
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 
Improved Pharmacokinetic Properties 

Inventors: Papadopoulos, Davis and Yancopoulos 

Issued: July 4, 2006 

Assignee: Regeneron Pharmaceuticals, Inc. 

Office of Patent Legal Administration (via hand delivery) 
Room MDW 7D55 
600 Dulany Street (Madison Building) 
Alexandria, VA 22314 

RECEIVED 

DEC 2; 2 2011 
PATENT EXTENSION 

OPLA 

Unit: OPLA 

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 J. 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). 0510912012 CKHLOK 00000010 180&50 7070959 

01 FC:1457 1120,00 DA 
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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-TRAPR1R2- Aflibercept is a fusion protein consisting of (a) a vascular 
endothelial growth factor (VEGF) receptor component having immunoglobulin-like 
(lg) domains consisting of an lg domain 2 of a first VEGF receptor that is human Fltl 
and an lg domain 3 of a second VEGF receptor that is human Flkl; and (b) an Fe 
portion of human lgGl. 

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 lg domains 
consisting of an lg domain 2 of human Fltl and an lg domain 3 of human 
Flkl, fused to the Fe domain of human lgGl. 

(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 EYLEN,., 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)(l), (as amended on September 16, 2011), and 37 C.F.R. § 
1.720(t). 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: 

(b) Patent Number: 

(c) Date of Issue: 

( d) Date of Expiration : 

Nicholas J. Papadopoulos, Samuel Davis and 
George D. Yancopoulos 

U.S. Patent No. 7,070,959 ("the '959 
patent") 

July 4, 2006 

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 3 7 
C.F R. § 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) At least the following claim of the '959 patent claims a method of 
manufacturing the approved product: claim 11. 

(b) Pursuant to 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 Fe portion of human lgGl 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-TrapR1R2, which has the lg domain 2 ofVEGF 
receptor 1 (VEGFR1; also known as Flt-1) fused to the lg domain 3 of 
VEGF receptor 2 (VEGFR2; also known as Flk-1), which in turn is fused 
to the constant region (Fe) of human lgGl. 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) Kl cells by 
recombinant DNA technology. Holash (Attachment G) also describes the 
method of producing aflibercept (VEGF-TrapRrn2) 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 (lg) domain 2 ofVEGF receptor 
human Fltl, lg domain 3 ofVEGF receptor human Flkl, and a 
multimerizing component, in a suitable isolated host cell. 

Comparison ofaflibercept to Claim 11 

As noted above, aflibercept is a recombinant fusion protein 
having an lg domain 2 from VEGFRl fused to an lg domain 3 from 
VEGFR2 (See Holash (Attachment G), paragraph bridging pages 11393 
and 11394 and Figure lA). The '959 patent refers to VEGFR-1 as Fltl in 
column 25, line 43, and refers to VEGFR-2 as Flkl 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 lA of Holash. 
Aflibercept also comprises the Fe domain of human lgGl 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 Fe 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 lg 
domain 2 ofVEGF receptor human Flt-1, lg 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-Fc8Cl(a))encoding a 
fusion protein having the three components of aflibercept. The nucleic 
acid and amino acid sequence of VEGFR1R2-Fc8Cl(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 Fltl lg domain 2 is encoded 
by nucleotide residues 80 through 389, the Flkl lg domain 3 is encoded 
by nucleotide residues 390 through 693 and the Fe 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-FcdCl(a) expression 
vector by insertion of DNA encoding amino acids SOT (corresponding to 
amino acids 27-29 of FIGS. 24A-24C) between Fltld2-Flkld3-FcdCl(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 SOT amino acid sequence is 
native to the Fltl receptor and was added back in to decrease the 
likelihood of heterogeneous N-terminal processing. The GPG (bridging 
sequence) was removed so that the Fltl and Flkl immunoglobulin 
domains were fused directly to one another. The complete DNA and 
deduced amino acid sequences of the pVEGFR1R2 FcdCl(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 Kl/ElA) 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. Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable 
Regulatory Review Period[§ 1.740(a)(10)] 

(a) Patent Issue Date 

The '959 patent issued on July 4, 2006. 

(b) IND Effective Date [35 U.S.C. § 156(g}{l}{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 Fe 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 IN D's number, date of 
submission and date of receipt is provided in Attachment H. 

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

(d) BLA Issue Date [35 US.C § 156(g)(l)(B)(ii); 37 C.F.R. § 1. 740(a)(10}{i)(CJ] 

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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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 Fe protein, now aflibercept) consisting of (a) a vascular endothelial growth 
factor (VEGF) receptor component having immunoglobulin-like (lg) domains 
consisting of an lg domain 2 of a first VEGF receptor that is human Flt1 and an lg 
domain 3 of a second VEGF receptor that is human Flk1; and (b) an Fe 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 III 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 8 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 AMO. 

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 
35 U.S.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 ofregulatory 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)(l)(B)(ii) (i.e., the period from the date of submission of the BLA until the date 
of approval), the regulatory review period under§ l56(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§ l56(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§ l56(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. § l56(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., J.D. 
Vice President and Assistant General Counsel, Patents 
Regeneron Pharmaceuticals, Inc. 
777 Old 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.§ I. 7 40(b ). 

Sincerely, 

v;J~~ 
Attorney/ Agent for Applicant 
Registration NR, 35,127 
Dated: s9, / .J::le_c c:x.. o If 
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O\Pc 
""o\ 

~ r--~~-;,':.-_ ---- OB · 21 2001 
I : ' i~o-1595 Re /11/lfililll/f 1 

.4t J) 
U.S. Department of Commerce 
Patent and Trademark Office 

~,m ~y 101A1.7994 
To the Honorable Commissioner of Patents and Trademarks: Please recora me attached original documents or copy thereof. 

1. Name of conveying party(ies): 

Nicholas J. Papadopoulos 
Samuel Davis 
George D. Yanacopoulos 

~-/3'6/ 

Additional name(s) of conveying party(ies) 
attached? • Yes 11J No 

+-------------------1 3. Nature of conveyance: 
KJ Assignment • Merger 
• Security Agree!-Tlent • Change of Name 
D Other __________ _ 

Execution Date: June 1, 2001 

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

2. Name and address of receiving party(ies): 
Name: Regeneron Pharmaceuticals, Inc. 

Internal Address: __________ ____. 

Street Address: 777 Old Saw Mill River Road 

City: Tarrytown, State:_NY_ Zip: 10591 

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

D Yes IX) No 

If this document is being filed together with a new application, the execution date of the application is: -------1 
A. Patent Application No:(s) 

PCT/US00/14142 

B. Patent No.(s) 

Additional numbers attached? • Yes No Ix! 

S. Name and address of party to whom corre­
spondence concerning document should be 
mailed: 

6. Total number of applications and patents 
involved: I 1 I 

Name: __ L_i_n_da_O_. _P_a __ lla_di_._no ______ -----1 

Internal Address: Regeneron Pharmaceuticals, 7. Total fee (37 CFR 3.41): .... $.::tlL. An.lJU..nn __ ____. 

Inc. Iii Enclosed 

Street Address:777 ('\IA C'nn 11.,f:ll n,., __ n--..J 

City: Tarrytown, State: NY Zip: 10591 

• Authorized to be charged to deposit account 

8. Deposit account number: 
18-0650 

DO NOT USE rms SPACE 

9. Statement and signature. 
To the best of my knowledge and beliet the foregoing iriformation ts true and correct and any attached copy is a 

true copy of the original document. , ,0! . /) . • 
Linda O. Palladino \ ~/tin /"; 1121 l I/~. il.JU' August 9, 2001 

0 
Name of Person Signing ~ Slg¢zture Date 

8/20/2001 I OH11 00000105 PCTUS0014142 / 

1 f'C:581 40.00 DP Total number of pages comprising cover sheet: [!J 

_/ PATENT 
REEL: 012Q17_fRAME: 0978 
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Att. 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, tide 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 valua,.~le 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 app1ications, 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 reissu~s 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 
REEL: 012077 FRAME: 0979 
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"'' Att. Docket No. REG 710-A-PCT 
USSN PCT/US00/14142 
Assignment 
Page2 

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

'.1 AND WE HEREBY covenant and agree that WE have full right to convey the entire ,,.. ,, 
~ i~terest HEREINAFfER 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: 'f(( I /a--; 

State of New York 
S.S. 

County of Westchester 

On this / / ,ft_ day ~ .;l. 00 I 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. 

)('.)~ B. ~ 
Notary Public"/' 

BERNADETTE B. FAHEY 
Notary Public; State of New 'Vbrk 

No. 01 FA6035879 
Qualified In Putnam County 

~mmission Expires January 10. 2<::e) 

PATENT 
----··--·---··--·----"" ....... . ..... .. REEL:..012.0.7.l..ERAME: .0980" , .. 
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Att. Docket No. REG 710-A-PCT 
USSN PCT /US00/14142 
Assignment 
Page3 

Dated: t(ti(()/ 

State of New York 

! S.S. 
~ County of Westchester 

L.S. 
Samuel Davis 

On this / I J;:I.._., day ~ ...:u:::.o f before me, 

Bernadette B. Fahey, a Notary Public in and for the 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 
;•:,,tary Public, State at New York 

No. 01 FA6035879 
Qualified in Putnam County 

. t, 1mii::sior. Expires ,January 10, 2~ 

Dated:_G ___ - _I_-_o_~--

State of New York 

County of Westchester 
S.S. 

On this .g I ,al: day ~ • , 0 ~ f before me, 

Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally 

appeared George D. Y ancopoulos 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. 

RECORDED: 08/13/2001 

~/1M':-:C>.e1.."th' ,fl.~-
Notary Public 

BERNADETTE 8. FAHEY 
Notary Public, State of New York 

No. 01 FA6035879 
~u~llfled In Putnam County 

Comm1as11on Expiroa January rn, ao.A::, 

PATENT 
... -REEL: .. 0-120.7-7 FRAME: 0981 
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U...:l- I I -:C:::UU:C::: 

f~~ PTOYU) Rec IIHIHHHlfflH ~et ~~~~.~:~~•~:;;~;,~;,;~" 
1--lliii:::.!2_ lft ~ !}- 102009007 _________ --J 

To the lonbrable Commissioner of Patents and Trademarks: Please record the attached original documents or copy thereof. 

1. Nrune of conveying party(ies): 

Nicholas J. Papadopoulos 
Samuel Davis 
George D. Yancopoulos 

Additional name(s) of conveying party(ies) 
attached? • Yes ~ No 

3. Nature of conveyance: 
X) Assignment • Merger 
• Security Agreement • Change of Name 
D Other __________ _ 

Execution Date: February 4, 2002 

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

2. Name and address of receiving party(ies): 
Name: Regeneron Pharmaceuticals, Inc. 

Internal Address: __________ -J 

Street Address: 777 O]d Saw MilJ River Road 

City: Tarrytown. State: NY Zip: 10591 

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

• Yes IX] No 

If this document is being filed together with a new application, the execution date of the application is: -----~ 

A. Patent Application No.(s) 

USSN 10/009,852 

B. Patent No.(s) 

Additional numbers attached? 0 Yes No IX! 

5. Name and address of party to whom corre­
spondence concerning document should be 
mailed: 

6. Total number of applications and patents 
involved: I 1 I 

Name: __ L_in_d_a_O_. _Pa_l_la_d_in_o _______ _. " "" 
Internal Address: Regeneron Pharmaceuticals, 7. Total fee (37 CFR 3.41): .... $=tLL ,1.u.uc----1 

Inc. o Enclosed 
------------------1 tXJ Authorized to be charged to deposit account 

Street Address:777 ou ~,.Hu um ui .. ~- 0 ~,,M 8. Deposit account number: 
18-0650 

City: Tarrytown, State: NY Zip: 10591 . 
00000019 ttor,50 ~1 ) DO NOT USE mis SPACE 

40.00 CH 

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. ,.. /} / ' i',, ... .......__ 
Linda 0. Palladino 
Name of Person Signing 

,, 1,7·· . tr-) · >1· ,,.1: :- · / .• // • February 4, 2002 r - - c, - - . .. _.1 . u ·- < _ c_., ::...;;..:.;.....;,, .. ~., ......... -=----1 Sigr1tjJ'ri li>ate 
; 

PA-wra;:.~•·T 
. - ··~·~ 

REEL: 012639 FRAME: 8222 
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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 Americ~Samuel 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, REGE~ERON 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 ~nd 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 app1ications ut:1der 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 al1 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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:tt Docket No. REG 710-A-US 
$SN 10/009,852 

~ignment 
,J?.age 2 

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 HEREINAFfER 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: d /'tlo .;;i 

State of New York 

County of Westchester 
S.S. 

On this J../.j::L.> day -3:'4 A, , , 0 419 ? oo ~ . 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. 

~,.,.._. oJ,4,,4-~ 
otary Public 

BERNADETTE B. FAHEY 
Notary Publio, Stat1:1 of New York 

No. 01 FA6035879 
Qualnlod ir, Putnam County 

Commi~siOI" f-.:n,•~~ ·•-•··· .. ~·-·•· 10, 2ol2.G 

PATENT 
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itt. Docket No. REG 710-A-US 
USSN 10/009,852 
Assignment 

. Page 3 

. Dated: 2/ l/ { (12 LJ~ . ,..,_...,__'--'--;.,1,~~:;.;..;..;.---L.S. 
Samuel Davis 

i _: 
1 1 State of New York 

S.S. 
County of Westchester 

On this '±A::/- day .Ef'~q o ~ ~o;i., ~ before me, 

Bernadette B. Fahey, a Notary Public in and for the State a:i: 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. 
SERNACJc nt: r.,. rkHE"r 

Notcry Pubiic;. State ot New 'lork 
Ne,. )1 FAl:>0050/b: 

C .,a!ifit.-.c ·:•; Pu,nam ".;o,.mfy . '.)G, 
Com;~,· .-:.,~ ~,,·u1.~~~: Jaru ... &fy ~r; f:,:....: .... 

Dated: "2, /'I/ O L 

State of New York 

S.S. 

County of Westchester 

~ P:!! • 0, .I.. .. H_,_, .t!:> . ~ 
Notary Public ---- d 

On this L/- ...J.::L day ~ c • c, d .....:loo:)... • 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. 

RECORDED: 02/19/2002 

~od•tf+. _s,. ~ 
Notary Public 

BERNAOElTt:: 0. fArlEY 
Notary Public, State o1 New York 

No. 01 FA600S87E.l 
Qualified \r. P1.1tnafY, '::oun"tY ,. '-

Oornmi$-.""i°" F ~,·,,•'-<!·- -·•·· · •· · ,:. '] _ _,[J 

PATENT 
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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 lntravitreal Injection 
Initial U.S. Approval: 2011 
------ INDICATIONS AND USAGE:------­
EYLEA is indicated for the treatment of patients with Neovascular (Wet) 
Age-Related Macutar Degeneration (AMD). (I) 

----- DOSAGE AND ADMINJSTRATIONI-----­

• For ophthalmic intravitreal injection only. (2.1) 

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

• 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) 

-----DOSAGEFORMSANDSTRENGTHS------
40 mg/mL solution for intravitreal injection in a single-use vial _(3) 

FULL PRESCRIBING INFORMATION: CONTENTS* 

1 INDICATIONS AND USAGE 
2 DOSAGE AND ADMINISTRATION 

2.1 General Dosing Information 
2.2 Dosing 
2.3 Preparation for Administration 
2.4 Administration 

3 DOSAGE FORMS AND STRENGTHS 
4 CONTRAINDICATIONS 

4.1 Ocular or Periocular Infections 
4.2 Active Intraocular Inflammation 
4.3 Hypersensitivity 

S WARNINGS AND PRECAUTIONS 
5.1 Endophthalmitis and Retinal Detachments 
5 .2 Increase in httraocular Pressure 
5.3 Thromboembolic Events 

6 ADVERSE REACTIONS 
6.1 Injection Proced1Jn: 
6.2 Clinical Studies Experience 

--------cONTRAINDICATIONS-------
• Ocular or periocular infection (4.1) 
• Active intraocular inflammation (4.2) 
• Hypersensitivity (4.3) 

------ WARNINGS AND PRECAUTIONS -----
• Endopbthalmitis 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 (~5%) reported in patients receiving 
EYLEA were conjunctiva! hemorrhage, eye pain, cataract, vitreous 
detachment, vitreous floaters, and increased intraocular pressure. ( 6.2) 

To report SUSPECTED ADVERSE REACTIONS, contact Regeneron at 
1-855-39S-3248 or FDA at 1-800-FDA-1088 or www.fda.fovlmedwqtch . 

See 17for PATIENT COUNSELING INFORMATION. 

6.3 lmmunogenicity 
8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 
8.3 Nursing Mothcn; 
8.4 Pediatric Use 
8.S Geriatric Use 

11 DESCRIPTION 
12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 

Revised: 11/2011 

I 3.1 Can:inogenesis, Mutagenesis, hnpainnent of Fertility 
13.2 Animal Toxicology and/or Phannacology 

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 

l INDICATIONS AND USAGE 

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

2 DOSAGE AND ADMINISTRATION 

2.1 General Dosing Information 
FOR OPHTHALMIC INTRA VITREAL INJECTION ONLY. ~YLEA must only be 
administered by a qualified physician. 

2.2 Dosing 
The recommended 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 every4 we~ks compared to every 8 weeks [see Clinical 
Studies (14)]. 

· 2.3 Preparation for Administration 

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

Using aseptic technique, the intravitreal injection should be performed with a 30;.gauge x ½-inch 
injection 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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2. Clean the top of the vial with an alcohol wipe (see Figure 2). 

Figure 1: 

Figure 2: 

3. Remove the 19-gauge x 1 ½-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 Figure 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 the .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 sufficiently back when emptying the vial in order to 
completely empty the filter needle. 

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

8: Remove the 30-gauge x ½-inch injection needle from the plastic pouch and attach the 
injection needle to the.syringe by firmly twisting the injection needle· onto the Luer lock 
syringe tip (see Figure 5). · 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 29



BL 125387/0 
Page 13 

Figure S: 

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) .. 

Figure 6: 

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

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 30



BL 125387/0 
Page 14 

. Figure 7: 

2.4 Administration 

0.5 
0.6 

Figure 8: 

Solutlon after 
expelllng air bubbles 
and exaiss dNg 

Flat Plunger 
Edge 

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

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

After injection, any unused product must be discarded. 

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

3 DOSAGE FORMS AND STRENGTHS 

Single-use, glass vial designed to provide 0.05 mL of 40 mg/mL solution for intravitreal 
injection. 
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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 

5.1 Endophthalmitis and Retinal Detachments 

lntravitreal 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)]. 

5.3 Thromboembolic Events 

There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of 
VEGF inhibitors, including EYLEA. ATEs are defined as nonfat_al stroke, nonfatal myocardial 
infarction, or vascular death (including deaths of unknown cause). The incidence in the VIEWl 
and VIEW2 wet AMO 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: 

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

• Increased intraocular pressure [see Warnings and Precautions (5.2)] 

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

The most common adverse reactions ~5%) reported in patients receiving EYLEA were 
conjunctiva! hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and increased 
intraocular pressure. 

6.1 Injection Procedure 

Serious adverse reactions related to the injection 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 
(VIEWl and VIEW2) for 12 months [see Clinical Studies (14)]. 

Table 1: Most Common Adverse Reactions (2:1 % ) in Phase 3 wet AMD studies 
.. ... . .. 

Adverse Reactions EYLEA Active Control 

(N=1824) (ranibizumab) 

(N=S9S) 

Conjunctiva! hemorrhage 25% 28% 

Eye pain 9% 9% 

Cataract 7% 7% 

Vitreous detachment 6% 6% 

Vitreous floaters 6% 7% .. 
Intraocular pressure increased 5% 7% ... 

Conjunctival hyperemia 4% 8% .. 

Corneal erosion 4% 5% 
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Adverse Reactions 

Detachment of the retinal pigment 
epithelium 

Injection site pain _ 

Foreign body s~nsation in eyes 
·,:.' 

Lacrimation increased 

Vision blurred ... . .. 

Retinal pigment.epithelium tear 

Injection site_hemorrhage. 

Eyelid edema 

Corneal edema 

/ 

. . 

EYLEA Active Control 

(N=1824) 
(ranibizumab) 

(N=595) 

3% 3% 

3% 3% 

3% 4% 

3% 
I' 

1% 

2% 2% 

2% 1% 

1% 2% 

1% 2% 

1% 1% 

Less comnion serious adverse reactions reported in <1 % of the patients treated with EYLEA 
were retinal detachment, retinal tear, and endophthalmitis_. Hypersensitivity has also been 
reported in less than 1 % of the patients 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 incidence of antibodies to other 
products niay 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 differences in efficacy or safety 
between patients with or without immunoreactivity. 

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 systeinic exposures based on Cmax and AUC for free aflibercept were 
approximately 2900 times and 600 times higher, respectively, when compared to corresponding 
values observed in humans after an intravitreal dose of 2 mg. . . 

There are no adequate 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. 

8.3 Nursing Mothers 
It is unknown whether aflibercept is excreted in human milk. Because 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 discontinue 
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 established. 

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 Fe portion of human lgGl formulated as an 
iso-osmotic solution for intravitreal administration.Aflibercept is a dimeric glycoprotein with a 
protein molecular weight of 97 kilodaltons (k.Da) 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) ofEYLEA (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 Mechanism of Action · 

Vascular endothelial growth-factor-A (VEGF-A) and placental growth factor (PlGF) 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. PlGF binds only to 
VEGFR-1, which is also present on the surface of leucocytes. Activation of these receptors by 
VEGF-A can result in neovascularization and vascular permeability. 

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

12.2 Pharmacodynamics . 

· 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 effects in the eye. In patients with wet AMO, 
following intravitreal administration of EYLEA, a fraction 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 of2 mg per eye ofEYLEA to patients with wet AMD, the 
mean Cmax of free aflibercept in the plasma was 0.02 mcg/mL (range: 0 to 0.054 mcg/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 distribution of free aflibercept following intravenous (I. V.) administratio_n of 
· aflibercept has been determined to be approximately 6L. · 

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

Specific Populations 

Renal Impairment 

Phannacokinetic 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, Impairment of Fertility 

No studies have been conducted on the mutagenic or carcinogenic potential of aflibercept. 
Effects on male and female fertility w~e 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 Cmax and AUC for free 
aflibercept observed at the lowest dose used of 3 mg/kg, the systemic exposures were 
approximately 4900 ~imes 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 of2 or 4 mg/eye. At the NOA.EL of 
0.5 mg/eye in monkeys, the systemic exposure was 42 times and 56 times higher based on Cmax 
and AUC, respectively, than the exposure observed in humans after an intravitreal dose of2 mg. 
Similar effects were not seen in clinical studies [see Clinical Studies (14)]. 

14 CLINICAL STUDiES 
. . 

The safety and efficacy ofEYLEA were assess_ed in two randomized, multi-center, double­
masked, active-controlled studies in patients with wet AMD. A total of2412 patients were 
treated and evaluable for efficacy (1817 with EYLEA) in the two studies (VIEWl and VIEW2). 
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In ea~h 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 adniinistered · 
every 4 weeks (EYLEA 0.SQ4); and 4) ranibizumab administered 0.5 mg every 4 weeks 
(ranibizumab 0.5 mg Q4): Patient ages ranged from 49 to 99 years with a mean of76 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 clinically ~uivalent to the ranibizumab. 0.5 mg Q4 group. 

Detailed results from the analysis of the VIEWl and·VIEW2 studies are shown in Table 2 and 
Figure 9 below. · 
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Table 2:. Efficacy Outcomes at Week 52 (Full Analysis Set with LOCF) in VIEWl and 
VIEW2 Studies 

VIEWl VIEW2 

EYLEA EYLEA. ranibizu- EYLEA EYLEA ranibizu- · 

2mgQ8 2mgQ4 
mah 

2mgQ8 2mgQ4 
mah 

weeks a weeks 0.5 mgQ4 weeks 8 weeks 0.5mgQ4 
weeks weeks 

Full Analysis S~.t N=301 N=304 N=304 N=306 N=309. N=2~1 .. 
Efficacy Outcomes 

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

{<IS letters ofBCVA 
loss) 

. b 
Difference (%) 0.6 1.3 0.6 ·-o.3 

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

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

Differenceb in LS 0.3 3.2 -0.9 -2.0 

mean 

(95J% CI) (-2.0, 2.5) (0.9, 5.4) (-3.1, 1.3) · (-4.1, 0.2) 

Number of patients 92 114 94 96 91 99 
who gained at least 

(31%) (38%) (31%) (31%) (29%) (34%) · 
15 letters of vision 
from Baseline(%) 

Differenci (%) -0.4 6.6 -2.6 -4.6 

(95.1%CI) (-7.7, 7.0) (-1.0, 14.1) (-10.2, 4.9) (-12.1, 2.9) 
... 

BCV A=:= Best Corrected Visual Acuity; CI= Confidence Interval; ETDRS = Early Treatment Diabetic Retinopathy 
· 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. 

a After treatment initiation with 3 monthly doses 
b EYLEA group minus the ranibizumab group 
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Figure 9: Mean Change in Visual Acuity from Baseline to Week 52 in VIEW1 and. 
VIEW2 Studies 
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· 16 HOW SUPPLIED/STORAGE AND HANDLING 

Each Vial is for single eye use only. EYLEA is sµpplied in the follo\Vlllg presentation [see 
Dosage and Administration (2.3) and (2.4)]. 
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NDCNUMBER 

61755-005-02 

Storage · 

CARTON TYPE 

Vial 

CARTON CONTENTS 

one single-use, sterile, 3-mL, glass vial containing 
a 0.278 mL fill of 40 mg/mL EYLEA 

one 19-gauge x 1 ½-inch, 5-micron, filter needle for 
withdrawal of the vial contents 

one 30-gauge x ½-inch injection needle for intravitreal 
injection 

one 1 ~mL syringe for administration 

one package insert 

EYLEA should be refrigerated 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 afl;er 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 d~tachment. If the eye becomes red, sensitive to light, painful, or develops a change in 
vision, the patient should seek immediate 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 ofRegeneron Pharmaceuticals, Inc. 

© 2011, Regeneron Pharmaceuticals, Inc. 

All rights reserved. 

Vl.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 

Vial Label 

\ 
I 
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ATTACHMENT C 

Copy of EYLEATM 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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( ..ttt., DEPARTMENT DF HEALTH AND HUMAN SERVICES 

.::::iz'-

Our STN: BL 125387/0 

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: 

Food and Drug Administration 
Silver Spring MD 20993 

BLA APPROVAL 
November 18, 2011 

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 afliberce t dru substance intermediate, 
drug substance, and formulated bulk at The final 
formulated dru roduct will be manufacture at J 

The final formulated drug pro uct w1 e la e e an pac age at 
!fil@l. You may label your product with the proprietary name 

Eylea and mar et 1t ma l · smgle-use vial containing 0278 mL of 40 mg/rnL aflibercept, as part 
of a final packaged pro uct containing the aflibercept single-use vial, a 19-gauge x 1 ½-inch 5-
micron filter needle, a 30-gauge x ½-inch needle and a 1-mL plastic syringe. 

• • 
' . ' . . ' , ' 

! :-- ii 

. .. . ' . . 
I ., " • " 
, ' 0 
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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 oflabeling [21 601.14(b)] in 
structured product labeling (SPL) format, as described at 
http://www.f da. gov IF orlndustry /DataS tandards/S tructuredProductLabeling/ 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)(l) 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 I-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: 
Trial Completion: 
Final Report Submission: 

March 2012 
November 2015 
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(o)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or clinical trial required tinder 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(o)(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( o ), 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( o) on the date required will be considered a violation of 
FDCA section 505(o)(3)(E)(ii) and could result in enforcement action. 

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS UNDER SECTION 506B 

We remind you of your postmarketing commitments: 

2. To conduct three drui product hold time studies of the 40 mg/mL vial presentation filled 
at-site. Material will be held at commercial scale, and 
m~es (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 co~~duct 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. r.
4 

by the aflibercept- process. The 
er rotocol on thr~ubstance 

ID t4J will be measured with a validated analytical 
test method for determining » >. The completed method 
validation and final reports w1 be su mitte mt e 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 

5. 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 30th 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 

6. 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 30th 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 

7. 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 chanies 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. 
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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 30th 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 ofreports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 
http://www.fda.gov/Safety/MedWatch/HowToReport/ucm1669lO.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 A venue, 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 
(DD MAC), see http://www.fda.gov/ AboutFD A/CentersOffices/CD ER/ucm09014 2 .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. 

ENCLOSURES: 
Content of Labeling 
Carton and Container Labeling 

Sincerely, 

I 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 
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Fig.1 OA. 
10 20 30 40 50 60 

* * * • • • * * * * • • 
~~~~~GAC~~~~~~~C'ro~~~~~~ 

TAC CAG TCG ATG ACX: C'ro '1'00 CCC CJ\G Gl\C GAC At:.G CGC GAC GAG TCG ACA GAC GM GAG 

~~~~-~~~~~~~~~~~~~~~ 

10 80 90 100 110 120 

* * • • * • * * .. 
ACA 00A TCT NJ'r TCA 00'1' 'l'CA AM. '.l"rA AM GAT CCT GAA C'OO Nrt 'l'TA AAA GGC ACC CAG 

. 'roT CCT MA 'l.'CA Ml't CCA NJT 1Tl' AAT T'1"l' C'l'A 00A C'1"1' GAC TCA AAT 'l".t"l' <X.'G '100 GTC 

~~~~~~~~~~-~~~~~-~~~ 

130 140 150 160 170 180 
* * * • * • .. • • • • • 

CAC A'lC ATG CAA GCA OOC Cl\G ACA C'ro CAT C"l'C CAA 'l'GC AOO 00G GAA GCA Ga: CAT AAA 
G'l'G T1t.G 'l'AC <1l"r' car CCG GTC Tm GAC GT.A GAG <1l"r' Aro ~ CXX: err 0lT 000 G'fA 1Tl' 

·~~~~~~~~~~~~~-~~~~~ 

190 200 210 220 230 240 .. • * • * * * • • * * 
"roG TCT TTG OCT GAA MG G'1G NJT MG GAA AGC GAA N1J C'ro AGC ATA 1Cr AAA 'l'C'l' GOC 
N:C MA A1tC 00A C'l'T TAC CAC TCA 'l'TC C'rl' TCG err 'ICC GAC TCG 'rM' '1Wt. T'l'T J\GA CGG 

-~~~~~~~~~~~~~~~~~~~ 

250 260 270 
... • * • • * 
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• * 

290 
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300 
• * 

'ro'l' 00A AG1L i\AT OOC AAA 0A 'l"1'C 'l'GC Nrr 1Cr 'l'TA N:C 'l"'M AN: 1\CA Gc:'1' CM GCA AAC 
ACA CCT '1'CT 'l"l'A <X.'G 'l'rl' G'1"1' MG ACG '.l'CA '!GA AAT ~ AAC Tro N:'1' CGA G'l"l' CG'l' TTG 
~~-~~~~~~~~~~~~~~~~~ 

310 320 330 340 350 360 
• * * * * * * • * * • * 

CAC 1Cr 00: 'rl'C TAC AGC 'L'GC AAA TM' C'l'A OCT OTA CC'l' Af:!t 'l'CA MG 1W3 N\G GM .M:A. 
G'l'G~<X.'G~~TCG~'l'Tl'ATA~~~GGA~~'l'TC'l'TC'l"l'C~~ 
~~~~~~~~~~~~~~~~~~~~ 

370 .. .. * 
380 

* 
390 

* * • 
400 410 420 

* * * .. • 
GAA TCT GCA A'lC TAT ATA 'l'T'l' Aft MR GA'l' AC.A 00T AGA CC'l' 'l'TC G'l'A GAO A'lO TAC NB 
C'l'T .!\GA 00'1' TAG A1'A 'rA'l' AAA 'l'AA 'l'CA C'l'A '1W 0CA TCT GGA MG CAT C'l'C TAC MG '1'CA 
~~~~~lli~~~-~~~~~~~~~~ 

430 440 450 460 4'70 480 

* * • • * • • * * • * . • 
GM ATC. CCC GAA ATT A'l'A C'AC A'l'G ACT GM GGA AOO GAG C'l'C G'J:C ATT CCC 'l'GC CGG G'1"l' 
C'l"l' 'l'AGI GOO C'l"1' TAA 'l'A'l' G'l'O TAC 'roA C'l"l' CCT TCC C'l'C GAG CNl TAA 00G 1\00 CCC CAA 
Glu Ile P:ro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Ar9 Val> 

490 S00 510 520 530 540 
* * • • .. .. • • • * • 

~~~~~~G'l"l'~~~~~~C'l"l'~~~~~~ 

~~~~~~~~~~~~~GAA.~~~~~~ 
. 'l1lr ser Pro~ Iie 'Thr Val Thr Leu Lys Lys Phe Pro Leu Asp 'fhr'Leu Ile Pro Asp> 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 65



U.S. Patent Jul. 4, 2006 Sheet 10 of 55 US 7,070,959 Bl 

Fig.108. 
550 560 S70 580 590 600 .. ,. .. .. .. .. ... .. .. .. * * 

00A AAA CGC ATA A'IC '100 GAC AGT AGA MG GGC TTC A'l'C ATA TCA AAT GCA ACG TAC AM 
~~GCG~WACC~~~~~MG~~~TTA~~~~ 

Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Tb.r Tyr Lys> 

610 620 630 640 650 660 
• * * * * * * * * .. • 

GM AT.A GOO C'l'T C'ro ACC '1'G'l' GAA GCA ACA G'l'C AAT GGG CAT T'ro TAT MG ACA AN:. TAT 
CTT TAT CCC GAA G1IC TGG ACA CTT CGT TGT CAG TTA CCC C1l'A AAC ATA T'l'C TGT TIG A'l'A 
Glu Ile Gly Leu Leu 'l"br Cys Glu Ala rbr Val ASn Gly His Leu Tyr Lys Tbr Asn Tyr> 

670 680 6.90 700 710 720 
* • * • * • * • • • * • 

C'l'C ACA CAT CGA CAA ACC AAT ACA ATC ATA GAT G'1'C CAA ATA AGC ACA CCA CGC CCA G'R: 

G1IG '1'G'l' G'lA GCT G'l'T '100 TTA 'l'GT 'l'AG TAT CTA CAG GTT 'l'A1' '103 'm'l' GGT GCG 00T CAG 
~Th.r~-~~~klli~-~~~Ser~~-~~ 

730 740 '750 760 770 780 
• • • * * * * .. * * * 

MA TTA C'l'T AGA OOC CAT ACr CT'l' cm:: C'1'C' AAT "ro'l' AC:r GCT ACC 1C't CCC TTG AN:. 110G 
TT'1' AAT GAA '1'C'l' CCG G'l'A 'l'GA GAA CAG GAG T'l'A ACA TGA CGA TOO 'l'GA Q:JG AAC T'1'G TG: 
~~~~~~~~~~~~~~~~~~~~ 

790 800 810 820 830 840 

* * * * * * * * * • * * 
AGA GTT CM A'fG ACC '1.00 AGT TAC ttT GA1' GAA AAA AAT AAG AGA GC'1' '1'CC ~ 1tGG CGA 
'l'CT CAA GTT TAC '1.00 ACC 'l'CA ATG 00A CTA CTT TTT TTA Tl'C TCT 00A 'AGG CAT 'la:: GC'l' 
-~~~Tb.r~Ser~~~~~~~~~Ser~-~ 

850 860 870 880 890 900 
* * * * * • * * * * * 

CGA ATT GAC CAA J\GC AAT 'l'CC CA'l' GC'C AAC M'A Tl'C TAC AGT G'1"'1' C'l"r AC:r Aff GAC AM 
~~~GTT~~~~~~TATMG~~~~~~~~ 

Argfu-~~~Ser·~~~~~Ser~~~~-~ 

910 920 930 940 950 960 
• * * * • * * • * * * 

A'l'G CAG AAC AAA GAC AAA 00A C'lT TAT AC:r '1'G'l' CGT G'l'A AOO N3T 00A CCA TCA ~ AM. 
TAC G'l'C 'l"m '1"l'T C'lU '1"l'T CCT GAA ATA roA AC.A GCA CA'l' 'ltt TCA CCT GGT Aar AAG ~ 
Met Gln Asn LYS Asp Lys Gly Leu Tyr 'l'hr Cys Arg Val A:rg Ser Gly Pro Ser Phe Lys> 

970 980 990 1000 1010 1020 
* * 

,. .. • * * * * • 
TC'l' G'l"I' AAC ACC TCA GTG CAT ATA TAT GA1' AAA GCA OOC CCG OOC GAG CCC AAA 'l'CT 'l'GT 
AGA CAA '1'TG 'l'GG Mn CAC GTA TAT ATA CTA TTT CGT CCG GGC CCG CTC GOO T'l'T AGA ACA 
~~~Tb.r~~~~~~~~~~~~~~~~ 

1030 1040 1050 1060 1070 1080 .. ... ... .. • ... * 
,. .. * * 

GAC AAA AC:r CAC ACA 'lGC CCA CCG 'roe CCA GCA CCT GAA CTC CTG GGG GGA CCG '1'CA G'l'C 
.C'IG TT'1' TGA GTG TOT ACG 00T OOC ACG 00T CGT GGA CTT GAG GAC CCC CCT GGC Pm C1G 
Asp Lys Thr His 'l'hr · Cys Pro Pro Cys Pro Alo. i'ro Glu Leu Leu Gly Gly Pro Ser Val> . . . 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 66



U.S. Patent Jul. 4, 2006 Sheet 11 of 55 US 7,070,959 Bl 

Fig.1 OC. 
1090 1100 1110 1120 1130 1140 

* * * * * * * * * * * * 
Tl'C c:TC TIC C:CC CCA AAA CCC AAG GAC ACC C'l'C ATG ATC TCC CGG ACC CCT GAG GTC ACA 
~~~~~~~'l"l'CC'm~~~~~~~~CTC~~ 
Phe Leu Phe Pro Pro Lys Pro tys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val 'l'br> 

1150 1160 1170 1180 1190 1200 
* * * * * * * * * * * * 

~~~~GAC~AGCCAC~GAC~~GTCAAG'M'C~~~~GAC 
ACG CAC CAC CAC CTG CAC TCG G'l'G CT'1' CTG GGA C'l'C CAG T'l'C AAG 'l'TG ACC A'ro CAC C'1'G 

~~~~-~~~~-~~~~~~~~~~ 

1210 1220 1230 1240 1250 1260 

* * * * * * * * * * * 
~~~G'ro~~~AAG~~CCG~GAG~CAG~~~~~ 
CCG CAC ~ CAC G"rA 'l'TA CGG 'l"1'C TGT T'l'C GQC GCC CTC CTC GTC ATG 'l"ro TCG 'roe A'l'G 
~~~~~~~~Thr~~-~~~~~~'l'hr~ 

1270 1280 1290 
* * * * * * * 

1300 
• * 

1310 
* 

1320 

* * 
OOT G'ro GTC ,a:;:, GTC C'l'C ACC GTC cm CAC CAG GAC 'Im cm AAT ooc MG GAG '1'AC AAG 
OCA CAC CAG 'lo; CAG GAG TOO CAG GAC G'lG G'l'C C'1'G ACC GAC T'l'A CCG TIC C'1"C A'l'G '1'TC 

-~~~~Le\l~~Le\l~~--~~~~~~~ 

1330 1340 1350 1360 1370 1380 

* * * * * * * * * * * * 
TGC MG GTC '1"CC »,r; MA GCC CTC CCA GCC CCC A'l'C GAG MA ACC A'I'C 'lo: MA GCC AAA 
ACG 'l"1'C CAG Arn 'rl'G 'l'TI' COO GAG GG'l' CGG GOO TAG C'l'C TTT TOO TAG AGG T'1"1' CGG TTT 
~~~~~~~~~~~ru~~Thr~~~~~ 

1390 1400 1410 

* * * * * * 
1420 

* * * 
1430 

• * 
1440 

* 
C:lGG CAG CCC CGA GAA CCA CAG G'IG TAC ACC C'1'G CCC CCA 'l'CC COO GAT GAG C'M 'ACC. AAG 
CCC GTC GOO err CTT 00'1' GTC CAC ATG '.100 GAC GGG GGT NYJ GCC C'l'A C'l'C GAC '1'GG TIC 
Gly Gln Pro Arg Glu Pro Gln Val Tyr '1'br Leu Pro Pro Ser A:r:g Asp Glu Leu 'l'hr Lys> 

1450 1460 1470 1480 U90 1500 

* * * * * * • * * * * * 
AAC CAG GTC AGC CTG ACC 'roe C'l'G GTC AAA GGC 'M'C TAT CCC ~ GAC MC GCC G'l'G GN3 
'1"l'G GTC C1IG TCG GAC '100 ACG GAC CAG TT1' CCG A.AG ATA GGG '1m C'1'G 'l'AG CGG CAC C'OC 

~~~~~~~~~~~-~~~-~~~~ 

1510 1520 1530 1540 1550 1560 

* * ft * • * * * * ft ft * 
'IGG GAG NJC. MT GGG CAG CCG GAG MC AAC TAC AAG ACC ACG CCT CCC GTG CTG GAC 'l'CC 
A.CC C'l'C TOO 'l'TA CCC GTC GGC CTC 'rl'G T'1'G ATG '1'TC '1'GG 'l'GC GG1I. GOO CAC QAC C'm AOO 
~~~~~~~~~~~~~~~~~~-~ 

1570 1580 1590 1600 1610 1620 
* * * * * * * * * * * * 

GAC GGC TCC 'l"1'C TTC CTC TAC Air. AAG C'l'C ACC G'lG GAC AAG AGC AGG TGG CAG CAG GGG 
~~~~AAG~~~~~~~~~'l'OO'l'CC~~GTCCCC 
~~~~-~~~~~~~~~~~~-~~~ 
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Fig.1 OD. 
1630 1640 1650 1660 1670 1680 

* * * * * • * • • • * 
AAC GTC 'l"'l'C TCA 'l'GC 'l'CC G'l'G ATG CAT GAG GC'l' CTG CAC 'MC CAC TAC ACG CAG MG N'!I::. 
'l"l'G CAG MG ADT ACG AOO CAC TAC G'l'A C"l'C C'GA m\C G'l'C "l"l'G G'1'G ATG TGC G"l'C '1'TC 'JDl 
~~~~~~~~~~~~~~~~~~~~ 

1690 1700 
* * 

C'l'C '1'CC C'1'G TCT CCG 00T AAA '!GA 

GAG .MlG GAC MA OOC CCA TT'l' AC!? 
Leu Ser L$1 ser Pro Gly Lys 0 *> 
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Fig.13A. 
10 20 30 40 50 60 .. • * * • .. ... * * * • 

ATG GTC AOC TAC '1'00 GAC ACC 00G G'l"C C'l'G C'l'G TGC GCG C'l'G C'OC N3C 'fGT C'ro CTT ~ 
~~~~~~~~~~~~~~~~ACAGACGAA~ 

~~~~-~~~~~~~lli~~~~~~~ 

70 80 90 100 liO 120 
• • * • .. * * .. • • 

ACA GQA 'l'C'l' 1'Dr TCA 00T '1'CA AAA Tl'A AM GAT CC'1' GAA C'ro AQr 'l'TA MA GGC N:.c CAG 
TOT CCT AGA TCA 1'Gr CCA Mrr Tri' MT '!'Tr CTA 00A C'1"l' GAC '!'CA AAT '1'TT <x.'G '100 G'IC 

~~~~-~~~~~-~~~~~~~~~ 

130 140 150 160 170 180 
* * * * * • • • .. * • .. 

CN:. ATC ATG CAA GCA GGC CAO ACA C'l'G CA.'l' C'.OC CAA TGC AOO GGG GAA GCA GCC CA.T MA 
G'l'G TAG TAC GTT 03T CCG GTC 'ro'1' GAC GTA GAG G'l"l' Am 'ltt CCC CTT CGT Cl30 <nA 'l"1"1' 
His Ile Met Gln Ala Gly Gln 'l'hr Leu His Leu Gln Cys Arg Gly Glu Ala Ala His 1'YS> 

190 200 210 220 230 240 .. * * • * * • * • • * 
'roG 'l'C'l' "l"ro CCT GM ATG GTG NB MG GAA AOC. GAA AOO cm i+a:. ATA AC'l' MA TCT GCC 
N::C NJA AAC 00A CT'J' TAC CAC TCA '1'TC CT'l' 'l'CG CTI' 'l'CC GAC '1'CG TM' '!'GA 'l"l"l' AGA CG:; 

-~~~~~~~~~~~~~~~~~~~ 

250 260 270 280 290 300 
* • .. .. * • • .. * .. 

TOT GGA AGA MT GGC AAA CAA '1'TC 'roC NJT N:r 'l'TA ACC 'l"IG AAC ACA GC'l' CAA GC'A MC 
ACA CC'l' TC'l' Tr.A ca; 'l"1"l' GTr AAG M:G TCA 1.UA AAT TOO MC 'l"m TG'l' CGA GT'l' CGT 'I"l'G 

~~Arg~~~~~~~~~~~~~~~~~ 

310 320 330 340 350 360 
• .. * • * * • * .. .. * • 

CAC ACT GGC T'1'C' TAC HJt; TGC AAA TAT CTA GCT GTA CCT AC'r '1'CA AAG AAG AAG GAA ACA 
G'l'G mA CO:. A1IG A'ro TCG ACG T'l'T A'l'A GAT 03A CAT 00A 'l'GA Arn '1'TC '1'TC '1'TC C'l'l' 'l'G'l' 

~'l'hr~~~~Cys~-~~~~~~~~~~~ 

370 380 390 
* + * • • • 

400 

* * * 
410 

• * 
420 

• 
GAA TCT GCA ATC TAT ATA 'l"M' ATT N1r GA'!' ACA 00'1' AGA CCT '1'TC G'l'A GAG A'lG TAC Mir 
CTT AGA car '1'.!\G ATA TAT AAA 'l'AA 'l'CA C'l'A 'roT CCA TCT 00A A1IG CAT CTC TAC A'ro 'l'CA 
Glu Ser Ala Ile 'fyr Ile Phe Ile ser Asp '1'hr Gly Arg Pro Phe Val Glu Met Tyr Ber> 

* 
430 .. • 

440' 

• 
450 

• • * 
460 470 480 

• .. • • • 
GAA A'IC CCC Gl1!.A A'l'T ATA CAC ~ ACT GM 00A AGO GAG CTC GTC A'l"l' CCC 'rOC CGG G'l'T 
CTI' TAG G:JG C"1"1' TM TAT GTG TAC '!GA CTT CCT ~ CTC' ~ 0G 'tAA 00G ACG GCC CM 
Glu Ile l?ro Glu Ile Ile His Met '1'br Glu G~y Arg Glu ~-Val.Ile Pro Cys Arg Val> 

490 500 510 520 530 540 .. .. .. .. • * .. * .. .. .. 
~~~~~~~~~~~~~~~~~~CCT~ 

'roC ~ ~ 'M"G TAG. 'roA CM 'WA AAT T'r1' · '1'TC AAA GGT GAA C'lG 'roA AAC TAG 00A CTA 
Th.r Ser Pro Asn ·ue · Thr Val ~ · Leu Lys Lys Phe Pro Leu ASp Thr Leu Ile Pro Asp> 
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Fig.13B. 
550 560 5'70 SBO 590 600 

* * * * * * * • • * • • 
~AAA~~~TG3~AarAGA~~~~~~~~~~AAA 
~~~~~~C'l'GTCA~~ccx;~~~~~~~~~ 

Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala '1'hr Tyr t.ys> 

610 620 630 640 650 660 
* * • * * * * * * * * • 

~~~CTT~ACC~QM~~Cn'C~~~~~~~AAC~ 
~~ccc~~TG3~~~~~~~~~~~~'J.'TG~ 
·~~~~'l'hr~~~'l'hr~~~~~~~'l'hrAsn~ 

670 680 
* * * * • 

690 

• • 
700 

• • 
710 

* • 
720 

* 
C'l'C ACA CAT 0lA CAA ACC AAT ACA ATC A'l'A GA'l' GTC CAA ATA AGC 1ICA CCA CGC CCA G'1"C 
GN3 TGT GTA GCT GTT TG3 'rrA '!'GT TAG TA'l' C'I'A C1IG GT'l' TA'l' '1'CC 'm't' GGT GCG 00'1' 0G 

~~~-~~~~~~-~~~Ser~~-~~ 

730 .740 750 760 '170 780 

* * • * * • • • • • * * 
AAA 'l"l'A CTT AGA GGC CAT AC'l' C'1'T enc C'l'C AAT TGT 'ACr GCT ACC ACr CCC '1"ro MC ACG 
'l"1"l' AA'l' QM TC'l' ccx; GTA 'l'GA GM CAC GAG 'l"l'A ACA TGA CGA 'l'GG TGA GOO AAC 'J.'TG 'l'GC 
~~~-~~~~~~Asn~~~~~~~Asn~ 

790 800 810 820 830 840 

* • * * * * * * * * * * 
J\GA G'l"l' CAA A'ro NX. 'roG AGT TAC CCT GAT GAA ATT GAC CAA AGC AAT TCC CAT GCC AAC 
TC'l' CAA G'l"l' TAC TG3 N:C 'l'CA A'IG GGA CTA CTT TAA CTG G'l'T 'l'CG 'l"l'A AGO G'l'A COO 'rm 
-~~~~~~Tyr~-~~~~SerAsn~~~~ 

8S0 860 870 880 890 900 
• * * * • • * * * * • * 

ATA ~ TAC Arn G'l"l' C'l"l' AC'l' A'l"l' GAC AAA A'l'G CAG AAC AAA GAC AAA GGA C'l"l' '1'AT /C't 
. TAT MG ATG 'l'CA CAA QM 'l'GA TAA C'1'G ~ TAC G'l'C 'l'TG '1"rl' C'M 'l"rl' CC'l' GAA A'tA '!GA 

~~~~~~~~~~~~~~~~~~Tyr~ 

910 920 930 940 950 960 
* * * * • * * * * * * 

TGT <:GT GTA 1tGO Aar QQA CCA TCA TTC AAA ~ GTT AN:. ACC "1'CA GTG CAT ATA TAT GA'l' 
ACA GCA CAT 'l.'CC TCA CCT GGT Aar AN?, 'l"1"l' AGA CAA '1"10 'lOO N¥r CAC GTA TAT ATA CTA 

~~~-~~~~-~~~~~~~~~~~ 

970 980 990 1000 1010 1020 
* * * • * • * * * * * * 

AAA GCA GGC CCG GGC GAG CCC AAA TC'l' TGT GAC AAA ACT CAC ACA TGC CCA CCG 'roe CCA 
'l"1"l' CGT CCG OOC CCG C'1'C GGG 'I"l'T AG.A ACA CTG TTT TGA G'OO 'lG'1' ACG GGT OOC ACG GGT 
~~~~~~~~~~~~~~~~~~~~ 

1030 1040 1050 

* * * • • * 
1.060 

,t * 
1070 

* 
1080 

* 
. GCA CCT GAA C'1'C C'1'G 00G GGA CCG TCA G'OC TTC C'1'C TTC CCC CCA MA CCC MG GAC ACC 

~~~~~CCC~GGC~~~~~~~~-~~~ 
~~~~~~~~~~~~~~~~~~-~ 
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Fig.13C. 
1090 1100 1110 1120 1130 1140 

• • • • • • • • * * • • 
CTC~~~CGG~~GAG~~~GTGG'l'GG'roGACGTGAGCCAC~~ 
GAG TAC TAG AGG GCC roG GGA C'IC CAG 'l'GT N:;G CAC CAC CAC' C'l'G CAC '1'CG G'l'G CTT C'ro 
Leu Met Ile Ser Arg 'l'hr Pro Glu Val Tbr Cys Val Val Val Asp Val Ser His Glu Asp> 

1150 1160 1170 1180 1190 1200 
• • * • * * * * • • * 

CCT GAG G'l'C AAG Tl'C AAC 'l'GG TAC G'ro GAC WC GTG GAG G'l'G CAT MT GCC MG ACA MG 
GGA CTC CAG T'l'C AllG 'rl'G ACC A'l'G CAC C'l'G CCG CAC CTC CAC G'l'A 'l"l'A CDJ T'K: 'l'GT 'l"OC 

Pro~~~-~-~~-~~~~~~~~~~ 

l.210 1220 1230 1240 1250 1260 

* • * * • • * • * * • * 
ccx; CGG GAG GAG CAG TAC AAC AOC AOO TAC <X1r GTG GTC AGC G-n:: CTC ACC ~ CTG C1IC 
OGC GCC CTC CTC GTC A'l'G 'l"m TCG 'l'GC A'l'G GCA CAC CAG 'lt:G CAG GAG '1'GG CAG GAC G'ro 

Pro-~~~~~~~~-~~~~~~~~~ 

1270 1280 1290 1300 1310 1320 
* • * * • * * * * * * * 

CA13 GAC 'lQ:3 C'l'G AA'l' GGC MG GAG TAC AAG 'l'GC MG GTC 'l'CC .MC AAA GCC C'1'C CCA GCC 
GTC C'l'G ACC GAC "rl'A CCG 'rI"C CTC A'l'G T'1'C ACG TTC CAG AGG '1"l'O TT'l' CDJ GAG 00T C'GG 

~-~~~~~~~~~~~~~~~~~~ 

1330 1340 1350 1360 1370 1380 
• * * • • * * • * * • 

CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA CD; CAG ca; 00A GAA CCA CAG G'lG TAC ACC 
00G 'l'AG CTC 'l'T'1' 'J.'GG TAG AOO 'M'T COG TTl' CCC GTC 00G GCT C'I'I' 00'1' G'l'C CAC M'G 'roG Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr 'l'hr> 

1390 1400 1410 1420 1430 1440 
• * * * * • * * • * * * 

CTG CCC CCA TCC COO GAT GAG C'l'G ACC MG MC CAO G'l'C AOC C'lO ACC 'l'GC C'1'G GTC AAA 
GAC GGG GGT AGG GCC CTA Ctt GAC TGG T'1'C T'ro GTC CAG 'lt:G GAC '1m ACG GAC CAG '1"l'T 
~Pro~~~-~~~~~~~~~~~~~~ 

1450 1460 1470 1480 1490 1500 

* * * • • • * * * • 
GGC T'1'C TAT CCC NJC GAC ATC GCC G'ro GAG 'l'GG GAG N!I:. AAT <D3 CAG CCG GAG MC AAC 
CCG AAG ATA C13G TCG C'l'G TAG COO CAC C'rt: ACC CTC '1'CG 'l"l'A CCC GTC GGC C'1'C 'l."ro 'J."IG 
Gly Phe Tyr Pre ser Asp Ile Ala Val Glu '1'rp Glu ser Asn Gly Gln ~ Glu Asn Asn> 

1510 1520 1530 1S40 1550 1560 
• * • • • • * • .. .. * • 

TAC MG AOC Ar:G CCT ca:: Gro C'ro GAC TCC GM:: GGC '1'CC '1"l'C '1"l'C C'1'C 'l'AC NY:. MG C'1'C 
A'ro '1"l'C TGG 'IGC GGA GGG CAC GAC C'l'G ,a; C'ro COO AGG AAG AAG GAG A'l'G 'K.'G TK: GAG 
~~~~~~~~~~~~ser~~~~ser~~ 

1S70 1580 1590 1600 1610 1620 
• * * * • • ,. 

* .. • * * 
At::C GTG GAC. AAG A/JC NJG TGG CAG CAG GOO AAC GTC '1"l'C TCA TGC TCC G'ro A'lG CAT GJIG 

~~C'l'G~TCG~~GTCGTC~'J."IGCAG~~~~~~~C'IC 
Thr Val Asp Lys Ser Arg' Trp Gln·Gln Gly Asn Val Phe Ser Cys Ser Val Met His·Glu> 
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Fig.13D. 
1630 1640 1650 1660 1670 

* * * * * * * * * 
GCT C'ro CAC AAC CAC TAC ACG CAG AAG AGC C'l'C '1'CC CTG TCT CCG GGT AAA TGA 
CGA GAC G'1'G 'l"ro GTG ATG TGC GTC TTC TCG GAG AOO GAC AGA GGC CCA T'l"1' AC!r 
Ala Leu His Asn His 'fyr 'l'hr Gln Lys Ser Leu ser Leu Ser Pro Gly Lys ***> 
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Fig.14A. 
10 20 

* * • * • 

Sheet 19 of 55 

30 

* * 
4D 

• * 

US 7,070,959 Bl 

50 60 
• • .. 

ATG GTC 'AOC TAC TGG GAC N:,C GOO G'l'C CN C'ro TGC GOG C'IG C'l'C 1113,C 'ro'l' C'lG C'1"I' CTC 
'l'AC CAQ 'l'CG A1:G ACC C'ro TGG CCC CAG GAC GAC ACG CG: GAC GAG 'roG ACA GAC GM G2\G 

