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DECISION

Institution of Infer Parfes Review
37 C.F.R §42.108

Accordingly. it is

ORDERED that pursuant to 35 U.S.C. § 314, an infer partes review is
hereby instituted as to claims 1-22 of the "209 patent on the following

grounds:

References

Basis

Claims challenged

Calvert in view of Niyikiza I.

EP 005 and the
974 Patent

§103

1-22

Calvert in view of Niyikiza I.
P 005 and the
‘974 Patent

§103

Paper No. 14, Institution, p.21
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Accordingly. it is
ORDERED that pursuant to 35 U.S.C. § 314. an infer partes review is
hereby instituted as to claims 1-22 of the "209 patent on the following

grounds:

References Basis Claims challenged

Calvert in_yiew of NiyikizaI. | § 103 1-22
WorzallaJEP 005 ajd the

‘074 Patent

Calvert in vigw of Niyikiza I, | § 103 1-22
Hammond . EP 005 hnd the

‘074 Patent

Paper No. 14, Institution, p.21

« EPO0O5 not admitted at trial or cited by the district court in Lilly v.
Teva et al. (S.D. Ind.), affd (Fed. Cir. 2017) (Ex. 1003).
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12 United States Patent
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(10) Patent No.: US 7,772,209 B2
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OTHER PUBLICATIONS
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(*) Notice:  Subject to any disclaimer., the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 162 days.

(21 Appl. No: 11/776,320
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(65) Prior Publication Data
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Related U.S. Application Data
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U.S. Patent No. 7,772,209: Claims 1 and 12

US007772209B2

1. A method for administering pemetrexed disodium to a
12 United States Patent e e e | patient in need thereof comprising administering an effective
() ANTHOLATECOMBNUTIN THERAMES w0 vossars s amount of folic acid and an effective amount of a methylma-
L e —— lonic acid lowering agent followed by administering an effec-

IN (US) Calvert H.: “Folate status and the safety profile of antifolates™, Semi- N . . . .
. 2 Oncology, 2002, 29/2 Suppl. 5, pp. 37, XP( 5755, - -

i e TV AMOUNT Of pemetrexed disodinm. wherein
Seminars in Oncology, 2002, 292 Suppl. 5. pp. 54-61,
XPOOSOO5T44.

Mt oty o el ot £ the methvimalonic acid lowering agent is selected from the
molecularstructure and biological activity”, Mol. Pharmacology, o -
22) Filed: Jul. 11, 2007 1995, 48(3). pp. 159071, XPOSHS762 N 1 | f. 1 I u ] E h ’dl"D' ] b ]-ﬂ i

. e s S e ol group consisting of vitamin - O¥droxycobalamin.
(65) Prior Publication Data Research (1998), 18{3A), pp. 3235-3239, XPOOS00S757.

USAROBGAL  FhT, 08 s e i cyano-10-chlorocobalamin, aquocobalamin perchlor-

Related U.S. Application Data 6, 2001, pp. 363-373, XPOOS00SI51

€*) Notice:  Subject to any disclaimer. the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 162 days.

(21 Appl. No: 11/776,320

Vit B 12 and folate reduee toxicity of Alimta T - B
(@) Dot plcsionto 11205007, doa o, e S} B s ity ate, aquo-10-cobalamin perchlorate. azidocobalamin
20, 2005, now abandoned, which is a division of appli-  antimetabolite”. Program Proceedings—Ametican Society of C E 4 i s

cation No. 10/297 821, filed as application No. PCT/  cal Oncology. the Soclety. US, vol. 76A. No. 20, 2001, p. 300,

USOV1SRA0 10 15 LA PN TOSSS.  SOBLES g iy i 12 e cobalamin, cyanocobalamin, or chlorocobalamin.

(60)  Provisional application No. 60215,310, filed on Jun.  Homocystein and Methylmalonic Acid bat Also Serum Folate in
30, 2000, provisional application No. 60/235,859, Patients with End-Stage Renal Disease. Metabolism. May 1999, vol

filed on Sep, 27, 2000, provisional application No. 4%, No. 5. pp. 631635, abstract
60/284.448, filed on Apr. 18, 2001 Arsenyan et al. (Abstract: Onkol. Nauchn., (1978) 12(10):49-54 |
Joha, et al. (Cancer 2000, 88: 1807-13).
(51) Int.Cl Poydack et al  “Growth-inhibiting effect of in and . ~ Looa x .
AGIK 3170 (2006.01) Leasvorbic acid on twe solid tumors in mee™, IRCS Medical _ Sci- ] I _ﬂL d t h‘.‘”j. ‘j: d t d
A SAR e 5 N5 $13 Loty Al ImMproved e or admimsiering pemetrexe
AGIK 3150 (2006.01) The Ceeil Reference, Textbook of Medicine, 21st Edition (2000).

gam e WS g o | U1SOCTUM T0 2 patient in need of chemotherapeutic treatment,
(52) US.CL i SIA/S2 SI4TT: 514240, e with inplanted Philich carcinona and L1210 leukenmia. 4m 7

V2651 b dock M.t al Mitogenis nbibiton and effcton survival ofmice “"hiﬂ'ﬂiﬂ Iht-' impn“re_-mt][“ i mpl-iﬁeﬁ-_

(58) Field of Classification Search ... 514/52, bearing L1210 leukemin using a combination of dehydroascorbic
514/77,249, 251, 2651 acid and hydroxycobalamin. Am J Clin Oncol 1985; 8: 2666269

See application file for complete search history. Poydock M, et al. [nfluence of Vitamins C and B12 on the Survival . - . . :q y
T et Rl L o o 5 01 a) administration of between about 350 pg and about
(56) References Cited Toohey 1. Dehydroascorbic acid as an anti-cancer agent, Cancer
T1.S. PATENT DOCUMENTS Leiters 2008; 263:164- 169.

SIS ot s st s e ug of folic acid prior to the first administration of pem-

2920015 A 11960 Thompson mia in patients with neute leukemia_ rekives of Patology & Labo-
4140707 A ¥ 21979 Cleate etal. voomvomenn SS6/137  arory Medicin 1999 123(9): 77 . .

5344932 A 91994 Taylas Nishizawa, etal, Effects of methylcobalamin on the proliferation of ‘l ﬂl 1 i d -
Sissse A 41995 Toaetl androgen-senstive or estrogen-sensitive malignant cels in colture LN = LSO LTTL,
S431925 A 71995 Ohmort etal and in vivo. duternational Journal for Vitanin and Nutrision Research -
543192 711995 Ohmori et

1997; 67(3):164-170.

1071996 Allen et al
8496 Bl 3200
57) ABSTRACT
thereof, E nount of'said

st - b) administration of about 500 pg to about 1500 pg of
oV vitamin B12, prior to the first administration of pemetr-
RO AT BN ?I::lxg(;];:liix:cumhinmmn“ilhzlnleﬂ.hy]mealuuicavcldluwer— {__',:] El{illliﬂi hl I_\u li:"‘n |:| l'- Pcmﬂiruxcd dl-

102001 Allen ¢ (74) Attorney, Agent, or Firm—Elizabeth A. McGraw
20030225030 Al 127200 1l al ) :
2003022 A 22003 Allen et - -
B2 AL 12U Al A o i an oo el e exed disodium; and
EP {545 870 61993 22 Claims, No Drawings
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Aug. 10, 2010

12 United States Patent
Niyikiza

(10) Patent No.:
(45) Date of Patent:

(54)  ANTIFOLATE COMBINATION THERAPIES WO W0 9527723 1071995

(75) Inventor:  Clet Niyikiza. Indianapolis, IN (US)

OTHER PUBLICATIONS

(73) Assignee: Fli Lilly and Company. Indianapolis,
IN (US)

Calvet H.“Folae status i e saety profil o antifolates” Semi-
nars in Ong 1@2002"9 SpplSpp]‘?XPOOSUOW‘S

(*) Notice: Sbjedkl mdscl aimer. the term of this "
adjusted under 35 Yo

ended o
e 154(11)173: 162 days

12. An improved method for administering] pemetrexed)
sodiuny to a patient in need of chemotherapeutic reatment,
wherein the improvement comprises:

a) administraton of between abcm' 350 pg and about 1000
ug of folic acig prior (o the first admistralion of pem-
elrexed disodium;

b} administration of about |[S00 pg to_about 1500 pg of
vitamin B12, prior to the first administration of pemetr-
exed disodium; and

¢) administration of pemetrexed disodium,

14. The method of claim 12, wherein vitamin Bli s
administered as an intramuscular injection of about 500 pg 1o

about 1300 pg.
[he me

16. The methud uf c:lalm 15, wherein hemreen 0.3 mg o
about 5 mg of Tolic acid is administered orally.

17. The method of claim 16 wherein about 350 pg to about
1000 wg of folic acid is administered.

‘The method of claim 17 whereill 350 pg to 600 ug of |

15 admimstered.

18 wherein folic acid 15 adminis-

pemetrexed disodmm.

20. ]ﬁu;eﬂmd.a.ﬂdmmlﬂﬂmﬂheﬁ here licacid is admin-
istered [from about 1 to about 24 hours prior fo adminstration
of the pemetrexed disodium.

21. The method of claim 12, 18. or 19, wherein the vitamin
B12 administration is repeated about every 6 to about every
12 weeks following the administration of vitamin B12 until
administration of pemetrexed disodium is discontinued.

22. The method of claim 21 further comprising the admin-
istration of cisplatin to the patient.

TXTIOI TOUT- 000 T
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13.  The person of ordinary skill in the art (“POSA™) would have been a

medical doctor experienced in oncology with knowledge of and/or several years of

experience regarding the use of antifolates in the treatment of cancer and additional

UNHTEDSTATES PAIENT ANDTRADEMARE QY qualifications or experience in the field of nutritional sciences involving vitamin

BEFORE THE PATENT TRIAL AND APPEAL B( . . . .
deficiencies. Although my experience and expertise may exceed that of a person

SANDOZ INC.. of ordinary skill. all opinions and statements made for purposes of this Declaration,
Petitioner
v unless otherwise noted, reflect the knowledge of the person of ordinary skill as of
ELILILLY AND COMPANY,
Patent Oviner June 1999, which counsel for Sandoz has informed me is the relevant time period
U.S. Patent 7.772.209
Tille: Amifolae Conintion Theapis for purposes of my analysis.

Inter Partes Review No. Unassigned

Ex. 1004, Schiff Decl. 13;
Ex. 1075, Schiff Reply 117-9

Declaration of Ron D. Schiff, M.D., Ph.D.

Sandoz Inc.
Exhibit 1004-0001
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL EI
SANDOZ INC.,
Petitioner.
V.
ELILILLY & COMPANY,

Patent Owner.

Case No: IPR2016-00318
Patent No. 7.772.209

DECLARATION OF BRUCE A. CHABNER,

23.  In my opinion. the POSA to whom the "209 patent 1s addressed 1s a
medical doctor who specializes in oncology. specifically medical oncology. Such
a person would have knowledge and experience concerning the use of
chemotherapy agents, including antifolates, in the treatment of cancer, as well as
knowledge and experience regarding the management of toxicities associated with

such treatment.

Lilly Ex. 2120

Sandoz v. Lilly IP:

Ex. 2120, Chabner Decl. | 23.

'R2016-00318

Sandoz DX - 11




UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF INDIANA
INDIANAPOLIS DIVISION

ELTLILLY AND COMPANY,

Plaintiff,

Case No. 1:10-cv.013 F. Person of Ordinary Skill in the Arts

V.

APP PHARMACEUTICALS, LLC,
PLIVA HRVATSKA D.0.O.,

TEVA PHARMACEUTICALS USA INC,,
BARR LABORATORIES, INC.,

)
)
)
)
)
TEVA PARENTERAL MEDICINES, INC., §
) The Court previously determined, and the parties no longer dispute, that a person of
g
)

Defendants

ordinary skill in the art (“POSA™) can be a medical doctor who specializes in oncology or a

FINDINGS OF FACT AND CONCLUSIONS OF
W

TRIAL A T 19.
This mattr is before the Court for decision on the valdiy of clam medical doctor with extensive experience in the areas of nutritional sciences involving vitamin
19 and 21 (the “Asserted Claims”) of the U.S. Patent No. 7,772,209 (the
1209 Patent s & method-ofruse-patent which covers the co-adninisty deficiencies. However, as to the latter person, this individual would need to have collaborated
disodium (“pemetrexed”) with two nutrients—folic acid and vitamin B12
he side effects of the dru; *  The matter was before the Cq - . 5 . .
: 2 ALIMTA f with medical oncologists who have knowledge and experience in the treatment of cancer through

Dbeginning on August 19, 2013 and concluding on August 29, 2013. Thi

patent infringement action brought by Eli Lilly and Company (“Lilly").

the use of antifolates. See Dkt. 115 at 8.

Patent, against Defend Teva [ | dici Inc. (“Teval
Pharmaceuticals USA, Inc. (“Teva Pharmaceuticals™) (collectively wi

“Teva”), APP Pharmaceuticals, LLC (“APP™), Barr Laboratories, Inc.

Hrvatska d.oo. (“Pliva™) (collectively, “Defendants”) arising out of I'M

Abbreviated New Drug Applications (“ANDAs”) with the Food and Drug Administration EX. . 1003’ LI”y V. Teva, NO. 1.10_Cv_1376 (S.D.

{“FDA”) seeking approval to market the pemetrexed disodium products identified in Teva's
Ind.), p. 9.

Sandoz Inc.
Exhibit 1003-0001
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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF INDIANA
INDIANAPOLIS DIVISION

ELILILLY AND COMPANY,
Plaintiff,

v. Case No. 1:10-cv-01376-TWP-DKL

TEVA PARENTERAL MEDICINES, INC,

APP PHARMACEUTICALS, LLC,

PLIVA HRVATSKA D.O.O.,

TEVA PHARMACEUTICALS USA INC,

BARR LABORATORIES, INC.,

Defendants.

e et o e o e ot ot e ot

FINDINGS OF FACT AND CONCLUSIONS OF LAW
W TRIAL A T 19,20

This matter is before the Court for decision on the validity of claims 9, 10, 12, 14, 15, 18,

19 and 21 (the “Asserted Claims”) of the U.S. Patent No. 7.772,209 (the “*209 Patent”). The

‘209 Patent is a method-of-use-patent which covers the iministration of p
disodium (“pemetrexed™) with two nutrients—folic acid and vitamin B12—that protect against
the side effects of the drug ALIMTA®. The matter was before the Court for a bench trial
beginning on August 19, 2013 and concluding on August 29, 2013, This is a Hatch-Waxman

patent infringement action brought by Eli Lilly and Company (“Lilly”), the owner of the ‘209

Patent, against Defend: Teva I Medici Inc. (“Teva Parenteral”), Teva
Pharmaceuticals USA, Inc. (“Teva Pharmaceuticals”™) (collectively with Teva Parenteral,
“Teva”), APP Pharmaceuticals, LLC (“APP”). Barr Laboratories, Inc. (“Barr”’), and Pliva
Hrvatska do.o. (“Pliva”) (collectively, “Defendants”) arising out of Defendants’ filing of
Abbreviated New Drug Applications (*“ANDAs”) with the Food and Drug Administration

4 dicod:

(“FDA”) seeking approval to market the p products identified in Teva’s

Sandoz Inc.
Exhibit 1003-0001

In addition, neurological damage would have been less of a concern to the POSA treating
cancer patients than it would be in treating RA or cardiovascular patients. First, neurotoxicity
from By deficiency, while a potentially serious condition, is very rare, and arguably not a
clinical concern for even RA patients. Zeisel Tr. 1387.6-18 Second, neurotoxicity caused by
B, deficiency is chronic and progresses slowly over a period of years, while cancer progresses

much faster and is lethal if untreated, or if it is not treated effectively. Zeisel Tr. 1577:8-19.

compared to the duration of anti-cancer therapy. Third, cancer patients see their oncologists at
very frequent intervals and are monitored for neuropathy among many other potential toxicities,
thus there is a very low likelihood that neuropathy would go unnoticed or untreated. Zeisel Tr.

1572:23-1573:20. Finally, it is important to note that the level of “elevation™ of homocysteine

cells. Green Tr. 454:9-17. As of June 1999, the POSA would have expected that vitamin B,
would counteract the efficacy of antifolates by increasing the production of a critical folate
enzyme, methionine synthase, making more folate available to the cell. TX 2093; Green Tr.

454:5- 455:13; Zeisel Tr. 1617:3-13. Ewen if a POSA were to conclude from the prior art that

Ex. 1003, Lilly v. Teva (S.D. Ind.), pp. 18-19; see
alsoid. at 11-12.

Sandoz DX - 13
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Prior Art: Pemetrexed

O A

United States Patent s {11 Patent Number: 5,217,974
Grindey et al, fas} Date of Patent: Jun. 8, 1993

1258
/258

O O

United States Patent g {11 Patent Number: 5,344,932
Taylor {#5] Date of Patent: Sep. 6, 1994 053
[54] N-(PYRROLO(23-D)PYRIMIDIN-3- [56] Reforences Cited - L
YLACYL)-GLUTAMIC ACID DERIVATIVES U.S. PATENT DOCUMENTS -
. 4,889,859 12/1989 Taylor et al. - 5147258 rch,
[75] Inventor: Edward C. Taylor, Princeton, N.J. 4996206 2/1951 Taylor et al. - 5147258
4,997,838 3/1991 Akimato et al. .... . 514/258 jCan-
[73] Assignee:  Trustees of Princeton University,
Princeton, N.J. FOREIGN PATENT DOCUMENTS .
134636 9/1989 European Pat. OFF. . 518
[21] Appl. No.: Primary Examiner—Emily Bernhard ,
, Agent, or Firm—] Waoodbri :
[22] Filed: Mar. 22, 1991 g‘rﬁjr:zy Agent, or Firm—Mathews, Woodbridge & e
[571 ABSTRACT
Related US, Application Data N-(Acyl)glutamic acid derivatives in which the acyl oy
[63] Continuation of Ser. No, 446,742, Dec. 11, 1989, cban-  group i i with 4 2,3-d)-

roup i
doncd, and Ser. No. 479,655, Feb. 8, 1990, abandoned.  pyrimidin-3-yl group are antineoplastic agents. A typi-
i is N-[4-(2-{4-hydroxy-6-ami rol

1K 31/505  [2,3-dlpyrimidin-3-yl}ethyDbenzoyl)-L-glutamic acid. gent

.. 544/280 ch is

0; 514/258 7 Claims, No Drawings sy
p

Sandoz Inc.

Exhibit 1005-0001

Sandoz Inc,
Exhibit 1034-0001

Pemetrexed disclosed in
U.S. Pat. Nos. 5,217,974
and 5,344,932

Lilly listed both patents
in the Orange Book for
pemetrexed/Alimta

Both the 932 and ‘974
patents are now expired

Exs. 1005, 1025, 1034
Sandoz DX - 15




Prior Art: '974 Patent (Ex. 1005) GARFT or FBP Binders

O

United States Patent n9 fi1] Patent Number: 5,217,974
Grindey et al. 457 Date of Patent: Jun. 8, 1993
[54] METHOD FOR TREATING 4997838 371991 ALimoto et al. wcini 5147258
" GAR-TRANSFORMYLASE TUMORS IN 5010194 471951 Mueller €1 al. commnnnnr 447258
}%?IIMALS AND REDUCING MAMMALIAN FOREIGN PATENT DOCUMENTS

1093554 171981 Canada .
[75] Inventors: Gerl]ﬂB Grindey, Indiznapalis; 409125 171951 European Pat. Off,

Chuan Shih, Cilmt]‘ both of Ind. 88/08844 1171988 PCT int'l Appl
[73] Assignee: Eli Lilly and Company, Indianapolis, OTHER PUBLICATIONS
Tnd. Young, et al, Proc Amer. Assoc. Cancer Res, 31, 1053
1] Appl No.: 940,568 (1990).
Muggia, et al., Proc. Amer. Soc. Clinical Oncology. 1,
.,
[2] Filed:  Sep.4, 1992 T
Grindey, et al., Proceedings of the $2nd Annual Meet-
Related US. Application Dta ing of the American Association for Cancer Rescarch,
o - ol 32 p
63] 1. 32, p. 384, Abst. 1921 (199]
o Internal Eli Lilly and Company Mema Entitled “Can-
"N cer Progress Conference Trip Report”,
Derwent Abstract 453198 (absiracting DT2063027).
It . ADIN 43/80; AOIN 43/, Morgan, S. L., et al., Arthritis and Rheumatism 33: 9-18
TAGIK 31745 ASIK 31/505  (1990)
1 us.q.. ... E14/2605 SI4/340,  Straw, ct al, Cancer Research, 44:3114-3119 (1984).

si4, 514126 514/26%; 514/275,  Temple, et al., Cancer Treatment Reports. 65:1117-1119
514/292; 514/293 514/342; S14/443; 5147445, (1981).
S1a/468
Primary Exominer—Nathan M. Nutter
(53] F";'sj;fﬁ?fgg S e SHBRANIE  uorney. Agens. o Firm—Steven A. Fonany; Leroy
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As noted above, the drug products which can be
employed in the present invention include other antifo-
lates which are capable of binding to folate binding
protein. Folic acid itself has a binding constant (ng/ml)
of 1.8, and lometrexol has a binding constant of 9.7 to

- bovine FBP. Any GAR-transformylase inhibitor or
other antifolate that binds at less than about 500 ng/ml
can be utilized in the method of this invention. The

Pemetrexed is both a GARFT inhibitor
and FBP binder:

From the group of TS inhibitors, four q—:ompounds were
identified for which mFBP has a higher affinity than for FA:
LY213514, CB3717, IAHQ, and 2-NH,-ZD1694. Unlike ob-

Q. --in June of 1999 would understand
that pemetrexed binds to GARFT. Correct?
A. Right. It's actually the
polyglutamates that bind to GARFT.

Ex. 1005, ‘974 patent, 4:10-17; Ex. 1022, Westerhof, 463;
Ex. 1074, Chabner Dep. 282:4-287:4
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1. A compound of the formula:

C lI . II
-
I"'J/ \h: ﬁ CI-I;Cl}I—-R?’—CNHd-ICHgCHZC—ORZ
4 R 2
Cy S CH R C—OR

RS” N7 N [

Pemetrexed:

R? is hydrogen or a pharmaceutically acceptable
cation:

R5 is amino; and

2. A compound according to claim 1 wherein R1 is
—OH; R3is 1,4-phenylene, and R4 is hydrogen.

Ex. 1034, claims 1 & 2.
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) ! m {EH:].-BQ—WNHEHW:CHICMH
mAéL@J

In a preferred embodiment of the invention, folic acid
is administered to a subject subsequently receiving an
agent defined by the formula

wherein

R!is hydroxy or amino;

R?is hydrogen, methyl, ethyl, or propynyl;

Bis —CH— or —N—;

nis 1, 2 or 3;

Z 1s nitrogen or carbon; .

A is pyrido, tetrahydropyride, pyrrolo, dihydropyr-
rolo, cyclopentyl or cyclohexyl;

X is hydrogen or halo; and pharmaceutically accept-
able salts thereof.

Lometrexol Pemetrexed

Ex. 1005, col. 2, |. 66-col. 3, . 19; Ex. 1004, Schiff
19 34, 47; Ex. 1075, Schiff Reply, 1 61.
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We have now discovered that the toxic effects of
lometrexo! and related GAR-transformylase inhibitors
and other antifolate agents which bind to folate binding
protein (FBP) (see, e.g., Kane, et al, Laboratory Investi-
gation, 60, 737 (1989)) can be significantly reduced by
the presence of a FBP binding agent, without adversely
affecting therapeutic efficacy. The present invention
thus provides a method for improving the therapeutic
utility of GAR-transformylase inhibitors and other an-
tifolates by co-administering a FBP binding agent to the
host under going treatment.

Sandoz Inc.

Exhibit 1005-0001

Q. And the patent states that the
teachings apply to things that inhibit GARFT or
bind folate-binding protein agent. Right?

A. I don't think it says "c¢cr." Does it
say "or"? Doces it say "and"? Oh, it does say
"or." So "binds to the folate-binding protein”

would be covered.

Ex. 1005, ‘974 patent, 1:47-58; Ex. 1074, Chabner Dep. 282:4-
287:4; See also, Ex. 1075, Schiff Reply, 1 61.
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ICANCER RESEARCH 57, 1116-1123. March 15, 1997]

LY231514, a Pyrrolo[2,3-d]pyrimidine-based Antifolate That Inhibits Multiple

Folate-requiring Enzymes

Chuan Shih,' Victor J. Chen, Lynn S. Gossett, Susan B. Gates, Warren C. MacKellar, Lillian L. Habeck,
Katherine A. Shackelford, Lurane G. Mendelsohn, Daniel J. Soose, Vinod F. Patel, Sherri L. Andis,
Jesse R. Bewley, Elizabeth A. Rayl, Barbara A. Moroson, G. Peter Beardsley, William Kohler, Manshan Ratnam,

and Richard M. Schultz

Lilly Research Laboratories, Eli Lilly and Company. Indianapolis. Indiana 46285 |C. S, V.J.C., L 5. G., . 8.G, W.C. M. LLH. KA.S, LG M.D. .S, V.F.P,S. LA,
J.R.B. R.M.S.): Departmeni of Pediatrics. Yale University, New Haven. Connecticut 06510 [E. A R. B.A. M. G.P.B.]: and Deparment of Biochemisiry and Molecular

Biology. Medical College of Ohio, Toledo, Ohio 43699 [W. K.. M. R.]

ABSTRACT

N-[4-[2-(2-amino-3,d-dihydro-4-ox0-TH do[2,3 5yl
ethyl]-benzoyl)-L-glutamic acid (LV231514) is a novel pyrrolof2,3-
dlpyrimidine-based antifolate currently undergoing extensive Phase 1I

clinical trials. Previous studies have established that LY231514 and its
synthetic y-polyglutamates (glu, and glu,) exert potent inhibition against
thymidylate synthase (TS). We now report that LY231514 and its poly-
glutamates also markedly inhibit other key folate-requiring enzymes,
including dihydrofolate reductase (DHFR) and glycinamide ribonucle-
otide formyltransferase (GARFT). For example, the K, values of the
pentaglutamate of LY231514 are 1.3, 7.2, and 65 nM for inhibition against
TS, DHFR, and GARFT, respectively, In contrast, although a similar high
level of inhibitory potency was observed for the parent monoglutamate
against DHFR (7.0 nw), the inhibition constants (K,) for the parent mono-
glutamate are significantly weaker for TS (109 nM) and GARFT (9,300
nM). The effects of LY231514 and its polyglutamates on aminoimidazole

i i 5,10-

drofolate and 10- ‘were
also evaluated. The end product reversal studies conducted in human cell
lines further support the concept that multiple enzyme-inhibitory mech-
anisms are involved in cytotoxicity. The reversal pattern of LY231514
suggests that although TS may be a major site of action for LY231514 at
concentrations near the ICgy, higher concentrations can lead to inhibition
of DHFR and/or other enzymes along the purine de novo pathway. Studies
with mutant cell lines demonstrated that LY231514 requires polygluta-
mation and transport via the reduced folate carrier for cytotoxic potency.
Therefore, our data suggest that LY231514 is a novel classical antifolate,
the antitumor activity of which may result from simuitaneous and multi-
ple inhibition of several key folate-requiring enzymes via its polygiutama-
ted metabolites.

INTRODUCTION

Several novel folate-based antimetabolites are currently being ac-
tively investigated in clinical trials. These include lometrexol and
LY309887, which inhibit GARFT in the purine de nove biosynthetic
pathway (1-3); edatrexate (4, 5) which acts on DHFR; and ZD1694
(Tomudex; Refs. 6 and 7). AG337 (Thymitaq: Ref. 8), and
BW1843U89 (9). which specifically target TS.

Received B21/96: acecpled 111797,

“The costs of publication of this anicle were defrayed in part by the payment of page
charges. This asticle must therefore be herehy marked advertisement in accordance with
18 US.C. Section 1734 solely to indicate this fact,

1 To whom tomers for epins shodd be addssed, o Coet Rescar Divison.
Lilly Rescarch Laboratarics, Drop 0540, Eli Lilly and Company. 307 E. McCarty St..
Indianapolis, IN 46285. Phonc: (317) 276-3520; Fax: (317) 277-3652

*The abbreviations used are: LY231514, N-{d-[2-(2-amino-3 - dlhydm-‘-oxb?)l
pymolo|2,3-dlpyrimidin-S-yDethyl|-benzoyl -1-glutamic acid; r, recombinant; h, human;
m, murine; TS, thymidylate synthase (EC 2.1.1 HFR, dinydrofolate reductase (EC
15.1.3); GARFT, glycinamide ribanucleotide formyltransfesase (EC 2.122): AICA,

ICAl ide. ribonucle-
otide formylranserase (EC 2.1.23): €15, C1 tetrahydrofolate synthase; FPGS, folyl-
polyglumate synthetase (EC 6.3.2.17); RFC, reduced folste camier; FBP-a, folste

ing protein-a: MTT, 3-[4.5- mmemymuml 2y1]-2.5-dipheny Hetrazolium bromide;
NADPH, B-NADP", reduced form; 6R-MTHF, 6[RI-5,10-methylcnc-5,6,7.8-letrahydro-
folate.

LY231514 is a structurally novel antifolate antimetabolite that pos-
sesses the unique 6-5-fused pyrrolo[2,3-d]pyrimidine nucleus (10, 11)
instead of the more common 6-6-fused pleridine or quinazoline ring
structure (Fig. 1). Previous studies have demonstrated that LY231514 is
one of the best substrates that is known for the enzyme FPGS (K, = 1.6
1M and Vi /K., = 621; Ref. 12). It s likely that polyglutamation and the
polyglutamated metabolites of LY231514 play profound roles in deter-
mining both the selectivity and the antitumor activity of this novel agent
(11, 12). Whereas LY231514 only moderately inhibited TS (K; = 340
nM, recombinant mouse), the pentaglutamate of LY231514 was 100-fold

more potent (K, = 3.4 nm; Ref. 11), making LY231514 one of the most
potent folate-based TS inhibitors known today (13).

Preliminary cell culture end product reversal studies in human CCRF-
CEM and murine L1210 leukemia cells have demonstrated that thymi-
dine (5 pM) alone was not able to fully reverse the cytotoxic action of
LY231514 (11). Both thymidine (5 zum) and hypoxanthine (100 ym) were
required to fully protect cells from the growth-inhibitory activity exerted
by LY231514. This reversal pattern is significantly different from other
TS inhibitors, such as ZD1694 (6) and BW1843U89 (9). Cell culture

showed that the antiproliferative activity of LY231514 was
completely reversed by the addition of leucovorin (0.05-16 pu) in a
competitive manner (11), suggesting that LY231514 competed with
natural reduced folate cofactors both at transport and intracellular folate
levels and acted as a pure folate antagonist.

Promising antitumor responses have recently been obscrved in the
Phase I trials of LY231514. Moreover, patients who had previously
failed to respond o ZD1694 and S-fluorouracil/leucovorin treatment
responded to LY231514 (14). This pattem of clinical response, to-
gether with the aforementioned observations of partial protection by
thymidine in cell culture, suggest that inhibition of TS by LY231514
may not solely account for the overall antitumer effect of this novel
antifolate. LY231514 and its polyglutamates may inhibit other folate-
requiring enzymes, such as DHFR, or enzymes along the de novo
purine biosynthetic pathway. LY231514 may thus act as a multitar-
geted antifolate, with multiple mechanisms of action affecting the
intracellular folate pools and cellular pyrimidine/purine biosynthesis.

We now summarize our findings of LY231514 and its polygluta-
mates (glu, and glu,) against various folate-requiring enzymes, in-
cluding human TS, DHFR, AICARFT, 5, IO—meLhylenenelmhydmfm
late and 10
activities of C1-S and murine GARFT. In addition, we report a
detailed comparison of cell culture reversal patterns observed in
several hurnan cell lines between compounds LY231514 and ZD1694.
Finally, we examine the role of polyglutamation and transport (via the
RFC) in the cytotoxicity of LY231514.

MATERIALS AND METHODS

Materials. LY231514 and ZD1694 were prepared according to published
methods and procedures (7, 11). The syntheses of the y-glutamyl derivatives of
LY231514 were by the method of Pawelczak et al. (15). For in vitro studies,

ABSTRACT

N-[4-]2-(2-amino-3,4-dihydro-4-oxo-TH-pyrrolo[2,3-d]pyrimidin-5-yl)-
ethyl]-benzoyl]-L-glutamic acid (LY231514) is a novel pyrrolo{2,3-
d]pyrimidine-based antifolate currently undergoing extensive Phase II
clinical trials. Previous studies have established that LY231514 and its
synthetic y-polyglutamates (glu, and glu.) exert potent inhibition against
thymidylate synthase (TS). We now report that LY231514 and its poly-
glutamates also markedly inhibit other key folate-requiring enzymes,
including dihydrofolate reductase (DHFR) and glycinamide ribonucle-
otide formyltransferase (GARFT). For example, the K; valoes of the
pentaglutamate of LY231514 are 1.3, 7.2, and 65 oM for inhibition against
TS, DHFR, and GARFT, respectively. In contrast, although a similar high
level of inhibitory potency was observed for the parent monoglutamate
against DHFR (7.0 nM), the inhibition constants (K;) for the parent mono-
glutamate are significantly weaker for TS (109 nM) and GARFT (9,300
nM). The effects of LY231514 and its polyglutamates on aminoimidazole
carboxamide ribonucleotide formyltransferase, 5,10-methylenetetrahy-
drofolate dehydropenase, and 10-formyltetrahydrofolate synthetase were
also evaluated. The end product reversal studies conducted in human cell
lines further support the concept that multiple enzyme-inhibitory mech-
anisms are involved in cytoloxicity, The reversal pattern of LY231514
suggests that although TS may be a major site of action for LY231514 at
concenirations near the 1Cg, higher concentrations can lead to inhibition
of DHFR and/or other enzymes along the purine de nove pathway. Studies
with mutant cell lines demonsirated that LY231514 requires polygluta-
mation and transport via the reduced folate carrier for cytotoxic potency.
Therefore, our data suggest that LY231514 is a novel classical antifolate,
the antitumor activity of which may result from simultaneous and multi-
ple inhibition of several key folaie-requiring enzymes via its polyglutama-
ted metabolites.
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Ex. 1021, Shih, p. 1116; Ex. 1004, Schiff Decl. 133
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antifolate. Although one single dose of the FBP binding
agent, preferably an oral administration of folic acid,
should be sufficient to load the folate binding protein,
multiple dosing of the FBP binding agent can be em-
ployed for periods up to weeks before treatment with
the active agent to ensure that the folate binding protein
is sufficiently bound in order 1o maximize the benefit
derived from such pretreatment.

In the especially preferred embodiment of this inven-

tion, about 1 mg to about 5 mg of folic acid is adminis-
tered orally 1o 2 mammal about 1 to abour 24 hours

prior ta the parenteral administration of the amount of
lomotrexol which is normally required to attain the

desired therapeutic benefit. Although greater or addi-

Ex. 1005, col. 6, Il. 29-43; Ex. 1004, Schiff 1] 112-
14; Ex. 1075, Schiff Reply, T 119-21.
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1 620F | A phase | and pharmacokinetic (PK) study of the

?;:!Jtﬂargllnd antifolate (MTA, LYZ231514) with folic acid

L Hammond', M. Villaipns-Calan’, 5.6, Eckhardt’, L. Siu', M, Hidakgo®

D. Thomion®, . Walllng®, 5. Baker, C, Coltman®, D. Von Hol', E, Rowinsky'.
| Cancer Thermpy and Rasearch Cantar, Sap Anfonie, TX, and PEI Ly,
indianapolis, 1N, LIEA

Introducton: MTA, a new arbdolale that inhibue thymidylets syrhase, di-
mydrofodale meductase, and giydnemide nbonwecieotkis lomyl trensterssa,
demonstraled nolada broad amtltumour actbvity whan infused 10 min L. ew-
ery 21 deye Myslosuppression precluded dose escalaton above S00-500
mgim?. As praclinical avelustions indizate that FA supplamaniaion incraases
tha thamapautie index of MTA, this study was intigted to daterming If FA supoie-
mgnlation permits gignifican dose-gscalation above ha recommended phase
I ke of MTA alons, Vitamin malaboites ware measuned 10 dalemming thalr
valua as poigntal prognoste manars with this combination.

Mathods: So far, 33 minimaly- and heavily-pretreated pts received 30
coursas ol FA {5 mg'day) lor & days slaMing 2 days balors MTA &t 600, 700,
800 925 mgim®. Viamin malaboliles ware avaluated duing cycles 1 and 2 as
patantal gelerminants of principal toxdcites and aflects.

Rasultn: Princips’ drug-related toxclias indude neulrcpania, aneamia mnd
thrombocytopena, which wane mare severs iA heavik-praTaated pls. Oiher
leoxcitinn (grmde (G} 1=2) include rath, somnalence, fadgue, leg cedems,
and & decresss In creatnine cearance (Crlf). Severw toxicties In 2 pig, 1
wh hed taken & non stercidal anli-infammataory agant and 1 with savers
hypoalbuminsemla, resobed after adminlstration of leucovorin and tymidine.
Prelimlnasy vitamm matabolites In 26 pis reveal: 2 and 3 of 11 pta with
homotystaing = 10 had G4 thrombotytoponln and nautropanta, raspactivaly,
1 erd 2 of 15 pts with homocysteme < 10 had G4 thrombocytooania and
naulrogema, mspaciivily; 1 and 2 of 8 pis with elévated cystalhkoning levels
(cysathloning upper limit of normal 342 rkL) had G2 somnalence snd G1-2
fatigus, raspactively; 1 and 10 of 16 piz with nomal eystaihicring lavels
had G2 somnsisnse and G1-2 fatigus, espactivaly, 1 of 4 pta with alavated
mathyimelonic acid (mathylmalone ackd uppar [Imil of nomal 271 N1 had
G2 intgue whila 12 ol 22 pis with noemal lovels had G1-2 tatigua. 7 of 15
pte with slevaled homocystama, cysisthicning, or Mathyimalenkc acid levals
had & significant decreass In CrCL Based on Infommation from (hesa 16 pla,
aoditten of FA may reduca the usshulness ol vitamen metabolibes a8 predicions
of todeity,

Conclusions: FA supplemaniation appaans (o pernil MTA dose ascalation
by amediorating toxicity. Heavity- and minimaly-prafreated pta lolarais MTA a1
700 and 825 mg/m® and accrual continues st 800 and 525 mgim®, respectivaly.

“B66

A PHASE | AND PHARMACOKIMETIC (PK) STUDY OF THE MULTITARGETED
ANTIFOL {MTA) LY231514 WITH FOLIC ACID. L. Hammond, M. Villalona-
Calero, 5.G. Eckhardt, R. Orengler, C. Aylesworth, T. Jdohnrson, M. Midalgo,
3. Rodriguer, 5, Diab, P Monrce, D. Tharnton, 0. Von Hoff, and E.
Rowinsky, Cancer Therapy and Research Center and Brooke Army Med
Center, 5an Antonio, TX, and Eh Lilly Campany, indianapolis, (.

MTA (LY 231514) is a new antifol that inhibits multiple folate-dependent
enzymes, including thymidylate synthase, dihydrofolate reductase, and
glycinamide ribonucleotide formyl transferase. Initial phase | trials demon-
strated major antitumor responses when MTA was given as a 10 min i
infusion, however, myelosuppression precluded dose escalation abowe
500600 mgim?, Since preclinical studies indicated that folic acid
supplementation increases the therapeutic index of MTA, the feasibility of
administering folic acid 5 mg daily for 5 days starting 2 days before MTA in
minimally- and heavily-pretreated pts was evaluated to determine if folic
acid supplementation ameliorates the toxic effects of MTA, permitting
significant dose-escalation above the recommended phase || dose of MTA
alang. Thus far, 21 pts with solid cancers have received 55 courses at the
following dose levels: 600, 700, and 80O mg/m?. Drug-related toxicities
have included neutropenia, anemia, and thrombocytopenia, which have
been more severe in heavily-pretreated pts. Other toxicities (grade 1-2)
include rash, somnolence, fatigue, leg edema, and diminished renal
functicn manifested by a decrease in creatinine clearance, One pt taking a
non-steroidal anti-inflammatory agent experienced severe toxicities at the
800 mg/m* dose, which resclved after administration of leucoworin and
thymidine, Ona partial response in a pt with metastatic colon cancer has
been obseryed, PK and vitamin {folic acid) metabolite profiles were done
during cycles 1 and 3 at 600 and 800 mg/m?. To date, serum folic acid
levels do not appear to be related to tomicity, but homocysteing was
significantly elevated in the pt with severe foxicities at the 800 mg/m?
dose. Thus far, heavily- and minimally-pretreated patients have tolerated
MTA at 600 and BOO mg/m2 and accrual continues at 700 and 300 mgim?,
respectively. These results indicate that felic g¢id supplementation appears
to permit MTA dose escalation.

Ex. 1015, Hammond | (ESMO); Ex. 1004, Schiff
19154, 56; Ex. 1075, Schiff Reply, 136.

