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with a DHODH Inhibitor or an antimetabolite. Methods are provided for predicting the sensitivity of tumor cell growth to inhibition by
a DHODH Inhibitor or an antimetabolite, comprising assessing whether the tumor cell comprises a mutant IDH gene or protein

whereby cells that comprise a mutant IDH gene or protein are sensitive to inhibition by

DHO

DH Iinhibitors and antimetabolites.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wo 2017/117372 A1 | 0T RY KK O0A O RO R A

(43) International Publication Date

CA 03009826 2018-06-26

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2017/117372 Al

6 July 2017 (06.07.2017) WIPO | PCT
(51) International Patent Classification: (74) Agent: MCCARTY, Catherine, M.; Lando & Anastasi,
C07D 333/38 (2006.01) A61K 31/496 (2006.01) LLP, Riverfront Office Park, One Main Street, Suite 1100,
A61IK 31/551 (2006.01) Cambridge, MA 02142 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2016/069161 kind of national protection available). AE, AG, AL, AM,
, . AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Kiling Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
23 December 2016 (23.12.2016) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: Enghsh HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(26) Publication Language: English MD, ME, MG, MK, MN, MW, MX, MY, MZ. NA. NG.
(30) Priority Data: NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
62/273,135 30 December 2015 (30.12.2015) Us RU, RW, 54, 5C, 5D, 5E, 5G, 5K, 5L, SM, ST, SV, 1,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(71) Applicant: AGIOS PHARMACEUTICALS, INC. ZA,ZM, ZW.
[US/US]; 88 Sidney Street, Cambridge, MA 02139 (US). o
(84) Designated States (unless otherwise indicated, for every
(72) Inventor: SI, Yaguang; 13 Walnut Court, Arlington, MA kind of regional protection available). ARIPO (BW, GH,

02476 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page/

(54) Title: TREATMENT OF TUMORS INCORPORATING MUTANT ISOCITRATE DEHYDROGENASE

Mu/Mmu max

(57) Abstract: The present invention provides diagnostic and prognostic meth-

Hreguinar 3-day txt

ods for predicting the effectiveness of treatment of a cancer patient with a

1.5 e TE L DHODH inhibitor or an antimetabolite. Methods are provided for predicting the
__{}_;H’/; - sensitivity ot tumor cell growth to mnhibition by a DHODH inhibitor or an anti-
3 e TEV/R 4@' ‘z metabolite, comprising assessing whether the tumor cell comprises a mutant IDH
- gene or protein whereby cells that comprise a mutant IDH gene or protein are
sensitive to mhibition by DHODH inhibitors and antimetabolites.
U5~
4 2 0 2 4
Conc (ul, log;
FIGURE TA
Brequinar 7 dy txi
-
—— TF1/plVX
~{3-TF1/R132H27
e TF1/RT40Q11
%
E
E° ;
>
-1-
Conc (UM, log)
FIGURE 1B



CA 03009826 2018-06-26

WO 2017/117372 A1 0000 A AR O

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA.,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). Published:

Declarations under Rule 4.17: —  with international search report (Art. 21(3))

— as to the applicant'’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

— as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))



(s

10

24

30

WO 2017/117372

CA 03009826 2018-06-26

TREATMERT OF TUMORS INCORPORATING MUTANT ISOCITTRATE
DEHYDROGENASE

CLAIM OF PRIORITY

This application claims priority from U.S SN, 62/273,135 filed December 30, 2015,

which is mcorporated herein by reference m s entirety .

FIELD OF THE INVERTION

The present mvention is directed to methods for treating and diagnosing cancer
palients. In parlicular, the present invention 1s directed o methods for determining
which patients will benefit from treatment with an antimetabolite or a DHODH

inhibitor.

BACKOGROUND OF THE INVENTION

tsocitrate dehvdrogenases (1DHs) catalyze the oxidative decarboxyvliation of 1socitrate
to 2-oxoglutarate {i.e., o-ketoglutarate}) These enzymes belong to fwo distinct
subclasses, one of which utilizes NAD(+) as the electron acceptor and the other
NADPH). Five socitrale dehydrogenases have been reported: three NAD(+)-
dependent 1socitrate dehydrogenases, which localize to the nutochondrnal matrix, and
two NADP(+}-dependent isociirate dehvdrogenases, one of which 1s nutochondrial
and the other predomunantly cyiosolic. Each NADP(+}-dependent 1sozyme 15 a

homodimer.

{DBH]1 (isoctirate dehvdrogenase 1 (NADP+), cvtosolic) 1s also known as IDH; IDP;
IDCD; 1DPC or PICD. The protemn encoded by this gene 18 the NADP(+)~dependent
isociirate dehvdrogenase found m the cvioplasm and peroxisomes. It contamns the
PTSs-1 peroxisomal targeting signal sequence. The presence of this enzyme in
peroxisomes suggesis roles in the regeneration of NADPH for intraperoxisomal
reductions, such as the conversion of 2, 4-dienovi-CoAs 1o 3-enovi-CoAs, as well as
in peroxisomal reactions that consume 2Z-oxoglutarate, namely the alpha-
hvdroxviation of phvtanic acid. The cyioplasmic enzyime serves a sigmificant role in

cvioplasmuc NADPH production. The human [DH]1 gene encodes a protemn of 414

PCT/US2016/069161
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amino acids. The nucleotide and amuno acid sequences tor human [DH1 can be found
as GenBank entries NM 003896.2 and NP 0038R7.2 respectively. The nucleotide and
anmiino acid sequences for IDHI are also described i, e.g. Nekrutenko ef af., Mol
Biol. Evol. 15:1674-1684(1998). Geisbrecht ¢7 «/, J Biol. Chem 274:30527-
30533(1999);, Wiemann e¢f af., Genome Res. 11:422-435(2001); The MGC Project
Team, Genome Res. 14:2121-2127(2004); Lubec ef af., Submitted (DEC-2008) {o
UniProtKB; Kullmann er o/, Submitted {(JUN-1996} 1o the EMBL/GenBank/DDBJ

databases; and Syoeblom ef a/., Science 314.268-274{2006).

(s

10 IDHZ (socitrate dehydrogenase 2 (NADP+), miutochondrnal) 1s also known as 1DH;
oP: IDHM: 1DPM; 1ICD-M; or mNADP-IDH. The protein encoded by this gene 15
the NADP(-+}-dependent 1socitrate dehvdrogenase found in the mutochondna. It plays
a role i mtermediary metabolism and energy production. This proilemn may tightly
associate or mteract with the pyruvate dehvdrogenase complex. Human IDH?2 gene

15  encodes a protein of 452 anuno acids. The nucleotide and amino acid sequences for
fBDH2 can be found as GenBaok enintes NM 0021682 and NP 0021592
respectively.  The nucleotide and amuno acid sequence for human {DHZ are also
described in, e.g., Huh ef g/, Submitted (NOV-1992) 1o the EMBL/GenBank/DDBJ
databases; and The MGC Project Team, Genome Res. 14:2121-2127{(2004).

24}
Non-mutant, .2, wild type, 1DH1 and IDH2 catalvze the oxidative decarboxviation
of isocitrate to o-ketoglutarate thereby reducing NAD' (NADP"} to NADH
(NADPH}, e 2., in the forward reaction:

25 Isociirate + NAD (NADP') — o-KG + CO» + NADH (NADPH) + H'

It has been discovered that mutations of 1DHI1 and IDH2 present in ceriain cancer
cells result in a new abilify of the enzyme fo catalyze the NAPH-dependent reduction
of a-ketoglutarate to R{(-)}-2-hvdroxyglhutaraie (ZHG). The production of ZHG 18
30 bebeved 10 contnbuie to the formation and progression of cancer (Dang, L el al,

Nature 2000, 462:739-44)

Dihydroorotate dehydrogenase (BHODH) 15 an enzyme that in humans 1s encoded by

the DHODH gene on chromosome 16, The protein encoded by this gene catalyzes the

-7 -
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fourth enzymatic siep, the ubiquinone-mediated oxidation of dihvdroorotate to
orotate, 1 de novo pyrimudine biosynthesis. This protemn 1s a mutochondnal protemn
located on the outer surface of the inner mitochondnal mermbrane (IMM)., DHODH

can vary i cofactor content, oligomeric state. subcellular localization, and membrane

(s

association. An overall sequence alignment of these DHODH varianis presents two
classes of DHODHs: the cytosolic Class 1 and the membrane-bound Class 2. In Class
I DHODH., a basic cysieine residue catalvzes the oxidation reaction, whereas in {lass
2, the serine serves thus catalyviic fumction. Structurally, Class 1 DHODHSs can also be
divided mto two subclasses, one of which forms homodimers and uses fumarale as 1is
10 electron acceptor, and the other which forms heteroteframers and uses NAD+ as ifs
electron acceptor. This second subclass confamns an addifion subunit (PviK}
contaiming an won-sulfur cluster and a flavin adenine dinucleotide {(FAD}. Meanwhile,
Class 2 DHODHs use coenzyvme Q/ubiquinones for thewr oxadant. In hagher
eukarvotes, this class of DHODH contains an N-terminal bipartiie signal comprising a
15  cationic, amphipathic mutochondrial fargeting sequence of about 30 residues and a
hvdrophobic transmembrane sequence. The targeling sequence s responsible for this
protein’s localization to the IMM, possibly {rom recruiting the import apparatus and
mediating AW-driven transport across the inner and oufer mitochondnal membranes,
while the transmembrane sequence 1S essential for s msertion mio the IMM. This
20 sequence 1s adjacent io a pawr of a~helices, al and o2, which are connected by a shori
ioop. Together, this pawr forms a hyvdrophobic funnel that 1s suggested to serve as the
msertion site for ubiquinone, in conjunction with the FMN binding cavity at the C-
tersmunal. The two terminal domains are directly connecied by an extended loop. The
C-termanal domain 15 the larger of the two and folds mmto a conserved o/B-barrel

25  structure with a core of eight paralliel B-strands surrounded by eight o helices.

SUMMARY OF THE INVENTION

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

The present mvention provides a method for treating a cancer in a subject wherein
said cancer 1S characterized by the presence of an IDH mutation said method
30 compnsing administering to the subject a therapeutically effective amount of an

aniimetabolite or a DHODH mhabitor.
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The present mvenition provides a method for determuning whether survival or
proliferation of a tumor cell can be mhibited by contacting said tumor cell with an
antimetabolite or a DHODH mhibitor, said method comprising determiming the status

of 1DH in saird tumor cell, wherein the presence of an IDH mutation indicates survival

(s

or proliferation of said tumor cell can be mhubited by an antimetabolite or a DHODH

inhibitor.

in another aspect, the present mnvention provides a method for characienizing a tumor
cell comprising determuming the presence of a mutant IDH gene or protein, wherein
10 the presence of a mutated IDH gene or protein mdicates that survival or proliferation

of said tumor cell can be inhibited by an antimetabolite or 2 DHODH inhibiior

In another aspect, the present mvention provides a method of delermimng the
responsiveness of a tumor to an antimetabolite or a DHODH mhibiior compnsing
15  determuning in a sample of said tumor the presence of a mutated [DH gene or protein,
wherem the presence of a mutated IDH gene or prolemn mdicates said tumor 18

responsive to an antimetabolite or a DHODH inhibator.

In another aspect the present mvention provides a kit comprsing a reagent for
20 measuring m a tumor sample the presence of a mudated IDH gene or prolemn, said kil
turther compnsing mstruchions for adminmstering a therapeutically effective amount of

an antimetabolite or a DHODH mhbitor,

BRELY DESCRIPTION OF THE MIGUREDS

25  Figures 1A and 1B depict line graphs of the proliferation of IHD wild type {circles),
mutant {DHT R132H (squares) and mutant IDHZ R140Q (tnangles) TF1 cells after 3-
day treatment (Figure 1A) and 7-day treaiment (Figure 1B) with DHODH nhibiior
brequinar. Brequnar inhibuied mudant IDHT (R132H) and mutant [DH2 (R1400Q) cell
lines with an {{Csy of 1.3uM and 1.6uM, respectively.

30
Figure 2A ulustrates the drop m metabohic activity expressed as ATP fold-change
(day 3 over day 0} in brequnar ireated TFI1 cells was rescued bv 3-day undine

supplement at concentration of 3uM i mutant IDH1 and mutant IDH?Z celis.

-4 -



CA 03009826 2018-06-26

WO 2017/117372 PCT/US2016/069161

Figure 2B dlustrates the drop in metabolic activity was rescued by uridine at

concentration of 1,000uM 1n the miDHI and miDH2 cells.

Figure 3 iHustrates the drop in metabolic activity expressed as ATP fold-change {(day

(s

3 over day 0} in methotrexate treated TF1 cells. Metabolic activity was rescued in

i DHI and mlDH2 TF1 cells with 3-day folinic acid supplement,

DETAJLED DESCRIPTION OF THE INVERTION

Metabolic profiling of ervthroleukemua TE1 cell line mcorporating mutant IDH1 or
10 mudant IDHZ revealed approxamately five fold reduction m the level of purine and
pvrinudine intermediates leadmg fo the discovery that mutant IDHT or mutant TDHZ,
show unexpected sensitivily 1o inhibition by antimetabolite compounds and DHODH
ihibitors. This observation forms the basis of valuable new diagnostic methods for
predicting the effects of antimetabolite compounds and DHODH mhibitors on tumor
15  growth, and give oncologisis an addifional tool to assist them in choosing the most

appropriate treatment for their patients.