~~~~~-~~~~~~~~~Ser~~~~ 

70 80 90 100 110 120 
* * * * * * * * • • * 

I.CA 00A 'l'CT MIT TCC 00A C'D'f AGA CCT T'l'C GTA GAG A'l'G TAC Nrr GAA ATC CCC GAA ATT 
TGT CCT AGA TCA AOO CCT CCA TCT GGA MG CAT CTC TAC A'l"G TCA C'l'T TAG GGG C'l'T TAA 
'1'hr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu Met '1'yr Ser Glu Ile Pro Glu Ile> 

130 140 150 
* * * * * * * 

160 

* * 
170 

* 
180 

* • 
ATA CAC A'l'G ACT GM GGA }DJ GAG C'l'C G'l'C A'l'T CCC TIX COO G'1"T JI.CC TCA CC'l' AAC ATC 
TAT GTG TAC 'l'GA CTT CC'l' 'l'CC C'l'C GAG CAG TM GGG ACG GCX: CAA '1'GC AGT GGA '1"1'G TAG 

~~~~~~-~~~~~~-~~Ser~~~ 

190 200 210 220 230 240 

* * * * * * • • • * * 
'ACT GTl' Ac:r Tl'A MA NAG TT'1' CCA C'1"1' GAC AC:r- 'l"l'G ATC CCT GA'l' 00A MA CGC A'l'A ATC 
'l'GA CAA 'l'GA MT Trr 'l"J.'c: AAA 00T GAA C'M 'IGA AAC i'AG GGA CTA CCT 'rl"1' GCG TAT TAG 

~~'l'hr~~~~~~-~~~~-~~-~~ 

250 260 270 2B0 290 300 

* • • * .. * * • • • • 
'roG GAC M.1r AGA 'A'AG OOC TTC ATC ATA '!'CA AAT GCA ACG TAC AAA GM ATA GGG CTT C'ro 
ACC C'l'G TCA ~ 'I"l'C CCG AAG TAG TAT N.¥r Tl'A car 'roe A'l'G 'I"l"l' C'l'T TAT CCC GAA GAC 

~-~-~~-~~~~~'l'hr'l'yr~~~~~~ 

310 ,. • 
320 

* 
330 

* .. * 
340 3S0 360 

* * • * • 
AOC 'J.'GT GM GCA ACA GTC MT <m CAT T'IG TAT AA/3 A.CA AAC TAT C'l'C ACA CA'T CG.A CAA 
'100 ACA C'1'T cr;;r TG'l' CAG 'l'TA CCC GTA AM:: ATA TTC 'l'G'l' 'l"ro A'l'A GAG 'l'G'l' GTA GCT G'l"I' 
~~~~~~~~~~'l'yr~~~~~~~~~ 

370 380 390 400 410 420 

* • * * • * * * * • • * 
ACC MT ACA ATC ATA GAT (;TC CAA ATA Aa: ACA CCA CGC CCA G'l'C MA 'l'TA CT'l' AGA GGC 
TGG TTA TGT TAG TAT CTA CAG GTT TAT TOO roT GGT GCG GG'l' CAG '1"1"l' AAT GM '1'C'l' ca; 
Thr Asn 'J'hr Ile Ile Asp Val Gln Ile Ser Thr Pro Ar9 Pro Val Lys teu Leu Arg Gly> 

430 440 4S0 460 470 480 
* * • • * • • * * * * * 

CAT ACT C'l"l' GTC CTC M.T 'l'G'l' AC:r- OCT ACC AC!r CCC T'1'G AAC Jl.00 JGA G'l'T CAA A'rG ACC 
GTA TGA GAA CAG GAG "l"l'A ACA TGA OJA TOO 'roA 00G AAC 'r1'G -roe ~ CM G'1"1' TAC '1'GG 
His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu ~ Thr Arg Val Gln Met 'l'hr> 

490 500 510 520 530 540 
* * * " .. .. * .. .. * • 

TGG AGT TAC CCT GAT GM. A'l'T GAC CAA 1IGC AAT TCC CAT GCC AAC ATA T'l'C TAC AGT G'l"l' 
~~~~~~~~~~~~~~~~~~TCACAA 
Trp Ser Tyr Pro Asp Glu ·Ile Asp Gln Ser Asn Ser His Ala Jl.sn Ile Phe fyr Ser Val> 
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Fig.14B. 
550 560 570 580 590 600 

• * • • • • • • • * • * 
CTT AC:r ATr GAC AAA A'l'G CAG AAC AAA GAC MA GGA CTT TAT N:r 'lGT CGT GTA Ml£?, M1r 
GAA '1'GA TAA C'1'G TT1' TAC G'l'C TTG 'l"l'T C'l'G T'l"1' CCT GAA ATA 'roll. JI.CA GCA CAT TCC '1'CA 

~~~-~~~~~-~~~~~~-~-~ 

610 620 630 640 650 660 

* * • • • • • • • • • 
GGA CCA '1'CA 'r1"C AAA TC"1' GTT AAC ACC '!'CA GTG CAT ATA TAT GAT AAA GCA GGC CCG GGC 
CCT GG'1' Arlr MG 'l'TT AGA CAA TTG TGG 1>Dr CAC G'l'A TAT ATA CTA '1"l'T C'GT CCG OOC CCG 
~~~~~~~~~~~~~~~~~~~~ 

670 680 690 700 710 720 
• • * • .. * * * * * * * 

GAG CCC AAA rel' TOO' GAC MA 1C't CAC ,a.. NC CCA C'CG 'roC CCA QC:A c:cT GAA C'l'C C'1'G 
C'1"C GOO TT1' AGA ACA C'l'G 'M"T TGA G'l'G '1'CT ACG GGT OOC ACG GGT CGT GGA CTT GAG GAC 

~~~~~-~~~~~~~~~~~~~~ 

730 740 750 760 770 780 .. • * * • * * * * * • * 
00G GGA CCG 'l"CA G'l"C TTC C'1"C TTC CCC CCA MA CCC AJI.G GAC ACC C'l'C ATG A1'C TCC CQJ 

CCC CCT GGC Im CAO AM, GAG AAG 00G GG1' 'l"l"1' GGG TTC CTG 'l'GG GAG TAC TAG Arr,, GCC 

~~~~~-~-~~~~~~~~~lli~~ 

790 800 810 820 B30 840 

* * * * * * * * * * • 
"ACC CCT GAG GTC ACA TGC GTG GTG GTG GAC GTG AGC CAC GA.A GAC CCT GAG OTC Al\G TTC 
TGG GGA CTC CAG 'l'GT ACG CAC CAC C'J,C C'l'G CAC TCG G'l'G CTT C'l'G 00A C'1"C CAG TTC MG 
~~~~~~~~~~~~~~~~~~~~ 

850 B60 870 880 890 900 
* * * * * * * • * • * 

AAC TGG TAC GTG GAC OOC GTG GAG G'l'G CAT AAT GCC AJI.G ACA A1tG COG COO GAG G1'G CAG 
TTG ACC A'l'G CAC C'l'G a:G CAC C'1"C CAC G'I'A 'rl'A 00G TTC TGT TTC GGC GCC C'l'C CTC G'J.'C 

~-~~-~~~~~~~~~~~~~~~ 

910 920 930 940 950 960 
* * * * * * * • * * * • 

TAC AAC AOC ;a; TAC C'GT G'l'G GTC AOC GTC C'1"C ACC GTC CTG CAC CAG GAC TGG C'ro AAT 
A'l'G TTG Tm 'roe A'l'G GCA CAC CAG TCG CAG GAG 'roG CAG GAC G'ro GTC C'l'G ACC GAC Tl'A 

~~~~~-~~~~~~~~~~~-~~ 

970 980 990 1000 1010 1020 
• • * • * • * * • * • • 

OOC: AAG GAG TAC MG 'IGC AAG G'l'C' 'ltt MC AAA GCC C'1'C CCA GCC C:CC A'rC. GAG AAA ACC 
C'CG TTC C'IC A'l'G TTC ACG TTC CAG 103 '1"ro 'l"1"J' COO GAG GGT CGG 00G TAG C'l'C Tl"l' '100 
~~~~~~~~~~~~~~~~~~~~ 

1030 1040 1050 1060 1070 1080 
* * * * * • • • * • 

ATC TCC AAA GCC AM GGG CAQ CCC CGA GAA CCA CAG GTG TAC ACC CTG CCC CCA 'OCC COO 
~~~~~CCCG'l'C'~~~~~~~~~~~~~ 
Ile Ser Lys Ala Lys Gly Gln Pro·Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg> 
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Fig.14C. 
1090 1100 1110 1120 1130 1140 

* * * * * * * * * * ,t * 
GAT GAG C'ro ACC A.AG AAC <:AG GTC 11GC cro ACC TGC C'm G'l'C AAA QGC T'l'C TAT CCC Au.:. 
CTA CTC GAC TOG TTC T'ro GTC C11G TCG GAC TGG A.CG GAC CAG Tff CCG AAG ATA GGG TCX; 

-~Leu'l'hr~~~~Ser~~~~~~~~Tyr~~ 

1150 1160 1170 1180 1190 1200 
* .. * * * • * "' * * • • 

GAC ATC GCC Gro GAG TOO GAG AOC. MT G03 CAG CCG GAG 1fAC AAC TAC ANJ ACC ACG CCT 
CTG TM COG CAC C'l'C ACC CTC TCG 'l'rA CCC GTC GGC CTC "1"l'G T'.00 A'.00 'l"l'C 'Im 'TGC GGA 
-~~~~~~~~~~Pro~~~Tyr~~'l'hr~ 

1210 1220 1230 1240 1250 1260 
• * • • * • • * • * • * 

CCC G'ro C'ro GAC TCC GAC GGC TCC T'1'C Tl'C C'l'C TAC AOC MG C'1'C NX. GTG GAC MG Hr. 
GOO CAC GAC CTG N3G C'.00 CCG AOO ANJ ANJ GAG A'J'G 'l'CG '1'1'C GAG 'roG CAC C'.00 'l'l'C 'l'CG 

.. Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu 'l'hr Val Asp Lys Ser> 

1270 1280 1290 1300 1310 1320 
* • .. ... * * * • * * * • 

· N3G '100 CAG CAG GOO AAC G'l'C '1'TC 'l'CA '1'GC 'l'CC GTG A'm CAT GAG GCT C'ro CAC 'JiAl1 CAC 
'l'CC NX G'1'C G'l'C CCC 'lTG CAG AAG NYr ACG AOO CAC TAC GTA CTC CGA GAC G'l'G Tl'G G'ro 
-~~~~~~~Ser~~~~~~~~~~~ 

1330 1340 1350 
* ,t • • • • • 

'1'AC ACG CAG AN; AOC, CTC 'l'CC CTG 'IO' CCG oor MA 'roA. 
ATG TGC GTC Tl'C TCG GAG AGG GAC AGA OOC CCA TTT '/Cr 
Tyr Th:r Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys '*"'*> 
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Fig.15A. 
10 20 30 40 so 60 

• .. • • • • * * • * • 
MC cm: N3C TAC '1'00 GAC ACC ~ GTC C'1'G CTG '1'GC GCG C'I'G CTC N;C. 'l'GT CTG C'M' Ctt 
TAC C1IG 'Im ATG ACC CTG 'Im CCC CAG GAC GAC AOO CGC GAC GAG 'lCG N:A GAC GM GAG 
Met Val Ser T:{r Txp Asp Thr Gly Val Leu Leu Cys Ala LeU Leu Ser Cys Leu Leu Leu> 

70 80 90 100 110 120 
• • * • • * * * • • • 

ACA GGA 'l'CT 'K?,T TO: GGA GGT 11GA CCT '1'TC GTA GAG ATG TJ\C AGT GAA A'l'C CCC QAA A'l.'T 
'1'GT CCT AGA TCA AOO CC"l' CCA 'l'C'l' 00A AAG CAT CTC TAC A'rG TCA C'1'T TAC GQG C'l"1' TAA 

~~~~~~~-~~~~~~~~~~~~ 

130 140 150 160 170 180 
• • • * • • * • * • • * 

~~~Ar::rGM~~~~~~~~~~·~~CCT~~ 
'l'AT GTG TAC TQA CTT CCT TCC C'l'C GAG 0G 'l'AA 00G AOO GCC CAA 'roe AfJT GGA 'l'TG TAG 
~~~~~~~~~~~~~~~~~~~~ 

190 200 210 220 230 240 
* • • * • * • • • .. * * 

AC!r G'1"1' M:r 'l'TA MA MG TTT CCA C'l"1' GAC Ar::r '1"l'G A'I.C CCT GAT 00A Al\A CGC A'l'A A'l'C 
'l'GA CAA '1W!. AAT '1"rl' 'l"l'C AM GGT GM C'l'G TGA AAC 'l'.AG 00A CTA CC'l' '1"rJ.' GCG TAT TAG 
~~~Leu~~~~~~~~~~-~~-~~ 

250 260 2?0 280 290 300 
• .. • * * • ,. 

* * • * • 
TGG GAC At:1r AGA. AAG GGC TI'C ATC ATA TCA AAT GCA AOO TAC AAA ca.A ATA GOO CTT C'l'G 
ACC CTO 'l'CA TCT 'l'TC CCG MG TAG TAT 1lar 'l'TA CGT '1'GlC ATG '1"rl' err TAT CCC GAA GAC 

~-~-~~~lli~~~~~~~~~~~~ 

310 320 330 340 350 360 
,t * • • * * • ,. 

* • • 
ACc: 'l'GT GM GCA ACA G'l'C AAT GOO CAT T'IG TAT MG ACA MC TAT CTC ACA CA'1' CGA CAA 
'IGG ACA CTT CGT 'l'GT CAG T'l'A CCC G'l'A AN:. ATA ~ 'l'GT 'l"l'G A'l'A GAG 'l'GT GTA GCT C11/f 

~Cys~~~~~-~LeuT:{r~~~~~~~-~ 

370 380 390 400 410 4.20 

* * * • * * * * * • • .. 
ACC AAT ACA ATC ATA GAT G'l'C CAA ATA AGC AC.A CCA CGC CCA G'I'C AAA TTA CT'1' AGA GGc:: 

TGG 'l"l'A 'ro'l' TN::, TAT CTA CAG Q'l"1' TAT TOl 'l'GT 00'1' GCG «n CAG 'l'T'l' AAT GAA 'l'CT CCG 
~~~~~-~~fu~~~~~~~~Leu~~ 

430 440 450 460 470 480 
• • • * .. • .. * .. • .. 11 

CAT ACT C'l'l GTC C'1'C AAT 'roT N:r ctr M:C /Cr CCC: '1"'lG MC AOO AGA G'rl' CAA A'l'G ACC 
G'l'A TGA GM CAG GAG 'l"l'A ACA TGA c:::GA 'l'GG 'roA GGG MC 'l"1'0 'l"GC TCT CAA G'l'T TAC TGG 
~~~~~~~~~~~~~~~~~~~~ 

4.90 S00 S10 520 S30 540 .. * .. .. • * .. .. • .. 
'roG MT TAC CCT GAT GAA AAA AAT AAG AGA GCT 'l'CC GTA AGG CGA CGA Aff GAC CAA A/JC 
~ri~~·~~'l'T'l'~~~~~~~~~~~~'l'Ol 
~~~~~~~.~~~~~~~~~~~~~ 
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Fig.15B. 
550 560 570 S80 590 600 

* • * * 
,. * * * • * 

AAT 1'CC CAT GCC AAC MA T'l'C TN: AG'r GT'l' C'I'T ACT ATT GAC AAA A'l'G CAG AAC MA GAC 
'ITA AGG GTA COO 'l'TG TAT A1tG A'l'G TCA CAA GM '1'GA TAA CTG TTT TAC G'1'C Tro TTr C"ro 

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 

* * * * * * * * * * • 
AAA 00A C'lT TAT ACT '00T OGT GTA AGG MJT G3A CCA '1'CA '1'TC AAA TCT GT'l' AAC ACC 'l'CA 

TT'1' CC'l' GM A.TA 'lGA N:A GCA CAT 'rC!C '1'CA CC'l' 00T Am AAG TTT AGA. CAA 'l"l'3 'l'GG MR 
~~~~~~~~~~~~~~~~~Asn·~ 

670 680 690 '100 710 720 
* * * * * • * * * * • 

G'l'G CAT ATA TAT GAT AAA GCA 00C CX!G OOC GAG CCC AAA TC'l' 'l'GT GAC MA ACT CAC .!\CA 
CAC GTA TAT A'l'A CTA 'l"l"l' CG'l' ccx; GGC CXG C'l'C GOO '1'TT MA ACA C'l'G 'l"l"1' 'IQ G'1'G TG'l' 
~~~~~~~~~~~~~~~~~~~~ 

730 740 '750 760 770 780 

* * * * * • * • • • * 
"mC CCA CCG "mC CCA GCA CCT GM C'1'C C'l'G GOO GGA COO '1'CA G'1t: '1'TC C'l'C 'l"l'C CCC CO. 
Ar:::G 00T GGC 'ACG GGT CG'l' GGA C'r1' GAG GAC CC:C CCT CD: Aar CAG MG GAG MG 00G 00'1' 
~~~~~~~~~~~~~~~~~~~~ 

790 800 810 820 830 840 

* * * * • * • * • * * • 
MA CCC AAG GAC ACC C'1'C A'ro A'n:: 'rC!C CGG ACC CC'l' GAG G'l'C ACA '1'GC GTG G'l'G Gl'G GAC 
TIT GGG T'1'C C'ro TOO GM; TAC TIIG AGG Ga: TOO 00A C'1'C CAG TGT N:G CAC CAC CAC C'm 
~~~-~~~~~~~~~~~~~~~~ 

850 860 870 880 890 900 
* * * * * * * * * * * * 

G'l'G ADt:. CAC GI\A GAC CC'l' GAG G'l'C AllG TTC MC. 'l'GG TAC CJ'1'G GAC GGC G'l'G CWJ G'l'G CAT 
CAC~~C'I'T~~~~~MG~~~CAC~CXGCACC'l'CCAC~ 
~~~~~~~~~~~~~~~~~~~~ 

910 920 930 940 950 960 
• * * .. .. .. * * * * * * 

AAT GCC ANJ ACA MG CCG CGG GAG GAG CAG TAC AAC NX. 'ACG TAC OGT G'1'G G'l'C ADC G'l'C 
TrA CGG 'l"1'C TGT '1'TC GGC GCC ~ C'l'C GTC ATG '1"l'G TOO "mC A'l'G GCA CAC CAG '1m 0G 
~~~~~~~~~~~~~~~~~~~~ 

970 980 990 1000 1010 1020 
• * • • * • * * • • .. 

C1'C ACC G'It: C'IG CAC CAG GAC '100 C'1'G AAT GGC AAG GAG TAC A1IG 'me AAG ~ 'ICC /IAC. 
GAG 'l'QG CAG Gl\C Gro GTC CTG A.CC GAC "J.'TA CCC TTC C1'C A'l'Q TTC M:.G '1'TC CAG 1\00 T'ro 
~~~~~~~~~~~~~~~~~~~~ 

1030 1040 10S0 1060 1070 1080 
* ... .. * .. • * .. * * 

., • 
AAA GCC CTC CCA GCC C'CC ATC GAG AAA ACC ATC 'l'CC MA OCC AM GGG CAG CCC CGA GAA 
-~~~-~~~-~~~~1IOO~~~~~-~~~ 
. Lys Ala Leu- Pro Ala Pr<> Ile Glu Lys 1'hr lle Ser Lys Ala. I.,ys Gly Gln Pro Arg Glu> 
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Fig.15C. 
1090 1100 1110 1120 1130 1140 

• * " * • * * • * * • * 
CCA CAG G'ro TAC ACC CTG CCC CCA 'ltt CGG GAT GAG CTG ACC MG MC CAG G'1'C AGC CTG 
GGT G'1'C CAC A'IG 'I<3G GAC GGG 00T ,a; GCC CTA CTC GAC TGG 'l"TC 'l"l'G G'1'C CAG TCG GAC 

~~~~~~~~~-~~~~~~~~~~ 

1150 1160 1170 1180 1190 1200 

* * 
,. * * * * * * * * 

N::c 'l'GC CTG G'1'C AM GGC TTC TAT CCC AGC GAC A'.R:: GCC G'l'G GAG 'roG GAG AGC MT GGG 
'1'00 ACG GAC CAG 'l"'l'l' CCG MG ATA GGG '1'CG cm TAG CGG CAC C'R:: ACC CTC '!CG 'l"l'A CCC 
~~~~~~~~~~~~~~~~~~~~ 

l210 1220 1230 1240 1250 1260 

* * * * • * • * * * • * 
CAG~~~~~MG~~~~~CTGGAC~GAC~~TTC~ 
G"1'C GGC CTC TTG TTG Am 'I"lC 'JD; 'IOC GGA 00G CAC GAC CTG ND CTG CCG AOO AAG MG 
~~~~~~~~~~~~~~~~~~~~ 

1270 1280 1290 1300 1310 1320 
• • * • • * * * * * • * 

C'l'C 'l'AC l\fX:. MG C'JX: ACC Gro GAC AAG AGC .>.Ga TGG CAG CAG GGG AAC G'l"C '1"l'C 'n:A 'OOC 
GAG A'ro TCG T'1t: GAG 'roG CAC C'ro '1"l'C '1'CG 'ICC ACC GTC G'l'C CCC Tm CAG MG Aar AOO 

~~~~~~~-~~-~~~~~~~~~ 

1330 1340 1350 1360 1370 1380 

* * * " • * * * * * * 
'l'CC GTG A'ro CAT GAG GCT CTG CAC MC c:AC TAC ACG CAG AAG ID: C'l'C 'ICC CTG ~ CCG 
AGG CAC TAC G'l'A C'l'C CGA GAC <1m 'l"IG GTG A'ro TGC G'rC TTC TCG GAG AGG GAC AGA GGC 
~~~~~~~~~~~~~~~~~~~~ 

* 
GGT AAA 'l"GA 
CCA 'l"1"l' :,er 
Gly Lys 0 •> 
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Fig.16A. 
10 20 30 40 so 60 

* * • * • * * * * * * * 
A'IG 01\: AOC TAC 'l'GG GAC ACC GGG G'l'C C'l'G CTG 'l'GC GCG C'l'G CTC NX. '1'G'I' CTG O'l' C'l'C 
TAC CAO TCG ATG ACC. CTG 'tGG CCC CAG GAC GAC: ACG CGC GAC GAG TCG ACA GAC GAA GAG 

~~~~-~~~~~~~~~~~~~~~ 

70 80 90 100 110 120 
• * • • * * • * • * * 

ACA 00A TCT 1IGr 'l'CA GGT "l.'CA AAA TTA MA GAT CC'l' GM C'l'G Aar fl'A AAA GQC ACC CAG 
'1'G'I' CCT AGA TCA AGT CCA AGT T'I'T AAT 'ITl' CTA 00A C'M' GAC TCA MT TT'I' CCG '1W G1X:' 
~~~~~~~~~~~~~~~~~~~~ 

130- 140 150 160 170 180 
• * • • • • • * • * * 

.. 
CAC ATC ATG CAA GCA GGC CAG ACA C'l'G CAT C'l'C CM TGC J\00 GOO GAA GCA GCC CAT AAA 
GTG~~~~CCG~~GAC-~~~~~~~~~~ 

~~~~~~~~~~~~~-~~~~~~ 

190 200 210 220 230 240 
... • * .. • • * * * .. * 

'ml 'l'C'l" 'l'TG CCT GAA A'l'G G'1'G Am AAG GAA NlC, GAA AOO C'l"G ,a::. MA ACT AM ,x::rr GCC 
ACC AGA AAC 00A C'rl' 'I'AC CJl.C TCA '1'TC ~ TCG CTT '1'CC GAC TCG TAT TGA 'l"rl' 1IGA COO 

-~~~~~~~~~~~~~~~~~~~ 

250 
* * * 

260 

• * 
270 

* * 
280 290 300 

* * * * * 
'1'GT GGA AGA MT GGC AAA CAA TTC TGC ,or ,er TTA ACC 'l'TG AAC ACA GCT CAA GCA AAC 
"AJ:A CCT TCT 'M'A CCG TTT G'rl' AAG ACG 'l'CA 'l'GA MT '00G AAC T'1'G 'IGT CGA GT'l' CG'l' 'l'TG 
~~-~~~~~~~~~~~~~~~~~ 

310 320 330 340 350 360 
* * • * * • .. * * * .. * 

CAC~~~~~~~~~~~~~TCAAAG~~~~ 

GTG TGA CCG AAG ATG TCG ACG 'I"L"I.' A'l'A GAT CGA CAT 00A TGA /!>Cr '1"l'C T'l'C '1"1'C C'l"1' '!.'Gr 
~~~~~~~~~~~~~~~~~~~~ 

370 380 390 
* * * * * .. 400 

* * • 
410 

• • 
420 

* 
GAA TCT GCA ATC TAT ATA T'.l'T ATT M1r GAT AC.A GGT AGA CC'l' T'l'C GTA GAG A'l'G TAC AG'r 
CT'l' AGA CGT TAG ATA TAT AM TM 'l'CA CTA TGT c:c:A TCT 00A MG CAT CTC TAC A'l'G 'l'CA 

~~~~~~~~~-~~-~~~~~.~ 

430 440 450 460 4'70 480 
• • • • * • "' ... * ·• t * 

GAA ATC CCC GAA ATT ATA CAC ATG N:.T GAA 00A AOO GAG CTC ~ ATT CCC TQC CGG G'l'l' 
CTl' TAG GOO CTT TAA TAT GTG TAC TGA C'l"l' CC'l' 'l'CC CTC GAG CAG TAA' GOO ACG GCC CAA 
Glu Ile Pro Glu Ile Ile His Met '1'hr Glu Gly Arg Glu Leu Val .Ile Pro Cys Arg Val> 

490 500 510 520 530 540 .. .. • • • • * • ... • • • 
ACG TCA CCT AAC. ATC ;,er GTT AC!r TTA AAA AA/3 TT"I' CCA CTT GAC ACT 'l'IG ATC CCT GAT 
~~~~~~CAA~~~~~~GAA~~~~~~ 
~ Ser Pro Asn. ;tle Thr Val Thr Leu Lys Lys Phe Pro Leu ASP Thr Leu Ile Pro Asp;> 
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Fig.16B. 
550 S60 570 580 S90 600 

• • • * • • • • * * • • 
GGA~~~~TGGGAC~·~AAG~~~~'l'CA~~~TAC~ 
CCT 'lTl' GCG TAT TAG ACC C'ro TCA ~ 'l'TC cx::G AAG TAG TAT N3T 'l"l'A CC'l" 'l'QC ATG TTT ~~-fufu~-~-~~-~lli~~~~.~ 

610 

* * * 
620 

* 
630 

• • • 
640 650 660 

• * • * * 
GAA ATA GOO CTT C'IG ACC 'l'GT GM. GCA ACA <n.'C AAT 00G CAT 'l"1U TAT MG ACA MC TAT 
CTT TAT CCC GAA GAC TGG ACA CT'l' CGT TGT CAG 'l'TA CCC GTA AAC ATA '1"It: TGT 'l"l'G ATA 
Glu Ile Gly Leu Leu 'l'hr Cys Glu Ala 'l'br Val Asn Gly His Leu 'l'yr Ly& Thr Asn 'l'yr> 

670 680 690 
* * * * * • 

700 

* * * 
710 

* * 
720 

* 
C'1'C ACA CAT CQA CAA ACC AAT ACA ATC ATA GA1' GTC CM ATA ~ 1tCA CCA CXJC CCA GTC 
GAG '1'G'l' GTA GCT <1I"l' '1GG 'l'TA 'IG'l' 'l'AG 'l'A'l' Cl'A CAG G'l'T TAT ~ 'm'1' GGT GCG GC11' CAG 
~~~~~~~~~~~~~lli~~~-~~ 

730 '140 7S0 760 ?70 '180 

* • * *' * * * * * * • * 
AAA~~~~~~~~~~TGT~~~~~~MC~ 

'l'Tl' AAT GAA TCl' COl G'l'A 'roA GM CAG GAG T'1'A ACA 'MA CGA 'l'GG 'l'GA OGG AAC '1"l'G TGC 
~~~-~~~~~Leu~Cys~~~~~~Asn~ 

790 800 810 820 830 840 
• * * • * * • * * * • 

~~~~ACCTGG~TAC~~~~~~~~TCC~~CQA 
TCT CAA G'1'T TAC '100 ACC TCA A'!G GGA CTA C'l"l' 'l'Tl' 'l'TA Trc '1'"1'G CGA AGG CAT '«:C GC'l' 
~~~~~~~~~~~~~~~~~~~~ 

850 860 870 880 890 900 
* * • * * • • • * * • 

CGA A'l'T GM: CAA ;.a:; AA'l' TCC CAT GCC A1IC A'l'A ~ TAC AUr GTT C'l"l' At:::r AT'l' GAC AAA 
GCT TAA C'l'G G'l"1' TOJ TTA AGG GT.A o:ac:; 'rl'G 'l'AT A.AG A'l'G TC.A CAA GM. 'fGA TAA CTG .TTT 

-~-~~Asn~~~Asnfu-~~~~~~~~ 

910 920 930 940 950 960 
* * • * * * * * * * * 

A'ro CAG AN:; MA GAC AAA 00A C'l'T TAT JCr 'l'G'l' COT GTA NJG AGT GGA CCA '1'CA T'l'C AAA 
TAC G'l'C 'l"ro T1'T C'l'G 'l"l"T CC'l' GM ATA '1'GA ACA GCA CAT TCc: '1'CA CCT 00T N7r MG 'l"l"T 
~~~~~~~~Tyr~~-~~~~~~~~ 

970 980 990 1000 1010 1020 
• * * * * • * • * * .. * 

TCT GTT AAC N:c TCA G'l'G CAT ATA TAT GAT AAA GCA GGC CCG OOC GAG CCC AM TCl' TGT 
NJA CAA T'ro '100 MR CAC GTA TAT ATA C'l'A T'l'T CG'l' CCG OOC:: cc::G C'TC OGG 'l"l"T AGA N:A 
Ser Val Asn 'l'hr ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys> 

1030 1040 1050 1060 1070 1080 .. * * * * • • * .. • 
~~~~~~~~.~~~~~.~~~~~~~ 

~~~~TGT~~~~~~~~GAG~~~~~~ 
-~~~~~~~~~~~~~~~~~ser~ 
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Fig.16C. 
1090 1100 1110 1120 1130 1140 

* * * ... • * • • • • * 
'M'C CTC 'l"l'C C'CC CCA AAA CCC MG GAC ACC C'l'C A'l'G A':OC TCC COO ACC CCT GAG G'l'C ACA 
MG GAG MG GGG GGT TM' GOO TTC CTG '00G GAG TAC 'l'AG HJG GCC 'l'GG GGA CTC CAO '1'G'l' 

-~-~~~~~-~~~~~~~~~~~ 

1150 1160 1170 1180 1190 1200 
* • • • • * • • • • 

'roe G'IO G':ro Gro GAC G'IG N3C. CAC GAA GAC CCT GAG GTC MG T'K: AAC 'mG TAC G'l'G GAC 
ACG CAC CAC CAC C'l'G CAC TCG G'ro C'l"l' CTG GGA CTC CAG TTC AAG Tl'G ACC ATG CAC CTG 

~~~~-~~~~-~~~~~~-~~~ 

1210 1220 1230 1240 1250 1260 
• • • • • • • * • • • • 

OOC GTG GAG GTQ CAT MT OCX: AAG M:A AN3 CCG COO GAG GAG CAG TAC A'AC AGC ACG TAC 
CCG CAC CTC CAC GTA 'l"l'A CGG TTC TG'1' 'l"l'C GGC GCC C'l'C C'l'C C1l'C M'G T'l'G TCG 'roC A'l'G 
~~~~~~~~~~~~~~~~~~~~ 

1270 1280 1290 1300 1310 1320 
* • • * • * • • • • * 

CGT G'l'G GTC AGC G'l'C C'1'C ACC GTC C'l'Q CAC CAO GAC 'l'OG C'ro AAT OOC: AAG GAG TAC AA/J 
GCA CAC CAG 'l'CG CAO GAG 'l'OG CAG GAC G'M GTC CTG ACC GAC TTA CCG 'l'TC CTC A'l'G 'l'TC 

~~~~~~~~~~~-~~~~~~~~ 

1330 1340 1350 1360 1370 1380 
• • • * • • • * .. • • .. 

'roe AAG GTC 'l'CC AAC AAA GCC CTC C'CA OCC O::C ATC GAG AAA ACC ATC TCC AAA GCC AAA 
ACG 'rl'C CAG Aro T'ro TTT CGG GAG 00T CGG 00G TAG CTC '1"l"l' '1'GG 'rAG AOO 'l"1'l' CG3 'l"l'T 
~~~~~~~~~~~~~~~~~~~~ 

1390 1400 1410 1420 1430 1440 

* • * • • * • • • • • 
GGGCAG~~GAACCACAG~~ACC~C'CC~'l'CCCGG~~CTGACCAAG 
C'CC G'l'C QGG CCT C'rl' GG"1' G'l'C CAI: ATG 'IQ:; GAC GOO GGT AGG GCC C'l'A C'rC G1IC '100 'l"l'C 
~~~~~~~~~~~~~~~~~~~~ 

1450 1460 1470 1480 1490. 1500 
• • .. * • • * • • * ... * 

MC CAG GTC AGC C'l'G ACC 'l'GC C'ro G'1'C AM GGC ~ TAT CCC AGC GAC ATC GCC G'1'G GAG 
TTG GTC <::AG TCG GAC '100 ACG GAC CAG '1"l"l' COG A'AG ATA GOG TCG C'l'G TAG CGG CAC C'JX: 

~~~~~~~~~~~-~~~-~~~~ 

1510 1520 1530 1540 1550 1560 
• .. .. * * * .. * * * • • 

~~AGC~GGGCAG~GAG~~~A'AGACC~~~~~~~ 
ACC CTC 'l'CG TTA CCC G'1'C GGC CTC TTG T'ro ATG TTC TGG 'l'GC GGA GGG CAC GAC C'l'G Mn 
~~~~~~~~~~~~~~~~~~-~ 

* 
1570 

* .. 1580 1590 
• * * 

1600 1610 1620 
* * * 

GAC~~~~~~~~CTCACC~~A'AGAGC~'roGCAGCAG~ 
C'l'G CCG 103 AAG AAG GAG ·ATG TCG 'iTC GAG roo CAC C"l'G TTC TCG TCC ACC arc arc CCC 

~~~--~~~~~~~~~~-~~~~~ 
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Fig.16D. 
1630 1640 1650 1660 16'10 1680 

* * * * * * * * * * * * 
AAC GTC T'1'C TCA TGC '1t:C GTG ATG CAT GAG GCT CTG CAC 'AAC CAC TAC Aet; CAG MG AGC 
TTG CAG AAG AGT ACG AGG CAC TAC GTA C'n: CGA GAC GTG '1"l'G GTG A'l'G TGC G'l'C Tit: TCG 
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr 'I'hr Gln Lys Ser> 

1690 1700 
* • * * 

C'1'C 'l'CC C"IG 'l'C'I' CCG GGT AAA 'l'GA 
GAG AOO GAC AGA GGC CCA 'l'TT ACT 
Leu ser Leu Ser Pro Gly Lys ***> 
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Fig.17. 
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Fig.18. 
0.4-..;..._-------------, 

-0- Unmodified Flt-1 (1-3)-Fc 
"'•·Mut1 : Flt-1 (1-3 AS)-Fc 
--0- Mut2 : Flt-1 (2-3 .ae)-Fc 

0.3 
---1::r Mut3 : Flt-1 {2-3)-Fc 

0 o 0.2 

C 
0 

0.1 

nM 

Fig.19. 
0

·
5 -0 Flt-1 (1-3)-Fc COS supe 
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>EcoRI_site 
I 

Fig.21A. 
10 20 30 40 50 j 60 ?O 80 

AAGCT'l'GGGC'l''l'CGACTC'l'AGAGGAtt'GA~~~TAC 
TTCGMCCCGACG'l'CCAGCTAGC'IGAGA~AGCTAGOOGCCCGCITC<:IAGC~:MGK."G'll"IQ1l'OOO'JICCJIIJT(~rG 

M V S Y> 
1 4 

----~> 
>Bsp2IJ;u:idge 

I 
90 100 110 120 130 1401 150 160 

TGCmCA<:CGGGC;TCC"l'C;;c."l'G"JX;a:;CQ::'l'GCTC::AG~n'C'l'GC~:::'l'CACJ~~CCti·rt.m 
ACXX-'T(1IGGCCCOGCV~~CGCGCXW:X'3AG'l'CGM;A!GACGMGAGiro'll'CC'l'~~~ 
W D T O V L L C A L L S C L L L T G S ~ 
__________ _,'.Fl.Tl SS'--__________ >. 

170 180 190 200 210 

S G> 
__ > 

G R P 11' V> 
31 

______ .> 

220 230 240 
AGNll\.'l'G'l'A.CAG'lGAAA'ICCCCGA.:lA'l'T.~QCA'll'GAIC'rG!AAl3GllNJt.3Gl!:CJC"IL'OO'l'CJli"11CCC::'IQ:'.'CCJIOO'Jt.'TACX1.IOC!AC 
'la'CTACA~A'l'G"l"G'T.:fCJ~::T"J.'1::c'l'TCCC'l'C:<WXAG'l'Jl~ml:::OOCO:::Mmc::AG'ro 

E M Y S E I P E I I H M T E G R E L V I P C R V T S> 
57 

250 260 
crAACA~ 
GATTGTJ\G'l'GACAATGMA: 
PNITV'l'L 

330 340 

K 

270 

K p 

350 

HFL'l'l D2 

280 

p L D T L 

HFLTl 02 

360 

> 

290 300 310 320 
~ 

~~'l'CT 
I p D G IC R I I W D s R> 

84 
> 

370 380 390 400 
AAGGGC'l'TCATCA~"ACJ~CWIA.Til\GGGC"il"l'C'lWlCC'm'Jl'GAA.GC::MOC:n'CII.A1'GOOCAT'.r.P11'A 
~TAm'l'TACG'l"roCA'lOI"l'ICT'l'TA: T 

K G F I I S N A T Y K E I G L L T C B A T V N G H L Y> 
lll _____________ ___,HFLTl 02, ________________ > 

410 420 430 440 450 460 470 480 
~~:<CAl:AC~~CJU~Wi.TM~TCAT~roGAA'!"roAAC'l'AT 
AT'l'C1'G7"I"IGM.'~A'm1"1'11G'l'ATCTACACC1t.AGACTCAACC'1'TAAC'l'TG 

K T N Y L T H R Q T N T I I ~ 
______ _,HPLT1D2'--______ _,> 

V V L S P S H G I B L> 
137 

____ __.Hl?LKl ·D.._ ____ _,> 
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Fig.21 B. 
490 500 510 520 530 540 550 560 

C'I'GT'roGAGAAAAAAT'IGTACAGC.AAGAACTGAAAATGTGGG3AT'l'GACTTCAACTGTACCCT 
GACAAC~T'I'l'AACA'l'G'OCGT'l'CT'l'GACTTGTTl'ACACCCCTAAC'roAAGT'IGACCC'ATGGJA 
S V G E K L V L N C T A R T E L N V G I D F N W E Y P> 

164 
_____________ __,HFLKl D3 _______________ > 

570 580 590 600 610 620 630 640 

TCT'l'CGAAGCA'l'CAGCATMGAAAC'MGTAAACCGAGAC'CTAA""""_,,C'CCAG'I'C'l.'O.,,.,.., 'l'GAAGAAATTTTTGAG 
AGAAGC'I'l'CGTAGTCGTAT'l'C"l"r.l'G'l"l"IGQC'TCTGGlVI 11 I IOJGhCA~AC'rl"C"l'TTA 

S S K H Q H K K L V N R D L K T Q S G S E M K K F L S> 
191 ______________ HFtKl D3 _______________ > 

650 660 670 680 690 700 710 720 
CACCTTAACTATAGA~CCAAOOA'l'l'GTACACC'l'G'roCAG"l'CCAGTGGGCTGroACCAAGA 
-GTGGAATl'GATATCTACCACA~~AGG'l'C.ACCCGACACTOOT'l'CT 

TL TI D G VT RS D Q G LY TC A ASS G L MT K>· 
217 _______________ HFLKlOO. _______________ .> 

>Srf._Bridge_ 

I 
730 740 750 I 760 ??O 780 790 800 

~~TGA»Jm:;ccC"Q::OO:lACWI.AC'rc:ACAl.:A:TGCCCAC03'l'GCCCAGCACCTGAA 
':oc'l"m'l'CGTGTAAACAGTCCCAGG'l:I\.Cl 11ro:."CGOOCCCOC'.i.<?1111 i~ACGGG'roGCACGGG 
K N S T F V R V H E K> 
_HFLKl.03. _____ > 

G p G> 
____ .> 

D K T H T C P P C P A P D 
244 

______ FCAcl(A) _______ .> 

810 820 830 840 850 860 870 880 
~'l'CACirt.! I ltt'l'C'I'ICCCCCCAAAACCC.MGGATGA~'roAGG'l'CAC 
CACIGA<::COX'CI'GG~rl.OIGAll\GGAGAAGG~lG~T~ 
L L G G P S V F L F P P K P K D T L H I S R T P E V T> 

271 
_____________ __,FCAC1(Al _______________ > 

890 900 910 920 930 940 950 960 
A'J.'GCGTOO'l'GG,TG(lACG'l'(:;AG:cc.i!\Cei:AA<lACCC':l'GJIOO.l.'CAAG'.l.'TC:MlmlG'TACG'lOOACGGCGTGGG'I'GCATAA'l'G 
TACGCACCAC~CTCCAGT'l'CAAG'l"roACCA'IGCACC'roCCGCACCTCCCGTATTAC 

C V V V D V S H E D P E V K F N W Y V D G V E V H N> 
297 

_____________ __,FCAcl (A) _______________ > 

9?0 9B0 990 1000 1010 1020 1030 1040 

CC~-.,,,,_,..,.,,. TACAACAGCACGTAcx:G'l'GTGGTCAGCGTCCTCACCG1CC'l'GCA 
<Dr'I'C1'GTT'I'CGGCGCC'l'G~TGCA'roCCAC:AO:::AC;rl'QGCJ¥3GIWI'GGlCAI001~:'l'G<3TC~:iAC:C 

A K T K P R E E Q Y N S T Y R V V S V L T V L H Q D D 
324 

Cl(A} _______________ > 
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Fig.21 C. 
10S0 1060 1070 1080 1090 1100 1110 1120 

C'roM~'ACJW::l'GC:AACJJ'l'CTC:cAJI\CAAN.;ccc'l'CCCAGCCCCt:ATCGAGAAAACCA'l'C'lttAAAGCCA 

GACTTACCGT'K:C'IO. ~ 

L N G K E Y K C K V S N K A L P A P I E K T I S K A D 
351 _____________ __,FCACl(A) _______________ > 

>A>CJ\..allotype 

I 
>G>TJ\..allotype 

I I 
1130 1140 1150 1160 1170 I uso 1190 1200 

'AGGGCAIOC'O:cGI\GAACC'ACAOOTG'l~C'roCCCO:A~~GC'DGAOCAAit;AAJ('."CAjOO'J,:AGC::c'R:3AC<~ 
'ICCCGTCOOGGC'lt:'I"TCCACATG'l'GGGACGGGGGTAGOOCCC'r'AC'll'CG!I.C'IOOlt"I'C'r:t'Gim'l:'CAGTC:ooJaOOA 

G Q P R E P Q V Y T L P P S R D E L T K N Q V S L T> 

377 _____________ _.,FC..del(A) ________________ > 

1210 1220 1230 1240 1250 1260 1270 1280 
GCC"l'GG~~TGCi:GCJIGOOOG!Am~UIC'rACAAGiACC 
~'l'TTCCGAAGATAGJGTCGCm.t:AGCGGCACCTCACCACCCGTCOOCC'IC'rlGilGA"ro'T'J.'CTGG 
C L V K G F Y P S O I A V E W E S N G Q P E N N Y K T> 

404 _____________ __,FCAcl(A) _______________ .> 

1290 1300 1310 1320 

>T>C 
I 

1330 1340 1350 1360 
ACGCCTICCO:n'G<::'l'G<:;AC':l'CCCW:CilGC'l:'CC'I"l'C'l''TCCTCT:A:T.AGl:::Ml~:::AC<::GTC3CW:AM~:::AGC;ro(;c;A(lCAG00 
TGOOOAIGGGCACGAC:CTC:;AG(:;cTi:;coGAGGAAGMGGJI.GA:TA:'fCG'l"K'(';AG'~~~~l'C(l.l.'C1CACCGTCGTCCC 
T P P V L O S D G S F F L Y S K L T V D K S R W Q Q ~ 

431 
_____________ __,t.CAcl(A) ______________ -> 

1370 1380 1390 1400 1410 1420 1430 1440 
GAACGTCTTCTCATGCTCCGTGA'roCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCWl'CTCCGOOTA 
C'rl'GCAGAJI.GA~:AC<nACT<:cGAGJ~roJ~3'roiM\:::l'IG:cG'il'CT'.l.'C'lE'CGGACw;Gru~GAG:GCC1CAT 

N V F S C S V M H E A L H N H Y T O K S L S L S P G> 
457 _____________ __,FC6cl(A) _______________ > 

>NotI_site 

I 
)1450 

AA'roAGCGGCCGC 
Tl'AC'l'CGCCOOCG 
K *> 
458 
__ > 
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Fig.22A. >Ec:oRI_site 
I 

10 20 30 40 so I 60 10 so 
AAGCTl'OOGC'l'G'lmAC'11~GAGl~:::GA:OCCC::'CGl:D:.'<~:'l'OGAA~ 
'l"l'CGAACCCGAC~ ~'l'G 

M V S Y> 
l 4 

_____ > 

>BspEIJJridge 

I 
90 100 llO 120 130 1401 150 160 

'roG;GAC:ACC:00::lG'l'C~rDG'roOOCGC':tGC'I'CAGie'n.?.t'C'IGC'l:'TC'll.CAC:AGGATCT11GT'l'CCDGAOOTAGACCTl'TCGT 
ACC:C'JX:m;(;cC(::cA(:;G1\l:GAICAOGCGCGAroAGTC:GAC:AG2\CG.!l~IG'l'<11'0CT.~TCAAOOCCTCCA'l'C'l'mAAAGCA 
W D T G V L L C A L L S C L L L T G S S> 
______ _,FI.Tl SIGNAL ~~-------·> 

s G> 
__ > 

G R P F V> 
31 

_____ _,> 

170 180 190 200 210 220 230 240 
JIGAGA~'lt:CCCGAAA'l'TATACACA~'l'TCCC'J.'GCCGOOT'l' 
'l'C'l'CTACA'ro'l'CAC'lTl'AGGGGC'ITrAATA:'ro'I~~GAC:'1"1'1;::c'XTO:~CGl'-GC::AGWtn.;ACOOC:CCI\AXGCAG'l'G 

E M Y S E I P E I I H M T E G R E L V l P C R V T S> 
57 

------------~-Tl IG DOMAIN 2...._ ____________ >. 

250 260 270 280 290 300 310 320 
CTAACA~~i."J."£~1AA.W'l'TTC::cAICTIGAC::AC'i'l"I~TCCC'roA'l'GGAAMCJCATAA'l'C'l'GOOACAGTAGA 
GA'l"1'GTAC'l''l'GAAA~~A1"l'AGAC.'CC'TC'l' 
P N I T V T L K K F P L D T L I P D G K R I I W D S R> 

84 
___________ __,Frlrl IG DOMAIN 2. _____________ .> 

330 340 350 360 370 380 390 400 
AAGOOC'l"l'CATCATA'I\'.:AAA"roCAACG'l'ACAAAGAAA,TAC:OOCCTI'C'n:W::c'l'Cl'r<llAAl~~ri.G'l'CMmGGCA'l'l'TGTA 
'l'TCCCGMGTAGTATAGTTTACGTl'GCA:lvll:1t:~1'CCC'GJU\GAC'lt'GGACJLCTTC(11".rGT(::AG'I'r.:ACCCG'l'.MACAT 
K G P I I S N A T Y K B I G L L T C E A T V N G H L Y> 

111 
___________ _,:,ml IG DOMAIN ______________ > 

410 420 430 440 450 460 470 480 
TA~l/.-f\CTA~'l'CGACMACCAATACAM'CATAGATA:1'CX::J\GC'I'(3'I'TGC<::CAGGJOO'l'CC~JGJ!a='l'GC 
An,:ru1110AT~'l'G'l"l'AGTA'l'C'Ul:TA(;G'!ICGl~Aa:mm::T'l'CAClCG~:'rolAC:G 

K T N Y L T H R Q T N T I I D> 
_____ _,FLTl IG DOMAIN 2. _____ ~> 

I Q L L P R K S L E L> 
137 

__ vm.FR.3 (FLT4) IG DOMAIN 3 __ > 
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Fig.228. 
490 500 510 520 530 540 550 560 

"fQ:;T.:AGC;GG.P.GJl~:'ro:GT(:c.l'CAl~GCA~AAC'l'CAOOTGTCACC'I"I'rGAC'nJlGACTACCCA 

. ACCA'l'CCCCTCT'l'CGCAGGAGTl'GAC'G'roGCACT'l'GAGTCCAC'AG'l'OOAAAC'l'GACTGOOT 
L V G E K L V L N C T V W A E F N S G V T F D W D Y P> 

164 
___________ :vmFR3 (FLT4) IG OOMAIN 3 ___________ > 

570 580 590 600 610 620 630 640 

~TAAG:TG<3GTGC<::cG!~:!~GC'll'CCC.mAi""~~ ,,..Gru,...'X......,..CACACAGAAC'l'C.""""',.... TGAC 
CCCTTCGTCCGTCTCGCCCCATTCACCCA~~'l'CTTGAGAOO'l'TAGGACTG 

G K Q A E R G K W V P E R R S Q Q T H T E L S S I L T> 
191 

___________ vmFR3 (FLT4) IG DOMAIN 3 ___________ > 

650 660 670 680 690 700 710 720 
CA:TCC:ACAAC::GTCAC;cc:AG<:AC:GAICC'llmOC'OCGTA'l'G'l'G'roCAAGCAACGGCATCCAGCGA'l'Tl'CGOOAGAGC 
~~AGC:m:li'l'T(x:AG.l'(::<X;TOGTC~GG.l~CG.l~TACACACGT'l.'CCGG'l'l'G'AGGTCGCTAMGCCCTC'l'CGT 

I H N V S O H D L G S Y V C K A N N G I Q R F R E S> 
217 

___________ vmP'Rl (FLT4) IG DOMAIN 3. ___________ > 

730 740 750 760 770 780 790 800 
CCGAGG~TGAAAA'roGCCCGGGCGACAAAAC'lt:!ACAC'OOCCC.I\CCGTGCCAGCACC'l'GAAC' 
GGC'I'CCAG1'AACACGTAC'l"l"l"T1AC<::OOGCCCG<~TT'['TGJIOTIG'I(n'.Al:GGG'l'ClCD!!OJGG'I'CG'll'GQi!I.C':r'l'G1\G.!\CCCC 
T B V I V H E N> 
_VEGFR.3 (FLT4) IG __ > 

G P G> 
____ > 

D K T H T C P P C P A P E L L ~ 
244 

______ FC&:::1 - A ALLOTYPE:.;____> 

810 820 830 840 850 860 870 880 
GG.li\.CCGT<:=AG:'J."C'.rl'C:c'l'l::'l"ll'CCCCC:0AAl~CAi~iACli\.CC:c'l'l::AmA'l'CTCCCGGACCCC~ 
CC'l:'GGC:AG.~llM~~~IGG:.G'~ACT~ACGCACCA 

G P S V F L F P P K P K D T L M I S R T P E V T C V V> 
271 

___________ __,FC.6.Cl - A ALLOTYP"'--------------·> 
890 900 910 920 930 940 950 960 

GGTGGACG"l'GAGCGAAGACCC'roAGGTTCAACTGGTA<::GTOOJ~GC<:rrol:;.AGG'l'\:QW~CAAGACAA 
CCJICC".OOCAC'l:'CG:m3CTll'C'l'13G<l~L'CC1½.G'l'TCAAG'l"roA'l'GCACCTGCCGCAATT~ 

V D V S H E D P E V K F N W Y V D G V E V H N A K T> 
297 ____________ FC.6.Cl-AALLOTYPE.._ ___________ -'> 

970 980 990 1000 1010 1020 1030 1040 
AGC:'CG<:'Cn:;AC;GA<:K:A!:ITAICA}li.CAC;c:A4~~XJTC1l'G(:;,rcA.GC:GTC:C'I1CAC~TOOC 

K P R E E Q Y N S T Y R V V S V L T V L H Q D W L N G> 
324 

____________ FC6Cl-AALLOTYP"'-------------> 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 92



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

Fig.22C. 
1050 1060 1070 1080 1090 1100 1110 1120 

AAGGAGTACAAG'roCAA.GGTCTCCMCMAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAA 
'lTCCTCATGTTCACGTTC:CAl:;AGGT'l:GT'I'TC'GGC;AOGG'I'CG<;G03T.~T'I'T'roGTAGAGGT'.l'TCGGTTCGG 
K E Y K C K V S N K A L P A P I E K T I S K A K G O P> 

351 
____________ FCAC.1 - A ALLOTYP _______________ > 

>A><:_A_a.llotype 

I 
>G>T_A_a.llocype 

I I 
1130 1140 1150 1160 11170 1180 1190 1200 

. CCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGA'IGAGCTGACCAAGACCAGG~ 
OOC'l'C'l'roG'roTCCACA'm'JOOGACGGGGGT.'A!X:GCC:cT~ml~GG'lr"l'CTTGiG'l'ICC2~00GIAC'l'GCllACXnACCAGT 

R E P Q V Y T L P P S R D E L T K N Q V S L T C L V> 

377 
-----------~f'CAC1-AALLO'l'YP _____________ _,, 

1210 1220 1230 1240 1250 1260 1270 1280 
AAGGC'l"l'CTATCCAGCGACA~~TACAAGACCACGCX:'C 
T'l'CCGAAGATAGOOTCGC'Im~:OOCACx:T<'XCC'll'C'l':GTTAC:cCG~TG~ 
K G F Y P S D I A V E W E S N G Q P E N N Y K T T P ~ 

404 ____________ FC6C1-AALLOTYP._ ____________ .> 

>T>C 

I 
1290 1300 1310 . 1320 1330 1340 13S0 1360 

GTC:ICTCJGACTC:0011!.CGGC'lt:C'll"l'Crrc:C'l'C:T1\TAGCAAGCTCACCG'l'GGACAAGAGC11'1'<3GCAGCAGGGG'I'CT1' 
CAC::GAICC'J:GNJGC:'?Gt::CGAG:JIAA':;AAGGJ~1'A~~ 
V L D S D G S F F L Y S K L T V D K S R W Q Q G N V ~ 

431 
___________ __,FCAcl - A ALLOTYP ______________ > 

>NotI_site 
I 

1370 1380 1390 1400 1410 1420 1430 1440 

C'l'CA!1'GC'l'C~ .......,,,.,,,.,,_ 'lG'l'C~TGAGCGG 
GAGTAC~'ro'l'roG'IGA'ro'roCG'l.'C'I~T'l"rACTCGCC 

S C S V M H E A L B N H Y T Q K S L S L S P G K .,.> 
455 

___________ FC6.C1 - A ALWI'YPE _____________ > 

CCGC 
GGCG 
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Fig.23. 

2.5 5.0 7.5 10.0 12.5 
[Modified Flt Receptor] (nM) 

• Flt1 D2Flk1 D3.FcdeltaC1 (a) 
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Fig.24A. 
10 20 30 40 50 60 
* * * * * • 

A'I'G cm:: 'Nr. TAC 'Im GAC At:J:: 00G G'lC cro C'IG 'lGC G03 cro en: 'Nr. 'lGT C'lG CTl' en: 
TAC CAG 'It.'G A!lU Ao::. cm 'JOO a:x:: CAG GAC GAC HXJ, en::: GAC GAG 'Im At:A. GAC GAA GAG 
MVS YWOTGVLLCALLSCLLL> 

_l. ______ ,.. ___ __,hFLTl SIGNAL Sl:'.QUBllQL__lS. _______ 2.0> 

70 80 90 100 110 120 
* * * • • * 

ACA 00A 'la' '/Gr 'ltt 00A tar GAT NX <Dr AGA crr 'I'1'C QrA GAG A'lG TAC H1r GM MC 
'roT crr AGA 'ICA y;r, err 'ICA C'1'A am; cx:A 'ltt 00A AAG CAT en: TAC ATG TCA CTl' TM.; 

T G S S S G> 
21.JlFLTl. s~ S!!X2...26> 

SD'l'GRPFVEMYS EI> 
_:i.7 ___ .30__JlFLT1 IG JXMUN -_ ______ 40> 

130 140 150 160 170 180 

* * • * * • 
~~~~~~~~~~~cn:~~~~~~~'l'CA 

