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L. QUALIFICATIONS AND BACKGROUND

A.  Eduecation and Experience; Prior Testimony

1. My name is M. Laird Forrest, Ph.D. [ have been retained by counsel

for Mylan Pharmaceuticals Inc. (“Mylan™). [ understand that Mylan intends to

petition for infer partes review of .S, Patent No. 8,329,680 (“the "680 patent™)
[Ex. 1001], which 1is assigned to AstraZeneca AB. [ also understand that Mylan
will request that the United States Patent and Trademark Office cancel certain
claims of the *680 patent as unpatentable in that petition. 1 submut this expert
declaration in support of Mylan’s petition,

2, I am currently an Associate Professor in the Department of
Pharmaceutical Chemistry at the University of Kansas in Lawrence, Kansas, a
position I have held since 2013. 1 am also an Associate Professor in the
Bioengineering Center, a position 1 have held since 2011, and an Associate

Professor in the Department of Chemistry, a position I have held since 2011, both

also at the University of Kansas,

3. 1 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 [llinois in 2003. 1 was a Postdoctoral Fellow in

the Division of Pharmaceutical Sciences at the University of Wisconsin, Madison
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from 2004 to 2006. In 2006, I became an Adjunct Assistant Professor in the

Department of Pharmaceutical Sciences at Washington State University, a position

I held until 2011, In 2007, I accepted a position as Assistant Professor in the

Department of Pharmaceutical Chemistry at the University of Kansas. [ was

promoted to Associate Professor at the University of Kansas in 2013,

4, Since 2009, 1 have been a Member of the Scientific and Medical
Advisory Board of Exogenesis Corporation, which develops nanoscale surface
modifications for implantable medical devices. | am the co-founder of Nanopharm

LLC (d/b/a HylaPharm), founded in 2011, which specializes in formulation of anti-

cancer chemotherapeutics. My research toward anii-cancer drug formulation has
been competitively funded by multiple awards from the National Institutes of
Health and the National Cancer Institute, the Food and Drug Administration
(“FDA™), the American Cancer Society, the Department of Defense, Susan G.

Komen Race for the Cure, and the Pharmaceutical Research and Manufacturers of

America Foundation ("PhRMA™), among others.

5. I have received numerous awards and honors, including 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, New

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 5
AstraZeneca Exhibit 2092 p. 5




Investigators Award (2007); and the PhRMA Foundation Postdoctoral Fellow

(2006), among others.

6. I 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. [ serve or have served on numerous scientific review

panels for the National I[nstitutes of Health’s National Cancer Institute, the
American Cancer Society, and the Association for International Cancer Research

{United Kingdom). 1 am a standing member of the American Cancer Society

review panel on Cancer Drug Development.

7. I have authored more than 70 peer-reviewed journal articles and 5
book chapters. 1 have also edited 2 special journal issues on drug delivery and a
book on drug delivery and formulation. A list of all publications that 1 have

authored is included in my curriculum vitae, attached as Exhibit A to this

Declaration.

3. I have taught drug formulation, including all aspects of drug excipient

choice and the effects of excipient modification on drug chemical stability,

solution solubility, dissolution, and pharmacokinetics, to clinical pharmacy

students and graduate students studying pharmaceutical formulation since 2007,
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9. I have experience in all aspects of parenteral and oral drug

formulation through my research and teaching. Additionally, as part of my work

with Nanopharm and Exogenesis, [ have worked on pharmaceutical formulations

for intramuscular, subcutaneous, intravenous, topical, and oral formulation,
10.  In the past six vears, | have testified in the following litigations:

a.  Merck Sharp & Dohme Corp. v. Savior Lifetec Corp., No. 5:15-
cv-00415-TWB (ED.N.C.)

b. Medac Pharma, Inc. et. al. v. Antares Pharmu Inc. et al.. No.
1:14-cv-01498-JBS-KMW (D.N.J.), and

¢.  Par Pharmaceutical, Inc. et al vs. Breckenridge
Pharmaceutical, ne. et al., No. 1:15-cv-00486-SLR (D. Del.),

11. I am being compensated for my time at my standard consulting rate of

$595/hour.  Neither the amount of my compensation nor the fact that | am being

compensated has altered the opinions that I have given in this Declaration. My
compensation is in no way dependent on the outcome of this proceeding.

B.  Bases for Opinions and Materials Considered

12. In addition to the matenals cited herein, 1 have considered the

materials identified in Exhibit B, in addition to my experience, education, and

training, in providing the opinions contained herein,

13. 1 have also reviewed the expert declaration of Dr. Leslie Oleksowicz,

M.D., and agree with her analysis as to the treatment aspects of the "680 patent.
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II.  SUMMARY OF OPINIONS

14. Tt s my opinion that claims 1-20 of the *680 patent were obvious over
McLeskey [Ex. 1005]. Independent claims | and 9 of the "680 patent relate to the

administration of a certain fulvestrant formulation in an intramuscular (“im.”)

injection to humans to treat benign and malignant diseases of the breast or

reproductive tract, such as breast cancer. A formulation falling squarely within the

claimed excipient percentage ranges was expressly disclosed in McLeskey.

Furthermore, fulvestrant was already long known in the art fo be useful to treat
breast cancer. Still further, fulvestrant was known to be administered as an

intramuscular injection.

15. It is also my opinion that claims 1-20 of the "680 patent would have

been obvious over Howell 1996 [Ex. 1006] in view of McLeskey [Ex. 1005].

Howell 1996 disclosed fulvestrant formulations in a castor oil-based depot
injection to treat malignant breast cancer in women. Howell 1996 also disclosed
that fulvestrant formulations in castor o1l achieve long-acting effects. With Howell

19967s disclosure that fulvestrant administered in castor oil-based depots was

efficacious in the treatment of breast cancer, a person of ordinary skill in the art

("POSA™) would investigate prior art formulations of fulvestrant.  This

investigation would quickly uncover McLeskey, a reference that would reveal to
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the POSA a formulated fulvestrant product exactly as recited in the claims of the

680 patent.

HI. LEGAL STANDARDS

16.  In preparing and forming my opinions set forth in this declaration, |

have been informed of the relevant legal principles. I have used my understanding

of these pninciples in forming my opinions. My understanding of these principles

is summarized below.

17. I have been told that Mylan bears the burden of proving

unpatentability by a preponderance of the evidence. I am informed that this

preponderance of the evidence standard means that Mylan must show that

unpatentability is more probable than not [ have taken these principles into

account when forming my opinions in this case.

18. I have also been told that claims should be given their broadest

reasonable interpretation in light of the specification from the perspective of a

POSA.
19. [ am told that the concept of obviousness involves four factual

inquiries: (1) the scope and content of the prior art, (2) the differences between the

claimed invention and the prior art, (3) the level of ordinary skill in the art, and (4)

secondary considerations of non-obviousness.
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20. I amalso informed that when there is some recognized reason to solve

a problem, and there are a finite number of identified, predictable, and known

solutions, a POSA has good reason to pursue the known options within his or her

technical grasp. If such an approach leads to the expected success, it 1s likely not

the product of innovation but of ordinary skill and common sense. In such a

circumstance, when a patent simply arranges old elements with each performing its

known function and yields no more than what one would expect from such an
arrangement, the combination would have been obvious.

21.  lalso understand that a whereby clause in a method claim is not given

weight when it simply expresses the intended result of a process step positively

recited. If the language in the whereby clause does not inform how the method is

carried out, the whereby clause is generally not given patentable weight.

IV. PERSON OF ORDINARY SKILL IN THE ART (*POSA™)

22, I understand that the obviousness analysis is to be conducted from the
perspective of a POSA at the time of the invention. 1 have applied that standard in

the analysis in this declaration. When I discuss the teachings of the pror art, I

discuss those teachings from the perspective of how the POSA would understand

the prior art.

23. 1 also understand that in defining a POSA, the following factors may

be considered: (1) the educational level of the inventor, (2) the type of problems
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encountered in the art, (3) prior art solutions to those problems, (4) rapidity with
which innovations are made, and (5) sophustication of the technology and
educational level of active workers in the field.

24.  As of the earliest possible priority date of the *680 patent,' a POSA

would have had a pharmacy degree or graduate degree in either pharmacy,

pharmaceutics, chemistry, or a related discipline, or equivalent experience in drug
development and formulation, and would also have familianity with and knowledge
of designing and formulating drug dosage forms. The POSA would have at least 2

years of  practical experience in  pharmaceutical formulations and

pharmacokinetics. A POSA would collaborate with others having expertise in, for
example, methods of treating disease and administering medicines.

25. A POSA would have a general understanding and knowledge of the

basic principles of formulation development. In addition to experimental

knowledge in formulation development, the POSA would have knowledge in

theoretical aspects of formulation science and physical chemistry. The POSA

would be familiar with general drug formulation strategies; procedures and tools of

pharmaceutical formulation; and theoretic and experimental methodologies of

' 1 understand that the earliest application giving rise to the 680 patent was filed
on January 10, 2000. Thus, 1 understand that the *680 patent i5 to be evaluated

from the viewpoint of a person of ordinary skill in the art as of January 10, 2000.
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pharmaceutical formulation, including pre-formulation studies, formulation

screening, optimization, and experimental design. The POSA would have also

been generally familiar with commonly used textbooks and reference manuals in

the field of formulation development and would have general knowledge of printed

publications and relevant references in the field of pharmaceutical formulation.

26. A POSA would also have both the tools and the ability to research

prior art literature o find information on fulvestrant, its prior art formulations, and

its prior art utility.

V. U.S. PATENT NO. 8,329,680 [Ex. 1001]

27. 1 have read and understood the *680 patent. entitled “Formulation.”
The 680 patent was filed on October 15, 2008, and claims priority to two foreign

patent applications: GB Patent Application No. 0000313, filed January 10, 2000,

and GB Patent Application No. 0008837, filed April 12, 2000. Ex. 1001. The
"680 patent also disclosed that it was a continuation of No. 10/872,784. filed on
June 22, 2004, which was now U.S. Patent No. 7,456,160. The "680 patent 1ssued
on November 25, 2008, and names John R. Evans and Rosalind U. Grundy as
inventors.

28. The following table organizes each recitation in the claims by the

claim(s) in which the recitation appears:
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Claims 1, 1wnal dependent ben

malignant diseases of the human breast or
reproductive tract
Claim 3, 6, 11, 14: breast cancer
Route of Administration Claims 1,4, 7,9, 12, 15: IM" injection
Frequency of Administration Claims 5, 8, 13, 16: once month
Fulvestrant Dose Claims 17-20: divided dose

Volume of Formulated Claims 4, 7, 12, 15: 5 ml
Fulvestrant Administered
Fulvestrant Concentration Claims 1, 9: about 50 mg/ml
Final Formulation of Fulvestrant | Claim 1:

“comprising”

about 50 mgml™ of fulvestrant
about 10% w/v ethanol

about 10% w/v benzyl alcohol
about 15% w/v benzyl benzoate
sufficient amount of a castor oil vehicle
Claim 9:
“consisting essentially of”
about 50 mgml™' of fulvestrant
about 10% w/v ethanol

about 10% w/v benzyl alcohol
about 15% w/v benzyl benzoate

Blood Plasma Fulvestrant Claims 1, 9: at least 2.5 ng/ml for at least 4

Concentration Levels and Their | weeks

Durations Claim 2, 10: at least 8.5 ng/ml for at least 4
weeks

29. I understand that Mylan is challenging claims 1-20. The "680 patent

includes 2 independent claims: claims | and 9.

7 i p
° Intramuscular, also denoted “1.m.”
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30.  Independent claim 1 recites:

A method for treating a hormonal dependent benign or malignant
disease of the breast or reproductive tract comprising administering
intramuscularly to a human in need of such treatment a formulation
comprising: about 50 mgml” of fulvestrant; about 10% wiv of
ethanol; about 10% w/v of benzyl alcohol; about 15% w/v of benzyl
benzoate, and a sufficient amount of a castor oil vehicle, wherein the
method achieves a therapeutically significant blood plasma fulvestrant

concentration of at least 2.5 ngml™’ for at least four weeks.

31.  Independent claim 9 recites:

A method for treating a hormonal dependent bemign or malignant
disease of the breast or reproductive tract comprising administering

intframuscularly to a human in need of such treatment a formulation

consisting essentially oft about 50 mgml™ of fulvestrant; about 10%
w/v of ethanol, about 10% w/v of benzyl alcohol; about 15% w/v of

benzyl benzoate, and a sufficient amount of a castor o1l vehicle,

wherein the method achieves a therapeutically significant blood
plasma fulvestrant concentration of at least 2.5 ngml™ for at least four

weeks.

32.  In comparing claims 1 and 9, the primary difference between them is

that claim 1 recites that the formulation is “comprising™ the listed elements,

whereas claim 9 recites that the formulation s “consisting essentially of” the listed

elements. Claim 1 also requires a “a sufficient amount of castor oil vehicle,”
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whergas claim 9 omits this requirement.  The disclosed method is otherwise

identical between clauns 1 and 9.

33.  Dependent claims 2-8 and 17-18 depend directly or indirectly from

independent claim 1. Dependent claims 10-16 and 19-20 depend directly or

indirectly trom independent ¢laim 9.
34.  Dependent claims 2 and 10 depend from claims 1 or 2, respectively,

and alter the blood serum concentration level to at least 8.5 ngml”’ for at least four

weeks.

35.  Dependent claims 3 and 11 depend from claims 1 or 2, respectively,

and recite that the disease being treated is breast cancer. Dependent claims 6 and

14 depend indirectly from claims 1 or 2, respectively, and recite that the disease

being treated 15 breast cancer.

36.  Dependent claims 4 and 12 depend from claims 1 or 2, respectively,

and recite that 5 ml of the fulvestrant formulation is administered intramuscularly

to a human. Dependent claims 7 and 15 depend indirectly from eclaims 1 or 2,

respectively, and recite that 5 ml of the fulvestrant formulation s administered

intramuscularly to a human,

37.  Dependent claims 5 and 13 depend from claims 1 or 2, respectively,

and recite that the fulvestrant formulation is administered once monthly.
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Dependent claims 8 and 16 depend indirectly from claims | or 2, respectively, and

recite that the fulvestrant formulation is administered once monthly.
38. Claims 17-18 depend directly or indirectly, respectively, from claim

1, and 19-20 depend directly or indirectly, respeetively, from claim 9, and recite

that the fulvestrant formulation is admimstered in a divided dose.

VL. CLAIM CONSTRUCTION

39.  The term “sufficient amount of a castor oil vehicle” is understood,
based on the specification, to mean that for a given volume of formulation, after
the addition of fulvestrant, ethanol, benzyl alcohol, benzyl benzoate, and any

further optional excipients, the remaining volume of the formulation would be

castor oil. See Ex. 1001 atcol. 11, 11. 6-10.

40.  The term “wherein the method achieves a therapeutically significant

blood plasma fulvestrant concentration of at least 2.5 ngml” for at least four
weeks,” Ex. 1001 at col. 12 11. 51-53, col. 13 Il. 14-16, merely expresses an

mtended result of the admunistration of the fulvestrant formulation recited in the

claims of the 680 patent. Likewise, the term “whercin the method achieves a

therapeutically significant blood plasma fulvesirant concentration [of] at least 8.5

ngmi”’ ™ Ex. 1001 at col. 12 1. 54-56, col. 13 1I. 17-19, merely expresses the
mtended result of the administration of the fulvestrant formulation recited in the

claims of the *680 patent. None of this language informs how the method of
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administering the fulvestrant formulation to a human patient is carried out

Therefore, 1t 1s my understanding that this phrase is not to be given any patentable
weight.

41. To the extent the Board believes that any of the “wherein” terms
recited in paragraph 40 are entitled to any patentable weight, the term

“therapeutically significant™ is understood, based on the specification, to mean any

blood plasma fulvestrant concentration of at least 2.5 ngml” (claims 1, 9) or 8.5

ngmi™ (claims 2, 10) that is attained for 4 weeks after injection. Ex. 1001 atcol. 9,
1. 24-28.

42. To the extent the Board believes that any of the “wherein™ terms
recited in paragraph 40 are entitled to any patentable weight, the term “attained”™ is

understood under the broadest reasonable interpretation of the term to mean

“achieved an average concentration (C,,) in a patient over the specified time

period.” The term “attained™ 1s never defined in the specification, and the patent

does not include any instructions on how the POSA would have maintained the

specified concentrations over the entire specified time periods (or why it would
even be necessary to do s0). Absent these instructions, under a broadest reasonable
construction, the POSA would understand attained to mean the patient has a blood
plasma concentration that is, on average. at least 2.5 ngml‘1 (claims 1, 9) or at least

8.5 ngml” (claims 2, 10) for 4 weeks after injection. [ understand a district court
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has construed attained as “achieved and maintained.” See Ex. 1011 at 2-3. My

opinions are unchanged even if the Board were to adopt this construction.

VIL. SCOPE AND CONTENT OF THE PRIOR ART

A.  Fulvestrant Was Well Known in the Prior Art as a Pure
Antiestrogen

43, Fulvestrant, the compound that is the subject of the claims of the 680
patent, is known chemically as 7a-[9-(4.4.5.5,5-pentafluoropentylsulphinyl)nonyl|

oestra-1,3,5(10)-triene-3,178-diol. It is also known by its code name ICI 182,780.

Fulvestrant has the following ¢chemical structure:

44, ~ Fulvestrant was known in the prior att to be a pure antiestrogen that

has high binding affinity for the estrogen receptor and no residual estrogen
stimulating activity. See, e.g., Ex. 1008 at 5. Because of their mechanism of
action, antiestrogens are known to be effective in the treatment of breast cancer.

B. The Prior Art Disclosed Fulvestrant Formulations

45.  The prior art disclosed a number of fulvestrant formulations. See,

e.g., Exs. 1005 (McLeskey), 1006 (Howell 1996); 1007 (Dukes 1989). 1008

(Wakeling 1991); 1009 (Wakeling 1992); 1012 (Howell 1995); 1013 (O’Regan
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1998); 1014 (Lu 1998); 1018 (Osbome 1995); 1025 (Dukes 1992); 1026 (Dukes

1993); 1027 (Defriend 1994). 1028 (Wakeling 1993); 1030 (Lu 1999) These
formulations used conventional excipients, e.g., castor oil, benzyl alcohol, benzyl

benzoate, and ethanol, for their known purposes to achieve a formulated product.

McLeskey, as one example, disclosed a fulvestrant formulation with 10% ethanol,

10% benzyl alcohol, 15% benzyl benzoate and a sufficient amount of a castor oil

vehicle. Ex. 1005 at 2.

46, The excipients used in prior art fulvestrant formulations are

conventional excipients often used in injectable depots. The POSA would

understand that a fulvestrant formulation containing excipients as disclosed

McLeskey and other prior art references were suitable and appropriate for
intramuscular injection in humans.

(a) Castor Oil

47.  Many prior art publications disclosed fulvestrant formulated in castor
ol See, e.g., Exs. 1006 (Howell 1996) at 2; 1005 (MecLeskey) at 2; 1007 (Dukes
1989) at 7, 9, 1025 (Dukes 1992) at 3, 6; 1026 (Dukes 1993) at 2; 1018 (Osborne
1995) at 2; 1030 (Lu 1999) at 7.

48.  Castor oil has long been known as a conventional pharmaceutical
carrier for steroid hormones. See, ¢.g., Exs. 1019 (Lehmann) at col. 1, 11. 21-26;

1007 (Dukes 1989 at 5; 1020 (GB *286) at 1; 1022 (Riffkin) at 2-4: 1040

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 19
AstraZencca Exhibit 2092 p. 19




(Schiilze) at col. 7, 1. 42-43. [t was known in the art to formulate both steroidal
and non-steroidal antiestrogens in castor o1l. See, e.g., Ex. 1041 (Neumann) at col.
9, 1. 22-29 (discussing the formulation of both non-steroidal and steroidal
antiestrogens in castor oil suitable for 1.m. injection).

49.  Castor oil differs from corn, peanut, and most other vegetable oils in

that castor o1l has significant quantities of ricinoleic acid. Ex. 1022 (Riffkin) at 3.

Ricinoleic acid has a hydroxyl functional group that increases the oil’s hydrogen

bonding and polarity character compared to other vegetable oils. See id. This in
turn increases the solvent power of the ovil. /d. In other words, castor oil is a

particularly good solvent for pharmaceutical applications.

50. Castor o1l is frequently used to create long-acting pharmaceutical

formulations. This is because castor oil persists longer in the tissue than some

other pharmaceutically acceptable oils. See, e.g., id. at 1.

(b)  Ethanol

51.  Ethanol was a common conventional excipient used in prior art oil-

based fulvestrant formulations. See, e.g., Exs. 1005 (McLeskey) at 2. 1008

(Wakeling 1991) at 2. Ethanol was and 1s one of the most common solvents used

in pharmaceutical formulations. See, e.g., Ex. 1021 (Remington’s) at 7. 1 is
typically included in formulations as an antimicrobial agent, /d., but it can also be

used as a solvent. The POSA would understand that a product for im.
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administration can contain 5-50% alcohol. See Ex. 1010 (Spiegel & Noseworthy)

at 8 (referring to the United States Pharmacopeia standard and giving examples of

drug formulations containing 50% ethanol or less and administered intramuscularly

or intravenously).

