ACA CTT CGT TGT CAG TTA CCC GTA AAC ATA TTC TGT TTG ATA GAG TGT GTA GCT GIT
Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln>

370 380 390 400 410 420

* - * * - * - - - * * *
ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA OCA CGC OCA GTC ARA TTA CTT AGA GGC
TGG TTA TGT TAG TAT CTA CAG GTT TAT TOG TGT GGT GOG GGT CAG TTT AAT GAA TCT CCG
Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly>

430 440 450 460 470 480

- L ] - * +* - * * * - - »
CAT ACT CIT GTC CTC AAT TGT ALT GCT ACC ACT CCC TIG AAC ACG AGA GTT CAA ATG ACC
GTA TGA GAA CAG GAG TTA ACA TGA OGA TGG TGA GGG AAC TIG TGC TCT CAA GIT TAC TGG
His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr Arg Val Gln Met Thr>

480 S0 510 520 530 540

- L ® - * * - - * - L *

TGG AGT TAC OCT GAT GAA ARR ART ARG AGA GCT TCC GTA AGG CGA CGA ATT GAC CAA AGC
ACC TCA ATG GGA CTA CTT TTT TTA TTC TCT CGA AGG CAT TCC GCT GCT TAA CTG GIT TCG
Trp Ser Tyr Pro Asp Glu Lys. Asn Lys Arg Ala Ser Val Arg Arg Arg Ile Asp Gln Ser>
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Fig.15B.

550 560 570 580 $90 600

* * * * * & * * * * ] ]

AAT TCC CAT GCC AAC ATA TTC TAC AGT GTT CTT ACT ATT GAC AAA ATG CAG ARC AAA GAC
TTA AGG GTA CGG TIG TAT AAG ATG TCA CAA GAA TGA TAA CTG TTT TAC GIC TIG TIT CIG
Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys Met Gln Asn Lys Asp>

610 620 630 640 650 660

* * * L * * * * * - * *
AAA GGA CTT TAT ACT TGT CGT GTA AGG AGT GGA OCCA TCA TIC AAA TCT GTT AAC ACC TCA
TIT CCT GAR ATA TGA ACA GCA CAT TCOC TCA CCT GGT AGT ARG TIT AGA CAA TTG TGG AGT
Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser>

670 680 680 700 710 720

] * L * * ®* * * * * -« *
GTG CAT ATA TAT GAT AAA GCA GGC O0G GGC GAG CCC AAA TCT TGT GAC AAA ACT CAC ACA
CAC GTA TAT ATA CTA TTT CGT OCG GGC OOG CIC GGG TIT AGA ACA CTG T9T TGA GIG TGT
Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp lLys Thr His Thr>

730 740 750 760 770 . 780

* * L 4 - - * L] - » ] * *
TGC CCA COG TGC CCA GCA CCT GAA CTC CTG GGG GGA COG TCA GTC TIC CTC TTC CCC CCA
ACG GGT GGC ACG GGT CGT GGA CTT GAG GAC OCC CCT GGC AGT CAG AAG GAG AAG GGG GGT
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro>

790 800 810 820 830 840

* » L ] » - - - -« - * L »
ARMA CCC AAGS GAC ACC CTC ATG ATC TOC OGG ACC CCT GAG GTC ACA TGC GIG GIG GIG GAC
TIT GGG TTC CTG TG GAG TAC TAG AGG GCC TGG GGA CTC CAG TGT ACG CAC CAC CAC C1G
Lys Pro Lys Asp Thr Leu Met Ile Sex Arg Thr Pro Glu Val Thr Cys Val val Val Rsp>

850 860 870 880 890 900

* - *®* [ 4 * * * * * »* » *
GIG AGC CAC GAA GAC CCT GAG GTC ARG TTC AAC TGG TAC GIG GAC GGC GTG GAG GIG CAT
CAC TOG GTG CTT CIG GGA CTC CAG TTC AAG TIG ACC ATG CAC CTG CCG CAC CTC CAC GTA
Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His>

910 920 930 940 950 960

- * * »* - * * L 3 »* * * *

AAT GOC ARG ACA AAG OOG OGG GAG GAG CAG TAC AAC AGC ACG TAC OGT GIG GIC AGC GIC
TTA GG TIC TGT TIC GGC GCC CTC OTC GTC ATG TTG TOG TGC ATG GCA CAC CAG TCG CAG
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg val Val Sexr Val>

970 980

- * * *
CTC ACC GTC CTG CALC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC
GAG TGG CAG GAC GTG GIC CTG ACC GAC TTA CCG TIC CTC ATG TIC ACG TIC CAG AGG TIG
Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyx Lys Cys Lys Val Ser Asn>

990 1000 1010 1020
* * -

* * * * *

1030 1040 1050 1060 1070 1080

. * - L] *« L 4 - * * -* * * *
AMGC’CC‘ICCCAGCCCCCNK:GRG AM'ACCA'K:!CCAMCXZCW'WCAG_CCECGAGM
1mceccacacwcccccsmsc'zcmm'rm.mmoesmcccc'maecccrm
Lys Ala Leu-Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu>
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Fig.15C.

1110 1120

* * * L *

1090
* * L4
CCA CAG GTG TAC ACC C1G CCOC CCA TCC OGG GAT GAG CTG ACC AAG
GGT GTC CAC ATG TGG GAC GGG GGT AGG GOC CTA CTC GAC T6GG TIC
Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys

1100
»

1150 1160 1170 1180
- w » L] * - * L 4 *
ACC TGC CTG GTC ARA GGC TTC TAT CCC AGC GAC ATC GCC GTG GAG
TGG ACG GAC CAG TTT CCG AAG ATA GGG TOG CTG TAG CGG CAC CTC
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Vval Glu

1210 1220 1230 1240
* 4 * * * & * * -
CAG CCG GAG AAC ARC TAC AAG ACC ACG CCT (CC GTG CTG GAC TCC
GTC GGC CIC TIG TIG ATG TIC TGG TGC GGA GGG CAC GAC CIG AGG
Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Sexr

1270 1280 1280 1300
* * * * * * » * *
CTC TAC AGC AAG CTC ACC GTG GAL AAG AGC AGG TGG CAG CAG GGG
GAG ATG TG TTC GAG TGG CAC CTG TIC TCG ICC ACC GTC GTC CCC
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gla Gln Gly

1330
* - *
TCC GTG ATG CAT GAG GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC
AGG CAC TAC GTA CTC CGA GAC GIG TIG GTG ATG TGC GTC TTC TOG
Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser

1350 1360

L * * * *

1340
*

GGT AAA TGA
CCA TIT ACT
Gly Lys #*+*>

US 7,070,959 B1

1130
- *
AAC CAG GTC AGC CTG
TIG GTC CAG TOG GAC
Asn Gln val Ser Leu>

1140
.

1190 1200

* * *

TGG GAG AGC AAT GGG
ACC CTC TOG TTA CCC
Trp Glu Ser Asn Gly>

1260

* *

1250
-

GAC GGC TCC TIC TIC
CIG COG AGG AAG ARG
Asp Gly Ser Phe Fhe>

1310 1320

* * *

AAC GTC TIC TCA TGC
TIG CAG ARG AGT ACG
Asn Val Phe Ser Cys>

1370 1380

* * *

C1C TCC CIG ICT COG
GAG AGG GAC AGA GGC
Leu Ser Leu Ser Pro>
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Fig.16A.

10 20 30 40 50 60

- * - * * * * * * * L 4 *
ATG GIC AGC TAC TGS GAC ACC GGG GTC CIG CTG TGC GCG CTG CTC AGC TGT CTG CTT CTC
TAC CAG TOG ATG ACC CTG TGG CCC CAG GAC GAC ACG CGC GAC GAG TCG ACA GAC GAA GAG
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu Leu Leu>

70 80 90 100 110 120

* * " * w * * * * * L 2 *
ACA GGA TCT AGT TCA GGT TCA ABDA TTA AAA GAT OCT GAA CTG AGT TTA AAA GGC ACC CAG
TGT CCT AGA TCA AGT CCA AGT TTT AAT TTT CTA GGA CTT GAC TCA AAT TIT COG TSG GIC
Thr Gly Ser Ser Ser Gly Ser Lys Leu Lys Asp Pro Glu Leu Ser Leu Lys Gly Thr Gln>

130 - 140 150 160 170 180

- * * L] * * " « - * ® *
CAC ATC ATG CAA GCA GGC CAG ACA CIG CAT OTC CAA TGC AGG GGG GAA GCA GCC CAT ARA
GTG TAG TAC GIT OGT CCG GTC TGT GAC GTA GAG GIT ACG TCC CCC CTT CGT CGG GTA TIT
His Ile Met Gln Ala Gly GIn Thr Leu His Leu Gln Cys Arg Gly Glu Ala Ala His Lys>

190 200 210 220 230 240

- * *® L * +* * * * ® * *

TGG TCT TIG CCT GAA ATG GTG AGT AAG GAR AGC GAA AGG CTG AGC ATA ACT AAA ICT GCC
ACC AGA ARC GGA CTT TAC CAC TCA T7C CTT TCG CTT TCC GAC TCG TAT TGA TTT AGA CGG
Trp Ser Leu Pro Glu Met Val Ser Lys Glu Ser Glu Arg Leu Sexr Ile Thr Lys Ser Ala>

250 260 270 280 290 300

* +* < * * * * - * * * *
TGT GGA AGA AAT GGC ARA CAA TIC TGC AGT ACT TTA ACC TIG AAC ACA GCT CAA GCA AaC
ACA CCT TCT TTA CCG TTT GTT AAG ACG TCA TGA AAT TGG AAC TTG TGT CGA GITT OGT T1G
Cys Gly Arg Asn Gly Lys Gln Phe Cys Ser Thr Leu Thr Leu Asn Thr Ala Gln Ala Asn>

310 320 330 340 350 360

* * * - * * * * * * * *
CAC ACT GGC TTC TAC AGC TGC AAA TAT CTA GCT GTA CCT ACT TCA RAG AAG AAG GAA ACA
GTG TGA CCG ARG ATG TCG ACG TTT ATA GAT CGA CAT GGA TGA AGT TIC TIC TIC CIT TGT
His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val Pro Thr Ser Lys Lys Lys Glu Thr>

. 370 380 390 400 410 420
* * * -* * * - * - * * *
GAA TCT GCA ATC TAT ATA TIT ATT AGT GAT ACA GGT AGA COCT TIC GTA GAG AYTG TAC AGT
CTT AGA OGT TAG ATA TAT AAA TAA TCA CTA TGT CCA TCT GGA AAG CAT CTC TAC ATG TCA
Glu Ser Ala Ile Tyr Ile Fhe Ile Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser>

430 440 450 460 470 480

* * - * « * - - * . * *
GAA ATC CCC GAA ATT ATA CAC ATG ACT GAA GGA AGG GAG CTC GIC ATT CCC TGC CGG GTT
CIT TAG GGG CTT TAA TAT GTG TAC TGA CTT COT TCC CTC GAG CAG TAA GGG ACG GOC CAA
Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val>

490 500 510 520 530 540

* - * * - - - * * * - L

ACG'ICACC'I‘»AACA’ICACT.GTT_ACTWA_MAMBMCCACTEGACACT'I'IGNECCTGAT
Thr Ser Prxo Asn Ile Thr Val Thr Leu Lys Lys Phe Pro Leu Asp ‘Thr Leu Ile Pro Asp>

Mylan Exhibit 1102
Mylan v. Regeneron, IPR2021-00881
Page 81



U.S. Patent Jul. 4, 2006 Sheet 26 of 55 US 7,070,959 B1

Fig.16B.

550 560 570 580 590 600

* * * w * * * * * * * *
(IEAAAACGCATAATCMGACAGT’AGAAAGGECTMA'ICATAMMTGCAAQGMW
CCT TTT GOG TAT TAG ACC CTG TCA TCT TTC OCG ARG TAG TAT AGT TTA OGT TGC ATG TIT
Gly Lys Axg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

610 620 630 640 650 660

- L] * * * * * * »* * * *

GAA ATA GGG CTT CTG ACC TGT GAA GCA ACA GTC AAT GGG CAT TTG TAT AAG ACA AAC TAT
CTT TAT COC GAA GAC TGG ACA CTT OGT TGT CAG TTA CCC GTA AAC ATA TIC TGT TG ATA
Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr>

670 680 690 700 710 720

* * - - * * * * * * - *

CTC ACA CAT OGA CAA ACC AAT ACA ATC ATA GAT GIC CAA ATA AGC ACA CCA OGC CCA GIC
GAG TGT GTA GCT GIT 1GG TTA TGT TAG TAT CTA CAG GIT TAT TOG TGT GGT GOG GCT CAG
Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Axrg Pro Val>

730 740 750 760 770 780

* * * * " * * * * * * * *
AAA TTA CTT AGA GGC CAT ACT CTT GTC CTC AAT 1GT ACT GCT ACC ACT COC TTG AAC ACG
TTT AAT GAA TCT COG GTA TGA GAR CAG GAG TTA ACA TGA CGA TGG TGA GGG AAC TTG TGC
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr>

790 800 810 820 830 840

* * * * * * - * " * . -
AGA GTT CAA ATG ACC TGG AGT TAC CCT GAT GAA AAA AAT AAG AAC GCT TCC GTA AGG CGA
TCT CAA GTT TAC TGG ACC TCA ATG GGA CTA CTT TTT TTA TIC TIG OGA AGG CAT IXC GCT
Arg Val Gln Met Thr Trp Sexr Tyxr Pro Asp Glu Lys Asn Lys Asn Ala Ser Val Arg Axg>

850 860 870 880 830 900

* * * * * * * * * * * *
OGA ATT GAC CAA AGC AAT TCC CAT GCC ARC ATA TTC TAC AGT GTIT CTT ACT ATT GAC AAA
GCT TAA CIG GTT TCG TTA AGG GTA OGG TIG TAT AAG ATG TCA CAA GAA TGA TAA CIG TTT
Arg Ile Asp Gln Ser Asn Ser His Ala Asn Ile Fhe Tyr Ser Val Leu Thr Ile Asp Lys>

910 920 930 940 950 260

- * « * L 3 »* * L * * * *

ATG CAG AAC AAA GAC AAA GGA CTT TAT ACT TGT CGT GTA AGG AGT GGA CCA TCA TTC AAA
TAC GTC TTG TTT CIG TIT CCT GAA ATA TGA ACA GCA CAT TCC TCA CCT GGT AGT AAG TIT
Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser FPhe Lys>

970 980 980 1000 1010 1020

L * * * * * * - » ~ - *
TCT GTT AAC ACC TCA GTG CAT ATA TAT GAT AAA GCA GGC OCG GGC GAG CCC AAA TCT TGT
AGA CAA TTG TGG AGT CAC GTA TAT ATA CTA TIT CGT COG GGC CCG CTC GGG TTT AGA ACA
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys>

1030 1040 1050 1060 1070 1080

* * * » * - * - - L d L *

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val>
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Fig.16C.

1090 1100 1110 1120 1130 1140

* - * * * * * * * * & *
TIC CTC TTC CCC CCA AAA CCC AAG GAC ACC CTC ATG ATC TCC CGG ACC CCT GAG GTC ACA
ARG GAG AAG GGG GGT TTT GGG TIC CTG TGG GAG TAC TAG AGG GCOC TGG GGA CTC CAG TGT
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr>

1150 1160 1170 1180 1190 1200

* * - L - * * * * +* * *
TGC GTG GTG GTG GAC GTG AGC CAC GAA GAC CCT GAG GTC AAG TIC AAC TGG TAC GTG GAC
ACG CAC CAC CAC CTG CAC TCG GTG CTT OTG GGA CIC CAG TTC AAG TTG ACC ATG CAC CTG
Cys Val val val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp>

1210 1220 1230 1240 1250 1260

* W * +* * * * L 2 * * * *
GGC GTG GAG GTG CAT AAT GCC AAG ACA AAG QOG CGG GAG GAG CAG TAC AAC AGC ACG TAC
QCG CAC OTC CAC GTA TTA CGG TTC TGT TIC GGC GOC CTC CIC GIC ATG TTG TCG TGC ATG
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr>

1270 1280 1290 1300
* *

* * * * *

1310 1320
*

* * *

OGTG!GGTCAGCG?CCNACCGNCTGCACCAGGACTGGCMMTGGCMGGAGTACW
GCA CAC CAG TOG CAG GAG TGG CAG GAC GTG GIC CTG ACC GAC TTA OCG TIC CIC ATG TIC
Arg Val val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys>

*

1330 1340 1350 1360 1370 1380

* * * * * * « ® L ] * * *
TGC AAG GTC TCC AAC AAA GOC CTC OCA GCC QCC ATC GAG AAA ACC ATC TOC AAA GOC AAA
ACG TTC CAG AGG TIG TTT OGG GAG GGT CGG GGG TAG CTC TTT TGG TAG AGG TIT CGG TIT
Cys Lys Val Ser Asn Lys Ala Leu ¥ro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys>

1390 1400 1410 . 1420 1430 1440

* * * w - * * - - * * *
GGG CAG CCC CGA GAA CCA CAG GTG TAC ACC CTG CCC CCA TCC CGG GAT GAG CTG ACC ARG
QCC GTC GGG GCT CTT GGT GTC CAC ATG TGG GAC GGG GGT AGG GCC CTA CTC GAC TGG TIC
Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys>

1450 - 1460 1470 1480 1450 1500

* ® * * * * * * - 4 » 3
AAC CAG GTC AGC CIG ACC TGC CIG GIT AAA GGC TIC TAT CCC AGC GAC ATC GCC GTIG GAG
TIG GIC CAG TCG GAC TGG ACG GAC CAG TIT OOG AAG ATA GGG TCG CIG TAG CGG CAC CIC
Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu>

1510 1520 1530 1540 1550 1560

* * * » * * * * * * * *
TGG GAG AGC AAT GGG CAG CCG GAG AAC ARC TAC ARG ACC AOG CCT COC GTG CTG GAC TCC
ACC CTC TOG TTA CCC GTC GGC CTC TTG TTG ATG TIC TGG TGC GGA GGG CAC GAC CTG AGG
Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser>

1570 1580 1590 1600 1610 1620

* * 1 * * * * L] - - *

&CGGCTCCTICI’ICGCTACAGCAAGCECACCGNGACAAGAGCAGGTGGQ\GCAGGGG
CTG CCG AGG ARG AAG GAG-ATG TCG TTC GAG TGG CAC CTG TIC TOG TCC ACC GTC GIC CCC
Asp Gly Ser Phe Phe Leu . Tyr Ser Lys Leu Thr Val Asp Lys Ser Ary Trp Gln Gln Gly»
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Fig.16D.

1630 1640 1650 1660 1670 1680

* * * * * +* * * * * L ] 3
AAC GTC TIC TCA TGC TCC GIG ATG CAT GAG GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC
TIG CAG AAG AGT ACG AGG CAC TAC GTA CTC CGA GAC GTG TIG GTG ATG TGC GTC TIC TCG
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser>

1690 1700

* * * *

CTC TCC CIG TCT COG GGT AAA TGA
GAG AGG GAC AGA GGC CCA TTT ACT
Leuw Ser Leu Ser Pro Gly Lys ***>
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Fig.21 A. >EC<:R2IL_sice

10 20 30 40 s6 | 60 70 80
AAGCTTGGGCTGCAGETOGATOGACTCTAGAGGATCGATCOCOGCEOGAGCTOCARTTCGCAACCACCATGYTCAGCTAC
TTOGAACCOGACGTOCAGCTAGC TGAGATCTCCTAGC TAGGGEGCCCRC TOGAGCTTAAGCGTTGOTGIPACCAGTCGATG

MV S ™
1 4
>
>BspEl_bridge
|
90 100 110 120 130 140) 150 160

TEGEACACCGGEETCCTGC TG TGOGCORCTGC TCAGC TCTC TGC TTC TCACAGGATC TAGTTOCGGAGG TAGACCTTTCOGT
ACCCTGTGGCOCCAGGACGACACGOGOGACGAGTCGACAGACGAAGAGTGTCC TAGATCAAGGOCTCCATCTGGARAGCA.
WDTGVL LCALLSCLIULLTGS S

FLTL SS >
s G»
>
G R P F ¥V
31
>
170 180 190 200 210 220 230 240

AGAGATGTACAGTGAAATOCCCGAAATTATACACATGAC TGARGGAAGGGAGCTOGTCATTCOCTGOOGGATTACGTCAC
TCTCTACATGTCACT T TAGCCCEC TTTAATATG TG TACTGACT TCCTTOCC TCGAGCAGTAAGGGACGGCOCARTGCAGTG
EM Y S EI P EIXIIHMTTEGRETLVTIZPCRUVT S

57
HFLT1 D2, >

250 260 270 280 290 300 310 320
CTAACATCACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCC TGATOGAAAACGCATAATCTGGGACAGTAGA
GATTGTAGTGACAATGAAATTTTTTCAAAGGTGAACTGTGARAC TAGGGACTACCTTTTGOGTATTAGACCCTGTCATCT
P NITTVTDLI XXV FPLDTTILTIZPDGI KR RTITIUWDS R

84
HFLT1 D2 >

330 340 350 360 370 380 390 400
AAGGGCTTCATCATATCAAATCCAACGTACAAAGARATAGGCGOTTC TGACC TG TGAAGCAACAGTCAATGGGCATTTGTA
TTCCOGAAGTAGTATACT T TACGTTGCATGTTTC TTTATCCCGAAGACTGGACACTTOG TICTCAGTTACCCGTARACAT
K G F I I SNATVYI KEIGOGILLTTCEATVNGHILY

111
HFLT1 D2 >

410 420 430 440 450 460 470 480
TAAGACAAACTATCTCACACATOGACAAACCAATACAATCATAGATG TCETTC TGAGTCOGTCTCATGGAATTGAACTAT
ATTCTG T T IGATAGAGTG TG TAGCTC I T ICG T TATG T TACTATC TACACCAAGACTCAGGCAGAGTACCTTAACTTGATA

K T NY LT HRIGQTTNT?TITID
_HFLT1 D2 >
V VL 8P S HGTIE L>
137
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Fig.21B.
490 500 510 520 530 540 550 560
CTGTTGGAGAAAAGCTTGTCTTAAATTGTACAGCARGAAC TGAACTAAATG TGGGGATTGACTTCAACTGGGAATACCCT
GACAACCTCTTTTCGAACAGAATTTAACATG TG TIC TTGACT TGATT TACACCCC TAACTGAAGTTGACCCTTATGGGA
-8 VG EKLVLNCTARTETLUDNVGTIUDTFNWWEY P
: 164
HFLK1 D3 i >

570 580 590 600 610 620 630 640
TCTTCGAAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAGAAATTTTTGAG
AGAAGCTTCGTAGTCGTATTCTTTGAACATTTGGC TCTGGAT TTTTGGGTCAGACCCTCACTC TACTTCTT TAAAAACTC
S S KHQHKI KILVNR RIDILIXTOQSGS EMIEKITZ KT FTL S

191
HFLK1 D3 >

650 660 670 680 690 700 710 720

_ CACCTTAACTATAGATGGTGTAACCCGGRAGTGACCAAGGAT TG TACACCTGTGCAGCATCCAGTGGGC TGATGACCAAGA
GTGGAATTGATATCTACCACATTGGCCCTCACTCCTTOCTAACATG TEGACACCTCC TAGCTCACCOGACTACTGGTTCT
T L TIDOGVV TRSDOQGLYTCA-AMSSGLMTEK:

217
HFLK1 D3 >
»Srf_Bridge
I
730 140 750 | 760 170 780 790 800

KN STVPF VRVHE K

PR ;- f: & W o L >
G P G
>
D XK THTTCUPPCPAUP E
244
FCAC1(a) >
810 820 830 840 850 860 870 880

CTCCTGGGEGEACOGTCAGTCTTCC TCTTOCCCCCARARCCCARGGACACCCTCATGATC TCCOGGACCOC TAAGGTCAC
GAGGACCCOCCTOGCAGTCAGAAGGAGAAGGGEGETTTTCECTTCC TG TEGEGAGTAC TAGAGGGOCTGERGACTCCAGTG
LLGGPS SV FLPPUPIEKPEKDTILMTISRTOPEUVT

271

FCAC1(a) >

8950 900 910 920 930 940 950 960
ATGCGTGETGGTGRACGTGAGCCACGAAGACCCTGAGETCARGTTCAACTGG TACGTGGACGGCCTGGAGG TGCATAATG
TAQGCACCACCACCTGCACTCGRTGCTTC TGGGACTCCAGT ICAAG TTGACCATGCACCTGCCGCACCTOCACGTATTAC

CVVVDVSHEDEPEVI KT FNWYVDGEGVEVH N
297

FCAC1 (R) >

970 980 990 1000 1010 1020 1030 1040
CCARGACARAGCCGOGGGAGGAGCAGTACAACAGCACGTACCG TG TGGTCAGUGTCCTCACOGTCCTGCACCAGGACTGE
GEITCTGITTCCECGACCTCCTCGTCATG T TG TCG TGCATGECACACCAGTOGC AGGAG TGGCAGGACCTGG TCOTGACC
A RTKPREUZEQYNST T YRV VYV SV LTVILHOQDW

324
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Fig.21C.
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CTGAATGGCAAGGAGT TCCCAGCCOCCATOGAGAAAACCATCTOCAAAGCCAA
GACTTACCGTTCCTCA AGAGGTTTCGGTT
L NGK E Y XK CIEKUVSNIKALUPGAAMPTIEIEKTTIS SZEN-? DT>

351
FCAC1 (A) >
>A>C_A_allotype
I
>G>T_A_allotype
1130 1140 1150 1160 1170 | 1180 1150 1200

AGGGCAGCCCOGAGAALCACAGG TGTACACCCTGOOCCCATCCOGGGATGAGC TGACCAAGAACCAGGTCAGCCTGACCT
TCOOGTCCGEGCTCTIGG TG TCCACATG TGGRACGGHGETAGGECCCTACTCGACTGETTCTTIGGTOCAGTOGGACTGGA
G Q PR E P QV Y TLPPS S5 RDELTI KNUOQVSL T

377
FCAC2 (3) >

1210 1220 1230 1240 1250 1260 1270 1280
GCCTCETCARAGGC T TCTATOCCAGCGACATCGCOG TEGAGTGGGAGAGCAATGCGCAGCCGGAGAACAACTACARAGACT
COGACCAGTTTCCGAAGATAGGG TCGCTATAGOGGCACCTCACCCTCTOGT TACCCETOGECCTCTTGTTGATGTICTGG
.C L VKGTF FYUPSDIAVEUWES SNGOGOQPIENNYI KT

404
FCAC1(A) >

>T>C

|
1290 1300 1310 1320 1330 1340 1350 1360
ACGOCTCCCGTGCTGGACTOCGACGGCTCCTTCTTOCTCTATAGCARGC TCACCGTGAACAAGAGCAGGTGGCAGCAGES
TGCOGAGCGECACGACCTGAGCC TGCCCACGAAGAAGGAGATATCCTTCGAGTCECACCTCTTCTOGTCCACCETOGTOCC
T PPV LD SDGS F FLYSEKILTV VDI KSR RWQOQ G
431
FCAC1 (A) >

1370 1380 1390 1400 1410 1420 1430 1440
GAACGTCTTCTCATGCTCCGTGATGCATGAGEGC TCTGCACAACCACTACACGCAGAAGAGCC TCTCOCTGTCTCOGGATA
CTTGCAGAAGAGTACGAGGCACTACGTACTOCGAGACGTC T TG TGATG TGOGTC TIC TCCGAGRGGGACAGAGGCCCAT

NVPFSCSVMHEALHNHYTTQEKSLSL S P G
457
FCAC1 (2) >

>NotI_site
|
]1450
AATGAGOGGCCGC
TTACTCGOCOGROG
K *>
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Fig.22A. N

10 20 30 40 50 | 60 70 80
AAGCTTCGGCTGCAGGTOGA! TTCGCAACCACCATGGTCAGCTAC
TTCCAACCOGACGTCCAGC TAGCTGAGATC TCCTAGCTAGGEGCCCEU TOGAGCTTAAGOGTTOG TGETACCAGTOGATG

MV S ¥
1 4
>
>BspEI_bridge
|
90 100 110 120 130 140 I 150 160

TGGGACACCGGGETCCTCC TG TEOGCGCTGC TCAGCTGTCTGC TTCTCACAGGATCTAG TICOGGAGG TAGACCTTTCGT
ACCCTGTGGOCCCAGGACGACACGCGOGACGAGTCCACAGACGAAGAGTGTCC TAGATCAAGGCCTCCATCTGGAAAGCA
WDTGGVLLCALLSCLTLLTTG S S

FLT1 SIGNAL SEQUENCE >
s G
>
G R PF W
3
>
170 180 190 200 210 220 230 240

AGAGATCTACAGTGAAATCOCCGAAATTATACACATGACTGAAGGAAGGGAGC TOGTCATTCCCTGOOGRETTACGTCAL
TCTCTACATGTCACTT TAGGGGCTTTAATATG TG TACTGACT TOC TTCCCTCGAGCAGTAAGGGACGEGCCCARTGCAGTG
EMYS EI PEIIHMTEGREILVTIUPCRUVT S

57
_FLT1 IG DCMAIN 2 >

250 260 270 280 290 300 310 320

' CTARCATCACTG TTACTITAAAAAAG TTTOCACTTGACACTTTGATOCC TGATGGARAACGCATARTC TGOGACAGTAGA
GATTGTACTGACAATGAAATT TTITCAAAGGTGAACTGTGARACTAGGGACTACCTTTTGOGTATTAGACCCTGTCATCT
P NI TVTLIEKEKPFPLDTLTIU®PDGIE KU RTITIWDS R
84

_FLT1 IG DOMAIN 2 : >

330 340 350 360 370 380 390 400
AAGGGCTICATCATATCAAATGCAACGTACAAAGAARTAGGGC TTC TCGACC TG TGAAGCAACAGTCARTGGGCATTTGTA
TTCCCGAAGTAGTATAG TTTACGTTGCATGTTIC TTTATCCCGAAGAC TEGACACTTCGTTGTCAGTTACCOGTAARCAT
K GF I I S NATYZEXKETIGLTLTOCEA ATV VNGHTEL Y

111
FLT1 IG DOMAIN 2, >

410 420 430 440 450 460 470 480
TAAGACAAACTATCTCACACATOGACAAACCAATACAATCATAGATATCCAGCTGTTGCCCAGGAAGTOGCTGGAGCTGC
ATTCIGTTTGATAGAGTRTGTAGCTGTTTGE TTATG TTAGTATC TATAGGTCGACAACGGGTCCTTCAGOGACC TOGALG

K TNYTZLTHRUOQTNTTITID
FLT1 IG DOMAIN 2 >
I QL L PRIKJSULE >
137
— . VEGFR3 (FLT4) IG DOMAIN 3 >
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Fig.22B.
490 500 510 520 530 540 550 560

TGGTAGGGGAGAAGCTGGTCCTCARCTGCACOCTGTGRGCTGAGTITAACTCAGG TG TCACCTTTGAC TGGGACTACCCA
. ACCATCCCCTCTTCGACCAGGAGTTGACGTGGCACACCCGAC TCAAATTGAGTCCACAGTGGAAACTGACCCTGATGGGT
L VGEI KLVILNCTVWAETFWNSGVTVPFPDWDY P>

164
VEGFR3 (FLT4) IG DOMAIN 3 >

570 580 590 600 610 620 630 640
GGGAAGCAGGCAGAGCGGGG TAAGTGGG TGOCOGAGOGACGC TOCCAACAGACCCACACAGAACTCTCCAGCATCC TGAC
CCCTTCGTCOGTCTCGCCCCATTCACCCACGGOCTOGCTGCGAGGE TTGTC TG TGTC TCTTGAGAGGTCGTAGGAC TG
G K QA ERUGI KWV P ERRSQQTHTETLSSTIUL T

191
VEGFR3 (FLT4) IG DOMAIN 3 >

650 660 670 680 690 700 710 720
CATCCACAACGTCAGCCAGCACGACCTGGEC TOGTATGTG TGCAAGGCCAACAACGGCATCCAGOGATTTCGGGAGAGCA
GTAGGTGTTGCAGTCGGTCGTGCTGGACCCGAGCATACACACG TTCOGG TTGTTGCCGTAGGTOGCTAAAGCCCTCTOGT

I HNVS QHDILGSYVCEKANDNGTIOQRTFRE 5
' 217
VEGFR3 (FLT4) IG DOMAIN 3 >

730 © 740 750 760 770 780 790 800
COGAGGTCATIGCTGCATGARAATGECCOGGGOGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAC TOCTOGESE
GGCTCCAGTAACACGTACTTT TACCGGECCCGC TETTTTGAG TG TGTACGEGTCECANGGGTCGCTGGACTTGAGGACCCC
T BE V I VH E N
—VEGFR3 (FLT4) IG, >

G P G>
>
D KTHTTCUPPCUPAP?PETLLG
244
——— o FCAC1 -~ A ALILOTYPE. >
810 820 830 840 850 860 870 880

GGEACCGTCAGTCTTCCTCTTCCOCCCCAAARCCCAAGGACACCCTCATGATCTCCOGGACCCCTAAGGTCACATGCGTGET
CCTGGCAGTCAGAAGGAGAAGGGGGETTTTGGGTTCCTGTEGGAGTACTAGAGGGCCTGEEGACTCCAGTGTACGCACCA
G PSVFLF PP KUPI KDTULMTISTRTPEVTCVV

271

FCAC1 - A ALLOTYPE, >

890 900 910 920 930 940 950 960
GGTGGACGTGAGOCACGAAGACCCTGAGGTCAAGTTCARC TGG TACGTGGACGGCGTCGAGGTGCATARTGCCARGACAR
CCACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCOGCACCTCCACGTATTACGGTTCTCTT

VDV SHEDZPEVEKTZ PNWYUV DGV EVHNATZEKT
297

FCAC1 - A ALLOTYFE >

970 980 990 1000 1010 1020 1030 1040
AGCOGCGRGAGGAGCAGTACAACAGCACGTACCGTGTEC TCAGCGTCCTCACCGTCCTGCACCAGGACTGGC TGARTGGT
TCGGCGCOCTCCTOG TCATG TTGTOGTGCATGGCACACCAGTCGCAGGAGTGGCAGGACG TCCTCCTGACCGACT TACCG
XK P REEQVYNSTYRVVS VLTVLUHQDUWLN G

324

FCACl - A ALLOTYPE >

Mylan Exhibit 1102
Mylan v. Regeneron, IPR2021-00881
Page 92



U.S. Patent Jul. 4, 2006 Sheet 37 of 55 US 7,070,959 B1

Fig.22C.
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ARGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATC TCCARAGOCAARGGGCAGCT

TTOCTCATGTTCACGTTCCAGAGE T TG T T ICGEEAGGETCGGGEE TAGCTC TI T TGGTAGAGCTTTCGGTTTCCCGTCGG
K E Y X CKVSNIKALPATPTIETZ KTTISI XA AIKTEGO QP

sy
FCAC1 - A ALLOTYPE >
>AC_A_allotype
>G>T_.A__allolype
1130 1140 1150 1160 I117é 1180 1190 1200

. CCGAGARCCACAGGTGTACACCCTGCCCCCATCCCOGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGOCTGGTCA
GGCTCTTGETGTCCACATG TGGEACGGEGETAGGGCCCTACTOGAC TCETTC TTGG TCCAGTCGRACTGGACGBACCAGT

© R EPQVYTLPPS SR RDELTIUE KNI QVSLTCL W
3

FCAC1 - A ALLOTYPE >

1210 1220 1230 1240 1250 1260 1270 1280
- AAGGCTTCTATCCCAGCGACATCGCCCTOGAGTGGRAGAGCAATGEGCAGCCGGAGAACAACTACAAGACCACGOCTOCC
TTCCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCETTACCOG TCGRGCCTC TTCTTCATG TTCTGGTGCGGAGGS
'K G FYPSDIAVETWESNGOQPENNYI EKTTT?PP

404
JFCAC1 - A ALLOTYPE_ >
>T>C
|
1290 1300 1310 "1320 1330 1340 1350 1360

GTGCTGGACTCCRACGGCTCCTTCTTCCTCTATAGCARGC TCACCG TGGACAAGAGCAGG TGGCAGCAGGGGAACGTCTT
CACGACCTGAGGCTGOCGAGGARGAAGGAGATATCGTTCGAGTGGCACCTGT TCTOG TOCACCGTOGTCCCCTTGCAGAA
VLDS5DGS F FLY S KLTUVDIE XS SRWOQOQGNVP

431
FCAC1 - A ALLOTYPE >
>NotI_site
|
1370 1380 1390 1400 1410 1420 1430 1440

CTCATGCTCOGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTOTCCC TG TC TCOGGGTARATGAGCGG

GAGTACGAGGCACTACGTACTCCGAGACGTG TTGGTGATGTGCOGTCTTC TCGGAGAGGGACAGAGGCCCATTTACTCGCC

§ C S VM HEALHNHYTQIKSUL SL S PGIK *>
455

FCAC1 - A ALLOTYPE, >
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Fig.23.
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Fig.24A.

* » * * * *
ATG GIC AGC TAC TGG GAC ACC GGG GIC CTG CIC TGC GG CTG CIC AGC TOT CTG CTT CIC
TAC CAG TCOG ATG ACC CIG TGG OOC CAG GAC GAC AOG OGC GAC GAG TOG ACA GAC GAA GAG
M V. s ¥ W D T ¢€ V L L ¢ A L L $§ C L L D

1 5. hFLT1 SIGNAL SEQUENCE 15, 20>
70 80 90 100 110 120
* * * * - *

ACA GGA TCT AGT IXC GGA AGT GAT AQC GGT AGA OCT TTC GTA GAG ATG TAC AGT GPA ATC
TGT CCT AGA TCA AGG CCT TCA CTA TGG CCA TCT GGA AAG CAT CIC TAC ATG TCA CIT TG
T 6 § § s &
21_hFLT1 SIGNAL SEQ 26>

$ D T G R P F V E M Y 8 E I

_27 30___hFLT1 IG DOMATN 2, 40>
130 140 150 160 170 180
* * * L » *

COC GAA ATT ATA CAC ATG ACT GAA GGA AGG GAG CTC GTC ATT CCC TGC (GG GIT ACG TCA
-GGG CTT TAA TAT GTG TAC TGA CIT CCT TOC CTC GAG CAG TAA GGG AOG GOC CAA TGC AGT
P E I I H M T E 6 R E L VvV I P C R V T S

41 45 hFLT1 IG DOMAIN 2, 55 60>
190 200 210 220 230 240
* " * * * *

CCT AAC ATC ACT GTT ACT TTA AAA ARG TIT CCA CTT GAC ACT TG ATC CCT GAT GGA AAA
GGA TTG TAG TGA CAA TGA AAT TTT TIC AAA GGT GAA CIG TGA AAC TAG GGA CTA CCT TTT
P N I T V T L K K F P L D T L I P D G B
61, 65, _bhFLT1 IG DOMAIN 2 75 80>

250 260 270 280 250 300

* * * * » *

" QGC ATA ATC TGG GAC AGT AGA AAG GGC TIC ATC ATA TCA AAT GCA AOG TAC AAA GAA ATA
GOG TAT TAG ACC CTG TCA TCT TIC COG AAG TAG TAT AGT TTA OGT TGC ATG TTT CIT TAT
R I T W D 8 R K ¢ F I I 8 N A T Y XK B I

81 85, hFLT1 IG DOMAIN 2_ 95, 100>
310 320 330 340 350 360
* " - * » *

GGG CTT CTG ACC TGT GAA GCA ACA GIC AAT GGG CAT TTIG TAT AAG ACA ARC TAT CIC ACA
OCC GAA GAC TGG ACA CIT OGT TGT CAG TTA COC GTA ARC ATA TIC TGT TIG ATA GAG TGT
¢ L L T ¢C E A T V N 6 H L Y K T N Y L T
101 105 ~.hFLTL IG DOMAIN 2 115 120>

370 380 390 400 410 420
* N * * * * *
CAT OGA CAA ACC AAT ACA ATC ATA GAT GIG GIT CTG AGT OOG TCT CAT GGA ATT GAA CTA
GTA GCT GIT TGG TTA TGT TAG TAT CTA CAC CAA GAC TCA GGC AGA GTA CCT TAA CTT GAT
H R Q T N T 1 I D
121_____hFLT1 IG DOMAIN 2_____ 129 >
V V L §S P S H 6 I E L
130 hFIXI IGDOMAIN 3_____ 140>
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Fig.24B.

430 440 450 460 470 480
. & * * - * *
TCT GIT GGA GAA AAG CTT GTC TTA AAT TGT ACA GCA AGA ACT GAA CTA AAT GTG GGG ATT
AGA CAA CCT CIT TTC GAA CAG AAT TTA ACA TGT OGT ICT TGA CTT GAT TTA CAC OOC TAA
S VvV 6 E XK L VvV L N €C T™ A R T E L N V G I
i1 145 hFLK1 IG DOMAIN 3 155, 160>

490 500 510 520 530 540
* * » * * *

GAC TTC AAC TGG GAA TAC OCT TCT TCG AAG CAT CAG CAT AAG AAA CIT GTA AAC OGA GAC
CTG AAG TIG ACC CTT ATG GGA AGA AGC TIC GTA GIC GIA TTC TIT GAA CAT TTG GCT CIG
D F N W E Y P 8 58 K H ¢ H K K L V N R D
161, 165, hFiX1 IG DOMAIN 3 175, 180>

550 560 570 580 590 600
* * * * * »
CTA AAA ACC CAG TCT GGG AGT GAG ATG ARG AAA TTT TIG AGC ACC TTA ACT ATA GAT GGT
GAT TTIT TGG GIC AGA COC TCA CIC TAC TTC TIT AAA AAC TCG TGG AAT TGA TAT CTA CCA
L K T Q@ 8 6 § E M K K P L s T L T I D &
181 185 _HFLK1 IG DOMAIN 3, 195 200>

610 620 630 640 650 660
* * * * * -

GTA ACC CGG AGT GAC CAA GGA TIG TAC ACC TGT GCA GCA TCC AGT GGG CTG ATG ACC ARG
CAT T6G GOC TCA CTG GTT CCT AAC ATG TGG ACA OGT OGT AGG TCA OCC GAC TAC TGG TIC
v T R S D Q G L ¥ T C A A 8§ § G L M T K
201, 205 hFLKL IG DOMAIN 3 215, 220>

670 680 690 700 710 720
* * * * * *

AAG AAC AGC ACA TTT GIC AGG GIC CAT GAA AAG GAC AMA ACT CAC ACA TGC OCA O0G TGC
TTC TTG TOG TGT AdMA CAG TCC CAG GTA CIT TIC CIG TIT TGA GTG TGT ACG GGT GGC ACS
‘'K N 8§ T F V R V H E K

o220 HFUKI TGDOMAIN 3 231>
D K T H T C P P O
232 _hFCAC1 A 240>
730 740 750 760 770 780
* * * * * *

CCA GCA CCT GAA CTC CTG GGG GGA 00G TCA GIC TIC CTC T7C OCC CCA AAA OCC AAG GAC
GGT OGT GGA CTT GAG GAC COC OCT GGC AGT CAG AAG GAG ARG GGG GGT TTT GGG TIC CTG
P A P E L L 6 G P 8§ V F L F P P K P K D

241 245 —hFCACL A 255 260>
790 800 810 820 830 840
* * » * * *

AQC CTC ATG ATC TCC OGG ACC CCT GAG GTC ACA TGC GTG GIG GTG GAC GTG AGC CAC GAA
TGG GAG TAC TAG AGG GCC TGG GGA CIC CAG TGT AOG CAC CAC CAC CTG CAC TOG GIG CIT
T L M I § R T P E V T €C V V V D V S8 H B

261, 265, hFCAC1 A 275 280>
850 860 870 880 830 900
* * * * * *

GAC OCT GARG GIC AAG TTC AAC TGG TAC GIG GAC GGC GTG GAG GTG CAT AAT GOC AAG ACA
CTG GGA CIC CaG TTC AAG TIG ACC ATG CAC CTG COG CAC CTC CAC GTA TTA 0GG TIC TGT
D P E V K F N W Y V D 6 VvV E V H N A K T
281 285 hFCACL A 295 __. 300>
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Fig.24C.

910 220 930 940 950 960

* * * * * *
AAG CCG OGG GAG GAG CAG TAC AAC AGC ACG TAC OGT GTG GTC AGC GIC CIC ACC GIC CTG
TIC GGC GCC CIC CIC GIC ATG TIG TOG TGC ATG GCA CAC CAG TOG CAG GAG TGG CAG GAC
K P R E E Q ¥ N 8§ T Y R V V s V L T V >

301, 305, hFCaCl A 315 : 320>
970 980 990 1000 1010 1020
»* * * * * *

CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC ARC AAA GCC CIC CCA
GTG GIC CTG ACC GAC TTA COG TIC CTC ATG TTIC ACG TIC CAG AGG TIG TIT OGG GAG GGT
H Q D W L N 6 K E Y K € K vV 8 N K A L Pp
321 325, hFCAC1 A 335, 340>

1030 1040 1050 1060 1070 1080

* * * * * *

GCC OCC ATC GAG ARA ACC ATC 7CC AAA GCC AAA GGG CAG CCC OGA GAA OCA CAG GIG TAC
QGG GGG TAG CTC TTT TGG TAG AGG TIT OG TIT CCC GIC GGG GCT CIT GGT GTC CAC ATG
A P I E K T I 8 K A K G¢6 Q P R E P Q V W™
341 345 hFCACL A _355, 360>

1090 1100 1110 1120 1130 1140

* * * * * *
ACC CTG CCC QCA TOC (GG GAT GAG CTG ACC AAG AAC CAG GTC AGC CTG ACC TGC CTG GIC
TGG GAC GGG GET AGG GOC CTA CIC GAC TGG TTC TIG GTC CAG TCG GAC TGG ACG GAC CAG
T L P P § R D E L T K N Q V 5 L T C L W

361 365 hFCACY A 375 380>
1150 1160 1170 1180 1190 1200
* * * * * *

AAA GGC TIC TAT COC AGC GAC ATC GOC GTG GAG TGG GAG AGC AAT GGG CAG COG GAG AAC
TTT OCG AAG ATA GGG TCG CTG TAG OGG CAC CTC ACC CIC TCG TTA CCC GIC GGC CIC TTG
K 6 F Y P 8§ D I AV E W E S8 N G Q P E N
381, 385 hFCACYL A 395 400>

1210 1220 1230 1240 1250 1260

* - * * * *

AAC TAC AAG ACC AQG CCT OXC GTG CTG GAC TCC GAC GGC TCC TTC TIC CTC TAC AGC ARG
TIG ATG TTC TGCG TGC GBA GGG CAC GAC CTG AGG CTG COG AGG AAG ARG GAG ATG TCG TIC
N ¥ X T T P P V L DS D GG § F F L Y § K
401 405 hFCXC1 A 415 420>

1270 1280 1290 1300 1310 1320
* * * *® * *

CTC ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG AAC GIC TIC TCA TGC TCC GIG ATG CAT
GAG TGG CAC CTG TTC TCOG TOC ACC GIC GIC OCC TIG CAG AAG AGT ACG AGG CAC TAC GTA
L T v D K 8 R W 0 Q 6 N V F 8 €C 8 VvV M B
421 425, hFCAC1 A 435 440>

1330 1340 1350 1360 1370
- * * * *

GAG GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC CIC TCC CIG TCT COG GGT AAA TGA
CIC CGA GAC GTG TIG GIG ATG TGC GIC TIC TCG GAG MGG GAC AGh GGC OCA TTT ACT
E A L H N H Y T Q K S L 8 L 8 P 6 K *
441 - . . 445 " . hFCACI A ___ . _ 455 458___»>
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MODIFIED CHIMERIC POLYPEPTIDES
WITH IMPROVED PHARMACOKINETIC
PROPERTIES

The application claims priority of U.S. Provisional Appli-
cation No. 60/138,133, filed on Jun. 8, 1999. Throughout
this application various publications are referenced. The
disclosures of these publications in their entireties are
hereby incorporated by reference into this application.

INTRODUCTION

The field of this invention is modified polypeptides with
improved pharmacokinetics. Specifically, the field of this
invention relates to Fltl receptor polypeptides that have
been modified in such a way as to improve their pharma-
cokinetic profile. The field of this invention also relates to
methods of making and using the modified polypeptides
including but not limited to using the modified polypeptides
to decrease or inhibit plasma leakage and/or vascular per-
meability in a mammal.