Ex. 1014, Hammond Il (ASCO); Ex. 1004, Schiff
1955-56; Ex. 1075, Schiff Reply, 136.
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Dr. Chabner’s Hammond v. Rinaldi Comparison

Hammond Abstracts, Ex. 1014, 1015

G20P | A phase | and pharmacokinetic (PK) study of the
nFl::!)marﬂBlad antifolete (MTA, LY231514) with folic acid
{

L Hammond| M _Vilsiona-Color” S.C_Eckrart! L Syt M. Hidgige!
D. Thomicl
' Cancer 1| *866
Incianapo) A PHASE | AND PHARMACOKINETIC (PK) STUDY OF THE MULTITARGETED
Introductif  u\TiFgL (WTA) LY231514 WITH FOLIC ACID. L._Hammond, M. Vilisiona-
Myorodel  Catero, 5.G. Eckhardt, R. Drengler, C. Aplesworth, T. Jormsan. M. Hidslge.
ary 21 dal G. Rodriguez, 5. Diab, P Monroe, D. Thornton, D. Von Hoff, and E.
mgim? M Rowinsky. Cancer Therapy and Research Certer and Brooke Army Med
1hs therp] Center, San Antonie, TX, and ETi Lifly Company, Indfanapolis, IN.
mantation MTA (LY 231514} is a new antifol that inhibits multiple folate-dependent
i dosa of enzymes, including thymidylate synthase, dihydrofolate reductase, and
velussspdl  piucinamide ribonuclestide formyl transferase. Initial phase 1 trials demon-

Mothod] strated major antitumor responses when MTA was given as a 10 min 1.v.
3';2;2 infusion, however, myelosuppression precluded dose escalation above
potenial 500-600 mg/m?. Since preclinical studies indicated that folic acid

Resuts) supplementation increases the therapautic index of MTA, the feasibility of
thrombocy administering folic acid 5 mg daily for 5 days starting 2 days before MTA in
loxicitien minimally- and heavily-pretreated pts was evaluated to determine if folic
and & ded acid supplementation ameliorates the toxic effects of MTA, permitting
who had significant dose-escalation above the recommended phase |1 dose of MTA
hyposlbun} alone. Thus far, 21 pts with salid cancers have received 55 courses at the
Preliminary following dose levels: 600, 700, and 800 mg/m?. Drug-related toxicities
homocystg have included neutropenia, anemia, and thrombocytopenia, which have
1end 29 been more severe in heavily-pretreated pts. Other toxicities {grade 1-2)
neutropeny include rash, somnolence, fatigue, leg edema, and diminished renal
‘fff:“f'; function manifested by a decrease in creatinine cleatance. One pt taking a
hm?m‘. . non-steroidal anti-inflammatary agent experienced severe toxicities at the
mathyima B0O mgim? dose, which rescived after administration of leucovarin and
G2 fatigud thymidine. One partial response in a pt _mlh melasl_atlc m\_un cancer has
pis with of been observed. PK and vitamin {folic acid) metabolite profiles were done
had a sig during cycles 1 and 3 at 600 and 800 mg/m?, To date, serum folic acid
addition o levels do not appear to be related to toxicity, but homocysteine was
of taxleaty. significantly elevated in the pt with severe toxicities at the 300 mg/m?

Concluy dose. Thus far, heavily- and minimally-pretreated patients have tolerated
by amflor MTA at 600 and 800 mg/m? and accrual continues at 700 and 300 mg/m?,
700 and 93 respectively. These results indicate that folic acid supplementation appears

to permit MTA dose escalation.

Rinaldi Abstract, Ex. 2022

A PHASE 1 EVALUATION OF LY231514, A NOVEL MULTI-
TARGETED ANTIFOLATE, ADMINISTERED EVERY 21 DAYS. DA
Rinaldi. HA Burris, FA Dorr, G Rodriguez, SG Eckhardi, SM Fields, IR
Woodworth, JG Kuhn, C Langley, G Clark, P Lu, DD Von Hoff. From the
Cancer Therapy and Research Center and Brooks Army Medical Center, San
Antonio, TX, and Eli Lilly and Cempany, Indianapolis, TN

LY231516  (N-[4-[2-(2-amino-4,7-dihydro-4-oxe- | H-pyrrolo,3-d}
pyrimidin -5-yl} ethyl] benzoyl]-L-glutamic acid disodium salt) is a multi-
targeted antifolate compound which inhibits the enzymes thymidylate
synthase and dil reductase, | doses were admini: d
intravenously every 21 days o patients with advanced, refractory, solid
tumors to assess toxicities and determine the maximally-tolerated dose
(MTD), pharmacokinetic profile, and polential antitumor activity of the
compound. Dose escalation was based on the Modified Continual
Reassessment Method, with | patient treated at each minimally toxic dese
level. A total of 37 patients (27 males, 10 females, median age 59 yo, median
PS 90%) were treated with 132 courses at 9 dose levels, ranging from 50 to
700 mg/m’. The MTD of LY231514 was 600 mg/m’, with reversible
neutropenia, thrombocytopenia, and fatigue as the dose-limiting toxicities.
Nonhematologic toxicities observed included mild to moderate fatigue,
anorexia, nausea, diarthea, mucositis, rash, and reversible hepatic

i i Phar inetic analysis afier the first course of
treatment at the 600 mg/m’ dose level demonstrated a mean harmonic half-
life, maximum plasma concentration, clearance, area under the curve (AUC),
and apparent volume of distribution at steady-state of 5.07 hours, 142
meg/ml, 41.7 mlimin/m’, 203.3 mog-hr/ml., and 26.55 Lim’ respectively,
Seventy-eight percent of the compound was excrted unchanged in the urine.
Partial responses were achieved in 2 patients with advanced pancreatic cancer
and in 2 patients with advanced colorectal cancer, Minor responses were
obtained in 6 patienis with advanced colorectal cancer. LY231314 is a
promising agent for the treatment of gastrointestinal malignancies.

Cannot quantify efficacy in Phase

Phase 1 trials lack randomized
design or control groups

A POSA would not consider
Hammond to be a Phase 1B stud

Ex. 1075, Schiff Reply, 1137-45.
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Flaw #1: Efficacy Cannot be Quantified in Phase | Trials

Lawrence M. Friedman Curt D. Furberg
David L. DeMets

Fundamentals of
Clinical Trials

Third Edition

"%ﬁ Springer

Yy
R

Phase I studies

Although useful preclinical information may be obtained from in vitro studies or
animal models, early data must be obtained in humans. The first step, or phase in
developing a drug or a biologic is to understand how well it can be tolerated in a
small number of individuals. Although it does not meet our definition of a.clinical
trial, this phase is commonly called a phase I trial. People who participate in phase I

Phase II studies

Once the MTD is established, the next goal is to evaluate whether the drug has
any biologic activity or effect and to estimate the rate of adverse events. If the
design of the phase I trial has not been adequate, the investigator may evaluate the
drug for activity at too low or high a dose. Thus, the phase II design depends on the
quality and adequacy of the phase I study. The results of the phase II trial will, in

The POSA would recognize that the Hammond study was a phase I study
(technically a phase IB study). At the relevant date, phase I studies were not
designed to demonstrate whether the regimen used was efficacious, that s, they

were not statistically powered to give precise information about efficacy.

Ex. 1095, Friedman, 3-4; Ex. 2120, Chabner Decl, § 72;
see also, Ex. 1075, Schiff Reply, 11 37-45.
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Flaw #2: The Hammond and Rinaldi Phase | Trials Have
Different Experimental Conditions

Ex. 1015, Hammond I:

Methods: So far, 33 minimally- and heavily-pretreated pts recstved 90
coursas of FA (5 mg/day) for & days staning 2 days belcre MTA at 600, 700,
800 925 mg/m?. Vitamnin metabolltes wers evaluated during cycles 1 and 2 as
potential determinants of principal toxiclties and effects.

Ex. 1014, Hammond lI:

alone. Thus far, 21 pts with solid cancers have receiien &R rnureac 2t tha
following dose levels: 600, 700, and 800 mg/m?. Drug-related toxicities

Ex. 2022, Rinaldi I:

LY231514  (N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo,3-d]
pyrimidin -5-yl) ethyl] benzoyl]-L-glutamic acid disodium salt} is a multi-
targeted antifolate compound which inhibits the enzymes thymidylate
synthase and dihydrofolate reductase. Escalating doses were administered
intravenously every 21 days to patients with advanced, refractory, solid
tumors to assess toxicities and determine the maximally-tolerated dose
(MTD), pharmacokinetic profile, and potential antitumor activity of the
compound. Dose escalation was based on the Modified Continual
Reassessment Method, with 1 patient treated at each minimally toxic dose
level. A total of 37 patients (27 males, 10 females, median age 59 yo, median
PS 90%) were treated with 132 courses at 9 dose levels, ranging from 50 to
700 mg/m>. The MTD of LY231514 was 600 mg/m”, with reversible
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2562 General Poster Session (Board #C4), Sun, 8:00 AM - 12:00 PM

The complete phase Ib clinical trial: A method to accelerate new agent
development. D. 0. Von Hoff, J. A. Nieves, L. K. Vocila, S. D. Weitman, F.
Cvitkovic; Translational Genomics Research Institute (TGen), Phoenix, AZ;
Translational Oncology Team, Houston, TX; Institute for Drug Develop-
ment, San Antonio, TX; AAl Oncology, Le Kremlin, France

A phase | and pharmacokinetic (PK) study of the
muititargeted antifolate (MTA, LY231514) with folic acid
(FA)

L_Hammond', M. Villalona-Calero’, S.G. Eckhardt’, L. Siu', M. Hidalgo',

D. Thamton?®, J. Walling?, S. Baksr, C. Coltman', D. Von Hoff', E. Rowinsky',
'Cancer Thempy and Rasearch Center, San Antonic; TX, and TEli Lilly,
Indianapolis, IN, USA

Background: The usual clinical |Bagkground: The usual clinical development plan for a new agent (NA)

inciudes a phase | monotherapy

are eventually developed as part { INClU@S @ phase | monotherapy trial. However, because many new agents
assessing the new agent in comif 30 ayentually developed as part of a combination, additional phase | trials

performed (usually as individual

within a single protocol, severd ggs@ssing the new agent in combination with a standard agent are usually

conducted simultaneously. M:

ing the new agent is synergistic  PErformed (usually as individual phase Ib studies). Our hypothesis was that
agent, an antimetabolite, an 2within a single protocol, several combination phase | trials could be

EGFR): patients with advanced

deemed most likely to be of help-with a choice of a) anthracycline + NA; b)
tubulin interactive + NA; ¢) antimetabolite + NA; d) angiogenesis inhibitor
+ NA; e) antibody to EGFR + NA. The standard agent is started at full dose
with 3 patients placed at 1/3 full dose of NA, 3 patients at 2/3 dose of NA,
and 3-6 patients at full dose of the NA in the combination. Results: Our
experience with the complete phase \b trial has found several advantages
over conducting separate phase | trials. The advantages include: (a) a very
rapid follow-up on preclinical data in one:study; (b) a saving of time and
expense in the start up; (c) accrual is rapid because many patients in a
practice are likely to be eligible (e.g. the standard agent is the standard of
care); (d) patients are often less pretreated; (e) the trial generates
information for more informed selection of follow-up randomized phase |1
or Il trials. Conclusions: Utilizing a Complete phase Ib trial design is
feasible. Our initial experience has suggested that this approach is safe and
highly efficient with several potential advantages over multiple sequential
combination phase Ib studies.

Ex. 1098, Von Hoff, see also, Ex. 1075, Schiff Reply, 1 44.
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Flaw #3: A POSA would not consider Hammond to be a
Phase 1B study

Lilly Clinical Trial Website 2001:

Phase | A Phase | clinical trial is the first step in testing a new investigational medication in
humans. Phase | studies are mainly concerned with how the drug is absorbed and broken down by
the body. These studies help determine the best way to give a drug to a patient (for example by
mouth, or by injection), and what side effects may be likely. Except for drugs used to treat cancer,
Phase | clinical trials are usually conducted in healthy individuals and are not intended to treat
disease or illness. Because cancer can be such a life-threatening condition, Phase | trials with
anti-cancer drugs are usually carried out in patients who already have the disease.

Phase Il Phase Il clinical trials may involve up to several hundred volunteers who have the
disease state or condition to be treated. These trials may last one to two years as physicians and
researchers begin to learn more about the safety of the new drug treatment and how well it treats
the disease or condition. Several different doses of the drug may be looked at to see which dose
has the desired effects. Patients are watched for side effects and for any improvement in their
illness, symptoms, or both.

Lilly Clinical Trial Website 2006:

« Phase 1: A Phase 1 clinical trial is the first step in testing a new investigational medication (or new use of a
marketed drug) in humans. Phase 1 studies are mainly concerned with evaluating a drug's safety profile,
including the safe dosage range. The studies also determine how the drug is absorbed and broken down by the
hody, what is the best way to give the drug to a patient (for example by mouth, or by injection), what side effects
may be likely, and how the drug is absorbed, distributed, metabolized, and excreted as well as its duration of
action. Except for drugs used to treat cancer, Phase 1 clinical trials are usually conducted in healthy individuals
and are not intended to treat disease or illness. Because cancer can be such a life-threatening condition, Phase
1 trials with anti-cancer drugs are usually carried out in patients who already have the disease.

Phase 1b : Phase 1b studies are usually conducted in patients diagncsed with the disease, or condition for
which the study drug is intended, who demonstrate some biomarker, surrogate, or possihly clinical cutcome
that could be considered for "proof of concept.” Proof of concept in a Phase 1b study typically confirms the
hypothesis that the current prediction of biomarker, or outcome benefit is compatible with the mechanism of
action.

Ex. 1082, 11, 15; Ex. 1075, Schiff Reply, 1 44.
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Dr. Chabner’s Alleged Concerns About Kidney Toxicity from
Hammond Dose Escalation

and a decrease 1n creatinine clearance (CrCl).”). A POSA simply would not
have been concerned about grade II creatinine clearance, particularly given the
high doses of pemetrexed administered in the Hammond dose escalation studies.
I note also that Dr. Chabner’s claim that a POSA would consider this grade 11
kidney toxicity a “significant issue” (Ex. 2120, Chabner Decl.  80) cannot be
reconciled with his views that grade III and IV toxicities would not have been

viewed as a problem. (See Ex. 2120, Chabner Decl. 49 53-60.)

Ex. 1075, Schiff Reply, 151
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Prior Art: Laohavinij (Ex. 2031)

Invesngational New Drugs 14: 325-335, 1996 325
®© 199G Kluwer Academic Publishers. Printed in the Netherlands.

A Phase I clinical study of the antipurine antifolate lometrexol (DDATHF)
eiven with oral folic acid

Sudsawat Laohavinij,* Stephen R. Wedge*, Micheal J. Lind, Nigel Bailey, Alison Humphicys,

Madeleine Proctor, Fiona Chapman, Dorothy Simmons, Avtil Oakley, Lesley Robson,
Lyndsey Gumbrell, Gordon A. Taylor, Huw D. Thomas, Alan V. Boddy, David R. Newell and|
A. Hilary Calvert

Cancer Research Unit, The Medical School, University of Newcaste-upon-Tine, Framlington Place,
Newcastle-upon-Tyne, NE2 4HH, UK

Key words: Tometrexol, lometrexol-toxicity, lometrexol-clinical efficacy, lometrexol and folic acid, DDATHF

Summary

Lometrexol 15 an antifotate which inhibits glycinamide ribonucieotide Iamtyhmnmme u(.uu{h)‘ an enzyu

esseutial {01 de nove piiine synthiesis. Exiensive experimenial and linited clinical data have showi that Lo

has activity against tumours which are refractory to other drugs, notably methotrexate. However, the initial clinic:

development of lometrexol was curtailed because of severe and cumulative antiprolifecative toxicities.
Preclinical murine studics demonstrated that the toxicity of lometrexol can be prevented by low dose folic aci

administration, i.e. for 7 days prior to and 7 days following a single bolus dose. This observation prompted

Phasc I clinical study of lometrexol given with folic acid supplementation which has confirmed that the toxici
an be markedly reduced by folic acid supplementation. Thrombocytopenia and mucositis were th
. There was no clear relationship between clinical toxicity and the extent of plasma folate el

of lometre:
major toxiciti

Associated studics demonstrated that

plasma pharr

were notaltered by folic acid admir]

istration indicating that supplementation is unlikely 1o reduce toxicity by enhancing lometrexol plasma clearancd

The work described in this report has identified for the first time 2 clinical

ork deger e pOT

administration of a GARFT inhibitor. This information will facilitate the futurc evaluation of this class of

in cancer therapy.

Introduction

Lometrexol  (5,10-dideaza-5,6,7,8-tetrahydrofolate-
{6R)-DDATHF) is a new folate analogue which was
synthesized i 1985 by Taylor and colleagues [1].
Unlike methotrexate, lometrexol does not inhibit dihy-
drofolate reductase, but acts instead against glyci-
namideribonucleotide formyliransferase (GARFT), an
enzyme essential for de nove purine synthesis [2]. Both
fnviiro and in vivo, lometrexol has been shown to have
antitumor activity against murine and human tumour

* Supporied by Eli Lilly and Company, Indianzpolis, N, USA.
Financial support was also provided by the North of England Cancer
Research Campaign

acceptable schedule for tH

cells [2—4], and on the basis of its preclinical activi
was selected for clinical trial.

In previous Phase ['studies of lometrexcl when gi
en alone, the total dose of lometrexol which coul
be safely given was found to be only 10-12 mg/nj
per course [5-7]. In marked contrast, in mice, 6
mg/m’/week was tolerated in chronic toxicity studi
[8]. Furthermore. the onset of profound myelosuppre
sion and/or mucositis in most parients 6-8 weeks aff
lometrexol administration prevented administration
more than two courses of therapy in most studies. Thu
it has not been possibie to perform Phase II studies
cvaluate the potential cfficacy of lometrexol. Howe
er, evidence of antitumor activity was observed in
Phase I clinical swdics of lometrexol, in patients wi

In summary, the work described in this report has
demonstrated that lometrexol toxicity can be modulat-
ed by folic acid supplementation in patie:nts. The infor-

mation outained from both preclinical muring, and the
clinical Phase I study of lometrexol with folate sup-
plementation reported here, indicates that the MTD
of lometrexol given with folate supplementation may
be higher than the current dose level. The mechanism
responsible for the reduction in lometrexol toxicity has
not been defined, although associated pharmacokinetic
studies suggest that folic acid is not acting by enhanc-
ing lometrexol plasma clearance [12]. This work has

identified for the first time a safe and acceptable clinical
schedule for the administration of a GARFT inhihitor.
and the information obtained from this study will facil-
itate the future developmentand evaluation of this class

of compounds in the treatment of human cancer.

Lilly Ex. 20
Sandoz v. Lilly IPR2016-00318

Ex. 2031, Laohavinij at 333-34; Ex. 1075, Schiff
Reply 11 46-50
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Prior Art: Laohavinij (Ex. 2031)

Invesngational New Drugs 14: 325-335, 1996 325
®© 199G Kluwer Academic Publishers. Printed in the Netherlands.

A Phase I clinical study of the antipurine antifolate lometrexol (DDATHF)
eiven with oral folic acid

Sudsawat Laohavinij,* Stephen R. Wedge®, Micheal J. Lind, Nigel Bailey, Alison Humphicys,
Madeleine Proctor, Fiona Chapman, Dorothy Simmons, Avtil Oakley, Lesley Robson,
Lyndsey Gumbrell, Gordon A. Taylor, Huw D. Thomas, Alan V. Boddy, David R. Newell an,
A. Hilary Calvert

Cancer Research Unit, The Medical School, University of Newcastle-upon-Tyne, Framlington Pla
Newcastle-upon-Tyne, NE2 4HH, UK

Key words: lometrexol, lometrexol-toxicity, lometrexol-clinical efficacy, lometrexo] and folic acid, DD/

Summary

Lometrexol 15 an antifolate which inhibits glycinamide ribonucleotide fermyltansferase (GARET), an enzyme
esseutial {01 de nove puiine synthiesis. Exiensive experimenial and linited clinical data have shown that lomeuexol
has activity against tumours which are refractory to other drugs, notably methotrexate. However, the initial clinical
development of lometrexol was curtailed because of severe and cumulative antiprolifecative toxicities.

Preclinical murine studies demonstrated that the toxicity of lometrexol can be prevented by low dose folic acid
administration, i.e. for 7 days prior to and 7 days following a single bolus dose. This observation prompted a

Phasc I cli
of lometre:
major toxi

al study of lometrexol given with folic acid supplementation which has confirmed that the toxicity
n be markedly reduced by folic acid supplementation. Thrombocytopenia and mucositis were the
es, There was no clear relationship between clinical toxicity and the extent of plasma folate elevation.

Associated studics demonstrated that plasma pharr

ics were notaltered by folic acid admin-

istration indicating that supplementation is unlikely 1o reduce texicity by enhancing lometrexol plasma clearance.

The work described in this report has identified for the first time 2 clinic

y acceptable schedule for the

administration of 2 GARFT inhibitor. This information will facilitate the future evalu:ucn of this class of compounds

in cancer therapy.

Introduction

Lometrexol  (5,10-dideaza-5,6,7,8-tetrahydrofolate-
{6R)-DDATHF) is a new folate analogue which was
synthesized i 1985 by Taylor and colleagues [1].
Unlike methotrexate, lometrexol does not inhibit dihy-
drofolate reductase, but acts instead against glyci-
namideribonucleotide formyliransferase (GARFT), an
enzyme essential for de nove purine synthesis [2]. Both
fnviiro and in vivo, lometrexol has been shown to have
antitumor activity against murine and human tumour

* Supporied by Eli Lilly and Company, Indianzpolis, N, USA.
Financial support was also provided by the North of England Cancer
Research Campaign

cells [2—4], and on the basis of its preclinical activity
was selected for clinical trial.

In previous Phase [studies of lometrexcl when giv-
cn alone, the total dose of lometrexol which could
be safely given was found o be only 10-12 mg/m?
per course [5-7]. In marked contrast, in mice, 600
mg/m’/week was tolerated in chronic toxicity studies
[8]. Furthermore. the onset of profound myelosuppres-
sion and/or mucositis in most patients 68 weeks after
lometrexol administration prevented administration of
more than two courses of therapy in most studies. Thus,
it has not been possibie to perform Phase II studies to
cvaluate the potential cfficacy of lometroxol. Howev-
er, evidence of antitumor activity was observed in the
Phase I clinical swdics of lometrexol, in patients with

Lilly Ex. 2031
Sandoz v. Lilly IPR2016-00318

To date, the maximum tolerated dose (MTD) of
lometrexol has not been reached in this Phase T clin-
ical trial. Indeed, significant toxicity has not been
observed in most patients up to the present dose level
of 170mg/m?. Extrapolating from murine experiments
(G.B. Grindey, personal communication, Wedge ct al.,
unpublished results), where the MTD in mice on a
folate-supplemented diet was found to be greater than
750 mg/m*, the MTD in patients may be much higher
than the current dose level. Clinical responses, which
were observed in carly Phase 1 studies of lometrex-
ol given alone, have not been common in the current
study, i.e. only one objective partial response has been
observed: however, as the MTD has not been achieved
it could be argued that optimal therapeutic conditions
have not been defined. One cause for concem is that the
administration of folic acid priorto lometrexol and dur-
ing treatment could potentially supplement the folate
requirements of the tumour, and thereby circumvent
the activity of lometrexol or, worse still, aid tumour
progression [33]. Such a phenomenon wouid be dii-
ficult to examine unequivocally; but the relationship
between a paiient’s piasma folate status and the rate
ol disease progression mighi aliow ihis quesiion o be

addressed.

Ex. 2031, Laohavinij at 333; Ex. 1075, Schiff Reply 11 46-50
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Prior Art: Laohavinij (Ex. 2031)

S I

I I New Drugs
®© 1996 Kluwer Academic

A Phase I clinig
eiven with oral]

Sudsawat Laohavi
Madeleine Proctor|
Lyndsey Gumbrell|

Key words: |

Summary

Lometrexol 18 an
esseutial for de nov
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Introduction
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To date, the maximum tolerated dose (MTD) of
lometrexol has not been rsached in this Phase I clin-

ical trial. Indeed, significant toxicity has et
observed in most patients up to the present d
of 170mg/m?. Extrapolating from murine exp
(G.B. Grindey, personal communication; Wed|
unpublished results), where the MTD in m|
folate-supplemented diet was found to be gre;
750 mg/m?, the MTD in patients may be muc
than the current dose level. Clinical responses, whj
were observed in early Phase I studies of 1
ol given alone, have not been common in
study, 1.e. only one objective partial resp
observed; however, as the MTD has
it could be argued that optimal
have not been defined. One
administration of folic acid

35

requirements of our, and thereby circumvent
the activity of lpffiewrexol or, worse still, aid tumour
progression [35]. Such a phenomenon would be dif-
ficult to examine unequivocally; but the relationship
between a patient’s plasma folate status and the rate
of disease progression mighi aliow this quesiion io be

addressed.

Farber 5, Diamond LK, Mercer RD et al.; Temporary rernis-
sions in acute leukaemia in children produced by folic acid
antagonist 4-amethopteroylglutamic acid (aminopterin). New
Engl J Med 238.787-793, 1948

Ex. 2031, Laohavinij at 333; Ex. 1075,
Schiff Reply 1 46-50
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Ficure 1. Course of Leukemia in Case .

" On February 3 daily injections of 1 mg. of aminopterin
were begun. A bone-marrow biopsy and aspiration revealed
85 per cent blast forms, no megakaryocytes and no eryth-
ropoiesis, After 10 days of regular therapy the white-cell
count had fallen from 78,000 to 5000, but severe stomatitis
made cessation of therapy imperative. Within a week
without therapy, the stomatitis had healed completely,
and the patient had developed a ravenous appetite. The
nutrition gradually improved. By February 21 the liver was
no longer palpable, and only the tip of the spleen could be
felt. Bone-marrow aspiration and %imps revealed a slight
decrease in blast forms and slight erythropoietic activity.
The platelets reached normal levels about 1 month after
this course of daily therapy. On March 1 the white-cell
count began to rise in spite of daily administration of 0.25
mg. of aminopterin, and by March 6 was 75,000. The spleen
again enlarged. The dosage of aminopterin was raised to
1 mg. on March 8, and after about 10 days the white-cell
count had fallen to 12,000. Slight stomatitis again appeared,
and the dosage of aminopterin was reduced to 0.5 mg.
daily, with 1 unit of crude liver extract weekly. The white-
cell count has remained at a high-normal level, and the spleen
is again slowly receding. The stomartitis is still present but
is not progressing and does not interfere with ability to eat.

Ex. 1009, Farber at 788; Ex. 1075, Schiff Reply
11 96-97; Ex. 2137 Stover Dep. 65-91

Farber Case 1
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IT 1S the purpose of this paper to record the re-

sults of clinical and hematologic studies on §
children with acute lenkemia treated by the intra-

. muscular injection of a synthetic compound, 4-
aminopteroylglutamic acid (aminopterin). This
substance is an antagonist to folic acid regarding
the growth of Streptococcus faccalis R.

The occurrence of what he interpreted as an
“acceleration phenomenon” in the leukemic process
as seen in the marrow and viscera of children with
acute leukemia treated by the injection of folic
acid conjugates' — pteroyltriglutamic acid (terop-
terin) and pteroyldiglutamic acid (diopterin) — and
an experience gained from studies on folic acid
deficiency suggested to Farber that folic acid an-
tagonists might be of value in the treatment of pa-
tients with acute leukemia.?! Post-mortem studies
of leukemic infiltrates of the bone marrow and
viscera in patients treated with folic acid conju-
gates were regarded by Farber as evidences of an
acceleration of the leukemic processes to a degree
not encountered in his experience with some 200
post-mortem examinations on children with acute
leukemia not so treated. It appeared worth while,
therefore, to ascertain if this acceleration phenom-
enon could be employed to advantage either by
radiation or nitrogen mustard therapy after pre-
treatment with folic acid conjugates or by the ad-
ministration of antagonists to folic acid.* A series
of folic acid -antagonists was made available by
Dr. Y. Subbarow and his colleagues **

The objective data sufficient to justify research in
the direction of antagonis! ic acid in the treat-

SPresented a1 g meeting of the Di

ool : pathologis:-
i

ment of leukemia were obtained from studies on a
four-year-old girl with a rapidly progressing acute
myelogenous leukemia? Treatment from Febru-
ary 17 to March 24, 1947, with pteroyldiglutamic
acid (diopterin), in a dosage of 100 to 300 mg. intra-
muscularly daily, had no effect upon the hematologic
picture. The patient appeared to be moribund., A
second bone-marrow biopsy on March 25 verified
the diagnosis of myelogenous leukemia. Pteroyla-
spartic acid, the first antagonist to folic acid to be
employed in our studies, was given intramuscularly
from March 28 to April 4 in amounts of 40 mg.
daily without altering the clinical course. Post-
mortem examination on April 4 revealed a markedly
hypoplastic bone marrow, with a few immature
cells. A change of this magnitude in such a short
time has not been encountered in the marrow of
leukemic children in our experience.

This observation was followed by clinical, labora-
tory, and post-mortem studies®* on a group of 14
children with acute leukemia treated with pteroyl-
aspartic acid and on 7 treated with methylptercic
acid. The details of these observations will be re-
ported separately.

Sufficient encouragement was obtained from these
observations to justify further studies on the effect
of more powerful antagonists to folic acid on the
course of acute leukemia in children. Since Novem-
ber, 1947, when a sufficiently pure substance be-
came available, to the time of this writing (April 15,
1948) we have made studies on 16 children with
acute leukemia to whom the most powerful folic
antagonist we have yet encountered, 4-aminopteroyl-

. glutamic acid (aminopterintt) was administered by

intramuscular injection. Many of these children
were moribund at the onset of therapy. Of 16 in-
fants and children with acute leukemia treated with
aminopterin 10 showed clinical, hematologic and

pathology and
pediatrics, The Children's Medical Center, Bostan,

pathological of improvement of important

**These ot ied out by a goup consistiag of Sidney Farber,
Gilbert G. 1 s W, Hiwking, Ernst Eichwald, Robert D, Mercer
and E. Conv e, 1L

+{This compound was est synthesized by the Caleo Chemical Division
of the American Cyanamid Company.

Sandoz Inc.

Exhibit 1009-0001

The patient was treated with pteroylaspartic acid begin-
ning on April 16 in doses of 20 to 60 mg. daily while in the
hospital, in a convalescent home, where he remained until
May 20, and at home, where the injections were given by
the family physician. During that time he was active and
fairly well, although the white-cell count remained high and
the red-cell count and hemoglébin fell slowly. _

On July 1 diopterin, in a dosage of 200 mg. by mouth daily,
was begun. This therapy was continued for about 1 month,
during which the patient steadily became more ill. The
liver and spleen enlarged, and he became very anemic. The
blast forms in the peripheral blood rose to 94 per cent. Joint

ain and fever recurred, and by August 13 he was critically
ill, with a temperature reaching 106°F. He was readmitted to

the hospital and received several transfusions. Pteroylaspar-
tic acid and methylpteroic acid, in doses of 40 mg. each,
were given intramuscularly daily. The patient was dis-
charged after about 2 weeks, and pteroylaspartic acid and
methylpteroic acid, in doses of 20 mg. each, were continued
in the Tumor Therapy Office. A period of remission en-
sued, during which the red-cell count and platelets returned
to normal levels, the liver and spleen receded in size and
the nutrition improved remarkably. He returned to school
part time in October and was in quite good condition. The
white-cell count had risen to high levels, however, and in
November general deterioration began. The liver and
spleen enlarged, and he became so anemic that transfusion
was necessary by November 24. Only temporary benefit
rcsult[ed and transfusions were required at about 3-week in-
tervals.

Ex. 1009, Farber at 788; Schiff Reply 196
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tients with acute leukemia? Post-mortem studies
of leukemic infiltrates of the bone marrow and
viscera in patients treated with folic acid conju-
gates were regarded by Farber as evidences of an
acceleration of the leukemic processes to a degree
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Froure 2. Course of Leukemia in Case 2.

Ex. 1009, Farber at 789; Ex. 1075, Schiff Reply 196; Stover Reply {17,

Stover Dep. 65-91
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Under treatment with aminopterin the white-
cell count tended to return to a normal level. This
occurred in patients in whom the count was in-
itially high and also in those in whom there was
marked leukopenia at the onset of the therapy.
The percentage of immature cells fell, and the
blast forms decreased markedly and in some cases
disappeared from the peripheral blood. The rela-

tive percentages of mature leukocytes tended to
approach normal values in the peripheral blood.
The peripheral-blood changes included improve-
ment approaching the normal in the value of hemo-
globin, red-cell count and platelets. Studies of the
bone marrow showed changes that varied from a
decrease in number to a disappearance of the leu-
kemic cells and variation from hypoplasia to al-
most normal pattern. Toxic effects included stoma-
titis, with early ulceration. In an attempt to pre-
vent this complication crude liver extract was
employed, as were folic acid and folic acid con-
jugates.
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Ficure 6. Course of Leukemia in Case 5.

Ex. 1009, Farber at 792; Ex. 1075, Schiff Reply
196; Ex. 1091, Stover Reply 17; Ex. 2137,
Stover Dep. 65-91
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Sandoz Inc.
Exhibit 1009-0001

Ex. 2136, Schiff Dep. 145:10-46:25; Paper 70,
4; Ex. 1075, Schiff reply 196

continued use of the drug impossible.” (Ex. 1009, Farber at 792.) Thus, Dr. Farber
realized early on that an antifolate. such as aminopterin, was lnghly toxic and folic
acid regimens could ameliorate these toxicities. The doses of folic acid Dr. Farber
used to treat these toxicities (5 mg folvite, which 1s folic acid, and 1 unit of crude
liver extract) exceeded the recommended daily allowance for folic acid, a point on
which Dr. Zeisel agrees. (Ex. 1086, Zeisel Dep 146:21-24.) In addition, crude
liver extracts have long been known fo contain vitamin B, useful for treating

pernicious anemia. (Ex. 1109, Cuthbertson at 708.)

Ex. 1091, Stover Reply {17

Sandoz DX - 38




Prior Art: Farber (Ex. 1009) and Folic Acid and Vitamin

B,, Supplementation

The New England
Journal of Medicing

Coprright, 1348, by the Mussachusorss Medical Sociexr

Volume 238 JUNE 3, 1948

TEMPORARY REMISSIONS IN ACUTE LEUKEMIA IN CHILDREN PH

. FOLIC ACID ANTAGONIST, 4-AMINOPTEROYL-GLUTAMIC ACID (Al
Sipvey Farpzr, M.D,f Louts K. Dissoxn, M.D.t Roserr D. Mexce
Romsar F. Svivesten, Ja, MDY awp Jaues A. Worrr, M.D

BOSTON

ment of leukemia were obtaine|
1d girl with a rapid|
myclogenous leukemia? Trea
ary 17 1o March 24, 1947, wit

T 1§ the purpose of this paper to record the re-
sults of clinical and studies on 5
children with acute leukemia treated by the intra-
muscalar injection of & synthetic compound, 4-

And that's -- but that's not a connection
anvone expressly made in the literature; that's just
what you're bringing to it with vour knowledge of
the pathwavs?

A There 1s an extensive literature on the
interaction between vitamin B12 and folate that -
that goes back to this time period up to 1999,

This  acid (diopterin), in 2 dosage of . - _ .- N B
substance is an antagonist to folic acid regarding muscularly daily, had no effect u 5 Sﬂ_ 111 110 1111011 a]_]_d I 1.‘5,-01_11[1 Etfﬂj_]ﬂ']_‘i,-
=
the growth of Streptococeus faccalis R. picture. The patient appeared = =
¢ occurrence of what he interpreted as an second bone-marrow biopsy o - - . - K -
acederaion Fhenomenon” in the leakeric procers the disgnoss of myclogeres | = argue in the opinion of anvone with knowledge in
as seen in the marrow and viscera of children with  spartic acid, the first antagonis - =
acute leukemia treated by the injection of folic employed in our studies, was gi o - - - -
acd comjugter — puerotiigiamie sl (rerep= from March 25 0 Apt 4 n | 2 1 this area, would certainly view a treatment with a
terin) and pteroyldiglutamic acid (diopterin) —and  daily without altering the cli
an_experience gained from studies on folic acid mortem examination on April 4 P - - -
deficiency suggested to Farber that folic acid an- hypoplastic bone marrow, wi et rat ]_11'.5_'_-1' extract -- I mean a 11TE“I -- Tat ]_11.'.31' -
tagonists might be of value in the treatment of pa- cells. A change of this magnit
tients with acute leukemia} Post-mortem studies time has not been encountere o - - - - -
of leukemic infiltrates of the bone marrow and leukemic children in our experiq Pl "ﬁ-'lth ].l"r'E"T exiract as a{]_dfe&ging ﬂutﬂtl@ﬂﬂl
viscera in patients treated with folic acid conju-  This observation was followe
gates were regarded by Farber as evidences of an  tory, and post-mortem studies| o 1 f. . . . d . h_ - 1
acceleration of the leukemic processes to 4 degree children with acute leukemia u b : r th oy
not encountered in his experience with some 200 aspartic acid and on 7 treated = deficiencies associated wit e entire Pm 1w ﬂ} .
post-mortem examinations en children with acute acid. The details of these abs -~ . .
leukemia not so treated. It appearcd worth while, ported separately. r _—
therefore, to ascertain if this acceleration phenom-  Sufficient encouragement was = I mean. I View thﬂt as as Smnf_"thlﬂg thﬂt
enon could be employed to advantage either by observations to justify further
radistion or nitrogen mustard therapy after pre- of more powerful antagonists .
treatment with folic acid conjugates or by the ad- course of acute leukemia in chil, : “rﬂu_]_d bE' COMminon lulﬂ\hrledge T].lf.‘l'ﬂ i35 tl.'DIlE
ministration of antagonists to folic acid? A series ber, 1947, when a sufficiently il =
of folic acid -antagonists was made available by came available, to the time of - 11 1 . h ff 1
. Subbarow and his colleagues o 1948) we have made studies 3
The objective data sufficient 1o justify rescarch in  acute leukemia to whom the = terature re Eltll'.l.g to the interactions of folate

the direction of antagonists to folic acid in the treat  antagonist we have yet encounte

. glutamic acid (aminopterint)

o intramuscular injection. Man,

*  were moribund at the onset of|

o fants and children with acute |

°  aminopterin 10 showed clinical
ical evidences of imp

and vitamin B12.

, hematologic and

Ex. 2137, Stover Dep. 90:12-91:4

5 Q. And are vou aware of any literature from
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Role of Folic Acid in Modulating the Toxicity and Efficacy of the
Multitargeted Antifolate, 1.Y231514

JOHN F. WORZALLA, CHUAN SHIH and RICHARD M. SCHULTZ

Cancer Research Division, Lilly Research L.

ies, Eli Lilly and Co,, Indie

lis, IN 46285, US.A.

Abstract. We studied the effects of folie acid on modulating the
foxicity and antinonor efficacy of LY231514. Using several
Dwman nimor cell lines adapted to, in low folare medium,
jolic acid was shawn to be 100- to 1000-fold less active than
folinic acid at protecting cells from  LY2315 M-induced
cyiotoxicity. The lethality of LY231514 was compared in mice
imainiained on siandard diet or low folate diet. The LDS0
oceurred at 60- and 250-fold lower doses of LY231514 in DBA/2
and CDI nujnu mice, respectively, maintained on low folate diet
compared fo standard diei. Tiie LSI78Y[TK-/HX- murine

hama was much more sensitive to the antitumor action of
LY231514 compared to wild type L5178Y-S tumors. For mice
on low folate diet, LY231514 at 0.3 and I myglkg (qd x 10, ip.)
produced 100% inhibition of LSIZ8Y[TK-HX- hmphoma
growth, and significant lethality occurred at 2 3 mglkg. For mice
on standard diet, LY231514 produced >95% inhibition of
Gnor growth at 30 to 300 mglkg, but all wice died at 800 mgfkg.
Faolic acid supplementation was demonsirated fo preserve the
antitumar activity of LY231514 while reducing toxicity. The
combination of folic acid withk  LY231514 may provide a

mechanism for enhanced clinical anfitumor selectivity.

“51!14 is a structurally novel an: !n :le anl:mell; lite :Hll
possesses the unigue 6-5-fused  pyrrolo[2,3-d]pyrimidine
nucleus (1) instead of the more common 6-6-fused pteridine
or quinazoline ring structure. The primary mode of antitumor
activity for LY231514 has previously been ascribed to
inhibition of thymidylate synthase (TS) (1, 2). However,
several lines of evidence suggest that multiple enzyme-
inhibitory mechanisms are involved in cytoloxicity, hence the
acronym MTA (multitargeted antifolate): 1) the reversal
pattern for MTA in human leukemia and colon carcinoma
cell lines demonstrates that although TS may be a major site

Conrespondence io: Ilnhzrd M

espol Schultz, Cancer Research
Division, DC 0546, Lilly Re

of action for LY231514 at concentrations mear the 1CS0,
higher concentrations can lead to inhibition of dihydrofolate
reductase (DIFR) and/or other enzymes along the purine de
novo pathway (3); 2) MTA is an excellent substrate for
folylpolyglutamate synthetase, and the K; values of the
pentaghutamate of LY231514 are 13, 7.2, and 65 nM for
inhibition against TS, DHFR and glycinamide ribonucleotide
(GARFT), ively (3): 3) i

concentrations of LY231514 nd its polyglummnte.i can
exceed 40 pM i CCRF-CEM cells when *Helabeled
1.¥231514 was used (R.M. Schultz, unpublished observation);
and 4) early clinical studies demonstrated that patients who
had previously failed to respond to ZDI694 and S§-
fluorouracilleucovorin treatment responded to LY231514 (4;
DA Rinaldi, personal communication).