(¢) Bengyl Alcohol

52.  Benzyl alcohol was also included in prior art formulations of
fulvestrant. See, e.g., Exs. 1005 (McLeskey) at 2; 1007 (Dukes 1989) at 7, 9, 1016
(Poyser) at 2. The prior art disclosed that solvents such as benzyl alcohol can be
used to increase the solvent power of oils. Exs. 1022 (Riffkin) at 2. 1041

{Neumann) at col. 9, ll. 27-29 (“To increase solubility [of the non-steroidal or

steroidal antiestrogen in an oily solution, such as a solution in castor oil], it 1s also

possible to add solubilizers, for example, benzyl benzoate or benzyl alcohol.™); see

also Ex. 1040 (Schulze) at col. 7, 11. 43-45.
53. Benzyl alcohol has other beneficial properties that often warrant its

inclusion in pharmaceutical formulations. For example, benzyl alcohol is known

to reduce the viscosity of oil-based formulations and to act as a local anesthetic for

injectables. See, e.g., Ex. 1022 (Riffkin) at 4 (noting that the addition of benzyl

alcohol and benzy! benzoate to castor oil resulted in a more favorable viscosity,

which made the formulation easier to mject, and benzyl alcohol was an effective

preservative and local anesthetic).
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(d)  Benzyl Benzoate

54.  Benzyl benzoate 1s a conventional synthetic solvent often used for

steroid hormones. See Exs. 1005 (McLeskey) at 2; 1019 (Lehmann) at col. 1, 1L

14-36; 1020 (GB "286) at 1; see also Ex. 1040 (Schiilze) at col. 7, 11. 43-45, 52—

33

55. Benzyl benzoate 1s commonly used as a solubilizing agent and non-
aqueous  solvent in intramuscular injections.  Ex. 1023 (Handbook of
Pharmaceutical Excipients) at 9; see also Ex. 1010 (Spiegel & Noseworthy) at 2--3.
Benzyl benzoate is typically used at concentrations between 0.01-46.0% v/v. Ex.

1023 (Handbook of Pharmaceutical Excipients) at 9. Benzyl benzoate may be used

to enhance steroid solubility in oils.  See, e.g., Exs. 1024 (Pharmaceutical Dosage

Forms) at 5, 1037 (Modern Pharmaceutics) at 10; 1041 (Neumann) at col. 9, 11. 27—

29 (“To increase solubility [of the non-steroidal or steroidal antiestrogen 1n an oily
solution, such as a solution 1n castor oil], it is also possible to add solubilizers, for

example, benzyl benzoate or benzyl alcohol.™); see also Ex. 1040 (Schilze) at col.

7.11. 4345,

C. Intramuscular Injection of Fulvestrant Was Known as the
Superior Route of Administration in the Prior Art

56. At least as early as 1991, fulvestrant was known to have an oral
potency that was an order of magnitude lower than fulvestrant’s potency in

parenteral (1.€., other than the digestive tract) routes of administration. Ex. 1008
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(Wakeling 1991) at 3, 6; see also Ex. 1009 (Wakeling 1992) at 2. The prior art

noted that this lower oral potency likely meant that the oral bioavailability of

fulvestrant was relatively low. Exs. 1008 (Wakeling 1991) at 6; 1009 (Wakeling

1992) at 2 (A comparison of the oral and parenteral antiuterotrophic potency of

ICI 182,780 indicated that the oral bioavailability of the compound is relatively

poor[.I7); see also Ex. 1028 (Wakeling 1993) at 10. “A common means of

circumventing the practical constraints consequent on the poor [oral]
bioavailability of steroids is to use parenteral depot formulations with an extended

duration of action.” Ex. 1008 (Wakeling 1991) at 6, see also Ex. 1009 (Wakeling

1992) at 2:

57.  Howell 1996 disclosed the intramuscular mjection of castor-o1l based

fulvestrant formulations in human patients suffering from breast cancer. Ex. 1006.

Howell 1996 demonstrated efficacy when fulvestrant was administered

intramuscularly in castor o1l depot injections. /d.

58.  Accordingly, the POSA would understand that fulvestrant should be
administered in a castor oil-based intramuscular injection.

D.  Oil-Based Intramuscular Depot Injection Was Conventional in
the Prior Art

59. Depot injections are slow-release injections whereby the active
ingredient is slowly released into the body over a number of weeks. Depot

mnjections work by depositing the drug into a localized area, 1.¢., a depot. Depot
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injections are most commonly either oil-based or solid suspensions. Oily depot
injections most commonly use the intramuscular route of administration.’

60.  Oily depot mjections are especially useful 1n situations in which a
compound has low oral bioavailability, See, e.g., Exs. 1008 (Wakeling 1991) at 6;
1009 (Wakeling 1992) at 2. As early as 1991, oil-based parenteral administration

of a compound (such as a steroid hormone) with low oral bioavailability was an

established procedure. /d. This techmque was necessary because, as the prior art
recognized, many steroids have a sustained duration of action when administered

parenterally in oil. See, e.g., Ex. 1008 (Wakeling 1991) at 3. It was understood in

the prior arl that fulvestrant must be given by an inframuscular depot injection
because of low oral bioavailability. Ex. 1013 (O'Regan 1998) at 2 (“Clinically,

[fulvestrant] must be given by depot intramuscular injection because of low oral

potency.™).

" Although the intramuscular route of administration is common for administering
drugs in humans, it is less common 1n animal research. The subcutaneous (under

the skin) route of administration is typically used in these situations, due to the

decreased size of the muscles of many small animals (e.g., mice). See, e.g., Ex.
1051 (Waynforth 1998) at 3 (“Intramuscular injection in small laboratory species
can be difficult because of the lack of big muscles. It is a route which is not

recommended unless there are good scientific reasons for using 1t.").
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61.  Oily solutions, especially castor oil and sesame oil solutions, are

particularly suitable for intramuscular depot injections. Ex. 1041 (Neumann) at

col. 9, 11. 22-24; see also Ex. 1040 (Schiilze) at col. 7, 11. 42-43 (discussing that

castor oil and sesame oil are preferred oily solvents for formulation of steroid
hormones in an i.m. depot injection). Indeed, castor oil was known in the prior art

to provide a long-acting release of fulvestrant. See Exs. 1012 (Howell 1995) at 1;

1006 (Howell 1996} at 2; 1007 (Dukes 1989)at 7, 9; 1025 (Dukes 1992) at 3. 1026

(Dukes 1993)at 2, 1027 (DeFriend 1994) at 5 (*[FJuture studies which are planned

with a different, long-acting, formulation of ICI 182780 contamed in a castor oil-

based vehicle™). In contrast, propylene glycol-based fulvestrant formulations were
known to provide a short-acting release of fulvestrant. Exs. 1006 (Howell 1996) at
1: 1027 (DeFriend 1994) at 2. 1026 (Dukes 1993) at 2.

62.  Therefore, the POSA would have expected that fulvestrant could be

formulated in an oil—such as castor oil—to achieve a sustained duration of action

when administered parenterally.

E.  McLeskey [Ex. 1005]
63. Mcleskey, fitled “Tamoxifen-resistant Fibroblast Growth Factor-

transfected MCF-7 Cells are Cross-Resistant /in Vivo to the Antiestrogen 1CI

182,780 and Two Aromatase Inhibitors,” was published in March 1998, I
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understand that because McLeskey was published more than one year before the

earliest priority date of the *680 patent, it qualifies as prior art.

64. McLeskey would have been highly relevant to the POSA in

formulating fulvestrant. McLeskey is the type of publication the ordinarily skilled

formulator would look to in order to effectively solubilize a drug. Relevant

publications are at least those that administer drug formulations to a living

organism.  In researching formulations of a drug product, the POSA would

consider studies in which a drug formulation is administered to an animal,

especially an animal that 1s a common preclinical model (¢.g., rodents, primates,

and dogs). Each of these animals is routinely used in pharmacokinetic and toxicity
studies to collect data to support approval of a drug with the FDA. Therefore, it is
my opinion that the POSA would find publications reporting formulations used in
any of these animals to be highly relevant to the formulation of that drug in a

human in the clinical setting.

65.  McLeskey examined the effect of fulvestrant on murine xenograft
models of an estrogen-insensitive breast cancer. These breast cancer models were
transformed to express high levels of FGF (fibroblast growth factor), a factor
expressed by many clinical breast cancer patient specimens.  McLeskey was

intended to determine 1if patients who had initially presented with or acquired

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 26
AstraZeneca Exhibit 2092 p. 26




resistance to the existing antiestrogen tamoxifen may benefit from fulvestrant

treatment.” Ex. 1005 (McLeskey) at 2.

66.  Zeneca Pharmaceuticals (predecessor to AstraZeneca) first provided

Dr. McLeskey with fulvestrant in a solid form. /d.  Dr. McLeskey initially
formulated fulvestrant in ethanol and then spiked it into peanut oil to obtain a
formulation of 50 mg/mL, which was used to conduct the study of tumor growth
depicted in Fig 1A, [d at 5. Zeneca Pharmaceuticals then provided McLeskey
with fulvestrant preformulated at 50 mg/mL in a vehicle described as “10%

ethanol, 15% benzyl benzoate, 10% benzyl alcohol, brought to volume with castor

oil.” Id. at 2. Each excipient in the McLeskey formulation 1s approved for use in

* Fulvestrant is a pure antagonist of the estrogen receptor, meaning it has no

residual agonist effect on the receptor. This 1s unlike the existing antiestrogen

treatment, tamoxifen, which was an imperfect antagonist of the estrogen receptor.

Although tamoxifen blocks most of the activity of endogenous estrogen on the
estrogen receptor, tamoxifen still has a slight estrogenic activity. McLeskey

proposed that tamoxifen’s residual estrogenic activity may lead to resistance in

some patients, and a pure antiestrogen might overcome this resistance.
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humans.” McLeskey used the preformulated fulvestrant in the mouse studies

shown in Figs. 1B and 1C. Ex 1005 at 5,

(a) A POSA Would Have Understood that the Formulation in
McLeskey Was Expressed in %w/v

67.  The POSA would understand McLeskey to have disclosed excipients

in percent weight by volume.

68. Compositions may be described by different systems, mcluding

petcent weight by volume (%w/v), percent weight by weight (%w/w) and percent

volume by volume (%ov/v). Rules and conventions in the art would have allowed

the POSA to determine that the formulation disclosed in McLeskey was expressed
in percent weight by volume (%w/v).

69.  When the POSA described a solution containing a solute that is

normally a solid.® the convention was (and still is) to use %w/v. See Ex. 1021

(Remington’s) at 6. Even if the solution contains another liquid, the POSA would

have followed a convention of expressing concentrations as %w/v, unless
P B

* See Ex. 1023 (Handbook of Pharmaceutical Excipients) at 3-4, 6-7, 9, 12; 1021

(Remington’s) at 7, 10-11.
® Fulvestrant is a solid, as demonstrated by McLeskey. Ex. 1005 at 2 (non-

preformulated fulvestrant provided to Dr. McLeskey in a powdered form).
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explicitly stated otherwise. The Remington’s Pharmaceutical Sciences textbook

states.

“Percentage concentrations of solutions are expressed as follows:
Percent weight in weight — (ww) expresses the number of g of a
constituent in 100 g of solution.

Percent weight in volume - (w'v) expresses the number of g of a

constituent in 100 mL of solution, and is used regardless of whether

water or another liquid is in the solvent.

Percent volume in volume - (vv) expresses the number of mL of a

constituent in 100 mL of solution.

The term percent used without qualification means, for mixtures of

solids, percent weight in weight; for solutions or suspensions of solids

in liquids, percent weight in volume; for solutions of liquids in

liquds, percent volume in volume: and for solutions of gases in

liquids, percent weight in volume.”
Id.; see also Exs. 1032 (USP 1995) at 6; 1042 (Martin 1995) at 7 ("“The percentage

method of expressing the concentration of pharmaceutical solutions is quite

common.”) and 7 Table 5-2 (“Percent weight-in-volume . . . [Definition] Grams of
solute in 100 mL of solution™).

70.  And there is good reason why solid solutes are reported in %w/v

rather than %v/v. Weight is a more precise indicator of an amount of a solid

material than is volume because weight accounts for density differences. Consider,

for example, a recipe calling for one cup of brown sugar. A loosely packed cup of
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sugar and a firmly packed cup of sugar are volumeincally the same, buf represent a

different weight of brown sugar. That analogy carries through to API used in the

pharmaceutical context. [ssues such as particle size and packing density can

significantly impact volumetric determinations, whereas weight measures do not

sufter from the same concerns.

71.  Based on the teaching of common references in the art—such as

Remungton’s Pharmaceutical Sciences—because the percent term was used

without qualification in the McLeskey disclosure, and because the solute

(fulvestrant) is a solid, the preformulation provided by Zeneca Pharmaceuticals and

disclosed by McLeskey formulation would have been understood by the POSA o

be in units of %weight / volume (%w/v). Although the formulation contained

several liquids mixed together, these liquids were all excipients. The POSA would
have understood that the unit or percent basis should be determined based on the

character of the active pharmaceutical ingredient. Fulvestrant is a solid, and

because “[t]he term percent qualification means . . . for solutions or suspensions of
solids in liqunds, percent weight in volume™ (Ex. 1021 (Remington’s) at 6), the

POSA would have thus understood that the McLeskey formulation contained 50

mg/mL fulvestrant, 10% w/v ethanol, 15% w/v benzyl benzoate, 10% w/v benzyl

alcohol, and sufficient castor oil to bring the formulation to volume. Ex. 1005

(McLeskey) at 2.
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72, Addinonal art in the field further confirms that the POSA would have

understood that the McLeskey formulation was expressed in %w/v, despite the

units not being explicitly specified. As an example, in 1998, Powell—a formulator
at the pharmaceutical company Genentech—conducted a survey of excipients and
formulations used for parenteral formulation by formulation scientists. Ex. 1043
(Powell). During Powell’s survey of pharmaceutics, several manufacturers did not

provide umts for their formulations. /. When pharmaceutical manufacturers did

not specify what kind of percentages they were using, Powell assumed

% weight/volume (Yow/v), showing that this is the standard convention in the field

of formulation. /d. at (238).

73.  Powell thus confirms that the POSA at the time of '680 patent’s
prionty date would have understood the disclosure in the McLeskey publication to
be expressed in %w/v when describing the composition of the fulvestrant

formulation.

(by A POSA Would Have Known that the Formulation in
McLeskey Was a Solution

74.  The claims of the "680 patent do not require that the admimistered

pharmaceutical formulation be a solution (rather than a suspension).  While the
Formulation Example in the *680 patent is stated to result in a solution, the claims

are not so limited. Nonetheless, the POSA would have understood that the

fulvestrant formulation disclosed in McLeskey was a solution.
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75.  Castor oil, as well as excipients benzyl benzoate, benzyl alcohol, and

ethanol, had all been previously used to create solutions of fulvestrant. See, e.g.,

Exs. 1007 (Dukes 1989) at 9 (solution of fulvestrant in castor vil and benzyl

alechol); 1025 (Dukes 1992) at 3; 1026 (Dukes 1993) at 2. In contrast, fulvestrant
formulations using arachis (peanut) oil formed an oil suspension. Ex. 1008

(Wakeling 1991) at 2 (“ICI 182,780 . . [was] prepared for administration by

diluting an ethanol stock solution into the required volume of arachis oil with

gentle warming[.]”); see also Ex. 1009 (Wakeling 1992) at Abstract, 4; 1013

((’Regan 1998) at 2. The POSA would have understood from the prior art that

fulvestrant formulated in castor oil formed a solution, whereas fulvestrant

formulated in peanut o1l formed a suspension. Ex. 1025 (Dukes 1992) at 1, 3

(disclosing that Wakeling formulated fulvestrant as a long-acting suspension in
peanut oil, whereas Dukes formulated fulvestrant as a long-acting solution in

castor 0il). Because castor oil was known to form a solution when solubilizing

fulvestrant, especially in conjunction with one or more of the other excipients

included in the McLeskey formulation, the POSA would have understood that this

formulation was 1n the form of a solution.

76.  Even if the McLeskey formulation was an oil suspension, the POSA

would have known that the two types of formulations would have behaved

similarly in a human patient. Particularly, the POSA would have known that both
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oily solutions and oily suspensions of fulvestrant had long-acting effects. See Exs.

1006 (Howell 1996); 1008 (Wakeling 1991); 1009 (Wakeling 1992); 1007 (Dukes

1989); 1025 (Dukes 1992) at 3. Intramuscular suspensions were commonly used

in the art and known to be effective. See, e.g., Exs. 1008 (Wakeling 1991); 1009
(Wakeling 1992); 1052 (Davy 1985) at 1; 1053 (Robinson 1946) at 1.

F.  Howell 1996 [Ex. 1006]

77.  Howell 1996 conducted an investigation of long-term administration

of fulvestrant to patients with breast cancer. The purposes of this study were to

assess the long-term efficacy and toxicity of fulvestrant (i.e., ICI 182,780) in

women with advanced breast cancer and to evaluate the pharmacokinetics of a

long-acting formulation used in the study. Howell 1996 described this formulation

as “a long-acting formulation contained in a castor oil-based vehicle [that was
administered] by monthly 1.m. injection (5 ml) into the buttock.”™ Ex. 1006 at 2.
78.  The patients in the study received 250 mg of fulvestrant through a

monthly 1m. injection. /d. Because the patients received a single 5 ml injection

gach month, the fulvestrant conceniration in the formulation can be derived by

dividing the total dose of fulvestrant (250 mg) by the injection volume (5 ml). So,

it can be concluded that the concentration of fulvestrant in the castor oil-based

vehicle was 50 mg/ml.

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 33
AstraZencca Exhibit 2092 p. 33




79.  Howell 1996 disclosed the human pharmacokinetics, safety, and

efficacy of the long acting castor oil-based depot of fulvestrant. These data

indicated that the formulation was long-acting, safe, and was effective in treating

breast cancer.

G.  EP 0346 014 (*Dukes 1989”) |Ex. 1007]
80.  The European patent EP 0 346 014 (“Dukes 1989”), granted to Dukes.

teaches formulation of fulvestrant in an oily vehicle of castor oil and benzyl

alcohol. Ex. 1007 at 7. Dukes 1989 teaches that such formulations may provide a

depot from which the drug leaches out and provides an antiestrogenic effect for 1
to 6 weeks. /d.
81.  Dukes 1989 disclosed that a formulation of 50 mg/mL fulvestrant, 400

mg benzyl alcohol, and sufficient castor o1l to bring the solution to a volume of 1

mbL was administered twice, two weeks apart, to mature rats in an ntramuscular
injection. fd. at 9. Dukes 1989 disclosed that the 50 mg/ml fulvestrant in a vehicle
of castor oil and benzyl alcohol provided an antiestrogenic effect 2 weeks afier
injection of the long-acting depot. [d. The rats in the fulvestrant depot treatment

group had significantly lower uterus weight than controls, with up to 81%

inhibition of uterine weight at a test compound dose of 2.5 mg/kg of the long-

acting fulvestrant depot injection. /d. at 10.
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H. Wakeling 1991 |Ex. 1008]
82. In 1991, Wakeling 1991 described the properties of fulvestrant, a

potent pure antiestrogen that was new at the time of publication. Ex. 1008
Wakeling 1991 investigated the duration of action of fulvestrant in monkeys and
rats. fd. at 2; see also id. at 3 (“Following the precedent that many steroids
administered parenterally in oil have a sustained duration of action, the effect of

[fulvestrant] administered as a single s.c. [i.e., subcutaneous] bolus dose in oil

suspension was tested in adult ovariectomized rats.”).

83. 'Wakeling 1991 concluded that “[a] single injection of [fulvestrant]

provided antitumor efficacy equivalent to that of daily tamoxifen treatment for at

least 4 weeks. /d. at Abstract; see also id. at 6. Wakeling 1991 also noted that
fulvestrant had a longer-acting effect than did tamoxifen in the treatment of human
cancer tumors in nude mice. /fd. at 5 ("Note that 2 weeks after the end of [daily
oral] tamoxifen treatment tumor growth rate showed evidence of a return to control
level whereas, even 3 months after a single dose of [fulvestrant], tumor growth rate
remained below that of control.”).

84,  Wakeling 1991 noted that fulvestrant had an oral potency that was an

order of magnitude lower than its potency in parenteral routes of administration.

Id. at 6. The authors noted that a common means for circumventing poor oral

bioavailability was to use an oil depot formulation. /d. (A common means of
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circumventing the practical constraints consequent on  the poor [oral]

bioavailability of steroids is to use parenteral depot formulations with an extended

duration of action.”). Wakeling 1991 then noted that the predicted efficacy of an
oil depot fulvestrant formulation was demonstrated in the nude mouse antitumor
studies disclosed in the publication. /d.

I.  Wakeling 1992 [Ex. 1009]

85.  Wakeling 1992 built on Dr. Wakeling’s previous research on the pure

antiestrogen fulvestrant. Ex. 1009, Wakeling 1992 disclosed that “[s]ustained

antioestrogenic effects of [fulvestrant], following a single parenteral dose of ICI

182,780 in oil suspension, were apparent in both rats and pigtail monkeys.” Id. at
Abstract. In particular, Wakeling stated that “[i]n vivo, the antitumour activity of
ICI 182,780 was demonstrated with xenografts of MCF-7 and BEr10 human breast
cancers in athymic mice where, over a 1 month period, a single injection of ICI
182,780 in oil suspension achieved effects comparable with those of daily

tamoxifen treatment.” /d.