BACKGROUND

The ability of polypeptide ligands to bind to cells and
thereby elicit a phenotypic response such as cell growth,
survival, cell product secretion, or differentiation is often
mediated through transmembrane receptors on the cells. The
extracellular domain of such receptors (i.e. that portion of
the receptor that is displayed on the surface of the cell) is
generally the most distinctive portion of the molecule, as it
provides the protein with its ligand binding characteristic.
Binding of a ligand to the extracellular domain generally
results in signal transduction which transmits a biological
signal to intracellular targets. Often, this signal transduction
acts via a catalytic intracellular domain. The particular array
of sequence motifs of this catalytic intracellular domain
determines its access to potential kinasc substrates (Moham-
madi, et al.,1990, Mol. Cell. Biol. 11:5068-5078; Fantl, et
al, 1992, Cell 69:413-413). Examples of receptors that
transduce signals via catalytic intracellular domains include
the receptor tyrosine kinases (RTKs) such as the Trk family
of receptors which are generally limited to cells of the
nervous system, the cytokine family of receptors including
the tripartate CNTF receptor complex (Stahl & Yancopou-
los, 1994, J. Neurobio. 25:1454-1466) which is also gener-
ally limited to the cells of the nervous system, G-protein
coupled receptors such as the f3,-adrenergic receptor found
on, for instance, cardiac muscle cells, and the multimeric
IgE high affinity receptor FceRI which is localized, for the
most part, on mast cells and basophils (Sutton & Gould,
1993, Nature 366:421-428).

All receptors identified so far appear to undergo dimer-
ization, multimerization, or some related conformational
change following ligand binding (Schlessinger, J., 1988,
Trend Biochem. Sci. 13:443-447; Ullrich & Schlessinger,
1990, Cell 61:203-212; Schlessinger & Ullrich, 1992, Neu-
ron 9:383-391) and molecular interactions between dimer-
izing intracellular domains lead to activation of catalytic
function. In some instances, such as platelet-derived growth
factor (PDGF), the ligand is a dimer that binds two receptor
molecules (Hart, et al, 1988, Science, 240:1529-1531;
Heldin, 1989, J. Biol. Chem. 264:8905-8912) while, for
example, in the case of epidermal growth factor (EGF), the
ligand is a monomer (Weber, et al., 1984, J. Biol. Chem.
259:14631-14636). In the case of the FceRlI receptor, the
ligand, IgE, exists bound to FceRI in a monomeric fashion
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and only becomes activated when antigen binds to the
IgE/FceR] complex and cross-links adjacent 1gE molecules
(Sutton & Gould, 1993, Nature 366:421-428).

Often, the tissue distribution of a particular receptor
within higher organisms provides insight into the biological
function of the receptor. The RTKs for some growth and
differentiation factors, such as fibroblast growth factor
(FGF), are widely expressed and therefore appear to play
some general role in tissue growth and maintenance. Mem-
bers of the Trk RTK family (Glass & Yancopoulos, 1993,
Trends in Cell Biol. 3:262-268) of receptors are more
generally limited to cells of the nervous system, and the
Nerve Growth Factor family consisting of nerve growth
factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (N1-3) and neurotrophin-4/5 (N'1-4/5),
which bind the Trk RTK family receptors, promote the
differentiation of diverse groups of neurons in the brain and
periphery (Lindsay, R. M, 1993, in Neurotrophic Factors, S.
E. Loughlin & J. H. Fallon, eds., pp. 257-284, San Diego,
Calif., Academic Press). FceR1 is localized to a very limited
number of types of cells such as mast cells and basophils.
Mast cells derive from bone marrow pluripotent hematopoi-
etic stem cell lineage, but complete their maturation in the
tissue following migration from the blood stream (See
Janeway & Travers, 1996, in Immunobiology, 2d. Edition,
M. Robertson & E. Lawrence, eds., pp. 1:3-1:4, Current
Biology Ltd., London, UK, Publisher) and are involved in
the allergic response. Many studies have demonstrated that
the extracellular domain of a receptor provides the specific
ligand binding characteristic. Furthermore, the cellular envi-
ronment in which a receptor is expressed may influence the
biological response exhibited upon binding of a ligand to the
receptor. For example, when a neuronal cell expressing a Trk
receptor is exposed to a peurotrophin which binds to that
receptor, neuronal survival and differentiation results. When
the same receptor is expressed by a fibroblast, exposure to
the neurotrophin results in proliferation of the fibroblast
(Glass, et al., 1991, Cell 66:405-413).

A class of cell-derived dimeric mitogens with selectivity
for vascular endothelial cells has been identified and desig~
nated vascular endothelial cell growth factor (VEGF).
VEGF has been purified from conditioned growth media of
rat glioma cells [Conn et al., (1990), Proc. Natl. Acad. Sci.
U.S.A,, 87. pp 2628-2632]; and conditioned growth media
of bovine pituitary follicle stellate cells [Ferrara and Henzel,
(1989), Biochem. Biophys. Res. Comm., 161, pp. 851-858;
Gozpadorowicz et al., (1989), Proc. Natl. Acad. Sci. US.A.,
86, pp. 7311-7315] and conditioned growth medium from
human U937 cells [Connolly, D. T. et al. (1989), Science,
246, pp. 1309-1312]. VEGF is a dimer with an apparent
molecular mass of about 46 kDa with each subunit having an
apparent molecular mass of about 23 kDa. VEGF has some
structural similarities to platelet derived growth factor
(PDGF), which is a mitogen for connective tissue cells but
not mitogenic for vascular endothelial cells from large
vessels.

The membrane-bound tyrosine kinase receptor, known as
Flt, was shown to be a VEGF receptor [DeVries, C. et al.,
(1992), Science, 255, pp. 989-991]. The Flt receptor spe-
cifically binds VEGF which induces mitogenesis. Another
form of the VEGF receptor, designated KDR, is also known
to bind VEGF and induce mitogenesis. The partial cDNA
sequence and nearly full length protein sequence of KDR is
known as well [Terman, B. 1. et al., (1991) Oncogene 6, pp.
1677-1683; Terman, B. 1. et al., (1992) Biochem. Biophys.
Res. Comm. 187, pp. 1579-1586].
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Persistent angiogenesis may cause or exacerbate certain
diseases such as psoriasis, rheumatoid arthritis, hemangio-
mas, angiofibromas, diabetic retinopathy and neovascular
glaucoma. An inhibitor of VEGF activity would be useful as
a treatment for such diseases and other VEGF-induced
pathological angiogenesis and vascular permeability condi-
tions, such as tumor vascularization. The present invention
relates to a VEGF inhibitor that is based on the VEGF
receptor Fltl.

Plasma leakage, a key component of inflammation, occurs
in a distinct subset of microvessels. In particular, in most
organs plasma leakage occurs specifically in the venules.
Unlike arterioles and capillaries, venules become leaky in
response to numerous inflammatory mediators including
histamine, bradykinin, and serotonin. One characteristic of
inflammation is the plasma leakage that results from inter-
cellular gaps that form in the endothelium of venules. Most
experimental models of inflammation indicate that these
intercellular gaps occur between the endothelial cells of
postcapillary and collecting venules (Baluk, P., et al., Am. J.
Pathol. 1998 152:1463-76). It has been shown that certain
lectins may be used to reveal features of focal sites of plasma
leakage, endothelial gaps, and finger-like processes at endot-
helial cell borders in inflamed venules (Thurston, G, et al.,
Am. J. Physiol, 1996, 271: H2547-62). In particular, plant
lectins have been used to visualize morphological changes at
endothelial cell borders in inflamed venules of, for example,
the rat trachea. Lectins, such as conconavalin A and ricin,
that bind focally to inflamed venules reveal regions of the
subendothelial vessel wall exposed by gaps that correspond
to sites of plasma leakage (Thurston, G., et al., Am J Physiol,
1996, 271: H2547-62).

The properties of the microvessels are dynamic. Chronic
inflammatory diseases, for example, are associated with
microvascular remodeling, including angiogencsis and
microvessel enlargement. Microvessels can also remodel by
acquiring abnormal phenotypic properties. In a murine
model of chronic airway inflammation, airway capillaries
acquire properties of venules, including widened vessel
diameter, increased immunoreactivity for von Willebrand
factor, and increased immunoreactivity for P-selectin. In
addition, these remodeled vessels leak in response to inflam-
matory mediators, whereas vessels in the same position in
the airways of normal mice do not.

Certain substances have been shown to decrease or inhibit
vascular permeability and/or plasma leakage. For example,
mystixins arc synthetic polypeptides that have been reported
1o inhibit plasma leakage without blocking endothelial gap
formation (Baluk, P, et al., J. Pharmacol. Exp. Ther., 1998,
284: 693-9). Also, the beta 2-adrenergic receptor agonist
formoterol reduces microvascular leakage by inhibiting
endothelial gap formation (Baluk, P. and McDonald, D. M.,
Am. J. Physiol.,, 1994, 266:L461-8).

The angiopoietins and members of the vascular endothe-
lial growth factor (VEGF) family are the only growth factors
thought to be largely specific for vascular endothelial cells.
Targeted genc inactivation studies in mice have shown that
VEGF is necessary for the early stages of vascular devel-
opment and that Ang-1 is required for later stages of vascular
remodeling.

U.S. Pat. No. 6,011,003, issued Jan. 4, 2000, in the name
of Metris Therapeutics Limited, discloses an altered, soluble
form of FLT polypeptide being capable of binding to VEGF
and thereby exerting an inhibitory effect thereon, the
polypeptide comprising five or fewer complete immunoglo-
bulin domains.
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U.S. Pat. No. 5,712,380, issued Jan. 27, 1998 and
assigned to Merck & Co., discloses vascular endothelial cell
growth factor (VEGF) inhibitors that are naturally occurring
or recombinantly engineered soluble forms with or without
a C-terminal transmembrane region of the receptor for
VEGF.

Also assigned to Merck & Co. is PCT Publication No.
WO 98/13071, published Apr. 2, 1998, which discloses gene
therapy methodology for inhibition of primary tumor growth
and metastasis by gene transfer of a nucleotide sequence
encoding a soluble receptor protein which binds to VEGF.

PCT Publication No. WO 97/44453, published Nov. 27,
1997, in the name of Genentech, Inc., discloses novel
chimeric VEGF receptor proteins comprising amino acid
sequences derived from the vascular endothelial growth
factor (VEGF) receptors Fltl and KDR, including the
murine homologue to the human KDR receptor FLKI,
wherein said chimeric VEGF receptor proteins bind to
VEGF and antagonize the endothelial cell proliferative and
angiogenic activity thereof.

PCT Publication No. WO 97/13787, published Apr. 17,
1997, in the name of To a Gosei Co., LTD., discloses a low
molecular weight VEGF inhibitor usable in the treatment of
diseases accompanied by neovascularization such as solid
tumors. A polypeptide containing the first immunoglobulin-
like domain and the second immunoglobulin-like domain in
the extracellular region of a VEGF receptor FLT but not
containing the sixth immunoglobulin-like domain and the
seventh immunoglobulin-like domain thereof shows a
VEGF inhibitory activity.

Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med.
42:242-249, disclose that because monoclonal antibodies
(MADs) are basic, positively charged proteins, and mamma-
lian cells are negatively charged, the electrostatic interac-
tions between the two can create higher levels of back-
ground binding resulting in low tumor to normal organ
ratios. To overcome this effect, the investigators attempted to
improve MADb clearance by using various methods such as
secondary agents as well as chemical and charge modifica-
tions of the MAb itself.

Jensen-Pippo, et al., 1996, Pharmaceutical Research
13:102-107, disclose that pegylation of a therapeutic pro-
tein, recombinant human granulocyte colony stimulating
factor (PEG-G-CSF), results in an increase in stability and
in retention of in vivo bioactivity when administered by the
intraduodenal route.

Tsutsumi, et al., 1997, Thromb Haemost. 77:168-73,
disclose experiments wherein the in vivo thrombopoietic
activity of polyethylene glycol-modified interleukin-6
(MPEG-IL-6), in which 54% of the 14 lysine amino groups
of 1L-6 were coupled with PEG, was compared to that of
native IL-6.

Yang, et al., 1995, Cancer 76:687-94, disclose that con-
jugation of polyethylene glycol to recombinant human inter-
leukin-2 (1L-2) results in a compound, polyethylene glycol-
modified 1L-2 (PEG-IL-2) that retains the in vitro and in
vivo activity of IL-2, but exhibits a markedly prolonged
circulating half-life. ’

R. Duncan and F. Spreafico, Clin. Pharmacokinet. 27:
290-306, 296 (1994) review efforts to improve the plasma
half-life of asparaginase by conjugating polyethylene glycol.

PCT International Publication No. WO 99/03996 pub-
lished Jan. 28, 1999 in the name of Regeneron Pharmaceu-
ticals, Inc. and The Regents of The University of California
describes modified human noggin polypeptides having dele-
tions of regions of basic amino acids. The modified human
noggin polypeptides are described as retaining biological
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activity while having reduced affinity for heparin and supe-
rior pharmacokinetics in animal sera as compared to the
unmodified human noggin.

SUMMARY OF THE INVENTION

The present invention is directed to VEGF antagonists
with improved pharmacokinetic properties. A preferred
embodiment is an isolated nucleic acid molecule encoding a
fusion polypeptide capable of binding a VEGF polypeptide
comprising (a) a nucleotide sequence encoding a VEGF
receptor component operatively linked to (b) a nucleotide
sequence cncoding a multimerizing component, wherein the
VEGF receptor component is the only VEGF receptor
component of the fusion polypeptide and wherein the nucle-
otide sequence of (a) consists essentially of a nucleotide
sequence encoding the amino acid sequence of Ig domain 2
of the extracellular domain of a first VEGF receptor and a
nucleotide sequence encoding the amino acid sequence of Ig
domain 3 of the extracellular domain of a second VEGF
receptor.

In a further embodiment, the isolated nucleic acid of the
first VEGF receptor is Fltl.

In a further embodiment, the isolated nucleic acid of the
second VEGF receptor is Flk1.

In yet another embodiment, the isolated nucleic acid of
the second VEGF receptor is Flt4,

In another preferred embodiment, the nucleotide sequence
encoding Ig domain 2 of the extracellular domain of the first
VEGF receptor is upstream of the nucleotide sequence
encoding Ig domain 3 of the extracellular domain of the
second VEGF receptor.

In still another preferred embodiment, the nucleotide
sequence encoding Ig domain 2 of the extracellular domain
of the first VEGF receptor is downstream of the nucleotide
sequence cncoding Ig domain 3 of the extracellular domain
of the second VEGF receptor.

In a preferred embodiment of the invention, the multim-
erizing component comprises an immunoglobulin domain.

In another embodiment, the immunoglobulin domain is
sclected from the group consisting of the Fc domain of 1gG,
the heavy chain of IgG, and the light chain of IgG.

Preferred embodiments include an isolated nucleic acid
molecule comprising a nucleotide sequence encoding a
modified Flt] receptor fusion polypeptide, wherein the cod-
ing region of the nucleic acid molecule consists of a nucle-
otide sequence selected from the group consisting of
(a) the nucleotide sequence set forth in FIGS. 13A-13D;
(b) the nucleotide sequence set forth in FIGS. 14A-14C;
(c) the nucleotide sequence set forth in FIGS. 15A-15C;
(d) the nucleotide sequence set forth in FIGS. 16A-16D;
(e) the nucleotide sequence set forth in FIGS. 21A-21C;
(f) the nucleotide sequence set forth in FIGS. 22A-22C;
(g) the nucleotide sequence set forth in FIGS. 24A~24C; and
(h) a nucleotide sequence which, as a result of the degen-

eracy of the genetic code, differs from the nucleotide
sequence of (a), (b), (¢), (d), (¢), (f), or (g) and which
encodes a fusion polypeptide molecule having the bio-
logical activity of the modified Fitl receptor fusion
polypeptide.

In a further embodiment of the invention, a fusion
polypeptide is encoded by the isolated nucleic acid mol-
ecules described above.

A preferred embodiment is a composition capable of
binding a VEGF molecule to form a nonfunctional complex
comprising a multimer of the fusion polypeptide.
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Also preferred is a composition wherein the multimer is
a dimer.

In yet another embodiment, the composition is in a carrier.

Another embodiment is a vector which comprises the
nucleic acid molecules described above, including an
expression vector comprising a the nucleic acid molecules
described wherein the nucleic acid molecule is operatively
linked to an expression control sequence.

Other included embodiments are a host-vector system for
the production of a fusion polypeptide which comprises the
expression vector, in a suitable host cell; the host-vector
system wherein the suitable host cell is a bacterial cell, yeast
cell, insect cell, or mammalian cell; the host-vector system
wherein the suitable host cell is E. Coli: the host-vector
system wherein the suitable host cell is a COS cell; the
host-vector system wherein the suitable host cell is a CHO
cell.

Another embodiment of the invention is a method of
producing a fusion polypeptide which comprises growing
cells of the host-vector system under conditions permitting
production of the fusion polypeptide and recovering the
fusion polypeptide so produced.

Additional embodiments include a fusion polypeptide
encoded by the nucleic acid sequence set forth in FIGS.
10A-10D or FIGS. 24A-24C, which has been modified by
acetylation or pegylation wherein the acetylation is accom-
plished with at least about a 100 fold molar excess of
acetylation reagent or wherein acetylation is accomplished
with a molar excess of acetylation reagent ranging from at
least about a 10 fold molar excess to about a 100 fold molar
excess or wherein the pegylation is 10K or 20K PEG.

A preferred embodiment includes a method of decreasing
or inhibiting plasma leakage in a mammal comprising
administering to the mammal the fusion polypeptide
described above, including embodiments wherein the mam-
mal is a human, the fusion polypeptide is acetylated or the
fusion polypeptide is pegylated.

A further embodiments is a fusion polypeptide which
specifically binds the VEGF receptor ligand VEGE.

A preferred embodiment of the invention is a method of
blocking blood vessel growth in a human comprising admin-
istering an effective amount of the fusion polypeptide
described above.

Also preferred is a method of inhibiting VEGF receptor
ligand activity in a mammal comprising administering to the
mammal an effective amount of the fusion polypeptide
described above.

Preferred embodiments of these methods are wherein the
mammal is a human.

Further embodiments of the methods of the invention
include attenuation or prevention of tumor growth in a
human; attenuation or prevention of edema in a human,
especially wherein the edema is brain edema; attenuation or
prevention of ascites formation in a human, especially
wherein the ascites is ovarian cancer-associated ascites.

Preferred embodiments of the invention include a fusion
polypeptide capable of binding a VEGF polypeptide com-
prising (a) a VEGF receptor component operatively linked
to (b) a multimerizing component, wherein the VEGF recep-
tor component is the only VEGF receptor component in the
fusion polypeptide and consists essentially of the amino acid
sequence of Ig domain 2 of the extracellular domain of a first
VEGF receptor and the amino acid sequence of Ig domain
3 of the extracellular domain of a second VEGF receptor.

In a further embodiment of the fusion polypeptide, the
first VEGF receptor is Fltl.
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In yet a further embodiment of the fusion polypeptide, the
second VEGF receptor is Flkl1.

Still another embodiment of the fusion polypeptide is one
in which the second VEGF receptor is Flt4.

Preferred embodiments include a fusion polypeptide
wherein amino acid sequence of Ig domain 2 of the extra-
cellular domain of the first VEGF receptor is upstream of the
amino acid sequence of Ig domain 3 of the extracellular
domain of the second VEGF receptor and a fusion polypep-
tide wherein the amino acid sequence of Ig domain 2 of the
extracellular domain of the first VEGF receptor is down-
stream of the amino acid sequence of Ig domain 3 of the
extracellular domain of the second VEGF receptor.

In yet another embodiment, the fusion polypeptide mul-
timerizing component comprises an immunoglobulin
domain including an embodiment wherein the immunoglo-
bulin domain is selected from the group consisting of the Fc
domain of IgG, the heavy chain of IgG, and the light chain
of IgG.

Preferred embodiments include a fusion polypeptide com-
prising an amino acid sequence of a modified Flt1 receptor,
wherein the amino acid sequence selected from the group
consisting of (a) the amino acid sequence set forth in FIGS.
13A-13D; (b) the amino acid sequence set forth in FIGS.
14A-14C; (c) the amino acid sequence set forth in FIGS.
15A-15C; (d) the amino acid sequence set forth in FIGS.
16A-16D; (e) the amino acid sequence set forth in FIGS.
21A-21C; (f) the amino acid sequence set forth in FIGS.
22A-22C; and (g) the amino acid sequence set forth in
FIGS. 24A-24C.

Another preferred embodiment is a method of decreasing
or inhibiting plasma leakage in a mammal comprising
administering to the mammal the fusion polypeptide
described above.

An alternative preferred embodiment is a method of
inhibiting VEGF receptor ligand activity in a mammal
comprising administering to the mammal an effective
amount of the fusion polypeptide described above.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. IEF gel analysis of unmodified and acetylated
FIt1(1-3)-Fc¢ proteins. Unmodified Flt1(1-3)-Fc protein is
unable to enter the gel duc to its »9.3 pl, whereas acetylated
Flt1(1-3)-Fc is able to enter the gel and equilibrate at pl 5.2.

FIG. 2. Binding of unmodified Flt1(1-3)-Fc and acety-
lated F1t1(1-3)-Fc proteins to MATRIGEL™ (a trademark of
Becton, Dickinson & Co. relating to solubilized basement
membrane preparations) coated plates. Unmodified FIt1(1-
3)-Fc proteins binds extensive to extracellular matrix com-
ponents in MATRIGEL™, whereas acetylated Flt1(1-3)-Fc
does not bind.

FIG. 3. Binding of unmodified F1t1{1-3)-Fe, acetylated
Flt1(1-3)-Fe, and pegylated Flt1(1-3)-Fc in a BIACORE™
(a trademark of Biacore AB relating to systems for protein
interaction analysis)-based assay. Acetylated (columns
13-16), pegylated (columns 17-20), and heparin-treated
Fl1(1-3)-Fc¢ (columns 21-24) are each able to completely
compete with the Biacore chip-bound Flt1(1-3)-Fc¢ for
VEGF binding as compared to control (columns 1-4) and
irrelevant protein (columns 5-8). Unmodified Flt1(1-3)-Fc¢
(columns 5-6) appears to only partially compete with Bia-
core chip-bound Flt1(1-3)-Fc for VEGF binding. However,
washing the bound samples with 0.5M NaCl (columns 7-8)
results in a binding profile similar to the modified forms of

<o

w

20

[
(¥

35

50

8
Flt1(1-3)-Fc, indicating that the unmodified protein is exhib-
iting non-specific binding to the chip that can be eliminated
by the salt wash.

FIG. 4. Binding of unmodified Flt1(1-3)-Fc, acetylated
Flt1(1-3)-Fc, and pegylated Flt1(1-3)-Fc to VEGF in an
ELISA-based assay. Both pegylated and acetylated Flt1(1-
3)-Fc proteins bind to VEGF with affinities approaching that
of unmodified Flt1(1-3)-Fc.

FIG. 5. Pharmacokinetic profiles of unmodified Fltl
(1-3)-Fc, acetylated Flt1(1-3)-Fc, and pegylated Flt1(1-3)-
Fc. Balb/c mice (23-28 g) were injected subcutancously
with 4 mg/kg of unmodified, acetylated, or pegylated Fltl
(1-3)-Fe. The mice were tail bled at 1, 2, 4, 6, 24 hours, 2
days, and 3 days after injection of protein and the sera were
assayed in a standard ELISA-based assay designed to detect
Flt1(1-3)-Fc protein. The T,,,, for all of the Flt1(1-3)-Fc
proteins was between the 6 hour and 24 hour time points.
The C,,,, for the different proteins was as follows: Unmodi-
fied: 0.06 pg/ml—0.15 pg/ml; acetylated: 1.5 pug/ml—4.0
pg/ml; and pegylated: approximately 5 pg/ml.

FIGS. 6A-6B. IEF gel analysis of unmodified and step-
acetylated Flt1(1-3)-Fc proteins. Unmodified Flt1(1-3)-Fc
protein is unable to enter the gel due to its >9.3 pl, whereas
most of the step-acetylated FItl (1-3)-Fc samples (30-100
fold excess samples) were able to migrate into the gel and
equilibrate at pis ranging between 4.55-8.43, depending on
the degree of acetylation.

FIG. 7. Binding of unmodified FIt1(1-3)-Fc and step-
acetylated Flt1(1-3)-Fc proteins to Matrigel® coated plates.
As with the irrelevant control protein, rTie2-Fc, step-acety-
lated Flt1(1-3)-Fc (20 and 30 fold excess samples) does not
exhibit any binding to the Matrigel coated plate, whereas the
non-acetylated Fltl(1-3)-Fc protein exhibits significant
binding. The 10 fold excess sample shows reduced binding,
but the degree of acetylation is not enough to completely
block binding to extracellular matrix components,

FIG. 8. Binding of unmodified Fit1(1-3)-Fc and step-
acetylated Flt1(1-3)-Fc in a Biacore-based assay. At a sub-
stoichiometric ratio (0.5 pg/ml of either unmodified Flt1(1-
3) or step-acetylated Flt1(1-3)-Fc vs. 0.2 pg/m! VEGF),
there is not enough Fit1(1-3)-Fc (either unmodified or
step-acetylated) in the solution to completely bind the
VEGF. At 1.0 pg/ml, which approximates a 1:1 stoichio-
metric ratio, the both unmodified and step-acetylated Flt1
(1-3)-Fc are better able to compete for VEGF binding, but
there is still insufficient Flt1 (1-3)-Fc protein (either vnmodi-
fied or step-acetylated) to completely saturate the available
VEGF. However, at 5.0 pg/ml, which is several times greater
than a 1:1 stoichiometric ratio, both the Flt1(1-3)-Fc and the
step-acetylated Flt1(1-3)-Fc proteins are able to saturate the
VEGF, regardless of the degree of acetylation.

FIG. 9. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fc and step-acetylated Fit]1 (1-3)-Fc. Balb/c mice (2328
g) were injected subcutaneously with 4 mg/kg of unmodified
or 10, 20, 40, 60 and 100 fold excess samples of step-
acetylated FIt1(1-3)-Fc¢ (3 mice for unmodified, 10, 20 and
40 fold excess samples and 2 mice for 60 and 100 fold
excess samples). The mice were tail bled at 1, 2, 4, 6, 24
hours, 2 days and 3 days after injection. The sera were
assayed in an ELISA-based assay designed to detect Fltl
(1-3)-Fc. The T, ., for all of the F1t1(1-3)-Fc proteins tested
was at the 6 hour time point but the C,, was as follows:
Unmodified Fltl(1-3)-Fc: 0.06 pg/ml; 10 fold excess
sample:—0.7 pg/ml, 20 fold excess sample—2 pg/ml, 40
fold excess sample—4 pg/ml, 60 fold excess sample—2
pg/ml, 100 fold excess sample—1 g/ml.
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FIGS. 10A-10D. Nucleic acid and deduced amino acid
sequence of Flt1(1-3)-Fc.

FIG. 11. Schematic diagram of the structure of Fltl.

FIGS. 12A and 12B. Hydrophilicity analysis of the amino
acid sequences of Ig domain 2 and Ig domain 3 of Fitl.

FIGS. 13A-13D. Nucleic acid and deduced amino acid
sequence of Mutl: Flt1(1-3,,)-Fc.

FIGS. 14A-14 C. Nucleic acid and deduced amino acid
sequence of Mut2: Fit1(2-3,,)-Fc.

FIGS. 15A-15C. Nucleic acid and deduced amino acid
sequence of Mut3: Flt1(2-3)-Fe.

FIGS. 16A-16D. Nucleic acid and deduced amino acid
sequence of Mut4: Flt1(1-3;_,,)-Fc.

FIG. 17. Binding of unmodified Flt1(1-3)-Fc, basic region
deletion mutant Flt1(1-3)-Fc, and Flt1(1-3)4_,» mutant pro-
teins in a Biacore-based assay. At the sub-stoichiometric
ratio (0.25 pg/ml Flt1(1-3)-Fc of unmodified, acetylated or
genetically modified samples vs. 01. pg/ml VEGF), there is
insufficient Fit1(1-3)-Fc protein to block binding of VEGF
to the FIt1(1-3)-F¢ immobilized on the Biacore chip. At 0.5
pg/ml of unmodified, acetylated or genetically modified Flt1
(1-3)-Fc proteins, the stoichiometric ratio approximates 1:1
and there is an increased ability to block VEGF binding to
the Biacore chip. At 1.0 pg/ml of unmodified, acetylated or
genetically modified Flt1 (1-3)-Fc proteins, which is
approximately a 10:1 stoichiometric ratio, the Flt1(1-3)-Fc
proteins are able to block binding of VEGF to the Biacore
chip, but they are not equivalent. Unmodified, acetylated,
and Mutl: Fltl(1-3,5)-Fc are essentially equal in their
ability to block VEGF binding, whereas Mut4: Flt1(1-3,_
>n)-Fc is somewhat less efficient at blocking binding

FIG. 18. Binding of unmodified Flt1(1-3)-Fc, Mutl: Fltl
© (1-3,5)-Fc, Mut2: Flt1 (2-3,5)-Fc, and Flt1(2-3) mutant
proteins to Matrigel® coated plates. Unmodified Flt1(1-3)-
Fe protein binds avidly to these wells, the Mut3: Flt1(2-3)-
Fc protein binds somewhat more weakly, the Mutl: Flt1(1-
3,5)-Fc protein binds more weakly still, and the Mut2:
FIt1(2-3,)-Fc protein shows the best profile, binding more
weakly than any of the other mutant proteins. The Mut4:
Flt1(1-34_,»)-Fc glycosylation mutant protein shows only
marginal benefit on the Matrigel assay.

FIG. 19. Binding of unmodified Flt1(1-3)-Fc, Mutl: Flt1
(1-3,5)-Fc, Mut2: F1t1(2-3,5)-Fc, and F1t1(2-3) mutant pro-
teins in an ELISA-based assay. At the concentrations tested,
unmodified Flt1(1-3)-Fc, Mutl: Flt1(1-3,,)-Fc, Mut2: Flt1
(2-3,5)-Fc, and F1t1(2-3) mutant proteins bind VEGF simi-
larly.

FIG. 20. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fc, Mutl: Fltl (1-3,,)-Fc, Mut2: Fltl (2-3,5)-Fc, and
F1t1(2-3) mutant proteins. the Cmax for these reagents was
as follows: Unmodified Fit1(1-3)-Fc—0.15 pg/ml; 40 fold
molar excess acetylated F1t1(1-3)-Fc—1.5 pg/ml; and Mutl:
Fitl(1-3,5)-Fc—0.7 pg/ml.

FIGS. 21A-21C. Nucleotide and deduced amino acid
sequence of the modified Flt1 receptor termed Flt11D2.Flk1
D3.FcAC1(a).

FIGS. 22A-22C. Nucleotide and deduced amino acid
sequence of the modified Fltl receptor termed
F1t1D2.VEGFR3D3.FcACl(a).

FIG. 23. Extracellular Matrix (ECM) Assay. The results of
this assay demonstrate that the Flt1D2.Flk1D3.FcACl1(a)
and FIt1D2.VEGFR3D3.FcACl(a) proteins are consider-
ably less sticky to the ECM as compared to the Flt1(1-3)-Fc
protein.

FIGS. 24A-24C. Nucleotide and deduced amino acid
sequence of the modified Fltl receptor termed VEGFR1R2-
FcACl(a).
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FIGS. 25A-25C. Phosphorylation assay. At a 1.5 molar
excess of either Flt1(1-3)-Fc, Flt1(1-3)-Fc (A40) or transient
FIt1D2F1k1D3.FcAC1(a) there is complete blockage of
receptor stimulation by these three modified Flt1 receptors
as compared to control media challenge. In contrast, tran-
sient FIt1D2VEGFR3D3.FcACI1(a) does not show signifi-
cant blockage at this molar excess, as compared with VEGF
positive control challenge. Similar results are seen in FIG.
25B, where the modified Fit receptors are in a 3-fold molar
excess to VEGF165 ligand. In FIG. 25C, where the modified
Flt] receptors arc in a 6-fold molar excess to VEGF165
ligand, transient Flt1D2VEGFR3D3.FcAC1(a) can now be
shown to be partially blocking VEGF165-induced stimula-
tion of cell-surface receptors.

FIGS. 26A-26B. Phosphorylation assay. Detection by
Western blot of tyrosine phosphorylated VEGFR2(F1k1) by
VEGF165 ligand stimulation shows that cell-surface recep-
tors are not phosphorylated by challenge samples which
have VEGF165 preincubated with 1 and 2 fold molar excess
(FIG. 26A) or 3 and 4 fold molar excess (FIG. 26B) of either
transient F1t1 D2FIk1 D3.FcAC1 (a), stable Fltl D2F1k1
D3.FcAC1 (a), or transient VEGFRIR2-FcAC1(a). At all

modified Fltl receptor concentrations tested there is com-

plete binding of VEGF165 ligand during the preincubation,
resulting in no detectable stimulation of cell-surface recep-
tors by unbound VEGF165 as compared to control media
challenge.

FIG. 27. MG/R2 Cell proliferation assay. The following
modified Flt receptors Flt1(1-3)-Fc, Flt1D2.Flk1D3.FcACI
(a) and F1t1D2.VEGFR3D3.FcACl(a), plus an irrelevant
receptor termed Tie2-Fc as a negative control, were titrated
from 40 nM to 20 pM and incubated on the cells for 1 hr at
37° C. Human recombinant VEGF165 in defined media was
then added to all the wells at a concentration of 1.56 nM. The
negative control receptor Tie2-Fc does not block VEGF165-
induced cell proliferation at any concentration whereas Flt]
D2.FIk1 D3.FcACl (a) blocks 1.56 nM VEGF165 with a
half maximal dose of 0.8 nM. Fitl(1-3)-Fc and
Flt1D2.VEGFR3D3.FcACI1(a) are less effective in blocking
VEGF165 in this assay with a half maximal dose of ~2 nM.
VEGF165 alone gives a reading of 1.2 absorbance units and
the background is 0.38 absorbance units.

FIG. 28. Biacore analysis of Binding Stoichiometry.
Binding stoichiometry was calculated as a molar ratio of
bound VEGF165 to the immobilized Fit]1 D2F1k1 D3.FcAC1
(a) or VEGFR1 R2-FcAC1 (a), using the conversion factor
of 1000 RU equivalent to 1 ng/ml. The results indicated
binding stoichiometry of one VEGF165 dimeric molecule
per one Fltl D2F1kl D3.FcAC1 (a) or VEGFR] R2-FcAC1
(a) molecule.

FIG. 29 and FIG. 30. Size Exclusion Chromatography
Stoichiometry. Fltl D2Flkl D3.FcACl (a) or VEGFRI
R2-FcAC1 (a) at a concentration of 1 nM (estimated to be
1000 times higher than the KD of the Fltl1 D2Flk]
D3.FeAC1 (a) or VEGFR1 R2-FcAC1 (a)/ VEGF165 inter-
action) were mixed with varied concentrations of VEGF165.
After  incubation, concentrations of the free
FIt1D2FIk1D3.FcAC1(a) in solution were measured. The
data shows that the addition of 1 nM VEGF16S5 into the
FIt1D2F1k1D3.FcACl(a) solution completely blocks
Flt1D2F1k1D3.FcACl(a) binding to the VEGF165 surface.
This result suggested the binding stoichiometry of one
VEGF165 molecule per one Fltl D2Flkl D3.FcACl (a)
molecule.

FIG. 31. Size Exclusion Chromatography (SEC) under
native  conditions.  Peak  #l represents  the
FIt1D2FIk1D3.FcAC1(a)/ VEGF165 complex and peak #2
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represents unbound VEGF165. Fractions eluted between 1.1
and 1.2 ml were combined and guanidinium hydrochloride
(GuHCl)ywas added to a final concentration 4.5M to disso-
ciate the complex.

F1G. 32. Size Exclusion Chromatography (SEC) under
dissociative conditions. To separate the components of the
receptor-ligand complex and to determine their molar ratio,
50 ul of dissociated complex was loaded onto a SUPEROSE
12 PC™ (a trademark of Amerisham Pharmacia Biotech AG
relating to sensitive and high resolving gel filtration sepa-
rations of proteins, peptides, polynucleotides and other
biomolecules in the micropreparative scale) 3.2/30 equili-
brated in 6M GuHC! and eluted. Peak #1 represents
Flt1D2F1k1D3.FcAC1(a) and peak #2 represents VEGF 165.

FIG. 33, FIG. 34 and FIG. 35. Size Exclusion Chroma-
tography (SEC) with On-Line Light Scattering. Size cxclu-
sion chromatography column with a MiniDawn on-line light
scattering detector (Wyatt Technology, Santa Barbara,
Calif.) and refractive index (RI) detectors (Shimadzu,
Kyoto, Japan) was used to determine the molecular weight
(MW) of the receptor-ligand complex. As shown in FIG. 33,
the elution profile shows two peaks. Peak #1 represents the
receptor-ligand complex and peak #2 represents the
unbound VEGF165. MW was calculated from LS and Rl
signals. The same procedure was used to determine MW of
the individual components of the receptor-ligand complex.
The results of these determinations are as follows: MW of
the Flt1D2F1k1D3.FcAC1(a)NEGF165 complex at the peak
position is 157 300 (FIG. 33), the MW of VEGF165 at the
peak position is 44 390 (FI1G. 34) and the MW of R1R2 at
the peak is 113 300 (FIG. 35).

FIG. 36. Peptide mapping and glycosylation analysis. The
disulfide structures and glycosylation sites in Fit]1 D2.Flk1
D3.FcAC1 (a) were determined by a peptide mapping
method. There are a total of ten cysteines in
F1t1D2.F1k1D3.FcACl1(a); six of them belong to the Fc
region. Cys27 is disulfide bonded to Cys76. Cysl121 is
disulfide bonded to Cys 182. The first two cysteines in the
Fc region (Cys211 and Cys214) form an intermolecular
disulfide bond with the same two cysteines in another Fc
chain. However, it can not be determined whether disulfide
bonding is occurring between same cysteines (Cys211 to
Cys211, for example) or between Cys211 and Cys214.
Cys216 is disulfide bonded to Cys306. Cys 352 is disulfide
bonded to Cys410.

There are five possible N-linked glycosylation sites in
FIt1D2.F1k1D3.FcACl(a) and are found to be glycosylated
to varying degrees. Complete glycosylation is observed at
Asn33, Asnl193, and Asn282. Partial glycosylation is
observed on AsnG5 and Asn120. Sites of glycosylation are
highlighted by underline in the Figure.

FIG. 37. Pharmacokinetics of Flt1(1-3)-Fc (A40), Fltl
D2.Flk1 D3.FcAC1 (a) and VEGFR1 R2-FcAC1 (a). Balb/c

mice were injected subcutaneously with 4 mg/kg of Flti(1-
3)-Fc¢ (A40), CHO transiently expressed
FIt1D2 F1k1D3.FcACl(a), CHO  stably  expressed

Flt1D2.F1k1D3.FcACl(a), and CHO transiently expressed
VEGFR1R2-FcAC1(a). The mice were tail bled at 1, 2, 4, 6,
24 hrs, 2 days, 3 days and 6 days after injection. The sera
were assayed in an ELISA designed to detect FIt1(1-3)-Fc
(A40), FIt1D2.Flk1D3.FcAC1(a) or VEGFR1R2-FcACl(a).
The Tmax for Flt1(1-3)-Fc (A40) was at 6 hrs while the
Tmax for the transient and stable Flt1D2.Fik1D3.FcACl(a)
and the transient VEGFRIR2-FcACl(a) was 24 hrs. The
Cmax for Flt1(1-3)-Fc (A40) was 8 pg/ml, For both tran-
sients (FIt1D2.F1k1D3.FcACl(a) and VEGFRIR2-FcACl
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() the Cmax was 18 pg/ml and the Cmax for the stable
VEGFRIR2-FcACl(a) was 30 pg/ml.

FIG. 38. Pharmacokinetics of Flt1(1-3)-Fc (A40),
FIt1D2.Flk1 D3.FcAC] (a) and Flt1 D2.VEGFR3D3 FcAAl
(a). Balb/c mice were injected subcutaneously with 4 mg/kg
of Fltl1 (1-3)-Fc (A40), CHO transiently expressed
Flt1D2 FIk1D3.FcAC1(a) and CHO transiently expressed
Flt1D2.VEGFR3D3.FcACl1(a). The mice were tail bled at 1,
2,5,6,7,8,12, 15 and 20 days after injection. The sera were
assayed in an ELISA designed to detect Fltl (1-3)-Fc, Flt1
D2.Flk1 D3.FcACI (a) and Flt1D2.VEGFR3D3.FcACl(a).
Fit1(1-3)-Fc (A40) could no longer be detected in the serum
after day 5 whereas Flt1D2.FIk1D3.FcACI(a) and
F1t1D2.VEGFR3D3.FcAC1(a) were detectable for 15 days
or more.

FIG. 39. The Ability of FltID2.Fk1D3.FcACl(a) to
Inhibit HT-1080 Fibrosarcoma Tumor Growth In Vivo.
Every other day or 2 times per week treatment of SCID mice
with Flt1D2 Flk1D3.FcACl(a) at 25 mg/Kg significantly
decreases the growth of subcutaneous HT-1080 fibrosar-
coma tumors.

FIG. 40. The Ability of Flt1D2.Flk1D3.FcACl(a) to
Inhibit C6 Glioma Tumor Growth In Vivo. Every other day
or 2 times a week treatment of SCID mice with Fit1 D2.Flkl
D3.FcAC1 (a) significantly decreases the growth of subcu-
taneous C6 glioma tumors at doses as low as 2.5 mg/Kg.

FIG. 41. VEGF-induced Uterine Hyperpermeability.
PMSG injected subcutaneously (5 TU) to induce ovulation in
prepubertal female rats results in a surge of estradiol after 2
days which in turn causes an induction of VEGF in the
uterus. This induction results in hyperpermeability of the
uterus and an increase in uterine wet. Subcutaneous injec-
tion of Flt1 (1-3)-Fc (A40), Flt1 D2 Flk1 D3.FcACl (a) and
Flt1D2.VEGFR3D3.FcACl(a) at 25 mg/kg at 1 hr after
PMSG injection results in about a 50% inhibition of the
increase in uterine wet weight.

FIGS. 42A-42B. Assessment of Corpus Luteum Angio-
genesis Using Progesterone as a Readout. PMSG was
injected subcutaneously (5 IU) to induce ovulation in pre-
pubertal female rats, resulting in a fully functioning corpus
luteum containing a dense network of blood vessels that
secretes progesterone into the blood stream to prepare the
uterus for implantation. The induction of angiogenesis in the
corpus luteum requires VEGF. Resting levels of progester-
one are about 5 ng/ml and can be induced to 25-40 ng/ml
after PMSG. Subcutaneous injection of F1t1(1-3)-Fc (A40)
or Fl1D2.FIk1D3.FcAC1(a) at 25 mg/kg or 5 mg/ky at 1 hr.
after PMSG injection resulted in a complete inhibition of the
progesterone induction on day 4.

DETAILED DESCRIPTION OF THE
INVENTION

It has been a long standing problem in the art to produce
a receptor based VEGF antagonist that has a pharmacoki-
netic profile that is appropriate for consideration of the
antagonist as a therapeutic candidate. Applicants describe
herein, for the first time, a chimeric polypeptide molecule,
capable of antagonizing VEGF activity, that exhibits
improved pharmacokinetic properties as compared to other
known receptor-based VEGF antagonists. The chimeric
polypeptide molecules described herein thus provide for the
first time appropriate molecules for use in therapies in which
antagonism of VEGF is a desired result.
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The present invention provides for novel chimeric
polypeptide molecules formed by fusing a modified extra-
cellular ligand binding domain of the Flt1 receptor to the Fc¢
region of IgG.

The extracellular ligand binding domain is defined as the
portion of a receptor that, in its native conformation in the
cell. membrane, is oriented extracellularly where it can
contact with its cognate ligand. The extracellular ligand
binding domain does not include the hydrophobic amino
acids associated with the receptor’s transmembrane domain
or any amino acids associated with the receptor’s intracel-
lular domain. Generally, the intracellular or cytoplasmic
domain of a receptor is usually composed of positively
charged or polar amino acids (i.e. lysine, arginine, histidine,
glutamic acid, aspartic acid). The preceding 15-30, pre-
dominantly hydrophobic or apolar amino acids (i.e. leucine,
valine, isoleucine, and phenylalanine) comprise the trans-
membrane domain. The extracellular domain comprises the
amino acids that precede the hydrophobic transmembrane
stretch of amino acids. Usually the transmembrane domain
is flanked by positively charged or polar amino acids such as
lysine or arginine. von Heijne has published detailed rules
that are commonly referred to by skilled artisans when
determining which amino acids of a given receptor belong to
the extracellular, transmembrane, or intracellular domains
(See von Heijne, 1995, BioEssays 17:25-30). Alternatively,
websites on the Internet, have become available to provide
protein chemists with information about making predictions
about protein domains.

The present invention provides for the construction of
nucleic acid molecules encoding chimeric polypeptide mol-
ecules that are inserted into a vector that is able to express
the chimeric polypeptide molecules when introduced into an
appropriate host cell. Appropriate host cells include, but are
not limited to, bacterial cells, yeast cells, insect cells, and
mammalian cells. Any of the methods known to one skilled
in the art for the insertion of DNA fragments into a vector
may be used to construct expression vectors encoding the
chimeric polypeptide molecules under control of transcrip-
tional/translational control signals. These methods may
include in vitro recombinant DNA and synthetic techniques
and in vivo recombinations (genetic recombination) (See
Sambrook, et al., Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Laboratory; Current Protocols in
Molecular Biology, Eds. Ausubel, et al, Greene Publ.
Assoc., Wiley-lInterscience, NY).

Expression of nucleic acid molecules encoding the chi-
meric polypeptide molecules may be regulated by a second
nucleic acid sequence so that the chimeric polypeptide
molecule is expressed in a host transformed with the recom-
binant DNA molecule. For example, expression of the
chimeric polypeptide molecules described herein may be
controlled by any promoter/enhancer element known in the
art. Promoters which may be used to control expression of
the chimeric polypeptide molecules include, but are not
limited to, the long terminal repeat as described in Squinto
etal., (1991, Cell 65:1-20); the SV40 early promoter region
(Bernoist and Chambon, 1981, Nature 290:304-310), the
CMV promoter, the M-MuLV 5' terminal repeat the pro-
moter contained in the 3' long terminal repeat of Rous
sarcoma virus (Yamamoto, et al., 1980, Cell 22:787-797),
the herpes thymidine kinase promoter (Wagner et al., 1981,
Proc. Natl. Acad. Sci. U.S.A. 78:144-1445), the regulatory
sequences of the metallothionine gene (Brinster et al., 1982,
Nature 296:39-42); prokaryotic expression vectors such as
the f-lactamase promoter (Villa-Kamaroff, et al,, 1978,
Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or the tac
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promoter (DeBoer, et al., 1983, Proc. Natl. Acad. Sci. U.S.A.
80:21-25, see also “Useful proteins from recombinant bac-
teria” in Scientific American, 1980, 242:74-94); promoter
clements from yeast or other fungi such as the Gal 4
promoter, the ADH (alcohol dehydrogenase) promoter, PGK
(phosphoglycerol kinase) promoter, alkaline phosphatase
promoter, and the following animal transcriptional control
regions, which exhibit tissue specificity and have been
utilized in transgenic animals: elastase I gene control region
which is active in pancreatic acinar cells (Swift et al., 1984,
Cell 38:639-646; Ornitz ct al,, 1986, Cold Spring Harbor
Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepa-
tology Z:425-515); insulin gene control region which is
active in pancreatic beta cells (Hanahan, 1985, Nature
315:115-122), immunoglobulin gene control region which
is active in lymphoid cells (Grossched! et al., 1984, Cell
38:647-658; Adames et al., 1985, Nature 318:533-538;
Alexander et al,, 1987, Mol. Cell. Biol. 7:1436-1444),
mouse mammary tumor virus control region which is active
in testicular, breast, lymphoid and mast cells (Leder et al.,
1986, Cell 45:485-495), albumin gene control region which
is active in liver (Pinkert et al., 1987, Genes and Devel.
1:268-276), alpha-fetoprotein gene control region which is
active in liver (Krumlauf et al,, 1985, Mol. Cell. Biol.
5:1639-1648; Hammer et al., 1987, Science 235:53-58);
alpha 1-antitrypsin gene control region which is active in the
liver (Kelsey et al, 1987, Genes and Devel. 1:161-171),
beta-globin gene control region which is active in myeloid
cells (Mogram et al., 1985, Nature 315:338-340; Kollias et
al., 1986, Cell 46:89-94); myelin basic protein gene control
region which is active in oligodendrocyte cells in the brain
(Readhead et al., 1987, Cell 48:703-712); myosin light
chain-2 gene control region which is active in skeletal
muscle (Shani, 1985, Nature 314:283-286), and gonadotro-
pic releasing hormone gene control region which is active in
the hypothalamus (Mason et al, 1986, Science
234:1372-1378).