Scveral animal studics have indicated that folic acid
supplementation in combination with antifolate cancer
therapy can prevent delayed foricity and enhance the
therapeutic potential of the GARFT inhibitor lometrexol (5,
6) and the TS inhibitor 1843U89 (7). Unexpecied delayed
cumulative toxicity was observed in phase | studies with

including ia, anemiz, and
Mucositis (ﬂ) Addtllun:] clinical studies demonstrated the
protective effects of folic acid against lometrexol toxicity in
humans (9). Margan and coworkers (10) concluded that a
daily supplement of 1 mg of folic acid during low-dose
methotrexate therapy in patients with theumatoid arthritis
was useful in Jessening toxicity without altering cfficacy. In
the present communication, we investigated the effects of
folic acid on the antitumor activity and lethality of LY231514
in mice.

Materials and Methods

Reagents. Folic acid, folinic acid in), and 34,
2y1}-2,5-diphenyl uu:uuum bromide (MTT) n|= purchased from
Sigma Chemical Co. (St Louis, MO, USA), The disodiom salt of

LY2315 1 wa ESi Lilly and Co. (1),

IN 46285, USA, Phone (3|7J 276 5508 fax (317) 277-365%; E-
mail Schultz_Richard_M@ Lilly.Com

Key Words: LY231514, antitumor activity, antifolate, folic acid,

0250-7005/98 $2.00+.40

Cell lines. Humun CCRF-CEM leukemia cells were ohtained from St
Jude Children's Rescarch Hospital (Memphis, TN, USA). Human
IGROVI ovarlim carcinoma cells were. generously supplied by Dr.,

Abstract, We studied the effects of folic acid on modulating the
toxicity and antiumor efficacy of LY231514. Using several
lniman tunor cell Iines adapted to growth in low folate medium,
folic acid was shown to be 100- to 1000-{old less active than
folinic  acid ar protecting  cells  from LY231314-induced
cytataxicity. The lethality of LY231514 was compared in mice
maintained on standard diet or low jolate diet, The LD50
occurred at 60- and 250-fold lower doses of LY231514 in DBA/2
and CD1 nufnu mice, respectively, maintained on low folate diet
compared to standard diet. The L3178YITK-/HX- murine
lymphoma was much more sensitive to the antitumor action of
LY231514 compared to wild type L5178Y-8 tumors. For mice
on low folate diei, LY231514 at 0.3 and 1 mglkg (gd x 10, ip.)
produced 100% inhibition of L3I78Y/TK-(HX- lymphoma
growth, and significant lethality occurred at = 3 mglkg. For mice
on standard dief, LY231514 produced >95% inhibition of
tumor growth at 30 to 300 mglkg, but all mice died at 800 mg/kg.
Folic acid supplementation was demonstrated to preserve the
antitumor activity of LY231514 wiile reducing toxicity. The
combination of folic acid with  LY231514 may provide a
mechanism for enhanced clinical antitumor selectivity.
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Ex. 1013, p. 3235: Ex. 1004, Schiff 17 57-62;
Ex. 1075, Schiff Reply, 11 55-60.
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Role of folic acid in the antitwinor activity of LY231514 against
the L3178Y murine lymphoma. High circulating thymidine
levels in mice decrease the efficacy and toxicity of TS
inhibitors in mice (14, 15). Unless a tumor model which
cannot salvage thymidine is utilized in mice, only limited
antitumor effects for specific TS inhibitors have been
observed. LY231514 treatment (ip., qd x10) produced

Role Worzalla ef al; Folic Acid-Enhanced LY231514 Th
“Table . F vitro protective effects of folic or folinic acid on LY23 15 14-induced cytorovicity.
Relative (-fold) Change in [Csy
Folic acid conc, in media® Folinic acid conc. in media
Celine C50@MP® 1M 104t 100 M 0.1 WM 1M 104 100 M
Abstract. Wi IGROVI “ 1 1 2 % 30 90 >070
toxicity and KB 3 2 3 1Y 6 7 =121
human ool N .
folic acid wd Ges 2 ! 3 9 105 4 540
folinic acid| X1 4 1 3 5 6 8 1460
oytoradein CCRF-CEM 4 1 ‘ n 2 n 130 4600
occurred at 6f “Cellswere adapied to >4 weekly passages in low folate (2 nM folinic acid) medium,
and CD1 nu " Cytotonicity was determined by MTT assay with 72 h exposure (o LY231514, Data represcat mean of triplicatc determinations.
compared 14 “Folic or {olinic acid was added two hours prior 1o LY231514 addition.
lymphiama wj
LY23I514 co
on low folate} X .
produiced 1 were approximately 250- and 60-fold greater, respectively Table 1. LY23I514 antitumer activity against LSi78YiS wild type and
growt, and than mice on LFD. LSI7EY{TR-{HX-lpmphoma.
on standard " . b
umor growi] Role of folic acid in the antiuunor activity of LY23151 against umor Dose” % Tumor Inb. 'd“":;"ﬂ
Folic acid 5] the LS178Y murine lymphoma. High circulating thymidi (my’kg) ay 10F_ day 100
anfilumer a levels in mice decrease the cfficacy and toxicity of TS LSITSY/S
combination inhibitors in mice (14, 15). Unless a tumor model which 10 o on1a
mechanism f cannot. salvage thymidine is utilized in mice, only limited o N o
anliumor effects for specific TS inhibitors have been
LY231514 is| ohserved. LY231514 treatment (ip, qd x10) produced 100 68 s
possesses 1l modest activity against the wild type LS178Y-8 murine  ys178y/TK HX-
mucleus (1) lymphoma (Table I1). In contrast, similar treatment of a 10 9% o7 o7
or quinazoli variant of this line, LS178Y/TK-/HX-, produced potent tumor 0 100 5 &
activity for suppression (100% tumor inhibition on the day following the
inhibition o Iast drug treatment at 30 and 100 mg/kg per day) with 11 of 14 100 10 n il
wmal line: mice w!uor-frf:t_: on flly 100 after !u_mur mlantanun. This SLY231514 was administered i.p. on a gd x 10 schedule.
inhibitory m tumor is deficient in both thymidine kinase as well as Mumors were measured on the day followiny the last drug treatment
acronym M hypoxanthine-guanine  phosphoribosyl ~ transferase  and  “Days sepresent the number of days since Uherapy was initinted.
pattern for consequently, cannot salvage either thymidine or the purines
cell lines dei hypoxanthine and guanine. The exquisite sensitivity of the
L5178Y/TK-/HX- tumor model to LY231514 treatment .
allowed us to cvaluate the effeet of low folate dict on the 400 and 800 mp/kgiday of 10% and 100°%, respectively). Mice
Comesponder] therapeutic activity of this compound. For mice on LFD, o0 standard d_m rocr.md np'pmmml!.ﬂy‘ one-tenth of the
Dlvi:":;:, o] LY231514 at 0.3 and 1.0 mg/kgiday (i.p. gd X 10) produced amount of dally folic acid as the mice on LFD with 1S
N 46285, U! 100% inhibition of tumor growth for tumors measured one  Me/kg/day supplemental folic acid.
mail Schultz | day after the completion of a single course of drug treatment
Ky Worder L (Figure 2). As noted in Figure 1, higher drug levels yielded ~ Discussion
i unaceeptable toxicity. For mice on LFD that received a folate - .
supplement of 15 mgkgday via oral gavage, significant The poor predictive valuc of mouse models for antifolate
1250-7005/9) iithibition of tumor growth was noted over a broad dosc range  10Xicity may be partially due to the fact that standard
(10 - 1000 mg/kg/dose). Moreover, 100% inhibition of tumor  1aboratory mouse diets contain high levels of folic acid.
growth was observed at 30 to 1000 mg/kg/dose without any Previous data demonstrated that serum and RBC folate levels
lethality. This antitumor dose response (with folate of mice maintaihied on a diet formulated without added folie
supplementation) was virtually identical (o that observed for  a<id fall to levels considered normal in humans (5, 13). In this
mice receiving standard diet. However, the lethality was ~Paper, we demonstrate that mice fed a low folatc dict for a
signicantly greater for the mice on standard dict (lethality at  short period (2 weeks) became 60- to 250-fold more sensitive
37
Sandoz Inc.
Exhibit 1013-0003

Ex. 1013, p. 3237; Ex. 1004, Schiff 11 58-59;
Ex. 1075, Schiff Reply, 1155-56.

The poor predictive value of mouse models for antifolate
toxicity may be partially due to the fact that standard
laboratory mouse diets contain high levels of folic acid.
Previous data demonstrated that serum and RBC folate levels
of mice maintaitied on a diet formulated without added folic
acid fall to levels considered normal in humans (5, 13). In this
paper, we demonstrate that mice fed a low folate diet for a
short period (2 weeks) became 60- to 250-fold more sensitive
to the lethality of LY231514 than observed in mice fed
standard laboratory diet (Figure 1). The antifolate GARFT

Ex. 1013, p. 3237-38; Ex. 1004, Schiff 17 58-59;
Ex. 1075, Schiff Reply, 1955-56.
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Multitargeted Antifolate LY231514 as First-Line
Chemotherapy for Patients With Advanced Non-Small-Cell
Lung Cancer: A Phase II Study

Ex James J. Rusthoven, Elizabeth Eisenhauer, Charles Butts, Richard G(ﬁa, Janet Dance‘. Brxn Fisher,

* Worzalla cited by others

vancef

Bns Journal of Cancor (1998) T8(Supplement 3], 3540
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Clinical studies with MTA

AH Calvert’ and JM Walling?

days every 3 weeks. Do
manageable, included mj
recommended dose for tH
dosing schedule was chol
‘tumour types, including ¢
MTA in combination with|
encouraging: respenses W

Keywords: LY231514; M

gy, Newcaste Tyne, NE4 BBE, UK; iLilly Research Laboratories., ENi Lilly and Co.,
Indianapolis, Indiana 46285-225, USA

Summary MTA (LY231514), a muiti-
MTA is a potent thymidylate synthase
glycinamide ribonucleotide formyl transferase
tumour activity of MTA depends on its TS inhi
phase | trials using different schedules: a 10-min i

e, is a classical antifolate

ts other folate-dependent enzymes, inciuding dinydrofolate reductase and

overcome antifolate resistance, but it is not known whether the anti-

r whether other loci contribute. MTA was examined in three

weekly for 4 weeks every 6 weeks or daily for 5
oy

. bt

It is also possible that MTA will prove to be an effective compo-
nent in combination therapy and, to this end, trials are planned that
will study the effects of the drug in combination with 5-FU or
gemeitabine. The latter combination was suggested by research that

has shown that pretreatment of HT29 colon carcinoma cells with
MTA results in increased antiproliferative activity of gemcitabine
(Tonkinson et al, 1996). A phase 1 trial is underway to investigate
the combination of MTA and cisplatin in patients with solid
tumours (Thoedtmann et al, 1997). Trials are also planned to inves-
tigate the effect of folates on the toxicities seen with MTA, based on
the observation that animals given folate supplements were better
able to tolerate treatment with MTA, with fewer side-effects
(Waorzalla et al, 1997). Trials are also planned for combinations
with gemcitabine, irinotecan, oxaliplatin, carboplatin, doxorubicin
and docetaxel, and the combination of MTA with radiotherapy will
also be studied, once preclinical data have been generated.

MTA has demonstrated activity in a wide range of tumor
types. The drug is highly active against CCRF-CEM human
leukemia cells in vitro; the activity is partially reversible
with the addition of thymidine.!™ The 50% inhibitory
coneentration in CCRF-CEM cells was 7 ng/mL."* It is also
eytotoxic in human tumor colomy-forming unit assays against
human colon, renal, small-cell lung and non-small-cell lung
cancers, hepatomas, and carcinoid tumors."® MTA can
inhibit tumeor growth in mice transplanted with human colon
xenografls resistant to methoetrexate.'” In beagle dogs treated
with a weelly and/or single-dose intravenous (IV) schedule,
major toxicities included anorexia, emesis, diarrhea, mucosi-
tis, weight loss, neutropenia, lymphopenia, and mild anemia.
Plasma concentrations increased linearly with increasing
doses, with the terminal half-life occurring at about 2.3
hours.'® Early studies have suggested that dietary supplemen-
tation with folie acid may improve the therapeutic index by
reducing toxicity in mice.

Ex. 1047, Calvert & Walling, at 39 (citing Ex. 1101,
Worzalla at abstract); Ex. 1074, Chabner Dep.
226:15-227:12

Ex. 1052, Rusthoven, at 1195.
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Role of Folic Acid in Modulating the Toxicity and Efficacy of the

Cancer Research Division, Lilly Research Laboratortes, Eli Lilly and Co., Indianapolis, IN 46285, U.S.A.

Multitargeted Antifolate, 1.Y231514

JOHN F. WORZALLA, CHUAN SHIH and RICHARD M. SCHULTZ
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#3198 Eifects of folic acid on toxicity and antitumor activity of LY231514
multi-targeted antifolate (MTA). Worzalla, J.F., Self, T.D., Theobald, K.S.,
Schultz, R.M., Mendelsohn, L.G., and Shih, C. Lilly Research Labs, Indfanapolis,
IN 46285 :

Supplemental folic acid is used clinically in cancer and rheumatoid arthritis to
ameliorate the toxicities of antifolate agents including inhibitors of dihydrofolate
reductase, glycinamide ribonuclectide formyltransferase and thymidylate syn-
thase. The peniaglutamylated form of MTA is a potent inhibitor of these three
enzymes. Therefore, the effects of folic acid on the activities of MTA were studied.
In vitro, using a variety of human carcinoma and leukemia cell lines grown in low
folate media, folic acid was 100- to 1000-fold iess active than folinic acid at
protecting the cells irom MTA-induced cytotoxicity; folic acid =1 uM was re-
quired to exert protection. in vivo, the lethality of MTA for mice maintained on
standard diet (SD} or low folate diet (LFD) was dstermined; the LD in several
strains of mice occurred at 30 to 250-fold lower concentrations of MTA for mice
on LFD as compared to SD. For mice on LFD, MTA at 0.3 and 1 mg/kg {qdx10,
i.p.} produced 100% inhibition of L5178Y/TK-/Hx- lymphoma; significant lethality
was seen at 3 mg/kg and higher doses. For mice on SD, MTA produced >85%
inhibition of tumor growth at 30 1o 300 mg/kg, but all mice died at 800 mgrkg. For
mice on LFD supplemented p.o. with 15 mg/kg daily folic acid, 100% tumor
inhibition was seen from 30 to 1000 ma/kg with no lethality. Thus, addition of oral
folic acid did not reduce antitumor activity of MTA, but did lessen toxicity.

icity while maintaining efficacy. More recently, Wor-
zalla et al. reported that, in mice that were given folic
acid with pemetrexed, the incidence and severity of
adverse events were lowered dramatically, whereas
the antitumor activity was preserved.”® Concurrent

Ex. 1079, Paz Ares, 2059.

pemetrexed plus cisplatin arm. Preclinical data

also became available that suggested that folate
supplementation might reduce toxicity without re-
ducing efficacy.?? These data led to the institution
of folic acid and By, supplementation in all ongo-
ing trials, including the mesothelioma trial. As

Ex. 1078, Bunn, 20-21.

0250-7005/98 $2.00+.40 3235
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safely. Much of the basis for use of FA as a phar-
macologic modulating agent is associated with
studies conducted in animal models.!>7 However,

1 DI | 1 1 1 1 1

Ex. 1103, Priest, 38.
Ex. 1075, Schiff Reply 55 (collection of references).
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Percent Lethality
~
-

o v d
a1 1 qi, 00 1060
LY231514 (mg/kg per day)

I4 inmice is increased
¢ fed either a sty laboratory diet
elent diet for 2 weeks prior i

¢ 1. The taxiclry
diet, DBA(2 and CDI
(C2 and \7, respectively) or & folal
first dose of LY231514 (@ and ¥, tively) and for the duration of the
study. Groups of mice (> 10 animaisigroup) on each diet were given 10
daily doses of $14 ip. at the indicated doses. The duta preseni the
percent lethality 3 weeks after the last dose of LY231514.

folate-deficient

i

to the lethality of LY231514 than observed in mice fed
standard laboratory diet (Figure 1). The antifolate GARFT
inhibitor, lometrexol has previously been shown to
accumulate in the livers of folate-deficient mice, and this
accumulation was diminished by the administration of folic
acid to these animals (16). These investigators hypothesized
that the substantial and unexpected toxicity of lometrexol in
humans not given concurrent folic acid and in folate-deficient
mice is due to the sequestration of drug in hepatic tissue, with
the subsequent slow release of drug to the circulation at
toxicologically relevant concentrations. The mechanism for
this accumulation of lometrexol in liver probably involves
metabalism to polyglutamate forms by the enzyme folylpoly-
y-glutamate synthetase (FPGS). In this regard, Mendelsohn
and coworkers (6) demonstrated that liver produced the
greatest response in elevated FPGS to low dietary folate of all
tissues tested. A similar mechanism probably exists for the
potentiation of LY231514 toxicity by folatc-deficient diet,
since this compound is an extremely efficient substrate for
mouse liver FPGS (1), In addition, LY231514 requires
polyglutamation for cytotoxic potency (3).

The uptake of natural reduced folate compounds and
folate analogues into cells appears to involve membrane
protein receptors of two different classes: a reduced
folate/methotrexate carrier (RFC), which binds reduced
folate in the micromolar range, and a high-affinity folate
binding protein (mFBP), which preferentially binds to
oxidized folate and other analogs with an affinity <1 nM (17).
Studies using a panel of ZR-75-1 humun breast sublines with
differing transport properties have demonstrated a
predominant role for the RFC in intracellular transport of

3238
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Figure 2. Anritumor aceivity of LY231514 therapy (ip., gd = 10) against
LYI7RY/TE- /HX- lvmphoma for mice on fow Jolate dier with no folade
supplementation (20 and for mice on low folale diet that received 15
migkglday daily felate supplementation (). Vertical dashed lines represent
percent lethality in mice on fow folase dier with no jolare supplementation.
No lethality vwas observed in mice that recefved folafe supplementation.

Percent Lethality (----)

Percent Inhibition (—)

23

T T
Drug Dosage (mg/ka)

Figure 2. Antitumor activity of LY231514 therapy (i, g against
LSI78Y/TK- HX- lymphama for mice on fow folate diet with no folate
supplementation Q) and for mice on loww folate diet that received 15

mgikgiday daily jolae supplementation (¢v). Vertical dashed lines represent
percent letlality in mice an low folate diet with no folate supplementation.
No lethality was observed in mice that received folate supplementation.

LY231514 (3). Similarly, we now report that folic acid only
weakly modulates the cytotoxic activity of LY231514 for
various human Jeukemia and carcinoma cells adapted to low
folate conditions (Table I). Some of these cells (KB and
[GROV1) have previously been demonstrated to possess
clevated levels of mFBP (18), further suggesting a minor role
for mFBP in LY231514 transpori.

LY231514 produced potent antitumor activity against the
LS178Y/TK-HX- lymphoma at 100-fold lower dose levels
(0.3 and 1 mg/kg/day, Figure 2) in LFD mice relative to 30
and 100 mgkg (Table II) in mice on standard diet. It is
interesting to note that the LDsg was reduced id for
lometrexol in LFD animals, and antitumor activity could not
be demonstrated even at low dose levels (5). In contrast, the
shift in both LDsy and antitumor activity for mice on LFD
compared to standard diet were of a similar magnitude
(approximately 100-fold) for LY231514, However, LFD
animals with high levels of folate supplementation
demonstrated decreased lethality to T.Y231514 compared to
conventional diet animals, suggesting that folate intake can be
manipulated to achieve greater therapeutic effects. Oral folic
acid dramatically decrease of LY231514 and
preserved antitumor activity (albeit at higher dose levels) in
these mice (Figure 2),

Previous studies have demonstrated that the multitargeted
antifolate, LY231514 has a unique biochemical and
F ical profile. Exciting antif activity has been
observed in phase T and I clinical trials, including responses
in colon, breast, non-small cell Jung and pancreatic cancers.
More advanced and extensive clinical trials of LY231514 are
currently in progress. The combination of folic acid with

Ex. 1013, p. 3238; Ex. 1004, Schiff 1 57-62; EXx.
1075, Schiff Reply, 1155-56.
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LY231514 produced potent antitumor activity against the
L5178Y/TK-/HX- lymphoma at 100-fold lower dose levels
(0.3 and 1 mgkg/day, Figure 2) in LFD mice relative to 30
and 100 mgkg (Table II) in mice on standard diet. It is
interesting to note that the LD was reduced 3000-fold for
lometrexol in LFD animals, and antitumor activity could not
be demonstrated even at low dose levels (5). In contrast, the
shift in both LDsy and antitumor activity for mice on LFD
compared to standard diet were of a similar magnitude
(approximately 100-fold) for LY231514, However, LFD
animals with high levels of folate supplementation
demonstrated decreased lethality to LY231514 compared to
conventional diet animals, suggesting that folate intake can be
manipulated to achieve greater therapeutic effects. Oral folic
acid dramatically decreased the toxicity of LY231514 and
preserved antitumor activity (albeit at higher dose levels) in
these mice (Figure 2),

Ex. 1013, p. 3238; Ex. 1004, Schiff 11 57-62; Ex.
1075, Schiff Reply, 1155-56.
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Figure 1. The toxfeity of LY231514 in peice v increased by a folate-deficient
diet. DBAZ and CO nurfos mice were fod either o standard laboratory dier
(O and *7, respectively) or a folate-deficient diee for 2 weeky prier to the
fivst dose of LY231514 (@ and W, respectively) and for the duration of the
study. Groups of mice (> 10 animaltfgroup) on each diet were given 10
daily doses of LY231514 ip, at the indicated doses. The duta presend the
percent lethality within 3 weeks after the lusi dose of LY231514,

g

Percent Inhibltion (——)
Percent Lethality (----)

o1 1
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Figure 2. Antituntor aciivity of LY231514 therapy (ip, gd = 10) against
LYI78YITE- (HX- vmphoma for mice on low folate dier with no folare
supplementation () and for mice on low folote dier thar received 15
mgkgiday daily folate supplementation (). Vertical dashed lines represent
percent lethaliny in mice on low folare dier with no felare supplementation,
No lethality was obverved in mice that received folate supplementation,

Ex. 1013, p. 3238; Ex. 1004, Schiff 11 57-62; Ex. 1075, Schiff Reply, 1155-56.
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I standard diet mice 121:5-23, 129:13-19 (citing Ex.
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maximum % lethality
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A mice on LFD with 15mg/kg/day folate supplementation
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Role of Folic Acid in Modulating the Toxicity and Efficacy of the
Multitargeted Antifolate, 1.Y231514

JOHNF. WORZALLA, CHUAN SHIH and RICHARD M. SCHULTZ

Cancer Research Division, Lilly Research Lab

ies, Eli Lilly and Co,, Indi

lis, IN 46285, US.A.

Abstract. We studied the effects of folic acid on modulating the
toxicity and antinonor efficacy of LY231514. Using several
Jiuman tumor cell lines adapted 1o growth in low folate meditum,
Jolic acid was shown to be 100- to 1000-fold less active than
folinic acid at protecting cells from LY23I54-induced
cytonoxicity. The lethality of LY231514 was compared in mice
imainained on siandard diet or low folate diet. The LDS0
oceurred at 60- and 250-fold lower doses of LY231514 in DBAR2
and CD1 nujnu mice, réspectively, maintained on low folate diet
compared to standard diet. The LSI78Y[TK-[HX- jmurine
homa was much more sensitive to the antitumor action of
LY231514 compared 10 wild type L5178Y-S tumors. For mice
on low folate diet, LY231514 at 0.3 and I mgikg (qd x 10, i.p.)
produced 100% inhibition of LSIZBYITK-HX- kmphoma
growth, and significant lethality occurred at = 3 mglkg. For mice
on standard diet, LY23ISI4 produced >95% inhibition of
wnnor growth at 30 to 300 mylkg, but all mice died at 800 mg/kg.
Folic acid supplementation was demonsirated to preserve the
antitumor activity of LY231514 while reducing toxicity. The
combination of folic aeid with — LY231514 may provide a
smechanism for enhanced clinical aniitumor selectivity.

LY231514isa
possesses the unique 6-5-fused pyrrolof2,3-d]pyrimidine
mucleus (1) instead of the mare common 6-6-fused pteridine
or quinazoline ring structure. The primary mode of antitumor
activity for LY231514 has previously been aseribed to
inhibition of thymidylate synthase (TS) (1, 2). However,
several lines of evidence suggest that multiple enzyme-
Tnhibitory mechanisms are involved in cytolaxicity, hence the
acronym MTA (multitargeted antifolate): 1) the reversal
pattern for MTA in human leukemia and colon carcinoma
cell lines demonstrates that although TS may be a major site

novel antifolate anti ite that

Conmespandence io: Richard M. Schullz, Cancer Research
Division, DC 0546, Lilly Resc;

of action for LY231514 at concentrations mear the ICSD,
higher concentrations can lead to inhibition of dihydrofolate
reduetase (DHFR) and/or other enzymes along the purine de
novo pathway (3): 2) MTA is an excellent substrate for
folylpolyglutamate  synthetase, and the K; values of the
pentaghtamate of LY231514 are 1.3, 7.2, and 65 oM for
uﬂn‘bnmn against TS, DHFR and glynnnmlde ribanucleotide
(GARFI') P B
cnn::nlmllnl\& of LY231514 and its pnlyglnlamates can
exceed 40 pM in CCRF-CEM cells when *Helabeled
1.¥231514 was used (R.M. Schultz, unpublished observation);
and 4) early clinical studies demonstrated that patients who

had previously failed to respond to ZDI694 and 5-
fluorouracil/leucovorin treatment responded to LY231514 (4;
DA Rinaldi, personal communication).

Several animal studics have indicated that folic acid
supplementation in combination with antifolate cancer
therapy can prevent delayed toricity and enhance the
therapeutic potential of the GARFT inhibitor lometrexol (5,
6) and the TS inhibitor 1843U89 (7). Unexpected delayed
cumulative toxicity was observed in p]!as: I studies with

including anemia, and
mucositis (ﬂ) Addt(lonl] clinical studies demonstrated the
protective effects of folic acid apainst lometrexol toxicity in
humans (9). Morgan and coworkers (10) concluded that a
daily supplement of 1 mg of folic acid during low-dose
methotrexate therapy in patients with rheumatoid arthritis
was useful in Jessening toxicity without altering cfficacy. In
the present communication, we investigated the effects of
folic acid on the antitumor activity and lethality of LY231514
in mice.

Materials and Methods

Reagents. Folic acid, folinic asid in), and 34,
2yl}-2.5-diphenyl tetrazolivm bromide (MTT) uen: purchased from
Sigma Chemical Co. (St. Louis, MO, USA), The disodiom salt of

IN 46285, USA. Phone (317) 276 SSM fax (317) 277- !ﬁil EB-
mail Schultz Richard_M@ Lilly.Com

Key Words: LY231514, antitumor activity, antifolate, folic acid,

0250-7005/98 $2.00+.40

LY2315 1 wa Edi Lilly and Co. (1).

Cell lines. Human CCRF-CEM lewkemia cells were shtined from St
Jude Children’s Rescarch Hospital (Memphis, TN, USA). Humun
IGROV] gvarion carcinoma. cells were generously supplied by Dr,

Abstract, We studied the effects of folic acid on modulating the
toxicity and antiumor efficacy of LY231514. Using several
lniman tunor cell Iines adapted to growth in low folate medium,
folic acid was shown to be 100- to 1000-{old less active than
folinic  acid ar protecting  cells  from LY231314-induced
cytataxicity. The lethality of LY231514 was compared in mice
maintained on standard diet or low jolate diet, The LD50
occurred at 60- and 250-fold lower doses of LY231514 in DBA/2
and CD1 nufnu mice, respectively, maintained on low folate diet
compared to standard diet. The L3178YITK-/HX- murine
lymphoma was much more sensitive to the antitumor action of
LY231514 compared to wild type L5178Y-8 tumors. For mice
on low folate diei, LY231514 at 0.3 and 1 mglkg (gd x 10, ip.)
produced 100% inhibition of L3I78Y/TK-(HX- lymphoma
growth, and significant lethality occurred at = 3 mglkg. For mice
on standard dief, LY231514 produced >95% inhibition of
tumor growth at 30 to 300 mglkg, but all mice died at 800 mg/kg.
Folic acid supplementation was demonstrated to preserve the
antitumor activity of LY231514 wiile reducing toxicity. The
combination of folic acid with  LY231514 may provide a
mechanism for enhanced clinical antitumor selectivity.

3235

Sandoz Inc.
Exhibit 1013-0001

Ex. 1013, p. 3235; Ex. 1004, Schiff 11 57-62;
Ex. 1075, Schiff Reply, § 56-58.
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Lilly’s Statements to FDA about Worzalla

Briefing Document
16 February 2000

Confidential Page 1

Preclinical and clinical studies evaluating the impact of dietary folic acid on the toxicity
or efficacy of antifolates such as LY231514 and lometrexol have been reported. Because
tumor tissue and normal tissue, such as bane marrow, presumably have different folate
requirements, it is possible to decrease the toxicity to healthy tissue while maintaining
antitumor effect through careful adjustment of folic acid intake. This has been shown in
experimental systems for LY231514 and another antifolate, lometrexol (Worzalla et al.
1998; Alati et al. 1996) and in clinical trials with lometrexol (Young et al. 1992;
Laohavinij et al. 1996). In addition, it has been clinically observed that the efficacy of low
dose methotrexate used in the treatment of rheumatoid arthritis is not negatively affected
by folic acid supplementation, while an improvement in toxicity is seen {Morgan et al,
1998).

] DEPOSITION
g EXHIBIT TRIAL EXHIBIT

TX76

Sandoz Inc. IPR2016-00318
Sandoz v. Eli Lilly, Exhibit 1084-0001

Ex. 1084, Feb. 16, 2000 Briefing Document at
ELAPO0013767; Paper 49, Sandoz Reply at 8-9.

Sandoz DX - 48




Lilly’s Statements to FDA about Hammond

Ly Page 1

Lilly Research Laboratories
A Division of Efi Lily ana Company
Luly Comporats Carder
i s, Indana 45285
317) 276-2000

December 3, 1999

IND Safety Report Follow-Up and
Request for FDA input
Food and Drug Administration
Center for Drug Evaluation and Research
Division of Oncologic Drug Products, HFD-150
Atin: Mr. Alvis Dunson
1451 Rockville Pike
Rockville, MD 20852-1448

Subject: IND 40,061, MTA (LY231514) — Serial no, 195
Supplementation with Folic Acid and Vitamin B;; To Reduce
Toxicity in Patients Receiving LY231514

Recently, Lilly sent a letter to investigators informing them to exclude patients
with high baseline ine levels from participation in LY231514 clinical
trials (see submission serial number 194 to IND # 40,061 dated November 24,

1999). This letter was sent to all LY231514 investigators except for investigators

in two studies (H3E-MC-JMAF and H3E-MC-JMAS) where patients are currently
receiving folic acid supplementation. In the interest of patient safety, this action
was taken ing formal protocol

In the cover letter to the FDA accompanying the November 24 letter Lilly stated
that the exclusion of patients with high baseline homocysteine levels was a
preliminary action, Lilly also indicated that a further communication would be
sent to the FDA with details of the updated safety analysis together with a plan
for an intervention to lessen serious toxic effects in patients with high baseline
homocysteine levels. The updated safety analysis (see attachment) again
reinforces the relationship between high baseline homocysteine levels and the
potential for serious toxicity after treatment with LY231514 as shown by the
following:

COPY

EXHIBIT
330

TX 330 i 7/

TRIAL EXHIBIT §

Sandoz Inc. IPR2016-00318
Sandoz v. Eli Lilly, Exhibit 1077-0001

Ongoing LY231514 trials include a phase I study of LY231514 and folic acid. An intetim
report suggests that folic acid supplementation in this study permits dose escalation by
ameliorating toxicity since heavily and minimally pretreated patients tolerate LY231514
at doses of 700 and 925 mg/m2 respectively [10]. In a phase IT trial in gastric cancer, a

small set of patients has also received foli
discussed in further detail in Section 3.

id supplementation. This trial will be

CONFIDENTIAL
ELAP00199791

Ex. 1077, Dec. 3, 1999 Letter Lilly to FDA
at ELAP00199798, -814; Paper 49,
Sandoz Reply at 8-9.

10, Hammond L, Villalona — Calera M, Eckhardt 5 G, Siu L, Hidalgo M, Thomton D,
Walling I, Baker 5, Coltman C, Voo Hoff D, Rowinsnky E. A phase [ and
pharmacokinetic (PK) stody of the mutitargeted antifolate (MTA, LY231514) with
folic acid. Anm Oncol 9 suppl 4 abstract G20
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Lilly’s Statements to FDA about Worzalla

Cancer - Preclinical Data

Worzalla and coworkers have studied the effects of folic acid on the toxicity and
antitumor activity of LY231514 in the in vitre and in vive settings. In a number of
human tumor cell lines, folic acid protected cells from cytotoxicity at concentrations 100-
to 1000-fold higher than those required for folinic acid protection, indicating that the
action of LY231514 is less sensitive in vitro to folic acid than it is to folinic acid. They
also found that in mice fed a low folate diet (LFD), tumor growth inhibition was complete

at 1.Y231514 doses of 0.9 to 3.0 mg/m?, with 100% lethality oceurring at LY231514
doses of 9.0 mg/m2 or higher. Mice receiving the same LFD who were supplemented
with high doses of folic acid at 15 mg/kg/day (a dose approximately 10-fold greater than
that in the nommal diet) experienced complete tumor growth inhjbition at .Y231514 doses
aof 90 10 3000 mg/m2 without any lethality. Mice on the standard diet (approximately one
tenth of the folic acid given to the supplemented mice) saw a virtnally identical dose

response, but greater lethality, with 100% lethality occurring at 2400 mg/m2 (Worzaila et
al. 1998).

Doses of LY231514 for Maximum Antitumor Activity and Lethality in Mice
Briefing Document

Doses® of
bl LY231514 Where Doses® of
Diet Maximum LY231514 Where
Antitumor A ctivity Lethality is
is Observed Observed
Standard Diet From 90 to 1200 2400 (100% lethality)
{Daily folic acid intake = 4.5 mg/m*}
LFD + 15 mg/ke Folic Acid From %0 to 3000 (No lethality seen up
{Daily folic acid imake =45 mg/m®) 0 3000)
"Doses in mg/m2/day
N - e These data show that antitumor activity is virtuaily identical in mice receiving a standard
diet to that in mice receiving a 10-fold increase in daily folic acid. Mice receiving the
E wﬁg ) TRIAL EXIIBIT extra folic acid also showed a decreased lethality at higher doses of LY231514. These
§ CONFIDENTIAL . " . . .
TX 76 ELAP00013753 data support the hypothesis that folic acid supplementation can protect healthy tissue

7 from the toxic effects of LY231514 with retention of antitumor activity.
Sandon v, ¥ Lily Exbitt 1084.0001

Ex. 1084, Feb. 16, 2000 Briefing Document at

ELAP0013768-69; Paper 49, Sandoz Reply at 8-9. Sandoz DX - 50
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An Overview of Folate Metabolism: Features Relevant to the
Action and Toxicities of Antifolate Anticancer Agents

Hilary Calvert

INCE the observation of reduced folate levels

in children with leukemia made by Farber et
all in the 19405, the study of folic acid metabolism
and the action of antifolate drugs has been inti-
mately linked to the development of cancer ther-
apeutics, Folic acid plays a role in a wide mnge of
metabalic pathways in various species. In humans
it is an essential vitamin and functions primarily in
the processes involved in cellular proliferation and
amino acid merabolism. This review will focus
mainly on those aspects of mammalian folate me-
tabolism relevant to cell proliferation since these
are the most germane to the use of antifolates in
cancer therapy, The textbook by R.L. Blakley? is a
comprehensive work covering all aspects of folate
metabolism.

ASPECTS OF FOLATE METABOLISM
Folate Pathways Associated With Ceil Proliferation

Folic acid functions mainly in its fully reduced
form, 5,6,7,8tctrahydrofolate (FH Fig 1). FH4
serves as a carrier for one-carhon moieties within
the cell. These are obtained from a variety of
sources that include serine. In this reaction, serine
hyd hyl forms 5,10
tetrahydrofolate  (CH FH,)  while converting
serine to glycine (Fig 2). CH,FH, may be con-
verted within the cell to one-carbon carrying fo-
late derivarives of various oxidation states. One of
these, 10-formyl terrahydrofolare, is the substrare
for two enzymes involved in the de novo synthesis
of purines. These are glycinamide ribonuclearide
formyl {GARFT) and idazol

riboruclectide  formyl

o

dine menophosphate inte thymidine monophas-
phate and is a key enzyme involved in cell prolif-
eration because it is the rate-limiting step in the de
neva synthesis of thymidylare, which is required
exclusively for DNA synihesis. The folate product
of TS is not tetrahydrofolate, but the oxidized
form, dibydrofolate (FH,). This product c
continue ta function in folate metabolis
is converted back to FFy by the enzyme
folate reductase (DHFR).

The Role of Folate and Andifolate Polyglutamates

Folic acid possesses a glutamate residue shown
at the right-hand side of the folate structures in Fig
1. Naturally occurring folates within the cell are
converted to polyglutamate forms by the addition
of glutamate residues via a y-peptide linkage. An-
tifolates that possess a gluramarte residue (known
as classical antifolates) are also frequently con-
verted info their corresponding polyglutamare
forms. The process of polyglutamation is accom-
plished by the enzyme folylpoly-y-glutamate syn-
thetase. This reaction is illustrated in Fig 3 using
the antifolate LY231514 (MTA) as an example.
The process is analogous for natural folates and
many other classical antifolates, In Fig 3, the car-
boxylate groups of the glutamic acid residue are
shown in their jonized form, carrying a negative
charge, showing that polyglutamation increases
the overall negative charge on the folate molecule
by ene unit for each additional gluramare. The
negatively charged polyglutamates cannot cross
the cell membrane and are therefore retained and
concenrated within the cell. This is probably the
major physiologic mle of polygl Cells

{AICARFT). Thus, two of the cartbon atoms in
the purine skeleton are derived from folate. The
folate-dependent reactions of purine synthesis use
the carbon atom from the 10-formyl group and
release unsubstituted retrahydrofolate as the folate
product. Thus, the folate melecule can then ac-
quire another carbon atom from serine and con-
tinue to cycle through GARFT and AICARFT,
allowing continued purine synthesis without any
overall consumption of folate. CH,FI s also the
substrate for the enzyme thymidylate synthase
(TS). Thymidylate synthase converts deosyuri-

Seminars v Oncalogy, Vel 26, No 2, Suppl 6 (April), 199%: pp 310

that are deficient in folylpoly-y-glitamate syn-
thetase are auxotrophic for the end products of

From the Cancer Research Unit, Deparrment of Oncology,
University of Neucastle tpon Tyme.

Sponsored by Eli Lilly and Company.

D Caduert is @ conssdtant for and has received vesearch funding
Srom Eii Lily and Comspany and Zeneca.

