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I. INTRODUCTION

1. I have been retained by Fish & Richardson P.C. on behalf of
Formycon AG (“Petitioner”) to provide expert opinions regarding aflibercept
formulations, their design, and the invalidity of U.S. Patent No. 11,084,865
(“’865 patent”) assigned to Regeneron Pharmaceuticals, Inc. (“Regeneron” or
“Patent Owner™).

2. My opinions in this declaration are based on the documents I cite
along with my education, experience and knowledge that I have acquired working
in the areas of pharmaceutical development and research for over 20 years. I am
being compensated for my services as an expert at my standard consulting rate.
My compensation is in no way contingent on the substance of my opinions or the
outcome of this case.

3. My opinions and their underlying reasoning are explained in detail

below.

II. BACKGROUND AND QUALIFICATIONS

4. My current curriculum vitae, which lists my degrees, experiences,

activities, honors, and publications is attached as Exhibit 1003.

5. I am currently a Professor in the Department of Pharmaceutical

Chemistry at the University of Kansas in Lawrence, Kansas, a position I have
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held since 2017. I am also a Professor in the Bioengineering Center, a position I
have held since 2011, and a Professor in the Department of Chemical and
Petroleum Engineering, a position I have held since 2023, both also at the
University of Kansas. I have been a faculty member at the University of Kansas

since 2007.

6. I received a Bachelor of Science in Chemical Engineering from
Auburn University in 1998, a Master of Science in Chemical Engineering from
the University of Illinois in 2001, and a Ph.D. in Chemical and Biomolecular
Engineering from the University of Illinois in 2003. I was a Postdoctoral Fellow
in the Division of Pharmaceutical Sciences at the University of Wisconsin,

Madison, from 2004 to 2006.

7. Since 2009, I have been a Member of the Scientific and Medical
Advisory Board of Exogenesis Corporation, which develops nanoscale surface
modifications for implantable medical devices, and my responsibilities have
included contributing to the development of an FDA-approved product for the

reduction of infections following surgical device implantation.

8. I am the co-founder of HylaPharm LLC, founded in 2011, which
specializes in reformulation of anti-cancer chemotherapeutics by modification of

the delivery route and pharmacokinetics. This includes the use of peptide-based
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carriers and parenteral delivery technologies.

0. I am a co-founder of Kapecia LLC, founded in 2019, which focuses
on the development of novel peptides for enhancing stem cell growth. I am also
a co-founder of Hafion LLC, founded in 2016, which specializes in development
of vaccines, and Aerobyx LLC, founded in 2017, which specializes in the

development of medications for treatment of neurological and metabolic disease.

10. I am also a co-founder of Vesarex, founded in 2018, which
specializes in the development of ultrasound imaging devices and contrast agents

for the detection and treatment of cardiovascular disease.

11.  Finally, I am a co-founder of Ferroximend LLC, founded in 2020,

which develops drugs for the enhancement of bone breakage repair.

12. My research toward drug formulation and development has been
competitively funded by multiple awards from the National Institutes of Health
and the National Cancer Institute, the National Institute of Allergy and Infectious
Disease, the American Cancer Society, the Department of Defense, Susan G.
Komen Race for the Cure, and the Pharmaceutical Research and the
Pharmaceutical Research and Manufacturers of America Foundation
(“PhRMA”), among others. In addition, I have been funded by the Food and Drug

Administration (“FDA”) to develop methodologies for the in vitro determination
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of bioequivalence in follow-on complex botanical and biosimilar drug

formulations.

13. I have received many awards and honors, including the Baxendale
Innovation Award (2016), the University of Kansas Leading Light Award (2014),
the Japan Society for Promotion of Science Visiting Scholar Fellow (2010), the
American Cancer Society Research Scholar (2008 to 2012), the American
Association of Colleges of Pharmacy, the New Investigators Award (2007), and

the PhRMA Foundation Postdoctoral Fellow (2006), among others.

14. 1 am currently, or have been in the past, a member of various
professional societies, including the American Association for Cancer Research,
the American Association of Pharmaceutical Scientists, and the American
Institute of Chemical Engineers. I serve or have served on numerous scientific
review panels for the National Institutes of Health, the American Cancer Society,
and the Association for International Cancer Research (United Kingdom). I have
been a standing member of the American Cancer Society review panel on Cancer
Drug Development (now ad hoc).

15. 1 have authored more than one hundred peer-reviewed journal
articles and nine book chapters.

16. Ihave edited two special journal issues on drug delivery and a book
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on drug delivery and formulation.

17. 1 have filed for or received about thirty United States and
international patents or patent applications related to drug discovery, formulation
or pharmacokinetics/pharmacology.

18. I have taught drug formulation and biopharmaceutics, including all
aspects of drug excipient choice and the effects of excipient modification on drug
pharmacokinetics, ionic equilibrium, drug chemical stability, drug dissolution,
and drug absorption, to clinical pharmacy students and graduate students studying
pharmaceutical sciences since 2007.

19. I have experience in all aspects of parenteral, topical, and oral drug
formulation and pharmacokinetics through my research and teaching, as well as
my work with HylaPharm, Exogenesis Inc., Atrin Pharmaceutics, Akari
Therapeutics Inc., Roche, Eli Lilly, and Novartis AG.

20. I have worked on pharmaceutical formulations for intramuscular,
subcutaneous, intravenous, topical, sublingual/buccal, and oral formulation.
These formulations include immediate release, sustained release, targeted
formulations, and drug eluting medical devices. The formulations include small
molecule drugs (including unstable molecules and prodrugs), peptide drugs (from
<10 to over 40 amino acids), protein drugs, monoclonal antibodies, and

nucleotides. In addition, I have worked on modeling and interpretation of dosage
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pharmacokinetics, metabolism, and pharmacology. I currently serve on an
advisory board for Novartis AG on the formulation and pharmacokinetics of late-
stage developmental biotechnology products intended for subcutaneous
administration.

21. In the past five years, I have been involved in the following
litigations:

e Horizon Medicines LLC v. Dr. Reddy’s Labs. Inc., No. 2:15-cv-03324
(D.N.J.) (consolidated).

e Merck Sharp & Dohme Corp., v. Sun Pharmaceutical Industries Ltd., No.
19-cv-00319 (MDL No. 2902) (D. Del).

e Indivior Inc. et al. v. Dr. Reddy’s Labs. Inc.., No. 18-cv-5288 (D.N.J).

e Tris Pharma, Inc. v. Teva Pharmaceuticals USA, Inc., No. 20-cv-05212-
KM-ESK (D.N.J).

e Novartis Pharmaceuticals Corp., v. Alembic Pharmaceuticals Ltd. et al.,
No. 20-md-2930 (D. Del.).

e Orexo AB and Orexo US, Inc., v. Sun Pharmaceutical Industries, Ltd,
Sun Pharma Global FZE, Sun Pharma Global, Inc., and Sun
Pharmaceutical Industries, Inc. No. 20-cv-12588 (D.NJ).

e Janssen Pharmaceuticals, Inc. v. Mylan Laboratories Limited, No. 3:20-
cv-13103-ZNQ-LHG (D.N.J.).

e Merck Sharp & Dohme, B.V. v. Mylan API US LLC, No. 20-cv-2576
(D.N.J.) (consolidated).

e Merck Sharp & Dohme, B.V. v. Mylan Pharmaceuticals, Inc., No. 20-cv-
61 (N.D.W.Va.).
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e Eagle Pharmaceuticals, Inc. v. Slayback Pharma LLC, Apotex Inc. et al,
No. 1-21-cv-01256-CFC-JLH (D. Del.).

e Azurity Pharmaceuticals, Inc., v. Alkem Laboratories Ltd. No. 20-cv-
1094 (MSG) (D. Del).

¢ Intercept Pharmaceuticals, Inc., and Intercept Pharma Europe Ltd. v.
Apotex Inc., Amneal EU, Limited et al. No. 20-cv-1105-MN (D. Del.)
(consolidated).

e Azurity Pharmaceuticals, Inc. v. Annora Pharma Private Limited,
Camber Pharmaceuticals No. 21-cv-196-MSG (D. Del.).

e Amgen Inc. and Kai Pharmaceuticals, Inc. v. Aurobindo Pharma Limited,
MSN Pharmaceuticals Private Limited, USV Private Ltd. No. 21-cv-662
(MN) (D. Del.).

e Arbor Pharmaceuticals, LLC and Takeda Pharmaceutical v. Saba Ilac
Sanayii Ve Ticaret No. 22-cv-353-MN. (D. Del.).

e Regeneron Pharmaceuticals, Inc., v. Formycon AG. No. 23-cv-97 (TSK)
(N.D.W.V.).

e Radius Health Inc. and Ipsen Pharma S.A.S., v. Orbicular Pharmaceutical
Technologies Private Ltd. No. 22-cv-11546-RGS (D. Mass.).

22. In addition, I have testified or other otherwise served as an expert on

behalf of the USPTO in the following 35 U.S.C. 145 litigations:

e Halozyme, Inc. v. Joseph Matal (on behalf of USPTO). Civ. No. 1:16-cv-
1580 (E.D. Va) (2017)

e LaJolla Pharma LLC v. Katherine Vidal, in capacity of Director of the
USPTO, 1:24-cv-00951 (LMB/WBP) (D.E. VA) (2024)

23.  In the past five years, | have been involved in the following case
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before the US International Trade Commission:

e Sartorius v. Gator Bio. US International Trade Commission. 37-TA-
1344.

24.  In the past five years, I have been involved in the following cases

before the USPTO PTAB:

e Mylan Institutional LLC v. Novo Nordisk A/S; PTAB 1PR2020-00324
(2019); and Pfizer Inc. v. Novo Nordisk A/S; PTAB IPR2020-01252
(2020) (consolidated).

e Neuroderm Ltd. v. Abbvie Inc. Post Grant Review PGR2022-00040.

25.  Over the course of my career, | have worked on various protein and
monoclonal antibody formulations, from the product formulation stage through
post-market problem-solving and formulation analysis. Further, I have extensive
experience with sterile emulsion and nanoparticle formulations, liquid and
lyophilized products.

III. INFORMATION RELIED UPON

26. In addition to my general knowledge gained as a result of my
education and experience, I have reviewed and considered, among other things,

the prior art of record discussed herein.

27. The full list of information, in addition to my professional and
academic experience, that I have relied upon in forming my opinions for this

report is set forth throughout the report and in the Table of Exhibits.
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28.  Where my conclusions are based on certain assumptions that I have
adopted, I have stated such assumptions in this Declaration.

IV. RELEVANT LEGAL STANDARD

29. In forming my opinions and considering the patentability of the
claims of the *865 Patent, [ am relying upon certain legal principles that counsel
for Petitioner have explained to me, as listed below.

30. I understand that for an invention claimed in a patent to be found
patentable, it must be, among other things, new and not obvious in light of what
came before it. Patents and publications which predated the invention are
generally referred to as “prior art.”

31.  For patent invalidity under an inter partes review, I understand the
burden is on the party asserting unpatentability to prove it by a preponderance of
the evidence. I understand that “a preponderance of the evidence” is evidence
sufficient to show that a fact is more likely than not.

A.  Person of Ordinary SKkill in the Art

32. Ihave been informed that the claims of a patent are judged from the
perspective of a hypothetical construct involving “a person of ordinary skill in the
art” (“POSA”). The “art” is the field of technology to which the patent is related.
I understand that the purpose of using a POSA’s viewpoint is objectivity. Thus, I

understand that the question of validity is viewed from the perspective of a POSA
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as of March 20, 2006, and not from the perspective of (a) the inventor, (b) a
layperson, or (c) a person of extraordinary skill in the art. I have been informed
that the claims of the *865 Patent are interpreted as a POSA would have understood
them at the relevant time period, which I have been asked to assume is pre-March
21, 2006.