Thus, according to the invention, expression vectors
capable of being replicated in a bacterial or eukaryotic host
comprising chimeric  polypeptide molecule-encoding
nucleic acid as described herein, are used to transfect the
host and thereby direct expression of such nucleic acids to
produce the chimeric polypeptide molecules, which may
then be recovered in a biologically active form. As used
herein, a biologically active form includes a form capable of
binding to VEGF.

Expression vectors containing the chimeric nucleic acid
molecules described herein can be identified by three gen-
eral approaches: (a) DNA—DNA hybridization, (b) pres-
ence or absence of “marker” gene functions, and (c) expres-
sion of inserted sequences. In the first approach, the
presence of a foreign gene inserted in an expression vector
can be detected by DNA—DNA hybridization using probes
comprising sequences that are homologous to the inserted
chimeric polypeptide molecule sequences. In the second
approach, the recombinant vector/host system can be iden-
tified and selected based upon the presence or absence of
certain “marker” gene functions (e,g., thymidine kinase
activity, resistance to antibiotics, transformation phenotype,
occlusion body formation in baculovirus, etc.) caused by the
insertion of foreign genes in the vector. For example, if the
chimeric polypeptide molecule DNA sequence is inserted
within the marker gene sequence of the vector, recombinants
containing the insert can be identified by the absence of the
marker gene function. In the third approach, recombinant
expression vectors can be identified by assaying the foreign
gene product expressed by the recombinant. Such assays can

Mylan Exhibit 1102
Mylan v. Regeneron, IPR2021-00881

Page 118



US 7,070,959 B1

15

be based, for example, on the physical or functional prop-
erties of the chimeric polypeptide molecules. Cells of the
present invention may transiently or, preferably, constitu-
tively and permanently express the chimeric polypeptide
molecules.

The chimeric polypeptide molecules may be purified by
any technique which allows for the subsequent formation of
a stable, biologically active chimeric polypeptide molecule.
For example, and not by way of limitation, the factors may
be recovered from cells either as soluble proteins or as
inclusion bodies, from which they may be extracted quan-
titatively by 8M guanidinium hydrochloride and dialysis
(see, for example, Builder, et al., U.S. Pat. No. 5,663,304).
In order to further purify the factors, conventional ion
exchange chromatography, hydrophobic interaction chroma-
tography, reverse phase chromatography or gel filtration
may be used.

In one embodiment of the invention, the nucleotide
sequence encoding the first component is upstream of the
nucleotide sequence encoding the second component. In
another embodiment of the invention, the nucleotide
sequence encoding the first component is downstream of the
nucleotide sequence encoding the second component. Fur-
ther embodiments of the invention may be prepared in which
the order of the first, second and third fusion polypeptide
components are rearranged. For example, if the nucleotide
sequence encoding the first component is designated. 1, the
nucleotide sequence encoding the second component is
designated 2, and the nucleotide sequence of the third
component is designated 3, then the order of the components
in the isolated nucleic acid of the invention as read from 5'
to 3' may be any of the following six combinations: 1,2,3;
13,2; 2,1,3; 2,3,1; 3,1,2; or 3,2,1.

The present invention also has diagnostic and therapeutic
utilities. In particular embodiments of the invention, meth-
ods of detecting aberrancies in the function or expression of
the chimeric polypeptide molecules described herein may be
used in the diagnosis of disorders. In other embodiments,
manipulation of the chimeric polypeptide molecules or
agonists or antagonists which bind the chimeric polypeptide
molecules may be used in the treatment of diseases. In
further embodiments, the chimeric polypeptide molecule is
utilized as an agent to block the binding of a binding agent
to its target.

By way of example, but not limitation, the method of the
invention may be useful in treating clinical conditions that
are characterized by vascular permeability, edema or inflam-
mation such as brain edema associated with injury, stroke or
tumor; edema associated with inflammatory disorders such
as psoriasis or arthritis, including rheumatoid arthritis;
asthma; generalized edema associated with burns; ascites
and pleural effusion associated with tumors, inflammation or
trauma; chronic airway inflammation; capillary leak syn-
drome; sepsis; kidney disease associated with increased
leakage of protein; and eye disorders such as age related
macular degeneration and diabetic retinopathy.

An amino acid sequence analysis of Flt1(1-3)-Fc revealed
the presence of an unusually high number (46) of the basic
amino acid residue lysine. An IEF analysis of Flt1(1-3)-Fc
showed that this protein has pl greater than 9.3, confirming
the prediction that the protein is very basic. It was hypoth-
esized that the basic nature of Fltl (1-3)-Fc protein was
causing it to bind to extracellular matrix components and
that this interaction might be the cause of the extremely short
detectable circulating serum half-life exhibited by Fltl
(1-3)-Fc when injected into mice. In order to test this
hypothesis, Flt1(1-3)-Fc protein was acetylated at the lysine
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residues to reduce the basic charge. Acetylated Flt1(1-3)-Fc
was then tested in the assays described infra.
The following examples are offered by way of illustration
and not by way of limitation.

EXAMPLES
Example 1

Expression of Flt1(1-3)-Fc Protein in CHO K1
Cells

Using standard molecular biology techniques (see e.g.,
Molecular Cloning, A Laboratory Manual (Sambrook, et al.,
Cold Spring Harbor Laboratory), Current Protocols in
Molecular Biology (Eds. Ausubel, et al., Greene Publ.
Assoc., Wiley-Interscience, NY), the gene encoding Flt1(1-
3)-Fc was inserted into the expression vector pEE14.1
(Lonza Biologics, pic) at a multiple cloning site downstream
of the CMV promoter. CHO K1 cells were transfected with
the pEE14.1/F1t1(1-3)-Fc DNA construct using lipo-
fectamine (Gaithersburg, Md.). The transfected CHO K1
cells were grown in glutamine-free DMEM (JRH, Kansas
City, Mo.) containing 25 pM methionine sulfoximine (MSX)
from Sigma Inc., St. Louis, Mo., and high recombinant
protein expressors were obtained by screening the CHO K1
cell supernatants from over 100 hand-picked colony isolates
using a standard immunoassay which captures and detects
human Fc. The selected hand-picked clone was amplified in
the presence of 100 pM MSX followed by a second round
of screening of the amplified clones. The highest producing
clone had a specific productivity of recombinant Flt1(1-3)-
Fc protein of 55 pg/cell/day.

The selected clone was expanded in 225 cm?® T-flasks
(Corning, Acton, Mass.) and then into 8.5L roller bottles
(Corning, Acton, Mass.) using the cell culture media
described supra. Cells were removed from the roller bottles
by standard trypsinization and put into 3.5L of suspension
medium. The suspension medium is comprised of
glutamine-free ISCHO medium (Irvine Scientific, Santa
Ana, Calif)) containing 5% fetal bovine serum (FBS from
Hyclone Labs, Logan, Utah), 10 yM MSX and GS supple-
ment (JRH Scientific, Kansas City, Mo.) in a 5L Celligen
bioreactor (New Brunswick Scientific, New Brunswick,
N.J.) at a density of 0.3x10° cells/mL. After the cells reached
a density of 3.6x10%mL and were adapted 1o suspension
they were transferred to a GOL bioreactor (ABEC, Allen-
town, Pa.) at a density of 0.5x10° cells/mL in 20L of ISCHO
medium with 5% fetal bovine serum. After two days an
additional 20L of ISCHO+5% fetal bovine serum was added
to the bioreactor. The cells were allowed 10 grow for an
additional two days reaching a final density of 3.1x10°
cells/mL, and a final Flt1(1-3)-Fc concentration at harvest
was 95 mg/L. At harvest the cells were removed by tangen-
tial flow filtration using 0.45 pm Prostak Filters (Millipore,
Inc., Bedford, Mass.).

Example 2

Purification of Flt1(1-3)-Fc Protein Obtained from
CHO K1 Cells

Fltl (1-3)-Fc protein was initially purified by affinity
chromatography. A Protein A column was used to bind, with
high specificity, the Fc portion of the molecule. This affinity-
purified protein was then concentrated and passed over a
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SEC column. The protein was then eluted into the formu-
lation buffer. The following describes these procedures in
detail.

Materials and Methods

All chemicals were obtained from J. T. Baker, Phillips-
burg, N.J. with the exception of PBS, which was obtained as
a 10x concentrate from Life Technologies, Gaithersburg,
Md. Protein A Fast Flow and SUPERDEX200™ (a trade-
mark of Amerisham Pharmacia Biosciences relating to a
prepacked column for high performance of gel filtration of
protein. DNA fragments and other biomolecules) prepara-
tion grade resins were obtained from Pharmacia, Piscataway,
N.J. Equipment and membranes for protein concentration
were obtained from Millipore, Bedford, Mass.

Approximately 40 L of 0.45 pm-filtered CHO conditioned
media containing Flt1(1-3)-Fc protein was applied to a 290
mL Protein A Fast Flow column (10 cm diameter) that had
been cquilibrated with PBS. The column was washed with
PBS containing 350 mM NaCl and 0.02% CHAPS and the
bound protein was eluted with 20 mM Citric Acid containing
10 mM Na,HPO,. The single peak in the elution was
collected and its pH was raised to neutrality with 1M NaOH.
The eluate fractions was concentrated to approximately 9
mg/mL using 10K regenerated cellulose membranes by both
tangential flow filtration and by stirred cell concentration. To
remove aggregates and other contaminants, the concentrated
protein was applied to a column packed with Superdex 200
preparation grade resin (10 cmx55 ¢m) and run in PBS
containing 5% glycerol. The main peak fractions were
pooled, sterile filtered, aliquoted and stored at -80° C.

Example 3
Acetylation of Flt1(1-3)-Fc¢ Protein

Two milligrams of Flt1(1-3)-Fc protein were acetylated as
described in the instruction manual provided with the sulfo-
NHS-acetate modification kit (Pierce Chemical Co., Rock-
ford, 111, Cat.#26777).

Example 4

Characterization of Acetylated Flt1(1-3)-Fc¢ Protein

(a.) IEF analysis

FIt1(1-3)-Fc and acetylated Flt1(1-3)-Fc were analyzed
by standard IEF analysis. As shown in FIG. 1, Flt1(1-3)-Fc
protein is not able to migrate into the gel and therefore must
have a pl greater than 9.3, the highest pl in the standard.
However, acetylated Flt1(1-3)-Fc is able to migrate into the
gel and equilibrate at a pl of approximately 5.2. This result
demonstrates that acetylation reduces the net positive charge
of the protein and therefore its pl considerably.

(b.) Binding to Extracellular Matrix Components

To test for binding to extracellular matrix components,
FIt1 (1-3)-Fc and acetylated Flt1 (1-3)-Fc where tested in an
assay designed to mimic the interaction with extracellular
matrix components. In this assay, 96-well tissue culture
plates are coated with Matrigel (Biocoat MATRIGEL®
matrix thin layer 96 well plate, Catalog #40607, Becton
Dickinson Labware, Bedford, Mass.). The plates are incu-
bated with varying concentrations of either Flt1(1-3)-Fc,
acetylated Flt1 (1-3)-Fc, or rTie2-Fc (an irrelevant control)
protein are added to the wells. The plates are incubated for
1.2 hours at either room temperature or 37° C. degrees and
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then detection of bound proteins is accomplished by adding
a secondary alkaline phosphatase-conjugated anti-human Fc
antibody to the wells. Finally, alkaline phosphatase substrate
is added to the wells and optical density is measured. FIG.
2 shows the results of this assay. Like the irrelevant control
protein rTie2-Fe, acetylated Flt1(1-3)-Fc does not exhibit
any binding to the Matrigel coated plate, whereas the
non-acetylated Fltl (1-3)-Fc protein exhibits significant
binding. This result indicates that acetylation of basic amino
acid residues is an effective way to interferc with the charge
interactions that exist between positively charged proteins
and the negatively charged extracellular matrix components
they are exposed to in vivo.

Example 5

Pegylation of Flt1(1-3)-Fc Protein

Although pegylation (polyethylene glycol-—PEG) of pro-
teins has been shown to increase their in vivo potency by
enhancing stability and bioavailability while minimizing
immunogenicity (see references cited supra), it is counter-
intuitive that pegylating molecules that are too large to be
filtered by the kidney glomeruli would improve their phar-
macokinetic properties. Without being bound by theory,
Applicants postulated that pegylation of the Flt1(1-3)-Fc
molecules could improve the pharmacokinetic properties,
possibly not by altering the positive charge or by decreasing
the pl of Flt1(1-3)-Fc, but rather by physically shiclding the
positive charges from interacting with the extracellular
matrix. Applicants decided to attempt to improve the phar-
macokinetic properties of Flt1(1-3)-Fc molecules by attach-
ing strands of 20K PEGs as described infra.

Materials and Methods

Purified F1t1(1-3)-Fc derived from CHO cells (see supra)
was used in the following pegylation experiments. Func-
tionalized PEGs were obtained from Shearwater Polymers,
Huntsville, Ala.; Bicine from Sigma, St Louis, Mo.; Super-
ose 6 column from Pharmacia, Piscataway, N.J.; PBS as a
10x concentrate from Life Technologies, Gaithersburg, Md.;
Glycerol from J. T. Baker, Phillipsburg, N.J.; and Bis-Tris
precast gels from Novex, CA.

20K PEG strands functionalized with amine-specific ter-
minal moieties were used in small-scale reaction studies that
were set-up to evaluate different reaction conditions in
which the PEG:protein stoichiometry was varied. Based on
these reactions and the analyses of samples on standard
SDS-PAGE, FIt1(1-3)-Fc¢ at a concentration of 1.5 mg/mL
was reacted at pH 8.1 with 20K SPA-PEG (PEG succinim-
idy] propionate) molecules at a PEG-to-FIt1(1-3)-Fc mono-
mer molar ratio of 1:6. The reaction was allowed to proceed
at 8° C. overnight. For initial purification, the reaction
products were applied to a 10 mmx30 cm Superose 6
column equilibrated with PBS containing 5% Glycerol. The
column appeared to separate pegylated Flt1(1-3)-Fc mol-
ecules based on the extent of pegylation. Fractions corre-
sponding to what appeared to be primarily mono-pegylated
and di-pegylated dimeric Flti (1-3)-Fc, as judged by band-
ing patterns on reducing and non-reducing SDS-PAGE gels
were pooled. The protein concentration was determined by
measuring absorbance at 280 nm. The pegylated Flt1(1-3)-
Fc protein was sterile filtered, aliquoted and stored at -40°
C.
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Example 6

Binding of Unmodified, Acetylated, and Pegylated
Flt1(1-3)-Fc in a Biacore-Based Assay

Unmodified, acetylated, and pegylated Flt1(1-3)-Fc pro-
teins were tested in a Biacore-based assay to evaluate their

ability to bind to the Fitl ligand, VEGF. In this assay,.

unmodified Flt1(1-3)-Fc protein was immobilized on the
surface of a Biacore chip (see Biacore Instruction Manual,
Pharmacia, Inc., Piscataway, N.J., for standard procedures)
and a sample containing 0.2 pg/ml VEGF and either
unmodified Fl1t1(1-3)-Fc, acetylated Flt1(1-3)-Fc or pegy-
lated Flt1 (1-3)-Fc¢ (each at'25 pg/ml) was passed over the
Ftl1(1-3)-Fc-coated chip. To minimize the effects of non-
specific binding, the bound samples were washed with a
0.5M NaCl wash. In one sample, unmodified Flt1(1-3)-Fc
was mixed with heparin. Heparin is a negatively charged
molecule and the Fit1(1-3)-Fc protein is a positively charged
molecule, so when the two molecules are mixed together,
they should interact through their respective charges. This
essentially neutralizes Fltl1 (1-3)-Fc’s inherent positive
charge making the molecule behave as if it has been chemi-
cally or genetically modified so as to reduce its charge and
its tendency to bind via charge interactions. As shown in
FIG. 3, acetylated (columns 13-16), pegylated (columns
17-20), and heparin-treated FIt1(1-3)-Fc¢ (columns 21-24)
are each able to completely compete with the Biacore
chip-bound Flt1(1-3)-Fc¢ for VEGF binding as compared to
control (columns 1-4) and irrelevant protein (columns 5-8).
Unmodified Flt1(1-3)-F¢ (columns 5-6) appeared to only
partially compete with Biacore chip-bound Flt1(1-3)-Fc for
VEGF binding. However, washing the bound samples with
0.5M NaCl (columns 7-8) resulted in a binding profile
similar to the modified forms of Flt1(1-3)-Fe, indicating that
the unmodified protein was exhibiting non-specific binding
to the chip that could be eliminated by the salt wash.

Example 7

Binding of Unmodified, Acetylated, and Pegylated
F1t1(1-3)-Fc in an ELISA-Based Assay

Unmodified, acetylated, and pegylated Flt1 (1-3)-Fc pro-
teins were tested in a standard ELISA-based assay to evalu-
ate their ability to bind the FIt] receptor ligand VEGF. As
shown in FIG. 4, both pegylated and acetylated Flt1(1-3)-Fc
proteins are capable of binding to VEG F, demonstrating that
modifying the protein either by pegylation or acetylation
does not destroy its ability to bind its ligand.

Example 8

Pharmacokinetic Analysis of Unmodified Flt1(1-3)-
Fe, Accetylated Fltl1(1-3)-Fc, and Pegylated Flt1(1-
3)-Fc

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Flt1(1-3)-Fc, acetylated
Flt1(1-3)-Fe, and pegylated FIt1(1-3)-Fc protein. Balb/c
mice (23-28 g; 3 mice/group) were injected subcutaneously
with 4 mg/kg of unmodified, acetylated, or pegylated Flt1
(1-3)-Fc. The mice were tail bled at 1, 2, 4, 6, 24 hours, 2
days, and 3 days after injection of protein. The sera were
assayed in a standard ELISA-based assay designed to detect
Flt1(1-3)-Fc protein. Briefly, the assay involves coating an
ELISA plate with VEGF, binding the unmodified, acety-
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lated, or pegylated Flt1(1-3)-Fc-containing sera, and report-
ing with an anti-Fc antibody linked to alkaline phosphatase.
As shown in FIG. 5, the Tmax for all of the Flt1(1-3)-Fc
proteins was between the 6 hour and 24 hour time points.
The Cmax for the different proteins was as follows: Unmodi-
fied: 0.06p/m1-0.15 pg/ml; acetylated: 1.5 pg/ml-4.0 pg/ml;
and pegylated: approximately 5 pg/ml.

Example 9
Step-Acetylation of Flt1(1-3)-Fc

To determine what minimal amount of acetylation is
necessary to eliminate binding to extracellular matrix com-
ponents, an experiment was designed that acetylated the
Flt1(1-3)-Fc protein in a step-wise fashion by using increas-
ing amounts of molar excess of acetylation reagent in the
acetylation reaction mixture. The range of molar excess was
as follows: 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100
moles of acetylation reagent per 1 mole of Flt1(1-3)-Fc
monomer. The reactions were performed as detailed in the
instruction manual provided with the sulfo-NHS-Acetate
modification kit (Pierce Chemical Co., Rockford, 1l1., Cat.#
26777).

Example 10

Characterization of Step-Acetylated Flt1(1-3)-Fc

(a.) IEF analysis

Unmodified Flt1(1-3)-Fc and step-acetylated Flt1(1-3)-Fc
proteins were analyzed by standard IEF analysis. As shown
in FIGS. 6A-6B, unmodified Flt1(1-3)-Fc protein was not
able to miigrate into the gel due to its extremely high pl
(greater than 9.3). However, most of the step-acetylated
FIt1(1-3)-Fc samples (30-100 fold mdlar excess samples)
were able to migrate into the gel and equilibrate at pis
ranging between 4.55-8.43, depending on the degree of
acetylation of the protein. This result demonstrates that
acetylation can change the positive charge of the protein in
a dose-dependent manner and that reduction of the pl can be
controlled by controlling the degree of acetylation.

(b.) Binding of Step-Acetylated Flt1(1-3)-Fc to Extracellu-
lar Matrix Components

To test for binding to extracellular matrix components,
Flt1(1-3)-Fc and step-acetylated Flt1(1-3)-Fc where tested
in the above-described assay designed to mimic the inter-
action with extracellular matrix components. Varying con-
centrations of either unmodified Fitl (1-3)-Fc, step-acety-
lated FIt1(1-3)-Fc (10, 20, and 30 fold molar excess
samples), or rTie2-Fc (an irrelevant control) protein were
added to the wells. The plates were incubated for 1-2 hours
at room temperature or 37° C. and then detection of bound
proteins was accomplished by adding a secondary alkaline
phosphatase-conjugated anti-human Fc¢ antibody to the
wells. Alkaline phosphatase substrate was subsequently
added to the wells and optical density measured. FIG. 7
shows the results of this assay. Like the irrelevant control
protein rTie2-Fc, step-acetylated Flt1(1-3)-Fc (20 and 30
fold molar excess samples) did not exhibit any significant
binding to the Matrigel coated plate, whereas the non-
acetylated Flt1 (1-3)-Fc protein exhibited significant bind-
ing. The binding is saturable, indicating that the Flt1(1-3)-Fc
protein may be binding to specific sites, rather than a more
general charge-mediated interaction that might not be satu-
rable. The 10 fold molar excess sample showed reduced
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binding, but the degree of acetylation was not enough to
completely block binding to extracellular matrix compo-
nents. The 20 fold molar excess and higher samples dis-
played no detectable binding, despite the fact that by IEF
analysis (FIGS. 6A and 6B) the lower molar excess samples
still had a large net positive charge. This result demonstrates
that it is not necessary to completely acetylate all available
basic amino acids in order to eliminate binding to extracel-
lular matrix components.
(c.) Binding of Step-Acetylated Flt1(1-3)-Fc in a Biacore-
Based Assay

Unmodified and step-acetylated Fltl(1-3)-Fc proteins
where tested in a Biacore-based assay to evaluate their
ability to bind to the Fltl ligand, VEGF. In this assay,
unmodified Flt1(1-3)-Fc protein (0.5, 1.0, or 5.0 pg/ml) was
immobilized on the surface of a Biacore chip (see Biacore
Instruction Manual, Pharmacia, Inc., Piscataway, N.J., for
standard procedures) and a solution containing 0.2 pg/ml
VEGF and either unmoditied Flt1(1-3)-Fc (at either 0.5, 1.0,
or 5.0 pg/ml) or 10 different step-acetylated Flitl (1-3)-Fc
samples (at 0.5, 1.0, or 5.0 pg/ml each) were passed over the
Fltl (1-3)-Fc-coated chip. As shown in FIG. 8, at a sub-
stoichiometric ratio (0.5 pg/ml of either unmodified FIt1(1-
3) or step-acetylated Flt1(1-3)-Fc vs. 0.2 pg/ml VEGF),
there is not enough Flt1(1-3)-Fc (either unmodified or
step-acetylated) in the solution to completely bind the
VEGF. At 1.0 pg/ml, which approximates a 1:1 stoichio-
metric ratio, both unmodified and step-acetylated Flt1(1-3)-
Fc are better able to compete for VEGF binding, but there is
still insufficient Fltl (1-3)-F¢ protein (either unmodified or
step-acetylated) to completely bind the available VEGF.
However, at 5.0 pg/ml, which is several times greater than
a 1:1 stoichiometric ratio, both the Fltl (1—3)-Fc and the
step-acetylated Flt1(1-3)-Fc proteins are able to bind the
VEGF, regardless of the degree of acetylation. This clearly
demonstrates that acetylation does not alter FIt1(1-3)-Fc’s
ability to bind VEGF.

(d.) Pharmacokinetic Analysis of Step-Acetylated Flt1(1-3)-
Fe

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Flt1(1-3)-Fc and step-
acetylated Flt1(1-3)-Fc protein. Balb/c mice (23-28 g) were
injected subcutaneously with 4 mg/kg of unmodified or 10,
20, 40, 60 and 100 fold molar excess samples of step-
acetylated Flt1 (1-3)-Fc¢ (3 mice for unmodified, 0.10, 20 and
40 fold molar excess samples and 2 mice for 60 and 100 fold
molar excess samples). The mice were tail bled at 1, 2, 4, 6,
24 hours, 2 days and 3 days after injection. The sera were
assayed in an ELISA-based assay designed to detect Fltl
(1-3)-Fc (described supra). FIG. 9 details the results of this
study. The Tmax for all of the Flt1(1-3)-Fc proteins tested
was at the 6 hour time point but the Cmax was as follows:
Unmodified Flt1(1-3)-Fc: 0.06 pg/ml; 10 fold molar excess
sample:—0.7 pg/ml, 20 fold molar excess sample—2 pg/ml,
40 fold molar excess sample—4 pg/ml, 60 fold molar excess
sample—2 pg/ml, 100 fold molar excess sample—1 pg/ml.
This results demonstrates that acetylation or pegylation of
Flt1(1-3)-Fec significantly improves its pharmacokinetic pro-
file.

Example 11

Construction of Flt1(1-3)-Fc Basic Region Deletion
Mutant Designated Mutl: Flt1(1-3,3)-Fc

Based on the observation that acetylated Flt1(1-3)-Fc,
which has a pl below 6, has much better pharmacokinetics
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than the highly positive unmodified Flt1(1-3)-Fc (pl>9.3), it
was asked whether the difference in pharmacokinetics could
be attributed to the net charge of the protein, which made it
stick to negatively charged extracellular matrix components,
or whether there were perhaps specific locations on the
surface of the Fltl (1-3)-Fc protein that constituted specific
binding sites for extracellular matrix components. For
example, many proteins are known to have heparin binding
sites, often consisting of a cluster of basic residues. Some-
times these residues are found in a cluster on the primary
sequence of the protein; some of the literature has identified
“consensus sequences” for such heparin binding sites (see
for example Hileman, et al., 1998, Bloessays 20(2):156-67).
In other cases, the known crystal structure of a protein
reveals a cluster of positively charged residues on the
surface of a protein, but the residues come from different
regions of the primary sequence and are only brought
together when the protein folds into its tertiary structure.
Thus it is difficult to deduce whether an isolated amino acid
residue forms part of a cluster of basic residues on the
surface of the protein. However, if there is a cluster of
positively charged amino acid residues in the primary
sequence, it is not unreasonable to surmise that the residues
are spatially close to one another and might therefore be part
of an extracellular matrix component binding site. Fltl
receptor has been studied extensively and various domains
have been described (see for example Tanaka et al,, 1997,
Jpn. J. Cancer Res 88:867-876). Referring to the nucleic acid
and amino acid sequence set forth in FIGS. 10A-10D of this
application, one can identify the signal sequence for secre-
tion which is located at the beginning of the sequence and
extends to the glycine coded for by nucleotides 76-78. The
mature protein begins with Ser-Lys-Leu-Lys, starting at
nucleotide 79 of the nucleic acid sequence. Fltilg domain 1
extends from nucleotide 79 to 393, ending with the amino
acids Ser-Asp-Thr. Flt1 Ig domain 2 extends from nucleotide
394 10 687 (encoding Gly-Arg-Pro to Asn-Thr-lle), and Flt1
1g domain 3 extends from nucleotides 688 to 996 (encoding
lie-Asp-Val to Asp-Lys-Ala). There is a bridging amino acid
sequence, Gly-Pro-Gly, encoded by nucleotides 997-1005,
followed by the nucleotide sequence encoding human Fc
(nucleotides 1006-1701 or amino acids Glu-Pro-Lys to Pro-
Gly-Lys-stop).

A more detailed analysis of the Flt]1 amino acid sequence
reveals that there is a cluster, namely, amino acid residues
272-281 (KNKRASVRR) of FIGS. 10A-10D, in which 6
out of 10 amino acid residues are basic. This sequence is
located in Fltl Ig domain 3 of the receptor (see FIG. 11),
which is not itself essential for binding of VEGF ligand, but
which confers a higher aflinity binding to ligand. An align-
ment of the sequence of Ig domain 3 with that of Ig domain
2 reveals that in this region, there is very poor alignment
between the two Ig domains, and that there are about 10
additional amino acids in Ig domain 3. An analysis of the
hydrophilicity profiles MACVECTOR™, a trademark of
Accelrys relating to computer software) of these two
domains clearly indicates the presence of a hydrophilic
region in the protein (FIGS. 12A-12B). These observations
raised the possibility that the actual three dimensional con-
formation of Fltl Ig domain 3 allowed for some type of
protrusion that is not in Fltl Ig domain 2. To test this
hypothesis, the 10 additional amino acids were deleted and
the resulting protein was tested to se¢c whether the deletion
would affect the pharmacokinetics favorably without seri-
ously compromising the affinity of the receptor for VEGF.
This DNA construct, which was constructed using standard
molecular biology techniques (see e.g., Molecular Cloning,
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A Laboratory Manual (Sambrook, et al., Cold Spring Harbor
Laboratory), Current Protocols in Molecular Biology (Eds.
Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience,
NY) in the mammalian expression vector pMT21 (Genetics
Institute, Inc., Cambridge, Mass.), is referred to as Mutl:
FIt1(1-3,5)-Fc. The Mutl: Flt1(1-3,5)-Fc construct was
derived from Flt1(1-3)-Fc by deletion of nucleotides 814-
843 (set forth in FIGS. 10A-10D), which deletes the highly
basic 10-amino acid residue sequence Lys-Asn-Lys-Arg-
Ala-Ser-Val-Arg-Arg-Arg from Fltl Ig domain 3.

The final DNA construct was sequence-verified using an
ABI 373A DNA sequencer and Taq Dideoxy Terminator
Cycle Sequencing Kit (Applied Biosystems, Inc., Foster
City, Calif.). The sequence of Mutl: Flt1(1-3,z)-Fc is set
forth in FIGS. 13A-13D.

Example 12

Construction of F1t1(1-3)-Fc¢ Basic Region Deletion
Mutant Designated Mut2: Flt1(2-3,,)-Fc

A second deletion mutant construct, designated Mut2:
FIt1(2-3,5)-Fc, was derived from the Mutl: Flt1(1-3,;)-Fc
construct by deletion of Flil Ig domain 1 encoded by
nucleotides 79-393 (see FIGS. 10A-10D); for convenience,
nucleotides 73-78 (TCA GGT) were changed to TCC GGA.
This introduced a restriction site (BspE1) without altering
the associated amino acid sequence, Ser-Gly. This DNA
construct, which was constructed using standard molecular
biology techniques (see e.g., Molecular Cloning, A Labora-
tory Manual (Sambrook, et al., Cold Spring Harbor Labo-
ratory), Current Protocols in Molecular Biology (Eds.
Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience,
NY) in the mammalian expression vector pMT21 (Genetics
Institute, Inc., Cambridge, Mass.), was also sequence-veri-
fied using an ABI 373A DNA sequencer and Taq Dideoxy
Terminator Cycle Sequencing Kit (Applied Biosystems,
Inc., Foster City, Calif.). The sequence of Mut2: Flt1(2-3,;)-
Fc is set forth in FIGS. 14A-14C.

Example 13

Construction of FIt1(1-3)-Fc Deletion Mutant
Designated Mut3: Flt1(2-3)-Fc.

A third deletion mutate construct, designated Mut3: Flt1
(2-3)-Fc, was constructed the same way as the Mut2: Fitl
(2-3,5)-Fc construct, except that Fltl Ig domain 3 was left
intact (the basic region amino acids were not deleted). The
construct was constructed using standard molecular biology
techniques and the final construct was sequence-verified as
described supra. The sequence of Mut3: Flt1(2-3)-Fc is set
forth in FIGS. 15A-15C.

Example 14

Construction of Flt(1-3)-Fc Basic Region N-Glyco-
sylation Mutant Designated Mutd: Flt1(1-34_,,)-Fc.

A final construct was made in which a N-glycosylation
site was introduced into the middle of the basic region of
Fitl Ig domain 3. This construct was designated Mut4:
Fit1(1-34 ,,)-Fc and was made by changing nucleotides
824-825 from GA to AC, consequently changing the coded
Arg residue (AGA) into an Asn residue (MC) (see FIGS.
10A-10D). The resulting amino acid sequence is therefore
changed from Arg-Ala-Ser to Asn-Ala-Ser, which matches
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the canonical signal (Asn-Xxx-Ser/Thr) for the addition of a
N-glycosylation site at the Asn residue. The sequence of
Mutd: Flt1(1-34_,)-Fc is set forth in FIGS. 16A-16D.

Example 15

Characterization of Acetylated Flt1(1-3)-Fc. Mutl:
- FIt1(1-3,)-Fc, and Muté: Flt1(1-3,_,5)-Fc
Mutants.

(a.) Binding to Extracellular Matrix Components

To determine whether the three modified proteins were
more or less likely to have improved pharmacokinetic
properties, Matrigel coated 96-well dishes (as described
supra) were incubated with varying concentrations of the
mutant proteins and detected with anti-human Fc/alkaline-
phosphatase conjugated antibodies. As shown in FIG. 18,
this experiment showed that while the unmodified Fit1(1-
3)-Fc protein could bind avidly to these wells, the Mut3:
F1t1(2-3)-Fc protein bound somewhat more weakly, the
Mutl: Flt1(1-3,5)-Fc protein bound more weakly still, and
the Mut2: FIt1(2-3,,)-FC protein showed the best profile,
binding more weakly than any of the other mutant proteins.
The Mutd: Fltl (1-3z,x)-Fc glycosylation mutant protein
showed only marginal benefit on the Matrigel assay. These
results confirm the hypothesis that a linear sequence of
positive amino acids can be deleted from the primary
sequence resulting in a decrease in charge interaction with
extracellular matrix components.

(b.) Binding of Mutl: Flt1(1-3,5)-Fc and Mut4: Flt1(1-35.
>~)-Fc in a Biacore-Based Assay

Unmodified and acetylated Flt1(1-3)-Fc and genetically
modified Mutl: Flt1(1-3,5)-Fc and Mut4: Flt1(1-35_,5)-Fc¢
proteins where tested in a Biacore-based assay to evaluate
their ability to bind to the Flt1 ligand, VEGF. In this assay,
unmodified Flt1(1-3)-Fc protein (0.25, 0.5, or 1.0 pg/ml)
was immobilized on the surface of a Biacore chip (see
Biacore Instruction Manual, Pharmacia, Inc., Piscataway,
N.J,, for standard procedures) and a solution containing 0.1
pg/ml VEGF and either purified or COS cell supernatant
containing unmodified Flt1(1-3)-Fc (at approximately (0.25,
0.5, or 1.0 pg/ml), purified acetylated Flt1(1-3)-Fc (at (0.25,
0.5, or 1.0 pg/ml), COS cell supernatant containing Mutl:
Flt1(1-3,5)-Fc (at approximately (0.25, 0.5, or 1.0 pg/ml), or
COS cell supernatant containing Mut4: Flt1(1-3,_,,)-Fc (at
approximately (0.25, 0.5, or 1.0 pg/ml) were passed over the
Flt1(1-3)-Fc-coated chip. As shown in FIG. 17, at the
sub-stoichiometric ratio (0.25 pg/ml Fltl (1-3)-Fc¢ of
unmodified, acetylated or genetically modified samples vs.
01. pg/ml VEGF), there is insufficient Fit1(1-3)-Fc protein to
block binding of VEGF to the Flt1(1-3)-Fc immobilized on
the Biacore chip. At 0.5 ug/ml of unmodified, acetylated or
genetically modified Flt1(1-3)-Fc proteins, the stoichiomet-
ric ratio approximates 1:1 and there is an increased ability to
block VEGF binding to the Biacore chip. At 1.0 pg/ml of
unmodified, acetylated or genetically modified Flt1(1-3)-Fc
proteins, which is approximately a 10:1 stoichiometric ratio,
the Flt1(1-3)-Fc proteins are able to block binding of VEGF
10 the Biacore chip, but they are not equivalent. Unmodified,
acetylated, and Mut1: Flt1(1-3, z)-Fc are essentially equal in
their ability to block VEGF binding, whereas Mut4: Flt1(1-
3.on)-Fc is somewhat less efficient at blocking binding.
These results confirm the hypothesis that it is possible 1o
reduce the non-specific binding of a positively charged
molecule by genetically removing a linear sequence of
predominantly pegatively charged amino acids.
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(c.) Binding of Mutl: Flt1(1-3,;)-Fc. Mut2: Flt1(2-3,,)-Fc,
Mut3: Flt1(2-3)-Fc, and in an ELISA-Based Assay

To determine whether the three mutant proteins could
bind the Flt1 ligand VEGF, binding experiments were done
in which 96-well plates coated with VEGF were incubated
with varying concentrations of the respective mutant pro-
tein, and after washing, the amount bound was detected by
incubating with an alkaline phosphatase conjugated anti-
human Fc antibody and quantitated calorimetrically by the
addition of an appropriate alkaline phosphatase substrate. As
shown in FIG. 19, this experiment showed that all the mutant
proteins could bind VEGF similarly, at the concentrations
tested.

Example 16

Pharmacokinetic Analysis of Acetylated Flt1(1-3)-
Fc, Mutl: Flt1(1-3,5)-Fc, and unmodified Flt1(1-
3)-Fe

In vivo experiments were designed to asscss the pharma-
cokinetic profiles of unmodified Flt1(1-3)-Fc, Mutl: Flt1(1-
3,5)-Fc, and 40 fold molar excess acetylated Flt1(1-3)-Fc
protein. Balb/c mice (25-30 g) were injected subcutaneously
with 4 mg/kg of unmodified Fit1(1-3)-Fc, 40 fold molar
excess acetylated Flt1(1-3)-Fc, and Mutl: Flt1(1-3AB)-Fc
proteins (4 mice each). These mice were tail bled at 1, 2, 4,
6, 24 hours, 2 days, 3 days, and 5 days after injection. The
sera were assayed in an ELISA designed to detect Flt1(1-
3)-Fc protein which involves coating an ELISA plate with
VEGF, binding the FIt1(1-3)-Fc and reporting with an
anti-Fc antibody linked to alkaline phosphatase. As shown in
FIG. 20, the Cmax for these reagents was as follows:
Unmodified Fit1(1-3)-Fc--0.15 pg/ml; 40 fold molar excess
acetylated Flt1(1-3)-Fc—1.5 pg/ml; and Mutl: Flt1(1-3,5)-
Fe—0.7 pg/ml.

Example 17
Modified Fitl Receptor Vector Construction

The rationale for constructing modified versions of the
Flt1 receptor (also known as VEGFR1) was based on the
observation that the protein sequence of Fltl was highly
basic, and was therefore likely to stick to extracellular
matrix (ECM). The highly basic nature of Fltl probably
explains why unmodified Flt1 (1-3)-Fc (described supra) has
poor pharmacokinetics that make it difficult to use as a
therapeutic agent. As described supra, the chemically modi-
fied form of 40 fold molar excess acetylated Fltl (1-3)-Fc,
hereinafter termed A40, exhibited a greatly improved phar-
macokinetic (PK) profile over the non-acetylated F1t1(1-3)-
Fc. Therefore, attempts were made to engineer DNA mol-
ecules that could be used to recombinantly express modified
forms of a Fltl receptor molecule that would possess the
improved PK profile exhibited by A40 and still maintain the
ability to bind tightly to VEGF.

It is known in the literature that the first Ig domain of Flt1
(which has a net charge of +5 at neutral pH) is not essential
for tight binding to VEGF, so this domain was deleted. The
third Ig domain (having a net charge of +11) is not essential
for binding, but confers higher affinity for VEGF than the
second Ig domain, so instead of deleting it entirely, it was
replaced with the equivalent domains of the Fltl receptor
relatives Flkl (also known as VEGFR2) and Flt4 (also
known as VEGFR3). These chimeric molecules (denoted
RIR2 (F1.D2.FIk1D3.FcACl(a) and VEGFR]1 R2-FcACl
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(a) and R1 R3 (Fil D2.VEGFR3D3-FcACl1 (a) and
VEGFRIR3-FcACl1(a) respectively, wherein R1 and
Flt1D2=Ig domain 2 of Fitl (VEGFR1): R2 and Flk1D3=Ig
domain 3 of Flk1 (VEGFR2); and R3 and VEGFR3D3=lg
domain 3 of Flt4 (VEGFR3)) were much less sticky to ECM,
as judged by an in vitro ECM binding assay as described
infra, had greatly improved PK as described infra. In addi-
tion, these molecules were able to bind VEGF tightly as
described infra and block phosphorylation of the native Flk1
receptor expressed in endothelial cells as described infra.

(@) Construction of the Expression Plasmid pFlIt1D2,
Flk1D3,FcACl(a)

Expression plasmids pMT21.Flt1(1-3).Fc (6519 bp) and
pMT21.Flk-1(1-3).Fc (5230 bp) are plasmids that encode
ampicillin resistance and Fe-tagged versions of Ig domains
1-3 of human Fitl and human Flkl1, respectively. These
plasmids were used to construct a DNA fragment consisting
of a fusion of 1 g domain 2 of Flt1 with Ig domain 3 of Flk1,
using PCR amplification of the respective Ig domains fol-
lowed by further rounds of PCR to achieve fusion of the two
domains into a single fragment. For Ig domain 2 of Flt1, the
5" and 3' amplification primers were as follows:

5@ bsp/ftID2  (5'-GACTAGCAGTCCGGAGGTAGAC-

CTTTCGTAGAGATG-3")

3" FIt1D2-Flk1D3as (5'-CGGACTCAGAACCACATC-

TATGATTGTATTGGT-3")

The §' amplification primer encodes a BspE] restriction
enzyme site upstream of Ig domain 2 of Fitl, defined by the
amino acid sequence GRPFVEM (corresponding to amino
acids 27-33 of FIGS. 21A-21C). The 3' primer encodes the
reverse complement of the 3' end of Flt1 Ig domain 2 fused
directly to the 5' beginning of Flkl Ig domain 3, with the
fusion point defined as THD of Fit] (corresponding to amino
acids 123-126 of FIGS. 21A-21C) and continuing into
VVLS (corresponding to amino acids 127-130 of FIGS.
21A-21C) of Fik1.

For Ig domain 3 of Flkl, the 5' and 3' amplification
primers were as follows:

5" FIt1D2-Fk1D3.s (5-ACMTCATAGATGTGGTTCT-

GAGTCCGTCTCAIG G-3")
3t Flk1D3/apa/srf.as (5-GATMTGCCCGGGC-

CCTTTTCATGGACCCTGAC AAATG-3")

The 5' amplification primer encodes the end of Fltl Ig
domain 2 fused directly to the beginning of Flk1 lg domain
3, as described above. The 3' amplification primer encodes
the end of Flkl Ig domain 3, defined by the amino acids
VRVHEK (corresponding to amino acids 223-228 of FIGS.
21A-21C), followed by a bridging sequence that includes a
recognition sequence for the restriction enzyme Srfl, and
encodes the amino acids GPG. The bridging sequence
corresponds to amino acids 229-231 of FIGS. 21A-21C.

After a round of PCR amplification to produce the indi-
vidual domains, the products were combined in a tube and
subjected to a further round of PCR with the primers
bsp/fit1D2 and Flk1 D3/apa/srf.as (described supra) to pro-
duce the fusion product. This PCR product was subsequently
digested with the restriction enzymes BspEl and Smal and
the resulting 614 bp fragment was subcloned into the BspEIl
to Srfl restriction sites of the vector pMT21/AB2.Fe, to
create the plasmid pMT21/FIt1D2.Fik1D3.Fc. The nucle-
otide sequence of the Flt1D2-Flk1D3 gene fusion insert was
verified by standard sequence analysis. This plasmid was
then digested with the restriction enzymes EcoRI and Srfl
and the resulting 702 bp fragment was transferred into the
EcoRI to Srfl restriction sites of the plasmid pFlt1(1-3)B2-
FcACl(a) to produce the plasmid pFli1D2.Flk1D3.FcACl
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(a). The complete DNA and deduced amino acid sequences
of the Flt1D2.FIk1D3.FcAC1(a) chimeric molecule is set
forth in FIGS. 21A-21C.

(b) Construction of the
pFIt1D2VEGFR3D3FcACI(a)

The cxpression plasmid pMT21.F)t1(1-3).Fc (6519 bp)
encodes ampicillin resistance and an Fe-tagged version of Ig
domains 1-3 of human Fit] receptor. This plasmid was used
to produce a DNA fragment containing Ig domain 2 of Fltl
by PCR. RNA from the cell line HEL921.7 was used to
produce Ig domain 3 of FIkl, using standard RT-PCR
methodology. A further round of PCR amplification was
used to achieve fusion of the two Ig domains into a single
fused fragment. For lg domain 2 of Fltl, the 5' and 3'
amplification primers were as follows:

5 bsp/ft1D2  (5-GACTAGCAGTCCGGAGGTAGAC-

CITTCGTAGAGATG-3")

3 FIt1D2.VEGFR3D3.as(TTCCTGGGCAACAGCTG-

GATATCTATGATTGTATTGGT)

The §' amplification primer encodes a BspE1 restriction
site upstream of Ig domain 2 of Flt1, defined by the amino
acid sequence GRPFVEM (corresponding to amino acids
27-33 of FIGS. 22A-22C). The 3' amplification primer
encodes the reverse complement of the end of Fltl Ig
domain 2 fused directly to the beginning of VEGFR3 Ig
domain 3, with the fusion point defined as TIID of Fitl
(corresponding to amino acids 123-126 of FIGS. 22A-22C)
and continning into IQLL of VEGFR3 (corresponding to
amino acids 127-130 of FIGS. 22A-22C). For Ig domain 3 ,
of VEGFR3, the 5' and 3' primers used for RT-PCR were as
follows:

5': R3D3.s (ATCCAGCTGITGCCCAGGAAGTCGCTGG-

AGCTGCTGGTA) ’

3@ R3D3.as (ATTTTCATGCACAATGACCTCGGT- 5

GCTCTCCCGAAATCG)

Both the §' and 3' amplification primers match the
sequence of VEGFR3. The 296 bp amplification product of
this RT-PCR reaction was isolated by standard techniques

Expression  Plasmid
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and subjected to a second round of PCR to add suitable 44

sequences to allow for fusion of the F1t1D2 with the Flk1D3
domains and fusion of the FIk1D3 and Fc¢ domains via a
GPG bridge (see below). The amplification primers were as
follows:

S“FIitl  D2.VEGFR3D3.s

GTrGCCCAGGMGTCGCTGGAG)

3': VEGFR3D3/srf.as (GATMTGCCCGGGCCATTTTCAT-

GCACMTGACCTCGGT)

The 5' amplification primer encodes the 3' end of Flt1 Ig
domain 2 fused directly to the beginning (5' end) of s
VEGFR3 Ig domain 3, as described above. The 3' amplifi-
cation primer encodes the 3' end of VEGFR3 Ig domain 3,
defined by the amino acids VIVHEN (corresponding to
amino acids 221-226 of FIGS. 22A-22C), followed by a
bridging sequence that includes a recognition sequence for 5
Srfl, and encodes the amino acids GPG. The bridging
sequence corresponds to amino acids 227-229 of FIGS.
22A-22C.

After one round (for Flt1 Ig domain 2) or two rounds (for
Flt4 Ig domain 3) of PCR to produce the individual Ig 6
domains, the PCR products were combined in a tube and
subjected to a further round of PCR amplification with the
amplification primers bsp/fitiD2 and VEGFR3D3/srf.as
described supra, to produce the fusion product. This PCR
product was subsequently digested with the restriction 6
enzymes BspEl and Smal and the resulting 625 bp fragment
was subcloned into the BspEl to Srfl restriction sites of the
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vector pMT21/FIt1AB2.Fc (described supra), to create the
plasmid pMT21/Flt1D2.VEGFR3D3.Fe. The sequence of
the FIt1D2-VEGFR3D3 gene fusion insert was verified by
standard sequence analysis. This plasmid was then digested
with the restriction enzymes EcoR1 and Srfl and the result-
ing 693 bp fragment was subcloned into the EcoRI to Srfl
restriction sites of the plasmid pFlt1(1-3)AB2-FCACI (a) to

produce - the plasmid designated
pFlt1D2.VEGFR3D3.FcAC1(a). The complete DNA
deduced amino acid sequence of the

FIt1D2.VEGFR3D3.FcACl(a) chimeric molecule is set
forth in FIGS. 22A-22C.

Example 18
Extracellular Matrix Binding (ECM) Binding Assay

ECM-coated plates (Becton Dickinson catalog # 35-4607)
were rehydrated with warm DME supplemented with
glutamine (2 mM), 100U penicillin, 100U streptomycin, and
10% BCS for at least 1 hr. before adding samples. The plates
were then incubated for 1 hr. at room temperature with
varying concentrations of Flt1D2.Flk1 D3.FcAC1 (a) and
Flt1D2.VEGFR3D3.FcACl(a) starting at 10 nM with sub-
sequent 2-fold dilutions in PBS plus 10% BCS. The plates
were then washed 3 times with PBS plus 0.1% Triton-X and
incubated with alkaline phosphatase-conjugated anti-human
Fc antibody (Promega, 1:4000 in PBS plus 10% BCS) for 1
hr. at room temperature. The plates were then washed 4
times with PBS 0.1% Triton-X and alkaline phosphatase
buffer/pNPP solution (Sigma) was added for color develop-
ment. Plates were read at 1=405-570 nm. The results of this
experiment are shown in FIG. 23 and demonstrate that the
F1t1D2.Flkl D3.FcACl(a) and Flt1D2.VEGFR3D3.FcAC1
(a) proteins are considerably less sticky to the ECM as
compared to the Flt1(1-3)-Fc protein.