Accordingly, the present mvention provides a method for freating a mutant [DH
cancer in a subject comprising administering to the subject a therapeutically effective
20 amount of an antimetabolite or a DHODH mhabitor. In another aspect, the mnvention
provides a method for freating a cancer in a subject wherein said cancer 18
characterized by the presence of a mutant 1DH gene or protein said method
compnising adnmunistering to the subject a therapeutically elfective amount of an

antimetabolite compound or a DHODH mhabitor,

in another aspect of the mvention, there 1s provided a method for deternuning whether
survival or proliferation of a cancer cell can be inhibited by contacting said cancer cell
with an antimetabolite or a DHODH mhibiior, said method comprising deternuning
the presence of a mutant HDH gene or protein in said tumor cell, wherein the presence
30 of a mutant IDH gene or protein indicates survival or prohiferation of said cancer cell
can be inhibited by an antimetabohie or a DHODH nhibitor. In another aspect of the
mventfion, there 1s provided a method for characterizing a cancer cell comprising

determining the presence of a muiant [DH gene or protein the said cancer cell,
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wherein the presence of a mutant IDH gene or protemn indicates thal survival or
proliferation of said cancer cell can be mhibited by an antimetabolite or a DHODH

inhihitor.

(s

In another aspect of the invention, there 1s provided a method for mhibiting
proliferation or survival of a cancer cell wherein said cancer cell 1s characterized by
presence of muiant IDH gene or protein said method comprising contacting said
cancer cell with an effective amount of an antimetabolite or a DHODH mhubitor. In
another aspect, the present mvention provides a method of diagnosing a tumor 1 a
10 patient compnsing deternuning in a sample of said tumor the presence of a mutand
{DH cene or protemn and adnunistering to said patieni a therapeutficaily accepiable

amount of an antimetaboliie or 3 DHODH mhibitor.

In a particular embodiment, the cancer is characierized by the presence of a mutant
15 1DHI1 gene or protemn. In an embodiment, the mutant IDHI protein comprises an
amino acid substitution at residue GY7. In an embodument, the smwutant TDHT gene
encodes a protein comprising an anuno acid substifubion at residue G97. In an
embodiment the anuno acid substitution 1s G97D. In an embodiment. the mutant
IDH1 protein comprises a substitution al amino acid residue R132.  In an
20 embodiment, the mutant TDHI gene encodes a protein comprising a substitution al
amno acid residue R132. In an embodiment, the anuno acid substitution 1s selected
trom the group consisting of R132H, R132C, R132L, R132V, R1328 and R132G. In
an embpodiment the anuno actd substitution s RI32H. In an embodiment the anuno
acid substitution 1s R132C. In an emmbodiment the anmuno acid substitution 15 RI32L.
25 In an embodiment the anuno acid substitufion 1s RI32ZY. In an embodiment the
amino ackd substitution 1s R132S. In an embodiment the amino acid substitution is

R1326

in a particular embodiment, the cancer 15 characierized by the presence of a nmtant
36 IDH2 gene or protem.  In an embodiment, the mutant IDH2 protein comprises an
anmino acitd substitution at residue K140, In an embodiment, the mutant {DH2Z gene
encades a profein comprising an anuno acid substitufion at residue R140. In an
embodiment the anmuno acid substifution 15 Ri40Q, RI40W or RI40L. In an

embodiment the amino acid substitution 1s R140Q. In an embodiment the anyno acid

-6 -
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substitution 18 R140W. In an embodiment the amino acid substifution 15 R140L. In
an ernbodiment, the mulant [IDH2 protem comprises a substitufion at amino acid
restdue K172, In an embodiment, the mutant IDH1 gene encodes a protein

comprising a substitution at amino actd residue R172. In an embodiment, the anuno

(s

acid substitution 15 selecied from the group consisting of R172K or R172G. Inan
embodiment the amino acid substitution 1s R172K. In an embodiment the anuno acid

substitution 1s R172G

By “antimetabohite” 1s meant a chemical that inhibiis the use of a metabolhiie, which 18
10 chemucal that 1s part of normal cellular metabolism. Such substances are often simular
in structure to the metabolite that they interfere with., such as the antifolates that
interfere with the use of folic acid. In the present invention, antimetabolites have toxic
effects on cells, such as halting cell growth and cell diviston, and are therefor uselul
as chemotherapy for cancer. Particular aniimetabolites include purine analogues
15  (azathioprine, OG-mercapiopurine, thiopunnes such as thioguamine, fludarabine,
peniostatin and cladnibine), pyrimidine analogues (such as S-fluorouracy, floxuridine,
cviarabine, 6-azauracil), nucleoside analogues, nucleosides with altered nucleobases,
nucieosides with altered sugar component, nuciectide analogues and antifolates {such
as {methotrexate and pemetrexed). In particular embodiment, the antimetabolite 15 a
20 dihvdrofolate reductase mhibitor. In a particular embodiment, the antimetabolite 1s
methofrexate. In a particular embodiment of the methods of the mvention, an

aniimetabolite and a DHODH mhibiior i1s administered concomutantly or sequentially .

"Cancer” in a mammal refers {o the presence of cells possessing charactenistics typical
25  of cancers, such as unconirolied profiferation. immortalily, metastatic potential, rapid
crowih and proliferation rate, and certain charactenistic morphoiogical features. The
ferm cancer and tumor 15 used herem miterchangeably. Often, cancer cells will be mn
the form of g sohid tumor, but such cells may exast alone within an animal, or may
circulate in the blood stream as independent cells, such as leukemuc¢ cells. In an
30 embodiment, the cancer 1s {urther characienized by a reduced level of dihvdroorotate.
in the methods of this invention, the cancer cell can be anv fissue tvpe, for example,
cholangiocarcinoma, pancreatic, lung, bladder, breast, esophageal. colon, ovarian. In
another embodiment, cancer 1s selected from the group consisting of ghoblastoma

(chioma), myelodvsplastic syndrome (MDS), myeloprohiferative neoplasm (MPN),
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acute myelogenous leukema (AML)}, sarcoma, melanoma, non-small cell lung cancer,
chondrosarcoma, cholangiocarcinomas and angiosmmunoblasiic lymphoma In
another embodiment the cancer 1s ghoma, myelodvsplastic svndrome (MDS),

mveloproliferative neoplasm  (MPN), acute myelogenous leukenua (AML),

(s

melanoma, chondrosarcoma, or angioimmunobiastic non-Hodgkin's  iymphoma
(MNHL). The cancer 15 preferably any cancer {reatable, either partially or completely,
bv administration of an anfimetabolite or DHODH inhibitor. The cancer may be, for
example, lung cancer, non-small cell lung (NSCL)} cancer, bronchioloalviolar cel
lung cancer, bone cancer, pancreabic cancer, skin cancer, cancer of the head or neck,
10 cutaneous or mfraocular melanoma, uterine cancer, ovanan cancer, rectal cancer,
cancer of the anal region, stomach cancer, gasiric cancer, colon cancer, breast cancer,
uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium,
carcinoma ol the cervix, carcinorna of the vagma, carcinoma of the vulva, Hodgkin's
thsease, cancer of the esophagus, cancer of the small miestine, cancer of the
15  endocrine system, cancer of the thvroiwd gland, cancer of the parathvroid giand, cancer
of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the perus,
prostate cancer., cancer of the bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, mesothelioma, hepatoceliular cancer, hiliary
cancer, chronic or acute leukenua, tvmphocyiic lvmphomas, neoplasms of the central
20 nervous system (CNS), spmal axis tumors, bram siem ghoma, ghoblastoma
multiforme, astrocviomas. schwannomas, ependymomas, medulloblasiomas,
neningiomas, squamous cell carcinomas, pituiiary adenomas, mcluding refraciory
verstons of anv of the above cancers, or a combination of ong or more of the above
cancers.  The precancerous condiion or lesion mcludes, for example, the group
25  consisting of oral leukoplakia, actinic keratosis {solar keratosis), precancerous polvps
of the colon or rectum, gasinc epithehial dysplasia, adenomatous dysplasia, hereditary
nonpolyposts  colon cancer syndrome (HNPCC), Barreit's esophagus, bladder

dvsplasia, and precancerous cervical conditions.

30 The term "freating” as used herein, unless otherwise dicaied, means reversing,
alleviating, mhibiting the progress of, or preventing, either partially or completely, the
orowth of tumors, fumor metastases, or ofher cancer-causing or neoplastic cells in a
patient. The term "treatment” as used herein, unless otherwise indicated, refers {o the

act of freating. A “method of trealing cancer” refers {0 a procedure or course of

- R .
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action that is designed to reduce or ehiminate the number of cancer cells 1 an animal,

or to alleviate the sympioms of a cancer.

The term "effective amount” or "eflfective amount” means the amount of the
antimetabolite or the DHODH mnhibiior compound or combination with another drug
that will elicit the biological or medical response of a tissue, system or amimal e.g
humian that 15 being sought. In an embodiment, the response is mhibition of fumor
volume or the rate of mcrease i tumor volume over time, for exampile, static volume
or decreased volume., In another embodiment, an effective amount 1 the amount of
antimetabolite or DHODH mhibitor that reduces the number of cancer cells or the
reduces the rate of increase in number of cancer cells. In another embodiment, an
effective amount 1s the amount of antimetabolite or DHODH mhibitor sutficient o
cause dilferentiation of at least a portion of the cancer cells, {or example,
hematological tumors the conversion of undifferentiated blast cellis to hunctional
neutrophils. A therapeutically effective amount does not necessarily mean that the
cancer cells will be entirely elimnmated or that the murnber of cells will be reduced to

zero or undetectable, or that the symptoms of the cancer will completely alleviated

The presence of a mutant IDH gene or protein i a tumor or tumor cell mav be
determaned using standard fechnmques, for example, using oligonucleotide probes and
the use of antibodies e.g. a polyclonal antisera to specific fo mutant IDH protein
(versus wild tvpe IDH protemn) isolated from tumor cell lines or primary fumor
specimens in an immunoblot analvsis,  Alternatively, the presence of a mutant IDH
gene or protein can be determined by measuring the level of oncometaboliie 2-
hvdroxyvglutarate (ZHG) — ZHG can be directlv measured f{rom fissue or
spectroscopically, for example, by magnetic resonance spectroscopy (MRS} In an
embodiment, a subject 15 subjecied to MRS and the evaluation compnses evaluating
the presence or elevated amount of g peak correlated to or corresponding {0 2HG, e.g.,
R-ZHG, as determuned by magnetic resonance. For example, a tumor cell, tumor
sample or patient suspected of having a tumor can be analyvzed for the presence and/or
strength of a signal at about 2.5 ppm to determane the presence and/or amount of
2HG. Elevated levels of 2HG indicates a tumor cell or fumor incorporates a mutant

IDH gene or protein.
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By “DHODH mbhabitor” 15 meant a compound that inhibiis the normal enzymatic
funciion of DHODH i converting dihvdroorotate (o orotate.  Altemalively, a
DHODH mhibifor mmhabits transcription or franslation of the DHODH gene. In a

particular embodiment, the DHODH mmhibitor 1s an ohigonucleotide that represses

(s

DHODH gene expression or product activity by, for example, binding to and
inhabiting DHODH nucleic acid (e, DNA or mRNA). In a particular embodiment,
the DHODH mhibitor 1s an oligonucleotide e g an anfisense oligonucieofide.
shRNA, siRNA, microRNA or an aptamer. In an embodiment the DHODH mhabitor
1s a small molecule that binds to and modulates DHODH enzvmatic function.
10 Examples of DHODH mhibitors include brequinar, vidofiudimus, leflunomide and
teniflunomude. In a particular embodiment, the DHODH mbhubitor is breguinar. In an
embodiment, the DHODH inhibitor 1s vidofludimus. In an embodiment, the DHODH
imhabitor 1s lellunommde. o apother embodiment, the DHODH mbubilor s
tenitlunomide. In another embodiment, the DHODH mhibitor 15 a compound of

15  formula:
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A 1s an aromatic or non-aromatic 5- or 6-membered hvdrocarbon ring wherein
optionally one or more of the carbon atoms are replaced by a group X, wherein X 18
independently selected from the group consisting of S, 0, N, NR* | S0, and 8O:
20 Lis asingle bond or NH;
Dis 0, 8, 80, NR', or CHy:
Z'is 0. 8, or NR:
7718 0. S, or NR:
R’ independently represents H, halogen., haloalkanvi, haloalkenvl, haloalkynyl,
25  haloalkanyloxy, haloalkenvioxy, haloalkvnyvioxy, -CO,R", -SO;H, -OH, ~-CONR*R", -
CR"0, -850,-NR*R", -NO,, -80,:-R", -50-R* -CN, alkanvioxy, alkenvioxy,
alkyvnyloxy, alkanvithio, alkenvlthio, alkvnylthio, aryl, -NR"-CO,-R', -NR"-CO-R*, -
NR"-50,-R’, -0-CO-R*, -0-CO,-R*, -O-CO-NR*R", cycloalkvl, heterocycloalkvi,
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alkanylamino, alkenylamino, alkynylamino, hy droxyalkanylamino,

hvdroxyalkenylanuno, hydroxyvalkynylamano, -SH, hetercarvl, alkanyl, alkenyl or
alkynyl:

R* independenily represents H, alkanvl, alkenyl, alkynyi, cycloalkvi,
heterocycloalkyl,  aminocalkanyi, amunocalkenvl, amunocalkvayi,  alkanyloxy,
alkenyloxy, alkynvioxy, -OH, -SH, alkanvithuo, alkenylthio, alkyvnvithio,
hvdroxyalkanyl, hvdroxvalkenyl, hydroxvalkynyl, haloalkanvi, halocalkenvl,
haioalkynyl, haloalkanyioxy, halcalkenyioxyv, haloalkvnvioxy, aryl or heteroarvi; R’
independently represents H, -COH,R", ~-CONR"R™, -CR"0, -SOHONRY, -NR"-C0O-
haloalkanvl, haloalkenvi, haloalkvovl, -NO,, -NR"-S0;-haloalkanyl, haloalkenvl,
haloatkynyl, -NR"-S0,-alkanyl, -NR"-80,-alkenyi, -NR"-S0,-alkvnvl, ~-50,-alkanyl, -
S -atkenyl, -SO-alkynyvi, -NR"-CO-alkanyl, -NR"-CQO-alkenvl, -NR"-CO-alkvnyvi, -
CN,  allkanyl, alkenyl, alkynyl, c¢ycloalkyvl, heterocycloalkyl, amanoalianyi,
armnoalkenvl, aminocalkynyl, alkanvlamino, alkenylamino, alkynyvianuno, alkanyioxy.
alkenvioxy, alkynvloxv, cycloalkvioxy, -0OH, -SH, alkanyithio, alkenvlthio,
alkynyithio, hvdroxyalkanyl, hvdroxyalkenyl, hvdroxvalkvunyl, hydroxyatkanviamino,
hvdroxvalkenvianuno, hyvdroxvalkyvnvlamino, halogen. haloalkanyl, haloalkenvl,
haloalkynyi, haloalkanvioxy, haloalkenvioxy, haloaliovnvioxy, arvi, aralkyl or
heteroarvi;

R" mdependently represents hvdrogen, haloalkanyl, haloalkenvi, haloalkynyl,
hvdroxvalkanyl, hydroxvalkenvl, hydroxvalkynvl, alkanvl, alkenvi, alkynyl,
cvcloalkyvl, heterocycloalkyl, arvl, hetercaryl, aminoalkanyl, amunoalkenvi or
aminoalkyvovl;

R’ independently represents H or alkanyl;

o

R”is H or OR”, NHR', NR'OR;

or R® together with the nitrogen atom which is attached to R® forms a 5 to 7
membered, preferably S or 6 membered heterocyclic ring wherein R” is -[CHy|s and
R" is absent:

R is H, alkanvl, alkenvl, alkvnvl, cycloalkvl, heterocvcloalkyl, arvl, alkanyloxy,
alkenyloxy, alkynvioxy, -O-arvl, -O-cvcloalkyl, -~O-heterocvcioalkyl, halogen,
aminoalkanvl, amanoalkenyl, anunoalkynyl, alkanviamino,  alkenylamino,

alkvnviamino, hydroxvianuno, hvdroxylalkanyi, hydroxyvialkenyi, hydroxvialkynvi,

haloalkanvlioxy, haloalkenvioxy, haloalkynviloxy, heteroarvi, alkanyithio, alkenylthio,

- 11 -
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alkynvithio, -5-arvi,  -5S-cvcloalkyl, -S-heterocycloalkvl, aralkyl, haloalkanyi

7 >

haloalkenyl or haleoalkynyl;

R*is H, alkanvl, alkenvl, alkvnyl, cvcloalkvl, heterocycloalkyl, aryl or heteroarvl:

R’ is H, OH, alkanvloxy, alkenvioxv, alkyvnvloxy, O-arvl, alkanyl, alkenyl, alkvnyi or
arvi;

R® is H. alkanyl, alkenvl, alkvnvl, cvcloalkvl, heterocycloalkyvl, arvl, heteroarvi,
aralkyi, atkanvioxyalkanvl. alkanvioxyalkenvl. alkanvioxyalkynvi.

alkenvioxyalkanyl, alkenvioxvalkenyi, alkenvioxyalkynyl, alkvnyloxyalkanvi

- -
~ -

atkynvioxvalkenyl, alkynyloxyalkynyl, acyiatkanvi, {acyioxyalkanvl,
(acyvioxvialkenvl. (acvioxyjalkvnyl acvl, non-symumetrical (acvioxyjalkanvldiester,
non-symmetrical {acvioxvjalkenvlidiester. non-symmetrical {acvioxyjalkynylidiester,
or dialkanyiphosphate, dialkenviphosphate or dialkvnyiphosphate;

R’ is H, OH. alkanvl, alkenyl, alkynyl, arvl, alkanyloxy, alkenvioxy, alkynyloxy, -O-
arvi, cycloalkvl, heterocycloalkyl, -U-cvcloalkyi, or -O-heterocvcioalkyl:

R is H, alkanyl, alkenv! or alkynyl;

£ ois an alkanvl, alkenvyl, alkynvl, arvl, heteroarvl, heterocycloalkyl or cyvcloalkyl
oroup or a fused bi- or tricyclic ring system wherein one phenyl ning 1s fused {0 one or
two monocyclic cycloalkyl or heterocyeloalkyi rings or one bicvelic cycloalkyl or
heterocycloaikyl ring, or wherein two phenyl rings are fused io a monocychic
cvcloatkyl or heterocvcloalkyl nng, wheremm monocyche and bicvchic ¢veloalkyi and
heterocycloalky! nings are as defined herein, and wherem all of the aforementioned
oroups may optionally be substifiied by one or more substituents R’

Y 18 H, halogen, haloalkanyl, haloalkenyl, haloalkynyl, haloalkanyloxy,
haloalkenvioxy, haloalkvnyloxy, alkanyl, alkenvi, alkynyl, arvl, heteroarvl,
heterocycloalkyl or cvcloalkyl group or a fused bi- or {ricyclic ring svsiem wherein
one phenvi nng 15 fused to one or two monocyclic cvcloalkvl or heterocvcioalkyl
rings or one bicychic cvcloalkyl or heterocvcloalkyl ring, or wherein two phenyl rings
are fused fo a monocyclic cvcloalkyl or heterocvcloalky! ning, and wherein all of the
atorementioned groups may optionaily be substituted by one or more substituents

R.orY s

- 172 -
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or a pharmaceutically acceptable salt thereof,

wierein,

R 1s hydroxy or amino,

Ry 18 oplionally subsiituted arvl, optionally substituted heterocychvl or ~-O<(CHz )12
arvi; wheremn the substituent at each occurrence is one 10 four Ry,

R 1s hydrogen, halogen, alkyi, alkoxy, amino, amude, cyano, carboxy, or hydroxyl;
R 15 halogen or -NHC{O)eycloalkyl;

n' 18 an integer ranging from | to 4, both mclusive.

in an embodiment, the compound 1s selected from the group consisting of:

2-{ 4'-{cyclopropanecarboxamudo)-{ 1, '-biphenvi}-4-y1-3Hanudazol4.5-blpyndine-7-
carboxvlic acid;

2-{4'-{cyclopropanecarboxamido)-{ 1,1 -biphenvij-4-yi-3H-1midazol4.5-bipvridine-7-
carboxamude;

2~{11, 1'~-biphenvi]-4-v1}-3H-1midazol4,5-blpyridine-7-carboxylic acid;
2-{}1.1"-biphenvii-4-vi}-3H-1nudazo|4.3-bipyridine-7-carboxamide;

2-(3-fluoro-|1, P'-biphenvii-4-v1}-3H-1mudazol 4, 5-bipyndine-7-carboxylic acid;
2-(3-fluoro-| 1, 1 -biphenyii-4-v-3H-imudazol4, 5-blpyndine-7-carboxamide;

2-{ 4'~(cyclopropanecarboxanmudo)-3-fluoro-{ L. 1'-biphenyii-4-v1}-3H-~1midazo(4,5-
bipyridine-7-carboxylic acid:

2-¢2' 3-difluoro-{ 1, 1'-biphenvii-4-vh-3H-1imudazol 4. 5-bipvridine-7-carboxviic acid;
2~{4'-{cyclopropanecarboxamido)}-2' 3-dilluoro-| L, '-biphenyi|-4-v1}-3H-1mudazol4,5-
blpyridine-7-carboxylic acid;

2-{4'-(cy clopropanecarboxamido}-2' 3-difluoro-| 1, 1'-biphenyi{-4-vi}-3H-1mdazo{4,5-
bipyvnidine-~7-~carboxamide;

2-(2'-(cyclopropanecarboxamido }-3-fluoro-| 1, 1'-tiphenyii~4-vi}-3H-1oudazo}4,5-
blpyridine-7-carboxyliic acid:
2-{2'-{cyclopropanecarboxamido}-3-fluoro-{ 1, '-biphenvii-4-vi}-3H-1mudazol4,5-

blpyridine-7-carboxanude;

- 15 -
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2-{3'-(cy clopropanecarboxamido-3-fluoro-{ 1, 1'-biphenyi|-4-vi}-3H-1imdazoi4,5-
bipyvnidine~7~carboxyhc acid;
2-{3'-{cyclopropanccarboxamido)-3-fluoro-{ 1, I'-biphenvij-4-yv1}-3H-inudazoi4.5-

bipyridine-7-carboxamide;

(s

2-{2-fluoro-4-{2-0x0-1,2,3 4-tetrahydrogquinolin-7-vphenyi}-3H-1mudazo} 4, 5-
blpyridine-7-carboxvliec acid;
2-{4-{benzyioxyphenvi}-3H-inudazol4.5-bipvridine-7-carboxylic acid);
2-{4-{benzyloxy yphenvi}-3H-tmidazo|4,5-blpyridine-7-carboxamide;

and

10 2-{4-(6-0x0-3.4.5,6-1etrahvdro- 1 H-azepino{3,4, 3-cd indol-2-yhipheny)-3H-inudazo

14, 5-bipyridine-7-carboxvlic acid.

in the methods of the invention, the presence of mutant IDH gene or protein a fumor
15  cell can be assessed by using any of the standard bioassay procedures known in the
arl, includimg for example ELISA, RIA, mmmunopreciptiation, imumunoblotting,
immunotluorescence nucroscopy, RT-PCR, m sifu hybndization, ¢cDNA nucroarray,

or the like, as described 1n more detail below.

24}
An exemplary method for detecting the presence of mutant IDH protemn or nucleic
actd 1n a biological sample involves obtaining a tiological sample {e.g a fumor-
associated body fhud) from a lest subject and contacting the biological sample with a
compound or an ageni capable of detecting the polvpeptide or nucleic acid (e.g.,

25  mRNA, genomic DNA, or cDNA). The detection methods of the mvention can thus
be used to detect mRNA, protein, ¢cDBNA, or genomuc DNA, for example, in a
biological sample m vitro as well as m vive, For example, m vitro technigues for
detection of mENA mclude Northemn hvbndizations and 1n situ hybridizations. In
vilro techmiques for detection of a biomarker protein include enzyme hnked

30 mmmunosorbent  assayvs (ELISAs), Western  blols, mwmunoprecipiiations  and
imnmunofiuorescence. In vitro fechmques for detection of genonuc DNA include
Southern hvbridizations. In vivo iechmigues for detection of mRNA include
polvmerase chain reaction (PCR), Northern hybridizations and in siiu hvbridizations.

Furthermore, m vivo techniques for detection of a biomarker protem mclude

- 16 -
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infroducing inio a subject a labeled antibody directed against the protein or fragment
thereot. For example, the antibody can be labeled with a radicactive marker whose

presence and location in a subject can be detected by standard imaging technigues.

A general prninciple of such diagnosiic and prognostic assays mnvolves preparing a
sample or reaction mixture that mav contain a mutant II3H gene, and g probe, under
appropriate conditions and for a time sufficient to allow the mutant 1DH gene and
probe to mnteract and bind, thus fornmung a complex that can be removed and/or
detected m the reaction maxiure. These assays can be conducted i a vanety of wavs.
For example, one method to conduct such an assay would nvolve anchornng the
mutant IDH gene or fragment thereof or probe onto a solid phase support, also
referred {0 as a subsirate, and delecting target IDH gene/probe compiexes anchored on
the sohd phase at the end of the reaction. In one embodiment of such a method, a
samplie from a subject, which 15 1o be assayed for presence of a mutant IDH gene, can
be anchored onto a carner or solid phase support. In another embodiment, the reverse
sifuation 1s possible, i which the probe can be anchored to a sohid phase and a sample

irom a subject can be allowed to react as an unanchored component of the assay.

There are many established methods for anchoring assayv components to a solid phase.
These include, without howtation, mutant IDH gene or fragment thercol or probe
molecules which are immobihized through compugation of biotin and sireptavidin.
Such biotinyiated assay components can be prepared {rom biotin-NHS (N-hvdroxy-
succiminude) using lechnigues known n the art {eg., biohinviation kit, Pierce
Chenucals, Rockford, 111}, and immobilized mn the wells of streptavidin-coated 96
well plates (Pierce Chemical). In certain embodiments, the surfaces with imumobilized
assay components can be prepared in advance and stored. Well-known supports or
carriers include, but are not lumted to, glass, polystyrene, nylon, polypropylene,
nvion, polyvethylene, dexiran, amvlases, natural and modified celluloses.

polvacrylamides, gabbros, and magnetite.

in order to conduct assavs with the above menftioned approaches, the non-
immobilized component i1s added to the solid phase upon which the second
component 1s anchored. After the reaction 1s complete, uncomplexed components may

be removed (e.g., by washing) under conditions such that any complexes formed will

- 17 -
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remain immobilized upon the solid phase. The detection of mutant IBH gene/probe
complexes anchored (o the sohd phase can be accomphished m a nuraber of methods
outlined herein. In one embodiment, the probe, when it 15 the unanchored assay

component, can be labeled tor the purpose of detection and readout of the assay,

(s

either directly or mdirectly, with delectable labels discussed herein and which are
well-known to one skilled m the art. I 1s also possible to directly detect mutant 1DH
cene/probe complex formation without further mamipulation or labeling of either
component {gene or probe), for example by utilizing the technigue of Huorescence
resonance energy fransfer (1.e. FRET, see for example, Lakowicz et al., U.S. Pat. No.
10 35,631,169; Stavnianopoulos, et al., U.S. Pat. No. 4,868,103}, A fluorophore label on
the first, donor molecule 1s selected such that, upon excitation with incident light of
appropriate wavelength, its emutied fluorescent energy will be absorbed by a
fluorescent label on a second acceptor molecuie, which i turn 18 able to Huoresce
due to the absorbed energy. Alternately, the donor proiein molecule may simply
15  utilize the natural Huorescent energy of trvptophan residues. Labels are chosen that
et different wavelengths of hight, such that the acceptor molecule label may be
ditferentiated from that of the donor . Since the efficiency of energy {ransier between
the labels is related o the distance separating the molecules, spatial relationships
between the molecules can be assessed. In a situation m which binding occurs
20 between the molecules, the uorescent enmussion of the accepior molecule label in
the assay should be maximal. A FRET binding event can be converiently measured
through standard fluorometric detection means well known i1n the art {e.g.. using a

fluorimeter).