Address reprint vequests to Hilary Calvert, MD, Cancer Re-
search Unit, Deparcment of Oncalagy, Fremlingeen Place, Univer-
sty of Newcastle upon Tyme, NE2 4HH

Copyright © 1999 by W.B. Saunders Company
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Exhibit 1007-0001

Clinical Measwrement of Functional Folate Status

Although the effect of folic acid supplementa-
tion on reducing the toxicity of antifolate drugs
{particularly the GARFT inhibitors) is clear, it
always has been difficult to correlate antifolate-
induced toxicity with pretreatment folate levels.
Ume possible explanation for this is that the folate
levels do not adequately reflect the functioning of
folic acid within proliferating cells at the time of
measurement. In addition to the pathways dis-
cussed so far, folic acid is also involved in cellular
methylation reactions by virtue of its role in me-

thionine synthesis. CH;FH, can be reduced to
5-methylietrahydrofelate (Fig 1). This is a sub-
strate for the enzyme methionine synthase, which
uses the methyl group 1o convert homoeysteine 1o
methionine, Methionine in turn takes part in cel-
lular methylation reactions regenerating homocys-
teine. Methionine synthase is B,;-dependent but
also uses 5-methylrerrahydrofolate as the co-sub-
strate. Thus, any functional deficiency either in
By, or folate will result in reduction in the flux
through methionine synthase and a consequent
increase in the plasma level of homocysteinel®
(Fig 8). The measurement of pretreatment plasma

homocysteine has proved to be a sensitive way of
predicting the roxicity of MTA.Y

Ex. 1007, Calvert at 8-9; Ex. 1004, Schiff {71-73.
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Prior Art: Calvert (Ex. 1007) and Pemetrexed Toxicity,
Homocysteine, and Vitamins

Clinical Measurement e

Although the effect
tion on reducing the
{particularly the GAL
always has been diffig
induced toxicicy with
One possible explanati
levels do not adequate
folic acid within proli
measurement. [n add
cussed so far, folic acid
methylation reactions
thionine synrhesis. (
5-methylietrahydrofo
strate for the enzyme
uses the methyl groug
methionine, Methionine in turn ta
lular methylation reactions reg
teine. Methionine synthag
also uses 5-methyltet
strate. Thus, any
By; or folate
through

functional folate
plasma homocysteine levals.

it
e co-sub-
ciency either in
in reduction in the flux
ine synthase and a consequent
in the plasma level of homocysteine!®

Fig B, Role of 5-methyl tetra-
hydrofolic acid: a reduction in
increases

Folate or By
] Deficiency
Homocvsteine
CHsFHy «——— CH,FH,
Cellular Methvlation :
reacﬁofs . YMethionine Synthetase
S-adenosyl- .’ V\ih}g dependent}
methionine

YN\

FH,

—

methionine

/

17. Miyikiza C, Walling |, Thomeon [, et al: LY231514
(MTA): Relationship of vitamin metabolite profle o toxicicy.

—— Proc Am Assoc Clin Oncol 34:2139, 1998 (abstr)

(Fig 8). The measurement of pretrearment plasm
homocysteine has proved o be a M
predicting the roxicity of MTA.L

Ex. 1007, Calvert at 8-9; Schiff §{71-73.
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PYRIMIDINE SYNT&ASIS PURINE SYNTHESIS
Kov: TdUMP CHFH4 ‘K :
+ Increased pool size : ¢ CHOF!—':I:' "‘ Y GARFT
= = = Reduced flux CHZFH4 ‘-\\:;
T™P . A
/ t-- Y AICARFT
I 4
’ - - - |
,-,' T FH2 > FH, =" ‘*'
DNA oo
Yoo
DNA RNA
Fig 5. Effects of DHFR Inhibition.
PYRIMIDINE SYNT!'\IEEIS PURINE SYNTHESIS
faump e |
Raltitrexed 1
'CBt N7 ] _\ GARFT
/" G \ l
T™MP | >
N L l AICARFT
/! *  DHFR
’ FH, ———— FH, l
¥
DNA —
+ Increased pool size / \
===  Reduced flux | DNA RNA
Fig 6. Effects of TS inhibition,

Ex. 1007, Calvert at 7-8; Ex. 1004, Schiff {4 71-73; Ex. 1075, Schiff Reply, 1175-76.
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Prior Art: Niyikiza Abstracts

Niyikiza | (Ex. 1006)

MTA (LY231514): Relationship of vitamin metabolite
profile, drug exposure, and other patient
characteristics to toxicity

G Hivikdza, 5. Baker, R. Johnzan, J. Walling, D. Seitz, B. Allen. Ly Ressarch
Laboratories, indiana, USA; Cancer Treatment and Research Cemar, Texas,
USA; Uiniv of Colorado Health Sciences Cenler, Colorado, LISA

Introduction: MTA i a novel mukitargeted antifolate with inhibilory acthvity
against multiple enzymes. Phasa 1] studies have shown sctivity In a variety
of tumors, Historica! data on other antiiolates have suggested thal a palient’s
nustritional statws may play arole in the lkelihood of experancing severs loxicity.
The purpose of this study was to assess the relationship of vitamin metabolies,
drneg exposure, and other prespecified baseline patient charactarisfics to toxicity
following freatmant with MTA.

Methods: Homooysteine (Hoys), cyvslathioning and mathylimalanic acid wers
measurad in 132 phase § patienls with umars of the colon, breast, pancreas,
and esophagus at baselineg and cnee each cyole theroafier. Stepwise regres-
sion modeling, multivariate analysis-of vardance, and discriminant analysis
werg implemented to determine which prediclors might comelate with severs
toxicity after one course of MTA. Prognostic factoes considered were age, gen-
ger, prior treatment, bagedine albumin, Bvar enzymes, ANC, plataleds, vitamin
metabafites, and AUC. . ’

Results: Statisfically significant predictors of Grade 4 neutropenia (n=21
pis) were albumin (p = OLO00E) and Heoys (p = 0.00MZ), while Grado 4
thiombocylopenia (n=0) was highly predicted by Hoys (p = 0.0001) and
pre-treztment AST (p = 0.00M2). Hoys = 10pM predicted Grade 4 neutropenia
In cycle ong T5% of tha time. Grade 4 neutropenia was pradicted by Hoys
alone o V0% of cases. Heys and albumin levels did not appear 1o change
fram baseling during reatment with MTA. Wille AUC was not found o ba a
pradictor of toxicily, lille vadability was cbserved i AUC. Maximum values
wera il below AUG values related 1o hemalologic taxicily in phass | studies.

Caonclusions: Toxclies resuling from teatment with MTA appear 1o be

pradictable from prefreatment hamocystelne levels. Elevaled baseline ho- -

mocysieine levets (= 10ph) highly comelale with severe hemaiclogic and
nonhamatologic toxicities following treatmant with MTA. Homoeysteine was
found to be bettar than albumin at predicting toxicity. These resulls apply to
the twmor types studied. Further studies are undenvay in patients with ranal
impalrment or patients who recelved prior clsplating

Niyikiza Il (Ex. 1016)

*2139

LY231514 (MTA): RELATIONSHIP OF VITAMIN METABOLITE PROFILE TO TOXIC-
ITY. C. Niyikiza, J. Walling, D. Thornton, D. Seitz, and R. Allen. Eli Lilly and
Company, Indianapolis, IN, and Univ of Colorado Health Science Cenfer,
Denver, CO.

L¥231514 (MTA) is a new generation multitargeted antifolate antimetabo-
lite with inhibitory activity against thymidylate synthase, difiydrofolate
reductase and glycinamide ribonucleotide formyl transferase. Of a total of
246 patients (pts) in phase |l trials treated with MTA (600 mg/mZ2 IV aver
10 minutes once every 21 days) 118 pts also had vitamin metabolites
measured. Because earlier studies with other antifolates had suggested
that nutritional status may play a role in the likelihood that a patient will
experience severe toxicity, levels of the vitamin metabolites homocysteine,
cystathionine and methylmalonic acid were measured at baseline and once
gach cycle thereafter. A multivariate statistical analysis of the data was
conducted in order to determine which among & sat of pre-specified
predictors (creatinine clearance, albumin levels, liver enzyme levels, and
vitamin metabolites) might correlate with toxicity. There was a strong
correlation between baseline homocysteine levels and the development of
the following toxicities at any time during the study: CTC Grade 4
neutropenia (67 pts, p < 0.0001), Grade 4 thrombocytopenia {13 pts,
p < 0.0001), Grade 3 or 4 mucositis (8 pts, p < 0.0003}, and Grade 3 or
4 diarrhea (8 pts, p < 0.004). Cystathionine levels did not correlate with
hematologic toxicity or mucositis but were moderately correlated with
fatigue (p < 0.04). Maximum cystathionine levels doubled from baseline
during treatment with MTA. No correlation between toxicity (CTC Grades as
defined above) and the remaining pre-specified predictors was seen.
Toxicity was seen in all patients with homocysteine levels above a threshold
concentration of 10 wM. A correlation over time between homocysteine
levels and CTC Grade 4 neutropenia and thrombocytopenia and CTC Grade
3 or 4 mucositis was also observed, but only in the first two cycles of
treatment. Maximum homocysteine levels did not appear to change from
basaline during treatment with MTA.

Ex. 1006, Niyikiza | (ESMO, Nov. 6-10, 1998); Ex. 1004,
Schiff 1967-68; Ex. 1075, Schiff Reply, 1166-69.

Ex. 1016, Niyikiza Il (ASCO, May 16-19, 1998); Ex.
1004, Schiff 69; Ex. 1075, Schiff Reply, 1166-69.
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Prior Art: Niyikiza Abstracts - Lilly’s Claim that Niyikiza
Il (ASCO, Ex. 1016) Suggests A Lack Of B,, Deficiency

*2139

1¥231514 (MTA): RELATIONSHIP OF VITAMIN METABEOLITE PROFILE TO TOXIC-
ITY. C. Niyikiza, J. Walling, D, Tharnton, D, Seitz, and K. Allen. EIf Lilly and
Company, Indianapolis, IN, and Univ of Colorado Health Scienca Center,
Danvar, CO.

L¥231514 (MTA) is a new peneration multitargeted antifolate antimetabo-
lite with inhibitory activity against thymidylate synthase, dihydrofolate
reductase and glycinamide ribonucleotide formyl transferase. Of a tokal of
246 patients {pts) in phase 1] trials treated with MTA (800 mg/m? IV over
10 minutes once every 21 days) 118 pts also had vitamin metabolites
measurad. Because earlier studias with other antifolates hed suggested
that nutritional status may play a role in the likelihood that 2 patient will
experience severe taxicity, levels of the vitamin metabolites homocysteine,
cystathionine and methylmalonic acid were maasured at baseline and once

each cycle thereafter. A multivariate statistical analysis of the data was

4 diarrhea (8 pls, p < 0.004). nine 0 conducted in order to determine which among a set of pre-specified
but were moderately correlated with predictors (creatinine clearance, albumin levels, liver enzyme levels, and

fatigue (p < 0.04). Maximumn cystathionine levels doubled from baseline vitamin metabolites) might correlate with taxicity. There was a strang
correlation betwesn baseline homocysieine levels and the development of

the foliowing toxicities at any time during the study: CTC Grade 4
neutropenia (57 pts, p < 0.0001), Grade 4 thrombocytopenia (13 pis,
p < 0L0001), Grade 3 or £ mucositis (8 pts, p =< 0.0003), and Grade 3 or
4 diarrhea (8 pls, p =< 0.004),

but were moderately correlated with
fatigue (p << 0.04). Maximum cystathionine levels doubled from baseline

disring treatment with MTA. No correlation batwesn toxicity (CTC Grades as

. i ned abowve) and the remaining pre-specified predictors was seen.
during treatment with MTA. No correlation between toxicity (CTC Grades as Toxicity was seen in all patients with homocysteine levels above a threshald

defined above} and the remaining pre-specified predictors was seen. concentration of 10 M. A correlation over time between homocysteine
levels and CTC Grade 4 neutropenia and thrombocytopenia and CTC Grade

3 or 4 mucositis was also observed, but anly in the first two cycles of
treatmeant. Maximum homocysteine levels did not appear to change from
baseline during treatment with MTA.

Ex. 1016, Niyikiza Il (ASCO, May 16-19, 1998); Ex.
1004, Schiff 169; Ex. 1075, Schiff Reply, 1166-69.
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Dr. Chabner

Dr. Zeisel

24

25

10

11

12

13

S0 1it's your opinion, one cf ordinary skill
in the art, in June of 199% that when
Dr. Niyikiza reports that no correlation with MMA
was seen, that what he really meant was none
exists? 1Is that vour opinicon?

A, No. You couldn't =ay that about
anything. Nothing was seen in this study. And
the same thing is true of cystathionine.

Mothing -- it wasn't seen in this study. The
point I'm trying to make is that neither one is
an abseolute statement about whether it exists in
nature if you did a large enough study. You
can't ever -- scientifically ywou can't exclude
something that way. &All you can say i1s I didn't

see it in the study.

15

16

17

18

19

20

However, in the presence of normal
MMA, T believe that Niyakiza does not support
the conclusion that B1l2 is —-- Bl2 deficiency is
the cause. It just says that, at least in this
group of patients, I can't say it is and I

can't rule out it isn't.

Ex. 1074, Chabner Dep. Tr. 152:23-153:13; Paper 49,
Sandoz Reply at 12.

Ex. 1086, Zeisel Dep. Tr. 116:19-20; Paper 49, Sandoz
Reply at 12.
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Lilly’s Statements to FDA about the Niyikiza Abstracts

LY231514 (ALIMTA): Impact of Folic Acld an
B12 Supplementation on Safety

04 June 2001

sssss

In 1998, a imltivariate analysis was conducted o assess the relationship of vitamin
deficiency markers, LY231514 exposure, and pre-specified baseline patient
characteristics to toxicity following therapy with LY231514 [4]. Data were examined
from 139 Phase 2 patients with tumors of the colon, breast, pancreas, and esophagus
who had been treated with single agent LY231514 at 600 mg/m2 IV over 10 minutes
once every 21 days. These patients had vitamin-deficiency markers of homocysteine
(Hcys), cystathionine, and methylmalonic acid levels measured in plasma at baseline
and once each cycle thereafter. Stepwise regression modeling, multivariate analysis of
variance, and discriminant analysis were implemented to determine which predictors
might correlate with severe toxicity, and to predict which patients might be at high
risk of experiencing such toxicity. Prognostic factors considered were age, gender,
prior therapy, baseline albumin, liver enzymes, ANC, platelets, vitarnin deficiency
markers, and AUC,

In the analysis above, the B12 deficiency marker, methylmalonic acid, was highly
correlated with homocysteine and was therefore removed from the initial multivarnate
analysis conducted in 1998 to eliminate issues of colinearity,

TRIAL EXHIBIT

TX 379

CONFIDENTIAL Ex. 1088, June 4, 2001 Lilly Report, ELAP00019630; Paper
49, Sandoz Reply at 13.

Sandoz v.

Sandoz Inc. IPR2016-00318
Eli Lilly, Exhibit 1088-0001

Sandoz DX - 58




11

1z

A Perhaps 5 percent of people with low

BlZ do not have abnormal MMA.

Ex. 1086, Zeisel Dep. 95:11-12.; Ex. 1075, Schiff
Reply 68; Ex. 1091, Stover Reply 142

12

13

14

15

16

17

18

19

20

21

. So I just want to make sure I
understand something. The -- one of ordinary
skill in the art in June of 189%, their takeaway
from the RAllen paper 1is that approximately
3 percent of those individuals who are Vitamin
Bl2 deficient --

A. Are low levels.

O. -= low levels of B1l2 do not have
elevated MMA levels?

A. Right.

Patients in whom serum levels of both folate and Cbl
are low are frequently encountered clinically and often
pose a diagnostic problem. Although in more than 75%
of patients with Cbl deficiency in our experience, serum
levels of both methylmalonic acid and total homocys-
teine will be elevated, in about 10% only the homocys-
teine value is high. In addition, as shown in the accom-
panying paper in this series [26], antibiotics may
normalize the serum methylmalonic acid level without
affecting an elevated serum total homocysteine. Since an
isolated elevation in total homocysteine is characteristic
of folate deficiency [24], a therapeutic trial with a single
vitamin, even in pharmacologic doses, may be useful in
such patients, since our findings (Figs. 7, 8; Tables I, [I)
indicate that elevated metabolite Jevels will only fall to
normal when therapy with the vitamin in which the pa-
tient is deficient is given.

Ex. 1074, Chabner Dep. 206:12-21; Ex. 1075, Schiff
Reply 168

Ex. 1050, Allen at 97; Ex. 1075, Schiff Reply, 168.
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10

11

12

So that suggests that there might be

something about having a higher level than 10
that was related to why pecple were getting
toxicity from pemetrexed, and that's what a
POSA would have taken out of that set of

studies.

Ex. 1086, Zeisel Dep. 29:7-12; Ex. 1075, Schiff Reply 1171-72.

12

13

20

21

22

23

24

Z5

Q For instance, it was common in 1999
to treat high homocysteine with a combination
of folate, B6 and BlZ; correct?

A Very high feclate, ves. You know,
30s and 158 would have been treatable at that
point.

0 30s and 152

A I mean 30 micromolar felate —— 1

mean homocysteine might have prompted a

physician to undergo a treatment.

Ex. 1086, Zeisel Dep. 35:18-36:3; Ex. 1075, Schiff Reply {71.
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80.  The fact that Niyikiza II reports that “[n]o correlation between toxicity
(CTC Grades as defined above) and the remaining pre-specified predictors was
seen” does not change my opinion. Ex. 1016. Niyikiza IT at 2139. A person of
ordinary skill would have been motivated to add vitamin B;, even in the absence of
this direct correlation between pemetrexed toxicity because of the nature of the
statistical analysis reported by the Niyikiza abstracts. The person of ordinary skill
would understand that two very highly correlated variables such as methylmalonic
acid (MMA) levels and homocysteine may not be discerned as separate variables
correlated with the outcome of pemetrexed toxicity. Therefore. the person of
ordinary skill would have understood that a correlation between an elevated MMA
(indicative of vitamin B, deficiency) and pemetrexed toxicity could in fact exist
but may not have been observed because homocysteine and MMA are themselves

highly correlated to one another.

Ex. 1004, Schiff 180; Ex. 1075, Schiff Reply, 166; see
also Ex. 2120, Chabner Decl. 122 .
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Prior Art: Brattstrom (Ex. 1020)

THE JOURNAL OF NUTRITION

N

Colloquium: Homocyst(e)ine, Vitamins and
Arterial Occlusive Diseases

Vitamins as Homocysteine-Lowering Agents!

LARS BRATTSTROM

Department of Medicine, County Hospital, 5-391 85 Kalmar, Sweden

ABSTRACT Moderate hyperhomocysteinemia is, to-
day, considered an established risk factor for unih
vascular disease. A graded d

The dietary vitamins B-6, 1}12 nm‘] fu]a:: and thcu
synthetic oral
r.yannmhllamm and folic ur:u‘l mrvc as precursors of
the

between Imlmcymm;mmh
full range and cardlovascular risk strongly supports

normal homocysteine
mncmh-ﬁmu.Fnllclﬂdduuof<l mgldmlybe
effective.
acld lndcyInomhhninvﬂthumﬁq’-
teine-k

B-12 defic i:nc,vdmlng oouruolmenpy .l Mutr.
126: 12768-12808, 1996.

INDEXING KEY WORDS:

* homocysteine * folate + folic acid
® pitamin B-12 = vitamin B-6

There i is rapidly accumu]aung evidence that moder-
ateh is an ind dent risk factor
for urdmvucuhr disease (Boushey :! al. 1995, Selhub
et al. 1995, Stampfer et al. 1992, Ueland et al. 1992). To
date, all but a few of over 75 studies, including a total
of more than 15,000 investigated patients and controls,
aupp(m thls issue ifu]l rﬂfﬂmwa list on requmt] Bm.h

and h;

for h lism, pyridoxal
5-phosphate, methylcobalamin and methyltetrahydro-
folate, respectively (Ueland et al. 1992). In humans,
vitamin B-6 deficiency does not result in basal hyperho-
mocysteinemia (Miller et al. 1992). In contrast, folate
and vitamin B-12 deficiency may result in considerable
hyperhomocyswmmna, which u rapidly normalized
after h with the deficient vitamin (Allen
et al. 1990 Brattstrom et al. 1988a, Kang et al. 1987,
Stabler et al. 1988). Even within their normal ranges,
the levels of sqmmm'rednell folate and seram vnamm

B-12 are strong d i of plasma homc
ion (And: esa.l.l?”." etal

1994, Selhub et al. 1994, Ueland et al. 1993).
In ’youn;mcwf ically caused severe
by h inurias), life-threat-
ening cardiovascular cvems are frequent (Erbe 1986,
Mudd et al. 1989). In most clm, treatment with cofac-

tors for h ism result in id

able d of plasma homc concentration
[Mudd et .nl 1989 Ueland et al. 1992). In pyridoxine-
ia it was statistically
confirmed that homocysteine lowering reduces the
number of cardiovascular events (Mudd et al. 1985).
Thclackufrvporuonv:scuﬁnevenmmcausolnon-

ive hyp on ef-

mia unmasked by a methionine lood are markers for
increased cardiovascular risk (Ueland et al. 1992). More-
over, the findings of a dose-response relationship be-
tween plasma homocysteine concentration, over its full
mnge,lnﬂth:r:lxhvemkhrtﬁmmctl] ].995 Mali-
now et al. 1993, P i et al. 1994, et

!ocuve hmnocysmne—lﬂwmng therapy with betaine,
folic acid and/or vitamin B-12 suggests that homocys-
teine lowering also in these cases reduces cardiovascu-
lar risk.

al. 1995, Perry et al. 1995) the ptevnlenceo{ (Selhub et
al. l”s]mmemmtvn{mdlmum]ndamsemb-
bink et al. 1991) strongly supports causality. Now, we
must ﬁoous on mmervcnhnn !tudxcs to establish whether

with reduces cardio-
vascular risk {Stampfer and Malinow 1995).

0022-3166/96 $3.00 © 1996 American Institute of Nutrition.

' Presented as part of the colloquium “Homocyst{eline, Vitamins
and Arterial Ocelusive Discases” given at the Experimental Biology

'95 meeting, Atlanta, GA, on April 13, 1995, This symposium was
sponsored by the American Institute of Nutrition. Guest editors for
the symposium were M. R. Malinow, Oregon Regional Primate Re-
search Centes, Beaverton, OR, and M. J. Stampfer, Harvard Schocl
of Public Health, Cambridge, MA.

12765
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Hyperhomocysteinemia due to vitamin B-12 defi-
ciency does not respond to folic acid therapy (Allen et
al. 1990). It is likely, that even in subjects with low
normal vitamin B-12 concentrations full response to
folic acid cannot be achieved unless vitamin B-12 is
given concomitantly (Landgren et al. 1995). This view
is supported by recent studies by Ubbink et al. (1993a,
1993b, 1994). It was shown that men with moderate

Ex. 1020, Brattstrom at 1277S; Ex. 1004, Schiff Decl. 976.
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The American Jowrnai of Clinical Nutrition

Effects of folic acid and combinations of folic acid
on plasma homocysteine concentrations in healthy

Anja Branstrup, Monika Hages. Reinkilkd Prinz Langenahi, and Klaus Pletrzik

KEY WORDS  Folic acid, vitamin B-12, supplementation,
3 discase,

homocysteine, neural tube defoct,
women

INTRODUCTION

o vitamin 1-12 deficiency ot & piew
latc-dependeat cnrymnes, folic. acid
ey camsentrations. This has besn

Ascepted for publication Joes I

1o dan | Chin Nt 1908:68:1104-10. Priotod i USA © |

ABSTRACT

Background: Elevated plasma homoecysteine concentrations are
considered to be a risk factor for vascular disease and fetal malfor-
mations such as neural tube defects. Recent studies have shown
that plasma homocysteine can be lowered by folic acid in amounts
corresponding to 1-2 times the recommended dietary allowance.
Preliminary evidence indieates that vitamin B-12 may be beneficial
when included in supplements or in a food-fortification regimen
together with folic acid.

Objective: We aimed o compare the homocysteine-lowering
potential of a folic acid supplement with that of 2 supplements con-
taining different doses of vitamin B-12 in addition to folic acid.
Design: Female volunteers of childbearing age (n = 150)
received a placebo for 4 wk followed by a d-wk treatment with
either 400 pg folic acid, 400 pg folic acid + 6 pg vitamin B-12,
or 400 pg folic acid + 400 pg vitamin B-12,

Results: Significant reductions (P < 0.001) in plasma homocys-
teine were observed in all groups receiving vitamin treatment.
The effect observed with the combination of folic acid + 400 pg
vitamin B-12 {total homocysteine, —18%) was significantly
larger than that with a supplement contaiming folic acid alone
(total homocysteine, —11%:) (F =< 0.05). Folic acid in combina-
tion with a low vitamin B-12 dose (6 pg) affected homocysteine
as well (—15%).

Conclusions: These results suggest that the addition of vitamin
B-12 to folic acid supplements or enriched foods maximizes the
reduction of homoeysteine and may thus increase the benefits of
the proposed measures in the prevention of vascular disease and
neural tube defects.  Am J Clin Nutr 1998;68:1104-10.

Ex. 1040, Bronstrup at abstract, 1109; Ex. 1004, Schiff Decl. 478.

In this study, vitamin B-12 supplementation increased the
tHey-lowering potential of folic acid; this was especially obvious
when vitamin B-12 was given in pharmacologic amounts (400
pg) In subgroup analyses, the extent of the tHey reduction was
significantly higher with the addition of increasing doses of vit-
amin B-12 in women with a plasma folate concentration =20
nmel/L. Because folate and vitamin B-12 have a symergistic
funetion as cofactors of methionine synthase, sufficiency of both
seems to be important to inerease enzyme activity, whereas a
higher availability of only one cofactor, especially in subjects
with an already good supply of this cofactor, might lead to only
a limited increase in enzyme activity.
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Prior Art: Ubbink | (Ex. 1039)

JN THE JOURNAL OF NUTRITION

Human and Clinical Nutrition

|

Vitamin Requirements for the Treatment of
Hyperhomocysteinemia in Humans!?

JOHAN B. UBBINK,” W. J. HAYWARD VERMAAK, ANNATJIE van per MERWE,
PIET J. BECKER,* RHENA DELPORT anpo HENDRIK C. POTGIETER

Department of Chemical Pathology, Faculty of Medicine, University of Pretoria, 0001
Pretoria, South Africa and *Institute for Biostatistics, Medical Research Council, Pretoria,

South Africa

ABSTRACT We have previously shown that a modest
vitamin supplement containing folic acid, vitamin B-12
and vitamin B-6 is effective in reducing elevated plasma
hemo<ysteine concentrations. The effect of supplemen-
tation of the individual vitamins on moderate hyper-
homocysteinemia has now been investigated in a
placebo-controlled study. One hundred men with
hyperhomocysteinemia were randomly assigned to five
groups and treated with a daily dose of placebo, folic
acid (0.65 mg), vitamin B-12 (0.4 mg), vitamin B-6 (10
mg) or a combination of the three vitamins for 6 wk.
Folic acid supplementation reduced plasma homocys
teine concentrations by 41.7% (P< 0.001), whereas the

daily vitamin B-12 supplement lowered homocysteine
concentrations by 14.8% (P < 0.01). The daily
pyridoxine dose did not reduce significantly plasma

the

The of
three vitamins reduced circulating homocysteine con-
centrations by 49.8%, which was not

(Stampfer et al. 1992). Participants in the above-men-
tioned study who subsequently developed myocardial
infarction had had significantly higher baseline
plasma total homocysteine concentrations when
compared with controls matched for age and smoking
habits

Clinical observations support epidemiological
findings that elevated plasma homocysteine concen-
trations are involved in the pathogenesis of atheros-
clerosis, Taylor et al. (1991) found that the
progression of peripheral vascular disease, as assessed
in a vascular laboratory, was more common in pa-
tients with hyperhomocysteinemia than in patients
with normal plasma homocysteine concentrations,
Similarly, clinical progression of coronary heart
discase, hased on new occurrence of angina pectoris,

different (P = 0.48) from the reduction achieved by
folate supplementation alone. Our results Indicate that
folate deficiency may be an important cause of
hyperh wmn(ynelntmll in the general population. J.
Nutr. 124: 1927-1933, 1994,

INDEXING KEY WORDS:

« humans e homocysteine e folate
« pyridoxine = vitamin B-12

Patients with premature vascular disorders often
have elevated circulating total homocysteine concen-
trations. Several retrospective studies have linked
mild hyperhomocysteinemia to coronary heart
disease (Genest et al. 1990, Israelsson et al. 1988,
Ubbink et al. 1991a) and cerebral (Bractstrdm et al.
1984, Coull et al. 1990) and peripheral vascular dis-
eases (Malinow et al. 1989, Taylor et al. 1991).
Prospective data from the Physicians Health Study
also indicate that moderate hyperhomocysteinemia is
a risk factor for premature vascular disorders

0022-3166/94 $3.00 @ 1994 American Institute of Nutsition.

Manuscript received 14 December 1993. Initial review completed 26 January 1994. Revision accey

or conge heart failure, oc-
curred at a higher rate in patients with hypu
homocysteinemia (Taylor et al. 1991). Malinow et al.
(1993) measured the thickness of the intimal-medial
carotid walls in individuals free of clinical
atherosclerotic  disease and found significantly
elevated plasma homocysteine concentrations in sub-
jects with thickened intimal-medial carotid walls.
Based on the assumption that carotid arterial wall
thickening reflects atherosclerosis, the results from
Mahnaw md co-workers suggest involvement of

in ath leroti plaquc
The hani by which h i

promote atherogenesis include vascular endmhﬁhal

'Supported by the Atherosclerosis Risk Factor Research
Programme and Vesta Medieines Pry Ltd.

“The costs of publication of this article were defrayed in part by
the payment of page charges, This article must thercfore be hereby
marked “advertisement” in accordance with 18 USC section 1734
salely to indicate this fact.

3To whom correspondence and reprint requests should be ad-
dressed.

pied ¢ April 1994,
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Folic acid supplementation in patients with a
chronic vitamin B-12 deficiency may eventually
result in neuropathy due to failure to recognize the
vitamin B-12 deficiency [Beck 1991). Moreover, Allen
et al. (1990) have recently shown that folate sup-
plementation will not correct hyperhomocysteinemia
that is primarily the result of a vitamin B-12 defi-
ciency. It is therefore essential that vitamin B-12 and
folate be combined to treat hyperhomocysteinemia.
Furthermore, it is also important that the cyano-
cobalamin content of the vitamin supplement should

be sufficient to allow adequate absorption of vitamin
B-12 from the gastrointestinal tract, even in patients
with pernicious anemia. Large oral doses of vitamin
B-12 can be used to treat pernicious anemia, because a
very small portion of the cobalamin will be absorbed
even in the absence of intrinsic factor
|Doscherholmen et al. 1957). We used a daily vitamin
B-12 supplement of 400 pg (200 x RDA|, because it
has been calculated that up to 1% of an oral
400-ug vitamin B-12 dose may be absorbed in subjects
with pemicious anemia |(Ellenbogen and Cooper
1991). This implies that even in cases with intrinsic
factor deficiency, ~4 pg (2x RDA) will be absorbed
from a daily 400-ug vitamin B-12 dose. We therefore
suggest that effective treatment of hyperhomocys-
teinemia should include at least vitamin B-12 and
folic acid supplementation; the vitamin B-12 sup-
plement should be sufficient to satisfy the require-
ments of patients suffering from intrinsic factor
deficiency.

Ex. 1039, Ubbink I, 1931 ; Schiff Decl. 77.

Sandoz DX - 64




I Inher. Meiab. Dis, 20 (1997) 316325
© SSIEM and Kluwer Academic Publishers. Printed in the Netherlands.

The role of vitamins in the pathogenesis and
treatment of hyperhomocyst(e)inaemia

J.B. UsBing

Department of Chemical Pathology, University of Pretoria, PO Box 2034, Pretoria 0001

South Afriea

Summary: The relation between vitamin nutritional status a
homoeyst(e)ine concentrations is reviewed, Several studies haf
concentrations of folate, vitamin B , and pynidoxal 5'-phosphsy
ciated with plasma total homocystiedine concentrations, Of
mentioned above, folate is the most powerful homocystejine
daily supplement of 0.63mg/day is sufficient to normalize
eysi(elinaemia in most individuals with normal renal funci
se\ere renal failure, high doses of folate are required

ia. Folic acid is in reducing plasma
concentrations in patients with a vitamin B, deficiency, Vitam
has no effect on fasting plasma total homoc)sl(e)me coneent
the post-methionine load plasma homocyst(e)ine peak.

At least one report has shown that some individuals appear
tain plasma tolal homoeysi(e)ine concentrations in the norma
dietary intake of folic acid only. Long-term vitamin supy
indicated in these individuals. However, the clinical henefy
mentation has not yet been demonstrated and controlled trials

The sulph ing amino acid h ine stands at the i
bolic pathways, ie. transsulphuration and remethy lation (Stipan;
phuration pathway, the condensation of homocysteine with sering
catalysed by the enzyme cystathionine B-synthase (EC 4.2.1.2]
cystathionine is hydrolysed by the enzyme y-cystathionase (HC

and o-keloglutarate. Both these reactions require the physiologid
min B, pyridoxal 5-phosphate (PLP). as essential cofactor. Thel
cysteine is catalysed by N-5-methyltetrahydrofolate: homoey steir]
2.1.1.13) m a vitamin B depmdem reaction which transfers the|

ofolate (o i resulung in the forma

meth\l group of’ N-3-methy drofolate is in fact
unit is transferred rrom a suitable source (e.g. serme} to tetrah
produces meth: which is red
by the rihoflavi enzyme methylene tef

Vitamin B,,;  Although folic acid is the most powerful tHey-lowering agent. this does not
imply that vitamin B and vitamin B, may be omitted in the treatment of moderate
hvparhmnﬂc}rst{e}memla Vitamin B supplementation has a small, but sigmficant effect
on ¢irculating tHey concentrations (Ul:rhm]». et al 1994 Rasmussen et al 1996), Moreover,
it has been shown that folic acid supplementation is ineffective in reducing tHey concen-
trations in patients with a vitamin B, deficiency {Allen et al 1990). In my opinion, the
optimum vitamin supplement to treat hyperhomocvst(emaemia will contain at least
400pg of vitamin B, per day, At this lgh daily dose, even patients with mirmsic
factor deficiency wﬂl Ehﬂﬂ[b a sufficient amount of vitamin B | by passive diffusion
(Doscherholmen and Hagen 1957). Vitamin B3, supplementation at high doses 15 mnnoc-
uous (Ellenbogen and Cooper 19913 w1]l eliminate the risk that folic acid
supplementation may mask an underlying vitamin B, deficiency.

316
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Prior Art: European Patent Application 0 595 005
(EPOO05) (Ex. 1033)

) S LR
[G) .20)) European Patent Office 0 595 005 A1

Office européen des brevets © Pusiiation number:

It iz therefore now accepted in the art that elevated blood levels of homocysteing are highly

& EUROPEAN PATENT APPLICATION . i i i . :
o o v AGIK 3158 undesirable. Normalisation of such elevated levels of homocystging therefore constitutes a therapeutic goal
) Application number: 83114762.3 &) Int. €15 hy = . gi . n &
© oue ot ing 140850 stsosstan) - as such withoul reference to any specific disease entity, possibly causally related to such slevated levals,
FEYSU—— BT — Ex. 1033 EP005, 3:7-9; Ex. 1004, Schiff 179; Ex. 1075, Schiff
© e aan s " Seeh Sweer Rgplv. 1178-82.
Micor, T —
O o ea e TLILUNLBE | b Sakin, W1 The invention is applicable to the lowering of total homocysteine blood levels If elevated by any known
47 Selikats Village, . . . 1 I T
Sothats Causony | cause, including genelic causes (e.g. enzyme polymorphism) disls, drugs or depressed activily levels of
o 45 folate, vitamin BB, vitamin B12 or any combination of thess due to whatever cause, pregnancy, chronic
Repre ive: VOSSIUS] - - - - . - . - - - -
;ﬁiﬁn’"}:ﬂig on renal failure, psoriasis, occlusive vascular disease, chronic liver disease, homocysteine-associated psychiat-
ric problems. Drugs which induce elevated homocysteing levels include anticonvulsant drugs, xanthine
@ pramacoutc fortowering ino lovals, containing ¥ bronchodilators (2.9. theophylline), methotrexate, nitrous oxide, and many others,
©) Pharmaceutical preparations for lowering blood and tissus levels of i -
a) vitamin B8; .
Z])Cu“\:rl'r‘:‘:raa‘zs‘u‘i’::is‘l:ira\;li/h:m?::‘n:i:lsF:lc:g\ralcnrnsubslanccwh\chm\cascsiclatcmvivc: EX 1033 EPOOS’ 443_48’ EX 10751 SCh'f‘f Reply’ ﬂﬂ78_82
and optionally antoxidants, cheline andior betaine. a) and b) are provided in slow release form (2-8 hours) and

c) s to be refeased immediately ithin 20 minutos)

24 Q. A11 right. So one of ordinary skill in
25 the art in June of 1989, if they were interested
1 in contreolling blecod homocysteine levels, what

2 this reference tells them that you can dc that

EP 0 595 005 A1

3 with a combination of Vitamin BlZ and folilc acid.

Rk Xeros (UK) Business Survioes
15.1673.08/3.3.41 ik

Correct?
ACCORD EX 1009 LI |

7 A, It says that. That's -- that's true.
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| Ex. 1074, Chabner Dep. Tr. 185:24-185:7.; Ex. 1075, Schiff Reply, {78
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@ EUROPEAN PATENT APPLICATION
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@ Date of filng: 14.00.93
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@ Date of publication of application: Holpro House
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The invention is applicable to the lowering of total homocysteine blood levels if elevated by any known

cause, including genelic causes (e.g. enzyme polymorphism) diets, drugs or depressed activity levels of

45 folate, vitamin BB, vitamin B12 or any combination of thess due to whalever causa, pregnancy, chronic
ranal failure, psoriasis, occlusive vascular disease, chronic liver disease, homocysteine-associated psychiat-

ric problems. Drugs which induce elevated homocysteine levels include anficonvulsant drugs, xanthine

&

i for lowering ine levels,
and vitamin B12.

bronchodilators (e.9. thaophylline), mathotrexate, nitrous oxide, and many othars,

©) Pharmaceutical preparations for lowsring blocd and tissue levels of
a) vitamin B6:
b) folate or a suitable active metabolite of folate or a substancs which
©) vitamin B12, with or without intrinsic factor

and oplionally antoxidants, choline andior betaine. a) and b) are provided in siow release form {28 hours) and

c) s to be refeased immediately ithin 20 minutos)

I Ex. 1033 EP005, 4:43-48; Ex. 1075, Schiff Reply, 1178-82.

EP 0 595 005 A1

Rk Xeros (UK) Business Survioes

Tha pharmaceutical composifions are not only 1o ba used in the treatment of raised homocysteine
levels induced nutrifionally, genetically or as a result of a variety of discases, but also in those cases whare
the slevated homocystsine levels are drug induced or in combination with & B or folate antagonistic drug,
which has a tendency to raise homocysteine levels. Examples of other situations in which blood homo-

55 cysteine levels may be elevated are the following: post-menopausal women, liver failure, lsukemia, other
cancers, chronic renal failure, Slow-release formulation of PL prevents excessive liver oxidation to the
biclogically inactive pyridoxic acid,

315308/, 340

ACCORD EX 1009 Ex. 1033, EP0OO5, 9:51-57.
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G Application number: 93114762.3 @
@ Date of filing: 14.09.93
() Priority: 14.09.92 ZA 926990 @
@ Date of publication of applicafion:

The present invention relates to pharmaceutical preparations for lowering levels of homocysteing or for

the prophylaxis or freatment of elevated levels of homocysteine in patients and for counteracting the
harmful effects associated with homocysteine.

™
04.05.94 Bulletin 9418 1 Snell Street

&) Designated Contracting States
AT BE CH DEDKES FRGBGRITLILUNLSE | Inventor:

Micor, Johannesburg 2092(ZA)

in, Willegaalacat,

47 Selikats Village,
Selikats Causeway

Faori Gl revria 004 Here pharmaceutical and distary preparations are disclosed for the trestment or prophylaxis of elevated
© Reprosentaive vossws | £ homocysteine and/or methioning levels in the blood of human infants and pathological disturbances
Postfach 86 07 67 a & = a v v a a
D-81694 Minchon (0F) connected therewith, said preparation comprising in combination:-

&

iog Vi

a) vitamin B 6 as such or in the form of a pharmacsutically acceptable acid salt, at least in part in the

and vitamin B12.

i for lowering ine levels,

form of pyridoxal (PL) or a compound which in vivo readily releases PL without the intervention of

© Pharmacsutical proparations for lowsring blocd and tissue levels of homoeysteins a UNidaEE ENZYME Or ygen.
a) vitamin B8; . . .
9ol o & st ettt of ol o 3 sustnco i lses s | ) b} folate or a precursor of folate which releases folate in vivo, and
oy o 0 sy 0 210 oo i som el c) vitamin B12, with or without intrinsic factor, in the following ratios:-

EP 0 595 005 A1

Rk Xeros (UK) Business Survioes
18.1678.08/3.341

a) . ) from 1:25 to 10 000 1
b)) from 1:1 to 50 000 : 1
The preparations are to be incorporated in infant bone feed mixes. That disclosure, by cross-reference,
a5 forms part of the present disclosure. The same applies to the contents of a study performed on behalf of
the applicant and published after the prionty date hereof in Am.J_Clinical Nutrition (1993), 57, pp 47-53.

In accordance with the invention there is provided the use in the manufacture of a pharmaceutical
preparation for lowering levels of homocysteine or for the prophylaxis or treatment of elevated levels of
homocysteing in a patient of a combination which comprises

40 a) vitamin B&;
b} folate or a suitable active metabolite of folate or a substance which releases folate in vivo;
c) vitamin B12, with or without intrinsic factor.