Example 19

Transient Expression of pFlt1D2.Flk1D3.FcAC1(a)
in CHO-K1 (E1A) Cells

A large scale (2L) culture of E. coli DH10B cells carrying
the pFIt1D2.FIk1D3.FcAC1(a) plasmid described supra in
Example 17(a) was grown overnight in Terrific Broth (TB)
plus 100 pg/ml ampicillin. The next day, the plasmid DNA
was extracted using a QlAgen ENDOFREE™, a trademark
of Quigen relating to a Megaprep kit following the manu-
facturer’s protocol. The concentration of the purified plas-
mid DNA was determined by standard techniques using a
UV spectrophotometer and fluorometer. The plasmid DNA
was verified by standard restriction enzyme digestion of
aliquots using the restriction enzymes EcoRI plus Notl and
Asel. All restriction enzyme digest fragments corresponded
to the predicted sizes when analyzed on a 1% agarose gel.

Forty 15 cm petri plates were seeded with CHO-K1/E1A
cells at a density of 4x10° cells/plate. Plating media was
Gibco Ham’s F-12 supplemented with 10% HYCLONE™
(a trademark of Hyclone Laboratories relating to chemical
products for scientific research, medical research, and the
production of pharmaceuticals) Fetal Bovine Serum (FBS),
100U penicillin/100U streptomycin and glutamine (2 mM).
The following day each plate of cells was transfected with
6 ug of the pFlt1D2.Flk1D3.FcACI(a) plasmid DNA using
Gibco Optimem and Gibeo Lipofectamine in 12 m] volume,
following the manufacturer’s protocol. Four hours after
adding the transfection mix to the cells, 12 ml/plate of
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Optimem supplemented with 10% FBS was added. Plates
were incubated at 37° C. in a 5% CO, incubator overnight.
The following day the media was removed from each plate
and 25 ml expression media (Gibco CHO-S-SFM 11 supple-
mented with glutamine (2 mM) and 1 mM sodium butyrate)
was added. The plates were incubated at 37° C. for 3 days.
After 3 days of incubation, the media was aspirated from
each plate and centrifuged at 400 rpm in a swinging bucket
rotor to pellet cells. The supernatant was decanted into
sterile 1 L bottles and purification of the expressed protein
was performed as described infra.

Example 20

Construction pYEGFR1 R2-FcACli(a) Expression
Vector

The pVEGFRIR2.FcAC1(a) expression plasmid was con-
structed by insertion of DNA encoding amino acids SDT
(corresponding to amino acids 27-29 of FIGS. 24A-24C)
between Flt1d2-Flk1 d3-FcACI (a) amino acids 26 and 27 of
FIGS. 21A-21C (GG) and removal of DNA encoding amino
acids GPG corresponding to amino acids 229-231 of Figure.
The SDT amino acid sequence is native to the Flt1 receptor
and was added back in to decrease the likelihood of hetero-
geneous N-terminal processing. The GPG  (bridging
sequence) was removed so that the F1t1 and Flk1 Ig domains
were fused directly to one another. The complete DNA and
deduced amino acid sequences of the pVEGFRIR2.FcACI
(a) chimeric molecule is set forth in FIGS. 24A-24C.

Example 21

Cell Culture Process Used to Produce Modified
Flt1 Receptors

() Cell Culture Process Used to Produce
Flt1D2.Flk1D3.FcACl (a)

The process for production of Flt1D2.Flk1D3.FcAC1(a)
protein using the expression plasmid

pFIt1D2 Flk1D3 FcACl(a) described supra in Example 1
involves suspension culture of recombinant Chinese hamster
ovary (CHO K1/E1A) cells which constitutively express the
protein product. The cells are grown in bioreactors and the
protein product is isolated and purified by affinity and size
exclusion chromatography. The process is provided in
greater detail below.

Cell Expansion

Two confluent T-225 cm® flasks containing the
FIt1D2.FIk1D3.FcACl(a) expressing cell line were
expanded by passaging cells into eight T-225 cm?® flasks in
medinm (GMEM+10% serum, GIBCO) and incubated at
37°C. and 5% CO,. When the flasks approached confluence
(approximately 3 to 4 days) the cells were detached using
trypsin. Fresh medium was added to protect the cells from
further exposure to the trypsin. The cells were centrifuged
and resuspended in fresh medium then transferred to eight
850 cm? roller bottles and incubated at 37° C. and 5% CO,
until confluent.

Suspension Culture in Bioreactors

Cells grown in roller bottles were trypsinized to detach
them from the surface and washed with suspension culture
medium. The cells are aseptically transferred to a SL biore-
actor (New Brunswick Celligen Plus) where the cells are
grown in 3.5L of suspension culture. The suspension culture
medium was a glutamine-free low glucose modification of
IS-CHO (Irvine Scientific) 1o which 5% fetal bovine serum
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(Hyclone), GS supplement (Life Technologies) and 25 uM
methionine sulfoximine (Sigma) was added. The pH was
controlled at 7.2 by addition of carbon dioxide to the inlet
gas or by addition of a liquid solution of sodium carbonate
to the bioreactor. Dissolved oxygen level was maintained at
30% of saturation by addition of oxygen or nitrogen to the
inlet gas and temperature controlled at 37° C. When a
density of 4x10° cells/mL was reached the cells were trans-
ferred 10 a 40L bioreactor containing the same medium and
setpoints for controlling the bioreactor. The temperature
setpoint was reduced to 34° C. to slow cell growth and
increase the relative rate of protein expression.

(d) Cell Culture Process Used to
FIt1D2.VEGFR3D3.FcAC1(a)

The same methodologies as described supra for
FIt1D2 FIk1D3.FcACl(a) werc used to  produce
Flt1D2.VEGFR3D3.FcAC1(a).

Produce

Example 22

Harvest and Purification of Modified Flt1 Receptors

(a) Harvest and Purification of Flt1D2.Flk1D3.FcAC1(a)

The product protein was aseptically harvested from the
bioreactor while retaining cells using Millipore Prostak
tangential-flow filtration modules and a low-shear mechani-
cal pump (Fristam). Fresh medium was added to the biore-
actor to replace that removed during the harvest filtration.
Approximately 40L of harvest filtrate was then loaded onto
a 400 mL column containing Protein A SEPHAROSE™ (a
trademark of Amersham Biosciences relating to signal trans-
duction and cell trafficking) resin. After loading the resin
was washed with buffer containing 10 mM sodium phos-
phate, 500 mM sodium chloride, pH 7.2 to remove any
unbound contaminating proteins. Flt1D2.Flk1D3.FcACl(a)
protein was eluted with a pH 3.0 citrate bufler. The eluted
protein was neutralized by addition of Tris base and frozen
at =20° C.

Several frozen lots of FIt1D2.FIk1D3.FcAC] (a) protein
from the Protein A step above were thawed, pooled and
concentrated using a Millipore 30 kD nominal molecular
weight cutoff (NMWCO) tangential flow filtration mem-
brane. The protein was transferred to a stirred cell concen-
trator (Millipore) and further concentrated to 30 mg/mL
using a 30 kD NMWCO membrane. The concentrated
protein was loaded onto a size exclusion column packed
with Superdex 200 resin (Amersham Pharmacia) that was
equilibrated with phosphate buffered saline plus 5% glyc-
erol. The same buffer was used to run the column. The
fractions corresponding to Flt1D2.Fik1D3.FcACl(a) dimer
were pooled, sterile filtered through a 0.22 micron filter,
aliquoted and frozen.

(b) Harvest and Purification of Flt1D2.VEGFR3D3.FcAC1
(a)

The same methodologies as described supra for
FIt1D2 FIK1D3.FcAC1(a) were used to harvest and purify
Flt1D2.VEGFR3D3.FcACl(a).

Example 23

Phosphorylation Assay for Transiently Expressed
VEGFR2

Primary human umbilical vein endothelial cells (HU-
VECs), passage 4-6, were starved for 2 hrs in serum-free
DME high glucose media. Samples containing 40 ng/m) (1
nM) human VEGF165, which is a ligand for the VEGF
receptors Flt1, Flk1 and FIt4(VEGFR3) were prepared and
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were preincubated for 1 hr. at room temperature with vary-
ing amounts of the modified Fltl receptors Flt1(1-3)-Fc,
Flt1(1-3)-Fc¢ (A40), Fltl D2Ftkl D3.FcAC1 (a) and Fltl
D2VEGFR3D3.FcAC1 (a) in serum-free DME-high glucose
media containing 0.1% BSA. Cells were challenged for 5
minutes with the samples prepared above +/-VEGF165,
followed by whole cell lysis using complete lysis buffer. Cell
lysates were immunoprecipitated with an antibody directed
against the C-terminus of VEGFR2 receptor. The immuno-
precipitated lysates were loaded onto 4-12% SDS-PAGE
Novex gel and then transferred to PVDF membrane using
standard transfer methodologies. Detection of phosphory-
lated VEGFR2 was done by immunoblotting with the anti-
phospho Tyrosine mAb called 4G10 (UBI) and developed
using ECL-reagent (Amersham). FIGS. 25A-25C and
26A-26B show the results of this experiment. FIGS.
25A-25C reveals that detection by Western blot of tyrosine
phosphorylated VEGFR2(Flk1) by VEGF165 ligand stimu-
lation shows that cell-surface receptors are phosphorylated
to varying levels depending on which modified FIt1 receptor
is used during the preincubations with VEGF. As is seen in
FIG. 25A, at a 1.5 molar excess of either Flt1(1-3)-Fc,
Flt1(1-3)-Fc (A40) or transient FItID2Flk1D3.FcACl(a)
there is complete blockage of receptor stimulation by these
three modified Flt1 receptors as compared to control media
challenge. In contrast, transient Filtl D2VEGFR3D3.FcAC1
(a) does not show significant blockage at this molar excess,
as compared with VEGF positive control challenge. Similar
results are seen in FIG. 25B, where the modified Flt recep-
tors are in a 3-fold molar excess to VEGF165 ligand. In FIG.
25C, where the modified Flt1 receptors are in a 6-fold molar
excess to VEGF165 ligand, transient
FIt1ID2VEGFR3D3.FcACI1(a) can now be shown to be par-
tially blocking VEGF165-induced stimulation of cell-sur-
face receptors.

In FIGS. 26A-26B, detection by Western blot of tyrosine
phosphorylated VEGFR2(FIk1) by VEGF165 ligand stimu-
lation shows that cell-surface receptors are not phosphory-
lated by challenge samples which have VEGF165 preincu-
bated with 1 and 2 fold molar excess (FIG. 26A) or 3 and 4
fold molar excess (FIG. 26B) of either transient Flt1D2Flk1
D3.FcACI (a), stable Flt1 D2Flk1 D3.FcAC1 (a), or tran-
sient VEGFR1R2-FcAC1(a). At all modified Fltl receptor
concentrations tested there is complete binding of VEGF163
ligand during the preincubation, resulting in no detectable
stimulation of cell-surface receptors by unbound VEGF165
as compared to control media challenge.

Example 24
Cell Proliferation Bioassay

The test cell population is MG87 cells that have been
stably transfected with a expression plasmid that contains a
DNA insert encoding the VEGFR2(FIk1) extracellular
domain fused to the TrkB intracellular kinase domain, thus
producing a chimeric molecule. The reason the TrkB intra-
cellular kinase domain was used rather than the native
VEGFR2(FIk1) intracellular kinase domain is that the intra-
cellular kinase domain of VEGFR2(Flk1) does not cause a
strong proliferative response when stimulated by VEGF165
in these cells. It is known that MG87 cells containing full
length TrkB receptor give a robust proliferative response
when stimulated with BDNF, so the TrkB intracellular
kinase domain was engineered to replace the intracellular
kinase domain of VEGFR2(FIk1) to take advantage of this
proliferative response capability.
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5x10° cells/well were plated in a 96 well plate and
allowed to settle for 2 hrs at 37° C. The following modified
Flt receptors Flt1(1-3)-Fe, Flt1 D2.Flk1 D3.FcACl (a) and
F1t1 D2.VEGFR3D3.FcAC1 (a), plus an irrelevant receptor
termed Tie2-Fc as a negative control, were titrated from 40
nM to 20 pM and incubated on the cells for 1 hr at 37° C.
Human recombinant VEGF165 in defined media was then
added to all the wells at a concentration of 1.56 nM. The
plates were incubated for 72 hrs at 37° C. and then MTS
(Owen’s reagent, Promega) added and the plates were
incubated for an additional for 4 hrs. Finally, the plates were
read on a spectrophotometer at 450/570 nm. The results of
this experiment are shown in FIG. 27. The control receptor
Tie2-Fc does not block VEGF165-induced cell proliferation
at any concentration whereas  Flt1D2 Flk1D3.FcACl1(a)
blocks 1.56 nM VEGF165 with a half maximal dose of 0.8
oM. Flt1(1-3)-Fc and Fit1D2.VEGFR3D3.FcAC]1(a) are less
effective in blocking VEGF165 in this assay with a half
maximal dose of ~2 nM. VEGF165 alone gives a reading of
1.2 absorbance units and the background is 0.38 absorbance
units.

Example 25

Binding Stoichiometry of Modified Flt Receptors 1o
VEGF165

(a) BlAcore Analysis

The stoichiometry of Flt1 D2Flk1D3.FcAC1 (a) and
VEGFR1 R2-FcAC1 (a) interaction with human VEGF165
was determined by measuring either the level of VEGF
saturation binding to the FIt1D2FIk1D3.FcACl(a) or
VEGFRIR2-FcACI1(a) surfaces or measuring concentration
of VEGF165 needed to completely prevent binding of
FIt1D2FIk1D3.FcACl(a) or VEGFRIR2-FcACl(a) to
VEGF BlAcore chip surface.

Modified Flt receptors Flt1D2FIk1D3.FcACl1(a) and
VEGFRIR2-FcACl(a), were captured with an anti-Fc spe-
cific antibody that was first immobilized on a Biacore chip
(BIACORE) using amine-coupling chemistry. A blank anti-
body surface was used as a negative control. VEGF165 was
injected at a concentration of 1 nM, 10 nM, and 50 nM over
the Flt1D2FIk1D3.FcACl(a) and VEGFRIR2-FcACI1(a)
surfaces at 10 pl/min for one hour. A real-time binding signal
was recorded and saturation binding was achieved at the end
of each injection. Binding stoichiometry was calculated as a
molar ratio of bound VEGF165 to the immobilized
FIt1D2FIk1D3.FcAC1 (a) or VEGFR1R2-FcACI (a), using
the conversion factor of 1000 RU equivalent to 1 ng/ml. The
results indicated binding stoichiometry of one VEGF165
dimeric molecule per one FIt1D2Flkl D3.FcACl1 (a) or
VEGFR1 R2-FcAC1 (a) molecule (FIG. 28).

In solution, Flt1D2FIk1D3.FcACl1(a) or VEGFRIR2-
FcACl(a) at a concentration of 1 nM (estimated to be 1000
times higher than the KD of the Flt] D2F1k1 D3.FcAC1 (a)
or VEGFR1 R2-FcACl1 (a)/VEGF165 interaction) were
mixed with varied concentrations of VEGF165. After one
hour  incubation, concentrations of the free
FIt1D2F1k1D3.FcAC1(a) in solution were measured as a
binding signal to an amine-coupled VEGF165 surface. A
calibration curve was used to convert the
Flt1D2F1k1D3.FcAC1(a) BlAcore binding signal to its
molar concentration. The data showed that the addition of 1
nM VEGF165 into the Flt1D2FIk1 D3.FcACI1 (a) solution
completely blocked Fl1t1 D2F1k1D3.FcAC1(a) binding to the
VEGF165 surface. This result suggested the binding sto-
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ichiometry of one VEGF165 molecule per one
FIt1D2F1k1D3.FcAC1(a) molecule (F1G. 29 and FIG. 30).
When the concentration of Flt1D2FIk1D3.FcAC1(a) was
plotted as a function of added concentration of VEGF165,
the slope of the linear portion was—1.06 for
Flt1D2Fk1D3.FcACl  (a) and—1,07 for VEGFRI
R2-FcACl (a). The magnitude of the slope, very close to
negative one, was indicative that one molecule of VEGF165
bound to one molecule of either Flt1 D2F1k1D3.FcACl (a) or
VEGFR1 R2-FcAC1 (a).

(b) Size Exclusion Chromatography

Flt1D2F1k1D3.FcAC] (a) was mixed with a 3-fold excess
of VEGF165 and the receptor-ligand complex was purified
using a Pharmacia Superose 6 size exclusion chromatogra-
phy column. The receptor-ligand complex was then incu-
bated in a buffer containing 6M guanidine hydrochloride in
order to dissociate it into its component proteins.
FIt1D2F1k1D3.FcAC1(a) was separated from VEGF165
using Superose 6 size exclusion chromatography column run
in 6M guanidium chloride. In order to determine complex
stoichiometry, several injections of Flt1D2Flk1D3.FcAC1
(a) and VEGF165 were made and peak height or peak
integrated intensity was plotted as a function of the concen-
tration of injected protein. The calibration was done under
condition identical to one used in separating components of
Flt1D2F1k1D3.FcAC1 (a)/ VEGF complex. Quantification of
the Flt1D2FIk1D3.FcAC1(a)/VEGF complex composition
was based on the calibration curves. The results of this
experiment are set forth in FIG. 28, which shows the ratio of
VEGF165 to Flt1D2F1k1D3.FcACl(a) in a complex to be
1:1.

Example 26

Determination of the Binding Stoichiometry of
FIt1D2F1k1D3.FcAC1(a)/VEGF165 Complex by
Size Exclusion Chromatography

FIt1D2Flk1 D3.FcAC1 (a)/VEGF165 Complex Preparation

VEGF165 (concentration=3.61 mg/ml) was mixed with
CHO cell transiently expressed Fit} D2.Flkl D3.FcAC1 (a)
(concentration=0.9 mg/ml) in molar ratio of 3:1 (VEGF165:
FIt1D2.Flk1D3.FcACl1(a)) and incubated overnight at 4° C.

(a) Size Exclusion Chromatography (SEC) Under Native
Conditions

To separate the complex from excess of unbound
VEGF165, 50 pl of the complex was loaded on a Pharmacia
Superose 12 PC 3.2/30 which was equilibrated in PBS
buffer. The sample was cluted with the same buffer at flow
rate 40 pl/min. at room temperature. The results of this SEC
are shown in FIG. 31. Peak #1 represents the complex and
peak #2 represents unbound VEGF165. Fractions eluted
between 1.1 and 1.2 ml were combined and guanidinium
hydrochloride (GuHCl)was added to a final concentration
4.5M to dissociate the complex.

(b) Size Exclusion Chromatography (SEC) Under Dissocia-
tive Conditions

To separate the components of the receptor-ligand com-
plex and to determine their molar ratio, 50 pl of dissociated
complex as described supra was loaded onto a Superose 12
PC 3.2/30 equilibrated in 6M GuHCl and eluted with the
same solution at a flow rate 40 ul/min. at room temperature.
The results of this SEC are shown in FIG. 32. Peak #1
represents FIt1D2F1k1D3.FcACl(a) and peak #2 represents
VEGF165.
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(c) Calculation of Flt1D2FIlk1D3.FcAC1(a):VEGF165
Complex Stoichiometry

The stoichiometry of the receptor-ligand complex was
determined from the peak arca or the peak height of the
components.  Concentrations of VEGFI65  and
FIt1D2FIk1D3.FcAC1(a) corresponding to the peak height
or peak area, respectively, were obtained from the standard
curves for VEGF165 and FlID2FIk1D3.FcACl(a). To
obtain a standard curve, four different concentrations (0.04
mg/ml-0.3 mg/ml) of either component were injected onto
a Pharmacia Superose 12 PC 3.2/30 column equilibrated in
6M guanidinium chloride and eluted with the same solution
at flow rate 40 pl/min. at room temperature, The standard
curve was obtained by plotting peak area or peak height vs
protein concentration. The molar ratio of VEGF165:
Flt1D2Flk1D3.FcAC1(a) determined from the peak area of
the components was 1.16. The molar ratio of VEGF165:
Flt1D2FIk1D3.FcAC1(a) determined from the peak height
of the components was 1.10.

Example 27

Determination of the Stoichiometry of the
F111D2F1k1D3.FcAC1(ay VEGF165 Complex by
Size Exclusion Chromatography with On-Line
Light Scattering

Complex preparation

VEGF165 was mixed with CHO transiently expressed
F1t1D2.FIk1D3 FcACl(a) protein in molar ratio of 3:1
(VEGF165:Fit1 D2Flk1 D3.FcACI (a)) and incubated over-
night at 4° C.

(a) Size Exclusion Chromatography (SEC) with On-Line
Light Scattering

Size exclusion chromatography column with a MiniDawn
on-line light scattering detector (Wyatt Technology, Santa
Barbara, Calif.) and refractive index (R1) detectors (Shi-
madzu, Kyoto, Japan) was used to determine the molecular
weight (MW) of the receptor-ligand complex. Samples were
injected onto a Superose 12 HR 10/30 column (Pharmacia)
equilibrated in PBS buffer and eluted with the same buffer
at flow rate 0.5 ml/min. at room temperature. As shown in
FIG. 33, the elution profile shows two peaks. Peak #1
represents the receplor-ligand complex and peak #2 repre-
sents the unbound VEGF165. MW was calculated from LS
and R1 signals. The same procedure was used to determine
MW of the individual components of the receptor-ligand
complex. The results of these determinations are as follows:
MW of the Flt1D2FIk1D3.FcAC1(a)NEGF165 complex at
the peak position is 157 300 (FIG. 33), the MW of VEGF 165
at the peak position is 44 390 (F1G. 34) and the MW of R1R2
at the peak is 113 300 (FIG. 35).

These data indicated that the stoichiometry of the
Flt1D2F1k1D3.FcAC1(a)NEGF complex is 1:1 as its corre-
sponds to the sum of molecular weights for
Flt1D2F1k1D3.FcAC1(a) and VEGF165. Importantly, this
method conclusively proved that the F1t1D2F1k1D3.FcAC1
(a)/VEGF165 complex was indeed composed of only onc
molecule of VEGF165 ligand and only one molecule of the
FIID2Fik1D3.FcAC1(a).
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Example 28

Peptide Mapping of Flt1D2.Flk1D3.FcAC1(a)

The disulfide structures and glycosylation sites in
Fit1D2.FIk1D3.FcACl(a) were determined by a peptide
mapping method. In this method, the protein was first
cleaved with trypsin. Tryptic fragments were analyzed and
identificd by HPLC coupled with mass spectrometry, in
addition to an N-terminal sequencing technique. Reduction
of the tryptic digest was employed to help identify disulfide-
bond-containing fragments. Treatment of the tryptic digest
with PNGase F (Glyko, Novato, Calif.) was employed to
help identify fragments with N-linked glycosylation sites.
The results are summarized in the accompanying FIG. 36.

There are a total of ten cysteines in
FIt1D2.Flk1D3.FcACl1(a); six of them belong to the Fc
region. Cys27 has been confirmed to be disulfide bonded 1o
Cys76. Cys121 is confirmed to be disulfide bonded to Cys
182. The first two cysteines in the Fc region (Cys211 and
Cys214) form an intermolecular disulfide bond with the
same two cysteines in another Fc chain. However, because
these two cysteines can not be separated enzymatically from
each other, it can not be determined whether disulfide
bonding is occurring between same cysteines (Cys211 to
Cys211, for example) or between Cys21! and Cys214.
Cys216 is confirmed to be disulfide bonded to Cys306. Cys
352 is confirmed to be disulfide bonded to Cys410.

There are five possible N-linked glycosylation sites in
Fit1D2.Flk1D3.FcACi(a). All five of them are found to be
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glycosylated to varying degrees. Complete glycosylation -

was observed at Asn33 (amino acid sequence NIT), Asn193
(amino acid sequence NST), and Asn282 (amino acid
sequence NST). In addition, partial glycosylation is
observed on Asn65 and Asnl20. Sites of glycosylation are
highlighted by underline in the FIG. 36.

Example 29

Pharmacokinetic Analysis of Modified Flt
Receptors

(a) Pharmacokinetic Analysis of FIt1(1-3)-Fc (A40),
Fit1D2.F1k1D3.FcACl(a) and VEGFRIR2-FcAC1(a)

Balb/c mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flt1(1-3)-Fc (A40), CHO transiently expressed
FIt1D2.FIk1D3.FcACl (a), CHO stably expressed
FlIt1D2.FIk1D3.FcACl(a), and CHO transiently expressed
VEGFRI1R2-FcAC1(a). The mice were tail bled at 1, 2, 4, 6,
24 hrs, 2 days, 3 days and 6 days after injection. The sera
were assayed in an ELISA designed to detect Flt1(1-3)-Fc
(A40), FIt1D2.FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a).
The ELISA involves coating an ELISA plate with
VEGF165, binding the detect Flt1(1-3)-Fc (A40), Fltl
D2.FIkl D3.FcACl (a) or VEGFR] R2-FcAC1 (a) and
reporting with an anti-Fc antibody linked to horse radish
peroxidase. The results of this experiments are shown in
FIG. 37. The T,,,, for Flt1(1-3)-Fc (A40) was at 6 hrs while
the T,,,.. for the transient and stable F1t1D2.Flk1 D3.FcAC1
(a) and the transient VEGFR1 R2-FcACl1 (a) was 24 hrs. The
C e for Flt1(1-3)-Fc (A40) was 8 pg/ml. For both transients
(FIt1D2.Flk1D3.FcACl(a) and VEGFR1 R2-FcACl (a)) the
Corax Was 18 pg/ml and the C,,,, for the stable VEGFRI
R2-FcACI (a) was 30 pg/ml.
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(b) Pharmacokinetic Analysis of Ftll(1-3)-Fc (A40).
F1t1D2.FIk1D3.FcAC1(a) and Fit1 D2.VEGFR3D3.FcAC1
@

Balbic mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flt1(1-3)-Fc (A40), CHO transiently expressed
Flt1 D2 Flk1 D3.FcAC]1 (a) and CHO transiently expressed
Flt1D2.VEGFR3D3.FcACl(a). The mice were tail bled at 1,
2,5,6,7,8,12, 15 and 20 days after injection. The sera were
assayed in an ELISA designed to detect Fltl (1-3)-Fc,
Flt1D2.Flkl D3.FcAC1 (a) and FIt]1 D2.VEGFR3D3.FcAC1
(a). The ELISA involves coating an ELISA plate with 165,
binding the Flt1(1-3)-F¢, F1tl D2.Flkl D3.FcACl (a) or
Fitl D2.VEGFR3D3.FcACl1 (a) and reporting with an anti-
Fc antibody linked to horse radish peroxidase. Flt1(1-3)-Fc¢
(A40) could no longer be detected in the serum after day 5
whereas, FlIt1D2.Flk1 D3.FeAC1 (a) and
F1t1D2.VEGFR3D3.FcACl (a) were detectable for 15 days
or more. The results of this experiment are shown in FI1G. 38.

Example 30

Evaluation of the Ability of
FIt1D2.Fik1D3.FcAC1(a) to Inhibit Tumor Growth
In Vivo

To evaluate the ability of FIt1D2.FIk1D3.FcACl(a) to
inhibit tumor growth in vivo a model in which tumor cell
suspensions are implanted subcutaneously on the right flank
of male severe combined immunodeficiency (SCID) mice
was employed. Two cell lines, the human HT-1080 fibrosa-
rcoma cell line (ATCC accession no. CCL-121) and the rat
C6 glioma cell line (ATCC accession no. CCL-107), each of
which exhibit distinctly different morphologies and growth
characteristics, were used in the assay. The first dose of
F1t1D2.FIk1D3.FcAC1(a) (at 25 mg/Kg or as indicated in
FIGS. 39 and 40) was given on the day of tumor implanta-
tion. Animals subsequently received subcutaneous injec-
tions of Flt1(1-3)-Fc (A40), Flt1D2.FIk1D3.FcAC1(a) or
vehicle either every other day (EOD) or two times per week
(2x/wk) for a period of 2 weeks. After 2 weeks, animals
were perfused with fixative, tumors were removed and
samples were blinded. Tumor volume was determined by
measuring the length and width of visible subcutaneous
tumors. Both of Flt1  (1-3)-Fc  (A40) and
F1t1D2 . Flk1D3.FcACl(a) significantly reduced the growth
of tumors formed by HT-1080 and C6 cells. The results of
these experiments are shown in FIG. 39 and FIG. 40.

Example 31

The Effect of VEGF165 and Modified Fit
Receptors in Female Reproductive System

The stereotypic pattern of vascular remodeling which
occur in the uterus and ovary over the course of the
reproductive cycle has been well characterized, making
these tissues particularly well suited to the study of mecha-
nisms which regulate angiogenesis, vascular remodeling and
vascular regression. Indeed, in situ hybridization studies in
the reproductive tissues provided the first clear evidence that
VEGF acts as a mediator of physiological angiogenesis in
mature rodents, as well as humans and non-human primates
(Phillips et al, 1990; Ravindranath et al, 1992; Shweiki et al,
1993; Kamat et al, 1995). As cyclic angiogenesis and
vascular remodeling are prominent features of the normal
ovary and uterus, it is not surprising that abnormal blood
vessel growth and/or vascular dysfunction have been found
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to characterize many pathological conditions which affect
these organs. Furthermore, these pathogenic vascular abnor-
malities are thought to be caused or perpetuated by the
dysregulated expression of one or more angiogenic or anti-
angiogenic factors, most prominently VEGF.

For example, abnormal angiogenesis is characteristic of
polycystic ovary -disease, endometriosis and endometrial
carcinoma, and in each case VEGF is over expressed in the
affected tissue (Kamat et al, 1995; Shifren et al, 1996; Guidi
et al, 1996; Donnez et al, 1998). Overexpression of VEGF
is also thought to play a pathogenic role in the establishment
of systemic vascular hyperpermeability in ovarian hyper-
stimulation syndrome (McClure et al, 1994; Levin et al,
1998) and preeclampsia (Baker et al, 1995; Sharkey et al,
1996). In addition, VEGF has been implicated as the per-
meability factor responsible for the production of ascites
associated with ovarian carcinoma and other tumors (Senger
et al, 1983; Boocock et al, 1995). Agents which effectively
neutralize the biological actions of VEGI can reasonably be
anticipated to be of therapeutic benefit in the above and
related conditions.

Angiogenesis and vascular remodeling are also hallmarks
of blastocyst implantation and placental development (Find-
lay, 1986). VEGEF is strongly expressed both in the maternal
decidua and in embryonic trophoblasts, where it is thought
to first stimulate expansion and hyperpermeability of the
uterine vasculature during the peri-implantation period and
subsequently mediate formation of both the maternal and
embryonic components of the placental vasculature (Sh-
weiki et al, 1993; Cullinan-Bove and Koos, 1993;
Chakraborty et al, 1995; Das et at, 1997). VEGF is also
required for luteal angiogenesis and associated progesterone
secretion necessary 1o prepare the uterus for implantation
(Ferrara et al, 1998). Thus, agents which inhibit the biologi-
cal actions of VEGF may prove to be useful as contraceptive
agents (by preventing implantation), or as an abortifacients
in the early stages of gestation. The latter application might
find particular use as a non-surgical intervention for the
termination of ectopic pregnancies.

While the expression of VEGF receptors is largely con-
fined to the vascular endothelium in nommal reproductive
tissues, Flt1 is also expressed by trophoblasts in the placenta
in both humans and animals (Clark et al, 1996; He et al,
1999) where it has been proposed to play a role in tropho-
blast invasion. Interestingly, both Fltl and KDR (Fik1) are
expressed by choriocarcinoma cell line BeWo (Charnock-
Jones et al, 1994), and VEGF has been shown to promote
DNA synthesis and tyrosine phosphorylation of MAP kinase
in these cells. Furthermore, primary and metastatic ovarian
carcinomas not only 10 express high levels of VEGF, but—in
addition to the vascular endothelium—the tumor cells them-
selves express KDR and/or Fltl (Boocock et al, 1995).
These findings suggest that VEGF may not only be critically
involved in the generation and maintenance of tumor vas-
culature, but that at least in some tumors of reproductive
origin VEGF may subserve an autocrine role, directly sup-
porting the survival and proliferation of the tumor cells.
Thus agents which block the actions of VEGF may have
particularly beneficial applications to the treatment of
tumors of reproductive origin.

Methods and Results

(a) Assessment of VEGF-Induced Uterine Hyperpermeabil-
ity

Pregnant mare’s serum gonadotrophin (PMSG) was
injected subcutaneously (5 1U) to induce ovulation in pre-
pubertal female rats. This results in a surge of estradiol after
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2 days which in turn causes an induction of VEGF in the
uterus, it is reported that this induction results in hyperper-
meability of the uterus and an increase in uterine wet weight
6 hrs. later and, therefore, could potentially be blocked by
the modified Flt receptors Flt1 (1-3)-Fc (A40), Fl1tl
D2 FIk1D3.FcACl(a) and Flt1D2.VEGFR3D3. FcACl(a).
In this in vivo model, the normal weight of the rat uterus is
about 50 mg and this can be induced to 300-350 mg by
PMSG. Desiccation of the tissue re veals that this is all water
weight. Subcutaneous injection of Flt1(1-3)-Fc (A40),

FltiD2 FIk1D3.FcACl(a) and
FItID2.VEGFR3D3.FcACl(a) at 25 mg/kg at 1 hr. after
PMSG injection results in about a 50% inhibition of the
increase in uterine wet weight. Increasing the dose of
modified Flt receptor does not further reduce the increase in
wet weight suggesting that there is a VEGF-independent
component to this model. The results of this experiment are
shown in FIG. 41.

(a) Assessment of Corpus Luteum Angiogenesis Using
Progesterone as a Readout

Pregnant mare’s serum gonadotrophin (PMSG) is injected
subcutaneously (5 IU) to induce ovulation in prepubertal
female rats. This results in a fully functioning corpus luteum
containing a dense network of blood vessels after 4 days that
allows for the secretion of progesterone into the blood
stream in order to prepare the uterus for implantation. The
induction of angiogenesis in the corpus luteum requires
VEGF; therefore, blocking VEGF would result in a lack of
new blood vessels and thus a lack of progesterone secreted
into the blood stream. In this in vivo model, resting levels of
progesterone are about 5 ng/ml and this can be induced to a
level of 25-40 ng/ml after PMSG. Subcutaneous injection of
FIt1(1-3)-Fc (A40) or Flt1D2.FlkiD3 FcaCl(a) at 25 mg/kg
or 5 mg/kg at 1 hr. after PMSG injection results in a
complete inhibition of the progesterone induction on day 4.
The results of this experiment are shown in FIGS. 42A-42B.

Example 33

Pharmacokinetic Analysis of Flt1(1-3)-Fc (A40)
and Pegylated Flt1(1-3)-Fc

Flt1(1-3)-Fc was PEGylated with either 10 kD PEG or 20
kD PEG and tested in balb/c mice for their pharmacokinetic
profile. Both PEGylated forms of FIt1(1-3)-Fc were found to
have much better PK profiles than Flt1(1-3)-Fc (A40), with
the Tmax occurring at 24 hrs. for the PEGylated molecules
as opposed to 6 hrs. for Flt1(1-3)-Fc (A40).

Example 34

VEGF165 ELISA to Test Affinity of Modified Flt1
Receptor Variants

10 pM of VEGF165 was incubated overnight at room
temperature with modified FIt] receptor variants ranging
from 160 pM to 0.1 pM. The modified Flt1 receptor variants
used in this experiment were Flt1(1-3)-Fc, Flt1(1-3)-Fc
(A40), transiently expressed Flt1D2Fik1D3.Fc-AC1 (a),
transiently expressed Flt1 D2VEFGFR3D3-FcACl1(a), Flt1-
(1-3p49)-Fe¢, Flt1(1-34_, o)-Fc and Tie2-Fc. Fltl(1-3,,,c)-Fc
is a modified version of Flt1(1-3)-Fc¢ in which the highly
basic amino acid sequence KNKRASVRRR is replaced by
NASVNGSR, resulting in the incorporation of two new
glycosylation sites and a net reduction of five positive
charges, both with the purpose of reducing the unfavorable
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effects of this sequence on PK. Fltl(1-3¢.,)-Fc is a modi-
fication in which a single arginine (R) residue within the
same basic amino acid sequence is changed to a cysteine (C)
(KNKRASVRRR__KNKCASVRRR) to allow for pegyla-
tion at that residue, which could then shield the basic region
from exerting its unfavorable effects on PK. After incubation
the solution was transferred to a plate containing a capture
antibody for VEGF165 (R&D). The amount of free
VEGF165 was then determined using an antibody to report
free VEGF165. This showed that the modified Flt] receptor
variant with the highest affinity for VEGF165 (determined as
the lowest amount of free VEGF165) was FltlD2Flkl
D3.FcACl (a), followed by Fltl (1-3)-Fc and Flt1(1-3)-Fc
(A40) and thén by Flt1(1-34,)-Fc, Fl1(1-3,,,)-Fc and
FIt1D2VEFGFR3D3-FcAC1(a). Tie2Fc has no affinity for
VEGF165.

The invention claimed is:

1. An isolated nucleic acid molecule encoding a fusion
protein capable of binding vascular endothelial growth fac-
tor (VEGF), consisting, of

(a) a (VEGF) receptor component having immunoglobu-

lin-like (1g) domains consisting of an Ig domain 2 of a
first VEGF receptor human Flt] and Ig domain 3 of a
second VEGF receptor human Flk1; and

(b) a multimerizing component.

2. The isolated nucleic acid molecule of claim 1, wherein
the nucleotide sequence encoding a first VEGF receptor
component is upstream of the nucleotide sequence encoding
a second VEGF receptor component.

3. The isolated nucleic acid molecule of claim 1, wherein
the nucleotide sequence encoding a first VEGF receptor
component is downstream of the nucleotide sequence encod-
ing a second VEGF receptor component.

4. The isolated nucleic acid of claim 1, wherein the
multimerizing component comprises an immunoglobulin
domain.

5. The isolated nucleic acid of claim 4, wherein the
immunoglobulin domain is selected from the group consist-
ing of the Fc domain of 1gG, and the heavy chain of IgG.

6. The isolated nucleic acid molecule of claim 1, com-
prising a nucleic acid sequence selected from:

(a) SEQ ID NO: 15; and

(b) nucleic acid sequences which, as a result of the

degeneracy of the genetic code, differ from the nucleic
acid sequence of SEQ ID NO: 15.

7. An expression vector comprising a nucleic acid mol-

ecule encoding a fusion protein capable of binding vascular
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endothellal growth factor (VEGF), wherein the fusion pro-
tein consists of immunoglobulin-like (Ig) domain 2 of
VEGF receptor human Flt1, Ig domain 3 of VEGF receptor
human Flk1, and a multimerizing component.

8. A host-vector system for the production of a fusion
polypeptide comprising an expression vector encoding a
fusion protein capable of binding vascular endothelial
growth factor (VEGF), wherein the fusion protein consists
of immunoglobulin-like (Ig) domain 2 of VEGF receptor
human Flt1, Ig domain 3 of VEGF receptor human F1k1, and
a multimerizing component, In a suitable isolated host cell.

9. The host-vector system of claim 8, wherein the host cell
is a bacterial cell, yeast cell, insect cell, or mammalian cell.

10. The host-vector system of claim 9, wherein the host
cell is selected from the group consisting of E. coli and
CHO.

11. A method of producing a fusion polypeptide, com-
prising growing cells of the host-vector system of claim 8,
under conditions permitting production of the fusion
polypeptide and recovering the fusion polypeptide so pro-
duced.

12. An isolated nucleic acid molecule encoding a fusion
protein capable of binding vascular endothelial growth fac-
tor (VEGF), consisting of

(a) a VEGF receptor component having immunoglobulin-

like (Ig) domains consisting of an Ig domain 2 of a first
VEGF receptor human Fltl and Ig domain 3 of a
second VEGF receptor human Flt-4: and

(b) a multimerizing component.

13. The isolated nucleic acid molecule of claim 12,
wherein the multimerizing component is chosen from the Fc
domain of IgG and the heavy chain of IgG.

14. An isolated nucleic acid molecule consisting of a
nucleotide sequence encoding immunoglobulin-like (Ig)
domain 2 of a first vascular endothelial growth factor
(VEGF) receptor upstream of a nucleotide sequence encod-
ing Ig domain 3 of a second VEGF receptor and a nucleotide
sequence encoding a multimerizing component, wherein the
nucleic acid sequence is SEQ 1D NO:15.

15. The isolated nucleic acid molecule of claim 14 encod-
ing a fusion protein comprising the amino acid sequence of
SEQ 1D NO:16.
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VEGF-Trap: A VEGF blocker with potent

antitumor effects

Jocelyn Holash*, Sam Davis, Nick Papadopoulos, Susan D. Croll, Lillian Ho, Michelle Russell, Patricia Boland, Ray Leidich,
Donna Hylton, Elena Burova, Ella loffe, Tammy Huang, Czeslaw Radziejewski, Kevin Bailey, James P. Fand|, Tom Daly,
Stanley J. Wiegand, George D. Yancopoulos, and John S. Rudge

Regeneron Pharmaceuticals, Incorporated, 777 Old Saw Mill River Road, Tarrytown, NY 10591

Communicated by P. Roy Vagelos, Merck & Co., Inc., Bedminster, NJ, July 2, 2002 (received for review April 19, 2002)

Vascular endothelial growth factor (VEGF) plays a critical role
during normal embryonic angiogenesis and also in the pathological
angiogenesis that occurs in a number of diseases, including cancer.
Initial attempts to block VEGF by using a humanized monoclonal
antibody are beginning to show promise in human cancer patients,
underscoring the importance of optimizing VEGF blockade. Previ-
ous studies have found that one of the most effective ways to block
the VEGF-signaling pathway is to prevent VEGF from binding to its
normal receptors by administering decoy-soluble receptors. The
highest-affinity VEGF blocker described to date is a soluble decoy
receptor created by fusing the first three Ig domains of VEGF
receptor 1 to an Ig constant region; however, this fusion protein
has very poor in vivo pharmacokinetic properties. By determining
the requirements to maintain high affinity while extending in vivo
half life, we were able to engineer a very potent high-affinity VEGF
blocker that has markedly enhanced pharmacokinetic properties.
This VEGF-Trap effectively suppresses tumor growth and vascular-
ization in vivo, resulting in stunted and almost completely avas-
cular tumors. VEGF-Trap-mediated blockade may be superior to
that achieved by other agents, such as monoclonal antibodies
targeted against the VEGF receptor.

he sprouting of new blood vessels, termed angiogenesis, is

required to support growth in the embryo and young animal,
as well as to allow for repair and remodeling processes in the
adult. However, aberrant angiogenesis is also associated with a
number of pathological conditions and diseases, including cancer
(1, 2). Tumors, like many normal tissues, use the vasculature as
a means to obtain oxygen and nutrients and to remove waste
products. Although tumors can in part grow by coopting existing
host vessels (3-6), most tumors also induce new vessel formation,
suggesting that this neovascularization is required for their
growth (1, 2, 7). Consequently, much effort has been directed
toward discovering antiangiogenic agents and evaluating them as
cancer therapeutics. Perhaps the best characterized and most
highly validated antiangiogenic approach involves targeting the
vascular endothelial growth factor (VEGF) pathway (1, 8-11).
Based on numerous animal studies, the VEGF pathway is the
only well-defined signaling pathway known to be required for
normal development of the vasculature as well as for the
pathologic angiogenesis that accompanies cancer and other
disease states (8-10).

The VEGF pathway is initiated when VEGF binds to its
receptors on endothelial cells. The two best characterized VEGF
receptors are termed VEGF receptor 1 (VEGFR1) and VEGF
receptor 2 (VEGFR2). VEGFR1 and VEGFR2 are highly
related transmembrane tyrosine kinases that use their ectodo-
mains to bind VEGF; this binding in turn activates the intrinsic
tyrosine kinase activity of their cytodomains, initiating intracel-
lular signaling. Interestingly, although VEGFR1 binds to VEGF
with substantially higher affinity, most of the biologic effects of
VEGF seem to be mediated via VEGFR2. In animals, blockade
of the VEGF pathway has been achieved by many different
means, including blocking antibodies targeted against VEGF
(12-14) or its receptors (15), soluble decoy receptors that

www.pnas.org/cgi/doi/10.1073/pnas. 172398299

prevent VEGF from binding to its normal receptors (16-20), as
well as small molecule inhibitors of the tyrosine kinase activity
of the VEGFRs (21-23). Recently, a study that compared the
efficacy of VEGF blockade to other “antiangiogenic” strategies
established that this approach is superior to many others (ref.
11). Consistent with predictions from animal studies, blockade
of VEGF using a humanized monoclonal antibody has emerged
as the first and thus far only antiangiogenesis approach reporting
promising results in human cancer patients, based on prelimi-
nary reports from early clinical trials.! The hope is that anti-
VEGF approaches can be generalized to many different types of
cancer, as well as to other diseases in which pathologic angio-
genesis contributes, such as diabetic retinopathy and psoriasis.

The clinical promise of initial anti-VEGF approaches high-
lights the need to optimize blockade of this pathway. Previous
studies have found that one of the most effective ways to block
the VEGF signaling pathway is to prevent VEGF from binding
to its normal receptors by administering decoy VEGF receptors
(11, 16, 17, 24). The highest-affinity VEGF blocker described to
date is a soluble decoy receptor created by fusing the first three
Ig domains of VEGFRI to the constant region (Fc portion) of
human IgG1, resulting in a forced homodimer that has picomolar
binding affinity (16, 17). In tumor experiments, this VEGFR1-Fc
reagent is efficacious at approximately 500-fold lower concen-
tration than a similar VEGFR-2 construct (11). Despite its high
affinity, the VEGFR1-Fc is not a feasible clinical candidate
because of its poor pharmacokinetic profile; in rodent studies,
this protein has to be administered frequently and at very high
levels to achieve efficacious levels (16, 17, 24). In addition, the
VEGFR1-Fc exhibits certain toxicological side effects that are
not seen with the VEGFR2-Fc (11). These effects appear to be
due to nonmechanism-based and nonspecific properties of this
agent (see Discussion). By determining the requirements to
maintain high affinity while extending in vivo half life, we were
able to engineer a very potent high-affinity VEGF blocker that
has prolonged in vivo pharmacokinetics and pharmacodynamics,
lacks nonspecific toxicities, and can effectively suppress the
growth and vascularization of a number of different types of
tumors in vivo.

Materials and Methods

Engineering VEGF-Traps. The parental VEGF-Trap was created by
fusing the first three Ig domains of VEGFR1 to the constant
region (Fc) of human IgGl. VEGF-Trapap; was created by
removing a highly basic 10-aa stretch from the third Ig domain
of the parental VEGF-Trap. VEGF-Trapag: was created by
removing the entire first Ig domain from VEGF-Trapag:.
VEGF-Traprirz was created by fusing the second lg domain

Abbreviations: VEGF, vascular endothelial growth factor; VEGFR1, VEGF receptor 1;
VEGFR2, VEGF receptor 2; AUC, area under the curve,

*To whom reprint requests should be addressed, E-mail: jocelyn.holash@regenerorn.com.

tYang, J., Haworth, L., Steinberg, S.. Rosenberg, S. & Novotny, W. {2002) Am. Soc. Clin.
Oncol. (abstr. 15).
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of VEGFR1 with the third lg domain of VEGFR2. All of the
VEGF-Trap variants were produced and purified from Chinese
hamster ovary cells.

Pharmacokinetic Analysis of VEGF-Traps. BALB/c mice (25-30 g)
were injected s.c. with 4 mg/kg of the various Traps and bled at
1, 2, 4, 6, 24, 48, 72, and 144 hr after injection. Levels of all
VEGF-Traps were measured by an ELISA by using human
VEGFj¢s to capture and an antibody to the human Fc region as
the reporter.

Extracellular Matrix (ECM)-Binding Assay. ECM-coated plates
(Becton Dickinson no. 35-4607) were incubated with varying
concentrations of VEGF-Traps for 1 hr at room temperature.
They were washed and incubated with alkaline phosphatase-
conjugated anti-human Fc antibody (Promega, 1:4,000 in PBS +
10% BCS) for 1 hr at room temperature. Plates were washed four
times with PBS + 0.1%Triton-X 100 and reagent buffer added
for color development. Plates were read at 405-570 nm.

