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This disclosure also relates to the use of the conbination thereof, in the
managenent of hyperproliferative diseases |ike cancer. RELATED BACKGROUND

ART Cyclin dependent kinase 4/6 (CDK4/6) inhibitors are described in,
for exanple, W?2007/140222 and W2010/ 020675, which are hereby incorporated
by reference in entirety. Phosphati dyl i nositol 3-Kinase (Pl 3Ki nase)

inhibitors a exanpl e, W2004/ 048365, W?2007/ 084786,
W2004/ 0967 =W 02908 02006/ 122806 which is hereby incorporated by
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Phosphatidylinositol 3-Kinase (PI3Kinase) inhibitor for the treatment of solid tumors and
hematological malignancies. This disclosure also relates to the use of the combination

thereof, in the management of hyperproliferative diseases like cancer.

RELATED BACKGROUND ART
Cyclin dependent kinase 4/6 (CDK4/6) inhibitors are described in, for example,
WO02007/140222 and W0O2010/020675, which are hereby incorporated by reference in

entirety.
Phosphatidylinositol 3-Kinase (PI3Kinase) inhibitors are described in, for example,
WO02004/048365, W0O2007/084786, W0O2004/096797, W02010/029082, W02006/122806

which is hereby incorporated by reference in entirety.

BRIEF SUMMARY OF THE DISCLOSURE

The disclosure provides a combination comprising a first agent that inhibits the
CDK4/6 pathway and a second agent that inhibits PI3Kinase. In another aspect, the
disclosure provides combinations including pharmaceutical compositions comprising a
therapeutically effective amount of a first agent that inhibits CDK4/6, a second agent that
inhibits PI3Kinase, and a pharmaceutically acceptable carrier.

Furthermore, the present disclosure provides for the use of a therapeutically
effective amount of a combination comprising a first agent that inhibits the CDK4/6
pathway and a second agent that inhibits PI3Kinase, or a pharmaceutically acceptable salt
or pharmaceutical composition thereof, in the manufacture of a medicament for treating
cancer.

The present disclosure has a therapeutic use in the treatment of various proliferative
diseases. '

The above combinations and compositions can be administered to a system

comprising cells or tissues, as well as a human patient or and animal subject.
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Formula A

or pharmaceutically acceptable salt(s) thereof.

In another embodiment, the second agent that inhibits PI3Kinase is Compound B1
described by Formula B1:

Formula B1
or pharmaceutically acceptable salt(s) thereof.

Compound B1 has been described with several names, such as 4—(triﬂuoromethyl)-5-
(2,6-dimorpholinopyrimidin-4-yl)pyridin-2-amine; 5-(2,6-di-morpholin-4-yl-pyrimidin-
4-yl)-4-trifluoromethyl-pyridin2-ylamine; 5-(2,6-Di-4-morpholinyl-4-pyrimidinyl)-4-
triﬂuoromethylpyridin—2-amine; or CAS name 5-(2,6-di-4-morpholinyl-4-pyrimidinyl) —

4- (trifluoromethyl)-2-pyrimidinamine.
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or pharmaceutically acceptable salt(s) thereof.
Compound B2 is known as (S)-Pyrrolidine-1,2-dicarboxylic acid 2-amide 1-({4-
methyl-5-[2-(2,2,2-trifluoro-1,1-dimethyl-ethyl)-pyridin-4-yl]-thiazol-2-y1}-amide).

. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates the results when the combination of Compound A and
Compound B1 or Compound B2, is used to treat MDA-MB-453 cells. The resulting
inhibition values were used by CHALICE software to generate Inhibition and ADD

Excess Inhibition matrices, as well as the isobolograms.

Figure 2 illustrates the results when the combination of Compound A and
Compound B1 or Compound B2, is used to treat HCT-116 cells. The resulting inhibition
values were used by CHALICE software to generate Inhibition and ADD Excess
Inhibition matrices, as well as the isobolograms.

Figure 3 illustrates the results when the combination of Compound A and
Compound B1 or Compound B2, is used to treat MCF-7 cells. The resulting inhibition
values were used by CHALICE software to generate Inhibition and ADD Excess
Inhibition matrices, as well as the isobolograms.

Figure 4 illustrates the results when the combination of Compound A and

Compound B2, is used to treat T47-D cells. The resulting inhibition values were used by
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therapeutically effective amount of a first agent that inhibits CDK4/6, a second agent that

inhibits PI3Kinase, and a pharmaceutically acceptable carrier.