B. Claim Construction

33. I understand the first step in determining whether a patent claim is
valid is to properly construe the claims. I understand that each claim of a patent
subject to inter partes review is to be interpreted in light of the language of the
claim, the written description, the figures, and the prosecution history of the
patent.

34. Ifurther understand that in the absence of a specific definition within
the specification or the reliance on a specific meaning in the prosecution history,
the terms as used in the challenged claims of the 865 Patent are to be afforded
their plain and ordinary meaning at the time of the invention.

35. T understand that the “plain and ordinary meaning” of a term means
the ordinary and customary meaning given to the term by those of ordinary skill
in the art at the time of the invention and that the ordinary and customary meaning
of a term may be evidenced by a variety of sources, including the words of the

claims, the specification, drawings, and prior art.
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36. I understand that in construing claims all words in a claim must be

considered in judging the patentability of that claim against the prior art.

37. 1 understand that extrinsic evidence may be consulted for the
meaning of a claim term as long as it is not used to contradict claim meaning that
is unambiguous in light of the intrinsic evidence. I also understand that in
construing claim terms, the general meanings gleaned from reference sources
must always be compared against the use of the terms in context, and the intrinsic
record must always be consulted to identify which of the different possible
dictionary meanings is most consistent with the use of the words by the inventor.

C.  Presumption of Validity

38. I understand that a granted patent is presumed to be valid. |
understand that the presumption of validity can be overcome in district court
litigation if clear and convincing evidence is presented that proves the patent is
invalid. I understand that the standard of proof for invalidating a patent in an
inter partes review proceeding is a “preponderance of the evidence” (i.e., greater
than 50% chance of likelihood), which is a lower standard than the clear and
convincing evidence standard.

D. Obviousness

39. I understand that even if a patent claim is not anticipated, it is still

invalid if the differences between the claimed subject matter and the prior art are
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such that the subject matter as a whole would have been obvious at the time the

invention was made to a person of ordinary skill in the pertinent art.

40. I understand that a person of ordinary skill in the art provides a
reference point from which the prior art and claimed invention should be viewed.
This reference point prevents one from using his or her own insight or hindsight
in deciding whether a claim is obvious.

41. 1 also understand that an obviousness determination includes the
consideration of various factors such as (1) the scope and content of the prior art,
(2) the differences between the prior art and the asserted claims, (3) the level of
ordinary skill in the pertinent art, and (4) the existence of secondary
considerations or objective indicia of obviousness or non-obviousness.

42. I understand that an obviousness determination can be based on a
single prior art reference or a combination of multiple prior art references or the
knowledge of one of ordinary skill in the art. I understand that the prior art itself
may provide a suggestion, motivation, or reason to combine or modify the
teachings of the prior art, or that such a reason may come from other sources,
such as the knowledge of a person having ordinary skill in the art, common sense,
and market forces. I understand that the following rationales may support a
finding of obviousness:

a. combining prior art elements according to known methods to yield
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43.

predictable results;

simple substitution of one known element for another to obtain
predictable results; use of known technique to improve similar

devices (methods, or products) in the same way;

. applying a known technique to a known device (method or product)

ready for improvement to yield predictable results;

. “obvious to try” — choosing from a finite number of identified,

predictable solutions, with a reasonable expectation of success;
known work in one field of endeavor may prompt variations of it for
use in either the same field or a different one based on design
incentives or other market forces if the variations are predictable to
one of ordinary skill in the art;

some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior art reference or to
combine prior art reference teachings to arrive at the claimed
invention.

Iunderstand that an obviousness determination requires a reasonable

expectation of success in achieving the claimed invention.

44,

I understand that the content of a patent or other printed publication

(i.e., areference) should be interpreted the way a person of ordinary skill in the art
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would have interpreted the reference as of the effective filing date of the patent
application for the 865 Patent. I have assumed that the person of ordinary skill in
the art is a hypothetical person who is presumed to be aware of all of the relevant
art at the time of the invention. The person of ordinary skill is not an automaton,
and may be able to fit together the teachings of multiple patents employing
ordinary creativity and the common sense that familiar items may have obvious
uses in another context or beyond their primary purposes.

45. 1 understand that if an alleged invention is otherwise rendered
obvious in view of the prior art, it is not patentable simply because the inventors
discover an inherent property or a result that naturally flows from its application
or use.

46. I understand that secondary considerations or objective indicia of
obviousness or non-obviousness may include (1) a long felt but unmet need in the
prior art that was satisfied by the invention of the patent; (2) commercial success
or lack of commercial success of processes covered by the patent; (3) unexpected
results achieved by the invention; (4) praise of the invention by others skilled in
the art; (5) the taking of licenses under the patent by others; (6) deliberate copying
of the invention; (7) teaching away; and (8) the simultaneous invention of the
claimed subject matter. I also understand that there must be a relationship between

any such secondary considerations and the invention. I further understand that
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contemporaneous and independent invention by others i1s a secondary

consideration supporting an obviousness determination.

47. I understand that any secondary considerations or objective indicia
must bear a nexus to the claimed invention. Where the offered secondary
consideration actually results from something other than what is both claimed and
novel in the claim, there is no nexus to the merits of the claimed invention. I
further understand that the patentee bears the burden of demonstrating that the
relevant commercial success is attributable to the claimed invention, as opposed
to other economic and commercial factors unrelated to the technical quality of the
patented subject matter.

48. I understand that whether a prior art reference “teaches away” from
the claimed invention is a fact to be considered in determining obviousness. |
understand that it is improper to combine references where the references teach
away from their combination. However, I understand that the nature of the
teaching is highly relevant and must be weighed in substance—a known or obvious
composition does not become patentable simply because it has been described as
somewhat inferior to some other product for the same use. Furthermore, I
understand that the fact that mere disclosure of more than one alternative in the
prior art does not constitute a teaching away from any of these alternatives

because such disclosure does not criticize, discredit, or otherwise discourage the
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solution claimed.
49. I understand that hindsight must not be used when comparing the

prior art to the invention for obviousness.
V. BACKGROUND OF THE 865 PATENT

A.  General Description

50.  The ’865 patent is entitled “VEGF Antagonist Formulations Suitable
for Intravitreal Administration.”

51. The ’865 patent describes the invention as “[s]table formulations of
a VEGF-specific protein antagonist” comprising a “VEGF ‘trap’ antagonist with
a pharmaceutically acceptable carrier.” Ex.1001, 2:14-19.

52.  The ’865 patent states that the “VEGF antagonist of the methods and
formulations of the invention can be prepared by any suitable method known in
the art, or that comes to be known.” Id., 6:40-42.

53. The ’865 patent teaches that “[1]n specific embodiments, the VEGF
antagonist is expressed in a mammalian cell line such as a CHO cell and may be
modified post-translationally,” and further notes that in “a specific embodiment,
the fusion protein comprises amino acids 27-457 of SEQ ID NO:4 and is

glycosylated at Asn residues 62, 94, 149, 222 and 308.” Id., 6:32-38.

54. The ’865 patent includes eight examples, which describe

combinations of protein, buffer, stabilizer and one of two “organic co-solvents.”
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Seven of the eight examples include 20 to 50 mg/ml of “VEGF Trap (SEQ ID
NO:4)” protein in combination with phosphate buffer, sodium chloride, and
polysorbate 20 in varying combinations at a pH of 6.25 or 6.3. Id., Examples 1,
3-8. Five of the examples additionally contain sucrose. /d., Examples 1-4, 7. Six
of the examples deal with liquid formulations (/d., Examples 1-6), and two with
lyophilized formulations (/d., Examples 7-8).

55. The examples of the ’865 patent report the formulation’s stability
after storage at 5 °C for certain periods of time. Turbidity at OD405 nm and “%
VEGF Trap Native Configuration” as measured by size-exclusion
chromatography are reported after storage periods that run from zero to 24
months. See, e.g., Id., Tables 1-8. The examples also provide the pH of the
formulation over time. The range of concentrations for the VEGF Trap and

excipients and their associated stability characteristics are summarized below:

ML Buffer Tonicity | Co-solvent Stabilizing Stability
Trap agent
’865 20-50 |5-10mM | 20-135 |0.015-0.1% | 0-5% 98.5%-
Examples mg/mL | phosphate | mM polysorbate | sucrose 99.3% at
NaCl 20 or 3% 2-3
PEG 3350 months

56.  Other than making and testing the claimed formulations, the 865
patent does not teach how to achieve the claimed stability. The patent does not

teach the effect of adjusting or optimizing the concentrations of the various
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excipients, other than what is taught in the handful of examples. The patent also
does not teach whether any intravitreal formulations were safe and effective. It
does not teach that any of the formulations were intravitreally injected, or whether

they were tolerated if they were to be injected.
B.  Priority Date

57. The ’865 patent claims priority to ten prior patent applications and
one provisional application, which was filed on June 16, 2006. Regeneron has
previously contended the inventors of the *865 patent conceived and reduced to
practice the alleged inventions therein by March 21, 2006. For the purposes of
this declaration, I assume that is the relevant priority date.

C. Prosecution History

58. I have reviewed the ’865 patent prosecution history, and the
Examiner issued only obviousness-type double patenting rejections. Ex.1004,
256-62. Regeneron relied on the stability claim element to overcome the
obviousness-type double patenting rejection. /d., 279-284. Regeneron did not
argue, however, that obtaining the added stability limitation was unexpected or
that it conferred any unexpected properties to the formulation.

D. Level of Ordinary SKkill in the Art

59. Based on my review of the patent and prior art, I have adopted the

following definition of a POSA, which I understand is consistent with that
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proposed in a related IPR by Patent Owner:

60. The POSA at the time of the invention would have had a Ph.D. in
pharmaceutical sciences or a similar field, with at least several years of
experience in the development, manufacture and characterization of formulations
of therapeutic proteins, including, for example, fusion proteins or antibodies.
The POSA may also have had less education but substantially more practical
relevant work experience. This individual would have understood how to
combine proteins with compatible excipients such as surfactants, stabilizers,
salts and buffers at different pH ranges, and how to adjust these combinations in
order to optimize their stability in liquid or solid form. This individual also
would have been able to use state-of-the-art analytical methods, such as size-
exclusion chromatography (“SEC”), to assess stability and compatibility.

61. The POSA may collaborate with others, including a medical doctor
with experience treating ophthalmic diseases. The POSA also would have had
access to other individuals typically employed in developing protein active
pharmaceutical ingredients and products, including those involved in upstream
and downstream manufacturing, analytical chemistry, pharmacokinetics, clinical
testing, pharmaceutical packaging, and regulatory affairs. These diversely-
qualified individuals would have worked together as needed during

development.
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VI. THE CHALLENGED CLAIMS

62.  The Challenged Claims are generally directed to ophthalmic
formulations, in either a vial or a pre-filled syringe, comprising a glycosylated
VEGF antagonist that comprises amino acids 27-457 of SEQ ID NO:4, an
organic co- solvent, a buffer, and a stabilizing agent, wherein the formulations

have specific stability (turbidity and % “native conformation” measured by

SEC).

63.  One subset of the Challenged Claims—1-12, 14-17, 19-20, 22-25,
51- 53, and 55—recite the formulation is stored in a vial. Throughout this
declaration, I refer to these claims collectively as the “Vial Claims.” The Vial
Claims are the subject of Ground I. A second subset of Challenged Claims—26-
36, 39-42, 44-45, 47-50, 54—recite the same formulation stored in a PFS. I refer
to these claims collectively as the “PFS Claims.” The PFS Claims are the
subject of Ground II.

VII. SCOPE AND CONTENT OF THE PRIOR ART

64. Below, I summarize the scope and content of the prior art, including
the disclosures of the primary prior art references relied on in my analysis below.
I also note that I have reviewed the Declarations of Dr. Zhou and Dr. Letkowitz
to further understand what was known and understood in the art at the time

regarding the administration of intravitreal injections, compositions and
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presentations of prior art formulations, the development of aflibercept, and the
known glycosylation sites of aflibercept. See, Exs.1005 and 1007.