25 In another embodiment, determination of the abiuy of a probe to recognize a
biomarker can be accomplished without labeling either assay component {probe or
IDH gene} by uliizing a technology such as real-timme Biomolecular Inleraction
Analvsis {(BIA) (see, e.g., Sjolander, 8. and Urbamuczky, €., 1991, Anal. Chem.
63:2338-2345 and Szabo et al., 1995, Curr. Opin. Sruct. Biol. 5:699-705). As used
36 heremn, "BIA" or "surface plasmon resonance” 13 a technology for studving biospecilic
inferactions in real fime, without labehing anyv of the interactants {e.g.. BlAcore).
{Changes in the mass at the binding surface (indicative of a binding event} resulf i

alterations of the refractive index of hght near the surface (the optical phenomenon of

- 1¥ -
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surface plasmon resonance (SPR}), resuliimg in a detectable signal which can be used

as an mdication of real-tirne reactions between biological molecules.

Alternatively, 1n another embodiment, analogous diagnostic and prognostic assays can

(s

be conducted with mutant IDH cene and probe as solutes in a hquid phase. In such an
assay, the complexed biomarker and probe are separated from uncormplexed
components by any of a number of standard techmques, mcluding but not hinuted fo:
differential centrifugation, chromatography, electrophoresis and immunoprecipitation.
in differential cenirifugation, mulant TDH gene/probe complexes may be separaled
10 from uncomplexed assay components through a series of centrifugal steps. due to the
different sedimentation equhibnia of complexes based on their different sizes and
densities (see, for example, Rivas, (¢, and Minton, A. P, 1993, Trends Biochem 5c¢u.
18(8}):284-7}) MNiandard chromatographic techriques may also be utilized o separate
complexed molecules {from uncomplexed ones. For example, gel filfration
15  chromatography separates molecules based on size, and through the utilization of an
appropriate gel filtration resin 1 a column format, for example, the relatively larger
compiex may be separated from the relatively smaller uncomplexed components.
Simlarly, the relatively different charge properties of the mwtani IDH gene/probe
complex as compared to the uncomplexed componenis may be exploited {o
20 differentiate the complex from uncomplexsed components, {or example through the
utilization of 1on-exchange chromatography resins. Such resins and chromatographic
techniques are well known to one skilled in the art {(see, e.g., Heegaard, N. H.. 1998, ]
Mol Recogmi. Winter 11{1-6):141-8; Hage, D. 5., and Tweed, 8. A, J Chromatogr B
Biomed Sc Appl 1997 Oct 10,699(1-2).499-525). Gel electrophoresis mayv also be
25  emploved to separate complexed assay components {rom unbound components {see,
e.g.. Ausubel et al | ed., Current Protocols in Molecular Brology, John Wiley & Sons,
New York, 1987-1999). In thas technique, protein or nucleic acid complexes are
separated based on size or charge, for example. In order fo mamtamn the bmding
inferaction during the electrophoretic process, non-denaturing gel matrix materials
30 and conditions n the absence of reducing agent are typically preferred. Appropriate
conditions to the particular assay and components thereof will be well known {0 one

skilled in the art.
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in a particular embodiment, the level of mutant IDH mRNA can be determined both
by mn sity and by 1 vitro formats m a biological sample using methods known in the
art. The term "biological sample” 15 miended to mcelude tissues, cells, biological Huds

and 1solates thereof, 1solated from a subject, as well as tissues, celis and flinds present

(s

withinn a subject. Many expression detection methods use 1solated RNA. For m viirg
methods, any RNA 1solation technigue that does not select agamst the isolation of
mBRNA can be ufithzed for the purification of RNA from tumor cells (see. eg..
Ausubel et al., ed., Current Protocols m Molecular Biology, John Wiley & Sons, New
York 1987-1999). Additionally, large numbers of Qissue samples can readily be
10 processed using techniques well known to those of skill mn the art, such as, for
example, the single-step RNA isolation process of Chomezynsk (1989, U.Ss. Pat. No.
4,343,155} 'The isolated mRNA can be used in hyvbnidization or amplification assays
that mclude, but are not limted o, Southern or Northern analvses, polvmerase chain
reaction analyses and probe arravs. One particular diagnostic method for the
15  detection of mRNA involves contacting the isolated mRNA with a nucleic acid
molecule (probe) that can hybndize (0 the mRNA encoded by the gene being
detected. The nucleic acid probe can be, for example, a {ull-length cDNA, or a portion
thereof. such as an oligonucieofide of at least 7. 15, 306, 50, 100, 250 or 300
nucleotides 1 length and sullicient to spectfically hybndize under stringent
20 conditions to a mRNA or genomic DNA encoding IDH. Other swtniable probes for use
in the diagnostic assavs of the mvention are described heremn. Hybridization of an
mBNA with the probe mdicates that mutant IDH gene 1s being expressed. In one
format, the mRNA 15 imnobilized on a solid surface and contacted with a probe, for
example by runnng the isolated mRNA on an agarose gel and transferring the mRNA
25  from the gel t0 a membrane, such as nitrocellulose. {n an altemative format, the
probe(s} are tmumobilized on a solid surface and the mRNA s contacted with the
probe(s), for example, 1 an Affyvmetnix gene chip array. A skilled artisan can readily
adapt known mENA detection methods for use m detecting the level of mENA
encoded by IDH gene.
30
An alternative method for detecting mutant IDH mRNA m a sample mvolves the
process of nucieic acid ampliication, e g., by RT-PCR (the expernimental embodiment
set forth n Mulhis, 1987, U.S. Pal. No. 4,683,202}, ligase chain reaction (Barany,
1991, Proc. Natl, Acad. Sci. USA, 88:189-193), seli-sustained seguence rephication

-0 -



CA 03009826 2018-06-26

WO 2017/117372 PCT/US2016/069161

(Guateilt et al., 1990, Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional
amplification system (Kwoh et al., 1989, Proc. Natl. Acad. Sci. USA 86:1173-1177},
(J-Beta Rephicase (Lizardi et al.. 1988, Bio/Technology 6:1197), rolling circle

replication {Lizardt et al., U.S. Pat. No. 5,854,033} or any other nucleic acid

(s

ampiitication method, followed by the detection of the amplified molecules using
techniques well known to those of skill in the art. These defection schemes are
especially usefud for the detection of nucleic acid molecules if such molecules are
present m very low numbers. As used herein, amplilication primers are defined as

:""

being a pawr of nucleic acid molecules that can anneal to 3" or 3" regions of a gene
10 (plus and munus sirands, respectively, or vice~versa) and contain a short region n
between. In general, amplification primers are from about 10 to 30 nucleotides in
length and flank a region from about 50 to 200 nucleotides in length. Under
appropniate  condifions and with appropriale reagents, such primers permat the
amplification of a nucleic acid molecule comprising the nucieoiide sequence flanked

15 by the primers.

For in situ methods, mRNA does not need to be 1solated from the tumor cells prior 1o
detection. In such methods, a cell or tissue sample 15 prepared/processed using Known
histological methods. The sample is then immobilized on a support, tvpically a glass
20 shide, and then contacted with a probe that can hybnidize 1o mRNA that encodes the

biomarker.

in another embodiment of the present mvention, mulant IDH protem 1s detlecied. A
preferred agent for detecting mutant 1DH protemn 1s an antibody capable of binding {o
25 1DH protemn or a fragment thereof, preferablv an antibodv with a detectable label.
Anttbodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or
a fragment or dernivative thereot {e.g., Fab or F(ab'):) can be used. The lerm "labeled”,
with regard {o the probe or anfibody, 1s indended to encompass direct {abeling of the
probe or antibody by coupling {(1.e., physically linking) a detectable substance to the
36 probe or antibody, as well as mdirect fabeling of the probe or anlibody by reactivity
with another reagent that 1s directly labeled Examples of mdirect labeling include
detection of a pnimary antibodyv using a fluorescently labeled secondary antibody and
end-fabeling of a DNA probe with biotin such that it can be detected with

fluorescently labeled sireptavidin,
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Mutant IDH prolem can be 1solaled from tumor cells using technigues that are well
known to those of skili in the art. The protemn isolation methods emploved can, for

example, be such as those descrnibed 1n Harlow and Lane (Harlow and Lane. 1988,

(s

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y.}. A vanety of formats can be emploved {o deternune whether g sample
contains a protein that binds to a given antibody. Examples of such formats inciude.
but are not hmted o, enzyime immunoassay {(EIA), radicimmmmnoassay (RIA},
Wesiern blot analysis and enzyme linked immunosorbent assay (ELINA)Y A skilled
10 artisan can readily adapt known proteivantibody detection methods for use m
determining whether tumor cells express a biomarker of the present invention. In one
formal, antibodies, or antibody {ragments or dernivatives, can be used in methods such
as Western blots or immunofluorescence {echmaues 1o detect the expressed mutant
tDH protein. In such uses, it 15 generally preferable fo immobilize either the antibody
15  or mutant IDH protein on a schid support. Sutiable sohd phase supporis or carners
include any support capable of binding an antigen or an antibody. Well-known
supports or carners include glass, polystyrene, polvpropvlene, polyethylene, dexiran,
nvion, amylases. natural and modified celluloses, polvacrylamides, gabbros, and
magnetite. One skilled in the art will appreciate that there are many other suitable
20 carners for binding antibody or antigen, and will be able to adapt such support for use
with the present mvention. For example, mutant {DH protem 1solated from tumor cells
can be run on a polyacrylanmude gel elecirophoresis and immobilized onto a sohd
phase support such as nifroceliulose. The support can then be washed with suitable
buflers followed by freatment with the detectably labeled antibody. The solid phase
25  support can then be washed with the bufier a second fime to remove unbound
antibody. The amount of bound label on the solid support can then be detected by

conventional means.

For ELINA assays, specific binding pairs can be of the immune or non-immune type.
fmmmune specific binding pairs are exemplified by antigen-antibody svstems or
hapten/anti-hapten svystems. There can be mentioned fluorescein/anti-fluorescein,
dinitrophenvi/anti-dinifrophenyi, biotin/anti-biotin, peplide/anti-peptide and the like.
The antibody member of the specilic binding pair can be produced by customary

methods famliar to those skilled in the art. Such methods mvolve mmmunizing an

7
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animal with the antigen member of the specific binding pair. If the anfigen member of
the specific binding pair 18 not immunogenic, e.g., a hapten, 1t ¢an be covalently
coupled 1o a carner protein {o render i mmmunogenic. Non-imimune binding pairs
inciude sysiems wherein the two components share a natural atfimuty for each other
but are not antibodies. Exemplary non-immune pairs are brotin-streptavidin, mnirinsic

factor-vitamn By, folic acid-folale binding protein and the hike.

A vanety of methods are available to covalently label antibodies with members of
speciiic binding pairs. Methods are selected based upon the nature of the member of
the specific binding pair, the type of Iinkage desired, and the tolerance of the anfibody
to vartous conjugation chemustries. Biotin can be covalenily coupled to antibodies by
utilizing commercially available active derivatives. Some of these are biotin-N-
hydroxy-succinimide which binds to amane groups on protems; biolin hydraznide
which binds to carbohvdraie moielies, aldehydes and carboxyl groups via a
carbodiimide coupling; and biotin maleimide and iodoacetvi biotin which bind to
sulthydryl groups. Fluorescein can be coupled to profein anune groups using
fluorescein isothiocvanate. Dimtrophenvl groups can be coupled o profein amine
oroups using Z.4-dinitrobenzene sulfate or 2.4-dimitrofluorobenzene. {Other standard
methods of conjugation can be employed to couple monocional antibodies {o a
member of a specific binding pair mcluding dialdebyde, carbodumide coupling,
homofunctional crosshinking, and heferobifunctional crosshnking. Carbodunude
couphling 15 an effective method of coupling carboxvl groups on one substance to
amine groups on another. Carbodunude couphng 15 faciitated by using the
commercially  available reagent 1-ethyvl-3-(dimethvi-anunopropyl)-carbodumide

(EDAC)

Homobitunctional  crosshinkers, including the bifunctional  midoesters  and
bifunctional N-hydroxysucciminude esters, are commercially avalable and are
employed for coupling amune groups on one substance to amine groups on another.
Heterobilunctional crosshinkers are reagenis which possess different functional
oroups. The most common commercially available heterobifunctional crosshinkers
have an amine reactive N-hvdroxvsuccininude ester as one functional group. and a
sutthydryvl reactive group as the second {functional group. The most common

sulthydryl reactive groups are maleimades, pyridvl disulfides and active halogens.

- 23 -
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One of the tunctional groups can be a photoactive aryl nifrene, which upon wrradiation

reacts with a vanety of groups.