Furthermore, the present disclosure provides for the use of a therapeutically
effective amount of a combination comprising a first agent that inhibits the CDK4/6
pathway and a second agent that inhibits PI3Kinase, or a pharmaceutically acceptable salt
or pharmaceutical composition thereof, in the manufacture of a medicament for treating
cancer.

The present disclosure has a therapeutic use in the treatment of various proliferative
diseases.

The above combinations and compositions can be administered to a system
comprising cells or tissues, as well as a human patient or and animal subject.

In one embodiment, the first agent that inhibits the CDK4/6 pathway is Compound
A which is 7-Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide or pharmaceutically acceptable salt(s)

thereof. Compound A is described by Formula A:

Formula A.
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or pharmaceutically acceptable salt(s) thereof. ~
Compound B2 is known as (S)-Pyrrolidine-1,2-dicarboxylic acid 2-amide 1-({4-
methyl-5-[2-(2,2,2-trifluoro-1,1-dimethyl-ethyl)-pyridin-4-yl]-thiazol-2-yl } -amide).



Formul a A I n anot her enbodi nent, the second agent that inhibits
Pl 3Ki nase i s Conpound Bl described by Fornula Bl: CF NI,
WO 2013/006532 PCT/US2012/045199

In another embodiment, the present disclosure includes a method of treating a
hyperproliferative disease, preferably cancer. The compounds of the present disclosure
inhibitors of CDK4/6 and PI3K, and therefore may be capable of treating diseases
wherein the underlying pathology is (at least in part) mediated by activated CDK4/6
and/or PI3K pathway. Such diseases include cancer and other diseases in which there is a
disorder of cell proliferation, apoptosis, or differentiation.

Thus the combination of the present disclosure may be useful in the treatment of
RB+ve (retinoblastoma protein positive) tumours, including tumours harbouring
activating mutations in Ras, Raf, Growth Factor Receptors, PI3K,or over-expression of
Growth Factor Receptors, or inactivation of pl6. The compounds of the present
disclosure may also be useful in the treatment of tumours with amplifications of CDK4
and CDKS6 genes as well as, tumours over-expressing cyclin partners of the cycﬁn
dependent kinases. The compounds of the present disclosure may also be useful in the
treatment of RB-ve tumours.

The combination of the present disclosure may also be useful in the treatment
tumours with genetic aberrations that activate the CDK4/6 kinase activity. These include,
but are not limited to, cancers with D-cyclin translocations such as mantle cell lymphoma
and multiple myeloma, D-cyclin amplifications such as breast cancer and squamous cell
esophageal cancer, CDK4 amplifications such as liposarcoma, CDK6 amplifications or
overexpressions such as T-cell lymphoma and p16 inactivation such as melanoma, non-
small cell lung cancer and pancreatic cancer. ,

The combination of the present disclosure may be useful in the treatment of cancers
that have genetic aberrations in the upstream regulators of D-cyclins, where the defect
results in an increase of D—cyciins abundance, can also be considered for treatment.

These include, but are not limited to, acute myeloid leukemia with FLT3 activation,
breast cancers with Her2/neu overexpression, ER dependency or triple negative
phenotype, colon cancers with activating mutations of the MAPK, PI3K or WNT
pathway, melanomas with activating mutations of MAPK pathway, non small cell lung
cancers with activating aberrations of EGFR pathway and pancreatic cancers with

activating aberrations of MAPK pathway including K-Ras mutations.



/() H2ZN'\ or pharmaceutically acceptable salt(s) thereof Fornula Bl
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For mul a #Bat have activating mutatlons of PI3K. These include, but not hmlted to, breast cancer,
endometrium cancer, urinary track cancer, melanoma, colon cancer, stomach cancer,
cervical cancer, prostate cancer and ovarian cancer.

Examples of cancers which may be treated with a compound of the present
disclosure include but are not limited to, carcinoma, for example a carcinoma of the
bladder, breast, colon (e.g. colorectal carcinomas such as colon adenocarcinoma and
colon adenoma), kidney, epidermis, liver, lung (e.g. adenocarcinoma, small cell lung
cancer and non-small cell lung carcinomas), oesophagus, gall bladder, ovary, pancreas
(e.g: exocrine pancreatic carcinoma), stomach, cervix, thyroid, nose, head and neck,
prostate, and skin (e. g squamous cell‘carcinoma). Other examples of cancers that may
be treated with a compound of the present disclosure include hematopoietic tumours of
lymphoid lineage (e.g. leukemia, acute lymphocytic leukemia, mantle cell lymphoma,
chronic lymphocytic leukaemia, B-cell lymphoma(such as diffuse large B cell
lymphoma), T-cell lymphoma, multiple myeloma, Hodgkin’s lymphoma, non-Hodgkin’s
lymphoma, hairy cell lymphoma, and Burkett's lymphoma; hematopoietic tumours of
myeloid lineage, for example acute and chronic myelogenous leukemias, myelodysplastic
syndrome, and promyelocytic leukemia. Other cancers include thyroid follicular cancer;
a tumour of mesenchymal origin, for example fibrosarcoma or habdomyosarcoma; a
tumour of the central or peripheral nervous system, for example astrocytoma,
neuroblastoma, glioma or schwannoma; neuroendocrine cancer; melanoma; prostate
cancer; ovarian cancer; rhabdoid cancer; seminoma; teratocarcinoma; osteosarcoma;
xeroderma pigmentosum; retinoblastoma; keratoctanthoma; thyroid follicular cancer;
and Kaposi's sarcoma.