Sandoz DX - 68
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Prior Art: European Patent Application 0 595 005
(EPOO05) (Ex. 1033)

EP 0 595 005 A1
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[G) European Patent Office
0 () Publication numbe: 0595

Office européen des brevets

@ EUROPEAN PATENT APPLICATION
@) Application number: 3114762.3 @ It ¢15 AGTK 31/68, //(A61K3
31:505,31:44)

@ Date of filng: 14.00.93

@ Priority: 14.09.92 ZA 926890 @ Applicant: VESTA MEDICINES (PROP
LIMITED
@ Date of publication of application: Holpro House
04.05.94 Bulletin 94/18 1 Snell Street

Micor, Johannesburg 2002(ZA)

&) Designated Contracting States
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Selikats Causeway
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Postiach 86 07 67
D-81634 Miinchen (DE)

&

i for lowering ine levels, ining vitamin BB, ft
and vitamin B12.

@) Pharmaceutical preparations for lowsring blood and tissue levels of homocysteins are disclosed,
a) vitamin B6:
b) folate or a suitable active metabolite of folate o a substancs which raleases folate in vivo;
©) vitamin B12, with or without intrinsic factor
and optionally antoxidants, choline andior betaine. a) and b) are provided in slow release form (2
c)is 10 bs released immediately (within 20 minutes)

2

25

an

35

Furthermore, applicant has surprisingly found that for purposes of controlling blood homocysteine
levels, the combination in accordance with the invention of PL, folate and vitamin B12 produces advanta-
geous effects which go substantially beyond what might be expected from a simple additive effect of the
action of these drugs. Thus, an unexpectad synergism exists when vitamin B12, folate and PL are given
concurrently and this effect can be even greater when the vitamins are given in conjunction with a biclogical
methyl donar such as choline or betaine. This synergism is evidencad by:

1. Better control of blood homocysteine levels at lower dosage levels of each.

2. A tendency to restore to normality distorted blood amino acid patterns which are sometimas seen

when betaine is given alone.

3. In the presence of both folate and PL, methionine levels do not rise as much after betaine due o

activation of alternafive metabolic pathways.

4. The presence of PL limits damage to structural proteins, especially in the vascular bed.

5. Clinical tests. {Sec cxamples)
This synergism may further be appreciated from the fact that PL stimulates a process which ultimatsly
leads to the reduction of the methionine poal {through conversion of homocysteine into cysieine) whereas
hath vitamin B12 and folate stimulate processes which do not lead o a reduction of the body's methionine
pool but mere recycling. The resultant methionine remains available for reconversion into homocysteine. PL
(in its own right and distinct from PLP) has co-enzyme activity for the enzyme cystathioning synthase.
Cystathionine synthase activity can be stimulated in a dose dependent manner by intracellular PLP and PL,
both of which increase after administration of PL.

Ex. 1033 EP0O05, 11:20-25; Paper 49,Sandoz Reply, p. 14

25

The composition according to the invention is nearly twice as elfeclive as folale alone. This indicales a
significantly more than a purely additive effect of the three component combination (synergism).

Rk Xeros (UK) Business Survioes
18.1678.08/3.341

ACCORD EX 1009

Ex. 1033 EPOO05, 18:25-26

Sandoz Inc.
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Prior Art: Folic Acid and Vitamin B, With Antifolates
Prior to June 1999

Farber (1948)

Volome 8 JONE 3, 148 Nomber 25

T e e e e most normal pattern. Toxic effects included stoma-
’ titis, with early ulceration. In an attempt to pre-
vent this complication crude liver extract was

employed, as were folic acid and folic acid con-

Jugates., POSSIALE POTENTIATION OF FLUOROPYRIMIDINE ANTT-TUMOR ACTIVITY BY
PTEROYLGLUTAMIC ACID [FOLIC ACID) AND CYANDCOBALAMIN (Bjz). Glemn
Tisman, Victoria Flener, Mary E. Jones, Lyncotte buck. Whittier, CA.

Ex. 1009, Farber at 792; Ex. 1075, Schiff Reply 80501,

Labsratary studiszs econfirmed that bm;h folinic acid .:nd Esli.z acid

. C otantiate 5FU petivity egainst different tumor cells. Our pre-
ﬂ96' EX' 1091' Stover Reply ﬂl? lﬁiﬁa;y“;iiniul wark v.-ir:i u%tamrpr.s to potentiate SFU activity with
low doses (3mg) of Leuccvorin was unsuccessful (Tisman, et.al., AACR,
19, 1978, 217A)., Because Folic acid may be the preferred substrate for
introcellular conversion to polyglutamates (Perry, J., et.al., 1979},
and bhecause reducsd folate polyglutamates potentiate the bindu!g l_:f
SEIUMP to thymidylote synthetase, we felt that lerge doses of folic

i r' acid might potentizte 5FU oncolytic effects clinically. Folic acid 200
i 100 0001 IS m an 1 985 ng/m2 plus Cyanecabalamin 10,000meg (used to enhancte intraocellular
transport of folate) (Herbert, Tisman, et,al., Blood 4:465, 1973] in

200ml. of kN saline plus 20MEq of sedium bicarbonate was infused 1.V.
N - e ua

EP 0 595 005 A1

first hour of each infusion a
reatment was repsated weekly
g 1 SFU taining
POSSIALE POTENTIATION OF FLUOROFPYRIMIDINE ANT I-TUMOR ACTIVITY BY ;agt:ﬁi;:ﬂ lraiveys. S
PTEROYLGLUTAMIC ACID [FOLIC ACID) AND CYANDCOBALAMIN [Elz:‘ll . _Gleﬁn ei;;ﬁa»t;:::i:fl::::EY'CETI
LI Tieman Uieraris Flanaw. Marv E. Jones, Lymerte Duck. Whittiler, CA. oo toxlcity was not signi-
o patients developed diarThea
e . . at the end of 1 and 3 weeks. Red blood cell folate levelf after chgtnpy
' Bl ; £ lygl 2 to 3 times normal.
assard) EX. 1028, T|Sman, EX. 1004, SChIff DeCI ﬂ89 ;;:e:;g&er;go‘?:zél g;a:nla:“ﬁ; );gs:gﬂtzssziﬁrtumw rasiones o SR tn
m——" sTU Tefractory patients,

EP 005 (1994)

The invention is applicable to the lowsering of total homocysteine blood levels if elevated by any known

cause, including genefic causes {e.g. enzyme polymorphism) diets, drugs or depressed activily levels of

45 folate, vitarmin BB, vitamin B12 or any combination of thess due to whatever cause, pregnancy, chronic

ranal failure, psoriasis, occlusive vascular disease, chronic liver diseass, homocysteine-associated psychiat-

ric problems. Drugs which induce elevated homocysteine levels include anticonvulsant drugs, xanthine
bronchodilators (e.g. theophylline), methotrexate, nitrous oxide, and many others,

w5 | EX. 1033, EPO05, 4:43-48; Ex. 1075, Schiff Reply, 1178-82.
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Prior Art: Folic Acid and Vitamin B, and Antifolates
before June 1999

ANTIFOLATE DRUGS IN

Mendelsohn (1999)

CANCER THERAPY

Edited by

ANN L. JACKMAN

The Cancer Research Campaign Centre
for Cancer Therapeutics,

The Institute of Cancer Research,
Sutton, Surrey, UK

HuMaNA PRress

Torowa, NEw JERSEY

The biochemical pathways that utilize folate cofactors also require adequate amounts
of vitamins B, and Bg. Thus, the status of all three vitamins in patients may significantly
influence the severity of toxicity observed during chemotherapy. R. Allen and hig col-
leagues have established that measuring specific amino acid metabolites, especially ho-
mocysteine, N-methyl glycine and others, from these metabolic pathways provides a
more sensitive and reliable assessment of patient vitamin status (2.3). These surrogate in-
dicators of functional folate status are more indicative of deficiencies and more respon-

sive to dietary supplementation.

Carrasco (1999)

Ex. 1012, Mendelsohn at 270; Ex. 1004, Schiff Decl. 1149; Ex. 1075, Schiff Reply {77

Three years after diagnosis the pauemt developed a
lymphoid blast crisis and was started on a chemo-
therapy protocol. The first consolidation treatment

-l consisted of 6-mercaptopurine, methotrexate (MTX),

VIM-26 and cytarabine. MTX rescue with folinic acid

Serum HCY levels were 38 pmol/L (normal < 16). The

patient was diagnosed as having AM and began
treatment with folinic acid 12 mg ivin one single dose
and folic acid 5 mg/day po for 14 days and par-
enteral vitamin B12 2 mg/day for 4 consecutive days.

Ex. 1032, Carrasco, 768 ; Ex. 1075, Schiff Reply, 1103; Paper 2, Pet. at 32.
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Prior Art: Tisman (1985)

POSSIBLE POTENTIATION OF FLUOROPYRIMIDINE ANTI-TUMOR ACTIVITY BY
PTEROYLGLUTAMIC ACID [FOLIC ACID) AND CYANDCOBALAMIN [Elg}. _Gleﬂn
Tisman, Vievaria Flener, Mary E. Jomes, Lynette Buck. wWhittier, ChA.
0601, o ) _
Laboratary studies confirmed that both fulinic acid and folic acid
can potentiate SFU activity egainst di fferent tuRgr r_-e:;l.-a._ Flur pre-
liminary ecliniczl work with attempts to potentiate SFU activity with
lew doses (3mg) ef Leuccvorin was unsuceessful (Tisman, =t.al., AACGR,
19, 1478, 217A)}. Because folic acid may be the prefarred subatraze for
intracellular conversion to polyglutamates [Perry, J., et4a1,: 1979,
and hecause Teducad folate polyglutamates potentiate the binding QE
SEdUMP to thymidylete synthetase, we felt that lirge doses of folic

acid might potsntiate 5FU oncolytic effects clinically. Foliec acid 200

ng/n plus Cysnocabalamin 10,000mcg (used to enhence incracel wlir W
transport of folate)] (Herbert, Tisman, et.al., Blood 4‘-416§; 14733 in Usaar 1 2me
200ml. of kN saline plus 20MEq of sodium bicarbonate was infused I.V. (= United States Patent oo BatntNo: - UST72.209 B2
over 2 hours daily for 3 days. After the first hour of each infusion a Niyikizn -« »f :

ITHER PUILICAT

bolus of SFU 200mg/m€ was given 1.V. Each treatment wos repsated weekly AL MM 1L
Thus far 3% patients with breast cancer refractery to SFU containing

regimens have received 36 infuslons. Two of 3 patients had an exacerbi-
vion of bone pain within 12 to 48 hours of initiation of cherapy. All
patients had subsequent alleviation of bone pain within 1 week.  CEA
titers decreased in all patients. Hematologic toxlcity was not signi-
ficant in 2 and mild in onme. Twe of three patiemts developed diarrhen
at the end of 1 and 3 weeks. Red blood cell folate levels after theripy
revealed red eell folates (polyglutmmates) were 2 to 3 times normal.
The above protosol is clearly associatad with tumor response to SFU in
50 refractory patients.

EBLilly and Compasy.
18 (U}

§) lae. L
AATE TE70
TATK TLERS
AAIK TLI0
ASIK 1325
141K 11519

5 UL

Ex. 1028, Tisman; Ex. R
1004, Schiff Decl. 189

tion: Mechanism of a novel pyrrolopyrimidine-based anti-
folate LY231514 (MTA). Advan Enzvme Regul, 1998,
38:135-152 and Shih C, Chen V J, Gossett L S, et al. 45
LY231514, a pyrrolo[2.3-d]pyrimidine-based antifolate that
inhibits multiple folate-requiring enzymes. Cancer Res 1997
57:1116-1123.) Several antifolate drugs are currently in
development. Examples of antifolates that have thymidylate
synthase inhibiting (*'I'SI") characteristics include 5-fluorou- o

oz lne.
1

Sand, 3
Exhibit 1001-000 1

racil and Tomudex®. An example of an antifolate that has

Ex. 1001, col. 1, Il. 43-51,  —andoz Dx- 72



Prior Art: Mendelsohn (1999)

ANTIFOIATE DRUGH]
CANCER THERAPY

Chapter 12/ L I and LY309887

Table 1
Inhibition of h(J
by Lometrexol, 254155, an|

Compound No. Compound Nam

LY249543 lometrexol

LY235540 diglu

The biochemical pathways that utilize folate cofactors also require adequate amounts
of vitamins B, and Bg. Thus, the status of all three vitamins in patients may significantly
influence the severity of toxicity obhserved during chemotherapy. R. Allen and his col-
leagues have established that measuring specific amino acid metabolites, especially ho-
mocysteine, N-methyl glycine and others, from these metabolic pathways provides a
more sensitive and reliable assessment of patient vitamin status (23). These surrogate in-
dicators of functional folate status are more indicative of deficiencies and more respon-
sive to dietary supplementation. o

LY235337 trigha
LY266978
LY235542 pentaglu
LY254155 thienyl-DDATHF
LY314565 diglu

LY314209 triglu

LS .

tetraglu

Ex. 1012, Mendelsohn at 270; Ex. 1004, Schiff Decl. 149; Ex. 1075,
Schiff Reply 177

0.25 (n = 2)

The potency of antifolate analogs to inhibit monofunctional human GARFT

priate for ing the affinity of “tigh
ichiometric inhibition (2,4)

Table 2

was assessed spectrophometrically using the Morrison equation, which is appro-
" snding”

Kinetic Constants for Activation of GARFT Inhibitors by FPGS

Table 2
Kinetic Constants for Activation of GARFT Inhibitors by FPGS

Ky (M) Vmax (pmoles/i/mg) — k (Vi)

Compound

Compound K (pM)

Vmax (umolesh/mg) — k (Vi)

164 = 1.0
65= 1.1
L9=E0S

lometrexol
LY309887
MTA

977 £ 128 60
686 + 116 43
0 @25E595

164 = 1.0 977 + 128 60
65 = 1.1 1686 * 116 43

lometrexol
381 LY309887

LYY

tion of lometrexol and LY309887, determined using hog liver FPGS are summarized in
Table 2 (5). Lometrexol and LY309887 had similar K, values as FPGS substrates. How-
ever, lometrexol had a significantly higher Vy,. The relative efficiencies of substrate
utilization by an enzyme can be determined by comparing first-order rate constants, k'

MTA 1.9 £05 725 95 381

(Vinax/Kn). The data suggest that desp]
strate, which would be more extensivg
obtained with the multitargeted antifo!
a first-order rate constant of 381, it clf

FPGS subs . In other experiments,
cubation of lometrexol, LY309887 or
HPLC. At low substrate concentration|
all substrates was more extensive and
verted (o tetra- and pentaglutamated fo
in which over 70% of each antifolate
servations are consistent with the kno
at high intracellular folate concentratid
An important inference from these
late and retain greater amounts of high
ularly in liver, a known folate depot,
cycling of stored antifolate through tj
nomenon of delayed and cumulative

(VimaxKm). The data suggest that despite equal K, values, lometrexol was a better sub-

strate, which would be more extensively polyglutamated in vivo. For comparison, data
obtained with the multitargeted antifolate inhibitor, LY231514 (MTA), is shown. With
a first-order rate constant of 381, it clearly had the greatest affinity and efficacy as an
FPGS substrate. In other experiments, polyglutamated products formed during a 24-h in-
cubation of lometrexol, LY309887 or MTA with FPGS were separated by quantitative
HPLC. At low substrate concentrations, i.e., below the K, (1 pM), polyglutamation of

Ex. 1012, Mendelsohn at 263; Ex. 1004, Schiff Decl. 1149; Ex. 1075, Schiff Reply {77
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Scientific correspondence 767

nosis but we do not nave any doubts about the diag-
nosis because more then 10x10%/L cells expressed
CDS, CD19, €D20 and CD22 (Figure 1).

The concomitant presentation of AML and CLL is
extremely rare and the use of two-color flow eytom-
etry to differentiate the cell populations demon-
strates the utility of this technology in the diagnosis
of unusual hematologic malignancies.

Mustara Nuri Yenerel, * Ioranim Hatem, * Huseyin Keskin*
“Istanbul Unwersity, Istanbul Medical School. Department of inter-

nal Medicine, Division of Hematology, Capa, Istanbul; *Haseki
State Hospital, Hasek, Istanbul, Turkey

Key words

CCL, AML, flow cytometry.
Correspondence
Mustafa Nuri Yenerel, MD, Istanbul University, Istanbul
Medical School, Department of Internal Medicine, Division
of Hematology, Capa, Istanbul, Turkey. Fax: international
+90.212.6311263.
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Acute meg: ic anemia: ystei
levels are useful for diagnosis and follow-up

Sir,

Vitamin By2 (cobalamin) and folic acid deficiencies
lead to megaloblastic anemia (MA), and induce
accumulation of methylmalonic acid (MMA) and
homocysteine (HCY).! The most common presenta-
tion of MA is classical macrocytic anemia. Other pre-
sentations are acule megaloblastosis (AM) and
masked megaloblastosis.?? In this report, we present
a case of AM diagnosed and followed up by evalua-
tion of HCY levels.

A 45-year old male was diagnosed as having
Philadelphia-positive chronic myelogenous leukemia.
Three years after diagnosis the patient developed a
lymphoid blast crisis and was started on a chemo-
therapy protocol. The first consolidation treatment

of 6 Pl e, r (MTX),
VM-26 and cytarabine. MTX rescue with folinic acid
was performed following standard guidelines. On day
+14 a platelet count of 9x10%L was found. Hb was
99 g/L, mean corpuscular volume (MCV) 92 fL and
leukocyte count was 7.06x10%L with 84% of neu-
trophils with hypersegmentation. Reticulocyte count
was 0.053x10'%/L (1.66%). Vitamin Bi2 levels and
red cell folate were 322 pmol /L (normal 150-1200)
and 938 nmol/L (normal 441-1285), respectively. A
BM aspirate revealed 30% of erythroid precursors
with megaloblastic features and a 55% of myeloid
precursors with increased size and no blast cells.
Serum HCY levels were 38 pmol/L (normal < 16). The

Haematologica vol. 84(8) August 1999
ACCORD EX 1003

Sandoz Inc.
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Three years after diagnosis the patient developed a
lymphoid blast crisis and was started on a chemo-
therapy protocol. The first consolidation treatment
consisted of 6-mercaptopurine, methotrexate (MTX),
VM-26 and cytarabine. MTX rescue with folinic acid

Serum HCY levels were 38 pmol/L (normal < 16). The

patient was diagnosed as having AM and began
treatment with folinic acid 12 mg ivin one single dose
and folic acid 5 mg/day po for 14 days and par-
enteral vitamin B1z 2 mg/day for 4 consecutive days.

Ex. 1032, Carrasco, 767-768 ; Ex. 1075, Schiff
Reply, 1103; Paper 2, Pet. at 32.
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Dose reductions
Leucovorin Rescue
Granulocyte Colony Stimulating Factor

> w N

Betaine

Ex. 1075, Schiff Reply, 1122
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Dr. Chabner’s Alternative #1: Dose Reductions

Q. So one of ordinary skill in the art
would understand in June 1999 that these dose
reductions --

A. Uh-huh.

Q. -- could have an impact on the efficacy
of pemetrexed on the cancer?

A, Right. It could have. As I said, I

think they very quickly devised a way of avoiding

many of these dose reductions by -- by using
dexamethasone. And that's still being done
todavy.

Phase I-Phase Il Trial of N-Phosphonacetyl-L-Aspartic Acid
Given by Intravenous Infusion and 5-Fluorouracil Given

by Bolus Injection '

Charles Erlichman, > Ross C. Donehower, ° James L. Speyer, ® Ray Klecker,” and Bruce A. Chabner’

and FUra could not be administered to him. QOur findings
suggest that this particular dose schedule for PALA and
FUra would result in less than a 25% response rate (P<<0.05)
for patients with melanoma and, therefore, would not be a
useful combination for clinical therapy of melanoma.

Ex. 1074, Chabner Dep. 234:11-17; Ex. 1075, Schiff Reply, 123; Ex. 1094, Erlichman, 230

Sandoz DX - 76




Dr. Chabner’s Alternative #2: Granulocyte Colony
Stimulating Factor

inflammatory agents.) Supportive-care agents, such as colony-
stimulating factors, were permitted but could not be substituted for dose
reductions required according to protocol. No dose escalations were
permitted.

Ex. 1052, Rusthoven, 1195, 1196; Ex. 1075, Schiff Reply 11 28-31

treatment. Four patients (13.3%) experienced febrile
neutropenia and 13 (39%) experienced grade 3 or 4
neutropenia, whereas only one patient (3%) developed
grade 4 thrombocytopenia. Nonhematologic toxicity
was generally mild or moderate, but 39% of patients
developed a grade 3 skin rash. Most other toxicities
comprised grade 1 or 2 stomatitis, diarrhea, lethargy,
and anorexia. Ten patients stopped protocol therapy
because of toxicity.

Ex. 1052, Rusthoven, 1195, 1196; Ex. 1075, Schiff Reply {1 28-31

Oh, okavy. Yeah. Colony stimulating factors
were permitted, but could noct be substituted for

dose reductions required. So the idea is this,

Ex. 1074, Chabner Dep. 234:24-236:7; 267:16-268:1; Ex. 1075, Schiff Reply 1 28-31
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Dr. Chabner’s Alternative #3: Leucovorin Rescue

[CANCER RESEARCH 55, 6117-6125, December 15, 1995]

Enhanced Antitumor Activity for the Thymidylate Synthase Inhibitor 1843U89
through Decreased Host Toxicity with Oral Folic Acid

Gary K. Smith,'? Herbert Amyx, Christine M. Boytos,! David S. Duch, Robert Ferone, and H. Robert Wilson
Divisions of Cell Biology [G. K. S., D. 5. D.], Biochemisiry {C. M. B., R. F., H. R. W.], and Toxicology [H. A.], The Wellcome Research Labs, Burroughs Wellcome, Research

Triangle Park, North Carolina 27709

only increased the 1843U89 IC,, - to 3-fold. Thus, the efficacy of
1843U89 in cell culture is less sensitive than Tomudex to reversal by
either leucovorin or folic acid, and folic acid is the less effective

reversing agent.

weight loss caused by 200 mg/kg 1843U89. A higher dose of
1843U89, 400 mg/kg, was lethal to all mice by day 10 in the absence
of folic acid, but in the presence of the protectant, 80% of the animals
survived (Fig. 2). Thus, folic acid can protect against the lethal
toxicity of 1843U89 in mice as well as dogs.

Q. You were asked a question:

"QUESTION: Dr. Chabner, yocu agree that all
rescue strategies could have a negative impact on
efficacy as a chemctherapy agent, right?

"ANSWER: That's correct."

Ex. 2040, Smith & Amyx, 6119, 6120; Ex. 1075, Schiff Reply

19 25-27

Ex. 1074, Chabner Dep. 281:10-14; Ex. 1075, Schiff
Reply, 11 25-27
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Dr. Chabner’s Alternative #4: Betaine

Elevation of Homocysteine and Excitatory Amino Acid
Neurotransmitters in the CSF of Children Who Receive
Methotrexate for the Treatment of Cancer

By Charles T. Quinn, James C. Griener, Teodoro Bottiglieri, Keith Hyland, Arleen Farrow, and Barton A. Kamen

P Folate defici ,-iherbydnordmg,in- Results: The treatment group had a significantly (P =

creases ph h {Hey). Hey damagy .0255] greater concentration of Hey in CSF (0.814 pmol/L +
k dotheli ﬂnd" rh inemia is a risk 0.215 [mean + SEM], n = 23) than the control group (0.210

hmrhrmh,ﬂcyume&ohednmmayummuud pmol/L + 0.028, n = 34). HCA and CSA were not detected
(EAA) itters, such as h Y acid (HCA)and  in CSF from control patients (n = 29); however, MTX caused
cyslemesulﬁmculd(cw which may cause sei: and rked ion of CSF HCA (119.1 zmol/L + 32.0, n
excitotoxic muunul WoposMuhdMunu:H:y =Ib]undCSA(28.4umdlL+77,n-'I&)mlhelmulm-nf
and EAA may partly group. Patients with neurologic toxicity at the fime of lumbar
(MTX}-associated neurofoxicity. puncture had many of the highest concentrations of Hey, HCA,

Patients and Methods: In this refr and CSA.
used high-performance liquid zhmmmogruphy (I'H.C) o Cﬂndwbn. These data support our hypothesis that MTX-
measure Hey, HCA, and CSA in CSF from two groups of chil- y may be mediated by Hoy and excito-
dren: (I)ucmnolgoupdpmlumwilhnoMTx toxic iters.
and (2) a group of pati whio had 0 JM-TX J Clin Oncol 15:2800-2806. © 1997 by American So-

noumlhﬂn?duy:bdonundndul.dlmanrplmn ciety of Clinical Oncology.

Q. And Quinn is talking about using

betaine post treatment to rescue patients?
A, I don't think he ever used 1it. He

didn't.

Ex. 2033, Quinn

Ex. 1074, Chabner Dep. 278:4-14; Ex. 1075, Schiff Reply, 1 33

34.  Moreover, betaine is not a required nutrient like folate for life.
Treating folate- or vitamin-B12 deficiency in a way that ignores the deficiencies of
these essential nutrients places the patients at risk for related diseases including

cancer and neuropathies. There are also certain adverse effects of betaine
administration that are disrupting and unpleasant as it is known to cause extreme

body odor.

A I don't understand the
interpretation of "baseline." But if you meant
what a -- how many -- what portion of the

population had low dietary betaine and its
precursor, intake, we didn't know that until

more recently.

Ex. 1091 Stover Reply, {1 32-34

Ex. 1086, Zeisel Dep. 285:23-286:7; Ex. 1091, Stover Reply, | 32
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INFLUENCE OF METHYLCOBALAMIN ON THE
ANTINEOPLASTIC ACTIVITY OF METHOTREXATE

F. G. Arsenyan, N. V. Myasishcheva,

Z. P. Sof'ina, M. O. Raushenbakh, 152,611'.133

UDC 615,277.3.015.2 : 615.355:577.

I. P. Rudakova, E, G, Chauser,
and A. M, Yurkevich

One of the ways of the of the action of chemotherapeutic substay
tumor cells is the combined use of preparations, taking the peculiarities of the mechanism of their
account. A new trend in this field is the use of cobalamin derivatives in combination with definite an
plastic preparations.

The special significance of methyleobalaminwas first noted in the case of impaired cobalamin
olism in leukemia patients. An analysis of the functional activity of cobalamin coenzymes in the orj
in comparison with the effectiveness of combined cytostatic therapy, has shown that the clinical coug
process in acute leukemia with an increased content of hydroxy- and methyleobalamins in the blood
favorable [1]. The results obtained were of the role of hylcobal in metal
processes as a coenzyme of methionine synthetase (EC 2,1,1,13)—a key link in t.he control of the syn)
action of cobalamins in compounds of folic acid in processes of cell proliferation [1-2].

A study of the morphofunctional state of the hemopoietic system of animals under conditions of
cobalamin metabolism in the organism confirmed the fact that at a high concentration of cobalamin
the rate of pxol.uemm of cells o{ the hemopoietic tissue increases, In the splean.s of healthy mice,

case of p. of the an incrd
number of DNA ~synthesizing cells, and an increase in their mitotic index were noted, The s tability
periods of the mitotic cycle of spleen 1, in the of an in the size of the pf

TABLE 1, Stimulating Effects of Methyl-
cobalamin on the Growth of Transplantable
Tumors of Mice

Tumor mice

L
] E’,‘
|
AKATOL BALB.c
RehM=5 cBA

Sarcomna 37 SHK
Period after transplantation of tumor,

tP> 0.05, in all remaining cases P < 0.05.
Note, Here and in Table2;: thepreparation

TABLE 2. Results of Gombined Action of Methylcobalamin and Methotrexate on the Growthof Ca~- 755 (BDFy)

was administered on the second and sixth

Inhibition of tumor
growth* after course of
administration of prep- Increase in
Preparations Dose of preparation arations, % of control lifetime of
Lst-2nd 7-8th animals, %
Methotrexate 10 mg/ kg 94 51 19
Methyleobalamin 10 pg /kg +180 +85 0
Methylcobalamin 10 pg/kg
+
methotrexate 10 mg/kg (simultancously) 94 76 60
Methylcobalamin 10 pg/kg
+
methotrexate 10 pg /kg (methotrexate was ad- +36 +62 211
ministrated 6 h after methyl-
cobalamin)

* Average results of five series of experiments.

TPeriod after transplantation of tumor.

$P> 0,05; in all remaining cases P < 0,05, In the case of combined influence, the results obtained were

evaluated relative to methotrexate.

days after transplantation of the tumor.
A rplus" sign denotes stimulation of
tumor growth,

Oncological Scientific Center of the Academy of Medical Sciences of the USSR. Scientific- Industrial
Vitamin Combine, Moscow. Translated from Khimiko- Farmatsevticheskii Zhurnal, Vol. 12, No. 10, pp. 49-54,

October, 1878, Original article submitted April 3, 1978,

0091-150X/78/1210-1299 $07.50© 1972 Plenum Publishing Corporation

Sandoz Inc.
Exhibit 1023-0001

Ex. 1023, Arsenyan, 2; Ex. 1075, Schiff Reply, 1 90
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Prior Art: Sofyina (Ex. 1026)

POSSIBILITY OF POTENTIATING THE ANTINEOPLASTIC ACTION OF FOLIC ACID
ANTAGONIST BY METHYLCOBALAMINE ANALOGUES

Z. P. Sofyina, N. V. Myasischcva, F. G. Arsenyan, A. M. Yurkevich

Summary. The effect of methylcobalamine and ils analogues (difluoro-chlorome-
thylcobalamine —— CFCICbl and meihylcobalamine chloropalladate — MetCbi-DdClL) on
the with of iransplantable fumours in mice; adcnocarcinoma of the mammarg gland
(Ca-765), carcinoma of thie uterine cervix (CUC-5), carclnoma of the intestine (ACATOL)
was studled. The activity of the cobalamine coenzyme analogues was investigated when
used alone or combinad wilh inhibitors of dchydrofclate reductase and methyonine syn-
thetase. The resuls of the experiments indicate a stimulating effect of methyleobalamine
on the growth of transplantable solid tumours in the animal organism, The antitumour
activity of the methylcobalamine analogues studied was found to be higher in combined
application with methotirexate. The most cifective inhibition of fumeur growth apd the
longer survival of the animals wer jeved in combined application of methylcobalamine
witlh methoirexate and methyonine inhibitor, depending upon the schemec of

administration.

AN

application with meihotrexate. The most cifective inhibition of fumeur growth and the
longer survival of the animals were achieved in combined application of methylcobalamine
witll methotrexate and methyonine synthetase inhibitor, depending upon the schemc of

administraiton.

Ex. 1026, Sofyina, 7; Ex. 1075, Schiff Reply, § 91
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Prior Art: McLean (Ex. 2058)

[CANCER RESEARCH £7, 40154021, Sepsermber 15, 1997

Cobalamin Analogues Modulate the Growth of Leukemia Cells in Vitro®

Gary R. McLean, Pradip M. Pathare, D. Scott Wilbur, A. Charles Morgan, Clive S. Woodhouse, John W, Schrader,

and Hermann J. Ziltener’

T e Acsach Contre [C. .M. J. W.5. 1t . 2] and Deporiacnis of Mesicing (4 W5} con Stk

Vancowver, British Columbio, Conada V6T 123 Deparment of Radiar
lmpmgm Corp, Edmonds, WA 98020 [4. C. M., C. 5. W.]

ABSTRACT

Analogues of cyanocobalamin (CN-Cbl), with functional groups at-
tached to either the various propionamide groups of the corrin ring or to
the ribose-nucleotide linker arm, have been evaluated in a cobalamin
(Chl)-dependent in vitro cell growth assay. In this bioassay, CN-Cbi
supported, in a dose-dependent manner, the growth of the murine lym-
phoma BW5147 and the Cbl carrier protein, human apo-transcobalamin
I, reduced the required concentration of Cbl by 100-1000-fold. Any
chemical modification of Cbl decreased its ability to support cellular

that promoted

quired the presence of apo-transcobalamin II for the optimal sapport of
cell growth. Generally, Chl analogues modified at the d-pasition of the
corrin ring and, to  lesser degree, analogues modified at the b- position
supported cell growth, whereas analogues with modifications at the e-po-
sition did not support cell growth, Mixing experiments demonstrated an
inverse order of potency of Cbi analogues to inhibit cell growth, Thus, Cbi
analogues with modifications at the e-position were potent inhibitors,
whereas b-analogues exhibited only partial inhibitory activity at high
molar excess, and d-analogues had no inhibitory sctivity at all. These
results indicate that modifications at the ¢-position of Cbi abolish the
ahility of Chl to support cell growth and generate potent inhibitors of
Cbi-dependent cell growth.

INTRODUCTION

CN-ChbI® is a water-soluble vitamin (vitamin B,.) that is essential
for cell growth. Nawrally occurring Cbl analogues are required as
coenzymes by two mammalian enzymes that catalyze metabolically
critical monocarbon transfer reactions (1). One reaction involves the
methylation of homocysteine in the de nove synthesis of methionine
and is catalyzed by methionine synthase. The other reaction rear-
ranges L-methylmalonyl-CoA to succinyl-CoA and is catalyzed by
L-methyimalonyl-CoA mutase. Cbl-binding proteins (R-binders and
intrinsic factor) aid in its absorption from food and in its transport (2).
The cellular uptake of Cbl is facilitated by the plasma protein TCII
(3), which, when complexed to Cbl, binds to specific high affinity
receptors on the surface of cells (4). The Cbl-TCII complex is inter-
nalized by receptor-mediated endocytosis, and Cbl is thought to be
released from TCII via lysosomal action, followed by enzymatic
modification to the forms that are active as coenzymes (1).

In humans, deficiencies of the vitamin or perwrbations of its
intracellular metabolism can result in a variety of cell growth-related
disorders. including megaloblastic anemia, methylmalonic aciduria,
and central nervous system abnormalities duc to the improper func-

Received V297, accepeed 11757,
“The costs af publication of this article were defrayed in par by the payment af page
. This article must therefore be herchy marked advermisement ia accordance with
18 US.C. Sextion 1734 solely to indicaic this fact.
" This work was sapported by Receptagen Corp. and the Medical Research Council of
Casata
?To whom requests for reprints. should be addresscd. at The Biomedical Rescarch
Cenare, 2222 Healih Sciences Mall, Usiversity of British Colambia, Vancouver, British
Columbia, Canada V6T 1Z3. Phone: (604) B12-TEM; Fax: {604) £22:781%; E-mail:
hermana@hre abe ca

CN-Chl Cbi, cobalamin: TCTI, transe
oalamin I QUSO, mlcmﬂw precipanied silica MTT, 3.[4,5 dimedybhiazol-2-y1}-1.5.
diphenyherazolium ; Thipp, iodohippurate.

Laboratory Medicine [H. 1. Z |, University of British

won Oncology, University of o a 98133 IR MP. DS W and

tioning of the Cbl-dependent enzymes (5,
brought on by a lack of dietary Chl, dysfunctiol
abnormalities in the binding proteins, including TCIL (T
intracellular Chl metabolism (8). Because Cbl deficiency can
decreased cell as evidenced in ic anemia, we.
have been i ing new methods 1o iny b b

lism as part of a program to develop antips
There are many naturally occurring analogu

meaeweesmee] [0 conclusion, we have demonstrated in an in vitro bioassay system

that some interfere with Cbl metabolism, as evi

e o e % that alterations of the e-propionamide side chain, which did not affect

been shown that relatively high doses of the

e e o] 1ts ability to bind TCII, resulted in a complete loss of its ability to

It vitro cultures in which growth is depef

s ain e paicnrn] promote growth, indicating that this site is critical for proper meta-

were dependent on Cbl and recombinant hu

e s et bolic function of Cbl. Modification of Cbl at other sites resulted in

modifications in the chemical structure of Ch

modification of Cbl generally resulied in reduced ability 1o support
cell growth, In particular, modifications of
chains of the Cbl corrin ring resulted in redu
activity. In many cases, the loss of bicactivity
corelated with a capacity to inhibit Cbl-dependent’
in a dose-dependent manner.

MATERIALS AND METHODS

Materials. BWS147 mouse lymphoma cclls were obtained from Al
Type Culture Collection (Rockville, MD). RPMI 1640 culture mediur
RPMI 1640 culture medium deficient in Cbl and folate were obtained
Stom Coll Tachnologles { Vancrmuer, Canade). FCS was from Lise Tectined
gies. Inc. {Grand Island, NY). QUSO iniainlio

field, NJ), CN-Chl, S-methy! tetrah;
were obtained from Sigma Chemical

e =1 to be a useful strategy in cancer therapy, and the potential problem of

of New York Health Science Center,
infection of SF9 cells with baculovi

mitseam | Cbl antagonism inducing neurotoxicity and other side effects should

Cell Culture. BWS147 cells wel
medium supplemented with 10% F(J

s e | be rapidly reversed through the administration of pharmacological

grown to late logarithmic phase. the

“nainen e dOS€s of Cbl. It has been shown that inactivation of Cbl by nitrous

RPMI 1640 deficient in Chl and in whi
5-methylietrahydrofolate and 1 pM
QUSO 1o reduce interference of endo

{16). In brief, 30 mg of QUSO were
removed by centrifugation as described p-e-msl, (18), wm mILi were

4015

Ex. 2058, McLean 4020, 4021; Ex. 1075, Schiff Reply 193
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Prior Art: VIDAL (Ex. 2032)

VIDAL statement relied on by Lilly:

DC CONTRAINDICATIONS
— History of allergy to cobalamins (vitamin B1z and related substances)

— Malignant tumor: due to the action of vitamin Bsz on the growth of tissues
with a high rate of cellular multiplication, the risk of exacerbation must be

taken into account

Ex. 2032, Vidal, 24

A, No. I, unfortunately, don't read

French.

0. Did -- have you reviewed the Physicians B The PDR didn't state that Bl2 was
. . contraindicated because of its effect on

Desk Reference, though? Did you go looking for .

that? rapidly dividing cells.

A T 6 8 Ve Q Do you consider the PDR to be an
. ' . . important reference?

Q. And you didn't find it, did you?

yiy It's one of many medical references

A, No, I didn't.
that a POSA would be aware of.

Ex. 1086, Zeisel Dep., 42:4-25; Ex.
Ex. 1074, Chabner Dep., 106:5-107:4; 1075, Schiff Reply, 1 94
Ex. 1075, Schiff Reply, 1 94 Sandoz DX - 83




Prior Art: Non Prescription Physician’s Desk Reference
(“PDR”) (Ex. 1106)

M e . NOVARTIS/843
ER, NUTRIENTS DEFICIENCY s
r % Daily Value
% Daily Value for Adults and
R T e for Children Children 4 or
ay be treated with chemothera- 2-4 Years More Years
Amount Per Tablet of Age of Age
‘agents. The following products may — , : —
: Vltdmm A 5000 LU, 100% 100%
fec:ﬂmmended for relief of nutrients Vitamin C 60 mg 80% 100%
. Vitamin D 400 [.U. 50% 100%
| Vitamin E 30 LU. 150% 100%
| Vitamin K 10 mcg * *
Thiamin 1.5 mg 110% 100%
Riboflavin 1.7 mg 110% 100%
. i Niacin 20 mg 110% 100%
Oﬂ':'h Da}f ESSEﬂtIaII 826 | Vitamin B; 2 mg 140% 100'?;-
ivi i u nt ... | Folate 0.4_m 100% 100%
ultivitamin Suppleme 2 | Vitamin BY 100% 100%
One-A-Day 50 Plus........cccoeavvmninnnns 824 — =
One-A-Day Maximum..................... 827 . . =

One-A-Day Men's..........cccerrerrrnane 828 F(}late O 4 mg
One-A-Day WOmen's .......c..coeeeeeunes 829 Vitamm Bl‘} 6 mcg

Pro-Xtreme....coevveereeicieeee e, 863
Sunkist Children's Chewable
Multivitamins - Complete ........... 843
Sunkist Children's Chewable
Multivitamins - Plus Extra C ....... 843
Theragran-M Caplets .................... 830 |

Ex. 1106, Non-Prescription PDR, 403, 843; Ex.
1075, Schiff Reply, 1 95 Sandoz DX - 84



Prior Art: PDR (Ex. 1092)

NASCO M

[nds'coba ' initial priming, each metered gel delivers an average of 500

[Cyanocobalamin, w meg of cyrnocobalamin and the 5 mL bottle will deliver 8
Administratio doses of NASCOBAL™!. If not used for 48 hours or longer,

Gel for Intranasal

DESCRIPTION :
Cyanocobalamin is a synthetic form of vitamin By, wi
aguivalent vitamin B,, activity. The chemical name is 5,
dimethyl-benzimidazolyl cyanocobamide. The cobalt conte
18 4,35%. The molecular formula is CgaHysCoNy, 0,4 P, whi

e

CONTRAINDICATION

Sensitivity to cobalt andfor vitamin By, or any component of
the medication iz a contraindication.

corresponds to 2 molecular weight of 1366.88 and the fol-
lowing structural formula: |

5. CARCINOGENESIS, MUTAGENESIS, IMPAIEMENT OF
FERTRLITY

Long-term studies in animals to evaluate carcinopenic po-
tential have not been done. There is no evidence lrom long:

fgrm Vs in paﬁt_.mts with pernicious anemia that vitamin
B,q Is corcinogenic. Perniciovs anemig is associated with an
increased incidence of carcinoma of the stomach, but this is
petieved to be related to the underlying pathology and not to
treatment with vitamin B,,.

