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l. QUALIFICATIDNS AND BACKGROUND

A. Education and Experience; Prior Testimony

1. My name is M. Laird Forrest, PhD. I have been retained by counsel

for Mylar: Phamiaceuticais inc. (“Mylan”). i understand that Mylan intends to

petition for inter partes review of US, Patent No. 8329:6801 (“the ’680 patent”)

[Es 1001], which is assigned to AstraZeneca AB. I also understand that Mylan

will request that the United States Patent and Trademark Office cancel certain

claims of the “”680 patent as unpatentahle in that petition. I submit this expert

declaration in support of Mylatfs petition.

2. I am currently an Associate Professor in the Department of

Pharmaceutical Chemistiy at the University of Kansas in Lawrence; Kansas, a

position I have held since 2013. I am also an Associate Professor in the

Bioengineering Center, a position I have held since 2011, and an Associate

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

also at the University ofKansas.

3. I received a Bachelor of Science in Chemical Engineering from

Auburn University in 1998, a Master of Science in Chemical Engineering from the

University of Illinois in 200], and a PhD. in Chemical and Biomolecular

Engineering from the University of Illinois in 2003. l 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 201]. In 20071 I accepted a position as Assistant Professor in the

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

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

4. Since 2009, l have been a Member of the Scientific and Medical

Advisory Board of Exogenesis Corporation, which develops nanoscale surface

modifications for implantable medical devices. I am the co—founder of Nanophann

LLC (d/b/a Hylaphann), founded in 201], which specializes in formulation of anti»

cancer chemotlierapcutics. My research toward anti-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 Phannaceutical 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 Phannacy, New
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Investigators Award (2007); and the PILRMA Foundation Postdoctoral Fallow

(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 Phannaceutical Scientists, and the American Institute

of Chemical Engineers; l serve or have sewed on numerous scientific review

panels for the National Institutes of Health’s National Cancer Institute, the

American Cancer Society, and the Association for lntemational Cancer Research

(United Kingdom), I 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 anticles and 5

book chapters» I have also edited 2 special journal issues on drug delively and a

hook on drug delivery and fonnulation. A list of all publications that l have

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

Declaration.

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

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

solution solubility, dissolution, and phannacokinetics, to clinical pharmacy

students and graduate students studying pharmaceutical fonnul ation 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 pan of my work

with Nanopharrn and Exogenesis, I have worked on phannaceutical formulations

for intramuscular, subcutaneous, intravenous, topical, and oral formulation.

10. In the past six years, I have testified in the following litigations:

a. w[Liferole Sharp cli- Dohnra Corp. V. Savior Lifetec Corp, No. 5:15-

CV~0041 S-TWB (E.D.N.C.)

b, Adenine Pharma, [no at, Cd. 12. Antares Pharma inc. at (11., No,

1:l4—cv~fll498-JBS—KMW (D.N.J.), and

C, For Pharmaceutical, Inc. of al. vs, Breckenridge

Pharmaceutical, Inc. at (13., No. 1:15-cv-Di3486-SLR (D. Del).

1 1. 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 1 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.

I. Bases for Opinions and Materials Considered

12. In addition to the materials cited herein, I have considered the

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

training, in providing the opinions contained herein.

’13“ I have also reviewed the expert declaration ot‘Dr. Leslie Oleksowicz,

Ml), and agree with her analysis as to the treatment aspects of the “680 patent.
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I]. SUMMARY OF OPINlONS

14. It is my opinion that claims l~20 of the ”680 patent were obvious over

McLeskey [Ext 1005]. Independent claims I and 9 of the ”680 patent relate to the

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

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

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

claimed excipient percentage ranges was expressly disclosed in McLeskey.

Furthermore fulvestrant was already long known in the art to 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 l»20 of the ”680 patent would have

been obvious over Howell 1996 [Era 1006] in View of McLeskey [Etc 1005].

Howell 1996 disclosed fulvestrant fonuulations in a caster oil~hased depot

injection to treat malignant breast cancer in women. Howell 1996 also disclosed

that fulvestrant formulations in castor oil achieve longectingF effects. With Howell

1996’s 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

3680 patent.

III. LEGAL STANDAS

16. In preparing and forming my opinions set forth in this declaration: I

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

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

is summarized below.

17. I have been told that Mylan hears the hnrden of proving

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

preponderance of the evidence standard means that Mylan must Show that

nnpatentability is more probable than not. I 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. I am told that the concept of obviousness involves four factual

inquiries: (l) 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—ohvionsness.

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 9

Astraleneca Exhibit 2092 p. 9



2D. I am also informed that when there is some recognized reason to solve

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

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

technical grasp. If such an approach leads to the expected success, it is 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. I also 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 0F 0RDINARY SKILL IN THE ART (“PISA”)

22. I understand that the ohviousness 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 prior art, I

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

the prior art.

23. I 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 iimovations are made, and (5) sophistication of the technology and

educational level of active workers in the field.

24. As of the earliest possible priority date of the ”680 patent,1 a PQSA

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

phannaceutics, chemistry, or a related discipline, or equivalent experience in drug

development and fonnulation, and would also have familiarity with and knowledge

of designing and fonnulating drug dosage fonns. The POSA would have at least 2

years of practical experience in phannaceutical formulations and

phannacokinetics. A POSA would collaborate with others having expertise in, for

example, methods of treating disease and administering medicines.

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

basic principles of fonnulation 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

phannaceutical fonnulation; and theoretic and experimental methodologies of
  

' I understand that the earliest application giving rise to the ”680 patent was filed

On January 10, 2000. Thus, I Lmderstand that the ’680 patent is to be evaluated

from the viewpoint ofa person ofordinary skill. in the art as ofJanuary 10: 2000.
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pliannaceutical fonnulation, including pie-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 ofprinted

publications and relevant references in the field ofphannaceutical formulation.

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

prior art literanlre to find information on fulvestrant, its prior art fonnulations, and

its prior art utility.

v. US. PATENT No. 8,329,680 1122:. 1001]

27. I have read and understood the "”680 patella entitled “Fonnulation.”

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. BX, 100]. The

’680 patent also disclosed that it was a continuation of No. 101872384; filed on

June 22, 2004, which was now US. Patent No. 7,456,160. The "”680 patent issued

on November 253 2008, and names John R. Evans and Rosalind U. Grundy as

inventors.

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

elai1n(s) in which the recitation appears:
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Tab} 1Elaims;ni_tlie__i689”Fatent ________________________________________

Indications for Fulvestr‘ant Claims 1 9: heminiial dependent benign or
malignant diseases ofthe human breast or

reproductive tract

Claim 3, 6, 11, 14: breast cancer

Rnute andminiatratinn Claims 1, 4,, 71 9, 12, 15: 1M injecticn

Frequency cf Administration Claims 5, 8, 13, 16: Once manila]
Fulvest'rant Dose Claims 17—20: divided dese

Volume 0f Farmulated Claims 4, 7, 12, 15: 5 ml

Fulveatrant Administered +
Fulvestrant Concentration Claims I, 9: abeut SO nag/ml

Final Formulation of Fulvestrant Claim 1:

“cemptising”

about 50 mgnfl" cffiilvcstrant
abnut 10% WW ethanol

about 10% wtv benzyl alcchol

abcut 15% WW beneyl benzoate
sufficient 3111011111 at a caster nil vehicle

Claim 9:

“consisting essentially of”

abcut 50 mgml'I cffiilvestrant
abnut 10% wk ethane]

about 10% WW benzyl alcchnl
abcut 15% WW bene l benaeate

Blond Plasma Fnlvestrant Claims 1, 9: at least 2.5 ng/ml for at least 4

Cnneentratinn Levels and Their weeks

Duratinns Claim 2., 10: at least 8.5 rig/nil far at least 4
weeks

 
     

29, I understand that Mylan is challenging claims L510. The ’680 patent

includes 2 independent claims: claims 1 and 9.

’3 . .

“ Intramuscular, alsn denoted “Lin.”
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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"l of fiilvestrant; 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 thlvestrant

concentration of at least 2.5 ngml'l for at least four weeks.

31. Independent claim 9 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

consisting essentially of: about 50 mgml"I of fiilvestrant; about 10%

w/v of ethanol; about 10% wiv 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.

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

that claim I recites that the formulation is “comprising” the listed elements,

whereas claim 9 recites that the formulation is “consisting essentially of" the listed

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

identical between claims I and 9.

33. Dependent claims 2nd and 1748 depend directly cr indirectly from

independent claim 1. Dependent claims 10—16 and 1920 depend directly er

indirectly frcrn independent claim 9.

3d. Dependent claims 2 and 10 depend frcm claims 1 or 2, respectively,

and alter the bleed serum ccncentraticn level to at least 8.5 ngml'] fer at least that

weeks.

35. Dependent claims 3 and 11 depend frcm claims 1 0r 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 is breast cancer.

36. Dependent claims 4 and 1.2 depend from claims 1 cr 2, respectively=

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

to a human. Dependent claims ’7 and 15 depend indirectly from claims 1 er 2.,

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

intramuscularly to a human.

37. Dependent claims 5 and 13 depend fmm claims 1, cr 2, respectively,

and recite that the fulvestrant fcnnulatien is administered cnce monthly.
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Dependent claims 8 and lo depend indirectly from claims 1 or 2, respectively, and

recite that the fiilvestrant formulation is administered once monthly.

38. Claims 1748 depend directly or indirectly, respectively, from claim

I, and 19-~20 depend directly or indirectly, respectively, from claim 9, and recite

that the fulvestrant formulation is administered in a divided dose.

VI. CLAIM CDNSTRUCT[ON

39. The term “sufficient amount of a castor oil vehicle” is understood,

based on the specification: to mean that for a given volume of formiflation: after

the addition of fitlvestrant, ethanol: benzyl alcohol; benzyl benzoate, and any

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

castor oil, See BX, 100] at col. 11,11. 640.

4C). 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 ll. Slm53, col. 13 11. 1-446, merely expresses an

intended result of the administration of the fiilvestrant fonnulation recited in the

claims of the 3680 patent Likewise, the term “wherein the method achieves a

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

ngml'i,” Ex. 1001 at col. 12 11. 5466, col. 13 11. 17349, merely expresses the

intended result of the administration of the fulvestrant fonnulation 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, it is my Lmderstanding that this phrase is not to be given any patentahle

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

‘dlierapeutically significant” is understood, based on the specification, to mean any

blood plasma fulvestrant concentration of at least 2.5 ligml'] ("claims 1, 9) or 8.5

ngrnl'I (claims 2, 10) that is attained for 4 weeks afier injection. BX. 100] at col. 9,

l]. 2,4ng

42. To the extent the Board believes that any of the “wherein” terms

recited in paragraph 40 are entitled to any patentahle weight, the term “attained” is

understood under the broadest reasonable interpretation of the term to mean

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

period.” The term “attained” is never defined in the specification, and the patent

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

specified concentrations over the entire specified time periods (or why it wordd

even be necessary to do so). 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 25 ngml‘l (claims 1, 9) or at least

85 nng (claims ‘2, 10) for 4 weeks afier injection. I 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.

VII. SCOPE AND CONTENT OF THE PRIOR ART

A. Ful‘vestrant 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 7o-[9-(414isa55—pentafluoropentylsulphinyl)nonyl]

oestra—l,3,5(lD)-triene~3,ITS—dict It is also known by its code name ICI 182,780.

Fulvestrant has the following chemical smicture:

 
44. Fulvestrant was known in the prior art to be a pure antiestrogen that

has high binding affinity for the estrogen receptor and no residual estrogen

stimulating activity. See, tag, Ex. 1.008 at 5. Because of their mechanism of

action, antiestrogens are known to be effective in the treatment ofbreast cancer.

B. The Prior Art Disclosed Fulvestrant Formulations

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

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

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

1993); 1027 (Defrienri 1994); 1028 (Wakeling 1993); 1030 (Lu 1999). These

fonnulations used conventional escipients, ego, castor oil, henzyl alcohol, benzyl

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

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

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

vehicle. Ex. 1005 at2.

46. The excipients used in prior art fulvestrant formulations are

conventional cxcipients often used in injectable depots. The PQSA would

understand that a fulvestrant formulation containing excipients as disclosed in

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

oil. See, eg, Exs. 1006 (Howell 1996) at 2; 1005 (McLeskey) 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, Lag, Exs. 1019 (Lehtnann) at col. 1, 11. 2146;

1007 (Dukes 1989) at 5; 1020 (GB ”286) at 1; 102:2 (Rifr’kin) at 2—4; 1040
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(Schttlze) at col. 7, 1]. 42—43 It was known in the art to formulate both steroidal

and non-steroidal antiestrogens in castor oil. See rang, Ex. 1041 (Neuniann) at col.

9, II. 2249 (discussing the fornmlation of both non—steroidal and steroidal

antiestrogens in castor oil suitable for im. injection)

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

that castor oil has significant quantities of ticinoleic acid Ext 1022 (Riffldn) at 3.

Ricineleic acid has a hydroxyl fiinctional 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 oil. M. In other wards, caster oil is a

particularly good solvent for pharmaceutical applications!

50. Castor oil is frequently used to create long—acting phannaceutical

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

other phamiaceutically acceptable oils. See, e.g., id. at l.

(h) Ethanol

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

based fiilvestrant tonnulations. See. alga Exs. 1005 (McLeskey) at 2; 1008

(Wakeling 1991) 312. Ethanol was and is one of the most common solvents used

in phamiaceutical tbnnulations. See. e.g., Ex. 1021 (Remington’s) at 7. It is

typically included in fonnulations as an antinucrohial agent, id, but it can also he

used as a solvent. The. POSA would understand that a product for im.
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administration can contain 5—5094“: alcohol. See Ex. 1010 (Spiegel & Noseworthy‘)

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

drug formal ations containing 50% ethanol or less and administered intramuscularly

or intravenously).

(c) Bengt/l Alcohol

52. Benzy] alcohol was also included in prior art fonnnlations of

fiilvestrant. See, eg, Exs. 1005 (McLeskey)a12; 1007 (Dukes 1989) at 7, '9; 1016

(Poyser) at 2. The prior art disclosed that solvents such as benzyl alcohol can he

used to increase the solvent power of oils. Exs. 1022 (Riflkin) at 2; 1041

(Neumann) at col, 9, 11. 27429 (“To increase solubility [of the non—steroidal or

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

possible to add solubilizersi for example, henzyl benzoate or henzyl alcohol”); see

also Ex. 1040 (Scht‘ilze) at col. 7, 11. 43415.

53. Benzyl alcohol has other beneficial properties that often warrant its

inclusion in pharmaceutical fonnulationsi For example, benzyl alcohol is known

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

injectables. See, ago, Ex. 1022 (Rif‘f'kin) at 4 (noting that the addition of benzyl

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

which made the fonnulation easier to inject, and henzy] alcohol was an effective

preservative and local anesthetic).
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(Cl) Benny! Benzaate

5-4. Benzy] benznnte is a cenventienal synthetic solvent eften used fer

steroid herrmnes. See Exs, 1005 (McLeskey) at 2; 1019 (Lehmann) at on]. 1, 11.

14—426; 1020 (GB "286) at 1; see also Exl 1040 (Sehiilze) at CD]. 7, 1]. $13—45, 52m

53.

55. Benzy] hermente is connnenly used as a selubilizing agent and non—

aqueeus solvent in intrmnuseulnr injectiens. Ex. 1023 (Hendheuk of

Pharmaceutical Excipients) at 9; see also Ex. 1010 (Spiegel 452 Nesewerthy) at 26.

Benzyl benzente is typically used at concentrations behyeen DUI—460% v/v. Ex.

1023 (Handbeek ofPharmaceutical Excipients) at 9. Benzyl benzoate may be used

to enhance stereid selubility in Oils. See, (3.33., Exs. 10251L (Phannaeeutical Dosage

Farms) at 5; 1037 (Modern Phennaceutics) at 10; 1041 (Neumnnn) at ca]. 9,1]. 27«—

29 (We increase solubility [of the nan—steroidal 0r sternidal antiestmgen in an Oily

selution, such as a selutien in caster oil], it is alse possible tn add seluhilizers, for

example, benzyl helmente er benzyl alcehel.”); see also Ex. 1040 (Scht‘tlze) at (:01.

7, 111 £13415.

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 era}

puteney that was an order of magnitude lower than fulvestranfs petency in

parenteral (Le, ether than the digestive tract) mutes of administration. Ex. 1008
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(Wakeling 1991) at 3, a; see also Ex. 1009 (Wakeling 1992.) at 2! The prior art

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

ftdvestrant 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[i]”); see also Ext 1028 (Wakeling 1993) at 10. “A common means of

circumventing the practical constraints consequent on the poor [oral]

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

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

1992) at 2.

57. Howell 1996 disclosed the intramuscular injection of castor~oil based

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

 
Howell 1996 demonstrated efiicacy when fulvestrant was administered

intramuscularly in castor oil depot injections. 1d.

58. Accordingly, the POSA woidd understand that fnlvestrant should be

administered in a caster 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

injections work by depositing the drug into a localized area, tie, a depot. Depot
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injections are most commonly either oil-«based or solid suspensions, 0in depot

injections most commonly use the intramuscular route of administration.3

60. 0in depot injections are especially useful in situations in which a

compound has low oral hioavailability. See, e.g., Exs. 1008 (Wakeling 199]) at 6;

1009 (Wakeling 1992) at 2. As early as 1991, nilwhased parenteral administration

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

established precedure. Id. This technique was necessary because, as the prior art

recognized, many steroids have a sustained duration of action when administered

parenterally in oil. Sea, awg Ex. 1008 (Wakeling 1991) at 3, It was understood in

the prior art that i‘ulvestrant must be given by an intramuscular depot injection

because of low oral hioavailahility. Ex. 1013 (O’Regan 1998) at 2 (“Clinically=

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

potency.”).

3 Although the intramuscular route of administration is common for administering

drugs in humans? it is less cemmon in 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 (eg, mice), See, e.g,, Ex.

1051 (Wawfoith 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

reconnnended urfless there are good scientific reasons for using it“).
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61. Oily solutions, especially castor oil and sesame oil solutions. are

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

col. 9, ll. 22m24; see also Ex. 1040 (Schillze‘) at col. 7, 11. 42413 (discussing that

castor oil and sesame oil are preferred oily solvents for formulation ef steroid

hormones in an im. 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 l;

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

(Dukes 19:93) at 2; 1027 (DeFriend 1994) at 5 (“[F]uture studies which are planned

with a different, long~acting, formulation of ICI 182780 contained in a castor oil»

based vehicle”). In contrast, propylene glyeokbased fulvestrant formulations were

known to provide a short-acting release ot‘fulvestraut. Exs. 1006 (Howell 1996) at

l; 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 caster oilmto achieve a sustained duration of action

when administered parenterally.

E. McLeskey [EL 1005]

63. McLeskey, titled “Tamoxifen-resistant Fibroblast Growth Factor-

trensfected MCF~7 Cells are Cross-Resistant in Vivo to the Antiestrogen [CI

182.780 and Two Aromatase Inhibitors,” was published in March 1998. l
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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 fonnulations to a living

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

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

especially an animal that is a common preclinical model (eg, rodents, primates,

and dogs). Each of these animals is routinely used in phannacokinetic 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 ftflvestrant on marine 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 if patients who had initially presented with or acquired
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resistance to the existing antiestrogen tamoxifen may benefit from fiilvestrant

treatmentf1 Ex. 1005 (McLeskey) at 2.