One group of cancers includes~human breast cancers (e.g. ER positive breast
cancer, Her2 positive breast cancer, PI3K mutated breast cancer, primary breast tumours,
node-negative breast cancer, invasive duct adenocarcinomas of the breast, non-
endometrioid breast cancers); and endometrial cancers. Another sub-set of cancers
wherein compounds having CDK4/6 and/or PI3K inhibitory activity may be of particular
therapeutic benefit comprises glioblastoma multiforme, T cell ALL, sarcomas, familial

melanoma and melanoma.
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similar untoward reaction, such as gastric upset, dizziness and the hke when
administered to a human. Preferably, as used herein, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the Federal or a state government
or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans.

The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and oils, including those of petroleum, animal, vegetable or synthetic origin, such
as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous solution
saline solutions and aqueous dextrose and glycerol solutions are preferably employed as
carriers, particularly for injectable solutions. Suitable pharmaceutical carriers are

described in “Remington's Pharmaceutical Sciences” by E. W. Martin.
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myocardi ol bsitafin RAE eRviERat b Rl BRI R 15 TE P Ay b,

at her oscihefap&iti advhthdes rHERGTM grhfed hRtaboBE SthBllty, fikafbReARRAsed _
haemat ol ogi cal di seases, for exanple, chronic aneria and aplastic aneni a;
degener aiwwe hyilislifa 96 sedyred dnsagrireauiramends, and henpg snagrhe rfr@ﬁerrede HngoIme,
osteopor&&%ﬁpﬁﬁgsarthritis, aspirin-senstive rhinosinusitis, cystic
fibrosis, nu |ﬁié sclerosis, kidney di seases, ophthal m c diseases

i ncl udi ng agubsgiudibeditmositoh ctrEian aospedRuchune €] '¥F, ameand BNG e fai n.

The phrase "pharnmaceutically acceptabl e" refers to nolecular entities and
conposi t¥sshs 1 Regitreny Bmissipai Towegrapay (RET) studiesipreexaminiag syhstrateyercpion | y

pr oduce &Qgﬁikfrgic or simlar untoward reaction, such as gastric upset,

di zzi ness d {he | i ke, when admi nistered to a human. Preferably, as used
herein, the term "pharmaceutically acceptabl e" nmeans approved by a

regul atory agency of the Federal or a state governnent or listed in the
U.S. Pharnacopeia or other generally 5ecognized phar macopei a for use in
animals, and nore particularly in hunans. The term"carrier"” refers to
a diluent, adjuvant, excipient, or vehicle with which the conpound is

adm ni stered. Such pharnaceutical carriers can be sterile |iquids, such as
water and oils, including those of petroleum aninmal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mneral oil, sesane oil
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"Agent" refers to all materials that may be used to prepare pharnaceuti cal
and di agnostic conpositions, or that may be conpounds, nucleic acids,

pol ypept iwop1dwespaent s, i sof orns, variants, or other mrCeErisadg/osdiae may be
used i ndependently for such purposes, all in accordance with the present

di scl osure. The present disclosure includes all pharmaceutically
accept abl e i sotopically-1abel ed conpounds of the disclosure, i conpounds

i.e.
of Formula (4 wher ei ne_ or re-atQ re replaced by atqgns having the
et o et BhRed RSBl RoF FRARTR (RS LERIBSE s P20 Phe
aton ¢ nanveiondBBehnigEh Rhows tathbye dkiltdddn itie HESHyEprocesses abl@ARIsas Of
i sotopes_suitable for inclusion in the conpounds of the disclosure

conpr i sebosesdsserihed intherpgepmappayyingdirampies apd Pagparatians BsippamapRieRiittas 11C, 13C
5591 R EpeRUEheeRs BAke LPLLRRRIRO SR Ao ol T 00,