. cm CTl' TAA 'l'A'l' (1J.'G TAC 'IG't. err CCI' 'lo::: en:: GAG CAG 'I'AA cm Am <X::C CAA 'mC NB 
P E I I H M 'I' E G R E L V I P C R V T S> 

4 ______ 4.S _______ hFLTl IG IXM\lN 2, __ ___,ss._ ______ 60> 

190 200 210 220 230 240 

* • * * * * 
cx:TAN::.ATC~~~~~~~cx:A~GAC~'l'l'G~cx:T~OOAAAA 
00A 'l'1'G TAG 'IGA CAA '!GA AAT Tl'l' 'l'IC AAA 001' GAA cm '!GA AN:. TAG 00A Cl'A err 'l'IT 

P N I T V T L K K F P L D T L I P D G It> 
6.._ _____ .65. ___ __,hFLTl IG IXlMAIN 2. ____ 75. _______ 80> 

250 260 270 280 290 300 
* * * fr * * 

CD: ATA ATC 'IOO GAC NB AGA AAG CD:: 'l'IC Mt: ATA 'l'CA AAT GCA Am TAC AAA GAA ATA 
~~TAG~CID'ICA'ltt'l'IC~~~~Aar~cm''mCA'IG~CTl''l'A'l' 
R I I W D S R K G F I I S N A T Y K B I> a _____ ____.85 ___ ___,hFLTl IG IX1MAIN 2 95._ ______ 100> 

310 320 330 340 350 360 

* * * • * * 
<mCTl'C'lGN:t:,'lGTGAAGCAACAG'lt:~OOGCAT'l'l'G~AAGACA~'l'A'l'~ACA 
~ GM GAC 'IOO ACA CTI' cm' 'lGT CAG '1'l'A ca:: QrA AN::. A'l'A 'I'1'C 'ml' 'l'1'G ATA GAG 'lGT 

G L L T C E A T V N G H L Y K T N Y L T> 
101. ____ ___,105. ___ _..hFLTl 1G OOMllN 2 ___ .,..15. _______ .120> 

370 380 390 

* * * 
400 

* 
410 

* 
420 

* 
a'l' 00A CAA ACX: AAT ACA Mt: ATA GAT am arr Cl'G NH cx:x; 'lC'1' CAT 00A A.Tl' GM CI'A 
QrA~~~~'roT~~CI'A~~~~~~~~~CTl'~ 
H R Q T N T I I ~ 

121__llFLT1 IG IXlMAIN 2 129_> 
V V L S P S H G I E ~ 

130___hFLK1 IG IXlMAIN 3 _____ 140> 
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Fig.248. 
430 440 450 460 470 480 

• • * * • * 
'ICT GTl' 00A GAA AAG ClT G'l'C 'ITA AAT mr ACA G:A AGA /Cr G1IA CI'A AAT G'1'G cm ATr 
~ CAA CCT err 'l":tt: GAA CAG AAT TI'A ACA T<1r CJ3r 'lCl' ~ C'1'l' GAT TrA CAC. CXX: TM 

S V G E K L V L N C T A R '1' E L N V G I> 
141 _____ 45. ____ _,bFLKl IG JXJim.IN 3 l 55 ________ 60> 

490 500 510 520 530 540 
* * * .. * • 

GAC TI'C All/:, 'Im GAA TAC CC'1' '.IC'l' '1'03 AAG CAT CAG CAT AAG AAA CTI' GTA AN:. 00A GAC 
C'IG AAG TIG ICC CIT A'm GGA !GA N:;;; TIC GTA cm:: Gm 'I'«: TIT GAA CAT TIG GCT C'lG 
D F N W E Y P S S K H Q H K K L V N R ~ 

161 165___JiEUQ. IG I.XM',IN 3. ___ _.,..75. _______ 80> 

550 560 570 580 590 600 

* * * * * * 
C'l'A MA ACC CAG TC1' oo; NE GAG A'lG AAG AAA Tl'1' '1'IG 1'IJI::. N::t:: Tl'A ACr ATA GAT CDr 
GAT TIT 'Im G'l'C AGA CX:C 'lt:A C'1C TAC TIC TIT MA AN:. 'ICG '100 AAT '!'GA TAT CTA cx::A 

L K T Q S G S E M K K F L S T L T I D G> 
1a1. _____ ss. ____ _,hP'LKl m ncw.m 3 19s. ______ _,200> 

610 620 630 640 650 660 
• .. * * * * 

GTA AOC en; N:1t GAC CAA GGA 'I'IG TAC N::t:: 'MI' G:A G:A 'ICC 1Gr GGG C'IG A'lG ACC AAG 
CAT 1'00 GOC 'ICA CIG arT CCT AAC. A'lG '100 ACA a:r a:r 10J '!CA CCC GAC TAC 'Im '1'JX: 
V T R S D Q G L Y T C A A S S G L M T D 

20..._ ___ ____,20S_____JiFI.,IO. IG OOMAm 3 215. ______ _,..20> 

670 680 690 700 710 720 
• * * • * • 

AAGAN:.~ACA'l'l'l'G'l'C~~~GAAAAGGACMA~~~~cx::A~~ 
'1'JX: 'I'IG 'Im '!GT AAA CAG 'ItX:: CAG GTA CTr TIC C'l'G TIT 'roA GTG 'IGT 1CG GGT <DC AOJ 
K N S T F V R V H E D 
22~ IG IXMUN 3. _____ .231> 

