Met hods and Conpositions for Treating Cancer Background of the Invention
This invention relates to pharmaceutical conpositions and therapeutic 5
met hods baieediians3e3ke mul ti- ki nase inhibitor, ponatinib @Crarspaonssols) for
the treatnment of disorders associated w th pathol ogical cellular
proliferation, such as neoplasns, cancer, and conditions associated with
pat hol ogi cal angi ogenesis. The protein kinases are a large famly of
proteins which play a contidls ba'Chfipbditibhe e BHatilgCaherd i de variety
of cellular processes. A partial, non'fimting, |list f such kinases
~includes abl, Akt, BCR ABL, Blk, Brk, c-KIT, c- net, c-src, CDKl1l, CDK2,
CDK3, CDK4, CDK5, CDK6, CDK7, CDK8, CDK9, CDK10, cRafl , CSK, EGFR, ErbB2,
Erb133, ErbB4, Erk, Pak, fes, Fiatkgropngdmf thebpyentiongrr4, FGFR5, Fgr, FLTI,

Poek, Pk, pice, s egeton e e ifeutfleonyiing hBontil o0

ki nase actisvi tiethads b8ed ohahehfllikn56 isiBitord heRAtHED &con@tinad ) FeHthe
~non-life threatening di seases such as psoriasis to extrenely serious

di seases such teatmenicdrdisordem associaitd wiithgrathdlegiealneinlad pvadifortionasighus ed

t her apeuti cal Qé w th 20 sone inportant successgs.. Howgver, ot all of the
targeted pati éNESOPHSHSAANEY ARG SRAipRRBSpApis Byifhhpatholagiral one becone
refractory to @ofo¢g&is nhibitor through the emergence of mutation in the

ki nase or by ot ﬁetg nmechani snms. Currently approved ki nase inhibitors can
cause probl ematic dihderefeirckinasesainea $age fpaily efipoteine whiclbplagarehtrhbl er ant
"to a given inhibitor. Unfortunately, a 25 significant unnet nedical need
for new arld bepledp the Eeau}?élr‘i’ﬁls(’f@ewgi%étaél.ety of cellulgs progessnsnd) pafiebdione ki nase,

BCR- ABL, for pl e, i e, hal | mark .of .chroni i g em,a-(CM.) and
Phi | adel phi a gﬁﬁgﬁ%s%%e"_%ﬁgg? Firfcsafitidey @bﬁpﬁggléglt{?@ﬁeﬁ%%g CERE RLLS
Sone patients rhéeakRy OMK D, CDRYL ODK 3,20 HKU0EDIES, iaKBI COK A 'Cik ) of

- BCR-ABL, develop resistance to imatinib. 30 Resistance to imatinib has been
| i nked t o the (di8Pgehdel htRafly4iSketlyGBR, Erhid2;thrbis, ErbB3CRrlABlak, Tése second
generati on BCR: inhibj t i nj d._nil oti ni have an

i mpor t ant cogt%r(fﬁg]t|@ﬂ#€%féﬁﬁﬁg€§§%n§8ﬁggaﬁgr@%It:}l AEETépEEf’ 4 dl&n are
still inefikecty gajm A IPE% 1 prydant .
Currently, theréek?ll? no ?ﬁg}‘%ﬁ%@ﬁg@g@é?@? I(%ﬁﬂlé’géa% +13-I§’c%1?<e’ myel oi d

| eukem a pat i @¥IE2abb.eie, tial] TRE, ahd ZapthdApaosndtprowrinlkingse danipiythant | y,
there is no availahle targeted therapy for tfr)ati ents care;éi ng the T3 151

nut ati on- a mbeghfelpiedite seipralidiseiderscigngmg rgmaeprlfgdbrerienyig diseasey her
exanpl es of t ' ' ipli.c [ he . initiation and progression
of multiple cﬁ%glz?gs %Ogtapﬁgg%ﬁ@ﬂyk%trﬁg? ggfe}ﬁseegl?}lﬂlaése&éwglﬁTB_) , 10
fibroblast growth fagiRrinhi®ABRI VG beEPiR oloyabsid @red%@@@raﬁichn& waft oW h

- factor (VEGF) receptors, and the angiopoietin receptor, TIE2.

~ Constituti2le semevmpotanigfucFestes. ddewewveranot alt ef thaltarngated graticntp respanilom (1 TD)
is found in approxi.mately.ane-thi.,rd of patients wth acute.nyel oblastic

| oukeni a (At YROSFAEREE GBI AR AL e TELAPRT € { FEERITAb Tk nown o be
activated in i unpf kncludi g&cg} ' br east
cancer, non-s?rgl?bﬁg%gelgajfjs%geﬁcanc@}lta?lN%(Lf quﬂ gaﬁétg@cg%%g%% wel | as
nul ti pl e nyel dharently apptavedkiopeiiatiibitangiangenesirebleaditiatsédt dfecdseh® and
other kinases is inplicated in various cancers such as gt:Jl obl ast oma and

col orectal cafeBe PaHaNts gropubssgmedniplgrnbioregiver Hhibigeratnierignatshaar s as

wel | . 2 tS Lgrs}gn?ﬁ\éa%ft uI’lHl%t }n%ﬁg:%% Hégﬁbi%? ngévfagl?lq}r?gtiep trlc(qi%ln ?ﬁé)reas,qg%? ssoci at ed

di seases, I's~an ever-existing nee _ W I'n _ _ _
conbi nations of i niphBiabAiEnal tidkindkense! BCRLXBIS @6r dabiplelSs BeHLlntarki nases
and m ght be useful in the treatment of rel ated di seasés, including anong
ot hers, an ABlofichtvnit myekid Eukamah((@Mb1) and thiad¢lplga BERMBIOT pdsitive

acute lymphoblastic leukemia (Ph+ ALL). Some patients treated with imatinib,

a tyrosine inhibitor (“TKI”) of BCR-ABL, develop resistance to imatinib.

30  Resistance to imatinib has been linked to the emergence of a variety of



Summary of the Invention This invention concerns a potent, orally
active inhibitor, ponatinib ("conpound 1") and pharnmaceutical conpositions
and uses whepaals39ssvery 30 prom si ng pharmacol ogi cal pr eCiries2ab/osdmpound 1
" has taken shape, based on biochem cal testing, cell-based experinents,
~animal studies and results to date from human clinical studies. As
disclosed in further detail below, conpound 1 is an orally active

mul ti-target e%ﬁﬂaﬂéﬁﬁld BORLABY - TH seénd BéneTRfdn BEREABI BrRinilks i nhi bi tor
yet 5 described and the first pan-BCR-ABL inhibitor able to m?n bit all
known nut ant fdasatinibfand héotinibghéve madé¢ awlimportdrg coniribativh ynd idhibahadlye T3

151 mut ant t hat to_resistance to ot her gs. .In a_phase 1 clinical
trial, it dendﬁgwgﬁég §§1aﬁﬁeﬁ§é{blv@r%§fliﬂq¢f€%w pEAing @t E@wr@rﬁmm

anti | eukeni c S I cers
(including a qrrgﬁ{g%“ {ﬂ)(e T{glﬁq’w%ﬁ{ Cl\ﬂr{;xﬂl)rc@{err Sérgén%/fa%ﬁ&ai@{?& ?O%c ?{g
patients i3 \M'H}CL fhcd@&ﬁ%lbidleﬁl?&nﬁl patiehRidfica fA1RO bl 83cbaE ikt &ation TKIs.The
phar macoki neti ¢ and pharmacodynani ¢ characteristics of conmpound 1,

representing timposanilpfthereds kb nasidatile tirpeted therapt fovipaiients catrgiogphe on,

o distribution, bol.i sm and excretion behavior.,in the b are the 15
characteri sti c’lgﬁé?nﬁﬁ %%W“ﬁflﬁ%ii?b’?ﬁ“émg' COREYBh PRGNS fg¥%f achi evi ng

concentrations eff s LA the case

o B AnL for CsucihbtGahilied R InA HhRRL AL i BR3GHaA0A 08, L1 ©

nmutants. The girograsdiow of smitgily cpets inelhtde KNS dikeatt@oteskinane@d 13),

achi evi ng thosfelgolljaﬂfaectl ves W t hout undue uni ntended i nhibition_ of kinase
activity r8quifttaablpgerowthfictariresqptersi(bEER), vasculargrdathe)inl grevsthdactsr t hat

. selectivity arth,r??ﬁ SISA &gféAdethesan H%%{&%orgg?d%gly#% potent activity of

conpound 1 in |t| garaneo I'nase CRABL and its nutants.

For exanpl e, conposttutivdiabiiRbnFd{TE.TRHhe th zfiﬁ'ﬂth@ﬁaﬂ t@hddnh @upifdatiogcept or
famly, all 3 VEGF receptors, the angiopoietin 25 receptor TI but was

i nactive agai fiEfDhisrferediin anirexinkitely sme shiad o6 patiionts withregutetray ¢ lnblakiin
receptor, Aur e}is:kl n?/ggd and cyclin-dependent kinase famlies. The
i nvention t hus“te¢4 armaceuti cal conpositions and kits containing

3- (i mi dazqf1, 2- b] pm@%& rdwith B4 Reddpt tslm 54
met hyl pi perazin-1-yl)- mst[ﬂ%/ -B%tl‘l %é%é oélrggg t hy )%enyl -lgoe]rjlezg%l éed(lélorrpound
1), depicted bevoral sadintpmong 1ﬂcludiﬁg ehdomeiab badoeadetdst cahdey, rmcecapilabl e sal t

t hereof, and th?rapeutl c uses thereof for tr eatlrﬂ&‘% cancer _and ot her
di seases. @zﬁﬁadicr%’gws%ﬁ) gagh gasirip Fanges aspyehes @Hltml%ﬂrme&yn@

phar maceuti cal co t n dl ng
~conpound 1, or a trdgﬂf%t aéﬁg&geécsce}%?aétl%d bg%GF ea(rngdo(#tﬁer knm &hount
effective to tut‘n@ﬁbatad i{QVM{S'd&ﬁﬂérs SuélParcaiobl&torda GM@@b]BEéHtalfcﬁh@ér'aYﬁ in

di sorder when adnministered to a subject, and one or nore pharmaceutically

accept abl é0exa@ivsright @fOﬂIfﬁ’eprQbfﬁmﬁll‘f'ﬂjdl$0rd@rS as welhr maceut i cal | y accept abl e
salt thereof; can dr achloride salt. articul ar
enbodi nents, the pﬁEYWc%{fﬁF?%ECEBW%’SEP QIR SIASEH Séﬁmia‘ﬁ’ Lﬁﬁ?ela SFosage
form In certajde @a@é@@x‘i’é@ﬁﬁ%}eea &: W glhql&ﬁﬁ'g% f&ﬁmlﬁﬁfbug%@?lmlﬂlt som 30

to 300 ng of conpound 1. Exenplary unit dosage forns Inc romb5to 100
ng, 5 to 80 nghathrd mlﬁﬂlvmfpr mm@saﬁowm kﬁ’laiias ahdQnight béuiaful&(ﬂ thy, 7 to 50
ng, 7 to 20 10 to.100 , 10 tg 50 , 15 to 100 ng, 15 to

80 ny, 15 to a%entP@f%teﬂ&l%smmcwl%a@@ag ﬁﬁle@@nt/’eBbenlﬁbltoaso to 50 myg,

30 to 100 3100 ng, 50 to 100 ng, 60 to 100 ngy, 70
to 100 ng,zggo %Igbg%(ﬁﬂlhﬁgg g%%%ég 40 to 80 ng, 50 to 80 ng, 60 to 80 ny,
50 to 300 ng, 60 to 300 nmg, 70 to 300 nmg, 50 to 200 ng, 60 to 200 ng, 70 to
200 ng, 100 to 300 ng, 120 to 300 ny, 140 to 300 ny, or 100 to 200 ny of

compound 1, or a pharmaceuti cal ISpmaweepofithelantionher eof . I n ot her
enbodi nents, the unjt .25 osaeformcncon ain.from?20 4 .25 5 g, 30
6 my, 40 8 ny, 45rllh lﬂﬁen e‘%ﬁFWa nt,(ya ZjQCtF%ﬁWE}th&IR%ghflﬁ’ose havi ng
5 1ng, 7 1(5bompound 1””) and pharmaceutical compositions and uses thereof. A very

30 promising pharmacological profile of compound 1 has taken shape, based on



nmy, 102 ng, 153 ng, 204 ng, 255 ng, 306 ng, 40 8ny,45 9 ng, 55 11 ng, 60 12
ng, 65 13 ng, 70 14 ng, 75 15 ny, 80 16 ng, 90 18 ng, 100 20 ng, 120

~ 24 ny, 14602BB/58938160 32 ny, 180 36 ngy, 200 40 ny, PRO/USMONS501RA0 48

ng, or 260 52 ng of conpound 51 or a pharnaceutically acceptable salt

 thereof . I n anot her enbodi nent, the pharnmaceutical conposition is

formulated in a solid unit dosage form(e.g., a tablet, a soft capsule, or
a hard capsul &jiocHehief it @HPBQ&JH%%% imfellf, Hflintal ntain
from30 to 300 ?rcgegP conpound 1. Exe Igry uthx;ﬁ O?é@é‘??g?ﬁé@%@?&% fromb5
to 100 ng, 5 tfeorBGuibthnrainical smds. ng, 5 to 20 ng, 7 to 100 ny, 7 to 80 ny,
7 to 50 ng, 7 to 20 qg, 10 to 100 , .10 to 80 ng, 10 to 50 ng, 15 to 100
ng, 15 to 80 ny, 13\x@s@osedgn fﬂgh"#;?qt@l BeJowg compoury 1 goammerally@ctive 80 ny, 20

mg. 70 To 100 Tyt Seks BReignhi gl e Rodg v BRAR B s b Bvely, 6o to
80 ny, 50 150 3Bcrlbd £ the fiks pARBOR.ABD thRibHBP B8 to RthibiP aBRHAot®. 60 to 200

my, 70 to 200 ng, 100 to 300 ng, 120 to 300 ny, 140 to 300 ng, or 100 to
200 ng of conpoutadt formeof thephargetmoelutlingaht guacotiptaidatala T | fheweot . | n

ot her enbodi nepts, the unit dosage formcan contain froms. ng, 7. 1.5
ng, 10 2 ng, tggﬁeqﬁsr}a,reszgan% tﬁd)%hezr mgs.ﬁ@ ,ap%gse gcﬁﬁlpah‘r@laﬁg‘[ &Pdpo%gat@ ny.

Exenpl ary unit i ravi 0g: 1. . -ay, 10
2y 15 3 i BERAE cRAORBLL 364 st andikiic ritipfth piiiors By, |

mg, 60 12 ny refibctodBhemgatolo@ical damdgrs (Thcluding maj@ity dbpattentO®ith 18vig, 100
20 ny, 120 24 , ,140 28 , 160 32 , 180 36 , 200 40 ng, 220 44
ng, 240 48 ng’lpgg’ 7dd), sl ngpa&@ﬁwuggl@ dﬁsambmang miletoth argnpy

~accept abl e 25§$€}.ghereof. I n anot her aspect, the invention features a
nmet hod of trea |ﬁB % neopl asm a cancer, or a hyperproliferative disorder
in a subject in nequethgiRiokMketieraalll yhAMEHIyiaglit RRartkhStefigtich tubj ect from
30 to 300 ng of compound 1, or a pharmaceutically acceptable salt thereof
Exenpl ary uni tcodypsage 1f mpreseing tebessuBOof tokinBs¢ mhili®rygetiGtien aBformption5 t o

- 50 ng, 5 to 20, 7 to 100 , 7,to0 80 . 9.7.to 50 , 7.to 20 ng, 10 to
100 gy, 10 t o BBIRgIon ggtabalts ,d%r?teplg‘g@wf lﬁﬁletlepcg’gaﬁgi}lew to 60 ny,

15 ng to ; 3 : : Q100 ng, 35 to
100 g, 40"t o Hg setige P fPargf? idhviaiB cofpobla eehik oA "Dy o
g, 35 to 80 npncefration8Offe@iveS0r irmhiBifing®, taRtddkiBkcend i thO chse 00 ny, 60

~to 300 ng, 70 to 300 nP, 50 to 200 ng, 60 to 200 ng, 70 to 200 ng, 100 to
300 ng, 120 t BERHARY, forsuprrssszamtheputgiowthof eoflsxgpresgingfregisiepbumiants. or a

phar maceut i cal cept sal hereof. L n ot her. enbodi ts, the unit
dosage forn1cgwéggﬁgigﬁ%gbﬁ%Péﬁﬁihﬁggefeﬂ%#%mﬁﬁ?SfBac eﬁﬁ%EE%“fB ng, 20 4
My, 25 5 Y, oBfkctifedithd@® urRlulBiniténded iABibitidh ENEAMAYIvH réqRvaee f or ms
i nclude those having 5 1 ng, 7 1.5 ng, 10 2 ny, 15 3

g, 204y, 285nmypo80e6hiynddd@msy, 459 ng, 55 11 ng, 60 12 ng, 65 13 ng, 70 14
20 120 .24 140

my, 75 15 ny, 80 .16 ny,.90 18 ngy, 100. 20 my, 8 my, 160
32 ng, 180 36 ny, T%Bépg%h@%? Og#ﬁ%e%v,ﬂyﬂﬂ sgetyprofgle ivg erwr?ﬁgbﬁf

conpound 1 or pha; ' 2 -Ab: : j cul ar
enbodi nent s, éﬁaéégragégggﬁggbgﬁégﬂ%?qﬁ?@%?%%gfb 5%55@§5§$%§§ 8%3% , or a
phar maceut i calABL and épthahbstss &bt exdmepleotompsundr Binhybigd il Btagireed to the

subject in a unit dosage form(e.g., an average daily dose of from20 to
100 g, 20 tongnbgys obthelfoEgeqegtor damily, albd \féGFssceno@r&Obeﬁgglongleﬂa 100 ny,
50 to 100 , .60 ,..70. 20.t0 100 30 to 80.ng, 35 to 80 ng, 40
to 80 ng, 280 tr%eﬁtf’%r%,%gsg&t%a%‘@a%v,e gy “fﬂj,"?%fiiq?fg%%g“ﬁﬁ 70 to 300
ng, 50 to 200 ix@udifP theind@Fn FltepttP, AGrofPRindBe, ahlQytRn-36fednt Lialsd 0 300 ny,
140 to 300 ng, or 100 to 200 ng of conpound I, or”a pharmaceutically
accept abl e salfamillver eof ; or an average daily dose of 20 4 ng, 25 5 ng, 30

6 my, 40 8 ny, 45 _9.nmy, 55. 11 ny, 25 60 12 my, 65 13 ng, .70 14 nmy, 75
15 g, 80 16 ng, 9B IMENHEN ﬂi‘t?cl}‘eat Eﬁsré‘,arfﬂ?%?utlg% Gamnposiipnsangkits 160 32 ny,

180 36 ng, 2 (e N 240. 4. oy 5% f conpound
1, or a pharngggﬁ%l% ﬁ?ﬁﬁgé% ?% ém§%?¥lf gg%%??14%@%%%ﬁﬁdq%¥@or a
pharmaceutically acceptable salt thereof, can be adm nistered to the

. subj ect nore than one day a 30 week or on average 4 to 7 times every 7 day
_period (e.g., 4 tines a week, 56 tinmes a week, 6 tines a week, or 7 timnes
a week). In certain enbodi nents, conpound3 1, or a pharmaceutically
acceptable salt thereof, is admnistered to the subject daily. In
particul ar enbodi nents, the subject has chronic nyel ogenous | eukem a, acute
| ynphobl astic | eukem a, acute myel ogenous 5 | eukem a, a nyel odyspl astic
syndronme, gastric cancer, endonetrial cancer, bladder cancer, multiple

nyel oma, breast cancer, prostate cancer, lung cancer, colorectal cancer,

ey B I Y - o



100 ngy, 60 to 100 ng, 70

enbodi nents, the mMfOR inhibitor is selected fromsirolinus, everolinus, 25
tensirolinmus, ridaforolinus, biolinmus, zotarolinus, LY294002, Pp242,
WYE- 354, WO0-200883824, XL765, AZD8055, NVP-BEZ235, OSI - 02PCTMS2a100A0i6),
~quercetin, nyricentin, and staurosporine, and pharnaceutically acceptable
salts thereof. In a further aspect, the invention features a kit including
(i) a 30 pharnaceutical conposition suitable for oral adm nistration of
- conpound 1, OhpetRylphRiaRs-aWIih-athyl)BCGRALRNRA) hehygsﬁ%miw an amount
effective to trea¥ a neoplasm a ‘cancer, or a hyperproliferative disorder
when adm ni st dc@dpoundal )s dépiectl,bebovdt one or nore pharnmaceutically acceptable
excipients; and (ii) instruction for adm nistering the pharmaceuti cal
conposition to a subject for 5 the t r epemd by neopl asm cancer, or
hyperproliferative disorder. In sgrexenbodi ments, the subject has chronic
nyel ogenous | eukem a, acute |ynphabkastic |eukem a, acute myel ogenous
| eukem a, a nyel odyspl astic syndrone,“gastric cancer, endonetrial cancer,
~ bl adder cancer, nmultiple nyel oma, breast cancer, prostate cancer, |ung
cancer, colorectal cancer, renal 10 ep, ordgkioblastona. In yet
anot her aspect, the invention feature amﬂgiggg f treating a neoplasm a
cancer, or a hyperproliferative disorder i ubj ect in need thereof by
orally adm nistering to said subject from5 ¥p 300 ng of conpound 1, or a
pharmaceutical |y acceptable salt thereof Exenplary unit dosage forns
i ncl ude 155f r ofmaPhepna@otieajly &ceptable saif, therept aBd theyapeiticaisedthergoffot 0 100
mg, 7 to 80 g to 50 ggiﬂ%ltg.zo nmg, 10 to 100 ng, 10 to 80 ng, 10 to 50
ng, 15 to 100 “¥giNg 8aeEr T $15°8%560 ny, 15 ng to 50 ny, 20 to 100 ny,
20 to 80 ng, 20 tOA%Qoﬂml%l§,0ar1t%pé&Q)f‘THe in¥entiOn #0%yE0a ﬂerﬁtR:eﬂtQQa&”g 50 to
5 100°ng, 30 to 80 ng. 35 t6 8O g, 40 to 80 my,
50 to 80 ny, @Omiposi&ionsyitalle f&lorhbadifiidismtiofGndlodida@@ompound 1t or 300 ngy, 50
to 200 ng, 60 to 200 ng,. 70 to 200 nq, 100.to 300 ng, 120 to 300 ny, 140 to
300 ny, or 1o@hp@nazgpleallygiccepiaplssall theregh imamamonpefiRativa e realck ept abl e

salt theregf r [ t | e n.contain fromb5
R A T e A S S T
g, 45 9 ny, sbe@ddand dné’Br mbE: pHaAnABeut@ally hdcéfabld Oxcipfentd. THed 15 ng, 80
16 ng, 90 18 ny, 100 20 ny, 120 24 ny, 140 28 ng, 160 32 ny, 180 36
my, 200 40 ngompoond djorephpuacagioaly aceaptatde salsthengplotandempound 1 or a
pharmaceutical |y acceptabl e salt thereof Ln particular epbodi nents, an

aver age dai | yeﬁ%'ggl%o efhryglﬁ‘?%ﬁ?%é%' &ﬂpﬁl%ﬁﬁﬂ}?ﬂ#@?m&r thg phar maceut i cal | y
30accept abl e ﬁ&ﬁnéc@ﬁt’i@e@%onﬂg%siﬁbﬁ!ié Yorﬁﬂﬂﬁt@élﬁ?ﬁi?go§a%etf&?n.sﬂpb§%n' na unit
dosage form{(e.g., an average daily dose of from57to 100 ng, 5 to 80 ny,
5 to 50 ny Setnbo@inerys, the mmit dosdb@Form caid comtainofr8M Iooto 300tmagdd ny, 7 to 20

mg, 10 ng to 100 ng, 10 ng to 80 ng, 10 to 50 ngy, 15 to 100 , 15 ng to
80 ny, 15 to EOMAGUNAE Egem@?m upy dosqeze forme tnglyde &ermrgtosﬂ)%lg, 580% 50 g,

30 00 , , 6 0 , 70
o 100 . 30" 330 SBgtegs a0 . fio W B gR e Rect P 120080 1o
50 to 300, 16% 100 &0 100 83dnd (0G0, EO1d WIPAR, 110 80110 1890 0T, 70 to

~ 200 ng, 100 to 300 ngy, 120 to 300 ny, 140 to 300 ng, or 100 to 200 ny of
conpound 1, oMga lpmag maekug ¢aitd y08ounpB04bI8e Bgl 20 oy mef 30 tr 1(hmgy8b age

a1y 9085000 gy 115 5o, 0 TR A% [ 227
90 18 , 10 m ; , 200
20 16, 106 35 700 g0 @80Ty 60, 38R 00 20l 20

phar maceut i caB0§ max oo 3b0 eng @l0tto 2106 mearfA0. tol200fagt Teto H¥peg) 500 h5idde et hod
i ncl udes inhibitin& the proliferation of cancer cells in a subject by

admi ni st er i ngMee 126& 300 mee 448 SrpBie. or 169 20 merrfcompavad)ly oracept abl e

salt thereof, jin _an. ak t, ' , or,. a ri f tinme

whi ch produceghgnﬁég%ﬂ%p éﬁﬁagggggaﬁﬁﬁﬁg 'gﬁﬁ@%%%?&Fpgﬁmggﬁhggﬁﬁound 1 of
from 40 to5 6000t thith ki EoMGinaReh 29eP8$hs Jsh- 8 eaIBech nb%’ @dﬁg%g}ﬁr ing to
t he subject 20 conpound 1, or a pharmaceutically acceptabie salt Thereof,
in an amount, +doapnExkr@iie o, dodagk foemsandiedd ddsOhatihfB Mingd) 70r oduces a
nmean steady state trough concentration for conpound 1 of from40 to 600 nM
i nhi biting angi ogenesis in a subject in need thereof by orally
adninistering daily to the subject from30 to 300 ng of conpound 1, or a
pharmaceutically acceptable 25salt thereof; inhibiting the proliferation of
BCR- ABL- expressing cells in a subject by admnistering to the subject
conpound 1, or a pharnaceutically acceptable salt thereof, in an anount,
dosi ng frequency, and for a period of time which produces a nean steady
state trough concentration for conmpound 1 of from40 to 600 nM i nhibiting

o, Y e e ——— o




" thereof .

5 wth compound 1, or a pharmaceutically acceptable salt thereof, in an
anount sufficient to suppress the energence of conpound nutants; inhibiting
t he prol iwenativissw3sf BCR- ABL- expressing cells or a nut alRCTiuses1e085016 a
subject in need thereof by orally adm nistering daily to the subject from
30 to 300 ng of compound 1, or a pharmaceutically acceptable salt thereof;
or inhibiting the 10 proliferation of nutant-expressing cells in a subject
in need there b r y i ni i i i bj o) to
300 ng of corrpq%%’n%? %2 qgé’ %58% hifi’]al{rl%taslécd;%t4 pg%’??jyi'§c%g’p3ﬁg%$eﬁg’a+(f£EShJelﬁ{’y’eAg‘a{‘ :E@

In any of the @msperty 168800 Led dherssi-n]3 kil 70 Of75compisndo : g1 a unit
dosage form and the average daily dose can be nodified for I'ower dosing
15(e. g., | owermgd¥l #d8fmg, M0chR d)g, 120 sHimmge i did®amps16d he2ung,tlsdosage
includes from5 to 300 or the average daily dose is of 5 to 300 ng. In
certain enmbodi3emes20q 4 ung,t22@o$é@mg,%ﬂﬁ1ic%n@om 20hf2ong f compodndiy, 5

to 80 ny, tao 50 , 9 10.2 , ( to 10 .7 to 80 ng, 7to50 ng, 71to
20 mgy, 10 ?‘o 2ot %@arwc?‘&}“‘égy%?@f@l?ég]&gﬁ%f 15 to 100 ny, 15 to 80 ny,
15 to 60 ny, 15 20 ipduife BRI PO 30
to 100 ng, 35 to 16%3%@61451%“??1{%8@%? E’ g toe&%%l %m%§8@8 1%@)651 %lég(ygpt o]
100 ng, 30 to BDlidyniBloshge 8O, g. 4D tablet 80sdfy cafslld, or 8 Barcap8Qley.olB0 gy, 50

to 300 ng, 60 to 300 ng,. 70 to 300 ng, 50 to 200 ng, 60 to 200 ng, 70 to
200 ny, 100 t ¢edam srabodipgnisothegmitdpsagapricazomniggn fim 3060 860 pohy of

it dosage T oRwoRRE IRy i dosEE RHR Jptude kpnd S 760 e 5SRO
Mg, 20 4100, 26 5 & TWmg38 to 60 M, 748 109 H, 7 4580 B rru,to%m’ogllw@qzo&g’ 12 g,
65 13 ng, 70 14 ny, 75 15 ng, 80 16 ng, 90 1§’rrg, 1007 20 ng, 120 24

) ;Tg’ 142602852@0 tmd](c@O 182, mgod&n@g, B@tm‘%ﬁ 205 MQO@(yllg,ZSOO 8@@%?1512»[6'3) 48 ny,
or conmpQun or maceutically_acceptabl e salt
Chereof .- mE) 13 Rd0 30 sue2b ProdReekl o hanstid sl At 0o a6
conposition f f:8r1 08 Ak T 1 Wl i
i ncl udi ng fro?néggb?l;ogg 68#8@6@,00@01[@)?3{-‘%,,3600@ Edd;;“ﬁgﬂr‘%%f’gﬁ‘g‘ I’Ifsgli(g%%ept abl e
salt thereof. g 3entsd mgetbad§omeg SO té Be myish 1devage, Smtromooam%p@moai n from

20 to 100 ng, 20 to 80 5 ng, 20 to 50 ng, 30 to 100 ng, 35 to 100 n(g 40 to
100 ng, 50t o0 P0ongy/0 93 W0ongot 200 et o) tod0Gne. 30 te 30Bmed 00 8530@ 80 ny,

40 to 80 nm, t i O S 60 to 3 , 710 to
300 ng, 50 to%g%oﬁr(%gtg t ‘?%0124@3023,0?% %3098832%,m"§8609r8p%‘659ﬂ90?%1_20 to 300
ng, 140 to 30QhaEmacitiddlB AccpBlcditAherebNPRUAHedemSbditheRRAIHERGRUL i cal |y
acceptabl e salt thereof I'n 10 particul ar enbodi nents the unit dosage form
(1:gn con%gi nlgmlosager;ﬁ(;)mnﬁn cﬁnmg]SfrB?lSSE&lnmgbﬂ&lléﬂmg,lgg&fgg,rm,i ?g(l)g,ilzgong, 60
ng, , ng, ny, ny, ny, ny,
120 24 ng, 1404 meg2ag; S e 30326 mg, 49808 n@s4ad; 9 oo Exsanplgry wrdodosage ng, 240
48 mg, or 260 . 52 of conpound 1, or a_pharmaceutically acceptahle salt
: £ Tﬁ%“%‘rr{‘g dﬁ‘ls,e ng %Fﬁalrlﬁ’ﬁcéét]iég?gaﬂﬂé%ié‘tﬁ:éélfeg 88-20thdr eof
can be, for e e olgy sglt. | n, anot her ..aspect, the
~invention feat ’es5 4_;15.51111 ’ﬁ%’pé?&@r@i}b?ﬁ%gﬁ%gm&gﬂ#2}éqg’gﬂ %}?8%4§§r cells
phar maceut | cal 5 ke eotan Blkl ¢ Pnapenr e G 19820 me, 120
frequency, and I4imgalf@tixsdngf 160 F82whé CROPF B8l UGE S 00 HVRRMSLERAVAShAL €
trough concentration for conmpound 1 of from40 to 600 nM In certain
enbodi nent s, £HE inhmgsbeaay+Slane of comghumb hoeatphatmareuficallycarpptablt 1 i s
from 40 t8 200 nl\é 50.to 200 nM 60 to 200 nM 70 to 200 nM 80 to 200 nM
90 to 2002aM Salptheseafoo nM 50 to 120 nM 60 to 120 nM 70 to 120 nM 80 to

25 120 nM 200 to t / to 600 nM 270
to 600 nM 280 to gg%’dr%r %gg‘:tt@lej’ggenﬁ"r\}’}“ f%%gretsg“gg'g‘oﬁ%t‘%g@‘%g 400 nM 300
to 500 nM 35@ebplasihOa bdviced QR attgypeRRRonfdratble AR dEOInGOLIMG ifcReROMBttoE, Or a
pharmaceutical |y acceptable salt thereof, can be adm nistered to the

subj ect on avéyagelyadminsteringto sydsybjgctdegm 3o 300 eg of compeundel ca aneek, 5
times a week, [ certain

30 tines, a week,. or. 7 ti a week). .| )
erbodi ment s EONSRAEIGSGAeCE bl APttt ARt SpPec S ipRllEof | i s
adm ni st eggd [W=Yol ! inl i g@pﬁiq@n& , age
daily dosggof%?Pgﬁs%gg?gﬁgg&gggh%?’%g%%%u 6§¥§Qgg§’ p Jrnac§u¥?£§?¥§£
acceptable salt thereof, is orally adm nistered to the subject in a unit
dosage form(e.g., an average daily dose of 5 from20 to 100 ng, 20 to 80
mg, 20 to 50 ng, 30 to 100 ng, 35 to 100 ng, 40 to 100 ng, 50 to 100 ny, 60
to 100 ng, 70 to 100 ng, 30 to 80 ng, 35 to 80 ng, 40 to 80 ng, 50 to 80
ny, 60 to 80 ng, 50 to 300 nyg, 60 to 300 ng, 70 to 300 ng, 50 to 200 ngy, 60

to 200 ng, 70 to 200 ngy, 100 to 300 ng, 120 to 300 ny, 140 to 300 ny, or

A NN 2 ~ NN o . A~ o o v o I e



25 acceptable salt thereof. In certain enbodinents, from20 to 100 ng, 20
to 80 ng, 20 to 50 nyg, 30 to 100 nyg, 35 to 100 ng, 40 to 100 ng, 50 to 100
ng, 60 tow0Q011mM339330 to 100 ny, 30 to 80 ng, 35 to 80 nPCTAB2010/08016rg, 50
to 80 ng, 60 to 80 ng, 50 to 300 ng, 60 to 300 nyg, 70 to 300 ng, 50 to 200
nmy, 60 to 200 ng, 70 to 200 ng, 100 to 300 ng, 120 to 300 ngy, 140 to 300
nmg, or 100 to 30 200 ng of conmpound 1, or a pharnaceutically acceptable
salt thereof, 4 i A ral L€ d

particul ar errb’og)i Sgﬁl 35175%925_%,1@5% lbg rﬁrr%’,ltor:}% @%m%gm %)gﬁ?@gﬁggt%@o glgfrg, 55
11 ng, 60 12 Ifto &EmglB 60 dg, 13ngy 5Fmg, 26 tarh00 82, 2060 89 mEQ0 tdF0ny,
100 20 ng, 120 24 . 140 28 , 160 32 ny, 180 36 , 200 40 ny, 220
44 ny, 5 240 Mg 399!0%0 mg35 tpl (ﬁ@go‘ﬂo Eo hfbige 54 to §P0 alaggﬁﬁ@rd%mg,c?&l ly

accept abl e sal iy 1 §d St d I t 0 Hhe ogubj ch day. In
particul ar enﬁé&?prgﬁng%ottjﬁggogﬂg; %gcfo %@ggggt?? ?g%g@QP ,86%%&0@6@%%0& ,
bl adder cancers( tﬁlﬂmlrﬁ%,%(mbejm& Y RASE0 MBNSE ko 200 nBNB0 8 DEO nf2n08s

descri bed herein. In other enbodinents, the subject has chroni c myel ogenous

-l eukemi a, acut29010g) Midled0angi 20 odddmng, 146 toadddteg narel geXd0ang efikeni a.

- I'n yet other enbodi ts, the subject has a nyel spl astic syndrone (e.g.,
refractory anéﬁ’f‘g)‘\}ﬁqg ’ 85(%ngwehql?éltysacﬁ?ﬁﬂ%%faﬁ%%?gsl&ml?eéf ractory
anema with e . I . I t her 5as he
i nvention fea?&?@?llggﬁtgttﬁgyﬁggf 0??1%1 @r’%‘%g%f@%%‘{"@gg%gls. g 7% i:';)1"53(shrlu%j ltgct by
adni ni st ering 4 »nid1q s5SUPeCHoCoMBRING 115 nf 39 PHAJAPEUS hralky: aagept abl e
salt thereof, in an anount, dosing frequency, and Tor a period of tine

whi ch prodOceExenay wilitdsyes fahs ihcladgthosehaenprsat i ang,for 1comgoumd 1 of
from40 to 600 nM In certain enbodi nents, the nean steady state trough
concent r at i on Xmwg, torpongd2 tidsmey 2mt4H0mpo3Ra®d mp) 468 §mg24d 200maM5 60 to
200 nM 70 to 200 nM 80Q to 200 nM 90 to 200 nM 40 to 120 nM 50 to 120
nM 60 to 120 lANne7Ad £421m9 G 180n%.o/Ord* ig: 720011 125680 0\ m2280 ¢61%00 nM

200 10 300 w8005t 1R +Hmio 1 408 Mpeskd + 32888 (M= Joera doloo nu
or 450 to 600 yni\ %5@@&[% %Ig,[ 2o @4@2%%%%'6@ §?H§Y%@gcg)n§ﬁ{%§ﬂgla$ﬂae sal t

t hereof, can be a nrstere 0 the j ect on av imes every 7
day period5(e.pharmdeeutio@by acceprble salitthé@sl alnwekiculr éhmPBEnRnERK, Or 7
times a week). In certain enbodi nents, conpound 1, or a pharnaceutically
accept abl e salaverage dady dosesofzfgemmilstoeyi@dng of chmpeuty] &cer adpharaceutically n

ticul myodi t daily. f, from 30 t 00 f 30
Compound 1. -oresrirr s BbrY e R Ru Rt aREdtine shiselen o Snd Hgsdl |
admi ni stered tgh (¢S HRPShgE Baily UM 0fARSRID HAVTHE 1D to RMBVES RPSy dai | y
dose of from20 to %00 ny, %0 to 80 nmy, 20 to 50 ngy, 30 to 1gb ng, 35 to
100 ng, 40 tom®G0rg,]1080ng,3 51100 Ogng 600 tool WORENS) to7 004 mg] 60 tord)0 By, 76 80
300 g, | 7301 0181880 tag0itae So0orky meoH 9 BomiEmg0 (T80 R AGONGMERD (o
o o oty 036300 5e, K RIO, o R0 mEDsd & AW mBlsflo SATRAA . OF °

pharmaceutical'ly acceptabl e sal 1™t hereof; ©r an ‘aver ose of 20 4
- ng, 25 5 ny, 280 m@ 199,t0400 nBe, NP0 t4300Mgtl40%56 300 Ingthr 180 1o 280 MY 0FS 13
ng, 70 14 ny, 75 15 ng, 80 16 ny, 90 18 ngy, 100 20 ny, 120 24 ngy, 140
28 ng, 10 160 compongd 1@ plygmageutradly agoepighle 3810 thegeafyor anaverag: dajly or 260
52 ng of conpaund r a pharmaceuticall cept ab al t ereof). In
particul ar en§8&?ﬂé%I§4vH8=2%%%388,ﬁﬁi%ﬂpégﬁi#glegﬁ%§¢§lpa édﬁd@gz br east
- cancer, cgkoregta I r,-0r .aliob, t,oma, i1l other
enbodinen?é, ?ﬁg:g% ?Q@?ihﬁi%g’Z%%ﬁgg§§h@gF]%HB ’%giégﬂp%€¥g?§%f%g%reatnent
with 15 a VEGror NEHG: R Bhisbhl or40r 28 29@01542 by, 980 1PRYAG! 2
sorafenib, or sunitinib). In ye%’other eﬁ%ogIﬁbntg?;the_SUbﬁgétaqggﬂa solid
cancer that i snd,n00e44Bmg, 2O trasahaPor 266 + B2 and/Eompoidd,-dral nhi bi tor or
ant agoni st (e.g., bevaci zumab, sorafenib, or sunitinib). In certain
enmbodi nent s, Phamagsjeellymeseptablosdltthaaos Sovipmuad Iwot h phivemacgntically
angi ogenesi s, such.as djabeti.c retinopathy, 20rheumatoid arthritis,
psoriasis, at ﬁ%‘ieé’éaa?%?%@Sf%h‘fﬂ&ﬁfie&q?ﬁfus fq B]ﬁ,sug)%&mp{ﬁ thag oge day a
degener at @n, Rk dr SaLIEQ¥aIGH Akl : ; not t; the
i nvention al so feat ures agnetﬁogIggg?ﬁﬁfgf??ﬁgnghggg@gﬁggﬁigﬁﬁ%g?%ubject in
need thereof by orally adm nistering daily to the subject from30 to 300 ng
of conmpound 1, or a pharmaceutically acceptable 25 salt thereof In certain
enbodi nents, from20 to 100 ng, 20 to 80 ny, 20 to 50 ng, 30 to 100 ny, 35
to 100 ng, 40 to 100 ng, 50 to 100 ng, 60 to 100 ng, 70 to 100 ng, 30 to 80

nmy, 35 to 80 ng, 40 to 80 ng, 50 to 80 nyg, 60 to 80 ng, 50 to 300 ngy, 60 to
300 mg, 70 to 300 ng, 50 to 200 ny, 60 to 200 nyg, 70 to 200 ng, 100 to 300
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cancer that is refractory to treatnent with a VEGF or VEG--R inhi bitor or
10ant agoni st (e.g., bevaci zumab, sorafenib, or sunitinib). In yet other
enbodi mrerwe,20t1is3s8bj ect has a solid cancer that is int@Censra10065016 eat nent
with a VEG-F or VEG--R inhibitor or antagonist (e.g., bevaci zumab,
sorafenib, or sunitinib). In certain enbodi nents, the subject has a
condition associated with aberrant angi ogenesis, such as diabetic
retinopathy, AiUIRLRLE PRMLAL b Wedk dOPARE A8k AHTIEUB5E LEBBIReng ONI C

i nfl ammati on, obesity, ‘'macul ar degeneration, or a cardiovascular di sease.

I n anot her aspeaipouhid, bny phiintectigail yr fscptakletsalt Medroek, dgadnhihistered to
phar maceuti cal conposition fornmulated for oral adm nistration in unit

dosage form i rib¢ sihieq) deilyminpagtisuboombgdonenisihe swliedt hag chgpnic

phar maceutical ly ,20 acc abl.e salt, therepof . an ii) instruction for
- adninistering W%%O%Wpﬁiﬁgliﬁﬁm%aﬁcukol%ﬁ]@ PS‘%BW Feggﬁ&éauﬁf‘ét&mxeg?ge("l‘?gst r eat ment
of cancer gr flaik&ns,aﬁ@@%%lamc FnaRSHe (a8 ASRO&! BhdmitibNcAREY, M ant
angi ogenesis. In certain enbodi nent's, the unit dosage formcan contain from
iy 0 g e
9, 40 to soor?g,?or ot anger. Al senath wliohlastsnd onaeh ofher egpodings thy, 70
to 300 ng, 50 R . 100 300 , 120 to
300y, 140 t 8 6 i Peor i refREP o feybRal U THhayihit nhGeit of'S
phar maceut i caldayatggb.epi Atter saibodinkaits dhe subje@dat heohditiof ihMirambs t he

unit dosage formcan contain 20 4 ng, 25 5 ng, 30 6 30 ng, 40 8 ny, 45
9 ng, 55 !91 rgpatmgent with patigb, nildingly or d@satib.mip othggembadimgntgthe 16 ny, 90

- 18 , 100 20 120 ...2 .140 28 . 160 32.m 80 . 3 , 200 40
i, 320" 44 g PBRTE P Rfadpnin oS0 nbtis s34 1 gt et
pharmaceut i calehybAARERS ARL GuBjRtihdsh&foffcandd? rBREULE MG caRBRAVIRAL S the

F
subj ect has gastric cancer, endonetrial cancer, 5 bl g der cancer, nultiple
nyel oma, breasMEGHEmc &EGER orhilsitoncelaatpeooiss (d. g ukenicaunmby seafoniiphobl asti ¢
| eukem a, acute nyel oaggous | eukem a, o a a nyel odyspl astic syndrone (e.qg.,
t

refractory andHi&ingg) wither smpffodingalts sthg sublsctihas Ragemdytioyy infleragttoor v
i it f . . t
Goscr; bed Rer segifR il AUEELE Y KRtk br aftagBii G4 Ny RERAR

retinopathy, rbedembobrtuaitinib). tinSonRs@hbadiingntsatheaubfet BasoBédhce£ hr oni C
inflammation, obesity, macular degeneration, or _@a.cardiovasgul ar disease.