86. Wakeling found that the growth of estrogen receptor-positive MCF-7

human breast cancer cell xenografts was blocked completely for at least four

weeks by a single subcutaneous injection of 5 mg of a fulvestrant formulation in an

oil suspension. /d. at 3.
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J.  Dukes 1992 |[Ex. 1025]

87.  Dukes 1992 disclosed a long acting depot formulation of fulvestrant in

a castor oil vehicle with antiestrogenic activity in monkeys. Ex. 1025, Dukes

1992 investigated the sustained antiuterotrophic action of fulvestrant, shown in

Wakeling 1991 [Ex. 1008]. using intramuscular adnunistration in monkeys of

single doses of fulvestrant formulated in a castor oil-based solution. 7d. at 3. This
long-acting formulation was administered in three im. injections at 28-day

intervals, and estrogen activity was monitored. See, e.g., id. at Abstract.

88, The fulvestrant in the castor oil depot provided dose-dependent

antiesirogenic activity in the monkeys. fd. For example, a single i.m. injection of

4 mg/kg fulvestrant 1n monkeys suppressed endometrium thickness to less than

35% of the endometrium thickness of animals in the control group for 2 weeks. /d,

at 6. A single 1.m. injection at 5 mg/kg in monkeys suppressed endometrium

thickness to less than 25% for 4 weeks. fd. These doses and durations would be

expected to be appropnate for clinical use 1n breast cancer patients. For example,

Dukes 1992 states that these results “showed that a dose of 4 mg/kg most closely

approximates that required to sustain blockade of oestrogen action for 1 month, a

dosing interval likely to be clinically convement in therapeutic studies in breast

cancer patients.” /d. at 7.
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89.  Dukes 1992 further investigated the effect of the 4 mg/kg dose after

repeated doses. Dukes disclosed that the fulvestrant in a long-acting castor oil-

based vehicle completely suppressed endometrium growth for 2 weeks after a first

injection, [fd. After the third injection, antiuterotrophic activity was sustained for
between 4 and 5 weeks. Jd.

90. Dukes 1992 disclosed that the lasting effect of the long-acting

fulvestrant formulation was not due to drug accumulation, but instead was due to

slow release of the active drug. /d. at 8-9. Dukes noted, “[t]Jo demonstrate that the

sustained action of ICI 182,780 in o1l reflects a slow release of active drug. the

effect was compared with that following injection of a propylene glycol solution
which is known to be cleared rapidly . . . [;] blockade of the uterotrophic action of
oestradiol was confined strictly to the pertod of ICT 182,780 treatment.” /d.

K.  Dukes 1993 [Ex. 1026]

91.  Dukes 1993 disclosed that a long-acting castor oil-based im. depot

formulation of fulvestrant had anfiestrogenic activity in monkeys. Ex. 1026

Dukes 1993 extended Dr. Dukes’s previous research of fulvestrant to adult female

monkeys with normal menstrual cycles to study fulvestrant’s effects in

premenopausal women. /d. at Abstract.

092.  Dukes 1993 used two fulvestrant formulations for this research:
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(1) “a short-acting propylene glycol-based solution (F1) admmnistered

once daily 1.m. for 25 days™ and

(2) “a long-acting castor oil-based solution (F2) given as a single im.

injection [in the 25-day period].”

Id at 2. Dukes 1993 demonstrated that the long-acting fulvestrant formulation
provided antiestrogenic effects similar to that of the short-acting fulvestrant
formulation. Dukes 1993 stated that “[t]hese previous pharmacological findings
are entirely consistent with the findings in the present study with respect to the

duration of action, the apparent dose-response, and the longer sustained blockade

of myometrial than endometrial growth.” Id at 7.

VI, CLAIMS 1-20 OF THE 680 PATENT WERE UNPATENTABLE

A.  Ground 1: Claims 1-20 of the 680 Patent Were Obvious Over
McLeskey

93. It 1s my opinion that each claim of the *680 patent was obvious over

McLeskey. For reference, below 1s a chart showing how McLeskey’s formulation

matches the formulation disclosed in independent claims 1 and 9:
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ormulati
Formulati

“comprising” (claim 1)/ “consisting
essentially of (claim 9)

about 50 mgml™' fulvestrant 50 mgml” fulvestrant (preformulated)

abaut 10% w/v ethanol 10% ethanol

about 10% w/v benzyl alcohol 10% benzyl alcohol

about 15% w/v benzyl benzoate 15% benzyl benzoate

sufficient amount of castor oil vehicle “brought to volume with castor oil”

(a)  Independent Claim I Was Obvious Over MclLeskey

94.  Independent claim 1 of the "680 patent reeites a method of treating a
hormonal dependent benign or malignant disease of the breast or reproductive fract
by administering 1o a human an im. injection of a pharmaceutical formulation
comprising about 50 mgml™ fulvestrant, about 10% w/v of ethanol, about 10% w/v

of benzyl alcohol, about 15% w/v of benzyl benzoate, and a sufficient amount of a

castor o1l vehicle, wherein the method achieves a therapeutically significant blood
plasma fulvestrant concentration of at least 2.5 ngml” for at least 4 weeks after
injection. Ex. 1001 at col. 12 11. 42-53,

95. The formulation disclosed by McLeskey in 1998 is an even more
precise formulation than the one recited in claim 1 of the "680 patent. McLeskey

(Ex. 1005) disclosed a formulation of “50 mg/ml preformulated [fulvestrant] drug

in a vehicle of 10% ethanol, 15% benzyl benzoate, 10% benzyl alcohol, brought to

volume with castor oil[.]” Ex. 1005 (McLeskey) at 2. As discussed above, a
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POSA would have known that the Mc¢Leskey formulation was disclosed in %w/v.

See Section VILE(a), supra. McLeskey’s discloswre of a “50 mgf‘ml‘l

preformulated [fulvestrant] drug” exactly matches (or falls within) claim 1's

recitation of “about 50 mg/ml™" of fulvestrant.” McLeskey’s disclosure of 10%
ethanol, 15% benzyl benzoate, and 10% benzyl alcohol exactly matches ¢laim 1’s
“about” concentrations of 10% w/v ethanol, 15% wi/v benzyl benzoate, and 10%

w/v benzyl alcohol. Likewise, Mcleskey also disclosed a “50 mg/ml

preformulated [fulvestrant] drug,” which matches (or falls within the range of)

claim 1’s “about 50 mgml™ of fulvestrant™ And “brought to volume with castor

oil,” as disclosed in McLeskey, maiches the “sufficient amount of a castor oil

vehiele” disclosed m claim 1.

96. The POSA, when developing a parenteral formulation of fulvestrant,

would have considered available publications that disclosed oil-based vehicles for

fulvestrant. McLeskey would have been of relevance to the POSA at least because

it disclosed a castor oil-based formulation of fulvestrant suitable for parenteral

administration in animals .

97. A POSA would have known that fulvestrant was commaonly known in

the art to be useful in treating hormonal dependent malignant breast cancer in

women, at minimum post-menopausal women. See Exs. 1006 (Howell 1996);

1008 (Wakeling 1991); 1009 (Wakeling 1992); 1028 (Wakeling 1993); 1018
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(Osborne 1995); 1027 (DeFriend 1994). Thus, the POSA would have understood

the fulvestrant formulations disclosed in McLeskey to be useful in treating breast

cancer. See Section VILA; see also Ex. 1004 (Expert Declaration of Dr. Leslie
Oleksowicz, M.D.) 99 112-133, 163-165.
08. A POSA would have also known that in the clinical setting,

fulvestrant must be administered intramuscularly. See Section VIL.C, supra; see

also Ex. 1013 at 2 (“Clinically, [fulvestrant] must be given by depot intramuscular
1injection because of low oral potency.™). A POSA would therefore be well aware

that the formulation disclosed n  Mcleskey should be administered

ntramuscularly to perform fulvestrant’s known function of treating breast cancer.
99.  What 1s more, the POSA would have expected the McLeskey

formulation to effectively solubilize fulvestrant. The POSA would have been well

aware that it i1s insufficient to simply consider a drug solute’s solubility in an

individual solvent alone. See Section IX A, infra. The POSA would have known

that the molecular properties of the drug solute and the solvents in a solvent
mixture would interact with one another. See Section IX.B, imfia. The POSA
would additionally have been able to use routine solubility calculations—which
have been known since the 1930s—to predict the effect of adding benzyl benzoate

on the solubility of fulvestrant in the solvent mixture disclosed in McLeskey. Ex.

1005 at 2; see also Section IX.C, infra.
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100. The claim recitation “wherein the method achieves a therapeutically

significant blood plasma fulvestrant concentration of at least 2.5 ngml™ for at least

four weeks” is simply an expression of the desired outcome of administering the

claimed formulation in an i.m. injection. Thus, I understand this recitation is not

entitled to patentable weight.

101. However, if this recitation is given patentable weight, the POSA
would have known that steroids and steroid derivatives have a sustained duration
of action when administered parenterally in oil. See, e.g., Ex. 1008 (Wakeling

1991) at 3 (acknowledging “the precedent that many steroids administered

parenterally i oil have a sustained duration of action™ and noting that this

motivated Wakeling to investigate the effect of a long-acting parenteral dose of

fulvestrant).
102. More specifically, the prior art disclosed that oil-based fulvestrant

formulations achieved a long-acting effect in both ammals and humans. Exs. 1006

(Howell 1996) at 34, 6 (disclosing continuous release of fulvestrant throughout
one-month dosing intervals and blood serum fulvestrant concentration levels in
excess of 2.5 ng/ml in humans); 1008 (Wakeling 1991) at Abstract (*A single
injection of ICI 182,780 provided antitumour efficacy equivalent to that of daily

tamoxifen treatment for at least 4 weeks.™); 1025 (Dukes 1992) at Abstract (a

single castor oil-based depot injection produced an anti-uterotrophic effect in
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monkeys for 3-6 weeks), 1026 (Dukes 1993) at 2 (disclosing both a “short-acting
propylene glycol-based solution™ for daily administration and a “long-acting castor

oil-based solution™ for a single injection over 25 days) and 7 (disclosing that the

“antiuterotrophic effect of the 4.0 mg/kg [fulvestrant in oil depot] dose was
indistinguishable from that of the [daily] short-acting formulation.™);, 1027
{DeFriend 1994) at 2, 5 (disclosing use of a short-acting propylene glycol-based

formulation and stating that “future studies [] are planned with a different, long-

acting, formulation of 1C1 182780 contained 1n a castor oil-based vehicle.™).

103. Howell 1996 specifically disclosed that a 250 mg injection of

Tulvestrant in a human patient achieved blood serum concentrations at 30 days of
3.1 ng/mL (after the first injection) and 5.6 ng/mL (after 6 months of jection).

The POSA would have understood that serum and plasma concentrations of drugs

are generally interchangeable, and Howell’s 250 mg injection of fulvestrant in

human patients would achieve similar blood plasma concentrations,” The human

7 See Ex. 1055 (Uges 1988) at Abstract (“In most cases serum and plasma

concentrations of analytes are the same. The choice depends mostly on the policy
of the hospital or the availability of the fest tubes in the ward. ™). Serum differs
from plasma in that the fibrogen (a soluble protein present in blood plasma) has
been allowed to clot and has been removed from the sample. Generally, less

sample volume is lost during processing of plasma, so plasma is preferred when
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patients achieved a maximum concentration 7 days after injection of 10.5 ng/mL

and 12 .8 ng/mL, again at 1 and 6 months. Ex. 1006 at 3. Thus, the POSA would

understand that the patients achieved fulvestrant blood plasma concentrations

above 2.5 ng/mL between at least day 7 and day 30.
104. It would also have been obvious to apply the fulvestrant formulation

disclosed in McLeskey to the well-known methods of treating women, at minimum

post-menopausal women, with hormonal dependent breast cancer through
intramuscular administration. See Y 44, 77-79, supra.

105. Therefore, claim | of the 680 patent was obvious over McLeskey.

(b)  Independent Claim 9 Was Obvious over McLeskey

106. Claim 9 is almost identical to claims 1, except that whereas claim |
uses the transitional phrase “comprising,” claim 9 uses the transitional phrase

“consisting essentially of ™ 1 have been informed that “comprising” is inclusive or

limited volumes of blood are available, such as neonates (see, e.g., id. al 2) and

animal studies. Serum is often used in hospitals because clots could form in
plasma samples during processing, and there is a risk clotting factors and
anticoagulates could interfere with some assays. /d. at 2-3.

% Claim 9 also omits claim 1°s “a sufficient amount of castor oil vehicle.” To the

extent this omission was intentional, a POSA would still have understood that the

recited formulation of “about” 50 mgml“1 fulvestrant, 10% w/v ethanol, 10% w/v
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open-ended and does not exclude additional, unrecited elements or method steps:

“consisting essentially of”" excludes any element, step, or ingredient not specified

i the claim, unless those elements, steps, or ingredients do not materially affect

the basic and novel characteristics of the claimed invention.

107. For the reasons stated above in Section VIIL.A(a) (as to independent

claim 1), McLeskey disclosed the exact excipients and exact formulation, and thus

falls within the “about” recitation, of claim 9. See also 995, supra. The
formulation disclosed by McLeskey in 1998 is an even more precise formulation

than the one recited in claim 1 of the 680 patent. McLeskey (Ex. 1005) disclosed

a formulation of “50 mg/ml preformulated [fulvesirant] drug in a vehicle of 10%

ethanol, 15% benzyl benzoate, 10% benzyl alcohol, brought to volume with castor

oil[.]7 Ex. 1005 (McLeskey) at 2. As discussed above, a POSA would have

known that the McLeskey formulation was disclosed in %w/v. See Section

VILE(a), supra. —McLeskey's disclosure of a “50 mg/ml”" preformulated

[fulvestrant] drug™ exactly matches (or falls within) claim 9°s recitation of “about
50 mg/ml’ of fulvestrant” McLeskey’s disclosure of 10% ethanol, 15% benzyl

benzoate, and 10% benzyl alcohol exactly matches claim 9°s  “about”

concentrations of 10% w/v ethanol, 15% w/v benzyl benzoate, and 10% w/v

benzyl alcohol, and 15% w/v benzyl benzoate did not result in a 100% formulation,

and thus that a suitable vehicle, e g., a castor oil vehicle, could be included.
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benzyl alcohol. Likewise, McLeskey also disclosed a “50 mg/ml preformulated

[fulvestrant] drug,” which matches (or falls within the range of) claim 9's “about
50 mgml”’ of fulvestrant.”

108. A POSA would have looked to McLeskey, expected the McLeskey

formulation to effectively solubilize fulvestrant, and administered the fulvestrant
formulation to a human intramuscularly. See 99 96-99, supra. A POSA would

have also known that a fulvestrant formulation of fulvestrant, ethanol, benzyl

alcohol, and benzyl benzoate, as in claim 9—particularly a recited formulation in
which the excipient percentages do not result in 100%, see supra note 8—should
be administered via a suitable pharmaceutical vehicle, e.g., a castor oil vehicle. To
the extent claim 9°s “wherein” clause is given patentable weight, a POSA would

have expected to achieve a 2.5 nmgl™ blood plasma fulvestrant concentration for at

least 4 weeks. Id 99 100-104.

109.  Therefore, for the reasons described above (and in Section VIIL A(a),

supra), claim 9 of the "680 patent was obvious over McLeskey.

(c)  Dependent Claims 2 and 10 Were Obvious Over McLeskey

110. Dependent claims 2 and 10 depend from claims 1 and 9, respectively.

Claims 2 and 10 express that a blood plasma fulvestrant concentration of 8.5 ng/ml

1s achieved for 4 weeks after injection.
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111. To the extent claims 2 and 10 purport to add an additional patentable

element—that a fulvestrant blood concentration of at least 8.5 ngml”’ is achieved

for at least 4 weeks— it is my opinion that claims 2s and claim 10°s recitation is

simply an expression of the desired outcome of administering the claimed

fulvestrant formulation in an 1.m. injection. See 940, 100, suwpra. Thus, 1

understand the recitations of claims 2 and 10 are not entitled to patentable weight.

112. However, even if these recitations are given patentable weight, 1t is
my opinion that claims 2 and 10 were obvious for much the same reason

independent claims | and 9 were obvious.

113. Before the priority date of the "680 patent, the art disclosed that oil-
based fulvestrant formulations achieved a long-acting effect in both amimals and
humans. See 9 101-103, supra. This art disclosed long-acting effects that
extended to four weeks after injection. /d., see also Exs. 1006 (Howell 1996) at 3—

4; 1008 (Wakeling 1991) at Abstract; 1025 (Dukes 1992) at Abstract, 1026 (Dukes

1992) at 2.

114. To the extent claims 2 and 10 are afforded any weight—they recite a

blood plasma fulvestrant concentration of 8.5 ng/ml for 4 weeks—it i3 my opinion
that these levels could be reached through routine optimization of the method of

treattment.  Howell 1996 disclosed blood serum fulvestrant concentrations higher

than 8.5 ng/ml extending for at least one week, and higher than approximately 5.5
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ng/ml for 4 weeks. Ex. 1006 (Howell 1996) at 3-4. The POSA would have

understood that although Howell 1996 reported serum fulvestrant concentrations,
the plasma concentrations would have been simular and the values were generally
interchangeable. See Y 103, supra. A POSA would also know that fulvestrant
formulations 1n castor oil depots achieved a long-acting effect. See, e.g., supra
Section VILD; Exs. 1012; 1007, 1025; 1026; 1018; 1027 at 5. A blood plasma

fulvestrant concentration of 8.5 ng/ml could therefore have been achieved through

routine optimization of the method of treatment, e.g., by adjusting the dosage or

frequency of administration. See Ex. 1004 (Expert Declaration of Dr. Leshe

Oleksowicz, M.D.) at § 192
115. Therefore, 1t is my opinion that claims 2 and 10 of the 680 patent
were similarly obvious over McLeskey and the knowledge of a POSA.

(d)  Dependent Claims 3, 6, 11, and 14 Were Obvious over
McLeskey

116. Dependent claims 3 and 6 depend directly or indirectly, respectively,
from independent claim 1. Dependent claims 11 and 14 depend directly or
indirectly, respectively, from independent claim 9. Claims 3, 6, 11, and 14 further
specify that the benign or malignant disease being treated is breast cancer.

117. To the extent claims 3, 6, 11, and 14 purport to add an additional
patentable element of treating breast cancer, as described above, it would have

been obvious to use the formulation disclosed in McLeskey to treat patients with
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breast cancer. See 997, supra; see also Section VILA. Fulvestrant was long

known in the art to be efficacious in the treatment of breast cancer. See Section
VILA; see also Ex. 1004 (Expert Declaration of Dr. Leslie Oleksowicz, M.D.) at
99 166-168.

118. Thus, claims 3, 6, 11, and 14 of the "680 patent were obvious over

McLeskey.

(e) Dependent Claims 4, 7, 12, and 15 Were Obvious over
MecLeskey

119. Dependent claims 4 and 7 depend directly or indirectly, respectively,

from independent claim 1. Dependent claims 12 and 15 depend directly or

indirectly, respectively, from independent claim 9. Claims 4, 7, 12, and 15 recite

that (1) the total volume of formulation 1s 5 ml and (2) the fulvestrant formulation

is delivered mtramuscularly.

120. To the extent claims 4, 7, 12, and 15 purport to add an additional

patentable element of 5 ml delivered intramuscularly, it would have been obvious
to a POSA to administer a long-acting or “depot” formulation, including this

fulvestrant formulation, intramuscularly in the clinical setting. See 99 56-62, 98,

133, supra.

121.  Lakewise, it would have also been obvious to limit an inframuscular

injection to 5 mL. A limit on the total intramuscular injection volume of 5 mL was

well-known to a POSA at the time. The specification of the *680 patent
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acknowledges that “[c]urrently guidelines recommend that no more than 5 mls of
liquid is injected intramuscularly in a single injection.” Ex. 1001 at col. 5, 11. 64—

65. The POSA would understand this statement in the specification to be a

statement on the accepted state of the art, not a discovery made by the inventors.
Indeed, this statement is consistent with the understanding of a POSA.  See, e.g.,

Ex 1054 (Newton) at 4. Further, the prior art expressly disclosed intramuscular

mjections of 5 mbL to humans—including 1m  jections of fulvestrant

formulations in castor oil—before the priority date of the 680 patent. See, e.g.,

Ex. 1006 (Howell 1996) at 24, 6.

122, Therefore, il is my opinion that claims 4, 7, 12, and 15 of the "680

patent were similarly obvious over McLeskey and the knowledge of a POSA.

(f) Dependent Claims 5, 8, 13 and 16 Were Obvious over
McLeskey

123. Dependent claims 5 and 8 depend directly or indirectly, respectively,

from independent claim 1. Dependent claims 13 and 16 depend directly or

indirectly, respectively, from independent claim 9. Claims 5, 8, 13, and 16 recite

that the claimed formulation is administered once monthly.