Ex. 1092, 1999 PDR, 2914-2915; Ex. 1075, Schiff Reply, 1 95
Sandoz DX - 85




Prior Art: PDR (Ex. 1092) (cont’d)

Elkins-Sinn, Inc.
2 ESTERBROOK LANE
CHERRY HILL, NJ 08003-209
- ——— —— At AL & At bt
et incuirest CYANOCCBALAMIN INJECTION, USP
Professional Service 1 mg/ml (1000 meg) 1 mL Dosette Vial
;?ﬂmerger::i Medical Info 1 mg/mkL (1000 meg) 10 mL Multiple Dose Vial
nfor.
Day:  (800) 345556 8304 1 mg/mL (1000 meg) _ 30 mI, Multiple Dose Vial
mmmms‘aﬂda’d e L L G L L o e e e e e e e o - - -
Night: (610) 6884400 (Em.
cias should wait until the next day)
For Medical/Pharmacy Inquiries on Marketed Products Call:
(B00) 934-5556 8:30 AM to 4:30 PM oTC
(Eastern Standard Time), Weekdays only HEP-FORTE® . : .
: (hep-for 'tay ]
Elkins-Sino's DOSETTE® line offers a broad spectrum of DESCRIPTION o
injectahle products in a variefy of unit-of-use cfntainem—- Hep Forte is a comprohensive formulation of protein, B ?:;
DOSETTE® vials, DOSETTE® ampuls, DOSETTE® ayrin- tors‘and other nutsitional factm_ whichcanbe important as — .
gﬁ; and D[ﬁfﬂ‘m cartridge-nzedle units. Easily adapt- ;ﬁﬁﬁ“m for maintenancy | LELLAJILL JWF L lIp.-.-n.u....-.---.ll . lmg
able to any hospital pharmacy set-up, the DOSETTE® sys- atic funct ; . enrs .
tem combines easily identifiable, clearly printed product COMPOSITION Vitmm Bm (Eﬂha]amlﬂ] wamyp LA P FEREE 8 TR I
labeling with space-conserving packaging. Each DO- la contsing: -
SETTE® contniner is characterized by product name and Each_qap: itate) NTWDIMIGNS
sl;m:lgth hl:o]t“ge'ig;]d-w ty]}le], important usags a;: stor- &m A t{mmd-ﬁpha. ".[‘ocuph cu ) Hﬁ h Fum
age data, lot identification number, and expiration date, . i - = a“:a ne Hep L
Elkins-Sinn also pmdutgas a vast number of multiple dose gﬁﬁg (Ascorbic Acid) There are no known contrain: ]
vials. Listed below are the major ESI products. For prescrib- A 1 et .
ing information on products listed, write to Professional Vitamn g; %m.e Monomh'ate} —
Service, Wyeth-Ayerst Laborataries, PO. Box 8299, Phila. Norapereh oflavin) oo
delphia, PA 19101, or contact your local Wyeth-Ayerst rap- Niacinami B
resentative. Vitamin B6 (Pyridoxine
Vitamin B12 (Co
Biotin . :
Pantothenie A ...l e cissmmiresssssirarriase
Choline Bitartrate ... . o,
Zinc (Zine Su:lfabe) " 104 4mg
Desiccated Liver ... . 64‘.8mg'
Liver ConcentTate .......vimessmstanimssimarion 34-81518'
Liver Fraction Number 2 e be Smg_
Yeast (Dried) ...ucocomniins 10me.
di-Methionine ..... s,
Inasitel e E-

Ex. 1092, 1999 PDR, 403, 843; Ex. 1075, Schiff Reply, 1 95
Sandoz DX - 86



Prior Art: PDR (Ex. 1092)

gi2; centains 1000% of the US RDI of vitamin B12.

R R [ SN [FUR YL N | T F R

VITAMIST® Intra-0Oral Spray

[vtt "-a-mist] e ————
Dietary Supplements

DESCRIPTION — o O
Vitamist® products are patented, intra-oral 5 "
delivery of vitamins, uinerals, and other nutritiond e
ments, directly into the oral cavity. A 55 mcfuhter ﬁ-l;:m

Hvers high concentrations of nutrients directly e
mouth's sensitive tissue. The buccal mucost
nutrients jnto the bloodstream, bypassing the -
(U.S. Patent 4,525,341—Foreign patents pending:

iSee figure at top of next eoluimn)
Benefits: ) i absorptioa 0 ®
+« Spray supplementation provides an EIZ'Tof s

proximately nine times greater than that 07 FUC ot

VICON FORTE® Capsules R

[vi "kor for 'ta ]
(Tharapeutic Vitamins-Minarals)

DESCRIPTION

Each black and orange VICON FORTE capsule for oral ad. -

ministration contains:

VItBIETE B o1 veececans e e e s ersnnssssme e et emnane 3o
Ascorbic acid ........ 160 mg
Zinc sulfate, USP* .......cccciveniiiiniitiesreremernnrereons 80 mg
Magnesium sulfate, USP+ ... T0mg"
Nigeinamide .oivimiinnmmnemaommneon. 25 mg-
Thiamine MmoRODIErate ..c.iecieensssesmrisasassssssians WM
d-Caleium pantothenate . 10mg -
Manganese chloride .o, dmg .
Ribeflavin .......

Pyridoxine hydrochloride ...

Folic acid ......

|||||||||||||||||||||||||||

Vitamin B,, {Cyanocobalamin)
4 Ll L} “ i

Crer e eesan ranares Img,

CONTRAINDICATIONS
None known.

- - -
Folic acid
D' 'n m FdasldsgslccsigarFe cari s eRPrlE s PR FFFP PR ldriaiEdar iind PAFSE i

“tﬂlﬂiﬂ B]‘E {Cfmmnlmlﬂmin] EFFTHFTARAFRRARTGAFNCE FFFAEF Iu mm I

lmg.

Ex. 1092, 1999 PDR, 1666, 3170; Ex. 1075, Schiff Reply, 1 95

Sandoz DX - 87




Prior Art: Allen (Ex. 1018) and Masking: “[T]reatment with
folate alone in such patients is extremely dangerous”

A 0 0 0 0 00 O
US05563126A

United States Patent | 111 Patent Number: 5,563,126
Allen et al. 1451 Date of Patent: * Oct. 8, 1996
[54}] METHOD FOR TREATMENT AND Primary Examiner—Raymond Henley, 101

PREVENTION OF DEFICIENCIES OF An " " Fi Diavis, Grah LLC
VITAMINS B,., FOLIC ACTD, AND R, Homey; Agew, or Fim—Davis, Graham & Suibbs, L.L.C

{73 lnventors: Robert H. Allen, Englewood; Saliy

S, vt 5k o o For example, the inclusion of B,, will be useful as a

[T3]  Asslgnee: Metabolite Laboratories, Denver,

safeguard for patients misdiagnosed as folate deficient, even

[*] Motsiee:  The portion of the term of this pa
subseguent w0 Dec. 20, 2011, has by

though they are actually B,, deficient, since treatment with

121) Appl. Noo: 999,499

) e, 192 folate alone in such patients is extremely dangerous. The

Related U5, Application Data

e e oo | dANIEEL arises from the fact that treating a B,, deficient

Mo, 5,374,560, which & Wmnum!l.wnts
33'1]_4 Apr. &, 19889, lmn-dand.nn‘i h 5.

wumaweannr) patient with folate alone may reverse or prevent the hema-

63

(511 ot Cls . AG1K 31770; melK 3174
s usa _;;r.;..:....:.:..._._;__n_f_s;:333535;5_51 tologic abnormalities seen in B, deficiency, but will not

S14r

50 — correct the neuropsychiatric abnormalities of a ]E’.12 defi-
15 i poctENTS clency and may actually precipitate them, Even in the

4.830,658  WIN9D Allen et &l i
4,945,083 W19 JANEER 3. coererreermsreesieries

at rizk for nevropsychiatric, vascular, renal and bematologic
OTHER PUBLICATIONS diseseses.

= h

3304560 121994 Alles ot al. .o 436/

Gilman exal. “The Pharmacoiogical Basis of Therapet

Published I%U BY MacMillan (pp. 1333-1340).

Bamness, American Journ. of Clin Nuir {20) 1967 pp

T3=577 10 Claims, 11 Drawing Sheels

Ex. 1018, '126 Patent 7:51-59; Ex. 1004, Schiff Decl., 1 83 Sandoz DX - 88




Prior Art Disclosures

STANDARD DOSES OF FOLIC
ACID + VITAMIN B,,

SSSSSSSSSSS



* Dependent claims 15 and 18
exemplary of narrowest
dosages

Claim 15: narrowest B,, dosage

15. The method of claim 14, wherein vitamin B12 is
administered as an intramuscular injection of about 1000 pg.

Claim 18: narrowest folic acid dosage

a» United States Patent (10) Patent No.: US 7.772,209 B2
Niyikiza (45) Dare of Patent: Aug. 10, 2010
(54)  ANTIFOLATE COMBINATION THERAPIES wor W09527723 16/1995

s)

3)

o)

en

@22)
(65)

62)

{60y

s1)

2)
58)

56)

Inventor:  Clet Niyikiza, Tndianapolis, TN (US)
Assignee: Eli Lilly and Company., Indianapolis,
IN (Usy
Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
USC. 154(b) by 162 days.
Appl. No.: 114776,329
Filed: Jul. 11,2007
Prior Publication Data
US 20080032943 Al Feb. 7, 2008
Related U.S. Application Data
Dlu:mn of application No. 117288807, filed on Nov.

OTHER PUBLICATIONS

Calwert H.: “Folate stafus and the safety profilc of antifolates”, Semi-
s in Oneakogy, 2002, 292 Suppl. 5. . 3-7, KPOOSOOSTSS.
Calvert He: “Future dirsstions in (he development of pemeresed’,
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In the especially preferred embodiment of this inven-
tion, about 1 mg to about 5 mg of folic acid is adminis-
tered orally 10 2 mammal about 1 to about 24 hours

lomotrexol which is normally required to attain the
desired therapeutic benefit. Although greater or addi-
tional doses of folic acid or another FBP binding agent
are also operable, the above parameters will usually
bind the folate binding protein in an amount sufficient to

reduce the toxicity effects normally seen upon lomo-
trexol administration above.

prior to the parenteral administration of the amount of

Ex. 1005, col. 6, Il. 38-39; Schiff § 93; Ex. 1075,
Schiff Reply, T 111.

In preparation for the foregoing clinical study, pilot
studies in humans have established that folic acid given
to patients receiving lometrexol has effected reduced
side effects due to the lometrexcl. Specifically, in one
subject who had a nasalpharyngeal carcinoma, who was
supplimented with folic acid at 0.5 o 1.0 mg/day,
lometrexol was well tolerated for up to 12 months of
therapy. Moreaver, this patient has no clinical evidence
of discase after the 12 months of therapy. These data are
consistent with the animal studies reported above.

Sandoz Inc. Ex. 1005, col. 8, Il. 49-59; Schiff  93; Ex. 1075,

Schiff Reply, 1 111.
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Folic Acid Dosage: European Patent Application 0 595
005 (EPOO05) (Ex. 1033) and dosages within 350-600 ug

0595005 A1

() Publication number

) cuopre LTI
) Europsan Patent Offic :
Office européen des brevets

EUROPEAN PATENT APPLICATION

€) nt.c: ABTK 31768, //(A61K31/68,
31:505,31:44)

@) Application number: 831147623

@) Date of filng: 14.09.93

@ Priority: 14.08.92 ZA 926990 () Applicant: VESTA MEDICINES (PROPRIETARY)
LIMITED
Holpro House
1 Snell Street
Micor, Johannesburg 2092(ZA}

(& Date of publication of application-
04.05.94 Bulletin 9418

@) Designatad Cantracting Statas:
ATBE CHDEDKES FRGBGRITLILUNLSE | () Inventor: Serfontein, Willem Jacob

47 Selikats Village,

Selikats Causeway

Faerie Glen, Pretoria 0043(ZA)

@) Representative: VOSSIUS & PARTNER
Postfach 86 07 67
D-81634 Munchen (DE)

The preparations in accordance with the invention are formulated to provids approximate daily dosages

as follows (LLg/d/kg body weight).

a) Vitamin B6 | b) Folic Acid c} Vitamin B12
Broadest range 15-750 1,5-150 1.5-75
preferred range 30-400 7,580 3158
more prefarred range 75-250 10-30 710
typical example 180 15 75

Ex. 1033, EP 005 at 4-5, 9; Ex. 1004, Schiff Decl. 196

(O] for lowering levels, d
and vitamin B12.

@) Pharmaceutical preparations for lowering blood and tissue levels of hor
) vitamin B8;
b} folato or a suitable actve matabolto of folate or & substance which i
) vitamin B12, with or without inrinsic factor
and optionally antoxidants, chaline andior betaine. aj and b) are provide|
) is 10 be released immediately (within 20 minutes)

EP 0 595 005 A1

Rarik Xovon [UK) Busingss Services
1123002 30

EP suggests treating high homocysteine

with folic acid ranging from 1.5-150 pg/d/’kg, with a more “preferred range” of
7.5-50 ng/d/kg. Id. at 5. For a 70 kg person. this preferred range corresponds to
525-3500 pg, which overlaps with the narrowest of the claimed ranges of the "209

patent (1.e.. 350-600 pg of claims 10 and 18). Ex. 1033, EP00S at 3.

Ex. 1004, Schiff Decl.

196
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Folic Acid Dosage: European Patent Application 0 595
005 (EPOO05) (Ex. 1033) and dosages within 350-600 ug

Europiisches Patentamt

® European Patent Office
9 , © pasestnronisc 0595 005 A1
Office européen des brevets

® EUROPEAN PATENT APPLICATION
@ Application number: 93114762.3 @ it c15 AB1K 31/68, //(A61K31/68,
31:505,31:44)

® Date of filing: 14.09.93

@) Priority: 14.09.92 ZA 926990 @) Applicant: VESTA MEDICINES (PROPRIETARY)
LmTeD
@ Dato of tion of application: Holpro House
04.06.94 letin 94118 1 Snell Street
Micor, Johannesburg 2092(ZA)

@ Designated Contracting States:
ATBECHDEDKES FRGBGRITLILUNLSE  |@ Inver
4

erfontein, Willem Jacob
7 Selikats Village,

Selikats Causeway

Faerie Glen, Pretoria 0043(ZA)

@ Reprasenttive: VOSSIUS & PARTNER
Posttach 86 07 67

D-81634 Minchen (DE)

ions for lowering ine levels, containing vitamin B6, folic acid

‘and vitamin B12.

2l preparations for lowering blood and tissue levels of homocysteine are disclosed, comprising:
a substance which releases folate in vivo;

tine. a) and by are provided in stow rolease form (2-8 hours) and
inutes).

EP 0 595 005 A1

Rank Xorox (UK) Business Sorvices
ACCORD EX 1009

Sandoz Inc.
Exhibit 1033-0001

Ex. 1033 EPOO5 at 9; Paper 14, Institution at 15;
Ex. 1004, Schiff Decl. §79; Ex. 1075, Schiff Reply,
1978-82.

Concentration ranges of pyvridoxal, folate and vitamin B12 in pharmaceutical

formuiations

The following quantities refer to one daily dose for an adult patient of

approximately 70kg body weight. (PL=pyridoxal; Fol=folate; Bl2=Vitamin

B12) Quantities are given in milligrams per day.

PL

Folate

B12

’ i
Formulation|
type

Ranpe

mg

Preferred

mg

Range | Preferred

Range | Preferred

Normal (no
absorption
problem)

0.1-2 10.5

Special (to
overcome
absorption

problems)

2-50

2-15 |5

0.2-5 |1,0
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Supplementation with Folic Acid during Methotrexate
Therapy for Rheumatoid Arthritis

A Double-Blind, Placebo-controlled Trial

Sarah L. Morgan, MD, RD; Joseph E. Baggott, PhD; William H. Vaughn, BS; Janet S. Austin, MA;
Tonya A. Veitch, BS; Jeannette Y. Lee, PhD; William J. Koopman, MD;
Carlos L. Krumdieck, MD, PhD; and Gracicla S, Alarcon, MD, MPH

W Objective: To determine the effect of two different
Mydmdbicnidmﬂ\lhﬁlywmd

W Design: Rnndomlzod doublo-bllnd plmcbo-
controlled study.

W Patients: 79 persons between 19 and 78 years of
age who fulfilled the American Rheumatism Associa-
m-mmwm

mmwwmwnsmumsmd
folic acid each week.

B Measurements: Duration, Intensity, and clinical se-
verity of toxic events; efficacy (indices of joint tender-
ness and swelling and grip strength); plasma and eryth-
rocyte folate levels; and other laboratory variables.
W Results: Folic acid supplementation at either dose
did not affect the efficacy of methotrexate therapy as
judged by joint indices and patient and physician as-

mmdmnmmnmﬂ(‘mmdbﬂe
acid were associated with little methotrexate toxicity.

B Conclusions: Folic acid, an inexpensive vitamin, is
safe in a broad range of doses and protects patients
with rheumatoid arthritis who are

The folic acid antagonist methotrexate (v-10-methyl]
nopterin) is useful in low doses (2.5 to 20 mg/wk]
treating chronic inflammatory diseases (1-7). Many
have established the efficacy of methotrexate in rhey
toid arthritis (7-13). Compared with other discase-n)
fying drugs, methotrexate has the highest probabilif
drug continuation at 10 years. Dose response-rel

This controlled trial shows that folic acid supplementa-
tion of 11327 nmol (5 mg) or 62 302 nmol (27.5 mg) per
week decreases methotrexate toxicity without compromis-
ing cfficacy. The toxicity of methotrexate in both folic acid
groups was low and ncarly identical. The data suggest that
dietary folate also helps protect against methotrexate tox-
icity. This finding suggests that the intake of one multiple-
vitamin pill containing 900 nmol of{folic_acid (400 ug/d) |
may also modulate methotrexate toxicity n patients with
other mxcronutncm deﬁcxcncm (57).

toxic effects have been reported in 30% to 90% o
llenu 'veu whum (13). Tod: effects imlud: gas-
ies, alo-
pecia, hepatotoxicity, and pulmonary toxicity (14-22).

Some side effects of methotrexate administration, such

mimic folate

(23). Folate occurs ly in pa-

tients with rheumatoid arthritis; further, folate stores are

decreased in patients with rheumatoid arthritis who take

methotrexate, suggesting that impaired folate status is
related to toxicity (24-26).

Folic acid supplementation has been reported anccdot-
ally to lessen toxicity in patients receiving methotrexate
treatment (27, 28). In a 6-month, double-blind, placebo-
controlled trial, 7 mg of folic acid weekly (1 mg/d or 2265
nmol/d) decreased methotrexate toxicity without affecting
efficacy (29). This was confirmed by Stewart and col-
leagues (30) in a retrospective chart review.

Folinic acid (leucovorin, citrovorum factor) is a one-
mmammmm‘ummmua

taking
from toxicity while preserving the efficacy of methotrex-
ate.

Ann Intern Med. 1994,121:833-841.

From the Birmingham Veteran's Administration Hospital and

the University of Alabama at Birmingham, Birmingham, Ala-
bama. For current author addresses, see end of text,

during therapy (31-36). Low
doses of the vitamin (1 to 7 mg/wk) have decreased
methotrexate toxicity (35, 36). Higher doses negate effi-
cacy and lessen toxicity (31, 32). Thus, the folinic acid
dose may critically affect the efficacy of methotrexate ther-
apy.
P'ymeinﬂuencedlhefdicndddmonmmonmle
toxicity and cfficacy remains controversial, and the effects
of different doses of folic acid are not known (37, 38).
Some investigators argue that if toxic effects occur, the
most rational approach is to reduce the dose of metho-
trexate rather than to provide folic acid supplements (37).
We designed a larger and longer study to evaluate differ-
ent doses of folic acid, assuming that toxicity could be
reduced without changing the efficacy of methotrexate.

Methods
Participants

Patients aged 19 1o 78 years who fulfilled the American Col-
lege of Rheumatology's revised criteria for rheumatoid arthritis

©1994 American College of Physicians 833

Sandoz Inc.
Exhibit 1010-0001

Ex. 1010, Morgan at 838; Ex. 1004, Schiff Decl.,
1 95; Ex. 1075, Schiff Reply, 1 109.

Worzalla et @l Folic Acid-Enhanced LY231514 Therapeutics

LY231514 may provide a mechanism for enhanced clinical
antitumor selectivity, Dyke RW and Moran RG:

8 Ray MS, Muggia FM, Leichman CG, Grunberg SM, Nelson RL,
Phase [ study of (6R)-S,10-

aly a folate
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Folic Acid Dosage: Allen (Ex. 1018) and dosages within
350-600 pug
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157) ABSTRACT

A method for orally adminisicring vitamin preparations is
described which combing vitamin By ; (B,,, cobalamin) and
folic acid (folate), with and without pyridusine (B,), for
preventing and treating elevated serum homocysteine (HC),
cystathioning (CT), methylmalonic acid (MMA), or 2-me-
thylcitric acid (2-MCA) levels. These metabolites have been
shown to be indicative of By, and/or folic acid deficiencies
Further, it is likely that a B, deficiency may be present with
a By, or folate deficiency. The method of the invention is
also for usc in lowering scrum HC, CT, MMA, or 2-MCA in
patients with or at risk for neurapsychiatric, vascular, renal
or hematologic diseases. One embodiment of the invention
is the use of a non-prescription formulation containing 2.0
mg B,, and 0.4 mg folic acid, with and without 25 mg By
Another embodiment uses 2 prescription strength formula-
tion containing 2.0 mg B, and 1.0 mg folic acid, with znd
without 25 mg B, The method of the present invention
eliminaie the costly and time consuming sieps of distin-
guishing between vitamin deficiencies once a deficiency is
found by measurement of seum metabolite levels. The
present invention s of particular benefit lo the populations
at risk for elevated serum mesabolite levels, such as the
people aver the age of 65, and populations that have o are
at risk for iatric, vascular, renal and

diseases.

10 Claims, 11 Drawing Sheets
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hematologic discases. One embodiment of the present
invention uses a non-prescription formulation comprising
between 0.3-10.0 mg B, and 0.1-0.4 mg folate, with the
preferred embodiment using 2.0 mg B, and 0.4 mg folate.
Another embodiment of the non-prescription formulation
usas (L.3-10 mg By, 0.1-04 mg folae, and 5-75 mg B,,
with the preferred embodiment using 2.0 mg B,., 0.4 mg
folate, and 25 mg B,.. Another embodiment of the present
invention uses a prescription strength formulation compris-
ing between 0.3-10.0 mg B, and 0.4-1.0 mg folate, with
the preferred embodiment using 2 mg B, and 1.0 mg folate.

EL

35

Ex. 1018, U.S. Pat. No. 5,563,126, col. 1, Il. 26-
29:; Ex. 1004, Schiff | 94.

One embodiment of the present invention is uses an
over-the-counter formulzation comprised of between 0.3<10

mg CN-cobalamin (B} and 0.1-0.4 mg folate Another
embodiment aof the non-preseription formulation  uscs
0.3-10 mg B,,, 0.1-04 folawe, and 5-75 mg B,. Preferred
embodiments of the over-the-counter formulation are com-
prised of about 2.0 mg B, and 0.4 mg folate, and 2.0 mg
B3 04 mg folate, and 25 mg By, respectively.

Ex. 1018, U.S. Pat. No. 5,563,126, col. 7, Il.

15-17; Ex. 1004, Schiff § 94.

One embodiment of the present invention wses a non-
prescription formulation comprised of between about (0L.3-10
mg CN-cobalamin (B,;) and 0.1-0.4 mg folate. Another
embodiment of the present invention uses a non-prescription
formulation comprised of between about 0.3<10 mg B,
0.1-0.4 mg folate, and 5-75 mg B,. Preferred embodiments
of the non-preseription formulation are comprised of about
20mg B,,and 0.4 mg folate, and 1.0 mg B, ., 0.4 mg folate,
and 25 mg B, respectively.

Ex. 1018, U.S. Pat. No. 5,563,126, col. 6, Il. 3-7;

Ex. 1004, Schiff  94.
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Folic Acid Dosage: testimony concerning dosages
within 350-600 pug

ig

19

20

for folate?

Q What's the recommended daily intake

A 400 micrograms a day.

Ex.

1086, Zeisel Dep. 83:18-20; Ex. 1075, Schiff Reply { 110.

aTa
N

Q. At what level of folic acid was masking
understood fo occur as of 19997

A_ You know, the number that was thrown around
was this mulligram. so, of folic acid. So that was
the number that was generally used, but there was no
dose response clinical data to support a threshold,
or anything else, but this was sort of the magic
number that was talked about just based on clinical
practice. People knowing, well, I gave them this
much, and T saw masking type of -- of -- you know, a
clinical observation, but there was no rigorous dose
response relationship upon which that level was set,
but 1t was viewed agam a mulligram was something we

didn't want to - to exceed.

Ex. 2137, Stover Dep. 124:13-125:2; see also
Paper 68, Sur-Reply at 13-14.

Lo Doctor: In those other contexts in which the
1L low dose of between 350 or 1.000 micrograms
= of folic acid were used in the prior art. was

13 that in the presence of an antifolate?

14 MS. LYDIGSEN: Objection.

15 Foundation.

16 THE WITNESS: In some cases. I think
17 those doses were used with lometrexol.

18 BY MR. PERLMAN:

18 Q. No. The only clinical study that

=0 you've cited for lometrexol is Laohavinij.
21 which had the 5 milligrams a day. as you
22 said, starting a week before, and then

23 there's one patient referred to in the 974
=4 patent, right?
23 MS. LYDIGSEN: Objection.
2 Foundation. Objection.
3 Mischaracterizes.
4 BY MR. PERLMAN:
3 Q. That's all we have.
e A. That patient may also have been
7 present in Young and received half a
e milligram to one milligram a day of folic
=

acid. And regardless of what attribution we
1o make to -- you know. to that patient. that's
11 another significant piece of data. one reason
12 being that it is in line with the community
13 standard for folic acid dose and schedule.

Ex. 2136, Schiff Dep. Tr. 213:10- Sandoz DX - 98

213:13.; Paper 70, p.5




Folic Acid Dosage: Non Prescription Physician’s Desk
Reference (“PDR”) (Ex. 1106) and dosages within 350-600 ug

e _ NOVARTIS/843
ER, NUTRIENTS DEFICIENCY 43
i X | % Daily Value
10 % Daily Value for Adults and
R T e for Children Children 4 or
' be treated with chemothera- 2-4 Years More Years
S _ . . . Amount Per Tablet of Age of Age
nts. The following products may e - — : : -
R - ) . . Vitamin A 5000 1.1, 100% 100%
recommended for relief of nutrients Vitamin C 60 mg 80% 100%
s . Vitamin D 400 [.U. 50% 100%
ficiency: | Vitamin E 30 LU 150% 100%
SRR | Vitamin K 10 mcg * *
Thiamin 1.5 mg 110% 1009
Riboflavin 1.7 mg 110% 100%
. i Niacin 20 mg 110% 100%
On:h Day ESSEﬂtIaII e ' Vitamin By 2 mg 140% 1007%
ivi i u nt........... | Folate 0.4_m 1009 100%
un itamin S pp eme 2 , Vi_tamin B 100’,3 100%
One-A-Day 50 Plus........cccoeavvmninnnns 824 — _—
One-A-Day Maximum..................... 827 T . o3

_ . o - - -
One-A-Day Men's........cccovevvenrnen. 828 F(}late 0,4 mg
One-A-Day WOmen's .......c..coeeeeeunes 829 Vitamm Bl‘} 6 mcg

S (0D A= 1 1 =R 863
Sunkist Children's Chewable

Multivitamins - Complete ........... 843
Sunkist Children's Chewable

Multivitamins - Plus Extra C ....... 843
Theragran-M Caplets .................... 830 |

Ex. 1106, Non-Prescription PDR, 403, 843; EX.
1075, Schiff Reply, 1 95 Sandoz Dx - 99




Prior Art Disclosures

STANDARD DOSES OF
VITAMIN B,,
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Prior Art: Beutler (Ex. 1019)

Vitamin B,, Dosage: 1000 pg Intramuscular Injection

Beutler (hematologic
disorders)

[SECTION

BLOOD AND
NEOPLASTIC DISORDERS

e

1 * BONE MARROW

Patients should be advised that treatment with
vitamin B, 15 to continue for ‘life and that treatment
must continue even when they feel better, Although
satisfactory maintenance therapy can be achieved with
100 pg of vitarnin B, once a month, I tend to recommend
1000 wg each month. Two successful alternative main-
tenance programs are 1000 pg of hydroxocobalamin

two or three months and eight injections of 1000
pg of hydroxocobalamin over two to three weeks once
a year. [.suspect a monthly injection is less likely to be
forgotten and may be a more reliable form of treatment.
[ would, therefore, advise as maintenance treatment
1000 pg of vitamin B,; once a month for life.

TRANSPLANTATION IN
THE TREATMENT OF
SEVERE APLASTIC
ANEMIA

Wayne Spruce
SCRIPPS CLINIC AND RESEARCH FOUNDATION

ETIOLOGIC CONSIDERATIONS

Until the advent of bone marrow transplantation,
ere aplastic anemia was associated with a high mor-
ty rate. Most patients would succumb within the
t six months of the onset of their disease. Treatment
h anabolic sterpids and corticosteroids had,.in most
es, been dlsap)}o!n!mg and mast patients died of
morthagic or The | i
[nptoms of marrow aplasia are a result of the marrow
ure and are usually easy bruising,

ERNEST BEUTLER
JAMES K. WEICK

DIAGNOSTIC CRITERIA

The criteria for severe marrow aplasia include a
markedly hypocellular marrow and peripheral blood
with any two of the three following findings: a neutro-
phil count of less than 500/dl, a platelet count of less
than 20,000/dl, and & corrected reticulocyte count of less
than 1%. Bone marrow aspirations are not adequate to
make the diagnosis and a bone marrow biopsy is man-
datory.

PATHOPHYSIOLOGY

Since aplastic anemia is not a single disease, the
pathophysiology cannot be explained with a_single
concept. Theoretically, marrow failure could be ex-
rlamvd as failure of the pleuripotential stem cell, or a
ailure of its microenvironment. Until recently it was
felt that most cases of marrow failure resulted from an
isolated failure of the stem cell. However, clinical ex-
perience in human marrow transplantation indicates
that at least in some cases the cause may reside in the
immune system. There are many well-documented
cases of spontaneous autologous marrow recovery after
unsuccessful attempts at marrow grafting. [n addition,
at least half of identical twin transplants have failed

beding, and/or infection. ’

Severe aplastic anemia is a relatively uncommon
jorder with an incidence of about 65 per million in
alts over 65 years of age and 4 per million in children.
pproximately 25% of cases occur in individuals under

age of 20 years and 30% in patients over the age of
years. Males and females are equally affected. While
re are well-described congenital forms of marrow
asia including Fanconi’s anemia, the majority of the
es are acquired. A variety of eticlogic agents includ-

chemicals, drugs, ionizing radiation, and infections
been implicated. Oceasionally pregnancy and thy-

pmas have been associated with marrow failure, and
boxysmal nocturnal hemoglobinurea may occasionally
sent with pancytopenia. The best known drug as-
fiation is the rare but often fatal associ with
Benzine and emical

ts that have been implicated in case«. of aplastic

anemia. In spite of the multitude of possible etiologic
agents, the majority of patients present with no clear-
cut cause of their marrow failure.

when no ssion was used. Also, a grow-
ing number of individuals have been successfully
treated with antithymocyte globulin (ATG). These ob-
servations implicate an immune mechanism in at least
some patients.

PHARMACOLOGIC AND IMMUNOLOGIC
THERAPY

Most of this chapter will deal with bone marrow
transplantation as the treatment for severe aplastic ane-
mia; however, a brief description of other forms of
therapy will also be presented.

STERQIDS
Treatment with androgens such as testosterone and
oxymetholone was m[mm-d to result in remission of
severe marrow aplasia in small numbers of patients in
the early 1960s. These reports were not confirmed in
larger numbers of patients, and more recent studies in
the 1970s showed that they provided no advantage over
modern supportive care. Likewise, corticosteroids in
291
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Ex. 1019, Beutler at 302; Ex. 1004, Schiff Decl. §102; Ex. 1075,
Schiff Reply, 1112
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rior Art: Kinloch (Ex. 1029)

itamin B,, Dosage: 1000 pg Intramuscular Injection

Kinloch (anaemia)

Jan. 9, 1960 SURVIVAL OF BONE-MARROW GRAFT

99

B
Memica TovmeaL

antibodies to the recipicnt’s tissue cells by the marrow
graft. That this has not been found in the present case
may be due 1o the close relationship, and the fact that
the donor is known to possess all the blood-group
antigens found in the paticnt,

Summary

A palient is described who suffered from acute bone-
marrow failure due to chemotherapy for Hodgkin's
disease. She was treated with a bone-marrow
transfusion from her sister. Evidence is presented to
show that the bone-marrow graft survived for more than
six months, responsible for the production of an
increasing proportion (mow 24%) of the patient’s
erythrocytes. A skin graft was undertaken between the
donor of the marrow and the patient, but it was not
successful

peated the
on this patient on September 26, 1959. Rh-positive cells
ares still present in her circulas Titration studies indicate

Parenteral vitamin B,, is now generally recognized as
the treatment of choice in pernicious anaemia. Once
full clinical and haematological remission has been
obtained, various regimes have been recommended to
provide adequate maintenance therapy (Mollin and
Dacie, 1950; Blackburn ef al, 1952 ; Conley et al,
1952 ; Davis and Brown, 1953 ; Hemsted and Mills,
1958). The dosage advised has been of the order of
20 to 100 pg. every two to four weeks.

If massive doses of vitamin B,, of the order of
1,000 pg. or more could be given every three months for
the maintenance treatment of pernicious anaemia, this
would be a distinct advantage to the patient if it were
to prove entirely safe.

tion.
% of her Cvl:ulil(ﬂl erythrocytes are
m: positive. Woodruff and 1 ve recently published
(Lancer, 1959, 2, 476) furi etails of the results of the
skin grafts in blood-group chimeras.]

We wish 1o thank Dr. L. E. Glyan, of the Canadian Red
Cross Mem: ospital, Taplow, Bucks, for the report
on the biopsies: Dr. D. Galton, of the Chmnpxﬂuv
Institute, for supplies of aminachlorambi
Humble, of the Westminster Hospital, for advice wncmmg
the marrow transfusion; and Dr. A. E. Mourant, of the
Lister lnsiitute, Chelsea Bridge Road, for reading the
manuseript and for help given in writiog it.
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his Annual Report for 1958 Dr. 1. Goroow, medical
officer of health of llford, comments on the difficulty of
assessing radiation dangers, Medical officers of health, he
writes, are worried that they and their staffs are not
competently trained to evaluate radiation hazards, and
feel that the Ministry of Health is showing

MAINTENANCE TREATMENT OF
PERNICIOUS ANAEMIA BY MASSIVE
PARENTERAL DOSES OF VITAMIN B.
AT INTERVALS OF TWELVE WEEKS

"y

J. D, KINLOCH, M.B., Ch.B,, FRF.PS,
Medical Regisirar, Royal Infirmaty, Glasgow

Parenteral vitamin B,, is now generally recognized as
the treatment of choice in pernicious anaemia. Once
full clinical and haematological remission has been
obtained, various regimes have been recommended to
provide adequate maintenance therapy (Mollin and
Dacie, 1950; Blackbumn ef al. 1952; Conley ef al.,
1952; Davis and Brown, 1953; Hemsted and Mills,
1958). The dosage advised has been of the order of
20 to 100 pg. every two to four weeks.

If massive doses of vitamin B,, of the order of
1,000 ug. or more could be given every three months for
the maintenance treatment of pernicious anaemia, this
would be a distinct advantage 1o the patient if it were
to prove entirely safe.

The cost of the larger dose would be slightly more,
and, as most of the injected vitamin B,, is excreted in
the urine within a short time of administration (Conley
et al, 1951; Mollin and Ross, 1953; Reisner and
Weiner, 1953), there would be greater wastage.
However, ample compensation would be obtained by the
reduction in the number of injections required and the
consequent saving of both the patient’s and the general
practitioner’s time.

The effectiveness of large doses of vitamin B,,
parenterally at intervals of owver six weeks in the
mainienance treatment of pernicious anaemia has been
studied in only a small number of patients (Conley et al.,
1952; Walker and Hunter, 1952 ; Reisner and Weiner,
1953).

The purpose of this paper is to report the results of
a trial in which 112 treated cases of pernicious anaemia
were changed from orthodox maintenance treatment to
maintenance treatment with 1,000 pg. of vitamin B,,
parenterally every 12 weeks, most of them being k:pmn
this regime for a period of two years,

Material and Methods

The diagnostic criteria observed for inclusion of
pauem.s in the trial were n macrucy!:: anaemia, meﬁlo
blastic hi ia, and
a clinical and ha:ma\uloglca! response o the
administration of vitamin B,, or liver extract.

Of 155 patients with pernicious anaemia who had
been fully treated and were attending hospital regularly

reluctance in providing this training. He continues: * We
hope that the Ministry will shortly make it possible for local
authorities to take an active part in controlling and
evaluating this potential hazard, but the experience of the
Essex County Council with regard to their own scheme does

ot give fise to optimism. It is true that if a hazard is
suspected the medical officer of healih can obtain a mme
expert from the Ministry who wil , inspect, and ac
but how can one even suspect a hazard which is cnly
demonstrable with special instruments that one doesn't
possess, or bow can suspicion be aroused by industrial or
medical use of radiomctive materials when information with
tegard 1o supply of these materials is withheld 7 *

for  supe L 112 were suitable for
inclusion in the trial. Of the remaining 43, 30 were
regarded as unsuitable because of other complicating
disease: 9 had early subacute combined degeneration,
6 had incapacitating cardiovascular discase, 8 were
elderly arthritic patients, 2 had cirrhosis of the liver,
2 had polycythaemia vera, and 3 had other illnesses.
Eight patients were unable to attend because of their
emliluy...gm, and five were partaking in another research
trial

The 112 patients selected consisted of 85 women and
27 men ; their ages ranged from 31 to 85 years, the

Sandoz Inc.
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Prior Art: Wray (Ex. 1030)

Vitamin B, Dosage: 1000 pg Intramuscular Injection

Wray (apthae ulcers)

BRITISH MEDICAL JOURNAL 31 MaY 1975

Hospital Topics

Recurrent Aphthae: Treatment with Vitamin Biz,

Folic Acid, and Iron

D. WRAY, M.M. FERGUSON, D.K.MASON, A W.HUTCHEON, J. H DAGG

Bricish Medical Journal, 1975, 2, 490493

TREATMENT

Patients with vitamin B,; deficiency were given 1000 pug hydroxo-
cobalamin intramuscularly followed by a further 1000 pg every two
months. Folic acid was taken by mouth in doses of 5 mg thrice daily
during follow-up. Iron was alse raken only by mouth and given con-
tinuously for at least six months. During treatment all patients used a
zinc chloride/zinc sulphate mouthwash (B.P.C.). Triamcinolone
0 1%, in dental paste (B.P.C.) or hydrocortisone lozenges (B.P.C)
were also used for symptomatic relief,

In assessing the response 10 reatment, complete absence of ulcers
for at least onc year after treatment constituted a remission, and only
occasional ulcers after treatment (oneé 10 six a year) constituted a
definite i mprovement.

es of 130 with

us stomatitis were screened at the oral medicine
ment, Glasgow Dental Hospital, for deficiencies
min B,y folic acid, and iron. In 23 patients (17.7%)
Hieficiencies were found; five were deficient in
n B,,, seven in folic acid, and 15 in iron. Four had
than one deficiency. Out of 130 controls matched
and sex 11 (857) were found to have deficiencies.
23 deficient patients with recurrent aphthae were
H with specific replacement therapy, and all 130
fes were followed up for at least one year. Of the 23

ts on replacement therapy 15 showed complete
pion of ulceration and cight definite improvement.
107 patients with mo deficiency receiving local
lomatic treatment only 33 had a remission or were
ved. This difference was significant (P <0-001).
[patients with proved vitamin By, or folic acid
ncy improved rapidly on replacement therapy;
with iron deficiency showed a less dramatic

hse.
23 deficlent patients were further investigated to
oine the cause of their deficiencies and detect the
pee of any associated conditions. Four were found
e Addisonian pernicious anaemia. Seven had a
sorption syndrome, which in five proved to be &
-induced cnteropathy. In addition, there were
patients with idiopathic proctocolitis, diverticular
e of the colon, regional emterocolitis, and adeno-
oma of the caccum.

suggest that the high incidence of deficiencics
in this scries and the good response to replacement
by shows the need for of

Introduction

Recurrent oral ulceration, unlike glossitis and angular cheilitis,

folic acid, and vitamin Buy. Tt has also been reported in patients.
with idiopathic s(emmrrhon though again glossitis is more
commaon.* * In such cases it may be difficult 1o establish whether
the oral lesions are dwml) due to the underlying disease or
simply reflect co-cxisting deficiencies.
We have examined the relationship between recurrent
aphthae, specific ical deficiency, and
in 130 patients presenting consecutively at the oral medicine
clinic at Glasgow Dental Hospital during the past five years.
Our findings and the patients’ response to treatment are reported
here.