In anot her asg&ptessine BGReABLonutEBkes BCR-ABLhO, ICRmBbI T | ngr BER-

lif ti B ABL - i. | s | bj ect b dm ni i t
prol T erat on , B Bl CopLcEaing el o, b aUbLEEL Dl stmn o na <
an 15 amount, HqSERgRY %ﬂPﬁWRa%ﬂﬂaﬁﬂ%fﬁ F{efj-?ﬁDoé-léf'TgFGyr?{ol?P roduces a

nmean steady state trough concentration r ‘conmpound 0 to 600 nM
I'n certai noentrediRE /R F.1PUNE-MBGRRSH e dslY foitiRdrent BodiaBniC GRCRMPANAAN of |r
conmpound 1 is from40 to 200 nM 50 to 200 nM 60 to 200 nM 70 to 200 nM
80 to 200 nM pharmacepOcaliyvccapiable saftGherkpf, 30adminiRered Wpgadllertas 120 nM 70 to
120 nM 20 80 to 120 nM. 200 t Q0, nM 220 .to 600 n 240 to 600 nM 250
{0 600 nM 276RGTERE 28 TR OHRT SHshgnap At RESUS 100 nM 250
to 400 nM  30Qek8ivO s sglé%e%?]a?xﬁ?cé}wer,%q%yé&'p@&pfe%e%sol}é&. R <6028 NM
Compound 1, or a pharmaceutically acceptable“salt thereof, can be

adm ni st ered iembadiraemsithe sUFOR dhleibitot B sslgprideBemisireligni.y @enslénod, r esi st ant
subcl ones _or 25 adnministered in an anount sufficient to suppress the

emer gence2df ¢coRpEIHAUSidafrelimashislimys.1zotgplimushal A% Peaf2.yWadtept abl e

salt thereof, € A Ni Iﬁ;;llpj n ge 4 to 7 times
every 7 day pgg?’g%gﬁog%g%ﬁﬁfﬁg‘%ﬁ%ii _'| aﬁgﬁ’ ¥ OFiaugin, week,
or 7 times a \qaalé):ﬁn,aﬂplrié@ﬁingamgﬂa@l%sp&qﬁéatahﬂghanﬁ\&%{iﬁealﬂyame fbleZaltont hs,
4 months, 8 nonths, 1 year, or 30 18 nonths of uninterrupted therapy. In

certain enbodiheeefs, conpound 1, or a pharnmaceutically acceptable salt

thereof, is admnistered to the subject. daily. In _particular enbodi nents,

an average daily d ﬁﬁﬁ‘eﬁaé?ﬁ"&dﬁ? 8{"@6@0 _%‘Freéérlﬁb‘dﬂﬁ]&di{g_(aa a

phar maceuty caph A EaRlARb %@i?itontsnﬁﬁlﬂgffor bral Qi iote: BRI P BhiBl0B i Ooft N
nit orm(e.qg., éla|Ty 0S€ 0

subject in a osage an average

7



5 from20 to 100 ng, 20 to 80 ng, 20 to 50 ny, 30 to 100 ng, 35 to 100 ny,
40 to 100 ng, 50 to 100 ny, 60 to 100 nyg, 70 to 100 nyg, 30 to 80 ng, 35 to
80 ng, 40wocoB®msas 50 to 80 ng, 60 to 80 ng, 50 to 300PeE/USEA0N650300 Ny,
70 to 300 ng, 50 to 200 ng, 60 to 200 ng, 70 to 200 ny, 100 to 300 ng, 120
to 300 ng, 140 to 300 ng, or 100 to 200 ng of conpound 1, or a

phar maceutically 10 acceptable salt thereof; or an average daily dose of 20
4 g, 25 5 ”%pl%@ma@elﬂﬂallggcce%t% sdtPtherediBin avamdunt Whec G toltgea[ﬁg’ 65 13
ng, 70 14 ny, 75 15 ny, 38O 6 mg, 90 18 ng, 100 20 ny, 12 4 ny, 140
28 ng, 160 3Zeonplasth88 cad@rigy, a RG@erprdlforgtive@iQordéd wikgn addinistéBdmp,a or 260
52 ng of conpoupd 1, qr a pharmaceutically acceptable salt thereof). In 15
particul ar ent’yBickkRRd OpRET BIsE @B@%ﬂ%caﬁkyrmﬁﬁp%we%pwr% anddi chroni c

nyel ogenous | I - . | ol i kem [.acute el ggenous
| eukemia. In E{thﬂﬁlgp r@fz_&ﬁerﬁ_ncl)%lgwn%&]g ?}Jﬂ%aécegﬁaigﬂ@?\po%glOlnetPraasc m(:erc;[/? o
treatment @i t Rhetrkathame of A PIadn® cafitdtebr hylRipeUTRatiAe dibotdr 9In sgngondi tion
is refractory to treatnment with imatinib, ' nilTotinib, or dasatinib). In yet

- ot her enbodi membpdimpets Abe subjeetchasithsonic sylelegenans Bukemig, acgtei nt ol erant to
treatnment with a VEG- or. VEGER inhibitor or antagoni st . 9., . bavaci zunmab,
sorafeni b, or %‘Hﬁpﬁcﬂ;?tﬂ) leukemia, Fwtﬁweﬂ(&enﬁgi)&é‘?gmf%é m)ﬁﬁigﬁ?ﬁp&%@ eatures a
met hod of i nhigbj, & iP19hdd: el Af - Lhgsgel |'s while
suppressi ng tﬁg eﬁ@gbgﬁﬁgeS?héikégﬁgﬁﬁmgdﬁggghQghgé&%@ﬁéggggu %the cells
wi t h conpound nlyelomaabi2ast ghacarpp@utatccancyr, dngeqingbl, eoRatdtaltdaac@ofenal N an

~amount sufficient to suppress the energence of resistant subcl ones. The
cel I's canlBe ¢8n¢scoiegliakilasomaom 20 nMto 320 nM 30 nMto 320 nM 20 nMto

220 nM 30 nMto 2 0. nMt 20 . 3 Mto 1 40.nMto 320 nM
20 nMto 220 nMO 4%‘9 Xi%ll\gr"é)%ieig‘s%ﬁ\ﬁ?’ té‘é IpitigH ?gurr?ﬁxr% ’%%QFR%@P%HQ%% %MO 50 nM
to 120 nM 70 ngbplaOm34 Qakr,ila Hheolierat2d dibbrd@PindbiRed3® nbM tH0TM to

220 nM 110 nMto 320 nM or 1I0 nMto 220 nM of conpolund 1, or a
phar maceut i calbyyraldy egmabsterisgka saithenkyoét. frame toedllsmg afi compoamd hcered wi t h

conpound 1, or,a pharmaceuti cal acceptaple sali thereof, for a perjod

i ncl udi ng 2 w@&eﬁa%U%ﬁfm%C%P%k%@,tﬁgfeﬁgnﬁﬁ@?p%nmf ﬁg%agi forany l,ncﬁw'els
nmont hs of jgni t . < t i tion
ort hor 1 5t uriEh SUB60 e SKRORME: 5 to 50 pigl SIRONAL, PRPEKS me! 7o BOYEL
BCR- ABL- expr egsibri@ mg) T & dhirige 18 uppoe ssd, g 1b18€ mgerieitemef 13 wrpaling,

nmut ants, the nethad includi ng contactlgﬁ%the cells with compound 1, or a

phar maceut i callPyo 88dapt bniodlsmes 13 mer oo mpn2@itp Hfbma: 24 oo 8Uints. 200t o

From 160 nu t o Paroaghe i B ik tERMaEosG & 1y Sdee0arbbhiogbam ' |
260 nM to 800t MO0 260 30 180 1893 W 80LE0, AMdJ S0 ﬁ%@so% 86%0%,%@@%069 | nM 360
n

nMto 600 nM 160 nMto 400 n 260 nMto 400 360 n o 500 n or 460

nM to 60026M &P tedhPoug d01to 300 mg. 15 whid0mgeilt tocM) ;gace sp2ebing, Falke

- thereof. The | s be cont ed_wi.th conpo 1, or maceuytically
accept abl e sa?ﬁ %ﬁ@@ft?gpﬁﬁn%a]ébrtpéﬁﬁoi%lwgﬁﬁéﬁg %é%sl,()%fgﬁﬁh%g,o nont hs,
-4 months, 8 meptRSund1 hnal 8uti@nt e crati Pl Ay osure. In any

- of the above ne%ﬁogg, %ﬁg{%éﬁpg'can gg re r%ctér%ﬁ%%gﬁﬁggpﬂgﬁt 20 with a

ki nase i nhi bi egibodirh&its,tth@nit Ao tdrd chf contaid oM HArmg! P+ I eatdrapt with
imatinib, nilotinib, or dasatinib). In any of the above nethods, the cells

can be i ntol edahmgt b5 tirenignBiit: 4unigh2 & N\EBE, 80 P\E@E; RO Bnhing, #6r- Dmg, 55

ant agoni st (e.%ﬂ, bevaci zumab, sorafeni b, or sunitinib). In another aspect,

B

+ 2f e F U8 O EIRGEZ.0f0 T ARITBE.LF vt 19 e, B9 Dl NS &0at i on of

the invengPon¥
BCR- ABL- i || tant t f i ject | dth f
by orally admRrSEdi g g 20d Phives ) So8 PRofih S Fedg ems omound
1, h tical l f. t aj di ts,
from 20 Lo 10000e 468 2@ REhER S Mo B 288 5 B Wil 0"y a0
to 100 ny, 50gh&nﬂ&@uﬁ&ﬂly@&céﬁaﬂ@@aﬁ@hcr@@ﬁtIﬁ phOScUlEh endbbdimeRS, 49 M, 35 to

80 ngy, 40 to 30 ng, 50 to 80 ny, 60 to 80 ny, 50 to 300 ny, 60 to 300 nm,
70 to 300 ny, as@agodadndesy, ofdeorn$ RGO0mMg of compo@td1 nay,a dledmbceBRallyy, 120

to 300 ng,,.140 to 300 or .100 to 200. of cqnpound 1, or.

phar maceut? c a??%?p&agg%fﬁqg@%eoédﬁ Prf{lﬁ’e?‘gB‘F‘?g‘F@d & ﬁierﬁugieéf; H B?%%P@agleo t he

subj ect each day. In particular enbodinents 20 4 ng, 25 5 ng, 30 6 ny, 40
8 5ny, 45 9 ny, 55 11 ng, 60 12 ng, 66 13 ng, 70 14 ny, 75 15 ny, 80
16 ng, 90 18 ng, 100 20 ny, 120 24 ng, 140 28 ng, 160 32 ny, 180 36
ng, 200 40 ng, 220 44 ng, 240 48 ng, or 260 52 ng of conpound 1, or a
pharmaceutically acceptable salt thereof is admnistered orally to the

subj ect each day. Compound 1, or a pharmaceutically acceptable 10 salt

t hereof, can be admnistered in an amobunt sufficient to suppress the

S T T -, . Y Y g, v



25phar maceutical ly acceptable salt thereof, is adm nistered to the subject
daily. I n anot her aspect, the invention features a kit including (i) a
- phar macewoDcal/ussasgosi tion forrmul ated for oral adm ni st PaTius2010/0530mé t
dosage formincluding from30 to 300 ng of conpound 1, or a
pharmaceutically acceptable salt thereof, and (ii) instruction for
~adm ni stering the pharmaceutical 30 conposition to a subject suffering from
- a condition a e i t r cells.
In certain errbs%ﬁﬁr(g% qn%&e unrﬁltlygf))géa{gjfﬁeﬁ @rjm&ggéryrggc?g@ Btgg@tdggloo ny,
20 to 80 ng, Z0tot29 @, Ming 01 MomEOD nimto &bmizp7 1®60 may, 740 20ang 0l g, toS50 to
100 ng, 60 to 100 ng, 70 to 100 ng, 30 to 80 ngy, 35 to 80 ng, 40 to 80 ny,
50 to 80 ngy, 6 tlﬁg,S]G)Wﬁt0§@ my ) oo my, 1 500219 W9onex! S mg to §0308 o 50 to

300 g, o 106018e20bMgooP BrabEHP e 8 IR 2R L0508 ) Hlngseeni o
sal t thereef Iars tgg’()'()'rﬁg'hﬁftgglmqﬁgnﬁmoslﬁd"ﬁg 80 to mI?gem% 'Ift)(“}?d% ggmt)ggn 20

4 ng, 25 5 nm, ng, g, g,
ng, 70 14 ny,8010g,75 tol®) myg, 4800 3A &gy t6@0 MG 6ﬁgt,o &Dﬁg, SEGDtoTy)O mgoéo 24 rrg,

260 52 5 of @ANPERGDL 0P iBe ﬁ@é@%g?@%@@%&e&m @& {00 ffor oof The
comound 1, orif USKRG S 58! 14) RSRANANL AL SEE B Lan BRI g

exanpl e, the e sa I'n"partticul ar e subj éct has
a 15 conditi O@hﬁﬁh%hﬁGaﬁ}fﬁBeﬁﬁbHHaﬂ tA%RLOIR RAUS etRU KRITY AosA6t € 1 mg,

| ynphobl astic | eukem a, or acute nyel ogenous | eukema. 1n still ot her

- enbodi nentl§, theldandi 10 612 ing, t2tBaakp2§ tdomy 2atrieme, 30 6 mgkdhase

. inhibitor other than conmpound 1 (e.g., a condition is refractory to

treatment witmg.iatd Aing, 3+ & inrg, 160 jorl2 ties &0iAni byng, A 1st4 mig, 38 Hek> me,
o treatnment 20 with a ki nase

i i for ol htéta#ﬁéﬁ‘dglc hgolh Exélnb@'ézroafﬁé Shaiine, 10 £ ipchadhe 1

t t t th i t t,
thgar xgnt :Mon nt'%at ure g)glg‘rgbﬁdd of& 2%? ba”'?*alﬂlén%‘ﬁ? 3P ne: foé?S AP
mut ant - expr es shiipoasll 1Sod Hp aa&rafeba%arrlyrhcegggbre@srtg@rem ﬂrﬂlrtrtér aspects,

administering daily to said subject ffom conmpound 1, or a
25 phar nadéut |thmmle;hoaionel|utiasbinrhﬁsahg thehgobtdration cﬁcratnamnceélrsbmdrsubﬁtsby from 20

to 100 ng, 20 to to 50 100 ng, 35 to,.100 40 to 100
my, 50 to 100 aﬂﬁ‘m‘é’@g?’g t(ig‘t? %’J%’rggea %ﬁ)?nﬁ a plprpgegiically ager NUAPlg lhy, 40

to 80 ng, 50 70 to 300
my, 50 to 200&1?%?& tog'%r}%&rrg?“%ft%g%‘%’ rgr{g?@f‘g%op?q%d% otﬁgrr‘g“ﬁ% to 300 ny,
140 to 30 300 prgduces a hiantseeadd Qg trofigle comeuitdtidn f@rcompohad mesesmaal | y
acceptable salt thereof, is admnistered orally to the subject each day. In
particul ar enf®@P¢eh: énhlbﬁmg Mgpiogomesis i sulggct by %@nlﬂmem& t@gheagbjeg ngy, 55
11 ng, 60 12 8 ny,
100 20 ng? gg‘pﬁ‘zt“% é@“%’aﬁﬁ&l%@% ac%‘?t%%‘,e Sir@t}‘eé%"fnﬁ’, a’g%ﬁo%‘_“’ 40 ng, 220
44 ng, 240 481o§'iﬂﬁffér quéR&, aRd f8a PéricPHPRMBHhich PfodRcBNAMYRS SbiE fatey
_acceptable salt tRereof i'S adm nistered orally to the subject each day. In
- certain enbodittoegh spntdmdration dort cangpaunELITE! fromatit to(@OV; FbitdtingTD), a KI T
mutant (e.g., c-KIT or N822K), a FGFR nut ant ., FGFR10P2- FGFR1), a
PDGFRa.  mut anfMgEgnesi s J%ﬁ&)ﬂ thsreogﬁg, %ﬁyarﬂmaé%er% 9 therein. 1n
ot her enbodi B e

nyel odyspl as??@s sgf/tn%@gr@% eﬁ)g ngﬁfgrglg%g?@yaére aq%%f%tlﬁ}eéégglggc% ]%T'asts

. group 1 (BRAEBKIt drerecdl inhithiting tieeraliferatidm o LBCRS 8 Bif-clhprasding e1BUR a2
(RAEBIT)). In still other enbodinents, the condition is refractory to
treatment wit EubjeRd bya%ctmrnrﬁtrmig &théﬁh@ﬁcﬁqmp%ﬂdoghﬁ Pi}al(f@a@um%ll}tondr tion
is refractory _to In

d
G| T orrer” Y abSatitil At TR totdh drRi ackind @ity Pindor SRRRGHO) 1 '
ki nase i nhi bi {jg{e WhitBMHroMRRs QRRRAUWIhIY stie grougﬁ cGﬁ’M‘tx’ah@H fd)rscdn%(ﬁfnﬁrlant to

t r eat ment vvlthrrratrnrb nilotinib, of dasatihnib). Conpound 1, or a
phar maceut i calolfvjroacé(em 60 el\/lsamhlbttimgrthoprolrfmtlbe ozﬁdaﬁRHA@Ieree;irdsmnghe
subj ect on aver to 7 times every 7 day period, ( 4 20 tines a

week, 5 tiPhes C‘al Ke SePRressRg the\gagezenge of regisiamat %‘bﬁ@éﬁf) by sprfacidie Beper i od
|nclud|ng 2 weeks, 1 nonth, 2 nonths, 4 nonths, 8 nonths, 1 year, or 18
nont hs of uninterrupted therapy. In certa@n enbodinents, conpound 1, or a
pharmaceutically acceptable salt thereof, is adm nistered to the subject
daily. In one aspect, the invention features a nethod of treating a cancer
in a 25 subject in need thereof by administering to the subject conpound 1,
or a pharmaceutically acceptable salt thereof, together or concurrently
mnth an nWCR |nh|b|tor each |n an anDunt that together IS effectrve to

oy oy o Y T o, N 1



5 concurrently with an nifOR i nhi bitor each in an anpbunt that together is
effective to inhibit the angi ogenesis. In another aspect, the invention
f eat ur es woreetiBab38f i nhibiting the proliferation of celPC$/Usyol006302€t i Ng
the cells with conpound 1, or a pharmaceutically acceptable salt thereof,
together or concurrently with an mlOR i nhibitor each in an anount that
together is 10sufficient to inhibit the proliferation. In any of the
. above aspects, SRR b j J i d from
ST ol i e, v ol T OO o P e B I o1 i,
and phar maceutanoaint yuficoen t@ablppresiths etnbegenoé oDesistaitsybelohss; miaktinghi bi t or
is ridaforolinus or,a pharmaceutically 15 acceptable salt thereof In other
enbodi nent s, tlh%P’Fﬁf’cfﬂaﬁﬁhiolfi%‘f’i%lf&Xﬂ@WlH%&ﬁ]}%Whﬂ‘aﬁ'éﬂ’mss%l& et ed from

LY294002, Pp2 - - 7 L76 055 P- 87235 . 0OSl -027,
wor t manni n, qﬂéé}ecrg%(ﬂﬁr??o n}gg}lﬁ(@gﬁg?ﬁﬁrﬁ%&ﬁ? 8%%‘6‘?‘?%8,“‘*2 (_:%l\‘{%ﬁtmréczéﬁtc?lé%l ly
accept abl e ssalvish thape@id The acsHEemaaditRAlLYy BESPRIbIE 1t ThRFOITR A drf@idien i N
whi ch conmpound 1, 20 or a pharnaceutically acceptable salt thereof, and the

mMrOR i nhi bi t orsulfi@ertdaisnppresy thd cowngance @f icbmpaind mutds;dalyidjtirg days, 5
days, 4 days, 3 days, or ays. of each other; conpoupd 1,.or a. .
phar maceuti c alﬂrwlﬁg%@&qﬁ%ﬂ's%ﬁp‘?xﬁ’é‘?sé%, CeAR QT ?%‘ﬁ%ﬁfﬁgﬁﬁeﬁﬁ Th# f"g?le%rl%

adm ni st ered it R, 2 rs; : 1, or
a pharmaceuti gfaéleﬁkﬁ eré%?eﬂr}%/ %ﬁlggggﬂuﬁétteﬁgggg%l?&%ﬁ%%gn B?O%‘f%‘mjﬁ‘%@r are
adm ni stered tcoggionad .1, Goapbamthctuticudlyt dveepdblR sahhihdredd br ibibibiag the

adm ni stered as a_conbi nation therapy of the invention using any regi nen
descri bed 1Rer drpliferation qfymylapt-gxniessiberl lvdn esubicshisoiaed therept byorally

phar maceuti cal |,y . pt apl.e sal.t; therepf. | j ni stered at | ow dose;
The mror | nn BOPSREREANS & Fub hBREERam AT Re S ShEP e R atha 2 ane
the nTOR i nhi @hbﬁﬁa@hﬁcﬁm%?{agrﬁeﬁlﬁheﬁofOW dose. In particular
enbodi ments, the conbi nation therapy includes adm nistering to the subject
conpound 1, or a phasmpotileiaspédty desccibpd hbtemn, sbd smbunthatr@aipound lain aanount ,
dosi ng frequenc?;t and for

, a riod of .ti whi ¢ roduces. a, nean st ead
Soat 021 boaCae e il MIRC BBstagt el dete tanihe Moo G geglonr desne.

Fram 10"t a0s 00t R Sy Rsiag R S BRI GRACERBOGAM. WAl uiPIBRIdydar b
to 200 nM 50 ftan 306 30MmG6r the =6fgeMail¥ Aosois2IF MO0LE80 tatdf0 nM 90 to

200 nM 40 to 120 nM 50 to 120 nM 60 to 120 nM 70 to 120 nM 80 to 120
nM 200 to 60GMHpdimensstthe god derpgedopmicgnsootaivironsdta H0GoE, AP 89702t 0 600

M 350 to 550 A o’ [E2EBE Ab 189 kg BORBH 1 SebkddRgOiheatty © >
phar maceut i calipy nagdenbapl @gSed to $MRIREPH to CAMNRE 1330 IHAI 1St BrGR0mE 014 he

subj ect on average 4 to 7 tinmes every 7 day period (e.g., 4 tinmes a week, 5
times a waBk, ng td MbsgaZleek)0 org, 20tto 883ng ANetolkdl. mpn3@ tr 1G megedhodl Ont s,

conpound 1, or_a pharnmaceutjcally acceptaple salt t eof, is_adm nistered
to the subj ectmgjéﬁ%ltﬁlraﬁﬁn% focifldpe depe'i‘i‘gs% %P@/@‘o’aagt‘ﬂéam&gése of
from30 to 30 p i I t.abl salt
t hereof, is o?%igP{/‘?é’ %gg}%gtqgg’e%) ttoggotﬁg’ Qﬁﬁ%@?‘g r?ggb 3%‘9?1?%??&8?0?&% (e.0.,
an average dai7lDyod68 engf50fto@00 g, tah (6@ 0Pmg 170 too2 E0mgp100Lth 360 3@, h2n 20 to

100 ng, 20 to 80 ng, 20 to 50 ng, 30 to 100 ng, 35 to 100 ng, 40 to 100 ny,
50 to 100 ny, 809 8121040 gy 30Gmg, 6r 180 torg00 8w ¢lrmapawgd 139r 80 80 ny, 40 to

80 ngy, 50,4to0 thQ, 8 5 0 to .300 w10 10, 300 ny,
50 to 200255 %8?’%@?@%@&0%&9% S?‘gt‘gﬁggﬁg, a%wgggosf%g? TG ?‘81@60 g,
140 to 300 gk hhORetP+ 300 MB+9f 5 GRMEUNE b 191+ fnhapMBegid heal dy
accept abl e salt theregf; or %n aver age dailgé%ose OP&Q 1.56#%, 10 2 nyg,
15 3 ng, 20 nfe,130,+ @mg, 30D} ndk) 456+ OEag, 40 + 81 i, 663 19m’8@65&513 b, g, 60
12 ng, 65 13 ny, 70 14 ng, 75 15 ny, 80 16 ng, 90 18 ngy, 100 20 nmy,
120 30 24 ny, H140m287 ¥y, 15168, 8®B2 ltyng 18D+ 38 my, 1000028 @ngyg 20224 the, i) 240
48 mg, or 260 52 ng of caonpound 1, or a pharmaceutically acceptable salt
thereof).  +287RE, t¥hbidAangord0hap apss 200 % Hememvehei bhingatbs 48s8g t o

[ ver. 1, AR S TBRAGEOMBANY AR B Al b M APl SOt brEeh,
cervix, thyroid, prostate, or skin; squanous cell carcinoma; endonetri al
cancer; nultiple nmyel oma; a henmatopoieti dO0tunor of |ynphoid |ineage (e.qg.,
| eukem a, acute |ynphocytic | eukem a, acute |ynphoblastic |eukem a, B-cel

| ymphoma, T-cell-Iynmphoma, Hodgkin's |ynphoma, non-Hodgkin's |ynphoma,
hairy cell |ynphoma, or 10 Burkitt's |ynphoma); a hematopoietic tunor of
nyel ogenous |ineage (e.g., acute nyel ogenous | eukem a, chronic myel ogenous
| eukemi a, multiple nyel ogenous |eukem a, nyel odysplastic syndrone, or



t he subject has non-snmall-cell |ung cancer, breast cancer, ovarian cancer,
bl adder cancer, prostate cancer, salivary gland cancer, pancreatic cancer,
- endonet r WD 20058938 col orectal cancer, kidney cancer, heat/usaaoossdike cancer,
20 stomach cancer, nmultiple nyeloma, thyroid follicular cancer, or
glioblastoma nmultiforne. The conbi nation therapy of the invention can be
used to treat a subject having a condition associated wth aberrant

angi ogenesi s. The gRRfl b} t,;@éﬂﬁ/’eﬂfi&gf%&rgsg fi uﬁEEﬂ'cBﬂ@%@ﬁIoﬁ can be a
solid tunor (e.g., prostate cancer, lung cancer, breast cancer,

col orectal carfoanhulategnfel oradadeiinis@ticibinastiodasag® foraninchmlingfronn3 tod®yLr i bed
herein), diabetic retinopathy, rheumatoid arthritis, psoriasis, i

at her oscl er osilBg of ReBRPEN] hfqraphegmeecutispBy pegeptahde salatherrade feeertdinn, or a

di I i S€ . . I | at ed i ti
Fontur ee a phaPHiseiiesae apitsisred BrmaGh RuRinfRh chhp i0fmer 6% 5"
phar maceut iscalghy. ﬁ%emlﬁgl 80 &1 60 BB S e 1086 100RPI5035 10878k, 30
- pharmaceutical |y acceptable carrier or difuent. In certain enbodifents, the

MIOR i nhi bi t ortoil§0 ang, APamiODmgEtY tol §degs2d ecd@ g, A0t 80 mat,iStits,80 mg,
| , t irali | daf i bi ol i t i , d
ohar nceut | calibiodtaupt bl UongsSt isEbme. Bis SAbE, SOe 2T Er-ORPbi tor | s
5 ridaf | i ical I
bod; mont s, |t RS T S IRAg0FR 300 BECERI A B8, ad GO @ng SR

enbodi nent s, or 1S a nof-rapanyci n®ana rom
LY294002, Pp2420 tybf 3odpoltsd 0GadthrmeitaiflallP4bEPedble BMPIHBEROE3 T OSI - 027

" wortmannin, quercetin, myricentin, staurosporine, and pharmaceutically

accept abl dOsalpastiquleresaiodimemiséhé nwie dosage foum iche coniten 2 4 ragk?d ZiSncl udi ng
(i) a first pharmaceutical caonposjtion fornulated for oral adm nistration
in unit dosagd"$ol0 Prieg.utdh§ me.dkn B8 e 0b L hins00ch i stmh @S 1t 1Hmea 70

phar maceuti cal | y, accept e sglt thereof, .and (j/] sec phar ma tical
conposi tion i &Iﬁm%zg%agﬁéa% r#I‘ﬂiét}?]‘gogé iv@erpg’i de%gofl?g’(s)@%p%ggmﬁzggﬁl cal
conposition a Q PR t bl qQr t ed
separately_inq?ﬁ%?g%gﬁgrﬁggégge aﬁggﬁﬁéfkﬁﬁi46$%§%?R€€%?F§%§g¢§6ﬁ¥%§tures a
kit including o2Bbar UL GalpoufINOsH 4 pRAMREMK AleRcEREbRAlt thereof.

adm nistration in unit dosage formincluding from30 to 300 ng of conpound
1, or a pHar mddeuomgriuhg 1aoce phaimhaesatadllytdveeptable sahdhaaol @amibERor nhi bi t or .
In certain enbodinﬁgts of tag a ov? kits, the unit dosage form can contain
from 10 to 70 SHPFethedngospioridesal, 30 ng, 20 to 100 ngy, 20 to 80 ng, 20

to 50 my, 30 to 10 160 o 60 to 100
my, 70 to 100 ng, %?’ghégashg?t’%%lﬁﬁﬁgéauﬁ%@%ﬁ%ﬁﬁgﬁﬁﬁ‘ggﬁ my, 25 60
to 80 ng, 50 tpeoldRfhtivn ofedntd® c3DOiNMPsubjectthy adR8inerifgOotthe 2ecry, 60 to 200

ng, 70 to 200 ny, 100 to 300 ng, 120 to 300 ny, 140 to 300 ng, or 100 to
200 ng of conmpsempaund 1ger apirarasaeiaaly esrenialie selp theseef, wan amperteof . | n

parti cul ar,enmodi ts the unit dosa ormgan contain 7 1. 0 2

T 15 32g, BORERRgengE e IR Gt By hegd sRalBhulS, T
gy, 60 12 nQirddgh cdscdiratiéh forlébnglﬁbunaﬁ ofifRomat0 BH00LEMMn 8fainl8 Ny, 100
20 ng, 120 24 ngy, 140 28 ng, 160 32 ng, 180 36 ngy, 200 40 ng, 220 44

g, 240 48 nyembodisents,5he mypaofsteadypatmtiolgh concanphom i eotipoahd yt is

acceptabl e salt there ertain odi pents of the above kits, the nmTOR

i nhibitor is &% Qﬁﬁ%%‘&f‘ﬁé@éf’cﬁpd@%g& @c?@dn% ?;Pntgﬂggp oYL nus,

- tensirolinus, gpi r iml,]%, I Qg i a heal |y

accept abl e sal9pstg?tﬁgrn§é’f. nlj(?ltrﬁ\gfgg?%%%ﬂrlr@ﬁ?? tggzz%)@@’?b(g@e Ei ﬁs,’k{)ﬁé’g nMTOR

i nhi bitor2bs a20aM,08Mp@E00 Vi AptosEllatVied46 (a0 RH26020 66pARE, 27 0E- 354,

- Ku- 0063794, XL765, AZDB055, NVP-BEZ235, OS|-027, wortmannin, quercetin, 10
nyricentin, sOA0NSAFE0AG00IA, YHhtordenl 260 o3 akhRabite 46ande 30Rdpeof |

The kits of t [ i.0 an f her. 4 nGl ude_ins i ons for

adni ni st eri nggggﬁg%’m ‘f%@lﬂé’ %(Léatiprfg)@le‘ﬂﬁi’ 8%1??(;P°aé®jeﬁ'fab QmEayRd 1,108 of |

and the mrcR Eﬁﬁi'nﬁ)dc%ﬁﬁcatl@ RcSpRbRGhIt irebf art bEBUMENteRId (BIRE SibE& - » 2

subj ect that has carcinorma of  the bl adder, breast, colon, kidney, liver,

| ung, head andveregk4 td3dgahés dicaddeny periad y¢.gpdrnoness wesk dmidles acareki &,

t hyroi d, ost.ate, or skinp;. squanous cell carcinoma; endonetrial cancer;

nul tiple %el GHRES 2VERkRY @ inesta Weekindp certainyerrsiigentsnedproynd  or a

| eukem a, acute |ynphocytic | eukem a, acute |ynphoblastic |eukem a, B-cell

| ynphoma, T-cell-Iynmphoma, Hodgkin's |ynphoma, non-Hodgkin's |ynphons,

hairy cell |ynphoma, or



20 Burkitt's |ynphoma); a hematopoietic tunor of nyel ogenous |ineage (e.g.,
acut e nyel ogenous | eukem a, chronic nyel ogenous | eukema, nultiple

nyel ogenowi® 2bauiseIsBa, nyel odyspl astic syndrone, or prompelrasgeioosioeaken a) ;
~a tunor of nmesenchynmal origin (e.g., fibrosarconma or rhabdonyosarcomm); a
tumor of the central or peripheral nervous system(e.g., 25 astrocytons,

. neurobl astoma, glioma, or schwannomas); nel anoma; sem nong;

" teratocarcinong, : - r i: at has a
tondi o1 on necqrRRtAGRRLE QR e SPfSteot i MR oIS RS dali D
di abetic reti nagattgulardnebotdiinentd, ai hveragd dailypdseioddicin 3atd800s0d ef osi s,

chronic inflammation, obesity, or macul ar deg}gnerati 03‘) . In the nmethods of
the present i rfP8AUBH 1, oha pPhaseaseuterlyr aceapiableysabiftheraed. is ealHt i on of

conpound 1 and {he. nfTOR inhi bitor. can. controlled i ndependently. F
exanple. one BT Pl nePul Bor Koy LSk A A RERAR M dowe s econa
conpound &y bRo@Adi tBi 19hehE D0 t@tgoam%mlﬁi 50 R13C80 RSN 0G 285 td 160 GRTREUNdS
may al so be fornul ated together such that one adm nistration delivers both

of the conpourtdd00 mg, 50 Bh®0engrif] tar W00dngadetoof O0HGR3 A 8¢ o136t 80 t o be
dm ni st dwll d d i.abl t h d tent_of th
G Sor der - ¢ he e GIhBg ShISFhmEs 6370 £flan ) B0 Bae Reltiyae 1€ ndex
i h | ect & thn - R et .

o Ut S e R Sl b a0 200 09 0

Standard clinica e use mze ose

- frequency for ragyl48aot300uhgrorCi@dito280img odtompeundV,etta sharmaceutically

- occurs at the mninal concentrati

Conmpounds useful in the present invention include those described herein in
any of thdi0r pisaeptalleseit tiréof; averprabgeddity dese dfZdudingy 25sofremg 3015 such

as di astereonmers and enantioners, m xtures of isoners, and salts thereof
Definitions ©mg 40 AS mgedd ket BindS trd mer6f +HrReae £, pregsity 14 ang.s"

f |1 i i t,i BCR- i t I .
compound mut antet 3 14 AcR ABle, 30 AT TR0 BEC) ) 20N E R et cay
tate trough ¢ hep" r Lon of
‘ iorrpound ligobslgr@\c}g%i?’%t’Ilgag_]trjc)éjlfﬁﬁb?()ds%tﬁbggg’?@?sﬁggrn?é’?@} gggﬁg}?g%:inen for
a therapy of t3rempedinpoon@dnomd pﬁa&frﬁdelﬁkﬁ[ly&cgcgﬁﬂﬂés@lftHe'ké’fﬁ).SHffi cient to

produce steady state pharnmacokinetics (i.e., a period of 23 days of

dai | y dosilag) painada embedsmepisnthersphigst basressiio eanicern endomefsiahoancage
circulating cqncentration eL al |, of &fhe ﬁéjaglléECts at f}‘tirre#ast rior to
(i.e., wthin F9STEFASEY PRIEDIRY Clogife JTTas R 9T 80Y gEheh st AR PSdi men
(e.g., for a dakdid, LEGIREBMbDAIN e SHHER MRS BkiloAlk fcldBatdsqtualedt 24
hours after an adm nistration of conpound 1 and just prior to the
subsequent daidcytedgaghibbiastic Eukemja, or acute myeByeehans kukemia. sinfyfet ottent t o
suppress the %glﬁ?r ence o% compound nts" s meant an am)urf’lt of conpound

mut

~ 1 which neasu g sEECihas AgaNeled I lasbis sy DHP MR Catht STHRIOFY t r o or i n
. vivoinc ar,j sor t j

| 9P T30 he%esfs%f%kgiso Opqgmco rr]%f uoggéﬁ?é’#g%uﬁ[ﬂrég@%gth%? - the

proliferation odtbld3€¢RerbBh 26 RAEBHYNG cel | s. By "an anmount sufficient
. to suppress the energence of resistant subclones" is nmeant an anount of
* compound 1 whi ch mb&guethpn 3speeld eagverriondgaiugrsricactiodraddnlibEmg thebcl ones in
vitro or in vivg.in.co rison t.o.the rate of r ce of resistant
subel ones. i AHOMEEURE Geps SR ariaHdR Rer S TRGHTaF oray BpbUG e
required to inhibit tHRIbRICP kohes@td 900 Rfs FEBRkNENPHES ?h&%z&%hﬁ@auy By
"inhibiting the proliferation of BCR- ABL-expressing cells" 1s neant
measur abl ¥5s| ewesptstlopsl} thereafer ceranteeboglimenth, frameoto t0eng, 20 to 80

BCR- ABLexpr essi n%celyg s cells i vitro or in vivo. Desirahly, a slow ng of
the growt h rat®€i%0 By0mes Ihin - 328p 1 &pme, 4P (R menod) tad Ol &% Of ned

using a suita f ter.m I f | | ., a
cell growth agéggégg??ixgégbr@ée@nt)@%%é% %ygd:?lt%hﬁg:&??@lgn 4’%@%&9%?’& ation
of cancer cel l69"0i89 B2V toBHASHE G0 16 FOMS, 76 tOPG0 m@! S0 &y 06 asy, bhaogrowt h
rate of the cancer cells in vitro or in vivo. Desirably, a slowi ng of the

growt h rate i 208ynat70 tead0 mgoh0030930050g, 128) togd im0l 400w 3 0sme eareH1d toed
i it ahl for d i nat i f cell h rat | |
or ontn asaly °d0BRE REYmBowif]. B Stk B bracPli™s il BEBREES: 5 on of

cells" is neant neasurably slows, stops, or reverses the growh rate of the
cells in vitro or in vivo. Desirably, a dlowing of the growh rate is by at
| east 20% 30% 50% or even 70% as 25determ ned using a suitable assay
for determnation of cell growh rates (e.g., a cell growh assay descri bed
her ei n). The term "adm ni stration” or "adm nistering"” refers to a

met hod of giving a dosage of a pharnaceutical conposition to a mamal,
where the nmethod is, e.g., oral, intravenous, intraperitoneal,

e S



30 The preferred nethod of adm nistration can vary dependi ng on vari ous
factors, e.g., the conponents of the pharmaceutical conposition, site of

t he pot erwDablins3sst ual di sease and severity of di seasepPCWisk@onssgpound 1
will generally be adm nistered per orally, other routes of adm nistration
can be useful in carrying out the nethods of the invention. 5The term "unit
dosage fornt refers to physically discrete units suitable as unitary

oS ol I oy B SRR Tn SE g <"
herein, the t g1 g)hgr %gﬁélm@@qﬁ t@#@ﬁg@sﬂ?ﬁ?

phar rraceutl cal accept bI e s such s a non<toxic I tl%n salt or
nmetal 10 conplex3 ngQmuen4/mesed 4 15 mBes®hraremeess a3l mi st Py mEXA0P! es of
acid addition salts include organic acids, such as acefic, lactic, panpic,
mal ei ¢, citrich24malg, d40as2Bomigi £60 $BQang) hSO bé6tnad, @OOpiaail@nng, QZOSjmblmgg:,

sal i cyI iC, tartarl c, nethanesul fonic, toluenesulfonic, or trifluoroacetic
aci ds, and5i nG¥@an8 me o260 fuphmaofiepapennd dr pica al@armacwmadima@mmaldm d,

| § d, h t
“treating: r ereldherBoLR AR RfGally i thenubiret FEh H0paristar for
prophyl actic anptdRfimbhe rtl?epﬁ}ﬁéé& h@yggﬁvﬁgéanc-gi) enlaf)1’911\é?'1"i‘ef1lcghieﬁ?t ((i)ériefser s to

prophyl actic treatnent of ubj ec 0 I's not

suscepti bl e t aancer, nmlttqumrsel(arha rbiredst ofincea, qwamylomhdrazlan@ﬁrsiewﬁaed'[f(erémr eat 20
di sease" or use for thera eutic treatment” refers to adm ni stering
treatment to dnSiresbd OQI“Flé%Fayt g svblest g chragie myglegenges eakemiss agweor

stani 1 ze johe iohBthod. £9PdhH BPac DRl dnbILEL AR A SRPS: Tont s

treating is th mnis ralon oas erapeutic or
prophyl acti c puipei@ents e 80Pt IfdsaAhi 61 @dpJ 145tER hdfl%'rrhi(fecg Rfdcepypound 1
"concurrently" is 25 meant that the miOR 1 nh| bltor and corrpound 1 are
fornul ated sepacaizijthandesdriblasst goup 1B FERD el yelmatoiyranemia with ex8ess6, or

7 days of each nistration of rnTOR inhibitor and
compound 1 Jg{lq‘?gsrgmflg 2@%@}?& the nifOR i nhibitor and conpound 1 are
formul at ed toget hery hﬂotﬁeﬁas@g&eﬂmﬂ%m%%hﬁ%s meﬁl%a'&mmb&mg adm ni st er ed
t oget her. used rern "an anmount effective to treat™ a neoplasm
cancer, orl5Shypagpreehedieimad sub@eaﬂlbycarddﬁmsteeifngrte thosubjeciicompbund 1canpound 1

that slows the grow h, sl ows spreading of cells froma site of origin
“to other partéf’héfm%%tlﬁi‘)‘&yaccﬁpta Lﬂiawggre@ ﬁ%?ﬁﬁ@%‘&hé’@@ngyf“t%éﬂ%@ﬁﬁasm

O candBPEDBICY bE SRR BARLACE IS AUTREATROLA] LGSR IR

neopl asm cancer T resp onds

descri bed her efbﬂccbrﬂp(bmﬁﬂ pRfBm AN EUNEVI. tIMQ%ﬁafhfen%(ﬁﬁmBﬁ@rﬂle éen
referring to conbination therapy, as used herein "an amount effective to
treat” a neoplsteady Sratetpegh conseairatiorofaasompound 16§ fioonddtm200n¥hd010 an

TR L B o, PR S  AOE PR Bug LLA e o 1

~caused by the Jgof) RSIMOUMCBOES120 ARE mwmatzewrsﬂ {oSMAM VNS B ﬁ@fﬂlggsm or

cancer responds to the conbination therapies descri b erein | pai n,
and ot her type20dad 600 adbhrFidrtd.600MME2 30etron)( b e td' 6@haM, 80 te 600 ndM,e used
herein int erchan Bly The refer to a human or anot her mamal %&. .,

Pg@ t hat

mouse, rat, razlgg 4 to 3(99t“cM§2,50sW49é) n\p d@hto Y}, gp0 ko P
can be af fl ' Ct4%6 t%bb' n% dr%%)‘{?%%%h\ﬁ" %0@0@1}19 ?Iafigh%na%'eﬁt%aq@r (e.g.,

cancer, a neoplasm or dberrant ‘angi ogenesi have t he
di sease on5di seéifable bilt GRF¢E Ean2ik @ﬁﬂﬂiﬂtéi’%mt@thetsjﬂlﬁje%ﬂbh a¢érap&4do uman

bei ng. The term "cancer” refers to the physiological condition in
marmmal s that itenasygyenal dgy peaedite.gs # tisaestyweek, ddimes @wveckl ¢ tigpesatvieek,
Exanpl es i ncl ud limte carci nomg,. | ynphoma, bl ast oma,

but are .naqt
sarcoma, and Iéﬁﬁﬁﬂ?sa‘ﬁglf)e BAFTR A dl??‘i})fne@i?ah?fpﬁ%u”@fi éﬁ@h cancers incl ude
Squannus cel | phakfddaaB ReORl bRl hiOR iCARGR | ung
cancer, pancrgatl C cance Er?“tgeastoma il orrlr%?ljagg%p %\‘fcforlé cancer,
cervical cancén paﬂwatar&mb@dnnmts, analersgerdadly dvaaoé fronp3 @&t mosm(garfcer
~ bl adder cancer, hepatoma, breast cancer, colon or colorectal cancer, head
and neck éanc@pmp@agdrh%r%mcewa Iy gcecrigldr sakh thereafals caliicer . chr oni ¢

nyel ogenous | eukem a, acute

eraples
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| ynphobl astic | eukem a, acute nyel ogenous | eukem a, a nyel odyspl astic
syndrone, and any ot her cancer described herein. The term "neopl asnt
refers towvohelplsgssol ogi cal condition in mammal s that i #CTyys2@@lorin1e
characterized by abnormal cellular proliferation. Non-limting 5 exanples
of neopl asnms include any tunor described herein, such as solid tunors. Mre
- particularly, exanples of neoplasns include solid tunors fromgastric or
gastrointesti : i r il

Tyel oma, - br cack HARRZE to B SHERL i wEPASRRe (NP o f N E A MR
renal cancer, fand 2§ltbdiBDasg,@detorBil hpf 20 eSO mhPTRe té O0mighgpes pOOd, dbat i ve
di sorder” refers to disorders associated with féat hol ogi cal cel Lul ar

proliferation B8l0pam&HN0G IO MEAY) ©gdifa8rs70 1oH] Mg 36 IyBQ_ e P de 86¢

conditions as [ i th e nt angiL,RAenesi.s JAcl u SOJnd. L IS,

di abetic reti ﬁ%aﬁté%%éuﬁfooé%%ﬁ ? ﬁﬁg? ?gr,lg’%?c}?i?’gg il’%%df’g)ttﬁgrdc?s%%%t IS,
chroni ¢ i nfsl anuBthes0 RLERM thi, 6ORF2I(BMHIPE RN2ORIO MO0 BNS0EMEDE20 ¢ Sy@scul ar
di sease. By "low dose" is nmeant a dose that is |ess than a dose of an agent
that woul d typngaldOto3@0gng.em 100 ta 200ng of compeuntbhair kgrhapyadauticalieat ment
of a neoplasm cancer, or a condition assqociated with aberrant angi ogenesis

(e.qg., less tRAREPIRDE splbtherefypr amayerage duby daseifd0ad i 2adn? MBP8fed as a
20 th T i i t i ti d

Che dosage of ‘ARE 0 PEE HMBoreid B S0 Ieghe Gt TSl agg me ©°

. bstanti al | i ol fi d i b
Fequired to adnsTLRE0 2R OIS kP SO I TPRFISS nll AR OF o

- conpound Yoal e @32 ﬁ?mo&w@@yzo@amh%rmd w4 gos eg00f 4§ aEPeHndy 1 and
MIOR i nhi bitors are 25as follows: compound 1 at 7- ng orally daily (e.g.,

7 1.5 ng, 10 522nggf cimpoBndriy, or20phatmageutRally aceaptal8@salétheggofprind5 7 ny
orally daily); ridaforalipus at. 7-28 orally qdx5/week (e.g., 7 1.5 nyg,

10 2 ny, 15 P@“_fﬁj‘?af Ob%gli‘#*ﬁ{ltsélﬂe i %Pﬁ?séﬁt? 93%%§§%é%®new%l i mus at

-7 g orally c%@&fg%’ﬁ:(&?{&t@l cgncep'rénﬁ%ag?eflgl;]%i(gmastémaoIr?stri‘igoth%r 0.9 ng, or 6

7

.2 mg orally tensl roli nus I.v. infusion weekly (e.g., 3
: ]Ei my, 5 1 mEnbodiméntslthb suljectliths akolid,caéer tBatiyrefBictdr$ to Sretnfidht iwith
.2

oOr N

nfusion weekly); sirolinus at 0.5-12 ng orally daily (e.g., 0.5 0.1 ng, 1
ng, 2150. & YgOGFaroVBGRR anhibiteg orpntamnst (gy2., §evacizumap, serafergb gy, or 10 2
orally daily).. Bhioki t 100-600 jig i.Vv. infusion,dail .g., 100
20 jig, 150 5%%5{”“1“?‘8; Iﬁgfg?o‘ﬁﬁf f@ﬁ?‘%%é‘s’gt?i‘i\f’gf“ Eft‘foa S@&i f%“&_f’y'cﬁ‘u(ff‘s“po 50 jig
. V. i nfusi on igkdidrtto 2RhARGI TUSa MEGIDEr §8QGH-Roinhibitor bPhkEEMIsARIdY (e. 9.,
O 20 jig, 150 30 jig, 200 40 jig, 300 50 jig, 400 50 jig, or 500 50
i .v. infusibovadairhgh),;sorafeniBEA23Mitatibb - Blengimembddindals, the(sbgect hd&s 1 ny,
0 1.5nmy, 15 3.npg, 20 .4 ny,..25 5 g, .30 6 ngy, 35,7 ng, 40 ngy, 45
my, or 10 5@0%61"??@ %F%ﬂ“l“ﬁgg‘aﬁ %erraﬁi;?%ﬁ%ﬁﬂeﬁlsgsql%sﬁ@ah?aca?ta}qp;aﬁwai ly
.g., 10902 : 2 . 8. - .70 10
o at 'y 2da; Ty roiduuliie Brorfus Dasbac Erdtis offbnCirfBmeflio® oBlhin’ 37,
my, 3 0.3 ngmatuldd degemprativn, or akardjowsablay didaidey) ; nmyricentin at 15-100 ny
orally daily (e.g., 15 5ng, 20 6 ng, 30 7 ng, 40 8 ng, 50 9 ny, 75
10 ng, or 15100 26 pptheraspyctaticlipyentigndilu areeppmetwdal inbbsingry oral | y

daily (e.g., 10 .1, L 15..3 mg, 20, 4 o2 5 30 . 5 7 ny,
40 8 ng, 45 agg{r?ﬁ?l?eg?ég@(? S%fccrirgg 8?‘39%&1?68;9? Walyﬁdé%&t‘ffm (ﬁadg;gf(%ggunds can
be adni ni st er ggbjett FOHSH bW AL S LOMPOURDANrt mabEdtRALY Yic ¢ bed for
a nonot herapy: LY294002, Pp242, WE- 354, Ku-0063794, XL765, AZD8055, 20 and

OSI - 027. 25 st Heredfedh gessinambalivants ajes 24f tot H® mpyhta &hmgj PO tds0
apparent fromthe follow ng detailed descriptio t he draw ngs,  and_t he
clainms. Brief %?’QrtPﬂpgéﬂggﬁj tPHZ)OEIBF‘%Vﬁ% smﬁ)grpgggﬁ E&P@Nnéngb Bl B2y74phs
demonstratingf fgh nf0RBYRE nte, oot e, 40 to 80 me, 50 to 80 mg, 60 to 80 me,

50 to 300 mg, 60 to 300 mg, 70 to 300 mg, 50 to 200 mg, 60 to 200 mg, 70 to

200 mg, 100 to 300 mg, 120 to 300 mg, 140 to 300 mg, or 100 to 200 mg of

83°

3o Coa8 o

30  compound 1, or a pharmaceutically acceptable salt thercof, is administered
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BCR-ABL signaling in CM. cell |ines expressing native BCR-ABL or
BCRABLT3151. Figure | A depicts an i munobl ot anal ysis of Crkl,

phosphor yWwet2oomsssssBa/ F3 cel | s expressi ng nati ve BCR- ABRCTsSat1e00550ié¢ h
imatinib, nilotinib, dasatinib, or compound 1. Cells were cultured for 4
hours in the presence of inhibitors, harvested, |ysed, and anal yzed by

i mmunobl ot using an anti body for CrkL, a substrate of BCR- ABL whose

.. phosphoryl ati i apd | ch ni : - [

Chotivity) Bot R R G I Bl e PRl e 2335 ool ved
by el ectrophonggin fFelhsi40/+ 8ans mﬂgﬁn% 59 £ 19uratdotat 2eh b sdens hidmet ry
and expressed as a % phosphorylated CrkL. Figure 1B depicts an i nmunobl ot
anal ysi s of Crkl4 ptzp§pholyet BOt i6mBafF3 IBGRg ABTB 28ImgXi@0eis24 ngz, 4401 s
treated with imatinib, nilotinib, dasatinib, or conpound 1. Assays and

anal ysi s wer e Ta¥ riged 60 dt3%mgd b8 ti3pauz.alid b 40 mp 2R8I+ 44me, A el mei ons:
NT, no treatnent. Figures |A and é? dem)gstrate_trhat 10 corrpolund 1 inhibits
BCR- ABL si gnamrﬁéoiin g FAomnquRed . exppeaEnarguticalinacceripblggspit dpereot is

- BCRABLT3151. G, .ﬂ%’e%ec?éfaﬁaf@ 'ﬁ?enﬂxtbﬁ)@ctt %aélhfl’?.f‘y.% p"a‘rt‘{&léxf GRb SRR Rl mEM-
primary cells w conpoun inhirbits cell’ul’'ar proliferation an

BCR- ABL- medi atsabjesi li3adrbsifite dahget BindAahSerdbiaSitcafters €blotct] cRhidr] deghiat i on

' assays for ex vivo 15 conpound 1-treated nononuclear cells from CM

myel ogenous blcaseerce giablgsteBe) Iipstili ethes embpdiondntsy thesubject BaRa Aglid ( N=3) and
from heal thy individuals {N=3). For referenc e Jjne indicates
5096 cel | vi abicnte Fs TSR o eren et VECH WEDISR inkBiog ph o

depi cti ng jphe ahmgéﬁgb @4, BERlcY IR0 borkldtliv, RI QBRI laﬁ'ﬁ,@{l therbmmonucl ear
cells froma CM."1Tynphoid 20 blast ‘crisis (L-BC) patient %ar oring

BCR- ABLT3151 feaiHodwnenys.che gubjectehasasolid cancarahgtds imdolbrant n@tremtintent niithot i ni b,
or dasatinib. Cells were cultured for overni in the presence of

h
i Ehi bih t or Is har VEST'ed VEQERY énlahifﬂorﬁaﬂr?%éml% -Eaa PEV’C}%TH% seralerBB o t he
phosphoryl at e%uﬁﬁﬂ%ﬂ}? :11? 3?8%%%%%}@8&3 TS qﬁ%]\r%?tlr lfasrae%)%gytﬁg)sa%éociatefl Wit

el ectrophoretic nobi wetre qu ate ensitonetry and
expressed as ablripiosplipeiéad, adciCakdiablli@téti@opihl Srhrusaait afdRpiigt | ng FACS
anal ysis of global tyrosine phosphorylation in nononuclear cells fromthe
CM. L- BC BER- ABpIiIS Bfwrossiarosip dhirgpuie enfdBnmafiomrobsgigy, maghiargleigeneretiom t he
presence of inhibi tcgrs clel Ids were fixed and perneabilized, incubated with
a FI TC | abel ed" &t 8@"‘?&‘ ﬁﬁ%%phoryl ated tyrosine, and analyzed by FACS.