D K T H T C P P 0 
232~ A ____ .240> 

730 740 750 760 770 780 

* * * * * * 
~~~GAAC'ICC'IG<mGGA~'ICA~~C'IC~~~AAACX:CAAGGAC 
~a:r~crr~GAC~~~IGrCAGAAG~~GGG~~cm'l":tt:cm 
PAPELLGGPSVFLFPPKPK~ 

2u 24s ______ hFC:.6Cl A _____ ..,..ss. _______ 60> 

790 800 810 820 830 840 
* • * * * • 

ACC C'1C A'IG A'IC 'J:CC ex;:; ACC ~ GAG cm: N:A 'roe G'1'G GTG Gm GAC GTG ia::, CAC GAA 
TGG GAG TAC TAG N3J OCX: '100 GGA C'K: C1IG '!GT AOO CAC CAC CAC C'1'G CAC 'l'CG GTG Cl'l' 
T L M I S R T P E V T C V V V D V S H ~ 

261. ____ _..,..65~ A _____ 7s. _______ B0> 

850 860 870 880 890 900 
• • • • • • 

GAC CCT GAG GK: AAG Tit: Al\C 'IGG TAC G"1'G GI\C OOC GTG GAG G'IG CAT AAT OCX: AAG ACA 

C'J.'G ~ C'J.t: CAG Tl'C ANJ Tro ACC A'lG ~ C'ro OD CAC C'«: CAC GTA TrA COO Tl'C '101' 
D P E V K F N W Y V O G V E V H N A K ~ 

2s1 2ss. _____ __..hFCtiC1 A ____ __,295. _________ oo> 
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Fig.24C. 
910 920 930 940 950 960 

* * * * * • 
AAG a::::G ax; GAG GAG CAG TAC AAC AOC AO; TAC an G'IG GTC NJ/:. arc crc: ACC enc C'ro 
TIC 00:C GCC crc CIC arc A'J.'G 'l'l'G 'Im tt A'CG GCA CAC CAG Tm CAG GAG 'IGG CAG GAC 
K P R E E Q Y N S T Y R V V S V L T V ~ 

· 301 305. _____ _,:hFC6Cl A ____ ____,315'--________ .,.20> 

970 980 990 1000 1010 1020 
• • * * * 

CAC CAG GAC 'IGG C'ro AAT GOC AAG G!\G TAC NG 'roe AAG G'lC 'ltt AAC AAA GCX: crc CCA 
G"IG GTC C'ro ACC GAC TrA a::::G TIC ~ A'l'G TIC 'A03 TIC CAG AOO TIG TIT a:;G GAG <¥Ir 

H Q D W L N G K E Y K C K V S N K A L P> 
321 _____ .325. _____ __,hFC6Cl. A ____ _,..35. _______ 40> 

1030 1040 1050 1060 1070 1080 
* * * * • • 

GCX: CX::C ATC GAG AAA 'NX A'IC '1tt MA GCC AAA 00G CAG CCC CGA GAA OCA CAG GIG TAC 
cm 00G TAG ere: TIT '100 TAG ND T1'1' CD) TIT CCC GTC 00G GCT err 00'1' an: CAC A'ro 

A P I E K T I S K A K G Q P R E P Q V Y> 
341 345. _____ _,hFQ\Cl A _____ ss. _______ 60> 

1090 1100 1110 1120 1130 1140 
• • * * * * 

ACt:. cro cx::c CX'.A TCC (DJ GNr GAG cm ~ .MG AAC CAG GTC Hr, cro NX 'lG'C cro GTC 
•'100 GAC 00G a.11' AOO GCC CTA CIC GAC 'Im 'I'l'C Tm GTC CAG 'tCX3 GAC '1GG 'A03 GAC CAG 

T L P P S R D E L T K N Q V S L T C L ~ 
361 365. _____ _,~ A _____ 75. ______ .,.,80> 

1150 

* 
1160 

* 
1170 

* 
1180 1190 1200 

• • * 
AAA ax. TIC TAT CO: NJ,C GAC ATC G:'C GIG GAG 'IGG GAG NlJ: AAT 00G CAG CCG GAG AAC 
'l'IT a::::G AAG ATA 00G 'lt:G C'ro TAG OD CN:. Cl'C NX CIC iro:; Tm CCC GTC GGC CIC Tm 
K G F Y P S D I A V E W E S N G Q P E N> 

38 _____ .385. _____ __,hFa.Cl A ____ _.95'----------400> 

1210 1220 1230 1240 12S0 1260 
* • * * * 

MC TAC AAG NX N:1J CC'l' CCC GIG C'CG GAC 'la: GAC CD: 'l'OC TIC TIC CIC TAC N3C AAG 
'l'l'G A'IG Tit: 'IGG Tex: 00A 00G CAC GAC C'CG Mn cm cm AOO AAG MG GAG .A'ro 'Im Tl'C 
N Y K T T P P V L D S D G S F F L Y S K> 

401. _____ .405. _____ _,~l A _____ 415, ______ _,420> 

1270 1280 1290 1300 1310 1320 
* * * * * 

CTC AC!: G'l"G GAC AAG AGC. N¥3 '100 CAG CAG GOO AAC GTC TIC TCA 'roe 'ICC GIG A'lG CAT 
GAG 'IOO CAC C'IG TIC 'lt:!G 1C'C N:.C mt: ~ CX::X: TI'G CAG 'AAG 'N1r At:IJ '/+00 CAC TAC GTA 
L T V D K S R W Q Q G N V F S C S V M ~ 

421. _____ 425 _____ _,~ A _____ 4.35. _______ 440> 

1330 1340 1350 1360 1370 

* * * * * 
GAG OCT C'ro CAC AAC CAC TAC AOO CAG AAG ,a;; C1C 'IO: cro KT ccx; CDr AAA 'roA 
CTC 00A GAC G'l"G Tl"G G'IG ATG 'roe G'IC TIC '1'00 GAG J,,a:; GAC AGA GGC CCA 'l'IT JCr 

E A L H N H Y T Q K S L S L S P G K *> 
441 ·445~ A _ _..;.. _____ 455,_ ___ 458 __ > 
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Fig.25A. 
DME - Challenge 
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VEGF 165 

Fig.258. 
DM E - Challenge 
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Fig.25C. 
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Fig.26A. 
DME - Challenge li ". 
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Fig.26B. 
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Fig.29. 
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MODIFIED CHIMERIC POLYPEPTIDES 
WITH IMPROVED PHARMACOKINETIC 

PROPERTIES 

5 

2 
and only becomes activated when antigen binds to the 
IgE/Fc1:.RI complex and cross-links adjacent IgE 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 factora, such as fibroblast growth factor 
(FGF), are widely expressed and therefore appear to play 

Tue 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. Tue 
disclosures of these publications in their entireties are 
hereby incorporated by reference into this application. 

INTRODUCTION 

Tue field of this invention is modified polypeptides with 
improved phannacokinetics. 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. 

10 
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 

15 
factor (NGF), brain-derived neurotrophic factor (BDNF), 
neurotrophin-3 (NT-3) and neurotrophin-4/5 (N'J: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. 

BACKGROUND 

20 
E. Loughlin & J. H. Fallon, eds., pp. 257-284, San Diego, 
Calif., Academic Press). FceRI 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 

1be ability of polypeptide ligands to bind to cells and 25 
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 30 
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 35 

acts via a catalytic intracellular domain. The particular array 
of sequence motifs of this catalytic intracellular domain 
determines its access to potential kinase substrates (Moham­
madi, et al.,1990, Mol. Cell. Biol. 11:5068-5078; Fanti, et 
al., 1992, Cell 69:413-413). Examples of receptors that 40 

transduce signals via catalytic intracellular domains include 
the receptor tyrosine kinases (RTKs) such as the Trk family 
of receptors wruch are generally limited to cells of the 
nervous system, the cytokine family of receptors including 
the tripartate CNTF receptor complex (Stahl & Yancopou- 45 
Jos, 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 ~2-adrenergic receptor found 
on, for instance, cardiac muscle cells. and the multimeric 
lgE high affinity receptor Fc1:.RI which is localized, for the 50 

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, 55 

Trend Biochem. Sci. 13:443-447; Ullrich & ScWessinger, 
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 60 
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. 65 
259:14631-14636). In the case of the Fc1:.RI receptor, the 
ligand, lgE, exists bound to Fc1:.RI in a monomeric fashion 

tissue following migration from the blood stream (See 
Janeway & Travers, 1996, in Immunobio/ogy, 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 neurotrophin which binds to that 
receptor, neuronal survival and differentiation results. When 
the same receptor is expressed by a fibroblast, exposure to 
the neurotroprun 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 ct 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. U.S.A., 
86, pp. 7311-7315] and conditioned growth medium from 
human U937 cells [Connolly, D. T. et al. (I 989), 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 [Tem1a11, B. I. et al., (1991) Oncogene 6, pp. 
1677-1683; Terman, B. I. 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 ofVEGF 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., An1. 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 fmger-likc processes at endot­
helial cell borders in inflamed venules (Iburston, G., et al., 
Anl. 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 inflanied 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 arc dynamic. Chronic 
inflammatory diseases, for example, are associated with 
microvascular remodeling, including angiogcncsis 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 
to 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., 
Anl. J. Physiol., 1994, 266:L461-8). 

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

U.S. Pat. No. 6,0ll,003, issued Jan. 4, 2000, in the name 
ofMetris 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. 

4 
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 

10 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 Gcnentcch, Inc., discloses novel 
chimeric VEGF receptor proteins comprising amino acid 

15 sequences derived from the vascular endothelial growth 
factor (VEGF) receptors Fltl and KDR, including the 
murine homologue to the human KOR receptor FLKl, 
wherein said chimeric VEGF receptor proteins bind to 
VEGF and antagonize the endothelial cell proliferative and 

20 angiogenic activity thereof. 
PCT Publication No. WO 97/13787, published Apr. 17, 

1997, in the name of1b a Gosei Co., LTD., discloses a low 
molecular weight VEGF inhibitor usable in the treatment of 
diseases accompanied by neovascularization such as solid 

25 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 

30 VEGF inhibitory activity. 
Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med. 

42:242-249, disclose that because monoclonal antibodies 
(MAbs) are basic, positively charged proteins, and mamma­
lian cells are negatively charged, the electrostatic interac-

35 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 MAb clearance by using various methods such as 
secondary agents as well as chemical and charge modifica-

40 lions 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 

45 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 

50 (MPEG-IL-6), in which 54% ofthe 14 lysineamino groups 
of IL-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-

55 leukin-2 (IL-2) results in a compound, polyethylene glycol­
modified IL-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. Phan11acokinet. 27: 
60 290-306, 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 

65 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 phannacokinetics in animal sera as compared to the 
unmodified human noggin. 

SUMMARY OF THE INVENTION 

6 
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 

Tue 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 encoding a multimcrizing 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 lg domain 2 

10 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 

15 system wherein the suitable host cell is a COS cell; the 
host-vector system wherein the suitable host cell is a CHO 
cell. 

of the extracellular domain of a first VEGF receptor and a 
nucleotide sequence encoding the amino acid sequence of lg 
domain 3 of the extracellular domain of a second VEGF 20 

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 Flkl. 25 

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

In another preferred embodiment, the nucleotide sequence 
encoding Jg domain 2 of the extracellular domain of the first 
VEGF receptor is upstream of the nucleotide sequence 30 

encoding lg domain 3 of the extracellular domain of the 
second VEGF receptor. 

In still another preferred embodiment, the nucleotide 
sequence encoding lg domain 2 of the extracellular domain 
of the first VEGF receptor is downstream of the nucleotide 35 

sequence encoding lg 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 40 

selected from the group consisting of the Fe domain oflgG, 
the heavy chain of lgG, and the light chain of lgG. 

Preferred embodiments include an isolated nucleic acid 
molecule comprising a nucleotide sequence encoding a 
modified Flt! receptor fusion polypeptide, wherein the cod- 45 

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. l3A-13D; 
(b) the nucleotide sequence set forth in FIGS. 14A-14C; 

50 
(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 55 
(h) a nucleotide sequence which, as a result of the degen-

eracy of the genetic code, differs from the nucleotide 
sequence of (a), (b), (c), (d), (c), (f), or (g) and which 
encodes a fusion polypeptide molecule having the bio­
logical activity of the modified Flt! receptor fusion 60 
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 65 
binding a VEGF molecule to form a nonfunctional complex 
comprising a multimer of the fusion polypeptide. 

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. 
l0A-l0D 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 IO fold molar excess to about a I 00 fold molar 
excess or wherein the pegylation is IOK 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 VEGF. 

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 
hunian; 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 ascitcs is ovarian cancer-associated ascitcs. 

Preferred embodin1ents 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 oflg domain 2 of the extracellular domain of a first 
VEGF receptor and the amino acid sequence of lg domain 
3 of the extracellular domain of a second VEGF receptor. 

In a further embodiment of the fusion polypeptide, the 
first VEGF receptor is Flt!. 
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In yet a further embodiment of the fusion polypeptide, the 
second VEGF receptor is Flkl. 

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 lg domain 2 of the extra­
cellular domain of the first VEGF receptor is upstream of the 
amino acid sequence of lg domain 3 of the extracellular 
domain of the second VEGF receptor and a fusion polypep­
tide wherein the amino acid sequence of lg domain 2 of the 
extracellular domain of the first VEGF receptor is down­
stream of the amino acid sequence of lg 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 Fe 
domain of lgG, the heavy chain of IgG, and the light chain 
oflgG. 

Preferred embodiments include a fusion polypeptide com­
prising an amino acid sequence of a modified Flt 1 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; (t) 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 

8 
Fltl(l-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 Fltl(l-3)-Fc, acetylated 
5 Fltl(l-3)-Fc, and pegylated Fltl(l-3)-Fc to VEGF in an 

ELISA-based assay. Both pegylated and acetylated Fltl(l-
3)-Fc proteins bind to VEGF with affinities approaching that 
of unmodified Flt! (1-3 )-Fe. 

FlG. 5. Pharmacokinetic profiles of unmodified Fltl 
IO (1-3)-Fc, acetylated Fltl(l-3)-Fc, and pegylated Fltl(l-3)­

Fc. Balb/c mice (23-28 g) were injected subcutaneously 
with 4 mg/kg of unmodified, acetylated, or pegylated Fltl 
(1-3)-Fc. 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 

15 assayed in a standard ELISA-based assay designed to detect 
Fltl(l-3)-Fc protein. The Tma.T for all of the Fltl(l-3)-Fc 
proteins was between the 6 hour and 24 hour time points. 
The Cmax for the different proteins was as follows: Unmodi­
fied: 0.06 µg/ml-0.15 ~tg/ml; acetylated: 1.5 µg/ml-4.0 

20 µglml; and pegylated: approximately 5 µg/ml. 
FIGS. 6A-6B. IEF gel analysis of unmodified and step­

acetylated Flt! (l-3)-Fc proteins. Unmodified Flt) (l-3)-Fc 
protein is unable to enter the gel due to its >9.3 pl, whereas 
most of the step-acetylated Flt! (1-3)-Fc samples (30-100 

25 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 Fltl(l-3)-Fc and step-
30 acetylated Fltl(l-3)-Fc proteins to Matrigel® coated plates. 

As with the irrelevant control protein, rTie2-Fc, step-acety­
lated Fltl(l-3)-Fc (20 and 30 fold excess samples) does not 
exhibit any binding to the Matrigel coated plate, whereas the 
non-acetylated Fltl (l-3)-Fc protein exhibits significant 

described above. 35 
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. 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. 8. Binding of unmodified Fltl(l-3)-Fc and step­
acctylated Fltl(l-3)-Fc in a Biacore-based assay. At a sub-

40 stoichiometric ratio (0.5 µg/ml of either unmodified Flt! (1-
3) or step-acetylated Fltl(l-3)-Fc vs. 0.2 µg/ml VEGF), 
there is not enough Fltl(l-3)-Fc (either unmodified or 
step-acetylated) in the solution to completely bind the 

FIG. 1. IEF gel analysis of unmodified and acetylated 
Fltl(l-3)-Fc proteins. Unmodified Fltl(l-3)-Fc protein is 

45 
unable to enter the gel due to its >9.3 pl, whereas acctylated 
Fltl()-3)-Fc is able to enter the gel and equilibrate at pl 5.2. 

VEGF. At 1.0 µg/ml, which approximates a 1: 1 stoichio­
metric ratio, the both unmodified and step-acetylated Flt! 
(1-3)-Fc are better able to compete for VEGF binding, but 
there is still insufficient Fltl (1-3)-Fc protein (either unmodi­
fied or step-acetylated) to completely saturate the available 
VEGF. However, at 5.0 µg/ml, which is several times greater 

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

FIG. 3. Binding of unmodified Fltl(l-3)-Fc, acetylated 
Fltl(l-3)-Fc, and pegylated Fltl(l-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 
Fltl(l-3)-Fc (columns 21-24) are each able to completely 
compete with the Biacore chip-bound Fltl(l-3)-Fc for 
VEGF binding as compared to control (columns 1-4) and 
irrelevant protein (columns 5-8). Unmodified Fltl(l-3)-Fc 
(columns 5-6) appears to only partially compete with Bia­
core chip-bound Fltl(l-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 

50 than a 1:1 stoichiometric ratio, both the Fltl(l-3)-Fc and the 
step-acetylated Flt! (1-3)-Fc proteins are able to saturate the 
VEGF, regardless of the degree of acetylation. 

FIG. 9. Pharmacokinetic profiles of unmodified Flt! (1-
3)-Fc and step-acetylated Flt! (1-3)-Fc. Balb/c mice (23-28 

55 g) were injected subcutaneously with 4 mg/kg of unmodified 
or 10, 20, 40, 60 and 100 fold excess samples of step­
acetylated Flt! (1-3)-Fc (3 mice for unmodified, 10, 20 and 
40 fold excess samples and 2 mice for 60 and I 00 fold 
excess samples). The mice were tail bled at 1, 2, 4, 6, 24 

60 hours, 2 days and 3 days after injection. The sera were 
assayed in an ELISA-based assay designed to detect Flt! 
(1-3)-Fc. The T,,,= for all of the Fltl(l-3)-Fc proteins tested 
was at the 6 hour time point but the C,,.0 .. was as follows: 
Unmodified Flti(l-3)-Fc: 0.06 µg/ml; 10 fold excess 

65 sample:-0. 7 µg/ml, 20 fold excess sample-2 µg/ml, 40 
fold excess sample--4 µg/ml, 60 fold excess sample-2 
µg/ml, 100 fold excess sample-I g/ml. 
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FIGS. lOA-10D. Nucleic acid and deduced amino acid 
sequence of Flt] (1-3)-Fc. 

FIG. 11. Schematic diagram of the structure of Fltl. 
FIGS. 12A and 12B. Hydrophilicity analysis of the anlino 

acid sequences of lg domain 2 and lg domain 3 of Fltl. 
FIGS. 13A-13D. Nucleic acid and deduced anlino acid 

sequence of Mutl: Fltl(l-340)-Fc. 
FIGS. 14A-14 C. Nucleic acid and deduced amino acid 

sequence of Mut2: Flt1(2-340)-Fc. 
FIGS. lSA-lSC. Nucleic acid and deduced amino acid 

sequence of Mut3: Fltl(2-3)-Fc. 
FIGS. 16A-16D. Nucleic acid and deduced amino acid 

sequence of Mut4: Fltl(l-3R.>N)-Fc. 
FIG. 17. Binding of unmodified Flt! (1-3)-Fc, basic region 

deletion mutant Fltl(l-3)-Fc, and Fltl(l-3)R•>N mutant pro­
teins in a Biacore-based assay. At the sub-stoichiometric 
ratio (0.25 µg/ml Fltl(l-3)-Fc of unmodified, acetylated or 
genetically modified samples vs. 01. µg/ml VEGF), there is 
insufficient Fltl(l-3)-Fc protein to block binding of VEGF 
to the Fltl(l-3)-Fc immobiliz.ed on the Biacore chip. At 0.5 
µg/ml of unmodified, acetylated or genetically modified Fltl 
(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 µg/ml of unmodified, acetylated or 
genetically modified Flt! (1-3)-Fc proteins, which is 
approximately a 10:1 stoichiometric ratio, the Fltl(l-3)-Fc 
proteins are able to block binding of VEGF to the Biacore 
chip, but they are not equivalent. Unmodified, acetylated, 
and Mutl: Fltl(l-3ao)•Fc are essentially equal in their 
ability to block VEGF binding, whereas Mut4: Fltl(l-3R. 
>N)-Fc is somewhat less efficient at blocking binding 

FIG. 18. Binding of unmodified Fltl(l-3)-Fc, Mutl: Fltl 
(1-3,v,)-Fc, Mut2: Flt! (2-340)-Fc, and Fltl(2-3) mutant 
proteins to Matrigel® coated plates. Unmodified Fltl(l-3)­
Fc protein binds avidly to these wells, the Mut3: Flt1(2-3)­
Fc protein binds somewhat more weakly, the Mutl: Fltl (1-
368)-Fc protein binds more weakly still, and the Mut2: 
Flt1(2-368)-Fc protein shows the best profile, binding more 
weakly than any of the other mutant proteins. The Mut4: 
Fltl(l-3R->N)-Fc glycosylation mutant protein shows only 
marginal benefit on the Matrigel assay. 

FIG.19. Binding of unmodified Fltl(l-3)-Fc, Mutl: Fltl 
(1-3,v,)-Fc, Mut2: Fltl (2-3M)-Fc, and Flt! (2-3) mutant pro­
teins in an ELISA-based assay. At the concentrations tested, 
unmodified Fltl(l-3)-Fc, Mutl: Fltl(l-3,v,)•Fc, Mut2: Flt! 
(2-340)-Fc, and Flt1(2-3) mutant proteins bind VEGF simi­
larly. 

FIG. 20. Phannacokinetic profiles of unmodified Fltl(l-
3)-Fc, Mutl: Flt! (l-3M)-Fc, Mut2: Flt! (2-3M)-Fc, and 
Fltl(2-3) mutant proteins. the Cmax for these reagents was 
as follows: Unmodified Flt! (l-3)-Fc--0.15 µg/ml; 40 fold 
molar excess acetylated Fltl(l-3)-Fc-l.5 µg/ml; and Mutl: 
Fitl(l-3M)-Fc--0.7 µg/ml. 

FIGS. 21A-21C. Nucleotide and deduced amino acid 
sequence of the modified Fltl receptor termed Flt! D2.Flkl 
D3.Fc~Cl(a). 

FIGS. 22A-22C. Nucleotide and deduced anlino acid 
sequence of the modified Fltl receptor termed 
Flt1D2.VEGFR3D3.Fc~Cl(a). 

10 
FIGS. 2SA-2SC. Phosphorylation assay. At a 1.5 molar 

excess of either Flt! (1-3)-Fc, Flt] (1-3)-Fc (A40) or transient 
FltlD2Flk1D3.FcACl(a) there is complete blockage of 
receptor stimulation by these three modified Flt! receptors 

5 as compared to control media challenge. In contrast, tran­
sient Flt1D2VEGFR3D3.FcACl(a) does not show signifi­
cant blockage at this molar excess, as compared with VEGF 
positive control challenge. Sinlilar results are seen in FIG. 
25B, where the modified Fit receptors are in a 3-fold molar 

10 excess to VEG FI 65 Jigand. In FIG. 2SC, where the modified 
Fltl receptors arc in a 6-fold molar excess to VEGF165 
ligand, transient Flt!D2VEGFR3D3.Fc~Cl(a) can now be 
shown to be partially blocking VEGF165-induced stimula­
tion of cell-surface receptors. 

15 FIGS. 26A-26B. Phosphorylation assay. Detection by 
Western blot of tyrosine phosphorylated VEGFR2(Flkl) by 
VEGFl65 ligand stimulation shows that cell-surface recep­
tors are not phosphorylated by challenge samples which 
have VEG Fl 65 preincubated with I and 2 fold molar excess 

20 (FIG. 26A) or 3 and 4 fold molar excess (FIG. 26B) of either 
transient Flt! D2Flkl D3.Fc~C1 (a), stable Fltl D2Flkl 
D3.Fc~Cl (a), or transient VEGFR1R2-Fc&Cl (a). At all 
modified Fltl receptor concentrations tested there is com­
plete binding ofVEGFI65 ligand during the preincubation, 

25 resulting in no detectable stimulation of cell-surface recep­
tors by unbound VEGFl65 as compared to control media 
challenge. 

FIG. 27. MG/R2 Cell proliferation assay. The following 
modified Flt receptors Fltl(l-3)-Fc, FltlD2.FlklD3.Fc~Cl 

30 (a) and FltlD2.VEGFR3D3.Fc~Cl(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 

35 negative control receptor 11e2-Fc does not block VEGF 165-
induced cell proliferation at any concentration whereas Flt] 
D2.Flkl D3.Fc~Cl (a) blocks 1.56 nM VEGFI65 with a 
half maximal dose of 0.8 nM. Flt! (1-3)-Fc and 
FltlD2.VEGFR3D3.FcACl(a) are less effective in blocking 

40 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 

45 bound VEGF 165 to the immobilized Flt! D2Flkl D3 .Fc~Cl 
(a) or VEGFRl R2-Fc~Cl (a), using the conversion factor 
of 1000 RU equivalent to I ng/ml. The results indicated 
binding stoichiometry of one VEGFI65 dimeric molecule 
per one Fltl D2Flkl D3.FcACl (a) or VEGFRI R2-FcL\Cl 

50 (a) molecule. 
FIG. 29 and FIG. 30. Size Exclusion Chromatography 

Stoichiometry. Fltl D2Flkl D3.Fc~Cl (a) or VEGFRI 
R2-Fc~Cl (a) at a concentration of 1 nM (estimated to be 
1000 times higher than the KD of the Flt! D2Flkl 

55 D3.Fc~CI (a) or VEGFRI R2-Fc~CI (a)/VEGF165 inter­
action) were nlixed with varied concentrations ofVEGFI65. 
After incubation, concentrations of the free 
FltlD2FlklD3.Fc~Cl(a) in solution were measured. The 

FIG. 23. Extracellular Matrix (ECM)Assay. The results of 60 
this assay demonstrate that the Fltl D2.Flkl D3.Fc~Cl (a) 
and FltlD2.VEGFR3D3.Fc~Cl(a) proteins are consider­
ably less sticky to the ECM as compared to the Fltl(l-3)-Fc 
protein. 

data shows that the addition of I nM VEGFI 65 into the 
FltlD2FlklD3.Fc~Cl(a) solution completely blocks 
FltlD2FlklD3.FcACl(a) binding to the VEGFl65 surface. 
This result suggested the binding stoichiometry of one 
VEGF165 molecule per one Fltl D2Flkl D3.Fc~Cl (a) 
molecule. 

FIGS. 24A-24C. Nucleotide and deduced amino acid 
sequence of the modified Fltl receptor termed VEGFRIR2-
Fc~Cl(a). 

65 FIG. 31. Size Exclusion Chromatography (SEC) under 
native conditions. Peak #1 represents the 
FltID2FlklD3.FcACl(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)was added to a final concentration 4.5M to disso­
ciate the complex. 

FIG. 32. Size Exclusion Chromatography (SEC) under 5 

dissociative conditions. To separate the components of the 
receptor-ligand complex and to determine their molar ratio, 
50 µI 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- 10 

rations of proteins, peptides, polynucleotides and other 
biomolecules in the micropreparative scale) 3.2/30 equili­
brated in 6M GuHCI and eluted. Peak #1 represents 
FltlD2FlklD3.FcL\Cl(a) and peak #2 represents VEGF 165. 

12 
(a)) the Cmax was 18 µg/ml and the Cmax for the stable 
VEGFR1R2-FcL\Cl(a) was 30 µg/ml. 

FIG. 38. Pharmacokinetics of Fltl(l-3)-Fc (A40), 
Flt!D2.Flkl D3.FcAC1 (a) and Flt! D2.VEGFR3D3.FcMI 
(a). Balb/c mice were injected subcutaneously with 4 mg/kg 
of Flt! (1-3)-Fc (A40), CHO transiently expressed 
Flt!D2.FlklD3.FcACl(a) and CHO transiently expressed 
Flt!D2.VEGFR3D3.Fc1Kl(a). The mice were tail bled at 1, 
2, 5, 6, 7, 8, 12, 15 and 20 days afterinjection. The sera were 
assayed in an ELISA designed to detect Flt! (1-3)-Fc, FIil 
D2.Flkl D3.FcAC1 (a) and FltlD2.VEGFR3D3.FcACl(a). 
Fltl(l-3)-Fc (A40) could no longer be detected in the serum 
after day 5 whereas FltlD2.Flk!D3.FcACl(a) and 
FltlD2.VEGFR3D3.FcACl(a) were detectable for 15 days 
or more. 

FIG. 39. The Ability of FltlD2.FlklD3.FcACl(a) to 
Inhibit HT-1080 Fibrosarcoma Tumor Growth ln Vivo. 

FIG. 33, FIG. 34 and FIG. 35. Size Exclusion Chroma- 15 

tography (SEC) with On-Linc Light Scattering. Size exclu­
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, 

Every other day or 2 times per week treatment of SCID mice 
20 with FltlD2.FlklD3.FcACl(a) at 25 mg/Kg significantly 

decreases the growth of subcutaneous HT-1080 fibrosar-
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 RI 
signals. The same procedure was used to determine MW of 25 

the individual components of the receptor-ligand complex. 
The results of these determinations are as follows: MW of 
the FltlD2FlklD3.FcL\Cl(a)NEGF165 complex at the peak 
position is 157 300 (FIG. 33), the MW ofVEGF165 at the 
peak position is 44 390 (FJG. 34) and the MW of R1R2 at 30 

the peak is 113 300 (FIG. 35). 

FIG. 36. Peptide mapping and glycosylation analysis. The 
disulfide structures and glycosylation sites in Fltl D2.Flkl 
D3.FcAC1 (a) were determined by a peptide mapping 35 
method. There are a total of ten cysteines in 
FltlD2.Flk1D3.FcACl(a); six of them belong to the Fe 
region. Cys27 is disulfide bonded to Cys76. Cys121 is 
disulfide bonded to Cys 182. The first two cysteines in the 
Fe region (Cys211 and Cys214) form an intermolecular 4-0 
disulfide bond with the same two cvsteines in another Fe 
chain. However, it can not be deterntlned 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 45 
bonded to Cys410. 

There are five possible N-linked glycosylation sites in 
FltlD2.FlklD3.FcACl(a) and are found to be glycosylated 

coma tumors. 

FIG. 40. The Ability of FltlD2.FlklD3.FcACl(a) to 
Inhibit C6 Glioma Tumor Growth In Vivo. Every other day 
or 2 times a week treatment ofSCID mice with Fltl 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 JU) 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 Fltl (1-3)-Fc (A40), Flt! D2.Flkl D3.FcAC1 (a) and 
FltlD2.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. 

FJGS. 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 Flt! (1-3)-Fc (A40) to varying degrees. Complete glycosylation is observed at 

Asn33, Asnl 93, and Asn282. Partial glycosylation is 
observed on Asn65 and Asn120. Sites of glycosylation are 
highlighted by underline in the Figure. 

50 or FltlD2.FlklD3.FcACl(a) at 25 mg/kg or 5 mg/kg at 1 hr. 
after PMSG injection resulted in a complete inhibition of the 
progesterone induction on day 4. 

FIG. 37. Pharmacokinetics of Fltl(l-3)-Fc (A40), Fltl 
D2.Flkl D3.FcL\Cl (a) and VEGFRI R2-FcAC1 (a). Balb/c 
mice were injected subcutaneously with 4 mg/kg of Flt 1 (I - 55 

3)-Fc (A40), CHO transiently expressed 
FltlD2.Flk1D3.FcACI(a), CHO stably expressed 
FltlD2.FlklD3.FcACl(a), and CHO transiently expressed 
VEGFRIR2-FcACl (a). The mice were tail bled at 1, 2, 4, 6, 
24 hrs, 2 days, 3 days and 6 days after injection. The sera 60 
were assayed in an ELJSA designed to detect Fltl(l-3)-Fc 
(A40), FltlD2.FlklD3.FcACl(a) or VEGFR1R2-FcACl(a). 
The Tmax for Fltl(l-3)-Fc (A40) was at 6 hrs while the 
Tmax for the transient and stable FltlD2.FlklD3.FcACl(a) 
and the transient VEGFRlR2-FcACl(a) was 24 hrs. The 65 

Cmax for Fltl(l-3)-Fc (A40) was 8 µg/ml, For both tran­
sients (FltlD2.FlklD3.FcACl(a) and VEGFR1R2-FcAC1 

DETAILED DESCRIPTION OF THE 
INVENTJON 

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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Tue present invention provides for novel chimeric 
polypeptide molecules formed by fusing a modified extra­
cellular ligand binding domain of the Fltl receptor to the Fe 
region oflgG. 

Tue 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 10 

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- 15 
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 20 
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 25 
(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. 

Tue present invention provides for the construction of 30 
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 ceJI. Appropriate host cells include, but are 
not limited to, bacterial cells, yeast cells, insect cells, and 35 

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 40 

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 Puhl. 45 

Assoc., Wiley-lnterscience, 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- 50 
binant DNA molecule. For exan1ple, 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 55 

limited to, the long terminal repeat as described in Squinto 
et al., (1991, Cell 65:1-20); the SV40 early promoter region 
(Bemoist 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 60 
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 65 
the ~-lactamase promoter (Villa-Kamaroff, et al., 1978, 
Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or the tac 

14 
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 
elements 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 et al., 1986, Cold Spring Harbor 
Syrop. 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 (Grosschedl et al., 1984, Cell 
38:647-658; Adames et al., 1985, Nature 318:533-538; 
Alexander et al., 1987, Mo!. 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, Mo!. 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
ernl approaches: (a) DNA-DNA hybridiz.ation, (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 hybridi2ation 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, trnnsformation 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 
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be _based, for e~amp_Ie, on the physical or functional prop­
erties of the ch1menc polypeptide molecules. Cells of the 
~resent invention may transiently or, preferably, constitu­
tively and permanently express the chimeric polypeptide 
mol_ecules. 

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 10 

inclusion bodies, from which they may be extracted quan­
titatively by 8M guanidinium hydrochloride and dialysis 
(sec, for example, Builder, ct al., U.S. Pat. No. 5,663,304). 
In order to further purify the factors, conventional ion 
exchange chromatography, hydrophobic interaction chroma- 15 
tography, reverse phase chromatogmphy or gel filtmtion 
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. Jn 20 
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 25 
components are rearranged. For example, if the nucleotide 
sequence encoding the first component is designated. I, the 
nuc_leotide 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 30 
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; 
1,3,2; 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- 35 
ods of detecting aberrancies in the function or expre;sion 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 40 

molecules may be used in the treatment of diseases. In 
further embodiments, the chimeric polypeptide molecule is 
uti~ized 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 45 

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; so 
asthma; generalized edema associated with burns; ascites 
and pleural effi.ision 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 55 

macular degeneration and diabetic retinopathy. 
An amino acid sequence analysis of Flt I (1-3)-Fc revealed 

the presence of an unusually high number ( 46) of the basic 
amino acid residue lysine. An IEF analysis of Fltl(l-3)-Fc 
showed that this protein has pl greater than 9.3, confirming 60 
the prediction that the protein is very basic. Jt 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 Flt I 65 
(1-3)-Fc when injected into mice. In order to test this 
hypothesis, Flt 1(1-3)-Fc protein was acetylated at the lysine 

16 
residues to reduce the basic charge. Acety)ated Fltl (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 I 

Expression ofFltl(l-3)-Fc Protein in CHO Kl 
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 Puhl. 
Assoc., Wiley-lnterscience, NY), the gene encoding Fltl(l-
3)-Fc was inserted into the expression vector pEE14.l 
(Lonza Biologics, pie) at a multiple cloning site downstream 
of the CMV promoter. CHO Kl cells were transfected with 
the pEE14.l/Fltl(l-3)-Fc DNA construct using lipo­
fectamine (Gaithersburg, Md.). The transfected CHO Kl 
cells were grown in glutamine-free DMEM (JRH, Kansas 
City, Mo.) containing 25 µM methionine sulfoximine (MSX) 
from Sigma Inc., St. Louis, Mo., and high recombinant 
protein expressors were obtained by screening the CHO Kl 
cell supematants from over I 00 hand-picked colony isolates 
using a standard immunoassay which captures and detects 
human Fe. The selected hand-picked clone was amplified in 
the presence of 100 µM MSX followed by a second round 
of screening of the amplified clones. The highest producing 
clone had a specific productivity of recombinant Fltl (l-3)­
Fc protein of 55 pg/cell/day. 

The selected clone was expanded in 225 cm2 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), l O µM MSX and GS supple­
~ent (JRH Scientific, Kansas City, Mo.) in a SL Celligen 
btoreactor (New Brunswick Scientific, New Brunswick 
N .J .) at a density of0.3x 106 cells/mL. After the cells reached 
a density of 3.6xl06/mL and were adapted to suspension 
they were transferred to a 60L bioreactor (ABEC, Allen­
town, Pa.) at a density of0.5xl06 cells/mLin 20Lof1SCHO 
me~~ with 5% fetal bovine serum. After two days an 
add1t1onal 20L ofISCHO+5% fetal bovine serum was added 
to the bioreactor. The cells were allowed to grow for an 
additional two days reaching a final density of 3.lxl06 

cells/mL, and a final Fltl(l-3)-Fc concentration at harvest 
was 95 mg/L. At harvest the cells were removed by tangen­
tial flow filtration using 0.45 µm Prostak Filters (Millipore, 
Inc., Bedford, Mass.). 

Example 2 

Purification of Fltl(l-3)-Fc Protein Obtained from 
CHO Kl Cells 

Flt! (1-3)-Fc protein was initially purified by affinity 
chromatography. A Protein A column was used to bind, with 
high specificity, the Fe portion of the molecule. lbis affinity­
purified protein was then concentrated and passed over a 
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SEC column. The protein was then eluted into the fornrn­
lation buffer. ']be 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 1 Ox 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 perfom1ance of gel filtmtion of 
protein. DNA fragments and other biomolecules) prepara­
tion grade resins were obtained from Pharmacia, Piscataway, 
N.J. Equipment and membranes for protein concentration 

18 
then detection of bound proteins is accomplished by adding 
a secondary alkaline phosphatase-conjugated anti-human Fe 
antibody to the wells. Finally, alkaline phosphatase substrate 
is added to the wells and optical density is measured. FIG. 

5 2 shows the results of thls assay. Like the irrelevant control 
protein rTie2-Fc, acetylated Flt! (1-3)-Fc does not exhibit 
any binding to the Matrigel coated plate, whereas the 
non-acetylated Flt! (1-3)-Fc protein exhibits significant 
binding. This result indicates that acetylation of basic amino 

10 acid residues is an effective way to interfere with the charge 
interactions that exist between positively charged proteins 
and the negatively charged extracellular matrix components 
they are exposed to in vivo. 

were obtained from Millipore, Bedford, Mass. 
15 

Approximately 40 Lof0.45 µm-filtered CHO conditioned 
media containing Fltl(l-3)-Fc protein was applied to a 290 
mL Protein A Fast Flow column (JO cm diameter) that had 
been equilibrated with PBS. The column was washed with 
PBS containing 350 mM NaCl and 0.02% CHAPS and the 

20 
bound protein was eluted with 20 mM Citric Acid containing 

Example 5 

Pegylation of Flt! (1-3)-Fc Protein 

10 mM Na2 HP04 . The single peak in the elution was 
collected and its pH was raised to neutrality with 1 M NaOH. 
Jbe eluate fractions was concentrated to approximately 9 
mg/mL using I OK regenerated cellulose membranes by both 25 
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 cm) and run in PBS 
containing 5% glycerol. The main peak fractions were 30 
pooled, sterile filtered, aliquoted and stored at -80° C. 

Although pegylation (polyethylene glycol-PEG) of pro­
teins has been shown to increase their in vivo potency by 
enhancing stability and bioavailability while minimizing 
in1mtmogenicity (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 Flt! (1-3)-Fc 
molecules could improve the pham1aeokinetic properties, 
possibly not by altering the positive charge or by decreasing 
the pl ofFltl(l-3)-Fc, but rather by physically shielding the 

Example 3 

Acetylation of Fltl(l-3)-Fc Protein 

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

Example 4 

Characterization of Acetylated Fltl(l-3)-Fc Protein 

(a.) IEF analysis 
Fltl(l-3)-Fc and acetylated Fltl(l-3)-Fc were analyzed 

positive charges from interacting with the extracellular 
matrix. Applicants decided to attempt to improve the phar­
macokinetic properties ofFltl(l-3)-Fc molecules by attach-

35 ing strands of 20K PEGs as described infra. 

Materials and Methods 

Purified Fltl(l-3)-Fc derived from CHO cells (see supra) 
was used in the following pegylation experiments. Func-

40 tionalized PEGs were obtained from Shearwater Polymers, 
Huntsville, Ala.; Bicine from Sigma, St Louis, Mo.; Super­
ose 6 column from Pham1acia, Piscataway, N.J.; PBS as a 
1 Ox concentrate from Life Technologies, Gaithersburg, Md.; 
Glycerol from J. T. Baker, Phillipsburg, N.J.; and Bis-Tris 

45 precast gels from Novex, CA. 

by standard IEF analysis. As shown in FIG. 1, Fltl(l-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. 50 

However, acetylated Fltl(l-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 

20K PEG strands functionalizcd 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 
SOS-PAGE, Fltl(l-3)-Fc at a concentration of 1.5 mg/mL 
was reacted at pH 8.1 with 20K SPA-PEG (PEG succinim­
idyl propionate) molecules at a PEG-to-Fltl(l-3)-Fc mono-

of the protein and therefore its pl considerably. 

(b.) Binding to Extracellular Matrix Components 
To test for binding to extracellular matrix components, 

Fltl (1-3)-Fc and acetylated Fltl (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 MATRJGEL® 
matrix thin layer 96 well plate, Catalog #40607, Becton 
Dickinson Labware, Bedford, Mass.). The plates are incu­
bated with varying concentrations of either Fltl(l-3)-Fc, 
acetylated Fltl (J-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 

55 mer molar ratio of I :6. The reaction was allowed to proceed 
at 8° C. overnight. For initial purification, the reaction 
products were applied to a 10 mmx30 cm Supcrose 6 
column equilibrated with PBS containing 5% Glycerol. The 
column appeared to separate pegylated Fltl(l-3)-Fc mol-

60 ecules based on the extent of pcgylation. Fractions corre­
sponding to what appeared to be primarily mono-pegylated 
and di-pegylated dimeric FIil (1-3)-Fc, as judged by band­
ing patterns on reducing and non-reducing SOS-PAGE gels 
were pooled. The protein concentration was determined by 

65 measuring absorbance at 280 nm. The pegylated Fltl(J-3)­
Fc protein was sterile filtered, aliquoted and stored at -40° 
C. 
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Example 6 

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

20 
lated, or pegylated Fltl(l-3)-Fc-containing sera, and report­
ing with an anti-Fe antibody linked to alkaline phosphatase. 
As shown in FIG. 5, the Tmax for all of the Fltl(l-3)-Fc 
proteins was between the 6 hour and 24 hour time points. 

5 The Cmax for the different proteins was as follows: Unmodi­
fied: 0.06µ/ml-0.15 µg/ml; acetylated: 1.5 µg/ml-4.0 µg/ml; 
and pegylated: approximately 5 µg/ml. 

Unmodified, acetylated, and pegylated Fltl(l-3)-Fc pro­
teins were tested in a Biacore-based assay to evaluate their 
ability to bind to the Fltl ligand, VEGF: In this assay,_ 
unmodified Fltl(l-3)-Fc protein was immobilized on the 
surface of a Biacore chip (see Biacore Jnstruction Manual, 10 

Pharmacia, Jnc., Piscataway, N.J., for standard procedures) 
and a san1ple containing 0.2 µg/ml VEGF and either 
unmodified Fltl(l-3)-Fc, acetylated Fltl(l-3)-Fc or pegy­
lated Fltl (1-3)-Fc (each at'25 µg/ml) was passed over the 
Ftll(l-3)-Fc-coated chip. To minimize the effects of non- 15 

specific binding, the bound samples were washed with a 
0.5M NaCl wash. In one sample, unmodified Fltl(l-3)-Fc 
was mixed with heparin. Heparin is a negatively charged 
molecule and the Fit! (1-3)-Fc protein is a positively charged 
molecule, so when the two molecules are mixed together, 20 
they should interact through their respective charges. This 
essentially neutralizes Fltl (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 

Example 9 

Step-Acetylation of Flt! (1-3)-Fc 

To detennine what minimal amount of acetylation is 
necessary to eliminate binding to extracellular matrix com­
ponents, an experiment was designed that acetylated the 
Fltl(l-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 I 00 
moles of acetylation reagent per 1 mole of Fltl(l-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, l11., Cat.# 
26777). 

its tendency to bind via charge interactions. As shown in 25 

FJG. 3, acetylated (columns 13-16), pegylated (columns 
17-20), and heparin-treated Fltl(l-3)-Fc (columns 21-24) 
are each able to completely compete with the Biacore 
chip-bound Fltl(l-3)-Fc for VEGF binding as compared to 
control (columns 1-4) and irrelevant protein (columns 5-8). 30 

Unmodified Fltl(l-3)-Fc (columns 5-6) appeared to only 
partially compete with Biacore chip-bound Fltl(l-3)-Fc for 
VEGF binding. However, washing the bound samples with 
0.5M NaCl (columns 7-8) resulted in a binding profile 
similarto the modified forms ofFltl(l-3)-Fc, indicating that 35 

the unmodified protein was exhibiting non-specific binding 

Example 10 

Characterization of Step-Acetylated Fltl(l-3)-Fc 

(a.) IEF analysis 
Unmodified Flt! (1-3)-Fc and step-acetylated Flt! (1-3)-Fc 

proteins were analyzed by standard JEF analysis. As shown 
in FIGS. 6A-6B, unmodified Fltl(l-3)-Fc protein was not 
able to migrate into the gel due to its extremely high pl 
(greater than 9.3). However, most of the stcp-acetylated 
Fltl(l-3)-Fc samples (30-100 fold molar excess samples) 

to the chip that could be eliminated by the salt wash. 

Example 7 

Binding of Unmodified, Acetylated, and Pegylated 
Fltl(l-3)-Fc in an ELJSA-Based Assay 

Unmodified, acetylated, and pegylated Flt! (1-3)-Fc pro­
teins were tested in a standard ELJSA-based assay to evalu­
ate their ability to bind the Fltl receptor ligand VEGF. As 
shown in FIG. 4, both pegylated and acetylated Fltl(l-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 Flt! (1-3 )­
Fe, Acetylatcd Fltl(l-3)-Fc, and Pegylatcd Fltl(l-

3)-Fc 

1n vivo experiments were designed to assess the phanna­
cokinetic profiles of unmodified Fltl(l-3)-Fc, acetylated 
Fltl(l-3)-Fc, and pegylated Fltl(l-3)-Fc protein. Balb/c 
mice (23-28 g; 3 mice/group) were injected subcutaneously 
with 4 mg/kg of unmodified, acetylated, or pegylated Flt I 
(1-3)-Fc. The mice were tail bled at I, 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 
Fltl(l-3)-Fc protein. Briefly, the assay involves coating an 
ELISA plate with VEGF, binding the unmodified, acety-

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 

40 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 ofStep-Acetylated Fltl(l-3)-Fc to Extracellu-
45 lar Matrix Components 

To test for binding to extracellular matrix components, 
Fltl(l-3)-Fc and step-acetylated Fltl(l-3)-Fc where tested 
in the above-described assay designed to mimic the inter­
action with extracellular matrix components. Varying con-

so centrations of either unmodified Fltl ( 1-3 )-Fe, step-acety­
lated Fltl (1-3)-Fc (10, 20, 311d 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 3 7° C. and then detection of bound 

55 proteins was accomplished by adding a secondary alkaline 
phosphatase-conjugated anti-human Fe 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 

60 protein rTie2-Fc, step-acetylated Flt! (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 Flt! (1-3)-Fc protein exhibited significant bind­
ing. The binding is saturable, indicating that the Fltl(l-3)-Fc 

65 protein may be binding to specific sites, rather than a more 
general charge-mediated interaction that might not be satu­
mble. 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 68) 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 Flt!(I-3)-Fc in a Biacore­
Bascd Assay 

Unmodified and step-acetylated Fltl(l-3)-Fc proteins 
where tested in a Biacore-bascd assay to evaluate their 
ability to bind to the Fltl ligand, VEGF. In this assay, 
unmodified Fltl(l-3)-Fc protein (0.5, 1.0, or 5.0 µg/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 µg/ml 
VEGF and either unmodified Flt 1(1-3 )-Fe (at either 0.5, 1.0, 
or 5.0 µg/ml) or 10 different step-acetylated Flt] (1-3)-Fc 
samples (at 0.5, 1.0, or 5.0 µg/ml each) were passed over the 
Flt! (1-3)-Fc-coated chip. As shown in FIG. 8, at a sub­
stoichiometric ratio (0.5 µg/ml of either unmodified Fltl(l-
3) or step-acetylated Fltl(l-3)-Fc vs. 0.2 µg/ml VEGF), 
there is not enough Fltl(l-3)-Fc (either unmo<lified or 
step-acetylated) in the solution to completely bind the 
VEGF. At 1.0 µg/ml, which approximates a 1: l stoichio­
metric ratio, both unmodified and stcp-acetylatcd Fltl(J-3)­
Fc are better able to compete for VEGF binding, but there is 
still insufficient Fltl (1-3)-Fc protein (either unmo<lified or 
step-acetylated) to completely bind the available VEGF. 
However, at 5.0 µg/ml, which is several times greater than 
a 1:1 stoichiometric ratio, both the Flt! (1-3)-Fc and the 
step-acetylated Flt! (1-3)-Fc proteins are able to bind the 
VEGF, regardless of the degree of acetylation. This clearly 
demonstrates that acetylation does not alter Fltl(l-3)-Fc's 
ability to bind VEGF. 

(d.) Pharmacokinetic Analysis ofStep-Acetylated Fltl(J-3)· 
Fe 

In vivo experiments were designed to assess the pharma­
cokinetic profiles of unmodified Fltl(l-3)-Fc and step­
acetylated Fltl(l-3)-Fc protein. Balb/c mice (23-28 g) were 
injected subcutaneously with 4 mg/kg of unmodified or I 0, 
20, 40, 60 and 100 fold molar excess samples of step­
acetylated Flt! (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 l, 2, 4, 6, 
24 hours, 2 days and 3 days after i1tjection. TI1e sera were 
assayed in an ELISA-based assay designed to detect Fltl 
(l-3)-Fc (described supra). FIG. 9 details the results of this 
study. The Tmax for all of the Fltl(l-3)-Fc proteins tested 
was at the 6 hour time point but the Cmax was as follows: 
Unmodified Fltl(l-3)-Fc: 0.06 µg/ml; 10 fold molar excess 
sample:-0.7 µg/ml, 20 fold molar excess sample-2 µg/ml, 
40 fold molar excess sample-4 µg/ml, 60 fold molar excess 
sample-2 µg/ml, 100 fold molar excess sample-] µg/ml. 
'Ibis results demonstrates that acetylation or pegylation of 
Fltl(l-3)-Fc significantly improves its pharmacokinetic pro­
file. 

Example II 

Construction of Flt I (1-3)-Fc Basic Region Deletion 
Mutant Designated Mull: Fltl(l-3AB)-Fc 

~ased on the observation that acetylated Fltl(I-3)-Fc, 
wluch has a pl below 6, has much better phannacokinetics 

22 
than the highly positive unmodified Fltl(l-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, 

5 or whether there were perhaps specific locations on the 
surface of the Fltl (I-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-

10 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 

15 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 

20 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 

25 of an extracellular matrix component binding site. Fltl 
receptor bas 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. l0A-10D of this 

30 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. Fltllg domain 1 

35 extends from nucleotide 79 to 393, ending with the amino 
acids Ser-Asp-Tor. FIil lg domain 2 extends from nucleotide 
394 to 687 (encoding Gly-Arg-Pro to Asn-Thr-lle), and Fltl 
lg domain 3 extends from nucleotides 688 to 996 (encoding 
lie-Asp-Val to Asp-Lys-Ala). There is a bridging amino acid 

40 sequence, Gly-Pro-Gly, encoded by nucleotides 997-1005, 
followed by the nucleotide sequence encoding human Fe 
(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 
45 reveals that there is a cluster, namely, amino acid residues 

272-281 (KNKRASVRR) of FIGS. lOA-10D, in which 6 
out of 10 amino acid residues are basic. This sequence is 
located in Fltl lg domain 3 of the receptor (see FIG. 11), 
which is not itself essential for binding ofVEGF ligand, but 

50 which confers a higher aillnity binding to ligand. An align­
ment of the sequence of lg domain 3 with that of Jg domain 
2 reveals that in this region, there is very poor alignment 
between the two lg domains, and that there are about 10 
additional amino acids in lg domain 3. An analysis of the 

55 hydrophilicity profiles MACVECTOR™, a trademark of 
Accelrys relating to computer software) of these two 
domains clearly in<licates the presence of a hydrophilic 
region in the protein (FIGS. 12A-12B). These observations 
raised the possibility that the actual three dimensional con-

60 formation of FIil lg domain 3 allowed for some type of 
protrusion that is not in Fltl lg domain 2. To test this 
hypothesis, the 10 additional amino acids were deleted and 
the resulting protein was tested to see whether the deletion 
would affect the pbarmacokinetics favorably without seri-

65 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, 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 122



US 7,070,959 Bl 
23 

A Laboratory Manual (Sambrook, et al., Cold Spring Harbor 
Laboratory), Current Protocols in Molecular Biology (Eds. 
Ausubel, et al., Greene Puhl. Assoc., Wiley-Interscience, 
NY) in the mammalian expression vector pMf21 (Genetics 
Institute, Inc., Cambridge, Mass.), is referred to as Mull: 
Fltl(l-3AB)-Fc. The Mutl: Fltl(l-3AB)-Fc construct was 
derived from Fltl(l-3)-Fc by deletion of nucleotides 814-
843 (set forth in FIGS. lOA-l0D), which deletes the highly 
basic IO-amino acid residue sequence Lys-Asn-Lys-Arg­
Ala-Ser-Val-Arg-Arg-Arg from Flt! lg domain 3. 

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

Example 12 

Construction of Fltl (1-3)-Fc Basic Region Deletion 
Mutant Designated Mut2: Fltl(2-3AB)-Fc 

A second deletion mutant construct, designated Mut2: 

10 

24 
the canonical signal (Asn-Xxx-Ser/fhr) for the addition of a 
N-glycosylation site at the Asn residue. The sequence of 
Mut4: Fltl(l-3R->N)-Fc is set forth in FIGS. 16A-16D. 

Example 15 

Characterization of Acetylated Fltl(l-3)-Fc. Mutt: 
Fltl(l-3AB)-Fc, and Mut4: Flt1(1·3R•>N)•Fc 

Mutants. 

(a.) Binding to Extracellular Matrix Components 
To determine whether the three modified proteins were 

more or less likely to have improved phannacokinetic 
properties, Matrigel coated 96-well dishes (as described 

15 supra) were incubated with varying concentrations of the 
mutant proteins and detected with anti-human Fe/alkaline• 
phosphatase conjugated antibodies. As shown in FIG. 18, 
this experiment showed that while the unmodified Fltl (l • 
3)-Fc protein could bind avidly to these wells, the Mut3: 

2° Flt1(2-3)-Fc protein bound somewhat more weakly, the 
Mutt: Fltl(t-3=)-Fc protein bound more weakly still, and 
the Mut2: Flt1(2-3AB)·FC protein showed the best profile, 
binding more weakly than any of the other mutant proteins. 
The Mut4: Fltl (1-3R.,-N)-Fc glycosylation mutant protein 

25 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. 

Fltl(2-3AB)-Fc, was derived from the Mutl: Fltl(l-3AB)-Fc 
construct by deletion of Fltl lg domain 1 encoded by 
nucleotides 79-393 (see FIGS. lOA-lOD); for convenience, 
nucleotides 73-78 (TCA GGT) were changed to TCC GGA. 
This introduced a restriction site (BspEl) 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 Puhl. Assoc., Wi!ey-Interscience, 
NY) in the mammalian expression vector pMf2t (Genetics 
Institute, Inc., Cambridge, Mass.), was also sequence-veri- 35 

fled using an ABI 373A DNA sequencer and Taq Dideoxy 
Terminator Cycle Sequencing Kit (Applied Biosystems, 
Inc., Foster City, Calif.). The sequence of Mut2: Flt! (2-3AB)· 

30 
(b.) Binding of Mutt: Fltl(1·3=)•Fc and Mut4: Fltl(l-3R. 
>N)-Fc in a Biacore-Based Assay 

Unmodified and acetylated Fltl(l-3)-Fc and genetically 
modified Mutl: Fltl(l-3AB)-Fc and Mut4: Fltl(l-3R.,.N)-Fc 
proteins where tested in a Biacore-based assay to evaluate 
their ability to bind to the Fltl ligand, VEGF. In this assay, 
unmodified Fltl(l-3)-Fc protein (0.25, 0.5, or 1.0 µg/ml) 
was immobilized on the surface of a Biacore chip (see 
Biacore Instruction Manual, Pharmacia, Inc., Piscataway, Fe is set forth in FIGS. 14A-14C. 

Example 13 

Construction of Fltl (1-3)-Fc Deletion Mutant 
Designated Mut3: Flt! (2-3)-Fc. 

A third deletion mutate construct, designated Mut3: Flt! 
(2-3)-Fc, was constructed the same way as the Mut2: Flt! 
(2-3AB)-Fc construct, except that Fill lg 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(l-3)-Fc Basic Region N-Glyco­
sylation Mutant Designated Mut4: Flt! (1-3R->N)-Fc. 

A final construct was made in which a N-glycosylation 
site was introduced into the middle of the basic region of 
Flt! lg domain 3. This construct was designated Mut4: 
Fltl(l-3R->N)•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. 
lOA-10D). The resulting amino acid sequence is therefore 
changed from Arg-Ala-Ser to Asn-Ala-Ser, which matches 

4-0 N.J., for standard procedures) and a solution containing 0.1 
µg/ml VEGF and either purified or COS cell supernatant 
containing unmodified Fltl(l-3)-Fc (at approximately (0.25, 
0.5, or 1.0 µg/ml), purified acetylated Fltl (1-3)-Fc (at (0.25, 
0.5, or 1.0 µg/ml), COS cell supernatant containing Mutl: 

45 Fltl(l-3AB)•Fc (at approximately (0.25, 0.5, or 1.0 µg/ml), or 
COS cell supernatant containing Mut4: Fltl(l-3R->N)-Fc (at 
approximately (0.25, 0.5, or 1.0 µg/ml) were passed over the 
Fltl(I-3)-Fc-coated chip. As shown in FIG. 17, at the 
sub-stoichiometric ratio (0.25 µg/ml Flt! (1-3)-Fc of 

50 unmodified, acetylated or genetically modified samples vs. 
01. µg/ml VEGF), there is insufficient Fltl (1-3)-Fc protein to 
block binding ofVEGF to the Fltl{l-3)-Fc immobilized on 
the Biacore chip. At 0.5 µg/ml of unmodified, acetylated or 
genetically modified Fltl(l-3)-Fc proteins, the stoichiomet-

55 ric ratio approximates I: I and there is an increased ability to 
block VEGF binding to the Biacore chip. At 1.0 µg/ml of 
unmodified, acetylated or genetically modified Fltl(l-3)-Fc 
proteins, which is approximately a 10:1 stoichiometric ratio, 
the Fltl(l-3)-Fc proteins are able to block binding ofVEGF 

60 to the Biacore chip, but they are not equivalent. Unmodified, 
acetylated, and Mutl: Fltl(l ·3=)•Fc are essentially equal in 
their ability to block VEGF binding, whereas Mut4: Fltl(l-
3R->,v)•Fc is somewhat less efficient at blocking binding. 
These results confirm the hypothesis that it is possible to 

65 reduce the non-specific binding of a positively charged 
molecule by genetically removing a linear sequence of 
predominantly negatively charged amino acids. 
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(c.) Binding ofMutl: Fltl(J-340)-Fc. Mut2: Fltl(2-340)-Fc, 
Mut3: Fltl(2-3)-Fc, and in an ELISA-Based Assay 

To determine whether the three mutant proteins could 
bind the FIil ligand VEGF, binding experiments were done 
in which 96-well plates coated with VEGF were incubated 5 
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 Fe antibody and quantitated calorimetrically by the 
addition of an appropriate alkaline phosphatase substrate. As 10 

shown in FIG.19, this experiment showed that all the mutant 
proteins could bind VEGF similarly, at the concentrations 
tested. 

26 
(a) and RI R3 (Flt! D2.VEGFR3D3-Fc6Cl (a) and 
VEGFR1R3-Fc6Cl(a) respectively, wherein RI and 
Flt1D2=Ig domain 2 ofFltl (VEGFRl); R2 and Flkl03=Ig 
domain 3 of Flkl (VEGFR2); and R3 and VEGFR3D3=1g 
domain 3 ofFlt4 (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 Flkl 
receptor expressed in endothelial cells as described infra. 

(a) Construction of the Expression Plasmid pFltl D2, 
FlklD3,FcACl(a) 

Expression plasmids pMT21.Fltl(l-3).Fc (6519 hp) and 

Example 16 

Phannacokinetic Analysis of Acetylated Fltl(l-3)­
Fc, Mutl: Fltl(l-3M)-Fc, and unmodified Fltl(l· 

3)-Fc 

15 
pMT21.Flk-1(1-3).Fc (5230 bp) are plasmids that encode 
ampicillin resistance and Fe-tagged versions of lg domains 
1-3 of human Fit I and human Flkl, respectively. These 
plasmids were used to construct a DNA fragment consisting 
of a fusion of I g domain 2 of Flt! with lg domain 3 of Flkl, 

20 
using PCR amplification of the respective lg domains fol­
lowed by further rounds of PCR to achieve fusion of the two 
domains into a single fragment. For lg domain 2 ofFltl, the 
5' and 3' amplification primers were as follows: 

In vivo experiments were designed to assess the phanna­
cokinetic profiles of unmodified Fltl(l-3)-Fc, Mutl: Fltl(l-
3AB)-Fc, and 40 fold molar excess acetylated Fltl(J-3)-Fc 
protein. Balb/c mice (25-30 g) were injected subcutaneously 
with 4 mg/kg of unmodified Fltl(l-3)-Fc, 40 fold molar 25 

excess acetylated Fltl(l-3)-Fc, and Mutl: Fltl(l-3AB)-Fc 
proteins (4 mice each). These mice were tail bled at 1, 2, 4, 

5': bsp/fltl D2 (5'-GACTAGCAGTCCGGAGGTAGAC­
CTTTCGTAGAGATG-3') 

3': FltlD2-FlklD3.as (5'-CGGACTCAGAACCACATC­
TATGATTGTATTGGT-3') 
The 5' amplification primer encodes a BspEl restriction 

enzyme site upstream oflg domain 2 ofFitl, defined by the 
6, 24 hours, 2 days, 3 days, and 5 days after injection. The 
sera were assayed in an ELISA designed to detect Fltl(l-
3)-Fc protein which involves coating an ELISA plate with 
VEGF, binding the Fltl(l-3)-Fc and reporting with an 
anti-Fe antibody linked to alkaline phosphatase. As shown in 
FIG. -20, the Cmax for these reagents was as follows: 
Unmodified Fltl (l-3)-Fc-0.15 µg/ml; 40 fold molar excess 
acetylated Fltl(l-3)-Fc-1.5 µg/ml; and Mutl: Fltl(l-3611)­

Fc-0.7 µg/ml. 

30 amino acid sequence GRPFVEM (corresponding to amino 
acids 27-33 of FIGS. 21A-21 C). The 3' primer encodes the 
reverse complement of the 3' end of Flt! lg domain 2 fused 
directly to the 5' beginning of Flkl lg domain 3, with the 
fusion point defined as TIID ofFitl (corresponding to amino 

35 acids 123-126 of FIGS. 21A-21C) and continuing into 
VVLS (corresponding to amino acids 127-130 of FIGS. 
21A-21C) of Fikl. 

Example 17 For lg domain 3 of Flkl, the 5' and 3' amplification 
primers were as follows: 

Modified Fitl Receptor Vector Construction 40 5': Flt1D2-Flk1D3.s (5'-ACMTCATAGATGTGGTTCT­
GAGTCCGTCTCATG G-3') 

The rationale for constructing modified versions of the 
Flt! receptor (also known as VEGFRI) was based on the 
observation that the protein sequence of Fltl was highly 
basic, and was therefore likely to stick to extracellular 45 
matrix (ECM). The highly basic nature of Fltl probably 
explains why unmodified Flt! (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 Flt! (1-3)-Fc, 50 

hereinafter termed A40, exhibited a greatly improved phar­
macokinetic (PK) profile over the non-acetylated Fltl(l-3)-
Fc. Therefore, attempts were made to engineer DNA mol­
ecules that could be used to recombinantly express modified 
forms of a Flt! receptor molecule that would possess the 55 
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 lg domain of Flt I 
(which has a net charge of +5 at neutral pH) is not essential 
for tight binding to VEGF, so this domain was deleted. The 60 
third lg domain (having a net charge of+ 11) is not essential 
for binding, but confers higher affinity for VEGF than the 
second lg domain, so instead of deleting it entirely, it was 
replaced with the equivalent domains of the Flt! receptor 
relatives Flkl (also known as VEGFR2) and Flt4 (also 65 

known as VEGFR3). These chimeric molecules (denoted 
R1R2 (Flt.D2.FlklD3.FcaCl(a) and VEGFRI R2-FcACI 

3': FlklD3/apa/srf.as (5'-GATMTGCCCGGGC-
CCTTTTCATGGACCCTGAC AAATG-3') 
The 5' amplification primer encodes the end of Flt! lg 

domain 2 fused directly to the beginning of Flkl lg domain 
3, as described above. The 3' amplification primer encodes 
the end of Flkl lg 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/fltlD2 and Flkl D3/apa/srf.as (described supra) to pro-
duce the fusion product. This PCR product was subsequently 
digested with the restriction enzymes BspEI and Smal and 
the resulting 614 hp fragment was subcloned into the BspEI 
to Srfl restriction sites of the vector pMT21/6B2.Fc, to 
create the plasmid pMT21/FltlD2.Flk1D3.Fc. The nucle-
otide sequence of the Fltl D2-Flk!D3 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 hp fragment was transferred into the 
EcoRI to Srfl restriction sites of the plasmid pFltl(l-3)82-
Fc6Cl(a) to produce the plasmid pFhlD2.Flk1D3.FcAC1 
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(a). The complete DNA and deduced amino acid sequences 
of the FltlD2.FlklD3.FcACl(a) chimeric molecule is set 
forth in FIGS. 21A-21C. 

28 
vector pMT21/FltlAB2.Fc (described supra), to create the 
plasmid pMT21/Flt1D2.VEGFR3D3.Fc. lbe sequence of 
the FltlD2-VEGFR3D3 gene fusion insert was verified by 
standard sequence analysis. This plasmid was then digested 

(b) Construction of the Expression Plasmid 
pFltlD2VEGFR3D3FcACl(a) 

The expression plasmid pMT21.Fltl(l-3).Fc (6519 bp) 
encodes ampicillin resistance and an Fe-tagged version oflg 
domains 1-3 of human Fit! receptor. This plasmid was used 
to produce a DNA fragment containing lg domain 2 of Fltl 

5 with the restriction enzymes EcoRI and Srfl and the result­
ing 693 bp fragment was subcloned into the EcoRJ to Srfl 
restriction sites of the plasmid pFltl(l-3)AB2-FCAC1 (a) to 
produce the plasmid designated 
pF!tlD2.VEGFR3D3.FcACl(a). The complete DNA 

10 deduced amino acid sequence of the 
by PCR. RNA from the cell line HEL921.7 was used to 
produce lg domain 3 of Flkl, using standard RT-PCR 
methodology. A further round of PCR amplification was 
used to achieve fusion of the two lg domains into a single 
fused fragment. For lg domain 2 of Fltl, the 5' and 3' 

15 
amplification primers were as follows: 
S': bsp/fltl D2 (5'-GACTAGCAGTCCGGAGGTAGAC­

CTTTCGTAGAGATG-3') 
3': Flt1D2.VEGFR3D3.as(TTCCTGGGCAACAGCTG-

GATATCTATGATTGTATTGGT) 
20 

The 5' amplification primer encodes a BspEl restriction 
site upstream of lg domain 2 of Flt 1, defined by the amino 
acid sequence GRPFVEM (corresponding to amino acids 
27-33 of FJGS. 22A-22C). The 3' amplification primer 
encodes the reverse complement of the end of Fltl lg 25 
domain 2 fused directly to the beginning of VEGFR3 lg 
domain 3, with the fusion point defined as TIID of Fitl 
(corresponding to amino acids 123-126 ofFlGS. 22A-22C) 
and continuing into JQLL of VEGFR3 (corresponding to 
amino acids 127-130 of FIGS. 22A-22C). For lg domain 3 30 
ofVEGFR3, the 5' and 3' primers used for RT-PCR were as 
follows: 
5': R3D3.s (ATCCAGCTGl TGCCCAGGAAGTCGCTGG-

AGCTGCTGGTA) . 
3': R3D3.as (ATTTTCATGCACAATGACCTCGGT- 35 

GCTCTCCCGAAATCG) 
Both the 5' and 3' amplification primers match the 

sequence ofVEGFR3. The 296 bp amplification product of 
this RT-PCR reaction was isolated by standard techniques 
and subjected to a second round of PCR lo add suitable 40 

sequences to allow for fusion of the FltlD2 with the Flk1D3 
domains and fusion of the Flk!D3 and Fe domains via a 
GPG bridge (see below). The amplification primers were as 
follows: 
S':Fltl D2.VEGFR3D3.s (TCATAGATATCCAGCT- 45 

GTrGCCCAGGMGTCGCTGGAG) 
3': VEGFR3D3/srf.as (GATMTGCCCGGGCCATITTCAT­

GCACMTGACCTCGGT) 
The 5' amplification primer encodes the 3' end of Fltl lg 

domain 2 fused directly to the beginning (5' end) of so 
VEGFR3 lg domain 3, as described above. The 3' amplifi­
cation primer encodes the 3' end of VEGFR3 lg domain 3, 
defined by the amino acids VJVHEN ( corresponding to 
amino acids 221-226 of FIGS. 22A-22C), followed by a 
bridging sequence that includes a recognition sequence for 55 
Srfl, and encodes the amino acids GPG. The bridging 
sequence corresponds to amino acids 227-229 of FJGS. 
22A-22C. 

FltlD2.VEGFR3D3.Fci:Kl(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), I 00U penicillin, 1 OOU streptomycin, and 
10% BCS for at least I hr. before adding samples. The plates 
were then incubated for I hr. at room temperature with 
varying concentrations of Flt1D2.Flkl D3.FcAC1 (a) and 
FltlD2.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 
Fe 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 
FltlD2.Flkl D3.FcACl(a) and FltlD2.VEGFR3D3.FcACl 
(a) proteins are considerably less sticky to the ECM as 
compared to the Fltl (1-3)-Fc protein. 

Example 19 

Transient Expression of pFltlD2.Flkl D3.FcACl (a) 
in CHO-Kl (ElA) Cells 

A large scale (2L) culture of E.coli DHI0B cells carrying 
the pFlt1D2.Flk!D3.FcACl(a) plasmid described supra in 
Example 17(a) was grown overnight in Terrific Broth (TB) 
plus 100 µg/ml ampicillin. The next day, the plasmid DNA 
was extracted using a QIAgen ENOOFREETM, 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 
lN spectrophotometer and fluorometer. The plasmid DNA 
was verified by standard restriction enzyme digestion of 
aliquots using the restriction enzymes EcoRl plus Not! 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-Kl/EJA 
cells at a density of 4x106 cells/plate. Plating media was 
Gibco Ham's F-12 supplemented with 10% HYCLONETM 
(a trademark of Hyclone Laboratories relating to chemical After one round (for Fltl lg domain 2) or two rounds (for 

Flt4 lg domain 3) of PCR to produce the individual lg 
domains, the PCR products were combined in a tube and 
subjected to a further round of PCR amplification with the 
amplification primers bsp/fltlD2 and VEGFR3D3/srf.as 
described supra, to produce the fusion product. This PCR 
product was subsequently digested with the restriction 
enzymes BspEI and Smal and the resulting 625 bp fragment 
was subcloned into the BspEl to Srfl restriction sites of the 

60 products for scientific research, medical research, and the 
production of pharmaceuticals) Fetal Bovine Serum (FBS), 
lOOU penicillin/IOOU streptomycin and glutamine (2 mM). 
The following day each plate of cells was transfected with 
6 µg of the pFltlD2.FlklD3.FcACl(a) plasmid DNA using 

65 Gibco Optimem and Gibco Lipofectamine in 12 ml 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 l 0% FBS was added. Plates 
were incubated at 37° C. in a 5% CO2 incubator overnight. 
The following day the media was removed from each plate 
and 25 ml expression media (Gibco CHO-S-SFM II supple­
mented with glutamine (2 mM) and 1 mM sodium butyrate) 5 
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 l L bottles and purification of the expressed protein 10 

was pcrfonncd as described infra. 

Example 20 

Construction pVEGFRl R2-FcACl(a) Expression 15 
Vector 

Tue p VEGFRI R2.FcACl (a) expression plasmid was con­
structed by insertion of DNA encoding amino acids SDT 
(corresponding to amino acids 27-29 of FIGS. 24A-24C) 20 
between Fltld2-Flkl d3-FcACl (a) amino acids 26 and 27 of 
FIGS. 21A-21C (GG) and removal of DNA encoding amino 
acids GPGcorresponding to amino acids 229-231 ofFigure. 
Tue SDT amino acid sequence is native to the Flt! receptor 
and was added back in to decrease the likelihood of hetero- 25 
geneous N-terminal processing. The GPG (bridging 
sequence) was removed so that the Fltl and Flkl lg domains 