The deteciably-labeled antibody or detectablyv-labeled member of the specific binding
pair 1s prepared by coupling to a reporter, which can be a radicactive 1sotope, enzyme,
fluorogenic, chemiluminescent or electrochemucal matenals. Two commonly usex

125 iy @ YT . ,
T and "H. Standard radioactive isotopic labeling procedures

radioactive isotopes are
inchude the chioramine T, lactoperoxidase and Bolton-Hunter methods for "I and
reductive methylation for "H.  The term "detectablv-labeled" refers to a molecule
labeled in such a way that it can be readily detecied by the imirinsic enzymatic activity
of the label or by the binding to the label of another component. which can iiself be
readily detected. Enzvmes suitable for use i this invention mclude, but are not
bimited to, horseradish peroxidase, alkaline phosphatase, p-galactosidase, glucose
oxidase, luciierases, mcluding firefly and renilla, B-lactamase, urease, green
fluorescent protein (GKP) and lysozyme. Enzyme labeling i1s facilitated by using
dialdehyde,  carbodnimude  coupling, homobifunctional  crosshinkers and
heterobifunctional crosslinkers as described above for coupling an antibody with a

member of a speciiic binding pair.

The labeling method chosen depends on the functional groups available on the
enzyvme and the material to be labeled. and the tolerance of both to the conjugation
conditions. The labeling method used in the present mvention can be one of, bul not
limied to, any conventional methods currently employved mcluding those described
bv Engvall and Pearlmann., Imwmunochenustry 8, 871 (1971), Avrameas and
Ternvnck, Immunochemistry 8, 1175 (1975), Ishikawa et al, J. Immunoassay
4¢3):209-327 {1983} and Jablonski, Anal. Biochem 148:199 (1985}, Labeling can be
accomplished by mdirect methods such as using spacers or other members of specific
binding pairs. An example of this 15 the detection of a biohinviated antibody with
uniabeled streptavidin and biotinviated enzyme, with streptavidin and biotinylated
enzyme being added either sequenitally or simultaneously. Thus, according {o the

a’

present invention, the antibody used to detect can be detectably-iabeled directly with a
reporter or wmdirectly with a first member of a specific binding pair. When the
antibody 1s coupled to a first member of a spectiic binding pair, then detection is

effected by reacting the antibody-{irst member of a specilic binding complex with the
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second member of the binding pair that 15 iabeled or unlabeled as mentioned above.
Moreover, the unlabeled detector antibody can be detected by reacting the unlabeled
antibody with a labeled antibody specific for the unlabeled antibody. In this instance
“detectablv-labeled” as used above is taken to mean containing an epitope by which
an antibody specitic for the unlabeled antibody can bind. Such an anti-antibody can be
labeled dwrectly or indirectly using any of the approaches discussed above. For
exampie, the anti-antibody can be coupled to biotin which 15 detected by reacting with
the streptavidin-horseradish peroxidase svstem discussed above. In one embodiment
of this mvention biolim 1s utihzed. The biotinylailed antibody 15 in turn reacted with
streptavidin-horseradish  peroxidase complex. Orthophenvienedianune, 4-chloro-
naphthol. tetramethvibenzidine (TMB), ABTS, BTS or ASA can be used {o effect

chromogenic detection.

In one immunoassay format for praciicing this invention, a forward sandwich assay is
used 1 which the capture reagent has been immnobilized, using conveniional
techmqgues, on the surface of a supporl. Suitable supports used n assays include
synthetic  polymer supports, such as polypropvlene, polvstyrene, substituted
polvstyrene, e.g. amunated or carboxviated polvsiyrene, polvacrylamides, polvarmdes,

polvvinyichioride, glass beads, agarose, or mitroceliulose.

in another aspect, the present mvention provides a kif compnsing a reagent for
nmeasuring in a tumor sampie the presence of a mutated IDH gene or protemn, said kit
further comprising instructions for admunisiering a therapeufically effective amount of
an antimetabolite or a DHODH mbubitor. Such kifs can be used to determine if a
subject 1s sutifermng from or i1s at increased risk of developing a tumor that is
susceptible to mhibition by an antimetabolite or a BDHODH mhabitor. For example,
the kit can comprise a labeled compound or agent capable of detecting mutant TDH
protein or nucleic acid m a biological sample {(e.g.. an anfibody which binds the
protein or a fragment thereof, or an oligonucieotide probe which binds to DNA or
mBNA encoding the protein). Kiis can also include mstruchions for mierpreting the
resulis obtamed using the kift.  For antibodv-based kuts, the kit can comprise, for
exampie: {1} a first anfibody {e.g.. aitached o a solid support} which binds to mutant
IDH protein; and, optionally, {2} a second, different antibody which binds to either the

protein or the first anfibody and 15 conjugaled {o a detectable label.

-5 .
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For ohgonucleotide-based kuts, the kit can comprise, for example: (1} an
oligonucieotide, e.g., a detectably labeled oligonucleotide, which hyvbridizes to a

nucleic acid sequence encoding IDH protein or {2} a pair of primers usebul for

(s

amplifying IDH nucleic acid. The kit can also comprise, e.g., a bullering agent, a
preservafive, or g protein stabilizing agent. The kit can further comprise components
necessary {or detecting the detectable label {e.g., an enzvme or a substrate). The kit
can also contain a control sampile or a series of control samples which can be assaved
and compared to the lest sample. Each component of the kit can be enclosed within an
10 mdividual container and all of the vanous containers can be withun a single package,
along with mnstructions for imterprefing the results of the assays performed using the

kit

The present mvention further provides a method for freating tumors in a patient,
15 comprising the steps of diagnosing a patient's likely responsiveness to an
antimetabolite or a DHODH mnhibitor by assessing the IDH status 1.e. whether the
{I3H protein or gene 1s mutated as descrnibed heremn, and adnunistering to said patient
a therapeutically effective amount of an anfimetabolite or a DHODH inhibitor. In this
method one or more additional anti-cancer agenis or treatments can be ¢o-
20 admanustered simultaneously or sequentially with the antumetabolite or DHODH
inhubiior, as judged to be appropnate by the admimstening physician given the
prediction of the likely responsiveness of the patient to a 1DH mhibiior, in

combination with any additional circumstances pertammng to the individual patient,

25 It will be appreciated by one of skill in the medical arts that the exact manner of
adrmunistering to satd patient of a therapeutically effective amount of an antimetabolite
or DHODH mhabitor {ollowing a diagnosis of a patient’s bikely responsiveness 1o an
anfimetabolite or a DHODH mbabitor will be at the discretion of the atiending
phvsician. The mode of admumstration, including dosage, combination with other

30 anbi-cancer agents, timing and frequency of admimstration, and the like, may be
atfected by the diagnosis of a patient’s likely responsiveness {0 an antimetfabolife or a

DHODH miubitor, as well as the patient s condition and history.

-6 -
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in the coniext of the mvention, the antimetabolite or DHODH inhibiior may be
admimsiered m combination with cviotoxic, chemotherapeutic or anli-cancer agents,
including for example: alkvlating agenis or agents with an alkylating action, such as
cvclophosphanude (CTX: eg (CYTOXAN®), chiorambucid (CHL, eg
LEUKERAN®), cisplatin {(CisP; e.g. PLATINOL®) busulfan {(eg. MYLERAN®),

(s

melphalan, carmustine (BCNU), streptozotocin, inethvienemelanune (TEM).
nufomycin €, and the like; anfibiotics, such as actinonwcein . doxorubicin (DXK;
¢.g. ADRIAMYCIN®), daunorubicin (daunomycin}, bleomycin, muthramycin and the
like; alkaloids, such as vinca alkaloids such as vinenstine (VUR), vinblastine, and the
10 like; and other antitumor agents, such as pachitaxel {e.g. TAXOL®) and pachitfaxel
derivatives, the cviostatic agents, glucocorticoids such as dexamethasone (DEX; eg.
DECADRON®) and corticosteroids such as prednisone, nucleoside enzyme inhibitors
such as hvdroxyurea, ammno acid depleting enzymes such as asparaginase, leucovorin
and other folic acid derivatives, and simular, diverse antitumor agents. The following
15 agents may also be used as additional agents: armfostine {(e.g. ETHYQOL®),
dactinomycin, mechiorethamine (mitrogen mustard), streptozocin, cyclophosphamde,
lomustine (CCNU), doxorubicin lipo (e.g. DOXILR®R), gemcitabine {e.g. GEMZAR®),
daunorubicin ipo {e.g. DAUNOXOME®), procarbazing, nufomycin, docetaxel (e.g.
TAXOTERE®}, aldesieukin, carboplatin, oxaliplatin, cladnbine, camptothecin, CPT
20 11 (rinotecan), 10-hvdroxy 7-ethvi-campiothecin (SN3R8), lloxundine, fludarabime,
ifosfamide, idarubicin, mesna, nierferon beta, interferon alpha, nutoxanirone,
topotecan, leuprohide, megestrol, meiphalan, mercaptopurine, plicanwcin, mitotane,
pegaspargase, pentostatin,  pipobroman, plicamycin,  tamoxifen, teruposide,

testolactone, thioguanine, thiotepa, uracl mustard, vinorelbine, chlorambuacil.

The present invention further provides the preceding methods for freating fumors i a
patient, compnsing admustering to the palient a therapeulically effective amount of
an antimetabolite or a DHODH mhibitor and n addition, ssmulianeously or
sequentially, one or more anti-hormonal agents. As used herein, the ferm "anti-
30 hormonal agent” mcludes natural or synthetic orgamc or peptidic compounds that act
to regulate or mhubit hormone action on fumors.  Antihormonal agents include, for
exampie: steroid recepior antagonisis, anii-esfrogens such as tamoxifen, raloxifene,
aromatase  inhibiting  4(5)1mdazoles, other aromatase inhibiiors,  42-

hydroxytamoxifen, tnoxifene, keoxafene, LY 117018, onapnistone, and toremifene

-7 .
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(e.o. FARESTON®), anii-androgens such as flutamude, milutamide, bicalutamde,
leuprolide, and goserelin; and pharmaceutically acceplable salis, acids or denvatives
of any of the above; agonisis and/or antagonisis of glycoprotein hormones such as

foliicle stimulating hormone {FSH} thyroid stimulating hormone (TSH) and

(s

lutemizing hormone (LH) and LHRH (leuteinizing hormone-releasing hormone}; the

LHRH agonist goserehn  acetate, comumercially  availlable as ZOLADEX®

(AstraZeneca), the LHRH antagonist D-alaninamude N-acetvi-3-{2-naphthalenvi}-D-

alanyi-4-chloro-D-phenvlalanyl-3-(3-pyridinyl}-D-alanvi-L-servi-N6-(3-

pvridinvicarbonyi}-L-lysvi-N6-3-pyndinvicarbonvi}-D-lvsyvi-L-leucvi-N6~( 1 -

10 methyvlethvi)-L-lysyl -L-proline (e.g ANTIDE®, Ares-Serono); the LHRH antagonst
canirelix acelate; the sieroidal anfi-androgens cyproierone acefaie (CPA) and
megesirol acetate, commercially available as MEGACE® (Brstol-Myers Oncology ),
the nonstleroidal anti-androgen flutanude (Z-methyvi-N-{4, 20-nitro-3-(influoromethyl)
phenvipropananude), commercially available as EULEXIN® {Schering Corp.}, the

15 non-steroidal anti-androgen niutamude, (5.5-dimethyi-3-{4-mitro-3-(trifluoromethyi-

4 -mitrophenyl -4, 4-dimethyi-inndazolidineg~dioneg);, and  antagomsts for other non-

pernussive receptors, such as antagonisis for RAR, RXK, TR, VDR, and the like

The use of the cvtoloxic and other anticancer agents described above in
20 chemotherapeuiic regumens 15 generally well charactenized 1n the cancer therapy arts,
and their use heremn {alls under the same considerations for momtormg {olerance and
effectiveness and for controlling admamisiration roufes and dosages. with some
adjustments. For example, the actual dosages of the cviotoxic agents may vary
depending upon the patient's cultured cell response deternuned by using histoculiure
25  methods. Generally. the dosage will be reduced compared to the amount used in the
absence of additional other agents. Typical dosages of an effective cvioloxic agent
can be n the ranges recommended by the manulacturer, and where mdicated by in
viiro responses or responses in arumal models, can be reduced by up to about one
order of magnitude conceniration or amount. Thus, the actual dosage will depend
30 upon the judgment of the physician, the condition of the patient, and the elfectiveness
of the therapeutic method based on the in vifro responsiveness of the primary culfured
malignant celis or histoculiured tissue sampie., or the responses observed m the

appropriate antmal models.
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The present imnvention further provides the preceding methods {or treating tumors or
tumor metastases . a pattent, comprising  adnunstering o the patient a
therapeutically effective amount of an aniimetabolite or a DHODH mhibitor and n

addition, simultaneously or sequentially, one or more angiogenesis inhibifors. Anti-