66. Zeneca Phannaceuticals (predecessor to AstraZenece) first provided

Dr. McLeskey with fulvestrant in a solid ferm. Id. Dr. McLeskey initially

fonnulated fulvestrant in ethanol and then spiked it into peanut oil to obtain a

fonnulation of 50 mg/mL, which was used to conduct the study of tumor growth

depicted in Fig 1A. Id. at 5. Zeneca Phannneeuticels then provided McLeskey

with fulvestrant prefonnulated at 50 mgme in a vehicle described as “10%

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

oil.” 1d. at 2. Each excipient in the MeLeskey ibnnulation is approved for use in

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

residual agonist effect on the receptor. This is 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 twnoxifen’s residual, estrogenic activity may lead to resistance in

some patients, and a pure antiestrogen might overcome this resistance.
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humans.S McLeskey used the pretol‘mulated fiilvestrant in the mouse studies

shown in Figs. 113 and 10 Ex. 1005 at 5.

(n) A P0324 Weuld Have Understand that the Fnmmlatian in

McLeskey Wes Expressed in 961m,

67. The POSA would understand McLeskey to have disclosed excipients

in percent weight by volume.

68. Compositions may he described by different systems, including

percent weight by volume (%wfv), percent weight by weight (96wfiw) and percent

volume by volume (WW/v). Rules and conventions in the art would have allewed

the POSA to detemiine 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,6 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

5 See Ex. 1023 (Handbook of Pharmaceutical Excipients) at 341, 6'7, 9, 12; 1021

(Remington’s) at 7, 10ml 1.

6’ Fulvestrant is a solid, as demonstrated by McLesltey. Ex. 1005 at 2 (non-

prefomiulated fiilvestrnnt 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 - (wine) expresses the number of g of a

constituent in 100 g of solution,

Percent weight in voltmze (wt-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 mitotic (my 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

liquids, percent volume in volume; and for solutions of gases in

liquids, percent weight in volume”

Id; see also Exs. 1032 (USP 1995) at a; 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—inwolume. . . [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 fordensity 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 volumetrically the same, but represent a

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

phannaceutical context. Issues such as particle size and packing density can

significantly impact volumetric detenninations, whereas weight measures do not

suffer from the same concerns.

71. Based on the teaching,r of common references in the attm—«such as

Reliiingon’s Pharmaceutical Sciencesmbecause the percent term was used

without qualification in the McLeskey disclosure, and because the solute

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

disclosed by McLeskey formulation would have been understood by the PDSA to

be in units of %weight / volume (lir‘h‘W/V) Although the fomiulation 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 . . r for solutions or suspensions of

solids in liquids, percent weight in volume” (Ext 102] (Remington’s) at 6), the

POSA would have thus understood that the McLeskey fonnulation contained 50

ntg/‘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- Additional 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, Powellwa fonnulator

at the pharmaceutical company Genentech—conducted a survey of excipients and

formulations used for parenteral formulation by formulation scientists. Ex. 1843

(Powell )i During Powell’s survey ofpharmaceutics, several manufacturers did not

provide units for their fonnulations. Id. When pharmaceutical manufacturers did

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

% weight/volume (FKM/V)s showing that this is the standard convention in the field

of formulation. Id. at (238).

73. Powell thus confirms that the POSA at the time of i680 parent’s

priority date would have understood the disclosure in the McLeskey publication to

he expressed in %w/v when describing the composition of the fidvestrant

fornmlation

(b) A PUSA Would Have Known that the Formulation in

McLeskey‘ Was a Solution

’74. The claims of the *680 patent do not require that the administered

pharmaceutical fonmdation he 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 henzoate, henzyl alcohol; and

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

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

alcohol); [025 (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 32 (“1C1 1,82,7’80~ . . [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

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

fulvestrant lbmlulated in castor oil formed a solutiorn whereas fulvestrant

 
formulated in peanut oil formed a suspension Ex. 1025 (Dukes 1992) at 19 3

(disclosing that Wakeling formulated fiilvestrant as a long—acting suspension in

peanut oil, whereas Dukes formulated fulvestrant as a longacting solution in

castor oil). Because castor oil was known to fonn 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 raiderstood that this

formulation was in the form of a solution.

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

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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0in solutions and oily suspensions et‘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., Essa 1008 (Wakeling 1991).; 1009

(Wakeling 1992); 1052 (Davy 1985) at 1; 1053 (Robinson 1946) at I.

F. Hewell 1996 [Ex. 1006]

77. Howell 1996 conducted an investigation of lazing—term administraticn

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

assess the long-term efficacy and toxicity of t‘ulvestrant (ie, ICI 182,780) in

women with advanced breast cancer and to evaluate the phermacokinetics {if a

longwacting formulation used in the study. Howell 1996 described this fennulation

as “a long-acting formulation contained in a caster oil-based vehicle [that was

administered] by monthly i.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 int. injection. [(1. Because the patients received a single 5 ml injection

each month, the fillvestrant concentration in the fomlulatinn can be derived by

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

it can he concluded that the concentration of fulvesttant in the caster oil—based

vehicle was 50 mg/m].
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79. Howell 1996 disclosed the human phannacokinetics, safety, and

efficacy of the leng acting,r caster oil—based depot of fulvestrant. These data

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

breast cancer,

G. E? 0 346 014 (“Dukes 1989”) [Ex 1007]

80. The European patent EP 0 346 014 (“Dukes 1989”), granted tn Dukes=

teaches femurlation of fulvcstrant in an oily vehicle of caster oil and henzyl

alcohol. Ex. 1007 at '7. Dukes 1989 teaches that such fonnulations may previde a

depot from which the dmg leaches out and prevides an antiestrogenic effect for l

to 6 weeks. Id.

81. Dukes 1989 disclosed that a fonnulation of 50 mg/mL fulvestrant, 400

mg henzyl alcohel, and sufficient caster oil It) bring the solution to a volume of 1

mL was administered twice, twe weeks apart, tn ntattue rats in an intramuscular

injection. Id, at 9. Dukes 1989 disclosed that the 50 nag/ml fulvestrant in a vehicle

of caster oil and benzyl alcohol provided an antiestrogenic effect 2 weeks after

injection of the long-acting depot. Id. The rats in the fulvestrant depot treahnent

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

inhibition of uterine weight at a test compound dose of 2.5 mgx’kg of the long—

acting fiilvestrant depot injection. Id. 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. Id. 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

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

suspension was tested in adult ovatiectomized rats”).

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

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

least weeks. Id. at Abstract; see also id. at 6. Wakeling 1991 also noted that

fulvestrant had a longer-acting ettect than did tamoxifen in the treatment ofhuman

cancer tumors in nude mice. 1d. 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 connnon means for circumventing poor oral

bioavajlabiliw was to use an oil depot formulation. Id. (“A common means of
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circumventing the practical constraints ccnsequent on the poor [nral]

hinavailahility 0f sternids is to use parenteral depet formulatinns with an extended

duration ef amen”). Wakeling 1991 then noted that the predicted efficacy ef an

oil depot fulvestrant fennulatien was demenstrated in the nude mense antitumer

studies disclosed in the publication. Id.

I. Wakeling 1992 IEX. 1009]

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

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

antieestrogenic effects of [fillvestrant], folldwing a single parenteral dese ef [CI

182,780 in oil suspensien, were apparent in both rats and pigtail mankeys.” 1d. at

Abstract. In particular, Wakeling stated that “[i]n vivn, the antitumnur activity of

1C] 182,730 was demonstrated with xenegrat’ts ef MGR—7 and BrlO human breast

cancers in athymic mice where, ever a 1 month period, a single injectien at" ICI

182,780 in oil suspension achieved effects cemparable with these of daily

taniexifen treatment." 1d.

86. Wakeling found that the growth of estrogen receptnr-pnsitive MCF—7

human breast cancer cell xenngrafi‘s was blocked completely for at least four

weeks by a single subcutaneens injection of 5 mg ofa fulvestrant ibmtulation in an

oil suspension. Id. at 3.
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J. Dukes I992 IEx. 1025]

87. Dukes 1992 disclosed a. long acting depot fonnulation 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 [Ext 1008]; using intramuscular administration in monkeys of

single doses of fulvestrant formulated in a caster oil—based solution [ti 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 fiilvestrant in the castor oil depot provided dose—dependent

antiestrogenic activity in the monkeys. Id. For example, a single 1.1“. injection of

4 mg/kg fulvestrant in monkeys suppressed endometn'um thickness to less than

35% pf the endometrium thickness of animals in the control group for 2 weeks Id.

at 6. A single i.rn. injection at 5 rug/kg in monkeys suppressed endometrium

thickness to less than 25% for 4 weeks; 1d. These doses and durations would be

expected to be appropriate for clinical use in breast cancer patients. For example,

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

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

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

cancer patients.” M. 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 fiilvestrant in a long—acting castor oil-

based vehicle completely suppressed endomen‘ium growth for 2 weeks after a first

injection, Id. After the third injection, antiuterotrophic activity was sustained for

between 4 and 5 weeks, 10'.

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

fulvestrant fonnulation was not due to drug acctunulation, but instead was due to

slow release of the active drug. 1d. at 8-49. Dukes noted, “[t]o demonstrate that the

sustained action of ICI 182,780 in oil 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 uteronophic action of

oestradiol was confined strictly to the period of [CI 1823780 treatment." Id.

K. Dukes 199311311. 1026]

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

fomiulation of fulvestrant had anticstrogenic 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. Id. at Abstract.

92. Dukes 1993 used two fulvestrant tonnulations for this research:
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(l) “a short—acting propylene glycol—based solution (F1) administered

once daily in]. for 25 days” and

(2) “a long—acting caster oil—based solution (F2) given as a single ism.

injection [in the 25-day period].”

Id. at 2. Dukes 1993 demonstrated that the longacting fulvestrant fonnulation

provided antiestrogenic effects similar to that of the short—acting fulvestrant

fommlation, 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 dosewresponse, and the longer sustained blockade

ofmyotnetrial than endurnetrial growth,“ 10'. at 7.

VIII. 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 is my opinion that each claim of the “680 patent was obvious over

McLeskey. For reference, below is a chart showing how McLeskey’s fonnulation

matches the fonnulation disclosed in independent claims 1 and 9:
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 :«Claimg1:9: 1. 

  
McLeakey Formalation:

"eompt'iaing(claim 1) / “consisting

essentially of (claim 9)

about 50 tngml'l fulvestrant 50 mgml'] fulvestrant (prefonnulated)
about 10% W/V ethanol 10% ethanol

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

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

Sufficient amount ofcaster oil vehicle “brought to volume with caster oil“
                      

(a) Independent Claim I Was Obvious Over McLeskey

94. Independent claim 1 of the ’680 patent recites a method of treating a

hormonal dependent benigi or malignant disease ofthe breast or reproductive tract

by administering to a human an Lin. injection of a phannaceutical formulation

comprising about 50 111ng1 fulvestrant, about 10% w/v of ethanol, about 10% wfv

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'J for at least 4 weeks after

injection. Ex. 1001 atcol.121l.42-~531

95. The fonnulation 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 fomtulation of “50 tug/m] prefonnulateti [fulvestrant] drug

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

Teolume with castor oil[.]‘“ Ex, 1005 (McLeskey‘) at 2. As discussed above, a
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POSA would have known that the McLeskey formulation was disclosed in %wfv¢

See Section VII.E(a), supra. McLeskey’s disclosure of a “50 Innathnl'l

prefonnulated [fillvestrant] drug” exactly matches (or falls within) claim 1‘s

recitation of “about 50 mgfml"1 of fulvestrant." McLeskey’s disclosure of 10%

ethanol, 15% benzyl benzoate, and 10% benzyl alcohol exactly matches claim 1’s

“abou ” concentrations of 10% wfv ethanol, 15% w/v benzyl benzoate, and 10%

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

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

claim 1’s “about 50 tngml‘1 of fulvestrant.“ And “brought to volume with castor

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

vehicle” disclosed in claim 1.

96. The PDSA, when developing a parenteral fonnnlation of fillveshant,

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 caster oil-based formulation of fulvestrant suitable for parenteral

administration in animals 1

9’7, A POSA would have known that fulvestrant was commonly 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); 1023 (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 disc) Ex. 1004 (Expert Declaration of Dr. Leslie

Oleksowicz, MD.) 1111 1 12433, 163465.

98. A PDSA would have also known that in the clinical setting,

fulvestrant must be administered intramuscularly. See Section V11.C, supra; see

also Ex. 1013 at 2 (“Clinically, [fulvestrant] must be given by depot intramuscular

injection because of low oral potency”). A POSA would therefore be well aware

that the formulation disclosed in McLeskey should be administered

intramuscularly to perfonn fulveslrant’s known function of treating breast cancer.

99. What is more= the POSA would have expected the McLeskey

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

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

individual solvent alone. See Section 131A. infra. The POSA would have known

that the molecular properties of the drug solute and the solvents in a solvent

mixture wotdd interact with one another. See Section 1X13, infia. The POSA

would additionally have been able to use routine solubility calculations—which

have been known since the 193(15th 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 IXC, its/ha.
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100. The claim recitation “wherein the method achieves a therapeutically

significant blood plasma fulves’tant concentration of at least 2.5 anginl"I for at least

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

claimed fonnulation in an im. 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. Sea, rag, Ex. 1008 (Wakeling

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

parenterally in oil have a sustained duration of action” and noting that this

motivated Wakeling to investigate the effect of a longsacting parenteral dose of

fitlvestrant).

102. More specifically= the prior art disclosed that oil—based fiilvesnant

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

(Howell 1996) at 3—4, 6 (disclosing continuous release of fulvestrant throughout

one~month dosing intervals and blood serum fulvestrant concentration levels in

excess of 2.5 rig/ml in humans); 1008 (Wakeling 1991) at Abstract (“A single

injection of 1C1 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 oi1~hased depot injection produced an anti~uterotrophic effect in
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monkeys for 3-6 weeks); 1026 (Dukes 1993) at E (disclosing both a “‘shortwacting

propylene glycol-based solution“ for daily administration and a “long—acting castor

oilmbased solution” for a single injection over 25 days) and 7 (disclosing that the

“antiuterotrophic effect of the 4.0 mgx’kg [fulvestrant in oil depot] dose was

indistinguishable from that of the [daily] shortacting fonnulation.”); 1027

(DeFriend 1994) at 2, S (disclosing use of a short-acting propylene glycol-based

fommlation and stating that “future studies [1 are planned with a different, long

acting, formulation of ICI 182780 contained in a castor oil—based vehicle”).

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

fulvestrant in a human patient achieved blood serum concentrations at 30 days of

3.1 ng/mL (after the first injection) and 5.6 rig/mL (after a months of injection).

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

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

7
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 test tubes in the ward”). Serum differs

from plasma in that the iibrogen (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. Ext 1006 at 3. Thus, the PQSA 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 honnonal dependent breast cancer through

intramuscular administration See 1111 44, 77-579, supra.

105. Therefore, claim 1 of the ’680 patent was obvious over McLeskey.

(1:3) Independent Claim 9 Was Obvious over McLeskey

106. 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.”8 l have been informed that “comprising” is inclusive or

limited volumes of blood are available, such as neonates (see, (2.53., id. at 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. 1d. at 2M3.

3 Claim 9 also omits claim 1’s “3 sufficient amount of castor oil vehicle." To the

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

recited fonfnulation of “about” 50 mgml‘I fulvestrant, 10% wfv 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

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

the basic and novel characteristics ofthe claimed invention.

107. For the reasons stated above in Section VlllMa) (as to independent

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

falls within the “about” recitation, of claim 9. See also ‘1] 95, supra. The

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

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

a fonllulation of “50 rug/ml prefonnlflated [fulvestrant] ding in a vehicle of 10%

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

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

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

VII.E(a), supra. McLeskey’s disclosure of a “50 ling/inf] preformulated

[firlvesttant] drug” exactly matches (or falls within) claim 9’s recitation of “about

50 lug/ml" of fulvestrantt” 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 henzoate did not result in a 100% formulation,

and thus that a suitable vehicle, cg, a castor oil vehicle, could be. included.
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benzyl alcchel. Likewise, McLeskey else disclosed a “50 mg/ml prefdnnulated

[fitlvestrant] drug,” which matches (or falls within the range of) claim 9:5 “abnut

SO mgml'l of fillvestrant.”

 108. A POSA weuld have lacked in McLeskey, expected the McLeskey

fennulation te effectively solubilize fulvestt’ant, and administered the fulvestl‘ant

fnmmlaticn t0 a human inhamuscularly. See W 96—99, supra. A POSA wnuld

have alsn knnwn that a fidvestrant fennulation cf fulvestrant, ethane], benzyl

alcchdl, and benzyl benzcate, as in claim QWparticularly a recited fdmtulatinn in

which the excipient percentages d0 not result in 100%, see £247ch note Swshnuld

be administered via a suitable phannaceutical vehicle, cg, a castor oil vehicle. To

the extent claim 9’s “wherein” clause is given patentable weight, a POSA wculd

have expected tn achieve a 2.5 nmgl’1 blood plasma fitlvestrant cencentratinn for at

least 4 weeks. Id, M] 100404.

109. Therefore, for the reasnns described above (and in Sectidn Vlll.A(a);

supra), claim 9 of the ’680 patent was chvious ever McLeskey.

(c) Dependent Claims 2 and 10 Were Obvious fiver McLeskegv

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

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

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

elementmthat a fulvestrant blood concentration of at least 8.5 ngrnl"I is achieved

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

simply an expression of the desired outcome of administering the claimed

fulvestrant formulation in an im. injection. See 1111 40, 100, supra. Thus, I

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

112. However, even if these recitations are given patentahle weight, it is

my opinion that claims 2 and 10 were obvious for much the same reason

independent claims 1 and 9 were obvious.

113. Before the priority date of the ”680 patent, the art disclosed that oil-

based fitlvestrant formul ations achieved a. long—acting effect in both animals and

humans. See 111] 101-403, supra. This art disclosed long-acting effects that

extended to four weeks after injection. Id, 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 1C! are afforded any weightwthey 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
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ng/ml for d 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. Sea '[1103, supra. A PGSA would also know that fulvestrant

fonnulations 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

ftflvestrant concentration of 8.5 ngfml could therefore have been achieved through

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

frequency of administration. See Ba. 1004 (Expen Declaration of Dr. Leslie

Gleksowicz, MD.) at ‘11 192.

115. Therefore, it is my opinion that claims 2 and 10 of the ’680 patent

were similarly obvious over McLeskey and the knowledge ofa POSA.

(d) Dependent Claims 3, 6, II, and 14 Were vaieus' over

MeLeSkey

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, a, 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 ll 97, supra; see also Sectien VII‘A‘ Fulvestrant was long

known in the art in be efficacious in the treatment of breast cancer, See Sectien

VILA; see also Ex. 1004 (Expert Declaratien of Dr. Leslie Oleksewicz, MD) at

T” 166—168.

118. Thus, claims 3, 6,, ll, and 14 0f the ”680 patent were ebvinus over

McLeskeyi

(e) Hependent Claim 4, 7. I2, and 15 Were vainus over

McLeekey

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

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

indirectly, respectively, from independent claim 9. Claims £1, 7, 12, and 15 recite

that ( l) the total volume of fnmmlatidn is 5 ml and (2) the fulvesttant formulation

is delivered intramuscularly.