124. To the extent claims 5, 8, 13, and 16 purport to add an additional
patentable element of monthly admimistration, it would have been obvious to a

POSA to administer a fulvestrant formulation, such as that disclosed in McLeskey,

to a human monthly, As stated above, it was understood in the art to administer
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drugs with low oral availability, such as fulvestrant, via an oil-based “depot”
injection, which provided a long-term effect. See ¥ 59-62, supra. Moreovert, it
was well-established in the prior art to administer a long-acting formulation of

fulvestrant to a human on a monthly basis, and that such administration provided

sustained effects.  See, e.g.. Exs. 1006 (Howell 1996) at 3-4; 1008 (Wakeling
1991) at Abstract; 1025 (Dukes 1992) at 3; 1026 (Dukes 1993) at 7, 1028

(Wakeling 1993) at 10; see also Ex. 1004 (Expert Declaration of Dr. Leslie

Oleksowicz, M.D.) 9 185-189.

125. Therefore, it is my opinion that claims 5, 8, 13 and 16 of the 680

patent were similarly obvious over McLeskey and the knowledge of a POSA.

(g) Dependent Claims 17-20 Were Obvious over McLeskey

126. Dependent claims 17-18 depend directly or indirectly, respectively,

from independent claim 1. Dependent claims 19-20 depend directly or indirectly,
respectively, from independent claim 9. Claims 17-20 recite that the claimed

formulation 1s administered 1n a divided dose.

127. To the extent claims 17-20 purport to add an additional patentable

element of a divided dose. for the reasons expressed in the Expert Declaration of
Dr. Leslie Oleksowicz, M.D., Ex. 1004, it would have been obvious to a POSA. in

light of the prior art, to administer the claimed fulvestrant formulation in a divided

dose. Ex. 1004 9 181-184.
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128. Therefore, it is my opinion that claims 17-20 of the "680 patent were

similarly obvious over McLeskey and the knowledge of a POSA.

B.  Ground 2: All Claims of the '680 Patent Were Obvious Over
Howell 1996 In View of McLeskey

129. 1t is my opinion that each claim of the 680 patent was obvious over
Howell 1996 in view of McLeskey. My discussion of obviousness of the claims of

the *680 patent over the McLeskey reference (see Section VIILA, supra) is

incorporated herein.

(a) The POSA Would Have Been Motivated to Combine the
Howell 1996 and McLeskey References

130. The clauns of the "680 patent claim treating hormonal dependent
benign or malignant diseases of the breast or reproductive tract with fulvestrant.

That is exactly the subject matter of Howell 1996, Ex. 1006, Howell 1996 is

therefore extremely pertinent to the POSA, who would have been attempting to

effectively formulate fulvestrant for treating breast cancer in women, particulatly

post-menopausal women.  See Ex. 1004 (Expert Declaration of Dr. Leslie
Oleksowicz, M.D.) at 19 55-61, 134, 194-203.
131. Howell 1996 teaches administering a long-acting castor oil-based

formulation of fulvestrant in a monthly intramuscular injection to a patient to treat

breast cancer. Ex. 1006. After reading Howell 1996, the POSA would have had to

find a castor oil-based formulation that would solubilize fulvestrant. The POSA
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would have quickly found this formulation in McLeskey. Ex. 1005 at 2. As |

discussed above, references like McLeskey would have been highly pertinent to

the POSA attempting to effectively formulate a drug. See § 64, supra. Therefore,

the POSA would have looked to Mcleskey and would have discovered that 50

mg/mL of fulvestrant was effectively solubilized in “10% ethanol, 15% benzyl
benzoate, 10% benzyl alcohol, brought to volume with castor oil.” Ex. 1005 at 2.

(b) Independent Claim 1 Was Obvious over Howell 1996 in view
of McLeskey

132. Independent claim 1 of the *680 patent recites a method of treating a
hormonal dependent benign or malignant disease of the breast or reproductive tract
by administering to a human an i.m. injection of a pharmaceutical formulation

comprising about 50 mgml‘l fulvestrant, about 10% w/v of ethanol, about 10% w/v

of benzyl alcohol, about 15% w/v of benzyl benzoate, and a sufficient amount of a
castor oil vehicle, wherein the method achieves a therapeutically significant blood

plasma fulvestrant concentration of at least 2.5 ngml” for at least 4 weeks after

injection. Ex. 1001 at col. 12 11. 42-53,

133. Howell 1996 disclosed each treatment limitation included in claim |

of the *680 patent. Howell 1996 disclosed a method of treating breast cancer,
which is a hormonal dependent benign or malignant disease of the breast or
reproductive fract. Ex. 1006 at 1-7. Howell 1996 disclosed administering this

treatiment to a human—Howell 1996 admimstered fulvestrant to women with
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advanced breast cancer. /d. Howell 1996 disclosed administering the fulvestrant

formulation in an intramuscular injection. fd. at 1-2, 6. Howell 1996 disclosed a
formulation of fulvestrant in castor oil. /d at 2. To the extent the “wherein”

clause is given patentable weight, Howell 1996 disclosed attaining a

therapeutically significant blood serum fulvestrant concentration level of 2.5 ng/ml

for at least 4 weeks after injection.” /d at 3-4, 6; see also 19 102-103, supra. The

POSA would have understood that although Howell 1996 reported serum

fulvestrant concentrations, the plasma concentrations would have been similar and

the values were generally interchangeable. See § 103, supra.

134, The element of claim | reciting the excipients in a castor oil-based

fulvestrant formulation is found in McLeskey. Ex. 1005 at 2. As discussed above,

McLeskey disclosed the exact same excipients and a formulation exactly matching

the “about™ values of claim 1 of the "680 patent. See Y 95, supra. Specifically, the

formulation disclosed by McLeskey in 1998 is an even more precise formulation

than the one recited in ¢laim 1 of the "680 patent. McLeskey (Ex. 1005) disclosed
a formulation of *50 mg/ml preformulated [fulvestrant] drug in a vehicle of 10%

ethanol, 15% benzyl benzoate, 10% benzyl alcohol, brought to volume with castor

? I note, however, that it is my opinion that this claim language is not a limitation,
but is instead a desired result of the subject matter of the *680 patent. See {9 40

and 100, supra.
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oil[.]” Ex. 1005 (McLeskey) at 2. As discussed above, a POSA would have

known that the McLeskey formulation was disclosed m %w/v. See Section

VILE(a), supra. McLeskey’s disclosure of a *50 mg/m.’l'1 preformulated

[fulvestrant] drug” exactly matches (or falls within) claim 1°s recitation of “about

50 mg/ml" of fulvestrant™ McLeskey’s disclosure of 10% ethanol, 15% benzyl

benzoate, and 10% benzyl alcohol exactly matches claim 1°s “about”

concentrations of 10% w/v ethanol, 15% w/v benzyl benzoate, and 10% w/v

benzyl alcohol. Likewise, MclLeskey also disclosed a “50 mg/ml preformulated

[fulvestrant] drug,” which matches (or falls within the range of) claim 1’s “about

50 mgml™ of fulvestrant.” And “brought to volume with castor oil.” as disclosed

1n McLeskey, matches the “sufficient amount of a castor o1l vehicle” disclosed in
claim 1.A POSA would have known that the excipient percentages in the
McLeskey formulation were disclosed in %ow/v. See Section VILE(a), supra. The

POSA would have also expected that the McLeskey formulation would effectively

solubilize fulvestrant, due to disclosures in the prior art and the POSA’s ability to

perform routine predictive solubility calculations. See Section IX.C, infra.

135. McLeskey also disclosed a “50 mg/ml preformulated [fulvestrant]
drug,” Ex. 1005 at 2, which would have indicated to the POSA that the disclosed
formulation effectively dissolved 50 mg/ml of fulvestrant—meaning, a formulation

could include 50 mg/ml of fulvestrant, as well as 10% w/v of ethanol, 10% wiv of
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benzyl alcohol, 15% wi/v of benzyl benzoate, and castor oil. Howell 1996 also

disclosed a formulation containing 250 mg of fulvestrant in 5 mL, meaning a

concentration of 50 mg/mL of fulvestrant. Ex. 1006 at 2-4, 6.

136. Thus, claim | of the 680 patent was obvious over Howell 1996 in

view of McLeskey.

(c) Independent Claim 9 Was Obvious over Howell 1996 in View
of McLeskey

137. Claim 9 is almost identical to claims 1, except that whereas claim 1
uses the transitional phrase “comprising,” claim 9 uses the transitional phrase
“consisting essentially of ™'’ [ have been informed that “comprising” is inclusive

or open-ended and does not exclude additional, unrecited elements or method

steps; “consisting essentially of” excludes any element, step, or ingredient not

specified in the claim, unless those elements, steps, or ingredients do not matenally
affect the basic and novel characteristics of the claimed invention.

138. For the reasons stated above in Section VIILA(a) (regarding claim 1),
Section VIILA(b) (regarding claim 2), and 9 133-135, supra, Howell 1996 and

McLeskey disclosed all elements of claim 9 of the *680 patent, and a POSA would

have considered both references. A POSA would have looked to the McLeskey,

considered the exact formulation, expected the McLeskey formulation to

" See supran.8.
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effectively solubilize fulvestrant, and administered the fulvestrant formulation to a
human intramuscularly. See 99 96-99, supra. A POSA would have also known

that a fulvestrant formulation of fulvestrant, ethanol, benzyl alcohol, and benzyl

benzoate, as in claim 9 should be administered via a suitable pharmaceutical

vehicle, e.g., a castor oil vehicle. See ® 108 and n.8, supra.

139. To the extent claim 9°s “wherein” clause is given patentable weight, a

POSA would have expected to achieve a 2.5 nmgl’ blood plasma fulvestrant

concentration for at least 4 weeks. See Y9 100-104, supra. Therefore, for the

reasons described above (see Section VIILA(a) and 9§ 133, supra), claim 9 was

obvious over McLeskey.
140. To the extent claim 9 does not explicitly include a castor oil vehicle, a

POSA would have known that the listed fulvestrant formulation of about 50 mg/ml

fulvestrant, about 10% w/v ethanol, about 10% w/v benzyl alcohol, and about 15%

w/v benzyl benzoate—which would be expected to solubilize the fulvestrant

compound, see Sections IX.B-C, infra, and which did not result in a 100%

formulation—could be administered via a suitable pharmaceutical vehicle, cg., a
castor oil vehicle, as disclosed in McLeskey (Ex. 1005 at 2) and Howell 1996 (Ex.
1006 at 2).

141. Thus, claim 9 of the 680 patent was obvious over Howell 1996 in

view of McLeskey.
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(d)  Dependent Claims 2 and 10 Were Obvious Over Howell in

View of McLeskey

142, Dependent claims 2 and 10 depend from claims 1 and 9, respectively.

Claims 2 and 10 express that a blood plasma fulvestrant conceniration of 8.5 ng/ml

is achieved for 4 weeks after injection.
143.  For the reasons stated above in Section VIIL A(a){b) and VIIL.B(b)~

(c), Howell 1996 and McLeskey disclosed all elements of claims | and 9 of the

*680 patent, and a POSA would have considered both references.
144. As stated above n Section VIII.A(c), to the extent claims 2 and 10

purport to add an additional patentable element—that a fulvestrant blood

concentration of at least 8.5 ngml™” is achieved for at least 4 weeks—it is my

opinion that claims 2°s and claim 10°s recitation 15 simply an expression of the

desired outcome of administering the claimed fulvestrant formulation in an i.m.
injection. See Y 40, 100, supra. Thus, 1 understand the recitations of claims 2 and
10 are not entitled to patentable weight.

145. However, even if these recitations are given patentable weight, it is
my opinion that claims 2 and 10 were obvious for much the same reason
independent claims 1 and 9 were obvious and for the same reasons given above
regarding claims 2 and 10, see Section VIILA(c), .

146. Before the priority date of the "680 patent, the art disclosed that oil-

based fulvestrant formulations achieved a long-acting effect in both ammals and
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humans. See Y9 101-103, supra. This art disclosed long-acting effects that
extended to four weeks after injection. fd ., see also Exs. 1006 (Howell 1996) at 3—
4, 1008 (Wakeling 1991) at Abstract; 1025 (Dukes 1992) at Abstract;, 1026 (Dukes
1992)at 2.

147.  To the extent claims 2 and 10 are afforded any weight—they recite a

blood plasma fulvestrant concentration of 8.5 ng/ml for 4 weeks—it is my opinion

that these levels could be reached through routine optimization of the method of

treatment.  Howell 1996 disclosed blood serum fulvestrant concentrations higher

than 8.5 ng/ml extending for at least one week, and higher than approximately 5.5

ng/ml for 4 weeks. Ex. 1006 (Howell 1996) at 3-4. The POSA would have
understood that although Howell 1996 reported serum fulvestrant concentrations,

the plasma concentrations would have been similar and the values were generally

interchangeable. See § 103, supra. A POSA would also know that fulvestrant
formulations in castor oil depots achieved a long-acting effect. See, e.g., supra

Section VILD; Exs. 1012; 1007; 1025; 1026; 1018; 1027 at 5. A blood plasma

fulvestrant concentration of 8.5 ng/ml could therefore have been achieved through

routine optimization of the method of treatment, e.g., by adjusting the dosage or
frequency of administration. See Ex. 1004 (Expert Declaration of Dr. Leshe

Oleksowicz, M.D.) at 4 192.
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148. Therefore, it is my opinion that claims 2 an 10 of the *680 patent were

similarly obvious over Howell 1996, McLeskey, and the knowledge of a POSA.

(e) Dependent Claims 3, 6, 11, and 14 Were Obvious over Howell
1996 in View of McLeskey

149. Dependent claims 3 and 6 depend directly or indirectly, respectively,
from independent claim 1. Dependent claims 11 and 14 depend directly or

indirectly. respectively, from independent claim 9, Claims 3, 6, 11, and 14 further

specify that the benign or malignant disease being treated is breast cancer.

150. To the extent claims 3, 6, 11, and 14 purport to add an additional
patentable element of treating breast cancer, as described above, it would have
been obvious to use the formulation disclosed in McLeskey to treat patients with

breast cancer. See Y97, supra; see also Sections VILA, VIILA(d), see also Ex.

1004 (Expert Declaration of Dr. Leslie Oleksowicz, M.D.) at 1Y 166-168.
Fulvestrant was long known in the art to be efficacious in the treatment of breast
cancer. See Section VILA,

151. Thus, claims 3, 6, 11, and 14 of the "680 patent were obvious over
Howell 1996 and McLeskey.

(fy  Dependent Claims 4, 7, 12 and 15 Were Obvious over Howell
1996 in View of McLeskey

152, Dependent claims 4 and 7 depend directly or indirectly, respectively,

from independent claim 1. Dependent claims 12 and 15 depend directly or
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indirectly, respectively, from independent claim 9. Claims 4, 7, 12, and 15 recite
that (1) the total volume of formulation 1s 5 ml and (2) the fulvestrant formulation

1s delivered intramuscularly,

153. To the extent claims 4, 7, 12, and 15 purport to add an additional

patentable element of 5 ml delivered intramuscularly, it would have been obvious
to a POSA to administer a long-acting or “depot”™ formulation, including this
fulvestrant formulation, intramuscularly in the clinical setting. See 99 98, 133, and
Section VIILA(e), supra.

154. Likewise, it would have also been obvious to limit an intramuscular

injection t0 5 mL. A limit on the total intramuscular injection volume of 5 mL was

well-known to a POSA at the time. The specification of the 680 patent

acknowledges that “[c]urrently guidelines recommend that no more than 5 mis of

liquid 15 injected intramuscularly in a single injection.” Ex. 1001 at col. 5, 11. 64—
65. The POSA would understand this statement in the specification to be a
statement on the accepted state of the art, not a discovery made by the inventors.
Indeed, this statement is consistent with the understanding of a POSA.  See, e.g.,
Ex. 1054 (Newton) at 4. Further, the prior art expressly disclosed intramuscular

injections of 5 mL to humans—including im. injections of fulvestrant

formulations in castor oil—before the priority date of the "680 patent. See, e.g.,

Ex. 1006 (Howell 1996) at 2-4, 6.
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155. Therefore, it 1s my opinion that claims 4, 7, 12, and 15 of the 680
patent were similarly obvious over Howell 1996, McLeskey, and the knowledge of

a POSA.

(g) Dependent Claims 5, 8, 13 and 16 Were Obvious over
McLeskey

156. Dependent claims 5 and 8 depend directly or indireetly, respectively,

from independent claim 1. Dependent claims 13 and 16 depend directly or

indirectly, respectively, from independent claim 9. Claims 5, 8, 13, and 16 recite

that the claimed formulation is administered once monthly.

157. To the extent claims 5, 8, 13. and 16 purport to add an additional

patentable element of monthly administration, it would have been obvious to a

POSA to administer a fulvestrant formulation, such as that disclosed in McLeskey,

to a human monthly. As stated above, it was understood in the art to administer
drugs with low oral availability, such as fulvestrant, via an oil-based “depot”

injection, which provided a long-term effect. See 1Y 59-62. 124, supra. Moreover,

it was well-established in the prior art to administer a long-acting formulation of

fulvestrant to a human on a monthly basis, and that such administration provided

sustained effects. See, eg., Exs. 1006 (Howell 1996) at 3-4. 1008 (Wakeling
1991) at Abstract; 1025 (Dukes 1992) at 3; 1026 (Dukes 1993) at 7, 1028

(Wakeling 1993) at 10; see also Ex. 1004 (Expert Declaration of Dr. Leslie

Oleksowicz, M.D.) 7] 185189, 215-219.
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158. Therefore, 1t 1s my opinion that claims 5, 8, 13 and 16 of the "680
patent were similarly obvious over Howell 1996, McLeskey, and the knowledge of
aPOSA.

(h)  Dependent Claims 17-200 Were Obvious over McLeskey

159. Dependent claims 17-18 depend directly or indirectly, respectively,
from independent claim 1. Dependent claims 19-20 depend directly or indirectly,
respectively, from independent claim 9. Claims 17-20 recite that the claimed
formulation 1s administered in a divided dose,

160. To the extent claims 17-20 purport to add an additional patentable
element of a divided dose, for the reasons expressed in the Expert Declaration of
Dr. Leslie Oleksowicz, M.D., Ex. 1004, it would have been obvious to a POSA,

light of the prior art, to administer the claimed fulvestrant formulation in a divided

dose. Ex. 100499 181-184,2]11-214.

161. Therefore, it is my opinion that claims 17-20 of the 680 patent were

similarly obvious over Howell 1996, Mcl.eskey, and the knowledge of a POSA.

IX. THE CLAIMS OF THE 680 PATENT DID NOT ACHIEVE ANY
UNEXPECTED RESULT

162. 1 understand that AstraZenecca has contended that the formulation
recited in the method claims of the "680 patent achieves an unexpectedly superior

solubility because fulvestrant is more soluble in the claimed formulation than in
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castor oil, benzyl alcohol, or benzyl benzoate alone. 1 disagree with that

contention.

163. AstraZeneca has represented that it was surpnising that the

introduction of a non-aqueous ester solvent—such as benzyl benzoate—increased
the solubility of fulvestrant in the entire solvent mixture of castor oil, benzyl
alcohol, and ethanol. See, e.g., Ex. 1001 at col. 6, 11. 8-19. On the contrary, the
literature well known to the POSA established that a solute can have increased
solubility in a mixture of solvents, despite the fact that the solute may not have
high solubility in one or more of the individual solvents in the solvent mixture.

Therefore, the supposed “challenges™ set forth in the 680 patent do not find

support in any publication specific to drug formulation and they are therefore

immaterial in my opinion.

A. A POSA Would Have Understood that Solubility of a Drug Does
Not Depend Solely on Its Solubility in Each Solvent Individually

164. When developing a formulation, the POSA would not have solely

considered individual solubility of a solute in one solvent when determining

potential formulation components.  In addition, the POSA would not have

excluded a potential solvent for use m a solvent blend based solely on the
solubility of the drug in that individual solvent alone. The POSA would have been
aware that solvent mixtures often provide better solubility than pure solvents, and

that a solute is often much more soluble in mixtures of solvents than it is in the
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pure solvent. See, e.g., Ex. 1044 (Barton 1991) at 34 (*Practical good solvents

may be blends of poor solvents or even of nonsolvents[.]”).

165. The POSA would have been aware that solvents have different

energetic interactions with solutes, and mixtures of solvents can minimize the

differences in these energies between the solute and solvent to maximize solubility.

See Ex. 1045 (Hansen 1969) at 2. The POSA would have known that it was

common that an optimum solvent blend may contain a “poor” solvent (i.e., one that

poorly solubilizes a solute on its own),

(a)  Examples of Increased Solubility of a Solute in a Mixture of
Solvents Were Disclosed in the Art

166. Several examples had been disclosed in the art of a solute having

higher solubility in a mixture of solvents than in each individual solvent. For

example, although the steroid testosterone propionate was poorly soluble in

cyclohexane, its solubility in a mixture of octanol and cyclohexane was greater

than its solubility in either solvent individually. Ex. 1046 (Martin 1982) at 5.