(s

angiogenic agents include, for example: VEGEFR mhubitors, such as SU-5416 and SU-
66GR (Sugen Inc. of South San Francisco, Cahit, USA), or as descnibed n., for
exampie International Application Nos. WO 99/24440, W 99/62890, WO 95/2161 3,
WO 99/61422, WO 98/50336, WO 99/10349, W 97/32856, W 97/22596, W0
G3/54003, WO 98/02438, WO 99/16755, and WO 98/02437, and U.§. Patent Nos.
10 5,883,113, 5,886,020, 5,792,783, 5.834,504 and 6.235,764; VEGF miabitors such as
IM362 {(Cytran Inc. of Kurkland, Wash., USA}, angiozyme, a syntheiic ribozvme from
Ribozyme (Boulder, Colo.) and Chiron {(Emervville, Calif }; and antibodies to VEGF,
such as bevacizumab {(c.g. AVASTINT (enentech, South San Francisco, CA), a
recombinant humanized antibody to VEGF,; integrin recepior antagonists and mmtegrin
15  anifagonists, such as to o aods and oPs integrins, and subtypes thereof, e.g
ciengitide (EMD 121974}, or the anti-~integrin anttbodies, such as {or example o,b3
specific humanized anfibodies {e.g. VITAXIN®R):, factors such as IFN-alpha (U.S.
Patent Nos. 41530901, 4,503,035, and 5,231,176}, angiostatin and plasminogen
fragments {(e.g. kringle 1-4, kringle 5, kringle 1-3 (O'Reilly, M. §. et al. {1994} Celi
20 79:315-328; Cao et al. (1996} J. Biol, Chem. 271: 29461-29467; Cao et al. (1997} 1
Biol. Chem. 272:22924-22928), endostatin (O'Reilly, M. S et al. (1997 Cell 88:277:
and International Patent Publication No. WO 97/15666); thrombospondin {(TSP-1;
Frazier, (1991) Curr. Opin. Cell Biol. 3:792); platelet {actor 4 (PF4); plasminogen
acfivator/urokinase mhibifors; urokinase recepior antagonusts; heparinases:; fumagithn
25  analogs such as TINP-4701; suranun and suramun analogs; angiostatic steroids; bFGE
antagonists; fik-1 and {it-1 antagonists; anii-angiogenesis agents such as MMP-2
(matre-metalloproteinase 2} wnhibiors and MMP-9 (matrix-metalloprotenase 9)
inhubifors. Examples of useful matnix metalloproteinase mhabitors are described n
international Patent Publication Nos. WO 96/33172, WO 96/27583, W 98/07697,
36 WO 98/03516, WO 98/34918, WO 98/34915, WO 98/33768, WO 98/30566, W0
QO/05719, WO 99/52910, WO 99/52889, WO 99/29667, and WO 99/076735, European
Patent Publication Nos. 818,442, 780.386, 1,004 578, 606,046, and 931,788: Great
Britam Patent Publication No. 9912961, and U.S. patent Nos. 5,863,949 and
5,861,510, Prefterred MMP-2 and MMP-9 mhibitors are those that have hittle or no
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activity mhibiting MMP-1. More preterred, are those that selectively inhibit MMP-2
and/or MMP-9 relative to the other matnix-melalloprotemnases {1.e. MMP-1, MMP-3,
MMP-4, MMP-5, MMP-6, MMP-7, MMP-§, MMP-10, MMP-11, MMP-12, and
MMP-13}.

(s

The present mmvention further provides the preceding methods for treating fumors 1o a
patient, comprising administering to the patient a therapeutically effective amount of
an anfimetabolite or a DHODH mhibitor and mm addition, simulianecusiy or
sequentially, ong or more tumor cell pro-apoptotic or apopiosis-siimulaling  agents.
10 The present mmvention further provides the preceding methods for freating tumors 1 a
patient, comprising adnunistering to the pafient a therapeuiically effective amount of
an antimetabohte or a DHODH nhibitor and wm addition, ssmuliangously or
sequentially, one or more signal iransduchion mhibitors.  Signal transduction
inhibitors mclude, for examplie: erbB2 recepior mnfubitors, such as organic molecules.
15  or antibodies that bind to the erbB2Z receptor, for example {trastuzumab {(eg
HERCEPTIN®), mhibitors of other protein tyvrosine-kinases, e.g. wmlimb {(eg.
GLEEVEC®); ras mlubttors; raf mhibitors {eg. BAY 43-9006, Onvx
Pharmaceuficals/Baver Pharmaceuficals), MEK mhibitors; miTOR inhubitors; cychin
dependent kinase mubitors; protein kinase € mhubitors; and PDK-1 mhibiiors (see
20 DPancev, I and Sausville, E.A. (2003} Nature Rev. Drug Discovery 2:92-313, for a
description of several examples of such mhibitors, and their use in climical tnals for
the treatment of cancer} ErbB2 receptor mhibitors include, for example: ErbB2
receptor wmhubtiors, such as GW-282974 {(Glaxo Wellcome plc), monoclonal
antibodies such as AR-20Y {(Aronex Pharmaceuticals Inc. of The Woodlands, Tex .
25  USA) and 2B-1 (Chiron), and erbB2 inhibitors such as those described in
International Publication Nos. WO 98/02434, WO 99/35146, WO 99/35132, WO
OR/02437, WO 97/13760, and WO 95/19970, and U.S. Patenl Nos. 5,387,458,
5,877,305, 6,465,449 and 6,541,481

30 The present invention further provides the preceding methods for treating tumors in a
patient, comprising admunistering to the patient a therapeutically eiffective amount of
an antimetabolite or a DHODH inlubitor and mn addition, simulianeously or
sequentially, one or more additional anti-proliferative agents. Additional

antiprolferative agents mmclude, for example: Inhlubitors of the enzvme farnesyl
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protein transierase and mmhibitors of the receptor tvrosine kinase PDGER, mcluding
the compounds disclosed and claimed m US. patent Nos. 6,080,769, 6,194,438,
6,258 824, 6,586,447, 6,071,935, 6,495,564, 6,150,377, 6,596,735 and 6,479,513, and
international Patent Publication WO 01/40217.

(s

The present invention further provides the preceding methods for freating fumors 1 a
patient, comprising administering to the patient a therapeutically effective amount of
an antimetabolite or DHODH mhibitor and i addition, simudtaneously or
sequentially, treatment with radiation or a radiopharmaceufical.  The source of
10 radiation can be either exiemnal or mitemal {o the patient being treated. When the
source 1s external {o the patient, the therapy is known as external beam radiation
therapy (EBRT) When the source of radiation 1s miernal (o the patient, the treatment
15 called brachytherapy (BT). Radiocactive atoms for use i the contexti of thus
mvention can be selected from the group mchluding, but not linuted fo, radium,
15  cesium-137, mdium-192, amernictum-241,  e0ld-198, cobalt-37, copper-67,
technetium-99, 1odine~-123, iodine-131, and mmdium-1 1 1. Where the DHODH mhubitor
according o this invention 1s an antibody, it 15 also possible o 1abel the antibody with
such radicactive isoiopes. Radiation therapy i1s a standard treatment for conifrolling
unresectable or moperable tumors and/or tumor metastases. Improved resulis have
20 been seen when radiation therapy has been combined with chemotherapy. Radiation
therapy 15 based on the principle that high-dose radiation delivered to a target area
wili result 1in the death of reproductive cells in both tumor and normal tissues. The
radiation dosage regimen 18 generally delined m terms of radiation absorbed dose
(Gy), time and fractionation, and must be carefullv defined by the oncologist. The
25  amount of radiation a patient receives will depend on various considerations, but the
two most important are the location of the tumor m relation to other critical structures
or organs of the body, and the exient to which the tumor has spread. A typical course
of freatment for a patient undergoing radiation therapy will be a {freatment schedule
over a 1 10 6 week period, with a total dose of between 10 and 80 Gy adminisiered to
30 the patient m a smgle dady fraction of about 1.8 to 2.0 Gy, 5 days a week. In a
preferred embodiment of this mmvention there 1s svnergy when tumors i human
patients are {reaied with the combmnation freatment of the mvention and radiation. In
other words, the mhibition of tumor growth by means of the agents comprising the

cornbination of the mvention 1s enhanced when combined with radiation, optionally

- 31 -



CA 03009826 2018-06-26

WO 2017/117372 PCT/US2016/069161

with additional chemotherapeutic or anticancer agents. Parameters of adjuvant
radiation therapies are, for example, contamned m International Patent Publication WO

QQ/60023.

(s

The present mnvention further provides the preceding methods for treating tumors or
tumor metastases mn a patient, comprising admimstering {0 the patient a
therapeutically effective amount of an antimetabolite or DHODH imnhibitor and in
addition, simutaneously or sequentially, treatment with one or more agents capable of
enhancing antitumor nimune responses.  Agenis capable of enhancing antitumor
10 mmmumne responses mclude, for example: CTLA4 (cviotoxac lymphocyte antigen 4}
antibodies {e.g. MDX-CTLA4), and other agents capable of blocking CTLA4
specific CTLA4 antibodies that can be used in the present mmvention include those

described in U.S. Patent No. 6,682,736,

15  As used heremn, the term "patient” preferably refers {0 a hurman in need of treatment
with an antimetabolite or a DHODH mhabiior {or any purpose, and more prelerably a
human in need of such a treatment o {reat cancer, or a precancerous condifion or
lesion. However, the term "patient” can aiso refer {0 non-human ammals, preferably
mammals such as dogs, cats, horses, cows, pigs, sheep and non-human primates,

20 among others, that are m need of i{reatment with an antimetabolite or a DHODH

inhibitor.

The antimnetabohie or DHODH mbubitor will typically be admunistered to the patient
in a dose regimen that provides for the most effective freatment of the cancer (from
25  both efficacy and safety perspectives) for which the patient 1s bemg treated, as known
in the art. In conducting the treatment method of the present mvention, the
antimelabolite or DHODH inhibuior can be adoumstered m any effective manner
known 1n the art, such as by oral, topical, intravenous, infra-peritoneal, mntramuscular,
infra-articular, subcutaneous, intranasal, intra-ocular, vaginal, rectal, or miradermal
30 routes, depending upon the type of cancer being treated, the type of DHODH mnbitor
being used {(for example, small molecule, antibodv, RNA1, ribozyme or anfisense
construct), and the medical judgment of the prescribing physician as based, e.g., on

the resulis of published chinical studies.
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The amount of antimetabolite or DHODH mhibitor administered and the timing of
admimsiration will depend on the type (species, gender, age, weight, etc.) and
condifion of the pahient being treated, the sevenity of the disease or condition being

ireated, and on the route of adnunistration. For example, antimetabolites or small

(s

molecule DHODH mhubstors can be admunistered to a patient in doses ranging from
0.001 to 100 mg/kg of body weight per day or per week in single or divided doses, or
bv continuous mmfusion. Antibody-based DHODH miubitors, or antisense, RNAi1 or
rnbozyme constructs, can be adminstered to a patient in doses ranging from 0.1 to 100
mg/kg of body weight per dayv or per week mn single or divided doses, or by
10 continuous miusion. In some mstances. dosage levels below the lower limit of the
atoresaid range may be more than adequale, while i other cases still larger doses may
be emploved without causing any harmful side effect, provided that such larger doses

are first divided into several small doses for admunisiration throughout the day.

15 The antimetabolite or DHODH mhibitor can be admunistered with varous
pharmaceutically acceptable mert carners m the form of fableis, capsules, lozenges,
troches, hard candies, powders, sprays, creams, salves, supposifories, jelhies, gels,
pastes, iotions, omntments, elixirs, syrups, and the like. Adminsiration of such dosage
forms can be carmed out 1 single or multipie doses. Carriers include solid diluenis or

20 Gillers, steride aqueous mwedia and varous non-toxac orgamc solvents, eic. Oral
pharmaceutical compositions can be suitably sweetened and/or flavored. The active
acent can be combined together with varnious pharmaceutically acceptable inert
carniers in the form of sprays, creams, salves, suppositories, jelhies, gels, pasies,
lotions, omiments. and the like. Adnunistration of such dosage forms can be carried

25 out i single or mudtiple doses. (arriers include sohid diluents or fillers. sterile
aqueous media, and various non-foxic organic solvents, etc. All formulations
corprising protemaceocus active agent should be selecled so as o avord denaturation

and/or degradation and loss of bioclogical activity of the active agent.

30 Methods of prepanng pharmaceutical compositions are known wn the art, and for
example are descnibed, 1m Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pa., 18" edition {1990). For oral adnunistration, tablets
containing one or both of the active agenis are combined with any of various

excipienis such as, for example, mucro-crystalline cellulose, sodium citrale, calcium
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carbonate, dicalcium phosphate and glvcme, along with various disintegrants such as
starch {and preferably corn, polato or tapioca starch), alginic acid and certam complex
silicates, together with granulation binders like polvvinyl pyrrohidone, sucrose, gelatin
and acacia. Additionally, lubricating agents such as magnesium siearate, sodium
lauryi sulfate and talc are often very usetul for tableting purposes. Solid compositions
of a similar tvpe may also be employved as fillers in gelatin capsules; preferred
materials i this connection also include lactose or nuik sugar as well as high
moiecular weight polyethviene elvcols. When agueous suspensions and/or elixirs are
destred for oral admiustration, the nhibitor may be combined with vanous
sweetening or flavoring agents, colorning matier or dves, and, if so desired,
emuisifving and/or suspending agenis as well, together with such diluenis as water,
ethanol, propvlene glvcol, givcerin and various like combinations thereof.  For
parenieral admanistration of either or both of the active agents, solulions in either
sesame or peanul oHl Or m agueous propviene giveol may be employed, as well as
stertie agueous solutions comprising the active agent or a corresponding water-soluble
satt thereol. Such stenle aqueous solufions are prelerably suitably buffered, and are
also prelferably rendered isotomic, e.g., with suthicient saline or glucose. These
particular aqueous soluiions are especially suttable for intravenous. mtranmuscular,
subcutaneous and intraperifoneal mnjection purposes. The oily solufions are suitable
for wmira~-articular, intramuscular and  subculancous jection purposes. The
preparation of all these solutions under sterile condifions 15 readily accomplished by
standard pharmaceutical techniques well known 1o those skilled in the art. Any
parenteral formulation selected for adminustration of protemnaceous mhbitors should

be selected so as to avoid denaturation and loss of bological activity of the inhibitor.

Additionally, 1t 1s possible to topically admunister either or both of the active agents,
by way of, for example, creams, lofions, jellies, gels, pastes, omntments, salves and the
like, in accordance with standard pharmaceutical practice. For example, a fopical
formulation comprising a DHODH mbhubitor m about 0.1% {w/v) to about 5% (w/v)

concentration can be prepared.