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

patentable element of 5 ml delivered intramuscularly, it would have been obvieus

to a PDSA to administer a long-acting or “depot” termination, including this

fiilvestrant termulatinng intramuscularly in the clinical setting. See 111] 56—62, 98,

133, supra.

12]. Likewise, it weuld have also been e‘bvieus to limit an intramuscular

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

well-known t0 a POSA at the time. The specifier-men 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, ll. 64—

65. The POSA would understmid 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, 8.3,

EX. 1054 (Newton) at 4. Further, the prier art expressly disclosed intramuscular

injections of 5 mL to humanswincluding im. injections of fulvestrant

fonnulations in caster oilmbefore the priority date of the ”680 patent. See, e.g.,

Ex. 1006 (Howell 1996) at Lin-4, 6.

122. Therefore, it is my opinion that claims 4, 7, 12, and 15 of the ’680

patent were similarly obvious over McLeskey and the knowledge ofa POSA.

(f) Dependent Claims 5, 8, I3 and 16 Were Obvious aver

MeLeskey

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, l3, 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

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

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

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

injection, which provided a iong~ter1n effect. See W 59—62, SIWP‘H. 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, e.g., Exs, 1006 (Howell 1996) at 341; 1008 (Wakeling

11991) at Abstract; 1025 (Dukes 1992) at 3; 10:26 (Dukes 1993) at ’7; 1028

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

Dolekswicz, MD.) 111] 185489

125. Therefore, it is my opinion that claims 5, 8, l3 and 16 of the ’680

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

(g) Dependent Claims 1 7—20 Were Obvious over McLeskey

126. Dependent claims 17-48 depend directly or indirectly, respectively,

from independent claim 1‘ Dependent claims two depend directly or indirectly,

respectively, from independent claim 9. Claims 17-20 recite that the claimed

fonnulation is administered in 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, MD, 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 10041111181—«184.
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128. Therefcre, it is my opinion that claims 17—20 of the ’680 patent were

annilatly obvicus over McLeskey and the knowledge cf a POSA.

B. Grcund 2: All Claims of the ‘680 Patent Were Obvlcus Over

Howell 1996 In View at McLeskcy

129. It is my epinicn that each claim cf the ”680 patent was obvious ever

Ha‘well 1996 in View cf McLeskey. My discussien cf abviausness cf the claims of

the ”680 patent ever the McLeskey reference (see Secticn VIIIA, steam) is

incnlpcrated herein.

(a) The POSA Would Have Been Motivated m Combine the

Howell 1996 and McLeskai: References

130. The claims at“ the ’680 patent claim treating hormonal dependent

benign er malignant diseases cf the breast or reproductive tract with fulvestrant.

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

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

effectively formulate fulvestrant for treating breast cancer in women, particularly

post—menopausal women. See Ba. 1004 (Expert Declaration of Dr. Leslie

Olekscwicz, MD.) at 1111 55451, 134, 194403.

13]. Howell 1996 teaches administering a Icng~acting caster nibbased

formulaticn cf fulvestrant in a menthly intramuscular injection to a patient to treat

breast cancer. Ex. 1006. After reading Hewett 1996, the PQSA wnuld have had tn

find a caster oil-based fcmtulaticn that would snlubilize fulvestrant. The POSA
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would have quickly found this tonnulation in McLeskeyl EX. 1005 at 2,. As I

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

the POSA attempting to effectively formulate a drug, See 11 64, Steam 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

ochLeskey

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 im. injection of a pharmaceutical formulation

comprising about 50 rngml'l fiilvestrant, about 10% w/v of ethanol, about 10% w/V

of benzyl alcohol, about 15% wfv ot‘benzyl henzoate, 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 tigtttl" for at least 4 weeks after

injection. Ex. 1001 at col.12 11‘ 42w53.

133. Howell 1996 disclosed each treatment limitation included in claim 1

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 tract. Ex. 1006 at 1-7. Howell 1996 disclosed administering this

treatment to a humaanowell 1996 administered fitlvestrant to women with
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advanced breast cancer. Int. Howell 1996 disclosed administering the fiilvestrant

formulation in an intramuscular injection. Id. at 14, 6. Howell 1996 disclosed a

fonnulation of fulvestrant in castor oil. id. at 2. To the extent the “wherein”

clause is given patentahle weight, Howell 1996 disclosed attaining a

therapeutically significant blood serum fulvestrant concentration level of 2.5 ngtml

for at least 4 weeks after injection. 9 1d. at 341, 6; see also 1W 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 'l 103, sworn.

134. The element of claim 1 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 escipients and a fonnulation exactly matching

the “about” values of claim 1 of the ‘680 patent. See 1] 95, supra. Specifically, the

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

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

a formulation of “50 tug/ml prefomtulated [fulvestrant] drug in a vehicle of 10%

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

9 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 W 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 in “yaw/vi See Section

VILEta’), swim. McLeskey’s disclosure of a “50 mg/ml'1 prefomiulated

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

50 mg/ml'1 of fiilvestrant.” 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% wfv benzyl heuzoate, and 10% w/v

 henzyl alcohol. Likewise, McLeskey also disclosed a “50 mg/ml preformulated

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

50 mgml'1 of fulveslrant.” And “brought to volume with caster oilf" as disclosed

in McLeskey, matches the “sufficient amount of a castor oil vehicle” disclosed in

claim 1A PDSA would have known that the excipient percentages in the

McLeskey formulation were disclosed in %wfv. See Section Vilma), supra. The

POSA would have also expected that the McLeskey fonnulation would effectively

solubilize fillvestrant; due to disclosures in the prior art and the POSA’S ability to

perform routine predictive solubility calculations. See Section IXiC, irgfi‘ar

135. McLeskey also disclosed a “50 mg/ml prethnnulated [fulvestrant]

drug,” Ex. 1005 at 2, which would have indicated to the PDSA that the disclosed

formulation effectively dissolved 50 rug/ml of fulvestrautwmeaning, a formulation

could include 50 mgiml of fillvestraut, as well as 10% WW of ethanol, 10% w/v of
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benzyl alcehnl, 15% w/V cf benzyl benzcate, and caster oil. Howell 19% else

disclosed a fennulatien containing 2.50 mg cf fulvestrant in 5 mL, meaning a

cancentratien of 50 mglmL cf fulvestrant. Ex. 1006 at 2-4, 6.

136. Thus, claim 1 cf the ’680 patent was obvious ever Hewell 1996 in

View of McLeskey.

(0) Independent Claim 9 Was Obvious ever Hawaii 1996 in View

efiMCLeSkey

137. Claim 9 is almost identical tc claims 1, except that whereas claim 1

uses the transitienal phrase “cemprising,” claim 9 uses the transitienal phrase

“consisting essentially of?” i have been infermed that “cemprising” is inclusive

or open-ended and does net exclude additional, unrecited elements er method

steps; “consisting essentially et‘“ excludes any element, step, er ingredient not

specified in the claim, unless those elements. steps, or ingredients do not materially

affect the basic and novel characteristics of the claimed invention.

138. Fer the reasons stated aheve in Sectien VIIIAta) (regarding claim 1),

Section VIII.A(b) (regarding claim 2), and 1H] 133435, supra, Hewell 1996 and

McLeskey disclesed all elements of claim 9 ef the ’680 patent, and a POSA weuld

have considered bath references. A POSA weuld have locked to the McLeskey,

considered the exact fermulation. expected the McLeskey fennulation tn

10 See supra 11.8.
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effectively solubilize fulvestrant, and administered the fulvestrant formulation to a

lumen intramuscularly. See W 95499} supra. A POSA would have also known

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

henzoate, as in claim 9 should be administered via a suitable phannaceutical

vehicle, e.g., a caster oil vehicle. See 'E108 a11d11.8,supm.

139. To the extent claim 9’s ‘Wherein’i 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 1N 100—104, supra. Therefore, for the

reasons described above (5‘68 Section vmma) and ‘11 133, moire), claim 9 was

obvious over McLeskey.

140. To the extent claim 9 does not explicitly include a caster oil vehicle, a

POSA would have known that the listed fillvestrant Formulation of about 50 rug/ml

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

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

compound, see Sections [KB—C, iefiu, and. which did, not result in a 100%

focumulatien—ceuld be administered via a suitable pharmaceutical vehicle, e.g., a

caster oi] 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 Claim 2 and 10 Were Obvious Over Howell in

View echLeskey

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

Claims 2 and 10 express that a bleed plasma fulvcsttant cencentraticn of 8.5 nglml

is achieved for 4 weeks after injection.

143. For the reasons stated abeve in Section VIII.A(a)—(b) and VlII.B(b)~

(c), Hewell 1996 and McLeskey disclcsed all elements of claims 1 and 9 of the

“680 patent, and a POSA would have considered bath references.

144‘ As stated above in Sectien VIILAW), to the extent claims 2 and 10

purport to add an additional patentable elementwthat a fulvestrant bleed

concentration of at least 8.5 ngml'I is achieved for at least £1 weeksmit is my

opinion that claims 2’s and claim 10’s recitation is simply an expression of the

desired outcome of administering the claimed t‘ulvestrant fomtulation in an im.

injectien. See W 403 100, supra. Thus, I understand the recitations of claims 2 and

10 are not entitled to patentable weight.

145. Hewever, even if these recitations are given patentable weight, it is

my opinidn that claims 2 and 10 were obvious for much the same reasen

independent claims 1 and 9 were obvious and for the same reasons given above

regarding claims 2 and 10, see Section WILNC), .

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

based fulvestrant formulations achieved a long-acting effect in both animals and
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humans. See 1111 101—103, supra. This art disclosed long—acting effects that

extended to four weeks after injection 1d,, see aim Ens. 1006 (Howell 1996) at 3m

4; 1008(Wake1ing 1991) at Abstract; 1025 (Dukes 1992)::31 Abstract; 1026 (Dukes

1992) at 2.

147. To the extent claims 2 and 10 are afforded any weightwthey recite a

blood plasma fulvestrant concentration of‘ 815 ng/ml for 4 weeksmit 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 55

ugfml for 4 weeks. Ex 1006 (Howell 1990) at 3—4. The POSA would have

understood that although Howell 1996 reported settnn fulvestrant concentrntione=

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

interchangeable. See 11 103= S‘IWI‘CI. A PQSA would also know that fidvestrant

formulations in castor oil depots achieved a long—acting effect, See, e.g., supra

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

fulvestrant concentration of 8.5 rig/1n] 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 131'. Leslie

Oleksowicz, MD.) £111] 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 Claim 3, 6, 11, and 14 Were Obvious aver Howell

1996 in Were nchLcskey

V149. Dependent claims 3 and 6 depend directly or indirectly, respectively,

from independent claim I. Dependent claims I] and 14 depend directly or

indirectly, respectively, from independent claim 9. Claims 3, 6, ll, and 14 fLuther

specily 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 1l97, supra; see also Sections VILA, VIII.A.(d); see also Ex.

1004 (Expert Declaration of Dr. Leslie Oleksowicz, MD.) at W 166468,

Fulvestrant was long known in the art to be efficacious in the treatment of breast

cancer. See Section VILA.

151. Thus, claims 3, 6, 1‘1, and 14 of the 3680 patent were obvious over

Howell 1996 and McLeskey,

(f) Dependent Claim 4, 7, 12 and 15 Were Obvious over Howell

1996 in flew echLeskey

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 fonnulation is 5 ml and (2) the fiilvesrrant fonnulation

is delivered intramuscularly,

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

patentahle element of 5 ml delivered intramuscularly, it would have been obvious

to a POSA to administer a long-acting or “depot” fornmlation, including this

ftflvestrant fonnnlation, imramuscularly in the clinical setting. See 1H] 98, 133, and

Section VlII.A(e), snpra.

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

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

acknowledges that “[c]nrrently guidelines recommend that no more than 5 mls of

liquid is injected intramuscularly in a single injection.” Ex. 100} at co]. 5, ll. 64-"

65. The PQSA wou1d 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 PDSA. See, e.g.,

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

injections of 5 mL to humansw-including im. injections of fulvestrant

formulations in castor oilwbefore 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 is my opinion that claims 4, 7, 12, and 15 of the :{580

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 indirectly, respectively,

from independent claim I. 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

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

PQSA 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 fiilvestrant, via an oil-based “depot”

injection, which provided a long-tenet effect. See 1H] 59w62, 124, supra. 1VIoreover=

it was wellmestablished in the prior art to administer a long—acting fonnulation of

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

sustained effects. See e.g., Exs. 1006 (Howell 1996) at 341; 1008 (Wakeling

1991) at Abstract; 1025 (Dukes 1992) at 3; 1026 (Dukes 1,993) at ’7', 1028

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

Ileksowicz, MD.) in] 1854 89, 215,219,
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158. Therefete, it is my cpinicn that claims 5, 8, l3 and 16 0f the ”680

patent were similarly ehvieus ever Hewell 1996, McLeskey, and the knowledge of

e F’OSAw

(h) Dependent Claims I 7—20 Were Obviaus ever McLeske'y

159. Dependent claims 1748 depend directly or indirectly, respectively,

item independent claim 1‘ Dependent claims 19»20 depend directly or indirectly,

respectively, from independent claim 9. Claims 17-20 recite that the claimed

formulation is administered in a, divided dose

160. T0 the extent claims 11—20 purport to add an additional patentehle

element of a divided dose, fer the reasons expressed in the Expert Declaratien cf

Dr. Leslie Oleksewicz, MD, Ex. 1004, it weuld have been ebvicus to a PDSA, in

light of the prim art, to administer the claimed fulvestrant fermulatien in a divided

dose. Ex. 1004 W 181M184, 211w214.

161. Therefore? it is my epinien that claims 17—20 of the ’680 patent were

similarly ObViOHS Over Howell 1996, McLeskey: and the knowledge of a POSA.

IX. THE CLAIMS OF THE ”680 PATENT DID NOT ACHIEVE ANY

UNEXPECTED RESULT

162. I understand that AstraZeneca has contended that the fonnulaticn

recited in the methed claims of the: ’680 patent achieves an unexpectedly superior

sclubility because fulvestrant is more soluble in the claimed ihnnulaticn than in
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castor oil, benzyl alcohol, or henzyl benzoate alone. I disagree with that

contention.

163i AstraZeneca has represented that it was surprising that the

introduction of a non—aqueous ester solventmsuch as henzyl henzoatemincreased

the solubility of fulvestrant in the entire solvent mixture of castor oil, benzyl

alcohol, and ethanol. See, ewg Ex. 1001 at col. 6, ll 8—19. On the contrary, the

literature well known to the PGSA 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 chug formulation and they are therefore

inunaterial in my opinion.

A. A POSA Would Have Understood that Solubility of a Drug Does

Not Depend 801er on Its Solubility in Each Solvent Individually

164. When developing a fonnulation, the PDSA 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 in a solvent blend hosed 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 ofnonselventslf’).

165. The PDSA 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 sol ubilizes 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 pronionate. 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 U3 its solubility in dioxane, the addition of even a small amount of water

improved theophylline’s solubility beyond its solubility in either individual

solvent. Ex. 1047(Maiti111980)at3.
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168. Further, although phenanthrene (a backbone molecule of many

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

methylene iodide, adding cyclohexane to methylene iodide dramatically improved

the solubility of phenenthrene. 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 Solubiligz of n Solute in a Solvent (or Mixture of

Solvents) Depends on Molecule: 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 ’lm2; 1042 (Martin,

1995) at 4. Solubility is governed by the general principle “like dissolves like"

(egg oily lipophilic solutes generally dissolve best in oils, and polar ionic

compounds dissolve best in aqueous solutions). See, 8g” Ex. 1042 (Martin 1995)

at 101 Molecules in a solute have an attraction—or a cohesive energyw—for each
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other and for themselves that holds them together. 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 is 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, including 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 ofpolar groups.

(13) Intermlemlar Forces Between Fulvesrmnt and the

Exeipieats in the ’680 Patent Claims Would Have Led a

POSA to Predict that Adding Barley! Benzoote Would Have

Improved the Solubility ofFalvestmm‘

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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O

bonding nature to the molecule. In fulvestrant, the sulfinyl group ( Viki )
imparts some polarity and hydrogen 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 polarity and

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

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

(’680 patent) at col. 5, Ill 3048. Castor oil has increased hydrogen bonding and

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

oil), due to the hydroxyl functional group in ricinoleic acid, See id. at 31436; see

also Ext 1022 (Rifikin) 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 henzyl 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 Fulvcstrant 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, lie.: the drug, in phalntaceutically 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, rag, Exs. 1049 (Hancock 1997):, 1045 (Hansen 1969); 1050

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

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

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

phannaceutical tbrmulation. The POSA would have recognized the value that

Hildebrand solubility approaches have in predicting phannaceutica] drug solubility

in the early 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

fonn 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

phaonaeeuticai materials and their potential use in designing optimal dosage forms

is likely to be of great value to the fonnulation scientist,” Id. at 18. I 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 1m20 of the

“680 patent were obvious over McLeskey, as well as obvious over Howell 1996 in

view of McLeakey independent claims 1 and 9 of the ’680 patent disclose the

exact excipients that were previously disclosed in McLeskey, and McLeskey

disclosed percentages of those excipients matching the “about” recitations of

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

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

177, Therefore it is my opinion that claims 1—20 of the ’680 patent were

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

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

believed to be true.

-: W ,3. m m ..__,__.. F.“ m ....._
7‘ \ ”.4”? :2: a.“ «m “MEN-F. re“? A" __.:~:_._- eeeeee,3.-

Dated: June 29, 2016 By: «~ we -- a w»-----------““
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lnunduciion 01’ Clinical erratum PH {fl-i667; yearly Spring EOD'SQQHL Cmrrrr marrifzmrrzr and inrirnamr

lermceulical Equiliblia PHCH86213; yearly Fall 20()8«presenL {burner carordfmlmr am] fusrrucmr
Snort warms

Shad course an Drug Delivery; (1 5 leclnmsf 1 credit hr)- Course dazemper and Emu-1mm)"

Shandnng University. China (July 2009)

Tsukuba Urfiversity. Japan (July 2%?)

51mm mum an Drug Farn’rulatinn and Basic Phammnkineiics (15 lecture Imam/l credit hr). Cause (favefaprr and ins‘lr‘licl'or

Tsukuba Urme‘ersit}: Japan (Augnat 301(1)
Partial acumen" and iuvirgd Iefl‘ures

Drug, Delivery PHCH 715; 1391112007., 3009., 2011. 2013

Emerging Trends in Flarnmcauucal Chennai}; PHCH :"il I; Fall 2007‘. P31112008. Fall 2010, 2012. 2014(gua51 lecnntzr)

Immducnon tn Nanniechnningy, 6&2315‘ 656; Sprinngall Ewan 14 (guest. lecturer}

Sigma Xi Cautimnng Educatinn sarias. KUMC Fall 200? (guest lecturer)

Patents

1. Forms: ML. Cai S. Elmng T. Senadhrsszm SPSN. Glue: C. Aims D, “Drug dclivcl}! compasilinns and methods.“ US Pat.

Prmr. Applicaiion 63f374jfik3 (filed manna)

2. Ferrari ML, ‘r’unqi Elma Sixaofang Duran Ti Earring. "Targeted tnTOR inlnbimr" US Pat, Prev. Applicalian 6.3.!120315
{filed ZEZAXQQH).