were fused directly to one another. The complete DNA and 
deduced amino acid sequences of the pVEGFRlR2.FcACI 

30 
(Hyclone), GS supplement (Life Technologies) and 25 µM 
methionine sulfoximinc (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 4xl06 cells/mL was reached the cells were trans• 
ferred to 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. 

(b) Cell Culture Process Used to Produce 
Flt! D2.VEGFR3D3.Fc6.C1 (a) 

The same methodologies as described supra for 
FltlD2.FlklD3.FcACl(a) were used to produce 
Flt1D2.VEGFR3D3.FcACl(a). 

Example 22 

Harvest and Purification of Modified Flt I Receptors 

(a) Harvest and Purification of FltlD2.FlklD3.Fc6.Cl(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) chimeric molecule is set forth in FIGS. 24A-24C. 

Example 21 

Cell Culture Process Used to Produce Modified 
Flt 1 Receptors 

30 a 400 mL column containing Protein A SEPHAROSE™ (a 
trademark of Amcrsham 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 

(a) Cell Culture Process Used to Produce 
FlllD2.Flk1D3.FcACl(a) 

The process for production of FltlD2.Flk1D3.Fc6.Cl(a) 
protein using the expression plasmid 
pFltlD2.FlklD3.Fc6.Cl (a) described supra in Example 1 
involves suspension culture of recombinant Chinese hamster 
ovary (CHO Kl/ElA) 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 cm2 flasks contauung the 

FltlD2.Flk1D3.FcACl(a) expressing cell line were 
expanded by passaging cells into eight T-225 cm2 flasks in 
medium (GMEM+l0% serum, GIBCO) and incubated at 
37° C. and 5% CO2 • 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 cm2 roller bottles and incubated at 37° C. and 5% CO2 
until confluent. 

35 
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 FltlD2.FlklD3.FcACI (a) protein 
from the Protein A step above were thawed, pooled and 

40 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 

45 protein was loaded onto a size exclusion column packed 
with Superdex 200 resin (Amersham Phannacia) that was 
equilibrated with phosphate buffered saline plus 5% glyc­
erol. The same buffer was used to mn the column. The 
fractions corresponding to Flt1D2.FlklD3.Fc6.Cl(a) dimer 

50 were pooled, sterile filtered through a 0.22 micron filter, 
aliquoted and fro1.en. 

(b) Harvest and Purification of Flt1D2.VEGFR3D3.Fc6.Cl 
(a) 

The san1e methodologies as described supra for 
55 FltlD2.FlklD3.FcACl(a) were used to harvest and purify 

Flt1D2.VEGFR3D3.Fc6.Cl(a). 

Example 23 

Suspension Culture in Bioreactors 60 Phosphorylation Assay for Transiently Expressed 
VEGFR2 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.SL of suspension culture. The suspension culture 65 
medium was a glutamine-free low glucose modification of 
IS-CHO (lrvine Scientific) to which 5% fetal bovine serum 

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/ml (l 
nM) human VEGFl65, which is a ligand for the VEGF 
receptors Flt 1, Flk I and Flt4(VEGFR3) were prepared and 
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were preincubated for 1 hr. at room temperature with vary­
ing amounts of the modified Flt! receptors Fltl(l-3)-Fc, 
Fltl(l-3)-Fc (A40), Fltl D2Flkl D3.FcACI (a) and Fltl 
D2VEGFR3D3.FcAC1 (a) in serum-free DME-high glucose 
media containing 0.1 % BSA. Cells were challenged for 5 5 
minutes with the samples prepared above +/-VEGF165, 
followed by whole c~ll 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% SOS-PAGE 10 

Novex gel and then transferred to PVDF membrane using 
standard transfer methodologies. Detection of phosphory­
latcd VEGFR2 was done by immunoblotting with the anti­
phospho Tyrosine mAb called 4G10 (UBI) and developed 
using ECL-reagent (Amersham). FIGS. 25A-25C and 15 

26A-26B show the results of this experiment. FIGS. 
25A-25C reveals that detection by Western blot of tyrosine 
phosphorylated VEGFR2(Flkl) by VEGF165 ligand stimu­
lation shows that cell-surface receptors are phosphorylated 
to varying levels depending on which modified Flt! receptor 20 

is used during the preincubations with VEGF. As is seen in 
FIG. 25A, at a 1.5 molar excess of either Fltl(l-3)-Fc, 
Fltl(l-3)-Fc (A40) or transient Flt1D2FlklD3.FcACl(a) 
there is complete blockage of receptor stimulation by these 
three modified Fltl receptors as compared to control media 25 

challenge. In contrast, transient Filt1D2VEGFR3D3.FcACl 
(a) does not show significant blockage at this molar excess, 

32 
5xl03 cells/well were plated in a 96 well plate and 

allowed to settle for 2 hrs at 37° C. 'Jbe fol1owing modified 
Flt receptors Fltl(l-3)-Fc, Fltl D2.Flkl D3.FcACl (a) and 
Fltl D2.VEGFR3D3.FcACI (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 I 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 tl1e 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.FcAC1(a) 
blocks 1.56 nM VEGFl 65 with a half maximal dose of 0.8 
nM. Fltl(l-3 )-Fe and FltlD2.VEGFR3D3.FcACI(a) are less 
effective in blocking VEGFI65 in this assay with a half 
maximal dose of -2 nM. VEGFl 65 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 to 
VEGFl65 

(a) BIAcore Analysis 
The stoichiometry of Fltl D2Flk1D3.FcAC1 (a) and 

VEGFRl R2-FcACI (a) interaction with human VEGF165 
was determined by measuring either the level of VEGF 
saturation binding to the FltID2Flk1D3.FcACI(a) or 
VEGFR1R2-FcACl(a) surfaces or measuring concentration 

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 VEG Fl 65 ligand. In FIG. 30 

25C, where the modified Fltl receptors are in a 6-fold molar 
excess to VEGF165 ligand, transient 
FltlD2VEGFR3D3.FcACl(a) can now be shown to be par­
tially blocking VEGF165-induccd stimulation of cell-sur­
face receptors. 

In FIGS. 26A-26B, detection by Western blot of tyrosine 
phosphorylated VEGFR2(Flkl) by VEGF165 ligand stimu­
lation shows that cell-surface receptors are not phosphory­
latcd by challenge samples which have VEG Fl 65 preincu­
batcd with 1 and 2 fold molar excess (FIG. 26A) or 3 and 4 4-0 

fold molar excess (FIG. 268) of either transient Flt1D2Flkl 
D3.FcACl (a), stable Fltl D2Flkl D3.FcACl (a), or tran­
sient VEGFR1R2-FcACl(a). At all modified Fltl receptor 
concentrations tested there is complete binding ofVEGFl 65 
ligand during the preincubation, resulting in no detectable 45 

stimulation of cell-surface receptors by unbound VEG Fl 65 

35 of VEGF165 needed to completely prevent binding of 
FltlD2FlklD3.FcACl(a) or VEGFR1R2-FcACl(a) to 
VEGF BIAcore chip surface. 

as compared to control media challenge. 

Example 24 

Modified Flt receptors FltlD2FlklD3.FcAC1 (a) and 
VEGFRIR2-FcACl(a), were captured with an anti-Fe 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. VEGF 165 was 
injected at a concentration of 1 nM, 10 nM, and 50 nM over 
the FltlD2FlklD3.FcACl(a) and VEGFR1R2-FcACl(a) 
surfaces at 10 µI/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 
FltlD2FlklD3.FcACl (a) or VEGFR1R2-FcAC1 (a), using 

Cell Proliferation Bioassay 
so the conversion factor of I 000 RU equivalent to 1 ng/ml. The 

results indicated binding stoichiometry of one VEGFl65 
dimeric molecule per one Flt1D2Flkl D3.FcACl (a) or 
VEGFRl R2-FcAC1 (a) molecule (FIG. 28). The test cell population is MG87 cells that have been 

stably transfected with a expression plasmid that contains a 
DNA insert encoding the VEGFR2(Flkl) extracellular 55 

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(Flkl) intracellular kinase domain is that the intra­
cellular kinase domain of VEGFR2(Flkl) does not cause a 60 
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 65 
kinase domain of VEGFR2(Flkl) to take advantage of this 
proliferative response capability. 

In solution, Flt1D2FlklD3.FcACl(a) or VEGFRlR2-
FcACl(a) at a concentration of I nM (estimated to be 1000 
times higher tl1an the KD of the Fltl D2Flkl D3.FcACI (a) 
or VEGFRl R2-FcAC1 (a)NEGF165 interaction) were 
mixed with varied concentrations of VEGF165. After one 
hour incubation, concentrations of the free 
FltlD2Flk1D3.FcACI(a) in solution were measured as a 
binding signal to an amine-coupled VEGF165 surface. A 
calibration curve was used to convert the 
FltlD2FlklD3.FcACl(a) B!Acore binding signal to its 
molar concentration. The data showed that the addition of 1 
nM VEGF165 into the Flt1D2Flkl D3.FcACl (a) solution 
completely blocked FltlD2FlklD3.FcACl(a) binding to the 
VEGF165 surface. This result suggested the binding sto-
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(c) Calculation of FltlD2FlklD3.Fct.Cl(a):VEGF165 
Complex Stoichlometry 

'Jbe stoichiometry of the receptor-ligand complex was 
determined from the peak area or the peak height of the 
components. Concentrations of VEGF165 and 
FltlD2FlklD3.Fct.Cl(a) corresponding to the peak height 
or peak area, respectively, were obtained from the standard 
curves for VEGF165 and FltlD2FlklD3.Fct.Cl(a). To 

ichlometry of one VEGF165 molecule per one 
FltlD2FlklD3.Fct.Cl(a) molecule (FIG. 29 and FIG. 30). 
When the concentration of FltlD2FlklD3.Fct.Ct(a) was 
plotted as a function of added concentration of VEGF165, 
the slope of the linear portion was-1.06 for 5 
FltlD2FlklD3.Fct.Cl (a) and-1,07 for VEGFRl 
R2-Fct.Cl (a). The magnitude of the slope, very close to 
negative one, was indicative that one molecule ofVEGFl 65 
bound to one molecule of either Fltl D2Flkl D3.Fct.CI (a) or 
VEGFRI R2-Fct.Cl (a). 10 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 elvted with the same solution 

(b) Size Exclusion Chromatography 
FltlD2FlklD3.Fct.Cl (a) was mixed with a 3-fold excess 

ofVEGF165 and the receptor-ligand complex was purified 
using a Pharmacia Superose 6 size exclusion chromatogra­
phy column. The receptor-ligand complex was then incu-

15 

bated in a buffer containing 6M guanidine hydrochloride in 
order to dissociate it into its component proteins. 
FltlD2FlklD3.Fct.Cl(a) was separated from VEGF165 
using Superose 6 size exclusion chromatography column run 

at flow rute 40 µI/min. at room temperature. The standard 
curve was obtained by plotting peak area or peak height vs 
protein concentration. The molar ratio of VEGF165: 
FltlD2FlklD3.Fct.Cl(a) determined from the peak area of 
the components was 1.16. The molar ratio of VEGF165: 

in 6M guanidium chloride. In order to detennine complex 
20 

stoichlometry, several injections of FltlD2FlklD3.Fct.Cl 

FltlD2FlklD3.Fct.Cl(a) determined from the peak height 
of the components was 1. 10. 

(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 

25 

FltlD2FlklD3.Fct.Cl (a)NEGF complex. Quantification of 
the FltlD2FlklD3.Fct.Cl(a)/VEGF complex composition 
was based on the calibration curves. The results of thls 
experiment are set forth in FIG. 28, whlch shows the ratio of 
VEGF165 to FltlD2FlklD3.Fc6Cl(a) in a complex to be 

30 

1 :l. 

Example 27 

Determination of the Stoichiometry of the 
FltlD2FlklD3.Fc6Cl (a)NEGFl 65 Complex by 

Size Exclusion Chromatography with On-Line 
Light Scattering 

Complex preparation 

Example 26 

Determination of the Binding Stoichlometry of 
FltlD2FlklD3.Fct.Cl(a)NEGF165 Complex by 

Size Exclusion Chromatography 

VEGFI 65 was mixed with CHO transiently expressed 
FltlD2.FlklD3.Fc6Cl(a) protein in molar ratio of 3:1 

35 (VEGF165:Fltl D2Flkl D3.FcACl (a)) and incubated over­
night at 4° C. 

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

FltlD2Flkl D3.Fc6Cl (a)NEGF165 Complex Preparation 40 Size exclusion chromatography column with a Mini Dawn 
on-line light scattering detector (Wyatt Technology, Santa 
Barbara, Calif.) and refractive index (Rl) detectors (Shi­
madzu, Kyoto, Japan) was used to determine the molecular 

VEGF165 (concentration=3.61 mg/ml) was mixed with 
CHO cell transiently expressed Fltl D2.Flkl D3.Fc6CI (a) 
(concentration=0.9 mg/ml) in molar ratio of3:l (VEGF165: 
FltlD2.FlklD3.Fc6Cl(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 µI of the complex was loaded on a Pharmacia 
Superose 12 PC 3.2/30 whlch was equilibrated in PBS 
buffer. 1be sample was eluted with the same buffer at flow 
rate 40 µI/min. at room temperature. The results of this SEC 
arc shown in FIG. 31. Peak #I represents the complex and 
peak #2 represents unbound VEGFl 65. 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 

45 
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 

so represents the receptor-ligand complex and peak #2 repre­
sents the unbound VEGFI65. 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: 

55 MW of the FltlD2FlklD3.Fct.Cl(a)NEGF165 complex at 
the peak position is 157 300 (FIG. 33), the MWofVEGF165 
at the peak position is 44 390 (FIG. 34) and the MW of RI R2 
at the peak is 113 300 (FIG. 35). 

To separate the components of the receptor-ligand com- 60 

plex and to determine their molar ratio, 50 µI of dissociated 
complex as described supra was loaded onto a Superose 12 

These data indicated that the stoichiometry of the 
FltlD2FlklD3.Fc6Cl (a)NEGF complex is 1: I as its corre­
sponds to the sum of molecular weights for 
FltlD2FlklD3.Fc6Cl(a) and VEGF165. Importantly, thls 
method conclusively proved that the FltlD2FlklD3.Fc6Cl 

PC 3.2/30 equilibrated in 6M GuHCI and eluted with the 
same solution at a flow rate 40 µI/min. at room temperature. 
The results of this SEC are shown in FIG. 32. Peak #1 
represents FltlD2FlklD3.Fc6Cl(a) and peak #2 represents 
VEGF165. 

65 (a)NEGF165 complex was indeed composed of only one 
molecule ofVEGF165 ligand and only one molecule of the 
Fltl D2Flkl D3.Fc6Cl (a). 
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Example 28 

Peptide Mapping of FltlD2.FlklD3.Fc6Cl (a) 

The disulfide structures and glycosylation sites in 
FltlD2.FlkID3.Fc6Cl(a) were determined by a peptide 
mapping method. In this method, the protein was first 
cleaved with trypsin. Tryptic fragments were analyzed and 
identified by HPLC coupled with mass spectrometry, in 
addition to an N-terrninal 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 

36 
(b) Pharmacokinetic Analysis of Ftll (1-3)-Fc (A40). 
FltlD2.FlklD3.Fc6Cl(a) and Flt! D2.VEGFR3D3.Fc6CI 
(a) 

Balbic mice (25-30 g) were injected subcutaneously with 
5 4 mg/kg of Flt) (1-3)-Fc (A40), CHO transiently expressed 

Fltl D2.Flkl D3.Fc6Cl (a) and CHO transiently expressed 
FltlD2.VEGFR3D3.Fc6Cl(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, 

10 Flt1D2.Flkl D3.Fc6Cl (a) and Fltl D2.VEGFR3D3.Fc6Cl 
(a). The ELISA involves coating an ELISA plate with 165, 
binding the Fltl(l-3)-Fc, Flt! D2.Flkl D3.Fc6Cl (a) or 
Fitl D2.VEGFR3D3.Fc6Cl (a) and reporting with an anti­
Fe antibody linked to horse radish peroxidase. Fltl(l-3)-Fc 

15 (A40) could no longer be detected in the serum after day 5 
whereas, Flt1D2.Flkl D3.Fc1Kl (a) and 
FltlD2.VEGFR3D3.Fc6Cl (a) were detectable for 15 days 
or more. The results of this experiment are shown in FIG. 38. FltlD2.FlkID3.Fc6Cl(a); six of them belong to the Fe 

region. Cys27 has been confirmed to be disulfide bonded to 
Cys76. Cys121 is confirmed to be disulfide bonded to Cys 20 

182. The first two cysteines in the Fe region (Cys211 and 
Cys214) form an intermolecular disulfide bond with the 
same two cysteines in another Fe chain. However, because 
these two cysteines can not be separated enzymatically from 

25 
each other, 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 confirmed to be disulfide bonded to Cys306. Cys 
352 is confirmed to be disulfide bonded to Cys410. 

Example 30 

Evaluation of the Ability of 
FltlD2.FlklD3.Fc6Cl(a) to Inhibit Tumor Growth 

In Vivo 

To evaluate the ability of FltlD2.FlklD3.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 

30 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- I 07), each of 
which· exhibit distinctly different morphologies and growth 
characteristics, were used in the assay. The first dose of 

There are five possible N-linked glycosylation sites in 
FltlD2.FlkID3.Fc6CI (a). All five of them are found to be 
glycosylated to varying degrees. Complete glycosylation 
was observed at Asn33 (amino acid sequence NIT), Asnl 93 
(amino acid sequence NST), and Asn282 (amino acid 
sequence NST). In addition, partial glycosylation is 
observed on Asn65 and Asn120. Sites of glycosylation are 
highlighted by underline in the FIG. 36. 

35 FltlD2.FlklD3.Fc6Cl(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 Fltl(l-3)-Fc (A40), FltlD2.FlklD3.Fc6Cl(a) or 
vehicle either every other day (EOD) or two times per week 

Example 29 

Pharmacokinetic Analysis of Modified Flt 
Receptors 

40 (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 Fltl (1-3)-Fc (A40) and 

(a) Pharmacokinetic Analysis of Fltl(l-3)-Fc (A40), 
Flt!D2.Flk1D3.Fc6Cl(a) and VEGFRIR2-Fc6Cl(a) 

45 FltlD2.FlklD3.Fc6Cl(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. 

Balb/c mice (25-30 g) were injected subcutaneously with 
4 mg/kg ofFltl(l-3)-Fc (A40), CHO transiently expressed 
FltlD2.FlklD3.Fc6CI (a), CHO stably expressed so 
FltlD2.FlklD3.Fc6Cl(a), and CHO transiently expressed 
VEGFR1R2-Fc6Cl(a). The mice were tail bled at I, 2, 4, 6, 
24 hrs, 2 days, 3 days and 6 days after injection. The sera 
were assayed in an ELISA designed to detect Fltl(l-3)-Fc 
(A40), Flt I D2.Flk!D3.Fc6Cl(a) or VEGFRI R2-Fci:Kl(a). 55 
The ELISA involves coating an ELISA plate with 
VEGF165, binding the detect Fltl(l-3)-Fc (A40), Fltl 
D2.Flkl D3.Fc6Cl (a) or VEGFRI R2-Fc6Cl (a) and 
reporting with an anti-Fe antibody linked to horse radish 
peroxidase. The results of this experiments are shown in 60 
FIG. 37. The Tmax for Fltl(l-3)-Fc (A40) was at 6 hrs while 
the Tmax for the transient and stable Flt!D2.Flkl D3.Fc6Cl 
(a) and the transient VEGFRI R2-Fc6Cl (a) was 24 hrs. The 
Cmaxfor Fltl(l-3)-Fc (A40) was 8 µg/ml. For both transients 
(FltlD2.FlklD3.Fc6Cl(a) and VEGFRI R2-Fc6Cl (a)) the 65 

Cmax was 18 µg/ml and the Cmax for the stable VEGFRl 
R2-Fc6Cl (a) was 30 µg/ml. 

Example 31 

The Effect of VEGF 165 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. Furthennore, 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 ofVEGF 10 

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 ct al, 
1998) and preeclampsia (Baker et al, 1995; Sharkey et al, 
1996). In addition, VEGF has been implicated as the per- 15 

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 ofVEGF can reasonably be 
anticipated to be of therapeutic benefit in the above and 20 

related conditions. 
Angiogenesis and vascular remodeling are also hallmarks 

ofblastocyst implantation and placental development (Find­
lay, 1986). VEGF is strongly expressed both in the maternal 
decidua and in embryonic trophoblasts, where it is thought 25 

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; 30 

Chakraborty et al, 1995; Das et at, 1997). VEGF is also 
required for luteal angiogenesis and associated progesterone 
secretion necessary to prepare the uterus for implantation 
(Ferrara et al, 1998). Thus, agents which inhibit the biologi-
cal actions ofVEGF may prove to be useful as contraceptive 35 

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- 4-0 

fined to the vascular endothelium in normal reproductive 
tissues, Flt! 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 Flt! and KDR (Flkl) are 45 

expressed by choriocarcinoma cell line BeWo (Chamock­
Jones et al, 1994), and VEGF has been shown to promote 
DNA synthesis and tyrosine phosphorylation of MAP kinase 

38 
2 days which in tum causes an induction of VEGF in the 
uterus, it is reported that this induction results in hyperper­
meahility of the uterus and an increase in uterine wet weight 
6 hrs. later and, therefore, could potentially be blocked by 
the modified Flt receptors Flt! (1-3)-Fc (A40), Fl tl 
D2.Flk!D3.Fc.1CI (a) and Flt!D2.VEGFR3D3. FcACI (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 Fhl(l-3)-Fc (A40), 

FltlD2.FlklD3.FcACl(a) and 
Flt!D2.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 of25-40 ng/ml after PMSG. Subcutaneous injection of 
Fltl(l-3)-Fc (A40) or FltlD2.FlklD3.FcaC!(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 

Pharmacokinctic Analysis of Fltl(l-3)-Fc (A40) 
and Pegylated Flt! (1-3)-Fc 

Fltl(l-3)-Fc was PEGylatcd with either 10 kD PEG or 20 
kD PEG and tested in balb/c mice for their pharmacokinetic 
profile. Both PEGylated fonns ofFltl (1-3)-Fc were found to 
have much better PK profiles than Fltl(l-3)-Fc (A40), with 
the Tmax occurring at 24 hrs. for the PEGylated molecules 
as opposed to 6 hrs. for Fltl(l-3)-Fc (A40). 

Example 34 

VEGFl65 ELISA to Test Affinity of Modified Flt! 
Receptor Variants 

10 pM of VEGF165 was incubated overnight at room 
temperature with modified Flt! receptor variants ranging 
from 160 pM to 0.1 pM. The modified Flt! receptor variants 
used in this experiment were Fltl(l-3)-Fc, Fltl(l-3)-Fc 

in these cells. Furthennore, primary and metastatic ovarian 
carcinomas not only to express high levels ofVEGF, but-in 50 

addition to the vascular endothelium-the tumor cells them­
selves express KDR and/or Flt) (Boocock et al, 1995). 
These findings suggest that VEGF may not only be critically 
involved in the generation and maintenance of tumor vas­
culature, hut that at least in some tumors of reproductive 55 
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. 60 (A40), transiently expressed FltlD2FlklD3.Fc-ACI (a), 

transiently expressed Fltl D2VEFGFR3D3-FcACI(a), Fltl­
(l-3NAS)-Fc, Fltl(l-3R.>c)-Fc and Tie2-Fc. Flt! (l-3NAS)-Fc 
is a modified version of Fhl(l-3)-Fc in which the highly 
basic amino acid sequence KNKRASVRRR is replaced by 

Methods and Results 

(a) Assessment ofVEGF-Induced Uterine Hyperpenneabil­
ity 

Pregnant mare's serum gonadotrophin (PMSG) was 
injected subcutaneously (5 JU) to induce ovulation in pre­
pubertal female mts. This results in a surge of estradiol after 

65 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(l-3R_>c)-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, whlch 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 
VEGFl65 was then determined using an antibody to report 
free VEGFl65. This showed that the modified Flt! receptor 10 

variant with the highest affinity for VEGF 165 (determined as 
the lowest amount of free VEGF165) was Flt1D2Flkl 
D3.FcACI (a), followed by Flt! (1-3)-Fc and Fltl(l-3)-Fc 
(A40) and then by Fltl(l-3R_>c)-Fc, Fltl(l-3NA,)-Fc and 
FltlD2VEFGFR3D3-FcACl(a). Tie2Fc has no affinity for 15 

VEGF165. 
The invention claimed is: 

40 
endothelial growth factor (VEGF), wherein the fusion pro­
tein consists of immunoglobulin-like (Jg) domain 2 of 
VEGF receptor human Fltl, lg domain 3 ofVEGF receptor 
human Flkl, 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 (lg) domain 2 of VEGF receptor 
human Fltl, lg domain 3 ofVEGF receptor human Flkl, 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-
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 (Jg) domains consisting of an lg domain 2 of a 
first VEGF receptor human Flt! and lg domain 3 of a 
second VEGF receptor human Flkl; and 

20 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. 

(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 

12. An isolated nucleic acid molecule encoding a fusion 

25 protein capable of binding vascular endothelial growth fac­
tor (VEGF), consisting of 

a second VEGF receptor component. 
3. The isolated nucleic acid molecule of claim 1, wherein 30 

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 35 
domain. 

5. The isolated nucleic acid of claim 4, wherein the 
immunoglobulin domain is selected from the group consist­
ing of the Fe domain oflgG, and the heavy chain of lgG. 

6. The isolated nucleic acid molecule of claim 1, com- 40 

prising a nucleic acid sequence selected from: 

(a) a VEGF receptor component having immunoglobulin­
like (lg) domains consisting of an lg domain 2 of a first 
VEGF receptor human Fltl and lg 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 multimcrizing component is chosen from the Fe 
domain of lgG and the heavy chain of lgG. 

14. An isolated nucleic acid molecule consisting of a 
nucleotide sequence encoding immunoglobulin-like (lg) 
domain 2 of a first vascular endothelial growth factor 
(VEGF) receptor upstream of a nucleotide sequence encod-
ing lg domain 3 of a second VEGF receptor and a nucleotide 
sequence encoding a multimerizing component, wherein the 
nucleic acid sequence is SEQ ID NO:15. (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. 

15. The isolated nucleic acid molecule of claim 14 encod­
ing a fusion protein comprising the amino acid sequence of 

45 SEQ ID NO: 16. 

7. An expression vector comprising a nucleic acid mol­
ecule encoding a fusion protein capable of binding vascular * * * * * 
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VEGF-Trap: A VEGF blocker with potent 
antitumor effects 
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Donna Hylton, Elena Burova, Ella loffe, Tammy Huang, Czeslaw Radziejewski, Kevin Bailey, James P. Fandl, Tom Daly, 
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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 lg domains of VEGF 
receptor 1 to an lg constant region; however, this fusion protein 
has very poor in vivo pharmacokinetic properties. By determining 
the requirements to maintain high affinity while extending in vivo 
half life, we were able to engineer a very potent high-affinity VEGF 
blocker that has markedly enhanced pharmacokinetic properties. 
This VEGF-Trap effectively suppresses tumor growth and vascular­
ization in vivo, resulting in stunted and almost completely avas­
cular tumors. VEGF-Trap-mediated blockade may be superior to 
that achieved by other agents, such as monoclonal antibodies 
targeted against the VEGF receptor. 

The sprouting of new blood vessels, termed angiogenesis, is 
required to support growth in the embryo and young animal, 

as well as to allow for repair and remodeling processes in the 
adult. However, aberrant angiogenesis is also associated with a 
number of pathological conditions and diseases, including cancer 
(l, 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 (l, 2, 7). Consequently, much effort has been directed 
toward discovering antiangiogenic agents and evaluating them as 
cancer therapeutics. Perhaps the best characterized and most 
highly validated antiangiogenic approach involves targeting the 
vascular endothelial growth factor (VEGF) pathway (1, 8-11). 
Based on numerous animal studies, the VEGF pathway is the 
only well-defined signaling pathway known to be required for 
normal development of the vasculature as well as for the 
pathologic angiogenesis that accompanies cancer and other 
disease states (8-10). 

The VEGF pathway is initiated when VEGF binds to its 
receptors on endothelial cells. The two best characterized VEGF 
receptors are termed VEGF receptor 1 (VEGFRl) and VEGF 
receptor 2 (VEGFR2). VEGFRl 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 VEGFRl binds to YEGF 
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 YEGF 
(12-14) or its receptors (15), soluble decoy receptors that 
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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.t 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 
lg domains of VEGFRl to the constant region (Fe portion) of 
human lgG 1, resulting in a forced homodimer that has picomolar 
binding affinity (16, 17). In tumor experiments, this VEGFRl-Fc 
reagent is efficacious at approximately 500-fold lower concen­
tration than a similar VEGFR-2 construct (11 ). Despite its high 
affinity, the VEGFRl-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 
VEGFRl-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 lg domains of YEGFRl to the constant 
region (Fe) of human IgGl. YEGF-Trapa81 was created by 
removing a highly basic 10-aa stretch from the third lg domain 
of the parental VEGF-Trap. VEGF-Trapa82 was created by 
removing the entire first lg domain from VEGF-Trapaet, 
VEGF-TraPRtR2 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@regeneron.com. 

'Yang, J., Haworth, L., Steinberg. S .. Rosenberg, S. & Novotny, W. (2002) Am. Soc. Clin. 
Onco/. (abstr. 15). 

PNAS I August 20, 2002 I vol. 99 I no. 17 I 11393-11398 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 138



of VEG FR 1 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 
VEGF16s to capture and an antibody to the human Fe 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 l hr at room temperature. 
They were washed and incubated with alkaline phosphatase­
conjugated anti-human Fe antibody (Pro mega, l :4,000 in PBS + 
10% BCS) for l 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 YEGF-Traps were 
measured by using a specific and sensitive ELISA (R&D Systems 
kit no. DVE00) for detecting free (unbound) human VEGF in 
mixtures of the VEGF-Traps (ranging in concentration from 0.1 
to 160 pM) with human VEGF165 (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 [Vee 
Technologies (Rensselaer, NY) passage no. 5] were serum-starved 
for 2 hr and then challenged for 5 min with vehicle or 40 ng/ml of 
human VEGF165, 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 mAb). 

VEGF-lnduced Proliferation Assay. Cells that proliferate in response 
to VEGF were generated by stably transfecting NIH 3T3 cells 
with a VEGFR2/TrkB chimeric receptor (in which the cytodo­
main of VEGFR2 was replaced with that of 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 l hr 
with VEGF-Trap variants (titrated from 40 nM to 20 pM), then 
challenged for 72 hr with human VEGF165 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 (IITC, 
Woodland Hills, CA) into a chart recorder (Linseis, Princeton 
Junction, NJ). Animals were then injected in the right jugular vein 
with a 200-µl bolus containing 10 µg of recombinant human 
VEGF1 65 • Systolic blood pressure was measured before VEGF 
injection and every minute thereafter for 20 min. Blood pressures 
were normalized to baseline preinjection and analyzed by lL5ing 
mixed factorial ANOV As (see supporting information on the 
PNAS web site, www.pnas.org). 

Tumor Growth Experiments. C6 glioma cells (1.0 x 106 cells/mouse) 
and A673 rhabdomyosarcoma cells (2.0 x 106 cells/mouse) were 
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Fig. 1. Engineering of VEGF-Traps with improved pharmacokinetics. (A) 
Schematics of full-length VEGFR1 (red) and VEGFR2 (blue) are provided, 
indicating their seven lg domains, transmembrane regions (black bars), and 
kinase domains (ovals). The parental VEGF-Trap contains the first three lg 
domains of VEGFR1 (including the highly basic 10-aa stretch in lg3, blue box) 
fused to the Fe portion of human lgGl. VEGF-Trapm is identical to the 
parental VEGF-Trap, except that the basic stretch in lg3 has been removed. 
VEGF-Trap~82 is the same construct as dB 1, except that the first lg domain has 
been removed. VEGF-Trap.rn2 possesses the second lg domain of VEGFR1 and 
the third lg domain of VEGFR2 fused to the Fe portion of human lgG1. (8) 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-TrapAei 
demonstrating binding. (C) Pharmacokinetic analysis of the VEGF-Traps re­
veals that the parental VEGF-Trap has the poorest profile, whereas VEGF­
TrapR1R2 showed the best profile. 

obtained from American Type Culture Collection, and B16F10.9 
melanoma cells (5.0 x 105 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 VEGFRl is fused to the Fe 
portion of human lgGl (16, 17), we produced this fusion protein 
to study its properties (see parental VEGF-Trap, Fig. IA). 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 µg/ml and total "area under the curve concentration" 
(AUC) of 0.04 µg X days/ml (Fig. 1 C). We postulated that these 
poor pharmacokinetic properties might be due to the high 
positive charge of this protein (pl 9.4), which in turn may result 
in its deposition at the site of s.c. injection because of nonspecific 
adhesion to highly negatively charged proteoglycans that com­
prise the extracellular matrix. To test this hypothesis, we next 
engineered several variants of the parental VEGF-Trap with 
reduced positive charges. On review of the charge density in the 
parental molecule, we noted a highly basic stretch of 10 amino 
acids in the third lg domain of VEGFRl (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-Trap,rn1; 
see Fig. 1A) from 9.4 to 9.1. It was also noted that the first lg 
domain of VEG FR 1 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-Trap682 (Fig. lA), with a 
further reduced pl of 8.9. Finally, because the third lg domain of 
VEGFR2 has a lower pl than the corresponding domain of 
VEGFRl, we simply switched these domains to make a Trap in 
which the second lg domain of VEGFRl is directly fused to the 
third lg domain of VEGFR2; this trap was termed VEGF­
TrapR1R2 (Fig. IA) and had a pl of 8.82. Previous structural 
analyses indicated that VEGFR1 might make greater use of its 
second lg domain in contacting VEGF, whereas VEGFR2 
instead makes greater use of its third lg domain (26), raising the 
interesting and useful possibility that VEGF-TrapRmz 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 extracellular 
matrix-binding assay, we then confirmed the hypothesis that 
decreasing the positive charge of the VEGF-Traps would result 
in decreased adhesion to extracellular matrix (Fig. 1B). Binding 
to extracellular matrix in this assay was directly related to the pl 
of the Traps, with both VEGF-TrapR1R2 and VEGF-Trap&02 
displaying negligible binding in this assay. 

On the basis of the above results, we next tested these various 
VEGF-Traps ill vivo for their pharmacokinetic behavior. Their ill 
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 Cmax and AUC: VEGF­
Trap&a1 had a Cmax of 1.3 µg/ml and an AUC of 1.36 µg X days/ml; 
VEGF-Trap&a2 had a Cmax of 2.65 µg/ml and an AUC of 5.42 µg x 
days/ml; whereas VEGF-TrapRJRZ revealed the best profile with a 
Cmax of 16 µg/ml and an AUC of 36.28 µg X days/ml (Fig. lC). 
Thus, VEGF-TrapR1R2 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-TrapR1R2 in Binding, 
Phosphorylation, and Cell Proliferation Assays in Vitro. Because of the 
superior pharmacokinetic properties of VEGF-TraPRiRz, we next 
compared this Trap to its parent for its ability to bind and block 
VEGF in vitro. To determine binding affinity of the Traps for 
VEGF, equilibrium binding assays were performed in which dif­
ferent concentrations of the Traps were incubated with VEGF165, 

and the amount ofunbound VEGF165 was measured, revealing that 
parental VEGF-Trap displays a kD of =5 pM, whereas VEGF­
TrapRJRZ has a binding affinity of about 1 pM (Fig. 2A). Preliminary 
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Fig. 2. Binding affinity and inhibitory properties of VEGF-Traps. (A) Affini­
ties of indicated VEGF-Traps for VEGF, as determined by using a binding assay 
that measures unbound VEGF (ordinate) after incubation of 10 pM of human 
VEGF16S with varying concentrations of VEGF-Traps (abscissa). (8) Inhibition of 
VEGF-induced phosphorylation of VEGFR2 in human umbilical vein endothe­
lial cell phosphorylations using indicated VEGF-Traps at 1 .5-fold molar excess, 
as revealed with immunoblotting assay. (Q 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-TrapR1R2 has a kD of -1-10 pM for 
VEGF121 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-TrapR1R2 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 
VEGFR2 receptor that mediates a very strong proliferative re­
sponse to VEGF and found that both parental VEGF-Trap and 
VEGF-TrapR1R2 potently blocked VEGF-induced proliferation in 
3-day growth assays in these cells, with an ICso at approximately an 
equimolar concentration of Trap with the added VEGF, once again 
consistent with very high-affinity binding of the Traps for VEGF 
(Fig. 2C). 

VEGF•TrapR1R2 Provides Long-Term Blockade of Exogenously Admin• 
istered VEGF-lnduced Acute Hypotension. The above studies indi­
cated that VEGF-TrapR1R2 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 µg) of recombinant VEGF16s 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. 3A). To compare the pharma­
codynamic efficacy of the VEGF-Traps in blocking this acute 
response, we preadministered the parental VEGF-Trap or 
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Fig. 3. Using blockade of 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-TraPR,R2 (n = 8) completely 
blockedVEGF-induced hypotension, whereas PBS (n '- 6) and parental VEGF-Trap 
(n = 6) were ineffective. A NOVA shows treatment effect P < 0.007. (B) At a 5-fold 
lower dose (5 mg/kg), VEGF-TrapRlR2 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-TrapRJRZ at 25 mg/kg, 24 hr before VEGF administra­
tion (Fig. 3A). Consistent with what would be expected from the 
above pharmacokinetic studies, this dose of VEGF-TrapRIR2 
completely blocked VEGF-induced hypotension, whereas the 
parental VEGF-Trap had no discernable effect. Thus, although 
the parental VEGF-Trap and its VEGF-TrapRrn2 derivative are 
quite comparable in vitro (see above), the VEGF-TrapRJR2 
performs much better in vivo, presumably because of its dra­
matically enhanced pharmacokinetic profile. 

To further characterize the length of time in which VEGF­
TrapRJR2 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-TrapRJR2 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-TrapR1R2 Dramatically Blocks Tumor Growth in Vivo, Altogether, 
the above pharmacokinetic and pharmacodynamic studies indi­
cated that VEGF-TrapRJR2 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-TrapRiRz 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 816F10.9 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-TrapRJR2 (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-TrapR1R2 dramatically inhibits the s.c. growth and vascularity of 
implanted tumors from diverse tissues and species. (A) VEGF-Trap R1R2 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-TrapR1Rr 
treated tumor volumes were analyzed by using Student's t tests and found to 
be significant at the following levels: 816F10 P = 0.01; A673 P = 0.06; C6 P < 
0.0001. (8-D) Histological analysis reveals that VEGF-TrapR1R2 can effectively 
block blood vessel growth in these implanted tumors. Sections of CG tumors 
stained with antibodies to platelet-endothelial cell adhesion molecule reveal 
that vehicle-treated animals had large tumors that were highly vascularized 
(8), whereas animals treated with 25 mg/kg VEGF-TrapR1R2 (C) had tumors that 
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-TrapR1R2 greatly stunted tumor growth (C) and 
resulted in large necrotic regions (N), although small pockets of vessels were 
occasionally apparent (black arrows). (Bar = 100 µ,m.) 

animals were killed and tumors excised and measured. VEGF­
TrapRIR2 significantly inhibited the growth of all three types of 
tumors (Fig. 4A). In the study using C6 glioma cells, a 10-fold 
lower dose of VEGF-TrapR1R2 (2.5 mg/kg) was tested and found 
to be equally effective at inhibiting tumor growth. 

To evaluate the effects of VEGF-TrapRJR2 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
TrapRiR2 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-TrapR1R2, 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. 4B). 

Holash et al. 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 141



·-I 

•·­I 
1,000 

Fig. 5. VEGF-TraJ)R1R2 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-TrapR1R2, DC101, or vehicle. After 2.5 weeks, mice were killed, and tumors 
were excised and measured. Individual tumor volumes are shown (colored bars), 
as are average tumor volumes for each treatment (black bars) :!: SEM, n ; six 
mice/treatment group. Differences between treatment groups were analyzed by 
using a one--way ANOVA followed by Fisher's protected least significant differ• 
ence test Average volume of tumors in all treatment groups is significantly 
smaller than control tumor volume (P < 0.01). Differences in tumor volume 
between the high-dose VEGF-Trap, 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.TrapR1R2 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
TrapRJR2 and DClOl 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 Fe 
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 
µ,g/ml, in contrast to the circulating levels of VEGF-Trap in 
animals treated with 3.2 mg/kg, which were 40 ± 8 µ,g/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 Fe 
fusion proteins relative to antibodies (27, 28) suggests that in 
humans the circulation time for the VEGF-Trap will be much more 
comparable to that of antibodies, which in 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 Fe fusion proteins have much shorter circulating half­
lives than antibodies in mice, but comparable half-lives in 
humans, the finding that the VEGF-TrapRiR2 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-TrapR1R2, VEGF-TrapRJR2 is a derivative of perhaps the 
most potent VEGF binder known, VEGFRl. Soluble forms of 
VEGFR1 suffer from poor pharmacokinetic properties, which 
seem to correlate with their nonspecific interactions with extracel­
lular matrix. VEGF-TrapRJR2 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-TrapRIR2 one of the most, if not 
the most, potent and efficacious VEGF blocker available. An 
additional advantage is that VEGF-TrapRIR2 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-TrapRIR2 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
TrapRJRZ and found that, whereas adenoviral delivery of paren­
tal VEGF-Trap reproduces the previously reported toxicities 
(11 ), adenoviral delivery of VEGF-TrapR1R2 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-TrapRtR2• 

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.S.R., unpublished results). 
The accompanying manuscript (29) compares the efficacy of the 
VEGF-Trap to that of several other VEGF blockers, including 
a humanized monoclonal antibody to VEGF, in a model of 
kidney cancer. Among the several VEGF blockers tested, the 
VEGF-Trap shows the best overall efficacy. In this manuscript, 
we compare the efficacy of the VEGF-Trap to that of a 
monoclonal antibody to VEGFR2 in cancer models and find that 
far lower circulating levels of VEGF-TrapRJR2 are required for 
similar efficacy. Tumors treated with highest doses of the 
VEGF-Trap are not only stunted but also strikingly avascular. 
Our description of a VEGF blocker with such superior blocking and 
pharmacologic properties seems to demand that it be tested in 
human patients suffering from diseases involving neoangiogenesis. 
Toward this end, the safety of the VEGF-Trap has recently been 
confirmed in toxicological studies in cynomologus monkeys (data 
not shown). Consequently, the VEGF-Trap is currently in human 
clinical trials for several different types of cancer. 

PNAS I August 20, 2002 I vol. 99 I no. 17 I 11397 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 142



We thank the following for their support: A. Rafique, B. Luan, 
S. Keerthy, A. Polotskaia, S. Mahon, S. Xu, M. Fezoui, S. Jiang, 

1. Ferrara, N. & Alitalo, K. (1999) Nat. Med. S, 1359-1364. 
2. Folkman, J. (1995) Nat. Med. 1, 27-31. 
3. Holash, J., Wiegand, S. J. & Yancopoulos, G. D. (1999) 011coge11e 18, 

5356-5362. 
4. Pezzella, F., Pastorino, U., Tagliabue, E., Andreola, S., Sozzi, G., Gasparini, G., 

Menard, S., Galler, K. C., Harris, A. L., Fox, S., et al. (1997)Am.J. Pathol. 151, 
1417-1423. 

5. Zagzag, D., Friedlander, D. R., Margolis, B., Grumet, M., Semenza, G. L., 
Zhong, H., Simons, J. W., Holash, J., Wiegand, S. J. & Yancopoulos, G. D. 
(2000) Pediatr. Neurosurg. 33, 49-55. 

6. Zagzag, D., Amirnovin, R., Greco. M.A., Yee, H., Holash, J., Wiegand, S. J., 
Zabski, S., Yancopoulos, G.D. & Grumet, M. (2000) lab. Invest. 80, 837-849. 

7. van Hinsbergh, V. W., Collen, A. & Koolwijk, P. (1999)A1m. 011co/. 10, 60-63. 
8. Eriksson, U. & Alitalo, K. (1999) Curr. Top. Microbial. lmmwwl. 237, 41-57. 
9. Ferrara, N. (1999) Curr. Top. Microbial. lmmuno/. 237, 1-30. 

10. Yancopoulos, G. D., Davis, S., Gale, N. W., Rudge, J. S., Wiegand, S. J. & 
Holash, J. (2000) Nature (London) 407, 242-248. 

11. Kuo, C. J., Famebo, F., Yu, E. Y., Christofferson, R., Swearingen, R. A., 
Carter, R., von Recum, H. A., Yuan, J., Kamihara, J., Flynn, E .. et al. (2001) 
Proc. Natl. Acad. Sci. USA 98, 4605-4610. 

12. Kim, K. J., Li, B., Winer, J., Armanini, M., Gillett, N., Phillips, H. S. & Ferrara, 
N. (1993) Nature (Lo11do11) 362, 841-844. 

13. Asano, M., Yukita, A., Matsumoto, T., Hanatani, M. & Suzuki, H. (1998) 
Hybridoma 17, 185-190. 

14. Kamiya, K., Konno, H., Tanaka, T., Baba, M .. Matsumoto, K., Sakaguchi, T., 
Yukita, A., Asano, M., Suzuki, H., Arai, T. & Nakamura, S. (1999) Jpn. J. 
Cancer Res. 90, 794-800. 

15. Prewett, M., Huber, J., Li, Y., Santiago, A., O'Connor, W., King, K., Over• 
holser,J., Hooper.A., Pytowski, B., Witte, L., Bohlen, P. & Hicklin, D. J. (1999) 
Cancer Res. 59, 5209-5218. 

16. Ferrara, N., Chen, H., Davis-Smyth, T., Gerber, H.P., Nguyen, T. N., Peers, 
D., Chisholm, V., Hillan, K. J. & Schwall, R.H. (1998) Nat. Med. 4, 336-340. 

17. Gerber, H.P., Vu, T. H., Ryan, A. M., Kowalski, J., Werb, Z. & Ferrara, N. 
(1999) Nat. Med. 5, 623--628. 

18. Gerber, H.P., Hillan, K. J., Ryan, A. M., Kowalski, J., Keller, G. A., Rangell, 
L., Wright, B. D., Radtke, F., Aguet, M. & Ferrara, N. (1999) Developme/11 
(Cambridge, U.K) 126, 1149-1159. 

19. Goldman, C. K., Kendall, R. L., Cabrera, G., Soroceanu, L., Heike, Y., 
Gillespie, G. Y., Siegal, G. P., Mao, X., Bett, A. J., Huckle, W.R., et al. (1998) 
Proc. Natl. Acad. Sci. USA 95, 8795-8800. 

11398 I www.pnas.org/cgi/doi/10.1073/pnas.172398299 

L. Pasnikowski, V. Mosher, H. Collins, J. Kintner, L. Kasselman, 
and Q. Zhang. We also thank S. Staton and V. Lan for image processing. 

20. Millauer, B., Longhi, M. P., Plate, K. H., Shawver, L. K., Risau, W., Ullrich, A. 
& Strawn, L. M. (1996) Cancer Res. 56, 1615-1620. 

21. Fong, T. A.,Shawver,L. K.,Sun, L., Tang, C.,App, H., Powell, T.J., Kim, Y. H., 
Schreck, R., Wang, X., Risau, W., et al. (1999) Cancer Res. 59, 99-106. 

22. Drevs, J., Hofmann, I., Hugenschmidt, H., Wittig, C., Madjar, H., Muller, M., 
Wood, J., Martiny-Baron, G., Unger, C. & Marme, D. (2000) Cancer Res. 60, 
4819-4824. 

23. Wedge, S. R., Ogilvie, D. J., Dukes, M., Kendrew, J., Curwen, J. 0., Hennequin, 
L. F., Thomas, A. P., Stokes, E. S., Curry, B., Richmond, G. H., et al. (2000) 
Cancer Res. 60, 970-975. 

24. Gerber, H.P., Kowalski, J.. Sherman, D., Eberhard, D. A. & Ferrara, N. (2000) 
Cancer Res. 60, 6253-6258. 

25. Holash, J., Maisonpierre, P. C., Compton, D., Boland, P., Alexander, C. R., 
Zagzag, D., Yancopoulos, G. D. & Wiegand, S. J. (1999) Science 284, 
1994-1998. 

26. Lu, D., Kussie, P., Pytowski, B., Persaud, K., Bohlen, P., Witte, L. & Zhu, Z. 
(2000) J. Biol. Chem. 275, 14321-14330. 

27. Mordenti, J. & Green, J. D. (1991) in New Trends in Pharmacokinetics, eds. 
Rescigno, A. & Thakur, A. K. (Plenum, New York), pp. 411-424. 

28. Lin, Y. S., Nguyen, C., Mendoza, J. L., Escandon, E., Fei, D., Meng, Y. G. & 
Modi, N. B. (1999) J. Pharmacol. Exp. 77rer. 288, 371-378. 

29. Kim, E. S., Serur, A., Huang, J., Manley, C. A., McCrudden, K. W., Frischer, 
J. S., Soffer, S. Z., Ring, L., New, T., Zabski, S., et al. (2002) Proc. Natl. Acad. 
Sci. USA 99, 11399-11404. 

30. Mordenti, J., Thomsen, K., Licko, V., Chen, H., Meng, Y. G. & Ferrara, N. 
(1999) Toxicol. Parlwl. 21, 14-21. 

31. Adamis, A. P., Miller, J. W., Bernal, M. T., D'Amico, D. J., Folkman, J., Yeo, 
T. K. & Yeo, K. T. (1994)Am. J. Ophthalmo/. 118, 445-450. 

32. Detmar, M., Brown, L. F., Claffey, K. P., Yeo, K. T., Kocher, 0., Jackman, 
R. W., Berse, B. & Dvorak, H.F. (1994) J. Exp. Med. 180, 1141-1146. 

33. Wong, A. K., Alfert, M., Castrillon, D. H., Shen, Q., Holash, J., Yancopoulos, 
G.D. & Chin, L. (2001) Proc. Natl. Acad. Sci. USA 98, 7481-7486. 

34. Joussen, A. M., Poulaki, V., Qin, W., Kirchhof, B., Mitsiades, N., Wiegand, S. J., 
Rudge, J., Yancopoulos, G. D. & Adamis, A. P. (2002) Am J. Pat/to/. 160, 
501-509. 

35. Poulaki, V., Qin, W., Joussen, A. M., Hurlbut, P., Wiegand, S. J., Rudge, J., 
Yancopoulos, G. D. & Adamis, A. P. (2002) J. C/i11. Invest. 109, 805-815. 

36. Qaum, T., Xu, Q., Joussen, A. M., Clemens, M. W., Qin, W., Miyamoto, K., 
Hassessian, H., Wiegand, S. J., Rudge, J., Yancopoulos, G.D. & Adamis, A. P. 
(2001) Invest. Ophtha/mo/. Visual Sci. 42, 2408-2413. 

Holash et al. 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 143



ATTACHMENT H 

Copy of IND-receipt Letter from FDA 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 144



DEPARTMENT OF HEALTH & HUMAN SERVICES 

Our Reference: BB-IND 12462 

Regeneron Pharmaceutical Inc. 
Attention: William G. Roberts, M.D. 
Vice President, Regulatory Development 
777 old Saw Mill River Road 
Tarrytown, NY 10591 

Dear Dr. Williams: 

Public Health Service 

Food and Drug Administration 
Rockville, MD 20852 

MAY 24 2005 

r RECEIVED JUN l- 200S 

The Center for Drug Evaluation and Research has received your lnvestigational 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 Fe 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. 

1t 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 s_uch 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. 

Mylan Exhibit 1102 
Mylan v. Regeneron, IPR2021-00881 

Page 145



Page 2 - BB-IND 12462 

You arc 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 IN Os, 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 inten,als not exceeding one year and are due within 60 days of 
the anniversary of the date that the IND went into effect [21 CFR 312.3}]. 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 ce1iain 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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Page 3 - BB-IND 12462 

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 one. 
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. 

Enclosures(3): 21 CFRPart312 
21 CFR 50.20, 50.25 

Sincerely yours, 

Fl ence 0. oore, M.S. 
Regulatory Project Manager 
Division of Review Management and Policy 
Office of Drug Evaluation VI , 
Center for Drug Evaluation and Research 

Information sheet on 21 CFR 25.24 
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t &0.20 Gaeral requh-ements for In• 
formed consent. 

l!lxoept a.a provided ln §§50.23 and 
_S0.24, no investigator may· involve a 
human betn,r as & subJeot in reaea.roh 
oov.ered by these regulations unless the 
l.nveattrator ~ obtained the legally 
effective informed consent of the sub­
Jeot or the subJeot's legally authorized. 
tel)l'&8ent&t1ve. An tnvestigatoi: sh&Il 
f:leQk such consent only under olr­
oumstanoes that provide the prospeo-­
·ttve subjeot or the representative sufil­
otent opportunity to consider whether 
or not to participate &nd tba;t m1nim1ze 
the possibility of coercion or undue tn~ 
tluenoe. The lnfortnation that ts· ,riven 
to the aubjoot or the .representative 
ab.all be 1n la.Jlg1l&8'e underatand.able to 
the subject or. the representative. No 
Wormed consent, whether ora.l or wrlt- · 
ten, ma,y lnolude a.ny exculpatory Ian­
gua,g-e through which the subject or the 
representative ·Is ma.de to walye or ap­
pear to waive any of the subject's leg-al 
right.a, or releuea or appea.ra to release 
the investigator, the sponsor, the insti­
J;ution., or its- a.gents from 11ab111ty for 
heg)jgenoe. 

(46 FR 8951; Jan. 2'1, 1981, as a.mended at 64 
FR 10942, Mar. 8, 1999] 

f &O.S5 Elements of informed co11Sent.• 
(a) &me elements of #:n.formed consent. 

In. seeking informed .consent, the -fol-
• -,wing. information sha.ll be provided to 

M)h.subJeot: · 
(1) A statement tha.t the .study tn­

"1»lvee resea.rch. a.n eXplana.tion of the 
purposes of the research and the ex­
pected duration of the sµbject's pa.rtici­
pa.tton, a description of the procedures 
to be followed, and ldentifloation of 
&J1Y procedures whJoh a.re ex:perl- • 
mental. . 

(2) A desortption of any reasona.lJJy 
foreseeable ·risks or discomforts to the 
subject. 

(3) A desorlptioii of any benefits to. 
the subject Of to others whtoh may rea­
sona,bly be expected from the research. 

(4) A. disclosure Qf appropriate alter­
native prooedlll'eS or courses of treat­
ment, if. any, that might be advan-
tageous to the subject. · . 

(6) A statement desorlblng the ex­
tent, lf any, to which confidentiality of 
records identtfyin.g the subject will be 
ma.lnta.lned a.nd tba.t -notes the possi­
b111ty the.t the Food and Drug Adminis­
tration ma.y lnspeot tb.e records. · 

(6) For researoh involving more than 
minimal risk, an explana.tton. as to 
whether a.ny oompensa.tton and an ex­
pla.DAtion as to whether any medical 
treatments are avaJ.la..ble 1f injury oc­
curs a.nd, if so, wha-t they oonaist of, or 
where further ln!ormatlon may be ob-
ta.lned. · 

I.J) An explAn&tion of whom to ~n­
ta.ot ·ror NtSwers to pertinent.questions 
a.bout the resea.roh a-nd resea.roh sub­
Jeots' rights, and whom to contact ln 
the event of a researoh:-rela.ted injury 
to the subject. 

(8) A statement tha.t pa.rttolpatton ls 
voluntary, that ref'llsal· to pa.rtiolp&te 
will involve -no penalty or loss of bene­
fits to which the subject ls oth~rwise 
entitled, -and that the subjeot ma.y dis­
continue pa.rtioJ.pa.tion a.t t.I1Y tune 
without penalty or loss of benefits to 

·which the subject is otherwise entitled. 
·· (b) Ac.kUttonal element.a of tnf ormed con-
,ent. When a.pproprlat.e, one or more of 
the following elements or informa.tion 
shall also be provided toe~ eubjeot: 

(1) A statement tba.t the pa.rticula.r 
treatment or procedure may Involve 
risks to the subject (or to the embryo 
or fetus, if the subJeot ls or may be­
come pregnant) which are currently 
unforeseeable. · 

· (2) Antiolp·ated otrcumstanoea under 
which the subJect'a parttolpa.tton may 
be termln&ted by the investigator 
without regard to the subJeot's con-
sent. . 
· (3) A.ny-additlonal costs to the sub­
Jeot that may ·result from partioipa.tton 
in the researoh. 

(4) The oonsequ.ences of a subject's 
decision to withdraw from the resea.roh 
and prooedurea for orqerly termination 
of pa.rtioipa.tion by the subJeot. . 
· ·(5) A statement ~t significant new 
findings developed ci~ng the courae of 
the resea.teh which may relate to the 
subject's wtJJJ.ngness to continue pa.r­
t1oipa.tion Will be provided to the sub­
ject. . . 

(6) The a.pproxl.mate nu.inber of sub­
Jeots involved 1n the study; 

(o) The informed consent require­
ments In these regula.tlons &.re not in­
tended to preempt a.ny ~pUoable Fed-
era.1; State, or local laws which require 
additional information. to be dlaolosed 
for informed consent to be legally ef­
fective. 

(d) Nothing in these regulations is in­
tended to limit the authority of a, phy­
slcia.n to provide emergency medical 
care to the extent the physlolan ls per• 
mitted to do so under applica.ble Fed• 
era.l, State, or local law. 
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Information Sheet for a Claim of Categorlcat 
. Exclusion for an IND Uhder 21 CFR 25.24 

For those wastes generated in the production and use of the ·product which will be 
controlled, pf ease include documentation that such waste. storage or disposal Is fn · · 
compllance with federal, .state arid local. requlr.ements for hazardous waste production. 
As an alternative, fdentffy any gener-ally -recognized; scientifically sourid control 
procedures which have been impfemented to· reduce the likei'llho09 of. inadvertent 

.. release of potentially toxic materials Into the environment (e.g., compliance with the 
· NIH Gufdellrres for Research lnvc::,lving Recombinant DNA Molecules [51 FR 1695S 

(1986)] and/or compliance with the EPA Effluent Gufdellnes and Standards for · 
Pharmaceutfcal Manufacturing [4Q CFR 4391). If these alternatives are not applicable, 
a de~criptio·n of the control procedures actually us_ed to prevent waste from entering 
the environment should be submitted. 

For those wastes gen·erated In the production and use of the product which wm not be 
. . controlled, please list the potentially toxic waste compounds, including the quantitles 

and concentratJons 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 
· . ~oncfuded that .such release I~ .non-toxic. · 

.lf the waste to be· generated dt.iring the production and proposed investigatlonaf use of 
this product ts either not controlled or Is not reasonably exp1;,cted 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 ur1der proposed. am1!3ndments 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 cl.aim of categorical 
· .exclusion or an amended environmental assessment for wastes generated under the 
proposed. amendr1:1ents 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. '<, ..... 

3/30/94 · 
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, . §310.547 

tor ma.rkettng, In the absence ot a.nap,- tion or abb~ev1a.ted new drug a.ppllc,: . 
proved new drug application or a.bbre.. tion. such product ts also misbranded 
vta.ted new drug application, such prod- under section 502 o! the e.ot. , 
uot la also misbra.nded under section (c) Cllnical 1nvest1gat1ons designed• 
5lYJ o! the· act· to obtain evidence that any drug prod• 

312. 44 . Terml.natlon. .. ".: : " . · 
312.45 In~rtlve status. 
312.47 Mt1otinga. 
312.48 Dispute resolution, 

Subpart D-Responslbllltles of Sponsors 
and Investigators 

Subport G-Orugs tor lnve5tlg~11~1 Use In 
Laboratory Research Anln'1\l1i or 1n· · 

·Vitro Tem 

312.160 Drugs ror tnvestiptioJUIJ use tn lair 
oratory research a.nimals or in vitro 
tests. 

312.50 Genere.1 responsibilities o! sponsor&. AUTHORITY: 21 U.S.C. 321, l1l, 351, 352, 353, 
312.52 Transfer o! obllratlons to a cortra.ct 355' 371; 42 U.S.C. 262· · 

(c) CUDical investtga,ttons designed uct labeled, represented, or promoted 
to obtatn evidence tha.t 9JlY drug Prod· for OTC use !or the treat.ment a.ncJJor 
uct labeled, repressnted, or promoted prevention of malaria, ta safe and e!!ec• 
for OTC use for the treatment and/or ttve: !or the purpose inttnded must · 
prevention ot nocturnal leg muscle comply with the requirements and pro• 
cramps ta aa!e and effective for the pur:- cedurea governing the uae o! lnvestiga.. 
pose intended must comply with the re.:· tional new drugs set forth in pa.rt 312 o! 
qutrementa a.nd procedures govern1ng this chapter. · 

· research orpn1zat1on, SOURCE: 52 FR 8831. Mar.· 19, 198?, · u.illeas 

the use o! 1nvestipt1ona.l new drugs· (d) After April 20, 1998, any such OTC 
settorth 1n part 312 o! thia chapter. . drug product initially introduced or 

(d) After Februa.cy 22, 1995, &DY such. initb.lly delivered !or introduction into 
OTC drug product initta.Uy introduced interstate commerce tha.t. 18 not in 
or 1.Di~Y delivered !or introduction compliance with this section ts subject 
into interstate oommerce th&t is not in to regulatory action, 

. compllance·wtth this section ls subject · 
to regulatory action. [63 FR 13528, Mar, 20, 19981 

{59 FR 43252, Aur, 22.1994) 

I 310.547 Drug products containiog 
quiniDe. offered over•the-counter 
.(OTC) ror the treatment and/or pre­
vention of malaria. · 

PART 312-INVESTIGATIONAL NEW 
DRUG APPLICATION 

Subport A-General Provisions 

Sec. 
(a) Quinine and quinine salts have 3121 s . cope. 

been used OTC !or the treatment and/or 312.2 Appllca.blllty. 
prevention of. ma.la.ria, a. serious and 312.3 Definitions and interpretations. 
potentially li!e•threatening disease. 312.6 Labeling of 11.n lnvestlgatlooal new 
Quinine 1a no longer the drug o! choice drug, 
for the treatment a.nd/6r prevention o! · 312.7 Promotion a.nu cha.rglnl{ for l'nvestlgt.• 
moat types of ma,laria. In addition tlonal drugs, 

. · ' 312.10 W&lvers there are serious and complicating aa• · 
pects o! the disease itself ~d some PO• SubpQrt B-lnvesttgatlo~al New· ONg 
tentieJly serious a.n4 li!e•threatening Application (IND) 
risks associated with the use o! quinine 
at doses employed for the treatment of 312,20 ReQulrement ror 11.n IND. 
malaria.. There 18 a lack' o! adequate 312.21 Phases or an Investigation. 
data to establish general recognition of 312.~on~en~ral principles o! .t~~ IND submla-

tbe safety o! quinine drug products !or 312.23 IND content and format. 
OTC use in the treatment a.nd/or pre- 312.30 Protocol 11.mendments. 
,vention of ma.la.ria.. There!ore, quinine 312.31 Inrorma.tlon amendment.,. 
or quinine salts cannot be sa.!ely and 312.32. IND safety roports, 
eUecttvely used !or the treatment and/ 312.33 Annual report.II. 
or prevention o! malaria except under · 312.34 Treatment use or P.n tnmtliratlonal 
the ca.re and supervision of a, doctor. new drug, . · 

(b) Any OTC drug product. containing 312,35 SubmJMlone for treatment u~e. 
quinine or quinine salts that is labeled, 312.3:ewE:~iency use or an lnvestl~a.t!onal 
represented, or promoted for the treat• 312.38 Withdrawe.l or a.11 IND, 
ment and/or prevention of malaria is 
regarded as a new drug within the 
mea.n.tng o! section 2OHp) of the a.ct, !or 
whloh M approved a.ppl_icatton or ab­
breviated application under section 505 
or the e.ct &nd pa.rt 314 o! this .chapter 
1a requiredJor marketing, In the &b­
aento of a· 'Proved· new drug &ppUca• 

Subpart ¢-Administrative Actlon·s 

312.40 General reQnlrements for UAe o( an fn. 
vesttgatlonl\l now drug In a clinical l11• 
vestliatlon. 

312.•l Comment and advice on Rn IND, 
312.42 Clinical holds &nd requeata Cor .modi· · 

ncatton, 

312.53 Selecting 111vestigato11 an~ monitors. otherwlBe noted. 
312.54 Emergency reaearoh under iS0,24 or · 

this chapter. 
312,55 Informing lnvestlga.tors. 
312.56 Review o! ~ngotng inveat!g,tione. 
. 312.57 Recordkeep1ng a.11d record retention. 
812.58 Inspection o! sponaor'a records and 

· report.a. · 
312.59 Dlsposltton or unused supply or 1nves• 

tlgatlonal drug. 
312.60 Genera.I responsibilities or lnvestlga. 

Subpart A-General Prov~lons 
§ 312.1 Scope, 

(a.) This pa.rt conta.inA procedures a.nd 
requirements governillg the use of in• 
vestiga.tional new drugs, including pro- · 
cedures and requirements for the sub­
mission to,. a.nd reView by, the Food 
and D~g Administration of 1nvest1ga.-tors. 

~12.61 Cont~ol o! the lnvestlratlona.l drug. t1onal ne~ drug applications ~'a). 
312.82 Investigator recordkeeplng and An 1nvesttg&t1onal new drug- !or which 

record retention. · an IND 1s in· effect in accordance with 
· 312.&1 fovestlgator report&. this pa.rt ia exempt !rom the prema,r,. 
312.66 Assurance orIRB review. keting approval requirements that are 
ll2.68 Inspection of Investigator's records otherwise a.pplica.ble and may be 

a.nd reports, shipped lawfully for the purpose of .con-
312.69 Handling o! controlled subRtances. ducting clinical investigations o! that 
312.70 Dlsquallnca.t1011 o! a. cltnlca.l lnvestl~, · drug. . 

gator. (b) References in this part to regule.:-
·tlons In the Code o! Federal Regula• 

Su~port E-Orugs Intended to Treat Ute• tlons are to chapter I of title 21, unless 
threatening and Severe~•<1ebllltattng otherwise noted. · 

· lllne»es 

312.80 Purpose, 
312.81 Scope,. 
312.82 Early consul~atlon. 

. 3li83 Treatment protocols. 
312.81 Risk-benefit analysis !,1n review o! 

marketing applications for drugs to treat 
ll(e-thmtenhig apd severely-deblllte:tlng 
lllnesm. 

312.85· Phase 4 studies. 
312.86 Focused FDA reKulP.tory research. 
312.87 Active monitoring of conduct e.od 

ov11.lua.tlon of clilllCl\l tria.ls. . 
312,88 Safeguard! for patteM safety. 

Sybpart F-Mlscellaneou$ 

312.110 Import and e.(port req11lrerrients. 
312.120 Foreign cllnfe&l studies not con• 

ducted under an IND. • 
312.130 Availability ror public dlaclosure or 

data. and ln!ormatlon In an IND. 
312.140 · Address for correspoudence, 
312,14~ . Guidelines. 

§ 312.2 Applicability. 
(a) ApplicqbilUy, Except ~ provided 

in this section, this pa.rt applies to all 
cl,tnlcal investigations of products that · 
are subject to sectipn 505 of the Federal 
Food, Drug, and Cosmetic Act or to the 
HcensiDg provisions of. the Public 
· Health Service Act (58 Stat. 632, as 
~mended (42 U.S.C. 201 et seq.)). 

(b) Exemptions. (l) The clinical tnves­
tiga.tion o! a. drug product that ls la.w• · 
!ully marketed 1D the United States 1s 
exempt .from the requirements of this 
part if all the .!olloW1ng a,pply: · 
m The investigation is not intended 

t9 be reported to FDA as a well.con- · 
trolled study in support o! a. new indi• 
ca.tioo !or use nor intended to be used · 
to support any other slgni!ica.nt cha..Dge 
in the labeling !or the drug; , . 

(1i) I! the drug that is ~d,ergotng in· 
· vestiga.tion is ··la.w!ully n, · ···,ted as a 
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, ' ::~on ~gp~nct, th~ lnves- (d) u~::R ::~!:::::: I : :::~d:::~:: m ~ ~n NMUt MFR !3

;~ 
ttga.tlon is not intended to support a does not· apply to the uee In th~ prac- a cltn1cal 1nvesttgatlon. The .. terrn !lBO. 5. 1999; 1312.3 was amended· bJ .remmn, ''.. 

· signll1cant change in tlie advertisµig · tice o! medicine for an unlabeled indi- l...:ludea 9.· biolorlcll product that 1a antlblotto dftr.'' from the PMtlftph dedn-
!or the product: ca.tion of a. new drug product e.ppro\ted nsed in vitro tor diagnostic purposes. inr ••Inffltlratl~ new drar" &1l4 bf re-

_ (ill) The investigation does not in• · under part 314 or ore. licensed biologi• The terms 11lnv•,,:tlgat1onal drug., and mO'llllf the pbraee ·•~request to p.mtde ror 
.. ,_ eM t1 al · """It" certiOcatlon of an ant!blotto eubmitted 

volve a route of ~stra.tion or· dos- cal product, une,:11,,ga OD new """6 &re deemed nr,,!Ar &eetton Ml of the Act." trom ~e pan,. 
· age level _or use in a patient population . (e) Gtddtmee. FDA m·ay, on tts own to be syno~ous for purpos~a of this rra11h deO.ntnr 11Markettnr appUcattoll''. er. 

or other Cactor that significantly in- initiative, issue guidance on the appll• part, . tectlve Mar 20, 1999. 
creases the risks (or decreases the a.c• ca.b111ty o!-this pa.rt to _particular In- : Investtgo.tM means an 1ndh1duai who 
cep~billtY_ of the risks) associated . vestiga.tione.1 use~ "' drugs. ,·,n request. actually conducts ·a· cl1nical 1nvest1ra- UlU Labellng of an Jnvesdptional 
with the use of the drug producti FDA wlll adVise ol"J the appllcabllity o! t1on · (i.e., under whose immediate 41.. nw drug. . 

(iv) The investigation is conducted 1n this pa.rt to a. planned cl1nical inves-: rectton the drug is administered or dia. 
complie.nce With· the requirements for tigation. pensed to a subject). In the event an in• 
institutional revi~w set forth in pa.rt 58 vestigation is conducted by 1 team o! 
and·wtth the requirements for informed [52 FR 8831• MM. 19• 1987• as ameudeht 61 individuals, the 1nvest1ptor is the re-
consent set forth in part 50; l\nd FR 51529• Oct. 2i 

1996: 64-n 4Pl, Jan. 5• 19991 eponsible lea.der of the tea.m. 11Sub-
(v) The 1nvesttgatiob is conducted in ErFECl'M:·DAn:1,NOTE: At 84 FR 401i Jan. investigator" includes any other indi•· 

compliance with the .'.requirements of 5. 1999, I 312.2 was ltnended by removin, "or vi dual member of that team. 
~312,7. 507'' !rom par,.gn.ph (a.) and by removln~ "or Marketing a1)1'lfcadon mew an &.ppli•• 

(2)(1) A clinical in.ve-sti"tion involv• ant!blotlc drug° from paragraph (d), effec• cation for a new d;,tg submitted 1112der 
0.. t1ve May 20, 1999. · 

in{ an 1n vitro diagnostic biological. sectioll :>05(b) of the Act or a product ll• 
product listed in· paragraph (b)(2)(11) of u12.3 Dermitions and interpretations, cense application for a biological prod• 
this section is exempt !rorri. the re• uct submitted under the Public Health 
qutremenu o! this part if (a) it is in• . (a) The definitions and lnterpi:eta• . Service Act. 

(a) The immediate package o! an in• 
vestip.tional ~ew drug Intended tor 
human use shall be&r a label with the 
statement. 11Caut1on: New Drar-Lim•. 
tted by Federal (or United States) law 
to investigational UBe.'• 

(b) The label or la.beling. ot an inves­
tJg~ tional new drug shall not ·bear ur 
statement that ts fAlse or mtsleadinf 1n · 
any particular and shall not represent 
that the investigational new dnr· .is 
safe or e!f ect1ve for the purposes for • 
which it ts being investigated. 

tended to be used 1n a diagnostic proce• tions o! terms coptained in section 20; ·sponsor means a. person who takes re• 
dure that confirms the diagnosis made of the Act apply to th08e terms when sponsib111ty for and initiates & cllnie&l 1312.7 Ptiomotfon and chargtng for In• 
by another, medically esta.bliehed, di• used in this part: inve·stigatlon. The sponsor may be an vestigatfonal drup. 

.. agnostic product or procedure and (b) it (b) The following derinitlons or t~rms lndMdua.1 or ph,rma.ceutica.l company, (a) Promotion of 41t m~gational neu, 
is shipped 1n complla.nce with §312.160. · also apply to this part: governmental agency, academic insti- drug; A sponsor or investigator, or any 

(11) In accordance with para.graph Act means the rederal Food,· Drug, tution, private organization, or other person a.cttng on behalf of a sponsor or 
(b)(2}(1) of this section. the following and Cosmetic Act• (secs. 201-902, 52 organ1Za~ion. The sponsor does not ac- investigator, shall not represent 1n a 
products are exempt from the require- Stat. 1040 et seq,, as am.ended (21 U.S.C. tua.lly conduct the i.nveatigation unless promotion&J. context that an investlra-