VEGF-Trap-Binding Assay. Binding affinities of VEGF-Traps were
measured by using a specific and sensitive ELISA (R&D Systems
kit no. DVEOO) for detecting free (unbound) human VEGF in
mixtures of the VEGF-Traps (ranging in concentration from 0.1
to 160 pM) with human VEGFes (at 10 pM), incubated over-
night at room temperature.

Human Umbilical Vein Endothelial Cell Phosphorylation Assay. Con-
fluent monolayers of human umbilical vein endothelial cells [Vec
Technologies (Rensselaer, NY) passage no. 5] were serum-starved
for 2 hr and then challenged for 5 min with vehicle or 40 ng/ml of
human VEGFes, alone or preincubated with VEGF-Traps at
1.5-fold molar excess. Cells were then lysed, immunoprecipitated by
using a VEGFR2-specific antibody, and immunoblotted with
a phosphotyrosine-specific antibody (Upstate Biotechnology,
4G10 mADb).

VEGF-Induced Proliferation Assay. Cells that proliferate in response
to VEGF were generated by stably transfecting NIH 3T3 cells
with a VEGFR2/TrkB chimeric receptor (in which the cytodo-
main of VEGFR2 was replaced with that of TrkB, a receptor for
brain-derived neurotrophic factor that effectively drives prolif-
eration in these cells). Five thousand cells were plated per well
of a 96-well plate, allowed to settle for 2 hr, incubated for 1 hr
with VEGF-Trap variants (titrated from 40 nM to 20 pM), then
challenged for 72 hr with human VEGF¢;s at a concentration of
1.56 nM, followed by addition of [3-(4,5 dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
innersai and spectrophotometric analysis at 450/570 nm.

Acute Hypotension. Male Wistar—Kyoto rats (180-240 g) from
Taconic Laboratories were maintained on a 12:12 light/dark cycle
(lights on 0600) with food and water available ad libitum. Before
challenge with VEGF, animals were pretreated with VEGF-Traps
or PBS as indicated, anesthetized with 1.5-2% isoflurane in oxygen,
and the left femoral artery catheterized for direct measurement of
systolic blood pressure through a blood pressure transducer (11TC,
Woodland Hills, CA) into a chart recorder (Linseis, Princeton
Junction, NJ). Animals were then injected in the right jugular vein
with a 200-ul bolus containing 10 ug of recombinant human
VEGFgs. Systolic blood pressure was measured before VEGF
injection and every minute thereafter for 20 min. Blood pressures
were normalized 10 baseline preinjection and analyzed by using
mixed factorial ANOVAs (see supporting information on the
PNAS web site, www.pnas.org).

Tumor Growth Experiments. C6 glioma cells (1.0 X 10 cells/mouse)
and A673 rhabdomyosarcoma cells (2.0 X 106 cells/mouse) were

11394 | www.pnas.org/cgi/doi/10.1073/pnas.172398299
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Fig. 1. Engineering of VEGF-Traps with improved pharmacokinetics, (A)
Schematics of full-length VEGFR1 (red) and VEGFR2 (blue) are provided,
indicating their seven Ig domains, transmembrane regions (black bars), and
kinase domains (ovals). The parental VEGF-Trap contains the first three Ig
domains of VEGFR1 (including the highly basic 10-aa stretch in 193, biue box)
fused to the Fc portion of human IgG1. VEGF-Trapas: is identical to the
parental VEGF-Trap, except that the basic stretch in Ig3 has been removed.
VEGF-Trapasz is the same construct as AB1, except that the first Ig domain has
been removed. VEGF-Traprirz possesses the second Ig domain of VEGFRt and
the third Ig domain of VEGFR2 fused to the Fc portion of human IgG1. (B) The
four indicated VEGF-Traps were assayed in vitro for their capacity to bind to
extracellular matrix, with only the parental VEGF-Trap and VEGF-Trapas
demonstrating binding. (C) Pharmacokinetic analysis of the VEGF-Traps re-
veals that the parental VEGF-Trap has the poorest profile, whereas VEGF-
Traprirz showed the best profile.

obtained from American Type Culture Collection, and B16F10.9
melanoma cells (5.0 X 10° cells/mouse) were a generous gift from
Charles Lin (Duke University, Durham, NC). Cells were suspended
in serum-free medium and implanted s.c. on the shaved right flank
of male C.B-17 SCID mice at the indicated concentrations. After
tumor cell implantation and twice weekly thereafter for the dura-
tion of the experiment, mice received a s.c. injection (at the nape of
the neck) of vehicle (PBS + 0.5% glycerol), VEGF-Trap, or DC101
(from American Type Culture Collection). After 2-3.0 weeks,
animals were killed and tumors were measured ex vivo with calipers
(tumor volume = length X width X height). For immunohisto-
chemistry studies, mice were perfused with 4% paraformaldehyde,
and tissue was processed as previously described (25).

Results

Reengineering Parental VEGF-Trap to Improve Its Pharmacokinetic
Profile. On the basis of the previously reported high affinity of a
soluble decoy receptor in which VEGFR1 is fused to the Fc
portion of human IgG1 (16, 17), we produced this fusion protein
to study its properties (see parental VEGF-Trap, Fig. 14). Single
s.c. injections of parental VEGF-Trap (4 mg/kg) into mice were
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performed to confirm that it indeed displayed poor pharmaco-
kinetic properties, with a maximal concentration (Cmax) of only
0.05 pg/ml and total “area under the curve concentration”
(AUC) of 0.04 pug X days/ml (Fig. 1C). We postulated that these
poor pharmacokinetic properties might be due to the high
positive charge of this protein (pl 9.4), which in turn may result
in its deposition at the site of s.c. injection because of nonspecific
adhesion to highly negatively charged proteoglycans that com-
prise the extracellular matrix. To test this hypothesis, we next
engineered several variants of the parental VEGF-Trap with
reduced positive charges. On review of the charge density in the
parental molecule, we noted a highly basic stretch of 10 amino
acids in the third Ig domain of VEGFR1 (see blue box in Fig.
1A). To reduce the charge, this region was excised, resulting in
a decrease in the pl of this VEGF-Trap (termed VEGF-Trapag;
see Fig. 14) from 9.4 to 9.1. It was also noted that the first Ig
domain of VEGFR1 had a basic pl, and we thus decided to test
removal of this domain as well as the above-noted basic region,
resulting in a protein termed VEGF-Trap,p: (Fig. 14), with a
further reduced pl of 8.9. Finally, because the third Ig domain of
VEGFR2 has a lower pl than the corresponding domain of
VEGFR1, we simply switched these domains to make a Trap in
which the second Ig domain of VEGFR1 is directly fused to the
third Ig domain of VEGFR2; this trap was termed VEGF-
Traprire (Fig. 14) and had a pl of 8.82. Previous structural
analyses indicated that VEGFR1 might make greater use of its
second Ig domain in contacting VEGF, whereas VEGFR2
instead makes greater use of its third Ig domain (26), raising the
interesting and useful possibility that VEGF-Traprirz might
actually bind more tightly to VEGF than the parental versions,
Combining the distinct binding regions of two different recep-
tors to create a higher-affinity interactor has previously been
used in the creation of a series of interleukin and cytokine
blockers also termed Traps (A. Economides, L. Rocco Carpen-
ter, J.S.R,, V. Wong, E. Koehler-Stec, C. Hartnett, E. Pyles, T.D.,
M. Young, J.P.F., Frank Lee, Scott Carver, Jennifer McNay,
K.B,, S. Ramakanth, R. Hatabarat, C.R., T.H.,, G.D.Y., and
N. Stahl, unpublished results). Using a simple extraceltular
matrix-binding assay, we then confirmed the hypothesis that
decreasing the positive charge of the VEGF-Traps would result
in decreased adhesion to extracetlular matrix (Fig. 1B). Binding
to extracellular matrix in this assay was directly related to the pl
of the Traps, with both VEGF-Traprirz and VEGF-Trapag:
displaying negligible binding in this assay.

On the basis of the above results, we next tested these various
VEGF-Traps in vivo for their pharmacokinetic behavior. Their in
vivo behavior followed the theoretical charge predictions as well as
the in vitro adhesion properties. Every reduction in pl was accom-
panied by a corresponding improvement in Cpax and AUC: VEGF-
Trapap: had @ Cax 0f 1.3 ug/ml and an AUC of 1.36 pg X days/ml;
VEGF-Trapag; had a Cyax 0f 2.65 pg/ml and an AUC of 5.42 pug X
days/ml; whereas VEGF-Trapgir: revealed the best profile with a
Cax of 16 pg/ml and an AUC of 36.28 ug X days/ml (Fig. 1C).
Thus, VEGF-Traprir2 had an AUC that was almost 1,000-fold
higher than that of the parental VEGF-Trap, raising the possibility
that it might be a far superior pharmacologic agent, assuming it
retained its ability to bind and block VEGF.

Comparison of Parental VEGF-Trap with VEGF-Traprirz2 in Binding,
Phosphorylation, and Cell Proliferation Assays in Vitro. Because of the
superior pharmacokinetic properties of VEGF-Trapgirz, we next
compared this Trap to its parent for its ability to bind and block
VEGF in vitro. To determine binding affinity of the Traps for
VEGF, equilibrium binding assays were performed in which dif-
ferent concentrations of the Traps were incubated with VEGFigs,
and the amount of unbound VEGF)¢s was measured, revealing that
parental VEGF-Trap displays a kD of ~5 pM, whereas VEGF-
Traprirz has a binding affinity of about 1 pM (Fig. 24). Preliminary
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Fig. 2. Binding affinity and inhibitory properties of VEGF-Traps. (4) Affini-
ties of indicated VEGF-Traps for VEGF, as determined by using a binding assay
that measures unbound VEGF (ordinate) after incubation of 10 pM of human
VEGFgs with varying concentrations of VEGF-Traps (abscissa). (B) Inhibition of
VEGF-induced phosphorylation of VEGFR2 in human umbilical vein endothe-
lial cell phosphorytations using indicated VEGF-Traps at 1.5-fold molar excess,
as revealed with immunoblotting assay. (€} Inhibition of VEGF-induced pro-
liferation of fibroblasts containing a chimeric VEGFR2/TrkB receptor, using
varying concentrations of VEGF-Traps in the presence of 1.56 nM of VEGF.

analyses show that VEGF-Traprir2 has a kD of =~1-10 pM for
VEGFj2; and approximately 45 pM for placental growth factor 2
(not shown); other VEGF isoforms and relatives have not been
analyzed.

To determine whether Trap binding of VEGF could potently and
effectively block the ability of VEGF to activate its receptor, VEGF
and Traps were added to cultured endothelial cells, and the effects
on VEGFR2 phosphorylation were examined, revealing that both
parental VEGF-Trap as well as VEGF-Traprir2 can completely
block VEGF-induced VEGFR2 phosphorylation when added at a
1.5-fold molar excess compared with the added VEGF, consistent
with very high-affinity binding to VEGF (Fig. 2B). Finally, to assess
whether these Traps would also be effective in cell-based prolifer-
ation assays, we engineered a cell line containing a chimeric
VEGFR?2 receptor that mediates a very strong proliferative re-
sponse to VEGF and found that both parental VEGF-Trap and
VEGF-Traprir: potently blocked VEGF-induced proliferation in
3-day growth assays in these cells, with an ICs at approximately an
equimolar concentration of Trap with the added VEGF, once again
consistent with very high-affinity binding of the Traps for VEGF

(Fig. 20).

VEGF-Trapgirz2 Provides Long-Term Blockade of Exogenously Admin-
istered VEGF-Induced Acute Hypotension. The above studies indi-
cated that VEGF-Traprir2 was at least as impressive a blocker
of VEGF as the parental version, but that it had far superior
pharmacokinetic properties. To initially explore whether these
attributes translated into superior pharmacodynamic perfor-
mance, we compared these reagents by using an acute readout
of VEGF responsiveness in vivo. Administration of a single bolus
dose (10 pg) of recombinant VEGF s to rats results in acute
hypotension, with a drop of about 40% from baseline systolic
blood pressure; this drop is maximal at 5 min and slowly rectifies
to normal by about 30 min (Fig. 34). To compare the pharma-
codynamic efficacy of the VEGF-Traps in blocking this acute
response, we preadministered the parental VEGF-Trap or
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Fig. 3. Using blockade of VEGF-induced acute hypotension to pharmaco-
dynamically compare VEGF-Traps. (A) When rats were treated with VEGF-Traps at
25 mg/kg at 1 day before VEGF challenge, VEGF-Traprirz (n = 8) completely
blocked VEGF-induced hypotension, whereas PBS (n = 6) and parental VEGF-Trap
(n = 6) were ineffective. ANOVA shows treatment effect, P < 0.007. (B) Ata 5-fold
lower dose (5 mg/kg), VEGF-Trapgirz was still effective at 1 day (n = 4) or 3 days
(n = 3) before the VEGF challenge. ANOVA shows treatment effect, P < 0.03.

VEGF-Trapgr2 at 25 mg/kg, 24 hr before VEGF administra-
tion (Fig. 34). Consistent with what would be expected from the
above pharmacokinetic studies, this dose of VEGF-Trapgrig2
completely blocked VEGF-induced hypotension, whereas the
parental VEGF-Trap had no discernable effect. Thus, although
the parental VEGF-Trap and its VEGF-Trapgir: derivative are
quite comparable in vitro (see above), the VEGF-Trapgrir2
performs much better in vivo, presumably because of its dra-
matically enhanced pharmacokinetic profile.

To further characterize the length of time in which VEGF-
Traprirz remained efficacious, we waited 1, 3, and 7 days after
injection of the Trap at 5 mg/kg before inducing hypotension. At
this dose, VEGF-Traprir; was completely effective in blocking
VEGF-induced acute hypotension at 1 and 3 days after a single
bolus (Fig. 3B) but was not significantly different from controls
at 7 days (data not shown).

VEGF-Trapgrir2 Dramatically Blocks Tumor Growth in Vivo. Altogether,
the above pharmacokinetic and pharmacodynamic studies indi-
cated that VEGF-Trapgrir2 has the potential to be a long-term
and potent pharmacologic blocker of VEGF-mediated activities
in vivo, far superior to that of parental VEGF-Trap. To begin to
explore the value of VEGF-Trapgrirz as an anticancer thera-
peutic and to compare it to other effective agents targeting the
VEGF pathway, we evaluated its ability to block the growth of
a variety of tumor cell lines in s.c. tumor models in mice. Tumor
cells were derived from diverse tissue origins and different
species (mouse B16F10.9 melanoma, human A673 rhabdomyo-
sarcoma, and rat C6 glioma). After implantation of tumor cells,
mice were allowed a brief recovery period and then received s.c.
injections of VEGF-Trapgrir2 (25 mg/kg) or vehicle twice weekly
for the duration of the experiment (2-3.0 weeks), after which the
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Fig.4. VEGF-Traprirz dramatically inhibits the s.c. growth and vascularity of
implanted tumors from diverse tissues and species. (A) VEGF-Trap rigz Sub-
stantially blocked the growth of the indicated s.c. implanted tumors, at the
indicated doses twice weekly for 2 weeks (C6 and B16F10.9) or 3.0 weeks
(A673). Error bars represent standard error of mean, n = five mice/treatment
group. The differences between control tumor volumes and VEGF-Traprir—
treated tumor volumes were analyzed by using Student’s t tests and found to
be significant at the following levels: B16F10 P = 0.01; A673 P = 0.06; C6 P <
0.0001. (B-D) Histological analysis reveals that VEGF-Trapgigz can effectively
block blood vessel growth in these implanted tumors. Sections of C6 tumors
stained with antibodies to platelet-endothelial cell adhesion molecule reveal
that vehicle-treated animals had large tumors that were highly vascularized
{B), whereas animals treated with 25 mg/kg VEGF-Traprirz (€) had tumorsthat
were largely avascular with large areas of necrosis (N). Viable tumor appeared
to be vascularized because of cooption of preexisting host vessels (white
arrowheads) associated with hypodermal musculature (M) and dermis. Treat-
ment with 2.5 mg/kg VEGF-Traprig; greatly stunted tumor growth (C) and
resulted in large necrotic regions (N), although small pockets of vessels were
occasionally apparent (black arrows). (Bar = 100 pm.)

animals were killed and tumors excised and measured. VEGF-
Traprir; significantly inhibited the growth of all three types of
tumors (Fig. 44). In the study using C6 glioma cells, a 10-fold
lower dose of VEGF-Traprir2 (2.5 mg/kg) was tested and found
to be equally effective at inhibiting tumor growth.

To evaluate the effects of VEGF-Trapgrirz on tumor-associated
angiogenesis, the tumors from the above studies were sectioned and
immunostained with antibodies to platelet~endothelial cell adhe-
sion molecule, so that the vasculature could be visualized (Fig. 4
B-D). This analysis revealed that the higher dose of VEGF-
Trapgrir2 almost completely blocked tumor-associated angiogene-
sis, with the stunted tumors being largely avascular, save for regions
in which preexisting host vessels appeared to be coopted by
surrounding tumor (see open arrowheads, Fig. 4C). The lower dose
of VEGF-Traprir2, which was quite comparable at inhibiting
tumor growth (see above), appeared to be slightly less effective at
completely blocking tumor-associated angiogenesis, allowing for
small pockets of tumor-associated vessels in otherwise avascular
tumors (see black arrowheads in Fig. 4D). In contrast to the
VEGF-Trap-treated tumors, control tumors in vehicle-treated mice
not only were much larger (see above) but also had a very high
vascular density (Fig. 48).
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Fig. 5. VEGF-Traprirz blocks tumor growth (of subcutaneously implanted
B16F10.9 cells) at far lower concentrations than DC101, a monoclonal antibody
directed to VEGFR2. Mice were treated twice weekly with the indicated dose of
VEGF-Traprirz, DC101, or vehicle. After 2.5 weeks, mice were killed, and tumors
were excised and measured. Individual tumor volumes are shown (colored bars),
as are average tumor volumes for each treatment (black bars) = SEM, n = six
mice/treatment group. Differences between treatment groupswere analyzed by
using a one-way ANOVA followed by Fisher's protected least significant differ-
ence test. Average volume of tumors in all treatment groups is significantly
smaller than control tumor volume (P < 0.01). Differences in tumor volume
between the high-dose VEGF-Trap, low-dose VEGF-Trap, and high-dose DC101
treatment groups are not significantly different, but they are significantly dif-
ferent from those of the low-dose DC101 treatment group (P < 0.02).

VEGF-Traprir2 Compares Favorably with Antibodies Targeting VEGFR2.
After establishing that VEGF-Traprir2 was effective at blocking
s.c. tumor growth, we undertook studies to compare its efficacy with
other known VEGF blockers. One particularly effective and well-
characterized blocker is a monoclonal antibody, termed DC101,
that targets VEGFR2 (15). When equimolar doses of VEGF-
Trapgrirz and DC101 were compared in the B16F10 melanoma
model, it was apparent that much higher doses of DC101 are
required to inhibit tumor growth (Fig. 5). Furthermore, because
antibodies have longer circulation times in mice than simple Fc
fusion proteins, the highly efficacious dose of DC101 accumulates
to approximately 60-fold higher serum levels than that of the
equally efficacious low dose of VEGF-Trap: circulating levels of
DC101 in animals treated with the 40-mg/kg dose were 2,442 = 272
pg/ml, in contrast to the circulating levels of VEGF-Trap in
animals treated with 3.2 mg/kg, which were 40 * 8 pg/ml. Thus,
circulating levels of VEGF-Trap that were approximately 60-fold
lower than those of DC101 were equally efficacious in inhibiting
tumor growth. Importantly, the favorable allometric scaling of Fc
fusion proteins relative to antibodies (27, 28) suggests that in
humans the circulation time for the VEGF-Trap will be much more
comparable to that of antibodies, which in turn suggests that in
humans the difference in efficacious doses would be further mag-
nified and may be as great as 60-fold.

As described in an accompanying manuscript (29), when used
at the same dose, VEGF-Trap shows efficacy equal to or better
than a monoclonal antibody to VEGF (30). As noted above,
because Fc fusion proteins have much shorter circulating half-
lives than antibodies in mice, but comparable half-lives in
humans, the finding that the VEGF-Trapgir2 is at least as potent
as the monoclonal antibody in mice suggests that the efficacious
dose of VEGF-Trap will be much lower than that of the
monoclonal antibody in humans.

Discussion

Validation of VEGF as an important new target in the war
against cancer comes from pioneering clinical studies using a
humanized monoclonal antibody that binds and blocks VEGF.t
Because anti-VEGF approaches act by blocking tumor-associated
angiogenesis, which appears to be widely required by many different
types of tumors, these approaches may prove to be generally useful
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against a wide assortment of cancers. In addition, pathological
angiogenesis seems to contribute to a number of non-neoplastic
diseases, such as diabetic retinopathy (31) and psoriasis (32),
extending the potential utility of anti-VEGF therapeutics. All this
promise highlights the need to optimize anti-VEGF approaches.
Herein we describe the engineering of an anti-VEGF agent, termed
VEGF-Traprirs. VEGF-Traprirz is a derivative of perhaps the
most potent VEGF binder known, VEGFRI1. Soluble forms of
VEGFR1 suffer from poor pharmacokinetic properties, which
seem to correlate with their nonspecific interactions with extracel-
lular matrix. VEGF-Trapgrigr2 was engineered to have minimal
interactions with extracellular matrix, and this property apparently
accounts for its satisfying pharmacokinetic profile. The combina-
tion of high-affinity and improved pharmacokinetics apparently
contributes toward making VEGF-Trapgr;rz one of the most, if not
the most, potent and efficacious VEGF blocker available. An
additional advantage is that VEGF-Trapgrrz is composed of en-
tirely human sequences, hopefully minimizing the possibility that it
might prove immunogenic in human patients. Despite its wholly
human nature, VEGF-Trapgrr2 binds all species of VEGF tested,
from human to chicken VEGF (not shown), making it a very
versatile reagent that can be used in almost any experimental
animal models.

A recent study comparing numerous antiangiogenesis ap-
proaches concluded that anti-VEGF approaches were the most
efficacious (11). The particular anti-VEGF agent used for these
studies was essentially equivalent to our parental VEGF-Trap
but was delivered in an adenoviral system in which it was highly
expressed in the livers of infected animals. In contrast to other
anti-VEGF approaches that seem to be well-tolerated, the
adenovirally delivered VEGF-Trap caused severe liver toxicity
and ascites, raising the possibility that it might have some unique
mechanism-based side effects compared with other anti-VEGF
approaches. To explore this possibility, we made adenoviral
versions of both the parental VEGF-Trap as well as VEGF-
Traprir2 and found that, whereas adenoviral delivery of paren-
tal VEGF-Trap reproduces the previously reported toxicities
(11), adenoviral delivery of VEGF-Trapgirz did not cause these
side effects even though much higher levels were achieved in the
circulation. Our conclusion is that the nonspecific interactions of
the parental VEGF-Trap with extracellular matrix contribute to
its increased toxicity after adenoviral administration, and that
comparable toxicity is not noted with adenoviral administration
of the engineered VEGF-Traprir2.

In addition to the anticancer findings reported here, recent
studies have shown that various versions of the VEGF-Trap can
efficaciously treat a cancer-associated condition in mice similar
to liver peliosis (33), as well as noncancer-associated disease
models, such as of diabetic retinopathy (34—36) and psoriasis
(Y.-P. Xia, M. Detmar, G.D.Y., and J.5.R., unpublished results).
The accompanying manuscript (29) compares the efficacy of the
VEGF-Trap to that of several other VEGF blockers, including
a humanized monoclonal antibody to VEGF, in a model of
kidney cancer. Among the several VEGF blockers tested, the
VEGF-Trap shows the best overall efficacy. In this manuscript,
we compare the efficacy of the VEGF-Trap to that of a
monoclonal antibody to VEGFR2 in cancer models and find that
far lower circulating levels of VEGF-Traprr; are required for
similar efficacy. Tumors treated with highest doses of the
VEGF-Trap are not only stunted but also strikingly avascular.
Qur description of a VEGF blocker with such superior blocking and
pharmacologic properties seems to demand that it be tested in
human patients suffering from diseases involving neoangiogenesis.
Toward this end, the safety of the VEGF-Trap has recently been
confirmed in toxicological studies in cynomologus monkeys (data
not shown). Consequently, the VEGF-Trap is currently in human
clinical trials for several different types of cancer.
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Food and Drug Administration
Rockville, MD 20852

Our Reference: BB-IND 12462 MAY 24 2005

Regeneron Pharmaceutical Inc.

Attention: William G. Roberts, M.D. :

Vice President, Regulatory Development -
777 old Saw Mill River Road t RECEWED JUN'1- 2005
Tarrytown, NY 10591

Dear Dr. Williams:

The Center for Drug Evaluation and Research has received your Investigational New Drug
Application (IND). The following product name and BB-IND number have been assigned to
this application. They serve only to identify it and do not imply that this Center either endorses
or does not endorse your application.

BB-IND #: 12462
SPONSOR: Regeneron Pharmaceutical Inc.

PRODUCT NAME: Vascular Endothelial Growth Factor Fc Protein (human,
recombinant, CHO cells, Regeneron)

DATE OF SUBMISSION: May 13, 2005
DATE OF RECEIPT:  May 16, 2005

This BB-IND number should be used to identify all future correspondence and submissions, as
well as telephone inquiries concerning this IND. Please provide an original and two copies of
every submission to this file. Please include three originals of all illustrations which do not
reproduce well.

It is understood that studies in humans will not be initiated until 30 days after the date of receipt
shown above. If this office notifies you, verbally or in writing, of serious deficiencies that
require correction before human studies can begin, it is understood that you will continue to
withhold such studies until you are notified that the material you have submitted to correct the
deficiencies is satisfactory. If such a clinical hold is placed on this file, you will be notified in
writing of the reasons for placing the IND on hold.
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Page 2 — BB-IND 12462

You are responsible for compliance with applicable portions of the Public Health Service Act.
the Federal Food, Drug, and Cosmetic Act, and the Code of Federal Regulations (CFR). A copy
of 21 CFR Part 312, pertaining to INDs, is enclosed. Copies of other pertinent regulations are
available from this Center upon request. The following points regarding obligations of an IND
sponsor are included for your information only, and are not intended to be comprehensive.

Progress reports are required at intervals not exceeding one year and are due within 60 days of
the anniversary of the date that the IND went into effect {21 CFR 312.33]. Any unexpected fatal
or immediately life-threatening reaction associated with use of this product must be reported to
this Division by telephone or facsimile transmission no later than seven calendar days after initial
receipt of the information. All serious, unexpected adverse experiences, as well as results from
-animal studies that suggest significant clinical risk, must be reported, in writing, to this Division
and to all investigators within fifteen calendar days after initial receipt of this information [21
CFR 312.32].

As required by the Food and Drug Modernization Act and the Best Pharmaceuticals for Children
Act, you are also responsible for registering certain clinical trials involving your drug product in
the Clinical Trials Data Bank http:/clinicaltrials.gov/ and http://prsinfo.clinicaltrials.gov/. If
your drug is intended for the treatment of a serious or life-threatening disease or condition and
you are conducting clinical trials to test its effectiveness, then you must register these trials in the -
Data Bank. Although not required, we encourage you to register effectiveness trials for non-
serious diseases or conditions as well as non-effectiveness trials for all diseases or conditions,
whether or not they are serious or life-threatening. Additional information on registering your
clinical trials, including the required and optional data elements and the FDA Draft Guidance for
Industry, "Information Program on Clinical Trials for Serious or Life-Threatening Diseases and
Conditions," is available at the Protocol Registration System (PRS) Information Site

http://prsinfo.clinicaltrials.gov/.

Charging for an investigational product in a clinical trial under an IND is not permitted without
the prior written approval of the FDA.

Prior to use of each new lot of the investigational biologic in clinical trials, please submit the lot
number, the results of all tests performed on the lot, and the specifications when established (i.e.,
the range of acceptable results).

If not included in your submission, please provide copies of the consent forms for each clinical
study. A copy of the requirements for and elements of informed consent are enclosed. Also,
please provide documentation of the institutional review board approval(s) for each clinical
study.

All laboratory or animal studies intended to support the safety of this product should be
conducted in compliance with the regulations for "Good Laboratory Practice for Nonclinical
Laboratory Studies" (21 CFR Part 58, copies available upon request). If such studies have not
been conducted in compliance with these regulations, please provide a statement describing in
detail all differences between the practices used and those required in the regulations.
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Item 7a of form FDA 1571 requests that either an "environmental assessment," or a "claim for
categorical exclusion" from the requirements for environmental assessment, be included in the
IND. If you did not include a response to this item with your application, please submit oné.
See the enclosed information sheet for additional information on how these requirements may be
addressed.

Please refer to http://www.fda. gov/cder/biologics/default.htm for important information
regarding therapeutic biological products, including the addresses for submissions. Effective
Oct. 4, 2004, the new address for all submissions to this application is:

CDER Therapeutic Biological Products’ Document Room
Center for Drug Evaluation and Research '
Food and Drug Administration

12229 Wilkins Avenue

Rockville, Maryland 20852

Telephone inquiries concerning this IND should be made directly to me at (301) 827-4358. If
we have any comments after we have reviewed this submission, we will contact you,

Sincerely yours,

Regulatory Project Manager

Division of Review Management and Policy
Office of Drug Evaluation VI .

Center for Drug Evaluation and Research

Enclosures (3): 21 CFR Part 312
21 CFR 50.20, 50.25
Information sheet on 21 CFR 25.24
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§5020 General requirements for in-
formed consent.

Bxoept as provided in §60.28 and
5024, no investigator may involve a
human being as a subject in research
covered by these regulations unless the
Investigator has obtained the legally
offective informed consent of the sub-
joot or the subject's legally anthorized.
representative. An investigator shall
seok such consent only under oir-
cumstances that provide the prospec-
tive subject or the representative suffi-
olent opportunity to consider whether
or not to participate and that mintmize
the possibility of coercion or undue in-
fluence. The information that is given
to the subfect or the representative
ghall be in language understandable to
the subject or. the representative. No
informed consent, whether oral or writ-
ten, may inolude any exoculpatory lan-
guage through which the subject or the
representative 18 made to waive or ap-
pear to waive any of the subjeot’s legal
rights, or releases or appears to release
the investigator, the sponsor, the insti-
fution, or its agents from liability for
negligence.

{46 FR 8951, Jan. 27, 1981, as smended at 64
FR 10342, Maur, 8, 1999]

$60.25 Elements of informed consent..

(a) Basic elements of informed consent.
In seeking informed consent, the fol-
*swing. information shall be provided to

ich subjeot: :

1) A statement that the study in-
volves research, an explanation of the
purposes of the research and the ex-
pected duration of the subject's partici-
pation, a description of the procedures
to be followed, and identification of

any procedures which are experi- .

mental. . .

(2) A desoription of any reasonahly
foreseeable risks or discomforts to the
subjeot.

(8) A descriptioni of any benefits to
the subject or to others which may rea-
sonably be expected from the research.

(4) A disclosure of appropriate alter-
native procedures er courses of treat-
ment, if any, that might be advan-
tageous to the subject. . o

(6) A statement describing the ex-
tent, if any, to which confidentiality of
records identifying the subjeot will be
maintained and that.-notes the possi-
bility that the Food and Drug Adminis-
tration may tnspeot the records. - :

(6) For research involving more than
minimal risk, an explanation as to
whether any compensation and an ex-
planation as to whether any medical
treatments are avallable if injury oo-
ours and, if so, what they oonsist of, or
where further information may be ob-
tained. .

(7). An explanation of whom to con-
taot for answers to pertinent.questions
about the research and research sub-
jecta’ rights, and whom to contact in

the event of a research-related injury .

to the subject.

(8) A statement that particlpation is
voluntary, that refusal to participate
will involve no penalty or loss of bene-
fits to which the subject is otherwise
entitled, and that the subject may dis-
continue participation at any time
without penalty or loss of benefits to

- -which the subject 18 otherwise entitled,

(b) Additional elements of informed con-
sent. When appropriate, one or more of
the following elements of information
shall also be provided to each subjeot:

(1) A statement that the particular
treatment or procedure may 1involve
risks to the subjeot (or to the embryo
or fetus, if the subjeot is or may be-
come preguant) which are currently
unforeseeable. .

(2) Antiocipated cfrcumstances under
which: the subject’s participation may
be terminated by the investigator
without regard to the subject's com-
sent. X
-~ (3) Any additional costs to the sub-
ject that may regult from participation

_ in the research.

(4) The consequences of a subject's
decision to withdraw from the research
and procedures for orderly termination
of participation by the subject. .

" (6) A statement that significant new
findinge developed during the course of
the research which may relate to the
subject’s willingness to continue par-
ticipation will be provided to the sub-
! (6) The approximate nuinber of sub-
jects involved in the study. .o

{(¢) The informed oonsent require-
ments in these regulations are not in-
tended to preempt any ag_puoable Fed-
eral, State, or local laws which require
additional information.to be disolosed
for informed consent to be legally ef-
footive. . .

(d) Nothing in these regulations is in-
tended to limit the authority of & phy-
slcfan to provide emergency medical
care to the extent the physician is per-
mitted to do so under applicable Fed-
eral, State, or local law.
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 Information Sheet for a Claim of Categoricat
- Exclusion for an IND Under 21 CFR 25.24

For those wastes generated in the productxon and use of the product which wul be
. controlled, please include documentation that such waste storage or disposal Is in -
. compliance with federal, -state and local requirements for hazardous waste production.
As an alternative, identify any generally recagnized; scientifically sound control
. pracedures which have been implemented to reduce the likellhaod of inadvertent
~.release of potentially toxic materials into the environment (e.g., compliance with the
" NIH Guidelines for Research Involving Recombinant DNA Molecules [S51 FR 16958
-+ (1986)] and/or compliance with the EPA Effluent Guidelines and Standards for
. Pharmaceutical Manufacturing [40 CFR 439]). If these alternatives are not applicable,
a descnpt]on of the control procedures actually used to prevent waste from entering
the environment should be submitted. N

For those wastes generated In the production and use of the product which will not be
. controlled, please list the potentially toxic waste compounds, including the quantities
and concentrations which may be expected to enter the environment from both
- productions of the product and from the intended clinical studies, and briefly describe
the immediate environment into which such release will occur. Further, provide the
appropriate references or experimental data from which it may be reasonably '
. conc{uded that.such release Is non-toxic. : ,

I the waste to be generated during the production and proposed investigational use of
this product Is either not controlled or is not reasonably expected to be non-toxic in
the environment to which it will be released, please submit an environmental
- assessment using the format described in 21 CFR 25.31. :

If actions under proposed amendments to this IND substantially alter the quantity,
quality or conditions of waste release in such a way as to alter the basis-for either a
“claim of categorical exclusion or ‘an environmental assessment, then such ,

“amendments should be supported by the appropriate data for a claim of categorical
-exclusion or an amended environmental assessment for wastes generated under the
proposed. amendments to this IND.

An Investigator sponsored IND for which no additional product manufacturing is
intended will ordinarily have addressed these environmental issues by incorporating

. the manufacturer’s IND or MF by cross reference. However, if the use of the product
- during clinical investigation is expected to result in the uncontrolled release of toxic

materials into the environment then an environmental -assessment should be

. Submitted. o ' =

- 3/30/94
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. §310547

for marketing. In the absence of an ap-
proved new drug application or abbre
viated new drog application, such prod-
et 18 also misbranded under section
03 of the act.’

(c) Clinjcal Investigations designed
to obtain evidence that any drug prod-
net labeled, represented, or promoted
for OTC use for the treatment and/or
prevention of nocturnal leg muscle
cramps is safe and effective for the purs

pose intended must comply with the re-"

quirements and procedures governing

the use of investigational new drugs

set forth In part 312 of this chapter.

(d) After February 22, 1695, any such.

OTC drug product initlally introduced
or {nitially delivered for introduction
{nto interatate commerce that {s not in

- compliance with this section 1s subject
to regulatory action.

{58 FR 43062, Aug, 22, 19%4)

§910.547 Drug products containing
quinine, offered overthe-counter
(0’!’0) for the treatment andor pre-
vention of malaria,

(a) Quinine and quinine salts have
been used OTC for the treatment and/or
prevention of malaria, a serious and
potentially life-threatening diseass.
Quinine {s no longer the drug of choice

for the treatment and/or prevention of

most types of malarfa, In addition,
there are serious and complicating as-
pects of the disease tself and some po-
tentlally serious and life-threatening
risks associated with the use of quinine
at doses employed for the treatment of
malaria, There s a lack’ of adequate
data to establish general recognition of
the safety of quinine drug products for
0TC use in the treatment and/or pre-
yention of malarfa. Therefors, quinine
or quinine salts cannot be safely and
effectively used for the treatment and/

or preventon of malaria except under -

the care and supervision of a doctor,

(b} Any OTC drug product. containing
quinine or quinine salts that is labeled,
represented, or promoted for the treat
ment andlor prevention of malaria is
regarded as a new drug within the
meaning of section 201(p) of the act, for
which an approved application or ab-
breviated application under section 505
of the act and part 314 of this chapter
{8 required for marketing. Io the abe
sence of &

‘proved new drug applica- .

21 CRR CH (199 Eifon

tion or abbreviated new drug applicss |

tion, such product is also misbranded
under section 502 of the act.

(c) Clinfcal investigations destgned
to obtain evidence that any drug prod:
uct labeled, represented, or promoted
for OTC use for the treatment andlor

prevention of malarta {6 safo and effece

tive for the purpose intended most
comply with the requirements and pro-
cédures governing the uae of investige.
tional new drugs set forth in part 312 of
this chapter.

(d) After April 20, 1008, any such-QTC
.drug product initially introduced or
inittally delivered for {ntroduction fnto
interstate commerce that is not in
compliance with this gection is subject
to regulatory action,

(63 FR, 1928, Mar. 20, 1988)

PART 312-INVESTIGATIONAL NEW
DRUG APPLICATION

Subpart A—General Provisions

Sec.

3121 Scope.

2.2 Applicability.

323 Definitions and {nterpretations.

3126 Labellng of an {nvestigational new
drog.

3137 Promotion and charging for investige:
tional drugs,

3210 Walvers,

Subport B—Investigational New Drug
Application (IND)

31220 Requirement, for an IND.

312.21 Phases of an invegtigation,

3222 General principles of the IND submig
slon, -

1223 IND content and rormat.

31230 Protocol amendments.

3231 Information amendments,

312,32 IND safety raports,

312.33 Annual reports,

312.34 Treatment use of an lnveqtigatloml
naw drug,

312.35 Subminsiona for treatmient use,

31236 Emergency use of an lnvasmationu
new drug, :

312.38 Withdrawa) of an IND,

Subpart C~Administrative Actions

3240 General roquirements for use of an in-
- vestigational new drug In a clincal jo-
vestigation,
3241 Comment and advice on an IND,
31242 Tlinleal holds and roquem for modl-
flcation,

Food and Drug Admlnistroﬂour HHS’q

2.4 Tennina.tlon
3245 Innetive status,
247 Meotings.

31248 Dispute resolution,

Subpant D=Responsitiliiies of Sponsots
ond Invesfigators

N250 General responsibilities of eponaoni,

. 31352 Tranafer of oblizations to & contract

research organization,
3253 Belecting fnveatigators and monitors,

3254 Emergency research under §50.24 of -

this chapter.
312,55 Informing Investigators,
325 Revlew of oogoing invescigatioua

L3257 Recordkeeping and record retention,

412.58 Inspection of sponsor's records and
reports,

3125 Disposition of unuged aupply 0! Inves-
tigationa) drug.

3250 General responsibilities of 1nveatiga
tors,

31261 Control of the lnvastlzauonal drug.

362 Investigator  recordkesping  and
record retention,

3264 Investigator reports.

31266 Assuranca of IRB review.

31268 Ingpection of investigator's records
and reports,

312689 Handling of controlled substances.

3270 Disquallfication of & clinical fnvestl.,

gator.

Subpart E=Drugs Intenced fo Treat Ufe-
Ihrectening and Severely-deblftating
© linesses

3280 Purpose,

3281 Scops,

31282 Early conaultation.

3128 Treatment protogols,

3281 Risk-beeflt analysis in review of
marketing applications for drugs to treat
ife-threatenog and severely-debllitating
{lInesses,

31285 Phase 4 studies.

31286 Focused FDA regulatory research.

3287 Active monitoring of conduct sud
ovaluation of clinical trials,

914,88 Sefeguards for patient safety.

Subport F~Miscellaneous

312110 Import and export requivements,

32020 Forelgn clinical studies not con-
ducted under an IND, -

42130 Avallabilicy for public disclosure of
data and information {n an IND,

10340 Addrass for correspondcnce

3345 Guldelines

Catdlert e '{)gsj] S

Subpert G=Drugs for lnvasﬁga!!onol Uoin
Laboralory Research Animuis or In-
"Vitro Tests :

812,160 Drugs for Investigational use fn lab-
oratory research apimals or fn vitro
tests,

AUTRORITY: 21 U.S.C. 321, 31, 361, 360, 33,
35,31, QU.S.C. %2

SOURCE; 52 FR 8%3), Mar. 18, 1997, ubless
otherwige noted,

Subpart A—General Provisions

§312.1 Scope.

(a) This part contains procedures and
requirements governing the use of {n-
vestigational new drugs, including pro- -
cedures and requirements for the sub-
mission to, and review by, the Food
end Drug Administration of investiga-
tional new drug applications (IND's).
An investigational new drug for which

~an IND s in-effect {n accordancs with

this part 1s exempt from the premar
keting approval requirements that are
otherwlse applicable and may be
shipped lawfully for the purpose of con-
ducting clinical investigations of that

“drug.

{b) References {n this part to regula—
tlons in the Code of Federal Regula-
tlons are to chapter I of title 21, unless
otherwise noted.

§312.2 Applicability,

(a) Applicability, Except as provided
in this section, this part applies to all
clinical investigations of products that
ale subject to section 505 of the Federal
Food, Drug, and Cosmetic Act or to the
licensing provisions of the Public

-Health Service Act (58 Stat. 632, as

amended (42 U.S.C. 201 et seq.),

(b) Ezemptions. (1) The clinical {nves.
tigation of a drug product that fs law- -
fully marketed in the United States is
exempt from the requirements of this
part if all the following apply:

(1) The investigation is not {ntended
to be reported to FDA as a well-con- -
trolled study in support of a new indi-
cation for use nor intended to be used
to support any other significant change
{n the labeling for the drug, .

(1) I the drug that is undergotng tn-
“vestigation i Jawfully

“sted as a ’
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§HLS

preseription drug product, the Inves-

tigation {3 not intended to support &
- significant change in the advertialng

for the produet:
(1) The investigation does not in-
volve & route of administration or dos-
- age level or nse in & patient population
- or other factor that significantly in-
creases the risks (or deereases the ac-
ceptabllity of the risks) assoclated
with the use of the drug prodact;

(iv) The investigation {3 conducted in
compliance with the requirements for
{nstitutional review set forth in part 56
and with the requirements for informed
congent set forth in part 50, and

(v) The 1nvest1gation 13 conducted in
compliance with the.requirements of
§312.7,

@) A clinfeal investigation fnvolv-
ing an In vitro diagnostic biological
product listed in paragraph (W)(2)(H) of
this section I3 exempt from the re

quirements of this part If (a) it Is in- .

tended to be used in a diagnostic proce.
dure that conflrms the diagnosls made
by apother, medically established, di-
- agnostic product ot procedure and (b) it
is shipped in compliance with §312.160.

(1) In accordance with paragraph
(b)2X1) of this section, the following
products are exempt from the require-
ments of this part: (a) blood grouping

serum; (b) reagent red blood cells; and

(c) snti-human globulln.

(3) A drug intended solely for.tests in
vitro or in laboratory research animals
13 exempt from the requirements of
this part {f shipped 1n accordance with
§312.160,

{4) FDA will not accept an applica-

* tlon for an investigation that is ex-
(empt under the provistons of paragraph
{b)(1) of this section,

(5) A clinical investigation {nvolving
use of a placebo is exempt from the re-
qulrements of this part if the inves.
tigation does not otherwise require
submisston of an IND,

(6) A clinical fnvestigation fnvolving
an exception from {nformed consent
under §50.24 of this chapter 18 not ex-
empt from the requirements of this
part, .

() Bfoavmlnbfhtv studies, The applica-
bility of this part to In vivo bio-

. avallability studies {n humans 3 sub-

21 CFR Ch. 1 (4=1-59 Edition)

(d) Unlabeled indfeation. This part
does not apply to the use In the prac.
tiee of medicine for an unlabeled indl-
‘eation of & new drug product approved

* under part 314 or of a licensed biologte
cal product,

. (¢) Guidance, FDA may, on its omn
initiative, 1s5ue guidance on the applie

cability of this part to particular in.

- vestigational uses Af drugs. 'in reqest,
FDA will advise on the applicability of
this part to a planned cliniea] inves.
tigation.

{52 FR §831, Man. 19, 1987, a3 amendedat 61
FR 51628, Oct. 2, 1956, & FR 401, Jan. 5, 19%9)

EFPECTIVE: DaTe, NoTE: At 84 FR 401, Jan.
5, 1999, §312.2 wag hmendod by removing “or
507" from paragraph (1) and by removing “or
antiblotic drug" from paragraph (d), effec-
tive May 20, 1999,

§3123 Definitions and interpretations,

tions of terms contained in section 201
of the Act apply to those terms whef
used in this part: .

(b) The following deflnitions of terma
- also apply to this part:

Act means the Federal Food, Drug,
and Cosmetlc Act- (secs. 201-902, 52
Stat. 1040 et seq., as amended (21 USC.
301-392)).

Clinfcal investigation means any ex-
periment in. which 2 drug 18 adminis-
tered or dispensed to, or used {nvolv-
ing, one or more human subjects. For
the purposes of this part, an experl
ment {3 any use of & drug except for the

- use of & marketed drug In the conrse of

medical practice.

Contract research organization means a
person that assumes, a3 an independent
contractor wich the sponsor, ode or
more of the obligations of & sponsor,
e.¢.. design of & probocol, selection o
monitoring of investigations, evalua.
tion of reports, and preparation of mo-
terials t0 be suhnitted to the Pood and
Drug Administration,

FDA means the Food and Drug Ad-
ministration,

IND means an {nvestigational new

drug application, For purposes of this |

part, “IND” I8 synonymous with “No-
tice of Claimed Tnvestigational Exemp-
.nlon for & New Drug "

(8) The definitions and {nterpreta |

. Invkstigational new drugfxﬁeans 2 newi

Food ond Drug Adminishoion, HHS

" drog or biologlea drag that 1 used fn

 clinfeal {nvestigation, The tarm also
I..Indes a- blologleal produet that s
used in vitro for diagnostic purposes,
The terms “{nv-tigational drug” and
“{nvestigational new drug” are destmed
to be synonymons for parposes of this
patt,

Investigator means a0 mdividnal who
setually conducts a clintcal {nvestiga-
tion- (e, under whose immediate di-
rection the drug {s administered or dis-
pensed to a subject). In the event an in-
vestigation la conducted by » team of
Individuals, the investigator i3 the re-
sponsible leader of the team. “Sube
Investigator” includes any other indf
vidual member of that team,

Marketing application means an appll--
cation for a new drug submitted under
section 205(b) of the Act or & product U=
cense application for a biologica] prod.
uct submitted under the Public Health
Service Act.

Sponsor means & person who takes te.
sponsibility for and {nitiates a clinfcal
Investigation. The sponsor may be an
{ndividual or pharmaceutical company,
governmental agency, dcademic insti-
tution, private organization, or other

. organization. The sponsor does not ac-
tually conduct the investigation nnless

the sponsor {8  sponsor-investigator. A
person other than an individual that
uses one or more of {t3 own employees.
to conduct an fnvestigation that it has
Inftiated i3 & sponsor, not & sponsor-in.
vestigator, and the employees are in-
vestigators,

Sponsor-Investipator means an {nds-
vidual who both Initlates and conduets
an investigation, and under whose im-
mediate direction the {nvestigational

. drug I3 administered or dispensed, The

term does not include any person other
than an individual, The requirements
applicable to a sponsor-investigator
under this part include both those ap-
pllcable to an investigator and 8 spon-
800,

Subject means & human who partfel.
pates in an investigation, either as &
reciplent of the Investigational new
drug or ag a control. A subject may be
s healthy human or a patient with a
dlsease

) m ", Mar, 18, 1931 8 mend,d -
SPRAN, Juo, 5 1000) A0 v

mM

sa'm

CPPRCTIVE DATE NOTR: At &4 FR 401, Jan,
B, 1999; §212.3 was amended. by removing ©,
antibiotio drag,” from the paragraph defin.
ing “Investigational new drog” and by te
moving the phrase ¥, & request to provide for
certiffeation of an antibfotio submitted

12 saction 507 of the Act,” from the pars.

graph defining “Marketing appuoation" of
foctive May 20, 1999

53123 Iabellng of an lnvestignﬂonal
ew drug,

(a) The Immediate package of an in
vestigational new drug intemded for
human use shall bear a label with the
statement “Caution: New Drug=—Lim.
ited by Federal (or United States) law
to {avestigational use,”

(b) The label or labeling of an {nves.
tig-tional new drug shall not bear any
statement that 18 falae or misleading in °
any particular and shall not represent
that the investigational new drug is
safe or effective for the purposes for -
whlch 14 18 being investigated,

§312.7 Promotion and charging for in.
vestigational drugs,

(a) Promotion of an investigational new
drug. A sponsor or investigator, or any
person acting on behalf of a sponsor or
investigator, shall not represent in &
promotional context that an investiga.
tiona] new tug {8 safe or effective for
the pusroses for which it i3 under in.
vestigation or otherwiss promote the
drug. This provision {s not intended to
restrict the full exchange of sclentific
information concerning the drug, in.
cluding dissemination of sclentific
findings in sclentific or lay media,
Rather, its intent s to restrict pro-
motional claims of safety or effective.
ness of the drug for & use for which it
i3 under investigation and to preclude
commercialization of the drug before 1t
ts approved for commercial distribu-
tlon,

(b) Commercial distribution of an invess
tigational new drug. A sponsor or {nves-
tigator shall not commercially dis-
tribute or test market an investiga.
tional new drug.