A.  Background
1. Vascular Endothelial Growth Factor (“VEGEF”)

64. I understand that Vascular Endothelial Growth Factor, also known
as VEGF, is a naturally-occurring protein that regulates the process by which new
blood vessels are formed, known as “angiogenesis.” VEGF functions by binding

to VEGF receptors on the surfaces of cells responsible for angiogenesis. Ex.1015,

412; Ex.1005, 945; Ex.1007 q918-19.

65. By 2005, VEGF had been identified as having a role in angiogenesis
in tumors, and a number of VEGF inhibitors had been developed as potential
cancer therapies. Ex.1008, 968-971; Ex.1005, 4933, 35, 43-45; Ex.1007, 9918-22.

66. VEGF antagonists were also being used to successfully treat age-
related macular degeneration (wet AMD). Bevacizumab and ranibizumab (a
modified fragment of the bevacizumab antibody) were two of the known
inhibitors used for this purpose. Ex.1015, 411; Ex.1005, 9933-34, 36-37;

Ex.1007, 918.

2. Aflibercept

67. 1 also understand that during this time, Regeneron developed
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aflibercept, another VEGF inhibitor, and that aflibercept was known as “VEGF-
Traprir2,” “VEGFRI1R2-FcACl(a),” and “VEGF Trap-Eye” at the time.
Aflibercept is a fusion protein of domain 2 of the human VEGFRI1 receptor and
domain 3 of the human VEGFR2 receptor, linked via the Fc domain of a human

IgG antibody as shown below:

A VEGF-R1 B VEGF-R2

s
@
€

C VEGF Trap R1R2

"

©
a

Fic. 1. Structure of VEGF receptors and the VEGF Trap. VEGF-R1
(A) and VEGF-R2 (B) both contain seven extracellular domains, which
differ between the two receptors. These extracellular domains are
responsible for VEGF binding. The soluble VEGF Trap R1R2 (C) was
created by fusion of domain 2 of VEGF-R1 and domain 3 of VEGF-R2
with the FC portion of IgG.

Ex.1016, 2798, Fig. 1; Ex.1007, 18.

68.  Aflibercept binds VEGF before it can trigger angiogenesis. /d.

69. Tunderstand from the Declaration of Dr. Zhou and my review of the
literature that Regeneron publicized its development of aflibercept, including

experiments demonstrating its therapeutic promise. Ex.1010; Ex.1007, q918-36.
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For instance, Regeneron claimed: “The combination of high-affinity and
improved pharmacokinetics apparently contributes toward making VEGF-
Traprirz [aflibercept] one of the most, if not the most, potent and efficacious

VEGF blocker available.” Ex.1010, 11397.

70.  Regeneron noted that aflibercept was comprised of “entirely human
sequences,” which would “hopefully minimize the possibility that it might prove
immunogenic in human patients.” Ex.1010, 11397. Regeneron also noted “far
lower circulating levels of VEGF-Traprir> [aflibercept] are required for similar
efficacy” and its “safety has recently been confirmed in toxicological studies in
cynomolgus monkeys.” Ex.1010, 11397.

71.  Regeneron also reported that “the [aflibercept] VEGF-Trap is
currently in human clinical trials for several different types of cancer.” Ex.1010,
11397. In fact, by 2006, Regeneron published “quite promising” results for its
first clinical trials of aflibercept. Ex.1015, 414-15.

72. Regeneron started its Phase I dose escalating trial using aflibercept
for wet AMD in June 2005. Ex.1014. In a September 27, 2005 presentation at the
UBS Global Life Sciences Conference, Regeneron stated that its VEGF Trap had
the “[o]pportunity... to emerge as ‘best-in-class’ treatment for wet AMD”
because of the “[p]otential for greater efficacy related to unique characteristics

and the “[p]otential for greater convenience by requiring less frequent injections.”
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Ex.1022, As discussed further below, Regeneron publicized the results of that
initial clinical trial as well, including the success of the 4 mg dose. Exs.1011-
1013.

73. Regeneron had also widely published the sequence of aflibercept
prior to the priority date, although it referred to the protein by its earlier scientific
names, VEGF-Trapriro and VEGFRIR2-FcACl(a), rather than the non-

proprietary name “aflibercept” it coined later as the molecule neared regulatory

approval. ' I understand from Dr. Zhou that by 2004, Regeneron had published
the amino acid sequences of VEGFRI1R2- FcACl(a) in various patent

publications. See Ex.1027, 95, SEQ ID Nos. 1 and 2 (also disclosing that

1 I understand that when seeking PTE for U.S. Patent No. 7,374,758 (“the '758
Patent”) based on the regulatory approval of EYLEA®, Regeneron represented to
the Office that aflibercept 1s “also known as VEGF trap, VEGF-trap, VEGF Trap-
Eye and VEGF-Traprir2.” Ex.1020, 2, 6-7. Regeneron also represented that
“aflibercept is described in [Holash] as VEGF-Trapgrir,”, Ex.1020, 5, and that the
amino acid sequence of aflibercept is set forth in Figures 24A-24C of the 758 patent.
Ex.1020, 6-7 (noting that the “FIt1 Ig domain 2” of aflibercept “spans amino acid
residues 27 through 129,” “Flk1 Ig domain 3 spans amino acid residues 130 through
231,” and “the Fc multimerizing component” spans amino acid residues 232 through

458”).
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VEGFRIR2-FcACl(a) is “also termed VEGF- Traprir2); Ex.1029, 12, 15, Fig.
24A-24C; Ex.1028, 98, SEQ ID Nos. 3 and 4; Ex.1007, q918-22. Regeneron also
disclosed the sequence of VEGFRIR2-FcACIl(a) in the °758 Patent, first
published on November 3, 2005. Ex.1019, 10:15- 17, Figs. 24A-24C; see
Ex.1007, q18.

74. Regeneron also disclosed in these publications that it used CHO
cells to express aflibercept. See, e.g., Ex.1029, 12, 15, Fig. 24A-24C, claims 9,
20 (describing production of VEGFRIR2-FcACl(a) in CHO cells); see also
Ex.1027 922 (directing POSA to the 3719 Publication for “a complete description
of VEGF- receptor based antagonists including VEGFR1R2-FcACl(a)” and
incorporating the '319 Publication into the "309 Publication “by reference in its
entirety.”). | understand from Dr. Zhou that that it was well known and a POSA
understood that when aflibercept is expressed in CHO cells it is glycosylated.
Ex.1007, 9918-36.

75. Regeneron also disclosed an intravenous formulation of aflibercept
used in preclinical studies. In Fraser, aflibercept was formulated with 5 mM
phosphate, 5 mM citrate, 100 mM NacCl (pH 6.0), and 0.1% wt/vol Tween 20,
with either 20% glycerol or 20% sucrose. Ex.1009, 1115. Wulff discloses the
same formulation, but specifies that sucrose is used: SmM phosphate, 5 mM

citrate, 100 mM sodium chloride, 0.1% (wt/vol) Tween 20, and 20% (wt/vol)
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sucrose. Ex.1016, 2798.

3. Protein Stability

76. As of the priority date, it was well known that proteins like

aflibercept degraded via known mechanisms. See, e.g., Ex.1096, 1.

77.  Chemical instability refers to processes that break or form chemical
bonds within the molecule, including deamidation and oxidation. Physical
instability refers to changes in protein conformation—its three-dimensional
structure— including aggregation. Physical instability often leads to aggregation.
Ex.1096, 1.

78.  When creating a formulation for a protein therapeutic, limiting
aggregation is the chief goal since aggregates can cause immunogenicity,
diminish half-life, and interfere with drug function.

79.  There were many formulation techniques well known in the field
that had proven to be effective in preventing protein aggregation. One common
way was to include an organic co-solvent known as a “surfactant” in the
formulation. See Ex.1018, Table 6. Polysorbate 20 and polysorbate 80 (which
were sold under the brand names “Tween 20” and “Tween 80,” respectively) were
commonly used surfactants to prevent aggregation in therapeutic protein
formulations. See, e.g., Ex.1097, Box 1. As of the priority date, a large number

of FDA-approved and commercially-available protein therapeutics used
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polysorbate 20 or polysorbate 80 in their formulations to prevent aggregation.
See, e.g., Ex.1032, 2 (polysorbate 20); Ex.1034, 1117 (polysorbate 80); Ex.1037,
1359 (polysorbate 20); Ex.1033, 1350 (polysorbate 20); Ex.1036, 1338
(polysorbate 20).

80. POSAs commonly used phosphate as a buffer for proteins at the time
to stabilize them further; a number of FDA-approved protein formulations
were formulated with phosphate buffer prior to the priority date. See Ex.1032, 2;
Ex.1034, 1117; Ex.1035, 2367. Sodium phosphate is the most common of those
buffers, and, along with citrate buffers, was commonly used in intravitreal
formulations. Ex.1005, 9932, 35-36, 44-45.

81.  Sucrose was also commonly used as a stabilizer in formulations,
particularly for its cryoprotectant abilities. Ex.1096, 1. At the time of the patent,
sugars like trehalose and sucrose had been used in intravitreal formulations. /d.;
Ex.1005, 9934, 36, 44-45.

82. POSAs also routinely refrigerated protein therapeutics to avoid
degradation because degradation proceeds slower at colder temperatures. Thus,
POSAs commonly stored protein formulations at 2-8 °C to maintain stability.
Ex.1032, 25; Ex.1034, 1121; Ex.1037, 1362; Ex.1033, 1352; Ex.1035, 2369;
Ex.1036, 1341. To test whether a formulation can be safely stored for a reasonable

shelf life, POSAs commonly tested storage stability for weeks or months under
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refrigeration at 2-8 °C. See, e.g., Ex.1026, 9963, 280 (showing stability data for
1, 3, 14, 16, and 24 months).

83. POSAs also commonly used SEC at the time to quantify the
formation of protein aggregates in a formulation. See, e.g., Ex.1026, 4278, Table

1; Ex.1012, 160. SEC measures the percent monomer present in a formulation.

84. POSAs also understood how to optimize a therapeutic protein
formulation to obtain as close to 100% stability over a reasonable shelf-life as
possible. POSAs understood that very high levels of purity could be maintained
during storage at 2-8 °C. Id. In fact, numerous publications reported antibody

formulations preserving >98% of the protein in “native conformation” as

measured by SEC during storage at 5 °C for two months.2

85.  For instance, WO ’801 (Ex.1030) discloses lyophilized trastuzumab
formulations that contained trehalose and polysorbate 20 and maintained >99%
of the protein “intact” (i.e., native conformation) as measured by SEC after

storage at 5 °C for 2 weeks. Ex.1030, Table 4 (99.8% or 100.0% native

conformation at 91 days), Table 5 (100.0% native conformation at 61 days),

2 I will use the term “native conformation” in my declaration as that term is used
in the ’865 patent, i.e., to refer to the % native conformation as measurable by

SEC.
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Table 6 (100.0% native conformation at 92 days), Table 7 (99.8% native

conformation at 92 days).

86. Similarly, Liu reports recombinant human antibody formulations
had >98% “monomer” (i.e., native conformation) after storage at 5 °C for 3
months (and even up to 16 months). Ex.1026, 44279-280; Table 1. The 586
Patent (Ex.1018) similarly reports an antibody formulation containing
polysorbate 20 and trehalose as having >98% “monomer” (i.e., native
conformation) as measured by SEC after storage at 2-8 °C for two years. Ex.1018,
Fig 28, 5:34-39.