ments of this part: (~) blood grouping . 301-392)), the sponsor"is a sponsor•investigator. A tional new ,t!'\tg 18 safe or ettective for 
serum; (b) reagent red blood cells; and Clinical inuestigatfon means any ex- person other than an individual that the purr,oses for which it is under in• 
(c) a.nti•human globulin. perirnent in. which a drug ts adminis• uses .one or more of its own employees. vesttgatton or otherwise promote the 

(3) A drug intended solely for. tests in tered or dispensed to, or used tnvolv- to conduct an investigation that it has drur. This pl'()vision is not intended to 
vitro or in laboratory research animals ing, one or .more human subjects. For initiated is a sponsor, not a sponsor-in• restrict the full exch&Dge of 8CJ.ent1.0c 
is exempt ~rom the requirements of the purposes or this pa.rt, an expert• vestigB.tor, a.nd the employees are in• information· concerning the drag, in• 
this part i! shipped 1n accordanc.e With ment ls any use or a. drug except for the vestigators. eluding dissemination of scientiflc 
~312.160; use of a marketed drug 1n the course or- Sp~nsor-lnue&tfgator means an indi• findings in scie~tlflo or la.y media. 

{4) FDA will not accept an appllca- medical practice.· vldue.l who both initiates and conducts Rather, its intent ts to restrict pro-
. tlon for a.n· investige.tlon that is ex• Contract research organization means a an inmtigatlon, 1!.Dd under whose' 1.m· motional claims of safety or e!fecttve-

,empt under the provisions of paragraph person that a..l\Sumes, a.s an independent mediate direction the inv~stlgat1ona.l ne~ of the drug for & use for which it 
(b)(l) or this section. contractor w1~h the sponsor, otie or · drug is admini9tered or dispensed. The ls under investigation and to preclude 

(5) A cl1n1c~l 1nvest1gat1on involving more o! the obligations of a sponsor., term does not include any person °ther commerc1a.11zation of the ·drug before lt 
use of a placebo is exempt Crom the re• e.g,, design of a pro~ocol, eelection or than an individual. The requirements ls approved !or commercla.l distrtbu• 
qn1rements of this part if the 1nves• monitoring of investigations, evalua• applicable to a sponsor-Investigator tion. 
ttgat1on does not otherwise require tion o! reports., and preparation of ma- under th1s part include both th0se· ap,, (b) Commercial dutnbutton of an fnvu• 
sttbmisslon o! an INP. teria.ls to be su~-nitted to the Food and pllcable to ~~ investigator and &. spon• tigatfoMl new drug. A sponsor or lnves-

(6) A clinical lnvestlgatton involving Drug Adm1n15trat1on. sor. tlg&.tor sh&.11 not eommeretally d.la-
an exception from informed consent FDA means the Food and Drug Ad· Subject means a human who parttct• tribute or test market an 1nvest1ga. 
under §50.24 of this chapter is not ex• ministration. pates in an invest1gation, ei ther as a tiona.l new drug. 
empt !rom the . reqµirements of this INC means an investigat1onal new recipient or the invest1gatlonal new (c) Profongfng an btvutigatf01t. A 

Part. .- drug' a.pplicat1on1 For purposes o! this drug or as a control. A subject may be sponsor $hall ·not undttl11 "rolO'"' &n in• 
a healthj ~uman or a patient With a 1 r ...,, 

(c) Bioavailability studies, The appUca.• part, "IND" ls synonymous with "No• disease. vest1ptton after finding that 'the re. 
blllty o! this part to In. vivo bio• tlce or Claimed InvesUgationa.1 Exemp- . .'.'.°'· . . . ... . . sults of.the investigation appear to es-
ava1la.b111ty studies 1n humaris 1s su~- ._.tio~-!~! ~_Ne_w D~g·'.' •.,.::-... :· ... : . .. :-~ ,,-, .. i;,!~2}~:883~,. -~~r. 1~. J991_, .as a.men~ed at 64 .}tbl,ish sutfici~?t ,.d!~.~t_t" ~.P~~· ~·:..,: 

:: .. : · .. ,Jec~r~·-~.e:?·< ~~1.o~: ~fl~~~.~i,. .. , .... : · .• Investigation.al new drui.,µ:1~a.~ e._ n.:":~ir';.tf~~-4~1, Jan. 5,'1,999) :-.: · .:.. . . ;,marketing a.pp~tcat1Hn:. < · · 
' . 

en 
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t I ' " ' , ,~:. ,.,,' , , §,,• ' ': /,' , , .,. . J . 
. . . \),312.10 ::::.·.,·:'t1,i . · :~:i ~i". A~i,:•··:fi ... 21 CFR:1CtH .(4•1-V9 Edttlon) ·j· · ·. U,.>l~:,:._: .·' .:_ .. ·, ::·:' ; .. :. -.,:\•l·:·~~.-~_• .. ' ', .. • ,• 
· .... ," (d), Charfin~:Nnind' commercialization··:· §312.10 Waivers. ,, .. 

of investigational dmgs-(1) Clinical 
tricils -under an IND. Cha.rgtng ror an in• (a) A sponsor may requesp]DA,.to 
vestigational drug in a clinical trial waive applicable requirement un~er t 
under a.n IND is not permitted without this part. A waiver reque.st ~~r be.~ub- -~ 
the prior written approve.I o! FDA In mitted either in a.n IND or ,ii an ~n(or• 

• ma.tion amendment to an IND. In an 
requesting suoh approva.l, the· sponsor emergency, a request mar be m:i.de by 
shall provide a !ull written explanation · telephone or other rapid cominunica• 
of why charging is necessa.ry in order tion means, · A waiver request Is re. 
tor the sponsor to undertake or con- quired t9 contain at least one of the · 
tinue the clinical tr.ial, e.g., why dts.. folloWing: . 
trlbatton or the drug to test subjects (1) An expla.na.tion why the sponsor's i 
should not be considered pa.rt of the, compliance with the requirement ls un- ~ 
normal coat o! doing business. necessary or canno.t be achieved; 

(2) ~eatment protocol or treatment (2) A ·description or an alternative 
IND. A sponsor or investigator ma.y submission or course of action th&t 
clwie tor an investlga,tional drug for a. satisfies the purpose o! the require• 
treatment 1188 under a treatment pro• ment; or · 
tocol or treatment IND provided: (i) (3) Other 'information JustifYing_ a 
There is adequate enrollment 1n the waiver. 
ongoing clinical investigations under (b) FDA ma.y. grant a waiver 1! it 
the a.uthortzed IND; (11) ch&rging does finds that the spo~sor's noncompliance 
not conatttute commercial k ti would not pose a. s1gn!!icant and unrea• 

. mar 8 ng sona.ble risk to human subjects o! the 
or a new drug for which a marketing tnvestigat1on a.nd that one ot the lol• 
application haa·not been approved; (111) lowing is met: 
the drug 1s not bei~g commercially ~l) The sponsor's compliance with the 
promoted or advertised; a,nd (iv) the requirement is unnecessary for the 
sponsor M the drug is actively pursuing agency to evaluate the application or 
muke~. 1~ approval With due diligence. compliance CII.IUlOt be achieved; ·' 
FDA must be notified in writing in a.d• (2) The sponsor's· proposed alter• 
vance or commenc1ng any such native satis!ies Lhe requirement: or 
chqes; in an in!ormation a,mendment (3) The applicant's submission other: 
eubm1U,ed untler §312.31. Authorization . wise Justifies a waiver. . 
for charging goes into e!!ect automa.ti­
cnlly 30 days after receipt by FDA o! 
the in!onnati~n .amendment, unless the 

· Bl)Ol18or ls notified to the contrary. 

(Collection ot Information requltement/1 ap, 
proved by t~e O(!lce of Mani!.1remen~ and 
Budget under control number 0910..0014) 

(52 ·rR 8831, Mnr, 19, 1987, p,s 11.men1lod at 52 
FR 23031, June 17, 1987) 

,' . ' 

Such a cl1n1c~J ·1nvesttnt!on is not 
. pennltted to proceed wltl1out the prior 

written ·authorization from FDA. FDA 
shall provide a . written determina.tion 
30 days after ~'DA receives the IND or 
earlier. 

(c) Pliase J. Phase 3 studies a.re sx-.­
panded controlled and uncontrolled. 
tri~ls. They are penormed after pre,. 
liminary evidence suggesting effective,. 
ness o! the drug ha.a been obtained, and 
are .intended to gather the sAditional · 

· 152 FR 8831. Mar. 19. 1987, l\B p,mended a.t 61 Information about effectiveness and· 
FR 51529, Oct .. 2, 1996: 62 FR 32479, June 16, safety ·that is ne.eded to evaluate the 
1~) overall benefit.risk relationship of the· 

drug· a.nd to provide a.n e.dequate 6a.sis 
. for physician labeling. Phase 3 studies · I 312,21 Phases of an inveRtigaiion. 

An IND may be submitted for one or usua.lly include from seven~~ hundred 
more phases of a.n investigation. The· to several thousand· subl,cts. 
clinical investigation of a previously . , 
untested drug is generally dMded into I 312.22 General principles of the IND 
three phases. Although· in general the Sijbmissio~ 
phases ar~ cond~cted sequentially, · (e.) FDA's primary objectives 1n re--

. they may overlap. These three phases viewing a.n IND a.re, in all phases o! the 
of an investigation are a f oUows: . investigation, to assure the sa.!ety and 

(a) Phase 1. m Phase l includes the ·rights of subject.q, and. in Phase ~ and 
Initial introduction of an 1nvestlga- 3, to help assure that the quality of the 
tton,~l new. ~g into humans. Phas.e 1 scientific evaluation· ot drugs is ade­
sttl'· es are typically closely monitored quate· to permit a.n evaluation o! the 
and may be- conducted in patients or. drug's effectiveness and safety, There­
normal volunteer subjects. These.stud.. fore, although FDA's review or'Phase·1 

. !es are designed to deter~ine the me- submissions will !ocus on assessing the 
tabolism and pharmacologic actions of safety of PhR.Se 1 investigations, FDA's 
the drug in humans, the side effects a.s• review o! Phases 2 and 3. submt ·s1 
socia.ted with: increasing doses, and, 1! wi . · 8 ons . 
possible, to gain ea.rly evidence on ef- 11 a.lao include a.n assessment of the 
!ectiv.enese, During Phase l, sufficient scientific quality of the qlln1cal inves-
1nformation about the drug's pha.r- tlgatlons and the- likelihood tha.t the 
macoklnetlcs and pharmacological ef.. investigations will Yield data capable 
!ects should be obtained to permit the o! meeting statutory. standards for 
design of well-controlled, scientifically ma.rketiilg approval. · 
valid, Phase 2 studies, The total num- (b)_ The a.mount o! in!orma.tion on a. 
her of subjects and. patients included in particular drug that must be submitted 
Phase 1 studies varies with the drug, in an INp to assure the accomplish .. 

(3) Noncommercialization of investiga .. 
~tonal dn111. Under this section, the 
sponsor may not commercialize an in. 
~est1gationa.l drug by charging a price 
larger than tha.t necessary to recover 
costs o! mMu!acture. research, devel­
opment, and ha.ndling of the tnvestfga .. 
·tional drug. . . · 

· but f s generally in the range of 20 to 80, ment of the objectives des_cribed in 
(2) Phase 1 studies alio include stud• paragraph (a,) ·o( this section depends 

!es of drug nieta.boUsm, structure .. ac- upon such f~r:tor~ as the novelty of the 
Subpart B-lnvestlgatlonal New I tlvtty relationships, and mechanism of drug, the eiient to which it h~ been 

Drug Applicatlon 1.(IND) · 1

1 

action In humans, as weli a,s studies in studied previously, the known or ·sua-

· (4) Withdrawal of authorization. AU· 
thoriza.tion to c.ha.rge for an 1nvest1ga .. 
tional drug under this section may be 
withdra~Jl' by FDA· if the· agency finds 
that the condltlons underlying the au-

. thoriat1on are no longer sattsOed. 

CCollectlon .or Information reQutrementA ap. 
proved by the Office of' Management and 
Budiet under control number 0910-0014) 

(52'FR 8831. .. ~ar, l9, 1987, 8.11 a.mended at 52 
FR 19476. t,,·· l 1987) . 

which investigatlonal drugs a.re used a.a· pocted risks, and the developmental· 
f 312.20 Requirement for an IND, : research tools to explore biological phase of the drug. 

(a) A sponsor shall submit ·an IND to phenomena. or disease processes. · (c) The central focus of the initial 
FDA i! the sponsor intends to conduct (b) Phase 2. Phase 21ncludes the con,. IND submission should be on the gen-
a clinical investigation with an inves- trolled clinical studies conducted to era! investiga.tional plan and the proto-
tigational new drug that is subject to evaluate the effectiveness of the drug cols for specific human studies, Subse• 
.f 312,2(a), · : for. a particular intlicatlon or 1nd1ca.• quent amendments to the IND that. 

(b) A sponsor shall not begin a clin• · l t!ons In patients w-ith the disease or . con.tain new or revised prot-Ocols should 
. ical investigation subject to 1312,2(a) · condition under study and to deter• build logically on previouuubmissions 
until the investiiation is subject to an mine' the common short-term side e!• and should be supported by additional 
IND which is in etfect in accordance fects and risks associated with the information. includlni tlie results o! 
with t 312.40. drug, Phase 2 studies are typically well animal toxicology studies or other 

~c) A sponsor shall suhmlt a separate , controlled, closely monitored. and con• human studies as appropriate. Annual 
IND for any clinical 111vestigation in• .I ducted ~n a relatively 11mall number o! reports to"th.e IND should_serv) Ml •tbe 
volvtnr an exception from. tnrormed' ··' patients. usually involving no more focus !or reporting the: · is o! studJes 
consent under i50.2i o! thls chapter. ~han several hundred subjects. being conducted undet · .!e rnn and 

,.,.. 
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·:. should update the gen·er!\l 1~vestiga- posed cllntcal tnw1sU~o.tlon. and , -~ ~ be relevant to the'Safetr of the pro• not. submitted initially 1n the IND , 
· tional plan for the coming year. . · · the invest!~A.tor will report to the IRB posed cl1nlcal 1nvestlgatton(s). · should be submitted in accordance with 

• (d) The IND · format set forth ln propos.ed changes 111 the ~eirch actlv• (111) Ir the drug has been withdrawn 1312,3'0{a.).) In general, protocols. for 
!31.U3 should be followed routinely by . ity in a.ccotdance ,,·1th the require- from !nv&stigatton or market1Iii tn any Phase 1 studies may be less detaJled • 
sponsors. in the interest of r oster1ng an rp.ents or part 56. eountry for any reason related to safe- and ·more. flexible tha.n· protocols for 
efficient review ot Applications. Spon• (v) A commitment to conduct the In• ty or effectiveness, identtficaclon or Phase 2 a.nd 3 studies .. Pha.se 1 protocols 
sors are expected to e~ercise consider-. vesttptfon in accordance with all the country(tes) where the drug was should· be directed prtma.rily at pro. 
able discretion. howev.er, regarding- t~e other applb·~ble reg11latory require- . withdrawn and tbe reasons for the viding an outline of the 1nv.est1gat1on-
cont;ent of information submf tted in men ts. withdrawal. an estimate of the number or patients · 
ea.ch section, depend1l1g upon 'he kind (vl) The name and title oHhe person (tv) A brief de·scrlption of the overall· to be Involved, a descriptio!l of safety 
of drug being studied ·and the nature of -mponsthl~ for monitoring the conduct plan for Investigating thA drug product exclusions, and a description ot tbe 
the available informll.tion: Section and progress ot the clinical investtga• : ror the !ollowln( year. The plan ~hould doslng plan incfodtng duration, dose. or 
312.23 outlines the information needed tions. · ! Include the following: (a) The ra.tJonale method to be used in detenmnlng 
for a c9mmercially spon.sor~d'IND for a (vii) The name(a) and tltle(s) of the . ! for the drug or the research study; (b) dose-and should specify in detail only 
new molecular entity, A sponsor-inves- . the tndlcation(s) to be studied; (c) the those elements of the study that are 
ttgator who uses, e.s a re·search toot an p.erso~(s) responsible unuer 131~·32 for general approach to· be foll'owed in . critical to safety, such as necessary 
investigational new drug that is al• review a!ld evaluation of infotmatlon evaluating the drug; (d) the kinds of monitoring o! vital signs and blood 
ready subject to a manufacturer's IND relevant to the s~ety of the drug, clinical trials to be conducted tn· the chemistries. Modlftcatton~ ot the ex• 
or marketing application should follow (v11l) 11 a sponsor has transferred any. , first ·year f ollowlng tl1e submission (if perlmenta.l design of Phase 1 studi~ · 
the same general format, but ordi- obligations for the conduct of any clln• .! plri.ns .are not developed for the entire that do not affect crttlcal safety as­
narily may, if authorized by the manu• ical study to a contrac~ rem.rch orga• J yet1.r, the sponsor should so 1ndlca.te); e&ssments are required to be J'elK)rted 
facturer, refer to the manufacturer's nlzation, a sta.tement containing the I ie) the estimated number of patients to to FDA only fn the annual reJ)Ort · 
IND or marketing application in pro- name and adams of the contract re• ! be given the drug in those studies; a~d (11) In Phe.s~s 2 and 3, det.ail;:d proto­
vtding the technical information sup- search organizatioii, itlentificatlon of i ({l 11.ny risks of particular Revcrlty or cols descrtblng all aspects of the study 
porting.,the proposed clinlco.1 investiga- the cl1nlCA.l study, and a H9tlng of the I seriousness anticipated on the basis of should be submitted. A protocol for a 
tlon. A sponsqr-investigator who uses obl!gatlons, transrerred. 1f .all obllga• 1 the· toxicologici1 data in animals or Phase 2 or 3 lnvestlgatfon should. be de­
an investigational drug not subject to tlons governing the conduct o! the prior studies !n humans with the drug signed in such a way that, if th~ spon-
a manufacturer's IND or marketing ap.. study have been transferred, a general I or relate~ drugs, .sor anttctpates that some devi&.tioii 
plication ls ordinarily required to sub• statement of thls transfer-In lieu or a ! (4l [Reserved] . !rom the s~dy design may become nec-
mi t all technical information sup. list_ing of the specific obligations trans• ' (5l lnuestigator's brochure. 1f required essary as the investigation progresses, 
porting the IND, unless such in.rorma• ferred-ma.y be submitted, · , I under 1312.55. a copy or the 1nvest1ga• a.ltern~tives or contingencies to pro-
tion may be referenced from the sci• (ix) The signature or the sponsor or tor's brochure, containing the fol'• vtde for such devtatlon are bnllt Into 
ent1!1c I~terature. the sponsor's aut~or1zed. representa• ! . lowing information: the protocols at the outset. For exam-

. • t!ve. I! th~ person signing the appllca- ! (I) A b·rief description or the drug ple, a. protocol for a controlled short-
§312.23 IND content and Conn.at. tion does not reside or have a place of \ substance and the formulation, includ• term study might include a plan !or~ 

(?.) A sponsor who intends to conduct buslnes~ Withln the U.nlted States, th.e I Ing the structural formula, I! known. ea.rly crossover of nonresponders to an 
a cl1n1cal investigation subject to this IND is required to con~ain the name I (II) A summP.ry of the pha.rma- alternative therapy. · 
part shall submit an 11Investigat1ona.l and address o(. and be countersigned cologlcal nnd toxlcolog-lcal effects of (111) A protocol is required to contain 
New Drug AppUcation" (IND) inclull- by, an attorney, agent, or other au• \ · the drug in animals and, to the extent the !ollowtng, with the specific ele-
1ng, 1u the following order: thorize~ official who resides or· main• , known, in humans. . · ments and detail of the protocol re-

(1) Co~er sheet (Form FDA-1571). A ta1ns a place of business within the I (Ill) A summary of the pharmaco• fleeting the above dlstlnctlons depend• 
cover .sheet for the application c.on• United s.tates. ; klnetlcs and biological disposition of ing on the phase of study: 
t:µuing the following: (2) A table of contents, i·· the drug in animals and, if .known, tn · (Ill A statement of the objectives and 

1(1) The, name, .address, and telephone (3) Introductory stntement and ~enera,I i humans. purpose of the study, 
number of the sronsor. the d~te of the invest1gat1onal plan. (1) A brief introduc• ! (iv) A summary o! Information relat- (b) The name and address and a sta.te-
application, ·and the name· of the tnves• tory statement giving the name or the ing to safety and effectiveness in bu• ment of the quauncations (cuITiculum 
tigationl\l new drug, drug and 11.ll active ingredients, the. mans obtained from prior clinical stud• vltM or oth~r e.tatement or que.llfica.• 

(11) Identification. of the phase or druts pharmacological class, the !es. (Reprints of published articles on . tions) of each investigator, and the 
phases of the clinical investigation to structural formula or the drug (lf such studies may be appended when na.me of each sublnvestiga.tor (e.g .• re-
be conducted. known), the formulation of the dosage . useful.) · . · search fellow, resident) working under 
· (ill) A commitment not to b<'~in c11n· form{sl to be used, the route of ad.min- 1 (v) A description or possible risks and the supervision ot the tnvest1gator: the 
ica.f 1nvesttgat1ons until an IND cov• 1strat1on, and the broad objectives and '. side err ects to be anticipated on the name 11,nd address of the re~arch fa.­
ering the Investigations is in effect. , planned duration of the proposed cl1n• i bMls of prior experience with the drug cillties to be used; and the name and 

(lv) A commitment that an lnstH:1• teal investigation(R). l untler. investigatlr' or with related address of eac~ reviewing Institutional 
tional Review Board (IRB) that com- (II) A brief Rummary o! previous ! dru~s. and ,or pre!!a.utlons or special Review Boa.rd. 
plies with the requirements set forth in human experience with the drug, with ' monitoring to be done as part of tbe in• . (c) The criteria for patient selection 
part 56 wlll be responstble for the 1n1- r~ference r- .~1t,her' IND.'s if pertinent, ;,·, vesttga~ion~l µse,Q{ t~e drug. . a.nd for exclusion of pa_tien~ and an~ 

. tial i\nd conttnu,ln( ·review and_.:ap. · ·.~4 t~ ~nvesiigl\tt~~al o_r:m.az:k,:ttni.tf..i\.·; .. le) 1:ro~qc~~;·:Jil.A.,p,rotocol tor :,~c~
1
~.; ~-l~ate .. ,~b,.~~if~~~per o(pa.~,._~,.t.:s.~:•:be·~if :. 

,';(:t:··Jr?~.a.1.~! ~it~{~~~.~tudies,:try:\?~}r~~f ~-~f[e.~c.e ~,n. ~.t:~At1ountr1'~~\~hat:_,•,~ay'-':~t1·r· ,. ,ned·'.1studY:';(Protocols for stu~lee '·studied. ' ' '; ' ', . ', 
:.trt 1• ' ' ' ' •• • • ' I 
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ld) A descriptton oHhe deaign of the tigatlon, \1 very ~hnrt-term t,P.sts are l 'dm product; and · fnformat\on ·sum-. ·tests of the drug's effects on re-produc- · 
study, including the kind ()( control proposert, thP- survortlu( stabUlty da.ta c!cnt· to assure the product's 1·,tabilitY tion and the developlnl'! ~~tus: a.ny spe-
rroup to be used. 1! any, and a·descrip- ca.n he correspondingly 1tm1tedi' . . . . during the pl_anned clinical studies. cial toxicity test relattlll to ·the drug's 
tton oC methods to be used to minimize (Hi) As drug development procwrs Ref ere nee to the current edition of the · particular mode of administration or 
blaa ou ~he pa.rt of s~lljects, inveatiga. and ll.S the' scale or production ls United States Pharmacope1a.-National conditions of use (e.g., inhalation. der .. 
tors, and ~lysts, ·cha;: ... :d from the pilot-scale produc• I Formula.ry may satisfy certain require~ . mal, or ocular. toxicology); a.nd a.ny ill 

(e) The method for determining the tion appropriate !or the limited 1nit1al l men~s in this paragraph. vitro studies intended to evaluate drug 
dose(s) to be administered, the pla.nned ciinica.1 investigations to !.the la.rger• l le) A brief general description o!. the toxicity. 
maximum dosa.ge, and the au.ration· o! sc~le production neede~ !or expanded composit\on, manufacture, and control {b) For e~ch toxicology study that is 
individual patient · exposure to the clinical ttiala, the sponsor should sub• 1 of any placebo used in a controlled intended primarily to support the sa.!e-
drug. mit information amendments to 11up- . c1inic11.l trial. ty of the proposed clinical investiga-

(fJ A descrip~ion of the observations plement the initilil information suh, 1 (d) l.a.bclinp. A copy of all labels and tlon. ;i full tabulation or data suitable 
a.nd measurements to be ma.de to fulfill . mltted on the ch·emlstry, manufac• i labelin~ to be provided to each investi• for detailed review. · 
the objectives of the·study. turing, and control processes with in• ga~or. (iii) For each nonclinical laboratory' 

(g) A description of clinical proce- formation a.ppropria.te to ~he expanded (e) Environmental analysis require• study subject to the good la.boratory 
dures, laboratory tests, or other meas,, seep~ of the tnvesttiat1on. ments. A claim !or categorical e~clu• practice r_egulations under pa.rt 58, a. 
ures to be taken to monitor the &i!ects (iv) Reflecting the di~tinc.tions d_e•. ston under 125.30 or 25.31 or a.n enVU'on- statement that the st1Jdy -was con-
or the. drug 1n human subjects a.nd to. 'Scribed in this pn.ragraph (a)(7), and mental assessment under §~.40. . ducted in compliance w~th the good • 
minirnue ~isk. . . based on the phase(&) to.be studied, the ; (8) Pharmacology and to:ncology mfor• laboratory practice regulations 1n part· 

(7) Chemi~tn.1, ma.nufacturmg, and· con- submission ts required to contain the , mation. Ade~uate lnformatlon · about 58 or if the study was not conducted 
trol information. m As appropriate for following: phar~acolog}cal an_d t~xicologica.l .1n' co~pliance with those regulations, a 
the ·particular 1nvesttiations covered !a) Drug substance. A llescrtptlon or studies of the drug involving la.bora• brief statement of the reason for the 
by _the ~D. a section d~cribing the the drug-au~stance, including 11.s phys• tory antmals or in vitro, on the basis oi noncompliance. 
composition. ma.nufa.cture, and control ica.l, chemical, o~ biological chinacter• \ which the sponsor has concludeu that · (9) Previous human experience with the 
of t~e drug subs.~nce and the drug isUcs: the name and addres5 or its man- it is. r.eason.ably safe t~ co:rluct the invest.igationai drug. A summary of pr~ 
produ~t. Although m each phase of the u!acturer: the general method of pr~a,- proposed, clmlcal investigat1ous. The vious human experience known to the 
lnvestiga.tton. sufficient information is ratior 11f thi, drug subst?.nce: the. ac•. kind, duration. and scope of animal an_d applicant 'i! any with the investtga .. 
required ~o be' submitted to a.&SUre the ceptable limits and analyt1cn.l-methods _other tests r~qu1red varies with the_ du• tio· 1 d;ug Th' information ts re--
proper 1dent1!1cation, quallty, purity, . used to M\sure -the 1dent1ty. ~trength, ; ration ~nd nature of the propos~d clin• ,na d t 1 ·1 d 8th f llowing-
and strength of the investigl\tlonal quality, and purity or the uru(Rub- .

1 
!cal tnvestlgatlons. GuMP.Hnes ue quire O nc u 6 

· ~ 0 
• 

drug, thr; amount of 1n!orma.tion need.. stance: and infonnation suf!lcient to I available from FDA that dc.,crlbe ways · (1) If the investiga.tiona.l drug has 
ed to make t.ha.t a.s&urance will vary support stablllty o! t~e drug sulistance In which theRe requirements may be been: iQve5t1gated or ~a.rketed pre-
with the phaae of the investigation. the du1·1ng. the tox1colog1C4'.l studtes and met. Such information is required to vtously, 81ther ~n th8 Unit~d Sta.tes _or_ 
proposed duration of the investigation, :the planned clln\cal studies. Reference I include the identificaUon and qua.11• 0ther countries·: detailed l~formation 
the dosage form, and the a.mount o! in- ·to the· curt1mt edition of the United : neat.ions of the indMtluals who evalu- about such experience tha.t 1~ relevant 
formation. otherwise 11.vailable. FDA Sta.tea Pharmac()paill.-Nationitl For• ; ated the result-s of such studies and to the·sa.fety of the ~rop~sed investiga.~ • 
recognl~P.~ th&t modifications to the mulary may satisfy relevant require• 1 · con~luded th~t .. it i~ reas~nablY safe to tlon or to the investigation_'~ •·,tto~ale, 
method Ol prepl\l'ation of the new drug- • menta in this pa,1·agraph. . begin the pr,)posed 1nvest1gations e.nd a. If the durg has been the subJ~ct of con-
substance and dosage form and c1langes (b) Drng product. A 11st of ~n compo, i statement of where the investigations trolled t.rials, detailed information on 
ln the .dosage form ttselC are likely as nen~. which m?.y include reasonable ! were conducted and w¥.re the -records such trials that; is releva.nt to an as-
thP. tnvestiga.tton progresses. There- · alternativeR for inactive compounds, : are avana.ble for ins-pection. As drug sessmen~ o! the ~ug's effectiveness for 
fort1, the emphasis tn a.n lnitlal Phase 1 URCd In the manufacture of the inves- : 1levelopment proceeds. the sponsor is· the proposed investigational use(s) 

. eubmtsa\on should genera.Hy be placed ~igatfonal drugproduct, including both· j requ1rea to submit in!onnational · shoul~ also be PFovided. Any published 
on the identtnc~tion and control of the tho~e co~po~ents intended to appear I amendments. as approprlate, with a.ddt• material that is relevant to the sa.!ety 
raw matel'ie.ls and the new drug sub- 1n the dru~ product and those which· ; tional information pertinent to safety, of the proposed investigation or to an 
stance. Final 6J)ec1ftcat1ons for the m~y not appaar but which are used in I (1) Pharmacology and drug disposition; ass_essment of the dru(s e!fectlveness 
drur substance and drug product are- th~ "'rlil.nura.cturtnir process, a.nd. where . A section describing the pha.rma- !or its proposed ·investigationa.l use 
not expect,ed until the end oc the 1nves• ap1~i1cable, the quantita.tive compoRl· ! cologtcal effects and mechanism(&) of should be provided in full. Published 
tigational process. · tion of the investigational drug prod• \ action o!. the drug in a.nime.ls, and in• material that is less directly relevant · 

(ii) It should be empha.sized tha.t the uct. 1nclud1ng any reasonable var1• · formatton on the absorption, diatribu• ~ay be supplied by a bibliograi,by. 
a.mount Qf info~tion to be aubmitted attons that may l)e expected durtn~ the 1 

• tion. meta.oolism, a.nd excretion o! the (11} I! the, drug is a comblna.tlon o! 
depend.a upon the scope of the proposed 1nvestlgatlonal Rt.~_~e: the name _and ad• · drug, if known. drugs previously investigated or mar-
cllnlca.l tnvesttp.tton. For example, al• dress o! the drug product manu!ac• i (ii) Toxicology. (a) An 1nte~ra.ted sum- keted, the 1n!orma.t1on required under 
thou;h stablUty dl\t?. :i.re nquired in -turer: a br1ef general description o! the I ma.ry of the toxicological effects or the paragraph (a){9)(1) of · this section 
all phases or the IND to demonstrate manufacturing an,l packagini proce• \ drug in animals. and in vitro. Depend• should be proyided !or each e.ct!ve drug 
that the new flrng aubsta.nee and drug d11 ~ as a.pproprl 1•tA for the product: _I 11~ 1. ing on the nature of the drug a.nd the component. However, i! any component 
product are within acceptable chemt~l accepte.ble Um1 .~ and analytical meth• \. phase o! the investigation. the descrip,, in such combination 1, -..:ubject to a.n 
t.nd phyatcal limits for the pl~ned du• odR used to assure the · identity, .. ' . . · tion Is to tncluae the reeults o! acute, approved ma.rketing a )ation or is 
ra.tion o! , proposed ··cun\cP.l inves- strength, qu,Uty, a.nd pur1tf o! the subacute, and chronic toxicity ·tests: otherwise la.wiully m&4.11:e~d in tlle 
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tJnited States, the Rponsor 1s not re• spon~or t~ required to con.tiAln a ·writ-- (I\) New protncnl, Wheti.mr a sponsor IRB. is noti!led 1n accordance with 
quired··. to submit published mt(·terl!\l · ten statement that authorizes the re!• Intends to conduct a. study thl\t ·1a not §56:i04(c). 
c.oncequng that n.~ttve drug component erence and thA.t is signed hy the person covered by a protocol already con• (c) New tnveJtigator. A sponsor shall 
unless such material relates directly to who Rubmitted the infot·mA.tlon. · tained in the tND, the sponsor shall submit a protocol amendment when a 
the proposed lnvestigattonal use (IT'• (cl Material tn a foreign ta11Q11age, The submit to FDA a protocol amendment new tnvesttgator is a.dded to carry. out 
eluding pubUcations relevant to com- sponsor shall submit an accurate and cont~lnlng the protocol for the study. ·a. previously submitted protocoi. except 
pon~iit-component Interaction). complete Eng-!l~h translation of each Such sLutly may begin provided two· th~t a protocol amend~ent is not re-

(111) If the drug has been marketed part of the nm that ls not in Engiish. conditions a.re met: o l The sponsor has quired when a licensed practitioner is 
outside the United States, a list of the The ·sponsor ~h~ll r.l~o submit a copy of submitted the protocol to FDA for its added tn the case of a treatment pro-
countries in which the drug has been each · i~lnR.l literature publication for review: and (2) the protocol has been tocol under §312.34. Once the invest!• 
marketed and a list of the countries In which :i.n English l1·11.n'~!atlon Is euu• .approved hy the InstltutloMI Review gator ts added to the study. the 1nves-
whlch the drug hM been withdrawn mlUed, Bmd ORB) with reaponsl~tllty for re- tigatlonP.l drug may be shipped to the 
from marketing for reasons potentially (tll Number of copies. The sponsor view ~nd approvA.1 of the study in ac• investigator and the investigator may 
related to .s~fety ior effec~iv~ness. . shall. submit an original and two copies l cordance with the requirements of part . begin participating in the study, The 

(IO) Additional ,nformattott. In certain of- all s11hml~slons to the I~D file, In• l 56,. The sponsor mo.y comply with these sponsor shall notify FDA of the new In• 
e.ppllcatlona, as described below, iufor- eluding the original submission anu all!•· two conditions 1n either order. · vestige.tor within 30 days of the lnves-
mation on special topics ~ay be need• amend.men ts and repprts. (b) Changes in a protocol. (1) A sponsor tigator being added. . · 
ed. ·Sue~ information shall be sub• (e) Numberi119 of I JND submls.rlons, 1 shall submit a protocol amendment de- (d) Content ·and format. A protocol 
mlt~ed in this section as follows: P-ach submission relating to an IND ls I . scribing any change 1n· a Phase 1 pro- amendment is required to be promt. 
)0 Drug dependen,·. nnd abuse paten- 1equireu to be numbered serf!\.lly using tocol that significantly affects the nently 1dent1fled as such (1,e., "Pro-
.ial, If' the drug is a. psychotropic sub• a single, three-dtglt ml11.l number, The ~P.fety of subjects or any cha.n~e ln a. tocol Amendment: New Protocol'•• 
3tance or otherwise has abuse pot.en• Initial IND ls required Lo be numbered. Phm 2 or 3 protocol ihat slgntrlcantly uProtocol Amendment: Change in Pro-
~ial, a section describing rel.evant clln• ooo; each subsequent suhmlsslon (e.g., affects the safety of subjects, the scope tocor'. or "Protocol Amendment: New 
!cal studies and .expcrience·and studies amendment, report, or correspondence) of the Investigation, or the sclentiflc Investigator"), and to contain the fol• 
m test animal~. Is rtqull'ed to be numbered chrono• quality of the study, Examples of lowing: 

(11) Radioactive drugs, If the drug ls a logically In sequence. · changes requiring an .a.~endment under (l)(l) In the case or a new protocol, a 
:-adlonctive drug. sufficient d~t~ from (0 /de1tti'icatlo1t I e c ti 'r , I this .paragraph include. · copy of the new protoco} 1:1n4 a brief de• 1n1mal or human studies to allow ·a ' 1 0 .rep on '' am n• A 1 1 d d d 111\U 

:easonable· ·calculation of radiation-ab- f onned consent. Ir the 1nvestigl\t1o.n In• (I) ny ncrease n rug osa.ge or u• scription of the most clinically s1gnif1• 
iorbed dose to the.whole body and crtt- volves ~n ~xception from informed con• r::!~ntoo\;:Pt~:\:;o~1d!:~~~a.i s~! . ca.nt differences between it. and pre-
.cal organs upon administration to a sent under f 50.24 of this chapter .. the . current protocol, or a.ny stgntflca.nt in• v1ous protocols,. 
1uman subject. Phase 1 studies of ra- sponsor shall prominently identify on · crease in the number of subjects under (!1) 1n the ~e of a change in pro-
Uoacttve drugs must include studies the cover sheet that the investigation study tocol, t\ brief description of the cha.nge 
Nhich will obtaln sumcient data. for is subject to. the requirements in i 50.24 (ii) Any significant cha~ge in the de- and reference (date a.nd number) to the 
losimetry calculations. of this chapter. sign of a protocol (such as the addition submission that contained the pro-

(111) Pedi~trfc studies. Plans for A.Ssess- (Collection or lnrormr.tlon requirements RP. or dro.pplng of a control group). tocol. · 
.ng pediatric safety and effecth::ness. proved IJy ·the Office or MRnn~em~nt e.M . (!Ii) The addition o! a new test or. (Ui) In the ca.s~ ot a new investigator, 

(iv) Other inf onnatton. A brief state- . .Bud~et under control number 09.10--00141 procedur.e tha.t ·:18 intended to improve the investigators name, the quaU!lca• 
nent of any other information that · [52 Fl't 883t, M11.r. l9, l987, I\~ amended 11,t 52 monitoring for, or reduce the risk of, a : tlons .to conduct the 1nvesttgat1on, ref• 
vould aid evaluation of the proposed FR 23031. June 11, 1987: 53 FR 1918. ,fan. ~.s. , side effect or adverse event; or the erence to the previously submitted pro-
:lintcal lnvestJga.tions with respect to 1988: fli FR 51529. Oet. •2, 1998: 62 PP. 10599, dropping of a. test inte.nded ·to monitor tocol, and a.11 a.ddttional information 
:heir safety or their design and poten- July 29, 1997: 63 FR ~9, Dec. 2, l99BJ safety. , a.bout the 1nvesttgator's study as ts re• 
fa! 11.S controlled cltnical trials to sup- , {2)(1) A protocol change under para• '· quired under I 312.23{a)(6)(111Xb). 
iort marketing of the drug. m2.3o Protocol amendments. · I graph (b)(l) of this section may be (2) Reference. if necesw,, to specUJ.o 
(lll Relet'<lnt 1n.f ormat1on. If requested Once a.n IND l9 In effect, p. 11ponsor ! . made provided two conditions a.re met: technical information in the IND or in 

1Y FDA, any other relevant informs.• shall amend it as needed to ensure that ! {a) The sponsor has submitted the a. concurrently. submitted information . 
. f on needed for revtew o! ·the applico.• the cl!nica.1 investigations are con• i change to FDA.for its review: a.nd amendment to the IND that the spon-
fon. ducted according to proto.cols included j (b) The change has been approved by sor relies. on to support a.ny clinically 
(b) Inf ormatfon previously submitted. in the ~pplica.tion. 'r· 1 'i section sets i . the IRB with responsib111ty. for review slgnifice.nt change t~ the new or. 

:'he sponsor ordina.rily is not required forth the provision~ un~er which new and"wwova.l or Ube study. The :ponsor amended protocol. If the reference is 
-0 resubmit 1.nformation previously protocols mar bo aubmitted. tnd mo.y compt, with those lwo condition!• made to ani,portfn~ information aJ. 
:ubmttted, but may incorporate the In• changes in previously submitted proto• 1n either order. · ready in. the IND, the sponsor shall 
·ormatlon by reference. A reference to cols may be mR.de. Whenever a. sponsor (ll) Notwithsta.ndlnr.. tin.ragra.ph identify by name, reference number, 
nformation s·ubmitted previously must intends to conduct it clinical tnvestlga. 

1 
(b)(2)(!) of this section·; . . protocol v~lume, and page number the loe&tlon 

dentlfy the file by niime, reference tlon with an exception from Informed , change intenped. to eliminate an a.ppa.r.. of the informatlo~: 
mmber. volume, and pl\ge number consent for emergency rescal'ch as .set. ent immediate hP.za.rd to subjects may (3) I! the sponsor desires FDA to com• 
~her~ the information can be found. A .!Qrth tn·f 50.24 of this chapter, the Rpon• '. be Implemented immediately provided ~ent on the submission, a. request tor · 

. ·#e~~~9e .~~ f.nforma.tion 11u~mltte~. to.,. ·~~hhall _su~mi~ ~ s~para.te IND for... . .. FpA is ~u~!.~,~n,~~1 notified ~Y Pt"O::. such com~~nt, ~n~ .. the s~~1:i~f.~t: •. 
~"" ;~f ,tll~;~cY. ~Y ~ r.;~~ .~ther': ~h~~· \~~~~~ncl) 1~vesttP.~on .. ,· .. 1r, •:h~: ,.. ..:• · . .Jt,• :rr : · ·,1. · e.mendmept1·1and the rev1,w1nr.' tions FDA s ~~nse should r .-·•~ w. · . 

··r 
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,,·§~12,3\~ ,~' i~i' '': 0\, ' I:Zi~!R1th. I ,(4~1~H~1101\1 L 
(e) ·w,ien n1hmitted. A spbrisor 'shall . mitted :~, llecess~ry but, to the rxtent \ 

submit a protocol amendment for ii. !eMible, not more than every 30 d~ys, t 
new protocol or a. change in protocol (Collection o! tnll,, 111a.tion requirements ii.p, • l 
before lt.a implementation. Protocol provert b:v the ornce or MaM~ement and, \ 
amendments to add a new 1nvest1gator Budget under control numhcr 09104JH) · 1 

or to provide additional lnforma.tion rs2 FR 6831. Ml\r, 19, 1981. a., Rm•mtleu :at s2 . l 
about investigators may be grouped · FR 23031. June 17, 1987: Sl FR .1918, Jan, 2S, 
a.nd submitted at 80•day intervals. 198Rl : 

·,,J ~;;(, ' : ' ' 
j .,, ... 'Q, ;•, ' ' 

h;:,,~htm: or, 1f an invest!g~tor bro- . mitted oither on an FDA Form 3500A 
Cl\,., e ls not required or :i.va1la.ble, the or, tr preferred, on a. CIOMS I form· re­
spectficlt,y or ~everi ty ,,or which is not ports !rom · a.nlmal or eptdemlolo~cal 
consistent with the risk information studies shall be submitted ln a, na.r-
descrtbed in: the g-ener11.l invP.Rtiga- rative !ormat) and s~ll bea.r prorn1• 
tiona.l ~l.an or elsP.where in the current nent ldentiflcation or tts contents, 1.e., 
· aPollcat!on.' a.s amended. For exampl~. "IND Sa.(ety Report." Each written no-
under thls de!lnltlon, hep!\t1c necrosis tUication to FDA shall be tra.nsmitted. 
wo~ltl be unexpected (lJy virtue or to the FDA new •drug revtew division tn When several submissions o! new proto· 

cols or protocol changes a.re antici- § 312,32 IND.safety reports. \ · greater . severity)· H the investigator the Center for Drug. Evalua:tion and Re• 
i brochure on\y referred ti) elevated he• search. or the· product review dlvtsloo pa.ted during a. short period.· the' spon• 

sor ls encouraged, to the extent !ea• 
sible, to include these all 1n a single 
submi581on. 

(Collectton or Information requlroment& P.P• 

proved hy the Office or Ml\nnR'ement and· 
Bwart under control number 0910-0014) 

(52 FR 8831. Mar. 19. 198'1, M am11nded at 62 
FR Zl031. Juno 11. 1987: 53 FR. 1918, Jan. 25. 
1988: 61 FR 515:JO. Oct. 2, 19961 

~ 312.31 Wormatio~ amend.meats. 
(a.) Requirement for inf ormatton amend• 

ment. A sponsor shall' report in a.n in• 
fonna.tion amendment essential in!or• 
matlon· on the IND that is not within 
the scope of a protocol amendment, 
IND sa!ety reports, or ann~l report. 
Exiunplea of infonn.,! ,!l requiring an 
inf orma.tion. amendment include: 

(1) New toxicology, chemistry, or 
other technical information: or 

(3) A report regarding tbe discontinu• 
3.llCe o! a. clinical investigation. 

(b) Content imd format of an informa• 
tion amendment, An 1nrormat1on a"lend• 
ment is reqUired to bear prominent 
identification o! its contents (e.g., 11In­
!ormatlon Amendment: Chemistry. 
Manufacturing, a.nd Control''. 11In!or• 
matton Amendment: · Phl\rmacology; 
Toxlcoloiey';, 11lnformation A1nend· 
ment: Clinical"), and to contain the 
following: · 
· (1) A statement of the nature and 
purpose or the amendment. 

(p.) Dc{ll'!itions. The fnllowi: · deflnl• 
tlona or .terms apply \.( · !ils aecLlon:- · ! p:itlc P.nzymes or hap11.tltls. Stmtlarly, in the Center !or Biologics Evalua.t1on 

! cmbral thr~mboomhol\11m a.nd c~re• and Research that ha& responstbiUty Associated wiOi the use of the drug, 
There is. a reasonable possibility that 
the. experience may have been caused 
by the. <\rug. 

; · bral vasculltts would be unexpected (by for review of the IND. I!. FDA deter• 1 . 

I virtue ~r greater ~pecH!city) if the in• mines that additional dita are needed, 

Disability, A substantial disruption of 
a person's ability to conduct norma.l 

'\. vesttga.tor brochure only listed cere• the agency may require further data to 
, bral vascular a'!cldeots. 11Unexpected," be su.bmitted. 

as used ln this de!tnttion. refers to an (11) ID each written IND sa!ety re• 

I 
atlvem d~ug experience th;i.t _has not port, the sponsor shall .tdentify a.11 saf1r 
beP.n previously observecl (e.g . .' rncluded ty reports previously filed with the 
1n the lnvestiga.tpr brochute) rather IND concerning a. similar adverse expe• 

1
1 

them from the perspective of such expe- rience, a.nd shall analyze the slgnlli­
rlence not being anticipated !rom the · cance of the adv . 1 U ht 

life fnnctlons. / 
I.fl:· 1hrea.tening rrrl.11crse drug expcri• 

ence. Any adverse tlrug expP.r!ence thit 
pl~ces the patient or Rubject. In the 
view of the investigator, at immediate 
risk of deA.th from the reaction as t~ oc• 
curred, 1.e,, it does not include a, rea.c­
tioll' thn.t, had It occurred in a more se• 
vere form, miKht have caused death. ' 

Serious_ adverse drup · erpcrience: Any 
adverse drug experience occurring at 
any dose that reRultirin any or the fol• 
lowing outcomes: Dea.th, a life-threat• 
ening adverse drug experiencet inpa· 
tient hospitalization or prolongation or 
existing hospttaliil'-tion, a persistent or 
significant. disablllLy/lncapacity, or a 
congenital anomaly/birth defect. Im­
portant medical events that may not 
result in de!\th. be life-threatening, or 
require hospiti\liZl\tiOn ·ma.y be cons1d· 
ered a serious advem drug experience 
when, ·bMed upon appropriate medical 
Judgment, they may jeopardize· the pa­
tient or ~ubject ~nd may requil'e med• 
ical or surgic;,.l 1ntcl'ven·t1on to prevent 
one or the outcomes listed In this defi• 
nition. Example8 of such medical 
events include alleriir. bronchospasm 
requirtng intenRivo tt'P.1\tment in an 

1 h l · 1· 1 . " erse exper1encP. n g . · 
1 p armaco og1ca propert es of the oi the previouos aim1la.r repor~ 
1 pharmaceutlcal product. . · ' . . · 

(b) Review of safety infonnation. The ~2}. Telephone . and facsimile trans• 
sponsor shall promptly review a.ll in!or- mtsSion safety r~ports. ~e sponsor sha.U . 
matlon releva.nt to the safety of the also no~i(y FD~ ~Y telephone or by !ac- . 
drug obtP..1ned or otherwise rec,eived by simi_l~ .ra._nsmlsSlon of a.ny un~x.,ected 
the sponsor.from any source !orelgn or fatal or li!e-threatenlnr expenence a.a• 
domestic, ·including tn!or~ation de• aociated with the use of the. drug as 
tivod from any clinical or epidem1olog• soon as posslble but in no· eve.at later 
ica.1 investigi1.t1onR, animal hiveattga• tha.,n 7 c~lenda~ ida.Ys aft~r the. spon• 
tioM, commercial marketing experi• sor s initial recei~t'o! the information. 
ence, reports in the scientific lit• Each telephone call or facsimile trallS• 
erature, and unpunllabed Bclentl!ic ·pa,. mission to FDA shall be transmitted to 
pers, , iB well as reports from foreign the FDA new drug review division in 
regul~tory authorities that have not • the Center !or Drug Evaluation and Re• 
alrea,ly been previously reported to the sea.rch or the product review dMslon 
agency by the sponsor. 

1 
in the. Center !or ·~tologics Evaluation 

(c) JND safety rcpow. '1) Written re- a.nd Research that has responsib1Uty 
ports-(1) Tho sponsor shall notify FDA for review of the IND. 

· and all. pi1.rt\c1pating Investigators in a ,(3) Rr.porting format or frequency, FDA 
wr\tten IND safety repo~t of: may request a sponsor to submit IND 
· (A) Any arlverse experience associ• safety reports in a. !orm~t or 'i.t a !re­
ated with the· use of the drug that ia quency dl!!erent tha.n. that required 
both serious and unexpP.cted: or under this. para.graph. The sponso~ may 

(4) An OiianiZed submission of the 
<!a.ta. in a. !orma.i appropriate for scl• 
entmc review,. 

emeL·gency room or' at home, hlood 
dyscrasias or convulsions that do not · 
result 1n inpatient hoRpita.liiation, or 
the development o! drug dependency or 
drug abuse. 

m) Any findini from test.~ ln la.bora• also propose and. a.do pt a. different re .. 
tory animals tha.t suggests a.· signi!l• porting format or freque.ncy if the 
er) '.It, risk !orhuma.n subject., including change is agreed to ·1n· a.d~a.nce by the· 
reports o! mut~genicity, dirP.ctor o! the· new drug review divi­
teratn~enicity, or ca..rc1nogentc1ty. sfon in the Center for Drug Eva.lua.tton 

1
1 Each notrnc~tton shall be made.as soon and Research or the director or the 

a.~ possible and !n no event la.ter than products review dlvialon 1n the Center 
15 calendar days after the sponsor's ini- for Blologica Evaluation and Research 

(3) Uthe spon~1,1· tleslres FDA to com­
ment on an 1n!ortnatlon amendment, a 
re~ueat for such comment. 

(c) When s11bmitted. Informa.t1on 
amendments to the IND shoijd be sub,, 

Une:tvected adverse drug er"erience: 
Any a.dverse drug experience, the specl• 
ftclty or mertty of which Is not con• 
slstent with the current 1nvest1ga.tor 

1 · · tial receipt of the ln!orma.tion. Each which is responsible ror .review ·ot the 
I' written noti!ica.tll)n may be submitted IND. · . ·: · 
1 , o.n FDA Form 3~0A or ·in a. ne.rra.tive . .(4) A· sponsor o! a clin. study o! a 

format (foreign events may be sub-- ma.rkewd 4rug 1s uQ~ reQu1rod.w ma.ke 
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· _1 safety report for a.ny adverse expert-. protocol number). 1~ purpose. a brter I . (e) A description or any significant · the use or a drttg for diagnostic ptt,r,. 
ence associated with use of the drug ste.temetit identifytng:the pHlnnt pop- Pha.se 1 protocol modifica.tions made poses. If t\ protocol tor 8.11 lnvesttp.. 
that. 1s not from the clinical study uln.tion, a.nd a statement \\ij ~u whether • durtnr the previous year a.nd not pre• tional di,ig meets the crlterla. of Wa 
ttsett. . the study is ~omp1eted. 

1 
1
1 

vious
1
1Y reported to the IND in , pro- section. the protocol la to be submitted 

{d) Foltowup. (l) The sponsor shall {2) The tota.l nurr'·~r or subjects ni• toco amendment. as a treatment protocol under the pro-
promptly investigate all safety .1nror• tially planned for inclusion in. the m A brief summary . or significant visions or thls section. 
mation received by it. study; the number entel'ed into the foreign ·rnarketln~ developments with (b) Criteria. {l) FDA shall permit lll 
· (2l Followup information to a safety study to date. t~bul11.ted by p.ge group, the drui during the past year, such aa tnvest1p.t1ona.l drug ·to be used for , 
report shall be submitted as soon as iren1lP.r, and race: the number whose a.pprovl\l o! marketing in t\.ny country treatment use under ~ treatment pro-
the relevant information is M~lable. participation In the study w11.s com• . or wlthdra.wal or suspension !rom mar- tocol or treatment IND 1t. 

(3) u the results or a. sponsor's inves• pleted as planned: and then· . er who ketlng in any country.. (l) The drug 1s intended t,0 tret.t,. se-
tige.t1on show that an adverse drug ex.- dropped out or the study for any rea.- (g) If demed by the sponsor, rt. log of rtous or. 1mmedie.tely l1[e-three.ten1nr 
perience not initie.lly determined to be son. any outstanding buslnm w~, ~1 • cspect disease: · 
reporta.ble under para.gra.pb (c) of this (3) Il the· study h~ been .completed, to the IND ror Which the sponsor re- (U) There 1s no compa.ra.ble or satls-
sectfon is so reportable.: the sponsor or 1! interim results are known, ~ brief · queat8 or expects a. rep\y, comment, or factory alternative drug or other ther• 
shall report such experience in a writ-· description of any available study re- meeting, . . . apy available to tree.t thlt stare o! the 
ten safety report as soon. as possible, s.ults. (Collection or 1nrormktlon r-.qulrement.a a.p. · disease ln the intended patient popu• 
but in no event later tha.n 15 calendar (b) Summary t11fo~uttori. Information proved by the Office or Management and latton; 
days after the determination is ma.de; obtained during the previous ye9.l''S ·Budget under control number 0910-0011) (lil) The drug is Wlder 1nveat1ga.t10n 

(4) Results of a sponsor's investiga• clinical and noncllnlcal investigations, · !52 FR 8831. Mar, 19, 1987, as amended &t 52 ln a. conttolled c11nical trial under an 
tton of other safety informe.t\on shall 1ncludlng: rR 2.10311 June 11, 1987; 63 FR 686'l, Feb, u, IND. in effect for the trtal, or all clln• 
be submitted, e.s appropriate, in M 1n· (l) A na.m.tive or tabular summary 19981 . ic&.l trials have been completed; and 
form9.tion amendment .or annual re-. show1ng the most frequent and most · · . , (iv) The ·sponaor of the controlled 
port. . serious adverse experiences ~Y body U12:34 Treatment use ot an lnffltlp• · clinica.l trla.l· 1s actively l)Ul'8UUlg ma.r-

.(e) Di!clafmer. A .safety report or system. tlonal new ~g.. · ketlng approval of the 1nvestigat1onal 
other 1nforms.t1on submitted by a spon- · (2) A summary ot all IND sa!ety re- (a), Ge1teral. A drug that ls not ~P- drug with due diligence. . 
sor under this .pa.rt (and any release by ports submitted during the past yee.r. proved tor· m~rketing ma.y be under (2) •Serfou: duease. For a drug ln• 
FDA o! tha.t report or information) (3) A 11st o! subjects who died during cli~cal 1nvest1ga.tlon (or a serious· or tended to treat a serious dlsease, the 
does. not necessarily reflect a. conc1u• participation in the investig~tion, with · immediately llte-~hrettening dis&a.&Q Commls81oner may deny e. request tor 
sion by the sponsor or FDA that the re- tlie cause o! de9.th for ea.ch.subject, condltlon ln pa.tients tor whom no com• treatment use under a. treatment pro-
port or information constitutes a.n o.d- (4) A Hat of su~l,eott\ who dropped o~t parable or · sttistactory alternative tocol or treatment IND if there 1s in-
mission tha.t the drug caused or con• during the course or the investigation drug or otMr th~rapy ts available. Dur• su!ficlent evidence ot wety a.nd ef!ec. 
tributed to all" a.dverse experience. A in· a.ssocia.tion with any adverse expert• lng the clinical lnvest1ga.t1on of the tiveness to support such use, 
sponsor need not ~dmlt, a.nd may ~eny, ence, whether or. not thought to be drug, it may be appropriate to use the (3) lmmedfdtely life-tltrt.tJten1ng dUu. . 
that the report or in!ormation sub- drug related. :''"•:g in the treatment of patients not (l) For a. drug intended to treat an im• · 
mitted by ··the sponsor constitutes an · (5) A brief description of what, It any- . hi the clinical ~rials, in accordance mediately li!e-tlirea.tenhig d!aease, the 
admission that the .<ttUg caused or con- thing, was obte.\ned tha.t ls pertinent to with a treatment protocol or treat,. Commiss1oner may deDJ a request for 
tr1buted to an adverse experience. an understanding o! the drug's actions. me~t IND. The purpose or this section tr~tment use of an 1D.vestlp.ttonal 
(CoHl!Ctiot of information requirement.s ap. including, for example, information is to !ac1Utate the e.vallabllity of 4mg under a· treatment protocol ~r 
provei\ by the omce or Management ind about dose .response, information from • promising new drugs to deepera.telr ·111 treatment IND if the a.vaJ.la.ble aci• 
Bu,tiet under control number 0910-0014) • controlled trans, and ln!prmatlon patients as ee.rly 1n. the drug develop- entlfic evidence, ta.ken aa t. whole, fa11a 
rs
2 

FR 
8831

, Ml\r, 19, 1987, as a.mended nt 52 e.bou~ bloa.va.1la.blllty, . . ment process as possible, before gen• to provide a. rwona.ble basis for con-
FR 

23031
, June 17, 1987: 55 FR 11579• Mar. 29, · (6) A list or the precllnica.l studies ert-1 ma._rketing begins, and to ob~ · cluding'th&.t the drug: 

l99Q: 62 FR 52250, Oct. 7, 19971 (including a.nlme.l studies) completed additional date. on the drµg's sa.fety (A) M&.y be effective tor lts intended 
· · or tn progress during the put year and a.nd effectiveness. 1n the case of e. seri• . use in its intended patient popule.tion; · 

§312.33 .An.nu.al reports. a s\lmmary of the major preclinicl\l ous disea.,e, a drug ordlnarily may be or . 
A sponsor shall within 60 days of the fintlit,gs. made available for treatment use under (B) Would not expose the patients to 

anniversary date that the IND went t7) A summary of any si~n1!1cant · thls sectton during Phase 3 investiga.- whom the drug ts to be admin1stered to 
into effect submit a. brief report· of the manufacturing or tn1croblologica:l tions or e.!ter. all cl1nlca.1 trials have an unreasonable an~ signiflcant a.dd1•. 
progress of the investigation that in.. changes made during the pl\St year. . been completed: however. in appro- tlona.l risk oHllnees or injury. 

1 
d . (c) A description of the general tnves- · priate circumstances, a drug may be (11) For the purpose or thla section, 

c ;tindt~idual study· information. A t\gat1onal plan for the comin~ year to made available for treatment use dur• · e.n "immediately llfe-threatenlng" dls-
btief sumtn1\l'Y or the status of es.ch replace thanubmitted 1 year earller. ing Pha.ae 2. In the c~se or a.n Imme-- ease ·mea.na e. stage of a dtaea.ae ln 
study in progress and each study com• The general .1nves~lga.tional plan sha.\l' dia~ely 11fe•threaten1ng disease •. a. drug which there ia a reasonable likelihood 

1 
~d d ring the previous year. The conta.in the 1nformM1on re~uired under . may be ~de m.llable for treatment that death will occur within a matter 

~,
1
~ml\; is rpquired to include the fol• · '312.23(a)(3){1v). · use under tM~: section earlier than of months or 1n which premature death 

lowln: ln[onna~lori for e.ach study: . . ,.... (d) u the tn~est\~~tor brochure has . . Phu~ 3, .~u~. ~~d1nar1ly not earllenhan ls likely without early ~,~n~:... : . 
. . . -~··m The title of the study (with an_y., .been-revised,~ ~e.~~lption of the.~v~•., . . }~~se:.~.~J?;. .. P~rpo~es of this ,,,ctl~ij,. . .(c) ~af,p;v.qr#J. Trea~.~'.~ilf,~:.pf an ·. 

· ·.:.: 1 te stu~~ .. identmers .sus~t~·~'sionind a~o~y:9f'.the\new ~rochu~~ft.fJ · _ _.· .. -~e)~\r~•~~~n~ u~e•' of a·•~.rug includes 1nvest1gational drug is Cl toned on ·.,tr_,',a~r~prs. ·: ~ttl•,' .. :i,:;,.~\ ~::···,,e,•• I ·J .. ,.e:1 .,•'. d•1)', :· !,.· '· •. '':.· ' . . 

,.,,, 
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• • ' ( ~ j • ' 

1e al)Onsor and investigators com• . (2) A treatment protocol ia to bo sup~ 
ytng with the safeguards of the IND ported by the !ol\owtn~: J 

·oceaa. including the regulations gov• m In!ormatlona.l brochure for sup-
ning in!onned consent (21 CFR pa.rt ·plytng to each treating physici~n. 
) e.nd 1nat1tut1onal review boards (21 (ii) The technical in!orm:i.tton that is 
rR part 56) a.nd the applicable provi. rP.levP.nt to safety and ef!ec.tivenesK o{ 
ons o! pa.rt 312. lncludlng diatrlbutioD tbe druK for the. intended treatment 
the drug through quauned experts, purpoRe. Information coni11.lne~'·in the 

aintenance o! adequate· manufac- sponsor's IND ma.y be tncorporateu by 
. ring {a.cillties, a.nd submisskm of IND reference, 
.fety reparta. (Iii) A commitment by the Rpon~or Lo 
(d) Clinical hold. FDA may ~lace on assure· complil\nce of al\ participating 
lnica.l hold a. proposed or ongoing tnvesthta.tors with the Informed con• 
eatment. protocol or treatment IND sent requlrement,q of 21 CFlt part 50. 
accordance with §312.42. (3) A licensed practloner who receives 
, . . an investigatton,l dru~ for ~reatment 
· FR 19476. May 22, 1987, as &.mended a~ 57 . use under a treatment protocol is an 
~ 132•8• A~r. l5, 19921 11investigator'' untler t~e protocol a~d 
12,35 Submissions for treatment ta responsib'e for meetini a.11 appllca-

u1e. ble lnvesLig:\t,or responsilJIHtiea under 

· a) Treatment protocol submitted by 
D sponsor. Any sponsor or a clinical 
~estig&.tion of a drug who intends to 
onsor a treatment use for the drug 
f\11 submit to FDA· i\ treatment pro• 
:ol under 1312.34 1f the sponsor be• 
·ves tbe criteria. o! §312.34 are satis• 
d. I! ·a. 'protocol is not submitted 
der §312.34, but FDA believes tha.t 
e protocol should have been sub• 
.tted under this section: FDA may 
em the protocol to be submitted 
der §312.34. A trea.tment uso under a. 
ia.tment protocol may begin 30 dP.yR 
,er FDA receives the protocol or on 
tlier noiitloation by FDA that the· 
,atment use described in the protocol 
1Y begin. · 
1) A treatment protocol is required 

. contain the !ollowing: 
i) The intended use o! the drug, 
til An expla.na.tlon o! the rationale 
use or the drug, including, as a.ppro­

l'.te. either a. list of what available 
imens ordinarily should be tried be• 
e using the investiga.tional drug or 
expla.nA.tlon o! why the use o! the 
·esttgattona.1 drug_ is preferable to 
1 use ot a.vaila.ble marketed tmt· 
nts. 
iii) A brief description or the critena 
pa.ttent selection. 

this part and 21 CFR part~ 50 and 56, 
(b) Treatment INr> .,ulimltted by Ii, 

censed practitioner. (l} Ir a llcensetl med• 
ica.l practttloner wants to obtain.an In• 
vestlgationa\ drut ~uhject \.o a con·• 
tl'olled: clinical trial for a trei\trr\ent 
use, the practitioner should first at• 
tempt to obtain the llru~ from the 
s~onsor of t,he controlled trial under a 
treatment protocol. IC the spon~or of 
the cont,rolled cltntcal \nVP.Sti~aUon of 
the tlru: .. ··,111 not establt~h a trP.:i.tment 
pi·otocol for the dru~ un,lP.r paragraph 
(a) of th\s section. the licensed· metllc~l 
practitioner ml\y seek to obtain the 
drug !rol'r\ the spom;or anti ~uhmlt a 
treatment IND to FDA requesting au­
thorization to use the inva11tlgational 
dt'Ug for treatment uBe. A treatment 
use under a trec\tment IND may beRln 
30 days after FDA receive/\ the IND or 
on earlter notification by FDA that the 
treatment use under the .lND may 
begin. A treatment IND is required to 
contain the following: 

(I) A cover sheet (Form FDA 1571) 
meeting §312.23(~)(1).-

(U) lnforma.tlon (when not provided 
by the sponsor) on thr. Mug's chem• 
1stry, manufacturing, a, . Jmtrols. a.nd 
prior clinical and nonclinical experi• 
ence with the drug submitteu in ac• 
cordance wtth i 312.23. A sponsor of a \ 
clinical lnvesti~a.tion subject to a.n IND. iv) The method of .administration of 

: dNi a.nd the do1a1es. 
i) A descripLion: of clinical proce• 
:ea, lP.boratory t,estB, or other rnea.,­
ia to monitor the efrecta of the drug 
1 ~ m\n1m1Z'' t. 

who eupplles an investl~a,ttonal drug to I 
a licensed medical practitioner -for ·pur, 1 

poses or a saparP.te treat,m11nt clinlc~l i 
tnvestlgation shall be de~med to .a.u• I 
thortze the tncorporation-by-re!erence I 

of tho technical information contained 
in the sponsor's IND into the medical 
practitionef s treatment· IND. 

(iii) A statement of the steps taken 
.by the pritet1tioner to obtain the drug 
~nder a treatment protocol from the 
drug sponsor. 

(lv) A treatment protocol conta.1ning 
the · sa.me ln!ormation listed 1-n para• 
graph (a)(l) or this section. 

(v) A statement of the practitioner's 
quallflcatlons to use the invest1ga• 
tional dru_g !ot the intended treatment 
use. 

Rockville, MD 20857, 301'"443-4320. A!ter 
normal working hours, eastern stand• 
a.rd time, the request should be di· 
rected to the FDA DMs1on ~,i Emer­
gency and Epidemiological Operations, 
202--857..a400. Except 1il extraordinary 
clrcumstances, such authorization will 
be conditioned on the sponsor ma.king 
an appropriate IND submiasion as soon 
a.s practicable after recetvlng the a,u • 
thorization. 

(vi) The practitioner's Rtatement o! 
familiarity wtth information on the 
drug's sl\fety a.nd ef!ectivenesa derived· 
from previous clinical and nonclinical 
experience with the drug, 

-(Collection of information requlremeµta ap­
proved by the Office or Mane.~emeut GJ1d , 
Dudget under control number 0910--0014) 

[52 FR 8831. Mar. 19, 1981, P.S a.mended a.t 52 
FR 23031, JW!e 17, 1981; 55 FR 11579, Ma.r. 29, 
19901 

· Mil Agreement to report to FDA 
safety information 1n accordance with 
~ 312.32. 

12) A licensed practitioner who euh­
mlta a treatment IND under this sec• 
tion ls the sponsor-lnvP.stl~ator for 
such IND and is responsible for meet­
Ing all applicable sponsor and investi­
gator re~ponslbilities under this ·pa.rt 
and 21 CFR parts 50 and 56. 

· (Coll11~tlon or Information requirements llP• 

provo,I hy t.he Office of MaM1?ement l\tld 
Butl1rnt under control number 0910--0011) 

!~2 FR 19177. Ml\y 22. 1987, ll.ll nmendeu at 57 
FR 13249, Apr, 15, 1992J 

· m2.36 Emergency use of Rn inves• 
· tigational new drug, 

Nee(! for an investlgati6nal drug may 
arise· in an emergency situaL!on that 
does not allow time !or ~ubm!sston of 
an IND• In· accordr.nce with §312.23 or 
~312.34. In such a. case. FDA ma.y au­
thorize shipment or the drug fo~ a spec• 
!fied use ln advance of submission of a.n 
IND, A request for such authorlza.tiou 
m:i.y be trnnsmitted to FDA by tele• 
phone or ot.her rapid communication 
means. For investigational biological 
drugs. the request should ue dfm.t~tl to 
the Division of Biological Investiga• 
tion:i.l New Drugs lHFB-230), Center for 
Biolo~lcs Evaluation and Research, 
8800 Rockville Pike, BethP.~!1,·. MD 
20892, 301-413--4864. For all othei lnves­
ttgatlonal drugs, the request for a.u­
thr,rlzii.tlon should he tlirectP.tl to t.he 

_ Document Manaiement and Reporting 
Branch (HFD-53), Center fflr Dnig Eval• 

§ 312.38 Withdrawal of an IND. 

(a) At any time a sponsor may with• 
draw an· effective IND without WlU·. 
dice. 

(bl If an IND is withdrawn, FDA.sha.ll 
be so notified, all clinical inve~t,i~a­
tions conducted under the IND. sha.ll be 
ended, all current investigators noti• 
.!ied, a.nu all stocks of the drug re-­
turned to the sponsor or otherwise dia· 
posed o! at the request of the sponsor 
in accordance wtth 9312.59, 

(c) If an IND is withdrawn bec~use of 
a. safety reason,. the sponsor sha.11 
promptly so inf o~m FDA, a.11 partici• 
patlng investigators, and all revieWing 
lnstitutional Review Boards, together 
with the reasons for such withdr,wal. 

(Collection or lnrormlltlon 1·equlrements ap­
proved hy the Office or ManP.R"ement and 
Budget under.control in umber 0910--0014) 

I • 

152 Fn 0831. Mar. 19. 1987, n.s a.mended at 52 
FR. 23031, Jupe 17.19871 

Subpart C-Administrative Actions 
§ 312,40 General requirements for use 

or an investiiational new drug in a 
clinical inve11tigatioa, 

(a) An investigat1onal new d.['.ug may 
he used 1n a clinical .tnv!'~tigation iC 
the followin}: condltionR are met: 

(1) The sponsor of the investiga.tion 
submits an IND for the drug to FDA: 
the IND 18 ln effect under para.gra.ph·(b) 
of this section; and the sponsor com­
plies with all applicable requirementa 
in this part a.nd parts 50 a ·,.~6 with re• 

u~tion and Research, 5600 Fishers L?.ne; 
apect to the conduct o! t,. .tntcal tn­
vestig~~1ons; and 
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, . , Au1mmsnot1on, HHS §312.42 

· · ii · (ll) The pl~n or "totocol for. the tn- ·(b)(4)m through (b)(4){viil) or this aeu--. (2). Ea.~h .p11rtic'Mting tnvestlga.tor clinical investigat\ons or respoMe to ., 
a... r. 1l'I> ,. · nstip.tion ls clearly denclent 1n de• t1on a.pply. 

,,0'~duc .... his or her investtcre.tion in 'the agency. · Cl .. ,., h Id ! .... ~ .... ~ , .. 
1.1 II,) l't I sign to meet it., stated obJectlves. (4) tnt1.'" o o cmr a,wv "'""' 11 · 

!otnpliance 'With •the requirements of (Collection. or lntorrn11.Uon requlr41mt1nts a1r ·(3) Cltnlcal hold or a. treatment IND not designed to be adequ4te 411d toell-co'll• 
·,his part ~nd pt.rte 50 ~nd 56. provoo by the omc6 or Man11,emt"n~ 11.

nd or treatment protocol. trolied. FDA may place a proposed or 
(b) An IND goes into effect: · Buclget under control number 09t0-00l4l (i) Propo!td u.,e. FDA ma.y place t. ongoing 1nvestlption that 1s not de-
(1) Thirty days after FDA receives {52 rn. 8831. Ml\r. 19, 1981, I\S amended at 52 proposed treatment INn or treatment signed to be ad.equate t.nd ·weU-con.-

;he IND, unless FDA nottrles the spon.. FR 23031, June 11, 198il . protocol on clinlct.l hc,u U it is deter~ trolled on clinlcal hold lf lt flnds tha.t: 
:or tha.t the'investtga.tlons described ln mined that: · . (1) Any or. the cond1t1ona ln para-
.he IND ·are subject to a. ·clinical hold U12·42 Clinfoal holds and rcqueSls for (A) The pertinent criteria in graph (b)(l) or (b)(2} o! th1a section 
tnder §312,42~ or modification, ~3l2.34(b) !or permitting the treitment ~pply; or 
(2) on ee.rlier notlficp.Uon hy FDA (a) G@ernl. A cllnicl\l hoh\ is a.n ot·d~r use to liegtn l\re not sti.tlfttled; or ·(11) There is reasona.ble evidence the 

hl\t the cl\n\cl\l lnvestigP.tlon~ In the issued by FDA to the spon~or to tlel11.y · (B) Thfl t1·e11.tment protocol or treat- investiga~ion that Jn no~ designed to be 
ND may begin. FDA wlll noU!y tbe I\ proposed clln1cl\1 ·1nvcsttgn.tlon or to ment IND does not contMn the in!or• adequate and well-controlled ls lml>8d• 
ponsor in writing of the date 1t re- suspend an ongoing inveStig~t1on. The mation requlred.un!ler 1312.35 (a.) or (b) tng enrollment in, or otherwise lnter-
eives the IND. : cl!nlc:i.1110\tl oi•i\er may apply to one or to ml\ke the epecl!led determination fering with the conduct or ·completion 

more· of the investigations covered by under i312.34(b). ' of, a. study that is designed tQ be an 
(c) A sponsor m&y ship an investiga.- an IND. wnen a ~roposeu ~1-,.,y is (ll) · Ongoing ·use. FDA may place an adequate and well~ntrolled mvestiga. 

ional new drug to investig~tors named 'Placed on cllntce.1 nbl<l, suh)ec, . .i may \ ongoing treatment protocol or treat-· tion or the aame or another 1nvesttga• 
n the IND: · not be giv.en the- tnvesttgatlonal drug· ment IND on cllnlcal hold 1! it is deter• tlona.l drug; or · 

(1) Thirty days after FDA receives. When an -0ngoing study is pla.ced on 
1

\ mined that: (lil) InsuCficient quantities of the 1n .. 
he IND: or · clinical hold, no new subjects tn~Y be . ·. (A) T11ere becomes available a. com• vestiga.tiona.1 drug exist to adequately . 