167. In another example, the solubility of the drug theophylline was

studied in dioxane and water, Despite the solubility of theophylline in water being

less than 1/3 its solubility in dioxang, the addition of even a small amount of water
improved theophylline’s solubility beyond its solubility in either individual

solvent, Ex. 1047 (Martin 1980) at 3.
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168. Further, although phenanthrene (a backbone molecule of many

hydrophobic drugs) was poorly soluble in eyclohexane and relatively soluble in

methylene 1odide, adding cvclohexane to methylene iodide dramatically improved

the solubility of phenanthrene. Ex. 1048 (Gordon 1952) at 2.

169. In summary, the POSA would have been aware that even though a
pure solvent may not provide sufficient solubility of a drug on its own, mixtures of
that solvent with other solvents could provide suitable highly concentrated
formulations.  Thus, the POSA would not exclude a solvent from further
formulation development based on an initial survey or prior knowledge of poor

solubility in the pure solvent.

B. A POSA Would Have Expected that the Addition of Benzyl
Benzoate Would Improve the Solubility of Fulvestrant

(a)  The Solubility of a Solute in a Solvent (or Mixiure of
Solvents) Depends on Molecular Forces

170. The solubility of a drug in a solvent or mixture of solvents depends on
the cohesive energy between molecules, which represents the molecular forces
holding each substance together. Exs. 1049 (Hancock 1997) at 1-2; 1042 (Martin
1995) at 4. Solubility is governed by the general principle “like dissolves like™

(e.g., oily lipophilic solutes generally dissolve best in oils, and polar ionic

compounds dissolve best in aqueous solutions). See, e.g., Ex. 1042 (Martin 1995)

at 10. Molecules in a solute have an attraction—or a cohesive energy—for each
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other and for themselves that holds them fogether. For a solute to dissolve in a

solvent, the solvent must overcome the cohesion of the solute’s intermolecular

bonds with like solute molecules, and at the same time, the solvent must break its

own intermolecular bonds with like solvent molecules in order to interact with the

solute.  This 1s best accomplished when the solvent and solute have attractive

forces that are similar to one another.

171. However, the adage “like dissolves like” in terms of polarity alone
does not explain conflicting observations, for example, when an oily compound

dissolves poorly in nonpolar oil, but addition of polar co-solvents improves

solubility.  Indeed, there are other molecular forces, mcluding hydrogen bonding,
polarity, and London dispersion forces, that can rationally explain solubility trends.

See, e.g., Exs. 1050 (Hildebrand 1936); 1045 (Hansen 1969). In predicting

solubility, therefore, the POSA would have taken into account intermolecular

forces such as hydrogen bonding nature (the number of hydrogen bonds a molecule

has the potential to form) and the number of polar groups.

(b) Intermwlecular Forces Between Fulvestrant and the
Excipients in the '680 Patent Claims Would Have Led
POSA to Predict that Adding Benzyl Benzoate Would Have
Improved the Solubility of Fulvestrant

172. Fulvestrant is generally a lipophilic molecule, but despite being highly

lipophilic, fulvestrant has properties that impart certain polarity and hydrogen
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8]

bonding nature to the molecule. In fulvestrant, the sulfinyl group ( R/%\R‘ )
imparts some polarity and hvdrogen bonding nature to the otherwise highly

lipophilic molecule. Sulfinyl groups have a significant dipolar nature, having a

positive charge at the S atom and a negative charge at the O atom, and they have a

free electron pair.

173. The solvents disclosed in the "680 patent claims and the McLeskey

formulation are useful in oily solutions, but they also impart some polanty and

hydrogen bonding nature to the solvent mixture. Fulvestrant was already known in

the art to be highly soluble in benzyl alechol, ethanol, and castor oil. See Ex. 1001

(680 patent) at col. 5, I1. 30-48. Castor oil has increased hydrogen bonding and

polar dipole character compared to other vegetable oils (such as corn or peanut

01l), due to the hydroxyl functional group in ricinoleic acid. See id. at 31-36; see

afso Ex. 1022 (Riffkin) at 3. Benzyl benzoate, like castor oil, adds hydrogen

bonding and polar dipole character to a solvent blend due to its ester group. The
POSA would have therefore expected that adding benzyl benzoate to a solution of

castor oil, benzyl alcohol, and ethanol would actually improve the solubility of

fulvestrant in the solvent mixture, because it would impart additional hydrogen
bonding and polarity to the solvent mixture, rendering the solvent mixture’s

molecular properties more similar to those of fulvestrant.
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C. To Confirm the POSA’s Expectation that the Addition of Benzyl

Benzoate Would Increase the Solubility of Fulvestrant in the

Solvent Mixture, the POSA Could Have Performed Routine
Solubility Calculations

174. At the priority date, the POSA would have knowledge of routine
optimization of solvent mixtures for increasing the solubility of a pharmaceutical
solute, 1.e., the drug, in pharmaceutically acceptable solvents, including prediction
of solubility of solutes in solvents a priori.  Solubility parameters could be
calculated in order to determine the optimum solvent blend for dissolving a drug
solute.  See, eg., Exs. 1049 (Hancock 1997); 1045 (Hansen 1969), 1050

(Hildebrand 1936), These solubility parameters quantify the cohesive energy

holding each substance together. Ex. 1049 (Hancock 1997) at 2.

175.  Solubility theory calculations were commonly used in the art of

pharmaceutical formulation. The POSA would have recogmized the value that
Hildebrand solubility approaches have in predicting pharmaceutical drug solubility
in the eatly stages of formulation and would have regularly applied these methods
in the routine optimization of formulations. In fact, before the priority date of the

680 patent, Dr. Raymond C. Rowe, a senior scientist at Zeneca Pharmaceuticals

(which merged to become AstraZeneca in 1999), explained that “the most common
use of solubility parameters in the decelopment [sic] of a pharmaceutical dosage

form is in predicting how materials will interact when combined in multi-

component formulations.” Ex. 1049 (Hancock 1997) at 13. Dr. Rowe summarizes
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that “[a]n awareness of the widespread availability of solubility parameters for

pharmaceutical materials and their potential use in designing optimal dosage forms

1s likely to be of great value to the formulation scientist” /d. at 18. 1 am in

agreement with Dr. Rowe that the POSA at the time of the priority date of the *680

patent would be aware of the widespread availability of solubility parameter
methods to design optimal dosage forms.

X. CONCLUSION

176. For the foregoing reasons, it is my opinion that claims 1-20 of the
680 patent were obvious over McLeskey, as well as obvious over Howell 1996 in
view of McLeskey. Independent claims 1 and 9 of the "680 patent disclose the

exact excipients that were previously disclosed in McLeskey, and McLeskey

disclosed percentages ol those excipients matching the “about™ recitations of

claims 1 and 9. All of the additional limitations of the claims are either disclosed

in Howell 1996, were well known to the POSA at the priority date, or both.

177. Therefore it 18 my opinion that claims 1-20 of the *680 patent were

obvious.
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178. 1 hereby declare that all statements made herein of my own

knowledge are true and that all statements made on information and belief are

believed to be true.

Dated: June 29, 2016 By sir e @ e e g
M. Laird Forrest, Ph.D.
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Hivhest cited paper in this journal for 2006,

7. Forrest MLL.. A:Zhao, C-Y. Won AW, Waseem, G.5. Kwon “Lipophilic prodmgs of Hspbt inhibitor geldanavein
for nanoencapsulation in poly(ethviene glyveoly-beti-polvisigmn-caprolactone) micelles " . Condrol. Refease 116:139-
149 (2006). PMID: 16926059

8 XNiong MP. ML Forrest. AL Karls, G5, Kwon "Biotinsttiggered weléase of PEG-avidin rom biotinylated-PEL
enhiances invibo geng expréssion.” Bioconjug, Chem 181462753 (2007). PMID: 17373897

9 - Yaber LA ML Forrest. Y. Ohpaoi, G5 Kwon, N, Davies. " Plarmacometrics and Delivery of Novel
Nanofonmuolated PEG-h-Polv(e~caprolactone) Micelles of Rapamyeinn™ Cancer Cheme, Phormigeol 2007 6111533144
(2008}, PMIE: 17393166 PMOID: PMO22393493

10 Xiong M.P Y. Bae. 8. Fukoshima: ML Forrest, N Nishivama. Ko Kataoka, G5, Kwon, “pH-Responsive Mulii-
PEGylated Dual Cationic Nanoparticles Enable Charge Modulations for Safe Gene Delivery ™ ChemMedChent 2(9):
1321-1327 (2007, PMID: 17579918

LL Xiong MLP. M Lo Forrest. NM Davies. G5 Kwon,” PolviAspartate-g-PEISO0) 4 polvethvlemimine analogue of low
toxicity and lugh ransfechonetficiency Tor gene delivery” Blomaierinls 28 4889-4900 (2007}, PMID: 17692910

120 Forrest ML LA Yaier CM. Remsberg, Y. Oligami, .S, Kwon, N.M, Davies, “Paclitaxel prodings with sustained
release and ighsalubility in pelv(cthy lene slveoh-bepolyiscapralactone )l micelle nanocarriers: phanmnacokinelic
disposttion, (olerability and oylotoxicity.” Pharm. Res, 25 194-206 (2008). PMID 17912485

13 ML, Fomest, 6.5, Kwan “Clinical developmenls i diug debvery nanotecchnology.” dldve Drue Deliv. Rev. 60(8), 861~
B62.(2008). PMIDY 18358557,

145 CaL Y. Xig, T. Bagby. M.S. Colen, M.L. Forrest. “Tutraly miphatic chemotherapy using a hvalironan-cisplatin
conjugaie.” L Bego Kes 1472y 247-152 (2008). PMID: 18498877, Featured on issue cover. PMCID: PMCZ30723,

15. MLP. Kiong, ] A Yianes CM. Remsberg, Y, Ohgamu, G5, Kwon, NM. Davies, MLL. Forrest. “Formmlation of a
geldananmyvein prodrog in mPEG-b-PCL nucelles groaily culiadces tolerability and planinacekinecs mimis.” ) Conpol
Rel 129013340 (20085, PMID: 18456363 PMCID: PMOC2492306

16, KR Vepa-Villy J A Yafes, CM. Remsbérg, NLL. Forrest, NM. Davies. “Clinical Toxieitics of Nanocarrier Systems.
v, Drng Deliv, Rev: 6B 929-938 (2008), PMID: 18313790

17. KL Atllon, Y. Xie, N. ElsGendy, €], Berldand, M L. Forrest. “Effects of nanomalenal physicochemical propettics on
invive toxicity” e Drag. Deliv. Rev 6 HOYAST-6H6 (2009), PMID 19386275, PMCID: PMU2743376

18 NP, Xiong, LA Yades, G5 Kwon, N M. Davies, ML Forrest. ~ A cremophor-free formulation for tuncspiomyein (17-
AAGyusing PEO-b-PDLLA micelles: characterization and pharmacokinetics in tats.” /. Phavm. Sei. 98(4):1577-86
12009). PMID 18752263 PMCID. PMOC2649998

19, Xie. ¥, M.S. Coben. M L. Forrest. “Drg Delivery to the Lyinpbatic System! Importance in Futire Cancer Diagnosis and
Therapies.” Expert Opie. Drug Deliv., 6:785-92 (2009), PMID: 19563270. PMCID: PMC3 102644,

205K, Nung, P. Gunda, PK. Thallapally. Y. Y. Ling ML, Forrest. © 1. Berkland. “Nanoparticles for biomedical imaging.”
Expert Opit; Deag Delie 60LELLTS-94(2009). PMID: 19743894, PMCID: PMC309TO35,

20 M.S. Coheny 5. Cai, ML, Forrest. ©A Novel Dnteaty mphatic Nanocarner-Delivery Bysteny for Cisplatin Therapy 1o Breast
Cancer with Improved Tumor Efficacy and Lower Systemic Toxicity In Vivo.™ dm JoSurg, 198(6): 78 1-6 (2009), PMID
19969129, PMCID: PMOC2791715.

22 5. Cai. Y. Xie, MM Davies, M.S. Cohen. ML Forrest. “Phatmacokinetics and disposition of a localized lymphatic
polymenc hvaluronan conjugate of cisplatin in mis. ™2 Pharm Sci. 99(61:2664-71 (2010). PMID: 19960530

23 R Ndolo. ML, Fotrest. P Krise. ~The roleof lysosomes. in imiling drug toxicity i mice.” /. Pharmacol. Fxp. Ther.
33301 120-8 (20100 PMID: 20056778 PMCID: PMC 2846018

24. DA Rao, ML Fomest: AW, Alant. GS. Kwon 1L R: Rebinson, “Bilodegradable PLGA based panoparticles for
sustained regional yniphatic dwg delivery.” J. Pharm, S 9904 320 18-31 (2010). PMID: 19902520

25 Y Xie, K.L Aillon. 8. Cai. LM, Christian, N.M. Davies, C J. Berkland, ML Forrest. “Prlmonary delivery of cisplatin-
hwvaluronai conjugates via endotracheal nstillation forthe treatment of Tung cancer.” fil . J. Pharnr 392(1-2):156-63
{2010y PMID:; 208633505 PMCID: PMC2873163

26, 5.Cai. S, Thati, TR, Bagby. H-M. Diab, N.M. Davies. M 8. Cohen, M.L: Forrest, “Localized doxombicin chemotherapy
with a biopolvmienc nanocarrier improves survival and reduces toxicity in xenografis of buman breast cancer,” ./,
Control. Rel 14623212218 (2010), PMID: 20403395 PMCID: PMC2918704

27 ¥ Nie. 8. Duan, MLL: Forrest. “Alkvne- and L6-elimination= succinimidyl carbonates tenminated heterobifunctional
polv(ethylenc glveol) for reversible “click”™ PEGylation.” Dirag Discov. Ther. 44y 240-245 (20103, PMID: 21949558
PMCID: PMC3TTE183

28, 8 Cal, N.M, Davies, M8, Cohen. M.L. Forrest, "Carried<based intralvmphatic cisplatin chemotherapy for the treatment
of metastatic squamous cell carcinoma of the head & neck.” Ther. Deliv. 1(2):237-245 (2010). PMID: 21339844
PMCID: PMC3039877
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29 R A Ndole, DT, Jacobs, ML, Forrest. LB Kaise Intmcellular distnbution-based anticancer drng targeting: exploiling
# Iysosomal acidification defect associated with cancer cells” Aol Cell Pharmacol. 2(4) 13 1-126 (2610), PMID:
21274408 PMUID: PMUB026327

30 LA Yabes CM. Remsberp, £.1. Savre. ML Forrest, MM Davies. “Flip-flop pharmacokinetics — reversal of
disposition. Challenges and opportunities durning drig development.”™ Ther. Deliv 2506434672 (20117 PMID:
21837367 PMCID PMU3 152312

3L S K Nune P Gunda, B K Maje PK_ Thatlapally, ML, Forrest. " Advances in lvmphatic imaging and drug delivery ™
Adhe D Peliv. Kev 63(10-111867-85 (2011, PMID: 21718728, PMCID: 3164439,

32 8 Cai O Yang, ML, Forrest. “Lymphatic drog delivery using engineered liposomes and solid-lipid nunoparticles ™ e
Dirig: Defive Rev: G3(10-1 TR90T-008 (2011) PMID: 21712055 PMCID: PMO3 164476

33 M5 Coben, ML, Forest. "Lymphatic drg delivery: Therapy, Imaging and Nanotechnology ™ e Dirug. Deliv, Hev,
G3(10-111:B65-866 (201 1), PMID: 21669240

348 M Cohen R Mukeri, 8. Cai. L Damijanov, ML Foest™. M5 Cohien®. “Subcutaveons delivery of sanoconjugated
doxorabicin and cigplatin for locally advanced breast cancer demonstrate improved efficacy and decreased foxicity at
lower doses than standard svstentic combination therapy i vive. el L Swrg: 200(6),646-653 (201.1) * co-
carpesponding authors PMID: 21982998,

35, V. Sham, N. Gabrislson, ML Forrest, D)W, Pack "The effects of PVP(Felll)) Catalysl 6n palviner molecular weipli
and pene delivery via biodegradable cross-linked polyetheleninune.” Pharm, Res: 2902350010 ¢20LLy, PMID):
21892707 PMUTD: PMUC3463843

365 Car T, Bagby, ML Forrest. " Development of regiona) chiemotherapies:  foasibility, salety and ¢tficacy mclinical use
and prechnical studies:™ Ther. Defie. 20013 1467-1484- (2011, PMID: 22225080 PMEID: PMO3249754

37 0 Yang B Coly 8 U, X0 Yang, ML Forrest. ™ [nvivo phiotoacoustic imaging of chiomotherapy <induced apopiosis m
squatous cell carginoma using a near-infrared caspase<9 probe” J. Biomed Optice: T6(11T 16026 (2011 PMID:
22112131 PMCID: PMC3221716
Tocluded in:-Virtual Journal of Biological Physics, 200200 1)

38.Y. Luan, Q. Yang, Y. Xie. & Duan. S, Cat, ML, Porrest, ™A Sensaiive Near-Infrared Fluorescent Probe for Caspase:
Synthesis and Applicationin Cell Imaging ™ Drug Discen, Ther, 5(53230-226 (2011 1 PMID 222827189 PMCID:
PMU32653084

39 8 Sharifi. 8, Behzadi. 8 Laurent. M L. Forrest, B, Siroeve, M. Malunoudi. “Toxicity of Nanowatenals.” Chenr, Soc.
fevo 41 2323-2343 2012y, PMID: 22170510 Beatured as most read article in Becll and Janl2,

4.8 Duan. 8. Cai, Q. Yang M. L. Forrest. " Mulit=arin polynicne nanotarrier as a nitric oxide delivery platform for
chemotherapy of head and neck Squamous cell carcinoma™ Blomateriale 33001TV3243-3253 (2012, PMID 22281420
PMCID: PME35T72206

1. 8. Dyan 5. Cal ¥, Nie, T.R. Baghy, MLL. Forrest “Svnthesis and characterization of a multi-arm poly(acrylic acid) star
polymer for application in delivery of cisplatin and anitric oside™ /. Polm. Sei. A Polvm, Chesir: 50013): 2715-24
2012,

42, Y. Zhao, 8. Duan, X. Zeng. €. Liv. B: Li. M.L. Forrest, “Prodrug sirategy for PSMA-iargeted delivery of TGX-221 1
prostate cancer colls” Meal. Pharar. 96y 1705-16:(2012). PMILDY; 22494444 PMCID: PMC36016635

43. T. R Bagby. 5. Cai, 5. That. 8: Duan, D.J. Atres, ML, Forrest. ~Impact of Molecular Weight on Lymphatic Drainage of
a Biopolyimer-Based Inaging Agent.” Phammacestivs 4, 276-295 (2012). PMID: 24300232 PMCID: PMUC3834911

44, E A Mobamed, M, M. Meshali, CM. Remsberg, Yungi Zhao, T.M, Borg. A Monent, M. Foda, N.M. Davies, ML,
Fotrest, “Vorinostat sith Sustained Release and High Solubility in Polytethvlene ghyeol)-b-poly{DL-lactc agid) Micelle
Nanocarriers: Charactenization and Effects-on Pharmacokinetics in:Rat Serum and Uvine” L Pharie Sci 1011053787+
98 (2012), PMID: 228064441

45, R. Ndolo. ¥, Luan,. 8, Dumn. M.L. Forrest, J. Krise. “Lysosomotropic Properties of Weakly Basic Anticancer Agents
Promote Cancer Cell Selectivity™ PLoS Ore T(111:c49366 (2012), PMID 23145164 PMCID: PMU3492287

46 C. Remsberg. Y. Zhao. I Takemoto. R. Bertram, N, Davies, M.L. Forrest. “Pharmacokinetic Evalnation of a DSPE-
PEG2000 Micellar Formulation of Ridatorelinus in Rat™ Pharmacentics S(Lp8 191 (2012

47, R. Venable. D, Werley: D, Gustalfson. R. Hansen, EJ, Elwhar(. D, Aires. S Cai. M. Colens ML, Forrest. “Hyaluronan
cisplatin conjugate in five dogs with soft tissue sarcomas.” dm /. Fet. Res. T3(12):1969-76 (2012), PMID: 23176425
PMCID: PMUCATTSOR2

48. T.R.-Bagby. 5. Duan, 5. Cai. 8. Thati. C. Berkland, D, Aires: M L. Forrest: “Lymphatic trafficking kinetics and near-
infrared imaging using star polymer architectures with controlled anionic character™ fur, .1, Phovin: Sei, 47(1).287-94
(2013). PMID 22546180 PMCID: PMC4301975

49 A3 Mellot, MLL, Forrest. M.S, Detamore, “Physical non=viral gene delivery methods for tissue engineenng ™ Aw.
Biamed. }fng 41 g‘i) 668 (2013) PMID: 23009792

50, K. Devarajan, ML, Forrest. M.S. Detamore. H. Staccker. "Adenovector Mediated  Delivery to Human Umbilical Cord
Mesenchymal Stromal Cells Induces Inner Ear Cell Phenotype.” Cellular Reprogramming 15(1):43-34 (2013), PMID:
23379581 PMCID: PMCA298749
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31 8 Cohen. N, Rockeleller, R, Makerp. D, Durhan, M. Forrest. 8. Cai, M. Coben, Y. Shisivder; "Efficacy and Toxicity of
Pentumpral Delivery of Nanoconjugated Cisplatin inan In Vive Murine Model of Head and Neck Squainous Cell
Carcinonng LAV Olarineelogi-Head & Neck Sprgery 139(4):382-7 (2013}, PMIDE 23599074 PMCID:
PMIA306558

T Zhang Hy Gl H-C. Clang, X Yaneg, ML Forest " Photoacoustic tmaging of biological tssues with radiation

damaged nanodiamonds as a near infrared optical contrast agent,” Jowrnal of Biomedical Optics, 18(2):26018 (2013).