87.  Likewise, Kaisheva '316 reports SEC data for three formulations of
anti-IL-2 receptor antibody that utilized histidine, sucrose, and polysorbate 80.
Ex.1024, q9113-15, Fig 9A. At 3 months, all three formulations contained above
98% “monomer” (i.e., native conformation). Ex.1024, 9422; qq113-15, Fig 9A.
Kaisheva ’417 also reports dacilizumab antibody formulations with greater than
98% “monomer” (i.e., native conformation) after storage for 8 weeks at 5 °C. See,
e.g., Ex.1025, Table 5 (reporting 98.24% native conformation at 8§ weeks storage
at 5 °C), Table 6 (reporting 99.24% native conformation at 8 weeks storage at 5
°C), Table 8 (reporting 99.1% native conformation at 3 months storage at 5 °C),
Table 9 (reporting 98.9% native conformation at 7 months storage at 5 °C), see

also Table 10-13 (reporting similar results).
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B. Key Prior Art
1. Fraser (Ex.1009)

88.  Fraser is titled “Single Injections of Vascular Endothelial Growth
Factor Trap Block Ovulation in the Macaque and Produce a Prolonged, Dose-
Related Suppression of Ovarian Function,” and was published in the Journal of
Clinical Endocrinology & Metabolism in November 2004 prior to the ’865

patent’s alleged priority date of March 2006. Ex.1009, 1114.

89. Fraser’s study evaluated aflibercept’s effect on ovarian angiogenesis.
Id., 1114. The study used an aflibercept formulation comprising the excipients
recited in the challenged claim: “VEGF Traprir2 (Regeneron Pharmaceuticals,
Inc., Tarrytown, NY) was provided at a concentration of 24.3 mg/ml in 2-ml
aliquots in buffer composed of 5 mM phosphate, 5 mM citrate, 100 mM NaCl

(pH 6.0), and 0.1% wt/vol Tween 20, with either 20% glycerol or 20% sucrose.”

Id., 1115, “Tween 20” is the brand name for polysorbate 20. Ex.1 102.3

90. Fraser reported that “VEGF was inhibited by administration of

’ I understand that during prosecution of Dix, Regeneron represented that Fraser’s
formulation used sucrose, not glycerol. Ex.1098, 2 (noting that the “actual lot and
formulation used in Fraser” contained “24.3 mg/ml VEGF Trap protein, 5 mM
phosphate, 5 mM citrate, 100 mM NaCl, 20% sucrose, and 0.1 % polysorbate-20,

pH 6.05.”).
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VEGF- Traprirz, @a recombinant, chimeric protein comprising Ig domain 2 of
human VEGF- R1 and Ig domain 3 of human VEGF-R2, expressed in sequence
with the human Fc.” Ex.1009, 1115.

2. Wulff (Ex.1016)
91.  Wulffis titled “Prevention of Thecal Angiogenesis, Antral Follicular

Growth, and Ovulation in the Primate by Treatment with Vascular
Endothelial Growth Factor Trap R1R2.” Ex.1016. It was published in the journal
Endocrinology in July 2002, prior to the 865 patent’s alleged priority date of
March 2006.

92.  Wulff investigated aflibercept’s ability to inhibit thecal
angiogenesis. Id., 2798. Wulff noted that “[t]he VEGF Trap R1R2 used in these
experiments is a recombinant chimeric protein comprising portions of the
extracellular, ligand binding domains of the human VEGF receptors Flt-1
(VEGF-RI1, Ig domain 2) and KDR (VEGF-R2, Ig domain 3) expressed in
sequence with the Fc portion of human IgG (Fig. 1).” Id. Wulff further noted that
“[t]he VEGF trap was expressed in CHO cells and was purified by protein A
affinity chromatography followed by size- exclusion chromatography.” /d.

93.  Wulff discloses the same formulation as Fraser but specifies that
sucrose was used: “[c]ontrol animals were treated with vehicle containing SmM
phosphate, 5 mM citrate, 100 mM sodium chloride, 0.1% (wt/vol) Tween 20, and

20% (wt/vol) sucrose).” Id.
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94.  Wulff states that the 379 Publication (Ex.1029) discloses VEGF-
Traprir2’s structure: “the detailed molecular structure and how it was created are
described in the patent REG 710-A-PCT, VEGF Trap Application published
December 2000, Publication WO 00/75319 A1.” Id., n.1.

3. Feb. 3 and 8, 2006 and March 8, 2006 Presentations (“2006
Presentations”)

95.  Prior to the alleged priority date of March 21, 2006, on February 3,
8, and March 8, 2006, Regeneron gave a series of similar presentations reporting
on aflibercept’s use in early clinical trials to treat wet AMD. Ex.1011-13;
Ex.1017.

96. Specifically, the 2006 Presentations promote the use of aflibercept
to address wet AMD, which they note is “a major cause of blindness in adults over
60.” See, e.g., Ex.1012, 19. They teach that aflibercept could be the “best-in-
class” treatment for wet AMD, with potentially “greater efficacy related to unique
characteristics” and potentially “greater patient convenience/safety.” Id. The
presentations disclose that a “single intravitreal injection” of aflibercept showed
“[r]apid, substantial, and prolonged (up to at least 4 weeks) reduction in retinal
thickness,” which is necessary to treat wet AMD. See, e.g., Ex.1012, 23. They
also report that a Phase 2 trial was set to begin with initiation of a Phase 3 trial
planned the following year. See, e.g., Ex.1012, 23.

97.  Further, these presentations more specifically reported that patients
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were being intravitreally injected with doses of 0.05, 0.15, 0.5, 1.0, 2.0, and 4.0
mg of aflibercept. Ex.1011, 13-22, Ex.1012, 19-23, Ex.1013, 21-24. The
February 3, 2006 presentation reports, for instance, that the “maximum tolerated
dose has not yet been reached (0.05 to 4.0 mg) and that there were “no ocular
serious adverse events” and “no evidence of inflammation.” Ex.1011, 14; see also
Ex.1012, 19-23, Ex.1013, 21-24. It further reported the study “remains ongoing
at 4 mg/eye dose level,” and patients showed a “[r]apid, substantial decrease in
retinal thickness.” Id. The March 8, 2006 presentation reported the 4.0 mg dose
had been completed and reported that there was “[c]onfirmed evidence of
biological activity.” Ex.1013, 24.

4. Container Closure Systems (FDA Guidance and Nayar)

98.  Several container/closure systems using vials and prefilled syringes
were available for protein-based therapeutics as of June 2006, and were also used
for intravitreal products, as discussed by Dr. Lefkowitz. Ex.1018, 4 Table 2;
Ex.1005, 9938-42. For instance, Chang 2002 lists “Vial/stoppers” and PFSs as
options for “Container/closure” systems. Ex.1018, 6. In its Container Closure
Guidance, published in 1999, the FDA specifically recommended that injectable

formulations be packaged in vials. Ex.1038, 23-24; Ex.1031.

99. Similarly, at the time, POSAs understood that PFSs offered

convenience for purposes of administration, including intravitreal administration,
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as they eliminate the step of withdrawing liquid from the vial and into a syringe.
Nayar, titled “High Throughput Formulation: Strategies for Rapid Development
of Stable Protein Products,” and published in Rational Design of Stable Protein
Formulations 177, 183 (J.F. Carpenter & M.C. Manning eds., 2002) (“Nayar
2002”), explains that each dosage form “offers various advantages and
disadvantages, in the speed of development, manufacturing, packaging and
shipment logistics, and in administration of the product to the patient.” Ex.1020,
183; Ex.1005, 9941. It also explains that the “most preferred” dosage form for a
therapeutic protein product was “a solution formulation that is typically stored in
the refrigerator and preferably ina pre-filled syringe.” Id.

100. As of the priority date, there were two FDA approved intravitreal
preparations. One (Macugen) was supplied in a PFS, and the other (Vitravene)
was supplied in a vial. Ex.1045, 1; Ex.1046, 9; Ex.1005, 442.

5. ’319 Publication (Ex.1029)
101. WO 00/75319 Al (*“’319 Publication”/*Papadopoulos™) is a PCT

publication published on December 14, 2000, prior to the *865 patent’s alleged
priority date.

102. The °319 Publication describes its invention as “FItl receptor
polypeptides that have been modified in such a way as to improve their

pharmacokinetic profile,” and as having “improved pharmacokinetic properties.”
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Ex.1029, 1:14-16; 10:3-4. It discloses the development of aflibercept in more
detail, including expression in CHO cells. See id., Examples 17-21. It refers to
aflibercept as VEGFRIR2-FcACl(a), which Regeneron represented is another
name for VEGF- Traprira. Section VILLA.2. It also discloses the amino acid
sequence and structure of VEGFR1R2-FcAClI(a). Ex.1029, 11:14- 12:1, 15:19-
27, Fig. 24A-24C.

6. ’309 Publication (Ex.1027)
103. U.S. Patent Application Publication No. 2004/0265309 (’309

Publication) is a U.S. patent publication that was published on December 30,
2004, prior to the *865 patent’s alleged priority date.

104. The '309 Publication discloses that VEGFR1R2-FcACl(a) is “also
termed VEGFTraprir,” and discloses its amino acid sequence. Ex.1027, 95, SEQ
ID NOs: 1 and 2. The ’309 Publication also points the skilled artisan to the "3/9
Publication for “a complete description of VEGF-receptor based antagonists
including VEGFR1R2-FcACl1(a)” and incorporates the ‘379 Publication “by
reference in its entirety.” Id., §22.

VIII. DETAILED GROUNDS FOR INVALIDITY: GROUND 1

105. In my opinion POSA would have found the intravitreal formulation
recited in the Challenged Claims obvious. In particular, based on the 2006

Presentations, it would have been obvious to a POSA to modify the formulation
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described in the Fraser and Wulff references to produce a formulation suitable for
intravitreal injection (which I refer to below as the “Modified Fraser/Wulff”
formulation). In my opinion, this formulation renders all of the Challenged
Claims obvious.

A.  The Modified Fraser/Wulff Formulation

106. The 2006 Presentations discussing success using intravitreal
aflibercept injections to treat angiogenic eye disorders would have motivated a
POSA to 36 develop an intravitreal aflibercept formulation. See, e.g. Ex.1005,
443-48. The presentations disclose dosing amounts, including a maximum
dose of 4 mg, but not a formulation. See, e.g., Ex.1011, 14; see also Ex.1012,

19-23, Ex.1013, 21-24.

107. The POSA seeking to formulate aflibercept for intravitreal
injection would not have started from scratch. The most natural starting point
would have been intravenous formulation described in Fraser and Wulff, which I
understand was the only known aflibercept formulation in the prior art. A POSA
would have favored such a formulation, as it is likely to be compatible with the
drug product and demonstrate stability.

108. In particular, Fraser and Wulff describe the same overlapping

aflibercept formulation: an intravenous formulation of aflibercept at a

concentration of 24.3 mg/ml, with a buffer of 5 mM phosphate4 and 5 mM citrate,

49



100 mM NaCl (pH 6.0)), and 0.1% wt/vol Tween 20 (polysorbate), with 20%
sucrose.

109. In my opinion, a POSA starting from this formulation would have
consulted with an ophthalmologist to determine key characteristics specific to
the intravitreal injection, such as dose, volume, and osmolality. While these
factors are standard considerations in the development of any injectable
pharmaceutical product, the consultation would focus on tailoring them and other
relevant characteristics for intravitreal administration. I have reviewed the
declaration of Dr. Letkowitz, which I understand summarizes many of these
considerations, including the dose, volume, and osmolality specific to intravitreal
use, each of which I discuss below.

110. First, a POSA starting from the Fraser/Wulff formulation would
have understood it was necessary to select a dose for intravitreal injection
specifically. The 2006 Presentations describing the intravitreal use of aflibercept
teach a set of dosage amounts for treating angiogenic eye disorders such as wet

AMD, including that the maximum tolerated dose reached was 4 mg. See, e.g.,

‘A POSA would have understood this to be a sodium phosphate buffer, as the
most commonly used phosphate buffer at the time, including in intravitreal
injections. Ex.1005, 4935-36.