3. Kwnnr 0.5. and ML. Forrest. “Micellc compesilion of pnlymer and passenger drug." US Pal 9.107.814 (grandad
SilSflfllfi}.

4. Warren ML Cal 3. Drum 53. Zhang T? Yang Q. “Drug and imaging agent delivery cnmpnsitions and methods” US Pat.
$302,235. (granted 4r4f2014)

5. Raw: P. Farmst ML Moulflm R, Cai S. *‘Prepamlinns for enhancement of hair growth“ US Pat. Application (filed
1324330 l5}

(is. Formal ML, Cohen MS, Cai S. “inlmlymplmic chenlulhenzpy drug carriers" US Pat. 3.038312 (gunned IBIZMZ)

{Imeimiional filings 18012.00?)

7. Forrest ML, Cuban MS. Cal S. “Inlrfilgmplmic ahemnthemp}? ding can-Ems" Korean Patenr 10—12247] l (grinned
EXISIZUIE)

8. Format Ml... Cohen MS. Cal Sh “lnflalymphatic alzmnnlhampy drug carriers“ Japanese Patent 5.3.1234!) (gmnted
warm :3}

9. Forrest m. Cohen MS. Cal S. “lnlmlymphalic chemnlhezapy drug carriers“ Chinese Patent 10196520! 13 (granted
lfiffifll‘lfl}

10, Farms! ML, Cullen MS, CM 3, “Intmlymphaiic chcmnthempy drug carriczs" CIP 13/341,282 {filed 1/31’2012}

I 1. Farmm ML, Cullen MS, C31 3, “Intrailymphaiic clmmmherapy drug carrims“ Fm ncc Imvet Nor 3243514

12. Farms! ML Cnhen MS: Cal S, “Innnlymphatic clmmnthampy drug carriem“ Germany DBP Na. 60 2009 033 907
3. ansi ML. {Taken MS. Cal 3. “Intrrilymphaiir: chemmhcrapy drug carriers" UK. 1331:111th 2242514

14. Ewan (3.8, and ML. Fewest. “Mlccllc cmnposilinn ofpnlymar and passengar dnrg." US Pat. 3,173,167 (granted
SKI 1312}

IS. Kwon, (3.5., ML Forrest, and NM Davies. "“Miccllc cncapsnlalinn of Ill-crapcmic agents.“ US App 20100.2[13114

Peer Reviewed Publications gchronological 0111211
List also available as:

htlpzr'a’wxwr . ncbi .nlm .nih.gavr’myncbilbrmvsefcollcctionfil I 3 84976!?sort:date&dimatinn=ascending
1. Emma. Ml.“ DW. Pack. “0:1 111% Kimlics of Pnlyplex Enclacgtic Trafficking; Implicmians far Gene Delivery mer

Dasign.“ flint lbw. {it 37’4313 (2002). PMII): 12095334

2. Fewest ML... J.T. linemen and 13396. Pack. “A Degradable Polymln'lenimim Emir-ain‘t: with Law Toxicity for Highly

Efficient Grim Delivery.“ liiac‘my‘ug Chem. 14: 9344340 (2(103}. PMID: 13129396

Farms! Ml... GE. Mcisler. J51”. Karim: DW. Pack. “Palyfithylcninlim Derivatives will: Reduced Buffering Capacity

and Enhmmed “finalisationEfficiansy.” Pharm. Res. 21: 363371 {2004}. PMID: 15032320

4. Fewest. Ml... N. Gabrifilgm. 0W. Pack. "Cyclodaxtsimpolymhylenimine cnnjngatea I’m: largcmd in ritm gene

delivery.“ Biweélmm’. 13mm. 89: 416423 (20:15). PMID: 13627236

Rim-9cm. GE. and ML. Forrest. ”Ampltiphflic Block Capolymer Micelics fer Nannscalc [3mg Dclivcnr." 13mg Dev. Res.
5?: 15:22 {2006}.

 

Lad  

{J31

Laird Forrest fl Curriculum Vitae Page HIS Rev. Jun-16

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 7-1

AstraZeneca Exhibit 2092 pr 74



6. Farreal- ML. (LY. Wan AW. Waseem, GS. Kwou. “in vitro Release of the mTOR luhibitm Rapamycin tram

Palylethylene g1ycol)~b—Paly(awapmlactane) 11111231125.” .1. (Tommi. Release: 110570677 (20116}. PMJD: 115298448

Higher! cutter! paper it: tlzisjmsrrzcra’firr 21206.

“F. Fantasl. Ml... A. 21130. CRY". Wan. AW. Waseem. (3.3. Ewan. “Lipoplulic pmdmgg ul‘ 1171313911 iltltibilur geldanamyciu
lb! nemaencapsulatian in palytetltylem glycolHas:mwpoly‘tsigma—capmtactone) rrticalltzg.“ J. (”airfral. Relguse 116:139-

l4‘:l(21)1)6). Plvfl‘l): 169293059

8. letg, MR. ML. Fumest, AL. Kat-ls. (3.8. chm. "Bimimtriggemd 113113332 ofPEG~avidin from hiatin}*lated~.13El

enhances in vim gem expmssien.” Binmrrjug. Chem. 18:?46~753 (2007‘). PMID: 137589“?

9. Yzlfirez. .1A... ML. Famst. Y. Oltgattzi. (3.3. Ewell. NM. Davies. “Plnu'macmnetrics and Delivery- of Naval

Nauut’ttrmulated PE.G~b~Palyfg£atpmlactmtel Mitellszs ul‘Rapamycin." Cancer (Warm. Mama-cal 20137 61(11:133—144

{211018} PMID: 1393166 PMClD: PMC22§9393

It}. Xiaug, MP. Y. 13216. S. Fukusltima. Mi... Forrest. N. Nishiyama. K. Katatlka. GS. chm. “pl-l wMinimum1w: Multi—

PEGyIaterl Dual Catianic Nannpafilclefi Enable Charge Modulatimts {or Salli: Game: Delivery." C‘Immwerflf‘fwm 2(9):
l321~132?{200?). FWD: 17579918

1! . Xicsug, MR. Ml. Farmsl. NM. Davies. {3.5. Kwan. “PcslytAspartate~g~PEl$00). a putyelltyleuirttiue analogue at“ law

laxicltjr and ltiglt transfcctitm efficiattcy for gene delivery." Sizlrzmlermlx 2%:4889—490l1 (260?). PMID: ”63929 10.

12. Forrest. Ml... 1A. Water. CM. Rcmsbcrg. Y. Oltgmui. (1.5. KWDIL NM. Davie-s. “Paclitaxci pmclmgs with sustained

release and high salttbilily in pfllywlltylcne glycolJ-hapolyla-capmlactmwl mice-HF: amnesarrlvzrs: phannacokinctic

dispositimt. lulcrabillty and cytetoxicity." Pimrm. Rex. 25194-2116 (2008}. PMID: 1 '39 3 2.482%.

13. MI... Forrest. (3.3. Ewan. “Clinical dcvclapnwnts in drug delivery tmrwlcchnelogy.” xldv. Drug Deliv. Rev. 60(3): 861-
862(213118). PMID: 18358557.

1-1. 5. Cal. Y. Xia. T. Bilgby. MS. Cohen, ML. .Fnrrest. “ltttt‘alymphati: cluemthcrapy using a ltyalumnarwigttlalin

aonjugattz." .1. .S‘zlrg. Rex. NEE): 247-252 (20083. PMID: 13498877. Featured an issue cover. PMCID: PMC2431133.

15. MP. Kim-lg. 1A. Yéficx. CM. Retmberg. Y. Ollgami. (3.8. liwmrt. NM. Dal-lea. Ml... Farrisal. “Farmulaljon 01a

geldzmamycitt pmdmg ill tttFEG—b—E‘CL 1111631163 greatly summits tolerabllitjr and. pltartrtzrcoklmtics in rats." J. (Emmi.

Rel. 129(1):.‘1340121llltlj. PMID: l8~l§fiflt33 PMCID: PMC24‘32396

113. 51.9.. Vega~Villtt. JA. Yfifieze. CM. Ramsberg. Ml... Fatwa. NM. Davies. “Clinical Taxicitics of Namcarrier Systems?"
sigh». flr‘llg Bertha Kw. littltljtfizfi-MS (201118). PMID: 183 1371.11)

1?. lit... Aillc-n. Y. Xie. N. El-Gcndy. CJ. Berldartd. Ml... Forrest. "Effects {If naumnaledal pltysicocllmnical properties 011
in viva toxicity .‘lct’v. Drug. Delft: Rev... 61(é):4§7~fié (3211119). PMlD 1938(32'l5. PMCED: PMC3227433 7.6

18. Ml”. Mung. LA. Yfitfiax. GS. Ewan. NM. Davies. ML. Earnest. "A cmnwplmr—fma formulatien for lanespimlycia ( l?—

AAG} using PEG—b-PDLLA micelles; clmmctefizatiun and pltanmcokinetics in rats." J. Firm-m. Sci. 91%:4}: {WT—813
{20%). PMID 18752263 PMCID: PMC2649998

19. Kilt. ‘1’”. MS. CU'IEIL ML. Earnest. “Drug [3121in 10111:“. Lymphatic Systsmz Impurtance in Future Cancer Diagnasis 51ml

That‘apiea." £11335?! Spin. {13mg Deflta. 13:?85-92 {21109}. PMID: Wfifififll. PMCID: PMCS 1(12644.

21). SK. Nuns. P. Guncla, PK. Tltallapally. Y.Y. Lin. M1... Forrest. Cl. Berlélaud. “Nannparticlfis fer biomedical imaging.”

.Eirpcsrtflpm. 13mg itself“ an 11:1 175-941 (301119). PMID; 1976313894. PMCID: PMCSOWU35.

21. MS. Cohen. 5. Cal. ML. Fatwa. “A Navel {mmlymphatic Nanman'iEpDeliwry‘ 335318!“ fur Cisplatln Therapy in Bream
Cruiser with lmpmred Turner Efficacy" and Lm’ver System: Taxicit}; 1n Viva.“ Elm. J. Starg. 1931;611:781 1 43 {2909). PMID
19963! 129. FMCID: PMC2791 311:1.

22. 5. Cal. ‘1". Extra. NM. Davies. MS. (fallen. ML. Forregt. *‘Pltammnkinctiss and. dismsitimt Gl‘a lecallmcl lymphati:

palymcric ltyalurmmn cmtjugalc ofaisplatin in rats.“ J. Pharm. $31.. 99(6}:2fi6l4—?l (2019}.PM1D: 1992335315.!
23. R. Ndalo. ML. Fermi. JP. Krisc. “The mm m‘ lysmsomes in limiting drug tmlcity in mice.“ J. lermami. Exp. Thar.

333137111203 (21110). PMID: 20056778 PMCI’D: PMC28413013

24. DA. R30. ML. Format. AW. Nani. (3.8. Pinon. 3R. Robinsan. “Bimlegradabla PLGA based ttanopafliclcs for

Sustained regimml lymphatic drug. delivery." J. Pharm. Sci. 99mm 18-31 (21110}. PMID: 1943025121)

25. "1". Kits. KL Alllort. S. Cal. 11%. Cllfistlm2.N.M. Davies. C.J.Ber1cland. ML. Forrest. “Pulmonary deliver]? of cisplatin-

ltyaluwmn cmfiugalea via mtdmracllaal instillation for 111:: tmatmem 01 lung cancer." {at}. J. Pharm. 392(1-2): [5111-63
{21110}. P1141131: 2036:3303 PMCID: PMC2333163

26. 5. Cal. 8. Tlmti. TR. 83gb}: H-M. Dial). NM. Davies. MS. Cohen. ML. Forrest. "“anztlized dmombicin cltenmthcrapy

with a bimpalytmric namcamer improves survival and reduces taxicity tr: xenngmfis af 1m man breast cancer." J.

Carmel. Fifi. 14fi(2):212~218{2011}}. PMID: 20403395 PMCID: PMC2913704

27. “‘1‘. Kiss. 8. [1115111. Ml... Formal. "Alkynfl- and lll-eliminatimr— succlmmldjrl carbumte~~ten111nated heterobigl‘unctional

palyletltylene glyml} far mmrsible “Elli? ” PEGylmlonf‘ Drug Dimer. Stiller. 4(4):.‘240-245 (21) 10'). PMID: 21949558
9MClD: PMC3173183

28. S. Cal. NM. Davies. MS. Cohen Mt... Fmrest. “Carriad»based intratgmplmtic cisplatjrt chenmlhempy for the treatment
at metastatic sqmmoug cell carcinoma 02‘ the head 81 neck." 77:19.0". flefiv. 1(2):237~214§ (22011)). PMID: 21339844
PMCID: PMC3303983”?
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29. R. A- Ndsla. DST: Jacmbs. MI... Fumst, JP. Krista. “lnuacellular distributicmwhased swimmer thug targeting: explaimtg

a lysosomal astdifissttun (Islam associated with cancer cells." AM. Call Mammal. 29131131426 (201m. PMID:
21234418 PMCID: PMC3302633”?

3t}. LA. Yéfiez. CM. Rsmsbsrg. (3.1.. Sayre. ML. Fewest. NM. Davies. “Flipflup pltarmacukinetics - istrersal sf

dispasitisn. Challenges and appammitjes timing; drug develsptttsm.” ’I‘t‘rsr. flail“. 2(531643v6?2 (201 1}. BMW:
21837267 PMCID: PMC3132312

31. Sill. Nuns. P. Gunda. BK. Majeti. PK. Tltallstpztlly. ML. Forrest. "Am-“Emma in lymphatic imaging and ding. delivery

---1.:£t=. Drug. Drain-v. Ré’l’. 63(10»! l):8€37~33 (.1011). PMLD: 21'2187’28. PMCED; 3164439.

32. 3. Est. Q. Yang. Ml... Farmst. “Lymphatic: drug delivery using engineered lipssamss and scald lipid mmepetriisles.” rich-a

3mg. Delis. Rev. t33( Illa—1 lwtlb‘iltlg {2011). PMIB: 2 I 7’1le53‘. PMCID: PMC3164476.

33. MS. Calms. Mt... Fewest. “Lymphatic drug. delivery: Therapy. Imaging, and Namteclmolagyf‘ .«ln‘tz, Drug. Dalila Reta
53(10-11}:365~866 (2011}. PMIE}; 216fi53240

34. SM. Cashes. R. Muktei. 3. Cat. l. Danfisnos. ML Farms”. MS. Calms? "Suhcutaneaus delivery 0f mnmcuttiugatad

dassmhtctn and cisplstitt far tawny advanced breast cancer demonstrstt: impmved efficacy and decreased taxicity at

tmser dasas than standard systemic mammalian therapy in viva." Am. J. Ssrg. 2021i6):646-653 (201 l) * co—

;iczrrmpwtdtrtg attthrm‘l‘ PMED: 2 1932998.

.35. V. Shuts. N. Gabrielsmt. MI... Forrest. DW. Pack. "THE: effects. ul‘PWthtIlI}; Catalyst or: polymer molecular weight

and glans delivery via bittdcgmdablc cmss—linlcsci pulyetltglsnitttins.“ Pharm. Res. 29(2):5t‘tl‘t-ll‘t (201 I}. PMID:
218*}.2707 FMCID: PMC3465843

36. 3. Cat. T. Eagbg. MLFmTest. “Det‘clopzmnt at" rsgiunal clmmmlmrapics: Feasibility. safety and efficacy inclintcal use

and pmclitticm studies.“ that: sttv. 2(1 1): film-1434 (2.3! l). ‘PMlD: 23229080 FMCID: PMCBEJ‘EtTSat

37‘. Q. Yang. H. Cut. 5. Cal. X Yang. ML. anst. “In viva phemacmtstic imaging 0? chemotherapy ~lndttced apopmsis in

squamaus cell carcinoma using a near-infmmd caspasw? pram" .2“. Blamed {thim W t l)? trams (1m 13 PMID:
221121.31 P'MCID: ‘PMC3221H6

lttcludsd in: Virtual Journal at Biological Physics. 22W} (201 I).

38. Y. Luau. Q. Yang. Y. Xis. S. 13113.13. 3. Cal. ML. Fomst. “A. Sensitive Near—Infrared Fluorescent Pmbe 1hr Csspasc:

Syntltssis and Applicafian in Call Imaging.“ Drug Discmr. They“. 5(5):220»226 (201 I). PMID: 2228271? PMCIDT
PMC3 Etifilf’tlil

39. S. Sharifi. S. Beltrsdi, 5.1.1“;an ML, Formsi. P. Street's. M, Maltmmtdi. “Toxicity of Nanmnatcrials.“ Chest. Sac.
Rama 4 l: 2323—2343 (12012“). PMID: 221705 1U Featured 33E mast read article in Decll and Janlz.

40. S. Dusn, S. Cat. Q. Yang. M. L. Fumst. “Matti-amt polymen'c nanecamsr as a nitric aside dslis'cry platt‘snn Fur

Chemotherapy 0f 11am! and neck squamuus mill carcinama“ Blvnsmartals 33(11313243—3253 (21.312). PMII): 22231420
PMCID: PMCEEYEEUQ

4 I. S. Dttan, S. Cat. "‘5. Xie. TR. Baghy. ML. FQHESL ”553' nthssis and characterimtion of a mttlti—ann palfiacrylic acid} star

palymgr far appliflatisn in delivery (If cisplttl‘jn and a nitric wide.“ .1. POM». Sci. .fl Poltrm. Cher/L. 50(13): 2715-24
{2012).

42. Y, 21130.. S. Duan. X. chg, C. Liu. B. Li, ML. Fewest. "Pmdntg strategy for PSMA—tztrgcted delivery 0f TGX—ZZl ts

pmstate cancer cells“ Ami. Plums). {183}: 170546: (20122). PMID; 224944-14 PMCID: PMC36ltl665
43. T. R. 83gb}: 55. Cat. 8. Tttati. S. Dssn. DJ. Aims. ML. Fastest. "Impact sf Mutccular Weight cm Lymphatic Drainage at"

a Biapaiytttct—Baficct Ilmtgiitg. Agefll.“ ermncwmm 4, 276—295 (2312), PMID: 24300232 PMCYD: PMC3334531 l

44. EA. Mshsmsd. M. M. Meshsti. CM. Rsmsbcrg. Yttnqi .‘thss- TM. Berg. A. mem. M. Fads. NM. Davies. Fifi...

Fmrrcst. “Vminctstat with Sustsit‘tsd Relesss and High Sulttbility in Polyt‘ctltylem glycal}—b-palggtjDL-lssttc acid} Micslls
Namcaniers: Characterization and Effects on lemtamkinsttcs in Rat Semm and Urine" J. I’ll-term. Sci. tttt{t03:3?8’7-
93 (20122). PMID: 22806441

45. R. Ndolct. Y. Luau. 5. 13mm. Ml... Fm‘rsst. J. Kriss. “Lysosonmtmpls Properties of Weakly Basic Anticancer Agents

Pmtttmc Catttcm Cell Selsctivit‘y“ PMS (3m? “It" I ljifl493fi6 (2012). PMTD 23145164 PMCID: PMC3492287

46. C. Rsmsbsrg, Y. 21mm. .1. Takemots. R. Bertram. N. Davies. ML. Forrest. “Phanmcokiuetic Evaluation 0f 21 DEPE—
PEGEUOtt Misc-altar Fonmlatimt at“ Ridafmolimus in Rat.“ Pharmaceutiss St ”131431 (201:2)

47. R. Venabls. D. Wartey. D. Gttstafsmt. R. Hansen. EJ. Ehrhart. 1). Aims. 5. Cat. M. Cohen. ML. Fewest. *‘Hyalummn

sisplstin conjugate in five (lags with soft tissue sarconms.“ Am. .1. list. Ra’s. ?3{12):1Q69-?6 (2012). PMIX): 2313’6425
PMClD: PMC333778682

48. TR. Bsgby. 8. 011311. S. Cat- 8. Thati. (3. Berkiand. D. Aims. ML. Fewest. “Lymphatic tmflicking kinetics and near—

infim‘eci tnmgtng using. star patymar architectures with contralled anionic character". Em: J. Phann. Sm". 47(1):287~94
{2013). PMID 22546180 PMCID: PMC4301975

49. Al. Mallet, MA... Fatmst. MS. Dctmmre. “Physical nouvviral gene delivery metlmds fortissne engineering.“ Arm.

Biattted. lit-2g. 4l(3):446~68 {2013) PMlD: 23099792
50. K Devarsistt Ml... Femst. MS. Deiatmre- H. Stamker. "Adcnmrectar Mediated Daisey; 10 Human Umbilical Cord

Mesetmlmtml Strmnal Cells Induces lnmar Ear Cell Pltetmmpe." (Tsflzflar Rspmgrmmmsg 150 $423.53» (2013). PM“):
233795181 PMCYD: PMC42§874Q
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U»U:

(:4.