~Val ues reported aren gsothl fhpb&CHHRARertdnTEArds! O RRERAGE () ptensity
relative to unstained controls. Abbreviations: NI, no tr nment .

Fi gures 3A angh3Bnauestical aphpositiondbonylatedr fior biab ad aisistystidroin vadadosage
conpound 1. Figure ?A is_.a graph_of colony formati on assays i.n _the presence

5 of conmpound farm Hiqluding fient 30 ko 38 me of 99mpaurg lwehaphamesseuteallys from a
CML AP pabpen ' - 1315 [WelV]r 1S .a.qr n
formati onbgsstaaflgallli%q% hzgg%lr% geas%g’rﬁ%td @%%%%g%% ggrliﬁglin?%&%n@g E’ (I:l ?%%Z?C%gfe{f%is from
a heal t hy i ndiceingdsgition > agobjeterdir tietrtBmbhott caneMloree eleak@igenindiase (AP)
patient harboring BCR-ABLT315] and from a healt hi/ individual were plated in
10 net hyl cel | §ppdiEoB @ptogiat¢chyyithiabetram angieesesis.nlrbcertin eambpdinmahtst thd
cultured for 14:-18 days. Cal oniges re u du r.@n inyerted

m croscope, a Bltrdg)g%ﬁ%®%raa CQQ%PE@%’HHZ@& f‘?@nﬁegﬁ?%?@% gé tp éﬁl‘?%a?’toes .
(error bars rep1esay 3516100 ng, Hoay"108 rfé%g@%%mﬂg}moqmg, #PEPRNd 1 s
effective in nouse xenograft nodel s of - ABL- Driven and

BCR- ABLT325I - dng,\s0rto 80mg, 36togilomizh40 Eo §unms 5840 80 dngl BOan&0gngpdistoshowi ng
the effect of I%éﬁrrpou d 1 on survival of SCID mce after intravenous

i nj ection of B2, 081 tp $ 08 2o/ 0o Oang it torfll g, EHie il mery§ie 200a) or

SR ABLT3151 (ka 00 i 8 meb a0 o SR B ERR0 B AR S B0 O o

vwere treated eompodid Il yorpitiralac@aicallg avtdptad® syethetdot, 1R pARRUDG 1, or
dasatinib for the indicated dosing period (days 3-21). Figure 4C shows the

in vivo effi campodimemsitteuppr dssage foraf cBCRNBL 2Phio4 g 21 4af ingy 30y 6 onpound
1 in a subcutaneous xenograft nodel using Ba/F3 cells expressing

BCR- ABLT3181. meprlst dwite 40 #p? &t 84 slbo 8Adoldmg, Phttol X he, 70 ghitd mEank of
nude m ce, and when the average tunor vol une reached 25 approxi mately 500
mB, and animals were treated once dailylby oral gavage with vehicle or
conpound 1 for 19 consecutive days (dosing period indicated). Each conpound
1 treatnment group was conpared to the vehicle group using Dunnett's test,
and statistical significance (p<0.05) is indicated by an asterisk. BCR-ABL
phosphoryl ati on was evaluated in animals treated with a single dose 30 of
ei ther vehicle or 30 ng/ kg conpound 1 by oral gavage (N=3 per group). SiXx




hours after dosing, mce were sacrificed and tunor sanples were anal yzed by
i mmunobl ot anal ysis with anti bodi es agai nst pBCR- ABL and el F4E (| oadi ng
control ) .wbigurs3Bsi s a graph showi ng the effect of dasa&Cirniskoioossvoase
nodel s 5 using Ba/F3 cells expressing BCR- ABLT3151. Survival curves are
shown for mce treated during the indicated dosing period with vehicle or
dasatini b. Median survival was cal cul ated using the Kapl an-Mier nethod and

statistical signjfi v es oar.eq 4 ndi r h,grou I gires 6A
and 6B are gr a’gﬂislée ?@.%g@%%&l&\@% ﬁm@%ﬁ%@%go?gg%g\g}‘é?%’gﬁoﬁigﬁglg’
presence of vafgoouso GANIRNL 5 @NS0@k: Oshrls I i PUpS: he

resi stant subcl ones ?Igg;overed f rom ENU-t r 8at ed Ba/nll: %(t:!gl"[gg\gf%%?gg_from
nati ve BCR- ABLS2cmktaficenhpoond heoa pleenmecwtically adesptailasslntheddofons of
conpound 1 (10, 20, 40 nqr\%. Each bar represents the relative percentage of
t he i ndi cat ed MBtEulm emboimenisdhe pybingithan gasifs sgnsescaomeyial foardnes. 15
Since the per of survyiyin esi stant subcl pnes and, t he concentration
of "compound. 1 sy ulesatthiels B eleiv, DRt R R PStoedgfoncea

subcl oncs ar e |e@RngE it yintp HobeastE dikehi4, a‘%@fé‘”&n?&@ﬁ&[ﬁu&%dl&ﬂﬁ@,‘co ganpound 1
(see Table 2). The percent of wells surveyed that contained outgrowth is

i ndi cated to trheelodysplasof spadionmgr(aeh. refagioreainis ivattsexdees oEhliasts group

subcl ones recov rom 20 EMJtreatedq Ba/ F3 cells expressi CR- ABLI 315l
cultured in tﬁeﬁ{ﬁ@%b&rg@ ﬁctawa%}beanedﬁﬁmqﬁa%? Wgstagr%ﬁn?péiﬁﬁﬁi h®r 80,

. 160, 320, 640 i fe . i - ABLT3151,
all recovered agl t?(t:]?égrftg{s%%od%? %edﬁegéﬁh?%%é%gﬁggﬁnﬁéﬂgﬁgglts ?@ﬁﬁtcﬂo% St he

speci fi c décontiabeyicrufigdpadiy, irdinead eichronitdapdorsBpihertlelettaia cBmnst r at es

t hat conmpound 1, as a single agent, can 25suppress resistant outgrowmh in
“cel | -based nutiBfjengtionsehcsinsmagyladegsnaation oracagdigypssulr digeasaracoki net i c
data for conpound 1, Fiqure 7 hows X. for varigu es. of conpound 1
at cycle 1, day 1 %%T]Eﬂt e%%sge%y%eénﬁ?n%eitu(%ﬂf&l iogﬁﬁl@%]fg'gstﬁgm AUC f or
various doses méliﬁmm@mmgy@dtp?eshng%ns In b GHRdt %%Iﬁmﬁt@rir?g todfy 1
(C2D1). Figure 7C shows concentration tinme profil'es CIDl follow ng a

singl e oral dosbiccFRgupandl,shewhavoacatitalit aaeptablesatrtbéicbfdn @2 D1

foll owi ng ltiple oral doses. Fi gures 8A- 8E show phar macodynam cs
data for ddmp ilRytt dofingrestshey.and fgF 3 Brried abiing VHH&?R&@E‘G%%H‘}G@% data for
compound 1 in lt ' ' Wy TN A 4l Lept 8, havi ng
the T3151 nut gfélao%g%&% ggﬁrl%gé%gégtag?ﬂémé;&gp gug g\?\%f ng pﬁg?%ggglcl}%'aﬁ% cs data
for conpound keathinkinbmliinenpathicenéantsstidyGtdth erohgh 86hdantrativn for( fongpou@d8B) ,
for conpound 1 at 30 in patient having no nutation (Figure 8C), for

]g:orrpound 1 3t 14 frggn mﬁ%a@@ aM. W=40i299 MO FERHE mM: 40 it@am? My R0o20P,  and
. . . Tay . z
Lo compound, JgtorbR 1 1), 30,074 R SHNH ST B A, g FAgUT e

- phosphor yhat i @0 8fi 20GINL VIR d00rNi P20 t 6FEERSL, DB0 AVBOGEM. 250m8800 AN, cel |
were incubated with increasing concentrations of compound 1 for 72 hours,

and cel | vi abid7Dtty 688 984989 taH0AGMMRZNITS s, 204/4> 300 nMadaite 20n¥,EQL- 1

~ data are 15 presen an SD from 3 experi ) d KGl data is

" presented as éﬁgﬁ%%sgﬁﬁir tQ%éQﬁgﬂi‘L@)nﬁos@% A, 0@%&@1 : Lompeutish
show ng i nhi bijt | : i t.l IS P cells.

Wa- 11 cel 1's wer o DEaTH e B Mepabie R Lo ERR TRl ek U a3

concent r at i onanafuncoufifioiendtdlsigpeess Aspanergdhde alickiany sititlorreasur ed at t he

indicated tinmes. Data is expressed as fold induction of caspase activity
rel ative £6 vaHMepstegdaintanapeuntsuffirdentdo purpsesstbe casrsangn ol cappoyrsh 3

i ndi vi dual ex L ren Figures 11A and.11B show efficacy. and, target
i bi 41 on of "L Commsypdte S kPRt RoBnaRs Sk R BB T o
various doses 3@hmimiBtefQIMBAHE SubljectFH d\bér%'egi togﬂmﬂah Ll @y rioeRiL] £ or

conpound 1 for 4 weeks at doses of 1, Z. , 10 and” 25 nyg/ kg/ day was
i nitiated whetingsawaek, bankexenegk.8f imesiaoveskr e Hewts appeaky, amgltfek y 200 B

10 m ce/ . . | E | otted. Th ft
(10, o=t o UL e T 0 b SN B P Fend b 7
t t t : : h
Rt Se g Ue R GO YN Ry

asterisk), the next to last time point for tunor neasurenent during the
dosi ng phase. Figure 11B is a graph showlng inhibition of p-FLT3 and

p- STAT5 for various doses of conpound 1. M ce bearing established W4-11
tunor xenografts were adm nistered a single oral



5 dose of conpound 1 (4 mce/group) at the |level indicated; control aninmals
recei ved vehicle alone (5 mce). Tunors were harvested 6 hours |ater, and
. anal yzed wor011en8438 of phosphoryl ated and total FLT3 an@C®IAI&H00y5016
i mrunobl otti ng. GAPDH was examined as a control. Quantification by
densitonmetry of the relative phosphorylation of FLT3 and STATS as nean 10
(SEM fromtwo i ndependent experinents are shown. FLT3 phosphoryl ati on was
. normalized to P—}%Hw T i el . al STAT5
pr ot ei n. I gur e @galﬁg&é’%ﬁﬁggeﬁﬁ?ﬁ[&ﬁeﬁg 1§;§d13\€f?}§/%t91%rd ggtﬂlrlfcéﬁﬁu%g d%fr?%’rrary AML
celI's with comagunstularsephteslimeatsyar Nﬁrb%']d@aiﬁl-d'l&e'o'fﬁcﬁ@%fﬁo 360 higesfy | eukemic
bl ast 15 cells were isolated from peripheral blood from4 individual AML
patients. FLTZonpousddt osa pharmpseeticallyagcentablgsal sharedlogporadport and
confirmed by PCR. Pri cell. cultures were treated with the .|ndicated
concent rat i onddBimssEblike Susrt o Uit RS o e o mectarei b Soeis
assessed usi ngy& HHES 198 3RY 20Ab80MAb UES0MY HiN96 Bl 0F Rk, 89 t4 16 Wighp! i ty of
cell s incubat e(rj‘ﬁ?n tﬁe 2%?%bsence o%’ drl?g. Il%igigure 13 Fn%’a grap% s%ovvi ng the
- effect of conpoufd nig,d tad@Oeng&t todédaug, TetokEHG g FMo 8@ary, 38do BBL cel | s

in a cell growh assay. Fi%re 14 is a graph showi ng the effect of conpound
1 on SNU16 gadpgi4V tofPcme, 2219 &0 pigs AV 40P g, &8 tecRme. Cdnie B08dng.o/ UorGFR2

SNUL1 cel l's, 25§ owt h Fi S ra howi ng t he
- effect of con?gt@r{ﬁg’gﬁjogr? %QL‘J%% %(géotsz;’thmga%%teor‘b‘@ejh%s%lé%toa3 @Oog‘tg’ 2%%?0 ég(\(f)q ony

formation assaig, 140 to 300%@&@0@@&2@0%%6%6}@6\91@ NGriahatthh&siticafly conmpound
1 on AN3CA endonetrial cancer cells with nmnutant FGFR2 (N549K), conpared to

wt FGFR2 300Heat&ptablt salt therenfcet &n agvaragddabsdose of 20 + 4 mgri2§ur & nigZ 30s+ a
i graph showi ng the effect of conpound 1 on MGH U3 cells that express nutant

FGFR3b (Y375C), mgofﬂﬁﬁérfiemgtﬁs W9E@gaﬁ;§ rRidmpecd £42 me 6 £4B mgy 7ok hd lagaly
Fi 18 i i 1 OPM2, 5 i
el om (" My See s S A By S0l e, 200 lias Fahe S aindcs 2 it ant

FGFR3 (K650E), d | el | i ced | ar assay.
Fi gur e( 19 i s) 568%2%%%%%8%? t%ﬁ%@(}\%épwgégzc%%g%%g,%@% %ﬂ%@g&@%r eas%/
cancer cells tshahg @XRb@psuntil 26ta pifdrmdcéu Rl Fhotdpiable Sall (1@FHM. hplOassay.

Figure 20 is a graph showing the effect of oral dosing of conpound 1 on
tunor growbh iparticukarresafrcatimentsdied swhijedi heGrRRAdition eeledig Crone cbiemed r i al

cancer cells. Fi qure 21 iu% a.%r a@h 1sho @% L nl viﬁvo. phar macodynam cs and 15
phar macoki net i"¢%° QECNgPS [eu5 iR GoBie X’G’HEAB #fro i Iy, QR AGHA Y WFEPUW t h
ANSCA endonet i enﬁé.nﬁ?f]tilFSihleﬁ emboﬂiméﬂ 't'ﬁeec%gqiﬂién B rgfr%ﬁf}s{&ﬁ}‘\éd?&e

e
results of a ce growt h assay wth endonetr cancer cell 11 nes 1?‘%&I\IBCA
- and MFE-296) awith akindsé¢ inhébitderdzerahind codmpesd Heeg | a Bordid oRiOfefZaxtomp om

~treatment with conpound 1. 20Figure 23 is a gl;aph showi ng the effect of
oral dosing ofireddRgiovith matiibilotipdn os dasataib) dn yeupber RBhodimants. die t unor

Conbi nati 8% oPURBHIR AL LR AnE A ARERRIR o5 DRI TR atbiEi

- cancer cel | s iRinkiliRrlor ahRWbAISEESRYbevak BUhRIb24dta i or kiigitinAsul ts of a cell
grow h assay with 25 the AN3CA endonetrial cancer cell line. The 1xEC50

concentration usedin enatheratsppi3hA iedrtonffeatumsrapoathed DfiishiBoingvhend f or
AR R N M
concentrati on uggdhtQphtiRal b%&it%ﬁgaﬁiﬁﬁ%'célﬁ %h%?fg#&hﬂﬁ l}o%é 100 nM and for

ridaforolimus 1s 1 nM Data are s or ridafo I mus " al one

(" Ri daf or @bi mphigmaceatipadlynetcdpiablensaltthésoof) o ad adiopnt aufticentcoduippaiss on of
conpound 1 with ridaforolinmus ("Caonbination"). Figures 25A and 25B are
gr aphs showi n@hm@rgﬁn%ﬁf @%@ﬁls@ﬁhﬁwe@f The cells can be contacted with from 20

nM to 320 nM, 30 nM to 320 nM, 20 nM to 220 nM, 30 nM to 220 nM, 20 nM

to 120 nM, 30 nM to 120 nM, 40 nM to 320 nM, 40 nM to 220 nM, 40 nM to

120 nM, 50 nM to 320 nM, 50 nM to 220 nM, 50 nM to 120 nM, 70 nM to 320
30 nM, 70 nM to 220 nM, 90 nM to 320 nM, 90 nM to 220 nM, 110 nM to 320
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conbi nati on of conmpound 1 with ridaforolinus. Data are shown for the 5
AN3CA cell line (Figure 25A) and the MFE-296 cell line (Figure 25B).

Fi gure 26wo=0u/g38eph showi ng cell cycle anal ysis in thePARN3IG210063016 i ne
following treatnent. Data are shown cells with no treatnent ("untreated")
or cells treated with ridaforolinus alone, conpound 1 alone, or a

conbi nation of conpound 1 with ridaforolinus. 10Figure 27 is a schematic

.~ showi ng a possiml t T, lgm £ om Kat oh
oM, d. Invest%i%éﬁrnggwtw?g&@g\g?%fggﬁq 2]8%% gut%gragg&g%l%and 28B
are graphs showsitnberebf Eid exdls cah bercahtadtegli wagh obmeonmdunst al wi t h
ridaforolinmus in an AN3CA endonetrial tumyr_ xenograft. 15 Figure 28A shows

|
data for a | owhapvaceubisslly,asqepinbls safigheigokfor a ppdohncluding B weehias br ol i nus.
i h f i i i f Kk
i h ri dator on ol Baels, 2 R0RB A FERERTEAPE bF T Honti et RefigpRa“ne *

conpound 1 sal caa@ogﬁr@_orrpound 1"), and a conbi nation of conpound 1 with
ridaforolims ("Conpound 1, Rid"). Dosages are provided 20 in parenthesis
as units of ng/kg. IFagother 2peeth twsinpértionatothenferiwes anctiphbofmabibdymmni cs
data for oral dosi of. ridaforalinmus al ane, co und 1 alone, and a
conbi nati on oftg%B#%ffﬁHO& OM'A%W@P?IH%@EWSB ¢ ARPIERYUh I For vari ous
concentration i j 158" the ANGH ; . "). 25
Det ai | ed Descr%ingé;rig%dncgq;f(% ﬁgH ?rlé/uet%t?’ot)r}epr ov%@%%odéa%gﬁ ﬁ ?ggltl%lng
cancer, invol witlgcadpomidi ratd gharmbcauticalip aciegtable Minthletodiflinrg axampl es of

cancers include those that result in solid tunors, such as acute
nyel ogenodd | suklgient to gurrresscthg garergrise obicampetn aTutadnc Ehe cellsgwiverer i al

cancer, bl adder._capcer. | tiple I ar, (brea . Qher exanpl es
. of cancers inc Oaggpe%%it%ﬁ%hgd P%%@WQQM???WD%@E@% 1I 'élgﬁéﬁﬁa,
- acute nyel ogenpyso 8OO0 VI t8 80H A BGHU NS 1800 W6 EM(t6 600.nMIEf ract ory
anem a with excess of blasts group 1 (RAEBI) or refractory anema with

excess of bl a8 Mo p02 nMRAEBINN to 680 mMadidittnMrio 460 M, 2tdnddrte 468nt i oned
above, the nethods and canpositio f the invention can_be used to treat

t he fol | owi ng &pﬁ@‘gﬁt&’éﬁ@é&éz Oy |t0§§0c53\ﬁ@?§9m§w (e | squanous

cel | carcijgo . i , in and
mervous. cyot o REaguIERly acRhaL AR Ao T APOAR conleWBhBkfea RN 0

ki dney, bone, cengoand Ngosy phamaceuticallykcéprybleisalt aigdeg forid goriodt unors), and
| ynphatic system (e. %s Hod?ki n's and non- Hod(%ki n's I%gphomas) cancers.
~Other types of"@bdidariswedid: [ sarnthe? mothised maithy Sthenthet huens, o718 he
invention i ncln%{)eih; 6Pﬁrﬂﬁ%¥@§%’ex%§§'{g ctodermal tunor, nesotheliong,

epi dermoi d car ¢i nona, ~an aposi Fconma. Conpound 1 has been found to
possess strong ant [;Ragy 80@RIaboPE AREdsEhe boRfdan bORIRICRIS to GRAmRS Usef ul
for the treatnment of condition associated with aberrant angi ogenesis,

i ncl udi ng28ol ivdtlcakness inhébitpr, otherdbaratenpanck! (e.gurgractny ¢o frebmeast cancer,
colorectal cancer, renal .cancer, and. gl.i qbl ast ,. di abetic retinopathy,
rheumat oi d ar t"ﬁﬁ? patini srqut’é? -F da%%@?@sﬁpé%@?g?g ?:kf?r"ﬁﬁ??,th?‘?ﬁ FreRAlST on,
obesity, nmacul.g ted i A _Rrdi -
particul ar oo bR e T S B Y RRREARF o b Bonis
oncogeni ¢ BCR{&BL, beyaciaimsb, lsbredeeibpyr sumitinin). b i nduces durabl e responses in
many patients with chronic phase chronic nyel ogenous | eukem a (.CI\/L%, whi | e
rel apse i s common ihazpibermasgectabe inyentop-alscigatires aprdmddtinkibitngddeai a.

[ matinib Si j n ttributed,tqo BCR- ABL . ki hase domain
mut at i ons?ganz’gggggaﬁf(ﬁ)ﬁlomégk%ﬁ%feﬁ RRBiEHy §' %irrrué%r?tﬁpge%@ adsa}g’é?q it b
provide treat meed (RkdHIAIrhNE 8dhisttARS Bailiid BRisabjcEORBNET0 to 300 mg of
cross-resi stance of the BCR-ABLT3151nutation and nulti-resistant conpound

mut ant s sel ectcethponnd égerenphainasditidellpasecritalie balt drer¢dfednpyrtaienmai n cl i ni cal
concerns. Here, . descri be _t he al uggrion of c ound 1, a ent
i nhi bi tor 30 6Mb8 D158 20 O e 021 00manAC Lt binies 30 fo 090 i &3t i n
vivo. Conmpound, 190 mg, 40 to 100 mg, 50 to 100 mg, 60 to 100 mg, 70 to 100 mg, 30 to 80

30  mg, 35 to 80 mg, 40 to 80 mg, 50 to 80 mg, 60 to 80 mg, 50 to 300 mg, 60 to
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was found to inhibit the inactive formof BCR-ABLT3151. In cell-based

nmut agenesi s screens, conpound 1 conpletely suppressed resistance at certain
concent r avpans/0589381 udi ng the T3151 nutant. The avai | abiPCirtus2ab/oawier al |y
adm ni st ered pan-BCR- ABL tyrosine kinase inhibitor, such as conpound 1 5
~offers inportant therapeutic advantages in a first-line capacity by
mnimzing the enmergence of BCR- ABL ki nase donmai n mutation-based drug

resi stance dur30@9n%n Mﬁmgn%%nd (RLC60 YE2017 %%&98@[@3}1@6% 3be

combi nati on of an 5 nore e éctive 't rapanycin
macr ol i de nonahgelr2dny 300 g, I;I@ntpdiﬂ)l@dng, oroldottb@0apyg bocompeaid Noor a

pat hol ogi cal cellular prollferatlon i nhi bi ting, angi ogenesi s, and

i ncreasi ng t h@hapspteysirallpaccentinbly salighprgof, Nﬁ)ﬂdmlﬂﬁtﬁeﬁg)rélbétﬁ)‘lh@§ubﬁcbancer s

| }Estenfﬁgnbﬁnf:lreteﬂg}égﬁ%rf’iﬂfg% g’f g‘?‘ﬁg 16‘?@'6682 * ngi CIBEOJ%(5 Brslé @%ew%% ver,
l'ung, heads anqng%k 550l g4lde ’600%’?5}‘1?g %@Qpifﬂfgaﬁisfzp@?% 1ORY Mo

t hyroi d, prost in; T squ us ce carcino endo rial ca%ber

mul tiple nyel Qs 1%@%@9@&@ 100 POl 20 ¥mMahah d140 PeaGE (1509 32
| eukeni a, acute |ynphocytic |eukem a, acut e Iynphdbl astic |&ukem a, B-cell

| ynphoma, T- cehg,-130mpRe g, ZBIOngO figs 22 apHang, 24000 48iaagldr2es + :
hairy cell |ynphoma, or Burkitt's |ynphonma); a 20 hematopoi etic tunor of
myel ogenous | iceamgengdd, graph@m@emlldg@ﬁqmblleéaltéfmraof ig laflovinistergdel ogenous

| eukem a, multi eIo enous I | odyspl asti c dr one,

promyel ocytic qrglbk@nrﬁyﬂg)su gcﬁfﬁh a?ﬂf %&@H@ﬁﬁ XBB?@"%‘%FEC%@ acf:F]E)tF‘B]gar coma
or rhabdonyosange@def, 8arlt BERAMBisttRA if AR tahRlun® SuPRIdnP RS ék%rtl‘{é)us system
(e.g., astrocytons, néur obl astoma, glioma, 25 or schwann ); mel anonmg;
sem nona; ter Mgwrmmcﬁmlstmmwbsbnesamaadmmléﬁapdsm ais amunbﬁﬁci&lnmol imting
exanpl es of conditions associ at ed wth gberrant angi.ogenesi s whi ch_can be

treated using SPRRCELMSSRITEHIE ofrempoyad nypants.; In particplar embadimes thec| ude
solid tumors (g aﬁct hfd'd Oé&l?iﬁt?o fen&%d trgaﬂlncglrS@g‘}Eyreloé’J s feuk (ffrac ol orect al

cancer, renal ncer, or giio stona I nopat eumat oi d

arthritis, psoympﬁblﬂastailhek@ﬁﬁl 6F Qsité myelugenoes lcakdaimmahisan, otl@é:}eSl ty,
" macul ar de enerati on, and a cardi ovascul ar di sease. ént hesi s and

Formul ati dA ofenthodipers. the Sopdition iurefrastosy lﬁetrggtmeméw edkinasedabihitoped in
Aternat 32&%%?%&0335%&% Pee of PridBhn PP Euh P RAE Pbect i th a
met hyl ester as;adgip ﬁﬂ&%b%ﬁ%@ﬁﬁb? I’H‘étﬂhol‘ﬁ@ﬁ%b@ﬁ%letnl&e tHEEHdi 5@ ison  of
step 5. Scheme 1 Steps 1 and 2 (7 , +,si pH3)3 1. Pd(PPh3)4 cul ,
THF, DI PEA N intoEr@ido freMeddit Wiﬂfﬂmase 1nh1b1t0r other than compound 1(eg.,a
condition is intolerant to treatment with imatinib, nilotinib, or dasatinib).
20  Compound 1, or a pharmaceutically acceptable salt thereof, can be
administered to the subject on average 4 to 7 times every 7 day period (e.g., 4
times a week, 5 times a week, 6 times a week, or 7 times a week), and for a
period including 2 weeks, 1 month, 2 months, 4 months, 8 months, 1 year, or
18 months of uninterrupted therapy. In certain embodiments, compound 1, or a
25  pharmaceutically acceptable salt thereof, is administered to the subject daily.
In another aspect, the invention features a kit including (i) a
pharmaceutical composition formulated for oral administration in unit dosage
form including from 30 to 300 mg of compound 1, or a pharmaceutically

acceptable salt thereof, and (ii) instruction for administering the pharmaceutical

30  composition to a subject suffering from a condition associated with the
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N 2. EtOAc exchange 2. FI20 wash Br 3. NH3/H20 wash, NaC /H20 wash
Si (CH3)3 3. Fl eptane exchange TMs-acetylene C6H4BrN3 C5H10SI Mol. W.
198. 02 MoWO 20W1/0598822 Mol . Wit . 215.33 Steps 3 and 4 PCT/US2010/055016

3-1 odo- 4- met hyl benzoi ¢ Add c8F151. 43c8H7102 vvi. 143.15Ml. 1M 262.04

- G sH i N302

proliferation of BCR-ABL-expressing cells. In certain embodiments, the unit
dosage form can contain from 20 to 100 mg, 20 to 80 mg, 20 to 50 mg, 30 to
100 mg, 35 to 100 mg, 40 to 100 mg, 50 to 100 mg, 60 to 100 mg, 70 to 100
mg, 30 to 80 mg, 35 to 80 mg, 40 to 80 mg, 50 to 80 mg, 60 to 80 mg, 50 to
5 300 mg, 60 to 300 mg, 70 to 300 mg, 50 to 200 mg, 60 to 200 mg, 70 to 200

mg, 100 to 300 mg, 120 to 300 mg, 140 to 300 mg, or 100 to 200 mg of
compound 1, or a pharmaceutically acceptable salt thereof. In particular
embodiments the unit dosage form can contain 20 +4 mg, 25+ 5mg, 30+ 6
mg, 40 + 8 mg, 45 + 9 mg, 55 + 11 mg, 60 + 12 mg, 65 £+ 13 mg, 70 + 14 mg,

10 75+ 15mg, 80+ 16 mg, 90 +£ 18 mg, 100 + 20 mg, 120 + 24 mg, 140 + 28 mg,
160 £32 mg, 180 + 36 mg, 200 + 40 mg, 220 + 44 mg, 240 + 48 mg, or 260 +
52 mg of compound 1, or a pharmaceutically acceptable salt therecof. The
compound 1, or a pharmaceutically acceptable salt thereof, can be, for
example, the hydrochloride salt. In particular embodiments the subject has a

15 condition selected from chronic myelogenous leukemia, acute lymphoblastic
leukemia, or acute myelogenous leukemia. In still other embodiments, the
condition is refractory to treatment with a kinase inhibitor other than compound
1 (e.g., a condition is refractory to treatment with imatinib, nilotinib, or
dasatinib). In still other embodiments, the condition is intolerant to treatment

20  with a kinase inhibitor other than compound 1 (e.g., a condition is intolerant to
treatment with imatinib, nilotinib, or dasatinib).

In another aspect, the invention features a method of inhibiting the
proliferation of mutant-expressing cells in a subject in need thercof by orally
administering daily to said subject from 30 to 300 mg of compound 1, or a

25  pharmaceutically acceptable salt thereof. In certain embodiments, from 20 to
100 mg, 20 to 80 mg, 20 to 50 mg, 30 to 100 mg, 35 to 100 mg, 40 to 100 mg,
50 to 100 mg, 60 to 100 mg, 70 to 100 mg, 30 to 80 mg, 35 to 80 mg, 40 to 80
mg, 50 to 80 mg, 60 to 80 mg, 50 to 300 mg, 60 to 300 mg, 70 to 300 mg, 50 to
200 mg, 60 to 200 mg, 70 to 200 mg, 100 to 300 mg, 120 to 300 mg, 140 to

30 300 mg, or 100 to 200 mg of compound 1, or a pharmaceutically acceptable

20



Mol . Wwt. 277.28 C161-111C12N302 Mol . Wvt. 332.18 Steps 5 and 6 5 W
2011/ 053938PCT/ US2010/ 055016 Schenme 2 Steps 4 and 5 The nono- hydrochl ori de

= salt of ocwopound3®sswas used for carrying out clinical trcalts2émssm®ae of the

significantly | ess water soluble free base. The nono-HCl salt was found to
be a crystalline, anhydrous solid formed froma range of solvents
reproduci bly. The hydrochl oride salt of conpound 1 has a 10 thernodynam c

solubility in snhmEber echtf il oflRy (3h8 ifkcitcR ddy. Fvpidietiak dent 11 ng

“information for conpodnd 1 includes: “Chem cal’ name

3-(I'mdazo[ 1, 2nibqalymetaz200+3-yik £2 1y Syrhy; 20 #rest dayg) 40N 8 mg,45+9mg, 55+ 11
(4-((4- et hyI pi perazin-1-yl)nethyl)-3-(trifl uoronmethyl)phenyl)benzam de,
hydr ochl ori de mgl G0 £ 13 wgAN ST kB mgHIfat ﬂﬁhtg,aﬁl‘slf\ﬂi)erg;lﬁﬁg)l;é mgs%?égli&'st ry No.
1114544-31-8 (HCL Salt) and 943319-70-8 (fre

nane: Benzam dBg.3L002 ¢ 2P 1 24 mgy pg0 EiSng. !36Q/1t§t2ﬁﬂg/|1)80 ﬂ43ﬁﬁga;2ﬁ)0|\p [ 4-

 20nydr oo ari deq i 220 4T Reydirt Beihl o Y 57 e BRPMGT cre sal 1)
B Lt UL
or preferably caclpbay.nmaceutaic anbydiacgeptlabnatsalkd a Fh@Beﬂﬁtans(ucgl, FIsT3-he nono
o sy KT matent (2., CKIT of NRZIKS: & FGER mistant ge. o FGER10P2-
FGFR1), a PDGFRo mutant (e.g., F1IP1L1-PDGFRa), or any mutant described
10 herein. In other embodiments, the subject has acute myelogenous leukemia or
a myelodysplastic syndrome (e.g., refractory anemia with excess of blasts
group 1 (RAEBI) or refractory anemia with excess of blasts group 2
(RAEBII)). In still other embodiments, the condition is refractory to treatment
with a kinase inhibitor other than compound 1 (e.g., a condition is refractory to
15 treatment with imatinib, nilotinib, or dasatinib). In still other embodiments, the
condition is intolerant to treatment with a kinase inhibitor other than compound
1 (e.g., a condition is intolerant to treatment with imatinib, nilotinib, or
dasatinib). Compound 1, or a pharmaceutically acceptable salt thereof, can be
administered to the subject on average 4 to 7 times every 7 day period (e.g., 4
20  times a week, 5 times a weck, 6 times a week, or 7 times a week), and for a
period including 2 weeks, 1 month, 2 months, 4 months, 8 months, 1 year, or
18 months of uninterrupted therapy. In certain embodiments, compound 1, or a
pharmaceutically acceptable salt thereof, is administered to the subject daily.
In one aspect, the invention features a method of treating a cancer in a
25  subject in need thereof by administering to the subject compound 1, or a
pharmaceutically acceptable salt thereof, together or concurrently with an
mTOR inhibitor each in an amount that together is effective to treat the cancer.
In another aspect, the invention also features a method of treating a ncoplasm

in a subject in need thereof by administering to the subject compound 1, or a

30  pharmaceutically acceptable salt thereof, together or concurrently with an
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of the materials and net hods useful for such purposes. Pharmaceutically
accept abl e conpositions containing conpound 1 suitable for oral 5

. adm ni st reoi2on/o58988be f or mul at ed usi ng conventi onal mat ecraissoianssonet hods,
.a wde variety of which are well known. Wiile the conposition may be in

sol ution, suspension or enulsion form solid dosage fornms such as capsul es,
tablets, gel caps, caplets, etc. are of greatest current interest. Methods

el | known i n e B ARG 00ane! RElNUING ey 90T ng unit

dosage 10 forns, are Foun Cl ence and

~ Practice of Ph%ph@m 16 2@btheeds 1pec@tﬂhe ﬁv&mﬁeﬂnﬁreefeazmea nhéthed BEOot t
Wilianms & WIkins). Conpound may be provided neat in capsules, or

conbi ned wi t h iBhibiting angiegenpsis dnasubjpetanmeed thereefi yyadmeinistering o theci pi ent s

such as fillers

d bi | t
di sintegrants,® BE?L&Eﬁﬁéu‘ft?ﬁh&%ﬁ%ﬁ%ﬁz%ﬁgﬁea&%?h%ﬁfzﬂﬁi? ?éﬂg%BF
For exanpl &, vlht&rQRBAWEh GARSHORSINW®i®r E%ydroﬁﬁlﬁ&m Qhaﬁ't %m&n&nal ! y 2 ny

of conpound 1 free base, provided as the or|
exci pi ents. Waffeehw&qm@bnﬁlﬂmmhgmgm«rm alnsmophiez paped then'iwnnmgeeﬁumsga 15

ng, or 20 ng of conpqund 1 free base, prOV|ded as the hydrochl orjide 20
salt, mixed \Mmﬁhe%ﬁ@@ﬂlﬂblaﬁalth%w@.h&réﬂ%0 Mbsdzy %ltaqﬁ@géh? eelisswWitBed as

ex0|p|ents in t I of a
filler, a fl oﬁ%glrﬂ?ghggr {)95 br{%lg'r?a%ggﬁa?lybé ggﬁaic)il:% E?@er%ﬁﬁ{oge or ?nst ance, a
capsul e bl end msurﬁamwﬁﬂ ah @ TORENnRibithp c@dttinZh dﬁo&ﬂ@ﬁﬁ't@%&th&qgt aining the
conpound 1 HC1l salt plus colloidal silicon dioxide (ca. O ww a flow

enhancer)10Ia@uﬁ@@ﬂEBOamnbﬂﬂhﬂ@mﬁﬁﬁﬁhqm 696m/m1 a filler), magnesium
stearate (ca. O. 50 ﬁ rlcaq§% @ %ﬁ§|lne cellul ose (ca. 44.6%
ww afiller), Ve AS °§1§c ea‘? 6(‘%51 ST AR LR nt egr ant ) .

The capsul e S'?ﬁidroﬁ(?é’@é?éﬁéd %lﬂlhﬂﬂﬁ?&d el ﬁiu'éme %llﬁﬁ]s I‘l?afOI'OllmLIS The
formul ati on process used conventi o bl en I ng and encapsul at1 on

_ processes and hislahis)eoyarolines,ndrphahhacdudealtphbéceptabbosabisuedcdf. and al | bl end

exci pi ents except magnesi um stearate were mxed in a V-blender and mlled
through a scrd&ialynihq m1fHyinddbiinnis ridatoselanymer aabranachdticaly materi al was

m xed agaig el SAIRIeIRS 15 IR Sthil HSH AL ASTOR IANAE FLALY: | The

bl end was 0 ensi € size 5

di stribution. rdhenflieafalvascleben fﬁﬂﬁapzswmt)g@pmowme_’,mku @@@ﬂ944 or

size "1" capsul e shells, depending upon the strength of the unit dosage

form Corrpound’(ll76/§a$\7eD&Q§5f, &Vﬁﬂlﬁg@ii WSd- QHbW@ﬁm@mm@uwﬁvem i onal

phar maceuti cal_exci i ncl udaiﬁ one or.more o m xt ure
B 74

e
bf 1T ers. < a WA BgRAPsPaling: A Ahitac Pl eerdbleisalis Bsfatng. and o
coating 10 sol vent Tig c@nﬂrﬁd’t‘@nﬁhé?ab%%aﬁ thdiRta fé%?rﬁeﬁ {hévﬂﬁhmo?zz?d undllf ength
capsul es. For exanple, tablets nmay be prepared Using the tfollow ng rfelative
amounts agd prompqﬂﬂa'rmaxs:u(mﬂil;ghtdepmbwﬁa)tthcmrﬁcunddhein(IQ]Rgnfpbﬂm ated as the
HCl salt, 15.0% ww, colloidal silicon dioxide (1.2 2% w w), |actose
ronohydr at & ( ABIGSIGredERESRER Y g e e i, At o

| m crocrystalli &l © r.ch

~ glycolate (24 ¢ dﬁ?s giisfﬁ% Clthl% §8m¥3 ﬁuﬂi?(% %{&fé?@ﬂ \3?1% a@&%oa%? E%ﬂe{]tﬁée%g’dj ust ed
based on the aﬁw}ﬁe mITORl inlgbissede admmlste@d@ﬁ]@ﬂﬁeﬂ-ﬂﬁﬁﬂhhh% RyGispifentls may
be m xed using the same sort of machinery and operations as was used in the

case of capsuloger; heompaumdtlamr 2 mrmmwacaﬂsba@qntabﬁysaﬂtnbﬁrebé apdihe essed
into tabl b nti onal n ch as rotar s adj usted
for tar ge(lig 5‘1@@&&@6‘&%’ ag t?gé ﬁé 8s5ihe5 r?&lﬂoélﬂﬁ efggg for 15 ny
tablets; aver aggpfigr %Q%Sa(ﬁﬁlnfsté}ed ad? cBbefich{tloﬂﬁh% jf/%m}%tlﬁvérﬁfbr?’uﬁﬁﬁg for 15
ngy tablets and frirability no nore than 1% The tabl et cores so produced
may be sprayednmn@hnmnabmnﬂnﬁdﬁmah filmcoating 25 naterial e.g., an
aqueous suspension_of Opadr 1 White, yielding for exanple a -2.5%

wei ght gai n rel at i Vecqrting ¥P§5F@F&é@ﬂ§KWﬁﬂdh9ra 3Rt qﬁﬂﬂe The
mamal i an tar 0 T

30ser nert hr oga HErsl SR erERMERW w0V BT IR it S pominigred
proliferation, cell motility, cell survival, protein synthesis, and
transcription. mMIOR inhibitors, including rapanycin and its anal ogues, are
a class of therapeutics that specifically inhibit signaling fromniTOR or a
conbi nati on of kinases including mlfOR (e28., such agents which act as
inhibitors of both PI3K and mfTOR). mfOR is a key internediary in nmultiple

m togeni c signaling pathways and 5 plays a central role in nodul ating
proliferation and angi ogenesis in normal tissues and neoplastic processes.
There are two classes of mMIOR i nhibiting conpounds: rapamycin nacrolides
and non-rapamyci n anal ogs.



- the R group for a numbér

Rapanmycin (sirolimus) is an i mmunosuppressive |actamnmacrolide that is
produced by Streptonyces hygroscopi cus. See, for exanple, J.B. MA pine
10et al . ,wo0.20AnmsBw80t i cs, 1991, 44: 688; S.L. Schrei ber pet/tshk010/03501AM
Chem Soc., 1991, 113: 7433; and U.S. Patent No. 3,929,992, incorporated
herein by reference. Because there is nore than one accepted
convention for nunbering the atons of rapanycin and its anal ogs, the

nunbering con Vi Qtl!)\Q/Qio é,e(qg{b‘ﬁ{ gé%gg%‘i]djl? gﬁ(ﬁ’ itlfét rﬁ?di@ hl?l}%itm‘ arc ?%rpﬁﬁﬁelreafa‘? rence,

c nds 1s set fort n the ow ng tabl e:
Conmpound - R Raplamyddse. - OH AP23573 -0P(0) (Me) 2 Tensirolinus

-0C( 0) O( CH3) (CH2OH) 2 Ever ol i nnus_ - OCH2CH2OH Bi ol i nus - OCH2CH20Et ABT- 578
-Tetrazol e e paritigblas cbedipents, theepwbinadiontharapis icluydeshe conbi nati on

t herapy of the jnvention include, but are not limted to, rapanygin

(sirol i mus or nplislrnglo g auibisss compeiing 4y Praahamageytically eghitlc Salte,
U.S. Pat. KOS.th&edf?n 4 Bnidfift, @_o&?lgf%%%enéﬁ%n&?@@ﬁéﬁocp(f)f tiaE Ghhidd €
“incorporated by reference herein in their entirety), everolinus or RADOO1
(Novartis), ripedueshimesn sicadfRERS TBuLcoBEEnirabow fomuempgdsalddr of) fromrid

zotarolinmus or ABT 578 (Abbott Labs.). 10Tensirolinus is a soluble ester
prodrug of ragaRrfeinf!. Féb%’fﬁ}’&?lﬁ the Mdaigrsiadyjsiae trough concentration for

3 hydr oxy- 2- CRUgrasKSt YL FoiT o 1BOIRO) &, PR 1886 880 by dssglsed 1 n

U S. Pat. No. nsi rolimis srgni T’ cant

i nhibitory effrddfZ0 @nl(0uNL 49t®200nM) 30abR00MM] 60 & 200V 7¢ ity 000BNE! S.
Tensirolinmus exhibits cytostatic, as opgosed to cytotoxic properties, 15

and may ddPay &0He 200m Y for Yt s #B ko 420 niyhi0sod20tiMz6q to tafhaM, 70 to
e ence, A g AR 0L ARRER ke R R P S8
uterine, head @OHMELN tol GUBhMPEOFIAE®) nPRREO $GLOE nMR\YB0!t8B00 SR1.OT50 to
| ynphoma, and nel anona.
400 nM, 300 to 500 nM, 350 to 550 nM, 400 to 600 nM, or 450 to 600 nM.
Compound 1, or a pharmaceutically acceptable salt thereof, can be
15  administered to the subject on average 4 to 7 times every 7 day period (e.g., 4
times a week, 5 times a week, 6 times a week, or 7 times a week). In certain
embodiments, compound 1, or a pharmaceutically acceptable salt thereof, is
administered to the subject daily. In particular embodiments, an average daily
dose of from 30 to 300 mg of compound 1, or a pharmaceutically acceptable
20  salt thereof, is orally administercd to the subject in a unit dosage form (¢.g., an
average daily dose of from 10 to 70 mg, 10 to 50 mg, 10 to 30 mg, 20 to 100
mg, 20 to 80 mg, 20 to 50 mg, 30 to 100 mg, 35 to 100 mg, 40 to 100 mg, 50 to
100 mg, 60 to 100 mg, 70 to 100 mg, 30 to 80 mg, 35 to 80 mg, 40 to 80 mg,
50 to 80 mg, 60 to 80 mg, 50 to 300 mg, 60 to 300 mg, 70 to 300 mg, 50 to 200
25 mg, 60 to 200 mg, 70 to 200 mg, 100 to 300 mg, 120 to 300 mg, 140 to 300
mg, or 100 to 200 mg of compound 1, or a pharmaceutically acceptable salt
thereof; or an average daily dose of 7+ 1.5 mg, 10 £ 2 mg, 15 +3 mg, 20 +4
mg, 25+ 5mg, 30 £ 6 mg, 40 + 8 mg, 45 + 9mg, 55 + 11 mg, 60 + 12 mg, 65
+ 13 mg, 70 £ 14 mg, 75 = 15 mg, 80 + 16 mg, 90 + 18 mg, 100 = 20 mg, 120

30  +24mg, 140 £ 28 mg, 160 + 32 mg, 180 £ 36 mg, 200 + 40 mg, 220 + 44 mg,
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Everolinus is 40-0-(2-hydroxy)ethyl-rapanycin, the structure and 20
synthesis of which is disclosed in WD 94/09010. Everolims, which has been
shown to WO 2a11ps8BAat | Munosuppr essi ve agent (U. S. Pat. PRO/US201606550742) ,

.~ also exhibits evidence of antineoplastic properties (see, e.g., A Boulay

et al., Cancer Res., 2004, 64: 252-261). As a result of these properties,
everolimus is currently marketed in certain countries as an

[ ' f_all f ' i.on: her.
Drug. von . 30028 038 85 R o kaBb ALY TR Bl Py ab s 2"
anti-cancer agghrthdrSo)Huang and 48 P.J. Houghton, Curr. Opin. Invest.

Drugs, 2002, 3: 295-304; MM Mta et al., din. Breast Cancer, 2003, 4:
126-137; and M Hi dhkgombmrhtienherRpwohiteyinvaivagande 2000y red:a SHSBt 6686) .

Zotarolimus is the 43:epi i hereof , e,g.,.as djsclosed i 5
96/ 15830, or PRmgRicHRRL GHE Dladdar deesh sl kidiey v Sekpsarendand vo
05/ 016252. <R r Qi IS - el I j-yative
(see o 03706555 LG o hrp PR YO EAT KA ARG, ST
_ridaforolinus shasmoeneuisiarcinethapaidani@tial @naéd; waulagleinydlymana a variety of
- PTEN- 10deficient tunor cell lines, including glioblastoma, prostate,
breast, pancr dggatapgirficamos off drmploig linperd (¢sdeyleulinip, agye ympheeytic, 2004,
16: 564-575).  Ri.daf. | i h b A t f - t K duct b
the US. Fobd 'R KT Opltt Byear 2htdl ndimfand TrbBtoRiSE e ant
- bone sar comas HddeMal91ah lﬁﬂiﬁaﬁﬁﬁ-}%@gkiﬁ%%ﬁﬁhbﬁa%ify éﬂlﬂyﬁ{ﬂh%h%brt rials
targeting hematol ogi ¢ 15 nalignancies (e.g., |eukem’as and | ynphomas) and
- solid tundPs Baukitt’s banpomes); a pemstoppeeticanmer of snydlogienold lastageée.g.,

mul tiforme). Many rapamycin crolides are known i he. art.  Rapanycin
macr ol | des. whitEHeCRYLIBETOUE dEUKAMYh & NFRTIR B OBERpYS Q&fﬁ@ﬂ%ﬁ%@? ions of the

i nvention incl - i | p I 4.ts various 20
anal ogs, as disc (6%%8%26%%&?%#%%@%‘?‘3%%&@%0?% I?’%:Tﬁ'esugﬁhconpounds are
referred to aseik3thigeanehbosymesarhomatisrifiageg. dibrbietomavnbering systen) .

The derivatives of rapamycin are of particular current interest in
practicing t hirkahidepsiosprsamagdi s aif the centiah pypenmherd meptoustshglemsierduct ur al

variants rapa in 25 have now bheen reported, typically arising as
aternative  arpania Rty TGP TREbEGb il elnbedt 1ShiiRgR
exanpl e, the exhRREIHRMA;IRIREMEEMANPRAHATS saRBIR! Al ertdRN dnyRidiMRatsand
ot her conpounds related structurally to rapanycin ("rapal ogs") include,
anong ot her s, theasubgert haphom-amathcelluhavanvgr,dmeaso canver.evafiah kendenl | owi ng
nodi ficati ons Ee ative to rapanycin: iierretgggl tion, 30 eli.m nation or
repl acenent oPl44Jer FNCRE Ryosiple egnceryliYary gandoancer napseatic gapcer,

deri vati zati oRn@mEEh) BGFAP LI ALahNEnUIRRINL Rinlch el Ahnd?®

reduction, elimnation or derivatization tone a

C30; repl a6emsimath dahecrbmnitipie hin@lahpaboload olliclgr vdnichr, ar glioblabenad prol yl
ring; alternative substitution on the cyclohexyl ring or replacenent of the
cycl ohexyl 5 mﬁgfqmah a substituted cyclopentyl ring; epinerization of the

. C28 hydroxyl group;~.and substitution with phosphorous-containing,noieties.
 Thus, T TOR i i bi ¢ 68 CPmBITRen s RLe bl a e RR G i 3 SO Bl @i Ry &
carbonates, CarbABRI@nditRInCass@iateARAHY MebranDin g8 diesikhase @adkionbed in the
follow ng patents, which are all hereby incorporated by reference: alkyl
10est ers (U. Sastesiatert with abdrr@iting@BEeneasntabd & yolidtmerrs e @) BostBat ent  No.