Ex.1011, 14; Ex.1012, 19-23, Ex.1013, 21-24. The presentations describe these

50



doses as effective in achieving a “[r]apid, substantial, and prolonged (up to at
least 4 weeks) reduction in retinal thickness”—which I understand from Dr.
Lefkowitz treats wet AMD. Ex.1011, 15; Ex.1012, 20; Ex.1013, 22; Ex.1005,
947. They also explain that a Phase 2 trial was set to begin with initiation of a
Phase 3 trial planned the following year. See, e.g., Ex.1013, 22, 24. A POSA
would have been motivated to select the known maximum tolerated dose of 4 mg

for the treatment of wet AMD.

111. Second, a POSA also would have inquired into the proper injection
volume for an intravitreal injection, and would have been motivated to reduce
the volume of the original Fraser/Wulff formulation to 0.1 mL. Fraser and Wulff
teach the use of 2 mL aliquots. Ex.1009, 1115; Ex.1016, 2798. I understand from
Dr. Lefkowitz that this volume is far too large for the human eye, which was
understood to be able to safely receive only a 0.1 mL injection. Ex.1005, 423-
26. I further understand that the most common intravitreally injected drug at the
time was given in volumes of 0.1 mL. /d. A POSA thus would have been
motivated to reduce the injection volume to 0.1 mL, as that was the known, safe
injection volume.

112. I note that a 4 mg dose in 0.1 mL is a 40 mg/mL concentration (4
mg in 0.1 mL of volume). I understand this is consistent with the volume and

concentration of the most common intravitreally injected drug at the time,
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Kenalog, and was the maximum known, safe tolerated concentration for an
intravitreal injection. Ex.1005, 9923-26. I also understand that, based on the
maximum intravitreal volume taught in the art (0.1 mL) and the maximum dose
taught in the 2006 presentations (4 mg), a POSA would have understood that
aflibercept had previously been formulated at 40 mg/mL, likely in a similar
formulation to that taught by Fraser and Wulff. They would have reasonably
expected this concentration to work in the modified formulation.

113. Third, based on information provided in Dr. Letkowitz’s declaration
(Ex.1005, 9919-22), in my opinion a POSA would have understood that matching
the osmolality of the human eye (around 285-310 mOsm) is important for an
intravitreal formulation. That is because osmolality and tonicity are critical
factors in formulating any injections. Ex.1005, 4919-22. The osmolarity of the

Fraser/Wulff formulation fell far outside this range. I understand this would have

presented significant risks to a patient. Id., 1]1]20—21.5

5Osmolality refers to the total concentration of solutes in a solution, while tonicity
focuses specifically on how those solutes affect water movement across cell
membranes. Osmolality and tonicity are interconnected; both work together to
ensure that the solute concentration is balanced with the body’s fluids to prevent

unwanted water movement across cell membranes.
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114. As set out by Dr. Lefkowitz, a POSA informed by an
ophthalmologist would have understood that ensuring the solution’s osmolality
is appropriately matched not only improves patient comfort but also helps
preserve the eye’s physiological balance, reducing the risk of side effects and
unintended outcomes. Ex.1005, 4419-22. While there would be some range of
tolerance, getting the formulation close to the eye’s osmolarity would have been

important.

115. In fact, as Dr. Letkowitz explains (Ex.1005, 922), I understand that

intravitreal injections at the time were typically formulated to match the

osmolality of the vitreous humor (i.e., to be iso-osmotic). Ex.lOOS.6 At the time
of the patent, the osmolarity of two primary FDA-approved intravitreal
preparations were known: Macugen, supplied in a PFS with an osmolality of
roughly 280-360 mOsm, and Vitravene, supplied in a vial with an osmolality of
roughly 290 mOsm. Ex.1045, 2; Ex.1046, 3; Ex.1005, 922. Matching the

osmolality would have been consistent with normal practice.

‘ I understand from Dr. Lefkowitz that anti-VEGF agents like Macugen and
Avastin, as well as other known intravitreal agents, were all formulated with an
osmolality of 280-360 mOsm/kg to closely match the environment of the eye and

avoid adverse reactions following injection. Ex.1005, 922.
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116.1 have calculated the osmolality of the Fraser/Wulff formulation
below. Osmolality is measured in units of osmol (Osm) per kg of solvent. An
osmol “is related to a mole (ram molecular weight) of the molecules or ions in
solution.” Ex.1103, 456. For example, one mole of glucose dissolved in 1 kg
water has an osmolality of 1 Osm, or 1000 mOsm/kg. /d. By contrast, 1 mole of
NaCl which dissociates into sodium and chloride ions in water, has an osmolality

of 2 Osm when dissolved in 1 kg water.

117. To calculate the osmolality of the Fraser/Wulff formulation, I must
first determine the concentration in mM of the components of the formulation.
Fraser/Wulff provide this information for phosphate (5 mM), citrate (5 mM) and
NaCl (100 mM), but I must calculate it for aflibercept, sucrose and Tween 20.

118. Fraser/Wulff teach that the concentration of aflibercept is 24.3
mg/mL, or 24.3 g/L. The molecular weight of aflibercept is 115 kDa (Ex.1099,
936), which is 115,000 g/mol. To obtain the millimolar concentration of
aflibercept, I multiply 24.3 g/L by 1 mol/115,000 (i.e., I divide 24.3 by 115,000),
and obtain 0.000211 mol/L, which is 0.211 mM.

119. Fraser/Wulff teach that the concentration of sucrose is 20%. 20%
wt/v means 20 g/100 mL, or 200 g/L. The molecular weight of sucrose is 342.29
g/mol. Ex.1100, 308. To obtain the millimolar concentration of sucrose, I multiply

200 g/L by 1 mol/342.29 (i.e., I divide 200 by 342.29), and obtain 0.584 mol/L,
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which is 584 mM.

120. Fraser/Wulff teach that the concentration of Tween 20 1s 0.1%. 0.1%
wt/v means 0.1 g/100 mL, or 1 g/L. The molecular weight of Tween 20 is 1,225
g/mol. Ex.1102, 1. To obtain the millimolar concentration of Tween 20, Imultiply
1 g/L by 1 mol/1,225 (i.e., I divide 1 by 1,225), and obtain 0.000816 mol/L, which

1s 0.816 mM.

121. Now that I have the millimolar concentration of all components in
the solution, I can determine the osmolality. The solvent for this formulation is
water. The osmolality of each component is calculated based on the number of

molecules or ions in solution for each solute when dissolved in water.

Component Amount (mM) mOsm
Aflibercept 0.211 0.211
Sucrose 584 584
NacCl 100 200
Phosphate 5 10
Citrate 5 10
Polysorbate 0.816 0.816
Total: 805.027

122. As shown above, the formulation has total osmolarity of above 800
mOsm. Each component contributes some osmolality to the formulation. But
sucrose contributes by far the largest amount—so much so that even if a POSA
entirely eliminated any other component of the formulation, the formulation still

would not have approached the osmolality of the human eye. It is necessary to
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reduce sucrose to half to even approach that amount.

123. Accordingly, in my opinion, a POSA would have been motivated to
modify the Fraser/Wulff formulation because, with an osmolarity above 800
mOsm, it would not be considered safe for intravitreal injection, and, as Dr.
Letkowitz explains, likely would have drawn water out of cells around the eye,
leading to dehydration of those cells, cell shrinkage, and tissue damage to delicate
ocular structures like the retina. Ex.1005, 920. A POSA would have been
motivated to modify the Fraser/Wulff intravenous formulation to approximate the
osmolarity of the human eye, or at the very least, to approximate the ranges of the
FDA approved intravitreal formulations, which would have been considered a
useful guide.

124. In view of the chart above, a POSA would have understood that the
sucrose level of the formulation had to be reduced to at least 10%, down from
20% sucrose. That is because the osmolarity of sucrose is so high (584 mOsm)
that it alone puts the formulation well outside the desired range. Thus, a POSA
would need to cut the sucrose amount at least in half in order to approach the
desired range for a 40 mg/mL aflibercept formulation, as shown in the chart
below. /d. I note that in the chart below, I used a 40 mg/mL aflibercept dosage,

which translates to 0.347 mM.
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Component Amount (mM) mOsm

Aflibercept 0.347 0.347
Sucrose 292 (or 10% sucrose, | 292
reduced from 584
mM/20%)
NaCl 100 200
Phosphate 5 10
Citrate 5 10
Polysorbate 0.816 0.816
Total: 513.163

125. But, as shown above, cutting the sucrose concentration in half, by
itself, is not sufficient and a POSA would need to further optimize the formulation
by either further reducing sucrose (e.g., to 5%) or reducing NaCl in order to
achieve an iso- osmotic solution. As shown below, both of these approaches
would bring the osmolarity of the injection to within safe and tolerable limits for
the human eye and would have been a matter of routine optimization. No matter
how the POSA proceeds with this further optimization, the resulting solution

practices the claims.

Component Amount (mM) mOsm
Aflibercept 0.347 0.347
Sucrose 146 (or 5% sucrose) 146
NaCl 100 200
Phosphate 5 10
Citrate 5 10
Polysorbate 0.816 0.816
Total: 367.163
Component Amount (mM) mOsm
Aflibercept 0.347 0.347
Sucrose 292 (or 10% sucrose) 292
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NaCl 25 50
Phosphate 5 10
Citrate 5 10
Polysorbate 0.816 0.816
Total: 363.163

126. I note that the calculations above provide the osmolarity (mOsm/L)
of the Modified Fraser/Wulff formulation. Osmolality is measured in Osm/kg of
solvent, and because the solvent is water, which has a density of 1 kg/L, the
osmolarity of the Modified Fraser/Wulff formulation is the same as the

osmolality.

127. Also, the Fraser/Wulff formulation has a pH of 6.0, and the Modified
Fraser/Wulff formulation would have this same pH as the starting point.
However, a POSA would have been motivated, as a matter of routine
optimization, to make and test the Modified Fraser/Wulff formulation at a range
of pH values, including, at the higher pH values of 6.1-6.3, in order to determine
the effect of pH changes that may occur naturally. This is because, due to standard
measurement error and variations in commercial manufacture, the pH of a
formulation will vary to some degree. It would be standard practice to make sure
that a formulation can withstand small variations in pH to ensure stability for
commercial manufacture. It thus would have further been obvious to adjust the pH

of the Modified Fraser/Wulff formulation to 6.1, 6.2 or 6.3 as part of this work.
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128. Finally, a POSA would need to select a presentation for the formulation.
I understand from Dr. Lefkowitz that there were two known presentations for
intravitreal formulations at the time—a vial and a PFS. Both had known benefits.
A POSA would have been motivated to use either presentation, consistent with the
intravitreal formulations on the market at the time, which were presented in vials
and PFSs. While vials are generally simpler to develop, PFSs are generally more
commercially desirable. See generally Ex.1005, 440.

129. Following the modifications required to develop the Fraser and
Wulff formulation for intravitreal use would lead to a 0.1 mL vial or PFS
consisting of aflibercept in a 40 mg/mL concentration, with 10% or less sucrose,
5 mM phosphate and 5 mM citrate buffer, 0.1% wt/vol polysorbate.

130. A POSA would have expected this formulation to succeed as an
intravitreal injection—aflibercept had been successfully injected in the amount
and at (maximum) the concentration in question, and the remainder of the
excipients were common ingredients used in other intravitreal injections within
ranges known to be tolerated by the human eye.

131. I further address the claims on a limitation-by-limitation basis below.
B. Claim1

1. A vial comprising an ophthalmic formulation suitable for
intravitreal administration that comprises:

132. A POSA would have been motivated to develop an intravitreal
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aflibercept formulation suitable for intravitreal administration based on the 2006
Presentations, which describe the successful use of intravitreal injections of
aflibercept to treat angiogenic eye disorders.

133. Asjustdiscussed, a POSA would have been motivated to make a set
of obvious modifications to the Fraser/Wulff formulation to make it suitable for
intravitreal administration: reducing the volume to 0.1 mL (the known safe and
tolerated dose), selecting from the doses used in the presentations to treat
angiogenic eye disorders, including the 4 mg dose which was the maximum
tolerated dose described (resulting in a 40mg/mL concentration), and reducing
the osmolality of the formulation to match the eye and remove risks associated
with hyperosmotic formulas.