(:5.

66.

67.

68.

f»:r4

_ S. Cullen. N. Rackéfeller. R. Malawi. I). Durham. M. Forrest. 5. Cal. M- (3011211. Y. Slumydar. “Efficacy and Tuxicity a?

Peritumaml flelivazjg 0f Nannmnjugated Cisplatin in 311111 Vim Murine Made] (11‘ Head and Neal: Squamous Cell

Camimma." rill-l ill ("almlarjwrgafagwffead all Algal: Srsrgew 139(4):.382w? (2013 J. PMID: 2323990 74 PMCID:
PMC4386558

T. 21mg. H. Gui. H42. Chang, X. Yang. M}... Fewest. “leroacausfic imagirig of blulogical flames with radiatirm

damaged namcliama miss 33:1 near infrarad Optical mantras! age-m.“ .fmrrrrcs‘f cgf‘BramerIiw-zl Optical“. 13(2):.26018 (20123).
PMID: 2340041? PMCID: PMC3569533

3 . I. Scalak. M. Mullins. L. Nanlmrp. S. Thrall. ML. Formal. T. Sléthaan. CT. Berklzmd. "Single—slap grafting 0f aminmxy-
pcplirlcs to lwalumnarz: A si 12191:: approach to nurlllfimctimral leeraprtrllics Fm experimental autoimmuur:

cnccplmlamyclitig.“ Jayme! rfi‘C'rsrrl‘r’rdlerr' Release. 153(3):):34—4”) (2013). PMID: 235—11930 PMCID'. PMC3672265

. Q. Yang. DJ. Aim. S. Cal. GR. F1333. D. Zhang. CZ. Li, MI... Forrest. “in viral effisacy ulnam hyalurorraw
mmugmed cisplaiiu for treating“! 0f murine melamma." J. ilrzrgr Herrrmml. 13(3):}.83 5! {2014}. PMID: 24595572
PMCID: PMC4344317

Malian A}. Gfidfifl}; ME. Slrlmgle HE. Mame 135. mest ML. Dermuore MS. “Engraving, viability and rmnsl'eciim:

efficiency with human umbilicrfl cord Wharlmr‘s jelly cells thrcmgh use of a ROCK. izrllibilryr." ("r/Irriar Repmgmmmmg
warm»? (2014). PMJD; 245E255: PMCID: PMC39673’?3

Cl Lauiws. 1A. Yuma. ML. Forrest. NM. Davies. “Liecanwluliug the Hysteresis Lamp Conundrum in

Phamiamkinelir: {Pharmawdymmic Relatiguships" J. Pharm. Phann. Sci. ”(1)3449! (20143. PMID: 24735761
PMCID: PMC4332569

Y. Elmo. T. 23mg. ’5. Drum, NM. Davies. MLFrzmssr. ’“C‘D44wTrOpiC Polymeric Nanocarrier for Breast Cancer

Targeted Rapamycm Chermlharapy“. Nmmrrwdrcme: Alli-U 10(6): 122143?) (2014). PMID: 24637218 PMCID:
PMC4119334

. T. Zhang. H. C111“. (3-? Fang. K, Chang. X. Yang. Hail Chang. ML. Furrcst. “Targeted nanodimmnds as phenotype

spacific plmmacuustic canvas: agems farbmgl airman“ allrrzmwalr‘cim (London) l()(6):1221—30 (2014). PM“):
23'323fi9l PMCIU: PMC4711133 Mill

. S. Cal. A. Alhmvgran. Q, Yang. WEM. Fm‘mfil. Y. Slmayrler. ML. Forrest. “Cellular Uptake and lmrzmalimtimx of

Hyaiumuanbascd Dommbicin 311d Qisplruin Corrirrgatssf‘ J. Drug flagging, 32l?):6=18~5? (28:14). PMID: 24392741
. S. Thali. C. Karel. B. Hafiwell. 3. Sasmk. T. Sialman. ML. FW’WSL C”. Berkland. “Rallies of Administraliou and 13:13::

thimimtimr 11f Solublr‘ Antigen Arrays in Mice Willi Experimental Autoimmmm Encaphalomyalilis.“ J1 Pharm. Sci.
Ill-1(2):? 14—11 {2015). PM'ID: 25447241 PMCI‘D: PMC4312227

. R. Chen. ‘1’. 2113:}. Y. Huang. W. Jiang. IE. Thrasher. P. Termwova. ML. Fancsl. 13. Li. “Nammficellar TGXEBI blacks

mmgrafis tumor gromh of prosrale cancer in nude mice.“ merarr: doi:10.I£}ll?.lpros.2294l {2015). PMID: 25633467
PMCXD: PMC4376584

". Q. Yang. I‘LR. Mauldcr. MS. Cohen. S. Cal. ML. Farmed. “Cabezanlinib Leaded DSPE~PEG2000 Miccllcs as Belivmy
Samara: Formulation. Characterization and Cymmxiciiy Evaluation.” ii-‘iflJ Plzarzrrrwmtiml Sciences Lgiizfllll (2015).
FM“): 256138382 PMCID: PMC4327881

Malian A]. Devaraian K. Shimgle HE. Mama D5, Tamra Z. Laurence JS. Forrest ML. Naji 3. Tamika E, Surecker H.

Detamore MS. “Non—viral repr'flgrasmmng 01" human Wharlmfs jelly cells reveals, difierences between A’I‘DHI

lmrmlagues.“ Harare Engineering Farm . ll’l 1—12): l?95~8(l‘9 {le153, PMID: 25760435 PMCH}: PMC4449705
Clmkmhorly. Aislrik; Marcel. Nicalas; Tan. Ming; Simmer. Ashleigh; 211mm,. Ti; Forrest. M. Laird; Slim,

Prajnaparanma. “‘lesphclipid Composition Modulates Carbon Nanodiammrd Induced Allemlians in lespholipid
Dmmin Fammlmn." Langmuir. 31(13):5093-104 {201:3} EMU): 253%1323 PMCID: PMCHUZMS

Q Yang, M. Gang. 5. Cai. T. Skiing, J.T. Dmglas. V. Cllikan. NM. Dairies. P. Lee. I.- Y. Chm. S. Rem ML. Fmresl.

“Cambiuing hard and safi nmgmtism mm a single care-shall nampzmicle to achieve both hypenlmmfla and irrtage
gamma.“ Wrempemjr: {Jamar-1 6{10):1 lES-li-lel {2GB} PMID: 26%6855 PMCID: PMC4?132§16

‘5. Cal, T. Zlmng, WC. Forrest. ‘r‘. Qiuhong, C. Greer; E. M0111: DJ. Aims, M. SM. Axiak~Beci~1mL BK. Flesrmr. (3.].

Henry, FLA. Sailing, [3. Tara. LA. Swami, J.N. Bryan. ML. Puma. “Phase Ifll Clinical Trial 3f Hyalrrronanfigplmln

Nanoconiugate for the: Treatment of Spontaneous Canine Cancers.“ .ngrr‘cmr Jmmmf listerimm Rmearch, .elrffirsprer!
30.15. .Wfllflflfiflfil

MW. Sim PT. Gmgan. C. Submmanian, (LR. Bradfmcl, TE. fiarey. ML. Forrest. ME. Prince. MS. Cullen. “Effects

gar“ Per-immml Namcmriugaied Cisplalin ml Laryngeal Cancer Stem Cells." The Lam-arrgmmpe. glee—Emmi 3015. PMID:
36690734. lefilfific‘flr‘fi}

Boakxx’Spacia! Jmma! Issuas.‘ as Edirw

ML. Forrest and (3.8. Ewen (ca-erlitrrrs} “Clinlcrxl ricvelapmcms in drug delivery nanmeflnmiogy.“ Advanced Drug
B‘E’Iil’ifi‘ffilfi Rmfie‘i’l-I-‘S. Ellsevier (Philadalphia. PA USA). 2008.
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«A.

Mi... Perfect and MS. Cohen (cweditors) “The Lymphatic System: Therapy. Imaging and Naumecimnlmgy.‘ .i‘lct’vamred

Drug Belivctjt!Kermit-'5: Elsa-Pier (Philadtflphizt. PA USA). 201 i.

3. Mi. Fewest and J. Ramsey (cacditcrs). "Narmpmicies for Delivery of Biathcmpcutics.“ Future Science Ltd. (Landon).
2015.

Ed

Beak chapters {peer revises-will
1. Liu. ILL... Ml... Farrcst. and (3.8. Kwon. "Micel mum: and Drug Solubility“ Enhancement" in Filmer 112.81)!“th Drug

Phrrrirslmimv. 2“" ed. Edimr R. Lin. CRC‘ 1311235 ("30:23.1 Rattan. Fl...) (3)08}.
Hem- 13.53.. Yunqi 2.1121611. ML. Farrcm. “Pralyethylmtc glycril pclyester black capsiymers: Eiowmpatiblc carriers Eur

mopanimflatc drug delivery" in Mammal Qj'ilartwmmg Bimwrwmfix r31 :‘Jamywdmme. Ed. Dem Peer. Taylor &

F:31sz publishing. (Qxfard. UKKEOI l ).

LA. Ysificz, DR. Braoks. ML. Fal‘I'ESL NM. Davies. “Pharmacckinetic Behavim at” Orally Admirtistcred Drugs" in

film! Einmrziiaéffigr: Jimmy Pr‘iflciptes. .rlrft’cmced (“always armiéippiimfiam. Eds. M. H1! and X. Li. Wiley Press
{Huhokem NJ) (2011).

4. T: Zharrg. ML. Forrest. “Biatherapcutic applicaticrts cf metallic nampatiiclcs.“ Nanapflrticlresfiwr Delivery :31"

Eiaiherrrpemm. Future Science Ltd. (Lamina). publishing 2(1) 5.

Q. Yang. Ml"... FDTFCSL "firug delivery 10 the lymphatic system." in {33mg flair-16:11:: I’rinctpiex mid .4pglicctirmx. Sgcrzm!

{ii-Mimi. Eds. B. Wang. T. Sialtaan. Wiley Press (chckcu. NI). publishing 2015.

 
Ed

LaJ

U;

Conference Abstracts, Pagers. Proceedings and Posters

1. Fancy. Ml... D. W. Pack. “Quantitation ofcrtdolysrtsnnml trafficking of gulyglcx germ delivery: vehicles.“ Procewt’irgs

grime Imammimml Siwrzprarmm on (L‘cmtrm’lcd Release Qfflmacétive lrmmm 28. 6ft? (2001).

2. Forrest. ML. lT. Eacrhar. 13W. Prick. “Highly Efficicm. Bicclcgraclablc Pclycthy‘lcnimiuc Gene Delivcry Vehicles.”

Pf‘rtkflfi’fikaflgfl rlfe'kt’ immrmlumi .‘aft'rrzpasmm rm (”frinrmllwi 361mm affirmative: :‘x-sfsrterialfi: 30. 588 {29033.

Balija. AM... M. L. Fewest. DW. Pack. and SC. Kimmerman. “Dcnrlritic ijan h0rse.".-lbsrracts Qfl’dpth {American

filmuim.’ é‘ar*§£*{v.’tfeetfirgl 228: U63 26 7-0RGN Part 2. Aug. 22 (2804).

4. FoncsL ML... N. Gabrielsan. DW. Pack. “Reduction of mlyethylenimine btdfeiings capacity alliances irmitm gene

delivery activity.“ .rllcfiecumr Hawaii 9:81 38 (2004).

Forrest. Mi... 3. Tn. 0322 Won. W. Millick. (3.3. Ewart “Nameltcapsulatian of Hydz-aplrobic Paclittmcl Prodmgs i=1
Palytctl’tyicuc glycol)~blflckamiytc~capmktctmm Mica-lies." Pracrcetlisrgs of the Inlcrarrrtiwml Swnpmimrz cm

{bummed Iteicme affirmative limerick 3t“! (Zilth‘é).

6. Yzificz. l. C. Remsberg. G. Ewen. IV. Davicc. ML. Forrest. “Pharmacokinctics. Delivery. and Tclembiiity <11“ Naval

N'anocncapsulatcd PEG—b~Poly(e capmlactcnc) Micclles of Galdamtmycin Prudmgg in Rats.“ firm? .3 QWMZ’?
{2007),

7. mest. Ml... J. Ytéiicz. M. Xiong. 6.8. Kwon, N. Dairies. “Pharmawkincticg and Characterization of l7~AAG

Gcidanamyciu Analcguc (TmieSpimycin) in :1 Poly-(ethylene midcgabficlfiu-lactic acid) Micellc Nanmmrier."
.-£.-lPSJ 9:W4405 {21.107}.

8. C. Rmmbcrg, C. J- Ytificz. G. met, N. Davies. ML. Fumst. "T0 encapsulate a synllmsimd pacliiaxcl firming; in
mnphiphiiic black c0130] fffl'ititf micelles 0f PEG~b-PCL and m daterrttirze Site phanmcmkinetics and tissttc distributiml

{if paclitaxel pmdmg {PAX'I‘CIS} miubilimd in PEG-b~PCL compared m Tami.” 3:13;??? .1 9:W44tifi (200?).

9. Fermi. ML. and DW. Pack. ”DNA-Polymcr Complexes for Gene: Therapy: Discovering the Barriers to Efficient

Delmar-y.“ Porter pmscntatimt at the University of “limit; Biotcclmalngy Syirtpcsium. Urbrma. IL. November [999,

[0. Fmrest. ML. and D.W. Pack. “Quantitation of Polyplcx pH Microcm‘iromncnt as a T001 for Elucidating, Gem: Delivery

Mechani 3m.“ Paper at Pharmaceutical and Biotechnology Program Artzefican lmtitutc of Chemical Enginccring

Natiaml Meeting. Rena. NV. November 200 t.

ll. Forregt. ML. and DW. Pack. “Narm—Conmlcxcs 0f P’Qlymcrand DNA: “Artificial Viruses“." Faster at the

Nanotechnology Industrial Sympasium-University 0f Illimis. Urbatm. IL. May 2003.

12. Forrest. ML. and D.W. Pack. "Non-Viral Gene Delivery Vectors Based an Modificd Poiycthyienimine" and "Highly

Efficient. Biodegradable Polyetlitjrlenimine Gene Dalivcry Vehicles.“ P951613 at the 30m Armtta] Mccting S: Expasition
of the Controlled Release Secrety. Giasgmr. Scotland. July 2003.

iii. Format. ML. and GS. me’l. “Hydrolje’sahle Prodmgs 0f Geldanamycin for Efficient Nanoencapsulation and Sustained

Release.“ Poster at the .xi‘tmcrican Assaciatian (31’ Pharmaceutical Scientists Annual Meeting and Exposition. Nashville.
TN. November 200:3.

DJ
,

’Jt
:
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14. Forrest. ML. and (3.8. Kwott “Hydrolysnble Prndmgs of Gelrlanaun‘ciu for Eilicient Nenoencztpsulzttion and Sustained

Releage.“ and *‘Nanoenm‘ers for Controlled Bribery of? Therapeutic Agents." Poster tit American institute of Chemical

Etigineem Annual Conference. Cleveland. OH. November 2005.

IS. rattler. Mi... Mi... Forrest, Y. Ctltgttnii. (3.3. Pinon. NM. Davies. “Pitttrinztcotnetrics and Delivery-- of Novel
Nanol‘onttttlttted PEG-b-Poly{e-caprolnotone} MioelleS of Rnptunyein.“ Poster at American Association oi"

Phnnuaeeutical Scientists Annual Meeting San Antonio. TX. Bomber 2006.

16. Forrest. Ml... lA. Vii-liter. CM. Retnsberg. GS. mel, NM, Davies. “Nanocarrier Formulation of a Geldanamycin

Pmdrttg in ABC? Mieellogt Phartnacokineties. and Tolerability in Rats." Poster at Utah l3'“ Drug Delivery Symposium.
Salt Lake City. UT. Februargr 2.007.

1?. Forrcot. MI... in. Witter. CM. Rentsberg. (3.8. Kwoit. “NM. Deities. “Phartttncokineties of Nenoencapsulatetl

Pnelitatxel Hemmte Prod rug in Polytethylene glycolt—bloek-polgteprilon-cnprolttetone} Micelles.“ Poster at 34‘“ Annual
Meeting of the Controlled Release Society. Long Beach. CA. July 200?.

is. Xiong. MR. 13%. Yéfiez, GS. Kwon. NM. Davies. ML. Forrest. “A Cremopltor-free Fonnulation for li-AAG
ltanespintycin) using PEO—b—PDLA micelles: Clutmcterization and Pharmacokinetics in Rats." Poster at 34““ Annual
Meeting of the Controlled Release Society. Long Beach. CA. Jul}: 200?.

19. Forrest, Ml... 1A. Yéfieg. CM. Retnsberg. GS. Kwon. NM. Davies. ”Plutnnaookincties of Nanoertoapsnloterl
Paolitaxcl Hortonate Prodrttg in Polytetltytene glycolybloehpoljrtepsilenaaprolaetone) micelles.“ Poster 313$“ Annual
Meeting of the Controlled Release Society. Long Beach. CA. July 200?.

20. MS. Cohen. H. Blair. 8. Cai. Y. Xia. Ml... Forrest. “Intralgrntphatit: delivery system for treatment ofbreast cancer.”

Presented at American Society of Clinical Gttcologv - 2007 Breast Comer Symposium, San Franoiseo, CA September
7—8, 2007.

ll. Yéfiez. 12%.. CM. Retusbflrg. (3.8. linen. NM. Davies. ML. Forrest. “Pltnrntacokinetica. Delivery. and Tolernbility of

Novel Namenenmulnted PEG~vaolytjepsiiun—caprolnctone) Micelles of Geldanantjgoin Pmdrugs in Rats.“ Presented at

American Ansocintion of Plittflttéicetitieal Scientists Annual Meeting. San Diego. CA. November. 1007.