.4, 650,803@' fluori qat ed esters (U S. Patent Elo 5,100, 883); am de esters
(U.S. Pat At RBOCeE, P9 CHICPEY DIEAR GARRST L OLUFElaL CNGes e CaRGCING. 5, 118, 678) ;

silyl esters GHoSiastort-£08E 1Rt thefor SR &r ) { : . tent No.
5,162, 333) ; ngP onat e aénda'?’ﬁf(% at eﬁg’sft e%lbf%%mwa??nb%h%w@fﬁ?z03) :
esters (U S. Hawemitoidaarthritis, psoriasis, atherosclerosis, chronic inflammation, obesity,
macular degeneration, or a cardiovascular disease.
In a related aspect, the invention features a pharmaceutical composition

30  including compound 1, or a pharmaceutically acceptable salt thereof, an mTOR
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155, 221, 670); al koxyesters (U.S. Patent No. 5,233,036); O-aryl, -alkyl,

-al kenyl, and -al kynyl ethers (U S. Patent No. 5, 258,389); carbonate esters
(U. S. PatwotoNas3Bs260, 300); aryl carbonyl and al koxycar pomguS2aianssmnat es

(U . S. Patent No. 5,262,423); carbamates (U. S. Patent No. 5, 302,584);
hydroxyesters (U. S. Patent No. 5,362,718); hindered esters (U S. Patent No.
5, 385,908); 20heterocyclic esters (U S. Patent No. 5,385,909); gem

di substi t ut ed ;86865 2ol RaL&st; P i I#@&gﬁ esters
(U. S. Patent I\llo.1 5, 38819, 651?9}53; pﬁég&slglﬁ@}; Sa/‘;:bggrg%ﬁa%ﬂeg{%p%n? .S gl% ent No.
5,391, 730) ; cambsodmenBsthemsTOR iBhibRat &nd rddamyDindihacrd6de seleaebdioni e esters

(U.S. Patent No. 5,434,260); amdino carbamate esters (U. S. Patent No.
5,463, 048) ; cdilolinuIsecsplanys, temsirobmps,ridafonlimus, ligtimggyotatolimysnand

U S. Pat . 480 : b t . U Pat.ent .No.
a0 650 - nitehae Riealy AR%OBH LG HERTE afRbR, DR BRSNS i, |
esters (U 8 Rat@ololiMus o? a53MrB8doutic Rhéthta®l@iSthéldoP- Ilg@ﬂh@lnt No.

- 5,665,772); and PEG esters ofrrapanym n (U S Patent No. 5,780,462). Al so
. included are tembaodémiantedthp mobOBtishiber ti hiyeh-apanB@in Stalog kolcoted frand 24,
30-tetrahydro-r i al h - epl,.apal e e. d..,. W
01/ 14387) ot HapliloRnPefl o0 SR TEE Runbof Giodh s TSR HhuRS e vattleps Yo
esters or eth } AW -he ol Ng: : i . hydrazones, and
hydr oxyl ami negﬁ%lf er?dn- r erg%nclgﬁ %%%eg%hhgglcg@%ﬂ%%qﬂﬁogﬁ atent Nos.
5,373,014, 5, pbrB3ceutibalddcc2pthblsabt Bhekddf. and 5, 023, 263. 5Non-rapanycin

anal og nmlfOR i nhi biti ng conpounds include, but are not limted to, LY294002,
Pp242 (Chdfdea Cat Thranventiondgerthenfratugsa kichshibiag Gae. firsiphagpagemical

Ku- 0063794 ( Chendea. Cat : 274), X765 (Exelixis: J..Clin.. Qacol.,
2008, 2008 ASCOTRTASD f%ﬁ'ﬁ%ﬁh@%ﬁ 8%%38‘5“?1‘8?@&9“1‘%}“,“ ‘%EE%%?%"’( ’Rgl'ﬁgqé&geneca),
NVP- BEZ235 ( SMBOTMBQD%% dfcthptind 1,Mpla phaBR&&utiENBF accepfiBR saft 1851)

OSl - 027 (OSlI Pharrmaceuticals), wortmannin, quercetin,” nyricentin,

st aur ospor i ne,themadf, A (icoapeeoind phermavieibeal eomppsigien ihGudingtaanh TORp| i cat i on

Ser. Nos. 11/361,213 and .11/3Q1, 599, each of which arc incorporated herein
by reference iMUPHES P’Va}l?ﬁ?m%‘?%s.t Pﬁ@ma(of“mi comppsibign 3pg ts,segond

15 pharmaceutical composition are formulated separately in individual dosage
amounts.
The invention also features a kit including a pharmaceutical composition
formulated for oral administration in unit dosage form including from 30 to 300
mg of compound 1, or a pharmaceutically acceptable salt thereof, and an
20  mTOR inhibitor.
In certain embodiments of the above kits, the unit dosage form can
contain from 10 to 70 mg, 10 to 50 mg, 10 to 30 mg, 20 to 100 mg, 20 to 80
mg, 20 to 50 mg, 30 to 100 mg, 35 to 100 mg, 40 to 100 mg, 50 to 100 mg, 60
to 100 mg, 70 to 100 mg, 30 to 80 mg, 35 to 80 mg, 40 to 80 mg, 50 to 80 mg,
25 60 to 80 mg, 50 to 300 mg, 60 to 300 mg, 70 to 300 mg, 50 to 200 mg, 60 to
200 mg, 70 to 200 mg, 100 to 300 mg, 120 to 300 mg, 140 to 300 mg, or 100 to
200 mg of compound 1, or a pharmaceutically acceptable salt thereof. In
particular embodiments the unit dosage form can contain 7 + 1.5 mg, 10 +2
mg, 15+3 mg, 20 £+ 4 mg, 25 + Smg, 30 £ 6 mg, 40 + 8 mg, 45+ 9 mg, 55+
30 11mg,60+12mg, 65+ 13 mg, 70+ 14 mg, 75+ 15 mg, 80+ 16 mg, 90 + 18

25



20 WYE- 354 Ku- 0063794 NVP- BEZ235 0 O SI-027 O her non-rapamycin anal og
MIOR i nhi biti ng conpounds whi ch can be used in the nmethods, kits, and
conposi t iweDi 058438 | nvention include those 5 descri bedPCm/us@iioBsdviié cati on
Nos. W2009008992; W2009007750; W2009007751; W2009007749; W2009007748;
W2008032060; W2008032036; W2008032033; W2008032089; W2008032091;
W2008032064; W2008032077; W200803204 1; W?2008023 159; W2008023180;

V02007135398; NP1 38Uk 120 + 24 me, 140 £ 28 me, 160 + 32 mg, 180 + 36 mg, 200
* 40 mg, 220 + 44 mg, 240 + 48 mg, or 260 + 52 mg of compound 1, or a
pharmaceutically acceptable salt thereof.

In certain embodiments of the above kits, the mTOR inhibitor is a

5 rapamycin macrolide selected from sirolimus, everolimus, temsirolimus,
ridaforolimus, biolimus, zotarolimus, and pharmaceutically acceptable salts
thereof. In other embodiments of the above kits, the mTOR inhibitor is a non-
rapamycin analog selected from 1.Y294002, Pp242, WYE-354, Ku-0063794,
XL765, AZD8055, NVP-BEZ235, OSI-027, wortmannin, quercetin,

10 myricentin, staurosporine, and pharmaceutically acceptable salts thereof.

The kits of the invention can further include instructions for
administering compound 1, or a pharmaceutically acceptable salt thereof, and
the mTOR inhibitor to a subject for the treatment of cancer (e.g., a subject that
has carcinoma of the bladder, breast, colon, kidney, liver, lung, head and neck,

15  gall-bladder, ovary, pancreas, stomach, cervix, thyroid, prostate, or skin;
squamous cell carcinoma; endometrial cancer; multiple myeloma; a
hematopoietic tumor of lymphoid lineage (e.g., leukemia, acute lymphocytic
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell-lymphoma,
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma, or

20 Burkitt’s lymphoma); a hematopoietic tumor of myelogenous lineage (e.g.,
acute myelogenous leukemia, chronic myelogenous leukemia, multiple
myelogenous leukemia, myelodysplastic syndrome, or promyelocytic
leukemia); a tumor of mesenchymal origin (e.g., fibrosarcoma or
rhabdomyosarcoma); a tumor of the central or peripheral nervous system (e.g.,

25 astrocytoma, neuroblastoma, glioma, or schwannomas); melanoma; seminoma,
teratocarcinoma; osteosarcoma; or Kaposi’s sarcoma) or a subject that has a
condition associated with aberrant angiogenesis (e.g., a solid tumor, diabetic
retinopathy, theumatoid arthritis, psoriasis, atherosclerosis, chronic

inflammation, obesity, or macular degeneration).
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W2007080382; and 10 W2006090169, each of which is incorporated herein by
reference. Pharnaceutical Conpositions Formul ati ons of mMIOR i nhibitors
are very wel2oivesB43sknown in the art, including, e.g., seCrasdasag®iéorns
suitable for oral adm nistration for 15sirolinus, tensirolinus,
ridaforolinmus, and everolinmus, as well as other conpositions of
tensirolinmus and ridaforolimus for i.v. admnistration. Fornulations of the

non- macr ol i de nTORy, phi bi ' ]

referenced above. %oﬁh%l%? rorggh%t}gb%gl'rt ﬁrrﬁlfég?g?f t%lgg(e)%g%ﬂymf%ﬁﬁt E@ (?nﬁ'a?

i nhibitor, butadminBtraten ofitdnipowid taletieahTUIRaINGEbitR RAN BE @bitrdided20 avoi d
complicating the fornul ati on process and to permt independent scheduling

of admi ni st r atindgpeadentho s erexeswpladne sospounéd maydeaganintstered oradlyachi t nore
conveni ent sub equcﬁrit adg'cust%ents in dos«j? of, ei .tg:erda ent . sage and
Admi ni strat i orfay: Whil thesecndicompoyad wmay be admyipisizLed jprayenons i tions

of the inventiph T RaigHRNEs FRY SO Brmafaté ﬁ)ig@ﬂlﬂeﬁsmstﬁatodnea plurality of
doses over a period of tine. Coirpound 1 nmay be adm ni stered al one or

concurrent | y widnhnitradon delstarabothrofahe chrepodi@R. i nhi bitor. Alternatively,

conpound 1 and the _pTOR i nhi bitor be adni ni stered sequentially. For
exanpl e, conpound © P ﬁipﬁgg{%%@ﬁsgrqr@rcog@%ﬁndﬂoqqmd@@mstered

xanpl e, compount BB , |
adm ni sttt o adbla BTG PRERILL (08 e S, SFRICHURICE OB( QR

and/ or one or nore-day y be one dr mnu

- tinmes daily, Wweakhytatrofabe subjectlBeahdiapeutidl iniet of thaYciedtcdny@OR or on an
~intermttent schedule, with that cycle repeated angi ven nunber of tines

(e.g., 2-10 cyshibdyr,endithgierquts ebagministratiome Seandlardycliricaltigals anaybeatsed
dmnistrati fect] d I t ed di to.th d
el ght - body_ doePHEERRESSSRST AT BRaiss tpRa e ERT bk R ba g B

- Optimzation Qfvddi@nappropri ate dosages can readily be 15 nmade by one
skilled in the art in light of pharmacokinetic data observed in human
clinical trials. Thenipauads desfaba thegravemt i éitidneindietie timose eldsdribeiihe
~attendi ng physici.an, considering various factors which npodify the action of
“the drugs, e. g\CreiR fpaRy aéthglrﬂéenwe@tla%l Y #sceptablelorms, Beludingosomges, danmge
and the rggponsj : j it ight, sex
and di'et op 200t SN B eRioplehf a Bk om pRERes SPROIKI g BARYGURLETTL o
adm nistration, the use (or not) of concomtant therapies, and other
clinical factors. As studies are conducted using the inventive

conbi nat i ons, Defmitiens i nformation will emerge regarding the appropriate

dosage |l evels and duration of ireat t he conbi nat.ion therapy of the
i nventi on conpound qsgd?lﬁ?ﬂrbéf‘? &@%%Ef%"@%s’inﬁ °§ﬁ§ elﬁ?g%f °Hg® cycl e of
total daily degpgs@hgtither e MCRIABLIRIMBE dulGhdsY of@filp AlaY mifksmT OR
i nhi bitor can be given before, after or sinultaneously wth the conpound 1,

and on t h@0samé B¥R-diBEer ent dosi ng schedul es and by the sane or different

routes of adm nistration, Dose levels for the niTOR inhibitor in this
conbi nati on t her apySaed Yercin. Ahs (Prmn mena steadystaip tropgh gonceptplion)” @S al |

per week of tr En@@ j : = 2 ) overal |
~weekl y dosagetﬁg%e s}@rﬁ? : em %%ﬂfcggﬁlﬁg;éﬁ%mgg%uéﬁ Ig&f/seg\w d\r/%ﬁ? g%& ‘
adm ni st r at i ogubjedtsdepari@facteiligl regimdhfor dabérgy o€ tedul entioayadd§inistered
intermttent. "Intermttent” dosing refers to schedul es providing

i nterveni ng pévebdgetied abémegyHiaientdo grodige sicade swiriphramagelsinalics (boeny
third day ZQOSip@gbd 23 days of daily dosing), wherein the mean trough concentration is
the average circulating concentration over all of the subjects at a time just prior
to (i.e., within 1 hour of) the next scheduled administration in the regimen (e.g.,
for a daily regimen the trough concentration is measured about 24 hours after
an administration of compound 1 and just prior to the subsequent daily

30  administration).
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5 nore generally, schedul es containing "holidays" of one or nore days or
weeks between periods of dosing. Non-limting exanples of such intermttent
dosi ng i mbrdimg3wesi ng on fewer than seven days per weekTas20wl0550a6 dosi ng
cycles of one week of (QDx4, QDx5, QX6 or daily dosing followed by a period
wi t hout drug, e.g., one, two or three weeks, then resum ng w th another
week of drug 10 treatnent followed by a week (or weeks) w thout drug
treatnment, and so « i - Wl i ng QDx6
every ot her week pr Vflggh%h§§%fﬁ%&g%@@h@ﬁéﬁggggg%g%%gg&gagﬁsgﬁﬁp

interm ttent hastastsCiis Meantemednyodit o€ commpolnd 1 Mhiclexranlireblyirddides tiiase of
oral adm nistration, 2 - 160 of the drug 15 can_be given one or nore
days per week,cmergencg\d| WHWQ}IQE aptants i yitrooeiy Ve IngasRparopR 69 thefrateeolday s
per week (QDx5 etc. Thus, cverolinus.n be gi.ven 7 .at _doses. of .3 -20
o day . e g, aEnice o) OBt aRpdl MERY agroe F s Font gl ofoses
of 10 - 255M0/@poufid 9-reqdifed tbanRibA thd proTBEAEN FBCRIABY BBrcdbing cells 4 Y
p.o. QX7, in sone cases with a 6, 8, or 10 ng | oading 20 dose. The dosing
schedul e may be i niByrfantanemint seficidnt tis sugired thy e@Praknc€PK Besistand QDx 6
schedul es. Exanpl es include oral adm nistration of the mlOR inhibitor at 30
- 100my QDx5 SHOBPRE” iEgicanhah amednt afopmoupd dovhich nesasyibly redyesstthen,

ri daf or ol i mus, |.i . i i .Or  Si- | US| i Ni rally
ot Tevel's o FotEEEe YRS L REIHE 6, ol AW chha AL ) TR
desirabl e to agierpéieT rédislantaubtionts wRidhooehirst $iee ntyigla$ cohicenbratib® 0N
orally. The desired overall |evel of exposure to the mIOR inhi bitor

can al t er dt i wempobad d ghqeivesbtopphibirthe prolerasign o 83 (R-Addlk-enpeessing gells.ver y .
I n such cases, 10 =, 250 .no.of ,the MIOR i nhihitor.is adm.ni stered, for

exanpl 6, by 1. v. i PR Rt BEoiTeRgon Rk Kk R Reas iy fpedt one
~or nore tines mehkuhblydohs, ﬁéﬁg%g(r)&‘_%fégg%e éﬂ&%ﬁﬂ?&t\%%@!ﬂl@ﬂeRQAB@- the mrOR

inhibitor is admnistered 1n mhute i.v. infusion once each week
- for three or feapresswgksllevalsyinddtrovoein dyol ®esBalslly, & showidgbf thergrowsh of
~particular int ereshyi n the case of ridaforoljnus, sirolinus and

t emsi rol i nus, 'HRiI2RY @hlsase Wp-oil et o5 reverdfph-ais determprad ysinga suitable 10
- 250 , . , " , 2
four weska o o] etedtinaBf or el (O AGeTHE st lickpEE ©

particul ar cumigdib). i nterest. In another approach, the nTOR inhibitor is
adm nistered by i.v. infusion of 5 -25 ng of the drug Qx5 every two weeks
(e.g., with i.v. iByusnlvhsinggheayolifbrabioglef canetagellsiis meantimgasiyblyDoses of
10, 12.5, 15, 17.5, and 20 e of particular current.interest.. 100
inierest are abbi pepbie Ty ERuObE S el Fidb® R SRR o T Snder
study for the kiR iyNAkRMIRE of thelorTRAPERE ARY 218645 DS, 8008 5880 RAVeR! @
conbi nation therapy w th cohpound 1 as descri bed herein. Al so of

i nterest dbe JObpianadticomirtddarsapy & suitablevmsan fataktcrhenaion eihallqgroddsi ng

schedules result in a | ow dose (i.e., less than those anounts used for 15
~ nonot her apy) 6‘?teﬁﬁ‘@b?ﬁﬁ'i\ivﬁf(i‘@$ a&?&i’/‘éﬁSCEB?FEB‘?IﬁHI)-l bei ng administered to the

subject. Indicatio éj}_ bﬂﬁ%ﬁgg?rolﬁ%fa%inn%@gel\(,fm@?ﬁ%g a%nL%'%ﬁsd}Ebl&nge\% ’venti on

can be used to 20tr I'SO assocl ate a ogl ca ul ar

proliferationstopyCér @scReObasowth GaNcRhe caldincAnYidri@RivaBekiadlyed Wi th
pat hol ogi cal angi ogenesis. Non-limting exanples of conditions associ ated
wi th aberrant skvgng géthesgrowihraih ickinatdeast 28%. 88 %usilhy arssere dAtwest i ons,
met hods, kits of the.invention include sol.id.tunors, diabetic

ot nopat By, kGGG HHEREe L i e inSion e u OB i ¢
inflammation, -eRgsdwih as8dddRREBERherdROENEr ati on. The nethods, Kits,
and conpositions of the i'nvention can"be used to treat prinmary and/or

met ast ati ¢ cancer s Thamsnotdderinsanaten’dois aiondistdrons .refeos toeaxmetiod, oft he

i nventive conmpositions and net hods shoul d be useful for reducing size of
solid tunors, 2HAE BidOSaRs limphargasiitticabeorrResilaen ) amamragly Whgre har i ous

lynphatic cangelifag fgg?.{ggrorzﬂr%&Q%@gééngﬁgéﬁf{()weﬁalntrtaiapfgriglf 0 Weular,

(1 ncl udi ng humans rirng from I seases. Particul ar eXanpl es
of condi t BOns Taggeeieate thothddoPadthinifragibh @Bn 9h Bin@Xipl g idiub Jadls! S

i ncl ude cancer, such as any described herein. Additional 5 cancers include
chroni c nyel ogenous | eukeni a, acute lynphobl astic |eukem a, and acute

nyel ogenous | eukem a. Particul ar ex&npl es of conditions associ ated
“with proliferation of FLT-3 mutant expressing cells include cancer and
condi tions associated with cancer, such as any cancer descri bed herein.
Activating nmutations in FLT3 are the



10 nost common type of genetic alteration in acute nyel ogenous | eukem a
(AML). A majority of these mutations arise froman internal tandem

dupl i cat iwe 2011TB3938n t he | uxtamenbrane regi on of the re®eptuse010A630ivat i ng
point nmutations in the kinase activation |oop also occur but with | ower
frequency. FLT3-1TD nutations have been associated wth a worse prognosis
15 for AML patients, both in terns of relapse and overall survival, when
treated with o ANARIniRAEARGS ROPRBAkIGPOShbOGHN. SEIH R potential or

myel odyspl asti ¢c_ Syndromes (MDS), such as refractory anem a, re?ractory
anem a Wt h exceasd dokadel asltsevéffibdd)difeasq. WHRREBmmpvawd ngwdl §%ckdibshhes and
RAEBI | having 10-19% bl asts), refractory anem.a with ringed siderob]asts,
chroni ¢ nyel orskyBItsred per orallx.cither roaoniof admyiristatiqn ¢am becwsefHiie caEmggenous
| eukem a (a- [, : | es of conditions include those

associ at ed wﬂ\@m&fmﬂ%ﬁ%ﬁlggﬁg{%& T. Translocations affecting the
activity ofs FGFRL amnd t&ieFnat abfick FuRe” teferd 16 pRPAEalBf dis@ER units suitable

nyel oproliferative neopl asns (NP&E). Transl ocat1ons i nvol ving the FGFRL
gene and a r arigemngfryoddsegess hudnasopidl, 2dlgtacapiets barduwahsuls ot beft EGRRIOP2 gene

~are characteristic of 8pll nyel oproliferative syndrone (EMS), a disease in
Whi ch most - patSeEh Lt SpRHHRG Fprefrie ipsLANANKTY §F CAEPeindal . The

FIPLLL PDGFRa f usi oL REQhEldh Iifc E%Haﬂngﬁ%gigﬁlgl?f%& bﬁbi@s‘aﬁ@%&?s( Ratdyent s

wi th chronic cosinophilic [eukem opa pereosi nophi l'ta EL)
and it has begharmpautieallyt hakepBbld dadis sudhadsi indrs toxés g d dddkioh shl oPbBXdtR
inhibition. Also, the T6741 nutant of PDGFRa is nutated at the_ position
anal ogous 100 tag@ptex, eemmpeity peehiy the phpmeacsptigdindystry. Astamples ofgcidit at i ons
in KT (e.g., a%ﬁlt;% OraltNi82c Kae arremal S0 found in Al\/h. KI T nut at ia?ns are | ess
cormon and ar é P ORGP R EPEE PRV STt ¢ AKtils L PURNS WA H an overal |
frequency 2- 8%ireChRHE, LY, 88c@hicCB&Fold, pABN#RCL eI HPRPlidssesiat ed with
proliferation of cancer cells, such as cancers cells that result in solid
tunors. Exenplmethamasiifdnicutatuenesultdniderdafnoioaceic gady, eod morganinatidsancer,

endonetrial cancer,, bl adder. cancer lt)ple Qma, . breast cancer,
oot at b onnc ARG hs eArBERIGHE SRE Ristratommicci SHTbAG A phari

gl i obl ast qga difornme. 10Exanpl es of cancers and cancer conditions that
can be treated i nclude, but are not limted to, tunors of the brain and
central nervous sysisamed degein, theitems tedatihferefenitogésinibeainga spi nal cord,
crani al nerves, and other parts of the CNS, such as glioblastonmas or
medul | a bl ast dhaENacentisd cormostiondok Peophy actic pre/es tharanesiis purpases-s1ef t he
circulatory sy, o TR t di i.num eura, and ot her
i ntrathoracic ﬁ%%é&m%dasgcgﬁg#s t?t?%grhgl,? acéﬁg}etaglﬁ%l?t%ﬁs%hegi g' o3 8Qiyg) L
tissue); tunmomst GhotifiSudebp@sle a6\brlogriaded £ rBk TfeApadicOlar diFeg@KiTy i sease,
Non- Hodgki n' s di sease | ynphoma, Burkitt's | ynphona, AIDS-related |ynphomas,
mal i gnant 20mmelsspsad] arfuse ao1 \therdpew astesatment”tre sretongdehioigringatréagmant topl asma
- cell neopl asns, oi d | eukem a, 20 nmyel ogenous | eukeni.a, ,acute ar

hroni o 1y mondeybleEt Mend RS dined fi B e OO COHSTO gt B b
specific cell chitition! QWEEThAOLIHAS BRE bhbBMnkehs, ki, st RAibElion
mal i gnant neopl asns of |ynphoid, hematopoietic and refated tissues, such as
di ffuse | ar ge teelshbjeyngithemtéor themptitid ymprophelactix papbssseous T- cel |
| ynphoma) ; tunors of the excretory system(e.g., kidney, renal pelvis,
25uret er, bl adder, Byrdnypistiation phayhOR agfrhder and gasproust & froncurrently” is
gastroi ntggti ; ch, osnmall. i ntestine ol on,
dororectars r deatiBRbgh TRk prgRRR AR Rl o iRt SRS Do por <
i nvol vi ng t he sini@ktepdisephtaich eaaiin Q, Bid, &, dustt B dapipdf cabh ddsler . and ot her
parts of the biliary tract, pancreas, and other digestive organs; tunors of
the oral cavity (eBgy.adnipjsiratiomglis TR ighihtorf dnslorongfoumdult ftpgethedtie, paroti d
gl and, salivar | ands, tonsjl, .aropharynx, nasopharynx, riformsinus,
hypophar ynx, é}#&gbﬁﬁéﬁ‘e&?@ ik aB&&Pm(PQW@ 3)@&‘1{%%‘%{3%%%6%" na
reproductive : i i terlyuterus, ovary, and
ot her si t s sty Phdadleyofl oo ASh BRY pIM drcd Bpdnel STUS D
prostate, testis, and other sites associated with nmale genital organs);
tunors of 5the respiratory tract (e.g., nasal cavity, mddle ear, accessory
si nuses, larynx, trachea, bronchus, and lung, such as small cell |ung
cancer and non-snall cell lung cancer); 28nors of the skeletal system
(e.g., bone and articular cartilage of |inbs, bone articular cartilage, and
other sites); tunors of the skin (e.g., malignant nel anoma of the skin,
non- nel anoma skin cancer, basal cell 10 carcinoma of skin, squanous cell
carci noma of skin, nesotheliom, and Kaposi's sarconmm); and tunors
i nvol ving other tissues, including peripheral nerves and autonom c nervous

e e o - Y e o o - o -,




More specifically, the kits, conpositions, and nethods of the invention can
be used to treat sarconas. In sonme enbodi nents, the conpositions and 20
met hods oWotzha/gssssent i nvention are used in the treat meotr/uskololossbder
cancer, breast cancer, chronic |ynphoma | eukem a, head and neck cancer,
endonetri al cancer, non-Hodgkin's |ynphoma, non-small cell |ung cancer,
ovarian cancer, pancreatic cancer, and prostate cancer. Tunors that can be
advant ageousl y treag{ekel heRGn CHMRABUAI GRXiRB% GeatlIRPRA chliRr REresent

i nvention include PTEN-deficient tunors (see, for exanple, MS. Neshat et
al ., PNAS, 200typeg8olifbpdive-digsder rekers Roais gmanninef empiund 1ANAS; 1000  98:
101320- 10325; G.B.:%Ils et al., EgAS 001, 98: 10031- 10033; and M

H dal go and E.SOWHBMTEKhe serradinerd ccllp fiom 4 gile ghengigdg sjher Rartaf Hisdy

i oned ab ' i 30 of th
phosphat i dyl RSN DEIeTaC v Rai: PAEEA o e e A L BT 1o U

regul at ed i5n MyipkiRbkfceanealiSordes alties ydhptb@s Felidved VN 4 netplasiti RRAEE S OF
gene. PTEN-deficient tunors may be identified, using genotype analysis

and/ or in vit ras hypempuelefesityestisatgeraesiindp £0 the themapies slgsgsited hergin- 1 i niti ng
exanpl es of cancers i.nvolyi bnorpalities in the phosphatidyl-inositol 3
ki nase/ Akt - 5 lﬁ?crlkf? B3h 0&%&6’@8@?%@?013&5t'not limted to, gliomm,

| ynphorma and t uror sygén fdp&inBRE cofib %ﬁ’tﬁlé}ggy,ya's BRERERH tdtfimptpst at e, or
- cervix, which are associated wth abnorma owth tactor receptors (e.g.,
EGFR, PDGFR, loBfecvatudirédt™ 2 neophasmnicaratcermefersiol anhamcent af somipatued 1 ant h
~abnormalities in P13 kinase; nelanoma and tunors of the breast, prostate,

or endonetlPi uVRTOR iphibiiog shat degetha slows thegsawitmalaws s spicadingiet cgleast |

gastric, ovari r-eat i I QS cers: i w th
~abnormalities w ﬁlgﬁgt% ;f%?l%rn;‘i?p%% @gﬁcotef?fs’gl(%?&{]r?gr%%%gggﬁgs&ﬁsa%é%erq b\*émd
head and neck th@h€dplaim ons&Ret.aTRE syhplondreteval whées nkdbleddrof Gandgant |
cell Iynmphoma, breast cancer, and head and neck carci nomas associated with

~ abnormal i ti es respoayggta hepominehticarthetagies teserdiedhenein amdugraprineasl gherci nomas
associated with a\l}%rral ifli es in P16. The kits, conpositions, and

met hods of t héRAVEATER8%n al so be used to treat diseases with aberrant
angi ogenegks, suchgg (dhabetbecteldanon {:m,aré{ﬁfew}ﬁ} h $ne@fdnlah dabiy.

psori asi s, atherosclerosis, chronic inflammtion, obesity, cul-ar

degener at i on, Tdwy refec &y dhomas eulkaothdi maaseal (2@., Phauseneeuhbloial ddgl tat, A
w de variety of other packaging choices are available for practicing the

i nventi on. Th&BlsasWcethsepahoks pepamate) ghat son Rejabiiciadovifyer Bne or nore

containers (e 'sﬂscepéhl%l 13'a %9%’ hxeﬁi’sortd% gel ég ?%’?ccf):ga;;‘?e;qﬁasmo for Q?&H Gs)

cont ai ni ng one or nore 0 e ingre armaceutica

conposi tion i ReplogdendiH®upalahr nantétdfava thddichst vhidkiotderalih ewislg for the
adm ni stration of the conpound 1 al one or mrCR inhibitor and conpound 1

t oget her 8P centhediaentbythe Thlgedtiis ¢ hyprandreang.y i ncl ude instructions for the
dosi ng, adm ni stratdon, and/or.patient popul.ation,bei tr eat ed.

The different ingr Fgﬁ?bcﬁpcg'ﬁﬁéf GQEPBX%Pﬁﬁﬁﬁ&ﬁﬂgﬂﬁQQ“bgmgﬁﬁﬂFﬂ&ﬁ ina
~solid (e.g., LygpiializathacRlizd 8y isrddiand EAFBrdvE! §ia es‘c’ithlludg,e&ﬁral ly be
suitable as aliquoted in its respecti've container or provided in a
concentr at ed faoy mot IRhaedrac earcimomha, ppogbkoma, attemapsarcoma, e lemdingiaf or t he
reconstitution of 5lyophilized ingredients. The individual containers of
the kit will plfcarsiabe crampiesiofsdch pncersachign sawanes collfarappmer ci al

sal e. Al [ u [ nhi.hi ¢ are both

f or mul at e%StoS{?ginar}%?rlilﬁ? txaer}c(eégfqg)?léﬁﬁti}}f‘gpg{nfgqglpgg;;%dﬁ?%tﬁiCr?g&%:rc)rrpound lin
unit dosage f gtioblastonty @ulideinhe,eksyplaipdaledranedncet, @8H9¢Ichides, oviirfal | Mus, or
everolinmus also in unit 10 dosage formfor oral delivery). Products

fornul at ed foraesesl eng@mctiialtcanedroprostgeancen piaddes cancah lhepstomeat breastmay be
packaged in blister packs, ,whi gl\ can Iﬁaiﬂ oat algd/ or | abel ed i n accordance
with a sel ect SHFEINY Qrtrigrsictal cancer, hepd ang pefl GRS SasIHS @aCSr ¢ put forth
SO as to provi : i b d j 3 |l ete

di scl osure angqgtel%lrg??%]ig%ﬁp{)eghﬂ%%ﬁlghllréél%@lgyb%gﬁgﬁnsd“é%%&nﬁghﬁﬁgpcI ai med
herein are performed, nade, and eval uated, and are intended to be purely
exenpl ary of the invention and are not intended to limt the scope of what
the inventors regard as their invention. Exanple 1: Inhibition of BCR ABL
and Mutants for Chronic Myel ogenous Leukéfti a EXPERI MENTAL PROCEDURES



Inhibitors: Imatinib was dissolved in PBS to generate a 10.0 nM st ock
5solution, distributed into 10 'at aliquots, and stored at -20 C. Conpound
1, nil otiwokptizoseb3dasati nib were di ssolved in DMSO to gecenskeodsods niv

~ stock solutions, distributed into 10 [IL aliquots, and stored at -20 C
~Serial dilutions of 10.0 nmM stock solutions were carried out just prior to
use in each experinent. Conpound 1

(3-(imdazo[ 1, o, aZ ] 7 ~ ks 2 :
Rl ( (0 oty B B e s S SRS S enza de)
can be prepar eyndeonie sodiaby dtheecencer desoritedltergat i on and St ruct ur al
Determ nation of ABLT3151; Conpound 1 Conplex: the kinase domain of nurine
ABLT315! (residues b 96@1596@%3@%&%%% yologise sanditiondn manypalsi ne
phosphat ase 15ip : i AR Vi Ly e f ).
Purification 3@%&5?@?@? &m%gacg%ﬁiﬁdeb %b&%r@%ﬂ{é%lgﬁ% e(s)lé%gag{oéf %T:orir?‘g'gﬁtﬁ%g lto
near honogsneidimpresBifeopRiking ifclG@RiyRin @ eoéribatiRbreinf fuchiak¥oliono Q and
si ze excl usion chronat ography columms. The typical yield of final purified
ABLT3151bound twinors. clepopardicalapisexaples af mepplasmGoncluge salid tupfhorABtond 151 and

conmpound 1 20 were grown by t.he hanging.drop vapor diffusion nmethad at 4 C
by ni xi ng equal®S¥ii %rf@tr%‘lr&/ets Bg]c‘ii‘ﬁb uﬁ’%%?&%@r@%&?@%@é%"@ﬁ@ PRl®) and
wel | sol ution £30%W ¥rcRQ! MBE é [ t M
Tris-HCL, pH 8.5y, After 1-2 é(]g ?gﬁéef%{tagf’gmfgegﬂcrﬁgg Cgm{%?ca Eor. Bermnl M 0
50 x 3001. 1n8B canceryendghaeblygemadnultiferaicher |i quor suppl emented with 30% v/ v

gl ycerol as 25cyroprotectant. X-ray diffraction data were collected at 100K
at beam i 18 19 BM (IAgveme chynspprobifcradys disarden; wders éo dispydersrpsogiated wer e

i ndexed and scal.ed. i . i ng_HKL2000 .package.; Th
struoture of - cameBmARRES Eallia Bt A PR BET R vy
ol ecul ar repllmmmgw&aﬂ?blegweanwﬁﬂoﬁg a$d0@ialdd With Uberrat aﬁ?fdg%ﬁes?ﬁﬁcﬁﬁfénd with

imatinib 30 (PDB code: [I1EP). There were two ABLT3151nolecules in the
asymmet ri ¢ unisplid taterss trabetieirasingpathy efhenmatoiid athOn psorhéised wi t h nmanual
rebuilding in ant Accelrys .lpnc., San Diego, CA), and conpound 1 was
bui 1t inte t ety Se gy Famatyn QeShy manlfgr SRR bde

bui | di ng. lgurtclaﬁfioéﬁgh@pgg@%]seand nmodel building were carried out until
convergence was reached. 5The final nodel, refined to 1.95 A consists of
resi dues 228 t hrouddy ‘Saw,dmsxtaphedB@-dd9d than it lees thah iaviké ofiah aggt ththi ch are

di sordered. The el ectraon density for the bound inhibitor conpound 1 as well
as the side cH¥WHdsrpigadlysbegiyengy p sulisel ipadnppothenany Eomtsratseest o &avi ng no -

anbiguities for bj.ndi t i:nhj; bi. o6, horyl ati on
hosays For AptraRn ekl TSR Rlon o MU St e POHBARRRN gt .
tyrosi ne- dephaegshiiny 7@%e60%B508)d0%Bf 30&To(the hiduaeinindadePagdo, CA) were
performed as previously described (O Hare et al., Blood 104:2532 (2004)) in
t he presedfe a@honatearapy o, Thei combinationsdddhe inviehtiomcacogpsadrid réductiibe

concentrations, of inhibitor. used were: 150 0.1 .1, 10, 100, 1000 nM
o't L nos:  Bliepeq S AT gHRC R ireasTihe Fombitingfierat R BelhBL o
BCR- ABL wi th &, gijaei&;di; ,d&m@; LOR): DL i 1640
suppl emented w t 16%@&%@ uni t W%Lé%%%%%s?ﬁhc%&lg%q%@&% ag?irgg%/'lt onycin
SR ABLT315A v o ki nd gt Tt of DrRel | Shah UrSF. Parontal Bl E3. col |

- was a kin [ 0 : [ ah, . Parental Ba cells
vere suppl eneMRPLLGRRY- | gX@}lplﬁnol%éaseé@f\mmou%Mmina)h‘éa IRBItArs i or to

cell prol LEterati assays, R Lsol ated from ea F3 1, 1ine, and
ki nase do ina%ngwsdn%é/%?@%oﬁ'ﬂm BV?‘P%f{aﬁthﬂof’r%@dnsyf@m Wequence
anal ysi s usi ngsMu j ) r r j Col | ege,
PRy Col | "Prol Ter ST on Aealy 2t B Ea el T T Red” e 8 el P Ea T n
96-wel | pl at egidaforslihds aﬁwzls%g@kél)g %m/we@@&ag.,evi A § fheg0al 2hig)gs + 3
concentrations of conpound 1 for 7 . The concentrations of inhibitor used
for 1C50 det emmd,28t+ dmsg,ion 25in8 sngaraile sElxfbveek);eerolmiusva 207 nigidraily BCR- ABL
were: 0, 300.04, 0.2, 1, 5, 25, 125, and 625 nM The concentrations of
i nhi bi tor usedaflpfe.gl 25000 dangrivt Ml mgnd 4 %8 pag.ent 819 Bg/ M36 ¢dl.2 smgnenaly 0, 1,

5, 25, 12 625, 3125, . .. .
?0 aily); temsirolimus 3-21 mg i.v. infusion weekly (e.g., 3 + 0.6 mg, 5 + 1 mg,
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and 10,000 nM Proliferation was neasured usi ng a nethanet hi osul fonate
(MTFS) - based viability assay (Cel | Titer96 Agueous One Sol uti on Reagent;

~ Pronega, wadnsians393sl). | C50 val ues are reported as the meamSedlonbioee 5

- independent experinents perforned in quadruplicate. For cell proliferation
experinments with CML or normal primary cells, nononuclear cells were
isolated on Ficoll gradients (CGE Heal thcare) from peripheral blood of CM.

- yel ogenous. blagt, 2y (M BG) 1B LG 3,95 4 QMR HRDGEULYa! 5. ORIl

were plated in cel'l's7wel over gr _

concent r at i ong;Qfimt a¢ 0Py Atk araﬂg-dagg@e.g!}/b.s 800, SUPPhGREIL £ bl 10%
FBS, L-glutamine, penicillin/streptonycin, and 100I. 1M 13- nercapt oethanol .
Fol | owi ng a 73 hoigwegbati @8 mES + 0\ @B 6 H Y2 was &39S &RY obY0 SUbjgct i Ng
cells to an MIS assay. All values were normalized to the control wells with
no drug. CrkL dphlbspinbyr)ybedinors atd 08s600gTey.linflisivasdailBae3 18I+ 30 geptEhsi ng
15 either native BCR-ABL or BCR-ABLT3151 (5 x 106per well) were cultured 4
"h in RPM Suppt 20riaes ¥ w0 me1 890 R0 1. -A90uk 20riaeor W4t S50 ug i.v. infusion

~penicillin/strgptonycin.in th nce of inhihitor or in the presence of
Prmt fni b ( 20001 2otaasims b 0BB08 e L vointbEeRdaIy bog- Ak + TFnBoRbond 5
(0.1-1000 nM. I Y. hrec i ich} - .0adi ng 20
buf fer suppl er%ﬁ%&ﬁwq‘?ﬁ?%’of@gggb#%dh% %sp%’%gébpﬁ‘ﬁ?(ﬁ?%j?ﬁﬁtﬁ%gt es were
subj ected to ShfyPAGEpand, mIHNRB) Aid GRAINIdy38L O Kin@Ng PodynE: O.( Sant a
Cruz). PhosphoryP’at ed and non- phosphoryl at ed [ "wer e di stingui Shed based
on differenti @ mpad@+ri @eals @rs mansio bachgss HYral might@nsy igess wer gggoant i fi ed
by densitonmetry on a Lum | nager (Roche) and expressed as a 25 %

- phosphor yl18t ecb0Ct k@ mg orally Eaily); woorErposo e 107 0BGRoABlIY dBlyHt.gRatll £BtmGanpl es

to Conmpound 1: After obtaini n&@i{ nf or med consent, ﬁeri pheral bl ood
nononucl ear cdPE5MmHRA0E parg.trt dind 40 8ime.| SbRang 19 1do meg peally (oW

L-BC) with a 3LT315 i on e isaol Ficol . cengrifugation.
RT-PCR and 30 R ARETREn ahdr & PRI Ga | 20 Phee 280 Br ot £ 0eRant 1y
cont ai ned the L I t 0 : } I s/ well)
“were cul tured 404—3@5}@%@3?1% 181@”%5'11‘13; gwmiﬁggﬁ%gﬂ ém??é %o%%%ﬁ?ggg | ement ed
Wi th 20% BI T (SerGel 5ng, 49 4 b #Tia0huma: 14w SRS S0 biROPISoL ¢ g, 3R
10011M f 3- rreg(ctgﬁt o6t handl in thge%absence’ of i ﬁlﬁg’bi tor n%?’ in the gﬁr esence
of imatinilb (UO0C: 35 nig oraliasiaily iahd 6@Ardsbbrin@al DI-60inke 6200 daly (e @t, 10onpound
1 (50 nM 500 nM. Cells were lysed directly into boiling SDS-PACGE | oadi ng
buf fer suppl erehbadz.wixh3pngtdatd madphdsphattat 6 mghitbt Vong. 40y Sangs wer e
subj ected to SDSPAGE and i rmunoblotted with anti-CrkL anti body C 20 (Santa
Cruz). PhosphdPyF 8t oarfd b ehoredkeaiY bt Bee ellewving pemgperdsigiitéhed based
on 10di fferentji,al. . ! i i i Lties.war uantified
by densitonet ra§/1 ﬁlé%llg%?%duﬁ &Irsﬁgajbh%? a@%‘%@&'}ﬁbge %‘i—%@g% ng‘?rbb\éélﬁnfg)rg
Phosphor yl at i eRodithdrdfn L Wosupuac P42, apiviFs 344 Keu-006379ue 1@ 63| WTseEhss,
overnight in serumfree nedia in absence of inhibitor or in the presence of
imatini b 2900@nd)SI-@¥%satinib (50 nM, nilotinib (200 nM, or 15 graded

concentrations of ound 1 0,, 500 n Cells were fixed an
 permeabi Hi zed_ accol MHGERGEHEAIN BR eT Y HPE SYeRLPR N HEPRRA g (ean
Drego, O, | T6Hghitiotildd dstagtict, 1RNLwAS RO Qghile 4GLO- FI TC ant i body
(BD Bi osci ences, Sanm Jose, CA) for 1 hr, washed twice wth PBS suppl enent ed
~with 1% BSA and 0. 1% sodi um azi de, and fixed in 1% fornmal dehyde. FITC 20
signal intensity was anal yzed on_a FACSAria instrunent (BD) and nean
fluorescence intensity (M) Reef Psaiptienaf thelPrasingse reported as fold

increase La MFl relatjye i 0 I . | etii-.. Col ony

For m ng Als2 g ays of E?%dﬁésr &AMQ&@F?P%}P& %O%gﬁa@%%h%ﬁ?&gw@#!ﬁ@égl&s t he
ef fect of conBURABLagXanfs iP®COMBICY ZineEMpre@inSndinRCRIIBBEFBERT3151
and normal hemat o]q‘% etic progenitors, bone marrow nononucl ear cells

i sol at ed by FiALI" dehigurs 1 dalepidts aaninonoet enalysis of €dkiwphosphogdatidon
concentrations of co und 1 (CM .patient: 0, 10, 25,.50. .nM., health

o e aual %0 Hea SR8 Cerssingons PapCIL AR et e imainiba YR oat e (5
x 104 cell s/ pl )i I I I i : v,

cont ai ni ng 58 d%%?q)r%ﬁ%ééo%ggﬁg/lm@ég\gﬁ%ééCﬁglrl]llc‘ful%?ﬁg?ﬁnﬁ lﬁﬁ@%m%%eh({)ﬁéhl t G-

H4534; Stem Cell Technol ogi es, Vancouver, British Colunbia, Canada) to
assess granul ocyt e/ macr ophage col ony formati on (CFU-GV).



Cells were cultured at 37Cin a humdified incubator for 14-18 days.

Col onies were counted with >50 cells/colony as the criterion for positive
col ony scwoi2ng/05393Results are reported as the percent ageCofUScalonioes
relative to untreated control | SEM Phar macoki netics: The

phar macoki netic profile of conpound 1 (in citrate buffer, pH 2.74) was
assessed in CD-1 fenale mce after a single dose adm ni stered by oral

. gavage. Bl ood .samml.es e i i .NOI . npound
2 Concentr aci oot o ARG BdveF At aRyy ALY ibmbhERoLPuRE P aR B GRTE

net hod using pr@ichRBubiietd of BER-AB]aRHoSApRIIpAGIYRRiontia Bl d6tdBligHedpar ed in

bl ank nouse plasma. Reported concentrations are average val ues from

3-mice/tine paolimial owekeyrod HCRBYBEXimase witreity. nBadil the paosihordated asdpr essi ng

native BCR-ABL or ,15 - ABLT315] were injected into the tail vein of

famal e SO D nig-RIESENom Ates fams ad Ksotvedity istrarofaicarotifiin 2BE PaRdY : ee
medi um) . Begi npj : ! e I or al
Gavage v toveps Ofartfa@aty ten i Eho i Bl 381 pROShoR fatod CH L

dasati ni b for Rigured Bl8epion sadnimumbitayunalylisi ofelkl vabiospls@elatibn ¢edavitien t hey
becane nori bund as gehl;IACUC 20 gui delines, and evaluation of m ce at
necropsy was d¥aBiABENt  wikpressiagcrllsitreated vl mpdindy ilptiath dasptinb.tinor cel |

infiltration. The surwuival data, was analyzed.using Kapl an-Meier .met hqd, and
statist cal signmEare < el MPLR R ¢ Rt bR RR AP P B

PRI SM by COTTI{AZ.' DL ABatSotsY N hotthdaBn&it. §3§uhe§  Ad0AENS demengrate tat t he
vehi cl e group. val ue of p<0.05 was considered to 25be statistically

“significall arempodndi inbibite BERHAFL sigmalisg irc @My cell §ines exraetsingBedtF® Tunor

Model : Ba/ F3 cells pressin ABLT3151 were inplanted subcutaneously
into the rigthH{aAhgfdﬁ‘r%f(z#rﬁg% nude mice (100 j.tL of a 1 x 107 cells/nL

cell suspension in r L i i ! wer e
random y assi gned ﬁggyﬂérgﬁfﬁﬁgg@lﬁéﬁ%gér%g¥%§gpg)ﬂg%5§%%g%ﬁfum)r
vol ume reachedvigppompoural Elinhibifdcaiffar prbiferamearid BERedBLomediactal | y by oral
gavage with vehicle (25 mMcitrate buffer, pH. 2.75) or conpound 1 for up to
19 consecut i véigiaisg. Tighse 200l @ridol efreg)lulgs prelifeaiiontassnyis SPhex Ye f ol | owi ng
fornul a: tlgm)rc VOlo%Hg :telz‘té(drvr\l% X 19'152 'Iéﬁ ﬁreot e@(}'éﬁe t yor ﬁggf’a\'tsthcrisri]shi bition
when the tPeat5TeHt p rll'('Scfl Wad OPPRTSHES S Ae™Y P BNt Oh] ge i n tuhor

vol une was cal(sALpat)gfatitRls h@h&orag HRive BEROBLE TR=B9aAd Fidnfyedthlyi nal

Tinitial) Tinnial X100, where Tinitial was the tunor volune at the start

of treatment andividuats (Nai3)wher réferonot.ihe dathet Himetindieateh 80 ¥ntakeyiabiisy
sacrificed. The nean tunor vol .change. of each treatnment gro was
compar ed to alfabrag it Ut TRy ARtk the el S0 PRt s
and to that of i 1 ntndhlSit) L gni, f ig
Dunnett's testa,n g@ﬁ%ﬂ&%?ﬁ%@%ﬁ@% V\/ashg@%f‘?élrs ?d&"? 8 1\21112[?/ gltp ?@tdlqcal |y
si gni ficand andaspefsi® {L{BCppathinghhnposingtBGRIABLY $olgniihgeantvo For anal ysi s
of tyrosine-phosphorylated BCR-ABL and Crlth levels, tunor-bearing animals

- (average tunorcxgpsge taoempag)d hdpatings atleinily phdasatinity| elosaesultaradner

~vehicle 15 or 30 / CORpQoU . ORa va Si our.s t dosi ng

e (Near or oS o VB O e ade BY Rilord RS o S el taGn Bl 905 19,
Vestern bl ot angi Vifiinsundblidt. Bth BRIDIRSS B@?ﬂeﬂé& aRBEGh-PBbs ey 1eteti4brse! |

Si gnal i ng Technol ogy) and total CrkL ?C— 0; Santa Cruz). Accelerated

cel | -based nutvegye mesolwdsyr deetraphoket 8 mgbiditygadtbands Genpouantitated Bp/ F3 cel | s
expressing_natjve BCR ABL, were treat verni ght w .ethy] - N-ni t rosour ea
Con: 50" B g e SR e e B A Ja s oy Dbt FIgi % St 108 o
into 96-wel | L [ P onpl ete
medi a suppl engr?? %ﬁﬁ%ﬁm@%?gﬂgﬂgégﬁ%ﬁ% é%sﬁg%gﬁ(l())éﬁ 8§ﬁn%)til)%ﬂni§l I%qu(ﬁrhje&eve\lgl | s were
 observed for cells frgnotelCMY. VBUBICR-ARIECH! paticdb iuRidere 2B. iAfkerdvethight

m croscope and nedi a col or change every two days throughout the course of
the 28-day expafpredpithe presenssrmidnhibiters. gelly wererfixgsl angd peameabjlizeowt h was

Cupp orent e W RREETA Gl Sl R BRI B RS P R B T T

96-wel |l plate. If growmh was sinultaneously
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30o0bserved in all wells of a given condition, 24 representative wells were
expanded for further analysis. At confluency, cells in 24-well plates were
col | ect edwbyorignsse3sf ugati on. DNA was extracted from t hepcelus2pelobaie usi ng
a DNEasy Tissue kit (QACEN, Inc., Valencia, CA). The BCR- ABL ki nase donain
was anplified using primers B2A (5 5 TTCAGAAGCTTCTCCCTGACAT 3') and
ABL4317R (5" AGCTCTCCTGGAGGICCTC 3'), PCR products were bi-directionally
sequenced by %nﬁB&H@b?'F@lCSP.OVTaIL@‘E&@{or(eﬁ%@ﬁQRﬂS IRIrOA6 18 Afcein PRICPEI:BAEON,
Beverly, MA) using priners ABL3335F (5 ACCACGCTCCATTATCCAGCC 3') and
ABL4275R (5' li0te@STICRMESAAGBIAGEIECA cBnjrplsaniblirbeatibmo MNE,ogrtaemsment. e anal yzed
for mutations usi n%_I\/Uta i on %gveyor sof t war e §Soft,Genetic , State

Col | ege, PA). Resulli8Ues sthandiod agresaphsafeolety Lo agsgEs EFRGAWSt ve dat a

fromthree in t i t The i reen
was al so cond&?ﬁﬁ%qgg 1dﬁ@%ggga%gﬁﬁgg&gbﬁgﬁggb%n S%ﬁg?ﬂeﬁ@e%@t arting
wi th Ba/ F3515 ofebhnpoid esisétigh, Bl dBATEE Mingsaendmkldr 3¢l19frolBERCNEL E255v
(see Table 4) in single independenthggg eriments. RESULTS 1) X-ray

Cryst al | ogr apH\R paticit igiboriag BioRpbh . Figuoe APl iex grpthoDolgm fion

R t X- t al hi t udi , | ed, t hat,, t T3 1
e o 1 &, YR TR LRGBS oF P P e S S B Gy an
preventing '”ﬁﬁdli@idﬁal.nﬁ/ﬂo%iélgﬁl&rtc%ﬂg fM@?MLQcEé]E&%&E lsé PAPY pakiddpe

hydr ogen bond ot herw se nade wth the side chain o 51n native ABL.
Conpound 25| ' haff@EngBCReABLOY aind diany adwedltianimiredaill weretplded imf  pr ot ei n
contacts ia Si ngl;s o that of . imatinib, except for at | east one inportant
distinctidh: ﬁ@»ﬁwe FONKBHIE NIPtERsas R, Posmnaynd land qrdusrdifos t o
. avoid the steric h | i,phl bitars. r.mi,t

~ productive van1 4dle8$b@éalé§0q§ﬂte %@et %Jﬁé@% cﬁzrﬁ%\?é@g Iﬁlc?(%%ﬁ%na%lgﬁg%ﬂ?