PMID: 234004 17 PMCI: PMO3569583

54. I Sestak, M. Mullins. L. Notthrup. 8, Thati. MLL, Forrest. 'T. Siahaan. C. Berkland, “Single-step grallting of aminooxy-
peptides to-lvalironan: A simpleapproach lo multifunctional therapentics for experimental autonmmune
encephalomvelits.” Jowrnal of Controlled Relpase. 1683133440 (2013). PMID: 23541930 PMCID: PMO3672265

330 Yang DU Adres 8 Cal GR. Fraga, D Zhang, €7 Ti, ML Forrest. "Tn vive efficacy of nano hyaluroman-
comugated cisplatin for reatment of murine melanoma. ™. Drygs Dermatol 13(31283:-7 (20145 PMID:; 24595572
PMCID: PMOAR443 1Y

56, MelloirAd, Godsev ME. Shinogle HE. Moare DS, Forrest ML, Detnnone ME. “hoproving wisgbility and transfection
efficiency with hiwman umbilical cord Wharton's jelly cells through use of a ROCK inhibitor.” Cellular Reprogramming
16(2):91-7 (2014). PMID; 24552552 PMCID: PMC3967373

57. C. Louvivos, LA Yanes, ML Forrest NM. Davies "Deconvoluling the Hysteresis Loop Conundrum in i
Pharmacokinenc / Pharmacodynamic Relationships™ . Fharm. Pharm. Sci. TT{1E34-91 Q0143 PMID: 24735761
PMCID: PMCAA32560

8. Y. Zhao, T. Zlang. 5. Duan, N.M. Davies. M L Farrest, “CD44-Tropic Polyvmenic Nabocaimier for Breast Cancer
Targcted Rapanyvein Chemotherapy”: Namomedicine: NBMW 10(6):1221-30 (2014). PMID: 24637218 PMCID:
PMCA 119834

59. T. Zhang, H.Cui. C-Y Fang, K. Cheng, X. Yang. H-C Chang. M.L. Forrest. "Targeted nanodiamonds as phenotype
specific photoacoustic contrast agents for breast canger.” Nawimedicine (London) 10(6):1221-30:(2014). PMID:
25723091 PMCID: PMC4703108

60. 8. Car. A Alhowyan, O Yang, W.CM, Forrest, Y. Shnavder, MLL. Forrest. ~Cellular Uplake and Internalization of
Hyaluronan-based Doxorubicin and Cisplatin Conjugates. ™ J. Dvug Targering, 22(7):648-57 (2014). PMID: 24802741

61. 5. Thani, C. Krel, B. Hartwell, J. Sestak, T. Suahaan, M.L. Forrest, C. Berkland. “Routes of Administration and Dose
Optimiztion of Soluble Antigen Arravs in Mice with. Experunental Awtommmune Encophalomyehias.™ . Pharm. Sel.
A2y 714-2142015), PMID: 25447242 PMICID: PMO4312027

62, R Chen, Y, Zhao, Y, Huang, W, Jiang. JB. Thrasher, P. Terranova. M.L. Forrest. B. Ly, "Nanomucellar TGX221 blocks
xenografts tumor growth of prostate cancer nonude mice.” Mrostare doi: 10.1002/pros. 22941 (2013), PMID: 25620467
PMCID: PMCA3T6584

63,0 Yang, K.R. Moulder. M.5. Cohen, 5 Cai. ML Forrest, " Cabozantinib Loaded DSPE-PEG2000 Micelles as Delivery
System: Formulation, Characierization and Cytotoxicity Evaluation.” BAOJ Pharimaceutical Sciences 1.pi:001 (2015),
PMID: 25688382 PMICID: PM(C4327881

o4 -Mellott- Al Devargjan K Shinogle HE: Moore DS, Talata Z; Laurence JS. Forrest ML Noji 5. Tanaka E. Staecker H.
Detamore M8, “Nonsyiral reprogramuming ol human Wharton's. jelly cells roveals ditferences between ATOH |
homolognes,™ Tiskue Bygineering Part A THE-12): 1T795-809 (2015), PMID: 253760435 PMCILY, PMCA449705

635, Chakiborty, Aishike Mucei, Nicolas: Tan, Ming, Steckley. Ashleigh Zhang, Tr Fomest, M. Laird: Dlar,
Prajnaparamita. “Phospholipid -Composition Modulates Carbon: Nanodiamond - Induced  Alicrations in -Phospholipid
Dorain Formation” Langnneir, 31(181:5093-104 (201 5) PMVID: 25876023 PMCID: PMC4 702513

66. Q Yang. M. Gong. 5. Cai, T. Zhang, LT, Douglas, V, Chikan, NM. Davies. P. Lee. [-Y. Choi. 8. Ren M.L. Forrest.
“Combining hard and sofi magnetism info 4 single core-shell nanoparticle o achieve both hyperthermia and image
contrast.” Therapentic Delivery, 6010% 1195-12 10020 153 PMID: 26606855 PMCID: PMO4702516

67.°8. Cai. T. Zhang, W.C. Forrest. Y. Qiahong, C. Groer, E. Mohr. D). Aires, M. S.M. Axiak+Bechiel, B.K. Flesner, C.J.
Henry; KA Selting, D Tate: TA. Swarz, N Brvan, M.L. Fomest. *Phase /U Clinical Trial of Hyaluronan-Cisplatin
Nanoconjugate for the Treatment of Spontancoius Canine Cancers™ dmerican Jowrngl Veterinary Research; decepred
203 NTHMS 74509

68, MW, Sim. P.T. Grogan, € Subrmmanian, C.R. Bradford, TE. Carey. M.L. Forrest, MLE. Privce, M.S. Cohen "Elfccts

of Pentuimosal Nanoconjugated Cisplatin on Larvngeal. Cancer Stom Cells.™ The Lurvmigwscope. decepied, 20135 PMID:

26690734 NIHMS 738632

Books/Special Journal Issues as Editor H :
[, - M.L. Forrest and G.S. Kwon (co-editors) "Clinical developments in drug delivery nanotechnology ™ Advanced Drug
Delivery Reviews, Elsevier (Philadelphia, PA USA), 2008,
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ML Forrestand M5, Colien (co-editors) "The Lymiphatic Systenn Therpy, Tmaging and Nanotechnology. ™ Adhvomced
Drig Delivery Keviews; Elsevier (Philadelphia, PA USAj 2011
3. ML Forrest and J Ramsey (Co-editors). “Nanoparticles for Delivery of Biothempendics.” Foture Science Lid. (London).
2615

Book chapters {peer reviewed)
Lo L BL ML Forrest and G.5 Kwon “Micelligationand Drog Solubiliy Enhancerent” . [Fater Insoluble Drug
Formulation, 2™ ed. Editor B, Liu, CRC Press (Boca Raton, FL) (2008),
Hart. D5 Yungi Zhiao: ML Forrest: " Polvethylene glycol polvestier block copolyviners: Biocompatible carriers for
nanapariculate dig delivery ™ i Handbopk of Haraessing Bromaterials in Nanomedicing; BEd, Dan Peer Tavlor &
Francis publishing, (Oxford, UK2011)
LA Nanes DR Brooks. M L. Forrest. N.M. Davies. "Pharmacokinetic Behinvior of Orally Adovnistered Drogs™in
Oral Bioavarlability: Basics Principles. Advanced Concepty and Applications, BEds. MU Hu and X Li Wiley Press
{Hoboken N3 2001
d. - T Zhang. ML, Forrest. " Bintherapeutic applications of metallicnanoparticles © Manoparticles fiw Delivery of
Biotherapentivs. Futre Scicnce Lid, (Londony, publishing 20015
2 Yang: M.L: Forrest, *Drug dehivery lo the lvmiphatic svsiem™ In Drug Delivery: Principles and dpplications. Second
Edition, Eds B Wang, T, Sialaan. Wiley Press (Hoboken, NIj publishung 2015

!‘s.l

Ka¥
#

Ly

Conference Abstracts. Papers. Proceedings and Posters

I, Forrest ML, D W, Pack.~ Quaatitation of endolysosomal tralticking of poly plex genic debivery vehicles.™ Proceadings
of the International Symposivn on Controlled Release of Bioactive Materials 28, 607 (2001).

2. Formest. ML, 1T Kocrber, DOW, Pack. “Highly Efficient, Biodegradable Polyeihylenining Genie Delivery Vehicles.™

Proceedings of the International Svmposiun on Connolled Release of Bioactive Mdaterials 30, 388 (2003 )

Balija: AM. M. L. Forest, D.W. Pack and § C: Zimmermian. " Dendnitic Trojanhowse. ™ dbstracts of Papers (American

Chemical Saieiy Meeting) 228 U63 26 7-0RGN Pan 2, Aug, 22 (Z004).

4. Forest. M L., Ko Gabnielson: D W, Pack. “Reduction of polvethvlemiming bufferings capacity enhances in-vitro gene

delivery activity.” Molecular Therapy 98138 (2(04),

Forrest. ML 8. T, CFY. Won, W, Malick. G.8, kwon “WNanoencapsulation of Hydrophobic Paclitaxel Prodrugs iy

Polv(ethvlene glyveol)-block-polviecaprolactone) . Micelles.” - Proceedings of the Iernational Symposiym - on

Controlled Releave of Bingotive Materials 30 £2000);

6. Yanez ] C: Renwberg, G. Kwon, N. Davies, M L. Forrest: "Pharmacokinetics, Delivery, and Tolerability of Novel
Nanoencapsulated PEG-b-Polv(e <caprolactong) Micelles of Geldanamycin Prodnigs in Ruts” LIPS J 9 W4427
{2007,

7. Forrest. ML, J. Yz, M. Xiong, G.8. Kwon, N, Davies. “"Pharmacokinetics and Characterization of 17-AAG
Geldanamycein Analogue (Tanespimycin) in a Poly(ethvlene oxide)-b-FPolv(D-lactic neid) Micelle NManocarrier.”™
AAPS T W05 (2007

# € Remsberg, C., J Yanes, G Kwon, N. Davies, MLL. Forrest: "To cncapsulate a synthesized pachiaxel prodmg in
amphiphilic block cospolvimer nicelles of PEG-b-PCL and 1o determine the pharmacokinetics and (issue distribution
af pachifaxel prodrug (FAXTC6) solubilized in PEG-b-PCL compared to Taxol” AdP8.0 9 WHH06 (2007).

9. Forrest, M L. and W, Pack. "DNA-Polvier Comiplexes for Gene Therapy: Discovering the Barriers fo Efficient
Delivery,” Poster presentation at the University of Hlinois Biotechnology Symposiumy, Urbana, 1L, November 1999

10, Forrest, ML.L. and D.W, Pack. “Quantitation of Polyples pH Microenvironment as a Tool for Elucidating Gene Delivery

Mechanism.” Paper at Pharmaceutical and Biotechiology Progratii American Institule of Chemical Engincering
National Mecting, Reno, NV, November 2001,

11, Forrest ML and D W. Pack: “Nano-Compleses of Polymer and DNA: *Antificial Viruses',” Poster at the
Nanotechnology Tndustrial Symposium., University of Tlinois, Urbana. 1L, May 2003

12, Forrest. M L. and D.W. Pack. " Non-Virl Gene Delivery Vectors Based on Modified Polvethylenimine”™ and “Highly
Efficient, Biodejgiadable Polvethy lenimine Gene Delivery Vehicles.”™ Posters at the 30tk Annual Meeting & Exposition
of the Controlled Release Society. Glasgow, Scotfand, July 2003,

13, Forrest, MLL.and G.S. Kwon. “Hydrolysable Prodrugs of Geldanamycin for Efficient Nanoencapsulation and Sustained
Release.” Poster al the American Association of Pharmaceutical Scientists Annual Meeting and Exposition. Nashville,
TN. November 2005,

Ly
¥

Tt
:

Laird Forrest - Curnicalum Vitae Page 6/15 Rev. lun-16

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 78
AstraZenecca Exhibit 2092 p. 78




14 Forrest. MLLoand G5 Kwon. "Hydrolysable Pradmgs of Geldananwein for Efficient Nansencapsulation and Sustained
Release ™ wnd "Nanocarniers for Contrmnlled Delivery of Thempentic Agentis.™ Posier sl Amencin Institute of Chemicul
Eneineers Annual Conference. Cleveland, OH. Movember 2005,

15. Yafiez. JA. ML, Forrest. Y. Ohgami. G.S. Kwon, N.M. Davics. “Pharmaconetrics and Delivery of Novel
Nanoformulated PEG-b-Poly(g-caprolactone) Micelles of Rapamycin” Posterat American Association of
Pharmacceutical Scientists Annual Meeung. San Antonia, TX, October 2006,

16, Forrest, ML LA Yafice, CM. Remnsberg, G.S. Kwon, N.M. Davies. “Nanocarrier Formulation of a Geldanamycin
Prodrug in ABC Micelles: Pharmiacokinetics and Tolerability in Rats.” Poster at Utah 13" Drug Delivery Symposium,
Salt Lake Ciiy, UT, Februan: 2607,

17 Forrest, ML LA Yifier C M Remsberg, G5, Kwon, NM, Davies “Pharmacokmetics of Nanoencapsidated 3
Paclitaxel Hexonate Prodeug in Poly(ethylene glycolj-block-poly(epsilon-caprolactone) Micelles.” Poster at 34" Annual
Meeting of the Controlled Release Socicty. Long Beach CA, July 2007

18, Xiong, MP. LA Yianez G5 Kwon N.M. Davies, M L. Forrest. “A Cremophor-fres Fonmiaton for 17-AAG
{tanespimycin) using PEO-b-PDLA Micelles: Characterization and Pharmacokinetics in Rats.” Poster at 34" Annual
Meeting of the Controlled Release Society. Long Heach, CA, July 2007,

19, Forrest, ML LA Yafiez. CM. Remsberg. G5 Kwon, N.M. Davies, "Pharmacokinetics of Nanoencapsulated -
Paclitaxel Hexonate Prodrug in Poly(ethviene glycol)-block-poly(epsilon-caprolactone) Micelles. ™ Poster at 34" Annual
Meeting of the Confrolled Release Society. Long Beach, CA July 2007,

20. M.5. Cohen, H. Diab, 5. Car Y. Xae, ML Forrest. “Tatralymphatic delivery system for treatment of breast cancer.”
‘Presented at American Sociely of Clinieal Oncolopy ~ 2007 Bréast Cancer Symposiuih, San Fringisce, CA. Sepltember
7-8. 2007

21. Yaez LA, CM. Remsberg. G.8. Kwon, N.M. Davies, M L. Forrest.  Pharmacokinetics. Delivery, and Tolerability of
Novel Nanoencapsulated PEG-b-Poly(epsilon-caprolacione) Micelles of Geldanamycin Prodrugs in Rats.™ Presented at
American Assoctation of Pharmaceufical Scientists Anyal Meeting, San Diepgo, CA November: 2007

22, Remisberg. C.M. LA Yahes G5 Kwon. N.M. Davies, M.L. Forrest, “Pharmacokinetic and Tissiic Disiribution
Analysis of a Paclitaxel Prodiug Nanoencapsulated in PEG-b-Poly(epsilon-caprolactone) Micelles.” Prescnied a
American Association of Pharmaceutical Scientists Annual Meeting, San Diego, CA. November, 2007

23. Forrest, ML, LA Yaiies, MP. Xiong. G5, Kwon, MM, Davies. " Pharmacokinetics and Clysracterization of 17-AAG

Geldanamycin Analogue (Tancspinycin) in a Poly(ethy lene oxide)-b-Poly(D-lactic acid) Micelle Nanocarrier,”

Presented at Amcnicin Association of Pharmaceuncyl Scientists Annual Meeting, San Diggo, A, November, 2007

Cai. S.. Y. Xie. H, Diab. M.8. Cohen, M.L. Forrest. “Nanocarrier delivery of cisplatin to the tyniphatics: In vitro and in

vivo evaliation in rodents.” Presented at KUMC Masonie Cancer Center Annual Meeling, December 12007,

25.Cai 8. Y. Xie, T. Bagby, M.S. Coben, M.L. Forrest. " A Hyalwonan nanocarsier for infralymphatic drug delivery:
synthesis, characienzation. and pharmacokinetics inorals.” Presented at American Associationfor Cancer Research
Annual Meehng, San Dicgo, April 14, 2008,

26 Cai; 5. M8, Cohen. M.L. Forrest. “Intralymphatic teeatment of breast cancer: svnthesis, charmetenzation and
pharmacokinetics in rodents.”™ Presented at Abbott Labs, Abbott Park, IL. June 13, 2008,

27 M.S. Cohen. 5. Cai, M L. Forrest, ~Intraly mphatic namecamier chemotherapy for breast cancer Improved delivery to
locoregional lvmphonodes.”™ Presented at AACR Transationsl Cancer Medicine: Cancer Clinical Trialg and Persomailized
Medicine conference. Monterey. CA. July 21 2008,

28. T. Bagby, M.L; Forrest, "Developiment of Stable Melphalan Formulations for Melanoma, " Presented at KU Cancer
Center Research Symposin. Kansas City. November 7, 2008,

28 Y. Xie. KoL Alllon € J. Berkland, ML Forrest. " Pulmionany: Delivery of Cisplatin-Hyahironan Conjugates for the
Treatment of Lung Cancer: Synthesis, Pharmacokinetics, und Tissue Distnibution in Ruts.” Piesented at 2008 Cancet
Center Research Symposiun Kansas City, November 7, 2008,

30.-8. Cai. Y, Xic, T.R. Bagby. M 8. Cohen M.L, Forrést. “Intralvmphatic drg dehivery fog treatment of breast cancer and
head and neck cancer” Presented at The University of Kansas Cancer Center Symposinm at the University of Kansas
Medical Center, Kansas City, Novewber 7. 2008

31 8. Thati, 8. Cai, T.R. Bagby. M.S. Cohen. MUL, Forrest; “Intralymplatic drug delivety for treatment of breast cancer:
Synthesis, characterization, pharmacokinetics and anti-canceraclivity in rodents” Presented at The University of Kanisas
Cancer Cenler Symposium at the University of Kansas Medical Center. Kansas City, Novesber 7, 2008

32 8. Cai. Y. Xie. T.R: Bagby. M.S. Cohen. M.L: Forrest, “Intralymphatic drag delivery fortreatoent of breast cancer:
Synthesis, characienzation, and pharmacokinetics in rodents.” Presented at Higuchi Bioscience Talks 2008 at University
of Kansas. Lawrenee, December 3, 2008,

o
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33 TR. Bagby. ¥, Xie, ML, Forrest. "Reversible Shielding of Virses for Cancer Gene Therapy.” Presented at the Tth
Intemational Bvimposivmoon Receni Advances in Drag Delivery Svstems: Drug Cartiers=Progress Bevond Delivery. Sali
Lake City . UT, Febuiary 162009,

3. Y. Xie K.L. Aillon. C. Berkland, ML, Forresi, “Nanocarrict delivery system for chemotherapeutic treatment of Tung
cancer” " Presented at the 14th International Symposium on Recent Advances in Drug Delivery Svstems: Drug
Carriers-Progiess Bevond Delivery. Salt Lake City, UT, February 16, 2009

33, 8. Cai Y. Xic. T.R. Bagby. §. Thati. B.I. Jolmston, M.S. Cohen . M.L. Forrest. “Intralymphatic drug delivery for
treatment of breast cancer and head and neck cancer: synthesis. characterization, pharmacokinetics and anti-cancer
achivity inrodents.” Presenied at 14th miernational symiposium on tecent advances in drig delivery svslems. Salt Lake
City, UT, Febroary 16, 2009

36. Fprrest. M.L. “Drug nanocarriers for intralymphatic chemotherapy of breast cancer.” Presenied al INBRE Conference.
Oklabioma G, 0K, May 282009,

37. T.R. Bagby und M.L. Forrest. “Lymphatic Imaging of Mice,” Presented at The University of Kansas Departiment of
Pharmacentical Chemisiry Ball Retreat, Lawence. k5, Oclober 13, 2009,

38. T.R. Bagby, 8 Cai. 8. Thati. Y. Xie. N M. Davies, M. 8. Cohen and M.L. Forresi. “Localized Doxorubicin
Chemotherapy with a Biopolymeric Nanocarrier Improves Survival and Reduces Toxicity in Xenografts of Human
Breast Canter” Presented at the Faculty Research Dy atithe University of Kansas Medieal Center. Kansas Citv U KS,
November 3, 2004,

34, Remsberg, €M, LK Takemoto, RM. Betrain, ML Forvest. N.M. Davigs. “Developiuent of a novel nucelle
formulation.and pharmacometrics of the mTOR inhibilor, deforolimus.™ Presented at Canadian Society for
Pharmacentical Sciences in Richmond. British Columbia, June 2-5, 2010