22. Renteberg. (1M. J .A. Yz'tt’tcz. (3.3. Kwou. NM. Davies. ML. Fem-251. "‘Pltartuttcokinetie and. Tissue Distribution

Analysis of a Paclituxe] Profiting Nameneapsulatecl in PEG-b-Polyt‘epsilon—cnptolaetoue) Micelles." Presented at

American Association of Phannnceutical Scientists Annual Meeting. San Diego. CA, November. 2007.

23. Forrest. ML... IA. ram. MP. Xioug. (3.3. litters. NM. Davies. "Plutrtrrtoekinetics and Characterization of I'LAAG

Geidtttu‘tntyeirt Analogue (Tittiespitnyein) in a Polyietltylene oxide)~b«—‘Puljr(D~iactie tteid) Minolta: Nanocarrier."

Presented at American Association of Pharmaceutical Scientists Annual Meeting. San Diego. CA. November. 200?.

34. C511. 8.. ”3". little. ll. Dial). MS. Cohen. ML. Forrest. "Nanocartier delivery of cisplatin to the lymphatics: in vitro and in

rive evaluation in rodents." Presented at KUMC Masonic Cancer Center Annual Meeting. December 1. 2007.

25. Cal. 3.. Y. Xie. T. Begin-u MS. Cohen ML. Forrest. “A Hyaluronnn Innuean’ler For inimiytuphatie chug delivery:

gt'tttlteais. characterirntiott and pliartneeoltjueties in rats." Presented at American Association for Cancer Research

annual Meeting. San mega. April H. 2003.

26. Cat. 8.. .M.S. Cohen. ML. Forrest. ”lturnlympluuic treatment of breast cancer: synthesis. characterization and

pltnnnncoldnetics in talents." Presented at Abbott Labs. Abbott Park. IL. lune I3. 2008.

27. MS. Cohen. 3.. Cal. ML. Forrest. "ltttralymphatic mtmeazrier chemotherapy for breast cancer: improved delivery to
locategiottttl 1y mph nodes.” Presented at AAC‘R Translational Cancer Medicine: Cancer Clinical Trials and Personalized

Medicine conference. Monterey. CA, July 21. 2008.

28. T. Enghr. ML. Forrest. "Development of Stable Motphalan Fonnulntions for Melanoma." Presented at RU Cancer

Center Research Symposium. Kansas City. November 7. 2008.

29. Y“. lite. Kl... ammo}. Bet‘kland. MLForrest. “Emmett-en}- Delivery of CiEplflilfl-H}*£llttf0fl3fl Conjugater forthe

Treatment bf Lung Cancer: Synthesis. Pharntneokinetier. and Tissue Distribution in Rats.“ Piesented 312008 Cancer

Center Research Symposium. Kansas Ci 1y. November ’3. 2003.

30. S. Cal. Y. lite. TR. Bngby. MS. Cohen. ML. Forrest. “lrttralymphatie dntg debt-raft: for treatment of breast cancer and

head and neck cancer“ Prebeuterl at The. University of KBIEES Cancer Center Symposium at the University of Kansas
Medical Center. Kansng City. November 7. 2008.

3 l. S. Tltati. S. Cal. TR. 83gb}: MS. Cohen ML. Forrest. “lntrnlyntplintie drug delivery fbr treatment bfbrenn cancer:

Synthesis. cltnrnoteriration. pliarimteoltinetics and anti-cancer activity in mdcntr" Presented at The University of Kansas-1.»

finneer Center Sympoeium at the Unirorrity of Kansaa Medical Center, Karlene Cit};= November 7. 2008.

32. S. Cai. Y. Xic. TR. 83gb}; MS. Cohen. ML. Forrest. “intrnlymphatie (1mg delivery for treatment of breast cancer:

Synthesis- clmractetirntion and pitamtneolrincties in rodents.“ Presented at Higuehi Bieseienee Tn] its 2008 at University.-
of Kansas. Lawrence. December 5., 2003.
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33 TR. Bargby. Y. Xjn. Ml... Fnl'rest. “Reversible Shielding of Viruses for Cancer Gene Therm} 3‘ Pmsanted at the 14111

international Synipnsiunt nit Recent Advances in Drug Delivery Systenrn: Drug C‘anierswhugrms Bey-“om Delivery. Salt

Latin: ("Jinx UT. February 16. 2th9.

34. Y. Xia. I‘LL. Aillnn- C. Berklancl. ML. Fmrest. “Nnnncnmcr delivery system for nltetnntlterttpeutin treatment nl‘ lung

rand/er.“ .“ Pmratnetl at the Nth lntcmntinnnl Syrnpnsitun 0n Recent Adraztnes in Eng; Delivery Syntntns: Drug

Crirficts-Frugrcss Bawnrt Delit'cry. Salli Lake City. UT. Ech‘nrnry 16. 21119.

. 5. (int. Y. Xia. TR. Rugby, 5. Thati. BJ. Jolmstnn, MS. Cnltcn . ML. Fnrrcst. “lntrnlymphntic drug dclivcrjr for

treatment at” breast cancer and hand. and mack cancer: synthcnis. nltnrantnfinatiun. phannncnkineticn and anti-cancer

activity in rodents." Presented at 14th intentntinnal Q'mpnninm on meant advances in drug delivery systems. Salt Lake

City, UT. February 16. 2009.

36. Fnrrcst. ML. “Drug nannca rricts fnr intmlymptmttc cltcrnnthempy 0f breast cancer.“ Presented at INERE Conference.

Dklnhnmn City. 0K. May 28. 2909.

37. TR. Bagby and M.L. Forrest. “Lymphatic Imaging 01' Mice." Presented at Thr: University of Kansas Department (if
leminccutic-rtt Chemistry Fall Retreat. anrrznnre. KS. Gunner 15. 20th).

38. TR. Bagby. 3. Cal. 3. Thnti. Y. Kira. NM. Barring, MS. Cnhen and ML. Fmrest. “‘Lnnalizad ananthinin

Clinnmtherapy with u Binpnly nrnric Nanncunter lmpmues Sundial and Ramses Toxicity in Xenagtnfis of Human

Breast Cancer." Presented at the Faculty Research Day at tltn University nf Kansas Medical (Terrier. Kartsng Cit}; KS.
Nat-ninber 3. 20th}.

39. Rernsherg. CM. Mi. Taketnnto. RM. Bartram. ML. Forrest. NM. Davies. “Develnpment nfa novel micelle

fonnulation and phnrntncomntrics of the It]T.R inhibitor. dnfnmlintns.“ Prennnted at finiturfian Sun i315; frtr
Phamtacnuticnl Sciences in Richmnnrt. Rfitish Cnlumbin. lung 25), 2010.

4t}. Renisberg. CM” JR. Talcernutn. RM. Bertram. ML. Earhart. NM. Davies. ”“Nnnnftmnulatinn develnnnrnnt and
nlmmtacn nintrics at” the Instant: deucetylnsr: inhibitor vori nnstnt." Presented at Canadian Society fur Pltnnttacentical
Sciences in Riclunnnrl. BC. June 2—5. 201%}.

-l l. 5. Cat. S. Dunn. Q. Yang. ML. Forrest. “Lymphatic Delivery of Clsplatin and Nitric Oxide Pmflimg JS—K fer the

Treatment nf 'Mctnstatic Hand and Neck Sqnn mans Cell Cancer.“ Presented at Department of Pharmaceutical Cltnzntntrj;

Falt Retreat Sympusiurn. Univernity (if Kansas. Baldwin City. Kaunas. flanker H, 2010

42. 8. Cat. ML. ‘Fnrresl. “‘Lytrtnltntic Drug Delivery fer the Trantmnnt of Metastatic Cancers." Presented. at Schnnl (3f

lerrnnqr Graduate Hnnnrs Syntpnsitnn. University of‘Kansns. anrttncn. Kansas. April l5. 2010

43. TR. Bright“. S. Tltnti. S. Cat. and ML. mest. "Effect nl'Mnleculnr Weight nu Lymphatic Drnirtngn Patterns and

Kinetics nt’ annlimd Drug, Carriers." Presented at Plutmtacculics Graduate Student Research Meeting. Cnlurnbns. 01th).
Junta. [8. 20K).

44. Q. Yang. S. Cat. TR. Brights: S. Dunn ML. Forrest. "Ettcnpsnlnttnn ninnticancer drugs and imaging agents in

nannparticlcs far 13-“ ntpltattc cancer tmntment.“ Pmscntncl at Department of Pharmaceutical Chemistry Fall Rntt‘ent

Symposium. Baldwin city. KS. Dctnber l-l. Ettttl

43. TR. Brights. S. Thati. S. Dunn. S. (131de ML. anst. “Ellbct nt‘ Molecular Weight and Change on Lymphatic:
Urujnztgn Patterns and Kinetics of anntixed Drug C. tiers Using Whale Body Fluorescent Imaging." Prasaittecl at [ha

@311th Ainntnl University 01‘ Kansas Deprunnent of Pharmaceutical Chemistry Fall Retreat. [hurt—rattan KS. Getnber 15.
315310.

46. Y. 2:11:10. 8. Dunn, ML. Forrest. “PSMAhtrgEtrtd Nar ocarriers for Delivery (if TEX-221 tn Pmstnte Cancer Cells.”

Presented at Department 0f Pharmaceutical Chemistry .Fnlt Retreat Symposium. Baldwin City. KS. Octnher I4. 2010

47. 31.1311. 5.; 8. Chi: TR. BaghfiML. Forrest. “Synthes‘g nfsngnr and carnelian: star polymrirs far lncntined

ahernutheraplry". Presented at the 45th Minivan Regimen Meeting of the American Chemical Sanitary. Wichita. KS.
Gunther 27-30. 201 (l.

48. ukenmtn. J.I'{.. CM. Remsberg. ML. Forrest. NM. Davies. "sznmicrttlnr delimit: pharmnmkinetics and

phannztcodytnunics of the histone dencetylnnr: inhibitnr snbnmylnnilittn hydmxnrnir: acid.” Presented at the American
Anmciatinn nl'Phnrnmcautinnt Scientirsts Annual Men ing and Expnsitim}. New Orleans. LA. November 13‘] it. 2010.

49. Rentsbcrg. CM. ML. Ferrari. NM. Davies. “Chianti attire dctcrminrtttnn of ttdnt’nmttmtrs. a ntTQR inhibitor. in rat

plannzn using. L-CXESUMS." Presented at the Ft? Pharmaceutical Sciences 2011’} World Congress. Atrtrzrican Arsocintinn
5f Pharmaceutical Scientists. Annual Meeting and Exposition. New Orleans. LA. November 13-14., 2010,

St). Chi, 5.. Y”. Xie. S. Than. TR. Baghr. MS. Cohen ML. FQITCSL “Lymptntic delivery nfcisplntin fer the treatment of

metastatic heart and thick Squamous can cancer.“ Pmnentert at thbntizntinn of Pharmaceutics Educnlirm Network

t’GPEN), Uniwrsity of" North Carmina. Ctntpcl Hill, NC. November Ill-[2. 20 10.

b) Ut
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’5 1. Rugby. TR. 8.111311. 3. Dunn. S. (2211. ML. Fumst. “Effect ut‘Muiecuhn Weight anti Charge on Lymphatic Drahtage

Puttems. and Kinetics. ui’ Lucatizad Drug Carnursf’ Presented at Giubaiizatiuu ut‘ Phanuauauttcs Education Network

{GPEN}. University afNurth Camiim. Chapel H111. NC. War-amber 111-11. 21311.1.

5. €31. S. Dunn. Q. Yang, ML. Fewest. “Targeted Drug 131311me fur Cumhinutiuu Nitric Oxide: and Ptatinum
Chumuthcrupy £1111an and Neck Cancer.“ ngcntud :11 Chemical Biuluggx NIH Training Grant Sympasium. University
113114311335. Lawrence, Kansas. December 7. 2011}

. 5. C31. S. Duan. MS. Cullen. ML. Fumest “Targeted Drug Plutfunn for Cumbimtiuu Nitric: Oxide and Platinum

Chumotherapy 01 Head and Neck Cancer.“ Presented at Kansas {Dex-’1. Newark 91‘ Biuxmdical Research Exccttencc

Sympogitun Kansas City. Kansas. January 15. 2011

54. S. (3311, ML. Fumst. "Dcuciupumut 91‘ Drug 1312111:ch Plafl’nnns fur Locomgiunal Treatment 01' Caminuntas.“ Presented
at Kansas IDcA Newark 01 Bimucdifial Rcwurch Excellence Symposium. Kansas City. Kansas. Junwary 1:3. 2111 l.

55. S. Cohen. M. Cohen. R. Mttkelji. S. Cai. 1. Darrtianux'. ML. Fewest. “'Subcutaneuus Delivery 01' Nauucuniugatad

DommbicinfCisplatin er Locally Advatuscd Breast Cancer Demusttates [mpmved Efi’icacy and Decreased Toxicity

fiver Standard Systenuc.“ Resident. Pustduc. Fallows Rewamh Day. Kamila City, Kansas. Ma}? 5. 201 1.

511. ML. Farregt. S. Cai. S. DUEHL MS. Cuban. Q. Yang. "Nitric 0x1de~relensing nanoparticle cmnbinatiun thflmm 11:}

uvercums drug tusistunue in platimunwsistunt 13112331 cancers.“ Presented at American Euciaty at? (3111113311 101100105):

Breast Sympasium. San Franciscu. CA. September 9. 21111.

5?. S. M. (30111311, R. Mumtji. S. Chi. 1. Dantjanm; Ml... Fewest {presanter‘}. MS. Cohen. “Evaluation 0f mmuiutu

13211110101339 response and 1115101095112: toxicity using a subcutamous dulivcry fiystem w 1111 cambinatiun mnucunjugatud

dummhiuin and dammit: fur 1063113! advanced breast cancer in viva.” Pmsentud at Atnuriuun Swim}! 01’ Clinicai

Unculugy Breast Symposium. San Handset). CA, September 9, 2111 1.

51:1. 52. Dewmjan. 1131.1... Farmst. H. Stuecker. MS. Detamure. “Adenoviral mudiateti gens: delivery 1:: human 11211131111231 curd

museum} ma! stem cells for inner ear hair cell diffe 1761111311011.” Biomediizal Engineering Society. Hattfhrd. CT. Omaha.
21.111.

59. CL. Say ta. SE. Marthmz. EA. Mohamed. MM. M35113“. CM. Rutnsbcrg. Y. Ehuu. T. M. Burg. AMM. Fflde}. 1.1:.

Thkumutu, ML. Forrest. NM. Davies. “Vurinustzn with malaimd mlcased and high sulubiiitjg in puntethylcne gummy

b-polyQDLulautic acid) tm'cclle mmcartiars: Chamcturization and effects en plumuacekinutics in rat serum :1 11d urine."

Canadian Society fur Plunmuwtical Sciences Annua1 8.331119031111111. Tomato. June 2012.

60. 8. Cut. Q. Yang. S. Shier. D. Wurlcy. L. Schmédcr. D. Aims. M. Cuhcn. ML. F‘urmst. “A safe and efficacious aupmach

in uésphluu ui'tutnuthcrau}: lucuuugtnnut ézuactiun u1‘1131211’1ut in canines.“ American Asuncintiun 01" PhurnmcmnicuZ

3121;211:1525 Annual Meeting. Chicagu. ‘11... {312113131311 21112.

(31. Fomst. ML. "Permutation dawlopnmnl and pharmacokinetics 01‘ subcutuncnusiy injected HytaPtat in spuntat‘tcuus

mum cancers” Internatimtal Seating. for Hyalurnun 312116113153. Dhlahumu City. OK. June 3. 2013.

62. T. Zhang. Forrest. ML, "Nanodiutuunwbusud Shutters! agents For photauxsuustic ttmging.” SPIE Itttertuniunai Society fur

uptics and phututfics. San Diego. CA. August 25. 2013.

63. S. (731‘. D Vania. M. .Fun‘ust. .1. Bryan. 13. A1113. ML. Furrest. “A safe and efficacious approach tu cisphnht

i‘ilélltfllili‘l‘ztpjg'? iucu—t‘ugiututl injectiun in" 1:1 ylttPtut in canines.“ American Assuciutton 01' Cancer Research Atutttzti

Muetjng. Sun Diegu. CA. 1113331121114.

64. S. Cm“. WE. Fnzwest. J. 1311:2111. D. Aims. ML. Furrcst. “Development quucuregional Pulymenc Cisrtlatx’n

Cltenmtltempy: Clinical Trials in Canines with Spuntanmus Cancers“ Cuntmlied Retenfie Suuiaty Annual Meeting.
Chicago. 1L. June 2014.

65. M. 1... Forrest. 5. Cat. WC. Punch. ’1“. flung, M. Cohen. .1. Bryan. 1). Aims. “Develupmem ut' Lucunegimm} Puhmehc

C1311] atin Chemotherapy: Clinical Trials in Canines with Spuntaneuus Caesars.“ American. Assucinh’on for
Pharmaceutical Sciences { AAPS) Annual Conference. San Diego. CA. Navemher 21.114

61'}. PT. White. C. Suhmmuniun. RT. Grugan. S. Cal. ML. Forrest, MS. Cullen. “Nampm‘tideuurguting of breast cancer
attain (213113 impmues efficacy and durability of chenmthempy.“ Assuuiutihn 1hr Academic Surgery Cungmss. Las Vegas.

NV, Fahmary 21.115.

67. S. 151zigum. D. Uppaluputi. S. Cai.1. Hndgc. L. Forrest, M. Tamum. “A 11:21:23.1 chemnttmrapy with hyalnmnatwtsptmin

uottjugnte sight ficantly uttemunes. gruwth 01“ 11mg adcnucumiuunm xcnugrafts in mounts made]; American Assuciation

fur Cancer Research MACK) Annual Cameraman. Phfludclphia. PA. April 22., 2015.

U1 ts.)

U1 Lu

Invites! Lech] rust

1.. Fewest. ML. and GS. Kwon. “lepltoltptd Washes for Chcmethcrapcutic Dmg Delivery.” Invited Eecture fur

Engineering Seminar Series. Univetshy of Kansas. Lawrence, KS. March 111. 311115.
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Ed Fantast. ML. and (3.5. KWGIL “Nitnnnitnapsutatinn ni‘ Chemotherapeutics.“ Invited lecture far Pharmaceutical Seinnces

Seminar Series. Wasliingtnn State Urns-emit}: Pullman. WA. September '53. wait.

3. Fmrcst. ML. and (3.8. Kwon, "Deirelnpmnnt ol’Nannteclmnlngies l‘nr Drug and Gene Delivery." Invited, lecture fnr

Chemical Engineering. Ftnrirln State: Unit'nrsitgr, April 25. 2006.

4. Fewest. ML. “Stability (if Simlimus in Oxidativc mimnmcms." Invited lcctutr: I‘m Exngcncsis l110.. Cambridge, MA,
April 25, Ellll’l.

Forrest. ML. “Emerging nancrtherapcutins fur cancer." Invited lecture for Sigma Xi fieminar Series. Salient at” Medicine.
University (if Kansas Medical Center. Kansas Cit): KS, Septembsr 3. 20W.

6. Forrest. Ml... “Nanocanicr tectmalngics for {limiter imaging and treatment.“ Invited lecture I’Qr Engineering Seminar
Series. Univnrsity of Kansas. Lawrence. KS. Climber )9. 20m.