(2) On earlier FDA authorization to recruited to the stu~y and pl!\ccd on parP-ble or satisfactory alternative conduct both the tnvestlga.tton th,t 1s 
hip the drug. . the •lnvest.tgational ·drug: pe.tlent.s al• I dl'Ug or other thm.py to treat that not designed to be adequa.te a.nd well• 
(d) An investigator m!\y not au1:11n- really-in the st,udy should be taken of( \ stR~e of the disease 1n the intended pa• controlled a.nd the investitationa tb.a.t · 

3ter an investlgational new drug· to therapy invoMng the investlgatioMl . t1c1;~ ~opulation for which t~e tnves- a.re designed to be adequa.te and well-
ume.n subjects until the IND goes into drug unless spec\f\cl\11Y ptrmittetl by tigntlonal drug is being used; . controlled; or 
ffect under paragraph (b) of this sec• FDA in the tntere~t of p:i.ttent safety· I (a) The 1rivesttgat1ontl drug is not · (lv) The drug has been stud.led ln one 
l (b) Grotoids for impo!fllon of r::idca.l \ unller investiga.tion 1n a. controlled . or more adequate an~ well-controlled 
on. ho!d-(1) Clinical h~ld vf ct Phase l study cllc .. ~.t tri~l under-an IND in ecrect for 1nvestlgations that 11trongly sttggest 
312.41 Comment and advice on $n under an IND. FDA mt1.Y place a pro• the trial a.nd not all controlled cllnlcal le.ck o! efiecti,en.ess; or . · 

tND. posed or ongoing Phase 11nvest1gation · trials necessary to support a mar• (v) Another drug under 1nvest1pt1on 
· 1 i th on ~linica.l hold ifit f1nr1s that: keting a.ppUcAlion have been com• ·or approved for the wne 1ndlca.t1on 

(a) FDA may P.t any time cur ng e (1) Human subjects are or would be pleted, or e. cUnicil .study under the and available to the same patient popu• 
ourse of the inve5tigation · commu• exposed to an unreo.sona.hle and sign\fi• · IND ha., been placed on clinical hold: lation bas 'demonstrated ·a. better P.0-
icP.te with the spons~r orn.lly or in cant risk or mnos5 or injury; (C) The sponsor or the controlled . tentia.l benefi.tlrtsk balance; or 
'l'itlng e.bout deficiencies in the IND on The .clinical investigators nam~d clinical trial 'is not pursuing marketing (vi) The drug has received marketing 
r about FDA's need for more data or in the IND are not qualified by ret\son approval wtth due d111gence: approval !or the same indication ln the 
1formnt\on. · of their scientific tt•a\n1ng and experi• (D) U the treatment IND or treat- same pP.tient population; or 
(b) On the sponsor's request. FDA ence to conduct the inmtlgatlon de· ment p1'otocol ia intended for a serious (v11) The sponsor or the study that 1s 
ill provide advice on specmc matters scribed 1n the IND: disease, ther.e is lnsumcient evidence designed to be a.n adequate a.nd well-
~l~ting to a.n IND. Examples of such (iii) The inves~1gato1· brochul'e is of safety and etrectlveness to support· controlled investigation is ~ot actively 
dvice may include adv1ce on the ade• mlRiead\ng, monr-•.n~. or ml\.terlally \ . such use; or · · pursuing mt.rketing approftl or the in-
ul\cv or ~echnic1\l !lat!\ to 1'Upport an incomplete; or I . 1 (El Ir the treatment protocol or. vest1gational drttg with due diligence; 
we~\gat\ona.l plan, on the design o! a (iv) Th~ 'lND (loes not contain sum- 1 treatment IND was based on a.n imme- or 
nn1cil trial, a.nd on whether proposeil cient information rcqu\red under \ d1~tely . llfe-threatenlng diseMe, the ('rlH) The Com.missioner determines 
westig11.ttons are likely to produce tht ~312:23 to assess the ri~ks to subjects or . I\Vl\ilable scientiflc evidence, taken a.a that.it would not be in ~e pubdlictedinter--
?.ta and in!ormatlon that is needed to . the proposed studles, a whole, fail~ to provide a ree.sonable est for the stud1 to ~ con uc or 
ieet requirements ror a. marketing ap- (2) Clini~a! hold of a l'hasc 2 or 3 study \. basis for concluding that tM aru.~: continued. FDA ordina.rlly intends that 

under a.n IND. FDA m11.y plt\ce a pro• 1 (1) May be effective- for lts intended cUnlcal holds · under pa.ra.graphs 
lication. 1 ti 1 "C posed or ongoing Pllase 2 or 3 lnves-. I use in Its intended popule.tton; or (b)(4)(H), (b)(4)(111) and (b)(4)(v) o!·tllls (c) Unless the commun ce. on s "' • \ · l ... Adi 1 ... , ld u tirra.tion on cllntca.l hold If it finds (2) Would not expose the patients to section would only app y to tl,11 t onl:tl 
)mpanied by a clinical ho or er s \ whom the drug is to be ~dministered to enrollment ln nonconcu.rrently con• 
nder ~312.42. FDA communic~tions that: . 1 1 h ".... 11-• .. ·tl -s (i) Any or the conditions in pa.ta• an unreasonable n:nd slgntncant a.ddi· trol ed tr1a s rat er tnif,.U e IIUlU\ ng 
•I •·11 a 511onsor under this section are l i . l ti .I 4,. 1 .. d.1 ... u 1 l a,h, 1

" }I arn.ph (\>)(1)0) through \Iv) of th s sec• \ tlontl risk of illness or in ury, . . con nueu access w w rn,ua s & recw.,J 
,lely advisory l\nd do not t·~quire any tion apply: or • Hill FDA"' may place a proposed or on• receiving the lnvestigational drng. 
\Otl\fication in ~he planned or ongoing l going treatment lND or treatment pro• (5) Cltntca.l h/\lrl of a.n.y htmtigatfon fn-

l . tocol on clinical hold 1f 1t finds tha.t ·. ~~!uitt~ .an t%tt,J.~~~~,f!.O!" tn/,9..~w-~PJ;;jr_ 
: ji(/il_l' 0

0
!,~?~\~~~?M In ~P~: ffi11: under §50.21,•if thb cl ,r, FOL ·, ·. :.\.'.·.'. ·' 

"·· i · • ; ~ni ·~ r" .,. _. 

' '' . 
. . ··- -;r: /,::_ . . i 

'I' ' 
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!~:t~r ! ,,: ,,;~l',, . . , -, J2l CFR ch:f,l4-!~-Edili9flf . 
nay placu proposed or ongoing inves• endar day!! of receipf or°the reqlteRt a:. 
;ig&t.lQn mvoh1ng an exception from the complete respon~e. FDA's response 
nfonned consent under §50.24 o! this will either remove. or mainta.ii:1 ,1the 
:hapter ·on elln1cal hold i! 1t is deter• clinice.l hold, and will state the reasons 
nined that: for · such determination. Notwith• 

(1) AJly or the conditions 1n para- standing the SQ..ealenda.r day response 
rapha (b)(l) or (b)(2) o! this section time, a. sponsor may not proceed with.a 
~ply:-0r · cl1n1cal ~rtal on which a cl1nl1,.:1.l hold 
(11) The pertinent criteria in 150.24 o! has been imposed until the sponsor ha.s 

!us chapter tor such an 1nvest1gatton been not1!1ed by FDA that the hold bas 
o begin or continue are not submitte.d . been urted. 
r not a&tiatied._ , (!) Appeal. I! the sponsor dis~grees · 
(c) Discu.uion. of de/icienCJI. Whenever with the reasons· cited !or the clinicel 

'DA COllcludea that a, deficiency exists . 
1 a clinical 1nvest1ge.t1on tha.t ma.y be . hold, the sponsor ma.y request recon• . 
rounds for the 1mpoait1on of c~ical aideration of the decision ln accord~. 
old FDA wlll, unlaa patients m ex• ance with·§312.48, .. 
osed to Immediate and serious risk, (g)' Conversion of IND on clmical hold . 
ttempt to diacuea and satisfactorily to inactive status. If 11.U_ investigations 
38olve the matter witb the spansor be. covered by an IND remain on clinical 
,re taswng .. the cl1n1ceJ hold order. hold for 1 yea.r or more, the IND may 
(d) Jmp0sttio'll of clinical hold. The be placed on inactive status by FDA 

11n1cal hold order may be made by under i 312.45. 
,lephone or other niea.ns of rapid cQm• 
1unicatton or ill wrtting. The cliniceJ 
old order will identify the studies 
11der the IND to whioh the · hold a,p,, 
lies. a.nd will briefly explain the basis 
,r the action. The ·cllnica.l hold order 
ill be ma.de by or on beh~ of the Di• 
\sion Director with reaponstbil1ty for 
w\ew ot the IND. As soon as possible, 
ld no more tha~ 30 days a!ter impost­

(52 FR S831. Mar. 19, 1987, as amended at ·s2 
FR 194'77, May 22, 1987; 57 FR 13219, Apr. 15, · . 
1992: 61 FR 51530, O.ct, 2, 1996; 63 FR 68&i8, 
Dec. 14. 1998] 

. EFJ1T.C'l'IV! DATE NOTE: At 63 FR 68678, Dec. 
H, 1998, 1312,42 wa.1 amended by revising 
·pnrwaph (e), e!tective Apr. 28, 1999, For ·the 
convenience o! the user, the superseded text 
follows: · 

on of the cltniw hold, the Division Ul2.42 Clinical holdt and reque•t11 ror 
1reotor will provide the sl)Onsor a. modification, · 
rttten explw.tion of the basis !or the 
)ld. . .. 
(e) Resumption of clinical investiga­
ms. An investigation ma.y only re• · (e) Resumption of c1t11ical i11vaJtlgations. I(, 
lme a.tw FDA (usually the Division by the terms oC the cllnlcal hold order, re• 
lrector or the Director's de.signee sumptlon or the a!!ected lnv~stl(atlon Is per• 
1 h ' .... bilit , vi w f th' mltted without prior notification by FDA 
1t respono, Y ior re e O 8 . once o. ~tated correction or modtnr.Mlon Is 
lD) has noti!ied the sponsor tha.t· the made, the !nvest!Katlon may proceed as soon 
vestiga.tion may proceed. Reaum~ 1\8 the correction or modification IR made. In 
on of the e.!fected investig~tion(s) all other cases. an fnve3tl~a.tlon may only. 
lll be authorized when the sponsor resume 11.fter the DlvlRlon Director /or the · 
irrecta the defic1ency(1es) previously Direct.or's deslinee) wl~h responBlhlllty !or 
ted or otherwise satisfies the agency review of the IND h11.11 notinea the sponsor 
.at the investigation(s) can proceed, that the lnvestl~o.tlon ma.y proceed. In theae 
)A may nott!y a, sponsor of its deter- CUQB resumption or the .affected lnve.,tlia• 
lnation regarding the clinical hold by tlon(sl will be authorlz,d whim the Rponsor 
lephone or other m~ o! rapid com- correct,; the def.iclency(les/. previously cited 
untcation. If, sponsor·of a.n IND that or otherwise sat1s!led the &4'ency that the In• 
(S been placed on clinical hold re• ve"UKRt-lon(~) cRn prqceod. Resumption or a 
1ests tn wrtttng that tlle clinical hold study may be P.U th0rl1.ed by tel~phone or 

d d bmits 1 t other means of rapid com mun I cation, : remove a.n su a comp e e re-
onse. to the tasue(s) identified in the 
lnical hold order, FDA &ball resPt)nd 
·writing tot~·~· ·9onsor ~lthin 3kal· · 

11' . * 

r . , '· 

· '·· 1312,44 Termination. (viii) The spollsor ta.118 to aubm1t a.n 
accurate annual report of ths.. 1nves-

(a) G,~eral, Thi~ section describes the t1gat1ons in a.ccorda.nce with §312.33. 
proeedures Wlder which FDA may ter• (ix) The sponsor !~s to· ~mply with 
millate a.n IND. I! an IND is term!• a.ny other applica.ble. requirement of 
nated, the.sponsor sha.11 end all clinica.l this part, part so, or pa.rt 56. 
investiga.tlons conducted u11der the (x) The IND has remained on 1na.ct1ve 
IND and-recali or otherwise provide !or status ror 5 yeara or more. 
the disposttion o! all Wlused supplies o! (xi) The sponsor !a.ila to delay a pro­
the drug. A termina.tlon Mtion ma.y be posed investigation under the IND or 
based on de!1oienc1es in the IND or in ·to suspend an ongoing 'inveet.iga,tion · 
the conduct of· a.n inveatiga.tion under that has been placed on cllnical hold 
a.n IND. Except as· prov1ded_:~ ... ~ar

1
. a.- under !312,42(b)(4).. . 

graph {d) o! this section, a. teuw.u4t on . (2) Phase 2 or 3. FDA ma.y propose to , 
sha.11 be preceded by a proposal to ter• terminate an nm during Phue 2 or 
ruinate by FD'A and· a.n opportunity !or Phase 31! FDA !inda that: 
the sponsor · to respond. fDA Will, in (1) Any o! the conditions 1n pe.rg... 
general, only· init1ate a.n a.ction under graphs (b)(l)(i) through (b)(l){xi) ~! this 
this section after first &ttempttng to section apply; or 
resolve di!!erences in!orma.lly or, when (11) The tnvestiga.tional pla.n or pro­
appro~r1a.te, through the clinical hold tocoHs) 1s not reasonable.as a. bona. fide 
proceuures described 1n §312.42. sctenti!ic plan to determine whether or 

(b) Grounds for terminatfon-U) Phase· not the drug is safe and effective !or . 
J. FDA may propose to terminate a.n use; or 
IND during Phase l if it finds that: (111) There ts -0onvincing evidence 

(i) Human sublects would be exposed that the drug 1s not e!!ective !or the 
to an unreasonable and sign1!1cant risk purpose !or which it is being tnvea. 
o! illness or unjU:ry, tiga.ted. 

(11) The IND does not contain sum- (3) FDA may propose to terminate a 
cient in!orma.tton required under treatment IND if it finds th&t: · 
i 312.23 to aasess the safety to subjects (1) Any o! the cond1t1ons 1n para.-
or the clinical investigations. . graphs (b)(l)(i) through. (x) o! this sec• · 

(!ii) The methods, !acillties, and con.- · tion apply; or . 
trols used for the ma.nu!a.cturing, proc.. :(it) Any of .the conditions 1n 
ess1ng, and packing of tbe investiga- j312.i2(b)(3) apply. 
tional drug .a.re· inadequate to establish (c) Opportunity for sponsor response. 
and maintain appropriate sta.nda.rds o! (1) I! FDA proposes 'to terminate a.n 
identity, strength, quality, and purity . IND, FDA will notify the ·sponsor in 
a.a needed !or subject safety. writing, and invtt~ coITect1on or expla• 

(Iv) The clinical 1nve~tlgations a.re nation Within a period o! 30 d&ys. 
being conducted ·in a manner substan: . (2) On such notification, the sponsor 
tially different than that described in ma.y provlde a written explanation or 
the protocols submitted in the INp. correction or may_request a. conference 

(vl The drug is being promoted or dis• with FDA to pro:vide the requested ex• 
tributed !or commercial purposes not planation or correction. It the ~ponsor 
Justi!ied by t4e requirements of the in• does not respond to the notl!ica.tlon 
vestigatlo11 or permitted by 9312.7. wtthln the allocated time, the IND 

(vi) The IND, or any amendment or shall be terminated., 
report to the IND, contains an untrue (3) If the sponsor responds but FDA. 
statement of a. materia.l !act or o.mits does not accept the explanation or oor• 
m'a.terlal information required by this rection submitted, FDA· alia.11 inform 
pa.rt. the sponsor in writing of the reason !or 

Mil The sponsor fa.Us promptly to in• the nonacceptance and provide the 
vestlgate a.nd · inform the· Food a.nd sponsor with an opportunity !or a regu• . 
Drug Administration and all tnvestiga• la.tory bea.rt11g before FD~ under part 
tors of sertoua and unexpected adverse 16 on the question o! whether the IND 

. experlenoea ln accordance with u1i.s2 should be termina~d. Th,· .. ~nsor'a re. 
· or Calls to make any other report re• quest !or a regulatory ht r must be· 

quired under this part. ma.de within 10 daya 01 ""o ~p0naor's 
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..,~eipt o! FDA's notiflcation o! non• <d) A sponsor who intends to resnme money ~nd thu". In speeding the drug ual Guide 4850.7 that ls publlcty a.Vt.11• 
acceptance, clln1cA.1 investlgntlon under !n IND development and evaluation process. In able under FDA's public 1.nform&tlon 

(d) Immediate termtnatllm of IND. No~ placed on inactive status- shall submit part1:1,111.r. FDA •.~M round thlt meet- ·regulations in part 20. 
wtthstandtnr oa.ra.graphg (a) throu~h a orotocol amendment .under 1212.30 1ng11 "~ the end or PhMe 2 or an tnves• (V) Conduct of meeting, Arranrement, 
(c) of this section, ·if at ·any time FDA containing the proposed·general 1nvea. ttgation (end-of-Phase 2 meettngs) are for an end-of•Phase 2 meeting are to be 
concludes that continuation of the in- 'ttgattonal pfan for the coming year and of considerable assistance in pl•nninr ma.de wtth the dlviston 1n FDA's center 
vestigation presents an immediate and appropriate protocols. If the protocol ,.Lter studies antl thl\t meetings held tor Dru~ Evaluation an,l Reseirch or 
substantial danger to the health. of in• amendment relies on information pre. near completion or Phase 3 and before the Center !or Biologics Ev&lua.tlon . 
dividua.ls, the agency shall imme- vloualy submitted, the plan shall ref• . . sutimlsslon of ·a marke·tlng ·application and Reser.re~ which 1s ~ponsible ror 
d1ately. by written notice to the spon• erence such information. Additional in• ("pre-NDA'' meetinp) are helpru.l in reView of the IND. The meettnr w11l be 
sor from the Director of the Center for formation supporting the proposed in• dev~loping methods or presentation sch~duled by FDA.at a time convenient' 
Drog Eva.luation and Researeh or the vestigation, 1f any, sha11 be. submitted and submission or dl\t!\ ln the mar• 0 Director or the Center ·for Biolog1c_s. 1n an information am~ndment. Not- keting application that facilitate ra..· to botb F A an~ the sponsor. Botb th8 

v- sponsor and FDA "may bring consult-
Evaluation and Research terminate· wf thstandlng the provisions or I 312.30. view and allow timely FDA response. ants to the meeting. The me~tinr 
the IND. An IND so terml~a.ted is sub-· cllntcal 1nvesttgatlons under an IND on (1) End-of•Phcue 2 meetingH1) Pur• h ld b di ed ... _ .... n ..__ 
ject to reinstatement by the Director lna~tive status mn.y only resttme (1) 30 flo.~e. The purpose of an end•of-phase 2 8 ou e rect p,wlMuY a.t esta.11" 
· · a f FDA I th t 1 ' llshing agreement between FDA and on the basis of addltlonai submissions ays a ter rece ves e pro oco mee.tlng is to determine the safety or the sponsor of the overall plan !or 

that eliminate ·such dMg-er. I! an !ND amendment, unless, FDA n?tlfles the proceeding to Phase 3, to evaluate the Phase 3 and the objectives a.nd design 
1a terminated under this pa.re.graph, the sponsor that the ln~esttgattons de• Phase 3 plan and protocols and the ade- o! particular studJes. The adequa.c., o! 
agency Will afford t~e sponsor an op- sc~bed In the a~endment are sub~ect quacy of current studies and plans to the technical 1n!orma.t1on to aup'port 
portunify for a regulatory hearing to a clinical hold under tF312,42h, or (h2) assess pediatric safety and effective• Phase 3 studies and/or a ma.rke+tf\tt an. 
under part 16 on the question of wheth- on earlier noti

1
f1cat

1
ion bdy DAb td 

1
a.t t e ness, and to identify any additional ln• plication may also .be discusaed.m'A 

·er the IND should be reinstated. clinical invest gat ons escri e n t~e formation necessary to support a mar-
protocol amendment may begin. keting application for the uses under wm also provide its best judgment. at 

(Collection or ln!onna.tion rtqnlrerncnts ap- (e) An IND that remains on inactive investigation, that time, or the J>i'dl&.tric studies that 
proved by the omce o! Management and status for 5 yea.rs or more may be ter• (II) Eligibility ,01 meeting. While t"c wlll be required r or the drag product 
Budget under control number 0910..0014) 1 t d d ·r312 44 11 and wheth thel ub""'4"•4o ."'411 be m na e un er i • • end•o!-Phase·2 meeting is designed pt1• · er r 5· UU,D;)l n "' 
t52 FR 8831• Mar. 19· 1987• M amended at 52 (Collection or lnformP.tlon req~lrem~nts RP. manly !or IND's involving new molec- deferred· until a.rter approval. Agree. 
Flt 23031, June 17, 1987: 55 FR 11579, Mar. 29, ~roved by t.~e omce of MAnR(Pment and ular entities or major new uses of mar• ments reached at the meeting on tihese 
1990: 57 FR 13249, Apr. 15.1.992) . .Butl~et under control ~umber 0910.0011) keted drugs, a sponsor of any IND may matters will be rec,,rded 1D minutes ot 
mi45 Inactive status. . 1s2 F'R 8831, Mar. 19, 1987, M nmended at 52 request and obtain a.n end-of-Phase 2 the conference th

i\ •"lll be taken ~Y 
. FR 23031, June l7, l9S7) meeting · FDA 1n accordance With §10.65 and pro-

(a) If no subjects .are entered into (111) rimtng. To be most use!ul to the · vided. to the sponsor. The min~tes 
clinical studies for a; period of 2 yea.rs §312.47 Meeting11. spoMor, end-of-Phase 2 meetings alongi with any other written matert&.l 
or more under an WD. or lf all !nves- (a) General. Meetings between a. spon• · should be held before major commit- provided to the sponsor Will serve as a. 
t1gat1ons under·an IND remain on clin• sor and. the agency a.re frequently use- ments o! effort. and resources to· spe• permanent re~ord of SIJlY agreement.a 
ical hold !or 1 year or more. the IND ful in resolving questions an,! issues clflc Phase 3 tests are made. The sched• reached. Barring a sJgnifica.n.t sci• 
may be placed by FDA on inactiy~ sta• raised during the course of a cl1nica.l ulln~ or an end-of-Phase 2 meeting is entiflc development that require8 oth• 
tus. This action may be ta.ken by FDA investigation. FDA cn.courP.ges such not·, however, intended to delay the e_rwise, studies conducted ln accord•. 
either on request of the sponsor or on meetings to the extent that they aid in transition or · an investigation from a.nee with the agreement ah.all be pre-
FDA's own initiative. If FDA seeks to the evaluation or the drug and in the Phase 2 to Phue 3, sumed to .be sumoient in obJecti~e and 
act ori its own initiative under this sec- solution or ecientlf!c probletns con• (iv) Advance Information. At least ·1 desJgn for the purpose of ob~ng 
tlon, .it shall first notify the sponsor in cernlng the .drug, to the extent that month in advance of ... 11 end-of·Pha.se t marketing approval for the drug. 
writing of the proposed inactJve status. FDA's mourccs permit, The general . meeting, the sponsor should submit · (2) ''Pre-NDA" and "pre-BLA" meet• 
Upon receipt of such noti!lcation, the principle underlying the· conduct of background lnftlrmatlon on· the spon• tngt FDA ~u found that delays assocl• 
sponsor shall have 3.0 days to respond such meetings Is that there should b~ sor's plan !or Phase 3, including sum• ated with the initial review o! a mar-
as to why the IND shoulu continue to · free

1 
full, and open communication maries of the Phase l and 2 tnvestlga- ket1ng a.ppU~tion ma.y be reduced by 

remain active. . about any scientific or medical ques• ttons, the specific protocols for Phase 3 exchange~ l)f information about a. pro-
(b) If an. IND is placed on inactive tion that mA.y arise during the clinical. cl!nical studies, plans for any addi• posed marketing application. The pri• 

st11.t.us, all investigators shall. be so no- investigation. These meetings shall be tlonal n.oncUnicU studies, plans !or pe- muy purpoaq or this kind of exchange 
tiiied and e.11 stocks of the drug shall conducted a:nd documented in accord- · diatrie studies, .including a time line is to uncover any ma.Jor unresolved 
be returned or otherwise dlsposed of 1n ance with.part 10. for protocol !inallzation, enrollment, problems, to identi!y those studies that 
accordance with I 312.59. · (b) "End•of•I'hase 2" meetings and completion, and data 9.nalysts. or in!or•. the spoQsor is. rel~g on as a.dequ.ate 

(c) A sponsor ls not required to sub- meetings lteld before s11bmf.~sion of a mar· matfQn to support a_ny planned re4~est and well-controlled to establish the 
mlt annual reports to an IND on tnac- ketlng app1icatfon. At specific Umes for WA.Iver Qr deferral of pediatric stud- drug's effectiveness, to identify the 
tlve stl\tus. An inactive IND ts. hOw• during the drug Investigation process. ies, and, i! available, tentative label1ng etatus or onrotnr or needed studies 
ever,. still in effect for purpoRes of the meetings between 'FDA and a sponsor. j··· for the drug .. Th~. recommended con- adequate to assess pediatric se'nty and 
public disclosure,, or' d~ta·and'i, nrorma- ', ~an.be:~sp~clally.· P~m~1 tp_ minl~t~l~ti'., ''.:' .)~n __ ~s. ~r ~uc,~ .. ~. ,-.·~~~mission, .ar~;'.,~\~;- ,e(tecttve~~, .. J~-J~cquaint Fl:'-\~~.eW•. i .. : 

'1'.~~ un~~-IJ~Jftlt. . : .· \ ~ .. : c,r5wu1 exjiendl}~ o! •. tfm~'~f,;:1_;: , ·. :·tbed.mott lll!IY In; FD.A Stafl Man• ers With the·general !nfonr .. 'D f.o be ' . 

,...... RO. i n1 
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·,· ,:·", 

' ~u1i,;,,tie,1\n the marketing appllcl\.. man 'tncl.udo re11olving·,·,/(iirhculties In l 
UoJi ·uncludini technical in!orml\tion), scheduling meeting~ and obtatnlng·_ 
to discuss appropriate methods for Rts\- timely re~)tes to h1q11trles. Fur~er de- i 
. UaUcal I\Dalysis or the data., and to dis- t?.lls on thl~ procedure l\r~ conta.\ned in· \ 
ctt~ tile best approach to the presen- FDA Staff M11.nul'.l Gulfl1~ 1820.7 that Is l 
ta.Lion and formatting o! data in the publicly available under FDA's public 1 

mal'kettug application. Arrangements information re~ulattona to p11,rt zo:.. ·l 
!or such a meeting a~e to be initiat,t,d (c) Scientific and medical g_isputes, m 1

1 by the sponsor with the division re- When. scientific or medical cl\$putes 
aponsible for revtew o! the IND. To per- arise durin~ the drug · !nvP.stl~attoo \ 
mit FDA to provide the sponsor with process, sponsors ~houltl d\11cuss the .\ 
the most useful ii(Mce on preparing a matter directly with the responsible l 
ma.rkettng application. the sponsor reviewing of!icia.ls. If necesaary, spon- ! 
should submit to FDA'& reviewing d1V1• sors ma.y request a meeting with the 
sion at least l month bi a.dve.nce of the appropriate revte.wlng officials and 
meeting the !ollowinit information: management representat.lves in ordor 
m A brier summa.ry of the cltntcal t,o seek a. molutlon. Rf ,1l1estR for such 

studies to be submitted in the applica• meetings shl\11 be directed-to the direc• 
tion. . tor of the division in FDA's Center for 

(11) A pr:• 1'>se<l format !or orgc1.nlzjng Drug Evaluation a.nil Research or Cen­
. the submiss1on. Including methods for -ter for Biologics Evaluation and Re-
presenting the dim,, search which Is responsible for review 

(111) Infonnatlon on the status of of the IND. FDA. will make every at• 
needed or ongoing pediatric studiP,S. tempt to ~rant requests for meetings I 
. (iv) Any other information for discus• th?.t involve important issues anu that · l 

s1on a.t the meeting._ · . can ~e scheduled at mutually ·conven-
(Collect\on or inrormatlon rcqulrem811ts ap,, . ient times. : I 
nrovt11l hy ~o Office or Ml\nR~em1mt 11.ml (2) The 11 en11•of-Ph:i.se 2" and "pre• 
Bud,rAt under control number 0910-0011) NDA." meetings described in i312.47(b) It 
{52 FR 8831. Mar, 19• 1987, as amttndecl at 52 w_ill also provitlo ~ timely fo~um for 
Fit'2:l031. Jun, 17, l98'1: s.~ FR 11580, Mar. 29, d1scussl~g a.nd resolving scient1flc and l 
1990; s., n 66669, Dec. 2, 19981 . meillcal 1/i.~uea on which the sponsor 

· disagrees wlth tht1 mncy. 

,,, ' . 
. them with the information they need 

to conduct an llivesttga.tion properly, 
ensuring proper monttol'ing of the in· 
vegt\gation(s)'. ensu~ing that the inves• . 
t1gat1o:n(s) 1~ conuucted in accordance. 
·with the gt1wral 1nvest1ga.tional Dlan 
and protocols contained 'in , the IND. 
ma.lntainin~ an effective IND with re• 
~pect to the 1nvest1gations. and ensur• 
ing th11,t FDA .and all participating 1n­
veatigators a.re prompt,lv !rformed o! 
significant new advers~ ,~ 1 f el;ts or· riska 
with respect to the drug, Additional 
specl!lc reapoi,sibilities of sponsors a.re 
described elsewhere in thit pa.rt, 

· ga.t.or to begin participation 1n a.n in- ·. 
vesttgation, the sponaor aba.11 obtain 
the following: 

(1) A signed investigator sta.tement 
(Form FDA-1572) containing: 

(!) Tha name and a.ddrees o! the in­
vestigator; 

(ii) The· name. and code number, if 
a.ny, of the protocol(s) 1n the IND lden .. 
t1.fy1ng the study(les) to be conducted 
by the 1nvestig-a.tor; 

•(iii) The name and address o! a.ny 
medical school, hospital, or other re• 
search !acil1 ty where the olinicaJ. 1nves.. , 
tigation(s) will be conducted; 

(iv) The name and: address of any . 
mz.52 Transfer of obligation.~ to a cllnica.l la.boratory facilities to be used 

contract research organization. in the study; · 
(n) A sponm may transfer responsi• (v} The name ~nd address or the IRB 

bllity !or· any pr all of the oullga.tions that is responsible for review and ap­
set forth in thla part to a contra.ct re• prova.l o! the study(ies): 
search organization. Any such transfer (vi) A commitment by the investi• 
shall he .:escribed in writlng iot all gator that he or she: . 
obligattons a.re trans! erred. the wrttlng .(a} Will condu~t the study(ies) in ac-
ls requtred to describe each o! the obll· ... corda.nce with _t~e relevant. current 
gatlons being assumed by the contract protocol(s) e.nd w11l only ma.ke cha.nges 
research organ1zll.tion. l! all obliga.tlons in a protocol after notifying the spon• 
are trl\nsferred, a general at11.tement · sor, except when necessary to protect · 
that all obllga.tions have been tra.ns-- the sa.!ety, the rights, or welfare of 
!erred is acceptable. Any obligation not· subjects; · 
covered by the written des.cription (b) Will compl_y with all requirements 
shall be ueeme11 not to ha.ve been trans~ regarding the obltga,tions o! cllnlca.l 1n .. 
ferreu. · vestigators and ~ll other pertinent re-

i 312.48 Dispute ~esoluti.on. (3) In· requesLI, ... a meotl ng dP.slgned I 
(a) General. The Food and Drug Ad· to resolve a. scientific or medical dis• \'. 

ministration ';; committed to resolving put.e, applicants may suggest .that FDA 
difference& between sponsors and FDA seek the advice of outside experts, in 
reviewing divisions with reSl)ect to re• which Catie FDA may • In it& atscrctlon, 
quirementa for IND's as. quickly and invite to the meeting one or more or its 
amiell.bly as J)OS8ible. throug'h the coop- advisory committee members or other 
era.ttve exchange of information and consultants, as designated by the iigen• 
views. cy. Applicant& may rely on. and ma.y I· 

(b) A contract research organizatiQn quirements in this part;· 
that assumes any obligation of a spon- ( r\ wm personally conduct or super• 
sor shall comply with the specific regu- vise the described· investiga.tion(a)~ 
latlon~ In th'ls chapt11r appUcable to • (d) Will Inform 11.ny potential subjects 
this obligation ~nd shall be subject to that the drugs a.re being used !or tnves­
the same rP.gUlMory p,.ctlon as a. spon.. tigational purposes and will ensure 
sor for fci.ilu1·e to comply 1with any obli· that the requ1reroents relating· to ob• 
gA.tion Msumed under these regula• tainillg informed ~onsent (21 CFR pa.rt 
tlons. 'rhus. all f P.ferences to 11sponsor'' 50) and institutional review hoi.rd re• 
in thls part apply to a contract re• view and approval (21 CFR part 56) are 
search organization to the extent that met: 

(b) Administrative and procedural brtng to any meeting, tbeir own con• 
issues. When a.dministra.tive or proce-- sultantR. For major scient!!lc and med~ 
durl\l dtl'putes Mtse, the sponsor should · ica.l policy issues not resolved by inf or~ 
first n.U,empt to re&olve the matter ma.1 meeting~. FDA may refer the ma~ 
wlth the division in FDA's Center !or ter to onR of its standing l\llvisory ·com­
Drutc. Eva.lu,tion a.nd Research or Oen- mittees !or its conRideratton and rec• 
ter !or Biolog'le& Eva.lua.ti-0n and Re- ommeuda.tions. 
search which is responsible· !or review . (52 FR 8831. M"r. 19, 1987. as am~ndod at 56 
or the IND. beginning with the con• FR 11580. Mar. 29.19801 
sumer aa.fety officer assigned. to the ap. 
plication. U the dispute is not resolved, · Subpart 0-Responsibilities of · 
the sponsor ma.y raise the matter witll Sponsors and Investigators 
the pe1,)on destpat'ed a.a ombudsman, 
whose !unction shall be to investigate 
.wha.t l\aa .n,.ppened I\Ud to fac111tate a 
timely and equitiible resolution. Appro• 
pri&te tsauea -·- • w\th the ombulls• 

i 312.50 General re~ponsibilities ot \' 
sponaon, . 

. Sponsors a.re resnons1hile for select- 1 
• 

tng qua.lllled invastigators, providing 
\ 

"" 

it a11sumea one or more obtiga.tiona of (e) wm report to the sponsor adverse 
the sponsor. experiences that occur in the course or 

the investigation(s) 1n accordance with 
l312.64: · I 312,53 Selecting investigators and 

monitors, 
(a) ,Meeting investi~11tr.rs. A Rponsor 

shall select only lnvestliators qua.U,fied 
by trainini a:n,1. experience M appro­
priate experts to investlgo.te the drug. 

(b) Control of dr•1~. A s-ponsor sha.U 
ship inveatliational new dru~s only to 
lnvP.~tliatora particlpe.ting tn the in• 
vesttgatlon. . 
• le) Oblni,ilng Inf ormatifln from ,he tn• 
vesti~alor. Before permitting e.n investi• 

(f) Has read and understands tbe in• 
formation in the investigator's bro• 
chure, including the potential risks 
a.nd side of!ecta o! the drug: and 
M Will ensure that a.11 associates, 

collea.gueG,· ~nd timp\oyeea i.\611latlng 1.ll 
the conduct o! the atudy(lea) a.re in• 
formeu a.bout their obligations in 
meeting t,he above oomm''~ents. 

Mi} A commitment ; he 1nvest1· 
g~tor tha.t, for an investlga.t1~n aub}ect 
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to l\p fnstituttonlll review requh' 11mP-nt 
under part 56, an IRB that compiles 
with the requirement.s of thl\t pMt will 
be responsible ror the 1nitia.1 A-nd con• 

21 CFR , •. ;1.1 (A--1-991:Cli!IOn) • 

(d) Sclect111a mrmltnr.,. A ~ponAOr shl\11 
sel(•rl. I\ monitor qul\tifled h:.: " . ,,In~ 
ri.nd experience t.o mon!Lor tht: vrog1;ess 
o( the investigaLion. 

tinuing revtew and approval of the clin• (Collection or lnrormnt!nn. ff!ll\tfl·rmrnt~ AP• 
!cal 1nvest~at1on and tllat the Invest!• proved hy the omce or M11.n1t~tmtn~ ~,111 
gator will promptly report to the IRB Bu!l,ct under control n~mbcr 091~-00111 
all Chl\nges in the research actlvi ~y and 152 FR ,88.1!. Ml\r. 19, )987, M P.nlPll!ICd Ill 52 
P.11 unanticipated problems Involving 1 7 9117 r,1 l'!t r.7,1110 N f • Pit 2303 , .1u11c l • t. : , , ;; " . O\' .. ,, 
1·isk~ Lo lJuma.n subjects or other~. aud "" r.2 • 1 2 19'8 t '19911; u., Fll 525 , Fe 1, , J I 
will not ma.ke a.n:v changes in ·the re-
search without .IRB approval. exce·pt § 312,54 F.m,rtcncy mearch under 
where ne\:essary to eliminate 11.pparent § 50.24 o( this .chApter, · 
1mmed1ate haiards to the.human sub• (a) Tbe sponsor shall monitor the 
jects. progress of all !nvestlga.t!ons lMolvlng 

Food end D_rug Administration, HHS 
' ,• 

. dt~trlhutr.d to lnvestl;rA.torR by means· 
oc · ,.,i·lodlca.Uy revised lnvesttgntor 
brochures, reprfnts or publfllhed stud­
ies, reports or Jettet'S to clinical inves­
tigators, or other approprtate means 
Important safety information 1s r~ 
quired to be relayed to Jnvesttgators in 

· a.ccordance with f 312.32, 

(Cn!l11m Inn M lnfllrmAt.!11n i·11qulrem,.11t11 IIP• 
prr,y11(! h,I the orncP. or MA.nn~tintnt Md 
Dud~ot undP.r control number 0910-0014) 

m rn 8A31. Mnr, 19, 1987, 1\8 amended at ;2 
FR 23031. June 17, 1987) , 

f 312:50 Review of ongoing invest{ga. 
ttons, 

§312.57 
th! tnvesttg"tton· as soon as J)Os.11ble · 
and in no event la.tier than 5 working 
days a.fter makJnr. the detemunatton 
that the investigation shoUld be dfa .. 
continued, Upon request, FDA wtll con •. 
!er with a sponsor on the need to dis­
continue an investigation. 

(Colle~tlon or !oformatlon ttQuJrements ap. 
proved. hy tbe Office or Management and 
Budget under control number 0910-00!4) 

(52 rn· ~1. M11.r. 19. 1987, as amended a.t 52' 
FR 23031. Jun~ 17, 1987) 

I 312J;7. ~rdkeeping and record 
tenhon. re-(vl111 A list of the names of the sub• an. exception from· informed consent 

investigators• (e.g., reseirch fellows, un,ler 9 50.21 of tM~ chaptr.r. When t,he · (aJ Tb, !iPOnsor shall monitor the (a) A sponsor shall · maintain ade-
resldent.s) who will be assisting the in• sponsor recelves !ro6 the IRB informn• progress of au clinical investigations qua.te records showJnr the receipt 
vestigator 1n the conduct of the inves- tion concerning the puhlic disclosures being conducted qnder its IND, . shtpment, or other dlsp0sttton of th~ 
tlgatlon(s), required by ~50.24(P.J(7)(ill antl (!\J(7)(lll) (b) A sponsor who discovers th~t an 1nvest1gational drug. These mords are 

(2) Curriculum vitae. A curriculum of thJs chapeer, L11.e sponsor ~t·ornv~ly Investigator is not complying with the ~equired to include, as appropriate, the 
vitae .or other stateme11 ~ of quallflca- shnll submlt to the IND file and to slgnetl agreement (Form FDA-1572), \,he . name ,t the investf~tor to whom the 
tlons of the investigator. showlng the Docket Number 95$-0158 in the Dockets general Jnvestlgatlonal plan, or the re• drug is shipped, and the d&te, quantity 
educMlon, t1'R.lning, and expe1·111nce Management Branch (HFA-305}, Food . Qulrements of this Pt\tt or other appli- R.nd batch or cod.e mark of each such 
that qualifies the investigator as ~n ex- and Drug Adm!nlst1·atlon; 12420 PRrk• cable. parts shall promptly either se- shipment. 
pert Jn the clinice.11nvest1gat1on of the lll.wn Dr .. rm. 1-23, Rockville, MD.20857, . . cure compliance or discontinue ship• (b) A sponsor shall maintain com .. 
drug for the use u.nder investigation. copies of the Information thl\t was ~us... ments of the fnvesUgattonal new drug plete and accurate records showing an, 

(3) Clfnfcal protocol. m For Phase 1 in- closed, identtfled by the IND n.umber. to the ,investigator and end the inves,. financial interest 1.D 154_4(a.)(3X1), 
vestlgattons, a generll.l outline of the (l,i Tl1e sponsor P.lso shall monitor tigator 8 participation in the lnvestJga. (a)(3)(H), (a)<3XttiJ, and (a)(3)(fv) ot th.ts . 
pl~nnetl investi~atlon including tl1e es• such investlgll.tlon~ ~o l<len_tlfy when ~n :il~n. If the investigator's participation chapter paid to cllnicat' investigators 
timllted tluration of the study and• the . JRB determines that it cannot approve i:, ,· he Jnvestl~atton is ended, the spon •. by the sponsor of the covered study, A 
maximum number of subjects tha.t will . the research beca.1.t,,e It <loes not meet soi shall require that the Investigator sponsor shall also ma.lnta.ln complete 
be involved. the criteria In the exception in dispose of or return the lnv~~tlg-atlona.1 and accurate records concerning lll 
.{ll) For PhMe 2 or 3 Investigations, ~50.24(a) of this chapter or because or di·ug in accor,1.,,~e .with the requir~ other CJnanctaI interests or tnvesttga.. 

an ouWne of the stutly protocol lnclud- other relevn.nt e~hic11.l concerns. The ·'.. ments or !312,59 a.nd shall notlfy FDA: tors subject to pa.rt 54 of t11Js chapter~ 
fng an approximation of th. e number of ~ponsor promptly Rhall provide this in• . j (c) The sponsor shaU review and (c) A sponsor shall retain the records 
subjects to be treated with the drug formatf on in wriL!ng. to FDA. 1nves• evl\luate the evidence relattng to the and. reports required by this part for 2. 
antl the number to be employetl as con• tlgators who are Mked to participate I safety and ettectfvenes., of the drug as rears after a: marketing a.pplicatlon ts 
trols, If any; the clinical uses to be i•n• in. this or a substl\ntially er~ulvile~t 

I 

It is obtained from the Jnvest!gator, approved for the drug; or, if.an a.ppUca,. 
vestl~atcu· characteristics of s.ttbjects clinical investigation, and other mB s. .: The sponsors Shall rnnke such reports t1on 1s not approved .for the drug until 
• ' thitt are 11.~k~(l to review thl~ or a sub- to FDA regarding Information releva.nt 2 Ye~rs afte~ shipment and deliv~ry ot 
by MC. sex, anu co11dltlo11: Lhe kind of t ti ll ·· .. 1 I n~ ii vestlgaUon ; to the safety of the drug- PJ are re. the drug for fnvestlrsttiontJ use ts dis. 
clinical observations and laboratory 

8 
an a ' .. ,iu va c 

1 
• · ; quired under 1312.32. The sponsors.half continued and' FDA bas been 

50 
not!• 

te~ts to ~e conducted; the est.lma.ted 101 FR s1&~0. Oct. 2. 19!JG} i make annuP.1 reports on the progress of fled. · 
· d·umtlon of the study: a.nd copies or a 1· the ln.vestfratlon in accordal\ce with (d) A sponsor shall .re•""· reselOtte 

.1 i I f t f t 1 e ~ 312.GS .Informing invc~tigators, ,312 113 •'LI IIA.Lll .,, , ucm pt on o cnse rcpor orms o , . i· 1 ,v , . . samples of an1 test a.rttcle ·and ref-
used, (I\) Before the lnvMtlgt\tlon be~!M. P. , (d) A ~ponsor who dP.tmnJnes that fts erence standard identified in, and used' 

(4) Flnanctal d'tsclosurc i11fonnat1on. ::ipomrnr rother thll.n !\ sponMt•lnvr.~tl• ! tnvestlgational drug pmcnts an unrea- in any of the bioequtvalence or bio-
Suf!1cient accurate flne.nciP.1 informa- g11.tor) shall· give ea.ch partlclpMlng S0!ll\ble :i.nd s!gnjncant-ri11k to subjects a.va1labUftr studies described in 
tlon to allow the sponsor to submit cunt cal Investigator an lnve~tlgator sbn.11 discontlmre those !nvestfgA.tions I 320.38 or f 320.63 or this chapter and 
complete e.nd acc)lritte ccrtiflc11.tlon or brochure containinK· the lnformatlon that ~resent the l'isk. notify FDA, a.11 release the reaerve Sl\lnplea to 'FDA 
disclosure statemen~ required under <lescrll,ed ln i312.23(1\)(5), . lnstltutfonal review boards, and all fn• upon request, in accordance With. and 
pMt 54 or this ch{l.pter. The sponsor (b) The ~~onso~ ~hA.11. M the o~erall vestlrators who hP.ve at A.ny time par- for the ~r1od speclfied in 1320.SS 
shall obWn a commitment from the investtgation proceed~. keep en.ch par• · tlcipated In the 1nvest1,atJon or the • 
clinlcaf investtga.tor to promptly up- tlcipattng investlgato1· lnformed of new ! disconti · ~pee, assure the dispMftion ~~~e~0' ;" i!,}hforma.Uon requirements ap. 
date this 1nrorrn11.tlon 1f a.ny relevant observa.tions discovered by or reported : of all stocks or the drug outstanding- as Budget u:der con~:~:;llll!IRtment and 

. chnnges occur during the course of the to the sponsor on the dru,. p&rt1cu•. -~ . required by §312.59. and furnish FDA . . 09lMKJJ4J 
:i.r,'-..Jnvesthtationjn~ r,,,. i ym •!_oll.oWi~g · · larly with re~R~q~ to .. adve~e ~rre~ts. ·: ~Jt~ a full re~9rt o.r the sponsor.'.uc- : PR 8831. M~r .. 19, 1987, u.amended,~t 52.' .. , . 
}tl' ;I: lhe cOnipl~IJf :'!-Jhe stud)': '1 f ll(. a:iid ~af e use. ~!!Cli: Inf onnall~~cf1:'l,e{ 'II, :'4'b~ 8Jl\ill8ol'/ !hill! dlscorlllaUe . Im 1:Wl;~etTi:r11·17 Alt. tB;li 

0,1 
nt 
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. ', 
§ 1 58 . . ; . . · .• · · ~-~ ,, · ,.,,~ ... :t~, -,:,;, · Jl .. ··•~ lf'i ., ,, • · · · .~_jj\lf 21 CFRC~ ~~"H9 Edmon~ jhoo'd'orid Drug A'a'm~~ir~on, HHs ) if . :• , .~r. :? ., ,. ' §312.~~"lif/:11• '"' 

§312.58 lnap~~tio~ :' or . spo~·,or's. '.:r~~Ol'US o! any di;po~ltlon nf t,he di•ti( r .' rr.cnrd an ob~fl~~tl~~s and oiher dat~ tification or. dtsclosure sta.temc, ... / as 
records BDd reports. · 'in accordance with 9312.57, 1

1 pertinent to the investigation on eAr.h required under part 54 of r~•s chapter. 
(a) .FDA inspection. A sponsor shall /Colll!ct.lon or lnformMlnr requlr~rn'onl" ~:i- ·1ndivldua.l administered the inve~tl~~.• · The clinical investigator sha.11 prompt• 

upon request from a.ny properly au-. pfoved by the Offlr.e or Mant\~~m11nt ana I' tlonal drug or employed as a. contr(i .• n ly update this information if e.ny rel-· 
thorized officer or employee of the Budget under control number 0910,.0011) the investigation. Case histories in• avant cha.ngee occur during the co\lfSe 
Food and Drug Adm1n1stratton, at rea- 1s2 FR 8831. Mar. 10,- 1087. M l\mende~ at 52 1 elude the case report forms and sup- of the investigation and for 1 year fol-· 
sonable times. nermtt such officer or Fk 23031, Juno 11, l987J ! . porting ua~a !nclutlln~, !or example. lowing the completion o! the study. 
employee to have access to a.nd copy , I signed and dated consent. forms and 
a.nd verity any records and'reports re- § 312.60 General responsibiiities of in• me,li~al records including, for example, (Collection of Information requlremen~ ap-
lattng to a. cltntcal investigation con• vestigators. progress notes o! the physician, the 1ij· proved .bY the O!flce or Management 1µ1d 
ducted under this part. Upon written An Investigator I~ mpow,ible !or .en• dlvidual's hospital chart(s), and. the Budget UTi

der control number 09!1Hl0l4) 
request by FDA. the sponsor shall sub- eurtna- that· a.n investigation ts con• nurses' notes. The case hlst,nry for each f~2 FR 8831. MRr, 19. 1987, 9,11 11.mended at 52 
mit the records or reports (or copies or · ducted accordtn~ to the ·shmP.d Invest!• lnulvldu:i.l- sh.all document that in- FR 23031. June 17, 1987: 63 FR 5252, Feb. 2, 
the~) ~ FDA. The sponsor shall dis-· gator statement, the lnvestigational · for.med consent was obta.1ned prior to . 1998l ,. 1 
contmue ·shipments o! the drug to a.ny plan, and a.pplica.ble regulations; !or participation in the study, 
investigator who has failed to maintain protecting the rights, safety, and wel• /c) Record retention. An Investigator § 312.66 Assurance o! lRB review, 

or make available records or reports o! !are o! subjects under the investiga- shall retain records required to be 
the 1nveat1ga.t1on a.a r~quired by this tots care; and for the control of 11 .· :s maintained under this part for a perio'd 

An inves.tigator shall assure ~at an 
IRB that. complies with .the require .. 
ments ~et forth in part 56 will be re,. 
sponsible for the initial a.nd continuing 
review and approval o! the proposed 
clinical study. 'The investigator shall 
also assure that he or she will prompt­
ly report to the !RB all cba,nges in the 
research activity and all unanticipated 
problems involving risk to huma.n sub­
jects or others, and.that he or she will 
not make any changes ill the research 
without IRB approval, except where 
necessary to elimina.te apparent imme• 
diate hazards to huma.n subjects. 

part. · unde~ 1nvesttgat1on. An investigator o! 2 years !ollowing tho date a. mar~. 
(b) Controlled sub.~tanc~. If an inves• . shall, in accordance with the provi• keting application is approved for the 

tigatton&l new drug is a substance list- slons o! part 50 of this chapter. obtain drug for the indication for which it is 
ed tn any schedule or the Controlled ·the informed consent of each human being investigated: or, I! no applioa.tion 
Substances Act (21 U.S.C. 801: 21 CFR subject to whom the drug is adminls• Is to be filed or !f the application 1s not 
part 13~). records concerning ship• tered, except as provlded in iiS0.23 or ·approved for such !nd1ca.t1on. until 2 
ment, delivery, receipt, and disposition 50.24 of this chapter, Additional spe- years after the fnvestlgation is discon• 
or the drug, which are required to be ci!lc respons1bil1t1es of clinical tnves• tinu~d and FDA is notified, 
kept under this part or other applica• · ti gators are set ,forth In thls part and (Collection ot information requirements ap-
ble pa.rta o! this chapter shall, upon the · in parts 50 and 56 or this chapter. · proved by the Office or Mam1.(ernent end 
request of a properly authortzed em• [fil Fn 8831, Mar. 19. 1987, as a.men~e,\ at 61 ,. Budget under contro~ ~umber 0910--0014) 
ployee of the Drug Enforcement· Ad· FR 5153~, Oct.2.1996} • [~2 FR 8831. Mar. 19, 1987, n amended at 52 
ministration of the U.S. Department or' FR 23031. June 17, 1987; 61 FR 57280, Nov. 5, 
Justice, be made available by the ln- § 312.61 Control or the investigational 1996] · 
vestigator or sponsor to whom the re,. drug, 

(Collection or Information requiremenbl ap­
proved by the O!rtce or Management and 
Budget under control num~er 0910-0014): . quest Is made, for inspection a.nd copy. An investigator Rhall administer the 

ing. In addition, the sJ)Onsor shall as.. drug only to subjects undor the 1nvee­
sure that adequate precautions are tlgator's personal supervision or Pnder 
taken. including storage of the inves• the supervision of a subtnvestigator· re• 
tlgational drug in a securely locked, sponsible to the lnvestliator. The in• 
substantially constructed cabinet,. or vest!gator shall not .supply. the inves­
other securely locked,· substantially tliration?.l rlrui to any person not au• 
c~m1tructed enclosure, access to which thorized under this part to receive it 
1s limited. to prevent theft or diversion · 
or the sub.,t&nce Into illegal channels· 1312.62 InvcAtiantor recordkecping 
of dlstt·ibutton. . · and record retention. 

Ul259 Di 't' f d . · (a) Dtrpositton of drtt,Q, An lnmtl• 
~f lnvestT;::i!:i ~~use supply · gato_r is required to maln~aln adequate 
, records .o! the d1spositlon of the drug, 

The sponsor shall assure the return including dates, quMtlty, and use by 
o: all unused su~pl1es o! the investiga. subjects, If the inveatigati-on is termi­
t1ona.l drug from each individual inves• · nated, susp,mued, aiscont!nued, or 
ttgator whose participation in the in• completed, the lmstigator shall re• 
vesttga.tio~ is discontinued or termi• turn the unused supplies o! the drug to 
nated. The &p0nRor may authorize al· the sponsor. or otherwise provide for 
ternaLive disposition or unused supplies disposition or 1.1• 11 unused supplies or 
of the .tnvestiptiona.1 drug provided the drug under 1\•,,.S9, 
th1a aJtemat1ve disposition does not· (b) Case histories, An investtiator \a 
expoae hum~ t,o risks from the drug, required to prepare and mAinta.in q1\e­
Tbe sl)Ollsr ·,haJl· maintain· written quite a.nd accumte CMe histories that 

oc 

f 312,64 Investigator reports. 

[52 FR 8831, Mar. 19, 1987, as amended at ·52 
FR 23031, JUJle 17.1937) 

( ?.) Progress reports. The investigator 
r.: i furnish a.11 reports to the -sponsor 
of the drug who Is responsible for col• 
lectlng and evaluating the results ob-
tal ne1l. The sT\onso·r is· require.d under § 312·68 Jnspection °1 investigator's 

Y · records aud reports. · 
·p12,33 to submit a.nnu~l reports to 
FDA on the progress of tbe clinical in• An investigatoi shall upon request 
vestigat!ons. . from any properly authorized officer or 

(b) Sa/ ety reports. An investigat.or employee o! FDA, at reasonable times, 
shall promptly report LO the sponsor .Permit such officer or employee· to 
a.ny adverse effect·that may rea.11onably have access to, and copy and verify any 
be regarded as caused by, or probably records or reports made by the investi• 
. caused by, the drug, I! the adverse e!• gato-r pursuant to·m2.62. The investi• 
f P,ct Is alarming, the investigator shall · gator is not required to divulge subject 
report the adverse effect immediately. names unless the reconls of particular 

(c) Final report. An Investigator shall individuals require a more de.tailed 
provide (the sponsor with an a.dequate study o! the cases, or unless there is 
report shortly after completion o! the reason to• believe that the records do 
investigator's participation in the in• not represent actual case studies, or do 
vestlgA.tion. . not represent aotua.l results obtained. 

(d) Financial disclosure reports. The 
clinical investigator shall provide the ! 312.69 Handling of · controlled su~ 
sponsor with sufficient aocurate finan- etauces. 
cia,l ln'fmmation to allow an-applicant Ir the investigat'ional ~ is subject 
to submit complete an,l accurate cer ... to the Controlled Subat...11e~ Act, the 
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. lmstlgl\tor sh:tll tAke ·adequ:\te pre­
, cautions, including storA.ge of the In• 
. vesti~atlonal drug ln a securely locked, 

substantially constructed cabinet, or 
other securely .locked, substantll\lly 
constructed enclosure, access to which 
is limited, to prevent theft or diversion 
of the substance into lllegal channels 
of distribution. 

1.1 1..t·H en. t (4• l ... 99 Edlllon) food ond Drug Admlnlstrotlon, HHS §312.82 

lnellgible to receive invesUt:"rLtjonal SounCE: 83 FR 11523, Oct. 21, 1988, unlel\S (c) Spr.: ;;or~ are encouraged to con~ 
drugs ·wm be examined to d~~ermln~ ~ o'.htrwlse noted. sul. wtth FDA on the applicab111ty of 
whether the investigator has submit~d : 1312•80 p ose. ~ these procedures to specific products. 
unreliahlr. ll~ta that are essential u, i ' urp . · 
the ,•:··:-t;nuatioh of the lnvestlgatlon t The purpose of this section Is to es• t~3- FR 4152.'l, Oct: 21t 1988, as ame111led at 64 
_or essential to the A.pproval of anr l tibl!. sh •procedures designed to expedite . FR 

401
• Jan, 

5
, 

19991 
markettng appllcatton. the development, evaluation, and ma~ EN'ECTtn: DATE Nm: At 64 FR 401, Jan. 

(d) Jr the Commissioner determines ketlog o! n~w therapies 1ntendtd to 5, 1999, §31?..rll was.amended by • :10vlnr 11
, 

after the unrellnble dat11. su'umitted by i treat persons with.life-threatening and antibiotic," from 'the lntrod11cto1y text, ef• 
· tlle investigator are eliminated from l uverely•debil~tating • illnesses, espe• fectlve May~. l999. · 

~31~.70 ~i~qu.alification of n i:linlcal I 111 h U r t lt 
1nvest1JQt~r. . com:'1clern.tlon, tliA.t. th~ ti/I.ti\ rema\nin, 1 ca Y w P.re no RI\ R A.C ory 9. er• §312..82 E11rly con11uttAtion. 

arP. ln.\dP.qunte to support l\ concluslon 1 ~~tlve t~er11.py exlRts. A~ stated 
(a) Ir FDA has information lndlcntlng that it 18 reP.SonA'uly safe to continue l ~31\!0a(c) er t.Ms chapter. while the For products intended to treat life-

that an investigator (including a. spon- ·.the Investigation, the Commissioner \ stAtutory SLitnuards of sa!ety a.nd effec• threatening or severely-debllltating 111• 
sor-investigator) has repeatedly or de• will notify the sponsor who shall have -1 tlveness apply to all drugs, the many nesses, sponsors. may request to meet 
liberately failed to compiy with the re- an· opportunity for a regulatot·y hear• kinds· of drugs that are subject to with FDA-reviewing otncia.la early 1n 
quir~ments or this partt part 50, or part lng under p~rt 16. u a danger to the them. and the wide range or uses for the drug development pro~ to !'!view . 
56 of this chapter, or has submitted to public health exist§, however, tho Com• thosa drugs. demand flexibility ln a.p- a.nd reach agreement. 1n the design of 
FDA or to ·the sponsor 'raise informa- missioner shti.11 termim~~ the rnn im• plytng the standards, The Food and necessary preclinical and cllnica.l stud-
tion 1n any required report. the Center mediately and notify the Rponaor or the Drug. Administration (FDA) has deter~ ies. Where appropriate, FDA will invite 
for Drug Evaluation and Resmch or determination. In ·~uch case, .the epon• m.lMd that it Is appropriate to exercise. to such meetings one or more outside 
the Center for Biolog1cs· Evaluation sor sha.11 have an opportunity for, reg• the broadest fiexlb1J1ty In applying the expert sclentlflc eonsu.lta.nts ·or a.d.vi· 
and Research will furnish the investi• ulatory hearing before FDA untler ·pnrt !tAtt1tory stnnda.rds, while preserving sory committee members. To the ex• · 
gato·r written notice o! the matter. 16 on the question of. whether the IND atipropr1P.te g~arantees for .safety and tent FDA resources permit, agency re-
com~lained of e.nd off e~ the lnvestl.. shouirt be reinstated etf ectiveness. These procedures renect viewing omclals wUl honor requests 
gator an opportunl ty to expla.in the . '. f the Commi~sioner · determine!· the recognition that phy~lclans and ·pa. !or such meetings 
mittter ln writing, or. at the option of after the unreli:tble data ·submitted by . 

1 
Uents :are genemlly willing to accept :· (a) Pre.fn~estlgattonal new drug (IND) 

the investigator, .In an lnforml\l con• the Investigator are eliminated from } gre~ter risks or side effects trom prod• meetings. Prior to. the su~mission of the 
!erence. Ir an explanation is offered but consldera.tion, that the continued ap- uct~ that treat llfe-t~rea.tenlng and se.. initlal IND, the sponsor may request a 
not accepted by the Center for Drug proval or the drug pro,luct for which J mely•debiHtatin~ mnesm, than they meeting ~ltb FDA-re.viewing orncl&.la • 
. Evaluation and Research or the Center the uatA. were submitted cannot be jtts• 1 would ·accept from products that treat The primary purpose of this meeting 1s 
for Biolog•ics Evaluation and Research, tified, the Commlssloner wm nroceed l less serlou~ illnesse~. These procedures to review and reach agreement .on the 
the investigator will be given an oppor• to withdraw approval of the drug prod• also reflect the recogn1t1on th~t the design of animal studies needed to 1n1 .. 
tunity for a regulatory hearing under uct in accordance with the applicable benefits of the drug need to lJe evalu• tiate human testing, The ·meeting may 
part 16 on the question of whether the provisions of the act. ated in light or the eevertty of the d\s• p,lso provide an opportunity .tor dis-
investiga.tor 1s. entitled to receive in- (f) An 1nvestlg11.tor who ha.~ been de. ease being treated. The procedure out- cussing the scope and design of phase 1 
vestlgatlonal new drugs. termlned to be 1ne118'1ble to receive in• Uned in this se~t1on sb~uld be inter• testing, plans {or studYing the drug 

(b) After evaluating all available ln• vesttntional drugs may be reln~tated prete~ conststent·with that purpose. product in pediatric populations, and 
formation, including a.ny explanation a.s eligible when the Commissioner de, the.best approach for presenta.tion and 
presented by the investigator, t( the term'ine~ that the investig~tor·ha.s pre• .i !312,81 Scope. . forma.tt~ of data 1n the IND. 
Commissioner determines that the in- sented adequate assurances that the in• I This section applies to .new drug and (b) En4•of-,,hase 1 meetings. When data 
vestlgittor has repeatedly or dellb• vMtiR'ator wm employ 1~vest.lg11.tloal I biological products that are-being stud• · ~rom phase 1 · cltnical testing a.re l\V&Jl· 
erately f:\lle(l to comply with 1·,hc re- t1rtti~ solely In compliance ·wlth the ! led for their aMoly ?.tld cf!P.ctlvene8s in able, the sponaor may ~ln request a 
quir~men~s.of this pa.rt. part GO, or part provlRions or tlils pP.rt and of parts 50 \ treA-ting · U!e-threatenlng or severely- meeting with FDA•revlewing oificta.ls. 
_56 01. thl~ chapter, or has deliberately and 56. · dehllltntlng diseases. The primary purpose or this meeting ts 
or repea~edly submitted false informa- · 1a) For' purposes of this section, the to review and reach· agreement on the. 
tlon to FDA or to the sponsor in any.·· (Colle~t~on of lnfortnnt,lon rN~ulrcmeryt., RP· term '~\lfe-threatentng" means: design of phase· 2 controlled ~Hnical 
req1:ired report, the Commissioner will prov~r lY the umce or Manmment and (1) Diseases or conditions wh•re the trials with the· goal that m . ~ting 
notify the investigator and the sponsor Budget under control number 09l0..00l1) likelihood or death is high unl;ss the will be adequate to provide sufitc1ent 
of any investiga.tion in which the in- [52 Fn 8831, Mnr. 19. 1987. M am11ndP.d at 52 course or the disrue ls intm11~ted; da.ta. on the drug's s&rety and efrective-
vestigato_r has been named a., a partlci• FR ~3o31. JuM 17. 1987: sr, FR mao. Mi\r, 29, . an·d ness to support· a decision ·ori 1ta ap-
pant that the· Jnvest1ga.tor is not enti• 1990• 62 Fn 468761 Sept, 5• 19971 (2) Diseases or conditions with poten• . provability for marketing, and to dis-
tled ~o receive lnves~lgational drugs. . tlally fatal outcomes. where the end cuss the need for, a.s·well as the design 
The notl!kation wm provide a stntc- Subpart E-Drugs Intended to 1 point of cl'.··· ··al triP.l analysis is sur• and timing of, studies of the drug in pe. 
ment of basis for such determination. Tr~ot Ufe·threatenlng and Se· 1 v\val. • ,.i . · dlatrtc. pa.tlents. For drugs for Ufe--

lc) Each IND and each. approved :1.p- verely•debllltatlng Illnesses . . (b) For purposes_ o! this section, the 'threatening diseases, FDA wm provide . 
plication submitted under part 314 con.. · .. : .. term 11severel1, .d~billtatlng" means its best Judgment, at that time, wheth• . . 
taining datl\ reporie,d :by ~n in':~sti~ . , .: ~tmt.on1TY: 21 u,s.cr 351, ~2; 353, 355,·3'.ltr,,· .J: .. ·. _d1~~ses Qr ~9.n.~.~l9D~}hfl.t c~use m~t~r-.: er:. pedta;,~q:\l~~~!U

1
. ~· wlll -~ ·~~~,?~ ~.\; 

:/Ja~or .. ~ho h,r .. ~~t\f~~fniin,~~;1~oj/oe:::,'.·.~2·qfcJm, · )fr:~·.·.· .. ·. · :t~/f~:~f:~i\1r'..::>~te~emo~b;u:lty,:;, · · .::J',_•. and_ whether:'the r submlssior · 1 be ' 
·,:':"/ . t'.,t{~·~'·: .. · .. : :., 

8
~ . . .. , . . . 1 . . M ·-~ . 
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.c31i83 !, ' '.. .. ' . . ';,: ::f ... bod~Qh,d·OrDg',. Mministr,6tid~MHs,·; ', ,' >+·,,r ''' ~" "" 
· .::i \ ·. • , ·· J~· .. ··~i ~\:1•i11· o·:·.· · .. :.;;;.;~,; 

·'' b:: ~::~arau~Ks~•i~ .. ··:ti;:;;;;~;:;i;~;~_l;; \ :~~~ i~;~~,l~v;:::e:. lacmt,t1ng ~:: ~~m::n~~::~o~:r: 

respect .to eJl<k>f-ph~e 2 conferences, to §314.12o of thts cha.pter, or (!or'a b!o• • Fishers Lane, Rockville, MD 20857, o! a. 
including documenta.tlon of· agree• logic) a deficiencies letter consistent 1312,88 Safeguards for patient safety, written rNuest !rom the person tha.t . 
menta reached, would a.lso be used !or with the bio1ogioa.l · product ltcensing All of the safeguards tncorpora.ted seeks to ··· :-'Oort the drug. A request 
end--of•pllase l meetings. . procedures. Such letter, in describing within parts 50, 56, 312, 314, a.nd 600 o! must pro•:1de a.dequ.a.te in!orma.tton 
rsa FR IIS23. Oct. 21. 

1988
, .. amel\dod at 

113 
· the de!lc!onCl•3 1n lhe appllcatlon. will \his chapter designed to enaure the . •bout. the dtug to iit1Sfy FDA tbi.t the 

FR.66669, Dec. 2. 1•1 address why tlle results of the:research safety of clinical testing and the safety drug is a,ppropri~te !or the proposed in• · 
design agreed 'to under §312;82. or· in of products following markettng a.p,, vestiga.tiona.l use in humans, _that the 

1312.83 . Treatment protoeols. subsequent meetings, have · not pro• ~roval apply to drugs covered by this drug will be ·used for investiga.ttona.l 
I! the preliminary a.na.lysis o! phase 2 vided sufficient evidence !or marketing I section. This includes the requirements purposes only, and that the drug may 

test ~ult& appea.rs promising. FDA approval. Such. letter will al~o describe for· informed consent (p;i.rt SO of this be legally used'by that consignee in the 
may ask the sponsor to submit a. trea.t- a.~y recommenrln.t.lon~ made by the ad• chapter) a.nd lnStttuttonat rav\ew . importing country for the· proposed in• 
ment protocol to be reviewed under the visory commit~• : regarding the a.ppli- boarus !part 56 ot this chapter). These vesttga.ttonal use. The reQ.uest shall · 

1 

.... ft.1 d · ti safeguards further include the review 
prwwurea an criteria listed in ca. o~.. of animal studic~ prior to initial spe

1
ci{y the quantity of the d~g to be 

§§312.34 and 312.35. Such a treatment (tl} Marketing applicat1ons submitted human testing (~ 312.23), and the moni• slHlped par shipment a.nd the fre• 
protoco' 'if requested and granted, under the procedures contained In this toring of a.dverse drug experiences quency. of ex~ected shipments. If FDA 
would norma.lly remain in effect while section will be subJect to the require• through the requirements o! lND aafe· a.uthome~ exportation under thia para• 
the complete da.ta. necessary (or a mar,. ments and procedures contained in pa.rt ty reports 19312.32), sa.fety updat& re• graph, the agency shall eoncurrently 
keting a.pplication are being wembled 314 or ~art 600 of this chapter, as well ports during agency review or a. mar• notify the government .of the. importing 
by the sponaor and reviewed by FDA ·a.a thol\e in this subpart. i (U11le1S grom mat ror cl!nical bold. kiting appl1c~t1on·l§3l4.50 or this chap- country or such authomi.t on. 
ol ougolog protocols, aa provided In 131Z.S5 Phase 4 atudie1, ter), and postma.rke\lng a.dven;e reac- · (II) T)\rough submission to the Jnter-
13!142(b)(3)(U)), Concurrent with marketing approval, tlon reporting (§314.80 ol this chapter). national Affairs Stal! (IIFY-50), Asso• 

FDA ma.y seek agreement from the c1a.te Commissioner for Health A.!fa.trs. 
sponsor to comluct certMn post- Subpart F-Mlscellaneous Food a.nd Drug Administration, 5600 I 812.84 Risk-benefit analyJJis in review 

of marketing applicatioru1 for drui?a 
to . treat life.threatening and se• 
verely"4ebilitatiug illnesses, 

ma~keting (Phil.Se 4) studies to de\ln• Fishers Lane, Rockv1lle, MD 20657. or a 
eate Niditional information about the ~312.110 Import and export require· formal request from a.n authorized om-
drug's risks, benefits, ('.nd optimal use. • mentR. cia.l of the government of the country · 
Thesa studies could include, .but woul(l (a) Imports. An invest\gational new to which the drug is proposed to be (a) FDA'e ,pplication of the statu• 

torr ata.nda.rds for marketing approval 
3ha.\\ l'~cognlze the need for a. medical 
~isk•benent judgment in making the 
:int\\ decision on a.pprova.blllty. As ,pa.rt 
,r this eva.luation, consistent w1th the 
1ta.tement o.! purpose in m2.ao, FDA 
· vill consider whether the benefits of 

. not be limited to, studying different drug offered for import into .the United·· . shipped, ~ request must spe·ctry that 
doses or schP.dulcs of admin\~tration State~ complles with the requirements the foreign government ha.& ·adequate 

·,be drug outweigh the known ind ~o­
,entia.1 risks o! the drug and the need 
o answer remaining qu·es~lons p.bout 
1sks e.nd bene~its or the druf, taking 
nto consldet.l\tlon the ·severity or the 
lsease a.nd the absence of ·satisf a.ctory 
lterna.Uve therapy. 
(b) In ma.killg decisions on whether 
o gra.nt me.rket1ng a.pprova.1 for prod• 
eta tbt have been the subject of a.n 
nd-of•phase 1 meeting under §312.82. 
'DA wm usually seek the advice of 
utslde expert scientific consultants or 
dvi&oey ~mmitteta. Upon the filing 
· C such a marketing a.pplica.t1on under 
314.101 or pa.rt 601 of this cha.pter, FDA 
ill notify the memlie~ of the releva.nt 
;&ndinr a.dvisorr committee or the ap,, 
llca.tlon1a flJing a.nd its a.nilab111ty 
,ri,view, 

than were used in pha.'le· 2 studies. uae of this part H it is subject to an IND information about :the drug a.nd the 
of the drug In other pat\ent popu. 1 that 1s in effect (or lt undAr ~312.40 and: proposed investigational use. that the 
la.tiona or other stages of the disease, \ (l) The consignee in the United st°'tes drug will be us.ed for lnvestigat\onal 
~r uae or the drug over a longer period l is the sponsor o! the IND; (2) the con• purposes only, and that the foreign 
of time. I slgnee is a qualified tnvesttgator government is satisfied that the drug 

l named in the .IND; or (3) the consignee may legally be used .by the intended 
§312,86 Focused FDA regulatory re• 

1 
1s th: domest1c a.gent of a foreign spon- consignee tn that countrY. Such a, re• 

search, · I sor, lA responsible for the centrol a.nd. ; 
At the diMCretlon ~ft,he a~enr.y, FDA \ dlstr!Mlon or the \nve!t.l~atlonal queat shall specl!yt~equantlty 

01 
drug 

may undertake (ome1l ·mu!atory re- I dru~, and the !NO idonUOos the con• to be shipped per shlp~ent and the lre-
aenrch on crltl~l ra.te-lim\tlng aspects I ~\l'Me ll.?Hl describes what.. 1! any, a.c· quency of. expected s~ipments. 
o! the preclinical, chemical!manufac. tionR the consignee will take with re- {iii) Authoriz1tlon to ex.port a.n in-
turin~. and cHnica.l pbri.Ms of drug de• spect to the investiga.tional drug. · vestigationa.\ drug under pa.ra.gra.ph 
velopment and m.lun.tion. When initi• lb) Erportt An \nvestigatlonal n~w (b)(2){i) or (i\) o! this section may be• 
a.ted. FDA wm undertake such re• dru~ 1ntende!l for export from the revoked by FDA 1! the agency finds 
search efforts aA a mean~ for meeting a United Sta.tea complies with. the re• that the conditions underlying its &U• 

public health need in faeilita.tin.g the quirements o! this pa.rt as follows: thoriza.tion are not longer met. 
deve)()pmen~ o! theraples to treat life• 

1 
(1) Ir ~n IND is in effect !or the drug (3) This ~a.ragraph applies only where 

thm ~1:ning or severely debilitating ill· 1 under ~ 312.40 :a.nd ea.ch person w~o. re• the drug is to be used for the purpose or 
nesses. \ ceives the drug is an investigator clinical investigation. · • 

. named in the a.~plication: or (4) This paragraph does not apply to 
§ 312.87 Active monito~~g of conduct (2) If FDA. a~thor\ies shipmen~ of the the export or new drugs (in.eluding blo,, · 

and evaluatiou of clu11Cll trials, drug for use in a. clinical invest1gition. logical products, a.ntibio~ic drugs, a.ud 
For drugs covered under this section, \. Aut~oriia.tion may be obtained as fol•· insulin) approved or authori~d !or ex• 

the Commissioner and.other agency of• · .. low~. . . port under section 802 of act (21 
(c) U FDA couctades tht\.t the da.ta 
·eseuw~ are.-·\ auUicient tot mat• 

ficia.ls wm monitor the progress of the \' .. : 0) 'Throu~h 1tubmisliion to the Inter• U.S,C, 3ij2) or section 35l(hJ,_ ,A) of the 
conduct and evalu~tion o! clinical ~tion~l A!!alrs Sta!! (HFY-50). Asso- · 

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

Page 166



Food and Drug Mmlnlstrcllon. HHS §3111~ . 

, Pt1bHc Hea.lth Servfoe Act (42 U.S.C. shoulil FDA reque~t. en··" mnr11, mn.ln• :. Rr.m~1~rv:mA-nn,;1' ocmr.fo l'HY~1CIAN~ IN· 2, The ~,.,1~ nntl ll(lrformance of each U• 
·262. (h)(l)(A)), . ta\ucu btt the investl11ator or o.ddl• 1111,~1t.1J1CAt. RF~'IF.AllCll lNVO\,VINO HUMAN perlmentAl procedure lnvolvln,r hllftWl rob-

(Collection or inrormatlon requirements ai,­
proved bJ the o_moe or Management and 
Budget under control number 0910-0014) 

152 FR. ~1. Mar. 19, 1987, PJ1 amended •at ri2 
FR 2.1031, June 17, 1987; 64 FR. 401, Jan. 5, 1999] 

EFFP.CnVR DATE Nm: At a'1 FR 40\. Jl\n. 
5, 1999, §312.110 was amen1!1•il by· revlslnit 
paraR't'I\Pb (bX4) and by removlnf para.graph 
(bl(5), ett~tlve May 20. 1999. For the conven• 
lence ot tbe user, the superseded text fol-
lows: · 

J " jecta should· be olearly Cormul&ted in an fl• 
tional background data. .such as hos- SUBJECTS perlmental protocol wh\ch should tie tn.m-
pitA.1 or other institutional records; lntroducuon rnltted ror conalderatlon. comment an4 l'ltd--· 

(4) A description or the drug sub• It ,~ the mlMton of tht ~hysiclan to we- ance· to a BJleCi~r ap'P()tntod. committet 
stance e.nd drug product used .tn the ~Rrd the helllth or the people, Hls or her 1ndei,endent or the tn..-tor and· the 
study, including & descrlptton or com• knowledie an<l conscience 1tre dedlcated to sponsor provtded th't thls tndependent com• 
ponents, rormuta.tion, specifl.c~tions, th11 rutnnment or tbts mlMlon. mittee t, tn conformity witb. tlte llll and 
and b)M,v~llablllty o! the apeclflc drug 1'he u~clf\ratlon of OcMVR or the World ::~t~:r~~;~~1!0