I nhibits the GairakypreSseftkitNd inta®bf ABkd Febbitdtes (crror ba¥erdpe&efdS HIGL ACt i vity

of conpound 1 in conparison with imatinib, nilotinib and dasatinib in
bi ochemi cal assays Figures $prdG demonsishtivp bomppandd s ¢ligdtiveangmavsaat i ve ABL

Ki d ABLT315I .Ki i,ns. Wi | f i nhi bi
i i shed « hecaiBg sl BOREO T Dfen ST AR At ¢ LB NS s
ef f ecti ve 13gaigisitH f}q%&%u%léﬂam ARt eraphs gl%ﬁiy%% Bfe ok t8mbpud® PlonATP

aut ophosphorylation of full-length ABLT315I ase. Simlar  potent

i nhi bi ti on by soompdwi@ClDwagcaliiee intedehous infidiibh off@a/le cellscadplassingl evant
imatini bresistapnt ABL nutants tested, including ABLG250E, ABLY253F, and
ABLE2551(. 10 eﬁ‘ﬁ@s‘@“ﬁ“@ﬁﬂ%@%&t@lﬂ”ﬁ%ﬁ@ REBCsMstund Eigmeddd Bak? get s

native and Ki [ [ | pefudi jnase
“nutant. (3) %g%%%ﬁﬁggiﬂg %ﬁ%ﬁ%ﬁf’gﬁgté} m"%]?EBa/ %é‘ﬂ?‘g hlggélgeét:éﬂg
Native or Mit asin HECHBhicd, aad ddinigls B ABLdd bhde ddiBOsy bl @hvalicokith er at i on
assays were perfornmed with parental Ba/F3 cells and Ba/ F3 cells expressing

nati ve BCROABNebiclegemmpprndyl 191 dasatimpifer thgtindicated idasing@ekid 4da sdob). n

MR44V, G250E,. R52H, .Y253F, . Y253H...E255K, E255V, T315A. T315), F317L,
(F317v, MB51T, 1:#%5\%}@ %]P“iﬁg‘g%ﬁ Ywe&ﬁ%%qu{ﬁfnﬁ&lwﬁw Hﬁ%}ﬁ'@[pr oliferation
~of Ba/F3 cel | $h63iMoeRIsiigbPRbM 6u1¥(@1%‘sﬁ&utéﬂe%@ke&aﬁaﬂ%odémgiﬁgl y, all

BCR- ABL mutants test'ed renai ned sensitive to conpound 1 (I C 0.5-36 nM
Tabl e 1) i ncl BaifigcelbexPeRABE TIRIARLI ANt Qell€s@re IplaMed sSbaitancumsiyi t h
Annexin V showed that inhibition of proliferation by conpound 1 was

correl ated wi tHOithgright fgqpkd?tl%ﬂ?ﬁgi and yhgmthsvesags wmor vplgiearereiiedoi ti on

of parent B %}‘g { t . HQ%i . o) i on of
conmpound %5 of aéﬁéﬁﬁ le %Ugj%‘. ati %@?ﬂgﬁ?ﬁ%ﬁ%&y e fdeacl:l sb%aé}gﬁgé‘{la%éd to
BCR- ABL i nhi biwjitovehidlé oabsmpb@sd €doiconiastsactdyeathys (@dsite pai@l indicated).
pati ent-derived BCR-
Each compound 1 treatment group was compared to the vehicle group using
Dunnett’s test, and statistical significance (p<0.05) is indicated by an asterisk.

BCR-ABL phosphorylation was evaluated in animals treated with a single dose

30  ofeither vehicle or 30 mg/kg compound 1 by oral gavage (N=3 per group). Six
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ABL-positive and -negative cell lines. Wile we observed potent growth
I nhi bition of K562, KYO1l, and LAMA cells (derived from CM patients in 30
bl ast criwo)1vasBesse was no significant activity agai nsPCrhrse@oasioier ent

BCR- ABL- negative |eukem a cell lines, where the 1C50 was conparable to or
greater than that of Ba/F3 parental cells (Table 1). Table 1. 1C50 val ues
for Compound 1 in cellular proliferation assays. Cell |ines AP24534 | Cso

VasH 6, 2 E2u T g ey AT e R R P Uimbich B £ BESST 2.8

immunoblot analysis with antibodies against pPBCR-ABL and eIF4E (loading
control).

Figure S is a graph showing the effect of dasatinib in mouse models

5 using Ba/F3 cells expressing BCR-ABLT3151. Survival curves are shown for

mice treated during the indicated dosing period with vehicle or dasatinib.
Median survival was calculated using the Kaplan-Meier method and statistical
significance values are indicated for each group.

Figures 6A and 6B are graphs depicting the BCR-ABL mutants

10 recovered in the presence of various concentrations of compound 1. Figure 6A
shows the resistant subclones recovered from ENU-treated Ba/F3 cells starting
from native BCR-ABL cultured in the presence of graded concentrations of
compound 1 (10, 20, 40 nM). Each bar represents the relative percentage of
the indicated BCR-ABL kinase domain mutant among recovered subclones.

15  Since the percentage of surviving resistant subclones and the concentration of
compound 1 are inversely related, a different number of sequenced subclones
are represented in the graph for each concentration of compound 1 (see Table
2). The percent of wells surveyed that contained outgrowth is indicated to the
right of each graph. Figure 6B shows the resistant subclones recovered from

20  ENU-treated Ba/F3 cells expressing BCR-ABL "' cultured in the presence of
graded concentrations of compound 1 (40, 80, 160, 320, 640 nM). A this assay

T3151 .
L , all recovered subclones contain

started from cells expressing BCR-AB
the T3 151 mutation in addition to the specific secondary mutation indicated on
each graph. The data demonstrates that compound 1, as a single agent, can
25  suppress resistant outgrowth in cell-based mutagenesis screens.
Figures 7A-7D are graphs of pharmacokinetic data for compound 1.
Figure 7A shows Cmax for various doses of compound 1 at cycle 1, day 1
(C1D1) and cycle 2, day 1 (C2D1). Figure 7B shows AUC for various doses of

compound 1 at cycle 1, day 1 (C1D1) and cycle 2, day 1 (C2D1). Figure 7C
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11 F3171 1.1 F317Vv 10 MB51T 1,5 F359V 10 H396P 1,1 Parental 1713 CIVIL
| eukem a cells K562 3.9 KYO1 0.4 LAMA 0.3 Non-CM. | eukem a cells WMarna
2215 HEL wb2R1109B938652 PCT/US2010/055016

shows concentration time profiles C1D1 following a single oral dose. Figure
7D shows concentration time profiles C2D1 following multiple oral doses.

Figures 8A-8E show pharmacodynamics data for compound 1. Figure
8A is a graph showing pharmacodynamics data for compound 1 in all patients

5 in the clinical study and in patients having the T3 151 mutation. Figures 8B-8E
are graphs showing pharmacodynamics data for compound 1 at 15 mg in
patient having the F359C mutation (Figure 8B), for compound 1 at 30 mg in
patient having no mutation (Figure 8C), for compound 1 at 45 mg in patient
having the F359C mutation (Figure 8D), and for compound 1 at 60 mg in

10 patient having the T3151 mutation (Figure 8E).

Figure 9 is a graph showing inhibition of receptor phosphorylation of
activated tyrosine kinases in AML cell lines. AML cell were incubated with
increasing concentrations of compound | for 72 hours, and cell viability
assessed using an MTS assay. MV4-11, Kasumi-1 and EOL-1 data are

15  presented as means + SD from 3 experiments and KG1 data is presented as
means £+ SD from 2 experiments.

Figure 10 is a graph showing inhibition of growth and induction of
apoptosis in MV4-11 cells. MV4-11 cells were seeded in 96-well plates,
treated with increasing concentrations of compound 1 and caspase 3/7 activity

20 measured at the indicated times. Data is expressed as fold induction of caspase
activity relative to vehicle treated cells and is presented as means + SD from 3
individual experiments

Figures 11A and 11B show efficacy and target inhibition of MV4-11
xenograft. Figure 11A is a graph of tumor growth for various doses of

25  compound 1. Daily oral administration of vehicle or compound 1 for 4 weeks
at doses of 1, 2.5, 5, 10 and 25 mg/kg/day was initiated when MV4-11 flank
xenograft tumors reached approximately 200 mm3 (10 mice/group). Mean
tumor volumes (+ SEM) are plotted. Three of ten animals in the vehicle
control group were sacrificed before the last treatment on day 28 due to tumor

30 burden. Therefore tumor growth inhibition was calculated from day 0 to day
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5 (4) Conpound 1 Inhibits BCR-ABL-Mediated Signaling in Cells Expressing
BCR- ABLT3151. To confirmtarget inhibition in Ba/F3 cells expressing
nati ve BGROABLI/B8I3BCR- ABLT3151, we exam ned the tyrosi neCprusg@ploosioh@at i on
status of BCRABL and the direct BCR-ABL substrate CrkL (Figure 1).
Monitoring CrkL 10 tyrosine phosphorylation status provides a conveni ent

- means of assessing BCR- ABL kinase activity in primary human cells, and is

the preferred 86 ' [ i Qi ;i i-avol vi ng new
BCR. Rk (O uker ar TR R BT AT e TS I sB p R R L O ey

J Med 354: 253 IinedMiedment siufAag thd degiig pRassU Fegmotl 18fis ahespihsiowiaged BCR- ABL
tyrosi ne phosphorylation status is not feasible in primary cell |ysates due
S hnkirim G

i matinib, niyl ot.i ni njb were included. .In.the el shi
wssay e pertedriBsebRRgISA L b Bruntt S tren i Ra A e fral oo
response tg '%s@bﬁ“b@x’ﬁg@ﬁn@% Afbe/o i) 8t BklleRdl iddiGatb@oRftol Afihfald Ors were
effective agai nst Ba/F3 cel s expr8ssing native BCR-ABL (Figure 1A), only

conpound 1 demecavedivadclacione (Synmgai hemotshwerE3ibbdestadt hourg Fatgraad 1B) .

I nhibition of 10 BCR- ABL phosphoryl ation was opserved. in parallel
experi ments i rAnahyzed ferdeyds QEBF%%’PﬁdatﬁQ@P@éOtB@E%EH‘&ST@@ﬁ- DL 73150 .

BCR- ABL phosp [} i F3 S d ei t her
native BCRABLng{er%@%BE%@é%% g%%gga%l\gleerﬁ%{sgahﬁog\;ﬁjmot'h()lﬁ%&p?n?llg)gq’ ilotinib,
dasatini b, or dpspauedy bf thaepkies phespghoaylalivg 6AFDY 3 ianmeTeOr Das mRahysi s with
anti bodi es 15 agai nst pBCR-ABL and el FAE (| oading control). (5) Treatnent

of CML Prilfar y(+EEMktrounttyodpd¢rpndentiexpanimghtsarcehowin.al L b3 phosprasylation  To
assess the efficacy of. c on iyary cells derived from patients
o h BCR-ABL. dVETRlROH aA Tt alf ST hhNeshlen Tufotout Lo e Bl

nyel ogenous bliggl SPATS SroRa4l ents, or from heal thy individuals, to graded
concentrations of compound 1 and assayed viable cells after 72 hours.

Consi stent with bi depenil@ab aamaphceiolwihg ae visicatioedtinent efgiramaryosieiiuclsl

i nduced a selectjve reduction of viable cell nunbers wth | C50 val ues

appr oxi mat el y witycompoyrg § selggigrely minbits il {3-ED ¢edls) Srissuwy deukgmis PRsthor mal

“and ol omy *For et i’ R REM ke RlRuderol AN N IRRE T o

Cells. TEFIAEBEED staatigehs dabikined 0§ thephtwlopg r\@/lﬁoftf' h® cOxpasad e t o
conpound 1 of nononuclear cells obtained froma CIVIL | ynphoid blast crisis

patient wth PERTBUBRrWgelheulbires were ueateéwviduthe andietedgordenirptions @ t he one
descri bed for Ba/F3 I Lnes erein. cells.were incubated overpight in
the presence. ormipgvisr 42 B, BCFBENTEE VBt s st Snd ¥EMES L
phosphoryl ati ogsly AMNURRYWRLe nEPARABAE fo R GAPMAHBLCHsifSHatin! the &
~reduction in phosphorylated CrkL signal while ndne of the other three
clinical ABL iabké¢rmetadrdsushowed any effect (Figure 10 2B), and simlar

results were obtained upgn anal ysis of cells fromthis patient for gl obal
" tyrosine phosphoryFagWsn-py2e @PWQ’E&@’%&“ C%WEW@%PH&F‘@H t he

ef ficacy of ¢ i L .06 mat i ng
 mononucl ear odiTauRhbs ASHiCHES PARNE ARV KL COATRL M AERREE:

BCR- ABLT3151 and f iFogara 1haeh iehaphi shdimihgurl effcCebl sompsendlbph SNad14 n
met hyl cel l ul ose in the presence of inhibitor, cultured for approxi mately
14-1, 8 days, asdiriccancadellnaath amplifedl OER2nenpared e wiiERaSSNHeiceHsr
nilotinibggor.dasa inib.showed any effect against cells fromthe T3 151

~ patient, ¢Onpdtifd® ORI RY the formation of colonies in a
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D T mce addmEHRT AT DU Rl B ANASIRITISS ) SRl & WP 0L
30 o/ kg sby, aleipontage. alilplasgagoncont (ot ons of corpound | were

bi oavai |l able, 30 with m ce treated with a dose of 2.5 ng/ kg achi evi ng nmean
pl asma | evel s of 37




89.6, 58.2, and 1.9 nMat 2, 6, and 24 h, respectively. At an increased
dose of 30 ny/ kg, nean plasma |levels reached 781.7, 561.3, and 7.9 nMat 2,
6, and 24wb,2oriespessti vel y. Dose- exposure proportionalit pCras2abossined
between the 2.5 ng/ kg (AUCO_24h: 767 nnol.h/nm) and 30 ng/ kg (AUCo-241:

- 7452 nnol -h/m.) 5 doses. Together, these data denonstrate that conpound 1
bl ood | evel s exceeding the in vitro 1050 values for all tested BCR- ABL

mut ants can be sust f i : Ve
next eval uated the ﬁ%ﬁ?ﬁgégg %%@WJ?Q%%%%% f?&ﬂﬁélgnecgferﬁgfl\ﬁeﬁﬁB

wel | - establ i shedls tho srpressisiusany FGIV3b FIIC), emhpared yo WaBGERARTER i n a
survival 10 nodel in which Ba/F3 cells expressing native BCR-ABL were

i nj ect ed intr &f8ro0S 6elli growth ASayai | veins of mice. As shown in Figure 4A ,

treatment with eit r das ol anged, sur W conpar ed
to a nedi an survi vzﬁglg%q%ggggy%pﬁ W i%cel gicﬁcrgﬁf%apﬁr%df%ﬁﬁ\?‘?y oral dose
of 5-ng/ kg Sdaﬁﬁﬁ]ti:ﬂl@m “Hasrp 6@& theP&H &Wq@) Qﬁa@&aﬁ%ﬁlaﬁa%kﬁféﬁsregl men
(Lonbardo et 15 al., 37 Med em 47: 6658 (200 prol onged nedi an survival

- to 27 days (p<oud)FGBRF(K&d01;), mepaye(biranthiﬁé%WI -I298 i, B agélkg
compound 1 prol onged nedi an survival tine to 27.5 and 30 days, respectively
(p<0.01 for b(ﬁrﬂ &% -evels). The activity of compound 1 was subsequent!y

evaluated in this e ng
BCR- ABLT315i . In co*%?r ﬁgéig \‘ééli(,’gi r&;qgg e goﬁ%c'gﬁo'&‘ﬁ icﬁnﬁ)f]gAaﬁfrﬁédr an
survival of 16153atssst cangeouelds that emémnﬁtaﬁf PGFRY (Y361@) tlay s¢ll prettnged

- survival in a dose-dependent manner (Figure 4B). Wile daily oral dosing of

2.5 ny/ kg l@onpseA¥d 1 i ncreased nmedian survival by only 0.5 days (p>0.05),
. conmpound 1 dosed at..5 .. and 25 25 i gnifican rol on nmedi an
survival 1o 105, - Sasirgalisd MaufonoRalp itk GRP Gt visSa0hne pBESuPRAERI B8 dooe
level s). By cafimba Powtﬁﬁn'a%ﬁﬁg nRfanbddarie FG‘FR@tWenUﬁNB@At &donldridpl
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- treated wth wehealcellor dasatinib (Figure 5). The anti-tunor activity of

. conmpound 1 was fur her sessed in a,30, xenograft nodel |n V\:Hi ch Ba/F3

cell s expressing B 3? 8 graphyshoping in wiyo phgmparodiaaneswniint o ni ce.
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conpound 1 caused §r@rr¢f22é%m1gram§1rﬁbpw@gﬁf@sr§wﬁ qfogged growtinggsapeothol) , with

The start of CPOapsRE b YR PRFGA AR IRF o TR gfeRE" ¢ 1o
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tunmors frommce harvested 6 hr after "one-tinme dosing with 10 vehicle or
conpound 20 As shoWwrgure 2BiigagephGhowisg thgl edfest af omibéesmg oBGompdkyl hir kedl y
- decreased | evels @3 ho sphor Iat ed BCR—A}, and phosphﬁryl ated CrkL.
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establ i shed the resistance pr e at sever concentrations o? conpound 1

(5-40 nM and Higun@48 shonsaht ratlioof degiépoenh dsedueith dre MFH296 25 the
percentage of wells with outgrowth and in the scope of nutations observed
(Fi gure 6A). Andemgiiateanssupell line aIFhe\keECéo(osm@mepn@xmmtmﬂ MEE¢96wt h

and 90% of the uenced r subcl S expre nativ BCRABL
(Table 2y Raceinirenareshed s 100 rBhad RE SHHacanamstD | T3 nercdbire

both a marked reduction in outgrowh (168/ 1440 wells; 11.7% and an 30

i ncreased frequency of nutated subclones (33.1% Tabl e 2). Miutations
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recovered included occurrences at several P-loop residues (&50, @52,
Y253, and E255), a cluster at or near the Chelix (K285, E292, and L298),
and T315 w02081053938317, V339, F359, L387, and S438. AnpmgTiuseomwsswver ed
nmut ations, nearly all have been previously encountered in imatinib
resistance (or nilotinib 5or dasatinib resistance) (reviewed in O Hare et
al ., Blood 110: 2242 (2007)). No novel nutations were encountered that were

speci 1 ¢ Tor _a@pmaunliinuERBhL (08 PSS Sm AT B UGl CRARARS

resi dues, and K285 i Jjacent 'to a t ogen-bond contri

Si nce nut at i oris’) pendsd sdmbigatdn af canpanid bivithiridafedoliennl€dbmibinasiopdy. esses 10
T3 151 are likely to represent the key concerns for resistance to conpound
1, we next investi da8Wes 20A R 2oRsa srrhs shewing ingdiap gffestanplysat B das

sharply curtai] (3/1440 wells: .0 2%. Fi.gure 6 Tabl e, 2 with only two
i aci one. " EpseBibilion it ooud y kRS, Peff s Spoun R e st vey,
no previousl y AIRYCACQIEHRAFRRRDISAN e IR IE-0D6 cANiRE (FidGrdn 4y, | evel

resi stance to 15 conpound were identified. At 40 nM conmpound 1, which is
-nore than 40- fol dHigwe26tihagrapheshio@stg telt cyde emtlzsis Bathe2ANBCAscelklompl et e
suppression of_.jn vitro restirﬁ[éance %’/ﬁas acq'kev_ed. Thi s absgnce resi st ant

' f
out Gr owk h was PUPYHIE TESRERT TR dre HIagHbee dﬁ%ﬁ?ﬁr&mﬂg(&m@a?ﬁ&sh% 1 (80,
160, 320 nM ‘i%hé‘u@%d%@ﬁﬁ@%anfogcﬁ% ?léﬁ'ﬁ‘%ﬁ%‘ﬁnd RIS at%)t;ﬂl%'nﬁ‘ag@ggﬁ;

BCR- ABL i nhi bitor has ave'thi's capabili

Compound 1 celdonfpeaad Invitagentsdlémassay starting fromnative BCR- ABL Ba/ 93
ceLs expresshg native 6CR-AL3L Concentration Wefts surveyed Wells with
out gr owt h 18l ones sé&igispaéds g Rphamaticgheming a possable diGFR2/BIAPEgragipsay

and mTOR pathway (modified from Katoh M., J. Invest. Dermatol., 2009, 128:
1861-1867).

Figures 28A and 28B are graphs showing the effect of oral dosing of

compound 1 with ridaforolimus in an AN3CA endometrial tumor xenograft.
15 Figure 28A shows data for a low dose combination of 10 mg/kg compound 1

with ridaforolimus. Figure 28B shows data for a high dose combination of 30

mg/kg compound 1 with ridaforolimus. Data are shown for ridaforolimus

alone (“Rid”), compound 1 alone (“Compound 17), and a combination of

compound 1 with ridaforolimus (“Compound 1, Rid”). Dosages are provided
20 in parenthesis as units of mg/kg.

Figure 29 shows pharmacokinetics and pharmacodynamics data for oral
dosing of ridaforolimus alone, compound 1 alone, and a combination of
compound 1 with ridaforolimus. Data are shown for various concentrations of
ridatorolimus (“Rid”) and compound 1 (*Compound 17).

25
Detailed Description

The 1nvention provides methods for treating cancer, involving
administration of a compound 1. Non-limiting examples of cancers include
those that result in solid tumors, such as acute myelogenous leukemia, gastric

30  or gastrointestinal cancer, endometrial cancer, bladder cancer, multiple
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mut ant (O Frequency COccurrences (s) anong clones (% Frequency anong nutants
1% Residue Qccurrences (n) Frequency by residue (%9 nh4 10 nM 20 nM 45 CM
: 576 1440 wo£0111043938576 168 51 157 3 0 Native Ei CR-ABL 132%5062018833I1d 0255K
73151 F3171 Native OCR-A6L (2508 @52H Y253F 925311 E2551( 6255V 1<28511
E292V 1 298V T3151

myeloma, or breast cancer. Other examples of cancers include myelogenous
leukemia, acute lymphoblastic leukemia, acute myelogenous leukemia, or a
myelodysplastic syndrome (e.g., refractory anemia with excess of blasts group
1 (RAEBI) or refractory anemia with excess of blasts group 2 (RAEBII)).

5 In addition to the cancers mentioned above, the methods and
compositions of the invention can be used to treat the following types of
cancers, as well as others: skin (e.g., squamous cell carcinoma, basal cell
carcinoma, or melanoma), prostate, brain and nervous system, head and neck,
testicular, lung, liver (e.g., hepatoma), kidney, bone, endocrine system (e.g.,

10 thyroid and pituitary tumors), and lymphatic system (e.g., Hodgkin’s and non-
Hodgkin’s lymphomas) cancers. Other types of cancers that can be treated
using the methods of the invention include fibrosarcoma, neurectodermal
tumor, mesothelioma, epidermoid carcinoma, and Kaposi’s sarcoma.

Compound 1 has been found to possess strong antiangiogenic properties

15 and, therefore, can be useful for the treatment of condition associated with
aberrant angiogenesis, including solid cancers (e.g., prostate cancer, lung
cancer, breast cancer, colorectal cancer, renal cancer, and glioblastoma),
diabetic retinopathy, rheumatoid arthritis, psoriasis, atherosclerosis, chronic
inflammation, obesity, macular degeneration, and a cardiovascular disease.

20 In particular, compound 1 is a pan-BCR-ABL inhibitor. Inhibition of
the oncogenic BCR-ABL tyrosine kinase by imatinib induces durable
responses in many patients with chronic phase chronic myelogenous leukemia
(CML), while relapse is common in advanced CML and Ph+ acute
lymphoblastic leukemia. Imatinib resistance is commonly attributed to BCR-

25  ABL kinase domain mutations, and second-line BCR-ABL inhibitors nilotinib
and dasatinib provide treatment alternatives for these patients. However, cross-
resistance of the BCR-ABL """ mutation and multi-resistant compound
mutants selected on sequential ABL kinase inhibitor therapy remain clinical
concerns. Here, we describe the evaluation of compound 1, a potent inhibitor

30  of BCR-ABL™" and other resistant mutants in vitro and in vivo. Compound 1
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was found to inhibit the inactive form of BCR-ABL"*"\. In cell-based
mutagenesis screens, compound 1 completely suppressed resistance at certain
concentrations, including the T3151 mutant. The availability of an orally
administered pan-BCR-ABL tyrosine kinase inhibitor, such as compound 1

5  offers important therapeutic advantages in a first-line capacity by minimizing
the emergence of BCR-ABL kinase domain mutation-based drug resistance
during treatment.

Furthermore, we have discovered that the combination of an mTOR and

compound 1 is more effective than rapamycin macrolide monotherapy or

10 compound 1 monotherapy for treating pathological cellular proliferation,
inhibiting angiogenesis, and increasing the apoptosis of cancer cells. Non-
limiting examples of cancers that can be treated using the compositions,
methods, or kits of the invention include carcinoma of the bladder, breast,
colon, kidney, liver, lung, head and neck, gall-bladder, ovary, pancreas,

15 stomach, cervix, thyroid, prostate, or skin; squamous cell carcinoma;
endometrial cancer; multiple myeloma; a hematopoietic tumor of lymphoid
lineage (e.g., leukemia, acute lymphocytic leukemia, acute lymphoblastic
leukemia, B-cell lymphoma, T-cell-lymphoma, Hodgkin’s lymphoma, non-
Hodgkin’s lymphoma, hairy cell lymphoma, or Burkitt’s lymphoma); a

20 hematopoietic tumor of myelogenous lineage (e.g., acute myelogenous
leukemia, chronic myelogenous leukemia, multiple myelogenous leukemia,
myelodysplastic syndrome, or promyelocytic leukemia); a tumor of
mesenchymal origin (e.g., fibrosarcoma or rhabdomyosarcoma); a tumor of the
central or peripheral nervous system (e.g., astrocytoma, neuroblastoma, glioma,

25 or schwannomas); melanoma; seminoma; teratocarcinoma; osteosarcoma; or
Kaposi’s sarcoma. Non-limiting examples of conditions associated with
aberrant angiogenesis which can be treated using thc compositions, methods, or
kits of the invention include solid tumors (e.g., prostate cancer, lung cancer,

breast cancer, colorectal cancer, renal cancer, or glioblastoma), diabetic
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retinopathy, rheumatoid arthritis, psoriasis, atherosclerosis, chronic

inflammation, obesity, macular degeneration, and a cardiovascular disease.

Synthesis and Formulation of Compound 1

5 Compound 1 can be synthesized at described in Scheme 1 and as
described in PCT Publication No. WO 2007/075869. Alternatively, the acid
chloride utilized in step can be replaced with a methyl ester as depicted in

Scheme 2 which describes the modification of step 5.
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Scheme 1

Steps 1and 2

N 1. Pd(PPhg)s, Cul, O/ A
aw ey Dlg)é‘A N 1. EIOAG/ MeOH, K,CO5 [\v’ p
> N / + — > N

" \ N

Br

=—SiCHy)y ————————~ - .
2. EtOAc exchange 2. H,0 wash
3. NHy/H,O wash, 3. Heptane exchange \\
NaCl/Hz;O wash Si(CHa3)3
TMS-acetylene
CgH,BrN, CeHygSi CiyHyaN,Si CeHsN,g
Mol. Wi. 198.02 Mol. Wi. 88.22 Mol. WA, 215.33 Mol. VVl 143 15

Steps 3and 4
Z =N Za
O/ q/ HC!

N ' 1. Pd(PPhg)s, Cul N _
x NS EtOAc, TEA \\ oxalyl chioride, DMF, ACN \\
N “ + OH —_— B
2. HCIHZ0
W % 3 ACN wash

OH Cl
0 e}
3-lodo-4-methylbenzoic Acid
CgHsN; CgHO, CieH11NsO2 C16H11CLN; O,
Mof. WI.143.15 Mol. WA, 262.04 Mol. Wt. 277.28 Mol. WM. 332.18

Steps 5and 6

= /N i
AN 2, N S N/
(\r/ 1. DCM, DIPEA N N HCI
SN ol 2. NHy/H,0 wash, filter W\ N

HN < 3. NHyH,0 wash,
\) (N NaCIH,0 wash EtOH, HCI
+ N\) — 0 —_— > 0

4, ACN exchange

| CF3 5. DCM, Lewatit resin
6. ACN exchange NH NH
7. ACN restumry FaC FsC
0 \N/\\ \N/\\
LN N
Compound 1 (as free base) Compound 1 HCI
C15H11C|2N302 CizHygFsNg CogHorFaNgO CogHbaCIF3NsO
Mal. WL 332.18 Mol. WA, 273.30 Mol. Wt. 532 .56 Mol. VWt 569.02
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3.8 1.9 33.366.7 5 (9) Effects of Conpound 1 on Conpound Miutants. As
conpound 1 therapy is likely to be tested in the setting of failure of

- i matini b wAQoHI0SBBast one sal vage therapy (such as one @CTtuseoibDsoappr oved
second-line ABL kinase inhibitors), there is considerable potential for
preexi stence of a T3151 or other resistance-conferring nutation. Although

- so far 10 rare and docunented only in a small nunber of cases, patients can
w,also fail with a conpound BCR-ABL nutati @upifuel ving a secondary ki nase
“domain nutation in conjunction with a pre-existing nutation in the sane
allele (Khorashad et al., Blood 111:2378 (2008); Shah et al., J din Invest
117: 2562 (%%97)€n fagno et al., Leuk Res 32:673 (2008)). Having found a
very limte P38P84P st ance susceptibility profile at the | evel of single

ki nase domai n nutations, we wanted to investigate vul nerability_ef conpound
1 to conpaung, nutations. To sinulate a sitk%ﬁ?zn in which cogpoywhd 1 is
used to treatya patient wwth a predom nant T3 1 i'fy

conduct ed the\ accel er dt t agenesi sy@ssay, t hi's

background of Yan exisstin M54 mutat+en- (Fi g 8By a bl e of ound
that there till a Scencentratioft®d®#pendent hi'efar cHY' and th e

i nhi bitor cou 11 control all tested conpgyn Wants. All £0 d

mut ant s except Y283H T3151 and E255V/ T3151 -were m nat ed atyay

- concentration of 160 nM compound 1. At 320 nMthe only remai hif\g” conpound

mut ant was / T3151, ch couples the two st _resistant sjnagl

mutants, a g‘v%ﬁ&g@r owt h vn:ag]é\sbt’%gﬁml etely 10 supp?ﬁf’%@éﬁd at the hi @ﬁf&%ﬁé@ﬁested

- concentration (640 nM, still alnost 3-fold below the 1C50 for parental

» Ba/F3 cells. This resistance profile was confirmed in a subsequent screen
starting f Pom a background of BCR- ABLE255v, the nobst resistant single

SR Aol K1 nase, oML ) R B BETREY oo R bR
3. Compound 1 cfificht RRsCHsFHY a0 BRRESbS fiagHRY 184 Matdr R8lublomSbaze. ARleT315!
Ba/ 02 cells expressing 8CP,.-Al131:tm Concentration Wells surveyed Wl ls
wi t h out gr owt mono-HCI salt was found to be a crystalline, anhydrous solid formed from a
range of solvents reproducibly. The hydrochloride salt of compound 1 has a
10 thermodynamic solubility in unbuffered water of 1.7 mg/mL at pH 3.7.

Further identifying information for compound 1 includes:

Chemical name: 3-(Imidazo[1,2-b]pyridazin-3-ylethynyl)-4-methyl-N-
(4-((4-methylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)benzamide,
hydrochloride salt;

15 USAN name: ponatinib (INN pending);

CAS Registry No.: 1114544-31-8 (HCI Salt) and 943319-70-8 (free
base);

CAS Index name: Benzamide,3-(2-imidazo[1,2-b]pyridazin-3-ylethnyl)-
4-methyl-N-[4-[(4-methyl-1-piperazinyl)methyl]-3-(trifluoromethyl)phenyl]-

20 hydrochloride (1:1);

Molecular Formula: C,HgCIF;NgO (HCI salt) and C,9H,,F3NgO (free
base) (no chiral centers); and

Molecular Weight: 569.02 g/mol (HCI salt) and 532.56 g/mol (free
base).
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only 9 90.0 -

Compound 1, or preferably a pharmaceutically acceptable salt thereof,
such as the mono HCl salt, may be formulated for oral administration using any
of the materials and methods useful for such purposes. Pharmaceutically
acceptable compositions containing compound 1 suitable for oral

5  administration may be formulated using conventional materials and methods, a
wide variety of which are well known. While the composition may be in
solution, suspension or emulsion form, solid dosage forms such as capsules,
tablets, gel caps, caplets, etc. are of greatest current interest. Methods well
known in the art for making formulations, including the foregoing unit dosage

10 forms, are found, for example, in “Remington: The Science and Practice of
Pharmacy” (20th ed., ed. A.R. Gennaro, 2000, Lippincott Williams & Wilkins).
Compound 1 may be provided neat in capsules, or combined with one or more
optional, pharmaceutically acceptable excipients such as fillers, binders,
stabilizers, preservatives, glidants, disintegrants, colorants, film coating, etc., as
15  1illustrated below.

For example, white opaque capsules were prepared containing
nominally 2 mg of compound 1 free base, provided as the hydrochloride salt,
with no excipients. White opaque capsules were also prepared containing 5
mg, 15 mg, or 20 mg of compound 1 free base, provided as the hydrochloride

20 salt, mixed with conventional excipients. Inactive ingredients used as
excipients in an illustrative capsule blend include one or more of a filler, a flow
enhancer, a lubricant, and a disintegrant. For instance, a capsule blend was
prepared for the 5, 15 and 20 mg capsules, containing the compound 1 HCI salt
plus colloidal silicon dioxide (ca. 0.3% w/w, a flow enhancer), lactose

25 anhydrous (ca. 44.6% w/w, a filler), magnesium stearate (ca. 0.5% w/w, a
lubricant), microcrystalline cellulose (ca. 44.6% w/w, a filler), and sodium
starch glycolate (ca. 5% w/w, a disintegrant). The capsule shell contains
gelatin and titanium dioxide.

The formulation process used conventional blending and encapsulation

30  processes and machinery. The hydrochloride salt of compound 1 and all blend
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excipients except magnesium stearate were mixed in a V-blender and milled
through a screening mill. Magnesium stearate was added and the material was
mixed again. The V-blender was sampled to determine blend uniformity. The
blend was tested for bulk density, tap density, flow, and particle size
distribution. The blend was then encapsulated into size “3”, size “4”, or size
“1”” capsule shells, depending upon the strength of the unit dosage form.

Compound 1 was also formulated into tablets using conventional
pharmaceutical excipients, including one or more of a filler or a mixture of
fillers, a disintegrant, a glidant, a lubricant, a film coating, and a coating
solvent in a blend similar to that used in the higher strength capsules. For
example, tablets may be prepared using the following relative amounts and
proportions (weight/weight): compound 1 (90 g provided as the HCl salt,
15.0% w/w), colloidal silicon dioxide (1.2 g, 0.2% w/w), lactose monohydrate
(240.9 g, 40.15% w/w), magnesium stearate (3 g, 0.5% w/w), microcrystalline
cellulose (240.9 g, 40.15% w/w), and sodium starch glycolate (24 g, 4.0%
w/w), with the amount of lactose monohydrate adjusted based on the amount of
drug used.

Compound 1 and the excipients may be mixed using the same sort of
machinery and operations as was used in the case of capsules. The resultant,
uniform blend may then be compressed into tablets by conventional means,
such as a rotary tablet press adjusted for target tablet weight, e.g. 300 mg for 45
mg tablets or 100 mg for 15 mg tablets; average hardness of e.g., 13 kp for 45
mg tablets and 3 kp for 15 mg tablets; and friability no more than 1%. The
tablet cores so produced may be sprayed with a conventional film coating
material, €.g., an aqueous suspension of Opadry® 1I White, yielding for

example a ~2.5% weight gain relative to the tablet core weight.

mTOR Inhibitors
The mammalian target of rapamycin, commonly known as mTOR, is a
serine/threonine protein kinase that regulates cell growth, cell proliferation, cell

motility, cell survival, protein synthesis, and transcription. mTOR inhibitors,
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including rapamycin and its analogues, are a class of therapeutics that
specifically inhibit signaling from mTOR or a combination of kinases including
mTOR (e.g., such agents which act as inhibitors of both PI3K and mTOR).
mTOR is a key intermediary in multiple mitogenic signaling pathways and
plays a central role in modulating proliferation and angiogenesis in normal
tissues and neoplastic processes. There are two classes of mTOR inhibiting
compounds: rapamycin macrolides and non-rapamycin analogs.

Rapamycin (sirolimus) is an immunosuppressive lactam macrolide that
is produced by Streptomyces hygroscopicus. See, for example, J.B. McAlpine
et al., J. Antibiotics, 1991, 44: 688; S.L.. Schreiber et al., J. Am. Chem. Soc.,
1991, 113: 7433; and U.S. Patent No. 3,929,992, incorporated herein by
reference.

Because there is more than one accepted convention for numbering the
atoms of rapamycin and its analogs, the numbering convention used herein is

depicted below:

For reference, the R group for a number of compounds is set forth in the

following table:
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Compound -R
Rapamycin -OH
AP23573 —OP(O)(Me),
Temsirolimus —OC{O)C(CH3){CH,OH)2
Everolimus -0OCH,CH,OH
Biolimus —-0OCH,CH,OEt
ABT-578 —Tetrazole

Desirable rapamycin macrolides for use in the combination therapy of
the invention include, but are not limited to, rapamycin (sirolimus or
5 Rapamune (Wyeth)), temsirolimus or CCI-779 (Wyeth, see, U.S. Pat. Nos.
5,362,718 and 6,277,983, the contents of which are incorporated by reference
herein in their entirety), everolimus or RAD0O01 (Novartis), ridaforolimus or
AP23573 (Ariad), biolimus (Nobori), and zotarolimus or ABT 578 (Abbott
Labs.).

10 Temsirolimus is a soluble ester prodrug of rapamycin, rapamycin 42-
ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acid, which is
disclosed in U.S. Pat. No. 5,362,718. Temsirolimus has demonstrated
significant inhibitory effects on tumor growth in both in vitro and in vivo
models. Temsirolimus exhibits cytostatic, as opposed to cytotoxic properties,

15 and may delay the time to progression of tumors or time to tumor recurrence.
As disclosed in WO 00/240000, CCI-779 may be useful for the treatment of
cancers of various origins, including renal, breast, cervical, uterine, head and
neck, lung, prostate, pancreatic, ovarian, colon, lymphoma, and melanoma.

Everolimus is 40-O-(2-hydroxy)ethyl-rapamycin, the structure and

20  synthesis of which is disclosed in WO 94/09010. Everolimus, which has been
shown to be a potent immunosuppressive agent (U.S. Pat. No. 5,665,772), also
exhibits evidence of antineoplastic properties (see, e.g., A. Boulay et al.,
Cancer Res., 2004, 64: 252-261). As a result of these properties, everolimus is
currently marketed in certain countries as an immunosuppressant for

25  prevention of allograft rejection (B. Nashan, Ther. Drug. Monit., 2002, 24: 53-

58) and has undergone clinical tcsting as an anti-cancer agent (S. Huang and
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P.J. Houghton, Curr. Opin. Invest. Drugs, 2002, 3: 295-304; M.M. Mita et al.,
Clin. Breast Cancer, 2003, 4: 126-137; and M. Hidalgo and E.J. Rowinsky,
Oncogene, 2000, 19: 6680-6686).

Zotarolimus is the 43-epi isomer thereof, e.g., as disclosed in WO
99/15530, or rapamycin analogs as disclosed in No. WO 98/02441 and WO
05/016252.

Ridaforolimus is a phosphorous-containing rapamycin derivative (see
WO 03/064383, Example 9 therein). Like temsirolimus and everolimus,
ridaforolimus has demonstrated antiproliferative activity in a variety of PTEN-
deficient tumor cell lines, including glioblastoma, prostate, breast, pancreas,
lung and colon (E.K. Rowinsky, Curr. Opin. Oncol., 2004, 16: 564-575).
Ridaforolimus has been designated as a fast-track product by the U.S. Food and
Drug Administration for the treatment of soft-tissue and bone sarcomas.
Ridaforolimus has been tested in multiple clinical trials targeting hematologic
malignancies (e.g., leukemias and lymphomas) and solid tumors (e.g.,
sarcomas, prostate cancer, and glioblastoma multiforme).

Many rapamycin macrolides are known in the art. Rapamycin
macrolides which can be used in the methods, kits, and compositions of the
invention include 42-desmethoxy derivatives of rapamycin and its various
analogs, as disclosed, e.g., in WO 2006/095185 (in which such compounds are
referred to as “39-desmethoxy” compounds based on their numbering system).
The derivatives of rapamycin are of particular current interest in practicing this
Invention

Additionally, a large number of other structural variants of rapamycin
have now been reported, typically arising as alternative fermentation products
and/or from synthetic efforts. For example, the extensive literature on analogs,
homologs, derivatives and other compounds related structurally to rapamycin
(“rapalogs™) include, among others, variants of rapamycin having one or more
of the following modifications relative to rapamycin: demethylation,

elimination or replacement of the methoxy at C7, C42 and/or C29; elimination,
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derivatization or replacement of the hydroxy at C13, C43 and/or C28;
reduction, elimination or derivatization of the ketone at C14, C24 and/or C30;
replacement of the 6-membered pipecolate ring with a 5-membered prolyl ring;
alternative substitution on the cyclohexyl ring or replacement of the cyclohexyl

5  ring with a substituted cyclopentyl ring; epimerization of the C28 hydroxyl
group; and substitution with phosphorous-containing moieties.

Thus, mTOR inhibitors include, for example, 43- and/or 28-esters,
ethers, carbonates, carbamates, etc. of rapamycin including those described in
the following patents, which are all hereby incorporated by reference: alkyl

10 esters (U.S. Patent No. 4,316,885); aminoalkyl esters (U.S. Patent No.
4,650,803); fluorinated esters (U.S. Patent No. 5,100,883); amide esters (U.S.
Patent No. 5,118,677); carbamate esters (U.S. Patent No. 5,118, 678); silyl
esters (U.S. Patent No. 5,120,842); aminodiesters (U.S. Patent No. 5,162,333);
sulfonate and sulfate esters (U.S. Patent No. 5,177,203); esters (U.S. Patent No.

15 5,221, 670); alkoxyesters (U.S. Patent No. 5,233,036); O-aryl, -alkyl, -alkenyl,
and -alkynyl! ethers (U.S. Patent No. 5,258,389); carbonate esters (U.S. Patent
No. 5,260,300); arylcarbonyl and alkoxycarbonyl carbamates (U.S. Patent No.
5,262,423); carbamates (U.S. Patent No. 5,302,584); hydroxyesters (U.S.
Patent No. 5,362,718); hindered esters (U.S. Patent No. 5,385,908);

20 heterocyclic esters (U.S. Patent No. 5,385,909); gem- disubstituted esters (U.S.
Patent No. 5,385,910); amino alkanoic esters (U.S. Patent No. 5,389,639);
phosphorylcarbamate esters (U.S. Patent No. 5,391,730); carbamate esters
(U.S. Patent No. 5,411,967); carbamate esters (U.S. Patent No. 5,434,260);
amidino carbamate esters (U.S. Patent No. 5,463,048); carbamate esters (U.S.

25  Patent No. 5,480,988); carbamate esters (U.S. Patent No. 5,480,989);
carbamate esters (U.S. Patent No. 5,489,680); hindered N-oxide esters (U.S.
Patent No. 5,491,231) ; biotin esters (U.S. Patent No. 5,504,091); O-alkyl
ethers (U.S. Patent No. 5,665,772); and PEG esters of rapamycin (U.S. Patent
No. 5,780,462). Also included are the reduced products, 24-dihydro-, 30-

30  dihydro- and 24, 30-tetrahydro-rapamycin analogs and the 28-epi analogs (see,
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e.g., WO 01/14387) of rapamycin or of any of the foregoing compounds, as
well as esters or ethers of any of the foregoing as well as oximes, hydrazones,
and hydroxylamines of non-reduced compounds. See e.g. U.S. Patent Nos.
5,373,014, 5,378,836, 5,023,264, 5,563,145 and 5,023,263.

5 Non-rapamycin analog mTOR inhibiting compounds include, but are
not limited to, LY294002, Pp242 (Chemdea Cat. No. CD0258), WYE-354
(Chemdea Cat. No. CD0270), Ku-0063794 (Chemdea Cat. No. CD0274),
XL765 (Exelixis; J. Clin. Oncol., 2008, 2008 ASCO Annual Meeting
Proceedings 26:15S), AZD8055 (Astrazeneca), NVP-BEZ235 (Sauveur-Michel

10 et al, Mol. Cancer Ther., 2008, 7:1851), OSI-027 (OSI Pharmaceuticals),
wortmannin, quercetin, myricentin, staurosporine, and ATP competitive
inhibitors (see U.S. patent application Ser. Nos. 11/361,213 and 11/361,599,

each of which arc incorporated herein by reference in their entirety).
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Other non-rapamycin analog mTOR inhibiting compounds which can be
used in the methods, kits, and compositions of the invention include those
described in PCT Publication Nos. W02009008992; W02009007750;
WO02009007751; W0O2009007749; W02009007748; W02008032060;
W02008032036; W0O2008032033; W02008032089; W0O2008032091;
W02008032064; W0O2008032077; WO2008032041; W02008023159;
W02008023180; W02007135398; W02007129044; W02007080382; and
WO02006090169, each of which is incorporated herein by reference.