1231 andlS nitrogen, suc n, su ;

180, phosphaorus, such as, 32P. and, sul phur. such 35 ain
oot opi cal 1y P aic Bt S ame8RG) TRatible. 8 flefiai BuppnioodRaL &
i ncor porptTNk2911/88@Aact i ve i sotope, are useful in drug and/or substrate

tissue distribution studies. The radioactive isotopes tritium i.e. 3H and
carbon- 14, iCenpaug Blagan heasynthesizesl for eysrpplal asfdsscritied sn WOWWIOHASMi ew of

their ease of incor ati.on and.rea neans of , detecti bstitution
wi th heavi eré‘?l%‘f‘l?ﬂ@r s S&%t?‘a%%F?‘efqnyﬁ?mP €S dfﬁ?r}'%ﬁg,n %%99 8/0(7:%(?%?& n

t herapeutic advantages resulting fromgreater netabolic stability, for
exanpl e, increased in vivo half-life or reduced dosage requirenents, and
hence may begphgfgFed in some circunmstances. |, Substitution with
positron emTtrng 1sotopes, such as nC, 18-150 and 13N, can be useful in
Posi tron Em ssion Topography (PET) studies for exam ning substrate receptor

occupanclkxample 1

Potential synergistic interactions between Compound A and Compound Blor B2
combinations were assessed relative to the Loewe additivity model using CHALICE
software, via a synergy score calculated from the differences between the observed and
Loewe model values across the response matrix. Briefly, 9 titrating concentration ranging
from 20 uM diluted serially three folds for Compound A and 10 uM diluted serially 3
folds for Compound B1 or B2, including 0 uM, were used. In a 96 well plate, the 9
concentration points for each agent were mixed in a matrix format, generating 81
combinations. This plate was used to treat MDA-MB-453 cells, and the resulting
inhibition values were used by CHALICE software to generate Inhibition and ADD
Excess Inhibition matrices, as well as the isobolograms. A more detailed explanation of
the technique and calculation can be found in Lehar et al. “Synergistic drug combinations
improve therapeutic selectivity”, Nat. Biotechnol. 2009, July; 27(7), 659-666, which is
hereby incorporated by reference.

As illustrated by Figure 1, inhibition matrix shows the actual inhibition observed by
the CTG assay at the respective concentrations of the compounds. ADD Excess inhibition
shows the excess inhibition observed over the inhibition predicted by the Loewe
additivity model. In addition to the matrices, one can use isobolograms to observe

- synergy. The inhibition level for each isobologram was chosen manually so as to observe
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| sot opi cal | y-1 abel ed conmpounds of Fornula (1) can generally be prepared by
conventional techniques known to those skilled in the art or by processes
anal ogouswbaotdmwss2descri bed i n the acconpanyi ng Exanpl @eSTArsdoiPnejay at i ons
usi ng an appropriate isotopically-Ilabeled reagents in place of the
non- | abel ed reagent previously enpl oyed. Compound A can be

synt hesi zed, for exanple, as described in W2010/ 020675 or

PCT/ US2011/ 032062. Conpound Bl can be synthesized, for exanple, as

descr i betlic best WROGFH QS hc86 IsobologrumdaBgenemtedoeitls Comipesid Adondantratxsnpl e, as

described in W2010/ 029 . EXAMPLES Exanple 1 Potenti al synergistic
i nteract %8?1‘? %ﬁ%‘é‘ﬁm@ﬁ uﬂggkd’r ég%g%waﬁ?rﬁﬁh@m(%ﬁlﬁﬁ Yig¥Pofs were

: g ' i h ¢ i
assessedselalihy @01&190‘&%@?35 @gp@%ﬁg(gé ol :;1}%&9@&@%1 &%%gﬁggﬁaé ware, via

a synergy score cal cul erences betwee served and
Loewe nodhkich padduesthechosa léet of mhjbitimerepmbanited grBwileinhibitidhs tthdt matd Ng
from2011M diluted serially three folds for Conpound

concentration yanging ]

A and 1ost{l?t§1 %ﬁfdrtmeefgr@éﬁpamaﬁgn% dilefs plased bsdapydnkinesntf additimsty (1Aksl udi ng 0
p. M wer ko o . zent i i fior. each
agent we 8uﬁfgggﬁ@ﬁﬁ§8%%%§%§S?%?%%??é@@ﬁ@}a?@ﬁ%ﬂﬁ%ﬂgéﬁgFﬁg??%ﬁg}l his plate
was us edoftadditivita i{leb oVl thhibitial) hepresendd ahrgotisid groweh inhibitirisi on val ues
were used by CHALICE software to %enerate I'nhibition and ADD Excess

| nhi bition naerdeiteradionds pbsgrvedfer the soybivghiemel Conpaymd Alaadi | ed

expl anat 4 t ' ndnca-culiation can be found in Lehar et al.