(¢) Prolonging an investigation, A
sponsor shall not undaly prolong an in-
vestigation after finding that the re.
snits of the investigation appear to es-
tablish sufficlent data.t~ support. & .
marketjng applicatibal’
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- (d) Charging'far and commercialization

of investigational drugs—(1) Clinical
trials under an IND. Charging for an {n-
vestigational drug in a clinfcal trial
under an IND {3 not permitted without
the prior written approval of FDA, In
requesting such approval, the sponsor
shall provide a full written explanation
0f why charging is necessary in order
for the spomsor to undertake or cone
Unue the clinical trfal, e.4., why dis.
tribution of the drug to test subjects

should not be considered part of the:

normal cost of doing business.

(&) Treatment protocol or (reatment
IND. A sponsor or investigator may
charge for an investigational drug for a
treatment use under a treatment pro-
tocol or treatment IND provided: (1)
There 18 adequate enrollment {n the
ongoing clinical fnvestigations under
the aathorized IND; (1) charglng doss
not conatitute commercial marketing
of & new drug for which a marketing
application has-not besn approved; (i)
the drug {s not being commercially
promoted or advertised; and (iv) the
sponsar of the drug is actively pursuing
marke:. g approval with due dligence,
FDA must be notified n writing fn ad-
vance of commencing any such
charges, in an information amendment
submitted under §312.31. Authorfzation
for cbarging goes into effect automati-
cally 30 days after recaipt by FDA of
the Information amendment, unless the

" 8ponsor {8 notified to the contrary,

(8) Noncommercialization of investiga-
tional drug, Under this section, the
gponsor may not commercialize an jn-
vestigational drug by charging a price
larger than that necessary to recover
costs of manufacture, research, devel-
opment, and handling of the fnvestiga-
tional drug. - . '
(4) Withdrawal of quthorization, Ay.
thorization to charge for an Investiga-
tional drug under this section may be
withdrawn by FDA If the agency finds
that the conditions underlying the au-

.thorization are no longer satistled.

{Collection of Information requirements ap-
proved by the Offlce of Management and
Budget under control number 0910-0014)

(52'FR 8831, Mar. 19, 1967, a5 amended at 63
FRIMTE, V™ 3, 1007) :

Y ‘3' ‘ . 5 {8

§31210 Waivers.

(&) A sponsor may requesp FDA to
walve applicable requirement under

this part. A walver request may be sub -

mitted elther in an IND or 5 4n {rifor-
mation amendment to an IND. In an
emergency, a request may be made by
‘telephone or other rapid communicar
tion means, ‘A waiver request is re.

quired to contain at least ons of the -

following: .

(1) An explanation why the sponsor's
compliance with the requirement | un-
necesgary or cannob be achieved;

(@) A description of an alternative
submission or conrse of action that
satisfles the purpose of the require.
ment; or .

() Other information fustifying &
walver. '

(b) FDA may grant a waiver if {t
finds that the sponsor's noncompliance
would not pose a significant and unrea-
sonable risk to human subjects of the
investigation and that one of the {o}e
lowing fs met:

(1) The sponsor's compliance with the
requirement {s unnecessary for the
agency to evaluate the application, or
compliance cannot be achieved; -

() The sponsor's” proposed alter-
native satisfies (he requirement; or

(3) The applicant's submission other:

Wlse Justifies a walver,

(Collection of information requlfemanta ap-
proved by the Office of Management and
Budget under control number 0910-0014)

(53 PR 9831, Mar, 19, 1987, a3 amended at 5
FR 20001, June 17, 1687)

Subpart B«-lnvesﬂ?oﬂonol New

Drug Application(ND)
181220 Requirement for an IND,

(%) A sponsor shall submit an IND o |

FDA. If the sponsor intends to conduct
8 clinfcal investigation with an {nves.

Ugational new drog that i3 subject to
§312.20a), " :

(b) A sponsor shall not begin a clin- |
leal Investigation subject to §312.2(a)

untl] the investigation ig subject to an

IND which fs in effact in accordance
with §312.40,

(¢) A sponsor shall submit 4 separate

IND for any clinical lavestigation e .
volving an excaption from. informed”

consent under §§0.4 of this chapter,

.- 21 CRO (149 Kl

"

>

*. food and Drug*ﬁid?ﬁﬁiisf,?dion.‘HHS’;-’! CSORRNERIE N (N

Such 2 cllnica:l'"‘im_resttzatlon fs not
_ permitted to proceed without the prier

written -anthorization from FDA, FDA
ghall provide a written determination
30 days after FDA receives the IND or
eatller, :

(5 FR 8831, Mar. 19, 1987, as amended at 61

FR 3150, Qct. %, 199; 62 FR 32419, June 16,
1)

§312.21 Phases of an imveatigation,

An IND may be submitted for one or
more phases of an investigation. The'
clinfcal investigation of a previously
untested drug s generally divided into
three phases. Although in general the

phases are conducted sequentially,”
-they may overlap. ‘These three phases

of an Investigation are a follows;

(a) Phase 1, (1) Phase 1 includés the
Initial introduction of an {nvestiga-
tonal new drug into humans, Phagp 1
shuites are typically closely monitored
and may be conducted in patients or
ormal volunteer subjects, These-stud-

_ I6s are designed to determine the me-

tabolfsm and pharmacologic actions of
the drug in humans, the side effects as-
soclated with increasing doses, and, if
posstble, to gain early evidence on ef-
fectiveness, During Phase 1, sufficient
information about the drug's phar-
macokinetics and pharmacologica) ef-
fects should be obtained to permit the
design of well-controlled, scientifically
valld, Phage 2 studles, The total num.
ber of subjects and patlents included in

. Phase | studles varies with the drug,

but Is generally in the range of 20 to 80,

(2) Phase 1 studies algo include stud-
fes of drug metabolism, structure-ac-
tvity relationships, and mechanism of
action In humans, as well ag studies in

which {nvestigational drugs are used ag

reseatch tools to explore blological
phenomena or disease processes,

(b) Phase 2, Phase 2 Includes the con-
trolled clinical studies conducted to
gvaluate the efféctiveness of the drug
for. a particular indication or indica-

tlons In patients with the disease or
- condition under study and to deter-

mine the common short-term side ef-
fects and risks assoclated with the
drug. Phase 2 studles are typically well
controlled, closely monitored, and con-
ducted in a relatively small number of
patients, usually involving mo more

than several hundred subjects,

(¢) Phase 3, Phase 3 studles are ax-
panded controlled and uncontrolled
trials. They are performed after pre-
liminary evidence suggesting effective-
ness of the drug has been obtained, and
are Intended to gather the additional -
information about effectiveness and
safety that is needed to evaloate the
overall benefit-risk relationship of the
drug and to provide an adequate basis

for physictan labeling. Phase 3 studies

usvally include from seversi hundred
to several thousand subjects,

¥
§312.22 General principles of the IND
submission,

(a) FDA's primary objectives in re-
viewing an IND are, in all phases of the
Investigation, to assure the safety and
Tights of subjects, and, in Phage % and
3, %0 help agsure that the quality uf the
sclentific evaluation- of drugs {s ade-
quate to permit an evaluation of the
drug's effectiveness and safety, There-
{ore, although FDA's review of Phase 1
submissions will focus on assesaing the
safety of Phase | investigations, FDA's
review of Phases 2 and 3 submissions
will also include an’assessment of the -
sclentific quality of the clinical inves-
tigations and the likelihood that the
{nvestigations will yield data capable
of meeting statutory standards for
marketiog approval.

(b) The amount of information on a

" particular drug that must be submitted

in an IND to assure the accomplish-
ment of the objectives described in
paragraph (a) of this section depends
upon such fartors as the novelty of the
drug, the extent to which it hag been
studied previously, the known or ‘sus-
pected risks, and the developmental’
phase of the drug.

{¢) The central focus of the Initlal
IND submission should be on the gen-
eral investigational plan and the proto-
cols for specific human studies, Subse-
quent amendments to the IND that.
contain new or revised protocols should
build logically on previous submissions
and should be supported by additional
{nformation. {ncluding the results of
animal toxicology studies or other
human studies as appropriate. Annual
reports to.the IND should servs as tbe
focus for reporting the: 18 0f studles
befng conducted under e IND and

. ]
~n
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! should update the general 1nvestiga
tional plan for the coming year. .
(0) The IND -format set forth in
§312.23 should be followed routinely by
sponsors.in the interest of fostering an
efficient review of applications. Spon.
80rs are expected to exercise consider
able diseretion, however, regarding the
content of information submitted in
each seetion, depending upon *he kind
of drug being studfed-and the nature of
the avaflable information. Section
312.23 outlines the Information needed
for a commerelally sponsored IND for a
new molecular entity, A sponsor-inves.
tigator who uses, as a research tool, an
investigational new drug that i3 al-
ready subject to & manufacturer's IND
or marketing application should follow
the same general format, but ordi-
natily may, if authorized by the manu.
facturer, refer to the menufacturer's
IND or marketing application in pro-
viding the technical information sup-
porting the proposed clinical investiga-
tlon. A sponsor-investigator who uses
an [nvestigational drug not subject to
& manufacturer's IND or marketing ap-
plication Is ordinarily required to sub-
mit all technfcal information sup-
porting the IND, unless such informa.

tion may be referenced from the sof-
entific literature,

. 4312238 INDoontent and format,

{*) A sponsor who intends to conduct
& clinical investigation subject to this
part shall submit an “Investigational
New Drug Application™ (IND) Includ-
{ng, n the following order; ,

(1) Cover sheet (Form FDA-1S71). A
cover sheet for the application con-

21 CFRCN, 1 (4=1-99 )

posed clinieal {nvestigation. and .+
 the investigator will report to the IRB
proposed changes In the research activ-

ity in accordance «ith the require.

ments of part 5, _

(v) A commitment to conduct the Ine
vestigation In accordance with all
other applicible regulatory require
ments,

(vi) The name and title of-the person
Tesponsthils for monitoring the conduct

and progress of the clinical Investiga:
tions,

(vll) The name(s) and title(s) of the -

person(s) responsible under §312.32 for
review and evaluation of Information
relevant to the sqety of the drug,

(vill) If a sponsor has transferred any
obligations for the conduct of any clin.

Ieal study to & contract research orga:

nization, & statement containmg the
name and address of the contract re
search organization, identification of
the clinleal study, and a listing of the
obligations transferred. 1t all obligas
tlons governing the condict of the
study have been transferred, a general
statement of this transfer~in lieu of &
listing of the specific obligations trans.
fetred—may be submitted, .

{1x) The signature of the sponsor o
the sponsor's authorized. representa.

tlon does not reside or have 4 place of
business within the United States, the
IND is required to contain the name
and address of, and be ‘countersigned
by, an attorney, agent, or other au.

. thortzed offfelal who restdes o ‘main.
tains a place of business within the

United States.

Food ond Drug Adminishation, HHS

a

)

-tive. If the person signing the applics- |

l
l
!
|
|

b relevant to the safety of the pro-
posed clinfcal investigation(s),

{ilf) 1f the drug has been withdrawn
from Investigation or marketing in any
countey for any reason related to safe-
ty or effectiveness, identification of
the country(iés) where the drag was
withdrawn and the reasons for the
withdrawal,

{tv) A brief descriptlon of the overall:
plan for fnvestigating the drug product
for the following year. The plan should
nclude the following: (a) The rationale
for the drug or the research study; (b)
the indication(s) to be studied; (c) the

general approach to' he followed fn

evaluating the drug; (d) the kinds of
clinical trials to be conducted in' the
first year following the submission (if
plans.are not developed for the entire
year, the sponsor should 8o indicate);
{e) the estimated number of patients to
be given the drug in those studies; and
{f any risks of particular severity or
seriousness antieipated on the basls of
the toxicological data In animals or
prior studies in humang with the drug
or related drugs,

(4) {Reserved)

(5) Investigator’s brochure, It required
under §312.55. & copy of the Investiga.
tor's brochure, containing the fol
Jowing information:

(1) A brief description of the drug

! substance and the formulation, includ-

ing the structural formula, if known,
() A summary of the pharma-
cological and toxicologlcal effects of

" the drug In animals and, to the extent

known, in humans,
(i) A summary of the pharmaco-

§31623 -

20t submitted initially in the IND -

should be submitted in accondance with
§312.30()) In general, protocols for

Phase 1 studles may be less detailed ,

and more_ flexible than protocols for
Phase 2 and 3 studfes, Phase 1 protocols
ghould- be directed primarily at pro-
viding an outline of the investigation--

an estimate of the number of patients

to be involved, a deseription of safety

exclusions, and a description of the .

dosing plan Including duration, dose, or
method to be used in determining
dose—and should specify in detall only
those elements of the study that are
critical 1o safety, such as necessary
monitoring of vital signs and blood
chemistries, Modifications of the ex-

perimental design of Phase 1 studies -

that do not affect critical safety as
sessments are required to be reported
to FDA only in the annual report.”

(11) In Phases 2 and 3, detairod proto-
cols deseribing all aspects of the study
should be submitted. A protocol for &
Phase 2 or 3 investigation should be de-
signed {n such & way that, if the spon-
sor anticipates that some deviation
{rom the study design may become nece
essary as the investigation progresses,
alternatives or contingencies to pro-
vide for such deviation are built into
the protocols at the outset, For exam-
ple, a protoco) for a controlled shorte
term study might {nclude a plan for an
eatly crossover of nonresponders to an
alternative therapy.

(1) A protocol {s requited to contain
the following, with the specific ele-

" ments and detail of the protocol re.
fiecting the above distinctions depend-

. i kinetics and blologicel disposition of ing on the phase of study:

talning the following: (2) A table of contents, I the drug in animals and, if known, in” (o) A statement of the objectives and
{1) The-name, address, and telephone (3 Introductory slatement and general | pumans. purpose of the study.

number of the sponsor, the date of the  investigational plan. (i) A brief {ntroduc. i

application, and the name of the inves.
tigatlonal new drug,
(if) Identiffcation of the phase or

phases of the clinical investigation to
be conducted.

* (111) A commitment not to begin clin-
feal lnvestigations until an IND coy.
eting the [nvestigations i3 in effect,

(Iv) A commitment that an Institu.
tional Review Board (IRB) that com-
plies with the requirements set forth {n
part 56 will be responsible for the fnf-

_tlal and continuing review and apw
h “h

tory statement giving the name of the
- drug and all active Ingredients, the

drug's pharinacological class, the !

structural formula of the drug (if
known), the formulation of the dosage
form(s) to be used, the route of admin.

istration, and the broad objectives and |
. planned duration of the proposed clin.

fcal Investigation(s).

) A briel summary of previous
human experience with the drug, with
reference 1 other IND'S if pertinens,

.
|

t
‘.

:and to 1nvesugattonal or matketing e;§"‘ N
may i

(iv) A summary of Information relat-
ing to safety and effectiveness in hu-
mans obtained from prior clinfeal stud-

les, (Reprints of published articles on .

such studles may be appended when
nseful.) i

(v) A description of possible risks and
side effects to be anticipated on the
basis of prior experfence with the drug
under, investigatis or with related
drugs, and of precautions or special
monitoring to he done a3 part of the in-

;.. vestigational use of the drug.
. {f) Profocals.. (1) A protacol for each,,,
et istudy. (Protocols for studies”-

(b) The name and address and & states
ment of the qualifications (curriculum
vitae or other statement of qualifica-
tions) of each Investigator, and the
name of each sublnvestigator (e.g., res
search fellow, resident) working under
the supervision of the investigator; the
name and address of the research fa-
cilities to be used; and the name and
address of each reviewing Institutional
Review Board.

(c) The criteria for patient selection

. and for excluston of patfents and an es- -
timate. o( the nnmber of potiﬂ'\ta to bo
‘stadied.”

RR

i
i
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(d) & deseription 'of the destgn of the

study, Including the kind of control
group to be used, if any, and a-descrip-
tion of methods to be used to minimize
biag oti Lhe part of subjects, {nvestiga-
tors, and analysts,

{¢) The method for determining the
dose(s) to be admintstered, the planned
maximum dosage, and the duration of
individual patient exposure to the
drug.

() A description of the observations

and measurements to be made to fulfill .

the objectives of the-study.

() A description of clinlcal proce-
dures, laboratory tests, or other meas.
ures to be taken to monitor the effects

of the drug in human subjects and to.

minimiza risk.

(7) Chemistry, manufacturing, and- con~
trol information. (1) As appropriate for
the -particular investigations covered
by the IND, a section describing the
composition, manufacture, and controt
of the drug substance and the drug
product. Although in each phase of the
Investigation sufficient information is
required to be'sabmitted to agsure the
proper jdentification, quality, purity,
and strength of the Investigational
drug, the wmount of information need-
od to make that assurance will vary
with the phasa of the {iivestigation, the
proposed duration of the investigation,
the dosage form, and the amount of in-
formation otherwise avallable. FDA
recognizes that modifications to the
method ol preparation of the new drug
substancs and dosage form and changes
In the dosage form itself are likely as

the investigation progresses. There.-

fore, the emphasis in an initial Phage 1
_submisslon should generally be placed
on the identification and control of the
raw materials and the new drug sub-
stance, Final specifications for the

drug substance and drug product are:

not expected until the end of the jnves.
tigational process,

(i1 It should be emphasized that the
amount of information to be submitted
depends upon the scope of the proposed
clinical {nvestigation. For example, al-
though stabllity data are required in
all phases of the IND to demonstrate
that the new drug substance and drug
product are within acceptable chemical
. #nd physical limits for the planned du-
ration of  proposed clinical inves-

‘¢hai....d from the pilot-scale produc-

.used to assure the {dentity. strength, :

the planned clinical studles. Reference

. ments In this paragraph, -

tization, if very short- term Tﬁsts arg

proposed, the supporting stability data

can he correspondingly lim{ted;’ .
(1if) As drug development procesds

and as the scale or production is

tion appropriate for the limited initial
clinical lnvestigations to the larger-
scale production needed for expanded
clinfeal ttials, the sponsor should sub-
mit information amendments Lo sup-
plement the initial information sub
mitted on the chemistry, manufac-
turing, and control processes with {n.
formation appropriate to the expanded
scope of the investigation.

(iv) Reflecting the distinctions de..
Beribed in this paragraph (a)(T), and
based on the phase(s) $o be studied, the
submission {3 required to contain the
following;

{a) Drug substance. A description of
the drug substance, including its phys
fcal, chemical, or blological character-
{stics; the name and address of its man-
ufacturer, the general method of prepa-
ratior f the drug substance; the ace
ceptable Hmits and analytical methods

quality, and purity of the drug 'aub-.i
stance; and information sufficlent to
support stability of the drug substance
during .the toxicological studies and

to the current edition of the United
States Pharmacopsia=National For.
mulary may satisly relevant require-

b) Drug product, A st of all compo-
nents which may include reasonahle
alternatives for inactive compounds, : :
used fn the manufacture of the inves-
tigational drug product, including hoth |
those compouents fntended to appear l
in the drug product and those which |
may not appsar but which ar used o |
the manufacturing process, and. where
aplitcable, the quantitative composl- |
tion of the investigational drug prod- |
uet. including any reasonable varf-
attons that may be expectad during the '
investigational stacs; the name and ad-
dress of the drug product manufacr
turer; a brief general description of the
manufacturing and packaging proce
dr © ag appropria for the product: i
acceptahle limi.s and analytical meth.
ods used to assure the - identity.
strength, quality, and purlty of the

' ‘vs;;_:,mgmacmﬂl](4‘-‘1*?@'9 don, o

“drog product; and (nformation ‘sufti-

cient to assure the product's wlabllity
during the planned clinical studies,

Reference to the current edition of the -

United States Pharmacopela—National
Formulary may satisfy certain require-

ments in this paragraph.

fe) A brief general description of the
composition, manufacture, and control
of any placebo used in a controlied

_ clinical trial,

{d) Labeling, A copy of all 1abels and
Jabeling to be provided to each investi-
galor. '

{e) Environmental analysis requires
ments. A claim for categorical exclu-
slon under §25.30 or 25,31 or an environ.
mental agsessment under §25.40,

(8) Pharmacology and toxicology infor-
mation. Adequate information -about
pharmacological and  toxicological
studies of the drug involving labora-
tory animals or in vitro, on the basis of
which the sponsor has concluded that
it is reasanably safe to conduct the
proposed clinical investigations. The
kind, duration, and scope of animal and
other tests required varfes with the du-
ration and nature of the proposed clin-
fcal fnvestigations. Guidelings are
avallable from FDA that deacribe ways
in which these requirements may be
met. Such information is required to
include the identification and quall-
ficationg of the individuals who evalu-
ated the results of such studies and
concluded thet. it s reasonably safe to
begin the proposed investigations and a
statement of where the investigations
were conducted and, where the records
are avaflable for inspettion. As drug

development proceeds, the sponsor s’
required to submit informational-

amendments, as appropriate, with addi-
tional Information pertinent to safety.

(1) Pharmacology and drug disposition:
A section describing the pharma-
cological effects and mechaniam(s) of
action of the drug in snimals, and -
formation on the absorption, distribu-

" tlon, metabolism, and excretion of the

drug, if known,

(i) Tozicology. () An Integrated sum-
mary of the toxicological effects of the
drog in animala and in vitro. Depend-
{ng on the nature of the drug and the
phase of the investigation, the descrip-

. tion 18 to include the results of acute,

subacute, and chronfe toxicity tests,

N ’§312:23 .'vff

‘tests of the drug's effects on reprodug- -

tion and the developine “tus: any spe-
clal toxicity test related to the drug's
particular mode of administration or
conditions of use (e.g., inhalation, der-

~ mal, or ocular toxicology); and any in

vitro studies intended to evaluate drug
toxicity.

{6) For each toxicology study that is
{ntended primarily to support the safe-
ty of the proposed clinical investiga-
tion, » full tabulation of date sultabls
for detailed review,

({if) For each nonclinical laboratory’
stody subject to the good laboratory
practice regulations under part 9, a
statement that the study was con-
ducted {n compliance with the good -
laboratory practice regulations in part
58, or, i the study was not conducted

An compliance with those regulations, a

brief statement of the reason for the

noncompliance.

(9) Previous human experience with the
investigational drug, A summary of pre-
vious human experience known to the
applicant, i any, with the investiga-
tional drug. The information 1§ re-
quired to include the following:

(1) If the investigational drug has
been: {nvestigated or marketed pre-
viously, either in the United States or
other countries, detaled information’
ahout such experience that is relevant
to the'safety of the proposed investiga-
tion or to the luvestigation's “itionale.
If the durg has been the subjuct of con-
trolled trials, detailed information on
such trials thati {s relevant to an as-
gessment of the drug's effectiveness for
the proposed investigational use(s)
should also be provided. Any published
materia} that is relevant to the safety .
of the proposed investigation or to an
assessment of the drug's effectiveness
for its proposed investigational use
should be provided in full, Published
material that s less directly relavant -
may be supplied by a bibliography.

(1) If the.drug s a combination of
drugs previously investigated or mar-
keted, the Information required under
paragraph (a)9)1) of -this section
should be provided for each active drug
component, However, i{ any component
in such combination {r--ubject to an
approved marketing a  ation or s
otherwige lawfully masssted in the

LL
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United States, the sponsor is not re-

quired' to submit published material

concerning that active drug component
unless such material relates directly to
the proposed investigational use (In-
cluding publications relevant to con
poneut-component interaction),

{I11) If the drag has been marketed
outside the United States, a ligt of the
countrles in which the drug has been
marketed and a list of the countries in
which the drug has been withirawn
from marketing for reasons potentially
related to safety or effectiveness,

(10) Additional information, In cortain -

applications, as described below, infor-
mation on special topics may be need-
ed. ‘Such information shall be sud-
mitted in this sectlon as follows:

(1) Drug dependenc. and abuse poten-
'ial, If-the drug Is a psychotropic sub-
stance or otherwise has abuse poten-
tal, 4 section describing relevant clip.
ical studles and experience’ and studles
in test animals, B

(1) Radioactive drugs. If the drug {3 a
adloactive drug, suffiefent data from
\nimal or human studfes to allow 4
‘easonable calculation of radiation-ab-
torbed dose to the whole body and crit.
L£al organs upon administration to a
Juman subject. Phase 1 studies of ra-
lloactive drugs must {nclude studies
#hich will obtaln sufficient data. for
lostmetry caleulations,

(1) Pediatric studies, Plans for agsess-
g pediatrie safety and effectiv:ess.

(iv) Other information, A brief state-
nent of any other information that
vould ald evaluation of the proposed
‘nical investigations with respect to
‘helr safety or their design and poten-
1a] ag controlled clinfeal trials to sup-
lort marketing of the drug.

(11) Relevant tnformation, If requested
iy FDA, any other relevant (nformd-
1on needed for review of the applica.

on

{b) Information previously submitfed.
"he sponsor ordinarily fs not required
0 resubmit information previously
ubmisted; but may incorporate the in-
ormation by reference, A reference to
nformation gubmitted previously must
dentify the file by name, reference
wmber, volume, and page number
vhere the information can be found. A
, 'eference o information submitted to .

21 CRRCh (4-1-99 F(Mm

spomor {3 required to vonmn a wrlh
ten statement that duthorizes the refs
erence and that i3 signed by the person
who submitted the information,

(¢) Material fn a foreign lanouage, The :

sponsor shall submit an aceurate and
complete English translation of each
part of the IND that is not fn English,
The sponsor shall also submit & copy of
each iglnal literature publication for
which an English tmnslatlon {3 sule
mitted,

{d) Number of copies. The sponsor
shall submit an original and two coples
of all submissions to the IND file, {p.
¢luding the original submission and al]
amendments and reports,

(&) Numbering of ' IND submissions,
Tach submission relating to an IND is
lequired to be numbered serfally uaing
a slngle, three-diglt serfal number, The

Initfal IND fs required to be numbered.

000; each subsequent submission (eg,,

amendment, report, or correspondence) '

s required to be numbered chrono-
logically in sequence.

(f) Identification of exception from in.
formed consent, If the investigation in.
volves an exception from informed con-
sent under §50.24 of this chapter, the
sponsor shall prominently identify on
the cover sheet that the {nvestigation

{s subject to the requirements in §50.%4
of this chapter,

{Collection of {nformation tequirements ap-
proved hy the Office of Management and

“Budget under control number 0910-0014)
(52 PR 8831, Mar, 18, 1987, a3 amended at 82

FR 23031, June 17, 1987 63 FR 1018, Jan, 5,
1988; 61 FR 5159, Oet. 2, 1096: 62 PP, 10599
July 29,1997, 63 FR. 66669, Dec, 2, 1998)

§31230 Protocol amendments,

Once an IND fs in effect, & aponsor
shall amend 1t a8 needed to ensure that
the clinfeal investigations are con-
ducted according to protocols included
in the application. T section sets
forth the provisions under which new

protocols may be submitted and

changes in previovsly submitted proto.
cols may be made, Whenever a sponsor
{ntends to conduct & clinical Investiga
tlon with an exception from {nformed
consent for emergency research 88 set,
forth-in-§50.24 of this chapter, the apon.

‘sor:shall submit 8 aepmte IND for.,. .

he agency by ap; @n therthan thempuch investigation. i o

Food and Drug A<minishetion, HHS

(8) New protacnl, Whenever a sponsor
{ntends to conduct a study that s not
covered by & protocol already con

“tained in the IND, the sponsor shall

submit to FDA a protocol amendment
containing the protocol for the study,

Such study may begin provided two.

conditions are met: (1) The sponsor has
submitted the protocol to FDA for its
revlew; and (2) the protocol has been
approved by the Institutional Review
Board (IRB) with responsibility for re.
view and approval of the study in ac.
cordance with the requirements of part
56, The sponsor may comply with these
two condltions in efther order,

(b) Changes in a protocol. (1) A sponsor
shall submit & protocol amendment de-

. seribing any chénge [n a Phase 1 pro-

tocol that significantly affects the
safety of subjects or any change In a
Phase 2 or 3 protocol that significantly
affects the safety of subjects, the scope
of the {nvestigation, or the sclentific
quality of the study. Examples of
changes requiring an amendment under
this paragraph include: -

(1) Any Increase in drug dosage or du-
ratton of exposure of {ndividual sub
jects to the drug beyond that In the

- current protocol, ot any significant ine
" crease in the sumber of subjects under

study,

{11) Any slgnificant change in the de-

sign of & protocol (such a8 the addition
or dropping of & control group).
_(ill) The addition of a new test or
procedure that’is intended to improve
monitoring for, or reduce the risk of,
slde effect or adverse event; or the
dropping of & test {ntended to monivor
safety.

i) A protocol change under paras
graph (1) of this section may be
made provided two conditions are met:

(a) The sponsor has submitted the
change to FDA for its review; and

{b) The change has been approved by

. the IRB with responsibllity-for review

and apnroval of the study, The :ponsor
may comply with these two condltlons
{n elther order.

(i)  Notwithstanding, naragrnph
(b2} of this section, .. protocol
change Intended to eliminate an appar-
ent immediate hazard to subjects may
be Implerhented immediately provided

- FDA I8 snbseqmtly notified by pro-

§31230

IRB. i3 notified in accordance with
§56.104(¢).

(¢) New investigntor, A sponsor shall
submit & protoco] amendment when a
new {nvestigator {8 added to carry.out

‘2 previously submitted protocod, except

that & protocol amendment is not re.
quired when a licensed practitioner ia
added fn the case of & treatment pro-
tocol under §312.34. Once the investi-
gator {8 added to the study, the {nves- .
tigational drug may be shipped to the
investigator and the {nvestigator may
begin participating in the study. The
sponsor shall notify FDA of the new ine
vestigator within 30 days of the lnves-
tigator being added. ,

(d) Content und format. A protocol
amendment I8 required to be promi-
nently {dentified as such (i.e., “Pro
tocol Amendment. New Protocol”,
“Protocol Amendment: Change in Pro-
tocol”, or “Protocol Amendment: New
Investigator"), and to contain the fol-
lowing:

(1)(1) In the case of & pew protocol 8
copy of the new protocol and & brief de-
seription of the most clinically stgnifl

. cant differences between it and pre-

vious protocols.

(i) In the case of a change in pro-
tocol, a brief deseription of the change
and reference (date and number) to the
submission that contalned the pro-
tocol, .‘

(141) In the case of & new {nvestigator,
the investigator's name, the quallfica.

 tions $o conduct the fnvestigation, ref-

erence to the previously submitted pro-
tocol, and all additional information
about the Investigator’s study as is re-
-quired under §312.23(a)(6XIHLXD).

(2) Reference, if necessary, to speciflo
technical information in the IND or in
8 concurrently submitted information
amendment to the IND that the apon-
gor relfes on to support any clinieally
significant change in the new or.
amended protocol. If the reference is
made to eupporting information al-
ready in the IND, the sponsor shall
{dentify by name, reference mumber,
volume, and page number the location
of the information.

{3) 1f the sponsor desires FDA to com-
ment on the submission, a request for -

,such comment and the apecinc quea-.v;. .

i

tions FDA's reﬂponse should /:

{,t; 779 "arendment “and the reviewlng%

\
1

“ 68 . . oL _ /0
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{8 When :ubmxued A sponsor shall
submit a protocol amendment for a
naw protacol or a change in protocol
before 1ts implementation, Protocol
amendments to add a new {nvestigator
or to provide additional information
about investigators may be grouped
and submitted at 30-day fntervals,
When several submissions of new proto-
cols or protocol changes are anticl-
pated during a short period, the spon-
3or ls encouraged, to the extent fea-
sible, to include these all In a single
submission.

(Collection of Information requitements ap-
proved by the Office of Management and’
Budget under control number 0320-0014)

{53 FR. 8831, Mar. 19, 1987, as amanded ac 53
PR 2031, June 17, 1087; 53 FR 1918, Jan, 2.
1988; 61 FR 51530, Qct. 2, 1996)

§31231 Information amendments.

{a) Requirement for information amend-
ment. A sponsor shall report in an in.
formation amendment essential {nfor-
mation on the IND that {8 not within
the scope of a protocol amendment,
IND salety reports, or annual report.
Examples of informat .u requiring an
information amendment include:

(1} New toxicology, chemistry, or
other technical information; or

(3) A report regarding the discontinu
ance of a ¢linical Investigation.

(b) Content and formiat of an informa-
fion amendment, An information amend-
ment is required to bear prominent
identification of its contents (e.g., “In-
formation Amendment; Chemistry.
Manufacturing, and Control”, “Infor-
mation  Amendment; Fharmacolory-
Toxicology”, “Information Amend-
ment: Clinical”), and to contaln the
{ollowing:

-~ (1) A statement of the nature and
purpose of the amendment,

(3) An organized submission of the
data in a formay appropriate for scl-
entific review,

(3) If thie gponsar desires FDA to com-
ment on an information amendment, a
Tequest for such comment.

(¢} When submitted, Information
amendments to the IND should b sub

,,.'m. 4‘, :

*”ZMFR Ch, I 4- 149 Edmon)

mm:ed a,s necessary but, to the extent
{eastble, not more than every 30 days,

/
{Collection of {niv. mation requiremeﬁw ap
proved hy the Office of Management and.

Budget undor control number 0910-0014)

(52 FR 8631, Mar, 19, 1987, as amended at 5 -
PR 2031, June 17, 1987; 83 FR, !918 Jan, %,

JO0R)

§312.92 iND.aarety reports,

(a) Definitions. The followi> - definls
tiona of terms apply b *his section:-
Associated with the use of the drug,
There 1s. a reasonable possibility that
the experience may have been caused
by the.drug, ‘
Disability, A substantial disruption of
a person’s abllity to conduct normal
life fanctions, /
1.i% threatening nduerse drug erperie
ence. Any adverse ug experience that
places the patient or subject, {n the
view of the {nvestigator, at immediate
risk of death from the reaction as it o¢-
curred, 1.e., {t does not include a reac
tion that, had It occurred in a mora ge-
vere form, might have caused death,
Serious adverse drug’ ezperience: Any
adverse drug experience occurring at
any dose that results in any of the fol-
lowing outcomes: Death, 3 life-threat-
ening adverse drog experience, inpa-
tient hospitalization or prolongation of
exlating hospitalization, a persistent or

- significant, disability/tncapacity, or a

congenital anomaly/birth defect. Im-
pottant medical events that may not
tesult in death. be lfe-threatening, or
require hospitalization may be consid-

ered a serfous adverse drug experience

when, ‘based upon appropriate medical
Judgment, they may jeopardize the pa-
tiént or subject and may require med-
fcal or surgical Intervention to prevent
one of the outcomes listed in this defi-
nitfon. Examples of such medical
gvents include allergie bronchospasm
requiring {ntensive treatment in an
emetgency rtoom or at home, blood

dyserasiag or convulsions that do not

result in inpatient hospitalization, or
the development of drug dependency or
drug abuse,

Unezpected adverse drug experience:
Any adverse drug experience, the specl.
ficity ov severity of which Is not con.
sistent with the curvent {nvestigator

—n
- e e e e 8 2t

'l.
}

'l

- \‘ood and‘bru?ﬁ' Adminisfraﬁan,rﬂﬂs o

heashura: or, if an {nvestigator bro-
tha® 18 10t required or available, the
specificity or severity of which {s not
conslstent with the rigk information
described in: the general investiga-
tonal plan or elsewhere {n the corrent

-apptication. as amended. For example,

under thls definltion, hepatic necrosls
would be unmexpected (by virtue of
greater severity) if the investigator
brochuré only referred to elevated he-
patic enzymes or hapatitls. Similarly,
cerebral thramboembolism and cete-

- bral vasculitis would be unexpected (by

virtue of greater specificity) {f the in-
vestigator brochure only listed cere-
bral vascular accidents, “Unexpected,”
ag used In this definttion, refers to an
adverse drug experfence that has not
been previously observed (a.¢., included
in the investigator brochure) rather
than from the perspective of such expe-

rience not being anticipated from the -

pharmacological propertles of the
pharmaceutical product,

(h) Review of safety information. The
sponsor shall promptly review all infor-
mation relevant to the safety of the
drug obtalned or otherwise received by
the sponsor from any source, forelgn of
domestic, including information de-
tived from any clinical or epidemiolog-
ical investigations, animal investiga-
tons, commercial marketing experi-
ence, reports In the sclentifle Mt
erature, and unpublished sclentific pa-
pers, a3 well as reports from forelgn
reguiatory authorities that have not

already been previously reported to the
agency by the sponsor.

(c) IND safety reporis, h) Written re-
ports~(1) The sponsor shall notify FDA

“and all participating tnvestigators in &

written IND safety report of,

- {A) Any adverse exparience assocl-

ated with the use of the drug that ls
both sérfous and unexpected: or

{B) Any finding from tests in labora-
tory animals that suggests a-signifl-
e+b rigk for'human subjects including
reports of mutagenicity,
teratogeniclty, or carcinogenicity.
Each notification shall be made.as soon
as poseible and {n no event later than
19 calendar days after the sponsor's inl-

" tial recelpt of the {nformation. Each
_written notilication may te submitted
on FDA Form 3500A or in & narrative

format (forsign events may be sub-

or, If preferred, on a CIOMS I form; re-
ports from animal or eptdemiological
studies shall be submitted in a nar-
rative format) and shall bear promi-
nent Identification of {tg contents, 1.9.,
“IND Safety Report.” Each written no-
tification to FDA shall be transmitted
to the FDA new drig review divisfon in
the Center for Drug Evaluation and Re-
search. or the product review diviston
{n the Center for Biologlcs Evaluation
and Research that has responsibility
far review of the IND. If FDA deter-
mines that additional data are needed,
the agency may require further data to
be submitted,

(1) In each written IND safety re-
port, the sponsor shall dentify all safe-

ty reports previously filed with the ‘

IND concerning & similar adverse expe-
rience, and shall analyze the signlfi-

cance of the adverse experience in light . -

of the previouos. sidlar reports.
{2) Telephone ond facsimile trans-
mission safety reports. The sponsor shall

also notify FDA by telephous or by fac-
simile “ransmission of any unexpected

fatal or life-threatening experience as-
goclated with the use of the drug as
5001 a8 possible but in ho-event later
than 7 calendar days after the spon-
sor's initial receipt of the information.

Each telephous call or facsimile trans- .

mission to FDA shall be transmitted to
the FDA new drug review division ip

. the Center for Drug Evaluation and Re-

search or the product review division
{n the Center for Blologics Evaluation
aod Research that has responsibility
for review of the IND.

(3) Repoiting format or frequency, FDA
may request & sponsar to submit IND
gafety reports in'a format or at a fre-
gquency different than. that required
under this paragraph. The sponsor may
also propose and adopt a different ro-
porting format or frequency if the

change is agreed to n advance by the’

AR 1175/

.mitted oither on an FDA Form 3500A

director of the new (rug review divi-

slon {n the Center for Drug Evaluation

and Research or the director of the .

products review divislon {n the Center
for Blologica Evaluation and Research
which i responaible Ior revlew of the
IND.

(4) & sponsar or 3 clin. study of 3
marketed drug {s not required to make
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" 4 safety report for any adverse expert-
ene assoclated with use of the drug
that 13 nqt from the clinfeal study
itself. ,

() Followup, (1) The sponsor shall
promptly investigate all safety nfor-
mation received by it.

(2) Pollowup {nformation to & safety
report shall be submitted as soon as
the relevant information is avaflable.

(3) 1t the results of a sponsor's inves-
tigation show that an adverse drug ex-
perience not initially determined to be
reportable under paragraph (¢) of this
section 13 80 reportable, the sponsor
shall report such experience in a writ~-
ten safety report ags soon as possible,
but {n 0o event later thén 15 calendar
days after the determination is made:

(4) Resulta of & sponsor's investiga:
tion of other safety information shall
be submitted, as appropriate, in an in-
formation amendment or anmual re-
pott. .

(e) Disclatmer, A safety report or
other information submitted by & spon-
sor under this part (and any release by
FDA of that report or information)
does, not necessarily reflect & conclu-
sion by the sponisor or FDA that the re-
port or information constitutes an ads
mission that the drug caused or con-
tributed to an adverse experience. A
sponsor need not admit, and may deny,
that the report or information sub
mitted by ‘the sponsor constitutes an
admission that the drug caused or cons
tributed to an adverse experience.

{CoNection of information requirements ap-
proved by the Office of Management and
Bulget ander control number (310-0014)

(52 FR 8631, Mar; 19, 1987, a3 amended at &

FR 23031, June 17, 1987; 55 FR 11678, Mar. 8, -

1999: 62 FR 52280, Oet. 7,197

§812.33 Annual reports.

A sponsor shall within 60 days of the
anniversary date that the IND went
into effect, sabmit & brief report of the
progress of the investigation that in-
cludes; . .

(8) Individual study information. A
brief summary of the status of each
study in progress and each stady come
pleted during the previous year. The
summary I3 required to include the fol-

41 WTK AL 1 @ 1=yY EORION)

protocol number), its purpose, & brief
statemett {dentifying-the ptient pop
ulation, and & statement as w whether
the stady is completed.

{2) The total num"ar of subjects inl
tially planned for inclusion in. the
study: the pumber entered into the
study to date, tabulated by age group,
gender, and race: the numbet whose

participation In the study was com- .

pleted as planned; and the n . er who
dropped out of the study for any rea-
BON.

(3) 1f the study has been completed,
ot if Interim results are known, & brief
description of any available study re-
sults,

(b) Summary infohmation. Information
obtained during the previous year's
clinteal and nonclinical investigations,
including: : ‘

(1) A narrative or tabular surmmary

ghowing the most frequent and most -

serfous adverse experfences by body
system, .

© (2) A sammary of all IND safety re-
ports submitted during the past yeas.

(3) A list of subjects who died during
participation in the investigation, with
the cause of death for each subject,

(4) A liat of subjects who dropped 0ub
during the course of the investigation
i association with any adverse experi-
ence, Whether or.not thought to be
drug related.
thing, was obtalned that Is pertinent to
an understanding of the drug's actions,
including, for example, nformation

abont dose response, information from.
- controlled trafls, and Information

ghout bloavallabllity. ,

(6) A list of the preclinical studles
(Including animal studies) completed
or in progress during the past yeat and
a summary of the major preclinical
findings, :

(M A summary of any significant
manufacturing o tnicroblological
changes made during the past year.

(¢) A description of the general inves-

tigational plan for the coming year to
replace that submitted 1 year eatller,

The general {nvestigational plan shall
contedn the information required under

- §312.3(@)3N).

(5) A brief description of what, lf any-

X Food and‘Dtug Administration, HHS-

(&) A deseription of any significant
Phase 1 protocol modifications made
during the previous year and not pre-
viously reported to the IND in & pro-
toco! amendment.

{f) A brlef summary of significant
forelgn ‘marketing developments with

_ the drug during the past year, such as

approval of marketing in any country
or withdrawal or suspension from mar-
keting in any country.

(g) 1f desired by the sponsor, o log of
any outstanding business wi.\ ,espect
to the IND for which the sponsor re-

- quests or expects & reply, comment, or

meeting,

(Collection 6f mforrﬁation tequirements ap-
proved by the Offico of Management and
‘Budget under control number 0910-0014)

(52 FR 6221, Mar, 19, 1987, as amended at 52

FQ};amﬁl. June 17, 1987, 63 FR 6862, Feb, 1,
1650) .

{91234 Treatment use of an fnvestiga:
tional new drug '
(8). General, & drug that is not ape
proved for marketing may be under
clinfeal investigation for & serious or

" {mmediately life-threatening diseass

condition in patients for whom no com.
parable or ' satisfactory alternative
drug or other thérapy is available, Dure
ing the clinfcal investigation of the
drug, it may be appropriate to use the
deag {n the treatment of patients not
fu the clinical trials, in accordance

‘with & treatment protacol or treate

mept IND. The purpose of this section

" i3 to facilitate the avallability of

profising new drugs to desperately-ill
patlents as early {n the drug develop
ment process as possible, before gens
eral marketing begins, and to obtdin
additional data on the drug's safety
and effectiveness, In the case of 4 seri-
ous disense, & drug ordlnarily may be
made avalable for treatment use under

- thiy seetion during Phase 3 {nvestiga-

tlons or after all clinical trials have
been completed; however, in appro-
ptiate circumstances, a drug may be
made avatlable for treatment use dur-
ing Phase 2, In the case of an {mme.
dingely life-threatening disease, & dtug
may be made avallable for treatment
uee under this section earlier than

§312u

“the use of a drog for dlagnostic pur
poses, If & protocol for an {nvestiga
tional drug meets the eriterla of this
section, the protocol is to be submitted
43 & treatment protocol under the pro-
visions of this sectlon.,

(b) Criteria. (1) FDA shall permit an
investigational drug to be nsed for a
treatment use under a treatment pro-
tocol or treatment IND if:

(1) The drug i3 intended to treat a e
rlous or immediately life-threatening
dleease;

(11) There 18 no comparable or satls-
factory alternative drug or other ther.

.4y avaflable to treat that stage of the

- disease in the intended patient popu.
lation;

(1i1) The drug {s wnder inveatigation
{n & controlled clinical trial under an
IND.fn effect for the trlal, or all olin.
fcal tefals have been completad; and

¢ (iv) The 'sponsor of the controlled
¢linjeal trial I actively pursuing mar
keting approval of the investigational
drug with due diligence, .

(2) Serfous disease. Por a drug in-
tended to treat a serlous disease, the
Commissioner may deny & request for
treatment wse under & treatment pro-
tocol or treatment IND {f there is in-
sufficlent evidence of safety and effece
tiveness $o support such use,

(3) Immedfately life-threntening disease, -
(1) For & drug intended to treat an ime
mediately life-threateninie disease, the
Commissioner may deny & request for
treatment use of an investigational
drug under & treatment protocol or
treatment IND if the avallable ecle
entific evidence, taken a8 & whole, {afls
to provide & reasonable basis for con-

" ¢luding that the drug:

(A) May be effective for its intended

. 13¢ in ita intended patient population;’
or 4

(B) Would not expose the patients to
whom the drug 18 to be administered to
an unreasonable and significant addi-
tional risk of fliness or injury.

(1) For the parpose of this sectlon,
a0 “immediately life-threatening” dis-
eage ‘means & stage of a disease in
which there s a reasonable likelithood
that death will occur within a matter

of months or in which premature death

{a likely without early treatment, - -
(¢) Safeguards. Treatmier;ineiof an -

{nvestigational drug fs ci"} Toned on

Jowing nformation for each study: - . (@ 11 the fnvestigator brachute bas
_- (1) The title of the study (with ang’ een. revised, o descriptlon of the resls

sy, s sy S ad oy g g IRIEE S

Phase 3, but ordinarily not earller than
. Phase 2, Ror purposes of this sectlon,
Tehereatingot wse” of a'drug lncludes

sy e T p
i

no | : | o
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b Sponsor and lnvesmgatom com
7ing with the safeguards of the IND
ocess, {noluding the regulations gove
ning informed consent (21 CFR part
) and {nstitutional review boards (2l
TR part %) and the applicable provi-
ong of part 312, including distribution
the drug through qualified experts,
aintenance of adequate’ manufac-
ring factlities, and submission of IND
{ety reports.
(d) Clinical hold. FDA may place on
inical hold a proposed or ongoing
eabment . protocol or treatment IND
accordance with §312.42.

PR 116, May 2. 967, o5 amended 8081 oo yndor 2 treatment protocol is an

| 13348, Apr. 15, 1992)

1235 Submissions for treatment
Use,

‘a) Treatment protocel submilted by
D sponsor. Any sponsor of a clinfcal
vestigation of a drug who intends to
onsor a treatment use for the drug
all submit to FDA-a treatment pro.
sol under §312.3¢ i the sponsor be-
ves the criteria of §312.34 are satls.
d. If a protocel is not submitted
der §312.34, but FDA belleves that
¢ protocol should have been sub-
tled under this section, FDA may
em the protocol to be submitted
der §312.34. A treatment uso under a
abment protocol may begin 30 days
et FDA recelves the protocol or on

slier notification by FDA that the

iatment use described in the protocol
.y begin.