’3. anst. MI. “Nnnncarricr technrtlagy in this tmtttment and diagnosis of calmer.” Invited lecture for Department of

Chemistry. Missnuri State University. Springfield. MO. Qctnber 283. 2307.

ll. Forrest. ML. “Nair mums I‘m cltnmnthnrapentir: itllrzl'l‘flllliflll using nanntscltnnlngy.” Invited lecture fnr Department 01‘

Mnlccnlar and intrsgratit’c pitysinlngzr. University of Kansas Martian?» Center. Kansas City. MO. Fcbniary 4. 2008.

9. anst. ML. *‘Trnilblnrti 11g new pathways in calmer therapy". Invited lecture For Department 9f Chemical Engineering.

Uklnlwma State University. Stillwater. (3K. Octnber '1. 3103.

It}. Forrest. ML. “Lymphatic nhnmothentpy In! localized cancers“. Invited lecture for Department 01”le Binlngy.

University nf Missnnri. Kansas Elly. KS. Decattttter £3. 2th8.

II. Fantast- ML. "Drug delivery tnclmnlngr and new treatments in cancer.” Invited lectun: for Department 01‘ Chemistry.

University of Central Arkansas. COIN-fly. AR Ntwemtier 2t). 2008.

12. Farmst. Ml... "Design 0! .nsnncttrriers Int naval routes at" therapy." Invited lectiut: fnr Department of Bioengineering.

Universin at” Kansas. KS. April It). 2009.

I3. Fin-rest. Ml... “Drug mmncarriers fnr intrnlymphatic clmntotltcrapy ofbreast cancer.“ INBRE Cnnl‘nrence. Dklahnnnt

City. QR. May 28. 2009.

14. F0 nest. ML, "Targeted Nattmplmmtaccuticnls for analimd Caminnmas“. TSukuba University Tsul-tuba City. Japan.

July 15, 2009.

. Forrest. NIL. “Nanotechnology Treatments fer Cancer“, Sltandong J inversity. Jinan. China. July 2?. 2.009.

. Fri mast. ML. “Nanntcclmolngr and Future Therapeutics in Cancer militant“. Washington State University. Pullman.

WA- August 3, 2009.

I7. Forrest, MI... "Devetnpment 0f Nanncaniar Platfonns fer annlly Advanced Carcinomas". Washington State
University. Pullman. WA. August 3’, 20W).

18, anst. Ml... “Localizring rintg deliriumz t0 reduce tnxicity and improve efficacy.“ NSF 1U CRC. Atlanta. GA. Nmtemher
EU. Billy}.

19. Forrest. MI... “Enginccrnd nannnwtnriais in drug (161 Every." Department {if Materials Science Tacltnnlngy. Gmduatr:

School of Industrial SCiiZIIGC and Technnlogy. Tokyn University {if Sciatica. TOkytJ, Japan. June 9, 20 It}.

20. Forrest. Ml... “Nannrmtiugntc fnrntnlattnn For trntttmrznt nl‘ localtjr advanced. cancers,“ Department nl‘ Binmolncnlar

Enginncring. Graduate Sclwnl 0f Biasciertcc and Biotechnology Tokyn Institute at Tecttnntngy. Tnkyn. Japan. June. I l.
2010.

21. Fnrrcst. MI... “Nanncnnjtzgatc fnrmulntinn for treatment of Incally advanced cancers." Bioengineering Laboratory.

RIKEN Institute. Wilkfl. lapnn. June [5. 20 [0.

2'2. Format. ML. “Enginmrnd mmomaterials in drug delivery.“ Bioengineering Depart ment. Tokyn University of

Agriculture. ‘Tnltyn. layman. June 22. 2010.

23. Forrest. Ml... Star pnljnrters fur localized drug delivery." Graduate Salton] of Medicine. University at Tnkyn. Tnkjro.
Japan. 111m: 23. Etlltl.

24. Forrest. MI... "Lymphatic drug targeting systems.“ Bimnaterials Engineering Research Institute. Tnkyn Medical and

Dental. Takyn. Japan. June 28. 20:0.

25. FomsL ML. analized chemntherapy using payment: nameaniers.” Department at Translatinnal Medicine. Natinnal
Cancer Center. Tokyo. Japan. July I. ECHO.

26. Fnrrrast. ML. “Nnnnpartictn engineering for targeted dmg denim“? Schml of Engineering, Tsulcuba University.
Taiilmba City: Japan. July 6. 2810.

27, Fermi. ML. “Hyalumm’m nanncamm in drug delivery,” Department 01" Binphy sicnl Chemistry. Kyotn Pirannaceutical

Unixnrsit}; K3010. Japan- July 3. EUR).

U!

 

,_...— 0.‘JI    
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lit. Forrest. ML. “Star polymers for localized drug delivery." Department of Drug Delivery Research. nnci institute for

ltnrevntive NnnuBin Drug. Delivery and Development. Geniuzrte School of Phil nnscenticsl Seienees. Kyoto University.

Kyoto. leper]. luly 9. 2010.

2.9. Forrest. ML. "Localized chemotherapy using polymeric ttanocarriers.“ Department of Applied Chemistry; Graduate

Selioel of Engimering, Osaka University. Osaka. Japan, July 12. 2010.

.10, Forresi. ML- “Nnnnpartiele strategies for treatment el‘ head and week and breast cancers.“ Department of Biomedical
Engineering. National Cerebral and Esrdievnsenlnr Center Research Institule. Osaka. Japan. July 13: 2010.

31. Forrest. Ml... “Star polymers for localized drug delivery.“ Department of Chemistry and Materials Engineering. Faculty

of Chemistry. Materials and Bioengineering, Kennel University. Osaka. Japan. July l4. Ell £0.

32. Forrest. ML. “Localized chemotherapy using polymeric nattocartiers.“ Osaka Prefecture University. Osaka. Japan July
IS. 2010.

33. Forrest, ML. “Localized chemotherapy using polymeric newcomers.“ Department of Applied Chemistry and

Bioengineering. Graduate School of Engineering. Osaka City University. Osaka. Japan. July 16. Etlltl.

34. Forrest. ML. “Mnlti—hrzxuclrerl polymer design forcirug, delivery.“ Department of Applied Chemistn‘. Hiroshima

University. Hiroshima. Japan. hit); 17. Hill).

35. Forrest. ML. “Lecalimcl no nopanicle chemotherapy.“ Institute For Materials Chemistry and Engineering." Kyushu

University. Fukuoka. Japan. July 20. 20111.

36. Forrest. ML. “Targeted chemotherapy in the lytttphatic system.“ Hokkaido University. Sapporo. Japan. July 2?. 2t) 10.

37. Forrest. Ml... “Targeted drug delivery to the lymplenies and functional imaging of tumor response.“ Affiliated Hosriitsl

ei‘ Gnangrleng Medical College. Zlminieng. Chisel. lune 3. 2t)! 1.

38. Forrest. ML. “Targeted. chemotherapy platform for veterinarian oncology.” University of Missouri. Rolls. October 7.
201 l.

39. Forrest. ML. “Lnenlixed chemotherapy Fer anticancer treatment and tepid in vivo imngi 11g 01' therapeutic response."

Universitv of Kentnek}; Dept. lernoeenties Seienees, Lexington. KY, November 4. 201 1.

4t). Forrest. ML. "Development of localized cancer treatments and itteztsmentent of therapeutic response.“ University of

Manitoba-r. School of Fltnnnncy. Wimnpeg. Camels. April 1 1. 211113.

41. Forrest. ML. “Localized anti—cancer treatment vie lymphatic: targeting.“ Midwest Regional Meeting of the Atttericnn

Chemical Society {MWMBL Gunilla. Nebraska. Qetober 25. 2012.

42, Forrest, ML. “Localized anti—cancer treatment vie! lymph-trio targeting.“ KINBRE External Advisory“ Committee. Kansas

City. KS. April 1?.2t113.

43. Forrest. ML. "‘ Localized anti-cancer chemotherapy,“ international Advanced Drug Delis-121}r Symposium. Taipei.
Taiwan. May 2. 2013.

44. Forrest. ML. “Formulation developmnt noel phernntcoliineties of subcutaneously injected HyleFInt in spontaneous
canine caterers" luternnlio rial Society for Hyelnrnnn Sciences. Oklahoma City. Elli. June 3‘. 2m 3.

45. Forrest. ML. “Locally targeted anti—cancer therapy.“ University of Missouri .. Kansas City. Kansas Cit}: MD. April 27.
2014.

46. Forrest. ML. “Locally targeted platinum clmtttothempy.“ Kansas State University. Manhattan. KS. Gctooer 5. 2.015.

Conference Podium Presentations technological order}

1. ML. Forrest. DW. Pack. “Quantitative essay for polymer»; release from enclolvsosemes: implications for design of gene
delivery vehicles.“ AlCltE Armual Meeting. Les nttgelee. CA. November 13. 260i).

2. ML. Forrest. DAV. Pack. “Qumititatimt of enclolysosomnl trafficking ofpolyplex gene delivery vehicles." EE‘S’
lniemntionnl Symposium on Controlled Release of Bienetire Materials. San Diego. California. him: 27, 2001.

3. Forrest. ML. and 11W. Pack. “Intelligent Design of Gene Delivery "Vehicles: 15 Endosomal Builering Necessary?"

Ame neon Institute of Chemical Engineering National Meeting. Reno. NV, November 2001.

4, Forrest, ML. and DW. Puck. “A Degradable Betivonse of Polyethylenimine that Provides Higher Gene Transfer

Efficiency and Negligible Cytotoxicily.“ American institute of Chemical Engineering Annual National Meeting.

tnctiunapnlis, 1N. November 2(102.

lvil. Forrest. 1T. Koerher. DW. Peek. “Non-viral gene delivery teeters based no modified polyethylenintine.“ 30’“
international Symposium on Controlled Release of Bienetive Materials. Glasgow. Scotland. June 22. 2003.

6. ML. Forrest. J.T. linemen. 11W. Pack. “Highly effieienr. biodegradable polyethylenimine gene delivery vehicles." 30‘“
lmemalional Syrrrposium no Controlled Release of Bioaeti‘tre Materials. Glasgow. Scotland: June 22. runs.

 

th
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1 ML. FumsL LT” limiter. and uwl Pack Euhaucament of PEI ~1nedialecl gene delivery by acelylation 0f Dummy and

saccndam aminasf” AlChEl Mutual Meeting San ancism. (7.3L November 20‘ 200i

8. N. Gabricimu, ML. Forrest, and BRA!“ Pack. “Reductimi of palyclhylimimim buffering causally aiiiianczcs iii-«Film gem:

delivery activity.“ American Sadat}; nl’Gcnc Therapy 11"“ Annual Healing, Mimmpalisl MN, lam 4- 2004.

9. M. L. Furnish “Drug, namcarricrs for intmlymplmtig chemotherapy 0f b11235! cancer? WERE Canfemnce, 01mmma

City, (Ills; May 23? 20:12)“

If). Farms!” MWL. “Nanacnniugate Formulation far Lacetlizecl Chemotherapy," NanaDDS. Indianapolis, IN. Gumbel" f3, 2009

l l. F0:11:51. ML. “Star Pelj'mers For Lymphatic Delivew." American Chantal Sadat}: Midwest ngional Amnml Mealing,

1mm Cit}; 1A1 Qcmber 23‘ 2009,

12, S. Cai. Mil. Fatwa *‘flevelupnmm l3? [1mg [italix'cryz Platforms fur Lamregiunal Tmatmcm a? Carcinmnas,“ Presented

at Kansas IDEA Nm‘wwlc elf Bicmedicesl Rsseamh Excellence Symposium. Kansas City. Kama; January I5. 2011

13. Farmsil ML” T, Zlmng, “wadiamond-bagcd comm: agents I’m phmi’mwusiic imaging“ lummalimml Sacicly For

Optics and lemnics (SPIEL San Diegol (ff-l, August 2?. Bill 3.

[4. Farms“ ML. *‘Lacuregiaual liyaluronan cisplazin (Hylal’lal) in spamanmzs Géll‘lil‘ifl mum‘s." lntcmatia rial Social}! for

Hyaiumnan Seicmes {lSHfiS}. Oklahoma City. OK. Jung: (i, 2013.

Thesis Committees

Thesis 6:} m millet: clwlri

PhD: Tan-n Bagby Wham Chem, 2013). 311113113 Cai (lerm Chm, 20] 1}“ Ryan melder {Pliann Chem). Ninad Varkhcde

{Phi-mil Chem), Qiulmng Yang {P1131111 Chain“ Elihu Ti gluing (P1131111 Chm“. 201$}, ”fungi 21130 {Pilgrim Cimml 2013)

MS: David Han ( P1121111": (3110 m. 3007}, Pater lilcindl (Bincnginccring‘ Cripcclcal Ell 16}. Ryan Matilda (Bimugimcngl
llllfwll Alisha Simmfian (Miami Chem; lively 11 Yzmex (Pharm Chem}

Thesis cmmuiliae membe r:

PM): Rasaman‘ Ndolo (Plifll’ll‘i Chaim 22:12; Julian Kissumu (Pharm Chem 230%). Clinch Clliiiasuplw {Pilal’lll Chem 2012)

R}; an Funk Wham: Chem)" Stipang Kan/def: (Pharm Chem 21} ill“ liwame Nti~Addae (Pharm Claim 2008i 231m:

Molmmimdi (Chain Eng}. Erik Vzmlm {1113611 (Chem Engr), Til‘limy Suekama (Bioengineering 201% Jacob Smiley
{Bioengineari fig). Muir F‘aklmri (Binangineering 3(311}. Huithzg (”Sui (Bimngineefinga 2012), langgiul la

{Einenginaaringl fill-fill Lindsey 01l£8ioengineamig Bill“ mama Khanlmi {Chem E11141; 20H). Adam Mellmt

{Chem Engr. 201% Saba Glumrini (Bioegineering tbd)

MS: Viv i311 Rubi-311501; (P11211111 Chem 2013i Mark [Bailey {Binangimen’ng‘ 2010)“ Keeiflmna Devamjim (Bioengineering
201 I }

Student advixiig {Edemiduaw remamhem

Phannacy: Grace Ulrich. Lei Chewing, Abby Petmlis

 

Chemical Engineering: lie Li. Shara Thaw. (Imumr Bybee, jason Christian. Harmy Sawafl Benjamin juhnsmn, Brian

Kim. Francis Painatmat, Carolynn Starla, Ryan Moulder, Sebastian Baha‘i. Vigllifill Raghumraman. lchn Gal—hen lee

Rasmussen, Michael Clmi. Eva Main“ {Machanical}, Hannah Laiker, Reese Willis (Clmmistryl,

Summer URP: Grace Ulrichl Yomna Badawi, Shih—Hsuan Huang

stat S“ “s it ev‘fi‘n c‘e'.

Slumng Gail Padnmja Gunda. Ymnci Kira, chmg Lima 31mm?mtg Duan. Saqicewa Scnadlieera

Emile ‘mmt {if raduatefi indium mrmns cm )1 13mm have mm ran: m lewd ll dc ream uiremcms:
 

Taryn Baghy (Formulmim Scimifisi. Mallinckorcii Phamiaccmicaisl

Singing Cai (Principal Scientisll Hyla‘Plumn}

Shacfeng Dmm {Assacial‘e meesmn Hanan U nixersilyf China)
Paiil‘lléfiéi Glands! (histmcmn Waslijngtnn Emir: Ulfiversily)

David Hart (Research (fir. Develnpimm Mamgm, Phym'l‘eclnmlogy Labomlmisgl

Yepeng Luau {Postdacmral Research Scientist, Univarsity of Geargia}
Alisha Silmnian {Precinct Bevelnpmem Scientist, 0hr lermmemical Inc}

Ynmai Xie {Postdmmral Research Assacima, Pacific: Nmtliwesl Natimml Lab-:immryl

Evelyn Valiant (82mm Research Assncialel Genetech)

Ti 231mg (Research Scientist, HyiaPimr-m}
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Yunqi Zhan (Assistant Pi'cfessan Emailing Univmsit); China")

Pruicssiunai Activities

Pear fel’iett’ (Fainting .-'igetnctea urbane unless tinted warez-tans}:

aritaucan Cancur Sncictjt, Drug dcuclnnmcnt study sectinn act has revisits!!! {Stilt 33—20149, full iiisiiiber sustain; 9,1
Natianal Institutes at” Health (NIH), it-‘tjfj RC? 2009. NC“! RJBrSBIR) 2t}! 1, Haitians-{HRS} 33163—28}3, NC?! $31!? 3?}! 4.

Riff .3814. Nil? 35!}? Billii‘flli {WES 301i MES” RtlisitiilBttzisngmnariug Statement and Tealmuiugies (BET) 20L?
Natianal SCitZliCC Centre {NARGDUWB CENTRUM NAMED. Pu land. 3013

United Kingdom Asseciatian fur lutatnatinnal Cancer Russarclt (MGR). Stilt}

Canadian National Sciences and Engincniing Rnscamli Cannuii (VNSERCL Etttiti

Natltcnantis Tsclmuingy Fnutuiatiun (BTW). 263629

Hung Hung Innovation and Tnclutulagjr Support ngnuiunn (ITSLPL 286A?

University; nf Houston Gear Fragrant gnu?
Paar review {I-‘iibiicrni‘jrmsli

Ad 1th Editur far issue at” Advanced Drug Delivery Reviews (2 issues. 2008 and 2t}! 1)

Ad hue rauicwcr for: Advanced Drug; Delivery Rat-“inns Biantanmmnlcculcs. Bintnatarials. Binntcdical

Gluntnatngranlty. Biunlturntaccutins 6i: Drug Dispusitinu. Biophysical Cliainisti‘y. Clinical Plttntnacnltinatins. Drug

Development and Industrial Pharmacy. Eumpaau Janina! nl‘ Pharmaceutics and Biupliarniacnutics. intnrnatiuuai

Juuntal ut‘ Pharmaceutics Journal a!” Biniiuitsiials Research. Journal nftltc nittcncan Citamicai Sucicty. luumnl 0f
Biutnatctials Science: Pnlyinar Edition, Junmal cf Bintncdical Matcfiais Research Putt At Janina! of

Clirnttatlngrapitjr Ee luumnl (if Cnntt‘nilccl Rnlcasc, Jamaal (if Pitamtaccuticai Scicucss, inurnal uf Pharmacy and

Pharmaceutical Sciences. Pliytnthcrapy Research

Masher: American Assaciatiun ai’ Pinnttaccuticnl Ssinntists (actiwi American Assaciatimt for Cancer Research (itactivct

artistican Institute ultiltnniical Engincsrs (tannins)

Service

DEPARTMENT

Graduate student admissions Cflifliniflflég Spring Elltl7~pmscnt

Guardiiaitut‘ for Higuclti Awards to 6'” yaar plutrtuacy students, Spring aim-presets
Guardinatui‘ for Eur. Awards ta t’i‘l’ year pharmacy students, Spring Etltl7~picscrtt
Graduate student imitating at Midwest American Chemical Suntan: taunting. October Etttl‘}, 2010, 2i?! i It

Faiticipant {nrcscntcri with Eric Marissa in Atlanta NSF-industq matting l‘nr lfUCRC CPMF‘ tilndttstt’afllaiucrsity

(imperative: Rnscarcit Canter i'ur Center fur ‘Plattmacauticai Manufitcturing and Farinuiatinn). Nutrctnlic-r 100‘}

Graduate student maniiting at Central Arkansas University, Nat-amber 2008

Faculty retreat alarming cutantittcc ntctttbet‘. Spring 2007‘

Graduate student recruiting at Missuuri Stats Uttitarsity. Qctnbar 3007

 

SCH 00L

PliarinD aaiuissinus cuminittcc manner. Ztiltl-prasciit
Plianni} and MBA duai clcgrcc admissions cummittcc member. Spflng EttlS—prcscut
Phannaccutical Citcniislrt‘ C‘lutir iii—year l‘E‘Fi‘EW cmnmillcc. 2U l~‘l~l§

1! N IVEREIT?”