" Syner gi ggﬁgﬁdlﬂu%ﬁ%%%ﬁgﬂgg:I{@r)éqggpggv%h ‘herapeutic selectivity", Nat.

Bi ot echnol . 2009, July; 27(7), 659-666, which is hereby incorporated by
reference. As illustrated by Figure 1, inhibition matrix shows th
actual iphikiitbon observed by the CTG assay at the respective -
concentrations of the conpounds. ADD Excess inhibition shows the excess

i nhi bi tion dbsetubynegstic irtradtiohs bktveanrCquippdnd Aetld Kympbend BleovB2addi ti vity
nmodel . In addition to the trices, _one can. use isobolograns to observe
synergy.cowat’énﬁtlﬁvﬁ ‘B?rfaﬁﬁSSF%{}Zqﬂvmt%%&ewq By grodeh wrine K& manual Iy so
as to obggtMk vhR&vRE { st SRRO nerated with
Conpound A cor’lglent?,at ?)gsﬁgyi}%%\?\}?ggrﬁnﬁfe}é?&ge%ngé and %%ﬁgﬁﬁgﬁiﬁ@r B2

concent rdewensods haaliies @trokdtle yespotiss mathixs Briviflgh® titrativez chodRGition gangligg Conpound
A and the Conpaound Bl or B2 concentrations mhich:froduce t he chosen | evel

of i nhi birfemaR HM giluted seaadlyghesadelds FiGammoynd A anst 2O letilyted;serially hddi ti ve
o e . el

or ot i REIbPCORRRa 1 61 82 BhAGGHe B bl Gadd, MR i Bl bbb LIDEE ) e
above t heonkémetioh paiaeh fot ¥achyagéhtesse gimatih aintdiiiRifdrhRn)geh@ptigsEnt ed

ant'agoni sti ¢ %r owm h inhibitions. )
combinations. This plate was used to treat breast cancer HCT-116 cells, and the resulting

inhibition values were used by CHALICE software to generate Inhibition and ADD
Excess Inhibition matrices, as well as the isobolograms. A more detailed explanation of
the technique and calculation can be found in Lehar et al. “Synergistic drug combinations
improve therapeutic selectivity”, Nat. Biotechnol. 2009, July; 27(7), 659-666, which is
hereby incorporated by reference.

As illustrated by Figure 2, inhibition matrix shows the actual inhibition observed by
the CTG eissay at the respective concentrations of the compounds. ADD Excess inhibition
shows the excess inhibition observed over the inhibition predicted by the Loewe
additivity model. In addition to the matrices, one can use isobolograms to observe
synergy. The inhibition level for each isobologram was chosen manually so as to observe

the best synergistic effects. Isobologram was generated with Compound A concentrations
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Synergic interaction is observed for the conbinati on of Conpound A and
Conmpound Bl or B2 in the MDA-MB-453 cells. Exanple 2 Potenti al

syner gi stwo 20rt@s3et i ons bet ween Conpound A and Conpoun@CBISer12B825199

conmbi nati ons were assessed relative to the Loewe additivity nodel using
CHALI CE software, via a synergy score calculated fromthe differences

bet ween the observed and Loewe nodel val ues across the response nmatriX.
Briefly, 9 titrating concentration ranging from2011M diluted serially

t hree f o$hosvnfarth€gmaoumd Chngoand B 1[dr B2dioncdredtisey shaivinyyn3hd glaglis. fAor Conpound
Bl or B2, i,%ﬁll_udi ng 0,th were used. In a 96 wel|l plate, the 9

concent r TG [ipe pofnsching the Sompoyet & andithe GPmperndBhoria? ponecniErtions |

gener at i g ' [ | At e L, cancer
e 116 SR fArLEuETbb A Tey T B B defrofSere tobh bR IR EAL e
sof t war esttiethgsilétihatfer thelbiibinadonsa Mo pPRcEk belsw thahnddftddaniviidbees, as wel |
as the isobol ograns. A nore detail ed explanation of the technique and

cal cul at &8t mibson) sepresented supragisise srowth mbihitiens, while plotsaboretisilingt i ons