1) A treatment protocol is required
contain the following:

{} The intended uge of the drug,

i) An explanation of the rationale
use of the drug, Including, as appro-
ate. aither a list of what available
1mens ordinarily should be tried be.
o using the {nvestigational drug or
explanation of why the use of the
estigational drug is preferable to
: use of available marketed treat-
nts.

i1} A brief description of the criteria
patient selectidn.

tv) The method of administration of
+Qrug and the dosages.

7) A description; of clinical proce-
'8, laboratory teats, or other meas-
'8 to monitor the effects of the drug
ltominimly %,

(2} A treatment protocol 18 $o be sup-
ported by the following.

(1) Informational brochure for sup—
Plying to each treating physician.

(1§) The technical information that is
relevant to safety and effectiveness of
the drog for the. {ntended treatment
purpose. Information contalned'in the
sponsor's IND may be {ncorporated by
reference,

{11y A commitment bv the sponsor Lu
assure compliance of al) participating
investigators with the informed con-
sent requirements of 21 CFR part 50.

{3) A lcensed practioner who receives
an investigational drug for treatment

“{nvestigator" under the protocol and
i responsible for meeting all applica-
ble Investigator responsihilities under
this part and 2] CFR parts 50 and 56,

(b} Treatment IND submitted by lis
censed practitioner. (1) I{ a licensed med-
jeal practitioner wants to oblain an in-
vestigational drug subject to a cone
trolled’ clinical trial for a treatment
uge, the practitioner should first at.
tempt to obtain the drug from the
sponsor of the controlled trial under a
treatment protocol. If the gponsor of
the controlled clinical investigation of
the druz, 11l not astablish a treatment
protocol for the drug under paragraph
{a) of this section, the licensed medical
practitioner may seek to oblaln the
drug from the sponsor ant submit a
treatment IND to FDA requesting au-
thorization to use the investizational
drug for treatment vse. A treatment
use under a treatment IND may begin
30 days after FDA receives the IND or
on earlier notification by FDA that the
treatment use under the IND may
begin. A treatment IND {3 required to
contain the following:

(1) A cover sheet (Form FDA 1570)
meeting §312.23(g)(1).-

(i) Information (when not provided
by the sponsor) on the drug's chem-
istry, manufacturing, a: . .ontrols, and
prior clinical and nonclinfcal experi-
ence with the drug submitted in ac-
cordance with §312.23. A sponsor of &

clinical Investigation subject to an IND.

who supplies an fuvestizational drug to
a licensed medical practitioner for pur-
poses of a saparate treatment clinical
investigation shall be deemed to au-

thorize the incorporation-by-reference

L ERCh TG tofif
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of the technical lnrormatlon contained
in the sponsor's IND into the medical
practitionst’s treatment IND.

(i1} A statement of the steps taken

- by the practitioner to obtain the drug

under & treatment protocol from the
drug sponsor,

(iv) A treatment protocol containing
the same {nformation llsted {n para.
graph (a)(1) of this section.

{v) A statement of the practitioner's
qualifications to use the jovestiga.
tlonal drug oz the intended treatment
use.

{vi) The practitioner's mtement of
familiarity with information on the

drug's safety and effectiveness derived’

from previous ciinical and nonclinical
experience with the drug,

" (vif) Agresment to report to FDA
safety Information {n accordance with
§312.32.

{2) A llcensed practitioner who sub~
mits & treatment IND under this sec-
tlon 18 the sponsor-investigator for
such IND and is responsible for meet-
ing all applicable sponsor and fnvesti-
gator responsihilities undes this part
and 21 CFR parta 50 and 56,

“ {CoNection of informatlon requirements ap-
proved by the Office of Manacement and
Budket under control number 0810-0014)

(52 FR 177, May 22, 1987, as amended at 51
FR 1349, Apr, 15, 1992)

" $312.35 Emergency use of an inves-

tigational new drug,

Need for an {nvestigational drug may
arise in an emergency situalion that
does not allow time for ubmission of
an IND-in accordance with §312.23 or
§312.34, In such & case, FDA may au-
thorize shipment of the drug for a spec-
i{led use in advance of submisslon of an
IND. A request for such authorization
may be transmitted to FDA by tele-
phone or other rapid communication
means, For investigatlonal biological
drugs. the request should be directed to
the Divisfon of Biological Investiga-
tional New Drugs (HFB-230), Center for
Blologics Evaluation aud Research,
8800 Rockville Pike, Bethesd». MD
20862, 301-443-4864. For all other inves-
tigational drugs, the request for au-
tharlzation should he dirocted to the
- Document Management, and Reporting

" Branch (HFD-53), Center for Driig Eval-

tation .and Research, 5600 Flshers Lane,

ey

"..~J .

§3l2.40

Rockville, MD 20857, 3014434320, After
normal workiog hours, eastern stand-
ard time, the request should be di-
rected to the FDA Division i Emer-
gency and Epidemiological Qperations,
202-957-8400, Except {n extraordinary
clreumstances, such authorization will
be conditioned on the aponsor making
an appropriate IND submission as soon

a8 practicable after recelvlng the au.
thorization,

{Collection of information requirements ap-
proved by the Office of Management and
Budget under control number 0910-0014)

{52 TR 8831, Mar. 19, 1967, as amended at 52

FR 23031, June 17, 1987, §5 FR 11579, Mar. 29,
1890

§812.38 Withdrawal of an IND,

(2) Ab any time a sponsor may with- |
draw an’effective IND without prefu-,

dice,

(b) If an IND is withdrawn, FDA shall
be 50 notified, all clinical investiga-
tions conducted under the IND shall be
ended, all current investigators noti-

fied, and all stocks of the drug re-

turned to the sponsor or otherwise dls-
posed of at the request of the sponsor
{n accordance with §312.59,

{¢) If an IND {s withdrawn becavse of
2 gafety reason, the spomsor shall
promptly so inform FDA, all partici-
pating investigators, and all reviewing

-

Institutional Review Boards, together .

with the reasons {or such withdrawal.

(Collection of Informatlon requirements ap-
proved by the Office of Management, and
Budget under.control number 0910-0014)

(52 PR 831, Mar. 19, 1987, as amended at 52
FR 20001, June 17, 1987)

Subpart C-Adnﬁiniskdﬂve Actions

§312.40 General requirements for use

of an investigational new drug in a
clinical investigation,

{a) An investigational new drug may

he used {0 a clinjcal investigation if ’

the fotlowir conditions are met:

{1) The sponsor of the investigation
submits an IND for the drug to FDA;
the IND {s In effect under paragraph (b)
of this section; and the sponsor com-
plies with all applicable requirements
{n this part and parts 502 6 with re-
gpect to the conduct of &, (nical in-
vestigations, and :
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(2) Each participating investigator
Snducts hs or her {nvestigation in
oinpliance with the requirements of
hig part and parts 50 and 56.

(b) An IND goes into effect:

(1) Thirty days after FDA recelves
he IND, unless FDA notifles the spon-
or thet the nvestigations described In
he IND are subject to & ¢linical hold
inder §312.42, or

(2) On earlier notification by FDA
hat the clinical investigations in the
ND may begin. FDA will notify the
ponsor in writing of the date it re-
elves the IND,

(c) A gponsor may ship an investiga-
fonal new drug to investigators named
n the IND: :

(1) Thirty days after FDA recetves
he IND; or h

(2) On earler FDA authorization to
hip the drug: .

() An investigator may not almin-
ster an investigationa) new drug-to
uman subjects until the IND goes into
{fect under paragraph (b) of this sec-
fon,

31241 Comment and' advice on .an
IND.

(a) FDA may at any time during the
ourse of the investigation ' commu-
icate with the sponsor orally or in
niting about deficiencles in the IND
r about FDA's need for more data ot
yormation.

(u) On the sponsor's request, FDA
411 provide advice on apecific matters
slating to an IND. Examples of such
dvice may include advice on the ade-
uacy of technical data to support &n
westigational plan, on the design of &
\nical trial, and on whether proposed
westigations are likely to produce the
ata and information that i3 needed to
eet requirements for & marketing ap-
lication.

(c) Unless the communication 13 ac-
ympanied by & clinical hold order
nder §31242, FDA communications
1th & sponsor under this section are
Nely advisory and do not require any
10dification in the planned or ongoing

" " ot BN L S
S e s oot
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clinieal fnvestigations or reap_pnae' to
‘the agency. T

(Collection of Information requirements ap-
proved by the Offfce of Management and

- Budget under control number 0910-0014)

(50 FR 8631, Mar, 19, 1987, ns amended at 52
FR 2031, June 17, 1987)

$312.42 Clinfeal holds and requests for
modification,

(a) General, A ¢linfcal hold fs an otder
jasued by FDA o the sponsor to delay
& proposed clinteal Investigation of Lo

suspend an ongoing fnvestigation. The

clinical hotd order may apply to one or
more of the {nvestigations covercd by
an IND. When & proposed si=ly I8
placed on clintcal Wb, subjecus may
not be given the:investigational drog,
When an ongolog study s placed on
clinical hold, no new subjects may be
recruited to the stady and placed on
the -investigational drug: patients fle
ready in the study should be taken off

therapy involving the {nvestigationa]

drug unless specifically permitted by
FDA {n the {nterest of patient safety.

(b) Grounds for imposition of ciaical
nold—(1) Clinical hold of ¢ Phase ] study
under an IND. FDA may place & pro-
posed or ongoing Phase 1 {nvestigation
on clinical hold if 1t finds that:

(1) Human subjects are or would be
exposed to an unreasonahle and signifl-
cant risk of 1liness or fnjary:

(if) The clinical investigators named

“in the IND are not qualified by reason

of their scientiflc tratning and experl
ence 0 conduct the investigation de-
seribed in the IND:

(tify The investigator brochure i3
misleading, etrone=us, or matetially
incomplete; or

(iv) The IND does not contain sufft-
clent information required  under

§312.23 to assess the risks 0 subjects of

the proposed studles,

() Clinical hold of @ Phase 2 o7 ¥ study
under an IND. FDA may place & pro-
posed or ongoing Fhase 2 orvz inves.
tigation on clinfeal hotd 11t finds
that: ‘

(i) Any of the conditlons in para-
graph (b)) through (1¥) of this sec:
tion applys or

|

|
k
|
|
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(i) The plan or protocnl for the in-
vestigation 1s clearly deficient in de-
sign to meet ity stated objectives,

(3) Clinieal hold of a treatment IND
or treatment protocol.

(1) Proposed use, FDA may place s
proposed treatment IND or treatment
protocol on clintcal hol if 1t I8 deters
mined that: : ’

(A) The pertinent criterla In

§312.4(b) for permitting the treatment
3¢ L0 hegin are not satisfled; or
" (B) The treatment protocol or treat-
ment IND does not contajn the infor-
mation required under §312.35 (a) or (b)
to make the specified determination
undes §312.34(b). ‘
(i) Ongolng ‘use. FDA may place an
ongoing treatment protocol or treate
ment IND on clinfeal hold if it ia deter
mined that:
- (A) There becomes avalable a com.
parable or satisfactory alternative
drug or other therapy to treat that
stage of the disease in the intended pa-
teny population for which the inves-
tigastonal drug 13 being used;

under Investigation in a controlled
elft:. al trial under-an IND in effect for

‘the trial and niot all controlled clinfeal

trials necessary to support & mar
keting application have been com-
pleted, or o clinical study under the

" IND has heen placed on clinjcal hold;

{C) The sponsor of the controlled
clinical $rial is not pursuing marketing
approval with due diligence;

(D) If the treatment IND or treat-
ment protocol 1s {ntended for a serious
disease, there is insufficlent evidence
of safety and effectiveness to support

such uae; o -
o+ () If the treatment protocol or.

treatment IND was based on an fmme-
diately - fe-threatening disease, the
available sclentific avidence, taken as
2 whole, fails to provide a reasonable
hasts for concluding that the drog:

(1) May be effective for its intended

~use in Its intended population; or

(2) Would net expose the patients to
whom the drug 15 to be administered to
an unreagonable and significant addi-
tlontl risk of iliness ot fnjury, . |

(111) FDA"may place a proposed or on-
going treatment IND or treatment pro-

§4

AbY4X1) through (b)d)vitd) of this
tion apply. ‘

(4) Clinteal hold of any study that is -
not designed {o be adequate and tellcon.

* frolled, FDA may place & proposed or

ongoing {nvestigation that i not de
signed to be adequate and well-con.
trolled on clinical hold if it finds thas:
- (1) Any of the conditions in parae
graph (b)) or (b)(2) of this section
apply; or '
“(11) There is reasonable evidence the
investization that Is not designed to be
adequate and well-controlled is imped.
ing enrollment in, or otherwise intan
fering with the conduet or completion
of, 8 study that i3 designed to be an
adequate and well-controlled investige.
tion of the same or another {nvestiga-
tional drug; or .
(ii1) Insufficient quantities of the {n-
vestigational drug exist to adequately
¢onduct both the investigation that {8
not designed to be adequate and well-
controlled and the investigations that
are designed to be adequate and well-

. - controlled; or
(B) The lnvestigational drug is not

{iv) The drug has been stadled in one

. or more adequate and well-controlled

{nvestigations that sirongly suggest
lack of effectiveness; or _

(v) Another drug under {nvestigation
or approved for the same indication
and avallable to the same patient popu.
lation has ‘demonsteated & better po-

.$entfal benefit/risk balance: or

(vi) The drug has received matketing
approval for the same indication in the
same patient population; or

(vil) The sponsor of the study that ia
designed to be an adequate and well-
controlled investigation is not actively
pursuing marketing approval of the in-
vestigational drug with due diligence;
or
(vill) The Commissioner determines
that {t would not be in the publie inter
et for the study to be conducted or

. continued, FDA ordinarily intends that

clinical ‘holds "upder paragraphs
(b)), (bYAU) and (b)4)v) of this
gection would only apply to additional
enrollment {n nonconcurrently cone
trolled trials rather than eliminating
continued aceess to individuals already
receiving the {nvestigational drag. ‘
(5) Clintcal hold of any investigation in-

. tacol on clinieal hold 1f 16 finds that - volving on ezceytion from nformed. con=.,

sondltions In pagagraph sent wnder §E0245of this o %.TEDA’

on
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my plaooa proposed or ongoing lnvesn

igation involving an exception {rom
nformed consent under §50.24 of this
thapter on clinical hold if it is deter
nined that:

(1) Any of the conditions in para-
Tapbs (b)(1) or (b)(2) of this section
wly.ar -

(1) The pertinent criterta in §50.24 of
his chapter for such an Investigation
0 begin or continue are not submitted
r not satisfied.

(¢) Discussion of deficiency, Whenever
‘DA concludes that a defiolency exists
1 & ¢linical {nvestigation that may be

rounds for the imposition of ciinical

old FDA will, unless patients are ex-
osed to immediate and serious risk,
ttempt to discuss and satisfactorily
380}ve the matter with the sponsor bev
)re 1ssuing the clinical hold order,

(d) Imposition of clinical hold. The
injcal hold order may be mads by
slephone or other means of rapid com-
wnication or in writing. The ¢linical
old order will identify the stodles
nder the IND to which the hold ap-
{es, and will briefly explain the basis

v the aotion, The clinical bold order -

{1l be made by or on behalf of the Di-
islon Director with responstbility for
wiew of the IND. As soon as possible,
ad no more tha: 30 days after impost-
on of the clinical hold, the Division
freotor will provide the sponsor &

endar daye of recelpt, of Tb Fequest &
the complete responge. FDA's response
will efther remove.or maintainsthe

clinical hold, and will state the reasons

for “such determination. Notwith-

standing the 30«calendar day response

time, a sponsor may not proceed with &

clinical trial on which a clinisal hold

has been imposed unti) the sponsor has

been notified by FDA that the hold has
* been lifted,

(f) Appeal. Uf the sponeor disagrees.
with the reasons’cited for the clinfeal
hold, the sponsor may request recon- .
sideration of the declslon In accord:.

ance with §312.48,
(g) Conversion of IND on clinical hold

to inactive status. If all investigations

covered by an IND remain on clinical
hold for 1 year or more, the IND may
be placed on Inactive status by FDA
under §312.45,

{52 FR 8631, Mar, 19, 1687, as amended at 52

FR 1477, May 22, 1087, 57 FR 13249, Apr. 15, -

1962, 61 FR 51530, Qgs, 2, 1996, 63 FR 68676,
Dec. 14, 1996)

EPFECTIVE DATE NOTE: AL 63 FR 68679, Dec,
14, 1668, §31242 was amended by revising
paragraph (e), effective Apr, 28, 1999, For the
convenience of the user, the superseded text
follows: '

§312.42 Clinical holds and requeats for
modification,

ritten explanation of the basis for the

M.

(6) Resumption of clinical investiga-
ms, An investigation may only re-
ime after FDA (usually the Division
irector, or the Director's designee,
(th responsibility for review of the

ID) has notified the sponsor that the

vestigation may proceed. Resump-
on of the affected investigation(s)
[l be aunthorized when the sponsor
rrects the deficiency(ies) previously
ted or otherwise satisfies the agency
at the investigation(s) can proceed,
JA may notify a sponsor of itz eter-
ination regarding the clinical hold by
lephone or other means of rapid com-
unication. If a sponsor-of an IND that
is been placed on clinical hold re-
ests tn writing that the clinical hold
-removed and submits & complete re-
onse.to the fssuels) identified in the
inical hold order, FDA hall respond
‘writing to tF”

r L ox ¥ ] ¥

-{6) Resumption of clinical investigations, If,
by the terma of the clinfcal hold order, re-
sumption of the affected invastigation Is per-
mitted without prior notification by FDA
onoe o stated correction or modificatlon Is
made, the investigation may proceed as soon
a3 the correction or modification ia made, In

all other cases, an investigation may only.
resume after the Division Director (or the

Director’s designee) with responsihllity for
review of the IND has notified the sponsor
that the investigation may proceed. In these
cases resumption of the affected fnvestiza.
tion(s) will be authorized whan the sponsor
corvects the deficlencylies) previously cited
or otherwise satisfled the agency that the in.
vesligation(s) can proceod, Rosumption of a
study may be authoried Ly telephone or
olher means of rapld communication,

v L | B | L]

‘pongor within 3-cal- -

m
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' 5312.44 Termination,

(a) General, This section describes the
procedures under whick FDA may ter-
minate an IND. If an IND {s termil-
pated, the.sponsor shall end all clinical
ovestigations conducted under the
IND and recall or otherwise provids for
the disposition of all unused supplies of
the drug. A termination action may be

based on deflofencies {n the IND or in .

the conduet of an investigation under
an IND, Except as- provided {n para-
graph (d) of this section, a termination
shall be preceded by a proposal to ter-
minate by FDA and an opportunity for
the sponsor to respond. FDA will, {n
general, only {nitiate an action under
this section alter first attempting to
resolve differences informally or, when
appropriate, through the clinical hold

procedures deseribed in §312.42,
" (b Grounds for terminatione~(1) Phase’

1. FDA may propose to terminate an
IND during Phase  if it finds that:

() Human subjects would be exposed
to ah unreasonable and slgnlﬂca.nt risk
of illness or unury.

{11) The IND does not contain suffi-
clent information required under
§312.23 Y0 assess tho safety to subjects
of the clinical fnvestigations, .

(11i) The methods, factlities, and con-
trols veed for the manufactaring, proc-
essing, and packing of the lavestiga.
tional drug are inadequate to establish
and maintain appropriate standards of
identity, strength, quality, and purity
a4 needed for subject safety.

(iv) The clinical investigations are

being conducted in a mahner substan- .

tally different than that described in
the protocols submitted in the IND.

{v) The drug is belng promoted or dfe-
tributed for commerclal purposes not
justifled by the requirements of the {n-
vestigation or permitted by §312.7.

(vl) The IND, or any amendment or
report to the IND, contains an untrue
statement of a material fact or omits
matertal information required by this
part,

(vil) The eponsor falls promptly to in-
vestigate and inform the Food and
Drug Administration and al] investiga-
tors of serfous and unexpected adverse

. experiences In accordance with §312.33

or falls to make any other roport re.
quired under this art.

. o ’
K I e,
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§312M

(vit}) The sponsor {ails to submit an

accurate annual report of the inves-
tigations In accordance with §312.33,

(ix) The sponsor fails to comply with
any other applicable. requirement of
this part, part 50, or part §6.

(x) The IND has remained on {nactive
status for § years or mors,

(xi) The sponsor fails to delay & pro-
posed {nvestigation under the IND or

m nr

to suspend an ongoing fnvestigation

that has been placed on clinical hold
under §812,42(b)(4)..

.(2) Phase 2 or 3. FDA may propose to
terminate an IND during Phase 3 or
Phase 3 {{ FDA finds that:

(1) Any of the conditlons in para-
graphs (b)(1)(t) through (b)L)(xi) of this
gection apply; or ‘

(1) The investigational plan or pro-
tocol(s) {8 not reasonable as a bona fide
sclentific plan to determine whether or

-

not the drug is safe and effective for

use; or

{{li) There is oonvincing ovidence
that the drug {8 not effective for the
purpose for which it s belng lnves.
tigated.

{3) FDA may propose to terminate a
treatment IND {{ {t finds that:

(1) Any of the conditions in para-

graphs (b)}1)({) through (x) of this sec-

‘Yonapply;or
(1) Any of the conditions in

§312.42(b)(3) apply.
(c) Opportunity for sponsor response.
(1) If ¥DA proposes to terminate an

. IND, FDA will notify the sponsor {n

writing, and invite correction or expla-
nation within a period of 30 days.

(2) On such notification, the sponsor
may provide a written explanation or
correction or may request a conference
with FDA to provide the requested ex-
planation or correction. I the sponsor
does not respond to the notification

ghall be terminated.
(3) If the spongor responds but I'«‘DA
does not accept the explanation or cor-

rection submitted, FDA shall inform

the sponsor {n writing of the reason for
the nonacceptance and provide the

aponsor with an opportunity for a regu-

latory heartog befors FDA under part
16 on the question of whether the IND
should be terminated. The~onsor's re-
quest for a regulabory he g must be:
made within 10 days of wue sponsor's

" within the allocated time, the IND -
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§I1449

“recelpt of FDA's notiﬂcatlon of none
scceptance,

(d) Immediate termination of IND, Not-
withstanding paragraphs (2) through
() of this section,if at any time FDA
concludes that contintation of the In-
vestigation presents an immediate and
substantial danger to the health of in-
dividuals, the agemey shall imme-
diately, by written notice to the spon-
sor from the Director of the Center for
Drog Evaluation and Research or the
Director of the Center for Blologics

Evaluation and Research, terminate

the IND. An IND so terminated is sub-
ject to reingtatement by the Director
on the basts of additiona] submissions
that eliminate such denger. If an IND
3 terminated under this paragraph, the
agency will afford the sponsor an op-
portunity for a regulatory hearing
under part 16 on the question of wheth-
er the IND should be reinstated.

(Colleetion of information reémremems ap
proved by the Office of Management and
Budget under control number 0910-0014)

[52 FR 6831, Mar, 19, 1987, a3 amended at 52
FR 2031, June 17, 198 55 FR 11579, Mar, 23,
1990; 57 FR 13249, Apr. 15, 1992) '

§81245 Inactive status,

{8) If no subjects are entered into
clinical studies for & period of 2 years
or more under an IND, or {f all inves.
tigations under an IND remain on clin-
feal hold for 1 year or more, the IND
may be placed by FDA on inactive sta
tus. This action may be taken by FDA
efther on request of the sponsor or on
FDA's own initlative. If FDA seeks to
act on its own initiative under this sec-
tion, 1t shall first notify the sponor in
writjng of the proposed inactive status.
Upon recefpt of such notification, the
sponsor shall have 30 days to respond
83 to why the IND should continue to
remain active, .

(b) If an IND is placed on imactive
status, ail investigators shall be so no-
tifled and all stocks of the drug shall
be returned or otherwise disposed of in
accordance with §312.59.

{¢) A sponsor {3 not required to sub-
mit annual reports to an IND on inac-
tive status, An inactive IND 15, how-
ever, still in effect for purposes of the
public diselosure of data’ and mforma
..-"..tnqn under§312 13@‘ kY

i

P \jy‘

“free, full,

2., FRCh. 1 (4~1-99 Edler

(@) A sponsor who intends to resame .

clinfeal investigation under an IND
placed on {nactive status shall submit
& protocol amendment .under §312.30

containing the proposed general fnves. -

‘tigational plan for the coming year and
appropriate protocols, 1f the protocel
amendment relies on {nformation pre.

viously submitted, the plan shall ref |

erence such {nformation. Additional {n.
formation supporting the proposed in-

vestigation, If any, shall be submitted

in an information amendment. Not.
withstanding the provisions of §312.80,
clinfca) investigations undér an IND on
Inactive status may only resume (1) 30
days after FDA recelves the protocol
amendment, unlesy; FDA notifies the
sponsor that the Investigations de.
scrided in the amendment are subject
to'a clinical hold under §312.42, or (2)
on earlier notification by FDA that the
clinfeal investigations described in the
protocol amendment may begin,

(e) An IND that remains on {nactive
status for 5 years or more may be ter-
minated under§312.44,

{Collection of information requirements ap-
proved by the Office of Management and
Budget, under contro] number 090-0014)

{52 FR 8831, Mar. 19, 1987, 23 amended at 52

FR 23031, June 17,1087)
§31247 Meetings.

(2) General, Méetings between a spon.-

sor and the agency are frequently use-
ful in resolving questions anu lssues
ralsed during the course of & clinical
Investigation, FDA encourages such
meetings to the extent that they afd in
the evaluation of the drug and in the
solution of scientific problems con-
cerning the drug, to the extent that

FDA's resources permit, The general.

principle undetlying the' conduet of
such meetings i3 that there should be
and open communication
about any sclentific or medical ques.

tion that may arise during the clinical

investigation, These meetings shall be
conducted and documented {n accord-
ance with part 10.

(b) “End-of-Phase 2" meetings and
meeltngs held before submission of a mar-
keting application, At specific times
during the drug investigation process,
meetings between FDA and & sponsor
can be especlally helpfnl in minimising

" ".'.T Ctenty of. such b
!‘erastprul ‘expendifilfes of time arl?« fiy

Food and Drug Adminisaflon, HHS

money and thu~ In speading the drug
development and evaluation process, In
partirular, FDA s found that meet-
ings ot the end of Phase 2 of an inves-
Hgation (end-of-Phase 3 meetings) are
of considerable assistance {n planning
Jter studles and that meetings held
near completion of Phase 3 and before
submisslon of & marketing application
("pre-NDA" meetings) are helpful in
developing methods of presentation
and submission of data In the mar

ketiig application that facilitate re.

view and allow timely FDA response,

(1) End-of-Phase 2 meetings—~(1) Pur-
pose. The purpose of an end-of-phase 2
meeting is to determine the safety of
proceeding to Phase 3, to evaluate the
Phase 4 plan and protocols and the ade-
quacy of current studies and plans to
assess pediatric safety and effective-
ness, and to identdfy any additional in-
formation necessary to support & man
keting application for the uses under
investigation.

(1) Ettgibility for meeting. While tha
end-of+Phage 2 meeting is designed pui-
marily for IND's {nvolving new molec.
ular entities or major new uses of mar-
keted drugs, & sponsor of any IND may
request 4nd obtain an eénd-of-Phase 2
meeting.

(i11) Timing. To be most useful to the
sponsor, end-of-Phase 2 meetings
should be held before major commit-
ments of effort. and resources to spe-

 ¢iftc Phase 3 tests are made, The sched-

uling of an end-of-Phase 2 meeting fs
not, however, intended to delay the
transition of an investigation from
Phase 2 to Phase 3,

(Iv) Advance information. At least 'l
month {n advance of .o end-of-Phase 2
meeting, the sponsor should submit
background nformation on-the spone
s0r's plan for Phase 3, including sume
maries of the Phase 1 and 2 {nvestiga-
tlons, the specific protocols for Phase 3
clinfcal studies, plans for any addls
tional nonelinieal studies, plans for pe.

‘dlatrle studles, including a time lne

for protocol finalization, eprollment,

§31241
ual Guide 4850.7 that ia publicly availe
able under FDA's public information
tegulations in part 20,

(v) Conduct of meeting, Arrangements
for an end-of-Phase 2 meeting are to be
made with the division in FDA's Centet
for Drue Evaluation and Research or
the Center for Biologics Evaluation -
and Research which is responsible for
review of the IND, The meeting will be
scheduled by FDA at a time convenjent
to both FDA anc. the sponsor, Both the
sponsor and FDA may bting consult
ants to the meeting, The meeting
should be directed primarily ab estab
lishing agresment between FDA and
the sponsor of the overall plan for
Phase 3 and the objectives and design
of particular studies. The adequacy of
the technieal information to support
Phase 3 studies andor a marketing ap-
plication may also be discussed, FDA
will also provide its best judgment, at
that time, of the pediatric atudies that
will be required for the drug product
40d whether thefr submission will be
deferred until after approval. Agree
ments reached at the meeting on these
matters will be recorded in minutes of
the conference tha 4|1l be taken by
FDA 1n accordance with §10.65 and pro-

‘yided to the sponsor. The minutes

completion, and data analysis, or infor-

matign to support any planned request
for walver of deferral of pediatric stud-
fes, and, If avallable, tentative labeling
for the drug.. The, recommended con-

lbed more r ¥ m FDA Staff Man.

‘submission arg,,der.

along’ with any other written material
provided to the sponsor will serve as a
permanent record of any agreements
reached. Barring a significant sl
entific development that requires othe
erwise, studiés conducted In accord-
ance with the agreement shall be pre.
sumed to be sufficient in objective and
design for the purpose of obtaining
marketing approval for the drag,

(2) "Pre-NDA" and “presBLA" meet-
fngs. FDA has found that delays assocf-
ated with the initial review of & mar-
keting application may be redaced by
exchanges nf {nformation about a pro-
posed marketing application. The pri-
mary purposa of this kind of exchange
1s to uncover any major unresolved
problems, to dentify those studies that
the sponsor i8 relying on as adequate
and well-controlled to establish the
drug's effectiveness, to identlfy the
status of ongoing or needed studies
adequate to assess pediatric sa’nty and -

effectiveness; to acquaint FN peview.
“ntobet

ers with the'general inforr

80 ) . : LA
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' nnhmttwl 1n the marketing apvlica
slon tincluding technical information),
10 discuss appropriate methods for sta-
Alstical analysis of the data, and to dis-
cuss the best approach 10 the presen-
tation and formatting of data in the
marketing application. Arrangements
for such a meeting ave to be {nitiated

by the sponsor with the division re-
sponsible for review of the IND. To per.
mit FDA to provide the sponsor with
the most useful advice on preparing a
marketing application, the sponsor

should submit to FDA's reviewing divi-

sion at least | month in advance of the

meeting the following information:

(1Y A brief summary of the clinical
s?udies 10 be submitted in the applica-
tion. -

(1) A pr- ased format, for organizing

“the submisston, including methods for

presenting the data,

{111) Information on the status of
needed or ongoing pediatric studies.

{Iv) Any other tnformation for discus.
sion at the mesting,

S

:um ch: lf(!f"599£dlllon)
man include reaulving (hmcumes fn
gcheduling meetings and obtaining
timely replies to inquiries. Further de-
tails on this procedure are contained irf
FDA Stafl Manual Guide 48207 that I
publicly available under FDA's pisblic
information regulations u part 20,

{¢) Scientific and medical dlsputes 1)
When sclentific or medical Aisputes
atise during the drug investigation
process, sponsors should discuss the
matter directly with the responsible
reviewing officlals, If necessary. spon-
80rs may request a meeting with the

. appropriate reviewing officlals and

(Collection of information requirements ap- -

proved by the Office of Management and
Budgat under control number 0310<0014)
(32 TR 8831, Mar. 10, 1507, as amended &t 52

FR 2001, June 17, 1987; 55 FR. 11580, Mar, 29,
1890: 63 ¥R, 66669, Dec. 2,195

§31248 Dispute vesolution,

(a) General, The Food and Drug Ad-
ministration '3 committed to resolving
differences between sponsors and FDA
reviewing divisions with respect to re-
quirements for IND's as-quickly and
amicably a3 possible through the coop-
erative exchange of information and
views,

(%) Administralive and  procedural
issues, When adminiatrative or proce-
dural disputes arise, the sponsor should
first allempt to resolve the matter
with the division in FDA's Center for
Drug Evaluation and Research or Qen-
ter for Blologics Evaluation and Re-

management representatives in order
to seek a resolution. Reyuests for such
moetings shall be directed-to the direc
tor of the diviston in FDA's Center for
Drug Evaluation and Research or Cen-
ter for Blologics Evaluation and Re-
search which is responsihle for review
of the IND. FDA will make every at.
tempt to grant requests for meetings

that involve tmportant issues and thal -

¢an be scheduled at mutually conven-
fent times, \

{2) The "end-of-Phase 2" and ''pre.
NDA™ meetings described in §312.47(0)
will also provide a timely forum for
discussing and resolving sclentific and
medical issues on which the sponsor

‘ disagrees with the agency.

(3) In"requeslir; a meating designed
to resolve & scientific or medical dis:
pute, applicants may suggest that FDA
seek the advice of outsids experts, fn
which case FDA may, in Its dlscrotion,
invite to the mésting one or more of its
advisory commitiee mombers or other
consultants, as designated by the agen-
¢y. Applicants may rely on, and may
bring to any mesting, their own con-
sultants, For major sclentific and meds

“fcal policy {ssues not resolved by infor:

search which is responsible for review .

of the IND. beginning with the con-
sumer safety officer assigned to the ap-
plication, If the dispute is not resolved,
the sponsor may raise the matter with
the peloon designated as ombudsman,
whose function shall be to investigate
what has happened and to facilitate a
timely and equitable resolution, Appro-
priate issues "~ valse with the ombudse

nh

mal meetings, FDA may refer the mal
ter Lo one of {ts standing advisory com-
mittees for {ts consideration and rec
ommendations,

{52 FR 8831, Mar, 16, 1987, a8 amandod at 55
FR 11580, Mar. 29, 1680}

-Subpart D—Responsibilfies of
Jponsors and Invesﬁgolovs

t

{
.
L
1
)
|

§312.50 General reéponaihﬂities of |

pODSOrs,

.Sponsars are responsibile for selectf
ng qualitied {nvestigators, providlnz

,aFoéd ar+ Drug Admmusfmt;on HHS

them with me mfoxmatmn they need
to conduct an {nvestigation properly,
gnsuring proper monitoring of the {n-
vestigation(s). ensuring that the {nves-
tigation(s) ia conducted in accordance

with the general investigational plan

and protocols contained in the IND,
maintalning an effective IND with re-
spect to the investigations, and ensur-
ing that FDA and all participating in-
vestigators are promptlv informed of
significant new adverse mfects orrisks
with respect to the drug, Additlonal
specitic responsibilities of sponsors are
described elsewhere {n this patt,

§312.52 Transfer of obligations fo a
contract research organization,

(a) A sponsot may transfer responst-
bility for'any or all of the obligations
get forth {n this part to a contract re-
search organization. Any such transfer
ghall be leseribed In writlng ot all
abligatlons are transferred, the writing
I8 required to describe each of the obli-
gations being assumed by the contract
research organtzation, 1l all obligations
are transferred, a general sfatement
that all obligations have heen trans-

ferred i3 acceptable. Any obligation not’

covered by the written description
shall be deemed not to have been trans:
ferred

{b) A contrict research organization
that asswnes any obligation of & spon-
sor shall comply with the specific regu-

latlons in this chaptar applicable to -

this obligation and shall be subject to
the same regulatory action ag a spon-
sor for fatlure to comply,with any obli-
gation assumed under these regula-
tions. Thus, all references to “sponsor”
in this part apply to a contract re-
gearch organization to the extent that
it assumes one or more obngmons of
the sponsor. :

§812.53 Selecting mvestlgators and
monitors,

(a) Selecling investigntors, A sponsor
shall sglect only tnvestigators qualified
by tralning ant experlence as appro-
priate experts to investigate the drug.

(b) Control of drmg. A sponsor shall
ship Investigational new drugs only to
{nvestizators participating in the m

© vestigation,

- {6) Oblnining in[o.rma tiom from (he tn
estigator, Before permitting an investi-

gat'or to begin partictpation {n an o -

vestigation, the sponsor shall obtain
the following:

(1) A signed investigator statement
" (Form FDA-1572) containing:

(1) The name and address of the {o-
vestigator;

(1) The name and cods number, if
any, of the protocol(s) {n the IND f{den-
tifying the study(ies) to be conducted
by the investigator;

(i1f) The name and address of any
medical school, hospital, or other re-
gearch faciiity where the olinical inves-
tigation(s) will be conducted;

(iv) The name and- address of any

clinical laboratory facilities to be used
in the study;

(v) The name and address of the IRB
that is responsite for review and ap-
proval of the study(ies),

(vl} A commitment by the investi-
gator that he or she:

{a) Will conduct the study(ies) in ac-

“cordance with the relevant, current

protocol(s) and will only make changes
in a protocol after notifylng the spon-

the safety, the rights, or welfare of
subjects;

(b) Will comply with all vequirements
regarding the obligations of clinical {n-
vestigators and all other pertinent re-
quirements in this part;” .

(™ Wil personally conduct or super
vise the described investigation(s);

{d) Wil inform any potential subjects
that the drugs ars being used for {nves-
tigational purposes and will ensure
that the requirernents relating to ob
taining {nformed consent (31 CFR part
50) and institutional review huard re-
view and approval (21 CFR patt 56) are
met;

(¢) WLl report to the sponsor adverse

experiences that ocour in the course of
the {nvestigation(s) in accordance with
§312.64;

80T, except when necessary fo protect -

{) Hag read and understands the in-

formation in the investigator's bro-
chure, {ncluding the potential risks
and side offects of the drug; and

(0) Will ensure that all assoclates,
colleagues, and smployees asslsting in
the conduct of the study(les) are {n-
formed about thelr obligations In
meating the above comm’ ™ents. -

(vil) A commitrent . he Investl-
gator that, for an investigation subject
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§1254

t an instituttonal review requirement
under part 5, an IRB that complies

with the requirements of that part will
be responsible for the {nitial and con-

21 CFR . ] (4-1+99 EGition)

(1) Selecting monltors, A sponsar shall
selert. & monitor qualified by ++ “aing
and experience to monitor thy progress
of the investigation,

[ PSRN

Food and D_rug Administration, Hi

distetbuted to Snvestigators by means

of “~riodically revised fnvest)

s gator
brochures, reptintg o published stud.
fes, reports of Jetters to clintea] inves.

§ns

the investigation as soon as

ble,
and in no event Jater than smlneg
days after making the determination

that the fnvestigation should be qjs.

tinuing review and approval of the clin- “nt tgators, or ot
(Collection of information reqnirements a N er appropriate
lcal Investigation and that the Investl-  pocer”hy the Offlce of Management ,,.51 Important safety information T:a?:: fontm“ed' Upon request, FDA wil] eop.
gator will promptly report to the IRB  Bydget under control number 0910-00(4 qulred to be relayed to Investigatos onti, +S70387 0 the ne to i
Acordance with §312 3 continue ia investigation,

all changes in the research activiiy and
all unanticipated problems involving
risks Lo human subjects or others, and
will not make any changes in the re-
search without IRB approval, except
where nevessary to eliminate apparent
immediate hazards to the human sub-
Jects.

(vii) A list of the names of the sub-
investigators (e.g., resedrch fellows,
residents) who will be assisting the in-
vestigator {n the conduct of the inves-
tigation(s).

{2) Currculum vitae, A curriculum
vitae or other statemen' of qualifica-
tlons of the fnvestlgator.showing the

152 FR-8831, Mar. 19, 1987, as ameuded at 52
FIC 23001, June 5T, 1907 03 KR 570, Nov, 5,
1996, 63 FI 5262, Feb, 2, 1908)

$312.54 Emergency research under
§50.24 of this chapter, '
(a) The sponsor shall monitor the
progress of all investigations involving
an . exception from- fnformed consent
under §50.24 of thig chapter, When the
8ponsor recejves frofn the IRB informas
tion concerning the puhlic disclostres
reguired by §50.24(a)Txi1) and (R)THH)
of this chapter, the sponsor prompily
shall submit o the IND file and to
Docket Number 955-0158 {n the Dockets
Management Branch (HFA-305), Food

(Colleation of Infarmating requfres

: i qulreme .
proved by the Offien of Mannuemessﬂ:n%
Dudget under contyol number 0910-0014)

152 FR 8831, Mar. 19, 1039 a8
FR 23031, June 11, 1987) rmended 'a i

§312.50 Revie ing {

el w of ongoing investign.
p'rga) Th. (‘.sponsor shall

8ress of all elinfeal fnvests atf
being conducted ynder |ts IND, s

(b) A sponsor whe discovers that ap

Investigator {s not complying with the
slgned agreement (Form FDA-1572), he
general fnvestipational plan, or the re-
Quirements of this part op other appl-

monitor the

(Collection of information

et requireme;
pmvedv by the Offica of Manmmerr:tu a;:
Budget under contro] Dumber 0910-0034) :

(52 PR 8831, Mar, 19, 10 '
FRZO dune 17, gy e a2

$312.57
umtiol;:e«mmikeeping and record pe.
() A sponsor shal] ‘main
quate records showing themgce‘;g:.
 Shipment, or other disposition of the'
{nvestigational drug. These reconds are
required to Include, as appropriate, the
Dame )f the fnvestigator to whonf the
drug 18 shipped, ang the date, quantity
and batch or code mark of each such

education, training, and experlence
that qualifies the investigator asanex-  and Drug Administration, 12420 Park. cable parts sha) promptly efther ge. shipment,
pert in the clinfeal {nvestigation of the lawn Dr., rm. 1-23, Rockville, MD 20857, . Cure compliance or discontipe Ship. (%) A sponsor shalj maintaln
drug for the use under investigation.  coples of the information that was dis.. ments of the [nvestigationa] new drug Plete and accurate records showin aay
(3) Clinteal protocol. (1) For Phase 1 {n  closed, identified by the IND number. | to the lnvestigator and enq the nves. nanciel interest 1 gey 4(&)%3;(?’ :
: (b) The sponsor also shall monitor ~ URBOT'S Darticipation {n the fnvestigy. (&)ANIL), (aXBIE), and (a)8)t) ofthlg

vestigattons, & general outline of the
planned investigation including the es-
timated duration of the study and the

maximum number of subjects that will -

be involved,

(11) Por Phase 2 or 3 investigations,
an oulline of the study protocol fnclud-
ing an approximation of the number of
subjects to be treated with the drug
and the number to be employed a8 con-
trols, {f any; the clinical uses to be fn-
Vestigated, characteristics of subjects
by age, sex, and condition; the kind of
clinical olservations and laboratory
tedts to be conducted; the estimated
duration of the study: and copies or &
description of case report forms to he
used,

(4) Fimanctal disclosure information,
Sufficient accurate financial informa.
tion to allow the sponsor to submit
complete and accurate certification or
disclosure statements required under
part 54 of this chapter. The sponsor
shall obtain a commitment from the
clinical investigator to promptly up-
date this information f any relevant

. changea occur during the course of the to the sponsor on the drug. particu. '

such investigations to identify when an
* TRB determines that {t cannot approve
the research because It (oes not meet
the criterla In the exception in
§50,24(a) of this chapter of hecause of

other relevant ethical concerns. The -

sponsor promptly shall provide this in-

formation in wriling to FDA. fnves

tigators who are asked to participate
in-this or a substantially equivalent
clinteal {nvestigation, and other IRB's.
that are asked to review this or a sub-
stantlally «qulvalent Investigation,

101 FR 51530, Oct. 2, 1996]

$312.65 ,Infominfipveatigatm.

{a) Before the investigation heaing, a
aponsor (other than a sponsor-{nvesti-
gator) shall give each participating
clinfeal investigator an investigator
brochure contalning the {nformation
deserhed in §310.288)8),

(b) The sponsor shall, as the overall

Investigation proceeds, keep each par- !

ticlpating investigator informed of new
ohservations discovered by or reported

o1

—_—

ton. If the Investigator's participation

i: 18 Investigation 3 ended, the spop. -

sor shall require that the Inve
dispose of or return the inveabigs:’tgl’:rtlg
drug in accordancs wigh the require.
ments of §312,59 and ‘sha)l notigy FDA.
(€) The sponsor shall review apg
tvaluate the evidence relating to the
safety and effectiveness of the drug ag
It 13 obtained from the investigator,
The sponsors shaf] make such reports
to FDA regarding Information relevapt
to the safety of the drug as are té.
quired under §312.32. The sponsor ghay]
make annual reports on the progress of
;gfz é;vesclgatlon {n accordance with

(d) A sponsor who determines
Investigational drug preacnts anbg;iéstfs
sonable and slgnifieant riak to subjects
shall discontinye those Investigations
that present the pak, notify FDA, all
[nstltutional review hoards, and al] fn:
vestigators who have at any time par.
Helpated In the tnvestigation of the
iscont! wnce, assure the dlsposttion
of all stocks of the drug outstanding as
required by §31259, and furnish FDA

ne

chapter paid to clinfeal {nw

by the sponsor of the coveredeastbl::ym:
Sponsor shall also maintajy compl;m
and accurate records concernlng al]
other financial interesty of investiga.
tors sublect to part 5 of this ghapgen
(¢) A sponsor shall retajn the records
8nd reports required by this part for 2
years after a marketing applleation Is
approved for the drug: or, if an applica.
ton s not approved for the drug, unti]
2 years after shipment and delivery of
the drug for tavestigntiona) yse Is dis-
E«:gtmued and FDA has been sg not-

(@) A sponsor shalt .retaih reserve

. samples of any test articl and tef

erence standard identified fn, and ugeq
In any of the bioequivalence or blo-
avatlability  studles described in,
§320.38 or §320.63 of this chapter, and
reledse the reserve samples to FDA

pon request, in accordanpe with, and

for the netiod specified {n §320.38,

(Collect .. of nformation Tequiements ap.

proved by the Office of Manngem
Budget under contro) number 0910,41010;)lt e

(5 FR 8831, Mar. 1, 1987, a9, dmendeq at 83 .

- {nvestization. and fov 1 vear following:: larly with respect to adverse effects™* " with-a full repors:of the sponsor's
RO SR o e e ALY ' Gk Intay AR DB R AR A A e gy i ‘é‘ﬁSq&. FR ine 171097 S oant
- the compleblr e study. Gy &7 gid safe use, és%ch,!nfomati%ﬂ}}%m%ff ", “The" aponsos’shall dissontinge -‘Jm%%h‘!{'zs%é;?@mf i A B
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531258 W I i 21 CRCS el blforh 5o arid D Avmmlslraﬂon HiHS o §3m¢ i
§81258 Impecuon Tof apoﬁéoﬁs. .;recowds of any dmpmltlon of the drug ; ' y 4 other dats tiﬁ ation or disclosura statemenns s
records and reports. “'In accordance with § 312,47 record all obaervntinns and other data cation 1.