Pharmaceutical Compositions

Formulations of mTOR inhibitors are very well well known in the art,
including, e.g., solid dosage forms suitable for oral administration for
sirolimus, temsirolimus, ridaforolimus, and everolimus, as well as other
compositions of temsirolimus and ridaforolimus for i.v. administration.
Formulations of the non-macrolide mTOR inhibitors are disclosed in the patent
documents referenced above. Compound 1 may be formulated together with
the mTOR inhibitor, but more typically would be formulated separately to
avoid complicating the formulation process and to permit independent
scheduling of administration and dosing regiments of the two agents and to

permit more convenient subsequent adjustments in dose of either agent.
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Dosage and Administration

In accordance with the methods, kits, and compositions of the invention
a treatment may consist of a single dose or a plurality of doses over a period of
time. Compound 1 may be administered alone or concurrently with
administration of the mTOR inhibitor. Alternatively, compound 1 and the
mTOR inhibitor may be administered sequentially. For example, compound 1
may be administered prior to or following administration of the mTOR
inhibitor (e.g., one or more day(s) before and/or one or more day(s) after).

Administration may be one or multiple times daily, weekly (or at some
other multiple day interval) or on an intermittent schedule, with that cycle
repeated a given number of times (e.g., 2-10 cycles) or indefinitely.

Depending on the route of administration, effective doses may be
calculated according to the body weight, body surface area, or organ size of the
subject to be treated. Optimization of the appropriate dosages can readily be
made by one skilled in the art in light of pharmacokinetic data observed in
human clinical trials. The final dosage regimen will be determined by the
attending physician, considering various factors which modify the action of the
drugs, e.g., the drug’s specific activity, the severity of the damage and the
responsiveness of the subject, the age, condition, body weight, sex and diet of
the subject, the severity of any present infection, time of administration, thc use
(or not) of concomitant therapies, and other clinical factors. As studies are
conducted using the inventive combinations, further information will emerge
regarding the appropriate dosage levels and duration of treatment.

In the combination therapy of the invention compound 1 is typically
administered in a repeating cycle of total daily doses of 10 - 500 mg of
compound 1 orally each day. The mTOR inhibitor can be given before, after or
simultaneously with the compound 1, and on the same or different dosing
schedules and by the same or different routes of administration. Dose levels
for the mTOR inhibitor in this combination therapy are generally in the range

of 10 — 800 mg overall per week of treatment, e.g., in some cases 35 — 250
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mg/week. Such overall weekly dosage levels may be achieved using a variety
of routes of administration and dosing schedules. The dosing schedule may be
intermittent. “Intermittent” dosing refers to schedules providing intervening
periods between doses, ¢.g. every second day dosing, every third day dosing, or
5 more generally, schedules containing “holidays™ of one or more days or weeks
between periods of dosing. Non-limiting examples of such intermittent dosing
including dosing on fewer than seven days per week as well as dosing cycles of
one week of QDx4, QDx5, QDx6 or daily dosing followed by a period without
drug, e.g., one, two or three weeks, then resuming with another week of drug
10 treatment followed by a week (or weeks) without drug treatment, and so on.
To illustrate further, administration of 60 mg QDx6 every other week provides
a weekly dose of 360 mg of drug on an intermittent basis (i.e., every other
week).
For example, in the case of oral administration, 2 — 160 mg of the drug
15  can be given one or more days per week, e.g. every day (QDx7), six days per
week (QDx6), five days per week (QDx5), ctc. Thus, cverolimus may be given
QDx7 at doses of 3 — 20 mg/day, e.g., Smg or 10 mg. Ridaforolimus may be
given QDx7 p.o. at doses of 10 - 25 mg/day, e.g., 10, 12.5 or 15 mg/day; or
sirolimus at 2 or 4 mg p.o. QDx7, in some cases with a 6, 8, or 10 mg loading
20  dose. The dosing schedule may be intermittent, as illustrated by QDx4, QDxS5,
and QDx6 schedules. Examples include oral administration of the mTOR
inhibitor at 30 — 100mg QDxS5 or QDx6. For instance, in the practice of this
mvention, ridaforolimus, everolimus, temsirolimus or sirolimus is administered
orally at levels of 10 — 50 mg QDx5. For certain indications, it may be
25 desirable to administer ridaforolimus QDxS5 at dose levels of 30 — 50 mg orally.
The desired overall level of exposure to the mTOR inhibitor can
alternatively be achieved by various schedules of parenteral delivery. In such
cases, 10 — 250 mg of the mTOR inhibitor is administered, for example, by i.v.
infusion over 15 — 60 minutes, often 30 — 60 minutes, one or more times per 1-

30 to4-week period. In one such approach, the mTOR inhibitor is administered in
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a 30 — 60 minute 1.v. infusion once each week for three or four weeks every 4-
week cycle. Such i.v. delivery is of particular interest in the case of
ridaforolimus, sirolimus and temsirolimus, which can be provided, for
example, in weekly doses of 10 — 250 mg, e.g., 25, 50, 75, 100, 150, 200, or

5 250 mg/week, for three or four weeks of each 4-week cycle. Dose levels of 50
and 75 mg are of particular current interest. In another approach, the mTOR
inhibitor is administered by i.v. infusion of 5 — 25 mg of the drug QDxS5 every
two weeks (e.g., with i.v. infusions Monday through Friday, every 2d week).
Doses of 10, 12.5, 15, 17.5, and 20 mg are of particular current interest.

10 Of interest are dose levels and dosing schedules already approved or
under study for the mTOR inhibitor in a monotherapy administered as part of a
combination therapy with compound 1 as described herein.

Also of interest are combination therapies in which dose levels and/or
dosing schedules result in a low dose (i.e., less than those amounts used for

15 monotherapy) of mTOR inhibitor and/or compound 1 being administered to the

subject.

Indications
The methods, kits, and compositions of the invention can be used to
20 treat disorders associated with pathological cellular proliferation, such as
neoplasms, cancer, and conditions associated with pathological angiogenesis.
Non-limiting examples of conditions associated with aberrant angiogenesis
which can be treated using the compositions, methods, or kits of the invention
include solid tumors, diabetic retinopathy, rheumatoid arthritis, psoriasis,
25  atherosclerosis, chronic inflammation, obesity, and macular degeneration.
The methods, kits, and compositions of the invention can be used to
treat primary and/or metastatic cancers, and other cancerous conditions. For
example, the inventive compositions and methods should be useful for

reducing size of solid tumors, inhibiting tumor growth or metastasis, treating
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various lymphatic cancers, and/or prolonging the survival time of mammals
(including humans) suffering from these diseases.

Particular examples of conditions associated with proliferation of BCR-

ABL expressing cells include cancer, such as any described herein. Additional
5 cancers include chronic myelogenous leukemia, acute lymphoblastic leukemia,
and acute myelogenous leukemia.

Particular examples of conditions associated with proliferation of FL.T-3
mutant expressing cells include cancer and conditions associated with cancer,
such as any cancer described herein. Activating mutations in FLT3 are the

10 most common type of genetic alteration in acute myelogenous leukemia
(AML). A majority of these mutations arise from an internal tandem
duplication (ITD) in the juxtamembrane region of the receptor. Activating
point mutations in the kinase activation loop also occur but with lower
frequency. FLT3-ITD mutations have been associated with a worse prognosis

15 for AML patients, both in terms of relapse and overall survival, when treated
with standard therapy. Additional conditions include myelodysplastic
syndromes (MDS), such as refractory anemia, refractory anemia with excess of
blasts (RAEB) (e.g., RAEBI having 5-9% blasts and RAEBII having 10-19%
blasts), refractory anemia with ringed sideroblasts, chronic myelomonocytic

20 leukemia (CMML), and atypical chronic myelogenous leukemia (a-CML).

Other examples of conditions include those associated with FGFR1,
PDGFRao, and KIT. Translocations affecting the activity of FGFR1 and
PDGFRu are found in a subset of rare myeloproliferative neoplasms (MPNs).
Translocations involving the FGFR1 gene and a range of other chromosome

25  partners such as the FGFR10P2 gene are characteristic of 8p11
myeloproliferative syndrome (EMS), a disease in which most patients
ultimately and rapidly progress to AML. The FIP1L1-PDGFRa fusion protein
is found in approximately 10-20% of patients with chronic cosinophilic
leukemia/idiopathic hypereosinophilia (CEL/HEL) and it has been reported that

30 these patients respond well to PDGFR inhibition. Also, the T6741 mutant of

56



1315L 3 4.2 4.2 1315 3 4.2 A380S 3 4.2 4.2 A380 3 4_2 160 nt,.4 480 42

32 Y25311
WO 2011/053938 PCT/US2010/055016

PDGFRa is mutated at the position analogous to the T3151 gatekeeper reside of
BCR-ABL. Activating mutations in KIT (e.g., cKIT or N822K) are also found
in AML. KIT mutations are less common and are found in specific cytogenetic
subsets of AML with an overall frequency 2-8%.

5 Other examples of conditions include those associated with proliferation
of cancer cells, such as cancers cells that result in solid tumors. Exemplary
solid tumors include gastric or gastrointestinal cancer, endometrial cancer,
bladder cancer, multiple myeloma, breast cancer, prostate cancer, lung cancer,
colorectal cancer, renal cancer, and glioblastoma multiforme. |

10 Examples of cancers and cancer conditions that can be treated include,
but are not limited to, tumors of the brain and central nervous system (e.g.,
tumors of the meninges, brain, spinal cord, cranial nerves, and other parts of
the CNS, such as glioblastomas or medulla blastomas); head and/or neck
cancer; breast tumors; tumors of the circulatory system (e.g., heart,

15  mediastinum and pleura, and other intrathoracic organs, vascular tumors, and
tumor-associated vascular tissue); tumors of the blood and lymphatic system
(e.g., Hodgkin’s disease, Non-Hodgkin’s disease lymphoma, Burkitt’s
lymphoma, AIDS-related lymphomas, malignant immunoproliferative diseases,
multiple myeloma, malignant plasma cell neoplasms, lymphoid leukemia,

20  myelogenous leukemia, acute or chronic lymphocytic leukemia, monocytic
leukemia, other leukemias of specific cell type, leukemia of unspecified cell
type, unspecified malignant neoplasms of lymphoid, hematopoietic and related
tissues, such as diffuse large cell lymphoma, T-cell lymphoma, or cutaneous T-
cell lymphoma); tumors of the excretory system (e.g., kidney, renal pelvis,

25  ureter, bladder, and other urinary organs); tumors of the gastrointestinal tract
(e.g., esophagus, stomach, small intestine, colon, colorectal, rectosigmoid
junction, rectum, anus, and anal canal); tumors involving the liver and
intrahepatic bile ducts, gall bladder, and other parts of the biliary tract,
pancreas, and other digestive organs; tumors of the oral cavity (e.g., lip, tongue,

30  gum, floor of mouth, palate, parotid gland, salivary glands, tonsil, oropharynx,
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nasopharynx, pyriform sinus, hypopharynx, and other sites of the oral cavity);
tumors of the reproductive system (e.g., vulva, vagina, Cervix uteri, uterus,
ovary, and other sites associated with female genital organs, placenta, penis,
prostate, testis, and other sites associated with male genital organs); tumors of
5 the respiratory tract (e.g., nasal cavity, middle ear, accessory sinuses, larynx,
trachea, bronchus, and lung, such as small cell lung cancer and non-small cell
lung cancer); tumors of the skeletal system (e.g., bone and articular cartilage of
limbs, bone articular cartilage, and other sites); tumors of the skin (e.g.,
malignant melanoma of the skin, non-melanoma skin cancer, basal cell
10 carcinoma of skin, squamous cell carcinoma of skin, mesothelioma, and
Kaposi’s sarcoma); and tumors involving other tissues, including peripheral
nerves and autonomic nervous system, connective and soft tissue,
retroperitoneum and peritoneum, eye and adnexa, thyroid, adrenal gland, and
other endocrine glands and related structures, secondary and unspecified
15  malignant neoplasms of lymph nodes, secondary malignant neoplasm of
respiratory and digestive systems and secondary malignant neoplasms of other
sites.
More specifically, the kits, compositions, and methods of the invention
can be used to treat sarcomas. In some embodiments, the compositions and
20  methods of the present invention are used in the treatment of bladder cancer,
breast cancer, chronic lymphoma leukemia, head and neck cancer, endometrial
cancer, non-Hodgkin’s lymphoma, non-small cell lung cancer, ovarian cancer,
pancreatic cancer, and prostate cancer.
Tumors that can be advantageously treated using compositions and
25 methods of the present invention include PTEN-deficient tumors (see, for
example, M.S. Neshat et al., PNAS, 2001, 98: 10314-10319; K. Podsypanina et
al., PNAS, 2001, 98: 101320-10325; G.B. Mills et al., PNAS, 2001, 98: 10031-
10033; and M. Hidalgo and E.K. Rowinski, Oncogene, 2000, 19: 6680-6686).
As already mentioned above, the FRAP/mTOR kinase is located downstream

30  of the phosphatidy! inositol 3-kinase/Akt-signaling pathway, which is up-

58



480 0 O Tabl e 4. Conpound 1 cell-based nutagenesis assay starting
from BCR- ABLE255V 8al F3 cell s expressi ng BCR- ABLE755v Concentration Wlls
surveyed Wel2bs/088438 out growt h Cl ones sequenced (N) By spetiuseeoosimeund
mutation (wth E255V) By residue Mut ant ('s)

regulated in multiple cancers because of loss the PTEN tumor suppressor gene.
PTEN-deficient tumors may be identified, using genotype analysis and/or in
vitro culture and study of biopsied tumor samples. Non-limiting examples of
cancers involving abnormalities in the phosphatidyl-inositol 3 kinase/Akt-

5 mTOR pathway include, but are not limited to, glioma, lymphoma and tumors
of the lung, bladder, ovary, endometrium, prostate, or cervix, which are
associated with abnormal growth factor receptors (e.g., EGFR, PDGFR, IGF-R
and IL-2); ovarian tumors which are associated with abnormalities in P13
kinase; melanoma and tumors of the breast, prostate, or endometrium which are

10 associated with abnormalities in PTEN; breast, gastric, ovarian, pancreatic, and
prostate cancers associated with abnormalities with Akt; lymphoma, cancers of
the breast or bladder, and head and neck carcinoma associated with
abnormalities in elF-4E; mantle cell lymphoma, breast cancer, and head and
neck carcinomas associated with abnormalities in Cyclin D; and familial

15 melanoma and pancreas carcinomas associated with abnormalities in P16.

The kits, compositions, and methods of the invention can also be used to
treat diseases with aberrant angiogenesis, such as diabetic retinopathy,
rheumatoid arthritis, psoriasis, atherosclerosis, chronic inflammation, obesity,
macular degeneration, and a cardiovascular disease.

20
Pharmaceutical Kits

A wide variety of other packaging choices are available for practicing
the invention. The pharmaceutical kits of the invention include one or more
containers (e.g., vials, ampoules, test tubes, flasks, or bottles) containing one or

25  more of the ingredients of a pharmaceutical composition including compound 1
and/or an mTOR inhibit, allowing for the administration of the compound 1
alone or mTOR inhibitor and compound 1 together or concurrently. The Kits
optionally include instructions for the dosing, administration, and/or patient

population being treated.
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The different ingredients of a pharmaceutical package may be supplied
in a solid (e.g., lyophilized) or liquid form. Each ingredient will generally be
suitable as aliquoted in its respective container or provided in a concentrated
form. Pharmaceutical packs or kits may include media for the reconstitution of
lyophilized ingredients. The individual containers of the kit will preferably be
maintained in close confinement for commercial sale.

Alternatively, compound 1 and the mTOR inhibitor are both formulated
to be administered orally (e.g., kits containing compound 1 in unit dosage form
for oral delivery and either ridaforolimus, sirolimus, or everolimus also in unit
dosage form for oral delivery). Products formulated for oral administration,
e.g., capsules, tablets, etc., may be packaged in blister packs, which can laid
out and/or labeled in accordance with a selected dosing schedule.

'The following examples are put forth so as to provide those of ordinary
skill in the art with a complete disclosure and description of how the methods
and compounds claimed herein are performed, made, and evaluated, and are
intended to be purely exemplary of the invention and are not intended to limit

the scope of what the inventors regard as their invention.
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Example 1: Inhibition of BCR-ABL and Mutants for Chronic
Myelogenous Leukemia
EXPERIMENTAL PROCEDURES

Inhibitors: Imatinib was dissolved in PBS to generate a 10.0 mM stock
solution, distributed into 10 pL aliquots, and stored at -20 °C. Compound 1,
nilotinib, and dasatinib were dissolved in DMSO to generate 10.0 mM stock
solutions, distributed into 10 pL aliquots, and stored at —20 °C. Serial dilutions
of 10.0 mM stock solutions were carried out just prior to use in each
experiment. Compound 1 (3-(imidazo|1,2b]pyridazin-3-ylethynyl)-4-methyl-
N-(4-((4-methylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)benzamide)
can be prepared as described herein.

Crystallization and Structural Determination of
ABL"™"":Compound 1 Complex: the kinase domain of murine ABL""™!
(residues 229-515) was co-expressed with YopH protein tyrosine phosphatase
in E. coli and purified as previously reported (Ref). Purification of ABL™'*!
was carried out in the presence of compound 1 to near homogeneity (> 95%)
using a combination of metal affinity, Mono Q, and size exclusion
chromatography columns. The typical yield of final purified ABL™'* bound
with compound 1 was about 1 mg/L. Co-crystals of ABL™" and compound 1
were grown by the hanging drop vapor diffusion method at 4 °C by mixing
equal volumes of the compound 1:ABLT"! complex (25 mg/mL) and well
solution (30% w/v polyethylene 4000, 0.2 M sodium acetate, 0.1 M Tris-HCI,
pH 8.5). After 1-2 days, crystals reached a typical size of 50 x 50 x 300 pm3
and were harvested in mother liquor supplemented with 30% v/v glycerol as
cyroprotectant. X-ray diffraction data were collected at 100K at beamline 19
BM (Advanced Photon Service, Argonne, IL). The data were indexed and
scaled in space group P21 by using HKI1.2000 package. The structure of

L7 was determined by molecular

compound 1 in complex with AB
replacement by AMoRe using the structure of native ABL bound with imatinib

(PDB code: 1IEP). There were two ABL™'"*' molecules in the asymmetric unit.
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The structure was refined with CNX combined with manual rebuilding in
Quanta (Accelrys Inc., San Diego, CA), and compound 1 was built into the
density after several cycles of refinement and model building. Further
refinement and model building were carried out until convergence was reached.

5  The final model, refined to 1.95 A, consists of residues 228 through 511,
except 386-397 in the activation loop, which are disordered. The electron
density for the bound inhibitor compound 1 as well as the side chain of [315
was well resolved in both complexes, leaving no ambiguities for the binding
mode of the inhibitor.

10 Autophosphorylation Assays For ABL™"™: Kinase
autophosphorylation assays with full length, tyrosine-dephosphorylated ABL
and ABL™" (Invitrogen; San Diego, CA) were performed as previously
described (O’Hare et al., Blood 104:2532 (2004)) in the presence of imatinib,
nilotinib, dasatinib, or compound 1. The concentrations of inhibitor used were:

15 0,0.1, 1, 10, 100, 1000 nM.

Cell Lines: Ba/F3 transfectants (expressing full-length, native BCR-
ABL or BCR-ABL with a single kinase domain mutation) were maintained in
RPMI 1640 supplemented with 10% FCS, 1 unit/mL penicillin G, and 1
mg/mL streptomycin (complete media) at 37 °C and 5% CO,. The Ba/F3 cell

20 line expressing BCR-ABL™""* was a kind gift of Dr. Neil Shah, UCSE.
Parental Ba/F3 cells were supplemented with IL-3, provided by WEHI-
conditioned media. Prior to cell proliferation assays, RNA was isolated from
each Ba/F3 cell line, and kinase domain mutations were confirmed by RT-PCR
followed by DNA sequence analysis using Mutation Surveyor software

25  (SoftGenetics, State College, PA).

Cell Proliferation Assays: Ba/F3 cell lines were distributed in 96-well
plates (4 x 10° cells/well) and incubated with escalating concentrations of
compound 1 for 72 h. The concentrations of inhibitor used for 1Csq
determinations in lines expressing either native or mutant BCR-ABL were: 0,

30 0.04,0.2, 1,5, 25, 125, and 625 nM. The concentrations of inhibitor used for
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ICsy determinations in parental Ba/F3 cells were: 0, 1, 5, 25, 125, 625, 3125,
and 10,000 nM. Proliferation was measured using a methanethiosulfonate
(MTS)-based viability assay (CellTiter96 Aqueous One Solution Reagent;
Promega, Madison, WI). ICs, values are reported as the mean of three
5 independent experiments performed in quadruplicate. For cell proliferation
experiments with CML or normal primary cells, mononuclear cells were
isolated on Ficoll gradients (GE Healthcare) from peripheral blood of CML
myelogenous blast crisis (M-BC) patients or from healthy individuals. Cells
were plated in 96-well plates (5 x 10* cells/well) over graded concentrations of
10 compound 1 (0-1000 nM) in RPMI supplemented with 10% FBS, L-glutamine,
penicillin/streptomycin, and 100 uM B-mercaptoethanol. Followinga 72 h
incubation, cell viability was assessed by subjecting cells to an MTS assay. All
values were normalized to the control wells with no drug.
CrkL Phosphorylation in Ba/F3 Cell Lines: Ba/T'3 cells expressing
15 either native BCR-ABL or BCR-ABL™"®' (5 x 10° per well) were cultured 4 h
in RPMI supplemented with 10% FBS, L-glutamine, and
penicillin/streptomycin in the absence of inhibitor or in the presence of
imatinib (2000 nM), dasatinib (50 nM), nilotinib (500 nM), or compound 1
(0.1-1000 nM). Cells were lysed directly into boiling SDS-PAGE loading
20  buffer supplemented with protease and phosphatase inhibitors. Lysates were
subjected to SDS-PAGE and immunoblotted with anti-CrkL antibody C-20
(Santa Cruz). Phosphorylated and non-phosphorylated CrkL were
distinguished based on differential band migration, and band signal intensities
were quantified by densitometry on a Lumi Imager (Roche) and expressed as a
25 % phosphorylated CrkL.
Ex Vivo Exposure of BCR-ABL™'* Patient Samples to Compound
1: After obtaining informed consent, peripheral blood mononuclear cells from
a patient with CML in lymphoid blast crisis (CML L-BC) with a BCR-
ABL """ mutation were isolated by Ficoll centrifugation. RT-PCR and

30 sequencing analysis confirmed that the sample predominantly contained the
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BCR-ABL™"! mutant. Mononuclear cells (5 x 10° cells/well) were cultured
overnight in serum-free IMDM media (Invitrogen) supplemented with 20%
BIT (StemCell), 40 pg/ml. human low-density lipoprotein, and 100 pM -
mercaptoethanol in the absence of inhibitor or in the presence of imatinib (1000
5 nM), dasatinib (50 nM), nilotinib (200 nM), or compound 1 (50 nM, 500 nM).

Cells were lysed directly into boiling SDS-PAGE loading buffer supplemented
with protease and phosphatase inhibitors. Lysates were subjected to SDS-
PAGE and immunoblotted with anti-CrkL antibody C-20 (Santa Cruz).
Phosphorylated and non-phosphorylated CrkLL were distinguished based on

10  differential band migration. Band signal intensities were quantified by
densitometry on a Lumi Imager (Roche).

Global Tyrosine Phosphorylation by FACS: Mononuclear cells (2 x
10°) were cultured overnight in serum-free media in absence of inhibitor or in
the presence of imatinib (1000 nM), dasatinib (50 nM), nilofinib (200 nM), or

15  graded concentrations of compound 1 (50, 500 nM). Cells were fixed and
permeabilized according to the manufacturer’s instructions (Caltag; San Diego,
CA), incubated with 2 pg of anti-phosphotyrosine 4G10-FITC antibody (BD
Biosciences, San Jose, CA) for 1 hr, washed twice with PBS supplemented
with 1% BSA and 0.1% sodium azide, and fixed in 1% formaldehyde. FITC

20  signal intensity was analyzed on a FACSAria instrument (BD) and mean
fluorescence intensity (MFI) was calculated. Values are reported as fold
mcrease in MFI relative to unstained controls.

Hematopoietic Colony Forming Assays of Primary CML Cells and
Normal Bone Marrow: To assess the effect of compound 1 against primary

25  CML cells harboring BCR-ABL """ and normal hematopoietic progenitors,
bone marrow mononuclear cells isolated by Ficoll density centrifugation were
cultured with graded concentrations of compound 1 (CML patient: 0, 10, 25, 50
nM; healthy individual: 0, 100, 200, 500, 1000 nM). Cells were plated in
triplicate (5 x 10" cells/plate) in 1 mL of IMDM:methylcellulose media (1:9

30 v/v) containing 50 ng/mL SCF, 10 ng/mL. GM-CSF, and 10 ng/mL IL-3
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(Methocult GF H4534; Stem Cell Technologies, Vancouver, British Columbia,

Canada) to assess granulocyte/macrophage colony formation (CFU-GM).

Cells were cultured at 37°C in a humidified incubator for 14-18 days. Colonies

were counted with >50 cells/colony as the criterion for positive colony scoring.
5  Results are reported as the percentage of colonies relative to untreated control &

SEM.

Pharmacokinetics: The pharmacokinetic profile of compound 1 (in
citrate buffer, pH 2.74) was assessed in CD-1 female mice after a single dose
administered by oral gavage. Blood samples were collected at various time

10 points and compound 1 concentrations in plasma determined by an internal
standard LC/MS/MS method using protein precipitation and calibration
standards prepared in blank mouse plasma. Reported concentrations are
average values from 3-mice/time point/dose group.

Ba/F3 survival model: Ba/F3 cells expressing native BCR-ABL or

15 BCR-ABL™" were injected into the tail vein of female SCID mice (100 pL of
alx 107 cells'mL suspension in serum-free medium). Beginning 72 hours
later mice were treated once daily by oral gavage with vehicle (25 mM citrate
buffer, pH 2.75), compound 1, or dasatinib for up to 19 consecutive days.
Animals were sacrificed when they became moribund as per IACUC

20  guidelines, and evaluation of mice at necropsy was consistent with death due to
splenomegaly caused by tumor cell infiltration. The survival data was analyzed
using Kaplan-Meier method, and statistical significance was evaluated with a
Log-rank test (GraphPad PRISM) by comparing the survival time of each
treatment group with the vehicle group. A value of p<0.05 was considered to

25 be statistically significant and p<0.01 to be highly statistically significant.

Ba/F3 Tumor Model: Ba/F3 cells expressing BCR-ABL™"! were
implanted subcutaneously into the right flank of female nude mice (100 ul of a
1 x 107 cells/mL cell suspension in serum-free medium). For analysis of
efficacy, mice were randomly assigned to different treatment groups when the

30  average tumor volume reached approximately 500 mm®. Mice were treated
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480 0 O 5 DI SCUSSI ON Conpound 1 is an ABL ki nase inhibitor that
binds to the inactive, DFG out conformation of the kinase domain of ABL
and ABLT3WOBI20amd3938at ures a carbon-carbon triple bond | iPokageopnssoiéeral to
the T3151 nutation. X-ray crystallographic studies confirnmed that conpound
1 binds to ABL1315" in the 10 DFG out bi ndi ng node. Conpound | nmaintained
an extensive hydrogen-bondi ng network, and al so occupied a region of the

kinase that owvgih Ry by 9pdlidaasd WithWiehftld 25 AiMeitie: ufks, g 3. 78 drni b.
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conpound 1 into their established binding pockets. 20Eval uation of conpound

1 in cellular fprohlafeV at(TaR, ad5ayy/ TRl kritedwhes Pot.ewhs thetuBoRvéRBince

inhi bition against cells expressing native or kinase _domain_mutant

BCR- ABL, i ncl wilfhegtBERE meatrens pnd dgnavisty thgy oluime ahthg digredeanimel was j vi ty
for Philadel phia.gchr SOITe h) -positive cell ver Ph-negative cells
(Tabl 6 1)1 b R R aMEg (o (Rt Gl Bl el 850085 o1 o
differential ic3npaR|S ol VI Stk ehsifghloheS¥Ar R®IVA Bal Gy HBGR- ABL and 5
parental cell sC ?ﬁ)gti ve aI CSO?(b%?)gﬁnl\/sll %areﬁt azlgrl C50: 1713( n%i. Fi ndi ngs were

- congr uous 1for ARISMIr yndCiv thatdf wchideqreatadanivel for sthlistidat sighdtapee wiing W t h

; compound 1 in cellu|lar assays (Figure 2A) as wel| as in hematopoetic col ony
formation ass “@ﬁi%ﬁ?tewgf%le "N&%Jﬁg of Rl Berwagmongidgeeddo b statistipaibant s

tested, the E%?gg;‘i/ﬁéﬁﬁft %ﬂ(tl p2891MB%e Iﬁ@g%taﬁ%catl s‘ié’rﬁ}ﬁg%ﬁd FJOI'%%QIS of6 "M,

and 10 this nut@ation has"been repor o0 confer [ evel Sistance to
i matini b and itplosinegthospleory vl BCBSABIankeCHd. RotR, Aint@tidatihg afingasatini b
(O Hare et al., Blood 110;2242 (2007)). Notably, however, nutations at

resi dues Y253 (ayfdagsmonqritace A0G ave”)bewn ticalsdrwidla ainglehdoseiateitber yahidei ni b

AL Are UM 8 0L Fpony 390 HE 588, SAORAM BB ER TV o
Nat | Acad Sci (N=$/ffod)2addDs (eROQLYfic¥e s RREEalnpldsiiRb 8 FobWesRpOUNd 1
at 1 C50 val ues conparable to or bel ow that of T315I cells (Table 1). As
reactivati on dlotBORlyABLWith gniabadics it PBERIARIL gndbdbuénrtlif Sghaling of
ki nase domain T%%ltu?cgliogy _arlrl%dtio?atl %‘%'d‘(‘&lzs(},%gﬁ% r%zS:.l inical ABL inhibitors,
Accelerated cell-based mutagenesis screen with Single-agent
20  Compound 1: Ba/F3 cells expressing native BCR-ABL were treated overnight
with N-ethyl-N-nitrosourea (ENU; 50 pg/mL), pelleted, resuspended in fresh
media, and distributed into 96-well plates at a density of 1 x 10° cells/well in
200 pL complete media supplemented with graded concentrations of
compound 1. The wells were observed for cell growth by visual inspection
25  under an inverted microscope and media color change every two days
throughout the course of the 28-day experiment. The contents of wells in
which cell outgrowth was observed were transferred to a 24-well plate
containing 2 ml. complete media supplemented with compound 1 at the same

concentration as in the initial 96-well plate. If growth was simultaneously

30  observed in all wells of a given condition, 24 representative wells were
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20 particularly in patients with chronic phase di sease, we anal yzed

BCR- ABLT3151- expressing cells by imunobl ot analysis for CrkL

phosphor Wwethoms3ss est abl i shed direct substrate of natiPce/tsaaloosR0a6t

- BCR-ABL. In both Ba/F3 cells in vitro and primary CM. BCR- ABLT315] cells ex
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whil e none of the 25 three clinical ABL inhibitors showed any effect
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same dose level, the {)n vivo activity of conmpound 1 in mce against native
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and subcut ane s expressing BCR ABLT315I,
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achi eve doses sufficient taq inhibit BCR ABL activity rgge |l es et al., Blood
109: 500 (2007 FOndiEhiedfsebet abgve foppiggls-agent 49504 bgi)a)ﬂngmahtﬁ%lﬂ%l ly,
both of these Thiot I I dv
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accel erated cel | -based nutagenesis screen to predict the spectrum of

BCR- ABL ki nasaﬁ@&% mut ati ons conferring 25clinical resistance to

i matinib, nil and dasatinib (Bradeen et al., Blood 108:2332 (2006)).
As addi tional PXl&V@ﬂs@ﬁi@rQBh%nﬂ%k%@"@mﬁ%@@ﬁ@@ d{"‘dd?n ﬁ@vﬂi the
second-line ABL inhibitors are becom nhg availl , several mJt ati1ons have
been repo2ded ABLE ociation with fail ure of either nilotinib (L248R

Y253H, E255K/V, T3151, 591/V, (Kantarjian et al., Blood 30110: 3540
(2007)) or dasati nRECqny298AY crystelpgrap lf'ﬁi‘} 1€8 ?%Wéﬁ""e%le%ha“hfﬁlﬁﬁ | nvest
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I n our accel erated nutagenesis screens for co

concentrat i onpﬁbiz@ﬁﬁﬁignhatﬁrﬁﬁumllcbtﬁﬁbIamdhtatshtlﬁlb%aﬂefr@ﬁﬂfoaﬂﬁ@ﬂw dksend th
outgrowmh and in the range of nutations observed. Althou%h at 10 nM 5

conpound 1 we bond ethgeyiseenaierwish e sidepleain b Bdhdn a@tms/é L3 ompeunght

resi dues, ,Lncre g the concentratiqn to 2 rec ousl reduced both
the total 2%utg];r 2@5@ QdBde %ﬁ(‘ﬂm’%& tanl‘ﬁ’eFﬁaA %/I X‘Qﬁ‘é Hrut ant
types recover efhifdritd Wi of fmadsib TeRlepr Br-at TSt QY in g&@hﬁaﬁﬁﬁcﬂi@%@nes
recovered at 20 nM harbored either a T3151 or E25 V mutation, and conplete
suppr essi on 1ethqhybhunlg1ge\m homlpodﬂd i idosiviope thedndleankdt talhovel the steolstasiied

(Figure 6A and Tabl e 2) ata suggest. that conpound 1, adm ni stered at
t he appropri ab&m iR IRE Oth'ﬁ‘i/mb %% P@FBFﬁ@G%@WlWIqe{W%@éS
single-nmutatign: 191@&8‘}% Jvﬁﬁ §f5ance This result, using single-agent conpound
1, has been previous |eved in this assay only in the presence of

dual - conmbgmati ons of ei t her nilotinib or 15dasatinib with a pre-clinical
T3151 inhibitor (O Hare et al., Proc Nat! Acad Sci U S A 105: 5507 (2008)).
To further explore the extent of conpound |I's ability to suppress resistant
outgrowt h, we carried out accel erated nubdgenesi s screens starting on a
background of Ba/F3 cells expressing either of the two individually nost



20 resistant mutants, BCR-ABL T3151 or BCR- ABLE255v. This predictive assay
i nplicated certain conpound nutations, especially those involving any two
menber s oVotzha/wse3sconpri sed of Y253H, E255V, and T315| PCh/use@eaiogs t o

hi gh-1 evel resistance to conpound 1 (Tables 3 and 4). Anpbng these,

Y253H T3151 and E255V/ T3151 are predicted to be the nost resistant pairings
25 with respect to conmpound 1 (Figure 6B and Tables 3 and 4). Notably, the
~_presence of tk(aé%ﬁﬁiommmtsltﬂpba%ﬂ tidcthafcoPABL f®sicur rent | y appr oved
" clinical BCR ABL inhibitors would be actyl ve agai'nst these nutants. Thus,
conmpound 1 has t he Wepsshid the pctiatebf compdendcbimponmyphriveh atitloisatinib,ol vi ng
T3151 and E255V that woul d be that would be predicted to be highly

resi stant 30 tHlotinb gddasalipik;ipibieshemieal assays With Pk daphrspasivéied.wi t hi n
t he ki nase dommj - a bhie S ncei vabhl e that
their preval e@gn%ﬁéw%$‘§?§Je£@ma§££ﬁéﬁ%r ol okﬁl)g]]aesg%gétre i/r}s\'/a\?h g?%‘%’t?@ﬁ?s and
with nore patiighibotsndigigichétDthe aupRhii@hctABly &i maise AMD] &ily ebmipbead Ment and
at the present tine, they present 3Isprmdabl e probl emfor tr}?se patients
who have 5 t hevas edfachiveggaing theAdenesingtantrasencasareddyy vionelye tRIFA4 TP

h tive, data .s st nmut at i_Qnrg;st.hat | d conpl et el,y .abrogate
bnding Lo comstimosnmnganRg o Bl e A S R kil RORBRIHBIEGRT | o ent
ki nase acti vi tyy. i i (Fol, T oI & . conme at the
expanse of o conbdulil SECARNCHAY B ARRORITARY LA Bl Lo 3
i nvol ving E25 r&distant ABLiAdtaasritged,iingudinges BLE o ABIgH Y emal AB&SPSt.ance to

conpound 1 Canpound nut ant . Conpound 1 concentration at. Reported which
recover ed IPn ddicgerspithestablish thet Goomsndn dipertiyNprgetsiaative and kamse Q521- |

13151 | Y253H 1315 51/ E255V. 13 3151 . 13151 F311V 131511 AMOS
E255V | 0250E%%@5@%%5W3§§H%é% 31- PIESSENARY 9oy 255y
F3111 E255V 355C E255V1 F359C B255V | F3591 E255V / H396R NR (1), (2) (3)

"NR (2) NRNRNRNRNR,/NR,/NRNRNRNR,/NRNR (1) Shah et al. (2007).
JC 117, 256243569mporndkhbrhibitatheGravth o2 Bagh3 Calle #xkptesing?Nativess 1.

Mutant BCR-ABL, Including BCR-ABL™™!,

15 Cellular proliferation assays were performed with parental Ba/F3 cells
and Ba/F3 cells expressing native BCR-ABL or BCR-ABL with a single
mutation in the kinase domain (M244V, G250E, Q252H, Y253F, Y253H,
E255K, E255V, T315A, T3151, F317L, F317V, M351T, F359V, or H396P).
Compound 1 potently inhibited proliferation of Ba/F3 cells expressing native

20 BCR-ABL (ICsg: 0.5 nM). Notably, all BCR-ABL mutants tested remained
sensitive to compound 1 (ICsy: 0.5-36 nM; Table 1) including the BCR-
ABL"™"" mutant (ICso: 11 nM). Staining with Annexin V showed that
inhibition of proliferation by compound 1 was correlated with induction of
apoptosis (data not shown). Growth inhibition of parental Ba/F3 cells did not

25  reach an ICs; until a concentration of compound 1 of 1713 nM, indicating that
inhibitory effects are linked to BCR-ABL inhibition.

We also tested compound 1 against a panel of patient-derived BCR-
ABL-positive and -negative cell lines. While we observed potent growth
inhibition of K562, KY01, and LAMA cells (derived from CML patients in

30  blast crisis), there was no significant activity against three different BCR-ABL-
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(3) Stagno et al. (2008). Leuk. Res. 32, 673-674. NOTE The foll ow ng
clinically reported conpound nutants were not detected in this screen:
V2991 E2589.20M5888i1 at i ons: NR, not reported. The pcordsenenssoecul t s of
our biochem cal, cell-based, and in vivo studi es suggest that conpound 1,
adm ni stered in appropriate amounts, exhibits 15 sufficient activity

agai nst native BCR-ABL and all tested BCR ABL nutants to warrant

consi derati on rfeghtivd RAKEMAGRIM 1S EwBSredh® F0;, Bd3: dRkparalE B bgreateMBiOVer ,
our results indicate that conmpound 1 holds prom se for controlling conpound
mut ant s i nvol vhatepf BB patental aeldo(TablsE). awar eness that it is advant ageous

to elimnate resis ubc¢l ones at fhe single- tion stage. 5 Exanple 2:
~Cinical Study tl%%&ﬁpgfmaa e 00BPaNIY | 54 551 %‘l@ollfﬁ‘%‘?‘h%gsﬂi’%ase

i nhibitor that potently inhibits the enzymatic activity of BCR- ABLT3151,
the native enzyne and all other tes;, gﬁ@svarl ant s.arbdkzsal so i nhibits survival
of cell lines expressing these BCR- i M 1C50s of < 40 nM 10A
phase 1 clinical trial was conducted to assess the safety of conpound 1 and
provi de prelimnary assessnents of sefidaiscal activity. The trial enployed an
open- | abel dose escal ation design. Cpgpapnd,1 was synthesized and

formul ated as descri bed herein. Pati wth hezigat ol ogi ¢ nmal i gnanci es
refractory to treatnment (or 15 rel apsed or havi nq no avail abl e standard

t herapy), ECOG status < 2, QIcF < 458°Ws, adequdt'e hepatic and renal
function, and normal cardiac functi of*#ere eligi®l e and received a single
daily oral dose of conpound 1. Hemat ¥¥#qgi cal nalddgnanci es i ncluded CM. (any
phase), ALL, AM., MDS, MM or CLL. Fws¥hernore, sgatients nmust not have had
chenot herapy 21 days or 20i nvesti gat&ssal agentsi4 days prior to

enrol | ment. Fifty-seven patientss$30 nmal es)sswere enrolled and treated,
medi an age 61 years (range 26-85) angh4xedi an years from di agnosis 5.4
(0-21). Diagnoses included 50 CM. (3#4yghronic [GP], 7 accelerated [AP], 6
bl ast phase [BP]), 3 Ph+ ALL, and 4 gther maligngncies (2 nyelofibrosis, 1
~nyeloma, and 1 MDS). 25 BCR-ABL mutallon status 1%n 48 Ph+ pts included 14
patients with no nutation and 34 patalmen{ts wth qutations (14 T3151, 5 F3
17L, 4 G250E, 3 with 2 or nore nutatiohs, and tH& remai nder showed ot her
mut ati ons i ncl udi ng F359C and F359V. “&her speci'?ic nutations were MB51T,
L273M F359V, G250E, E279K, F359C, L3%%, and E453K). Prior therapies in 53
Ph+ pts (CM. and ALL) included i nat?aerty (96% oft"ati ents), dasatinib
(87%, and nilotinib (579, where 3% pksndtad 3 prior TKIs and 50 pts had 2
prior TKils. " Patients were treated at the follow ng dose levels: 2 ny
(3 pts), 4 ng (6 pts), 8 mg (7 pts), %5 ny (8 pt’S), 30 ny (7 pts), 45 ny
(13 pts), and 60 ng (13 5 pts). 45 nff®has identi® ed as the maxi mum
tolerated dose (MID) for further inveé¥tigation. %ntra-patient dose

escal ati on was permtted. Pr éli-GHLieaeyizsisf ety and effi cacy data showed
~the following: for the 2 to 30 ng coonds: no Dl¥s; for the 45 ng cohort: a
reversi ble rash was seen with one patdiient; and fzexz the 60 ng cohort: four

. patients devel oped reversi ble 10 panoweatic rel ated DLT (pancreatitis). The

nost comon drug-rel ated adverse events of any grade (AE) were

t hronbocyt openi a (25%, anem a, |ipase increase, nausea, and rash (12%
each), and3ar {4y @pbmipeuntlal Inhibits B(R pebbrMadiated SigndingdoiQells

Phar macoki neti ¢ and, pharqpcqdypar ¢ (PK/ PD) studies included bl ood 15

pl asma anal ysi RKF%SHP%QS{E' d conpound 1 as an internal standard (PK) and

measurement  of phO?BQ%Yihﬁtt%%ei %}iﬁﬁdgﬁo@in ﬁ%&%ﬂs%&?@%ﬁt rﬁgtﬁﬁcﬁ@ L)

relative to total IeveIs}P I hng was conduc out the first
24 hours and pr BaR-ABIAGST, vg: @mndays ey r@inelhosphety2RionfstatycbEBCRCCL) , and
D1 of C2 (cycle = 28 daal_s). Classification for PD effects .included not
ABL and the direct BCR-ABL substrate Crkl. (Figure 1). Monitoring CrkL
10 tyrosine phosphorylation status provides a convenient means of assessing
BCR-ABL kinase activity in primary human cells, and is the preferred

pharmacodynamic assay in CML clinical trials involving new BCR-ABL
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20 eval uable (p-CRKL < 20% at baseline or too few sanples for analysis),
transient (p-CRKL inhibition > 50% at 2 or nobre post-dose tinepoints, but
not sust avoedivdsssaghout cycle 1), sustained (p-CRKL i nirChiuszan/035050% at 2
- or nore post-dose tinepoints that is sustained throughout cycle 1), or no
effect (no p-CRKL inhibition by the above criteria). * indicates > 25%
inhibition is 25acceptable if baseline p-CRKL is too low (e.g., 35% to

reliably quantiDraké <23l SR%r2INIE$$44:1031 (FHARNRARL &all. & Bad1 piegonst r at ed
that the half life of conpound 1 is 19-45 hours. At doses 30 ng, the half

life is 18 houi:2551d20e6)),snendirceBnshswemiest 6f plemphomlacd BAFABIof Cnax
and AUC to dose over .the dosing range. 3Q Fjgure 7C and 7D show
concent r at i on FTosIcHesphrylation statysmis noh fegs ?elmal?mf‘ﬁ'é’ colidysates due to

2011/ 053938P 5&%%8@&{ 1%@@%?0@}0%0 a(i’i%ﬁﬁ, MESLARRT Rgxirﬁﬁh?og%réénﬂ%ib After

repeat ed dosi unul'ation was observed 1 n eval tabl e
patients. 5 npilotnéy, aaddksatieib oeetainahided. patheaDiks. g @RifvAdlgy,Ge Ny oOf

~conmpound 1 daily is provided in Table 6. 5 Table 6. Profile of conpound 1
oral |y admi ni ficescagpggiofgpieginerionphorplatecodiidy Jecsensce i dige rgponse 6 8 24 1
A BQ 0.31 6. znjl'hi%ﬁio% élfGBgR-?ABﬂ While all of the tested inhibitors were effective

against Ba/F3 cells expressing native BCR-ABL (Figure 1A), only compound 1

demonstrated activity against the T3151 mutant (Figure 1B). Inhibition of

10 BCR-ABL phosphorylation was observed in parallel experiments in Ba/F3

cells expressing native BCR-ABL or BCR-ABL™"", BCR-ABL

phosphorylation was evaluated in Ba/F3 cells expressing either native BCR-

ABL or BCR-ABL " treated overnight with imatinib, nilotinib, dasatinib, or

compound 1. Samples were analyzed by immunoblot analysis with antibodies

15 against pBCR-ABL and elF4E (loading control).

(5) Treatment of CML Primary Cells with Compound 1 Inhibits Cellular
Proliferation.
To assess the efficacy of compound 1 on primary cells derived from

20  patients with BCR-ABL-driven leukemia, we exposed mononuclear cells from
CML myelogenous blast crisis patients, or from healthy individuals, to graded
concentrations of compound 1 and assayed viable cells after 72 hours.
Consistent with biochemical and cell line viability data, compound 1 induced a
selective reduction of viable cell numbers with ICsq values approximately 500-

25  fold lower in primary CML cells compared with normal cells (Figure 2A).
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(6) Compound 1 Inhibits BCR-ABL™" Kinase Activity and Colony

Formation in Primary CML Cells With Minimal Toxicity to Normal Cells.
To assess target inhibition following ex vivo exposure to compound 1 of

mononuclear cells obtained from a CML lymphoid blast crisis patient with a

‘T3151 mutation, we carried out an assay similar to the one described for Ba/F3

wh

cell lines, wherein cells were incubated overnight in the presence of inhibitors,
harvested and lysed, and analyzed [or CrklL phosphorylation by immunoblot.
Exposure to compound 1 resulted in a reduction in phosphorylated CrkL signal
while none of the other three clinical ABL inhibitors showed any effect (Figure

10 2B), and similar results were obtained upon analysis of cells from this patient
for global tyrosine phosphorylation by FACS (Figure 2C).

We also evaluated the efficacy of compound 1 in myelogenous colony
formation assays using mononuclear cells from a CML accelerated phase
patient harboring BCR-ABL"™"*! and from a healthy individual. Cells were

15 plated in methylcellulose in the presence of inhibitor, cultured for
approximately 14-18 days, and counted under an inverted microscope.
Whereas neither nilotinib nor dasatinib showed any effect against cells from
the T315I patient, compound 1 inhibited the formation of colonies in a
concentration-dependent manner (Figure 3A). By contrast, compound 1

20 showed no toxicity to normal hematopoetic cells at concentrations below 500
nM (Figure 3B), which was consistent with cellular proliferation assays

performed using normal cells (Figure 2A).

(7) Oral Compound 1 Prolongs Survival and Reduces Tumor Burden in
25  Mice with BCR-ABL" 15I-Dependent Disease.

To examine the in vivo pharmacokinetic profile of compound 1, CD-1
mice were administered a single dose of compound 1 (either 2.5 or 30 mg/kg)
by oral gavage, and plasma concentrations of compound 1 werec mcasured by
LC/MS/MS at 2, 6, and 24 h post-dose. Compound 1 was orally bioavailable,

30  with mice treated with a dose of 2.5 mg/kg achieving mean plasma levels of
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89.6, 58.2, and 1.9 nM at 2, 6, and 24 h, respectively. At an increased dose of
30 mg/kg, mean plasma levels reached 781.7, 561.3, and 7.9 nM at 2, 6, and 24
h, respectively. Dose-exposure proportionality was observed between the 2.5
mg/kg (AUCg.4n: 767 nmol-h/mL) and 30 mg/kg (AUCy.p4n: 7452 nmol-h/mL)
5 doses. Together, these data demonstrate that compound 1 blood levels
exceeding the in vitro ICsg values for all tested BCR-ABL mutants can be
sustained for several hours with modest oral doses.
We next evaluated the in vivo activity of compound 1 in several well-
established mouse models of CML. First, activity was examined in a survival
10 model in which Ba/F3 cells expressing native BCR-ABL were injected
intravenously into the tail veins of mice. As shown in Figure 4A , treatment
with either compound 1 or dasatinib prolonged survival compared to a median
survival of 19 days for vehicle-treated mice. A daily oral dose of 5-mg/kg
dasatinib, which has been reported to be an efficacious regimen (Lombardo et
15 al, J Med Chem 47:6658 (2004)), prolonged median survival to 27 days
(p<0.01). Similarly, daily oral doses of 2.5 and 5 mg/kg compound 1
prolonged median survival time to 27.5 and 30 days, respectively (p<0.01 for
both dose levels).
The activity of compound 1 was subsequently evaluated in this same

T3151 .
LY In comparison to

20  survival model using Ba/F'3 cells expressing BCR-AB
vehicle-treated mice, which had a median survival of 16 days, compound 1
treatment (for up to 19 days) prolonged survival in a dose-dependent manner
(Figure 4B). While daily oral dosing of 2.5 mg/kg compound 1 increased
median survival by only 0.5 days (p>0.05), compound 1 dosed at 5, 15, and 25

25  mg/kg significantly prolonged median survival to 19.5, 26, and 30 days,
respectively (p<0.01 for all three dose levels). By contrast, an independent
parallel study using this T3151 survival model confirmed no difference in
median survival between mice treated with vehicle or dasatinib (Figure 5).