Animal} Care Advisers“ Council. Naturalist ZOE-presets

Vice-Chair at“ tnstitutinnal Animal Care and Use Committee (IACU C} (Qctuber 201 l w August 2913)

Chair of IACUC pmtncnl derelapimnt subcomttittse. l til); Elli}? -« august 20 l3

IaCUC‘ ntcmhcr Jammy Mill‘s-August 2013

Intcm‘ictrar far University Assessment (if General Education Spl'i :13 2007 and 2008
Stiitisnt recruiter fur FLU at Ariana} Bimttsdical Research Conl‘crsiicc for Mitiuiity Students tABRCMS), St Louis “201];

“Nashville. TN 2013

LOCAL STATE, REGEONAL

invited speaker at Kansas City Chapter of American (Tamar Society ftiitdmisizig dinner: August 200*} (“11211318le attend)

Judge at PSGRM Animal Conference- Kansas City- June 200‘?

Jtings at Amati} Biniiiadical Research Cnnfsmuca immaturity Students tABRCMS), Hoveriiber cm 1t 20: 3

NATIONAL

Reviewer and study scctiun member fut American Cancer Society (AC5), Cancer Ding Development panel 2(312-
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present (currently lull 51nd} section member}

Revener Nntiertnl lnsti tiles at Health {Nit-l) RWREI premsnl review: Bieengineering Sciences and Teclmnlegies

(EST) study neetinn eel line 2015

Revcwer Natienal insti nies e1 Heath (NIH) Nfl‘l proposal revten: enneer detectinti dingnneis and treatment

teelnielegies int gleelinl health (UH phase 2 3mm) ad line 201:?

Rev ‘ener Natinnnl lnsti nies ei’lieetit (Nil-ill SBIR contract review: cancer stem cell culture systems (lese 1 and Phase
2) id line Etllfi

Revewer Natinnnl insti tries 01' Health (NIH), 313 IR contract review: cancer stem cell treatinemstPhase 1 and Phase 21
ad line Elli—l

Revener fer Netintial institutes of Health (N111) Rift ad ltec 2014

Rev ‘ener fer Netienni l istitutes ni‘ Health {Nlllt 881R sentinel review panel; anticancer antibnciien ad line 201 l

Rev‘ewer fer National institutes ni‘ Health (Nllltl MERE review panel, std 110C 2010. 21112

Reviewer fer Netinnni 1 istitntes of Health {Willi RC1 grants, ari line 2009

Mei her 01' Scientific and Medical Advisorv Boardg Exegenesie (Serpentine Billeiien. MAA 211109~p1vseut

Mei 1313' anti participant in national meetings « American Citemierti Society, 2(l09~prenent

Met her and participant in netiennl meetings » American Asseeintien et‘ lemweentienl Seieneen ZilllS-present

Me: her and pnnieipnnt in nniiennl anti international meetings. abstract reviewer » Ceittrolled Release Society: 2002-
Zillti

Member and pattieipenl in tnlinnnl meetings » American Institute ef Chemical Engineers 2000-20115

Revewer fer Adveneed Drug Deliven Reviews Biemneremeleenlee Bientnterinls Bierneciienl Citrentntegrnpln

Biepltnrmneeuties it: Drug Dispesitiert Bltlplt}steal Chemistry Clinienl Plinrninenkinetien Drug Develepment and

lndnstrinl Pharmacy. Enrepenn lettntni ef‘Pltarmneetitice and Biepleinnneentien. lntemntiennl inurnnl of

Pltnnnneenties, Journal efBinntnterinls Research, Journal of ‘Bimrtnterials Science: Pnlvmer Edition. Jeurttal of
Biomedical Materials Resenieni’nit A1 Jenrnel ef Cltmnwtegrnpln 81 Mental el’ Centmlleti Release. Journal of

Pininnneeutienl Sciences. Jewel of Pharmacy and Pltnrntaeentienl Sciences. Phytethcrapy Research. Natiomtttctinls

Reviewer fer University 0f linemen Gear Progrnrn. ad her: 2110'!

   
lNTERNr‘iTIONAL

Reviewer fer Natinnai Science Centre (NARODOWE CENTRUM NAUKJ). Fenland. ail Rec 2013
Editorinl Beard member. lenmnl ef Pliarmaeettties‘ 2612—20 1 3

Reviewer fer leelnndie Reeenreli Fitnrit ad but: 2012

Reviewer fer Aseeeietien fer Internetiennl Cancer Research (AlCRli Ll nited Kingdetn; ad line 211 lll

Dew-zit:-perl+ organized anti taught sliert mum t1 fullereditlteurl“13mg Delivery; systems“

Tsukubn University. Taillitilen. lnpttn {July Ztltt‘) and 2011)}

Site ndeng University, Jinan China (July 3009}

Reviewer fer Hung tiring innovation and Teeltrtelegv Suppert Pregramme (i‘i‘ffii’t an her: 20th
Theme issue editer fer Advanced Drug Delivery Reviews? 2 theme iesues. 2008 and 290‘)

Reviewer fer Cnnndien Nailenai Sciences and Engineering Resenrelt Conneil {NSERCL ad 110:: 21107
Reviewer for Netherlands Teeltnolegy Fetetdetiett tSTW). 21:11 tier: Stilt}? end 200%

 
Grants

Active

lRlliCAiHEfitfl {Plfetmfill iliitill’lfi — 2528:”38
Nattennl Institute of Henltht‘l‘iatinnni Cancer Institute

Title: Bienntterials for treatment el‘ head and neck. cancers

Reta: PI

1 U011:3005:2813 (lead PI: Velklrt CUwPlzferrest) ’10! 131L980! 1?

FDA t'Fneri and Drug Adiitinistmtien}

Title: Development el‘ en lntegnned Mathematical Model For Comparative Chamcterizntinn of Complex Molecules

Natinnal institutes of Health (”Nil-i) f Netiettnl Cancer institute ("Milli”) 9/10f2015—61’l 012016

Connect Number: Hitnine l 201 Stltltletfiti‘ {NU enntmt it N43: *C‘O-Ztl IS-tllitl‘t}

Targeted iniitepnt‘iiele treatment fer breast cancer Stem cells
Role: ee—investigntertl’l eubnward
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industrial} Cauimcr (PI: Furrest) 05/01/12» 04/30! 14

HjalaPiiami LLC‘

‘Trarrsleuion derempmem (if intralyriwlratic chemotherapy

Rule: Principal invesiigamr

Prepare? Caricapt Award (PI; Farm—st} Sllf2i113-4I3fli201 6

University (if K21 risers Cammercialimuau and Teclumlugg Center

Develupmaiu ui‘ therapy for triple negative brew: cancer
Role: PI

Proufci’ Conrept Jay Award (P1: Fauna) 7/]!2015-6I3m2016

Higuchi Biuscieuces Center

Mechanistic. underaianding of oxidatian of therapeutic pmteins after subcutaneous administration
Rifle: PI

Kansas State {Jim-trail}; * College 6f Veterinary Medicine 52 meinan‘ Hiram: Canter Gilz’lfi—Si‘fi 1316

Pmuf-of—wnccpt alum: lacaregimially adminifilcring a imnnlherapnutic fmmulatimr of hyalurouasi cunjugalcd cispiatin 10

rings with risiturally—acaurririg tricmslaiic apocririr: glam! anal 5a: adcmcarcinmm
R912: co~inrczsligumr

Recently cumiglcted £12151: 3 ream)

Proof {if Cmrccpi Award (PI; Raw} 4/ IRON-6803015

Uiux’ersiiy (”if Kansas Curmncrciaiizatimi and Technology Center

Fonnwarimi i'cxrcnlrancad hair growth
Rule: {En-PI

RSG4}S-133—ii31-CD{3 (PI: Farmst) “Willing-06130.1 l 3

American Cancer Susietyr Rewamh Scholar Gram

i‘irngwre} drug can-imrfiir mam-raiser? therfigigr

Rule: Principal Imestigal‘tir

lPfiiIiC‘A 168524431 (Pi: Jensen) {2:10le 2 _, 8/09/13
NIH Acad. Q. Sui (.1

EU Cancer bridge award For Rm submissions
Role: PI an subaward

Kfiiwmal Susan G. Earner: Furrfldarian. Carrier Cami}: Si Grant (Pi; MS Cohen) ’Iflfii‘EJ—Gfiiililz :‘vrrizricm'rirr-barrc!

Tamara? (Limmwiiemlxzpjéir fiizpriméd Drug Thr’i‘l‘flfili m Laicus'iv :iirt’i'miéfid Bram: Cancel: (mic: {Tu-iiwcsiigaiur}

Dcparimcm ai‘ Defense. Prusiau': Cancer Idea Award {PL B~ L} IWQ {£09 _ 09;!“301‘12

angflwi defivrrje' QJVrtJfimprri‘lia’hr—mmpmlrrirrfpf1(L’belrr~.r;wmjfir irzhibimrfiir Fi'flfi‘faiéé‘ cancer intervention
The gala] is m {lair-slap a “it“; famililaiimi of signal transduction iiflfibitm‘s I‘m presmte caricar using namcamers.

{min}: Ctr-i nmriigziim)

lRfifiAIGQ‘ [9% (PI: Berklmici) (in 15/12 M 0751/15

Tm‘griad mime-rile antigen army‘s fur {mating anmimrmme diseasas
NIH

Pilm award {P11 mest} [BOXED 13~ [(29220 14

Kansas Eiagciences Amheriiy

Preclinical studies 01‘ ii nanomnjugate drug

Rafe: Principal investigator
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EXHIBIT B

 

 

 

Exhibit Description

1001 US. Patent No. 8,329,680

1002 I File History For US. Patent No. 8,329,680

1005 ' McLeskey e! ((1., “Tamoxifen-resistant fibroblast growth factor-
transfected MCF-7 cells are cross-resistant in vivo to the

antiestrogen 1C1 182,780 and two aromatase inhibitors,“ CLIN.

CANCER RESEARCH 4:69741 ] (1998) (“McLeskey”)

1006 Howell e! (11., “Pharmacokinetics, pharmacological and anti-
tumour effects ofthe specific anti-oestrogen ICI 182780 in

women with advanced breast cancer," BRIT. .1. CANCER 74:300—

03 (1996) (“Howell 1996”)

1007 EP 0 346 014 (Dukes), published 12/13/1939 (“Dukes 1939”)

1008 Wakeling et al., “A Potent Specific Pure Antiestrogen with
Clinical Potentia 51 CANCER RESEARCH 3867—3873 (1991)

('“Wakeling 1991'“)

1009 Alan E. Wakeling & Jean Bowler, “ICI 132,730: A New
Antioestrogen with Clinical Potential,” 43 J. STEROID BIOCHEM.

MOLEC. 13101. 173—177 (1992) (“Wakeling 1992“) 

1010 Spiegel & Noseworthy, “Use ot‘Nonaqueous Solvents in
Parenteral Products,” 52( 10) J. Pharm. Sci. 917—927 (1963)

(“Spiegel & Nosewonhy")

10] 1 Order, AslraZermca Hummersmic-Ms LP 9. Sande: Inc. No. 14—

03547 (D.N..1. July 29, 2015), ECF NO. 102

1012 A. Howell, “Response to a specific antioestrogen (ICI 182780)
in tamoxifen-resistant breast cancer," LANCET 345: 29—30 ( 1995)

(“Howell 1995”)

1013 O’Regan et 3]., “Effects of the Antiestrogens Tamoxifen,
Toremifene, and 1C1 182,780 on Endometria] Cancer Growth,”

90 J. NAT-)1. CANCER INST. 1552—1558 ( 1998) (_‘0’Regan 1998”) 

1014 Lu er of, “The effects of aromatase inhibitors and antiestrogens
in the nude mouse model,” BREAST CANCER RESEARCH &

TREATMENT 50:634] (1998) (“Lu I998”)
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1016 Pcyser, “Effects cfcnapristcne, tamexifen and ICI 182780 on
uterine prestaglandin prcductien and luteel function in

flanffignam guineapigsf 98 J . REPRHDUCTIN AND FERTILITY

307—3 12 (1993) (“P0y‘sef‘)

“313 Osbeme ct 2111.? “Comparison Of the Effects of {:1 Pure Stereidal
Antiestt‘egen With Theee ofTamexifen in a, Medet cf Human

Breast Cancer," 87 J. NAT’L CANCER INST. 746—750 (1995)

C‘Osbcme 1995“)

US Patent RE 28,5390 (“Lehman”)

GB 1 569 286 (“GB ‘286"‘)

REMINGTON’S PHARMACEUTICAL SCIENCES (excerpts) (A1 fenso

R. Gennare ed” 18th ed. 1990) (“Remington’s")

Riffkin, “Castor Qi] as a Vehicle for Parenteral Administratien

cf Stemid Hemmnes,“ 53 J1 PHARM. SCI. 8911m895 (1964)

(“‘Rifikin")

HANDBOOK OF PHARMACEUTICAL EXCIPIENTS 7—9, 35—39, 82~83

(Ainiey Wade St Paul J. Weller edsw 2d edt 1994)

PHARMACEUTICAL DOSAGE FORMS: PARENTERAL MEDICATIQNS

V01. 1 (Kenneth E, Avis et alt eds“ 2d ed. 1992)

Dukes et at, “Antiuterctrephic effects Ufa pure enticestregeng

101 182,780: magnetic I'esenance imaging 0f the uterus in

cveriectcmized monkeys,” 135 J. ENDOCRINOLUGY 239—2517

(1992) (“Dukee 1992“)

Dukes et ah, ‘FAntiuteretrephic effects (if the pure antiestregen

1C1 182,780 in adult female mcnke‘ys (Macaw nemestr'ma):

quantitative magnetic resenance imagingj” 138 .I.

ENDOCRtNOLeGY 203—209 (1993) (“Dukes 1993“)

1037 DeFriend e! at, “Investigation ef a New Pure Antieettcgcn (ICI
182780) in Women with Primary Breast Cancer,” 54 CANCER

RESEARCH 408—4114 (1994) ("‘DeFtiend 1994”)

1923 Alan E. Wakeling, “The future at new pure antiestrogens in
ciinicei breast cancer: 25 139.13%? CANCER RESEARCH &

TREATMENT 1—4) (1993) (“Wakeiing 1993“)

10:39 US. Patent No. 4,659,516 (““5 16 patent”)
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1030 Lu et GIL, “The effect (If combining ammatasa inhibitars with
antiestrogrms rm tumor growth in a nude mange model fer breast

cancer,” BREAST CANCER RESEARCH 62 TREATMENT 57:183492

(1999) (“L11 1999”)

103?— UNITED STATES PHARMACQPEEA XXIV, NAT’L FDRMULARY XIX 14

(2000) (“USP 24”)

”337 James C 80351311 et all, Prrrtztrtterrti Prndzrct‘is“ in MODERN

PHARMACEUTECS (Gilbert S, Banker & Christupher T. Rhodes

eds, 3d ed. rev. 19%) (“Modern Pharmaceutics”)

1049 US. Patent New 4329,626 (Schfiize er 31.), issued 10/10/1978
(“861111126“)

1 041 US. Patent Na. 4,3103523 (Neumann), issuad 1/12/1982

(“Neummm”)

1943 ALFRED MARTIN: PHYSICAL PHARMACY: PHYSICAL CHEMISTRY

PRINCIPLES IN THE PHARMACEUTICAL SCIENCES (4th ed. 1995)

(‘Martin 1995”)

1043 Falwell et all, “Cmnpendium of Excipients that Parenteral
Formulations,” 52(5) PIA J. PHARM. SCI. (it; TECH 23881]

(i 998) (“Powell“)

1044 ALLAN F .M BARTON? HANDBOOK OF SOLUBILITY PARAMETERS
AND QTHER COHESION PARAMETERS (2d ed. 1991) (“331th

1 991 ’3)

1045 Hansen: “The Universality 0fthe Stvlubility Parameter,” 8(1) I81.
EC. PRODUCT RESEARCH ANB DEVELOPMENT 2”] 1 ( 1969)

(“Hansen 1969“)

1046 Martin St 3]., “Extended Hildebrand Salubility Approach:
Testestemne and Testosterone Pmpionate: in Binary Selventsf’

71(‘12)J.PHARM.SCI. 1334-1340UQSZHWM31‘tin 1982‘”)

1047 Martin et 31., “Extended Hildebrand Saiubility Approach:
Solubility Qleterhyllirte in Polar Binary Salventsji 69(5) .l.

PHARM. SCI. 48749} (1980’) (“Martin 1980”)

1048 Gordon :35 Scott, “Enhanced Solubility in Salvent Mixtures» I.
The System Phenanthrene~€yclSitexane—Methylene Iodide,”

(1952) (“Gordon 1952”)

1049 Hancock St alw “The use of solubility parameterg in

  
-3-

MYLAN PHARMS. INC. EXHIBIT 1003 PAGE 90

AstraZeneca Exhibit 2092 p. 90



“351 Waynforth et al.: “Good Practice Guidelines: Administration of

pharmaceutical dosage form desigmw 143 INT’L J.

PHARMACEUTICS 1&21 (1997) (“Hancock 1997”)

1050 Hildebrand; “Dipole Attraction mid Hydrogen Bond Formation
in Their Relation to Solubility,” 83(2141) SCIENCE 21—24 (1936)

(“Hildebrand 1936“)

Substances (Rat, Mouse, Guinea Pig, Robbin,“ 1(1)
LABORATDRY OF ANIMAL SCIENCE ASSOCIATIGN Goon PRACTICE

GUIDELINES 14 (1998) (“Waynfonh 1998”)

1952 Davy et al., “A pharmacokinetic evaluation ofIM administration
of bleomycin oil suspension,” [4 CANCER CHEMOTHERAPY

PHARMACOLOGY 274.375 (1935) (“Davy 1935”)

1053 Robinson et a1., “Procaine Penicillin: Therapeutic Efficiency and
a Comparative Study of the Absorption of Suspensions in Oil

and in Oil Plus Almininum Monostearate and ofan Aqueoua

Suspension Containing Sodium Carboxyimethyieetiulosef‘

33(10) J. LAB. CLIN, MED. 1232-48 (1948.) (“Robinson 1948“)

 

 

1054 NEWKGIL “Reviewing the “Big Three“ Injection Routes,“ 22(2)
NURSING 344] (1992) (“Newton“)

1055 Ugesi “Plasma, or serum in therapeutic drug monitoring and
oiioicai toxicology,“ 10 PHARMACEUTISCH WEEKBLAD

SCIENTIFIC EDITION ISSMSS (1988) (“Uges 1988”)
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