134. Also, in my opinion, it would have been obvious to use a vial to store
the Modified Fraser/Wulff formulation. Neither Fraser or Wulff explain
specifically how the formulation was stored. An ophthalmic formulation must be
packaged in some type of container. Vials are one such container and well known

and commonly used, rendering their use obvious. Ex.1018, 6; Ex.1038, 23-24.

135. In particular, vials were one of two common presentations for
intravitreal formulations. Ex.1005, 938. In fact, as of the priority date, of the two
approved intravitreal preparations, one (Macugen) was supplied in a PFS, and the

other (Vitravene) was supplied in a vial. Ex 1045, 1; Ex.1046, 9. Similarly, Chang
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2002 lists “Vial/stoppers” and PFSs as options for “Container/closure” systems.
Ex.1018, 6.

136. A POSA would have been motivated to select a vial as one of the
storage options. A POSA would have understood that vials were commonly and
successfully used for storage of such formulations. Ex.1018, 6. For example, in
its Container Closure Guidance, published in 1999, the FDA specifically
recommended that injectable formulations be packaged in vials. Ex.1038, 23-25.
The FDA’s guidance taught vials reduce potential interactions between the drug
substance and material because they consist of a single material. /d.

137. Finally, to the extent limiting, a POSA would have understood the
modified Fraser/Wulff formulation was ““suitable for intravitreal administration.”
The 2006 Presentations teach that 4 mg aflibercept could be safely injected. See,
e.g., Ex.1011, 14; Ex.1012, 19-23, Ex.1013, 21-24. Ex.1005, q947-48. Further,
the volume of the modified Fraser/Wulff formulation was known to be safe, and

the excipients in the formulation were commonly used in intravitreal injections.

Ex.1005 9924-26, 29-37, 46-48.
2. a vascular endothelial growth factor (VEGF) antagonist

138. Wulff and Fraser disclose the use of a VEGF antagonist (VEGF Trap
R1R2) in the claimed formulation. Ex.1009, 1115; Ex.1016, 2798.

3. an organic co-solvent
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139. The Wulft/Fraser formulation contains an organic co-solvent in the
form of Tween 20 (polysorbate), present at 0.1% wt/vol. Ex.1009, 1115; Ex.1016,
2798.

4. a buffer

140. The Wulff/Fraser formulation contains 5 mM phosphate buffer and

a5 mM citrate buffer. Ex.1009, 1115; Ex.1016, 2798.

S. a stabilizing agent

141. The Wulff/Fraser formulation contains a stabilizing agent in the
form of sucrose. Ex.1009, 1115; Ex.1016, 2798.

6. wherein said VEGF antagonist fusion protein is glycosylated
and comprises amino acids 27-457 of SEQ ID NO:4
142. A POSA would have understood that the aflibercept used in the

modified Fraser/Wulff formulation is glycosylated and comprises amino acids
27-457 of SEQ ID NO:4. I understand from Dr. Zhou that the sequence and

glycosylation of aflibercept were known in the art at the time and would have

been obvious. Ex.1007, 4418-36; Ex.1005, 9918-36.

7. wherein at least 98% of the VEGF antagonist is present in
native conformation following storage at 5 °C. for two
months as measured by size exclusion chromatography

(a) The stability limitations are inherent in the
formulation

143. The resulting formulation also would have had the claimed stability

characteristics (percent “native conformation” of the protein and turbidity) under
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the recited storage conditions. While the stability of the Modified Fraser/Wulff
formulation was not taught in the art, a formulation’s stability is a product of the
interaction between its active ingredient, excipients, and storage conditions. Thus,
it is a property of the formulation.

144. Moreover, I note that the Dix reference (Ex.1021) teaches that the
original (unmodified) Fraser/Wulff formulation had the claimed stability, as

shown in the chart below.

VEGTF | Buffer Tonicit | Co- Stabilizin | pH | Stabilit
Trap y solvent g agent y
Dix 25 5mM 100 0.1% 20% 6.0 | 99.6%
Example mg/m | Phosphatel mM polysorbate| sucrose - at two
5 L S mM Na(Cl 20 6.1 | months
citrate

145. Based on the teachings of the ’865 patent, a POSA would have
understood the Modified Fraser/Wulff formulation would also have the requisite
stability. The Examples in the specification teach a range of concentrations for
the VEGF Trap and excipients, and their associated stability characteristics.
Based on my review of the *865 patent, it teaches that formulations with higher
and lower concentrations of aflibercept, with varying concentrations of NaCl,
with varying concentrations (and types) of co-solvent, with varying amounts of

stability agent, and over the pH range 6-6.3 all have two month stability values

well over 98%. See Ex.1001, 6-8. The Modified Fraser/Wulff formulation7 falls
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squarely within these ranges.

VEGF | Buffer | Tonicit | Co- Stabilizi | pH | Stability
Trap y solvent ng agent
’865 20-50 | 5-10 20-135 | 0.015- 0-5% 6.25 | 98.5-
Examples mg/mL | mM mM 0.1% sucrose | -6.3 | 99.3%
phosphate | NaCl  polysorbate at 2-3
20 or months
3% PEG
3350
Modified | 40 5 mM 100 0.1% 5% 6.0-
Fraser / | mg/mL | phosphat| mM polysorbat| sucrose | 6.3
Wulff e e
5 mM NaCl
citrate

146. Furthermore, as shown below, Regeneron’s Dix patent provides
stability data for even more formulations with different excipients and
concentrations. The Dix formulations that contain 50 mg/mL or less aflibercept

have two-three month stability values well over 98%, just like the *865

! As I explained above, to obtain an acceptable osmolarity in the Modified
Fraser/Wulff formulation, the POSA would first reduce the sucrose to around
10% and then would either further reduce the sucrose to around 5% or would

reduce the NaCl. In this chart and those that follow, the Modified Fraser/Wulff

formulation has 5% sucrose.

64



formulations. The only formulations that did not achieve that stability had 75
mg/mL or 100 mg/mL aflibercept. The Modified Fraser/Wulff formulation falls
well within the ranges of formulations tested in the *865 patent and Dix that
achieve better than 98% stability at two months, which shows that the Modified

Fraser/Wulff formulation will have the claimed stability.

20-50 |5-10 20-135 0.015- 0-5% 6.25 | 98.5-
mg/m | mM mM 0.1% sucrose |-6.3 |99.3%
L phospha | NaCl polysorba at2-3
te te 20 or months
3% PEG
3350
25-50 |10 mM | 50-100 |0.1% 20% 6.0- | 98.8-
mg/m | phospha | mM polysorba | sucrose |6.25 |99.6%
L teor5 | NaCl te or 3% at2-3
mM PEG months
phospha 3350
te and 5
mM
citrate
75- 10 mM | 0-50 0.1% 20% 6.25 | 95.7-
100 phospha | mM polysorba | sucrose 98.6 at
mg/m | teor20 | NaCl teor 1.5- |or2.5% 2-3
L mM 3% PEG sucrose months
histidine 3350 0.75%
Glycine
40 5mM 100 0.1% 5% 6.0-
mg/m | phospha | mM polysorba | sucrose | 6.3
L te NaCl te
5SmM
citrate
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147. In formulation science, it is a fundamental principle that once a
product’s stability is established using defined ranges, any formulation within
those ranges will exhibit the same inherent stability. Because the Modified
Fraser/Wulff formulation falls within the described ranges of aflibercept and
excipients that the patent teaches have the claimed stability, the Modified
Fraser/Wulff formulation has the claimed stability.

148. Establishing a formulation’s stability involves testing variations in
excipient concentrations, amounts, pH, and other parameters to define an
acceptable range around the final formulation. Since testing every possible value
or iteration for each excipient is neither practical nor possible, a range of discrete
points is tested. This method ensures that stability can be reliably determined
despite inevitable measurement variations or fluctuations in concentrations and
amounts during commercial manufacturing. It i1s widely accepted that
formulations within these tested ranges will inherently share the stability of the
tested formulations. Therefore, I disagree with any argument that variations in
certain unclaimed elements, such as pH, NaCl concentrations, or the inclusion
of a citrate buffer, between the discrete examples and the Modified Fraser/Wulff
formulation preclude a finding of inherency.

(a) The claimed level of stability is obvious and does not

distinguish the claimed formulation from the prior
art
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149. Further, a POSA would have been motivated to make the Modified
Fraser/Wulff formulation as stable as possible and would have regarded
achieving the stability recited in the claims as obvious, including through making
any additional adjustments to the formulation necessary.

150. A POSA would have been motivated to make an aflibercept
formulation that was as stable as possible. The more stable a formulation is, the
longer its “shelf life.” A POSA would have understood a longer shelf life to be
more desirable because a manufacturer and its customers, including pharmacies,
healthcare providers and patients, would end up discarding fewer doses due to
product expiration.

151. Moreover, a POSA also would have been motivated to reduce the
aggregation (and associated turbidity) of aflibercept in the formulation as much
as possible. Aggregates can cause undesirable immunogenicity and can reduce
the quality and activity of a biologic product. As a result, POSAs understood and
were motivated to reduce aggregates as much as possible, starting with as pure a

product as possible and maintaining that purity.

152. Indeed, Wulff and Fraser discuss purifying the formulation.
Ex.1016, 2798. In particular, POSAs would have been very familiar with SEC
tests that measure the formation of aggregates and other impurities by after

storage for two months at 5° C, as these were among the most common in the
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industry as of 2006. A POSA would have viewed these test conditions as being
routine and generally accepted when assessing aggregate formation in the
aflibercept formulation.

153. A POSA thus would have understood that preserving at least 98% of
the aflibercept in native conformation after storage for two months at 5° C as
measured by SEC as being an obvious goal to which they were motivated (and a
level of 99% or greater to be even more desirable). A POSA would have done so
by formulating the Modified Fraser/Wulff formulation and then engaging in
routine SEC stability testing which, as the patent data itself shows, would have
demonstrated the formulation met and exceeded the 99% threshold after storage

for two months at 5° C.

154. Moreover, even if a lower level of stability was initially achieved, a
POSA would have had a reasonable expectation of success in making any minor
optimizations to the formulation to achieve the claimed stability levels. POSAs
possessed a high degree of skill in stabilizing protein therapeutics. To the extent
Patent Owner argues that the inclusion of unclaimed excipients (5 mM citrate or
NaCl) would have changed the stability or that the pH of the formulation
differs from those in the patent, a POSA would have been able to make
incremental adjustments to the concentrations/pH and observed their impact on

stability, adjusting to achieve at least the level shown in the claims.
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155. The design and execution of such experiments was routine and well
within ordinary skill, and “step-by-step, how-to” protocols to “enable the
formulation scientist to proceed through a protein solution formulation
development study” were available. Ex.1013, 156, 157 (teaching detailed three-
step protocol that sets forth the “natural sequence to the order in which individual
[formulation] parameters are investigated” and how to investigate them); see also
Ex. 1115, 156, 157.

156. In fact, the *865 patent assumes that such optimization is well within
the capability of a POSA. The patent broadly claims formulations containing
amounts of a wide variety of VEGF antagonist proteins, organic co-solvents,
buffers, and stabilizers, but only discloses a relative handful of specific
embodiments in the examples, each of which contain polysorbate 20 or
polyethylene glycol 3350, phosphate buffer and sucrose. The patent assumes a
POSA can adjust the specific amounts of these ingredients—and a broad range of
others that fall within the claims—to achieve the claimed level of stability. All a
POSA would have had todo to arrive at the claimed invention would be to apply
the very same routine adjustments required by the *865 patent to the prior art.

That is not inventive.