For vetermary purposes., the active agents can be adminisiered separately or together
{o animals using anv of the forms and by any of the routes described above. In a

preferred embodiment, the mbubitor 1s admunisiered m the form of a capsule, bolus,
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tablet, iguid drench, by imjection or as an implant. As an alternative, the inhibitor can
be admunisiered with the animal feedstull, and tor this purpose a concentrated feed
additive or premix may be prepared for a normal amumal feed. Such {ormulations are

prepared in a conveniional manner 1 accordance with standard veterinary practice.

(s

Techmigues for the production and isolation of monoclonal antibodies and antibody
tragments are well-known 1n the art, and are described m Harlow and Lane, 1988,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, and in J. W,
Goding, 1986, Monoclonal Antibodies: Principles and Praclice, Academuc Press,
10 London. Humanized anti-DHODH antibodies and antibody {ragmenis can also be
prepared according to known techniques such as those described m Vaughn, T. §. et
al., 1998, Nature Biotech. 16:535-539 and references cited theremn, and such

anfibodies or fragmenis thereol are also useful mm practicing the present mveniion.

15 DHODH minhibitors for use i the present invention can aliernatively be based on
antisense oligonucleotide constructs. Anfi-sense oligonucieotides, mcluding anti-sense
RNA molecules and anti-sense DNA molecules, would act to directly block the
fransiation of DHODH mBNA bv binding thereto and thus preventing profein
translation or increasing mRNA degradation, thus decreasing the level DHODH
20 protemn, and thus activity, m a cell. For example, antisense ohigonucleotides of at least
about 15 bases and complementarv to umique regions of the mRNA f{ranscripi
sequence encoding DHODH can be syvnthesized, e.g., by conventional phosphodiester
techmqgues and admmmstered by e.g., miravenous mjechion or miusion. Methods for
using anfisense techniques for specifically mhibiting gene expression of genes whose
25  sequence i1s known are well known in the art {e.g. see U.5. Patent Nos. 6,566,133;

6.566.131: 6.365.354: 6.410.323: 6.107.091: 6.046.321: and 5,981.732).

Small mhibitory RNAs (siRNAs) can also function as mhibitors for use in the present
invention. DHODH gene expression can be reduced by contacting the tumor, subject
30 or cell with a small double stranded RNA (dsRNA}, or g vector or construct causing
the production of a small double siranded RNA, such that expression of DHODH 15
specifically mhibited (1.e. RNA mnierference or RNA1). Methods for selecting an
appropriate dsRNA or dsRNA-encoding vector are well known in the art for genes

whose sequence 15 known {e.g. see Tuschy, T., et al. {1999} Genes Dev. 13(24).3191-
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3197; Elbashir, S. M. et al. {2001} Nature 411:494-498; Hannon, (3.J. (2002) Nature
418:244-251, McManus, M.T. and Sharp, P. A (2002) Nature Reviews Genelics
3:737-747; Bremmelkamp., T.R. et al. (2002) Science 296:550-553; U.S. Patent Nos.
6,573 099 and 6.506.559; and International Patent Publication Nos. WO 01/36646,
WO 99/32619, and WO 01/68836).

(s

Ribozyvmes can also function as DHODH mbabitors for use in the present invention.
Ribozyvmes are enzymatic RNA molecules capable of catalyzing the specific cleavage
of RNA. The mechanism of nibozyme action involives sequence specific hybridization
10 of the nbozyme molecule to complementary target RNA, followed by endonucleolviic
cleavage. Engineered hairpin or hammerhead motif ribozvme molecules that
specifically and etficiently catalyze endonucleolytic cleavage of mRNA sequences are
thereby uselul within the scope of the present mvenlion. Specific ribozyme cleavage
sites within any potential RNA target are mitially idenfified by scanning the target
15  molecule for ribozvme cleavage sites, which typically include the following
sequences, GUA, GUUL and GUC. Once identihied, short RNA seguences of belween
about 15 and 20 nibonucleotides corresponding o the region of the tfarget gene
contaming the cleavage site can be evaluated for predicted structural features, such as
secondary structure, that can render the oligonucleotide seguence unsuitable. The
20 swtabihiy of candidate targels can also be evaluated by testing their accessibility {0
hvbridization with complementary ohigonucleotides, using., e.g.. ribonuclease

proteciion assayes.

25  Both antisense oligonucieotides and ribozvmes useful as mhibitors can be prepared by
known methods. These mclude techmigues for chemucal svnthesis such as, e.g., by
solid phase phosphoramadite chemical synthesis. Aliernatively, anfi-sense RNA
molecules can be generated by in vitro or m vivo transcnption of DNA sequences
encoding the RNA molecule. Such DNA sequences can be incorporated mto a wide

30 vanely of veclors that incorporate sutlable RN A polvmerase promoters such as the T7
or SP6 polymerase promoters. Vanous modifications to the ohigonucleotides of the
imvention can be mtroduced as a means of increasing iniracellular stability and half-
life. Possible modifications include but are not limiled to the addition of flanking

sequences of rnbonucleotides or deoxyribonucleotides to the 5" and/or 3" ends of the
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molecule, or the wuse of phosphorothioate or 2-O-methyl rather than

phosphodiesierase inkages within the oligonucleotide backbone.

The term “pharmaceutically acceptable salis” refers to salis prepared from

(s

pharmaceutically acceptable non-toxic bases or acids. When the aclive agent is
acidic, s corresponding salt can be convenently prepared from pharmaceutically
acceptable non-toxic bases, mcluding inorganic bases and organic bases. Salis
derived from such norganic bases mnciude alumimum, ammonium, calcium, copper
{cupric and cuprous), ferric, ferrous, hithium, magnesium, manganese {mangamc and
10 manganous). potassium, sodium, zinc and the like salts. Particularly preferred are the
ammoniuny, caicium, magnesium, potassium and sodium salts.  Saits denived from
pharmaceutically  accepiable organic non-ioxic bases include salts of prnimary,
secondary, and fertiary amunes, as well as cyclic amines and substifuled amines such
as naturally occwrring and synthesized substituted anunes. Other pharmaceutically
15  accepiable organic non-ioxic bases from which salts can be formed include ion
exchange resins such as, for example, argining, betame, calfemne, choling, N N’-
dibenzvlethvienedianune, diethyiamine, 2-diethviaminoethanol, 2~
dimethylanunoethanol, ethanolamine, ethyienediamine, N-ethvimorphohne, N-
ethyipipertdine, glucamine, glucosamine, histiding, hydrabamine, 1sopropylamine,
20 dysine, methyiglucamune, morphohine, piperazine, piperidine, polyamine resins,
procaine, purnnes, theobromine., trnethylameine, {rimethylamine, {rpropviamine,

tromethanune and the like.

When the active agent used 1n the present invention is basic, 1is corresponding salt can
25  be conveniently prepared {rom pharmaceutically acceptable non-foxac acids, inciuding
inorganic  and organic  acids. Such  acitds  include, for  example,  acetic,
benzenesulionic, benzoie, camphorsulionic, ciine, ethanesulfome, fumaric, gluconic,
glutanuc, hydrobromuc, hvdrochlornic, 1sethiomic, lachic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric,
30 tartaric, p-toluenesulfomce acid and the hke.  Particularly preferred are citnc,

€/

hvdrobronuc, hydrochloric, maleic, phosphoric, sulfuric and tartanc acids.

Pharmaceutical compositions used in the present mveniion comprising the active

imgredient, can include a pharmaceutically acceptable carner and optionally other
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therapeutic hgredients or adjuvants. Other therapeulic agents may include those
cyiotoxic, chemotherapeulic or anti-cancer agents, or agents which enhance the
etfects of such agents, as listed above. The compositions mciude compositions

switable for oral, rectal, topical, and parenteral (ncluding subcutaneous,

(s

intramuscudar, and intravenous}) adnunistration, although the most suttable route m
any given case will depend on the particular host, and nature and sevenity of the
conditions for which the active mgredient 1s being adnmunistered. The pharmaceutical
compositions may be conveniently presented in unmit dosage form and prepared by any
of the methods well known i the art of pharmacy .
10
fn practice, the active agent of the mvention can be combined as the aclive mgredient
in wmtimate admuxture with a pharmaceutical carrier according o conventional
pharmaceutical compounding techmaques. The carnier may lake a wide vanety of
torms depending on the form of preparation deswred for administraiion, e.g. oral or
15  parenteral {including mitravenous). Thus, the pharmaceufical compositions of the
present mvention can be presenied as discrete units suitable for oral admunistraiion
such as capsules, cachets or tablets each containing a predeternuned amount of the
active ingredient. Further, the compositions can be presented as a powder, as
cranules, as a solution, as a suspension inh an aqueous hguid, as a non-agueous hquid,
20 as an oll-me-water emulsion, or as a water-in~oll ligqund enmidsion. In addition to the
cornmon dosage forms set out above, the active agent (ncluding pharmaceutically
accepiable salts of each component thereoi) may also be adnunistered by confrolied
release means and/or delivery devices. The combmation compositions may be
prepared by any of the methods of pharmacy. In general, such methods mnclude a siep
25  of bringing into association the active mgredients with the carrier that constitutes one
orF more necessary ngredients. In general, the compositions are prepared by
uniformly and mittmately admuixing the active mgredient with ligund carriers or finely
divided sohd carriers or both. The product can then be conveniently shaped mnto the
desired presentation.
30
The active agent (ncluding pharmaceufically acceptable salts thereof) used m this
imvention, can also be mciuded in pharmaceufical composiiions in combmation with
one or more other therapeutically active compounds. Gther therapeutically active

compounds may mclude those cyiotoxic, chemotherapeutic or anti-cancer agents, or
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agents which enhance the effecis of such agents, as histed above. Thus in oneg
embodiment of this mvention, the pharmaceutical composition can comprise an
antimetabolite or a DHODH mbubitor in combmation with an anticancer agent,

wherein said anii-cancer agent i1s a member selected from the group consisting of

(s

alkvlating drugs, microtubule nhibitors, podophvliotoxing, antibiotics, mitrosoureas,
hormone therapies, kinase mhibitors, activators of tumor cell apoptosis, and
anfiangiogenic agents. The pharmaceuiical carrier emploved can be, for example, a
solid, liquid, or gas. Examples of solid carners include lactose, terra alba, sucrose,
tale, gelatin, agar, pectin, acacia, magnesium stearate, and stearic acid. Examples of
10 higud carners are sugar syrup. peanut oil, olive oil, and water. Examples of gaseous
carriers melude carbon dioxide and nitrogen. In preparing the compositions for oral
dosage form, anv convenient pharmaceuiical media may be empioyed. For example,
water, glycols, oils, alcohols, flavoring agents, preservatives, colorimg agents, and the
like mav be used o form oral liqund preparations such as suspensions, elixirs and
15  solutions; while carriers such as starches, sugars, mucrocrystaiiine celiulose, diluents,
granulaling agents, lubncants, binders, disimntegrating agents, and the like may be used
to form oral solid preparations such as powders, capsules and tablets. Because of
their ease of adminstrafion, tablels and capsules are the preferred oral dosage uniis
whereby solid pharmaceutical carmers are emploved. Optionally, tablets may be
20 coated by standard aqueocus or nonagqueocus iechmigues. A tablet contamng the
composttion used for this mveniion mav be prepared by compression or molding,
optionaily with one or more accessorv mgredienis or adjuvants. Compressed fableis
may be prepared by compressing, i a suitable machine, the aclive mgredient n a
free-flowing form such as powder or granuies, optionally mixed with a binder,
25  lubrnicant, mert diluent, surface active or dispersing ageni. Maolded {ablets may be
made by molding in a swuiable machine, a muxture of the powdered compound
moistened with an mert igquwd diduent. Each tablet preferably contamng from about
0.05mg to abouf 5g of the active mgredient and each cachet or capsule preferably
contains from about 0.053mg to about 5g of the active mgredient. For example, a
30 formulation intended for the oral admunistration to humans may contam from about
0.5mg to about 5g of active agent, compounded with an appropnate and convenment
amount of carrier material that may vary {from about 5 to about 95 percent of the total

composttion. Unit dosage forms will generally contain between from about Img {o
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about 2g of the active mgredient, tvpically 25mge, 30mg, 100me, 200mg, 300me,

400mg, 500mg, 600mg, sU0mg, or 1000mg,

Pharmaceufical composifions used mm the present mventon suilable for parenteral

(s

admuinistration may be prepared as solutions or suspensions of the active compounds
in  water. A suitable surfactant can be mcluded such as, for example,
hvdroxypropyicellulose.  Dispersions can also be prepared in giyecerol, hqud
polvethyiene glveols, and muxtures thereol m ouls. Further, a preservative can be
included 1o prevent the deitrimental growth of mucroorganisms. Pharmaceuiical
10 compositions used in the present mvention suitable for mjectable use mclude sterile
aqueous solutions or dispersions. Furthermore, the compositions can be in the form
of stenile powders for the extemporaneous preparation of such stenle injectable
soluttons or dispersions. In all cases, the final myectable form must be stende and
nwst be effectively fluid for easy svnngability. The pharmaceutical composifions
15  must be stable under the conditions of manufacture and storage,; thus, preferably
should be preserved agamnst the contamunating action of mucroorganisms such as
bacteria and fungi. The carmrier can be a solvent or dispersion medium containung, for
example, water, ethanol. polvol {e.g. glycerol, propylene glycol and hiqud
polvethyiene glycol), vegetable oils, and swuitable muxtures thereol. Pharmaceutical
20 compostiions for the present inveniion can be m a form suiable for {opical sue such
as, for example, an aerosol. cream, omtment, lofion, dusting powder, or the like.
Further, the compositions can be m a form suitable for use in fransdermal devices.
These formulations way be prepared, utilizing an antimetabolite or a DHODH
inhibifor (ncluding pharmaceutically acceptable salts thereof), via convenfional
25  processing methods. As an example, a cream or omntment is prepared by admixing
hydrophilic malerial and water, together with about Swi% to about 10wt% of the

compound, to produce a cream or oiniment having a desired cousistency.