Patients and Methods

The 130 patients had suffered from recurcent oral ulceration of the
aphthous typs for periods of six months t© 30 years. Their ages
ranged from 8 o 83 years (mean 382 years); T8 were female (mean
age 40 years) and 52 male (mean age 356 years) (table 1),

TARLE 1. 4‘- and Sex Distribu m-:pf 130 Patients with Recurren: Aphthae
I

s 2 3 I,so.u,-ra.w‘ Toul
ARFORERAEE
HE IR

freo m
Mot '
Tw (o wlalainl 7 1] m

The diagacais wes made from the dlinkal sppesnince and che
bistory using the criteri of Lehner.! The uleers were typiaally
I-4 mm in dismeter, with & grey base and & erythematous
margin. Heling usually occurred in 3-21 days. The wices were

atients.

st tment of Oral Medicin: d Pathology, Gl w
..LM&’“ S Ehaor Glasgom Gy 12 | nelom Glasgo

505, Research Assistant
TR AON. 3., 305, Nuffield Deaul Research Fellow
SON, M.D., 0.5, Professor of Oral Medicit

Department of Medicine, Western Infirmary, Glasgow

0N, 8, wncr Resareh el
T HL DAGG, Wb FACF) Conmulian: Phyvicin

present or with varying periods of remission and
oceurred singly or in crops. Putients with bullae, trsumatic ulcers,
acute ulcerative gingivitis, herpes simplex and zoster, erythema
mukiforme, Reiter's syndrome, Behget's syndrome, end other such
conditions were excluded, a3 were those whase condition was related
to the menstrual cycle

group of 130 ls masched for age and sex was obwined from
patients attending Glasgow Dental Hospital for routine treatment.

MAEMATOLOGICAL STUDIES

Weniour lood wes aken from esch of the patients and controt ¢ two
consecutive clinic visits. The iron and total iron-binding
apacity (T-LB.C.) were ‘mesmrel by an smsceusted metho? A o
et iton sateation of the TABC. of lew than 163, was fe-
garded 3s indicating oo deficiency.’ The serum folate and, later,
the whole biood folate were messured using a technigue modified

Sandoz Inc.
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Tamura (immunological,
neurological, and
oncological disorders)

Clin Exp Immunol 1999; 1162532

Immunomodulation by vitamin B12: augmentation of CD8" T lymphocytes and
natural killer (NK) cell activity in vitamin B12-deficient patients by methyl-B12
treatment

1. TAMURA, K. KUBOTA*, H. MURAKAMIf, M. SAWAMURA, T. MATSUSHIMA, T. TAMURA, T. SAITOH,

H. KURABAYSHI* & T. NARUSE Thind Department of Internal Medicine, Gunma University School of Medicine, Macbashi.

* Department of Internial Modicine, Kusatsu Branch Hospital, Gunma University Hospital, Kusatsu, ard + School of Health Sciences,
Gunma University. Macbashi. Japan

(Accepied for publication 7 January 1999}

Sy desjon

Leucocyte and lymphocyte numbers, percentage and absolute
numhers of CO47 cells and CDE cells, CD4CDR ratio and NK
cell activity were evaluated in all patiemis at diagnosis and
compared with the values in control subjects.

In order to examine the mmunomedulatory effect of vit.B12,
methyleobalamm was administrated 1o all patients and 1o eight of
13 volunteers as follows., Methyl-vit B12 (500 pgiday; methyl-
B12: mecobalamin; Eisal, Tokyo, Japan) was injected intramuscu-
larly every other day for 2weeks and immunophenotyping of
peripheral lymphocytes and NK cell activity were evaluated as
before trentment. At that time, all patients and contral subjects
showed high serum levels of wit B12 (= 3000 pg/ml). After 2 weeks
treatment, patients were treated with vitBI12 1000 ug every
Imonths as out-patients: all of them were guite well and anaemia
had improved. After 1-2 yvears of follow up, NK cell activity was
estimated in seven of 11 patients who showed high serum levels of
vit. B12 (= 3000 pg/ml).

SUMMARY

It has been suggested that vitamin BI2 {vit B12) plays an important role in immune system regulation,
‘bt the details are still obscure. In order o examine the action of vit.B12 on cells of the human imaune
system, lymphocyte subpopulations and NK cell activity were evaluuted in L1 patients with viLBI2
deficiency anaemia and in 13 contral subjects. Decreases in the mumber of lymphocytes and CDS ™ eells
and in the proportion of CD47 cells, an abnormally high CD4CDR ratio, and suppressed NK eell
activity were noted in paticnts compared with control subijects. In all 11 patints and cight control
subjects, these immune paramicrs were evaluated before and afler methyl-B12 injection. The
Iymphocyte counts and number of CD8* cells increased both in paticnts and in control subjects. The
high CD4/CDS ratio and suppressed NK cell activity were improved by methyl-B12 treatment.
Augmentation of €D3 CDI6" cells occurred in patients after methyl-B12 treatment. In contrasi,

ibody-depend; u ity (ADCC) activity, lectin-stimulated blast
formation, and serum levels of immunoglobulins were not changed by methyl-B12 treatment. These
results indicate that vit B12 might play an important role in cellular immunity, especially relativing to
DR cells and the NK cell system, which suggests effects on eylotoxic cells. We conclude that vitB12
acis as an immunomodulator for cellular immunity.

Keywords  vitamin B12  NK cell CDR  immunomodulation

INTRODUCTION

12 (VitB12) has various effects on biological processes
is well known that megaloblastic anacmia and peripheral
urbances arc caused by lack of vitB12. In the immunc
n important role of vitBI2 has been reported. Vit B12
T cell proliterative responses 1o concanavalin A (Con A}
noglobulin synthesis of B cells by pokeweed mitogen
1]. It has been reported that vitB12 deficiency caused

1o viruses

pn of protect

al model [2].
man immunity, the action of vitBI2 is still obscure,
because it is impossible to study the action of vitB12
ficially deficient human model systems. However, we
lly encountcr paticats with vit.H 12 deficiency disorders,

ondence: 1. Tamura, Third Department of Internal Medicine,
iversity School of Medicine, 3 Shows.machi, Macbashi
lapan.

such as megaloblastic anacmia, and it is possiblc 1o obscrve the
change of immunological parameters after vit B12 administration
in such patients, A few investigations and case reports of immu-
nalogical abnormalities in Vit B12-deficient megaloblastic anac-
mia patieats have been reported [3-7], but there have been no
systematic studies,

In order to investigate the biological actions of viLB12 on cells
of the human immune system. lymphocyte subsets and NK cell
aclivities were examined in patients with vitB12 deficiency
anaemia, and the changes of immune parameters afler vitB12
administration were evalualed.

SUBJECTS AND METHODS

Subjects
Eleven newly dingnosed Japanese patients with vit. B12 deficiency
anaemia were admitied to our hospital between December 1990
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Immunomodulation by vitamin B12: augmentation of CD8" T lymphocytes and
natural killer (NK) cell activity in vitamin B12-deficient patients by methyl-B12
treatment

1. TAMURA, K. KUBOTA*, H. MURAKAMIf, M. SAWAMURA, T. MATSUSHIMA, T. TAMURA, T. SAITOH,
H. KURABAYSHI* & T. NARUSE Thind Department of Internal Medicine, Gunma University School of Medicine, Macbashi.
* Department of Internial Modicine, Kusatsu Branch Hospital, Gunma University Hospital, Kusatsu, ard + School of Health Sciences,

oncological disorders)

Gunma University. Macbashi. Japan

(Accepied for publication 7 January 1999}

In conclusion, we found a significant decrease in the absolute
number of CDE" cells and suppressed NK cell activity in vit.B12-
deficient patients, These abnormalities could be at least partly
restored by methyl-B12 treatment. Moreaver, augmentation of
CDE™ cells by methyl-B12 treatment was observed even in contral
subjects. These observations may contribute to our understanding
of the potential anfi-tumour effects of vit.B12, and may partly
explain the high risk of gastric carcinoma in PA; our data also
provide a rationale for considering the use of vit. B12 for treating a
variety of other immunolagical, neurological, and oncological
disorders,

SUMMARY

It has been suggested that vitamin BI2 {vit B12) plays an important role in immune system regulation,
‘bt the details are still obscure. In order o examine the action of vit.B12 on cells of the human imaune
system, lymphocyte subpopulations and NK cell activity were evaluuted in L1 patients with viLBI2
deficiency anaemia and in 13 contral subjects. Decreases in the mumber of lymphocytes and CDS ™ eells
and in the proportion of CD47 cells, an abnormally high CD4CDR ratio, and suppressed NK eell
activity were noted in paticnts compared with control subijects. In all 11 patints and cight control
subjects, these immune paramicrs were evaluated before and afler methyl-B12 injection. The
Iymphocyte counts and number of CD8* cells increased both in paticnts and in control subjects. The
high CD4/CDS ratio and suppressed NK cell activity were improved by methyl-B12 treatment.
Augmentation of €D3 CDI6" cells occurred in patients after methyl-B12 treatment. In contrasi,

ibody-depend; u {ADCC) activity, lectin-stimulated blast
formation, and serum levels of immunoglobulins were not changed by methyl-B12 treatment. These
results indicate that vit B12 might play an important role in cellular immunity, especially relativing to
DR cells and the NK cell system, which suggests effects on eylotoxic cells. We conclude that vitB12
acis as an immunomodulator for cellular immunity.

Keywords  vitamin B12  NK cell CDR  immunomodulation

INTRODUCTION
12 (VitB12) has various effects on biological processes
is well known that megaloblastic anacmia and peripheral
urbances arc caused by lack of vitB12. In the immunc
n important role of vitBI2 has been reported. Vit B12

such as megaloblastic anacmia, and it is possiblc 1o observe the
change of immunological parameters after vit B12 administration
in such patients, A few investigations and case reports of immu-
nological abnormalities in viLB12-deficient megaloblastie anae-
mia patieats have been reported [3-7], but there have been no
systematic studies,

1 cell proliferative responses 1o concanavalin A (Con A}

Synthesis of 8 cells by pokeweed mitogen In order to investigate the biological actions of viLB12 on cells

(PWM) [1]. It has been reported that vitB12 deficiency caused

of the human immune system. lymphocyte subsets and NK cell

o viruses activities were examined in patients with vitB12 deficiency

protecti
in an animal model (2],

In human immunity, the action of vitBI2 is still obscure,
probably because it is impossible to study the action of Vit BI2
using artificially deficient human model systems. However, we
occasionally encounter paticats with vit.B12 deficicncy disorders,
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ia, and the changes of immune parameters afler ViLH12
inistration were evaluated.

SUBJECTS AND METHODS

Subjects
Eleven newly dingnosed Japanese patients with vit. B12 deficiency
anaemia were admitied to our hospital between December 1990
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Clarke

Papers

Our results suggest that a daily dose of at least
0.5 mg of folic acid, along with a similar amount of
vitamin B 12, would produce a proportional reduction
in blood homaocysieine of about a quarter to a third.
The addition of about 1 mg daily of oral vicamin B-12
to folic acid would also be expected to avoid the theo-
retical risk of neuropathy due 1o unopposcd folic acid
therapy in patients deficient in vitamin B-12, even
those with intrinsic factor deficiency or malabsorption
states.” * Studies in the United States and Britain indi-
cate that the average concentration of blood homao-
cysteine in a typical Western population is about
12 umol/1" " and so a reduction of about a quarter (o a
third would correspond to an absolute reduction of
ahout 34 pmol/l A previous mota-analysis of the
observational studies suggests that a prolonged lower
blood homocysteine concentration of 3-1 umaol/l
would correspond 10 30-40% less vascular disease.’
Consequently, even if as much as half of the epidemio-
logically predicted benefit is achieved within a few
years of lowering blood homocysteine {as scems to be
the case with cholesterul lowering™ "), wials of folic
acid supplements may well need 10 be large, and 10
include people at high 1isk, to be able to detect the sort
of reductions— 5% to 2(/%—in cardiovascular risk that
might realistically be anticipated.

[

minute. Airvay hypoxia was discontinued as soon as
possible in cach infant who showed this degree of
desanation; it should be that this

was also i by an
paccdatiician of the rcadicgs fron: the puise (vaneter,

required the tent 1o be opened and the gas mixture 0
be remosed from around the baby, No infant remained
at €80% in 15% oxygen for longer than 126 seconds.
OF the four infants in whom exposure (0 hypoxia
was discontinued early, one infant had a sibiing who
had died of the sudden infant death syndrome and was
already being monitored at home. Osygen saniration
Tevels in all four infanis remained within the normal
range during subsequent monitoring. We believed that
monitoring the infants for a longer period in hospital
would not have been ethically appropriate becanse
they might be exposed to additional risks (for exanple,
the risk of acquiring an infection in hospital). The two
infants who had dicd following an aircraft flight were
not monitored 3o we are unaware of the duraton and
degree of hypoxaemia 10 which they might have been

exposed.
Although Savulsa's commentary raiscs the spec-
ar, ical o

included the use of a spocial medical gas misture of
15% oxygen and 875% nitrogen instead of air diluted
with nitrogen, continuous monitoring of the partial
pressure of inspired carbon dioside 1o identify
rebreathing, and continuous monitorng of the partial
pressre of inspired oxygen 10 ensure adequate

ventilation of the tent with the gas mixuwe, The smdy

was done in a room near the intensive care unit. There

of the pariial pressure of
carbon dioxide, monitoring of respiratory movement,
and dectrocardiography.

Although Milner reports in his editorial that British
Airways wentificd no deaths on the undisclosed.
number of flights involving infants, this is low quality
information. Tt is not accusate, as shown by the
personal communication cited in our paper. Infant
stimulation and the attention paid to an infant during
an ailine Qight may delay potentially serious
consequences of the flight until after the plane’s arrival.
Dritish Airways wonld not have access to information
oninfants after arrival and did not seen: o know about
either of the two cases of the sudden infant death syn.
drome that were described in our report.

| Hests g Lk o T, Thor (98942083,

0
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Lowering blood homocysteine with folic acid based
supplements: meta-analysis of randomised trials

Homocysieine Lowering Tiialises” Collaboration

Abstract

Objective: T determine the size of teduction in
homocysteine concenrations produced by dictary

" supplementation with folic acid and with vitamins

B-120rB-5.
Design: Meta-analysis of randomised controlied trials
that assessed the effects of folic acid based

blood

for Westam. dictary folic
acid reduced blood homocysteine concenirations by
25% (934 confidence interval 23% 10 25%; P<0.001),

I. ily: Vitamin

ficant additional effect.

Multivariate regression analysis was nsed to determine

the effects on homocyseine concentrations of

different dmu of folic acid and of the addition of
vitamin B-12 oc B-6.

Subjects: ndividual daga on 1114 people inchuded in

12 triaks.

Findings: The proportional and absolute reductions

in blood homocysteine produced by folic acid
supplements were greater at higher pretreament

blood homocysteme concentrations (P < 1.001) and

blood folate
(P2 101) After sandbactisation t

Typically in populations, daily
supplementation with bot g folic acid and
about (.5 mg vitamin B-12 wor mdbcn;uemd 10
reduce biood homocysteine concentratons by about a
aquarter 0 a third (for example, from about 12 pmol/l
10 89 pmol/), Large scale randormised wials of such
regitrens in high risk populations are now needed o
her lowering blood homocystcine

o reduces the risk of vascular disease:

Introduction

blood concentrations of homocysteine of 12 umol/1
and of folate of 12 nmol/l (approximate average

studies have reported
that patients with occlusive vascular discase have
highar blood  homocysteine  concentrations than

BM) YOLUME 316 21 MARCH 1968

Lilly Ex. 2070
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as follows (LLg/d/kg body weight).

The preparations in accordance with the invention ars formulated to provide approximate daily dosages

a) Vitarnin B6 b) Folic Acid ) Vitamin B12
Broadest range 15-750 1.5-150 1.5-75
preferred range 30-400 7,560 3-15
more preferred range T75-250 10-30 7-10
typical example 150 15 7.5

Ex. 1033, EP 005 at 4-5, 9; Ex. 1004, Schiff Decl. 1107

(&) Pharmaceutical preparations for lowering homac
and vitamin B12.

@) Pharmaceutical preparations for lowering blood and i
) vitamin B8;
b} folato or a suitable actve motabolto of folate or 4
) vitamin B12, with or without inrinsic factor
and optionally antoxidants. chaline andior betaine. aj o
) is 10 be released immediately (within 20 minutes)

EP 0 595 005 A1

administration of vitamin B, in a range of 1.5-75 pg/d/kg body weight, which

corresponds to a dosage of approximately 105 pg/d — 5.250 pg/d for a 70 kg

person. Moreover, the “preferred” range of 3-15 pg/d’kg corresponds to a range of

Rarik v (U0 B4
312030

210 ng/d— 1050 ng/d. Id. at 5

EPO00S discloses
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The preparation may be galenically formulated for parenteral administration, preferably by infusion or
by intramuscular injection. The latter form inherently provides for a retarded availability of the ingredisnts,
which effect may be further enhanced by depaot forms of formulation,

“ sense) is the fact that the inconvenient, unpleasant and often costly application by means of injections can
© i be avoided. This is of special significance in the case of vitamin B12 and cosnzyme Q10.

The principle advantage of such parenteral formulations {applying the term "parenteral™ in a broad

@) Pharmacsutical praparations for lowsring blood and tissue levels of homocysteine are disclosed. comprising:

a) vitamin BS;

) o sl aciv ot o Kt r 8 usance A s i o Ex. 2120, Chabner Decl. 11214-15 (citing Ex. 1033, EP 005,

«©) vitamin B12, with or without intrinsic factor

©) is 1o be relsased immediately (within 20 minutes).

o o ey o 0 iy o o s @ o) s 7:48-51); Ex. 1004, Schiff Reply 1116
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and vitamin B12.

@) Pharmaceutical preparations for lowering blood and i
a) vitamin BS;
b} folate or A suitable active motabolite of folate of a ¢
o) vitamin B12, with or without inrinsic factor
and optionally amtoxidants, choling andior betaine. aj
) is 1o be released immediately (within 20 minutes).

The preparation may be galenically formulated for parenteral administration, preferably by infusion or
by intramuscular injection. The latter form inherantly provides for a retarded availability of the ingredisnts,
which effect may be further enhanced by depot forms of formulation,

Ex. 1033, EP 005, 5:52-54; Ex. 1004, Schiff Decl. 1107

The principle advantage of such parenteral formulations {applying the term "parenteral™ in a broad
sense) iz the fact that tha inconvenient, unpleasant and often costly application by means of injections can
be avoided. This is of special significance in the case of vitamin B12 and coenzyme Q10.
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Prior Art: EPOO5 (Ex. 1033)
Vitamin B,, Dosage: 1000 pg Intramuscular Injection

 Dr. Ron Schiff, M.D., Ph.D.

Indeed.
when I encountered patients with poor nutritional status, it was my practice to

administer vitamin By, at a 1000 ng dose intramuscularly.

Ex. 1075, Schiff Reply 1113

 Dr. Patrick Stover, Ph.D.

7 And I think there 1s an assumption in the 15 A What I'm stating 15 that there are no -- no
g statement you just made -- in terms of the -- B12 le known toxicities with administering B12 orally or
9 being innocuous, that refers to there not being a 17 through mtramuscular injection, up to a (mg) a day.
10 particular highest acceptable dose when administered 12 It has no adverse consequences. so one doesn't have
11 as a nutritional supplement outside of any possible 19 to worrv about overdose of a nutrient or excessive
12 mteractions between vitamin B12 and a particular 20 levels of exposure when 1t comes to B12.
13 dmg; 1s that fair? 21 So given the fact that there is not a
22 absolute wayv to diagnose the deficiency and the fact
23 the treatment in no way can present any risk to the
24 patient, B12 administration 1s often recommended 1f
] there 15 any concern.

Ex. 2137, Stover Dep. Tr. 105:7-25; Ex. 1004, Schiff Decl.
11004; see Paper 68, Sur-Reply at 13-14. Sandoz DX -110
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24
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1E

12

13

14

0 —— this particular paper and more
concerned with, as a practicing nutritionist,
what you believe to be the standard
intramuscular dose for vitamin B1Z2.

A It varies. And it would have
been -- vyou need about 4 micrograms. But you
would have given a dose that is milligrams,
probably at that time, as an intramuscular
dose.

So that would be 10 to -- you know,
or more times what the normal oral deose would

have been, because it's to serve as a depot

that they can zbsorp from for a while.

And so it doesn't really matter how
much you give intremuscularly; it's just how
long it lasts before they lose it by not being
able to reabsorb the amount that they excrete
into their gut.

s} What do you mean when you say "it
doesn't really matter how much you give
intramuscularly"?

A So you only need a few micrograms.
That's available from the intramuscular dose.

The problem is, for people who can't

absorxb it every day, they are secreting BlZ

15

1a

17

1s

1%

20

21

22

23

24

25

10

LE

12

13

14

into their intestine, and then they can't
reabsorb it. So they rapidly run themselves
down.

And so when you give an IM dose, you
don't have to give it to them daily. You give
them something more than the few micrograms
they need so that they can draw on that dose
that's sitting in the muscle that you stuck it
in for a period of time.

And so a standard dose probably, you
know, a milligram would have been encugh to
last them weeks before they run it down. A
microgram being a millionth of a gram, and a
milligram being a thousandth of a gram.

Q I'm sorry. I didn't catch the last
part.

a A milligram is a thousandth of a
gram; and a microgram is a millionth of a gram.

So a milligram is a lot of micrograms.

Q And that dosing was true in 13899;
correct?
s Yes, it would have been about that.

I don't remember exactly what preparations you

could order off the counter.

Ex. 1086, Zeisel Dep. Tr. 89:14-91:14; see also Ex. 1075, Schiff Reply 1116
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o S18/260, 40,2079,  Primary Examiner—Nathan M. Nutter
(53] F"S"sj;fﬁ?fgg T3 143 443, 445 464 Altorney. Ageat. or Firm—Steven A. Fontans; Leroy
‘Whitaker

157 ABSTRACT

Administration of  folate binding protein binding agent
~oe 514/258 i conjunction with use of an antitumor agent which is
SI/23E 5p iahibitor of glycinamide ribonucleotide transformy-
SIST2 Jase or other antifolate reduces the toxic effects of such
11,1989 Shih et al 514,258 -
271990 Taylor e 544,279  2ment and provides an enhanced therapeutic index.
/1990 Nomura 544,258
A 9%406 271991 Tayior et al — SE— L 22 Claims, No Drawings
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The FBP binding agent is administered to the subject
mammal prior to treatment with the GAR-transformy-
lase inhibitor or other antifolate. Pretreatment with the
suitable amount of FBP binding agent from about 1 to
about 24 hours is usually sufficient to substantially bind
to and block the folate binding protein prior to adminis-
tration of the GAR-transformylase inhibitor or other
antifolate. Although one single dose of the FBP binding
agent, preferably an oral administration of folic acid,
should be sufficient to load the folate binding protein,
multiple dosing of the FBP binding agent can be em-
ployed for periods up to weeks before treatment with
the active agent to ensure that the folate binding protein
is sufficiently bound in order to maximize the bensfit
derived from such pretreatment.

In the especially preferred embodiment of this inven-
tion, about 1 mg to about 5 mg of folic acid is adminis-
tered orally to a mammal about 1 to about 24 hours
prior to the parenteral administration of the amount of
lomotrexol which is normally required to attain the
desired therapeutic benefit. Although greater or addi-
tional doses of folic acid or another FBP binding agent
are also operable, the above parameters will usually
bind the folate binding protein in an amount sufficient to

reduce the toxicity effects normally seen upon lomo-
trexol administration above.

Ex. 1005, col. 6, Il. 22-47; Ex. 1004, Schiff Decl.,
19112-14; Ex. 1075, Schiff Reply, 11117-21.
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Q. Doctor, I want to put us in the
pre-June 1999 time frame. Okay? A&And are you

aware of physicians, when they're starting a

ratient on an antifolate like methotremate, that
they -- they delay the initiation of treatment to
accommodate the person's perscnal schedules? For
example, they have a wedding coming up in a few
days or they're taking trip. We'll start when
vyou get back in a week?

AL Well, I think it depends on the tumor.
If they've got leukemia, I don't think they'd be
doing that. If it's something where vyou don't
need an immediate response, vou might delay for
certain reasons.

Q. Okay. And one of ordinary skill would
understand that, in June of 1999, that you could
delay the onset of treatment depending on the
type of tumor?

A. The circumstances. Yes.

Q. And what kind cf delays would we
typically see in that type of situation? Are we
talking days, weeks, months?

A, Weeks.

121. Finally, Dr. Chabner’s contention that a POSA would not pretreat
for a period longer than 2 days ignores the reality of cancer treatment. As even
Dr. Chabner acknowledged, oncologists often will permit patients to postpone
the nitiation of chemotherapy for several days, or even weeks, in order to
accommodate the patient’s schedule (e.g., for a wedding or important work
commitment). (Ex. 1074, Chabner Dep. 296:23-297:20.) The POSA would
simply administer vitamin By, and instruct the patient to begin folic acid
pretreatment during the initial appointment in which the patient was consented

for pemetrexed chemotherapy.

Ex. 1074, Chabner Dep. 296:23-297:20.; Ex .
1075, Schiff Reply, 1121

Ex. 1075, Schiff Reply, 1 121.
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Claim 22

22. The method of claim 21 further comprising the admin-

istration of cisplatin to the patient.
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Prior Art: Thodtmann

Preliminary Results of a Phase | Study With MTA (LY231514) in
Combination With Cisplatin in Patients With Solid Tumors

Ralf Thisdtmann, Henrik Depenbrock, johannes Blateer, Rebert D. Johnsen, Allan van Oosterem, and Axel-Rt, Hanauske

MTA (multitargeted antifolate, LY231514) Is a novel
antimetabolito resulting from structurefactivity studies
of the lometrexoktype antifolates. It has been shown to
Inhiblt varlous enzymes of folate pathways and has
broad antitumor actlyity in & variety of In vitro and In
viva tumor models. Clinical phase | studies have been
performed using different adminlstration schedules,
and subsequently the every-21-days schedule has been
selected for further duvelopment. We report the pre-
liminary findings from a comblination phase 1 study of
MTA and cisplatin administered svery 2| days. In the
first cohort (34 patients), both agents were adminis-
tered on day | with a starting dose of 300 mg/m? MTA
and 40 mg/m? cisplatin, In a second cohort (10 pa-
tients), MTA (500 or 600 my/m?) was administered on
day | foltowed by cisplatin (75 mg/m?) on day 2. The
maximum tolerated doses were reached at 600 mg/m®
MTA/100 mg/m? clsplatin (cohort 1} and 400 mgim?
MTAITS mgim? clsplatin (cohort 2). In cohort |, dose-
limiting toxicities consisted of reversible myelosup-
pression with leukopenia and neatropenta. In addition,
delayed fatigue also was of clinlcal significance. Phar-
maceokinetic analyses Indicated that hydration admin-
Istered before the administration of cisplatin did not
Influence the major pharmacokinetic parameters of
MTA, Eleven objective remissions were obsarved, in-
cluding one complete response In a patient with re-
lapsed squamous cell carcinoma of the head and neck
and partial responses in four of seven patients with
In contrast, the d limiting toxicities
In patlent cohort 2 ceonsisted of neutropenic sepsls,
diarrhea, and skin toxieity with two possibly treatment-
related deaths on study. No objective remissions are
presently observed In cohort 2, We conclude that the
comblination of MTA and cisplatin is feasible and clinl-
cally active when both agents are administered on day
| and that it should be pursued for further clinical
development.
Semin Oncol 26 (suppl §):89-93, Copyright ® 1999 by
W.B. Sounders Company.

TA (multitargered antifolare, LY231514,

N-[4-[2-(2-amino-3,4-dihydro-4-oxo-TH-
pyrrolo[Z,3-d]pyrimidin- 5-ylethyl]-benzoyl}-L-
glutamic acid) is a novel antimetabolite resulting
from structurefactiviry srudies of the lometrexol-
type antifolates."2 After cellular uptake, the com-
pound undergoes palyglutamation with preduction
of predominantly trighitamates and pentagluta-
mates.? MTA, as well as its polygluramares, has
been shown rto inhibit various enzymes of the
folate pachways, including thymidylate synthase,
dihydrofolate reductase, glycinamide ribonucle-

Semiaars in Oncology, Vol 26, No 2, Suppl & (April, 1999: pp 83-93

otide formyliransferase, and aminoimidazole car-
boxamide ribonucleotide fermyliransferase.’ The
compound arrests CCRF-CEM cells at the GIfS
transition and has been shown to induce apaptesis
in these cells.t MTA has broad anticumor activity
in a variety of In vitro tumor models and is active
against lymphoma, colan, lung, pancreas, and
breast cancer fts in vivo.* The linical
toxicology studies demonstrated that nutritional
folate supplementation decreased toxicity of the
compound while enhancing its activity.®

Clinical phase I studies have been performed
using three different administration schedules (ev-
ery 21 days, daily X5 every 3 weeks, weekly X4
every 6 weeks).58 Based on the toxicity profile, the
ability to give repeat doses, and the ease of admin-
istracion, the every-21-days schedule was subse-
quently seleeted for further development of MTA
in clinical phase 11 studies. At present, several
single-agent phase 11 studics are in progress or
under analysis and MTA appears to be active in
the colon, pancreas, and breast cancer. We report
here the preliminary results of a phase | combina-
tion study of MTA and cisplatin.

PATIENTS AND METHODS

The abjectives of the study were to determine the maximum
rolerated dose and the dose-limiting 1oxicity (DLT) of MTA
when cambined with clsplatin, to recommend a safe and fea-
sible dose and schedule for subsequent phase 1] studies, and 10
collect ancedotal information en the antinemor activity of 1his

From the Universitair Ziekenheis Gasthuisherg, Katholic Univer-
sity of Leuven, Belgium; the Eli Lilly Company, Bad Homburg,
Gennany: and Lilly Resesrch Laboradories. E5 Lilly and Company,
Indianspolis, IN.

Sponsored by BN Lilly and Company.

Thadunana has veceived honorarium from EV Lilly and
Company. Drt Blaiier and Johnson are employees of Eli Lilly and
Company. Dr Hanauske is a canssltone for E1 Lilly and Company
and Mex Oneology; has received honoraria from Ef Lilly and
Company, Yewtree, Nycamed, and lix Oneology; bas veceived
research support from Eli Lilly andd Company, Smithiline Beecham,
Asta Medical, Rhtne-Pondtens Roer, and Esel, and is a provider of
expert testimany for Rhéne-Poulenz Rorer.

Adiress reprrint requests to Axel-R. Hanauske, MD, P, Cen-
wer for Memamlogy end Oncology, Landweheser 2, D-80336
Mimchen, Oermany.

Copyright © 1999 by W.B. Saxnders Company

0093-7754/29(2602-06143 10004
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Ex. 1017, Thodtmann

MTA (multitargeted antifolate, LY231514) Is 2 novel
antimetabolite resulting from structurefactivity studies
of the lometrexol-type antifolates. It has been shown to
Inhibit various enzymes of folate pathways and has
broad antitumor actlvity in & variety of In vitre and In
¥lvo tumor models. Clinical phase | studies have been
performed using different adminlstration schedules,
and subsequently the avery-11-days schedule has been
selected for further development. YWe report the pre-
liminary findings from a comblnation phase | study of
MTA and cisplatin administered avery 2| days. In the
first cohort (34 patlents), both agents were adminis-
tered on day | with a starting dose of 300 mg/m® MTA
and 60 mgfm?® cisplatin, In a second cohort {10 pa-
tients), MTA (500 or 800 my/in®) was adminlstered on
day | followed by clsplatin (75 mg/m®) on day 2. The
maximum telerated doses were reached at 500 mg/m?
MTAS100 mg/m? clsplatin (cohert 1} and 600 mgim?
MTAITS mgim® cisplatin (cohort 2). In cohort |, dose-
limiting toxlcities consisted of reversible myelosup-
pression with leukopenia and neutropenia. In addition,
delayed fatigue also was of clinical significance. Phar-
miacokinetic analyses Indicated that hydration admin-
lstered before the administratlon of clsplatin did not
Influente the major pharmacokinetlc parameters of
MTA. Eleven objective remissions were obsorved, In-
cluding one complete responze in a patient with re-
lapsed squamous cell carclnoma of the head and neck
and partial responses in four of seven patlents with
imesothelloma. In contrast, the dose-limiting toxfcitles
In patlent cohort 2 consisted of neutropenic sepsls,
diarrhea, and skin toxleity with two passibly treatiment-
related deaths on study, Mo objective remisslons are
presently observed In cohort 2. We conclude that the
combination of MTA and clsplatin is feasible and clinl-
callr active when both agents are administered on day
| and that it showld be pursued for further clinical
dayvelopment,

Ex. 1017, Thodtmann at 89. Sandoz DX -118
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Dr. Chabner’s Purported Skepticism Based on Farber
(1948) and “prior experiments” with “poor results”

225. When I first heard that Lilly had decided to supplement patients
receiving pemetrexed with vitamin B12 and folic acid, I was skeptical that it would
work. I was concerned that the use of such vitamins, and i particular
supplementation prior to treatment with the antifolate, would undermine the
efficacy of pemetrexed. My skepticism was based on the fact that folates and
antifolates have long been known to have a competitive relationship, a relationship
which I studied and reported on extensively, and providing vitamin B12 and folic
acid prior to treatment would be expected to shift the competitive balance in favor
of the folates, and thus would be counterproductive. I was also aware that prior
experiments involving folic acid pretreatment with antifolates had generated poor
results. In addition, I was concerned that the vitamin supplementation could
facilitate the growth of the tumor along the lines of the acceleration phenomenon

observed by Dr. Farber.

Ex. 2120, Chabner Decl. §2120.
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Purported Skepticism: Lometrexol + Folic Acid

Laohavinij (1996) Mendelsohn (1999)

In summary, the work described in this report has
demonstrated that lometrexol toxicity can be modulat-

LY 309887, As has been reviewed earlier in this chapter, L'Y309887 has a different ratio
of binding the different isoforms of the folate receptor, such that one would predict a

ed b.y folic a‘Cld supplementation i n.pat.lents.. The infor- greater distribution of the molecule into target tumor compared with the liver, and con-
mation obtained from both prechinical murine, and the sequently, an improved therapeutic index. In preclinical models of efficacy, LY309887
clinical Phase I study of lometrexol with folate sup- appears to be more active than lometrexol in two pancreatic xenografts and the LX1 lung

model (Table 4). Therefore, on completion of the preclinical toxicology for the com-
pound, Eli Lilly decided to discontinue development of lometrexol in favor of develop-
ing LY309887. Hence, no phase II studies were conducted with lometrexol to assess

plementation reported here, indicates that the MTD
of lometrexol given with folate supplementation may

be higher than the current dose level. The mechanism efficacy.

responsible for the reduction in lometrexol toxicity has

not been defined, although associated pharmacokinetic Ex. 1012, Mendelsohn at 277; Ex. 1075, Schiff
studies suggest that folic acid is not acting by enhanc- Reply, 148.

ing lometrexol plasma clearance [12]. This work has
identified for the first time a safe and acceptable elinical
schedule for the administration of a GARFT inhihitor,
and the information obtained from this study will facil-
itate the fulure developmentand evaluation of this class
of compounds in the treatment of human cancer.

Ex. 2031, Laohavinij at 333-334. Tularik Clinical Trial (2002)

Lometrexol Plus Folic Acid in Treating Patients With Stage IlIB or Stage IV Non-Small Cell Lung Cancer

RATIONALE: Lometrexol may stop or slow the growth of tumor cells by blocking the enzymes necessary for tumor cell growth. Folic acid may
be effective in preventing or lessening the side effects of lometrexol. Combining lometrexol with folic acid may be an effective treatment for
non-small cell lung cancer.

Ex. 1099, clinicaltrials.gov; Ex. 1075, Schiff Reply, 149. Sandoz DX -121




Purported Skeptism: FDA Statements

. LY231514 (MTA) End of Phase 2 Meeting with the FDA
Clinical Issues — Friday, September 25, 1998 at FDA

FDA Participants: Division of Oncology Drug Products
Rachel Behrman, M.D., Deputy Office Director, ODE|
Julie Beitz, M.D., Deputy Division Director
Gang Chen, Ph.D., Statistics Team Leader
John Johnson, M.D., Medical Team Leader
Robert Justice, M.D., Oncology Division Director
Robert White, M.D., Medical Reviewer
Liang Zhou, Ph.D., Chemistry Team Leader
Linda McCollum, Consumer Safety Officer

Lilly Participants:

Greg Brophy, Ph.D., U.S. Regulatory Affairs

Steven Hamburger, Ph.D., U.S. Regulatory Affairs

Robert D Johnson, Ph.D., Pharmacokineticist

Astra Liepa, Health Outcomes

Clet Niyikiza, Ph.D., Statistician

David Seitz, M.D., Ph.D., Medical Advisor

Gerald Thompson, Ph.D., MTA Product Team Leader

Jackie Walling, Ph.D., Director of Science, MTA Team
. John Worzalla, U.S. Regulatory Affairs

Lilly Consultants:
Ned Patz, M.D., Duke University
Nicholas Vogelzang, M.D., University of Chicago

Meeting Request Submission Date: July 13, 1998
Briefing Document Submission Date: July 29, 1998
Additional Submission Dates: Sept. 8, 1998

Meeting Minutes:

Schedule and Dose: The FDA showed the following acetate:

1. DOSE and SCHEDULE — Do you agree with the propesed dosing schedule
for single agent MTA studies — specifically the registration studies involving
NSCLC? .

A. Our agreement is imited to the proposed dosing schedule for single
agent MTA. There does not appear to be sufficient efficacy advantage
with the 600 mg/m? dose of MTA over the 500 mg/m® dose. Also there
is a trend for hematologic toxicity to be greater for the 600 mg/m’ dose

. of MTA than for the 500 mg/m? dose. Therefore, the 500 ma/m? dose is

8041

The following FDA acetate for issue 2b was shown:

2b  Is the design of study (JMCH) adequate and well controlled?
A. Yes, with reservations. This would be a better study if it were blinded.
B. A randomized frial of MTA + cisplatin vs. cisplatin alone is an adequate
trial. However the addition of the vitamins to the MTA arm without data
that efficacy is not reduced is risky. We would like to know the basis for
your determination that the addition of vitamins will not affect efficacy.

Dr. Walling answered this with an acetate (#3) with preclinical data from a murine
L5178Y/TK-Hx- lymphoma tumor model showing that folic acid at 15 mg/kg (45
mg/m®) ameliorates the toxicity of MTA, but it does not affect the efficacy. There
still was concern from the FDA that folic acid might reduce efficacy. Dr. Walling
again responded that we are using low doses of folic acid that are in a range
(350 to 600 pg/day which is similar to the 100% RDA of 400 pg/day) that would
give physiologic levels that might be expected from dietary exposure to folate.
Thus, if MTA efficacy was negatively impacted by these low levels of folic acid in
the multivitamins, then the activity of MTA would be compromised by similar
levels of folate that could be ingested with food in a normal diet. The FDA
responded that it was Lilly's decision whether or not to use folate.

376 .
(J /77 Ex. 2100, Sept. 1998 FDA Minutes at 8044, Paper

ELAP00008716

TRIAL EXHIBIT CONFIDENTIAL 36, PO Resp. at 58.
TX 326

Lilly Ex. 2100
Sandoz v. Lilly IPR2016-00318
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Purported Skepticism: FDA Statements

Attachment 1 — Lilly Version of March 1 Meeting Minutes

FDA Meeting

PLACE: Woodmont 2 Bldg
Rockuville, MD

DATE: March 1,2000 TIME: 10:30 a.m.

IND: 40,061 DRUG: MTA

SPONSOR: Eli Lilly and Company

SUBJECT: To discuss recent changes in the ongoing mesothelioma
registration trial.

Attendees;

FDA:

Richard Pazdur {Deputy Directory, Div. of Oncology Drug Products)
John Johnson (Medical Team Leader)

Rabert White (Medical Officer)

David Smith (Statistical Reviewer)

Doo Young Lee-Ham (Pharmacology/Toxicology Reviewer)

Eric Duffy (Chemistry Team Leader)

Alvis Dunson (Project Manager)

Lilly:
Gregory Brophy, Ph.D., Director, U.S. Regulatory Affairs
Axel Hanauske, M.D. Medical Directory, MTA Product Team
Clet Niyikiza, Ph.D., Research Scientist, Statistician, MTA Product Team
Paolo Paoletti, M.D., Product Team Leader, MTA Product Team
James Rusthoven, M.D., Clinical Research Physician, MTA Product Team
Brian Stuglik, Director of Operations, MTA Product Team
John Worzalla, Associate Regulatory Consuitant, U.S. Regulatory Affairs
Consultants to Eli Lilly and Company:
Dr. Paul A. Bunn, Jr., M.D., University of Colorado Health Science Gentar
Dr. Hilary Calvert, University of Newcaste, U.K.