40. Remisberg, CM. K. Takemoto, R.M. Berteany, ML, Forrest, N.M. Davies. “Nanoformulation development and
pharmacometrics of the histone deaceiyvlase inhibitor vorinosial.” Presented at Canadian Society for Phannaceutical
Sciences in Richmond, BC, lune 2-5, 20140

41. 8. Cai.§ Duan. Q. Yang, M.L. Forrest, “Lymplutic Delivery of Cisplatin and Nitric Oxide Prodrug JS-K for the
Treatment of Melastatic Head and Neck Sqaamous Cell Cancer™ Presented al Department of Pharmoceoiical Chemistry
‘Fall Retreat Symposit University of Kansas, Baldwin City, Kansas, October 14, 2010

42 8 Cai. ML, Forrest. “Lymiphatic Drag Delivery Tor the Tredtmcnt of Metastatic Cancers.” Presenied at School of
Pharvacy Graduate Honors Symposiut, Unversily of Kaosas, Lanvicnce, Kangas, Apnl 15, 2010

45, TR Bagbv. 5 Thatt, S Cat and MLL. Forrest, “Elfect of Molecular Weight on Ly mphatic Dratnage Patterns and
Kinetics of Lodalized Drug Carriers.” Presented at Phatinaecutics Graduate Student Research Meeting, Columbus; Ohio,
June 18,2010

440 Yang. &, Cai, TR Bagby. 8. Duan. ML Forrest. "Encapsulation-of anticancer drugs and imaging agents.in
nmanoparticles for lemphatic cancer freatment.” Pieserted al Department of Pharmacentical Chemistry Fall Retreat
Svmposiom. Baldwin ¢ity, K5, October 14, 2010

43 T.R. Bagbyv. 8 Thati, 5 Duan 8. Cai, and M.L. Forrest, “Effect of Molecular Weight and Charge on Lyinphatic
Drainage Patterns and Kanetics of Localized Drog Carriers Using Whole Body Fluorescent Bnaging.” Presented af the
Fowth Anmual University of Kansas Department of Phatmaceutical Chemisuy Fall Retreat, Lawrence, K8, October 15,
2010,

46, Y. Zhao, 8. Duan, M.L. Forrest, “"PSMA-targeted Nanocarriers tor Delivery of TGX-221 1o Prostate Cancer Cells.”
Presented at Department of Pharmacentical Chemistry Fall Retreat Symposium, Baldwin city, K8, October 14, 2010

47. Duan, 8. 8. Cai: T.R. Bagbv: M.L. Forrest. ~Synthesis of sugar and carbonate star polymers for logalized
chemotheraphv”, Presénted at the 45th Midwest Regional Mocting of the American Chemical Society, Wichita. K8,
October 27-30 2010,

48, Takemoto, J K., C.M. Remsberg. M L. Forrest, N.M. Dayies. “Nanomicellar delivery phdrmacokinetics and
pharmacodymimics of the histone degcetylase inhibitor suberoylanilide hydroxamic acid.” Presented at the American
Association of Pharmacentical Scientists Annoal Meeting and Exposition. New Orleans, LA, November 13-14. 2010

49 Remsberg. CM.. ML, Forfest, N M. Davies. “Quoantitative determination of ndaforolinus, a mTOR inhibitor. in vat

plasma using LOESIMS.” Presented at the FIP Phanmaceuntical Sciences 2010 World Congress. American Association
of Pharmacentical Scientists Anmial Mecting and Exposition, New Orleans. LA, November [3-14. 2010,

50 Cai. 5. Y. Xie, 8. Thati. T.R. Bagby, M.S, Cohien, M.L. Forrest. *Lymphatic delivery of cisplatin for the treatment of

mietastatic head and neck squarmous cell cancer.” Presented at Globalization of Pharmaceutics Education Network
{GPEN), University of North Carolina, Chapel Hill. NC. November 10-12, 2010,

2
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31 Bagby. TR, 8§ Thati, & Duan. 8. Cai. ML, Fonrest. “Effect of Molecular Weight and Charge on Lywmiphaiic Driinage
Pattems and Kinetics of Localized Drug Carriers:” Presented at Globalization of Pharmaceuotics Education Network
{GPENY. University of North Caroling. Chapel Hill, KC, November 10-12. 2010,

5328 Cai 5B Duan, 0. Yang, ML Forrest. “Targeted Drug Platform for Combination Nitrie Oside and Platinum
Chemotherapy of Head and Neck Cancer” Prosented ot Chemical Biology NIH Training Grant Synposiom, University
of Kansas. Lawrence, Kansas. December 7. 2010

33 8. Cai 5 Duan. M5, Cohen, M L. Forrest “Targeied Drug Platfonn for Combination Nitric Oxide and Platinum
Chemotherapy of Head and Neck Cancer.” Presenied at Kansas IDeA Network of Bioinedical Besearch Excellence
Symposium, Kansas City, Kansas, January 15, 2011

54.- 8. Cai. ML, Forrest, “Development of Drug Delivery Platforms for Locoregional Treatment of Carcinomas.” Presented
at Kansas IDeA Network of Biomedical Rescarch Excellence Symposiuin. Kansas City, Kansas: Janoary 152011

. 5. Cohen, My Cohen, R, Mukeni. 5. Cai, L Damjanoy: ML, Fooest. “Subcutaneons Delivery of Nanoconjugated
DoxembiciyCisplatin for Locally Advanced Breast Cancer Demonstrates Improved Efficacy and Decreased Toxicity
Over Standard Svstemic.” Resident. Postdoc, Fellows Research Day, Kansas City, Kansas, May 5. 2011
6. ML Forrest, 8. Cai. 5. Duan. M5, Colen, Q. Yang, “Nitric oside-releasing nanoparticle combination therapy 1o
‘overcome diig resistance in platintim-resistant breast cuncers " Presented al American Society of Chinieal Oneology
Breast Syinippsivn San Francisco, CA, Sepiemberd, 2011

57, 5. M. Colen, R Mukerji. 5, Ca. L Damjanov. ML, Forrest (presenter). M5 Cohen. “Evaluation of complete
patholopic regponse and histologic toxicity using 4 subcuwancons delivery system with conbination nanoconjugated
doxorubicin and cisplatin for locally advanced breast cancer inyvivo,” Presented at Amencan Society of Clinical
Oncology Breast Symposiunt, San Francisco, CA. Scprember @, 2011

58 K. Devargjan, ML Forrest. H. Staecker. MUS. Detamore. “Adenoviral mediated gene delivery to human umbilical cord
mesenchymal stem cells for inner ear hair cell ditferentiation.” Bionedical Engincering Society. Hartford, CT, Octeber,
2011

59, C.L. Sayre, S.E, Marlingz, E.A, Mobamed, MM, Meshali, C.M. Remsberg, Y. Zhao, T. M. Borg, AMM. Foda, 1K,

Takemoto, MLL. Fomrest, N.M. Davies. “Vorinostat with sustained released and high solubility in poly(ethylene glycol)-

bepolviDL-lactic acid) micelle nanocarriers: chamacterization and effects on phansacokinetics in ril serum and urine”

Canadian Society for Pharmacentical Sciences Antwal Symposinne Toronio. Jung 2012

60 5 Cal O Yaoe, 8. 5iler, D Wodey, Lo Schueider, D Adres, M, Cohen ML, Forrest. A sale and elficacious appmach
1o cisplan ehiemothoragy: locowegional imection ol Hy laPlat i canes ™ American Associabion of Pharmacentical
Seieniists Annal Meeting, Clucago IL: October, 2042,

61, Porrest. M.L. “Formulation development and pharmacokingtics of subcuiancously injected HylaPlat in spontancous
canine cancers” Iimernational Society for Hyvaluman Sciences. Oklahoma City, OK. June 3, 2013

62.-T. Zhang, Forrest, ML "Nanodiamond-based contrast agenis for plioteacoustic bmaging.” SPIE Intemational Socicty for
optics and photonies. Ban Daggo, CA-August 25, 2013

635 Cai. D Varia. M Forest I Bryane I Alres, ML Forrest A sale and efficacious approuch (o cisplatin
chemotherpy: loco-repional injection of HylaPh in canmes™ Amenican Associabion of Cancer Ressarch-Annual
Meeting, San Diceo CAApnl 2014

648, Cai, W.C. Forrest. . Bivan, Do Aires, ML Forrest: ” Development of Locoregional Polvimence Cisplatin
Chemotherapy: Clinical Trials in Canines with Sponfancous Cancers™ Controlled Relense Society Annual Meeting;
Chicago. 1L, June 2014,

63 M. L. Forrest. 5. Cai, WO, Forrest. T. Zhang, M. Coben, J. Bryvan, D. Aires. “Developnient of Locoregional Polyineric
Cisplatin Chemotherapy: Clinical Trials in Canines with Spontaneous Cancers,” American Association for
Pharmaceutical Sciences (AAPS) Annual Conference. San Diego, CA. November 2014

66, P.T. White, O, Subrdmanian, P.T. Grogan, 8 Cai, M.L. Forrest, MLS. Colien. “Nanoparticle-targeting of breast cancer
stem cells improves efficacy and durability of chemotherapy.” Association for Acadenmic Suigery Congress. Las Vegas,
NV, Februgry 2015,

67.-§. Ishigare, Dy Uppalapati, 8. Cai, ). Hodge. L. Forrest, M. Tamura, ©A local chemotherapy with hvaloronan-cisplatin
conjugate sigmficantly attenuates grovth of lung adenocarcinoma senografts inmonse model.” American Association
for Cancer Resenrch ( AACR) Annual Conference. Philadelphia, PA. April 22, 2015

ki
ko

Invited Lectures

1. Forrest, ML, and G.S. Kwon. “Plospholipid Micelles for Chemotherapeutic Drug Delivery.™ Invited lecture for
Engincering Seminar Series, University of Kansas, Lawrence, KS. March 10, 2005,
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Forrest. M.Loand G.8. Kwon. “Nanoencapsulbationof Chemotherapeutics.” Invited lecture for Pharnucentical-Seiences
SeminarSenes, Washington state University, Pollman, WA, September 9. 2005,

Forresi. ML and G S Kwon, “Development of Nanotechnologiestor Dmig and Gene Delivery.” Invited lecture for
Chemical Enginecring. Florida State University, April 25, 2006.

Forrest, ML “Stability of Sirolimus in oxadative envitonmenis,” Invited lecture for Exogenesis Ing. Cambridge, MA,
April 25,2007,

Forrest, ML, “Emerging nanotherapeutics for cancer.” Invited lecture for Sigma Xi Seminar Series, School of Medicine,
Umiversity of Kansas Medical Center. Kansas City, K8, seplember 3, 2007

Forrest. M.L. “Nanocartier technologics for cancer imaging and treatment.” Invited lecture for Engincering Seminar
Sernies. Umversity of Kansas, Lawience. K5, October 1w, 2007,

Forrest, ML, “Nanocarrier technology in the treatment and diagnosis of cancer.” Invited lecture for Department of
Chemistry, Missour State University, Sprngficld. MO, October 29, 2007,

Forrest. M L. " New routes for chemotherapentic intervention using nanotechnology.”™ Invited Iecture for Department of
Molecular andd iicgrative physiology. University of Eansas Medical Center. Kansag City, MO Febiruary 4, 2008,

Forvést, ML “Trailblazng new pathwass in cancor therapy ™. Invitied lecture for Department of Chemical Enginecrnng,
Oklghoma State University, Sullwaier, QKL October 7, 2008

Forrest. M.L. “Lymphatic chemotherapy {or localized cancers™, nvited lecture for Department of Oral Biology.
University of Missouri, Kansas City, K8, Decembert, 2008,

Forrest. ML Ding delivery technology and new treatmenis incancer.™ lnvited lecture for Deparbment of Chernisire,
University of Centgal Arkansas. Coovway. AR, Noveniber 20, 2008,

Forrest. M.L, “Design ol nanocartiers for novel routes of therapy,” lwited lecture for Depariment.of Bicengineering.
University of Kansas; KS, April 10. 2009

Forrest. M.L."Drug nanocarriers for intraly mphatic chentherapy of breast cuncer.” INBRE Conference. Oklahoma
City. OK, May 28, 2009,

Forrest. ML Targeted Nanopharmacenticals for Localized Carcinomas™. Tsukuba Universiy, Tsukuba ity Japan
Tuly 15, 2009,

Forrest, M.L. "Nanotechiiology Treatmenis for Cancer”. Sliandong University. Jinan, China, July 27 2009.

Forrest, ML “Nanotechnolopy and Fature Thempeéutics in Cancer Treatment™, Washington Sate University. Pullinan,
WAL August 3, 2009,

- Forrest, M L. “Development of Nanocamer Platforms for Locally Advanced Carcinomas”, Washington State:

University: Pullan, WA, Angust 7, 2008,

Forrest. ML, "Localizing drug delivery to reduce toxicity and tmprove cflicacy.” NSF IUCRC, Atania. GA. November
20,2008,
Forrest, ML "Engincered nanomaterials indeg delivery.” Departuent of Matenials Science Technology, Graduate
School of Industrial Scignee-and Technology: Tokyo University ofScience. Tokyo. Japamn June %, 201,

Forrest, M L. “Nanocomjugate formulation for treatment of locally advanced cancers.” Department of Biomolecular
Engincering, Graduate school of Broscience and Biolechnology, Tokvo Institute of Technology, Tokyo, Japan, Juve L1,
2010,

. Forrest, M L., "Nanoconjugale formulation for treatment of locally advanced cancers.” Bioenginegnng Laboratory,

RIKEN Institute, Wako., Japan. June 15. 2010

4. Forrest, ML "Engineered nanomaterials indmg delivery.” Biocngneering Départnient, Tokyo Umversity of

Agrculture, Tokyvo, Japan, June 22, 2010

. Forrest, ML, “Star polymers for localized drug delivery.” Graduate School of Medicing, University of Tokyvo. Tokyo,

Japan, Jung 23; 2044,

.- Forrest. M L. " Lyvmiphatic drug targeting svsiems.” Biomatenials Engineering Research Institnie, Tokyo Medical and

Dental, Tokyo, Japan, Jung 28, 2010.

. Forreste M. L. “Localized chemotherapy using polvimeric nanocarniers:” Department of Tyanslational Medicine, National

Cancer Center. Tokyo, Japan, July 1. 2010,
Forrest, ML, “Nanoparticle engineering for tareeted drug delivery.” School of Engincering, Tsukuba Universily.
Taukuba City, Japan, July 6, 2010,

Forrest, M. L. “Hyaluronan nanocarriers in drug delivery,” Department of Biophysical Chemistry. Kyoto Pharmaceutical
University, Kyoto, Japan, July 8. 2010,
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28 Forrest. M L. Star polviners for localized drogidelivery,” Department of Dog Delivery Rescarch.and Instituie for
Innbvative NanoBio Drog Debivery and Developinent, Giaduate School-of Phannaceitical Seicnces: Kyolo Universiiy,
‘Kyoto, Japan, July 9. 2010

29 Forrest. M L. " Localided chemotherapy using pelymienc nanocarriers.” Depariment of Applied Cheiistry. Graduoate
School of Engineering, Osaka Umversity. Osaka, Japan, July 12, 2010,

30. Forrest, M.L. “Nanoparticle straiegies Tor treatment of head and rieck and breast cancers.” Department of Biomedical
Engingering, Mational Cercbral and Cardiovascular Center Research Iustitute. Osaka, Japan, Julv 13, 2010,

31. Forrest, ML, “Biar polviners for localized dryg delivery.” Department of Chemistry and Materials Engincering. Faculiy
of Chemistry, Materials dnd Bicenginecring. Kansal University, Osaka, Japan. Jaly 14, 2010,
33, Forrest. M L. “Localzed chemothemapy using polymenc nanocarrers.” Osaka Prefecture University: Osaka. Japan, Jaly
15,2010,
33. Forrest, ML, “Localized chemotherapy using polymeric nanocarriers.” Department of Applied Chemistry and
Bioengincering, Graduate School of Engineering, Osaka City University, Osaka. Japan, July 16, 2010,
34, Forrest. ML Multi-branched polvmer design for drug delivery.™ Diepariment of Applicd Chenustry, Hiroshima
University, Hiroshima, Japan. July 17, 2010,
. Forrest, MLL. "Localized nanoparticle ¢heniotheraps.” Tustitute for Materials Chemistry and Engineering. ™ Kyashu
Umiversity, Fakuoka, Japan, July 20, 2010,
36, Forrest. M L. Targeicd chemotherapy in the lymphatic systeni™ Hokkaido University. Sappoto. Japan. July 27, 2010,
37 Forrest. MLL. " Tarpeted drug delivery to the Ivmiphatics and functional imaging of tumor response,Alfliuted Hospital
of Guanpdane - Medical College. Zhanjiang. Chig, June:3, 2011
38, Forrest. ML "Targeied chemotherapy platform for velermman oucology.” University of Missouri, Rolla, October 7.
2011

39. Forrest, M.L. "Localized chemotherapy for anti-cancer treatment and fapid 1n vivo imaging of therapeutic response ™
University of Keniugky, Dept. Pharmacentics Sciences, Lexington, K'Y, November4, 2011

40 Forrest. M.L. “Dievelopment of Tocalized cancer treatments and measurement of therapeutic response.” University of
Manitoba. School of Plarinacy, Whmipeg. Canada, Apnl 11, 2012,

41, Forrest. MLL. “Localized anti-cancer treatment via Iymphauc targeting,” Midwest Regional Meeting of the Amencan
Chemical Sociery (MWMB), Omaha. Nebraska, October 25, 2012,

42 Foresi, ML, “Localized anti~cancer treatment via lymphatic targeling ™ KINBRE External Advisory Commpilfee. kansas
Citv. K&, April 17,2013,

43, Fortest. M.L.“Localized anti-cancer chemotherapy.” International Advanced Drug Delivery Syinposium, Taipei.
Tarwan, May 2, 2013,

Forrest. M L. “Formulation dévelopment and pharmacokinetics of subcutanconsly injected HylaPlat i spontancous
caning cancers” Interational Society Tor Hyaluman betences. Oklahoms ity OKL June 3. 2013,

- Forrest. M.L. "Logcally largeted anti=cancer therapy ™ University of Missouri - Kansas City. Kansas City, MO, April 27,
2014,

46. Forrest, ML.L. “Locally targcied platinum chemotherapy.” Kansas State University, Manhatian, KS. October 5, 2015,

=

e
1

Coalerence Podinm Presentations (chronolosical order)

L. ML Forrest, D)W, Pack: “Quantitative assay for polyplex release fromendolysosomes: implications for design of gene
delivery vehicles.” AICHE Annual Meeting, Los Angeles, CA: November 13,2000,

2. -M.L. Forrest, D)W, Pack. “Quantitation of endolyvsosomabtrallicking of polyplex gene delivery yvehicles.” 28
International Symiposiunyon Controlled Release of Bioactive Materials, San Dicgo. Califorma, June 27, 2001

3. Forrest. ML and W Pack. “Intelligent Design ol Gene Delivery: Vehicles: Is Endosomal Buffering Necessarv?™
American Institute of Chemical Engineening National Meeting. Reno. NV, November 2001,

4. Forrest. ML and D. W, Pack. " A Degradable Derivative of Polyethylenimine that Provides Higher Gene Transfer

Efficicncy and Negligible Cytotoxicity.”  American Institute of Chemical Engincering Annual National Meeting,

Indianapolis. IN, November 2002,

M.L. Forrest, 1.T. Koerber. D.W. Pack. “Non-viral gene delivery vectors based on modified polyethy lenimine " 30

Internationsl Syipasinm on Controlled Release of Bioactive Materials. Glasgow, Scotland, June 22, 2003.