~~~~~~hlcb 
th

e re-
product used in the clinical study, lf Medical Association binds the phyalc1ati wtib 3. Blomedlca.l research .tnvolvtnr human . 
m.ila.ble: and . . . th& words, ''The heftllh of my patient ~11 be subJec~ showd be conducted onlY bJ aci~ 

my nfflt conRldemt.lon,·• !\nd the Inter• .... th 
(5) If the Rtudy Is lntendetl to support nn!.lonl\l Coil~ of MP<\lcM Ethlc.q ·rtecll\~ enttncr.lly qualified peraona and UiNet' e 

the errectlveness o! e. tlrug 11roduct, in• thdt, 11A ph0 ft1Clf\n 11hall 1tct only in the pa• Ruperv1aton or I clinically competent. med-
t' " J foal person. Th& responslbWty fQr the human 

§312.110 Import 81'1d nport r!quirement.A, · torme.t1on showing tha.t the study is tlent'ff Interest when providing medical ct.re sttbject mmt e.lwaya rest with o. medically 
adequate and well controlled under which ml,ht hm the effect or weakening qualified person and never rtSt on the. nb-

' t ,t • 
(b) * * * . 
(4) Thla paramph does not apply to the 

exJ)Ort or an antibiotic drug product shipped 
In accordlnce with the prov1s1one or section 
80l(d) of the a.ct. 

(5) Thl.8 paragraph does not apply to the 
export or new drug8 (lncluding b\o\og!cal 
product..,) apt)l'Oved ror exi,ort under section 
802 or the act or section ~l(h}(l)(A) o! the 
Public Health Servtce Aet. · 

the physical and mentRl condltlon or the pa• ! h · ,. th b thuubJeot f 314.126, ,, ject o t e ~arcu, even our 
( ) C 1. 'th thf l f "' I tlent. · , has ~lven hJs or her coruient. · c on,ormcutce w, e ca pr nup es. Tho pul'1)011e or hlomerllca.l re11earch lnvolv• 4, BlomedlCAl research tnvoMng human 

(1) Forelgn cUnicai .research is required In~ hum11n ~uhjects muRt be to \mprove dll\f• subjects cannot le(ttltna.telY be ca.med out 
to have been conducted in accordance nostic. th~mp~utlc 1tnd prophylactic prooe. unless th~ •Importance or the. obJectlve ta tn 
wtth the ethical principle~ sta.ted in · dum and the unden1tandlng or the aetiology . · proportion to the tnherent rt11k to the ·sub-
the. "Declaration of Helsinki'' (see and pMhoieneRls of disease. jeet. . . 
p11.ra.graph· (c)(4) o! this section) or the 1~ currP.nt medical tirm\ce moSt dlag- ·5, Every b1omed1cAl research J)l'Oject° In• 

nMtlc. therapeutic or pMphylactlo proce- volvtng ha.man subjects should be preceded 
le.ws and regu\e.tions of the country ln dute3 Involve hau.~s. Thls applies espe• ·by careful wes.,ment or predictable rtsb ln 
which the research we.s conducted, c1nnv t~ blomP.dtce.l research, · comw.rlson wttl: · r oreseeable benenta to the 
whichever represents the greater. pro- Me<Hcal progress ls hMed on mearch · !Ubjeet or to others. Concern ror the tnter,. 
tection of the individual. . which ultimately must rest In PP.rt on ex• ~stll or the subject must always prevtll over 

.. * · t t 1 pP.r\mP.nt~t.\on tnvolvlni human su~ject.,. the \ntol'el\t, of 8c1ence and aoc\ety. 
(2) For each roreign cllnica study 111 the !le.ltl of l1lom~t\lcnl rmarch a runt\~· 6, The rl(ht or ·the rm.rcb BUb)ect to nfe-

Ul2.120 Fottign clin.icru studies not submitted under this aect1on, ~be $POn• mentnl tllatlnctton muRt be rtcogniied t,e.. «ttard his or her Integrity mutt always be tt,. 
conducted. under an IND. sor sh11.ll explain how the research con• tween medical research In which the aim 1~ 8pected, Every prteautton abould be taken to · 

formed to the ethical principles co·n· e~Rent.lally dl~R'TIO~tlc or therapeutic ror a mi,ect the l)t'f vacy of the subJect and to 
(a) Introduction, This section de• tamed in the .. Declaration o! Helsinki" pntlent. Rnd me<llci\ mearch, the. ·esftet1t.tal mlnlmlie the Impact or t.he study 011 the sub-

scribes the crttieria !or acceptance by or the for,,.!lin country's standards, ol1Jt'ct or whlch.lB purely ~ctentlno and with• ject's pbyA1~1 and mental tntegr1t1 and on 
FD~ of foreign clinical studies not con• out lmpl,V1ng direct dl11gnosUc or thera• the personaiity or the sub)ect. 
ducted under· a.n IND. In general, FDA wb1cbever were used. tr the foreign peutlc value to the person subjee~ to the . 7. PhystciaM should abstain from ~g 

d h country's standards were used, the rm11.rch. · In rem.rch ,rntect-" IMoMnr human sub-
accepts such stnd1es provi ed t ey are sponsor · shall explt\1n in deta.il how Spcclnl caution must 1,e exerelsed In the ject., unless ~hey a.rt! ~ttsned that the hat• 
well deaigned, · weU conducted, per• those standards differ from· the "Dec- conduct ot resmch which may 11.rtect the e.n• e.rt\s involved are believed to be predictable. 
f onned by qua.lined investigators, and rt h lf r 1 1 ed l ~ tt u conduc~d tn accordance with ethical la.ration of Helsinki" and how they vlronmimt, 11n t e we are O an ma s u.s . Ph~•~lclans should cNUJe any nmw~ on 

. o.',er greater protection, r or re~emh must be r~"pected. the h1twds are round to outweigh the poteo• 
principles acceptable to the world com• u Dec11usc 1t IR t~sentlkl that the resultR of t1a\ benent,. . 
munity, Stutiles meeting these criteria. · (3) When the researeh has been ap- IP.hornt.ory experiments be applled to human e, In publlct.tlon or th~ results or bis or het' 
may be utilized to !upport clinical in- · proved by an independent review com-. oetnr.1 to rurther nctentlflc kn~wled~e and to research. tb~ pbystcit.n ls obliged to preserve 
vestiga.tlons 1n t~e United States and/ mittee, .the sponsor sha11 submit to help 6U[terlni humanity. the World Metllcal the accuracy or the results, Rtpot'ta or ex• 
or ma.rketlng approval. Marketing P.P· FDA document~tton o! such review and A~~oclntl~n h"11 prepiu·P.ll the followln~ rec• · pP.rtmentttton not In e.ccott\11.n~ wltb t.bt 

· c 1 h d ommendRttons &.ff I\ iultlc t.o every physlc~an · prlnclple:1 latd down tn thls J?eela.ratlon 
proval or a. new drug based solely on ·. approva I including t e names a.n • tn blomP.dlcal research tnvol;•lni human sub- should not be accepted for pul>U~t\on. 
foreign clinical da.te. is governed by .qua.U!lcations of the members or the }ects, They should he kept unde'r review In 9, In any research on human bel~. etch 
§31UOO. · committee. In this· regard, a 11review the future, It must be stressed that the ·l)Otentia\ subject mUBt be adeQUAtel1 ·in--

(b) Do.to. Stlbmbsions. A sponsor who committee" means a committee com• standRrd~ R~ drafted are only 11. guide to phy- rorined or the aims. methods, ant1c1pated 
wishes to rely ~n a fore.ign clinlcal pO'Sed of scientist.~ 11.nd, where pra.c• slcl11.ns All over t~e world. Ph)·s1c111.nA are not benefits a.nd potentla.\ h!WU'dS or the study 
study to support s.n IND or to support. tlcable lndlvidue.ls who e.re otherw13e rel!ev~,, from Mllmlnl\l, t.1~111\nd ethical re• 11.nd the dt~omCort it may enW\. He or she 
an appUca.t\on for marketlng a,pproval q~r.11!1~d (e.g.. other heaith ~rofes- spon~lllllltl,~ umter the \I\WS or their. own should be lntormed that he or she ta &t llb-
sha.ll submit to FDA the !ollowing in· siona111 or ll'lytne· n). The investigator . countries. . erty to abstain [rom pa.rijctpa.tlo~ tn the 

" n. ,, • :,ty and tha.t he or she ls C~ to, wtt.hdra.w 
formation: ma.y not vote on any aspect of the re• I. Dasie Prlnclple$ his or her consent to p11.rtlclpa,tlon at &DJ 

(1) A deacrlption of the 1nvest1gator.'s view o[ hls or her protocol by a review 1.~ Blome~lcl\1 rmarch tnvolvlnt human time. The phystcle:n .should then· obtlln the 
qual1!icat1ons; co mini ttee. eublcct~ m(qt .crin[orm to (eMmlly a.ccl'!pted subje1:t'R fteP.IY•Rlven Informed consent, pref. 

(2)· A descrtpt~on or the research fa.. (4) The ''Declaration· of Helslnkl" Rr.l~ntlflc prlnclpleR an.d ~houltl be bMP.d on erAbly in wrltl11K, · 
clli UeA; . , . . ndequP.te\ypP.rfo'rm,.,l 1a~oratory Md anlmttl 10. When obtA\nl~~ Informed con.~nt Cor 

(3) A dot.ailed summary o! the pro• statese.s follows: · · <· : . : .' •. ~xpe.rlrncntatlon· .~n(on a thoroUR~ .• kno~h., the resea,rch.~J~~t ~~- phystQ.l•.11 lbo.~dlbe 
t l d lts r t,\.. tudy nd ,' .. ' '·, ..... ~I,', . . ,.. . ,' ·,··· •: •.. ,·_, .. _•·'.:'..,' • •• -.:.(,_'••~e_.·or,the scl,P.nt.,)ne .. '·11,ternt,ure. !.f' .• H.'.:7_1·t.::_(' partlcularlY'CtutlOltS II the f ~t ~ in a . ,,1.·:,1~cq an. r:esu __ Q :f,l().1e••.t .. _., .f .. •·:.~,.i:t?· · . : . .',tfJ::'',:f'?'J( •· :· · · · , -~ , , ~ · . ~-?: ~ J '. . · . r · ,', •. ~ : ~1r '·. .. · .. ~; · · · . · 
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de~d~~t,~iatlonabip to btrri' or 'her or ma.y the expi,rlmental design Is ·not relP.tert eo the 
consent under dureN, In tbat cue the In• patient's Ulnw. · 

• Conned conaont ahould be obtaJned bi a phy. 3. The inve11tl(&tor or the lnveat\gat\ng 
liolan wbo 1a no\ encaiced tn Ule lnvestiga- team should discontinue the research if in• 
tion and who la completely tndepeudeut of his/her or their Judgment tt ma.y, l! contin• 
Ulls official rela.ttonahip. ued, be harmful to the Individual. 

· u. In cw of lepl lnoompetence, informed 4. In reae&.rch on man, the \nterest or 
consent Should be obtatned from the lera.l science and aoctety ahould nmr take -prece• 
guardian tu aooordal'lce with IU1itlona.l ~sio- dcnce over conB\derit\ons rel,ted to the 
l&tlon. Where phyalcal or men~l ineaw:tty well-being or the aubject. 
makea lt lmposalble to obte.tu lnronned con• (Colleotlon ot 1n!ornu.t1on requlramenta a~• 
eent, or wben the aubject 1a a. minor, perml&,. proved by the omce of MaMitt-mi,nt and · 
aion l'rom the regponalble rel&.tive re~laoea Budret under control number 0910-0014) 
that or the i\lbJect 1n accordPtnce with. na-
tional ltl(tal1.tlon. (52 FR 8831, Mar. 19, 1981, a« e.mendf!d l\t 52 

Whenever the mlnor c'hlld la in fact a.hle to· . FR 23031, June 17, 1987; 56 Fa 22113. MI\Y 14. 
gtve a. COll&ent. the minor's conaent muat oe 1991; 64 FR iOl, Ja.n, ~. 19991 , 
obtai~ed us. addition to the C?neont o! ~e · Er~vi DAT?i Nm: At 64 FR 401. Jan, 
minor a lep,1 guardian. 5, 1999, §312.120 waa a.mended by removing 

11 The ~reh pro~l should alwa.ya · "or antibiotic drut' from the ll\St sentence 
cont.aln & ata.t.ement or the ethte&l consider• r h ( ) f' l · 
atlons involved a.n4 ahould tndica.te tha.t the o P&r&gra.p a.' e ,ect ve May 20, 1999. 
prlno1pl• enuncla.ted ln the pl'e3ent Deela.ra.• lS12.lSO Availability !or public disclo,·. 
tlon are complted wtt.h. · ,iure. of data and in!onnation in an · 

II. Medical Reuarch Combined with 
IND,. 

PYofemOMI Care (Clinical Reiecrch.) (a) The existence of a.n investiga• 
l. In the treatment of the stck person. the tiona.l new drug a.ppllcation will not be 

pb)81atan muat be free to use , new d\ag. disclosed by FDA unless it has pre• 
noat.ic and therapeutic measure, tt tn hla or v1ously been publicly disclosed or M· 
ber Judgmeut it oUers hope of sav1nr life, re- knowledged. 
eatabllahhlll' hea.lth or e.llevie.tlng su!!eriuit. (b) The avaHabUlty !or nubllc disclo• 

2. Ttie potential benenta, h&ia.rda IUld dis- · ,,. 
. comfort of , new method should be weighed sure o! a.11 data, a.nd information in '&n 
apinat tho advantages or the best current . investigationa.l new drug ·appitca.tion 
dl&po11,to and thmJ>euttc methods. !or a. new drug will be handled ln ac•· 

3. 1n a.ny medle&l atudy, every p1tlent-in• cords.nee wtth the provisions esta.b• 
cludtnr those of a. control icroup, ir e.ny- . Ushed in §314.430 !or the con!ldentla.Uty 
should be 888\ltod of t.he best proven diar• o! data. and information in applic~t\ons 
nosi\c a.nd thera.peutlc method. submitted in pa.rt 314. The ava.Uabtlity 

4. The re~ or tbo patient to pa.rt1clpl\te ! bl 
in a. atudy muat never interfere with the PhY• or pu ic disclosure o! all data. and in• 
slclan•r,atlent relatloushlp, fonnation in an investiga.tiona.1 new 

5. u the physlctan considers It essential drug application for a. biological prod­
not to obta\n Informed con~ant the specific Uct. wm b& governed by the provi1ions 
rel\8ona ror thla prol)Ollal should be stated In o! U601 .. 50 and 601.51. 
the expenment:&l ·protocol for tl'lnamteelon (c) Notw1thstantling the provisions o! 
to the in1lnfl(lndontcommlttee (I, 2). 1314.430, FDA shall disclose upon re• 
6· The phyaiclti.n en.n combine medi~l re- quest to an individual to whom an tn-

11e,rch w\t,h prore..~tonal c11.ro, th~ objec~lve vestigat1onal new tlrug has. been alven 
bc\nr the e.cqul1'itlon o! new medical know\. "' 
edice, only t.o the extent ~h11.t medlc,1 re• a co~y of any IND safety report relat-. 
search 111 ju11t.!fled by ita potllntlP.l d!ainoatlc ing to the use in the lndlvidual. 
or ihlir11,peutJc va.lue for the patient. (d) The a.v~Uibll!ty or ,nrormation 

. . . , required to be publicly disclosed for in-
11/. N~n-1 herapr.11t1c ~«>medical R~ve~rc~ In• . vestiga.t1ons involving an emption 

1mh11110 Humrm SubJects (No11-Chn1cal Bio• f O i ! . . d t d ~ 50 2A · f medical Ratarch) .r m n orme conscn un er ~ . , o 

' I••'• ,· 

~~bmit, request under the Freedom of (c) All correspondence rels.ttng to bi• 
Intormatlon Act. ologic~l products for hume.n uso which. 

,.
2 

F" 
8 3 

M 
19 1

ru,.; '0 1. 1 t d t 53 a.re. also ra.dl.oactive drugs shall be subw 
l~ "' 8 l, ar. • ,111i. ,.e, 11

' ma. 8 a i t d " Divi · ! 0 l d 
FR 41523, Oct. 21. 1988. as ~mi .Jed at 61 FR . m t e to t.u.e si~n o nco ogy a.n 
51530, Oct. 2, 1996: ij4 FR 401. Jin. 6, 19991 Ra,dio~ha.rmaceutica.l Drug Products 

(HFD-150), Center for Drug Evaluation 
Em:crrvi DAn Non: At 64 FR 401, Je.n. d R h F d d D Ad i i 

5, 1999. 1312.130 Wl\8 amended by romovlng an esearc ' 00 a.n rug m n s-
"or antthlotlc drul!;" Ct·om pa.rairapn (b), eC• tra.t1on, 5600 Fishers. La.Ile, RQckville, 
rectlvo May20, l999. MD 20857, except tha.t applications for 

I 312.140 Address for cotTespondezuie. . 

(a) Except as provided in p!\ragra.ph 
(b) or this section, a sponsor sh&ll send 
an initial IND submission to the Cen• 
tra.1 Document Room, Center !or Drug 

·· Evaluation and Research, Food and 
Drug Administration, Park Bldg., Rm. 
214. 12420 Pa.rkla.wn Dr., Rockvtlle, MD' 
20852. On receiving the IND. FDA will 
inform tbe sponsor which one of the di­
visions in the Center for Drug Evalua­
tion a.nd Research or the Center for 
Biologics Evaluation a.nd Research is 
responsible for the IND. Amendments, 
reports, and other correspondence re .. 
lating to matters covered by the IND 

coupled antibodies shall be submitted 
in accordance wtth para.graph (b) o! 
this section.-

(d) AH correspondence relating to ex• 1 

port· of an investiga.tiona.l drug under 
§312.UO(b)(2) ~hall.be submitted to the 
International Affairs Sta.f! {HFY ..SO), 
Office ot Health Affairs, Food a.nd Drug 
Administration, 5600 Fishers Lewne, 
Rockville, MD 20857. . 

tOo1lectfon or 1nforma.t1on requirements a.p­
proved by the omce o! Ma.na(ement ,nd 
Budget under control number 0910-0014) 

{52 FR 8831. Mar, 19, 1987, as amended at 52 
FR 23031. June 17, 1987: 55 FR USSO, MU', 29, 
19901 

should ba directed to the appropriate § 312.145 Guidelines. 
division. The outside· wrapper or ea.ch· · . 
submission shall state what is con- {a.) FDA has ma.de available guide• 
tatned in the aubmiss\on. ror exa.mple, . Unea under §l0.90(b) to help persons to 
"lND Application", "Protocol Amend- comply with cer~in requirements of 
ment", etc. this part, 

(b) Applications !or the products list- (b) The Center for Drug Evaluation 
ed below should be submitted to the Di• ·and Research and the Center !or Bio• . 
vision of Bioiogical Iovestigationa.l lo~cs ,Evaluation a~d Resea.rch ma.in .. 
New Drugs (HFB-230), Center for Bio• ta.in lists of guidelrnes that apply to 
logics Evaluation and Research, Food th~ Centers' reg~lations. The lists 

I · and Drug Atlministratid! 8800 Rock• state how a, 'Person ~an obta.in a copy 6! 

I 
ville Pike, Bethesda, MD 20892. (1) each guideline. A reQuest for a. .copy o! 
Products subject to the lkensing provi- the lists should be directed to the 

, alons of the Public Health Service Act· CDER Exec·utive Secretariat Sta.ff 
t of July 1, 1944 {58 Stat. 682. as a.mended (HFD,.8)_, Center !or Drug ·Evaluation 

m U:S.C. 20i et seq.)) or subject to pa.rt and Research, Food and Drug Admlnls• 
600: (2) ingredients pa.cka~eu together tra.tion, 5600 Fishers La.ne, Rockville, 
with cont~\ners intendetl for the collec• MD 20857, for drug products, a.nd th·e · 
tion, processing, or storagnf blood or Congressional. Consumer, and Inter-

I blood components; (3) urokinaae prod- n:i.'jona1 Af!a.frs Starr {HFB-142), Cen• 
1 ucts: (4) plasma volume ex~anders and ter for Biologics Evaluation and ·ae. 

. thls chapter wm be ·h:i.ndled as· follows: 
1. ln the ~ure1y sc\ent1flc app\lcatlon of Persona wtshing to request the publicly 

medical rrisea.rch Cl\rr\ed .out on ,. humP.n di l bl 1 , . i " 

l hydroxyethyl starch for lP.nkaphemis; search, Food and Drug Administration, 
I ~nd (5) cou~led antibodies, i.e., ~rod• 8800 Rockville Pike, Bethesda, MD 
\ ucts t.hat consist of_ a.n a.ntlbody com• 20892, for biological products. 

)(line:, I~ ts the duty or t,he tihvsician to re• sc osa ~ n1ormation. n the lN.u that 
11,1n ~he ~rotector of the life ·,.nd het.\th ot waa required to be !1leti iD Dock.et 
;hat ~non on whom bl<>meoiCAl r~P.a.rch Is Number 95$--0158 · in the Dockets Ma.n• 
ie\ntwriod out. a.gement Branch mFA-305), Food and· 
i. 'li,e ftllhjecta nhou\d l'le volunteer&-e1• Drug AdmtniRtn.tion, 12420 · Park\a.wn 

·,her healthy ~ 1\1 Q\' \11\~lenta {or wnom Dr,, nn, l- ·23, Rockvme, MD 20857, shall 

f\l 

I poMnt coupled wlth a drug or radio• 
'\ nuclide component in which both com• .152 FR BR:ll. Mar. 19, 1987, all a.mended at 55. 
1 ponents provtde a pharma.cologtca.l ef• FR 11580, Mar. 2S, 1990: ·s6 FP ·'"'!'Ja, Jan. 31. 
1 -~·feet but the btologle&l component de. 1991; 57. FR 10814, M:i.r. 31, 1992 

· 1 termines the site of action. 
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;v1.;.:. 'UU 
21 CFR Ch. I (4·1-99 Edlflon) food and Drug ~dminlstratlon, HHS Pt. 314 

. Subpart G-Drugs for lnvestlga• 
tlonar Use f n Laqoratory Re• 
search Animals or In Vitro 
Tests 

(1) Tha sponsor or the investigation .. 
has failed to comply wf th any of: the 
conditions for shipment . established 
unde~ this section; or 

(2) Th~ continuance of the lnvestfga. 
§312.160 Drugs for lnvestigational URe tton is unsafe or other-wise contraey to 
· in. laboratory researeh animals or the public interest or the drug is used 

314.00',. Amenamenta to ~n unapproved e.ppll• 
. cation, . 
31U5 Withdrawal by the applicant or an un• 

A~proved appU011.tion, 
St•.'IO Supplement& and other cbt11Kes to an 

approffll a,pllcatlon. . · · 
31Ul Procedures !or submission of a sup­

plement to an approved appllcatlon, 

314.151 Wtthdl'l\wal or appronl ot an abbre­
"!e.ted new ·drug appllcatlon und~ sec,. 
·uon 50S(JX5) or t~e act. 

314.152 Notice or wtthdrtnl or &PPfO'l:l or 
an appllcatton or abbreviated applle&tton 
ror i. ·new drag, 

314.15.1 auspenston or aplJ1"0'al ot an a.bbre­
vte.ted new d~g a.ppUcatton. 

in vitro tests. · for purposes other than bona tide scf•. 
(a.) A1it.thorfzatfon to ship. (1)(1) A per~ ent!flc investigation. FDA wlll 11otttr · 

son may ship a drug intended solely for. the person 11hlppln~ the dru~ of It.a find•. 
tests in vitro or In anima.ls used only . Ing and Invite lmmedia.te. corre.ction. I! 

314.72 Change ln ownerehJp or an applica• 
· t.ton. 

314.160 Approval or an appUcatlon ot ~bbre­
vll\ted gppllcatton .for whtch approval 
.w11.11 previously ref used, suspended, or 

for lab~rato17 ~search purposes if it is' correction 1s not immediately made
1 

. 

labeled as follows: ·. the person shall have an opportunity 
for a "regulatory hearing before FDA CAUTION: C.ontalns a new drug !or 1nves- pursuant to pa.rt 

16
, 

tigational use only ln laboratory research (c) Dt'Mlositi~n of un•'!ed drug. The animals, or !or tests in vitro. Not tor· use 1n "t- " 

humans. person who ships the drug under para• 
(li) A perao.n may ship'. a biological 

product for invest1gatlonal 1n·vftro di• 
agnostic nse that is IJsted in 
I 3l2.2(b )(2)(11) i! it is labeled as follows: 

graph (a) o!• this sJction shall assure 
the return of all unused supplies of the 
dru~ from individual investigators. 
whenever the tnvestlga.tion disc.on• 
tinues or . the investigation is termt• · 

CAUTION: Contains a blologtco.l product nated. The person who ships the drut 
for tnvestlg-atlonnl In vitro di~gnostlc tests mP.y a.uthorl.ze in writing alternative 
only. · · disposition of unused supplies of the 

(2) A person shipping a drug under · drug provided this. alternative ·d1spos1• 
para.graph (a) o! this section shall use tion does not expose humans ·to risks 
iue d11igence to assure tlla.t the con- · from the drug, either directly or indi• 
1Jgnee is regularly engaged In con• rectly (e,r, , through food-producing 
iuctlng such tests and tha.t the ship• animals). 1,he. shipper shall maintain 
nent o! the new drug will actuP.lly be records o! any alternative dfsposi~lon, 
1sed for tests ln vitro or in animals 
1sed. orily for laboratory research. (Collection or lnfl)rmatton requirements AJ>o • 

proved by the OCflce ot Manaiem~nt and 
Budget under control number 0910:.0014) 

[52 FR 8831, Mar: 19., 1987, M amended at 52 
FR 23031, June 11, 1981. Redeslgnated P.t SI 
FR 41523, Oct. 21." 1988] 

314.80 Po11tmArk~tln~ reportln( or adverse 
. drUR' cxperlenc~A. . 

31Ul Other ~stmarkct1ng report.,. 
314.90 Waive!'!!, 

Subpart C-Abbtevlated Appff~aflons . 

314.92 Drug products !or which abbreviated· 
applications ma.y be submitted. 

, wl thdrl\wn, . 
~14.161 Determination or rwona tor vol- , 

11nta11 wlthdmNaJ or a llBted drug. 
314.162 Removal or a drur product from the 

·list. 
314.170 Adulteration e.nd mtsbran41ng or an 

am,roved drug. 

3103 Petition to request a. change from i . Subpart E-Hearlng Proetdwes f~ New 
11~ted drug, Drugs 

314.94 content and ronnat or an abbreviated . . 
p_ppl!catlon. 314 200 Notice or ooportunlty for hee.rlnr, 

3H.95 Notice of c.ert!OcAtlon or lnvalldit.Y · notice ot participation and. ~uest for 
or nonlnMn~ement or a patent. hearing: grant or denial of heartng. 

314.96 Amew1:Mnts to·an unapproved l\bbre• 314.201 Procedure for hearings. 
vlated appllcP.tlon. 314.235 Judicial revle'w. 

att97 Supplements Md other changoes to an 
11pproved abbreviated ~ppllcAtton. Subpart F-Admlnlstratlve Proc.edures for 

314.98 Postmarketln~ re~rts. · Antlbloffcs 
314.99 Other rel!ponRlbtlltle~ or an appUcant 

of an P.bbrevlated application. 

Subpart 0-FDA Action on Applications 
and Abbreviated Applications 

3M.JOO TlmeframPft f()r revlewlnr. Appllca• 
tlonR and P.bbrevfated application!. 

. 314.101' Flllnr tn appllcat,on and receMng 
Rn P.hbrevlated new drug application, 

~14.102 Communications between FDA and 
appllcants, 

31U03 Dispute molutlon. 

314,300 Procedure tor the Issuance, amend•· 
. ment,,or repeal or regulations. 

Subpart G-Mlscellaneous ProvJslons 

314.410 ln,ports and export.q or new drugs. 
314.420 Dru.g master files .. 
314.430 AvP.ilabtuty for public disclosure or 

data and tntonnation 1n an application 
or abbrevtat.ed application. 

314.440 Addresses !or appllcationa 11ud ab­
breviated applications. 

. (3) A person who ships a drug under 
>a.rs.graph (a} o! this section shall 
naintain adequate. records showing the 
1ame and post office address of the ex• 
,ert to whom the drug is shipped and 
he date,· quantity, and batch or code 
mk of each shipment and delfvery. 
tecords of shtpm,nts' under paragraph 
1)(l)(f) of Ws se·ction a.re to be main• 
~ined for a period of 2 years after the 
blp111ent. Records· and.reports of data 
nd shipments• under paragraph 
L)(l)(li) of this section are to be mnin-

PART 314.;.APPLICATIJNS FOR FDA 
APPROVAL TO MARKET A NEW 
DRUG 

314.101' Dru~s with potential for abuse, 

l
l 314.l05· ApprovA! of an appllcP.tlon and an 
. abbreviated application. ·Subpo,t H-Accelerated Approval of New 

314.106 Foreign datt, , · o f s rl us Ufe 1hteat6Nflfl 111 
314.107 ·i::rrectlve date or approval or a rugs or 9 0 or · • '"""'ll • 

314.445 Guidelines. 

\ined in accordance with ~312.57lb), 
he person who ships the drug shall 
pon request !rom a.oy properly · au• 
1orlzed officer or employee or the 
ood a.nd Drug Admlll1stration. a.t rea­
inable times, permit such officer or 
nployPe to have ~ccess to 11.nd covy 
ld verify records required to be main• 
dned under this section. 

Subport A-G&neral Provision, 

SP-c.' 
314.1 Rcope or this p1\l't. 
314.2 Furpose. 
314.3 Deflnltlons. 

Subpo~ s.:...Applleatlons 

311.50 ContPnt 11nd forrnM or an application, I 
311.52 Notice of mtlflcntlon o! lnvalldlty 

or nonlnfrln(em~nt or a patent, I 
314.53 Suhml~8lon of patent lnformatlqn. 
314.54 Procedure tor submission of an appll-· ·, 

cP.t!on •quiring tnve~tl~11.tlons tor ap. 
provAI ot e. new h1dlcAt1on for, or other 

(b) 1'P.rmination of authorization to 
iip . . FDA may terminate . authoriza­
. on :to· ship a. drug under this section i! 

,~-i~:fln~ that: · •.; . :·-:-··: :~ •:.: · .. · · · '· · :· ·· · · 
~r;·f:1:· .·~f,i •:, . · : J~t~l\~~~1:~:·WTu~1:;4\~~-'.' . .":· :: . ; 

nf' 

505(b)(2) application or abhrevlated new nesses 
drug appltcatton under section 505(j) or 

314.500 Scope, . 
the· act. 314.510 Ap~rovl\~ based on a surronte end• . 

3lt108 New druit product exclusivity. point or on an effect on a clinical end• 
31UJO Approvable letter,to the l\ppllca.nt. polnt otber than sul'\'ivt.l or trreve1'9lble 
314.120 Not approvahle letter to the appll•, morbidity. 

~14.~2;"\ubmltting a~ l\bhrevlattd appllca• 314.620 Approval with restrictions to a:ssure 
~ safe uee, 

tlon for, or a 50MJ)(2J!C) PP.tltlon that re- 314.530 Withdrawal procedures. 
lie~ on. 11. llAted drug that ls no longer 311,510 Postrnarketlng safety reporting. 1nnrketcd, . 

314.125 n~rusal to approve an application. 314,550 Promotional materials. 
314.126 Adequate,Jand well•controlled stud• 314.560 Termination or requl~menta. 

les. . . AUTHORITY: 21 U.S.C. 32~. 331,-351, 352, 3M. 
314.127 R~ruAal to approve an abbreviated 355, 371, 374, 379e. 

new~ruuppllcatlon. . ., ..... ·, ·. · ._. ;. :
1 

• •• ,.· .... ~,/'\ ;:· 

,:· 31P,f,\,WlthdrP.wal.i~;arnroval or an.:~PP~t•.i •. ··.:·J 80Ul'I.CE. 50-FR 74~.~, Feb./22. 198. .. .? · 
· ·:_r., ·~:·• 1n or·a~brevla'te.d application, · otherwJse noted .. 

.... 
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BLA Submission Acknowledgement 
Letter from the FDA 
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,,, ... >lq,,_~~ l-4 DEPARTMENT OF HEALm AND lllJMAN SERVICES 

Our STN: BL 125387/0 

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

Dear Dr. Pologe: 

Food and Drug Administration 
Silver Spring MD 20993 

BLA ACKNOWLEDGEMENT 
March 8, 2011 

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) fonnat 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 oflabeling must conform to the fonnat 
and content requirements of revised ~ 1 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 of2007 
(FDAAA) (Public Law No, 110-85, 121 Stat. 904). 
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BL125387/0 
Page2 

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 .. 

/Maureen P. 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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