157. Thus, to the extent Patent Owner argues the stability properties are

not inherent, they would have been obvious.
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C. Claim 2

158. Dependent claim 2 is obvious for the same reasons as claim 1. Claim
2 recites the concentration of the formulation (40 mg/mL) and specifies the
organic co-solvent comprises polysorbate. As set out above in Section VIII.A, the
concentration of the VEGF antagonist fusion protein in the Modified
Fraser/Wulff formulation is 40 mg/ml, and the organic co-solvent in that
formulation comprises polysorbate. Specifically, a POSA would have been
motivated to make the following two modifications to the Fraser/Wulff
formulation leading to the recited concentration.

159. Reduce the volume to 0.1 mL. As described in Fraser, the
formulation was stored in 2 mL aliquots. A POSA would have understood that 2
mL was fartoo large of an injection volume for the human eye, as explained in
the declaration of Dr. Lefkowitz. Injecting that volume would have carried

significant risks to patients.

160. Instead, 0.1 mL injection volumes were understood at the time to be
safe, and indeed were the most commonly used volume. As taught in the art,
“intravitreous injection of a small volume (such as 0.01 ml or less) represent[ed]
a much more reasonable approach for drug administration” than injections of
larger amounts. Ex.1049, 106; see also Ex.1048, 932; Ex.1005, 9922-24.

Accordingly, the most common intravitreal injection at the time, for
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Triamcinolone (Kenalog), used primarily for retinal diseases such as macular
edema and wet AMD, wasgiven in a 0.1 mL dose (at a concentration of 40
mg/mL). Ex.1005 9925, 31; Exs. 1059- 1061.

161. Thus, a POSA would have been motivated to select the commonly
accepted and safe 0.1 mL injection volume for an intravitreal injection of the
Modified Fraser/Wulff formulation.

162. Set the concentration at 40 mg/mL. The 2006 Presentations report a
dose escalation study with a maximum dose of 4 mg. See, e.g., Ex.1011, 14;
Ex.1012, 19-23, Ex.1013, 21-24. The Presentations teach that the formulation was
effective and that the maximum safe tolerated dose had not been reached. Exs.
1011-1013. A POSA would have understood from this disclosure that the 4 mg
dose was safe and effective and would have been motivated to use it. Ex.1005,
1947-48.

163. A POSA would have been motivated to select this dose for a second
reason. Using a 0.1 mL injection volume and 4 mg dose leads to a concentration
of 40 mg/mL. As set out in the declaration of Dr. Letkowitz, a concentration of 40
mg/mL was a commonly used concentration for intravitreal injections and was
generally accepted as the limit for intravitreal injections for ensuring patient
safety. A number of approved intravitreal drugs and drugs in clinical trials as of

March 2006 used a 40 mg/mL concentration. Ex.1005, 9924-25, 31.
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164. A POSA would have particularly been motivated to use the
established safe maximum concentration in an intravitreal injection to potentially
extend the time between any repeat injections. Ex.1005, 926.

D. Claims 3-5

165. Dependent claims 3-5 are obvious for the same reasons as claims 1
and 2. These claims recite the organic co-solvent is polysorbate in various ranges
from 0.01% to 3%. The Fraser/Wulff formulation contains an organic co-solvent
in the form of Tween 20 (polysorbate), present at 0.1% wt/vol, rendering claims
3-5 obvious. Ex.1009, 1115; Ex.1016, 2798.

E. Claims 6-7

166. Dependent claims 6-7 are obvious for the same reasons as claims 1 and
5. These claims recite that the buffer is a phosphate buffer and specify that the buffer
comprises 5-25 mM buffer. The Fraser/Wulff formulation contains a 5 mM

phosphate buffer, rendering claims 6-7 obvious. Ex.1009, 1115; Ex.1016,2798.

F. Claims 8-9

167. Dependent claims 8-9 depend from claim 5 and recite that the buffer
comprises a pH between “about 5.8-7” in claim 8 and further specify a pH of

“about 6.2-6.3” in claim 9.

168. Wulff discloses that the pH of the unmodified formulation is 6.0,

which falls within the range recited in claim 8. Additionally, a POSA would
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have understood that the measured pH of 6.0 falls within the narrower “about
6.2-6.3” range recited in claim 9.

169. First, the term “about 6.2-6.3” must encompass a broader range than
the precise recited values of 6.2-6.3; otherwise, the inclusion of “about” would
be superfluous. Specifically, I understand that “about” is generally understood in
patent claims to mean “approximately,” reflecting the level of precision
achievable in the field and the scientific context at the relevant time. It does not
imply a precise, fixed limit. Specifically, a POSA would have recognized that the
measurement error for pH meters at the time was typically within +/- 0.1-0.2 pH,
meaning “about 6.2” would reasonably include values down to at least 6.0. See
generally, Ex.1104; Ex.1105; see also, Ex.1106, 1845-1846; Ex.1107, 1;
Ex.1108, 3. In view of this known variation, a POSA would have understood a
reported pH of 6.0, as described in Fraser and Wulff, to represent a range from
5.8 to 6.2, further highlighting the overlap between these ranges.

170. Specifically, the 865 patent examples confirm my opinion that the
measured pH may vary by +/- 0.1-0.2 pH units, including over time. Each
example specifies the pH of the formulation, and then the pH is measured over
time, starting at 0 months and then following storage. In the chart below, the
specified pH for each example formulation is shown on the left, and the actual pH

variation measured in each Example on the right.
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Example | pH disclosed in the Example Measured pH range

1 6.25 6.2-6.3
2 6.25 6.1-6.3
3 6.3 6.2-6.4
4 6.3 6.3-6.4
5 6.3 6.2-6.3
6 6.3 6.3

7 6.3 6.2-6.3
8 6.3 6.2-6.3

171. The difference between the described pH and the measured
variations covers a range from 6.1-6.4 for formulations described as having pHs
of 6.25-6.3. For instance, Example 2 describes the formulation as having a pH of
6.25, but the measured pH to vary between 6.1 and 6.3. Similarly, Example 3

specifies that the pH is 6.3, but the measured pH varies between 6.2 and 6.4.

172. In view of the above, a POSA would understand that a formulation
with a pH of 6.25, right in the middle of the recited range can have a measured
pH of between 6.1 and 6.3. Even though a pH of 6.25 rounds up to 6.3, the
measured value of that solution can drop as low as 6.1. A solution with a pH of
6.3 can therefore have a measured pH of 6.2-6.4. This fluctuation is consistent
with the error of standard pH meters at the time. In view of the fluctuation taught
in the patent andinherent in the measurement tools available at the time, the

POSA would have understood a pH of 6.0 to fall within the scope of “about 6.2-
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6.3.”

173. Further, as discussed above, a POSA would have been motivated, as
a matter of routine industry practice, to make and test the Modified Fraser/Wulff
formulation at both higher and lower pHs, including the range of 6.1 to 6.3, in
order to establish the formulation’s characteristics across a broader range of
values. That 1s because, due to standard measurement error and variations in
commercial manufacture, pH will vary in a formulation. As a result, it is standard
practice to make and test formulations having a broader range of pHs to ensure
stability for commercial manufacture. Thus, it would have been obvious to adjust
the pH of the Modified Fraser/Wulff formulation to 6.1, 6.2 or 6.3. ApH of 6.1 1s
“about 6.2-6.3.”

G. Claims 10-11, 19-20

174. These claims are obvious for the same reasons as claims 1 and
5. Dependent claims 10-11 and 19-20 recite that the stabilizing agent is a sugar,
including sucrose (and not containing trehalose), and further specify sucrose in
the range of 1-10% sucrose.

175. As set out above, the POSA would have been motivated to use the
Fraser/Wulff formulation as a starting point. /d. A POSA would have been
motivated to modify that formulation for intravitreal administration, however, by

reducing the sucrose (and possibly the NaCl) to achieve an iso-osmotic solution.
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1d. The POSA would have been motivated to do this order to match the osmolality
of the eye and minimize the chance of causing an adverse reaction, including
damage to the retina or surrounding tissues. /d.

176. The Modified Fraser/Wulff formulation contains sucrose at a
concentration between 1-10%, as described above, rendering these claims
obvious. Ex.1009, 1115; Ex.1016, 2798.

H. Claim 12

177. Claim 12 is rendered obvious for the same reasons as claims 1 and 5.
Dependent claim 12 specifies that the stabilizing agent comprises 1-7.5% sucrose.

178. As explained above, a POSA would have been motivated to modify
the Fraser/Wulff formulation for intravitreal administration by reducing sucrose
to achieve an iso-osmotic solution. Section VIII.A. A POSA would have initially
reduced the sucrose concentration to below 10% and further lowered the sucrose
or NaCl concentration to approximate the osmolarity of the human eye, consistent
with the osmolarity ranges of the FDA approved intravitreal formulations. /d.
Opting to reduce sucrose further (e.g., to 5%) instead of NaCl would have been a
matter of routine optimization (id.), rendering claim 12 obvious.

I. Claims 14, 22

179. These claims are obvious for the same reasons as claims 1, 5. They

specify that the VEGF antagonist fusion protein is glycosylated at asparagine
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residues corresponding to asparagine residues 62, 94, 149, 222 and 308 of SEQ
ID NO: 4. As noted above, the glycosylation sites of the aflibercept used in the
Modified Fraser/Wulff formulation was known in the art and would have been
obvious. Section VIILLA, Ex.1007, 9926-36.

J. Claims 15, 23

180. The stability limitations of these claims reciting the turbidity of the
formulation are obvious for the same reasons set out in Section VIILA.

181. These claims require a turbidity of 0.01 or lower at OD 405 after 2-
month storage at 5 °C. Turbidity, like stability, is an inherent property of
formulation. As explained above, it would have been obvious to make the
Modified Fraser/Wulff formulation and test it for stability, including for turbidity.

182. Based on the teachings of the *865 patent, the Modified Fraser/Wulff
formulation will have the requisite turbidity, just as they will have the requisite
stability. As explained above and shown in the table below, the Examples in the

specification teach a range of concentrations for the VEGF Trap and excipients,

and the Modified Fraser/Wulff formulation falls squarely within these ranges.
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VEG | Buffer | Tonici | Co-solvent | Stabili | pH Turbidi
F ty zing ty
Trap agent
’865 20-50 | 5-10 20-135 | 0.015- 0-5% | 6.25- |0.0-0.01
Examples | mg/m | mM mM 0.1% sucrose | 6.3 at 2-3
L phospha | NaCl | polysorbat months
te e 20 or 3%




PEG 3350

40
mg/m

5 mM
phospha
te

5 mM
citrate

100
mM
NaCl

0.1%
polysorbat
e

5%
sucrose

6.0-
6.3

183. Furthermore, as shown below, Regeneron’s Dix patent provides

turbidity data for even more formulations with different excipients and

concentrations. All of the Dix formulations meet the recited turbidity limitations.

The Modified Fraser/Wulff formulation falls well within the ranges of

formulations tested in the *865 patent and Dix that achieve the recited turbidity

values, which shows that the Modified Fraser/Wulff formulation will have the

claimed turbidity.
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0.015- 0-5% 0.0-0.01
mg/m | mM mM 0.1% sucrose | -6.3 | at 2-3
L phospha | NaCl | polysorba months

te te 20 or

3% PEG

3350
50- 10mM |50 0.1% 20% 6.25 | 0-0.01 at
100 | phospha | mM polysorba | sucrose 2-3
mg/m | te NaCl [teor3% months
L PEG

3350
40 5 mM 100 0.1% 5% 6.0-
mg/m | phospha | mM polysorba | sucrose | 6.3




Iff L te NaCl te

5mM

citrate

184. As with the native conformation stability limitation, the 865 patent
does not teach any way of obtaining the claimed turbidity besides making and
testing the formulation. And the Modified Fraser/Wulff formulation falls in the
genus of Example formulations that achieved the claimed turbidity. Thus, based
on the teachings of the ’865 patent Modified Fraser/Wulff formulation meets
these claims.