(a) .FDA inspection. A sponsor shall
upon request from any properly au-
thorized officer or employes of the
Food and Drug Administration, at rea-
sonable times. permit such officer or
employee to have access to and copy
and verify any records and reports re-
lating to a clinical investigation cone
ducted under this part. Upon written
request by FDA, the sponsor shall sub-

mit the records or reports (or coples of -
them) to FDA, The sponsor shall die.

continup shipments of the drug to any
{nvestigator who has failed to maintain
or make avaflable records or reports of
the investigation ag required by this
part, :

(b) Controlled substances, If an inves-
tigational new drog is a substance Hst-
ed n any schedule of the Controlled
Substances Act (21 U.S.C. 801 21 CFR
part 1308), records concerning shipe
ment, delivery, recelpt, and disposition
of the drug, which are required to be

{Collection of information requiremon(v -
pfoved by the Office of Management and
Budget under control number 0910-0014)

(52 FR 9831, Mar, 10, 1087 8 amended a0 50
FR 23031, June 17, 1987)

§312.60 General responslbllmes of ine
vestigators,

An {nvestigator {s resporsible {or en-
suring that’ an investigation 13 con.
ducted according to the signed {nvesti-
gator statement, the Investigational
plan, and applicable regulations; for
protecting the rights, safety, and wel-
fare of subjects under the investiga-
tor's care; and for the control of d . :5
under investigation, An investigator

,8hall, In accordance with the provi-

kept under this part or other applica-
ble parts of this chapter shall, upon the

request of a properly authorized em-

ployee of the Drog Enforcement Ad-

ministration of the U.S, Department of
Justice, be made available by the (n-
vestigator or sponsor to whom the re-
quest {s made, for inspection and copy-
ing. In addition, the sponsor shall as
sure that adequate precautions are
taken. including storage of the inves-
tigational drog In a securely locked,
substantially constructed cabinet, or
other securaly locked, substantially
constructed enclosure, accass to which
{8 lmited, to prevent, theft or diversion

of the substance into {llegal channels-

of distribution,

§31259 Disposition of unused suppl
of investsrgatlonal drug, poly

'I‘he sponsor shall agsure the return
of all unused supplies of the investiga-

slons of part 50 of this chapter, obtain
the informed consent of each human
subject to whom the drug is adminfe-
tered, except ag provided in §§50.23 or
§0.4 of this chapter, Additional spe-
cific responsibilities of clinical fnves-

tigators are get forth in this part and

in parts 50 and 5 of thia chapter,

(52 FI. 8831, Mar. l9 1087, a8 amended at iy

FR 51530, Oct. 2, 1906)

§31261 Control of the investigational
drug,

An {nvestigator shall administer the

drug only to subjects under the {nves-
tigator's personal supervisfon or inder
the supervision of a subinvestigator re-
sponsible to the investigator, The in-
vestigator shall not supply-the inves-
tigational drug to any person not au.
thorized under this part to veceive [t,

§312.62 Investigator

recardkecping
- and record retention,

() Disposition of drug. An investi-
- gator is required to maintain adequate

tional drog from each individual inves- '

tigator whose participation in the in-

vestigation {s discontinued or termi-
nated. Thé sponsor may authorize al-

ternative disposition of unused supplies
of the Investigational drug provided
this alternative disposition does not:
expose humans to risks from the drug.
The sponse “shall' maintain’ written

or

records of the disposition of the drug,
including dates, quantity, and use by
subjects, If the investigation i3 termi-
nated, suspended, discontinved, or
complated, the Invastigator shall re-
turn the unused supplies of the drug to
the sponsor, or otherwise provide for
disposition of M~ unused supplies of
the drug under §e.4.5,

(b) Case histories, An investizator 1
required to prepare and maintaln efe-
quate and accurate case histories that

pertinent to the Investigation on each
‘individual administered the investiga-
tonal drug or employed as & contrc. .n
the investigation. Case histories in.
clde the case report forms and sup-

~porting data including; for example,

signed and dated consent forms and
medical records including, for example,
progress notes of the physician, the tn-
dividual's hospital chart(s), and. the
nurses’ notes, The case hiatary for each
individual- shall document that In-

< formed consent was obtained prior to.

participation {n the study.

{¢) Record retention. An {nvestigator
shall retain records required to be
maintained wnder this part for a perfod

of 3 years following the date a mars,

keting application is approved for the
drug for the indication for which it fs
being investigated; or, If no application
{3 to be f1led or If the application is not
approved for such indication, until 2
years after the Investigation is discon-
tinued and FDA {s notified,

(Collection of iri(ormauon requirements ap-
proved by the Office of Management and
Budget under contral qumber 0910-0014)

(53 FR 8831, Mar. 1, 1987, as amended at 52

FR 2031, June 17, 1967; 61 FR 57280, Nov. §,
1986) '

§312.64 Investigator reports.

(a) Progress reports. The investigator
s 1 {urnish all reports to the sponsor
of the drug who is responsible for col-
Jecting and evaluating the results ob-
tained. The sponsor is required under
'§313.33 to submit annupl reports to
FDA on the progress of the clinical in-
vestigations, .

{b) Safety reporls. An investigator
ghall promptly report Lo the sponsor
any adverde effect that may reasonably
be regarded as caused by, or probably
~cauged by, the drug, If the adverse ef-
fect 13 alarming, the investigator shall
report the adverse effect Immediately.

{c) Final report. An investigator shall
provide ‘the sponsor with an adequate
report shortly after complstion of the
investigator's participation in the fn-
vestigation,

{d) Pinancial disclosure reports, The
¢linical fnvestigator shall provide the

~ sponsor with sufficient aocurate finan-

clal information to allow an-applicant
fo submit complete and accurate cer-

required under part 54 of t's chapter,

* The clinital Investigator shall prompt-

1y update this Information if any relv
gvant changes occur during the course
of the investigation and for 1 year fol-
lowing the completion of the study.

{Collection of Information tequirements ap-
proved by the Office of Management and
Budget under control number 0910-0019)

(52 FR 8831, Mar. 19, 1087, an amended at 52
FR. 20031, June 17, 1587; 63 FR 52, Feb. 3,
1998)

§312.66 Assurance of IRB review,

An investigator shall assure that an
IRB that.complies with the require-
ments set forth {n part 5 will be re-
sponsible for the fnitial and continuing
review and approval of the proposed
clinical study. The investigator shall
also assure that he or she will prompt-
ly report to the IRB all changes in the
research activity and all unanticipated
problems {nvolving risk to human sub-
jects or others, and.that he or she will
not make any changes in the research
without IRB approval, except where
necessary to eliminate apparent {mme-
dlate hazards to buman subjects,

(Collection of Information requirements ap-
proved by the Offtce of Management and
Budget under control number 0910-0014) .

(52 FR 6831, Mar, 19, 1987, as amended at 52

FR 23031, June 17, 1987)

§81268 Ingpection of investigator's
" records and reports,

An investigator shall upon request
from any properly authorized officer or

employee of FDA, at reasonable times, -

permit such officer or employes to
have access to, and copy and verify any
records or reports made by the investi-
gator pursuant to-§313.62, The investi-
-gator is not required to divulge subject
names unless the records of particular

individuals require 2 more detalled
study of the cases, or unless there is
reason to- beliove thab the records do
not represent actual case studles, or do
not represent actual results obtafned.

§31269 Handling of controlled sub-
stances,

If the 1nvestigatlona1 ls subject

. to the Controlled Substauves Act, the
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 Investigator shall take adequate pre.
* cautions, [ncluding storage of the In.
. Vestigational drug in a securely locked,
substantially constructed cabinet, or
other securely locked, substantially
constructed enclogure, aceess to which
is limited, to prevent theft or diversion

of the substance into {llegal channels
of distribution,

§31270 Disqualification of n clinical
lﬂveﬂtlgat?ra
(8) 1t FDA has {nformation indicating
that an {nvestigator (including a 3pon-
sor-Investigator) hag repeatedly or de-
Wberately fatled to comply with the re-
quirements of this part, part 50, or part
6 of this chapter, or has submitted to
FDA or to the sponsor false {nforma-
tion In any required report, the Center
for Drug Evaluation and Research o
the Center for Blologics' Evaluation
and Research will furnish the investi-
gator written notice of the matter
complained of and offer the investi-
galor &n opportunity o explain the
matter In writing, or, at the option of
the investigator, in an informal con-
ference. If an explanation is offered but
Dot accepted by the Center for Drug
‘Evaluation and Research or the Center
for Blologles Evaluation and Research,
the investigator will ve given an oppor-
bunity for & regulatory bhearing under
Part 16 on the question of whether the
{nvestigator is. entitled to receive in
vestigational new drugs, :
(b) After evaluating all available [n-
formation, Including any explanation
presented by the investigator, {¢ the
Commissioner determines that the tn-
vestigator has repeatedly or delfb-
erately falled to comply with the re.
quirements of this part, part 50, or pars
56 of this chapter, or has deliberately
or repeatedly submitted false informa-

tlon to FDA or to the sponsor in any.

required report, the Commissioner wil]
notify the investigator and the sponsor
of any investigation in which the in-
vestigator has been named as a partici-
pant that the investigator i3 not enti-
tled to receive {nvestigational drugs.
The notification will provide & state-
ment of basis for such determination.
(c) Each IND and each. approved ap-
plication submitted under part 314 con-

41 LHRN. | (8199 Edlon)

nellgible to recelve investintjonst

drugs will be examined to devermine
whether the investigator has submitteq
unreliable data that ate esseritial to
the ~~iinuation of the Investigation
or essential to the approval of any
marketing apptication.

(d) 1t the Commissioner determines,
after the unreliable data submitteqd by
the investigator are eliminated from

_consideration, that the data remalnine

are fnadequate Lo support 4 conclusion
that 1t g reasonably safe to continue
the investigation, the Commissioner

will notify the sponsor who shall have

an' opportunity for a regulatory heap
ing under part 16, 1f & danger to the
public health existd, however, the Com.
missioner shall terminawe the IND im.
mediately and notify the sponsor of e
determination. In-such case, the spop.
sor shall have an opportunity for o teg.
ulatory bearing before FDA under part
16 on the question of whether the TND
should be reinstated,

‘f the Commissioner determines,

after the unreliable data-submitted by

the investigator are eliminated from
consfderation, that the continued ape

proval of the drug product for which !

the data were submitted cannot be jus.
tified, the Commisstoner will nroceed
to withdraw approval of the drug prod.
uct in accordance with the applicable
provisions of the act. :

(f) An fnvestigator who has been de.
termined to be insligible to recelve in.
vestigational drugs may be reinstated
a3 eliglble when the Commissioner de.
termines that the investigator has pre-
sented adequate assurances that the in.
vostigator will employ investigatioal
frags solely n compliance ‘with the

provisions of this part and of parts 5
and 5,

{Collection of Information requirements ap.
proved hy the Office of Manneement and
Budget under control number 0910-0014)

(52 FR 8831, Mar. 19, 1987, a3 amended at 5}
FR 23031, June 17, 1987; 56 FR 11560, Mar, 3,
1990; 62 FT. 46876, Sept, 5, 1997)

Subpart  E~-Drugs Intendéd fo

Trect Life-threctening and Se-

verely-debltating llnesses

Feod ond Drug Administration, HHS

Soumes: 53 FR 41520, Oct. 21, 1980, unless
othetwise noted. ) .

131280 Purpose.. ,
The putpose of this section 18 to es-

tabiish procedures designed to expedite

the development, evaluation, and mar-
ketiog of new therapies intended to
treat persons with life-threatening and
severely-debilitating « ilinesses, espe-
cially where no satisfactory ajter
attve therapy exists, As stated
§314.105(c) of this chapter, while the
statutory stundards of safety and effec.
tiveness apply to all drugs, the many
kinds of drugs that are subject to
them, and the wide range of uses {or
those drugs, demand flexibility in ap
plying the standards, The Food and
Drog Administration (FDA) has deter
mined that it is appropriate to exerclse
the broadest flexiblity in applying the
statutory standards, while preserving
sopropriate guatantees for safety and
elfectiveness. These procedures reflect
the recognition that physiclans and pa.
tents are genetally willing to accept

greater risks or side effects from prod.

ety that treat 1ife-threatening and se.
rerely-debilitating fllnesses, than they
would accept from products that treat
less serlous {linesses. These procedures
glso reflect the recognition that the
benefits of the drug need to be evaln.
sted {n lght of the severity of the dis-
ease belng treated. The procedure out-
lined in this section should be inter-
presed consistent with that purpose,

131281 Scope,

This section applies to new drug and
Yotogical products that are belng stud-
fed for thelr safety and effectiveness in
treating  lfe-threatening or severely-

U debilitating diseases.

(a) For purposes of this section, the
term “life-threatening means:
(1) Diseases or conditions whare the
Ifkelthood of death {8 high unless the
course of the diswase 1s interrnpted;

_and L
(2) Diseases or conditions with poten- .

tally fatel outcomes, where the end
point of ¢l "l trial analysis Is sur-
vlval, P ' '

(b) For purposes of this section, the

8

{¢) Spe:sors are encouraged to con-
sui. with FDA on the applicability of
these procedures to specific products,

159 FR 41529, Oct: 21, 1988, as amended at 64
FR 401, Jan, 5, 1999)

Errecrive DATE NoTe: At 64 FR 401, Jan.
5, 1999, §31%.41 was amended by : toving ,
antiblotie,” from ‘the introductory text, efs
fective May 20, 199, '

§312.82 Eatly consultation,

For products intended to treat life-
threatening or severely-debilitating {11
11e88es, Sponsors may request to meet
with FDA-reviewing officials early in
the drug development process to review
and reach agreement on the design of
necessary preclinieal and clinieal stud-
{es, Where appropriate, FDA will invite
to such meetings one or more outside
expert sclentific consultants or advi-
sory committee members, To the ex- ~
tent FDA resources permit, agency re-
viewing officlals will honor requests
for such meetings

(a) Pre-investigational new drug (IND)
meelings. Prior to the submission of the
{nit{al IND, the sponsor may request a
meeting with FDA-reviewing officials,
The primary purpose of this meeting is
to review and reach agreement on the
design of animal studies needed to ini-
tiate human testing, The meeting may
also provide an opportunity for dis.
cussing the scope and design of phase 1
testing, plans for studying the drug
product in pediatric populations, and
the best approach for presentation and
formatting of data in the IND,

(b) End-of-phase | meetings, When data

"from phase 1 clinical testing ate avail-

Able, the sponsor may again request &
meeting with FDA-reviewing officials.
The primary purpose of this meeting i3
to review and reach agreement on the
design of phase 2 controlled olinfcal
trials, with the goal that suc .esting
will be adequate to provide suificient
data on the drug's safety and effective-
ness to sapport & decision on its ap-
provability for nisrketing, and to dis-

cuss the need for, as well a8 the design
and timing of, studies of the dtug in pe-
diatric patients. For drugs for lfe-
‘threaténing diseases, FDA will provide
{ts best judgment, at that time, wheth-

4 tem “severely ‘debilitating" means
(. 1. diseases or confitfons that cause major.
A" dr Crsible morbfdity::. o

taining data reportéd by an investl
.;Bator who hag been.determined;to be

B

er.pediatrie-gtodes. will by reaulrad .

AT 2 D08, 90, 38, and whether thelr submissior * 1'be *

5.C.20
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128 -

deferred until after approval. The pro-  keting approval, FDA wm lssue {for &

cedures outlived in §312.47(b)1) with
respect .to epd-of-phase 3 conferences,
including documentation of agree:
thents reached, would also be used for
end-of-phase 1 mestings.

(53 FR 41523, Oct. 21, 1986, as amended at &

PR 66663, Dea. 3, 1%6]

§31283 Treatment protocols,

11 the preliminary analysis of phaae 2
test resulta appears promising, FDA
may ask the aponsor to submit a treate
ment protocol to ba reviewed under the
procedures and criterla listed in
§§312.34 and 312.35. Such a treatment
protoce' ‘if requested and granted,
would normally remain in effect while
the complate data necessary {or o mar-
keting application are being assembled
by the sponsor and reviewed by FDA
(unless gronnds exist for clinical hold -

of ongolng protocols, as provided in
§3123.420)3K1).

§31284 Risk-benefit analysis in veview
of marketin mcaﬁom for drugs
to treat life-threatening and ser
verely-debilitating illnesses,

{a) FDA's application of the statu-
tory standards for marketing approval
shall vecognize the need for a medical
‘isk-beneflt judgment in making the
‘Inal decision on appravability. As part
of this evaluation, consistent with the
itatement of purpese in §312.80, FDA
v}l conslder whether the benefits of
’he drug outweigh the kmown and po-
ential risks of the drug and the need
0 answer remaining questlons about
isks and benefits of the drug, taking
nto consideration the -severity of the
isease and the absence of satisfactory
lternative therapy.

(b) In making decisions on whether
0 grant marketing approval for prod-
¢ts that have been the subject of an
nd-of-phase 1 meeting under §312.82,
DA will usually seek the advice of
utside expert sclentific consultants or
dvisory committees. Upon the fiiing
{ such a marketing application under
314.101 or part 601 of this chapter, DA
{l} notify the members of the relevant
;anding advisory committee of the ap-
licatlon’s Mling aud its availability
T review,

{c) If FDA conctudes that the data
'geenter a4 sufficlent for mal-

An

oy

N4

drug) a not approvable letter purguant
to §314.120 of thia chapter, or (for'a blo-
logic) & deficiencles letter consistent
with the blologlcal product lgensing
procedures, Such letter, in describing
the deficiencirs In the application, will
address why the results of the'research
design agreed to under §31262, or in
subsequent meetings, have not pro-
vided sufficlent evidence for marketing
approval. Such letter will also describe
any recommenations made by the ad-
visory commit!- : regarding the appll-
catlon,

| (d) Marketing applications submitted
under the procedures contained in this
section will be subject to the require-
ments and procedures contalned {n part
314 or part 600 of this chapter, as well
a8 those in this subpatt,

§312.85 Phase 4 studies,

Concurrent with marketing approval,-

TDA may sesk agreement from the
sponsor to conduct certaln post-
marketing (phase 4) studies to delin.
eate additional information about the

drug's risks, benefits, and optimal use, -

Thess studies could include, but wonld
1ot be limited to, studying different
doses or schedules of administration
than were used {n phase 2 studies. use
of the drug In other patient popu.
Jations or other stages of the disease,

or use of the drug over a longer period
of time,

§312.86 Focused FDA regulatory re-
search,

At the discration of the agency, FDA
may undertake focused vegulatory re-
gearch on critieal rate-timiting aspects
of the preclinical, chemical/manufac-
turing, and clinical phases of drug de-
velopment and evaluation, When init-
ated. FDA will undertake such re-
search efforts as & means for meeting a
public health need in facllitating the

21 GTROh. | =1-.Eden) |

oo e Brig KeminshclorEHAS

\ials and be fnvolved in factlitating
thelr appropriate progress.

- 131288 Safeguards for patient éafe‘ty.

e e e et

development of theraples to treat life- |

threa.sning ot severely debilitating ill:
nesses,

§312.87 Active monitoring of conduct
and evaluation of clinical trials,

Por drugs covered under this section, 4

the Commisstoner and.other agency of-
ficlals will monitor the progrees of the

conduct and evalvation of clinieal

All of the safeguards incorporated

 within parts 50, &, 312, 314, and 600 of

this chapter designed to ensure the
safsty of clinical testing and the safety
of products following marketing ap
proval apply to drugs covered by this
section, This includes the requirements
for informed consent (part 50 of this
chapter) and institutional review
boards (part 56 of this chapter). These
safeguards further includs the review
of animal studies prior to initial
juman testing (§312.23), and the moni-
toring of adverse drug experiences
through the requirements of IND safe-
ty reports (§312.30), safety update re-
ports during agency review of a mar-
Keting application (§314.50 of this chap~
ter), and postmarketing adverse reac-
tion reporting (§314.80 of this chaptar).

ubpart F-Mlsce\}oneous

* §312.110 Import and export vequire:

ments,

(a) Imports. Ad investigational new
druig offered for import into the United-
States complias with the requirements
of this part if it is subject to an IND
that is in effect for 1t under §312.40 and:
(1} The consignee in the United States
is the sponsor of the IND; (2) the con-
signee is 2 qualified {nvestigator
named {n the IND; or (3) the consignes
is the domestic agent of a forelgn spon-
sor, is responatble for the cpntrol and |
distrihubion of the invedtigational
drug: and the IND identifies the con-
sirnne and describes what, If any, ac-
tions the consignee will take with re-
gpect to the fnvestigational drug. -

(t) Ezports. An Investigational new
drog intended for export from the
United States complies with. the re-
quirements of this part as follows:

(1) 1 an IND i in etfect for the drog
under §312.40 and each peraon who Te-
celves the drug fs an {nvestigator

. named in the application; or

{2) If FDA authorizes shipment of the
drug for use {n & clinieal {nvestigation,
Authorization may be obtained s fol~

- lows:
" (1) Through =ubmission to the Inters

7 ational Affalrs Stalf (HFY-50), Asso-

)

clate Commigsioner for Healih Mfairs.
Food and Drug Administration, 5600
Pishers Lane, Rockville, MD 20857, of &

written request {rom the person that

seeks to vport the drug. A Tequest
must pro-ide adequate {nformation

about the drug to satis{y FDA that the
drug {s appropriate for the proposed in- -

vestigational use in humans, that the
drog will be used for {nvestigational
purposes only, and that the drug may
be legally used by that consignee in the

.{rmporting country for the proposed io-
vestigational use. The request shall -

spectfy the quantity of the drug to be
ghinped per shipment and “the fre-
quency of expected shipments. 1f FDA
authorizes exportation under this para-
graph, the agency ghall eoncurrently

notify the government, of the importing

country of such authorization,

" (i) Through submission to the Inter-
national Affairs Staff (HFY-50), Asso-
clate Commigsioner for Health Affalts,
Food and Drug Administration, 5600
Fishers Lane, Rockville, MD 20657, of a
formal request from ap authorized offi-

¢ial of the government of the country '

to which the drug is proposed to be

shipped. A Tequest Tnusy spectly that

the foreign government has -adequate
information about the drug aod the
proposed investigational use, that the
drog will be used for Investigational
purposes only, and that the foreign
government, is satisfied that the drug
may legally be used by the intended
consignes in that country. Such a Te-
quest shall specify the quantity of drug
to be shipped per shipment and the fre-
quency of expected shipments.

({ii) Authorization to export an in-
vestigational drug under paragraph
(o)1) or (il) of this section may be
revoked by FDA {f the agency finds
that the conditions underlying {8 au-
thorization are not longer met.

(3) This paragraph applies only wheve

the drug 1s to be used for the purpose of -

clinical investigation. - -

(4) This paragraph does not apply 0

the export of new drogs (including bloe
Togical products, antibiotic drugs, and
{naulin) approved or authorized for ex-
port under section 802 of

U.5.C. 382) o section B5L(h), . &) of the

act (3 .

T g
1Eha
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. Publle Health Service Act (&2 VS,
~26%b)1)(A)).

(Collection of information requirements ap.

proved by the Offfce of Management and
Budget under control number 0910-0014)

{52 FR 8831, Mar, 19, 1987, as amended at 5
FR 20031, June 17, 1987, 64 FR 401, Jan, §, 19%9)

. EprrcTIVE DATE NOTE: At 64 FR 401, Jan.
5 1999, §312410 was amenued by revising
paragraph (b)X4) and by removing paragraph
(b)(5), effective May 20, 1999, For the conven.

Jence of the uger, the superseded text fol-
Tows; '

§312.110 Import and export requirements,

At WER Ml WS TT CUION)

should FDA request, cn-~ records main.
lained by the investigator or addl-
tonal background data such a8 hos.
pital or other nstitutional records;

(@ A description of the drug sub-
stance and drug product used in the
study, including 8 deseription of com-
ponents, formulation, specifications,
and bloavallability of the specific drug
product used in the clinteal study, if
available; and ' '

{5) 1f the atudy is intended to support
the effectiveness of & drug product, in-
formation showing that the study is
alequate and well controlled under

Food and Drug Adminishation, HHS

 RECOMMPSDATIONS OUIND PHYSIIANS 1N

PIOMABICAL RESEANCHL INVOLVING HUMA
SUBJECTS .

Introduction

1t Is the mission of the physician to safes
guard the health of the people, His of her
knowledge and conselence ate dedicated to
the fulfiliment of this minsion, '

The Declaration of Ocneva of the World
Medical Association binds the physielan with
the words, "“The health of my patient will be
my fisst consideration and the Intere
natlonl Code of Medieal Fthies declares
that, “A physiclan shall act only in the pa-
tlent's Interest when providiog medical care
which might have the effect of weakening

§a12in . -

4, The design and performance of each X
petimental proceduro Involving human sub-
fects should-be olearly formulated in an ex-
perimental protocol which should be tran
mitted for consideration, comment snd guid--
anee’ to a specially appointed. commities
independent of the investigator and- the
sponsor provided that this independent com.
mittee §s in conformity with.the laws and
regulations of the country in which the re-
search experiment 18 performed,

3. Blomedical reseatch {nvolving human .
subjects should be conducted only by sels
entifically qualified persons and under the
aupervision of A clinically competent. med-
{ial person. The reaponatbility for the human
stibject must always rest with a medically

: ol > qualified person and never rest on the sub-
T T 1 e shyeland men il condion O30 25 e f th e, eventhonghthe e
(OLER ! () Conformance with ethical principles, o has glven his or her consent,

(4) This paragraph does nci:t apply to the'

expott of an antihjotic drug product shipped
{0 accondancs with thie provisions of section
801(d) of the act,

(5) This paragraph does not apply to the
export of new drugs (Including blological
products) approved for export under section
802 of the act or eection 3I(h)(1)(A) of the

(1) Forelgn clinfeal research is required
to have been conducted in accordance
with the ethical principles stated fn
the. “Declaration of Helsink{" (see
paragraph (¢)(4) of this section) or the
laws and regulations of the country {n
which the research was conducted,

The purpose of Womedical reaearch jovolv-

- ing human subjects must be to improve diag-

nostic, therapeutic and prophylactic prooe.

* (ures and the understanding of the netiology -

and pathogenests of disease.

In current medical praciice most diag-
nostie, therapeutle or prophylactio proce.
dures involve hazards, This applles espe.

4, Blomedical research involving human
subjects cannot legitimately be carried out
unless the {mportance of the ohjective Ia in
" proportion to the {nherent risk to the sud

fect, S

5, Every blomedical research project in.
volving human subjects should be preceded

“by careful assessment of predictable risks in

gially to hiomedical research, ;
Pubc Bealth Service Act whichever represents the greater pro- Modical progress Is hased on research igmgg??rnt:’ %z:higgfammﬁ:n&?n&:
R . . , , tection of the Individual, which ultimately must fest D PRFS OD €X+  uyyy of the subfect must always prevall over

1312120 Foreign clinienl studies not
conducted under an IND.

(8) Introduction, This section de-
seribes the criterla for acceptance by
FDA of forelgn clinical studies not con.
ducted under-an IND. In genetal, FDA
accepts such studies provided they are
well designed,” well conducted, per-
formed by quallfied {nvestigators, and
conducted {n accordance with ethical
principles acceptable to the world com-
mupity. Studies meeting these criteria

may be utilized to support clinjeal fn-

vestigations in the United States and/
or marketing approval, Marketing ap-
pm‘val of & new drug based solely on
foretgn clinleal data i3 governed by
§314.106.

(b) Dato submissions. A spongor wlio
wishes to rely on a forelgn clinfcal
study to support an IND or to support:
an application for marketing approval
shall submit to FDA the following in-
formation: :

(1) A description of the investigator's
qualifications;

() A description of the research fa-
ollities;

(3) A detailed sommary of the pro-

o

2

AT

and results_of the.study, and.”-;;u e ;
. ; R "”.‘.‘“-' oo

oo

%

(2) For each foreign clinieal study
submitted under this section, the spon-
sor shall explaln how the reséarch cone
formed to the ethical principles cop-
tained in the “Declaration of Helstnki"
or the forslgn country's standards,

whichever were used. 1f the forefgn

country's standards were uged, the
sponsor “shall explain {n detail how
those standards differ from the “Dec-
laration of Helsinkl" and how they
offer greater potection,

{3) When the research has been ap-
proved by an indepeadent teview com-
mittee, the sponsor shall submit to

FDA documentation of such review and

-approval, including the names and

qualifications of the members of the

© committee, In this regard, a “review

committes” means a committee com.
posed of selentists and, where prace
ticable, individuals who are otherwise
qualified (e, other health profes-
glonals ot laymen). The lnvestigator
may not vote on aty aspect of the re-
view of his or her protocol by & review
cominittee.

©countries,

(4) The “Declaration of Helslakt" -
states as follows: L

perimentation involving human subjects,

It Uie fleld of hiomedical research & funda.
mental dlstinetion must be recognized be-
tween medical research in which the aim is
essentially dlagnostic or therapentle for &

* patlent, and medlal research, the essential

object of which Js purely scientiflc and sith.
out implving direct diagmostic or thers.

peutic valus to the persen subjected to the

research,

Special caution must be exercised In the
conduct of research which may affect the en-
vironment, and the welfare of animals used
for research must he reapected, .

Decause 1t 18 easential that the results of
Iahoratory experiments ho applied to human
Belnga to further actentific knowledge and to
help sulfering humanity. the World Medical
Associntlon has prepared the following recs
ommendations a8 & gulde to every physiclan
‘in Momedica} research Involving human sib-
jects. They should he kept under review In
the future. It must he stressed that the
standards a3 drafted are only & guide to phy-
slelang a1l over the world, Physiciana are not
relievad from eviminal, civi) and ethical re.
sponsibitities under the laws of thelr own

" 1 Buste Princples

1+ Blomedical research Involving human
auhjects mést conform Yo generally accepted
selentific principles and should be bnsed on

;.. ndequately perfarmed laboratory and &nimal
" ,i,cxpgrhncntatiqg,_.}md,‘on 8 thorough. knowl:

43'qe o the sclenf fiterature, 0 1707

i,

5" particulirly-cautionsl the ¢ % {ins

the intereats of selence and soclety,

6, The tight of the reseatch sabject to safe-
guatd his or ber integrity must always be ro.
spected, Every precaution should be taken %o -
reapect the privacy of the subject and t0
mintmize the impact of the study on the sub-
ject's phynical and mental integrity and on
the personality of the subject,

7. Physicians should abstatn from engaging
in reneateh projects involving human sabe
jecta unless they are satiafled that the bat.
ards Involved are belleved to be predictable,
. Physicians should cease any investigation if

the hazards are found o outwelgh the poten.

tial henefits, - .

£, In publication of the resalts of his ot her

regearch, the physician 18 obliged to preserve

the accuracy of the tesults, Reports of ex-

" perimentation not In accordance with the

principles lald down in this Declaration
should not he accepted for publication,

9, In any research on humah beings, each

potential subject must be adequately -in-

formed of the aima., methods, anticipated
benefits and potentiel hazards of the study
and the discomfort it may entall. He or she
should he informed that he or she in as lit-
erty to abstaln [rom participation in the
sy and that he or she is free to withdraw
his or her consent to participation at any
time, The physician shold then obtain the
suhject's free)y-given informed consent, prel-
erably In weitiug,
10. When obtaining informed consent for
. the research project the physician should be

0
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dependent. Nhﬂonship to him or her or may
consent under duvess, In that case the fne
formed consent should be obtained by a phy-
siolan who 18 oot engaged iu the Investiga-
tion and who ls completely independent of
this offlcial relationship,

11, In case of lexnl ingompatence, informed
cansent shonld be obtafned from the legal
guardlan fu gccordance with nations! legis-
lation. Where physical or mental incapacity
makes it impossible to obtatn informed cone
sent, or when the subject is & minor, permis.
slon from the responaible relative replaces

that of the subject in accordance with, na-
tional legisiation.

Whensver the minor child 1 in fact able to’

give a consent, the minor's consent muat be
obtained in addition to the congent of the
minor's legal guardian,

12. ‘The ressarch protocol should always .

contaln & statement of the ethical consider.
ations lnvolved and should {udicate that the
principles enunciated in the present Declora-
tion are complied with,

11. Medical Research Combined with
Professional Care (Clinical Research)

1, In the treatment of the sick person. the
physiolan must be free to use a new dlag-
nostic and therapeutic measure, if {n his or
her judgment it offers hope of saving life, re-
eatablishing health or alleviating suffering.

2. The potential benefits, hazards and dls-

. comfort of & new method should bé welghed
against the advantages of the best current
dlagnostic and thavapeutic methods.

3. In any medical study, every patient—in
cluding those of & control group, if any=
should be assured of the best proven disg.
nostic and therapeatic method, '

4. The refusal of the patient to participate
in & study mast never Laterfere with the phy-
slclan-patient relationship,

5. 1t the physician conslders it essential
B0t to obtain informed consent, the specific
reasona {or this proposal should be stated in
the experimental -protocol for transmission
to the independent committes (1, 2),

6. The physician can combine medical re.
search with professional cars, the objective
being the acquisition of new medical knowl-
elge, only to the extent that medical re.
search I juatified by its potantinl diagnostic
or thorapeutie value for the patient.

111, Non-Therapeutic Biomedical Research Ine

m21 CFR Ch | (4-\-9" "dltlon)

the expurimental destgn ls nbt relmd to the
patient'a {iiness,

3. The inveatigator or the investigatiog

team should discontinue the research if fn”

histher or thelr Judgment it may, if contin-
ued, be harmiut to the individual,

4 In research oo man, the interest of

sclence and society should naver také prece:
dence over considerations relsted to the
well-baing of the subject,

(Colleotion of information requirements ap
proved by the Offtce of Management and

Budges under control nurnber 0910-0014)
(52 FR 8831, Mar. 19, 1987, a8 amended at 52

- FR 2031, June 17, 1967, 5 FR 2113, May 14,

1994, 64 FR 401, Jan. 5, 1988)

" Erveeive Date NOTE: At 64 FR 401, Jan,
5, 19, §312.120 waa amended by removing
“or sntiblotle drog" from the Jast sentence
of paragvaph (a), effective May 20, 1999,

812190 Availabitity for public disclo-.

sure of data and information jo an

v

() The existence of an 1nvestiga-
tional new drug application will not be
disclosed by FDA unless it has pre-

viously been publicly dieclosed or ac-
knowledged.

(b) The avallability for public disclo

sure of all data and {nformation fn'sn -

investigational new drug application

for o new drug will be handled in ac-

cordance with the provistons estabe

- lished tn §314.430 for the conftdentiality

unling Human Subjects (Nom-Clinical Bio-

medical Research)

1. In the purely sclentific application of
medical research oarried .out on & human
oing, It i3 the duty of the physician Lo re.
main the protector of the 1l and health of
‘hat person on whom Wlomedical reanarch is
weing carried out. .

2. The subjects ahould he volunteprs—el-
‘her healthy p na or patients for whom

N

of data and Information {n applications
submitted in part 314, The avallabtlity
for public disclosure of all data and in.
formation In an investigational new
drug application for a biological prod-
uet will be governed by the provmons
of §§601,50 and 601,51,

(¢) Notwithstanding the provisions of
§314.430, FDA shall disclose upon re-
quest to an individual to whom an {n-
vestigational new drug hag been glven
a copy of any [ND) safety report relat-
ing to the use in the indtvidual,

(d) The awallability of Information
required to be publicly disclosed for in-
vestigations {nvolving an exception
from {nformed consent under §50.24 of
this chapter will be handled as follows:
Persons wishing to request the publicly
disclosable information in the IND that
was vequired to be filed In Docket
Number 9580158 in the Docksts Man-
agement Branch (HFA-305), Food and
Drug Administration, 12420 Parklawn

Dr., n. 123, Rockville, MD 06T, shall

"Food ond Diug Admmtstrqﬁon. WS

3

submit & request under the Freedom of
Information Act.

(62 FR 8831, Mar. 19, 198, Redltenated at 5
7R, 41523, Oct. 2L, 1988, as ami ded at 61 FR
51840, Oct. 2, 1696; 64 FR 401, Jan. 5, 1989]

EFFECTIVE DaTR NoTe: At 64 FR 401, Jan,
5, 1009, §312.390 was amended by romoving

vor antihiotic drug™ from paragraph (b), el
fective May 20, 1999,

5312.146 Address for correspondence,

(a) Except as provided in paragraph
(b) of this section, a sponsor shall send
an initial IND submission to the Cen-

~tral Document Room, Center for Drug

Evaluation and Research, Food and
Drug Administration, Park Bldg., Rm.
214, 12420 Parklawn Dr., Rockville, MD
852 On receiving the IND, FDA will
inform the sponsor which ons of the di-
vislons in the Center for Drug Evalue.
tion and Research or the Center for
Blologics Evaluation and Research 1s
responaible for the IND. Amendments,
teports, and other correspondence re-
lating to matters covered by the IND
should be directed to the appropriate

division. The outside wrapper of each’

submission shall state what s con-
tained in the submission, for example,
“IND Application”, “Protocol Amend-
ment”, 8te. ‘

{b) Applications for the products lst-
ed below should be submitted to the Di-
vislon of Biologlcal Investigational
New Drugs (HFB-230), Center for Bio-
logics Evaluation and Re‘search. Food
and Drug Administration) 8800 Rock-
ville Pike, Bethesda, MD 20892, (1)
Products subject to the licensing provi-
slons of the Public Health Service Act
of July 1, 1944 (38 Stat, 682, as amended
{2 U.S.C. 201 ef seq.)) or subject to part
§00; (2) ingradients packaged together
with containars intended for the collec-
tion, processing, or storage of blood or
blood components; (3) ufokinase prod-
ucts; (4) plasma volume expanders and
hydroxyethyl starch for lenkapheresis;
and (5) coupled antibodies, ie., prod-
uets that congist of an entibody com-
ponent coupled with a drug or radio-
nuclide component in which both com-
ponents provide a pharmacological ef-

“fect but the biological component de

fermines the site of action.

Mylan v

v ,,‘,

Mol apns (\?‘n

: §312.l45
(E) All correspondence rela.t.mg m bl

ological products for human use which.

are also radioactive drugs shall be sub~

_mitted to the Division of Oncology and

Radiopharmaceutical Drug Produets
(HFD-150), Center for Drug Bvaluation
and Research, Food and Drug Adminis-
tration, 5600 Fishers Lans, Rackville,
MD 20857, except that applications for
coupled antidodies shall be submitted

. in accordance with paragraph (b) of

this section.

{d) Al correspondence relating to ex-
port of an investigational drug under
§312.110(b)(2) shall be submitted to the
International Affalrs Staff (HFY-X),
Qffice of Health Affalrs, Food and Drug
Adminigtration, 5600 Fishers Laue,
Rockville, MD 20857,

{Collection of mromtion Tequirements ap-
proved by the Office of Management and
Budget, under control number 0910-0014)

{52 PR 8831, Mar, 19, 1987, 23 amended at 52

FR 2031, Juns 17, 1987 56 FR 11530 Mar. 3,
1950)

§312.145 Guidelines,

{a) FDA has made avallable guide-'

lines under §10.90(b) to help persons to

“comply with certaln requirements of

this patt, -
(b) The Center for Drug Evaluatwn

k)
...-.

-

and Research and the Center for Bio- .

logics Evaluation and Research mafn-
tain lists of guidelines that apply to
the Centers’ regulations, The lsts
state how a person can obtain a copy of
each guldeline. A request for a copy of

the lists should be directed to the

CDER Erecutive Secretariat Statf
(HFD-8), Conter for Drug Evaluation
and Research, Food and Drug Adminis-
tration, 5600 Fishers Lanme, Rockville,

MD 20857, for drug products, and the-

Congressional, Consumer, and Inter-

a.onal Affairs Staff (HFB-142), Cen-
ter for Biologics Evaluation and Re-
search, Food and Drug Administration,
8800 Rockville Plke, Bethesda, MD
20892, for biological products,

(52 FR 8431, Mar. 19, 1987, as amended at 55.

FR 11580, Mar, 28, 1990 % FP 716, Jan. 3L,
1931; 67 FR 10814, Mar, 31, 1982

P
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LSprcm G~Drugs for Investiaq-
flonal Use In Laboratory ge-

search Animals ot In’ Vitro
Tests

§312160 Drugs for investigational use
in laboratory research animals or
in ¥itro tests,

(8) Authorization to ship, (1)1) A pers

30n may ship a drug Intenided golely for,
tests n vitro or in animals used only .
for laboratory reseatch purposes if {t i3

labeled as follows;

CAUTION: Contains a new drug for inves.
tigational usé only 1n laboratory research

animals, or for tests fn vitro. Not for use in
humans. !

(1) A person may ship‘a biologieal
product for {nvestigational in-vitro di
agnostic use that i3 lfsted fn
§312.2(b))(1L) 11 1t 13 labeled as follows:

CAUTION: Contalns a blologleal product

tox; tnvestigational In vitro dingnostic tests
only, . "

(@) A person shipping a drog under

paragraph (a) of this section shall use
lue diligence to assure that the cop-
Ugnee is regularly engaged In con-
lucting such tests and that the ship-
nent of the new drug will actually be
13ed for tests In vitro or in animajs
1sed only for laboratory research.

(3) A person who ships a drug under
laragraph (a) of this section shal]
natnteln adequate recods showing the
1ame and post office address of the ex-
ert 10 whom the drug i3 shipped and
he date, quantity, and bateh or code
aark of each shipment and delivery.
wecords of shipments under paragraph
3X0) of this section ave to be main-
Atned for a perlod of 2 years after the
biprhent. Records-and reports of data
nd  shipments under paragraph
L(1(11) of thds section are to be maip-
tined 10 accordance with §312.57(h),
he person who ships the drug shall
pon request from any properly au-
lorized offlcer or employee of the
ood and Drug Administration, at rea.
mable times, permit such officer or
nployee to have access to and copy
i verlfy records required to be maip.
ined under this section.

(b) Termination of authorization f
ip. TDA may terminate authoriza-
-0n.:to'ship & drug under this section if

~ for purposes other than bona fide s

ton does not expose humans to risks

o NTRE from, i,

21 CER Ch. 1 {4-1-99 o)

(1) The sponsor of the {nvestigation . |

s falled to comply with any of the
conditions for shiptment " established
under this section; or

(2) The continuance of the {nvestiga.
tion 18 unsafe or otherwise contrary to
the public interest or the drug 18 used

entiflc investigation. FDA will notity”
the person shipping the drug of it fing-
ing and Invite Immedtate correction, I
correction {s not {mmediately made,
the person shall have ap oppartunity
for a regulatory hearing before FDA
pursuant to part 16, B

(c) Disposition of unused drug, The
person who ships th,e drag under parg.
graph (a) of-this section shall assure
the return of all unused supplies of the
dreg from {ndividual {nvestigators’
whenever the fnvestigation discon.
tnues or the {nvestigation is terms.
nated. The person who ships the drug
mey authorize [0 writing alternative
disposition of unuseq supplies of the
drug provided this.alternattve dispost-

from the drug, elther irectly or {ndi.
rectly (e, through food-producing
snimals). The shipper shall matntain
records of any alternative disposition,

(Collection of information reqdlrements [T
proved by the Office of Mansgement an
Budret under control number 0910-0014)

(52 FR 8631, Mar; 19, 1981, a3 emended ot §
FR 23031, June 17, 1687, Redesfgnated at &
FR 4157, Oct. 21, 1988)

PART 314=APPLICATIINS FOR EDA
égsgovm 1O MARKET A NEW

Subpert A=General Provisions

Sec.

341 Scope of thls part.
3142 Purpose,

3143 Deflnitions.

* Subpart B~Applieations

31450 Content and format of an application,

152 Notice of certification of invalldity
or noninftingement of a patent,

31433 Submission of patent nformation,

31454 Procedure for submission of an applte
catfon wulring {nvestigations for ap.
proval of a new fndication for, or other

e
1

'

food and Drug Administration, HHS

3460; Amendments to an unapproved appli
citlon, - .

31065 Withdrawal by the applicant of an une
approved application,

4720 Supplements and other changes to an
approved application. .

47 Procedures for submission of a sup-
plement to an approved application,

3412 Change in ownership of an applica-

tion,
1480 Postmarketing reporting of adverse
. drug experiences, )
3481 Other postmarketing reports,
M0 Wajvers,

Subpart C=Abbrevioted Applications

1482 Drog produets for which abbreviated
applications may he submitted,

1493 Petition to request a change from 4
listed drug,

3484 Content and format of an abbreviated

application,

3485 Notlee of certification of invalidity
or noninfringement of & patent.

3496 Amen-tinents to:an unapproved abbre-
viated application,

844 Supplements and other changes to an
approved abbreviated application,

31498 Postmarketing reports,

31489 Other responsibilities of an applicant
of an abbreviated application,

Subpart D=FDA Action on Applications
and Abbravicted Applications

4100 Timeframes for reviewing applica-
tiona and abbreviated applications,

-34.101° Filing an epplication and recelving
an ahbreviated new drug application,

314002 Communications betwsen FDA and
applicants, :

314103 Dispute resolution,

J4J0 Drugs with potential for abuse,

34005 Approval of an application and an
tbhreviated application.

. 34105 Forelgn data,

34107 Fffective date of approval of a
505(h)2) application or abhreviated new
drug application wnder section 505()) of
theact

U408 New drug product exclustvity,

314110 Approvable Jetter to the applicant,

412 Not approvable letter to the appli-,

eant.

© 94122 Submitting an abhreviated applicas

tion for, or & 305(J)2)(C) petition that re
Hea on. & llsted drug that {3 no longer
marketed,

34128 Refusal to approve an application.

- 34126 Adequateand well-controlled stud-

jes, ‘ _
34127 Rafusal to approve an abbreviated
new drug application, :

Mg .

4151 Withdrawal of approval of an abbres
viated new drug application under seo-
tion 505(§)8) of the act,

314152 Notice of withdrawal of approval of

. anapplication or abbreviated application
for a new drug,

314.153 Suspenston of approval of an abbre.
viated new drug application,

314160 Approval of an application or abbre-
viated application for which approval

was previously refused, suspsnded, or
 withdrawn,

34,161 Determination of reasons for vol
untary withdra xal of a listed drug,

314162 Removal of & drug product from the
it

34170 Adulteration and misbranding of an
approved drug.,

. Subpart E~Hearing Procedures for New
Drugs .

34200 Notiea of opportanity for héating:
notice of participation and request for
heating: grant ot denial of hearing.

814201 Procedure for hearings.

425 Judiclal review,

Subpart FAdminishative Procedures for
Antiblotics

© 814300 Procedure for the fssuance, amend.

. ment,.or repeal of regulations,

Subpart G—-thetlargemn Provisions

314410 Imports and exports of new drugs,
34420 Drug master flles,
314430 Availability for public disclosure of
data and information in an application
or abbreviated application. ‘
314440 Addresses for applications sud ab-
breviated applications,
314,45 Ouidelines,

‘Subpert HeAccelerated Approvat of New
"~ Drugs for Serlous or Life-Treatening -
nesses

3450 Scope. ‘
314510 Approval based on & surrogate end-
point or on an effect on & clinical end-

point other than survival or irreversible
morbidity,

314620 Approva; with restrictions to assure
safe use,

314530 Withdrawal procedures,

34510 Postmarketing safety reporting.
31455 Promotional materials.

314.560 Terminatlon of requirements.

AUTHORITY: 21 US.C. 221, 331,381, %82, 98,
285,011, 304, e, :

1%

| 4077, Withdrawral of tapproval of anappific: - BOURCE: 0FR 433} Pebi. 2, 19 ”‘%v.'r_gs‘ﬁ-
aetinds that: - T L 0 or ahbreviated application, i

o RTI 524'\5 Pediatrie usé Informtion, . . - otherwle noted,

n ~
a .
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_,(C DEPARTMENT OF HEALTH AND HUMAN SERVICES

Food and Drug Administration
Silver Spring MD 20993

Our STN: BL 125387/0 BLA ACKNOWLEDGEMENT
March 8, 2011

Regeneron Pharmaceuticals, Inc.
Attention: Laura Pologe, Ph.D.
Associate Director, Regulatory A ffairs
777 Old Saw Mill River Road
Tarrytown, New York 10591-6707

Dear Dr. Pologe:

We have received your Biologics License Application (BLA) submitted under section 351 of the
Public Health Service Act (PHS Act) for the following:

Name of Biological Product:  Aflibercept Ophthalmic Injection

Date of Application: February 17, 2011

Date of Receipt: February 18, 2011

Our Submission Tracking Number (STN): BL 125387/0

Proposed Use: Neovascular (Wet) Age-Related Macular Degeneration

If you have not already done so, promptly submit the content of labeling [21 CFR 601.14(b)] in
structured product labeling (SPL) format as described at
http://www.fda.gov/oc/datacouncil/spl.html. Failure to submit the content of labeling in SPL

format may result in a refusal-to-file action. The content of labeling must conform to the format
and content requirements of revised 21 CFR 201.56-57.

You are also responsible for complying with the applicable provisions of sections 402(i) and
402(j) of the Public Health Service Act (PHS Act) [42 USC §§ 282 (i) and (j)), which was
amended by Title VIII of the Food and Drug Administration Amendments Act of 2007
(FDAAA) (Public Law No, 110-85, 121 Stat. 904).

i
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The BLA Submission Tracking Number provided above should be cited at the top of the first
page of all submissions to this application. Send all submissions, electronic or paper, including
those sent by overnight mail or courier, to the following address:

Food and Drug Administration

Center for Drug Evaluation and Research
Therapeutic Biological Products Document Room
5901-B Ammendale Road

Beltsville, MD 20705-1266

All regulatory documents submitted in paper should be three-hole punched on the left side of the
page and bound. The left margin should be at least three-fourths of an inch to assure text is not
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however,
it may occasionally be necessary to use individual pages larger than standard paper size. Non-
standard, large pages should be folded and mounted to allow the page to be opened for review
without disassembling the jacket and refolded without damage when the volume is shelved.
Shipping unbound documents may result in the loss of portions of the submission or an
unnecessary delay in processing which could have an adverse impact on the review of the
submission.

If you have any questions, call Michael Puglisi, Regulatory Project Manager, at (301) 796-0791.

Sincerely,

. Dillon-Parker/
Maureen P. Dillon-Parker
Chief, Project Management Staff
Division of Anti-Infective and Ophthalmology Products
Office of Antimicrobial Products
Center for Drug Evaluation and Research
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