Question Ja;
Does the FDA agree that toxicity and mortality data support a programmatic intervention to

Improve patient safety in LY231514 trials and that daily low dose folic acid supplementation
appropriataly serves this purpose.

FDA Response: The addition of vitamins to the pivotal trial{s] is at Lilly's risk. We share your
concems about toxicity: your eptions include;

1. Temperanly closing the trial and eonducting a new Phase 1 trial with MTA + vitamins.

2. Stop the current trial and open a new trial using a new protocol and new dose.

3. Continue the current trial with the addition of vitamins and with a recalculated sample size to
provide adequate power for comparisons.

Consensus Agree tf uestion 1

a. Lilly agrees to option #3

b. After approx. 150 patients are treated on the revised protocol with vitamin
supplementation, a survival analysis will be done pooling the approx. 150 patients with
vitamin supplementation with the approx. 150 patients without vitamin
supplementation

Lilly will soon submit to the FDA a prospective detailed plan for the analysis.

CONFIDENTIAL
ELAP00014737

Lilly Ex. 2109 pg. 9
Sandoz v. Lilly IPR2016-00318

Ex. 2109, Mar. 20, 2000 FDA Minutes at 10; Paper 36, PO
Resp. at 58; Ex. 2132, Ross Dep. 103:11-24.
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SANDOZ INC.,
APOTEX INC., APOTEX CORP.,
EMCURE PHARMACEUTICALS LTD..
HERITAGE PHARMA LABS INC.,

HERITAGE PHARMACEUTICALS INC.,
GLENMARK PHARMACEUTICALS. INC., USA,

GLENMARK HOLDING SA,
GLENMARK PHARMACEUTICALS. L

MYLAN LABORATORIES LIMITE[]
TEVA PHARMACEUTICALS USA, IN
FRESENIUS KABI USA, LLC, and WOCKHAR]
Petitioners
V.
ELILILLY AND COMPANY,

Patent Owner.

Case IPR2016-00318!
U.S. Patent 7.772.209

28. In summary, the fact that the FDA had Lilly add more patients to the

clinical trial shows that the FDA was skeptical that the design of the trial was

adequate to generate statistically significant results, not whether the vitamin

pretreatment regimen would be safe and etffective for patients.

Declaration of David B. Ross, M.D., Ph.D., M.B.I.

! Cases IPR2016-01429, IPR2016-01393, and IPR2016-01340 have been joined

with the instant proceeding.

Sandoz Inc. IPR2016-00318
Sandoz v. Eli Lilly, Exhibit 1093-0001

Ex. 1093, Ross Decl. 128.
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Purported Skepticism: FDA Statements

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SANDOZ INC.,

APOTEX INC., APOTEX CORP.,
EMCURE PHARMACEUTICALS LTD.,
HERITAGE PHARMA LABS INC.,
HERITAGE PHARMACEUTICALS INC.,
GLENMARK PHARMACEUTICALS, INC., USA,
GLENMARK HOLDING SA,
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FRESENIUS KABI USA, LLC, and WOCKHARDT BIO AG,

Petitioners
V.
ELILILLY AND COMPANY,
Patent Owner.

Case IPR2016-00318!
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27. Finally, I note that Lilly’s reading of “at risk™ as reflecting the
Agency’s judgment about the safety of the vitamin pretreatment regimen is not
supported by the changes accepted by the FDA and the FDA’s role to ensure
patient safety. If the FDA thought that the vitamin pretreatment regimen would
expose patients to an unreasonable and significant risk of illness or injury,

particularly because the regimen decreased the probability of survival of patients

receiving the regimen, then the FDA would have had the authority fo suspend the

trial by issuing an order known as a “clinical hold.” 21 C.F.R. § 312.42(b)(1)(i).
(b)(2)(1) (1999). The FDA did just that with pemetrexed: the FDA placed a clinical
hold on a pemetrexed trial in 1992 because of the inadequacy of the pre-clinical
(animal) data to support the proposed starting dose. (Ex. 1119 at 19.) The FDA
will normally attempt to discuss and satisfactorily resolve a potential safety issue

with the sponsor before issuing a clinical hold. 21 C.F.R. § 312.42(c) (1999).

Sandoz v. Eli Lilly, Exhibit 1093-0001

Ex. 1093, Ross Decl. 128.
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Q. And did -- did they -- you understood
that this was a call about the invention that's
the subject of the '20% patent?

A. At the time I was asked, no. I had no
idea what the patent was like. I was not a
patent-oriented person.

No., T can tell you the basis of this, if
you want to know why my comment came. I had
worked on this issue of reversing folates --
antifolates with folic acid and methotrexate for
many years. And I had seen, you know, it's a
competitive relationship. The more folate, the
less activity of the antifolate. So I thought

the whole idea of doing this was not sound.

15 Q. I'm going to show you what's been
16 | marked as Exhibit 1033 in this proceeding.
17 For the record, this is European patent
18 application 05895005, And you discuss this patent
19 application in your declaration. Right?
20 A. Yes, sir.
21 Q. Okay. Do you know when is the first
22 time you became aware of this document?
23 A. I imagine it was through my contacts
24 with the legal team for Lilly,

" o om
15 0. Okay. All right. So in connection
16 with the District Court litigation you became
17 aware of it?
18 AL Yeah. Right. So that's three or four
19 years, actually.
8 Q. When did you become aware of the "'974
9 patent, first of all?
10 AL Well, I was certainly aware of the
11 drugs. And I assume they were patented. So I
12 didn't read the patent until this case came up.
13 0. Sometime after 2006 or '7 or '8 time
14 frame?
15 A, Yes. Yes. Yes.

Paper 49, Sandoz Reply 26-27; Ex. 1074, Chabner Dep. Tr. 182:15-183:14, 282:8-15, 300:7-20
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Q. Dr. Niyikiza.

g SR

@ You know him personally?

Al EER

Q. Is he a friend of yours?

A. I would say he's an acquaintance.
Q. And not to -- not to peel too many

layers away, what do vou mean by "acgquaintance"

versus a "friend"?

A I mean, I know him,
Q. Okay.
A. He's not one of my personal -- close

personal friends.

Paper 49, Sandoz Reply 22-23; Ex. 1074, 146:6-15, 300:21-303:8

21

22

23

24

25

10
11
12
13
14
15
16
17
18
19
20
21
22

23

Q. On Page 192 you were asked the
question:

"QUESTION: How do you know Dr. Niyikiza?

"RANSWER: I've known him a long time. I
knew him -- when he was at Lilly, I had met him,
And then I got to know him very well when he was
Glaxo, and now he lives in Boston. He works for
Merrimack. He's a very close perscnal friend. I
see him for dinner often and we have a lot of
things in common, believe it or not. He's a
very, very smart man. He's a wonderful guy."”

Did you give that testimony --

A. I did.

Q. -— in April of 20137

I. Yeah. I used to see him frequently
when he was at Merrimack. I haven't since he

left. So I see him maybe once or twice a year,
since that time. And I wouldn't consider him now
a close personal friend.

Q. But you did in 201372

A, Yeah., I think because he was working
in Merrimack and I did see him a lot then when he
was there. I also saw him when he was at GSK.
And I don't know, you know, whether I knew him at
Lilly or not. I mean, I knew of him. I knew who
he was, but I don't know if I had met him. Maybe
I had met him. But he certainly wasn't a close

friend at that time.
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22

Q. Okay. What I'm trying to understand,
Doctor, is it says here "Dr. Chabner has
consulted for or served on."

So Lilly is the consulted part of this?

A. That's right.

Q. Thank you.

A. It's not an adviscry beard in the sense
that I was telling them how to develop a drug.

Q. Aside from this lawsuit and is the drug
vyou mentioned, any other relationship with Lilly

over the years?

AL I have friends that work there.
Q. You, perscnally?
A. I grew up very close to Indianapolis.

Always appreciated the presence ¢f Lilly as an
employer in cur area.

@k You like Lilly, T take it?

A, Yes. You know, I have no special like
for Lilly. I like companies that actually do
something useful for cancer patients. Not all of

them do. And Lilly has.

Paper 49, Sandoz Reply 22-23; Ex. 1074, 67:10-17, 309:20-310:20; see also id. at 62:5-64:1

20
21
22
23
24

25

10
11
12
13
14
15
16
17
18
19

20

Q. Have you or any of the organizations
that you weork with received henorariums,
financial honorariums from Lilly over the years?

AL You know, I might have at one time.
1996, I think it was, I was asked to be the
visiting professor at the Indiana University.
And it was called the Eli Lilly Lectureship. I
actually showed a picture there of my two dogs in
bed with me. And their names were Eli and Lilly.
And I said, you know, I'wve been accused of being
in bed with Eli Lilly. It was a joke. And I am.
And that i1s the closest I've been to being in bed
with E1i Lilly, vyes. They'we tended to work with
the Dana Farber more than Mass. General.

o, So the -- so0o we have this professor
chairship, I don't know if that's the right term.
But anything else besides this Indiana U7

A You know, I don't remember anything
else. There could have been some other thing,
but nothing that I can recall. I mean, if you --
maybe you could refresh my memcry, but...

Q. Just curious, why did vou name vour
dogs Eli and Lilly?

A. Because I went to Yale. And then what
do vou do when you have E1i? You'wve got to find

a woman's name, so it was Lilly.
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Motion to Exclude: Dr. Niyikiza’s Hearsay Testimony

. I Here, the record includes an unusually rich body of contemporaneous
« 9/30/16: PO Resp. filed i bod of conteny

reaction to—and skepticism of—the invention that demonstrates that the claimed

" invention would not have been obvious. As Dr. Niyikiza testified in the Teva
« 10/10/16: Sandoz '
t d . t. f Litigation, his idea was met with consistent skepticism, and was not adopted until
re q u e S S e p OS I I O n O after the priority date, when deaths occurred in the Phase III clinical trials. Ex.
Dr N |y|klza 2116 at 750-58, 760-65, 771-75.°

+ 11/9/16: Sandoz files Poper 6, PO Mesp a7 g . 2116
motion for deposition of
Dr. Niyikiza (Paper 43),
which was not ruled on

e 2/14/17: Sandoz files
motion to exclude
(Papers 64, 77)
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Motion to Exclude: Dr. Niyikiza’s Hearsay Testimony

« Exemplary hearsay statement

23

24

25

But, also, he came to me and he basically said,

"Thanks for what you did. If you didn't do it, this drug

would probably be dead."

Ex. 2116, Niyikiza Trial Tr. (Lilly v. Teva) at 845
cited by (Paper 36, PO Resp. at 59)

« Exemplary district court reasoning for allowing such hearsay

25

MR. WIESEN: Objection, Your Honor. I think this is
plainly going toc be hearsay.

MR. GENDERSON: Your Honor, it goes to his state of
mind, because it's relevant to what he did later and why he
did it.

THE COURT: 1I'll overrule it. It's interesting. I

would like to hear it.

Ex. 2116, Niyikiza Trial Tr. (Lilly v. Teva), 722:25-723:6.
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Motion to Exclude: Dr. Zeisel’s Testimony

« Agreed definition of POSA:

23, In my opinion. the POSA to whom the *209 patent is addressed is a
medical doctor who specializes in oncology. specifically medical oncology. Such
a person would have knowledge and experience concerning the use of
chemotherapy agents. including antifolates, in the treatment of cancer. as well as
knowledge and experience regarding the management of toxicities associated with

such treatment.

Ex. 2120, Chabner Decl. 123; Paper 64 at 12

» Dr. Zeisel's background:

19 A Again, I'm not an oncologist, but --

15 and I would defer to Dr. Chzabner.

Ex. 1086, Zeisel Dep. 118:15, 128:19; see also 61:6-7.

* Dr. Zeisel’'s opinions:

In 1999. the POSA would have been concerned that increasing the folate

As such. the POSA would have understood that the effect of administering

Ex. 2118, Zeisel Decl. 1146, 53 Sandoz DX -131
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Q. Okay. From -- from your standpoint as --
as a biochemist and an expert in folate metabolism.
how does pemetrexed work to treat cancer?

A. So pemetrexed i1s known as a multitargeted
antifolate, It's -- there 15 a long generation of
these antifolates. Early in the 1940s. when Lederle
Labs first elucidated the structure of folate and
synthesized folic acid. almost immediately
thereafter they began to design mhibitors or

analogs that would inhibit DNA synthesis, because
they knew that this compound that they had 1solated
from biological material was needed for DNA
synthesis. Almost immediately they came out with
compounds fo try to inhibit DNA synthesis.

Ex. 2137, Stover Dep. Tr. 11:17-12:6.
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Nutrition + Antifolates: Lilly Statements

Lilly’s 2000 Letter to FDA
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Nutrition + Oncology:

Dr. Stover’s Testimony

]

A I can tell you as someone who 1s involved

9 Q. Okay. And, but my question 1s: Have
10 you -- have you made any effort in your mind to
11 separate out, you know, what you know and what
12 people with your type of expertise would have known
13 from the standpoint of an expert in one-carbon
14 metabolism and biochemistry from what the person of
15 ordinary skill in the art for purposes of this case
le would have known?
17 A Idon't see those as distinct, because I
18 can tell you that many of the leading antifolate
15 oncologists attend the same meetings I do. We speak
20 in the same sessions. The focus of the talks 1s
21 different, but there is a free sharing of
22 information among those groups.
Ex. 2137, Stover Dep. Tr. 26:9-22; .
5 You're not speaking to what a hypothetical
6 oncologist would or would not have done as of 1999,
7 are you?
: A What I am speaking to is that anyone who
9 was 1n a hospital setting for treatment would have
10 be -- would have a full clinical team that would
11 mclude an oncologist. Among that clinical team
12 would be nutrition support, and the clinical
13 oncologist would have that accessible to him or her,
14 and that clinical team, which would hopefully
15 mclude someone understanding nutrition, if not the
16 oncologist him or herself, would have this
17 mformation readily available to them, because they
13 come from authoritative sources related to - fo
15 nuirition care.

23 m nutrition, someone who runs one of the largest
2 nutrition programs in the country, that nutrition is
3 the due care about maintaiming adequate nutrition in
4 both healthy and diseased populations, that we train
5 nutrition practitioners, registered dieticians in
é medical nutrition therapy, and that nutrition is an
7 important part of cancer treatment.
Ex. 2137, Stover Dep. Tr. 23:20-24:7.
4 A Apgain I don't want to speak to what - I
5 am not a clinician, so I don't want to speak as a
6 clinician
L What I can -- can tell you that I am very
B active m the secientific community around one-carbon
9 metabolism, folate and B12. At our scientific
10 meetmgs, which are held annually, we have a blend
11 of people in nutrition, people who are biochemists
12 and clinicians. And so, these discussions occur n
13 that context, an intermingling of the sort of
14 translational spectrum of scientists.
Ex. 2137, Stover Dep. Tr. 22:4-14.
21 Q. If the oncologist thought to go to an
22 expert in biochemustry and inquire or thought to go
23 to a library that covered, you know, biochemical
24 works --
25 A Or nutrition, and nufrition 1s an important

(]

component of clinical care and has been.

Ex. 2137, Stover Dep. 109:5-19; Paper 71, Resp. Observation at 3-5.

Ex. 2137, Stover Dep. Tr. 25:21:26:2.
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Q. And then you say, "and additional
qualifications or experience in the field of
nutritional sciences involving vitamin
deficiencies.”

Why did you choose to include that
second part in your definition?

A. Because I think that when we talk about
things like folic acid metabolism and we talk about
known or suspected deficiencies of vitamin B12
or folic acid, that has to be understood for the
purpose of administering antifolates safely and
effectively.

But there is another reason for
that. Most people, especially in private practice,

who practice medical oncology also practice

hematology. I'm board certified in both of those
things, hematology and medical oncology. That means

I was evaluating patients with anemia for which

10

11

13

14

15

16

17

18

19

20

21

vitamin B12 and/or folic acid deficiency was always
in the differential diagnosis. And I was referred
patients with venous thromboembolism, which meant I
had to know something about the role of high
homocysteine levels as a risk factor for that. A2nd
in the pathophysiclogy of venous thromboembolism,
that involved vitamin B12 and folate metabolism as
well.

But there's more than that. Cancer
patients often have nutritional compromise based on
their disease or on their treatment, and every
medical oncologist has to be familiar with how that
develops, how to evaluate it and how to manage it.

So nutrition is extremely important
in medical oncology as well as for the -- the other

specific diagnostic and therapeutic applications

that I mentioned.

Ex. 2126, Schiff Dep. 43:12-44:22 .
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Lilly’s Arguments

METHYL TRAP + FOLIC ACID AS AN
“ANTIDOTE” TO ANTIFOLATES
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Methyl Trap: Results in decreased total tissue folate levels
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labeled folate dose. Although vitamin B, deficiency invariably increases the
proportion of 5-methyl-H,PteGlu,, in the livers of experimental animals, the
absolute level of methylated folate is often decreased as a result of the de-

creased total tissue folate levels in these animals.

Practically all the folate derivatives in tissues and blood cells are pteroyl-
polyglutamates. In vitamin B,/methionine-deficient animals and in red blood
cells from pernicious anemia patients, the large drop in endogeneous folate
levels is due to a large decrease in folylpolyglutamates (76, 108). The small

Ex. 1108, Shane at 122, 124; Ex. 1091, Stover Reply 1129-30

29,  Indeed, the methyl trap was first observed as increased proportions of
folate in the 5-mTHF form and elevated serum folate levels as S-mTHF.
(Ex. 1108, Shane at 122) It has been long-known that non-sequestered serum
folate is eliminated relatively quickly (Ex. 1114, Krumdieck at abstract.) Thus,
whule the proportional levels of 5-mTHF are wncreased during the methyl trap, the
total levels of reduced folate decreases because the unpolyglutamated 5-mTHF in

the serum is eliminated by the body. Shane also explains that, “Although vitamin

By» deficiency mnvariably increases the proportion of 5-methyl-HyPteGlu, [5-
mTHF] in the livers of experimental animals, the absolute level of methylated
folate is often decreased as a result of the decreased total tissue folate levels in
these animals.” (Ex. 1108, Shane at 124.) Thus, even if the administration of
vitanun B;, were to release the trapped 5-mTHF, the resulting folate would not be
an overwhelmmg amount that would push overall folate levels abnormally high
and could possibly cause concern about unanticipated effects, such as impeding

antifolate efficacy.

Ex. 1091, Stover Reply 1129-30
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Methyl Trap: Drs. Schiff and Stover’s Testimony

in persons who are suffering from a B, deficiency. Because of the potentially
severe neurological effects of an undetected B, deficiency, it has long been
engrained in physicians — including oncologists — that steps should be taken to
avoid potential vitamin B, deficiencies in the first place. Thus, the possibility of
a methyl trap scenario would not be viewed as a serious concern. Indeed, [ am
unaware of any literature pre-June 1999 expressing any concern about the impact

of the methyl trap in cancer patients. Drs. Chabner’s and Zeisel’s sparse

Ex. 1075, Schiff Reply, 199

Q. But vou're sort of a couple steps down
from my question. You're talking about how you
would cure the methyl trap, right?

A. To the extent it exists. And I mean
again, this 1s something n all my years n
practice, I never encountered. And when I first
encountered it in preparing for this, I tried to

look at the situations and how practically relevant

they were.

Ex. 2126, Schiff Dep. 83:6-14; see also
Paper 68, Sur-reply at 6-7

So we can quantify, and we do know and can
estimate with a high degree of certainty, how much
folate would be liberated by B12 administration in a
methyl trap. And as I stated earlier, I believe in
my testimony, that it would elevate that -- that it
would make -- the amount of folate that it would
make available or release from that trap would be on
the order of 20 to 40 percent of total cellular
folate, on a background again of pre-existing folate
deficiency. So this 1s -- 1s a minimal, and T would
almost say biochemically insignificant, amount of
folate.

Ex. 2137, Stover Dep. 215:4-217:20;

Ex. 1091, Stover Reply 19 29-30; Ex. 1108,
Shane, 122, 124; see also Paper 68, Patent
Owner’s Sur-reply at 6-7
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Lilly’s Antidote Argument: Dr. Stover’s Testimony Regarding
Differences in Folate Catabolism

Lilly’s Argument:

Petitioners cannot (and do not) argue that vitamin B> pretreatment would be

expected to serve any useful purpose without creating THF and thus making more

folate available to cancer cells as well as healthy ones. Accordingly, if Petitioners

Paper 68, Patent Owner’s Sur-reply at 7

okay, let me put it this way: If you had a tumor

that was rapidly catabolizing folate, like a tumor
cell does, versus a normal cell, the cell that 1s
undergoing rapid folate catabolism does not respond
nearly as well, nor can it achieve the folate levels

at a given exposure than a normal cell can, because
it's churning the folate, degrading the folate.

Ex. 2137, Stover Dep. 49:16-50:9 see also Ex. 1091, Stover
Reply 1 22; Ex. 1112, Kelly, 305; Ex. 1113, Meenan, 1165, 1167
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Lilly’s Antidote Argument: Dr. Stover’s Testimony Regarding
Differences in Folate Catabolism

22, Second, Dr. Zeisel’s reliance on the fact that pemetrexed’s effects on
both cancer and healthy cells work by the “same mechanisms™ fails to take into
account differences i the cells themselves. It was known mn June 1999 that cancer
cells waste folate through mechanisms of folate catabolism. Conversely, 1t was
known that healthy cells to not have a high rate of catabolism. For example, tumor
bearing mice have been shown to have a mere 5% increase n the weight of the
tumour and a 50% increase in folate catabolism (Ex. 1112, Kelly at 305.)
Consistent with these experimental findings in animals, Meenan et al. studied the
difference of folate in fumor colon epithelial cells and adjacent normal cells and

found that “[a] significant difference has been identified between the folate content

of colon fumor epithelial cells and that of adjacent normal cells.” (Ex. 1113,
Meenan at 1165.) This depletion 1s not simply due to the fact that the cancer cells
divide rapidly, but rather 1s likely due to “abnormal rates of cell turnover or
abnormal cellular enzyme activity, such as methylene tetrahydrofolate reductase.”
(Id. pg. 1166.) It makes sense that folic acid supplementation would have a greater
impact on protecting healthy cells, which more efficiently use folate, than cancer
cells, which catabolize a much higher proportion of the folate recerved. Notably,
Dr. Zeisel acknowledged that he had considered folate metabolism only generally,
not specifically catabolism, in formung his opinions. (Ex. 1086, Zeisel Dep.

156:15-157:5.)

Ex. 1091, Stover Reply | 22
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Lilly’s Antidote Argument: Dr. Stover’s Testimony Regarding
Differences in Folate Catabolism

GASTROENTEROLOGY 1997;112:1163-1168

Epithelial Cell Folate Depletion Occurs in Neoplastic But Not

Adjacent Normal Colon Mucosa

JOHM MEENAN,* EILEEN O'HALLINAN," JOHN SCOTT,” and DONALD G, WEIR*

*Depariment of Clincal Medicine, Trinity College and St. James's Hospital, Dubling and *Degartment of Biochemistry, Trinity College, Dublin,

Ireland

& Aims: Restricted folate supply is assock
ated with the development of carcinoma, and folate

The efficacy of folare in suppressing epithelial neoplasia
may be relared to the importance of DNA methylation in
cell homeoseasis. In vitro studies show ehat focal loss of

have a protective effect in col tal car-

cinoma. This effect may be mediated through correc-
tion of local folate deficiency, The aim of this study
was to define the folate content of neoplastic colonic
epithelial cells and its relation to that of adjacent nor-
mal tissue and circulating levels, Metheds: Epithelial
cells were isolated from endoscopic biopsy specimens
of normal, N and adj
normal colonic mucosa by ion chelation. Intracellular
folate levels were determined by microbiological assay.
Resuits: Folate levels in carcinoma specimens were
lower than in adjacent normal tissue (P = 0,02). Levels
in adenoma epithelial cells were lower than in adjacent
normal tissue, although this did not reach statistical
significance (P < 0.06). Epithelial cells from normal
tissue and mucosa adjacent to tumors and adenomata
had similar folate contents. Blood folate and vitamin
B> indices for all groups were nomal, Conclusions:
Malignant colen epithelial cells show a relative local
ized folate deficiency. H . there is no

for the of i folate defi
clency. This finding suggests that folate supplements
do not inhibit carcinogenesis through correction of lo-
calized folate depletion.

he epidemiology of colorecral carcinoma (CRC) sug-
gests exogenous {dicrary constituents) and endoge-
nous {bile acid metabolites) substances to influence mu-
cosal epichelial cell proliferation and progression o
malignancy. A protective role has been ascribed to vica-

mins and micronucrients in carcinegencsis."* Folare is of

particular interest because this vicamin is required for
all cellular one-carbon ransler reactions including DNA
methylation and thymidine synthesis.” Folare supple-
mentarion favorably influences epithelial dysplasia in hu-

mans, reduces colon tumer load in animals exposed to

o
colonic neoplasia in parients using sulfonamide-con-

raining drugs.

cinogens,” and protects against the development of

methyl groups, which influences gene expression and gen-

eralized genomic hypomethylation, is a fearure of several

carcinomas * Increased levels of mucosal genomic methyla-
rion after supplementation with supraphysiological deses
of folate suppores this hypothesis.” These and sioilar stwd-
ies suggest a general theory thar carcinogenesis is relared

w an cpigenctic factor, aliered patterns of genomic meth-
ylarion," although, they do not show a direct link berween
localized folate depletion and neoplasia

Low folace levels occur in mixed cell homogenates of

porentially premalignant celonic adenomarous polyps.'

However, folate deficiency has not been shown in cells
thar produce CRC, the colonic epithelial cell (colono-
cytes). Furthermore, the relation between the folate con-
rent of colon adenoma or tumor and adjacent normal
epithelial cells remaing to be defined. Consequently, chere
is lirele evidence o show thar folare supplemencarion
influences carcinogenesis through the correction of rissue
folute deficiency.

‘The aim of this study was to define the folate contene of
epithelial cells isolared from premalignant and malignant
distal colonic lesions and o compare folate content in
both adjacent normal colonocytes and tissue specimens
taken from nontumor-bearing mucosa.

Materials and Methods
Tissue Collection

Colonic biopsy specimens were obeained ac endoscopy

rics Commirree of the

under a protocol approved by o
Federated Voluntary Dublin Hospitals,

Patient decails includi
cation were tecorded be

mecical iscory ane current medi

e endoscopy. Venous blood was
drawn for che estimacion of red cell folace, serum folace, and
vitamin B, lew athology in enolled patients included
distal colonic carcinoma (within 30 cm of che anal verge) (n

Abbreviation used in this report: CRC, colorectal carcinoma,
1897 by the Ametican Gastroenterslogical Assoeiation
0016-5085,/97/53.00

A significant difference has been identified be-
tween the folate content of colon tumor epithelial cells
and that of adjacent normal cells. Because enriched epi-

P EF e
Wb B - »

BB b

B Eerpb>

Epithelial folate content (pg/meg DNA)

Control Adj Tumor

Ex. 1113, Meenan, 1165, 1167; Ex. 1091, Stover Reply § 22
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Lilly’s Antidote Argument: Dr. Stover’s Testimony Regarding
Binding Affinities

20. In the cell, folic acid is converted to other forms of folate, including of the substance 1s required to mhibit (K;) or activate (K,) the target enzyme (here,

< 10. ) ahv ot  Zei . ndine affinity _
5.10-methylenetetrahydrofolate. Had Dr. Zeisel considered the binding affinity of TS). It was known in June 1999 that pemetrexed undergoes a process known as

pemetrexed for thymidylate synthase (TS), its primary target, versus 5,10- polyglutamation inside the body to become pentaglutamated pemetrexed, and that

thylenetetrahydofolate, its natural substrate, it would have been apparent that it N L .
metylenefefraiycolorate, 1fs natiral subsirate, 1t wowld have been apparert Tat 1 in this form, pemetrexed was an extremely strong mhibitor of TS, with a K; 0f 1.3

was known in June of 1999 that folic acid is not an “antidote™ for pemetrexed. o . .
+0.3n0M. (Ex. 1021, Shih at abstract and 1118.) By contrast, it was known in

Ex. 2118, Zeisel Decl. 9 25, 50.) The measure of binding affinity for an . . .
( l ) & o June 1999, that the form of reduced folic acid that naturally binds to TS was

antifolate like pemetrexed is called the inhibition constant (K;). The relevant value 510 methylenetetrahydrofolate, which has a much higher K, of 3.0 um

. -al ¢ : 5 . - - 1 1 X R .-
for the natural substrate (here, 5,10 methylenetetrahydrofolate, which 1s a reduced (Ex_ 1021, Shih at 1118 ) Thus, the relative affinity of the natural substrate (5,10

form of folic acid), is called the Michaelis-Menten constant (K.), which s the methylenetetrahydrofolate) to the mnhibitor (pemetrexed) was approxmmately 2,300

concentration of substrate (5.10-methylenetetrahydrofolate) required to achieve (3,000 nM/1.3 nM). This means that approximately 2,300 times more 5,10

half maximal velocity of the enzyme. For each constant, lower values indicate less methylenetetrahydrofolate is required to activate TS than is required for
pemetrexed to inhibit TS. Given this knowledge, pemetrexed would have been

expected to outcompete folic acid (in reduced form) for its primary target and thus

low levels of folic acid supplementation would not work as an antidote.

Ex. 1091, Stover Reply 1 20
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Claim Construction

“PATIENT”
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Patient

“mammal,” i.e., all
mammals, not limited to
humans

“human undergoing
medical treatment”

Paper 2, Petition 18-19.
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6. The method of claim 5 wherein the Tolic acid is admin-
istered 1 to 3 weeks prior 1o the first administration of the
pemetrexed disodium.

7. The method of claim 5 wherein the folic acid 15 admin-
istered from about 1 to about 24 hours prior to administration
of the pemetrexed disodium.

8. The method according to any one of claims 1-4, wherein
between 0.3 mg to about 5 mg of folic acid is administered
orally.

Compare Ex. 1001, ‘209 patent, col. 6, Il. 35-49 with Ex. 1, claims 6-8; Ex. 1004, Schiff Decl. 119-22.

In the especially preferred embodiment of this invention,
about (1.1 mg to about 30 mg. most preferably about 0.3 mg to
about 5 mg. of folic acid is administered orally to a mammal
about 1 to 3 weeks post administration of the methylmalonic
acid lowering agent and about 1 to about 24 hours prior o the
parenteral administration of the amount of an antifolate.
However, it will be understood that the amount of the meth-
ylmalonic acid lowering agent actually administered will be
determined by a physician, in the light of the relevant circum-
stances, including the condition to be treated, the chosen
route of administration, the actual agent administered, the
age, weight, and response of the individual patient, and the
severity of the patient’s symptoms, and therefore the above
dosage ranges are not intended to limit the scope of the
invention in any way. In some instances dosage levels below
the lower limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may be
emploved without causing any harmful side effect.
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Claim Construction of “Patient”: Institution

For the reasons provided in detail below, we determine that it is
unnecessary to construe explicitly the claim terms for purposes of this

Decision. See Wellman, Inc. v. Eastman Chem. Co., 642 F.3d 1355, 1361

(Fed. Cir. 2011) (“[C]laim terms need only be construed ‘to the extent

necessary to resolve the controversy.’”) (quoting Vivid Techs., Inc. v. Am.

Sci. & Eng’g, Inc., 200 F.3d 795, 803 (Fed. Cir. 1999)).

Trials@uspto.gov Paper No. 14
571.272.7822 Entered: June 16. 2016

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD
SANDOZ INC..
Petitioner,
v

ELILILLY & COMPANY
Patent Owner

Case IPR2016-00318
Patent 7.772.209 B2

Before MICHAEL P. TIERNEY. JACQUELINE WRIGHT BONILLA. and
TINA E. HULSE, Administrarive Patent Judges.

TIERNEY. Administrative Patent Judge.
DECISION

Institution of Inrer Partes Review
37 CF.R §42.108

Paper 14, Institution Decision, 9, 17-18.

Patent Owner chose not to address the merits of the Petition in
its Preliminary Response other than contend that Worzalla’s teachings
are directed to mice whereas the claims are directed to treating
humans. Prelim. Resp. 10, 1 n.1 and 20-29. Additionally, Patent
Owner requests that, should the Board institute as to Hammond I, the
Board should exercise its discretion and deny institution as to
Worzalla as the grounds are redundant. 7d. at 29-32.

We have considered Patent Owner’s contention that Worzalla’s
teachings are limited to mice but do not find them persuasive at this
time. We understand Dr. Schiff as testifying that one skilled in the art
would have understood Worzalla’s teachings as having applicability
to humans and that pretreatment of patients, including humans, would
lead to reduced MTA toxicity. Ex. 1004 99 24, 53, 65. We credit Dr.
Schiff’s testimony as Worzalla does not suggest that its teachings,

which encompass in vitro treatment of human tumor cell lines and

discuss antitumor activity in phase I and II clinical trials, are limited

to treatment of cancer in mice. Ex. 1013.
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Exhibit 1001-0001

icity of an antifolate in 8 mammal. The administration of the
compounds maybe simultaneous as a single composition or
as two separate compositions or can be administered sequen-
tially as separate compositions such that an effective amount
of the agent first administered is in the patient’s body when
the second and/or third agent is administered. The antifolate
drug may be administered to the mammal first, followed by
treatment with the methylmalonic acid lowering agent. Alter-

In the especially preferred embodiment of this invention,
about (1.1 mg 10 about 30 mg, most preferably about 0.3 mg 1o
ahout 5 mg. of folic acid is administered orally to a mammal
ahout 1 to 3 weeks post administration of the methylmalonic
acid lowering agent and about 1 to about 24 hours prior to the
parenteral administration of the amount of an antifolate.
However, it will be understood that the amount of the meth-
yvlmalonic acid lowering agent actually administered will be
determined by a physician, in the light of the relevant circum-
stances, including the condition to be treated. the chosen
route of administration, the actual agent administered, the
age, weight, and response of the individual patient, and the
severity of the patient’s symptoms, and therefore the above
dosage ranges are not intended to limit the scope of the
invention in any way. In some instances dosage levels below
the lower limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may he
emploved without causing any harmful side effiect.
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Ex. 1001, 209 patent, col. 3, Il. 1-37; Ex. 1004, Schiff Decl. 19-20.

Furthermore, the present invention relates to a method of
administering an antitolate to a mammal in need thereof,
comprising administering an effective amount of said anti-
folate in combination with a methylmalonic acid lowering
agent and a FBP binding agent. A preferred FBP binding
agent is folic acid.

Furthermore, the present invention relates to a method of
reducing the toxicity associated with the administration of an
antifolate 10 a mammal comprising administering to said
mammal an effective amount of said antifolate in combina-
tion with a methylmalonic acid lowering agent and a FBP
binding agent. A preferred FBP hinding agent is folic acid.

Furthermore, the present invention relates to a method of
inhibiting tumor growth in mammals comprising administer-
ing to said mammals an effective amount of an antifolate in
combination with a methylmalonic acid lowering agent and a
FBP binding agent. A preferred FBP binding agent is folic
acid.

Furthermore, the present invention relaies 1o the use of a
methylmalonic acid lowering agent, alone or in combination
with a FBP binding agent, in the preparation of a medicament
useful in lowering the mammalian toxicity of an antifolate. A
preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to the use of a
methylmalonic acid lowering agent in the preparation of a
medicament useful in lowering the mammalian toxicity asso-
ciated with an antifolate, and the medicament is administered
in combination with an antitolate.

Furthermore, the present invention relates to the use of a
methylmalonic acid lowering agent in the preparation of a
medicament useful in lowering the mammalian toxicity asso-
ciated with an antifolate, and the medicament is administered
in combination with an antifolate and a FBP binding agent.

Furthermore, the present invention relates to the use of a
methylmalonic acid lowering agent in the manufacture of a
medicament for use in a method of inhibiting tumor growth in
mammals, which method comprises administering said meth-
ylmalonic acid lowering agent in combination with an anti-
folate.
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Prior Litigation in the S.D. Ind.

Ell Lilly & Co. v. Teva

Parenteral Meds., Inc. (Fed. Cir.
2017)
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Federal Circuit Analysis

To try to overcome this missing link between vitamin
B12 deficiency and pemetrexed toxicity. Defendants turn
to other prior art references. They argue that, based on
those references and perhaps preexisting knowledge. a
person of ordinary skill would have known that folate
deficiency is correlated with pemetrexed toxicity and that
vitamin B12 “directly affect[s] the amount of folate avail-
able to healthy cells.” Appellants’ Opening Br. 45 (citing
J.A. 2482, 7894, 7910-11, 8086). As a result, they argue.
skilled artisans would have been motivated to use vitamin
B12. along with folic acid. to address pemetrexed toxici-
ties. Id. Put another way, if we assume that the prior art
would have motivated skilled artisans to use folic acid
pretreatment to counter pemetrexed toxicity (an issue we
do not reach). Defendants submit that those skilled arti-
sans would have also used vitamin B12 as part of the
pretreatment because the biochemical pathways for
vitamin B12 and folic acid are related. Defendants fur-
ther submit that other prior art “expressly teaches that
folic acid supplementation improuves the therapeutic index
of pemetrexed,” so a skilled artisan would not have been
concerned about using vitamin B12 supplementation to
reduce pemetrexed toxicities. Id. at 46.

Slip op. at 26
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Federal Circuit Analysis

But the parties’ experts agreed that nothing in the lit-
erature as of the critical date described “cancer patients
being provided with vitamin B1Z supplementation prior to
receiving any antifolate,” with or without folic acid. J.A.
597-98: see also J.A. 1957. Defendants fail to point to
evidence that, even if folic acid supplementation were
known to improve effects of pemetrexed treatment. a
skilled artisan would have thought the same of vitamin
B12. Indeed. Eli Lilly offered expert testimony that a
skilled artisan would have viewed the use of vitamin B12
with antifolates as “a problem”™ based on “having to in-
crease the [antifolate] dose to get the same activity” of
cancer treatment. J.A. 1453—54.

We are therefore not convinced that the district court
committed clear error in concluding that Defendants
failed to carry their burden of proving that it would have
been obvious to a person of ordinary skill to use vitamin
B12 pretreatment to reduce pemetrexed toxicities.

Slip op. at 26-27
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Lilly v. Teva (Fed. Cir.): B;, Combination (cont’d)

Federal Circuit Analysis

(Niyikiza abstracts)

Dr. Niyikiza was an Eli Lilly scientist at the time and
is the named inventor on the 209 patent. In 1997, he
performed statistical analyses to try to determine which
clinical trial patients were likely to develop toxicities from
pemetrexed treatment. J.A. 1045, 1071-72. He published
the results in the Niyikiza abstracts and reported a
correlation between increased pemetrexed toxicities and
elevated homocysteine levels. J.A. 7948, 7950-51. Ele-
vated homocysteine levels serve as an indicator of either a
folic acid or vitamin B12 deficiency. but they do not indi-
cate which of those two vitamins is specifically lacking.
J.A. 622, 719, 7910. Levels of another marker, methylma-
lonic acid ("MMA”). serve more specifically as an indicator
of vitamin B12 deficiency. J.A. 720. But the Niyikiza
abstracts reported that “no correlation between toxicity

. and [MMA levels] was seen.” J.A. 7948,

Given the toxicity correlations that Dr. Niyikiza ob-
served with homocysteine levels but not with MMA levels,
Ell Lilly's experts testified that the Niyikiza abstracts
“present[ed] no evidence for a relationship of vitamin B12
and pemetrexed toxicity” and would not have motivated a
skilled artisan to administer vitamin B12 to patients to
address pemetrexed toxicity. J.A. 1466-67; see also J.A.
1475, 1942, Defendants’ expert, Dr. Ratain, confirmed
that if a patient exhibits elevated homocysteine but
normal MMA levels, a skilled artisan “would conclude
that that patient was folate deficient” but “not [vitamin]
B12 deficient.” J.A. 622—23.
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Federal Circuit Analysis

Regarding the dose and schedule of vitamin B12. the
district court reiterated that “there are no prior art refer-
ences where any amount of vitamin Bi2 pretreatment had
been used with an antifolate in the treatment of cancer.”
Eli Lilly II. 2014 WL 1350129, at *13 (emphasis added).
The court also discounted Defendants’ citations to litera-
ture outside the field of oncology. Id. at *13—14.

Defendants argue that. “[o]nce a [skilled artisan] is
motivated to use vitamin B12 pretreatment,” selecting a
dose and schedule for vitamin Bl2 “would have been
routine.” Appellants’ Opening Br. 47. Setting aside
motivation to use vitamin B12 pretreatment in the first
instance, Defendants only cite evidence of vitamin B12
doses and schedules that are “routine” in other medical
contexts. See, e.g.. J.A. 8150, 8169, 756—57. There is no
evidence that. considering the context of pemetrexed
treatment and associated toxicity problems. a person of
ordinary skill would have applied such doses and sched-
ules wholesale.

We therefore also see no clear error in the court’s find-
ing that Defendants failed to carry their burden of prov-
ing that the prior art disclosed the claimed doses and
schedules of vitamin B12 for purposes of pemetrexed
pretreatment.
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