The anti-tumor activity of compound 1 was further assessed in a

T3151

30  xenograft model in which Ba/F3 cells expressing BCR-ABL were injected
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subcutaneously into mice. Tumor growth was inhibited by compound 1 in a
dose-dependent manner (Figure 4C) compared to vehicle treated mice, with
significant suppression of tumor growth upon daily oral dosing at 10 and 30
mg/kg (%T/C = 68% and 20%, respectively; p<0.01 for both dose levels).

5 Daily oral dosing of 50 mg/kg compound 1 caused significant tumor regression
(%T/C = 0.9%, p<0.01), with a 96% reduction in mean tumor volume at the
final measurement compared to the start of treatment. To confirm target
inhibition, levels of phosphorylated BCR-ABL""* and phosphorylated CrkL
were assessed in tumors from mice harvested 6 hr after one-time dosing with

10 vehicle or compound 1. As shown in Figure 4C, a single oral dose of 30 mg/kg
markedly decreased levels of phosphorylated BCR-ABL and phosphorylated
CrkL.

(8) Single-Agent Compound 1 is Sufficient to Completely Suppress
15 Outgrowth of Resistant Subclones.
To survey for potential sites of vulnerability to resistance not probed in
the cell proliferation Ba/F3 panel, especially compound 1-specific mutations
(for example, at inhibitor-enzyme contact residues) and to assess whether
compound 1 offers an advantage over other single-agent inhibitors, we tested
20  this compound in our established accelerated mutagenesis assay, which we
have previously validated for imatinib, nilotinib, and dasatinib.
In a set of experiments starting from Ba/F3 cells expressing native BCR-
ABL, we established the resistance profile at several concentrations of
compound 1 (5-40 nM) and found a concentration-dependent reduction in both
25  the percentage of wells with outgrowth and in the scope of mutations observed
(Figure 6A). At 5 nM compound 1, all wells (576/576) exhibited outgrowth
and 90% of the sequenced representative subclones expressed native BCR-
ABL (Table 2). Raising the concentration of compound 1 to 10 nM resulted in
both a marked reduction in outgrowth (168/1440 wells; 11.7%) and an

30 increased frequency of mutated subclones (33.1%; Table 2). Mutations
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recovered included occurrences at several P-loop residues (G250, Q252, Y253,
and E255), a cluster at or near the C-helix (K285, E292, and 1.298), and T315
(T315I), F317, V339, F359, 1387, and S438. Among the recovered mutations,
nearly all have been previously encountered in imatinib resistance (or nilotinib
5  or dasatinib resistance) (reviewed in O’Hare et al., Blood 110:2242 (2007)).
No novel mutations were encountered that were specific for compound 1.
Positions Y253, T315, and F317 are contact residues, and K285 is adjacent to a
key hydrogen-bond contributor, E286.
Since mutations persisting at a concentration that completely suppresses
10 T3151 are likely to represent the key concerns for resistance to compound 1, we
next investigated 20 nM compound 1 and found that outgrowth was sharply
curtailed (3/1440 wells; 0.2%; Figure 6A, Table 2), with only two mutations,
E255V and T315I persisting. Thus, within our extensive survey, no previously
undiscovered mutations capable of conferring high-level resistance to
15 compound 1 were identified. At 40 nM compound 1, which is more than 40-
fold lower than the ICs; for parental Bal/3 cells, complete suppression of in
vitro resistance was achieved. This absence of resistant outgrowth was further
confirmed at higher concentrations of compound 1 (80, 160, 320 nM; data not
shown). To our knowledge, no other single-agent BCR-ABL inhibitor has
20 been shown to have this capability.
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65.6 91.5 90.3 80.075 45.8 The mean steady state trough | evel when
dosing daily at 60 ng (the level at 24 hour post dosing follow ng one
28- day cywbepriesssbout 45 ng/ nl, which corresponds to aPcCirrusadiansivgs pl asma

'f concentration of about 90 nM a 10 circulating concentration that can be

useful for suppressing the energence of resistant subclones in these
subjects. Wth doses of 30 ng or higher, trough |evels surpassed 40 nM (21
ng/ m.), the comgigsbr &d@pound N\Elélpbaéeﬂ%lﬁwgé{dsmhsé’eﬁﬁﬁé{rtﬂ?'mﬂﬁh’aﬁ{’@EC‘I@”m ete
suppressi on of energent clones (as in Figure 6A a denonstrate
i nhibition of CrkL phosphoryl ation at dosB$ of 8 15 ng and hi gher. As shown

in Figure 8Ar_SuSLaLpQdMLaLgeL_LﬂhLhLLLQﬂ_MaS_QDSQLMBQ_QL4QQ§§§_iLJﬂlJ_n t he
overal | poptiatyrsh™at o rentsy,,[Ligures 8B-8E

show phar macodynam cs data for di ’r’rer ent doseg,.and, i patients havin
di fferent n‘ﬁrt“a't’l osn@ep @faeezr alc'"mﬁ"ee"%"t”"’ﬂti,\rrat d’l‘“dg_?ﬁ“ta wewgm@'s e @“Edﬁpfé 72
" hemat ol ogl W ESpoR . i
and basel i ne CHR and maj or hemateedsogl c«respozmse (oM—IR) s 5 of 120 AP, BP,
or ALL patients. Cytogenetic respffises vere g conplbte ¢t ogenetif;
responses (CCyR) and 12 NQ/R Bestis hemabol 0gi@ responsessd n the T3 151
subset were CHR in 8 of CP pts 89%, 'i ncl Udi ng fiew arfitf basel i n& CHR, and
MHR in 3 ofw8 AP, «8P, w0r AI:sL pat ivestse. Nene ofs 12 5 T315] patients were
evaluable for CyR 5 CP and 1 AP,BP, or, ALL patiefits aclij eved CCyR, and 6
CP and 3 AP, BP, or ALL achieved YNL\/R Mol ecuk ar rasponses |ncI uded 8 MVRs
~in 32 CP AML patients (4 in patiefits with T3 351 as basel i ne) Concl usi ons:
No DLTs have been observed at doses up to 30 4y 10Lconpeend 1, ands

reversi ble DLTs were observed at K#f=\ﬁ|\gher 1doses06 PK and PB=denonstrat e that

bl ood Il evels at 30 ng exceed t hosé, needed forisin viitro itghi biti onlof

resi stant nutant BCR- ABL i sof orneys i ncl udi ng «131511s Preldsm mary anal ysi s
reveal ed evidence of clinical antifunor  actiVity ilj patijgnts with

resi stance to approved second-|inecTKIs:dasattni b and niJ.otini b, j.ncluding
15 patients with the T3 151 mutat}]bn of ;BCR-ABL. Tie resylts obtained thus
far show (1) consistent sustainedstarget inhiocbition obsesmved at deses of 8
ng and highgy in the overall popylation, (2) gustajned target inhjbition in
T3 151 patients observed at 15 no=sdose lkevel <or higher, +43) i dent&fication
of 45 ng of, conpoynd 1 as {he MID, and (4) the higher doses needed to

suppr ess t he emer gence of resi stant subclones T patients undergoing
therapy were tolerated without significant adverse events. Trough drug
concentrations surpassed the threshold for pan-BCR- ABL activity of conpound
1 are obsepved9pEffders@f Coilpoind AMonlOs@pound Mutarther e was sustai ned
inhibition of BCR-ABL in patients with a variety of nutations, including T3
15! . Toget her, thedé donmpduagd tbgrrapéllatﬂeelzsw tesigick in the pettisaiof &iluente of

anti-| eukem c.ac frac nts wh falled currentl
v bl e Tiq bt e Conanniet shetapl BueS S gnds RS Andie g
Myel ogenous L gedeaial igh EXBERLNENTiAki bR §con51deragﬁ otéﬂtﬁg%r }ﬁ'@t' bodi es
and reagents: MW4-11, RS4; 11, Kasum -1 and KGL cel re obtained fromthe

Arer i can Type eQslange of €dI3/16L b duheﬁre(srsbamassaafen\mg mmmbrE&lth@L%hl s fabt ai ned

from DSMZ &Br aunscg\rﬁglg Cer magg Cel |l s re mai ntai ned and cul tured
accordi ng!Po &5R8 ’@E'Pltﬁfi(ﬁ’ﬁ n smgil pum e’S@@‘{fW%Pa@S Gan al§o ki 1640

Synthest zed ot AFd o RRERBERI PR ORI AL  RpRdany KRURP WD, "2

suni tini b wer empaticthiasejultibh ot arprd-edRitdsutiiots thedmAder at i on (San
Di ego, CA). Al conpounds were ﬁ]de ared as 10 nM stock solutions in DVSO

fThe ant i bodi eéKh@@aha%?ad»leépoqo - BOCE R haPRGERS, Cmnmvesmrmi@’md GAPDH
S Cr TAT5, KI.T -KI T,
bhospho. FOFR W noBEnd S d i Bart Mg ahi A Rl iondi S Babet y.

15 resistance susceptibility profile at the level of single kinase domain mutations,

we wanted to investigate vulnerability of compound 1 to compound mutations.
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15 MA); phospho- STAT5 from BD Bi osci ences (San Jose CA). Cell viability
assays: Cell viability was assessed using the Cell Titer 96 Aqueous One
Sol ut i on vol2b11Rsed3s8f er ati on Assay (Pronega, Madi son W) PCEAjseo1ensioas | y
growing cell lines were plated into 96-well plates and incubated overni ght
at 37 C. Twenty-four hours after plating, cells were treated with 20
conpound or vehicle (DMSO) for 72 hours. Fluorescence was neasured using a
Val l'ac Victor microp| @h@ldteadfbatideikimEh WBhpolid 1 h@ﬁaed%kreapﬁbaue%ﬁe
plotted as percent viability relative to vehlcle treated cells and the I C50
val ues (the conitlenatpreatonmnantiEl15¢ aulsdend; 896 agaim bortdusted the acaddratedat ed usi ng
XLfit version 4.2.2 for Mcraosaoft Excel e sho as .nean_(1 SD) from
3 255eparate éﬁ%@gﬁﬁﬁﬁﬁ§yné§@ﬁ“PE§¥@Hngﬁnt Fg?éﬁ%@%ﬁdo an eXisHRgn bbl Yt
anal ysi s: [ rec si gnal i ng,
%@H}JBR@ %H}ebzké 4 39&16 3@ /PL ?6undythglst¥1@tee xbéé‘&fiﬁa

cells were trea oun range of concentrations (0.03-100
nM for 1 BourconE&dttagionat eﬂxd/e&ﬁﬂldrﬁrchyan@qiaﬂ ﬂfeuﬁhlmwr gotldfsti@lrconfroP§ll M
Tris-HCL. 1% SDS and 10% gl ycerol) and protein 30 concentrati on was

det er m ned usitegedcaape tantsa ﬁyomhendrmmt@nmeﬂ)t 8253H6E3<1f5c1radd IL).

Cel lul ar | ysat we esol ved Iectr is and t ferred
to nitrocell ulﬁé%ﬁﬁﬂ%ﬁ%@ eﬂfﬂlﬂﬁteﬁlﬂbﬁﬁ‘én g QP ?&@ﬁ?%ﬂ%‘?f*n fbad,
CA) . Menbranesneing, iEWaRPRielihgd Wi uﬁlﬁ'mm %saﬁ?ﬁ\ﬁ/ Eubp%% and then
stripped with Restore Wstern Bl 6t Stripping Bu er 5 (Therno Scientific)
and i mmunobl otcoaplesithchtvicomakt nesistaat singletrhinadisesnd (fﬂﬁgrdv@ﬁ@vasaiamqﬁemﬁ,r e

cal cul ated by plotting percent phoifhorylated rotein in conmpound 1
-treated d81 suppeated\as thehighest sested angerigatian (640 nM), stilkghpes S ®ldssays:

For measurene I 1 r
bl ack-wal | ed 3’%1"% l?ceaﬁ?&f&s"%%d% éy’%%y@ ?Lh‘%%%?s‘ '},&p%aﬁﬁh‘gusrcson?ﬁ%gﬁd t hen
treated with Q@mQUMuéntfsQfeem@mlﬁgilfM £ BatldrBuRPHMNBER-APPFOAE thiofRgeneous
Caspase 3/7 reagent (Pronega, ison, W) was added according to the

manuf act ur er’ §e§3$t@mcﬁc1@gle E&%ﬂ-ABbbrr@s@éﬂmelmmtamasmlcemppnnd hewithithac Vi ct or
mcroplate re asure PARP cl eava | s .wer ed in
6-wel | pl at es%gﬁéw fﬁﬁmp&w‘ﬂ&“&%’f pe\y\mtg]g p&tﬁéﬁa&ﬁ eAminate ﬁgﬁﬁ@ with
compound 15 AthNi[Eatged).of treatnent cells were |ysed with SDS buffer and
i mmunobl otted to neasure for both total PARP and cl eaved PARP expression
(Cell Signaling Technol ogy). Subcut aneous xenograft nodel: The W4-11
human tunor xenograft efficacy study was perfornmed by Piednont Research
Center (Morrisville, NC. 20 Briefly, tunor xenografts were established by
t he subcut aneous inplantation of M4-11 cells (1 x 107 in 50% matri gel)
into the right flank of female CB.17 SCID m ce and dosing was initiated
when the average tunor vol une reached -200 mMB. Conpound 1 was diluted in a
vehicle of 25 mMcitrate buffer (pH=2.75) and m ce were dosed orally once
daily for 4 weeks. The tunors 25 were neasured in two di mensions (length
and width) with a caliper in mllineters. Tunor volunme (mB) was cal cul at ed
with the followi ng forrmula tunmor volunme (length x width2)/2. Tunor growth
inhibition (TA@) was calculated as follows: TA@ = (1-AT / AC) x 100, where
~ AT stands for mean tunor vol unme change of each treatnent group and AC for
mean tunor volume 30 change of control group. The tunor vol une data were
coll ected and anal yzed wth a one-way ANOVA test (G aphPad Prism San
Diego, CA) to determne the overall difference anong groups. Each conpound
1 treatnent group was further conpared to the vehicle control group for

- statistical significance using Dunnett's Multiple Conparison Test. A

p-val ue <0.05 was considered to be 5statistically significant and a p-val ue
<0.01 to be highly statistically significant. Phar macoki neti cs and
phar macodynam cs: Fol | owi ng MW4-11 xenograft tunmor establishnent, mce were
adm ni stered a single oral dose of conpound 1 and tunors harvested 6 hours
| ater. Individual tunors were honobgeni zed in ice-cold RIPA buffer
cont ai ni ng protease and phosphatase 10 inhibitors and clarified by
centrifugation. Sanples were resolved by SDS- PAGE, transferred to
nitrocel | uose nmenbranes, and i munobl otted w th anti bodi es agai nst total
and phosphoryl ated FLT3 and STAT5. Conpound 1 concentrations in plasm were
determ ned by an internal standard LC/ M5/ M5 met hod using protein
precipitation and calibration standards gbepared in bl ank



15 nouse plasma. Bel ow quantitation Iimt (BQL) = <1.2 ng/m conpound 1.
Reported concentrations are the nean val ues from four m ce/ group.
Tr eat mrentwof2oprisemsy AM. patient sanples ex vivo: Al paCirastosaspies were
de-identified and collected with informed consent with approval fromthe
I nstitutional Review Board of Oregon Health & Science University. 20
Mononucl ear cells were isolated from peripheral blood frompatients with
acut e nyel ogenou ! | | e | r cel |
Tsis. hal 1S ner a BEA T AP YR L RefbpRd mAL KT o SRR RUSOREC
Personal Cell Analysis flow cytoneter (ABiaVE' Technol ogi es, Hayward, CA).
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concent r at i QI ctyborRhy BERABY 1- LD i
FBS, penicillin/streptonycin, L-gFh
mer capt oet hawehwein AfE ar W2 N . iy
assay (Cell Titer A :
. for assessne
viability of cells 30 BJ at ezcoi W t h%té;t any drug and percent viability was
used to deternine fhe “compdund 1"1"¢80 dr ealll sanple. FLT3 status was
det erm ned b9"MPCR n genhom ¥ DNA frfem egch pati ent- RESULTS-5 (1)- Conpound
1 inhibited signaling and prolifegahion i n heltat opBi eti ucell |idés driven
- by mutant, constitutively active PBET3, KI T, F&RL and PD&FRa 343
. Conpound 1 inhibits the in vitro Ehbase sactivity of FLT3, KIT, FGFR1 and
PDGFRa with I C50s of 13, 13, 2 angggéL nM; resp-'e;cti vgl y. Eerem thesactivity
10 of conmpound 1 was eval uat ed i ngza« panel of JSeukefti ¢ cekl Lines,that
- harbor activating mutations in FL;’!;%; ( FL'EB- I TD; W41l cessl sy and *KI T
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signaling in AM. cell lines I1C50 Ll M Gell Ij;neRTK st aftisAS§sayCéhpound 1
Sorafenib Sunitinib M4-11FLT3- | TWK pr;osphorjyl atg;ono. §HCeI | viability2412
R Kasunmi - 1c- KI T (N822K) TK phosphogyi ati an20 Cal | vizabi | {fy85956 EFRLOP2-
RTK phosphoryl ati on3 KGL FGFR1Cel #¢%i abi‘l i t y17>100100 FI P1L1- RTK
phosphor yl atss@n0. 6:.EOL PDGFRaCel §s.¢i abial i tyQ,,50. 53 sz 3 42

51

Y253H 718 718 Y253 51 718

E255K 8 1.3 1.3 E255 8 1.3

Fa1 2 28 28 F31t 3 4.2

FINYV 1 1.4 1.4

3150 3 4.2 4.2 1315 3 42

A3B0S 3 4.2 4.2 AZEO 3 42
160 nkt 480 42 32 Y252H 29 0.6 906 Y253 28 90.6

E255V 3 g4 8.4 £258 3 9.4
320 nM 480 1 1 E2558V 1 100.0 100.0 £255 1 100.0

640 nM 480 0 0 - — . e — o
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RTK phosphoryl ation RS4; 11wt Cel |l viability>100>100>100 Consi st ent
with these activated receptors being inportant in driving | eukenbgenesi s

( Chal andomoeb11als393sHaenat ol ogi ca. 90: 949- 968 (2005)), Z2@czarspawfssols al so
potently inhibited the viability of all 4 cell lines with IC50, of 0.5 - 17
nM (Figure 9, Table 7). In contrast, the 1C50 for inhibition of R4 ;11
cells, which lack activating nutations in these 4 receptors, was >100 nM
These data SUgge%bI%hlatC&ﬁﬁB&&H‘ﬂcéll-%ﬁé&Hhh %bﬂes‘i@é@@}t StaltRigKEHMBCRL | s T hat
express one of these aberrant RTKs. e potency and activity profile
of conpound 1 was next conpared to t haABIf"YWo ot her nul t i -targeted ki nase
i nhi bitors, jorafenl b and suni ti n| b, by Sexam ning the| r effects on
viability Ofaa! HERSEe™ G spogitc rom uodmmatm( i 255 ‘
inhibitory activity of soraf eni b STRF-SHh 0. GS ek i T3
(1C50, of 4 camitl LabM oubdas pC"’"iadmeMy9“5> andmﬁf’fﬁ:cb s {0 amsquR%B"en T Ch ek BeT
conpound ex 1 and
56 nM or FGFRL (>100 and >100 nl\/gsﬂﬁTable 7). 1610 (20 Pot@nt apopt @m o
effects of conpound 1 on W4-11 cet Given the nag%@r £lini &l

rel evance of the FLT3-1TD nutati o n AM., subfsequent stexdi es focesed on
the characterization of compound [ act{ vi ty,agai g5t this target ;°To

exam ne the basis for conpound |' sssef fect on vi abi sty 1ds of 53
FLT3-1TD-driven Mv4-11 cells, its gffect;on 2ijarkelis ofrapopt osi s:was
measured. A dose- and tine-dependemt |increaserdin caspases8/7+actiwvity was
observed, w. R, maxj,mal,induction (up to 4-folg) seen with 10-30 nM conpound
1 and within 16 hours of treat mentzs: Fi gure 10): Simsl arl {7 at s00
~concentrations >10 nM conpound | "§howed® near *fraxi 8l i ndtictt on of°° PARP 20
cl eavage andz@oncowitant inhibitioem of phosphassyl atdon ofis STATS, aoddirect
downstream syhstrate of the nutant FLT3-1TD ki nase (Choudhary et al.,

Bl ood. 110: - and inportant regulator of ce survival . Taken
toget her, these data support the conclusion that inhibition of FLT3-1TD by
conmpound 1 i nhi bits MWA4-11 cell viability through the induction of

apopt osi s. 1#1&% §§ NO ef fi cacy and pharnmacodynam c studi es To
exani ne the e conmpound 1 on FLT3-1TD-driven tunor growth in vivo,
conpound 1 (1 25 ng@blshoundn iy eRiAdBIe kinkes 1rﬁﬁlﬁﬁtdﬁtﬁ&tﬂj’1ﬁﬁis @rtak inactionderdai | y
for 28 days, to mce bearin &;MM 11 xenografts. howg 30 in Fi gure 11A,
compound 1 potoehwrgforrmﬁcnm ekinase dgmowur of ABI@MBL deped deaturcsanner .

- Admi ni stration st dose d to.si |f|cant

i nhi bition of C%??ﬁﬂf%@%ﬁwli%@%fﬁeﬁéﬁxeﬁ ?%ﬁ“&d]é%‘ézy‘ﬁ?“% g kg or
greater resul LRAdIMdgkipRN S8l eoffiRhed MNat 8xhYourfiOS bikds ¥ WRITO'0f, (Re mg/ kg
| ed to conpl eté and durable tunor regression wth no pal pable tunors
detected d0ri hYGodlbading mbiowCompound | Mantomdd amextarsiet hydrdgemt | on in

Vi vo, mce be r|r1 MW4- 1 xeno rafts v%re adm ni stered a si nglle oral dose
of vehicle or EB%S%H’V‘?LT ?n‘ha 59 ogcupiep regiongf g kingssdhat aysFlarhar vest ed

af ter 0 hour s ngel e gl ARRRRSRY Ll Bl 2 A STATRr B £yBYal uat ed by

i mmunobl ot an Si's Si ng /kg onpou a nodest

i nhi bitory ef hediogen bbhdsitothg RitlasBiGogéther WRR ndghek@4sBlan ok Wadtd-dehtadts,
p- STATS by approxinmately 30% |ncreased doses of, gorrpound lledto
i ncreased | nhrwltlr@inmot@itgmiabitm afithtkBrasm@A Bb ng/I@g) ddsdd; hafivebABiLng

signal i ngl? y ?(B 8%5”?\5[53 ng%ongﬁyﬁg r1plg BB 1tse1?1syopt1mally positioned to

make productive hydrophobic contact with the side chain of 1315, while its
linear-shape and rigid geometry enforce a conformational constraint avoiding
steric clashes and acting as an inflexible connector that positions the other two
sectors of compound 1 into their established binding pockets.

20 Evaluation of compound 1 in cellular proliferation assays confirmed its

potent pan-BCR-ABL inhibition against cclls expressing native or kinase
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Phar macoki neti c anal ysis denonstrated a positive association between the 15
concentration of conpound 1 in plasma and inhibition of FLT3-1TD signaling
(Fi gure MBRo11T3es8 dat a show that inhibition of signal iPpag/usgoloosieand 1 is
associated with the degree of efficacy (Figure 11A) and support the
~conclusion that inhibition of FLT3-1TD signaling accounts for the
anti-tunmor activity of conpound 1 in this nodel. 20 (4) Activity of
~conmpound 1 i n iRt ABCRIABL, mcludTl?g B@%@A%Ltwél S Wellidsh rﬁgﬁlaegﬂeeund 1
“in primary cells frompatients with AMS, we obt ai ne peri pher

bl asts from f afiselpativienfa; P}nlladelehtamhromnmme;sm@ positiivet geple ofbiTBh-aegatoree t hat
har bored a FLT3-1TD nutatj on. status was confi rmedq%é PCR on

genomi ¢ DNA f i§Hs Ehe pat ]”e]ﬁt‘/mééll% tbise?é‘iqumfiﬂ e gheatss thaod Q0P o ng
exposure 1o Cgﬁﬁ? Hgal]lplsgnl[lsn]g hBHtWeeﬁ gyg‘[)? %ﬁ%@v' al%éﬁnABW fa the

results obtai ince |ne corrpoun Ity St"9FLT3-1TD
posi tive psi Myayenpdlasils (itivl 1@:@0 0CoEAMA padntaMICL e 17 3 ﬁM)yﬂendlh%ﬁvereshowed no
reduction in viability at the concentrations tested (up to 0 nM. Taken
t oget her, thesengiueds herspranpydrvit ¢aélsof@rmlls oAl ¢dhbttre@mdpmundo withs
selectlvely cytotom&tol kem c c %st)orl a. FLT3- TDrrut?

Di scussi on 5HECEPOYRE dgnceliwanptsaxs 1g1|111e %So"h‘? RhInREMUOPQRLUCEPI Bt s of

h of th
each of t nese GRRARNOLSayFiA10Y)  RoRARBMNL AL inAR! hids 20al nst

ki nases a discrete set n the pathogenesi s of
hemat ol ogi ¢ matstgh aine E2S5  Rulant MsTmoarrdmmnb&r conypounkdel ECER36mM PRGEFR

- famlies) with potency simlar to that observed for BCR-ABL, i.e., |C50s

- 1ine. However

for inhi bilbi orﬁhléﬁnqtetl@lah@sebeeﬁrrep@‘tqd tﬁrﬁ%l&fd’ﬁ&lll éﬁwebrpsmceév pmgiinipiandt y
- ranged fromQ 1§ter1%9d1at'¥l l%vésl gSl?tgP tobb()% 8118 15, |nt£i1| cgalthHg%BeIﬁ%wgt targeted

ki nase inhi bitors, such a \i 3 51y been

shown to have Hipbd bi6-00¥) EXV07Y). tNofBR), nébveaersmﬁlm@fatmecﬁeswmm
However, we found that conpound 1 was unique in its ability to inhibit

activi ty of alH35P dwhidhi heys e répoiried fat fhat téme pf nil 6tigbriedurcd Kaotandarietex hi bi t s
conpar abl ot gn F KIT GF nd PDGFRa in t he npdel s tested
he?g corr%ogn ﬁg%)?nlg@@nﬁi‘lgf@ﬁg@érast‘ﬁ Eﬁ%ﬂ@mplwtega ggﬁg@gf TSISIRCE N t hese
ki nases p HQ§a%mﬂr\@r\§g¥\%]tel? ageﬁ%tc'ﬁat{]ggﬁcgggigﬁ t1§)20j39|§é£g&}?1)2n\gep eDCGFRa

are consi ere to be owever, it een m)nstrat t th
resulting 20 prS'flndly iphibited bg cpimpyuad et € s,nalhessiconipaeaathoadenesitbatalf t hese
di seases (CGotlib et al Leukem a 22:1999-2010 (2008); Macdonald et al.,
Act a Haenat ol T3ﬂé17°fllt§1(rfblﬁ ]()2002)) EIVB i s an aggressive disease that can

{hat compound 1 potdey et BF PERAIET pRbofif A (B ysn!k SR T R0 o

is driven by @lﬂkﬂﬁsE%BéﬁB%uﬁ%R&né&i&!e@ﬁeﬁﬁt@ﬁ&étfibclﬁlmﬂ)gﬂ-}ll Rthibifsscl i ni cal
applicability of conpound 1 in this disease type. HEL/CEL pati ent’s Ygllth a

PDGFRa f ugfon patisiuéar mrmmmsowltiedumlcq@aeekiISIewpmwel\whéBQRe\aPeIed Wi t h

t he PDGFR i nhi bit or. | tlib e 1999 2010 (2008))
and we have sHORTSTRALT i%%%‘%&nﬁblﬂhénad&%mr é@%@?otgsh L3tioay an
FIP1L1- PDGFRaeEtHEhgﬁd%Qreem}betrate {Qﬁvpaﬁahﬁ%aﬂ LORIABL! 846 mﬁaﬂﬁg cel|

e 16741 mutant o ichis rrutate at t
posi tion anal egiui titrotand pﬁn@ﬁMﬁtE@Re@BLT?lgweﬂmex ivivoBGRatARInt withs been
denonstrated to confer resistance to imatinib in atlents (Gotllb et al.
Leukeni a 22: 1993ponnd 1 rosdigyiyn anpasked ggeductjon oy » Whlgiopsod e act i vi ty

- against t 5? PRGERRIRAABL inhibitors showed any effect (Figure 1B and Figure 2B).
Similar inhibition was observed when probing the levels of pPBCR-ABL and
pBCR-ABL™"™ in Ba/F3 cells, confirming the validity of the % pCrkL
readout. This CrkL shift assay is a preferred means of examining
pharmacodynamic efficacy of ABL kinase inhibitors, and will be employed for

30 compound 1 in its phase 1 evaluation.
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~ targets. Taken toget

5 mutant kinase, with an 1C50 of 3 nM support the application of conpound
1 for the treatnent of patients who carry this fusion protein. Bot h
- the inci owoce11z%803pr ognosti ¢ significance of FLT3-1TD alPCenskolonssoier AN
show that this kinase plays a critical role in the pathogenesis of the

di sease (Levis et al., Leukem a 17:1738-1752 (2003)) and, as such,
represents a 10 major target for therapeutic intervention. In the studies
reported here, usi @@nigsaindlT@ohdiRuadaRiaiingieRy hiki fial M{ﬁlrﬁsitramsﬁ ighow a
cl ose rel ationship between inhibition of FLT3 activity, both in vi LI and
in vivo, and isatiehofmonseohodelsof CML [drivien biyInatiye BGRAARL or BCRvABL™
concentrati Onjﬁ()f canpoun |l ed to.a decrease in FLT

phosphoryl ati oft @ S¥"¥ r‘@‘é qswg\ﬁ%(EﬁCFﬂ%/@aﬁasw Il@i‘f?cﬁ@ﬁs%BLﬂCWﬁPR@?‘% of
apopt osi s, | N AllehificlhhPorbMIRRAALHi VRN low Aofal . 95&%%@@%@@4@% c

conmpound 1 Ie 5|gn|f |on o unor ose

ng/ kg or gbeatSimilaedfficacy wﬁ@bbg@gé&ﬁﬁng dasdGats hts3 mgtkgMSnggdsﬁﬁ% G eat s on
tumor grow h belng due to inhibition of FLT3, a single dose of 1 ng/kg
conpound 1 | edhe sarae desetlevel, therinyivd asiivity aficpmponnd drit ngTATEaiRg native

phosphoryl ati e doses l.kg, | ed t ub nti al
i nhibition. m\c@g é%ﬁ‘ﬂBﬂ?‘f&g% tﬁéﬁagrﬂf]%?s ’{ﬁ“ IIPB‘&‘T Noi E‘?@ sypvigaliangy y
bllasts i sol at ggpétBons EMB-rhdRIPRSHE !B\a%fééus Pt&.@l ngBERWBE ™+FINM . but
not those isolated fromthree FLT3 wl d-type pa |ent (T'C50 >100 nM .
Mil tiple corrpammjmumdtlrslgmﬁeamlytammdpdmamev:ﬂe:&”nmdeatﬁ; tﬁedndad mgkegver al

have al re%gy b}gen evaluated in patients, with relatively nodest clinical
activity répod b ba?@neést@ﬂs osFegresan ocaurtgd at 3Qapd SRane/kegdm

2 650-095 (O ol LSS A B Ol

FLT3 i nhi bi ti anadesdst 3®mpekSUEhae iCorapslerd T washlegablekitbd bl @bse
FLT3-dependent 30 AM. cel I's, e %I eﬁas eﬂri)r%rged that in order to achieve

 maxi num t her apb@uatlﬁ @Sedbéﬂﬁsmstudmt ﬂFh@@@sesah@Ihareeaarevcm%rpmah@atmmm biirtst, dhre of
FLT3 ki nase ui (Pra et al 113: - 3946 009)). Qur
in vitro studi ‘Sﬁﬁ‘g ﬂlﬂo &é 1 ﬂEﬁ tyhpyaileble ;?rog%es apé %ﬁ‘ &af B tial,

i nhi bi ti onsof TB%B;iGERIELY hatd e&nqﬁ@dg)waﬁﬁflﬁﬁfé c@r?uco%é}s duit <10 nM
concentrations. 5 Inportantly, prelimnary analysis of the rmacokl netic
. properties of bommhmm&lLAAumtaelnndmmmbamrstMMéBV aend E¥RA §39335/8 cgoaed trough

| evel s exceediélgtgar 40 nM ({ prior to the next_daily. dgse These dat a
support the cdNEIEEPHHA fﬂ@esﬂtaﬁ@n;%@%lﬁeye Q‘Pﬁ?sﬁHg?%(S‘PH&IE“ é¥l es of

conpound 1 per, ea&laﬁgﬁqésmvsls Wo@@@gbg@oﬂtmw}% ?{&T?* in

patients. 10Co I'S arrutl-tar inase in at displ ays
pot ent i nhi bi t1|1<1>m355 (FO0RY). andditnaNy, Boblx of tHeQe Mibiesh |nﬁnbﬂibbﬂﬁhd}ﬁlaﬂ he
FLT3-1TD nut ati on ortantly, this agent exhibits activity against

addi t i onaPORTKslls W@%R-KBTJ andcetiperrempavablsteongensraiions. Baeaonshsinout o pl ay

roles in the patho nesi s _of henmat ol ogi ancl es Not abl t he _pot ency
of conpound 1§lv'V8QFaﬁas§Ugtgﬁ§t§éha&fRElpoHHQ/(itl\aﬁaVﬁ‘ EW%@W&“’ICJ@%%X%W €Ednpound 1
observed in hypase Iﬁ%/lag% CML%hhﬂalqﬁédaQhﬁ)e&ﬁentccﬁmewhs{@@m nst these

t hese observations provide strong preclinical
support for the deWd pregmtvioislymspdondacteksatad nel-bhsadhanagyndsty scéddn and

ot her hematol ogi ¢ al i ghanci e ch as those driven by KIT, FGFRL or
PDGFRa is 20 \%gP’ieQFﬁtél%FSIEfﬁH‘ﬁ‘l @&ERP?QHW%@P%%HW%“‘PW ORTARNE Pat | ent

with a FL3. § ng(ﬂﬂl si ‘fance gff)ﬁ?ﬁﬂl}ghﬁl rﬂi!n%ﬂa}’lfl%f[a” a{)lﬂgfesu rFl:I! albﬁg(gd results

di scussed I n I mnary Shréa inc

conplete res p00833521(200697 r A6 hadiyiordl fAI‘l’bwp&ﬁi d&aonWiV, @tﬁhfﬁ&rdaﬁa Withation
followng treatment with 45 ng of conpound 1, given daily p.o. Overall,

these resul tseauppidhe S@mddmﬁed\Bbrmhtblf@fs @r@rbp@ummglawaﬂia t pevetad with

FLT3-17TD d AM th tol |
of T1s inni bi 0FSraRYe BedbiendEE ot RePeRiaaad ERHER: ST Rl EPso have an

| mportant T ol 1 B, nelsATIGEK VAT PsR Fdswvng@a(m iafflel ol FfeBY, PDCFRa of
ot her kinases, native or nutant. i nase Sel ectivi ty Profile of
Conpound 30 110; 3RA RT3} oﬁmp@mbc{VQ%hsTEyﬁt Ras7iZled Shab etlgisdrClsed her ei n.
The foll ow ng conpounds were purchased: PD 173074 (Cal bi ochem G bbstown, 5
NJ), BMsS-540215 (Anerican Custom Chem cal, San Diego, CA), CH R-258 and

Bl BF- 1120 (Sel | eck Chenical Co, London OR0 Canada).



Ki nase assay: Kinase inhibition assays to determne 1C50s were perfornmed at
Reacti on Bi ol ogy Corporation (RBC, Malvern, PA USA). Conpounds were tested
at 10i uMWORougise8a 10- point curve with 3-fold 10 seri &CTdisShawiossvse
starting at 1 RM Average data from 2 assays are shown. Cell growth
assay: Cell growth was assessed using either Cell Titer 96 Aqueous One
Solution Cell Proliferation Assay (Pronega, Mdison, W) or CyQuant Cell
proliferation hRyi r : Wit h
conpound 24 hgﬁrﬁi@g% glezr@ S%an%gwgﬁ Aé??ﬁgely f)é'r6 h%ﬁéﬁt@g%% e{]{E%aISI%ﬁll%'
concentr at i on Ihlvat acalseted ¥ageresisisciaehs Birtdontpop@t 30vevfaandiat er m ned by
correcting for the cell count at tinme zero (time of treatnent) and plotting
data as per cerfongetainnrdepgndeant reducian in peththe peicatage af wells sdth pvsO)

treated cells I ! r.sion ) [0S cel ta are shown
as nean (SD) forﬁ rggn%%lfﬁ)%inaqﬁg r%l%e?fﬁnrrétr?ﬁ 811%)%2%%(1?&%“%@2&9 é&zosmt agar

col ony for gat imppaaa): wd bBser@dd | AgiTeraf SalstBgomeicksBAlifeldng t he

Cyt oSel ect 96-Well Cell Transformation Assay (Cell Biolabs, San D ego, CA).

Briefly, cell gesidues, mesersingribie doncenoatigss@g@nVapacpitousky rodu@disth tigar i n
ol ati ng and | neUbSHEEPY B obsehEa Ll % ek WAL B ZhaM) s hant oS

25i odonitrote | A i Adl j , InS; Luby L and
quantified w ?E@%ﬁgﬂéﬁg Aa%g{)%}? gg)'t ?)Sh% ﬁg%ﬁﬁaﬁlﬁ@&@g r%grugte%)co . "ND'
i ndi cat ed not 20atMraiburdd either a T3 15Mes 258 Vi mnariob) aid ¢ongpleEaiubprassivog

~ treated 24 hours after pl atl!g%g and incubated with inhibitor for 1 hour.
Cel I's wer d0 ysd@uigrowth #el0 Wi omrquad 13mdpbopn yesibsayed thighis #ArndNovagen,

i bb , in. | . eCj Di d i gh
andlor 1 mrunoth BT 2B Ghds AR GPe o QAP B AR o BYEP R o s
quantified usijg@lQatbd xcdaist Bsth SWedeptibiBinPRpdng lEah 6t i88-babh) resibiiict.Co0

val ues (the concentration that causes 50%’7 nhibition) were cal cul ated by
" plotting per cdits rashitbisingsingle-agest ghmpphol-kibgahkerbpreyravalyl addevied inhe t ot al

.protein signal,using XLfit4. Data sh in the table are average val ues

P om 2n'3 nesays et G i Te s O MO OMOAREEAS L A gE ot 60 i nt o

the right 1kl a : L Ce.p: B i f i , age
15 fa‘égégﬁ]é@ M@O@%{n@aﬁ 818 ¥Rivitf (gﬁﬁ&fe_cé‘%}’., P%ﬂq@aﬂ R%P@‘ng

tunmor volune re I nhibrtor was m ni stered by daily oral
dosing for 10 U8 Alags:550Ra2008)nor vol umes ( SE; tunor volume= L x W2 x 0.5)
were cal cul ated for each treatnent grou

Phar macodynani cs/ PR&rfHEBenG i dhe exptgpt %Mﬂf@@ﬁéﬂﬁ%ﬁbiéth‘ﬁ’aﬂ@m%ﬁ unor
| f | ian, j in. Ph h f.eTM buf f
e e AR SR AR ol AR RIS SRRSR T

pl asma wer e detiRkRidadd by BaT3 ddlBleRptessSiharaBEotiaé Meb MRl TRIUARY nbst NY
protein precipitation and cali bratTlmgp st andar g}s:%sw epared i n bl ank nouse
rems

pl asma. D3Pa semstantanetanisaB CRaAlds GRrAB i e plois predyetinegpasshe i n

vitro potency.and selecti.vity of conpound 1 was, assessed .in ki nase assays
Cwith it pl g"?“@ﬁ%% ﬁ%ﬁﬂm &P@QHH@HRE‘W@SaWe%Hi/iﬂaf&eéﬁ‘b‘&t“ﬁ‘&tf’é’g g (Tabl>/e
- 8). Conpound },Maserf 8P dePcdiPifidto F2f5v hgd BT Rin E]ﬁgg’ﬁ;ﬁ d VEGFR

fam | ies of receptor tyrosine ﬁllllnases such as FLT, FLT4, a (Tabl e
1). Conpound higtsleacpetisrince mhidhpoundof (Bdbles band FGFAMenepheskes: FGFRL, FGFR
2, FGFR 3, FGFR 4, as wel| as FGFRL(V561M and FGFR2(N549H) (Table 8),
which is uni queSiEh3 Edrasdrierd SV T8 Heare pradigted pospe thsanes! TRIHABEPIHALDI t or s

that do n i nhi;bi . . Hinih, r.afeni nd
dasati ni b?g Noq{lgg'%e%/?@ch%c\)/\é@g{) OLF@{?E%%%%P gﬁ@&%@{g Slgnaﬁl?%i)t R%E?lgyat%gr insulin
ki nase fam |y pageh&s & theqr 161 orhpordhid ﬁljﬁ%)l_iesﬁhﬁﬂ hdtreSTRBOd@REntK} AFTEved
(CDK2)/Cyclin E. Table 8. Kinase selectivity profile of Cornpound 1 tCw <
10 nl VI clinical BCR-ABL inhibitors would be active against these mutants. Thus,

compound 1 has the capability to eliminate compound mutations involving

T3151 and E255V that would be that would be predicted to be highly resistant

30  to all other inhibitors. Currently, compound mutations within the kinase

g1



8>>50nM 1C5.p. 250 nM /Cm >250M Ki nase | OmM nM Kinase few (nM Kinasa
ICm (M) Kinase | C50 (nM ABL 037 BMX 47.2 BRK 50.6 AKT2 >1000 ABLc252"
0. 44 CSK W0.2¢11AGFRB148R 211 PCT/US2010/055016

domain of BCR-ABL are rare (Table 5), but it is conceivable that their
prevalence will increase with the prolonged survival of patients and with more
patients undergoing sequential ABL kinase inhibitor treatment and at the
present time, they present a formidable problem for those patients who have
5 them. Although no mutagenesis screen can be completely exhaustive, our data

suggest that mutations that would completely abrogate binding to compound 1
may not be compatible with preservation of sufficient kinase activity. In this
scenario, escape from inhibition would come at the expense of a “functional
suicide.”

10 Table 5. BCR-ABL compound mutants involving E255V or T315I conferring

moderate to high level resistance to compound 1

Compound 1 concentration at Reported
which recovered in screen clinicaity

80nM__ 1680nM_ 320nm  (rEfs)

Compound
mutant

T3151 { Q252+ v NR
T315t{ Y253H v v {1.42
T3151/ £265K v (3
T3181 / £255V v v v WR
T3151/ F3111 4 2
T31514 F311V v NR
T3151 1 A380S v NR
E255V / (3250F v NR
£255V 1 0252H 4 NR
E255V / Y253F v NR
E255V 7 Y253H v v NR
E255V / £202V 4 NR
E255V/ £311) v NR
E255V | £355G v NR
E256V / F358C 4 NR
E255Y  F35% v NR
E255V / H396R v NR

(1) Shah et al. (2007). JC1 117, 2562-2569.
{2} Khorashad et al. (2008). Biood 777, 2378-2381.
{3) Stagno et ai. (2008). Leuk. Res. 32, 673-674.

NOTE: The following clinically reported compound mutanis
were not detecled in this screen: V2981 / £E255V.,

Abbreviations: NR, not reported.

The combined results of our biochemical, cell-based, and in vivo studies
suggest that compound 1, administered in appropriate amounts, exhibits
15  sufficient activity against native BCR-ABL and all tested BCR-ABL mutants to

warrant consideration for single-agent use as a pan-BCR-ABL inhibitor.
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Moreover, our results indicate that compound 1 holds promise for controlling
compound mutants involving T315I, but also raise awareness that it is

advantageous to eliminate resistant subclones at the single-mutation stage.

5 Example 2: Clinical Study
Compound 1 is an orally available tyrosine kinase inhibitor that potently
inhibits the enzymatic activity of BCR-ABL™", the native enzyme and all
other tested variants. It also inhibits survival of cell lines expressing these
BCR-ABL variants with IC50s of <40 nM.

10 A phase 1 clinical trial was conducted to assess the safety of compound
1 and provide preliminary assessments of clinical activity. The trial employed
an open-label dose escalation design. Compound 1 was synthesized and
formulated as described herein.

Patients with hematologic malignancies refractory to treatment (or

15 relapsed or having no available standard therapy), ECOG status <2, QTcF <
450 ms, adequate hepatic and renal function, and normal cardiac function were
eligible and received a single daily oral dose of compound 1. Hematological
malignancies included CML (any phase), ALL, AML, MDS, MM, or CLL.

Furthermore, patients must not have had chemotherapy > 21 days or

20  investigational agents > 14 days prior to enrollment.

Fifty-seven patients (30 males) were enrolled and treated, median age 61
years (range 26-85) and median years from diagnosis 5.4 (0-21). Diagnoses
included 50 CML (37 chronic [CP], 7 accelerated [AP], 6 blast phase [BP]), 3
Ph+ ALL, and 4 other malignancies (2 myelofibrosis, 1 myeloma, and 1 MDS).

25 BCR-ABL mutation status in 48 Ph+ pts included 14 patients with no mutation
and 34 patients with mutations (14 T315I, 5 F317L, 4 G250E, 3 with 2 or more
mutations, and the remainder showed other mutations including F359C and
F359V. Other specific mutations were M351T, L273M/F359V, G250E,
E279K, I'359C, L.387F, and E453K). Prior therapies in 53 Ph+ pts (CML and
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ALL) included imatinib (96% of patients), dasatinib (87%), and nilotinib
(57%), where 35 pts had > 3 prior TKIs and 50 pts had > 2 prior TKIs.
Patients were treated at the following dose levels: 2 mg (3 pts), 4 mg (6
pts), 8 mg (7 pts), 15 mg (8 pts), 30 mg (7 pts), 45 mg (13 pts), and 60 mg (13
5 pts). 45 mg was identified as the maximum tolerated dose (MTD) for further
investigation. Intra-patient dose escalation was permittéd.
Preliminary safety and efficacy data showed the following: for the 2 to
30 mg cohorts: no DLTs; for the 45 mg cohort: a reversible rash was seen with
one patient; and for the 60 mg cohort: four patients developed reversible
10 pancreatic related DLT (pancreatitis). The most common drug-related adverse
events of any grade (AE) were thrombocytopenia (25%), anemia, lipase
increase, nausea, and rash (12% each), and arthralgia, fatigue, and pancreatitis
(11% each).
Pharmacokinetic and pharmacodynamic (PK/PD) studies included blood
15  plasma analysis with deuterated compound 1 as an internal standard (PK) and
measurement of phosphorylated levels of BCR-ABL substrate CRKL (p-
CRKL) relative to total levels (PD). Sampling was conducted throughout the
first 24 hours and prior to dosing on days (D) &, 15, and 22 of cycle 1 (C1), and
D1 of C2 (cycle = 28 days). Classification for PD effects included not
20 evaluable (p-CRKL < 20% at baseline or too few samples for analysis),
transient (p-CRKL inhibition > 50%* at 2 or more post-dose timepoints, but
not sustained throughout cycle 1), sustained (p-CRKL inhibition > 50%%* at 2
or more post-dose timepoints that is sustained throughout cycle 1), or no effect
(no p-CRKL inhibition by the above criteria). * indicates > 25% inhibition is
25  acceptable if baseline p-CRKL is too low (e.g., 35%) to reliably quantitate a >
50% decrease.
Pharmacokinetic data demonstrated that the half life of compound 1 is
19-45 hours. At doses > 30 mg, the half life is 18 hours. Figures 7A and 7B
show the linear relationship of Cmax and AUC to dose over the dosing range.

30 Figure 7C and 7D show concentration time profiles. The Cmax on day 1 at the
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30 mg dose was approximately 55 nM. After repeated dosing, 1.5 to 3-fold
accumulation was observed in evaluable patients.
Pharmacokinetic data for patients receiving 60 mg of compound 1 daily

is provided in Table 6.

Table 6. Profile of compound 1 orally administered at 60mg (ng/mL)

Period(hr) Subject 0 0.5 1 2 4 6 8 24|
1 A BQL 0.31 6.21 15.6 46.9 71.4 80.2 43.]