185. Alternatively, it would have been obvious to achieve the requisite
turbidity. It is desirable for intravitreal formulations to be as transparent as
possible, and not turbid. Thus, a skilled person would have been motivated to
minimize turbidity to the greatest extent possible to avoid a cloudy appearance.

K. Claims 16, 24

186. The stability limitations of these claims reciting 99% stability at 2
months are obvious for the same reasons set out in Section VIII.B.

L. Claims 17, 25

187. The stability limitations of these claims reciting 98% stability at 24

months are obvious for the same reasons set out in Section VIII.B.
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188. Moreover, Dix and the ’865 patent show that aflibercept

formulations with the same ingredients as the Modified Fraser/Wulff
formulation, specifically those that include polysorbate 20 like the Modified
Fraser/Wulff formulation, achieved 98% or more native conformation after 24
months as summarized in the table below. See, e.g., Ex.1021, Tables 1 and 9
(disclosing 98.3 and 99.3 % native conformation at 24 months); Ex.1001, Table
1 (disclosing 98.1 % native conformation at 24 months). The only formulations
that did not achieve that stability had polyethylene glycol as the surfactant. See

Ex.1001, Table 2 (disclosing 97.6% native conformation at 24 months); Ex.1021,

Table 2 (disclosing 97.8 % native conformation at 24 months).

VEG | Buffer | Tonicit Co- Stabilizi | pH | Stabil
F y solvent | ng agent ity
Trap
Dix and 25-50 [ 10 mM | 50-100 | 0.1% 5-20% 6.0- | 98.1-
’865 patent | mg/m | phospha | mM polysorba | sucrose 6.25 [99.3
Examples L |[te or 5|NaCl |te % at 24
mM months
phospha
te and 5
mM
citrate
Modified 40 |5 mM| 100 0.1% 5% 6.0-
Fraser/ mg/m | phospha | mM polysorba | sucrose 6.3
Wulff L te NaCl te
S mM
citrate

189. Consistent with my conclusion in Section VIII.B, the Modified
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Fraser/Wulff formulation has the claimed stability because the Modified
Fraser/Wulff formulation falls within the described ranges of aflibercept and

excipients that the 865 patent and Dix teach have the claimed stability.

M. Claim 51
1. An ophthalmic formulation comprising

190. The Modified Fraser/Wulff formulation is an ophthalmic
formulation for suitable for intravitreal injection as set out in relation to claim
1. See Section
VIILA and VIIL.B.

2. (a) 40 mg/ml of a glycosylated VEGF antagonist fusion protein
comprising amino acids 27-457 of SEQ ID NO:4

191. The Modified Fraser/Wulff formulation discloses 40 mg/ml of a
glycosylated VEGF antagonist fusion protein comprising amino acids 27-457 of
SEQ ID NO:4 as set out in relation to claim 1. See Section VIII.A and VIII.B.

3. (b) 0.03% to 0.1% polysorbate
192. The Modified Fraser/Wulff formulation discloses 0.03% to 0.1%

polysorbate as set out in relation to claim 1. See Section VIII.A and VIIL.B.

4. (¢) 5-40 mM of sodium phosphate buffer, pH between 5.8-
7.0

193. The Modified Fraser/Wulff formulation discloses 5-40 mM of

sodium phosphate buffer, pH between 5.8-7.0 as set out in relation to claims 1
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and 6-9. See Section VIII.LA. A POSA would have understood Fraser/Wulftf’s
disclosure of a phosphate buffer to include sodium phosphate. /d. A POSA would
have understood that sodium phosphate buffers were a commonly used type of

phosphate buffer at the time. /d.

5. (d) sucrose

194. The Modified Fraser/Wulff formulation discloses sucrose, as set out
in relation to claim 1. See Section VIII.A and VIII.B.

6. wherein the ophthalmic formulation is suitable for
intravitreal administration

195. The Modified Fraser/Wulff formulation is an ophthalmic
formulation for suitable for intravitreal injection as set out in relation to claim
1. See Section VIII.A and VIII.B. Finally, a POSA would have understood the
modified Fraser/Wulff formulation was suitable for intravitreal administration.
The 2006 Presentations teach that 4 mg aflibercept could be safely injected. See,
e.g., Ex.1011, 14; Ex.1012, 19-23, Ex.1013, 21-24; Ex.1005, 9947-48. Further,
the excipients in the formulation were commonly used in intravitreal injections.
Id.

7. wherein at least 98% of the VEGF antagonist is present in

native conformation following storage at 5 °C for 2
months as measured by size exclusion chromatography

196. The Modified Fraser/Wulff formulation discloses this limitation for
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the same reasons set forth in relation to claim 1. See Section VIII.A and VIII.B.

N. Claim 52

197. The Modified Fraser/Wulff formulation comprises at least 5%

sucrose as set forth in relation to claim 1. See Section VIII.A and VIII.B.

0. Claim 53

198. The Modified Fraser/Wulff formulation comprises 1-10% sucrose as
set forth in relation to claim 1. See Section VIII.A and VIII.B.

P. Claim 55

199. The Modified Fraser/Wulff formulation comprises a vial suitable for
intravitreal administration comprising the formulation of claim 51 for the reasons
set forth in relation to claims 1 and 55. See Section VIII.A and VIIL.B.

Q. There Are No Secondary Considerations

200. Finally, I have considered factors such as long felt need, failure of
others, and commercial success. I am not aware of any evidence of secondary
considerations at this time.

IX. DETAILED GROUNDS FOR INVALIDITY: GROUND 2

201. T understand that only difference between the Ground 2 Challenged
Claims and those of Ground 1 is that Ground 2 Challenged Claims recite storing
the formulation in a PFS, rather than a vial. POSAs at the time understood that

PFSs offered convenience for purposes of administration, including intravitreal
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administration, because they eliminated the step of withdrawing liquid from the
vial and into a syringe. Nayar, titled “High Throughput Formulation: Strategies
for Rapid Development of Stable Protein Products, was published in Rational
Design of Stable Protein Formulations 177, 183 (J.F. Carpenter & M.C. Manning
eds., 2002) (“Nayar 2002), and explains that each dosage form “offers various
advantages and disadvantages, in the speed of development, manufacturing,
packaging and shipment logistics, and in administration of the product to the
patient.” Id. It further explains that the “most preferred” dosage form for a
therapeutic protein product was “a solution formulation that is typically stored in
the refrigerator and preferably in a pre-filled syringe.” Ex.1020, 183. Patent
Owner has previously taken the position that a PFS was the preferred presentation
as 0of 2006. Ex.1109, 51-52.

202. Accordingly, the Ground II claims are obvious for the same reasons
set forth above in relation to claim 1. See Section VIII.A and VIIL.B.

A. Claim 26

203. Claim 26 is identical to claim 1, except that claim 26 recites storing
the formulation in a PFS rather than a vial. As discussed in Section III.B.4,
POSAs at the time understood that PFSs offered convenience for purposes of
administration, including intravitreal administration, because they eliminate the

step of withdrawing liquid from the vial and into a syringe. In fact, Nayar
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explained that the “most preferred” dosage form for a therapeutic protein product
was “a solution formulation that is typically stored in the refrigerator and
preferably in a pre-filled syringe.” Ex.1020, 183; Ex.1005, 941. Patent Owner
also agreed that a PFS was the preferred presentation at the time of the patent.
Ex.1109, 51-52. A POSA would have thus found obvious and been motivated to

store the claimed formulation in a PFS.

204. All other limitations of claim 26 are rendered obvious for the same
reasons as set forth in Section VIII with respect the Vial Claims. Therefore, claim
26 1s rendered obvious.

B. Claim 27

205. Dependent claim 27 is obvious for the same reasons as claims 1 and
26. Claim 27 recites the concentration of the formulation (40 mg/mL) and
specifies the organic co-solvent comprises polysorbate. As set out above in
Section VIII.A, the concentration of the VEGF antagonist fusion protein in the
Modified Fraser/Wulff formulation is 40 mg/ml, and the organic co-solvent in
that formulation comprises polysorbate.

C. Claims 28-30

206. Dependent claims 28-30 are obvious for the same reasons as claims
1- 2 and 27. See Section VIII.A and VIII.B. These claims recite the organic co-

solvent is polysorbate in various ranges from 0.01% to 3%. The Fraser/Wulff
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formulation contains an organic co-solvent in the form of Tween 20
(polysorbate), present at 0.1% wt/vol, rendering claims 3-5 obvious. Ex.1009,
1115; Ex.1016, 2798.

D. Claims 31-32

207. Dependent claims 31-32 are obvious for the same reasons as claims
1, 5-7, and 30. See Section VIII.A and VIII.B. These claims recite that the buffer
is a phosphate buffer and specify that the buffer comprises 5-25 mM buffer. The
Fraser/Wulff formulation contains a 5 mM phosphate buffer, rendering claims 6-
7 obvious. Section VIII.A; Ex.1009, 1115; Ex.1016, 2798.

E. Claims 33-34

208. Dependent claims 33-34 depend from claim 30 and recite that the
buffer comprises a pH between “about 5.8-7” in claim 33 and further specify a pH
of “about 6.2-6.3” in claim 34. As set out in Section VIIL.F above, in view of the
variation taught in the patent and inherent in the measurement tools available at
the time, the POSA would have understood a pH of 6.0 in the Fraser/Wulff
formulation to fall within the scope of “about 6.2-6.3.” Alternatively, it would
have been obvious to modify the pH of the Fraser/Wulff formulation to obtain a
pH of 6.2-6.3 as part of routine formulation optimization. Claims 33-34 are
therefore rendered obvious for the same reasons set forth in Section VIIL.F with

respect to claims 8-9.
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F.  Claims 35-36, 44-45

209. These claims are obvious for the same reasons as claims 1, 5 10-11,
19- 20, and 30. These claims recite that the stabilizing agent is a sugar, including
sucrose (and not containing trehalose), and further specify sucrose in the range of
1-10% sucrose. The Modified Fraser/Wulff formulation contains sucrose at a
concentration of less than 10% rendering these claims obvious. Section VIIL.A;

Ex.1009, 1115; Ex.1016, 2798.
G. Claims 39, 47

210. These claims are obvious for the same reasons as claims 1 and 5.
The claims specify that the VEGF antagonist fusion protein is glycosylated at
asparagine residues corresponding to asparagine residues 62, 94, 149, 222 and
308 of SEQ ID NO: 4. As set out in Section VIIL.B, the glycosylation pattern of
the aflibercept used in the Modified Fraser/Wulff formulation was known in the
art and would have been obvious.

H. Claims 40, 48

211. The stability limitations of these claims reciting the turbidity of the
formulation are obvious for the same reasons set out in Sections VIII.A and
VIILJ.

L. Claims 41, 49

212. The stability limitations of these claims reciting 99% stability at 2
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months are obvious for the same reasons set out in Section VIII.B.

J. Claims 42, 50

213. The stability limitations of these claims reciting 98% stability at 24
months are obvious for the same reasons set out in Section VIIIL.B.

K. Claim 54

214. Claim 54 is obvious for the same reasons as claims 51 and 26. Claim
54 depends from claim 26 and recites a pre-filled syringe suitable for intravitreal
administration comprising the formulation of claim 51. As set out above inrelation
to claim 26, use of a PFS container would have been obvious with the Modified
Fraser/Wulff formulation, which discloses the formulation of claim 51. Section
V.A.

L. There Are No Secondary Considerations

215. For the same reason recited in relation to Ground I, there are no
secondary considerations supporting non-obviousness.

X. CONCLUSION

216. This declaration, along with the attached appendices, is based on my
present assessment of material and information currently available to me.

217. 1 hereby declare that all statements made herein of my own
knowledge are true and that all statements made herein on information and belief

are believed to be true. Further, these statements were made with the knowledge

88



that willful false statements and the like so made are punishable by fine,
imprisonment, or both, under Section 1001 of Title 18 of the United States Code,
and that such willful false statements may jeopardize the validity of the above-

identified patent.
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