i nprove r i hMI-E V', .. Biagtechnol . 2009, .July; 27(7),

659- 666, SORRARRY ek rglﬁ’?%fn??}é%‘?‘%n F%R%?nﬁg FEEHIR ot mningont: | 214 1t by
Figure 2, in$yeidic Biferd@ioniiX obemd fohle asibdhtibbf GbhpomdoPass ved by the CTG
assay at the respective concentrations of the conpounds. ADD Excess

i nhi bi ti@%ﬁ%ﬁ\ﬂs&%@%m@gﬁ(?%hl%mll%n observed over the inhibition
predicted by the Loewe additivity nodel. In addition to the matrices, one
can use isobol ograns to observe synergy. The inhibition | evel for each

i sobol ogéam ' chosen manual ly so as to observe the best synergistic
effects.—’ﬁ’éﬁgﬁogr am was generated wi th Conpound A concentrations shown on
the x-axis - B / i sAXi s. A
Strai gnt 11 e tana Attt hydo e ARG GHhATS I CU R FeE)

concent r ambimsiondweah apesed tativh e thhbsen Addublity afodeNRidgi CHADIOREpr esent ed
grow h inhibitions that were strictly additive for the conbinations. Plots
pl aced bLYfRre: e 2/sypraenicortaicnlatadiioni the diffesenson betwaeniths ebserwgd andpr esent ed
syner gi st i i nhihitd |l e. pl .the line.of additivity

(1 easgr et e et dhighe e R SponPhosfricd Faled O R i S AR e

Syner gi cfrompenadidilordiserigiyshfee €6lds &r Adagpouaidi HatioqMefiluteangaund A and
Conmpound Bl or B2 in the HCT-116 cells. Exanple 3 Pot ent i al

syner gi stolds fpiEenpeunddhk o irdwdics Apddnvera useld Icerheovaitplse, be 982

conbi nat | on sed.relative to t.he Loe addi tivit del using
CHALI CE ésogl nvt\%é?l ér,?p @?Iaﬁsefg’r “hé %ﬁ% Vetor Xeéia{fl@d’ilag?gﬁow r%e?fﬁ%mé 2?ﬁ?er ences

bet ween ddnebigiinas.vEHis phe WAEHRI I Heit PROpIBSycAFERESntEMUFSPAUIS CarfdBL I i X.
Briefly, 9 titrating concentration ranging from20 [IMdiluted serially

t hr ee fohezespliing gnyalnesaivere20epbMCHIALICEFo§waiedblggnagate dhldbitibor Conpound

Bl or B2, i i ng 0, .pt r.e used..Iln,a.96 well plate he

concent ra y ‘%ﬁlbt)hgﬁcﬁ%s}n@g}t%éﬁmﬁngﬁ oM Wik PP SoRYopTmS- r‘?a’ﬁ“PT%AeF%lreargt _,

gener at @mﬁaﬁ&p&mh@%maﬁe anthdafcubdtRh @aNBS foHn8 Gh | ohdr cEAl “FReRPSIcL | ve breast
cancer -7 cells, and the resulting inhibition values were used by

CHAL| CE dbg combisationsgepeavattieerapentib seledivitadVaaDBIolexbied s2008hIuby; 1276, mat ri ces,
as well ég&e hsgboho&gams. A nor.e d?t ai | ed expl anation of the techni que
and cal U ARCoNMERAS BECPORAPPRIGCINACISENCS] . " Synergi stic drug combi nations

i nprove t hergputiifedsy Bighied, idhibitiDa mandl it : ),
655 666, whi oy ePBY FRbler Wibinbpahl RS i hctuaf Mititidhbbrer el of

the BrdU assay at the respective concentrations of the compounds. ADD Excess -
inhibition shows the excess inhibition observed over the inhibition predicted by the
Loewe additivity model. In addition to the matrices, one can use isobolograms to observe
synergy. The inhibition level for each isoBologram was chosen manually so as to observe
the best synergistic effects. Isobologram was generated with Compound A concentrations

shown on the x-axis and Compound B1 or B2 concentrations shown on the y-axis. A
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As illustrated by Figure 3, inhibition matrix shows the actual inhibition
observed by the BrdU assay at the respective concentrations of the
conpoundswOADD/Mx3ess i nhi biti on shows the excess i nhi bipCirars2absesved over
the inhibition predicted by the Loewe additivity nodel. In addition to the
matrices, one can use isobolograns to observe synergy. The inhibition |evel
for each isobol ogram was chosen nanually so as to observe the best
synergistic effects. |sobol ogramwas generated with Conpound A