6. M.L. Forrest. J.T. Koerber. D.W. Pack. “Highly efficient, biodegtadable polyethyleninine gene delivery vehicles.” 3™
International Symposium on Controlled Release of Bioactive Materials. Glasgow, Scotland. June 22, 2003,

i
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7. ML Forest LT Koeetber. and DWW, Pack “Enlancement of PElmediated pene delivery by acttvlation of primary and
secondary dinines.” AIChE Ammal Meeting, San Francisco, CA, November 20, 2003,

% N Gabniclson ML, Forrest and DWW, Pack. “Reduction of polyetis lenimine bullering capaciy enbances invilio gene
delivery activity.” American Society of Gene Therapy 7" Annual Meeting. Mintieapolis, MN, June 4, 2004,

Y. M. L. Forrest. "Diug signocainiers for mitlvimphatic chemotherapy of breast cancer” INBRE Conference, Okdabomy

City. OK. May 28, 2009,

1. Forrest, ML, “Nanoconjugate Formulation for Localized Chemotherpy.” NanoDDS, Indianapolis, IN, October 6, 2009

11, Forrest. ML, “Star Polvmers for Lymiphatic Delivery.” American Chieimical Socicty Midwest Remonal Annual Meeting.
lowa Uity 1A, October 23, 2008,

12. 8. Cai. ML, Forrest, “Development of Drug Delivery Platforns for Locaregional Treatment of Carcinomas,” Presenied
at Kansas IDeA Network of Biomedical Research Excellence Syimposiura, Kansas Chiv, Kansas, January 15,2011

13, Forrest ML T Zhang ~Nanodiamond-based Contrast agents for photoacoustic maging.” hileriational Society for
Optics and Photomes (SPIEY. San Diego, CA; August 27, 2015

14 Forrest, ML “Licoregional lvahwonan cisplatin (Hy laPlab) fo spontaneous canine cancers.” Inleriational Society tor
Hyaluronan Scichees (JSHAS), Oklahowa City: OK, Jung 6, 2013,

Thesis Commitiees

Thesis committee chair

PhD: Taryn Baghy (Phatin Chem 20125 Shuang Cat (Phary Chenn, 2011 Ryan Moulder (Phartn Cheing, Ninad Varklede
{Pharm Chem). Qiuhong Yaog (Pharm Chem, 2014, T Zhang (Pharm Cheny 2015, Yung Zhso (Phanm Chem, 2013)

MS: David Hart (Pharny Chom, 2007). Peter Kleindl (Bloengineeriog: expected 2016 Ryan Monlder (Bioengineering,
2015y, Alisha Simoman(Pharm Chemy. Evelyn Yanez (Pharm Chemy}

Thesis comumitice membier;

PhD; Rosemary Ndolo (Plarim Chern, 20125, Julian Kissdian (Pharmn Chemy 20093, Chuda Chintasapho (Phann Chem, 2012)
Rvan Funk (Pharms Chenny; Supang Kondee {Pharm Chem, 20113 Kwame Nti-Addae (Pharm Cheni 2008 Zaha
Mohammadi (Chem Enery. Enk Vankampen (Chem Engny, Tiffany Suekama (Bioengineering, 2014}, Jncob Staley
(Bioengipeenngy Adnir Fakbari (Bioengineering, 201 1) Huizhoog Cul (Bioengineering, 20123, Jangoun: I
{Bioengineenng, 20145 Lindsey Ot (Bioengineering, 2014, Anatita Khanlan (Chem Engi) 2014), Adam Melloti
{Chem Engr, 20145, Saby Glysevini (Bioegineering, thd)

MS: Vivian Robertson(Pharm Chem, 2013), Mark Builey (Bioengineering, 2010). Keerthana Devarajan (Bivengineering,
2011}

Student advising (undergraduate vesearchers)

Pharmacy: Grace Ulrich, Lei Cheung, Abby Petrulis

Chemical Engineering: He Li, Shara Thattd, Connor Bybee, jason Christian, Hanny Sawal, Benjamin Johnston, Brian
Kimy Francis Pamatmat; Carolynn Stone, Ryan Moulder; Sebastian Bohn, Vignish Raghunmiraman, john Gerber, joe
Rasmussen, Michael-Chot, Bva Mohr {(Mechanical}, Hannah Leiker, Reese Willis (Chemistryv);

Summer URP; Grace Ulrich, Yomna Badawi, Shih-Hsuan Huang

stdoct Scisntists (includes visiting scientis
Shuang Cai. Padmaia Gunda, Yumei Xic. Yepenz Luan, Shapleng Duan, Sanjeews Scnadheera

Emplevment of graduates (inclodes persons cmployved hut have not vet completed all degree reguirements):
Tarvn Bagby (Fornmlation Seientist. Mallinckordt Pharmaceuticals)
Shuang Cai (Principal Scientist, HylaPharn)

Shaofeng Duan (Associate Professor, Henan Urniversity, China)
Padmaja Gunda (Instroctor, Washington State University)

David Hart (Research & Development Manager. PhytoTeclinblogy Laborataries)
Yepeng Luan (Postdoctoril Resedrch Scientist. University of Geotgia)

Alisha Simonian (Product Developmein Scientist, Ohr Pharmaceutical Ing)

Yumei Xie (Postdoctoral Research Associate. Pacific Northwiest National Laboratory)
Evelyn Yanez (Senior Rescarch Associate, Genetech)

Ti Zhang (Researchi Scientist. HylaPharm)

Laird Forrest - Curniculum Vitae Page 12/15 Rev. Jun-16
MYLAN PHARMS, INC. EXHIBIT 1003 PAGE 84
AstraZeneca Exhibit 2092 p. 84




Yangi Zhao (Assistant Professor. Kunming University - Ching)

Professional Activitiey

FPeerreview (Fanding Avepciesadhocunless noted vtherwise):
Amencan Canger Sociely, Drug development study seclion el hoe reviewer (201 2- 20041 idUmember (2014-2019)
National Institotes of Heallh (NTHYLNCERCT 2009 S CTRASIBIR) 200 NIGMSMBRE) 20002013 NCTSBIR 2814,
K15 2004 NCESBIR Z0H3NIH UH 23 2015 KIH ROLR2 L Bivengineering Sciences and Technologies (BST) 2015
National Science Centre (INARODOWE CENTRUM NAUKL. Poland. 2012
United Kingdom Associanion for International Cancer Bescarch (AICR), 2070

Canacian National Sciences and Engincenig Reseanh Conpetl (NSERC), 2008

Netherlands Techuplogy Foundation (STW ). 2000

Hong Kong [onovatian and Technology Support Programune (ITSP), 2008

University of Houston Gear Program, 2007

Peer review (Publications):

Ad hoc Editor for issue of Advanced Drug Delivery Reviews (2 issues, 2008 and 2011)

Ad hoc reviewer for: Advaniced Diug Delivery Reviews, Biomagromoleciles. Biomatenils, Biomedical
Clromatography, Biopharmiaceutics & Drug Disposition, Biophysical Chemustiy, Chintcgl Pharmacokinetios. Dirug
Development and Indusitial Pharmacy, Ewropean Joumal of Pharmaceutics aid Biopharivsceutics, lnternational
Journal of Pharmacentgs, Joural of Biomatertals Research, Joumnal of the American Clemical Society. Joumal of
Biomaterials Seience: Polymer Edition: Joumal of Biomedical Materials Research Part A, Joural of
Chromatography B, Jouinal of Controlled Release. Jowrnal of Pharmaceutical Sciences. Journal of Pharmacy and
Phartnacéutical Sciences: Phytothierapy Research

Memher, Arvierican-Associationol Phamaceutical Scwentisls (aelive): Amencan- Association [or Cancer Rescarch (tnactive).
Amencan Institute of Chenpcal Engineers (tnactive)

Service
DEPARTMENT
Graduate student admissions committee, Spring 2007 -preset
Coardinaior for Higuchi Awards to 6" vear phanmacy students, Spring 2007 -prosen
Coordinator for Enz Aswards to 6" vear pharmacy students. Spring 2007 -preseri
Graduaie student recruiting at Midwest American Chenncal Socicty meeting, October 2000, 2010, 2012
Participant {presenter) with Evc Munson ine Atlanta NSF-industry.mieetung for WUCRC.CPME (Industoy/Elniversity

Cooperative Research Center for Centerfor Phanwacentical Manufacturing and Formulation), November 2009

Graduate stodent recrting at Central Ackansas Universily, November 2008
-Faculiy retreat planming comnuttee member, Sprifg 2007
Grraduate stadent recruitin at Missourd State Lniversity, October 2007

SCHOOL

Pharmb admissions commitice member, 2010-present

Pharmi and MB A& dual degree admissions cormumitiee meinber, Spring 2008-preseni
Phanmacentical Chemistry Chair S-yvear review commnitfee, 2014+-13

UNIVERSITY

Animal Care Advisory Council, November 201 3<present

Vice-Chair of Tnstitational Animal Care and Use Cotnmittes (1ACUC) (October 2011 ~ August 2013)

Chair of IACUC protocol development subeommittes, July 2009 = August 2013

LACUC member January 2007-Augnst 2013

Interviewer for University Assessiment of General Education. Spring 2007 and 2008

Student recruitér for KU at Annnal Biomedical Research Conference for Minonty Students t ABRCMS). St Louds. 2011
Nashyille, TN 2013

LOCAL, STATE, REGIONAL

Invited speakerat Kansas Cliy Chapter of American Cangér Soctety Tundraising dinngr; August 2009 (miable to attend)
Judge at PSGRM Aniual Conference. Kansas City, Tie 2007

Judge at Annual Biomedical Research Conlerence for Minority Students (ABRCMS), Moveniber 2011 2013

NATIONAL
Reviewer and study section member for American Cancer Society (ACS). Cancer Diug Development panel. 2012-
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present (eurrently: full study section member)

Reviewer National lustitotes of Health (NIH), ROU/R21 proposal review: Bisengincering Sciences and Technologies
{B5T) study section. ad hoc. 2015

Reviewer National Tistitutes of Heath (NIH), NCT proposal seview: cancer detection, dingnosis, and treaiment
technologies for global health (UH phase 2 and 33, ad ioc, 2013

Reviewer National Institutes of Heath (NIH), SBIR contract review: cancer stem cell culliore systemis (Phase 1 and Phase

Dycad hoe 2015

Reviewer National Institutes of Health (NIH), SBIR conteact review: cancer siem cell treatments(Phase 1 and Phase 23,
ad boc. 2014

Reviewer for Natiomal Instilntes of Health (NIHBR 1A, ad hoe, 2014

Reviewer for National Institates of Health (NIH), SBIR contract review panel’ anticancer antibodies, ad hoc 2011

Reviewer for Nationial Institntes of Health (NIH), MBRS review panel, ad boc 2010, 2012

Reviewer for Natiowl Jostitntes of Healith (NIHD RO T prants, ad hog 2009

Memberof Scientific and Medical Advisory Board, Exogenesis Comporation. Billerica: MA, 200%-present

Memberand participant i sational meetings — Americon Chemical Society, 2009-present

Member and parhicipant in national meelings - American Association of Pharmaceutical Scignces, 2005-present

Member and participant in national and international inectngs, abstract reviewer =~ Controlled Release Socicty, 2002+
214

Member and parhicipant o niational meefings - Amgncan Inshituie of Chemical Engincers, 20002005

‘Reviewer for Advanced Drug Delivery Reviews, Bionicromolecules, Bionatenals, Biomgdical Chromatography.
Biopharmaccutics & Drug Dispesition: Biophyvsical Chemistry, Climcal Pharmacokinetios, Dmg Development and
Industrial Pharmacy. Evropean Journalof Pharmacentics and Biopharmaceuties; International Jownalof
Phanmaceulics, Jowmal of Biomaternials Research, Joumal of Bionaterials Science: Polvimer Edition, Journal of
Biomedical Matenals Research Part & Jourmalol Clromatogmphy B, Jourmalb ol Controlled Releass, Journal of
Phanmaceutical Sciences, Journal of Phiarmacy and Fharmaccutical Sciences. Pliviotherapy Research, Nanomaterials

‘Reviewer for Universily of Houston Gear Program, ad hog 2007

INTERNATIONAL
Reviewer for Mabonal Science Centre (NARODOWE CENTRUM NAUKI). Poland. ad hog 2013
‘Editonal Board member, Journal of Pharmacentics, 2012-2013
Reviewer for leelandic Rescarch Fund, ad hoe 2012
Reviewer for Association for International Cancer Research (AICR), United Ringdony ad hoe 2010
Developed, organized and taught short course (1 full credit hour) “Drug Delivery sysiems”
Tritkuba University, Tsukuba, Japan (huly 2009 and 2010}
Shandong University, Jinan, Ching (July 2009
Reviewer for Hong Kong Innovation and Technology Support Progranume (ETSP). ad hoc 2008
Themie issue editor for Advianced Drug Delivery Revigws, 2 theme issues, 2008 and 2009
Reviewer for Cangdian National Sciences and Eoginéering Research Council (NSERC), ad hoe 2007
Reviewer for Netherlands Technology Foundatton (5TW). ad bog 2007 and 2008

Grants
Active
LROTCATTR292-01 (PL: Forrest) ORI 22818

National Institute of Health/National Cancer [nstitute
Title: Biomaterials for treatiient of head and neck cancers
Role: Pl

LUOIFDOOS283 (lead PL Volkin, Co-Pl:Forresi) 1/ 1/14-9/30/17
FDA (Food and Dyug Administration)
Title: Development of an Integrated Mathematical Model for Comparative Characterization of Complex Molecules

National Institutes of Health (NIH) / Natonal Cancer Institute (NCD D02015-6/10/20106
Contract Number: HHEN2Z61201300047C (NCILcontrol # N43-CO=2015-0047)

Targeted nanoparticle treatment for breast cancer steni cells
Role: co-investizator/Pl subaward
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Industrial Contract (Pl Forrest) OS2 04730714
HylaFlanm LLO

Tramslationdevelopment of miralymphatic chenothémpy
Raole: Principal investigator

Proof of Concept Award (PI Fornrest) S0 543002016
University of Kansas Commercialization and Technology Cemer

Development of therapy Tor tnple nepative breast cincer

Role: Pl

Proof of Concept Jay Award (PL: Forrest) 01 8-6/3012016
Higuchi-Bioscicnees Cenler
Mechanistic nnderstanding of oxidation of thermpeutic proteins after subcuianeous adminisisition
Rale: PI

anisas State Univorsily — College of Vetennary Medicine & Velérinany Health Center 6/1/15-5/31416

Procf-of-concept study locorcgionatly aduunistening 4 magoilerapeatic formulaton of valuronan conjugated cisplainio
dazs wath naturally -occunring metastatic apocrine land anal sac adenocarcinoma

Role: co-investipator

Recenily completed {Jast 3 vears

Proof of Concept Award (PL Rowe) 201467302015
University of Kansas Commercialization and Teclinology Center

Formulaton for enlianeed hanr growth

Role: Co-PI

RSG-O8-133-01-CDEPL Forrest) UTANAOB-O6/30/13

American Cancer Society. Research Scholar Grant

Tarovted drve carviers lor ielanoma therapy

Role: Principal Investigator

1P3OCALI68524-01(PL: Jensen) P22~ B3
NIH Acad. 0, 50,0

KU Cancer bridge award for RO T submissions
Rale: Phon subiwvard

KGOYOAR T Susain G, khomen Foundation, Carcer Catalyst Geant (PL M.S. Cohen) 7/1089-6/301 1 2 Nanocarrier-based
Targeted Chematherapy jor dmproved Drag Thergpyin Locally ddvanced Breast Cancer. (role Co-inyestigator)

Departiment of Defense Prosiate Cancer Idea Award (P Bo Ly 10/0 109 ~ 0930712

Targeted delivery of wanopariicle-encapsilated pl H0betasspeaificinlibitar Jor prastale cartoer intervertion
The goalis 1o developa new formulationof signal transduction inhibitors for prostate cancer using nanocartiers;
{role: Co-investigaton)

IRS6AI091990 (PL: Berkland) OB/13/12 07411
Targeted nanoscale antigen arrays Tor treating autoimmmne discases

NIH

Pilot award (P Forrest) LADA2013-1/2912014

Kansas Biosciences Authority
Preclinical studies of a panoconjugate dg
Role: Principal investigator
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1016 Poyser, “Effects of onapristone, tamoxifen and ICI 182780 on
uterine prostaglandin production and luteal function in
nonpregnant guinea-pigs,” 98 J. REPRODUCTION AND FERTILITY
307-312 (1993) (“Poyser”)

1018 Osborne et al., “Comparison of the Effects of a Pure Steroidal
Antiestrogen With Those of Tamoxifen in a Model of Human
Breast Cancer,” 87 J. NAT L CANCER INST. 746-750 (1995)
(“Osborne 1995™)

1019 U.S. Patent RE 28,690 (“Lehmann’)

1020 GB 1 569 286 (“GB 7286™)

1021 REMINGTON’S PHARMACEUTICAL SCIENCES (excerpts) (Alfonso
R. Gennaro ed., 18th ed. 1990) (“Remington’s™)

1022 Riffkin, “Castor Qil as a Vehicle for Parenteral Administration
of Steroid Hormones,™ 53 J. PHARM. ScI1. 891-895 (1964)

(“Riffkin™)

1023 HANDBOOK OF PHARMACEUTICAL EXCIPIENTS 7-9, 35-39, 82-83
(Ainley Wade & Paul J. Weller eds.. 2d ed. 1994)

1024 PHARMACEUTICAL DOSAGE FORMS: PARENTERAL MEDICATIONS
Vol. 1 (Kenneth E. Avisetal. eds.. 2d ed. 1992)

1025 Dukes er al., “Antiuterotrophic effects of a pure antioestrogen,

IC1 182,780: magnetic resonance imaging of the uterus in
ovariectomized monkeys,” 135 J. ENDOCRINOLOGY 239-247
(1992} ("Dukes 19927)

1026 Dukes et al., “Antiuterotrophic effects of the pure antiestrogen
ICI 182,780 m adult female monkeys (Macaca nemestrina)
quantitative magnetic resonance imaging,” 138 J.
ENDOCRINOLOGY 203-209 (1993) (*Dukes 19937)

1027 DeFriend et al., “Investigation of a New Pure Aﬂﬁﬁsﬁ'ﬂéﬁﬂ (IC1
182780) in Women with Primary Breast Cancer,” 54 CANCER
RESEARCH 408-414 (1994) (“DeFriend 1994™)

1029 U.S. Patent No. 4,659,516 (“’516 patent™)

1028 Alan E. Wakeling, “The future of new pure antiestrogens in
clinical breast cancer.” 25 BREAST CANCER RESEARCH &
TREATMENT 1-9 (1993) (“Wakeling 1993™)

i
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1030 Lu et al., “The effect of combining aromatase inhibitors with

antiestrogens on tumor growth in a nude mouse model for breast
cancer,”’ BREAST CANCER RESEARCH & TREATMENT 57:183-192
(1999) (“Lu 19997)

1032 UNITED STATES PHARMACOPEIA XXIV, NAT'L FORMULARY XIX 14
(2000) (“USP 24”)
1037 James C. Boylan et al., Parenteral Products, in MODERN

PHARMACEUTICS (Gilbert S. Banker & Christopher T. Rhodes
eds., 3d ed. rev. 1996) (*Modern Pharmaceutics™)

1040 U.S. Patent No. 4,229,626 (Schiilze et al.), issued 10/10/1978
(*Schiilze™)
1041 [J.S. Patent No. 4,310,523 (Neumann), issued 1/12/1982

(“Neumann™)

1042 ALFRED MARTIN, PHYSICAL PHARMACY: PHYSICAL CHEMISTRY
PRINCIPLES (N THE PHARMACEUTICAL SCIENCES (4th ed. 1993)
(“Martin 1995™)

1043 Powell et al.. “Compendium of Excipients for Parenteral
Formulations,” 52(5) PDA J. PHARM. Sc1. & TECH. 238-311
(1998) (“Powell”™)

1044 ALLAN F.M. BARTON, HANDBOOK OF SOLUBILITY PARAMETERS
AND OTHER COHESION PARAMETERS (2d ed. 1991) ("Barton
19917)

1045 Hansen, “The Universality of the Solubility Parameter,” (1) 1 &
EC PRODUCT RESEARCH AND DEVELOPMENT 2-11 (1969)
(“Hansen 19697)

1046 Martin et al., “Extended Hildebrand Solubility Approach:
Testosterone and Testosterone Propionate in Binary Solvents,”
71(12) J. PHARM. ScL 1334-1340 (1982) (“Martin 1982™)

1047 Martin et al., “Extended Hildebrand Solubility Approach:
Solubility of Theophylling in Polar Binary Solvents,” 69(5) J.
PHARM. Sc1, 487-491 (1980) (“Martin 1980™)

1048 Gordon & Scott, “Enhanced Solubility in Solvent Mixtures. I.

The System Phenanthrene—Cyclohexane—Methylene lodide,”
(1952) ("Gordon 1952™)

1049 Hancock et al., “The use of solubility parameters in

[

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 90
AstraZencca Exhibit 2092 p. 90




1050 Hildebrand, “Dipole Attraction and Hydrogen Bond F ormation

pharmaceutical dosage form design.” 148 INT'L L
PHARMACEUTICS 1-21 (1997) (“Hancock 1997")

in Their Relation to Solubility,” 83(2141) SCIENCE 21-24 (1936)

(“Hildebrand 1936™)

1051 Waynforth et al., “Good Practice Guidelines: Administration of
Substances (Rat, Mouse, Guinea Pig, Rabbit),” 1(1)
LABORATORY OF ANIMAL SCIENCE ASSOCIATION GOOD PRACTICE
GUIDELINES 14 (1998) (*Waynforth 1998”)

1052 Davy et al., “A pharmacokinetic evaluation of IM administration
of bleomycin vil suspension,” 14 CANCER CHEMOTHERAPY
PHARMACOLOGY 274-276 (1985) ("Davy 19857)

1053 Robmson et al., *“Procaine Penicillin: Therapeutic Efficiency and
a Comparative Study of the Absorption of Suspensions in Oil
and in Oil Plus Aluminum Monostearate and of an Aqueous
Suspension Containing Sodium Carboxylmethylcellulose,”
33(10) J. LaB. CLIN. MED. 1232-40 (1948) (“Robinson 19487)

1054 Newton, “Reviewing the ‘Big Three’ Injection Routes,” 22(2)
NURSING 34-41 (1992) (“Newton™)
1055 Uges, “Plasma or serum in therapeutic drug monitoring and

clinical toxicology,” 10 PHARMACEUTISCH WEEKBLAD
SCIENTIFIC EDITION 18588 (1988) (*“Uges 19887)

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 91
AstraZeneca Exhibit 2092 p. 91