Pharmaceutical compostiions for this mvention can be in a form suitable for rectal
30 adoumstration wherein the carrier 15 a solid. I 13 preferable that the nuxture forms
unil dose suppositories. Suitable carriers include cocoa bulter and other materials
commonly used in the art. The supposttories mav be conveniently formed bv first
admixing the composition with the softened or melted carrier{s) followed by chilling

and shaping mn molds. In addition (o the alorementioned carrier ingredients, the
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pharmaceutical formulations descrnibed above may inciude, as appropriate, one or
more additional camer mgredients such as diluents, butters, Havoring agents, binders,
surface-active agents, thickeners, lubricants, preservatives (ncluding anti-oxidanis)
and the hke. Furthermore, other adjuvanis can be included o render the formulation
isotonic with the blood of the intended recipient. {omposifions contamung an
anfumnetabolite or a DHODH mhabitor (ncluding pharmaceutically acceptable salis

thereot) may also be prepared in powder or liguid concentrate form

LXAMPLES

This mvention will be better understood from the Exarmples that follow. However, one
skilied in the art will readily appreciate that the specilic methods and results discussed
are merely ilustrative of the mvenfion as described more fully in the claims which

foliow thereafter, and are not to be considered in any way limiied thereto.

Profiferation Assay of wild type and mutant FDH cell ines

TFI-pLVX (wildtypey cells were pLVX plated at 20k/mi, 90ul/well while
TEURIZZHZT (miDH1) and TFI/RI400Q1T (mlDH2) cells were plated at 30k/mi,
S0ul/well m RPMIL, 10%FBS. G418 and GM-CSF. Test compound was added on day
O and Celi'titer-Glo® assay {Promega) was pertormed on day 3/4 and 7. Medium was
not changed during 7-day culture. Brequnar mhibited RI32H IDHI and R140Q
{13H2 mutant cell ines with {Csy of 1.3uM and 1.6uM respectively.

To demonstrate brequinar’s effect was on target, uridine and orotate were added
separaiely to cell culture medium  at 5 concentrations: O, 3, 40, 200 and 10600uM -+/-
single dose of Brequinar (ZuM., ~ 1090 @ day 7). Data was expressed as ATP fold-
change: day 3 over day 0. Figures ZA iilusirates that the drop in metabolic activity 1n
rdDHL (73%) and mIDH2 (529%) was rescued by unidine at concentration of S8uM.
Figures 2B illustrates that the drop in metabolic activity i milDH1 (77%) and miDH?2

(47%) was rescued by undine at concentration of 1,000uM.
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incorporation by Reference
All patents, published patent applications and other references disclosed herein are

hereby expressly mcorporated herein by reference

(A

Fguivalenis

Those skilled mn the art will recognize, or be able to ascertain, using no more than
routineg experimentation, many equivalents to specific embodiments of the invention
described specifically herein. Such equivalents are intended {o be encompassed in the
scope of the following claims.

i0
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WHAT I5 CLAIMED Ik

i,

pd

A method of treating a mutant 1DH cancer in a subject comprising admunistering to the

subject a therapeutically effective amount of an anfimetabolite or a DHODH mnhibifor

The method of claim 1 further comprises detecting the presence of a mutant 1DH gene or

protein in the cancer.

A method for determuning whether survival or proliferation of a tumor cell can be
inhibited by contacting said fumor cell with an antimetabolite or a DHODH inhibitor,
sard method comprising determining the presence of a mutant {DH gene or protein 1n said
tumor cell, wherein the presence of a mutant IDH gene or protein mdicates survival or
proliferation of said tumor cell c¢an be mhubited by an antimetabolite or a DHODH

inhibitor.

A method for charactenzing a tumor cell comprising determuning the presence of a
mutant 1DH gene or protem the said tumor cell, wherein the presence of a mutant IDH
ogene or protein indicates that survival or proliferation of said tumor cell can be mhibited

by an antimetabolite or a BHODH mhibitor

The method of claim 1, wherem said mutant IDH 15 a mutation of the {DHI protein or

oene.

The method of claim 3, wherein said mwtation 15 an amino acid substitution selecied from

the group consisting of G27D RI132H, R132(, Ri32L, R132V, R132§ and R132G.

The method of claim 1, wherem sard mutant IDH 18 a mulation of the IDH2 protein or

oene.

The method of claim |, wherein mutation s an amuno acid substitution selected from the

oroup consisting of R140Q, R140W, R140L, R172K and R172G.
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The method of claim 1, wherein said antimetabolite 15 azathioprine, 6-mercapiopurine,
thioguanine, fludarabine, pentostatin and cladnbme, S3-fuorouracl, Hoxuridine,
cviarabine, 6-azauracil, methoirexate or pemetrexed

The method of claim 9, wherein satd antimetabolite 1s methoirexate.

The method of claim 1, wherein said DHODH inhibitor 1s brequinar, vidofludimus,

leflunonude or teriflunomide.

The method of claim 11, wherem the DHODH inbhibitor 1s compound of formula;
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A1s an aromatic or non-aromatic 5- or 6~-membered hyvdrocarbon ring wherem optionally
one or more of the carbon atoms are replaced by a group X, wheremn X 1S
mdependently selected from the group consisting of 5, O, N, N R4,, ~O; and SO

L is a single bond or NH:

Dis 0, S, S0, NR* | or CHy;

7'i50, S, or NR:

Z7is 0, S, or NR;

R' independently represents H, halogen, haloalkanyl, haloalkenyl, haloalkvoyl,
haloalkanvioxy, haloalkenyloxy, haloaliovnvioxy, ~-CO,R", -S0;H, -OH, ~-CONR*R", -
CR"O, -S0,-NR*R", -NG,, -S,-R", -S0-R*, -CN, alkanvioxy, alkenvloxy,
atkynyloxy, alkanvithio, alkenvithio, alkyvnylthio, arvl, -NR"-C(,-R', -NR"-CO-R*, -
NR"-80,-R', -0-CO-R*, -O-COr-R*, -O-CO-NR*R", cycloalkyl, heterocycloalkyl,
atkanylamino, atkenvianuno. alikvnylanuno. hvdroxyalkanvianuno,
hvdroxvalkenvianuno, hydroxvalkvnviamino, -SH, heteroarvil, alkanyl, alkenyi or
alkyvnvi;

R* mdependently represents H, alkanvl, alkenvl, alkynvl, cvcloalkyl, heterocycloalkyl,

aminoalkanvi, anunoalkenvi, amunocalkvnvi, alkanvioxy, alkenvioxy, alkvnyloxy, -OH,
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-SH, alkanvithio, alkenvithio, alkynvylthio, hydroxvalkanyl, hydroxvalkenyi

7 7

hvdroxyalkynyl,  haloalkanvl,  haloalkenvl,  haloalkynyl,  haloalkanvlioxy,
haloalkenvioxy, haloalkvnyloxy, arvl or heteroarvi; R' independently represents H, -
COR", -CONR'R"™, -CR"0O, -SO,NRY,  -NR"-CO-haloalkanyl, haloalkenvyl,
haloalkyvnyl, -NG,, -NR"-S0O,-haloalkanyi, haloalkenyl, haloalkynyl, -NR"-50;-alkanyl,
-NR"-80s-alkenyl, ~-NR"-580:-alkynvl, -SOz-alkanyl, -SO;-alkenyl, ~-SOs-alkynyl, ~-NR"-
CO-alkanvi, -NR"-CQO-alkenvl, -NR"-CQO-alkynyl, -CN, alkanyi, alkenyl, alkynyli,
cy cloabkyi heterocycloalkyi aminoalkanyl,  amunoalkenvl,  ammoalkynyvl,

> 7

alkanviamno, alkenviamuno, alkynyiamino, alkanvioxy, alkenvioxy, alkvnvioxy,
cycloalkvioxy, ~OH, -SH, alkanvithio, alkenvithio, alkvnvlithio, hydroxvalkanvl,
hvdroxyalkenvi, hydroxyvalkynvi, hydroxvaikanviamino, hydroxyalkenviamno,
haloalkenvl haloalkynyi,

hvdroxyvalkvanylamino, halogen, haloalkanyi i,
haloalkanvioxy, haloalkenyloxy, haloalkvnyloxy, aryl, aralkvl or heteroaryl;

R" independenily represents hvdrogen, haloalkanvi, haloalkenvi, haloalkynyi,

hydroxvalkanvi, hydroxyalkenvi, hydroxyalkynyl, alkanyl, alkenvi, alkynyl,

cycloalkvl, helerocycloalkyl, arvi, beleroaryl, amunecalkanyi, amunoalkenvl or
amunoalkvnvi;

R independently represents H or alkanyi;

R%is H or OR” NHR’ NR'OR’;

or R* together with the nitrogen atom which is attached to R® forms a 5 to 7 membered.
preferably 5 or 6 membered heterocvelic ring wherein R is -[CH; 1. and R® is absent;

R' is H. alkanyl, alkenvl. alkynvl cvcloalkyl, heterocycloalkyl, arvl, alkanvioxy,
alkenvioxy, alkvovioxy, -O-arvl, -O-cycloalkyl, -O-heterocvcloalkyl, halogen,
amuinoalkany!l,  amanoalkenvl,  aminoalkyvnyl,  alkanvilanuno,  alkenviamano,
alkynyvlamino, hvdroxviamino. hvdroxyialkanvi, hvdroxvialkenvi, hydroxyvialkynvi,
haloalkanvioxy, haloalkenvioxy, haloalkvnvioxy, heteroaryl, alkanvithio, alkenvithio,
atkynylthio, -S-aryl, -S-cvcloalkvl, -5N-heterocycloalkvl, aralkyvl, haloalkanyl,
haloalkenvl or haloalkyvnvi;

R is H., alkanvl, alkenvl, alkvnyl, cyveloatkvi, heterocyveloalkyl, arvl or heteroarvl;

R’ is H, OH, alkanyvloxy, alkenvloxy, alkynvioxy, O-arvi, alkanyl, alkenvl, alkynvi or
aryl;

R” is H, alkanvl. alkenvl, alkynyl, cvcloalkyl, heterocvcioalkyl, aryl, heteroaryl, aralkyl,
atkanvioxyalkanvl,  alkanvioxvalkenyl, alkanvioxvalkvnvl,  alkenvioxvalkanyi,

alkenvioxyalkenvl, alkenvioxyalkyvnyl, alkvoyloxyalkanvl, alkynvioxvalkenyl,
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alkyvnyioxyalkynyl, acvlalkanyi, (acvioxyjalkanyl, {acyloxyjalkenvl, (acyioxyjalkynyi

acvl, non-syrmetrical (acvioxyalkanyidiester, non~-symmetrical
(acyloxyjalkenvidiester, non-symmetrical {acvioxylalkyvnvldiester, of

dialkanviphosphate, dialkenviphosphate or dialkyvnviphosphate;

R’ is H, OH, alkanvi, alkenyl. alkvavl, arvl, alkanyloxy, alkenyloxv. alkynvioxy, -O-aryl,
cvcloalkyl, heterocycloalkyl, -O-cycloalkyl, or ~O-heterocycloalkyl;

R®is H. alkanvl, alkenvi or alkynvl:

£ 1s an alkanvi, alkenvl, alkvnvi, arvl, heteroaryl, heterocvcloalkvl or cvcloalkvl group or
a {fused bi- or tricychic ring sysiem wherein one phenyl nng s fused {0 one or two
monocyvehic cvcloalkvl or hetferocvcloalkyl rings or one bicvchic cycloalkyl or
heterocveloalkyl ring, or wherein two phenvi rings are fused to a monocyclic
cvcloalkvl or heterocvcloalkyl ring, wherein monocyclic and bicyelic cycloalkyl and
heterocycloalkvl rings are as defined heremn, and wheremm all of the aforementioned
groups may opiionally be subsiituted by one or more substituents R';

Y 1s H, halogen, haloalkanvl, haloalkenvyl, haloalkyvnvl, haloalkanvioxy, haloalkenvioxy,
haloalkvavioxy, alkaonyl, alkenvi, alkynyl, aryvl, hetercarvi, heterocycloalkyvl or
cycloalkvl group or a fused b~ or incyclic ring svsiem wherein one phenyl nng 1s
fused to one or two monocychic cveloalkvl or heterocvcloalkyl rings or one bicyclic
cveloalkyl or heterocycloalkyi ring, or wherein two phenvl rnings are fused to a
monocyclic cycloalkyl or heterocvcloalkyl ning, and wherein all of the atorementioned
croups may ophionally be substituted by one or more substituents

R, orY is
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: ,, and

14, A kit comprising reagents for detecting a mutant 1DH gene or protemn and mstructions for
adnunistering a therapeutically effective amount of an antimetabolite compound or a
DHODH inhibitor.

15 The kit of claim 14, wheremn said mutant IDH 15 a mutation of the 1DH1 profein or gene.

16. The kit of claim 15, wheremn satd mutation 1S an amuno acid substitution selected from the

group consisting of GY7D RI3ZH, RI32C, RI132L, RI132V, R1325 and R132G.

17. The kit of claim 14, wherein said mutant HDH 13 a2 nuidation of the IDH?Z protein or gene.

I8, The kit of claim 17, wherein mutation 15 an anuno acid substitution selected from the

oroup consisting of R140Q R140W, R140L, R172K and R172G.
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19, The kit of claim 14, wherein said reagents comprise an anfibody specific for a mutant

IDH protem.

20. 'The kut of claim 14, comprising reagents for sequencing or amplilying a mutant {DH

gene.

21, The kit of claim 14, wherein said reagents detect nufant 1DH gene by PCR.
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