concent r sitaight $ins banaecting th € oxnpaxnd Azand ticoGpmpochdBil or BB2omenitaivhs at i ons
shown on the y-axis. A straight |ine connecting the Conpound A and the
Conpou no|WE‘fﬁ gFoduse %ﬁé@fﬁprl%? eﬁ@hmwewfeéﬁmdegrpw@ Ehbataans thaf gergf

i nhi biti S gt g ri itive for
the. corti gy ERRTbEfe ShAMhLET bk pRaS) belah PG Sl AU 10

i nhi bi t i govth Wwbitésan) rgdeseyitedsgnaistc ool Mhibitionsi while slotsdbokethellimes above
the line of additivity (less.growth inhibition) represented antagonistic
growt h i ¢fAddittvitgkless growth iphihitie)) cenrecatied @ntagpniptic gowdt ipbibitians. t he

combi nati on nd. A.an Bl or .B2 in the -7,cells. Exanple
4 Pot e%{n.e%%g@%%&b"ins} ?Pgselgr%gg? lgtg’ fg F%%ﬂsm té %%QOI&%% dA and Conpound
B2 conbi gahbol BESEBAESHS 340F7&chs.i ve to the Loewe additivity nodel using
CHALI CE software, via a synergy score calculated fromthe differences

bet ween the observed and Loewe nodel values across the response matri x.
Briefly, 9 titrating concentration ranging from20 tiMdiluted serially

t hr ee f oExtengled Conpound A and 20 p.Mdiluted serially 3 folds for Conpound

B2, inC|Udi2§§0 p were used. In a 96 well plate, the 9 concentration
poi nts for Wﬂag/fléfﬁ?rgw@? wierpctions betweenfampoxnd Arapg Compavd BEi ng 81

combi nat éoﬁ ati-gﬁg werd la?s%&e&\@e?at §%jth£: goév(iee'«?cfdit %%Eltlgy &g@ g cancer T47-D

cells, an e resulting 1nhibrtion val ues were use LICE software to

gener at esolftwatey viaiaGpnag@scbfaR alcataesiSrdnm thic Wi ffdra@RediRtwenake oldervididd as t he
i sobol ogranms. A nore detail ed explanation of the technique and cal cul ation

can be f mogle] wlugs agrosshe resprnse mygirix iBriedlyy Q) tiraling ¢pRceTiIAEion fmngge

t her apeug.] Mgty . ¢B 0 3 TARE - 666,
whi ch igﬁ %@rzzﬁg\q :a%lg%%ltﬁ%rﬁ%{%egf&fl ggogren é)yna%%d@{’:l%dﬁ%ﬁda%g%} by Figure 4,
i nhi bi tifahdsfet CovpSIHAB?, tifdudiad 0alM,i vidit Bkdd. R a0BSadIVslatebe Dhe BrdU assay at

t he respective concentrations of the conpounds. ADD Excess inhibition shows
t he exceCenration ppwts fopsach\agentavese mixed ip ahnastix fgmapresn¢retiegi8by t he Loewe

addi tivi el .addition t h tri.ce ope ca i soholggrams to
obser ve SRR -HRisHRRY bt Tish% ol bl ERneRUGRER0RHER AE *Bn B
manual | Yre§1ﬂtiﬂ%ixﬂ1£bi@&§ﬁaﬂly& Wwete Uy CMABICE Séftwareftd B&defate Irh@hRbPSKAM Was
generated with Conpound A concentrations shown on the x-axis and Conpound

B2 concefPPatxwpsingivaign matricese aywall as theAsebplogranmt. A imvee defaitesict i ng t he
Conpound_A.,and th ound oncentrations which produce the chosen
Cevel - of PR PERE PERPURE RGP hh F e e W SPeriti coy

addi ti vedri ot bRatEIpadvieARGapditie ksleRhvilgeavheb R has. 2000e)ay; Bepi tivity
(more growth inhibition) represented synergistic growh inhibitions, while
pl ot s ab@PedbGdrevhidhrie herkbyhgpiporated by tefgencgr owt h i nhi bi ti on) represented
ant agoni stic

e Sonb na AIEEeL AR 8 Snten miha e b N b S Ber ety e 1o

the BrdU assay at the respective concentrations of the compounds. ADD Excess

inhibition shows the excess inhibition observed over the inhibition predicted by the
Loewe additivity model. In addition to the matrices, one can use isobolograms to observe
synergy. The inhibition level for each isobologram was chosen manually so as to observe
~ the best synergistic effects. Isobologram was generated with Compound A concentrations
shown on the x-axis and Compound B2 concentrations shown on the y-axis. A straight

line connecting the Compound A and the Compound B2 concentrations which produce
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What is clainmed is: 1. A conbination conprising a first agent that is a
cyclin dependent kinase 4 or cyclin dependent kinase 6 (CDK4/6) inhibitor
and a secwodosgenid2t hat is a Pl3Kinase inhibitor. 2. TiRreTasabiznaivbon of
claim1l wherein the first agent is Conpound A described by Formula A
Forrmula A or a pharmaceutically acceptable salt thereof.

the chosen level of inhibition represented growth inhibitions that were strictly additive for
the combinations. Plots placed below the line of additivity (more growth inhibition)
represented synergistic growth inhibitions, while plots above the line of additivity (less
growth inhibition) represented antagonistic growth inhibitions.

Synergic interaction is observed for the combination of Compound A and

Compound B2 in the T47-D cells.
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3. The conmbination of claim1l1, wherein the second agent is Conpound Bl
described by Formula B1 : Fornula Bl or a pharmaceutically acceptable
salt t herwof2013/00653The conbi nati on of claim 1, wherein tReTASCcORMB4AgENt S
Compound B2 descri bed by Formul a B2: Formul a B2

What is claimed is:

1. A combination comprising a first agent that is a cyclin dependent kinase 4 or cyclin

dependent kinase 6 (CDK4/6) inhibitor and a second agent that is a PI3Kinase inhibitor.

2. The combination of claim 1 wherein the first agent is Compound A described by

Formula A:

\

O
%
@

N R
H Formula A

or a pharmaceutically acceptable salt thereof.

3. The combination of claim 1, wherein the second agent is Compound B1 described by

Formula B1:

Formula B1

or a pharmaceutically acceptable salt thereof.

4. The combination of claim 1, wherein the second agent is Compound B2 described by

Formula B2:
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or a pharmaceutically acceptable salt thereof. 5. The use of the

conbi nation according to any one of clains 1-4 for the manufacture of a
medi camerwQ 2o43a106e33n t he nmedi canment is for treating canc@cT/useo12Dgaouse of
claim5, wherein the cancer is a solid tunor cancer. 7. The use of claim
6, wherein the cancer is pancreatic cancer, breast cancer, mantle cell

| ynphoma, |ung cancer, nelanoma, col on cancer, esophageal cancer,
endonetrial cancer, head and neck cancer, sarconas, nultiple nyel onma,

| eukem a, urinary track cancern renal el \ carcinoma, gastric cancer,

gl i obl ast oma, hepatocel | ul arcar 3fa stric cancer, cervical cancer,

neur obl ast oma, neur oendocri ne~eancer bdoi d cancer, prostate cancer or
ovarian cancer. 8. The u f claim? ereln the cancer is pancreatic
cancer, breast cancer, oK, Ma td e cell qynp dbma. 9. The use of claim8
wherein the cancer is a | o,  10. The use of claim@8, wherein the

e use of claim 10, wherein the breast
ncer. 12. The use of claim 10, wherein the

e breast cancer.
Formula B2

cancer is breast cancer. 11
cancer is ER positive breast
breast cancer is Her2 positi

or a pharmaceutically acceptable salt thereof.

5. The use of the combination according to any one of claims 1-4 for the manufacture of

a medicament, wherein the medicament is for treating cancer.
6. The use of claim 5, wherein the cancer is a solid tumor cancer.

7. The use of claim 6, wherein the cancer is pancreatic cancer, breast cancer, mantle
cell lymphoma, lung cancer, melanoma, colon cancer, esophageal cancer, endometrial
cancer, head and neck cancer, sarcomas, multiple myeloma, leukemia, urinary track
cancer, renal cell carcinoma, gastric cancer, glioblastoma, hepatocellular carcinoma,
gastric cancer, cervical cancer, neuroblastoma, neuroendocrine cancer, rhabdoid cancer,

prostate cancer or ovarian cancer.

8. The use of claim 7, wherein the cancer is pancreatic cancer, breast cancer, or

mantle cell lymphoma.

0. The use of claim 8, wherein the cancer is a lymphoma.

‘1 0. The use of claim 8, wherein the cancer is breast cancer.

11.  The use of claim 10, wherein the breast cancer is ER positive breast cancer.
12. The use of claim 10, wherein the breast cancer is Her2 positive breast cancer.

)
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WO 2013/ 006532PCT/ US2012/ 045199 13. The use of claim 10, wherein the breast
cancer is PlI3K nutated breast cancer.
WO 2013/006532 PCT/US2012/045199

13. The use of claim 10, wherein the breast cancer is PI3K mutated breast cancer.
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