B BQL 2.92 8.35 12.2 31 29.5 227 17.9

C BQL 3.95 27 48.5 73 60.6 41.8 33.2

D BQL 11.6 27.8 56 151 151 135 51.6

E BQL 3.25 13.8 63.3 79.2 78.5 67 28.2

F BQL 22.1 39.7 56.6 65.6 56.4 46.9 22.3

G BQL BQL 0.59 4,94 354 52.7 49.8 26.2

Mean _ Missing 7.355 17.635 36.734 68.871 71.443 63.343  31.786

2 A 82 77.6 791 76.7 108 138 137 80.7
B 30.1 36.8Missing 57.1 109 87.1 70.2 35.8
C 61.5 67.4 78.5 94.8 94.7 85.3 72.1 47.6
D 13.1 14.6 17.9 33.8 543 50.8 41 19.1

Mean 46.675 49.1 58.5 65.6 91.5 90.3  80.075 45.8

The mean steady state trough level when dosing daily at 60 mg (the
level at 24 hour post dosing following one 28-day cycle) is about 45 ng/mL,
which corresponds to a circulating plasma concentration of about 90 nM, a

10 circulating concentration that can be useful for suppressing the emergence of
resistant subclones in these subjects. With doses of 30 mg or higher, trough
levels surpassed 40 nM (21 ng/mL), the concentration in which the mutation
assay demonstrated complete suppression of emergent clones (as in Figure 6A).

PD data demonstrate inhibition of CrkL phosphorylation at doses of 8

15 mg and higher. As shown in Figure 8A, sustained target inhibition was
observed at doses > 8 mg in the overall population and at doses > 15 mg in
T3151 patients. Figures 8B-8E show pharmacodynamics data for different
doses and in patients having different mutations. Overall best hematologic
responses were complete hematologic response (CHR) in 22 of 22 CP patients

20 (85%), including new and baseline CHR, and major hematologic response
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(MHR) in 5 of 12 AP, BP, or ALL patients. Cytogenetic responses were 8
complete cytogenetic responses (CCyR) and 12 MCyR. Best hematologic
responses in the T315I subset were CHR in 8 of 9 CP pts (89%), including new
and baseline CHR, and MHR in 3 of 8 AP, BP, or ALL patients. Nine of 12
T3151 patients were evaluable for CyR: 5 CP and 1 AP, BP, or ALL patients
achieved CCyR, and 6 CP and 3 AP, BP, or ALL achieved MCyR. Molecular
responses included 8 MMRs in 32 CP AML patients (4 in patients with T3151
at baseline).

Conclusions: No DLTs have been observed at doses up to 30 mg
compound 1, and reversible DLTs were observed at higher doses. PK and PD
demonstrate that blood levels at 30 mg exceed those needed for in vitro
inhibition of resistant mutant BCR-ABL isoforms, including T3151.
Preliminary analysis revealed evidence of clinical antitumor activity in patients
with resistance to approved second-line TKIs dasatinib and nilotinib, including
patients with the T3151 mutation of BCR-ABL. The results obtained thus far
show (1) consistent sustaincd target inhibition observed at doses of 8 mg and
higher in the overall population, (2) sustained target inhibition in T3151
patients observed at 15 mg dose level or higher, (3) identification of 45 mg of
compound 1 as the MTD, and (4) the higher doses needed to suppress the
emergence of resistant subclones in patients undergoing therapy werc tolerated
without significant adverse events. Trough drug concentrations surpassed the
threshold for pan-BCR-ABL activity of compound 1 are observed at doses > 30
mg. At doses > 15 mg, there was sustained inhibition of BCR-ABL in patients
with a variety of mutations, including T3151. Together, these findings correlate
well with clinical evidence of anti-leukemic activity in refractory Ph+ patients

who have failed currently available TKIs.
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Example 3: Inhibition of FLT3 Mutants for Acute Myelogenous Leukemia
EXPERIMENTAL PROCEDURES

Cell lines, antibodies and reagents: MV4-11, RS4;11, Kasumi-1 and
KGl1 cells were obtained from the American Type Culture Collection
(Manassas, VA), and EOL]1 cells obtained from DSMZ (Braunschweig,
Germany). Cells were maintained and cultured according to standard
techniques at 37 °C in 5% (v/v) CO, using RPMI 1640 supplemented with 10%
FBS (20% FBS for Kasumi-1 cells). Compound 1 was synthesized at ARIAD
Pharmaceuticals (Cambridge, MA), and sorafenib and sunitinib were purchased
from American Custom Chemical Corporation (San Diego, CA). All
compounds were prepared as 10 mM stock solutions in DMSO. The antibodies
used included: phospho-PDGFRa, PDGFRa, FLT3, FGFR1 and GAPDH from
Santa Cruz Biotechnology (Santa Cruz, CA); STATS, KIT, phospho-KIT,
phospho-FGFR and phospho-FLT3 from Cell Signaling Technology (Beverly,
MA); phospho-STATS from BD Biosciences (San Jose CA).

Cell viability assays: Cell viability was assessed using the Cell Titer 96
Aqueous One Solution Cell Proliferation Assay (Promega, Madison WI).
Exponentially growing cell lines were plated into 96-well plates and incubated
overnight-at 37 °C. Twenty-four hours after plating, cells were treated with
compound or vehicle (DMSO) for 72 hours. Fluorescence was measured using
a Wallac Victor microplate reader (PerkinElmer, Waltham, MA). Data are
plotted as percent viability relative to vehicle-treated cells and the 1Csq values
(the concentration that causes 50% inhibition) are calculated using XLfit
version 4.2.2 for Microsoft Excel. Data are shown as mean (+ SD) from 3
separate experiments, each tested in triplicate.

Immunoblot analysis: To examine inhibition of receptor tyrosine
kinase signaling, cells were treated with compound 1 over a range of
concentrations (0.03-100 nM) for 1 hour. Cells were lysed in ice-cold SDS
lysis buffer (0.06 M Tris-HCL. 1% SDS and 10% glycerol) and protein

concentration was determined using a BCA Protein assay (Thermo Scientific,
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Rockford, IL). Cellular lysates (50 pg) were resolved by electrophoresis and
transferred to nitrocellulose membranes using NuPage reagents (Invitrogen,
Carlsbad, CA). Membranes were immunoblotted with phosphorylated
antibodies and then stripped with Restore Western Blot Stripping Buffer
(Thermo Scientific) and immunoblotted with total protein antibodies. The ICs
values were calculated by plotting percent phosphorylated protein in compound
1 -treated cells relative to vehicle-treated cells.

Apoptosis assays: For measurement of caspase activity, MV4-11 cells
were seeded into black-walled 96-well plates at 1 x 10* cells/well for 24 hours
and then treated with compound 1 for the indicated time-points. Apo-One
Homogeneous Caspase 3/7 reagent (Promega, Madison, WI) was added
according to the manufacturer’s protocol, and fluorescence was measured in
the Wallac Victor microplate reader. 'I'o measure PARP cleavage, MV4-11
cells were plated in 6-well plates and, the following day, were treated for 24
hours with compound 1. At the end of treatment cells were lysed with SDS
buffer and immunoblotted to measure for both total PARP and cleaved PARP
expression (Cell Signaling Technology).

Subcutaneous xenograft model: The MV4-11 human tumor xenograft
efficacy study was performed by Piedmont Research Center (Morrisville, NC).
Briefly, tumor xenografts were established by the subcutaneous implantation of
MV4-11 cells (1 x 107 in 50% matrigel) into the right flank of female CB.17
SCID mice and dosing was initiated when the average tumor volume reached
~200 mm®. Compound 1 was diluted in a vehicle of 25 mM citrate buffer
(pH=2.75) and mice were dosed orally once daily for 4 weeks. The tumors
were measured in two dimensions (length and width) with a caliper in
millimeters. Tumor volume (mm®) was calculated with the following formula
tumor volume = (length x width?)/2. Tumor growth inhibition (TGI) was
calculated as follows: TGI = (1-AT / AC) x 100, where AT stands for mean
tumor volume change of each treatment group and AC for mean tumor volume

change of control group. The tumor volume data were collected and analyzed
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with a one-way ANOVA test (GraphPad Prism, San Diego, CA) to determine
the overall difference among groups. Each compound 1 treatment group was
further compared to the vehicle control group for statistical significance using
Dunnett’s Multiple Comparison Test. A p-value <0.05 was considered to be
statistically significant and a p-value <0.01 to be highly statistically significant.
Pharmacokinetics and pharmacodynamics: Following MV4-11
xenograft tumor establishment, mice were administered a single oral dose of
compound 1 and tumors harvested 6 hours later. Individual tumors were
homogenized in ice-cold RIPA buffer containing protease and phosphatase
inhibitors and clarified by centrifugation. Samples were resolved by SDS-
PAGE, transferred to nitrocelluose membranes, and immunoblotted with
antibodies against total and phosphorylated FL.T3 and STATS. Compound 1
concentrations in plasma were determined by an internal standard LC/MS/MS
method using protein precipitation and calibration standards prepared in blank
mouse plasma. Below quantitation limit (BQL) = <1.2 ng/ml compound 1.
Reported concentrations are the mean values from four mice/group.
Treatment of primary AML patient samples ex vivo: All patient
samples were de-identified and collected with informed consent with approval
from the Institutional Review Board of Oregon Health & Science University.
Mononuclear cells were isolated from peripheral blood from patients with acute
myelogenous leukemia over a Ficoll gradient followed by red cell lysis. Cells
were quantitated using Guava ViaCount reagent and a Guava Personal Cell
Analysis flow cytometer (Guava Technologics, Hayward, CA). Cells were
plated into 96-well plates (5 x 10* per well) over graded concentrations of
compound 1 (1-1000 nM) in RPMI supplemented with 10% FBS,
penicillin/streptomycin, L-glutamine, fungizone, and 10 M 2-
mercaptoethanol. After 72 hour incubation, cells were subjccted to an MTS
assay (Cell Titer Aqueous One Solution Cell Proliferation Assay, Promega) for
assessment of cell viability. All values were normalized to the viability of cells

plated without any drug and percent viability was used to determine the

89



0.38

PKA 613 HCK O | PKCO >1000 KDR 1.5 RON >1000 K | Ty57) 0.41

WO 2011/053938 PCT/US2010/055016

compound 1 ICsq for each sample. FLT3 status was determined by PCR on

genomic DNA from each patient.

RESULTS
5 (1) Compound 1 inhibited signaling and proliferation in hematopoietic cell
lines driven by mutant, constitutively active FLT3, KIT, FGFR1 and
PDGFRa.
Compound 1 inhibits the in vitro kinase activity of FLT3, KIT, FGFR1
and PDGFRa with I1Csos 0of 13, 13, 2 and 1 nM, respectively. Here, the activity
10 of compound 1 was evaluated in a panel of leukemic cell lines that harbor
activating mutations in FLT3 (FLT3-ITD; MV4-11 cells) and KIT (N822K;
Kasumi-1 cells), or activating fusions of FGFR1 (FGFR10P2-FGFR1; KG-1
cells) and PDGFRa (FIP1L1-PDGFRa; EOL-1 cells). Compound 1 inhibited
phosphorylation of all 4 RTKs in a dose-dependent manner, with ICso, between
15 0.3 -20nM (Table 7).
Table 7. Inhibition of proliferation and signaling in AML cell lines

1C,, (nM)
Cell line RTK status Assay Compound 1 Sorafenib Sunitinib
hosphorylati .
MV4-11 FLT3TD 1 phosphorylation 03
Cell viability 2 4 12
. RTK phosphorylation 20
Kasumi-1 — oKIT(N822K) " o)y viabitity 8 59 56
KG1 FGFR10P2- RTK phosphorylation 3
FGFR1 Cell viability 17 >100 >100
EOLLI FIP1L1- RTK phosphorylation 0.6
PDGFRa Cell viability 0.5 0.5 3
RS4:11 RTK phosphorylation
’ Cell viability >100 >100 >100

Consistent with these activated receptors being important in driving
leukemogenesis (Chalandon et al., Haematologica. 90:949-968 (2005)),
20 compound 1 also potently inhibited the viability of all 4 cell lines with ICs, of
0.5 — 17 nM (Figure 9, Table 7). In contrast, the ICsq for inhibition of RS4;11

cells, which lack activating mutations in these 4 receptors, was >100 nM.
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These data suggest that compound 1 selectively targets leukemic cells that
express one of these aberrant RTKs.

The potency and activity profile of compound 1 was next compared to
that of two other multi-targeted kinase inhibitors, sorafenib and sunitinib, by
examining their effects on viability of the same panel of cell lines in parallel.
While potent inhibitory activity of sorafenib and sunitinib was observed against
FLT3 (ICs0s of 4 and 12 nM, respectively) and PDGFRa (0.5 and 3 nM),
neither compound exhibited the high potency that compound 1 has against KIT
(59 and 56 nM) or FGFR1 (>100 and >100 nM) (Table 7).

(2) Potent apoptotic effects of compound 1 on MV4-11 cells

Given the major clinical relevance of the FLT3-ITD mutation in AML,
subsequent studies focused on the characterization of compound 1°s activity
against this target. To examine the basis for compound 1°s effect on viability
of FLT3-ITD-driven MV4-11 cells, its effect on 2 markers of apoptosis was
measured. A dose- and time-dependent increase in caspase 3/7 activity was
observed, with maximal induction (up to 4-fold) seen with 10-30 nM
compound 1 and within 16 hours of treatment (Figure 10). Similarly, at
concentrations >10 nM, compound 1 showed near maximal induction of PARP
cleavage and concomitant inhibition of phosphorylation of STATS3, a dircct
downstream substrate of the mutant FLT3-ITD kinase (Choudhary et al.,
Blood. 110:370-374 (2007)) and important regulator of cell survival. Taken
together, these data support the conclusion that inhibition of FLT3-ITD by
compound 1 inhibits MV4-11 cell viability through the induction of apoptosis.

(3) In vivo efficacy and pharmacodynamic studies

To examine the effect of compound 1 on FLT3-ITD-driven tumor
growth 1n vivo, compound 1 (1 - 25 mg/kg), or vehicle, was administered
orally, once daily for 28 days, to mice bearing MV4-11 xenografts. As shown

in Figure 11A, compound 1 potently inhibited tumor growth in a dose-
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dependent manner. Administration of 1 mg/kg, the lowest dose tested, led to
significant inhibition of tumor growth (TGI=46%, p<0.01) and doses of 2.5
mg/kg or greater resulted in tumor regression. Notably, dosing with 10 or 25
mg/kg led to complete and durable tumor regression with no palpable tumors
5 detected during a 31-day follow up.
To confirm target modulation in vivo, mice bearing MV4-11 xenografts

were administered a single oral dose of vehicle or compound 1 at 1, 2.5, 5 or 10
mg/kg. Tumors were harvested after 6 hours and levels of phosphorylated
FLT3 and STATS were evaluated by immunoblot analysis. A single dose of 1

10 mg/kg compound 1 had a modest inhibitory effect on FL.T3 signaling,
decreasing levels of p-FI.T3 and p-STATS by approximately 30%. Increased
doses of compound 1 led to increased inhibition of signaling with 5 and 10
mg/kg doses inhibiting signaling by approximately 75 and 80%, respectively.
Pharmacokinetic analysis demonstrated a positive association between the

15 concentration of compound 1 in plasma and inhibition of FLT3-ITD signaling
(Figure 11B). These data show that inhibition of signaling by compound 1 is
associated with the degree of efficacy (Figure 11A) and support the conclusion
that inhibition of FL'T3-ITD signaling accounts for the anti-tumor activity of
compound 1 in this model.

20
(4) Activity of compound 1 in primary AML cells

To assess the activity of compound 1 in primary cells from patients with

AML, we obtained peripheral blood blasts from four patients; three that
expressed wild-type FL'T3 and one that harbored a FL.T3-ITD mutation. FLT3

25  status was confirmed by PCR on genomic DNA from each patient. Cell
viability was measured following exposure to compound 1 for 72 hours (Figure
12). Consistent with the results obtained in cell lines, compound 1 reduced
viability of FLT3-ITD positive primary blasts with an I[Cs¢ 4 nM, while wild-

type blasts showed no reduction in viability at the concentrations tested (up to
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100 nM). Taken together, these findings support the conclusion that compound

1 is selectively cytotoxic to leukemic cells harboring a FLT3-ITD mutant.

Discussion

Here, using leukemic cell lines containing activated forms of each of
these receptors, we show that compound 1 exhibits activity against kinases a
discrete set of kinases, implicated in the pathogenesis of hematologic
malignancies (FLT3, KIT, and members of the FGFR and PDGFR families)
with potency similar to that observed for BCR-ABL, i.e., ICsqs for inhibition of
target protein phosphorylation and cell viability ranged from 0.3 — 20 nM and
0.5 — 17 nM, respectively. Other multitargeted kinase inhibitors, such as
sorafenib and sunitinib, have previously been shown to have inhibitory activity
against a subset of these kinases. However, we found that compound 1 was
unique in its ability to inhibit activity of all four kinase with high potency.
Since compound 1 exhibits comparably potency against FLT3, KIT, FGFR1
and PDGFRa in the models tested here, compound 1 can be useful for the
treatment of diseases in which these kinases play a role.

MPNs with genetic rearrangements of FGFR1 and PDGFRa are
considered to be rare; however, it has been demonstrated that the resulting
fusion proteins play a major role in the pathogencsis of these discascs (Gotlib
et al., Leukemia 22:1999-2010 (2008); Macdonald et al., Acta Haematol.
107:101-107 (2002)). EMS is an aggressive disease that can rapidly transform
to AML in the absence of treatment. We have shown here that compound 1
potently inhibits viability of the AML KG1 cell line, which is driven by an
FGFR1OP2-FGFRI fusion protein, supporting the clinical applicability of
compound 1 in this disease type. HEL/CEL patients with a PDGFRa fusion
achieve dramatic hematological responses when treated with the PDGFR
inhibitor imatinib (Gotlib et al., Leukemia 22:1999-2010 (2008)) and we have
shown that compound 1 has potent activity against the FIP1L1-PDGFRa fusion

protein as demonstrated in the leukemic EOL cell line. However, the T6741
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inhibition of FL'T3 activity, both in vitro and in vivo, and inhibition of tumor
cell viability. In vitro, low nM concentrations of compound 1 (i.e., <10 nM)
led to a decrease in FL'T3 phosphorylation, a decrease in viability and an

15 increase in markers of apoptosis. In an in vivo xenograft model, a daily oral
dose of 1 mg/kg compound 1 led to significant inhibition of tumor growth and
a dose of 5 mg/kg or greater led to tumor regression. Consistent with the
effects on tumor growth being due to inhibition of FL.T3, a single dose of 1
mg/kg compound 1 led to a partial inhibition of FLT3-ITD and STATS

20 phosphorylation, while doses of 5 and 10 mg/kg led to substantial inhibition.
Finally, compound 1 potently inhibited viability of primary blasts isolated from
a FL'T3-ITD positive AML patient (ICs, of 4 nM), but not those isolated from
three FL'T3 wild-type patients (ICsq >100 nM).

Multiple compounds with FLT3 activity have been described and

25  several have already been evaluated in patients, with relatively modest clinical
activity reported to date (e.g., Stirewalt et al., Nat. Rev. Cancer 3:650-665
(2003); Chu et al., Drug Resist. Updat. 12:8-16 (2009); Weisberg et al.,
Oncogene Jul 12 2010). Based on preclinical studies that show that FLT3
inhibition needs to be sustained in order to effect killing of FL.T3-dependent

30  AML cells, a view has emerged that in order to achieve maximum therapeutic
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benefit continuous and near-complete inhibition of FLT3 kinase may be
required (Pratz et al., Blood 113:3938-3946 (2009)). Our in vitro studies
demonstrate that complete, i.e., sustained substantial, inhibition of FLT3
phosphorylation and function can be obtained at <10 nM concentrations.

5 Importantly, preliminary analysis of the pharmacokinetic properties of
compound 1, when dosed at tolerable levels, evidenced trough levels exceeding
40 nM (i.e., prior to the next daily dose). These data support the conclusion
that the potency and pharmacologic properties of compound 1 permit
continuous and near-complete inhibition of FLT3 in patients.

10 Compound 1 is a multi-targeted kinase inhibitor that displays potent
inhibition of FLT3 and is cytotoxic to AML cells harboring the FLT3-1TD
mutation. Importantly, this agent exhibits activity against additional RTKs,
FGFRI1, KIT and PDGFRa, which have also been shown to play roles in the
pathogenesis of hematologic malignancies. Notably, the potency of compound

15 1 against these RTKs in vitro and plasma levels of compound 1 observed in
humans support a clinical role for compound 1 against these targets. Taken
together, these observations provide strong preclinical support for the
development of compound 1 as a novel therapy for AML and other
hematologic malignancies, such as those driven by KIT, FGFR1 or PDGFRo, is

20  warranted.

Example 4: Preliminary Results in an AML Patient with a FLT3 mutation
Beyond the highly significant cell-based results discussed in Example 3,

preliminary clinical trial results include a complete response in a refractory

25  AML patient with a FLT3-1TD mutation following treatment with 45 mg of
compound 1, given daily p.o. Overall, these results support the development of
compound 1 in patients with FL'T3-ITD driven AML and other hematologic
malignancies. Moreover, in view of its inhibitory profile against other kinases,
ponatinib may also have an important role against various cancers driven by

30 KIT, FGFRI1, PDGFRa or other kinases, native or mutant.
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Compound 1 sel ectively inhibited ANBCA endonetrial cancer cells w th nutant
FGFR2 (N549K), when conpared to wt FGFR2 HeclB cel ls. Conpound 1 inhibited
cell growvb 20f1/05BB€A cells with a G150 of 30 nM as conparas2e10/05%edB cel | s
with a G50 of 490 nM (Figure 16). Conpound 1 5 also inhibited signaling in
AN3CA cell's, particularly the phosphorylation of FRS2a and Erk 1/2, as
determ ned by Western i munobl ot anal ysis of protein expression in AN3CA

- endonetrial cancer cells treated with conmpound 1. Table 10 provides a

summary of the activity of conpound 1 in endonetrial cancer cell |ine
AN3CA, as condexadpled:tKimasé SeleRivite P1Bfikngt Chipoardl 101 i nes. Table 10.
Summary of the Activity of Conpound 1 in endonetrial cancer cell lines

Conpound 1 Cell Li feagertey (rapoundchmas syhesizad, 30 dessrapeddereimgdhe | c50 (nM
E,hgsﬂgg- 1ngzafohocv5v9ng( go%po%%%g We?é plllzrrcﬁ%ée%: i’ﬁﬁgﬁ'?MCeﬁ‘g%c erw,5 él%)lgsg’o%vnz,?’ 3.7
5 NIJ), BMS-540215 (American Custom Chemical, San Diego, CA), CHIR-258
and BIBF-1120 (Selleck Chemical Co, London ON, Canada).

Kinase assay: Kinase inhibition assays to determine IC50s were
performed at Reaction Biology Corporation (RBC, Malvern, PA USA).
Compounds were tested at 10 uM ATP using a 10-point curve with 3-fold

10 serial dilutions starting at 1 pM. Average data from 2 assays are shown.

Cell growth assay: Cell growth was assessed using either Cell Titer 96
Aqueous One Solution Cell Proliferation Assay (Promega, Madison, WI) or
CyQuant Cell proliferation Assay (Invitrogen, Carlsbad, CA). Cells were
treated with compound 24 hours after plating and grown for 72 hours. The

15 concentration that causes 50% growth inhibition (GI50) was determined by
correcting for the cell count at time zero (time of treatment) and plotting data as
percent growth relative to vehicle (dimethyl sulfoxide, DMSO) treated cells
using XLf{it version 4.2.2 for Microsoft Excel. Data are shown as mean (+SD)
from 3 separate experiments tested in triplicate.

20 Soft agar colony formation assay: The soft agar assay was performed
using the CytoSelect 96-Well Cell Transformation Assay (Cell Biolabs, San
Diego, CA). Briefly, cells were resuspended in 0.08% agar and plated on
0.06% agar in 96-well plates. Cells were treated once with Compound 1 at the
time of plating and incubated for 8-10 days. Cells were either stained with

25  iodonitrotetrazoliumchloride (Sigma, St. Louis, MO) or solubilized and
quantified with CyQuant Dye according to the manufacturer’s protocol. “ND”
indicated not determined.

Western immunoblotting: Cells were treated 24 hours after plating
and incubated with inhibitor for 1 hour. Cells were lysed in either SDS buffer

30 or Phospho-SafeTM buffer (Novagen, Gibbstown, NJ) and protein lysates were
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wt 490 >1000 >1000 >1000 RL95 wt 428 nd >1000 >1000 nd: not determ ned 15
Compound 1 inhibited FGFR3 in cellular nodels for bladder cancer and

“mul ti pl e wpeboma33®N) . Conpound 1 sel ectively inhibitedPChaisgrionsivief

bl adder cancer MGH U3 cells that express nutant FGFR3b (Y375C), when
conpared to wt FGFR3 RT112 cells (Fi gure 17). Conpound 1 al so inhibited 20
signaling of FRS2a in M3H U3 (I C50 41 nMfor P-FRS2a), as determ ned by
Western i mun M b S treated
Vest e | i aalia i ShPoPHRESROHRAN D yeabh (et
cells that caranyxbbﬁlmt Pmtélﬁ)exprmmhmtqmnnﬁadiuﬁng@mtltw()aatqom
(K650E), when ared to wt FGFR3 NCl - H929 cells (Figure 18 FGFR3 25

si gnal i ng was ( Fiacgs, Ko ol G50 yal @sn@h%@m%ntrw‘h@@ savisee) %y

Wt LGLBWLL”J‘SS"E*?@Q o5t Dl OGP R Bl Boni e PEPEprlard o= o
~signaling gf higedalizéd Q?N@tdthlcﬁ@tem nANsh9F XETEARSE%ia shown inCRERMBUNSke1

inhibited FGFR4 in a cellular nodel for breast cancer. The effects of
Conpound 1 on avBragkBales fteme3dsy assayscer cells that express 5 nutant FGFR4

Si gnal  no of “‘EZ‘ERL%& gblaou lsSnn i sty Sal s nkubite Tenar v <
d | C50 =
T2 hiwfor e FO AR o el -%ﬂé@’gk.s(’f‘f;fﬁ?%‘?’lﬁ%f#E“vﬁcdes%’@%‘#pér.son of

RTK i nhi bi tor vabimy rdached JVJ’ZIO(FﬁﬁR ihibiostel g fdminvsacred by dallyaﬁeﬂ do@higtﬂotor s,
i ncl udi ng CH R- 258, BIBF-1120, BI\/|5540215 and PD173074. LG50 (nM data are
shown for Qi ndgedayss Meanguros vekn %ipig“@tam@r ol Wakd- %}1‘6%@ for cell
%g\gltg gaséaﬁzc il(':% :,tgd %Orea%){rga He% gm%%. RTK i nhibitor activities in FG-R

Pharmacodynamics/Pharmacokinetics: For pharmacodynamic
analysis tumor samples were frozen upon collection, homogenized in Phospho-
SafeTM buffer and analyzed by Western immunoblotting. Inhibitor

15  concentrations in plasma were determined by an internal standard LC/MS/MS
method using protein precipitation and calibration standards prepared in blank
mouse plasma. Data shown are mean values from 3 mice/timepoint/group.

The in vitro potency and selectivity of compound 1 was assessed in
kinase assays with multiple recombinant kinase domains and peptide substrates

20 (Table 8). Compound 1 was found to inhibit members of the PDGFR, FGFR,
and VEGFR families of receptor tyrosine kinases (such as FLT1, FLT4, and
KDR) (Table 1). Compound 1 is a potent inhibitor of all four FGF receptors:
FGFRI, FGFR 2, FGFR 3, FGFR 4, as well as FGFR1(V561M) and
FGFR2(N549H) (Table 8), which is unique when compared to other multi-

25  targeted kinase inhibitors that do not inhibit all four FGFRs (e.g. sunitinib,
sorafenib, and dasatinib). Notably, however, compound 1 did not inhibit
Aurora or insulin kinase family members, nor did it inhibit cyclin-dependent

kinase 2 (CDK2)/Cyclin E.
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Assay Cell Line Genotype Conmpound 1 CHI R- 258 BIBF 1120 BM5- 540215 PD
173074 FGFRL Kinase - - 2 16 47 165 5 Cell growth KGL Fusion 10 40 221 900
WO 2011/053938 PCT/US2010/055016

Table 8. Kinase selectivity profile of Compound 1

ICs < 10 nM s < BONM ICso 5 250 1M ICsn> 280 nM

Kinase [Cgp (M) Kinase 0 (nV]} Kinese ICen {n) Kinase Cgn {rihl)
ABE 037 BMX 472 BRK 506 AKT2 =A000
AR SRS 044 C8K 127 EGFRYSR  ayy ALK >1000
ABLYEF 03 POR2 18,4 EPHA1 443 Aurora A >1000
ABLT® 2 EPHB4 102 ERBB4 178 Aurora B 543
ABLNT 03 FGFR3 182 JAKZ 169 Aurora C >1000
AR 034 FLT3 128 JAK3 811 AXL =1000
ARG 078 JAKY 322 KT 778 BTK 849
BLK 8.1 oKIT 125 [ el 152 BT 1000
EPHAZ 21 T 16 TYK2 177 COKRICyelinE  >1000
EPHA3 8.7 PDGFRA™™¥ 156 CTK >1000
EPHA4 11 PYK2 351 EGFR >1000
EPHAS 088 TE2 143 EGFRM19 538
EPHAT 85 TRKA 1.4 EGFR™*™ 1000
EPHAS 25 TRKB 184 ERBE2 >1000
EPHB1 12 TRKC 13.2 FAK *1600
EPHB2 063 FER 580
EPHB3 i1 FES 768
FGFRY 223 FLT3P® 948
FGFR1™™ 73 IGF 1R 1000
FGFR2 16 R >1000
FOFR2M®H s IRR =000
FGFR4 77 FTK >1000
FGR 0.45 cMER 406
FLTH 2.7 CMET >1000
FLT4 23 mEOR =1000
S 88 MUSK 5894
FRK 1.3 Pi3Ke =1000
FYN 038 PKA 613
HCK o PKCO #1600
KDR 1.5 RON 1000
8 il 0.41 ROS 1000
LCK 028 SRC P *1000
LYN 0.24 SYK 1000
LYNB 8.21 TEC >1000
PODGFRa 1.1 TYKA >1000
PDGFRa™™ 084 TYRO2 >10300
PDGFRa™™ 3 ZAPTD =1000
PDGFRP 77

RET 0.18

RET#% 37

RET'%M 14

2-8RC 5.4

YES 089

Example 6: Effect of compound 1 in cellular models of cancer
5 Compound 1 affected cellular activity in various cancer cell lines.
Experimental procedures were performed as described in Example 5. In the

98



10 FGFR2 Kinase - - 2 50 63 202 13 Cell growth SNU16 Anplified 42 138 496
>1000 20 Cell growth AN3CA N549K 30 122 684 >1000 187 FGFR3
WO 2011/053938 PCT/US2010/055016

acute myelogenous leukemia-derived KG1 cell line that expressed the FGFR1-
FGFR10P2 fusion gene, compound 1 inhibited cell growth and the
phosphorylation of FGFR1. Figure 13A shows the growth inhibition of
compound 1 on the KG1 cell line with a determined GI50 of 10 nM.

5 Compound 1 inhibited phosphorylation of FGFR1 with an IC50 of 10 nM,
which was determined by Western immunoblot analysis of P-FGFR1, T-
FGFRI1, and glyceraldehyde-3-phosphate dehydrogenase (“GADPH”)
expression in KG1 cells treated with compound 1. Data for GAPDH was used
as a control.

10 Compound 1 can also selectively affect the cellular activity of cancer
cells, as compared to normal cells. Compound 1 selectively inhibited SNU16
gastric cancer cells with amplified FGFR2, when compared to wtFGFR2 SNU1
cells (Figure 14). Compound 1 inhibited signaling in SNU16, as determined by
the reduced presence of phosphorylated FGFR2, FRS2a, and Erk 1/2 in a

15 Western immunoblot analysis for protein expression in SNU16 gastric cancer
cells. Compound 1 also selectively inhibitcd SNU16 colony formation in soft
agar, when compared to wtFGFR2 SNU1 cells (Figure 15). Table 9 provides a
summary of the activity of compound 1 in gastric cancer cell lines SNU16 and
Katolll, as compared to the wtFGFR2 SNU1 cell line. Compound 1 selectively

20  inhibited cell growth and phosphorylation of FRS2a and Erk 1/2 of gastric
cancer cells SNU16 and Katolll, as compared to wt SNU1.

Table 9. Summary of the Activity of Compound 1 in gastric cancer cell lines

25

Compound 1
Cell Line | TGIR2 Status | Cell Growth Soft Agar Phospho- Phospho-
GI50 (nM) IC50 (nM) FRS2a Erkl1/2
1IC50 (nM) 1C50 (nM)
SNUI16 Amp 42 29 12 8
Katolll Amp/truncate 7 nd 34 8
SNU1 Wt 500 >1000 >1000 >1000
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18 53 122 530 26 Cell
growmt h OPM2 K650E 120 319 297 6198 83 FGFR4 Ki nase -
WO 2011/053938

growt h MaH U3 Y375C 163 340 >1000 >1000

PCT/US2010/055016

Compound 1 selectively inhibited AN3CA endometrial cancer cells with
mutant FGFR2 (N549K)), when compared to wtFGFR2 HeclB cells.
Compound 1 inhibited cell growth of AN3CA cells with a GI50 of 30 nM, as
compared to Hec1B cells with a GI50 of 490 nM (Figure 16). Compound 1
also inhibited signaling in AN3CA cells, particularly the phosphorylation of
FRS2a and Erk 1/2, as determined by Western immunoblot analysis of protein
expression in AN3CA endometrial cancer cells treated with compound 1.

Table 10 provides a summary of the activity of compound 1 in endometrial
cancer cell line AN3CA, as compared to the wtFGFR2 Hec1B and RL95 cell

lines.

Table 10. Summary of the Activity of Compound 1 in endometrial cancer cell

lines
Compound 1
Cell Line | FGFR2 Status | Cell Growth Soft Agar Phospho- Phospho-
GI50 (nM) IC50 (nM) FRS2a Erk1/2
1C50 (nM) IC50 (nM)
AN3CA N549K 30 23 3.7 5.8
HeclB wt 490 >1000 >1000 >1000
RL95 wt 428 nd >1000 >1000

nd: not determined

Compound 1 inhibited FGFR3 in cellular models for bladder cancer and

multiple myeloma (MM). Compound 1 selectively inhibited the growth of
bladder cancer MGH-U3 cells that express mutant FGFR3b (Y375C), when
compared to wtFGFR3 RT112 cells (Figure 17). Compound 1 also inhibited
signaling of FRS2a in MGH-U3 (IC50 = 41 nM for P-FRS2a), as determined

by Western immunoblot analysis of protein expression in MGH-U3 cells

treated with compound 1. Compound 1 selectively inhibited the growth of

OPM2 MM cells that carry the t(4;14) translocation and express mutant FGFR3
(K650E), when compared to wtFGFR3 NCI-H929 cells (Figure 18). FGFR3

signaling was inhibited by compound 1 in OPM2 cells, as determined by

Western immunoblot analysis of protein expression in OPM2 MM cells treated
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- 8 341 451 2023 367 Cell growth MDA 453 Y367C 275 4227 1542 >10000 1655
15 Concl usion Conmpound 1 is an orally active kinase inhibitor that exhibits
pot ent acwoOwniwesagai nst all four FGF receptors in ki naseCans2aelosriohar
assays. Signaling and growh was inhibited in nodels expressing all four
FGFRs with the nost 20 potent activity observed agai nst FGFR1 and FGFR2.
Activity of Conpound 1 was observed in multiple cancer types, including

~gastric, endongik téhpothPd@ita ndNchoRl)! IRk A S00Bp ARl PRitiBitddy Of
Compound 1 conpared Pavorably to other RTK inhibitors wth known FGFR

activity that sggmlipgiofifRS2alin QB2 i(ICithe 66InMifor PHRS2appl e 7: Oral delivery
of conpound 1 was effective in._ reducing solid tumor growh in a

FGFR2-dri ven ANSCACIPéIF%ﬁ"gflt mﬁﬁﬁ@gf GFR4 fn wseibdararodel; (o prsasteangei3 e unor
growt h by 36% 6 Kg“gg Lvely (Figure
20) . Though dfﬁytsﬁg%hep ‘5‘%‘&? lprgrrléﬁgre pl’g\gllé gte%lgpié%tgglfcrﬁl{sﬁ I(?,\ign)[tee %hléeggge

regi mens mgy beuahSPGERHI(¥3670Y nclddihighibitiot ¥cadhabiwae gdgn@mgsnand
phar macoki netics rel ati Qnshiﬁ was al so determ ned, where plasma |evels of
conpound 1 waseHelaepignaliee of KoliRd andJiRBss es Heteupimed by Westarobl ot anal ysi s

i( Ei ? E;e Aﬁé)CA g’éﬁbﬂ%ﬁ‘#%&%ﬁf (gt%{]ndex%rci:sgpoinbiintﬁg)i%ﬁ5%Q:%HSE [[rlé%t/eé v%idgnal 'ng
compound 1 (IC50 = 12 nM for P-FGFR4 and 14 nM for P-FRS2a).
Table 11 provides a comparison of RTK inhibitor activities in FGFR
10 models for various kinase inhibitors, including CHIR-258, BIBF-1120, BMS-
540215, and PD173074. 1C50 (nM) data are shown for kinase assays
performed by RBC and GI50 (nM) data shown for cell growth assays.

Table 11. Comparison of RTK inhibitor activities in FGFR models

FGF Assay Cell Line | Genotype | Compound | | CHIR- | BIBF | BMS- PD
Receptor 258 1120 | 540215 | 173074
FGFR] Kinase - - 2 16 47 165 5
Cell growth KG1 Fusion 10 40 221 900 10
FGFR2 Kinasc - - 2 50 63 202 13
Cell growth | SNUI16 | Amplified 42 138 496 >1000 20
Cell growth | AN3CA N549K 30 122 684 >1000 187
FGFR3 Kinase - - 18 53 122 530 26
Cell growth | MGH-U3 | Y375C 163 340 >1000 | >1000 850
Cell growth OPM2 K650 120 319 297 6198 83
FGFR4 Kinase - - 8 341 451 2023 367
Cell growth | MDA 453 | Y367C 275 4227 1542 | >10000 | 1655
15
Conclusion

Compound 1 is an orally active kinase inhibitor that exhibits potent
activity against all four FGF receptors in kinase and cellular assays. Signaling
and growth was inhibited in models expressing all four FGFRs with the most

20 potent activity observed against FGFR1 and FGFR2. Activity of Compound 1

was observed in multiple cancer types, including gastric, endometrial, bladder
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150ral delivery of conmpound 1 potently inhibited tunor growh in an
endonetrial cancer nodel that expressed the clinically relevant FGFR2
(N549K) maoaniions39sBnhi bition of cellular growth correl aPed/usealo/ossomeé bi tion
of downstream signaling in the tunor. These data support the use of
conpound 1 in treating a nunber of tunor types characterized by alterations
in FG- 20 receptors. Exanple 8. Conbination Therapy with Conpound 1 and
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Phar maceut i calaherREK finhibiveisngith &npen s Reckviputhahasddind3iEa o ibthe
(Armerican Custom Chem cal, San Diego, CA), CH R 258 and AzZD2171 and

Bl BF- 1120 ( Sel9®# Cheni cal Co., London ON, Canada). Ki nase
assay: Kinase inhibition assays to determne |IC50s were 30 perforned at
Reaction Biology Corporation (RBC, Mlvern, PA USA). Conpounds were tested
at 10 ti M ATP Esimpled?: Gral deliveStbr@nipdinB1 WiserfRtivalin $edwdihg9sligt arti ng
at 1 JAM Average data from 2 assays are shown. Cell growth assay:

Cel | growt h watenesspowdh ingi FGFR2-daveiCAN3ITAtenogaffquetelis One Sol uti on

orol i ferati on Assay WRRPREroBEIIEA Rab AdumOREro Tt JRR0HR FarE! % t er
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correcting forregineensald proeided, afterimittentzdisagd tdgimeny mhy datatsordf)icavicuspl ot ti ng
~data as percent growth relative to vehicle (DVSO treated cells using XLfit

~ version 1394, 2. 2" f dheNn yhespifamagednamighdidRhdreacaldselcsaalatigndlip sias: The

Ef fective Dose % maxi mum i nhi bi tio D50) was, det er m ned f each
compound t oot Sl RICHITE hatas PRtk b EEORbalRRt Wt BT bafiSed 1rom
0.125x to 8x f}fosﬁd&deﬂﬁd\h%@ce["@hhﬂmn@l@hﬁ@%QE (ﬁ%u&fiﬁpt@rapﬁos‘iﬁé bf growth were
anal yzed using the 15 Chou and Tal al ay nmethod (Cal cuSyn software, Biosoft).
West er n i munaoingoundd:inkibdited FRSiZe anddake@ s2gndtingris thef A3 (A aenopyatind
i ncubat ed vvitQ inhig'tor for 1 hour. Cells were lysed in either SDS buffer
or Phospho- Saf 8% L)gen, G bbstown, NJ) and protein |ysates were
i mmunopr eqgipi t at ed i j - W i.pdi cat ed 20
ant i bodi es.5 Pr ot ei r(}ﬁéli%érﬂevg i%n m}géudit?ggy?t??!elg%@%ﬂ ‘B@é‘}nr%??"’i ngdqlsoftmare
(Bi oRad, Her cuhdemefc) canldee nidde0thaakxigssdetinke clamcelyd reddvadn FGFR2 causes 50%
i nhibition) were cal cul at edolbi(l plotting percent inhibition of the

T}

phospho- si gnalNadPkamuiaiipn: imti%@ﬁpgbﬂm&rpmls refrelpted sviyinkibition of Dat a

shown in the t ver. lL.ues from 2+ SS +..25Subcut aneo t unor
model's: | angea B ueE SRR IRty o PR S AR Eine PSP ORERLARRERLY o
anal ysi s of efif k¢agyg a Wigibet BEURAYEHES dHAPREcrRU bylfcPARMEGh F&F0 mMB,

i nhi bitor was adm nistered by either daily oral dosing for 21 days for

conpound 20or recgptordosi ng QDX5 for 3 weeks. Mean tunor vol unes (I SE; tunor
volume= L x W2 x 0.5) were calculated for each 30 treatnment group.

Phar macodynam cs/ Phar macoki neti cs: For pharmacodynam ¢ anal ysi s tunor

sanpl es were fﬁ’%ﬁﬂ WM i Bl 2% h! Pie 'U;I(;lgo' AR d

anal yzed by Wester ei m‘runoﬂ gttlhng. rlaﬁgi EI t?r C ndcl{ehntf:ggl?i onélf?ﬁﬁ)fﬁg?'gggrra wer e

determ ned by EXPERIMENT Al RROCEDICRES/ MS net hod using 5 protein
precipitation and calibration standards prepared i n bl ank nouse

G i pl asma.
Data shown are nealRepaertss Goppaundy ard nflakepdimey (o 73, MK-8663hyeisnd 1

af fected | RVIR AV i er,cel.l lines. Table 12 provides

2 conpari 2on Ot REERE Y BRIAD KR SIRNGRIE ThE R o Pt iieR e by

various Ki naseuidhakdd: BNIS-5402¢5 yAigicAd 04k Chbhiad 5%n BldBb; ¢A30, and 10

BVS- 540215. Conpound 1 is a potent inhibitor for FGFRL- FGFR4. 1 G50 (nM

data for kina gn f clita efize @ M data
$311Re2 aY sndvdZd) Pl f and BB oy 1 KB ellEabiChetca Kawsl @Gidod QN

for cell grovw&angaas)ay and 1C50 (nM data for signaling.

Kinase assay: Kinase inhibition assays to determine IC50s were

30  performed at Reaction Biology Corporation (RBC, Malvern, PA USA).

102



Tabl e 12. Conparison of RTK inhibitor activities in FGFR nodels 15
FG-Cel | Conpound AZDCHI R- Bl BFBMS- Receptorli ne

Genot ype ASO29UAGIWBR581120540215 - wt Kinase 2 5 16 47 PED/USSLolswhen a
Fusion Signaling 3 - - Cell growth 10 23 40 221 900

Compounds were tested at 10 uM ATP using a 10-point curve with 3-fold
serial dilutions starting at 1 pM. Average data from 2 assays are shown.

Cell growth assay: Cell growth was assessed using either Cell Titer 96
Aqueous One Solution Cell Proliferation Assay (Promega, Madison, WI) or

5 CyQuant Cell proliferation Assay (Invitrogen, Carlsbad, CA). Twenty four
hours after plating, cells were treated with compound and grown for 72 hours.
The concentration that causes 50% growth inhibition (GI50) was determined by
correcting for the cell count at time zero (time of treatment) and plotting data as
percent growth relative to vehicle (DMSO) treated cells using XLfit version

10 4.2.2 for Microsoft Excel.

Combination assay and analysis: The Effective Dose @ 50%
maximum inhibition (ED50) was determined for each compound tested and
defined as 1x. The drug concentrations used ranged from 0.125x% to 8x ata
fixed ED ratio. Combinatorial effects on cell growth were analyzed using the

15 Chou and Talalay method (CalcuSyn software, Biosoft).

Western immunoblotting: Cells were treated 24 hours after plating
and mcubated with inhibitor for 1 hour. Cells were lysed in either SDS buffer
or Phospho-Safe (Novagen, Gibbstown, NJ) and protein lysates were
immunoprecipitated overnight and/or immunoblotted with the indicated

20  antibodics. Protein expression was quantified using Quantity One software
(BioRad, Hercules, CA). The IC50 values (the concentration that causes 50%
inhibition) were calculated by plotting percent inhibition of the phospho-signal
normalized to the total protein signal using XL{it4. Data shown in the table are
average values from 2-3 assays.

25 Subcutaneous tumor models: AN3CA cells were implanted into the
right flank of nude mice. For analysis of efficacy, when the average tumor
volume reached ~200 mm’, inhibitor was administered by either daily oral
dosing for 21 days for compound 1 or i.p. dosing QDXS5 for 3 weeks. Mean
tumor volumes (+ SE; tumor volume= L. x W? x 0.5) were calculated for each

30  treatment group.
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AN3CA Endonetri al

WO 2011/053938

Pharmacodynamics/Pharmacokinetics: For pharmacodynamic

analysis tumor samples were frozen upon collection, homogenized in Phospho-

Safe and analyzed by Western immunoblotting. Inhibitor concentrations in

plasma were determined by an internal standard LC/MS/MS method using

5  protein precipitation and calibration standards prepared in blank mouse plasma.

Data shown are mean values from 3 mice/timepoint/group.

Compound 1 affected cellular activily in various cancer cell lines. Table

12 provides a comparison of RTK inhibitor activities in FGFR cellular models
for various kinase inhibitors, including AZD2171, CHIR-258, BIBF-1120, and
10  BMS-540215. Compound 1 is a potent inhibitor for FGFR1-FGFR4. 1C50

(nM) data for kinase assays were performed by RBC. Table 12 shows GI50

(nM) data for cell growth assay and IC50 (nM) data for signaling.

Table 12. Comparison of RTK inhibitor activities in FGFR models

Cel |

15 FGF Cell Compound AZD  CHIR-  BIBF BMS-
Receptor - line Genotype Assay 1 2171 258 1120 540215
- wit Kinase 2 5 16 47 165
FGFR1 KG1 _ Signaling 3 - - - -
. Fusion
Leukemia Cell growth 10 23 40 221 900
- wt Kinase 2 33 50 63 202
20 SNU1E - plifiea |_Si9naling 12 _ _ - _
FGFR2 Gastric Cell growth 42 148 138 496 >1000
AN3CA Signalin - - - -
_ N549K gnating 4
Endometrial Cell growth 30 34 122 684 >1000
- wt Kinase 18 36 53 122 530
MGH-U3 Signalin - - - _
Y375C gnaling 40
FGFR3 Bladder Cell growth 204 296 251 >1000 >1000
25 P Signalin - - - -
OPM2 KB50E gnaling 80
myeloma Cell growth 120 296 319 297 6198
- wt Kinase 8 697 341 451 2023
FGFR4 MDA-453 Signalin - - - -
Y367C gnaling 30
Breast Cell growth 275 >1000 4227 1542 >10000
30

104



- Cell gromh 30 34 122 684 >1000 - wt Kinase 18 36 53 122 530 MGH U3
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Compound 1 selectively inhibited growth and signaling of FGFR2-
mutant endometrial cancer cell lines. Compound 1 inhibited endometrial
cancer cell lines AN3CA and MFE-296, as compared to wtFGFR2 Hec-1-B
and RL95-2 cell lines (Figure 22). Compound 1 inhibited signaling in AN3CA
cells, particularly the phosphorylation of FRS2a and Erk 1/2, as determined by
Western immunoblot analysis for the effect of various concentrations of
compound 1 on AN3CA cells. Table 13 provides a summary of the activity of
compound 1 in endometrial cancer cell lines AN3CA and MFE-296, as
compared to the wtFGFR2 Hec-1-B and RL95-2 cell lines.

Table 13. Summary of compound 1’s activity in endometrial cancer cell lines

Compound 1

Cell Line FGFR2 Phospho-FRS2a Phospho-Erk1/2 Growth
Status IC50 (nM) IC50 (nM) GI50 (nM)
AN3CA N549K 3.7 58 30
MFE-296  N549K 2.7 5.5 72
HEC-1-B wt >1000 >1000 490
RL95-2 wit >1000 >1000 428

Oral delivery of compound 1 inhibited growth of FGFR-2 mutant
AN3CA endometrial tumor xenograft. Compound 1 inhibited AN3CA tumor
growth by 49% and 82% at 10 and 30 mg/kg, respectively (Figure 23).
Compound 1 inhibited pharmacodynamic markers 6 hours post-dose. Oral
dosing of compound ! inhibited FRS2a and Erk1/2 signaling in the AN3CA
xenograft, as determined by Western immunoblot analysis 6h post-dose for
phosphorylated and non-phosphorylated FRS2a, phosphorylated and non-
phosphorylated Erk1/, and glyceraldehyde-3-phosphate dehydrogenase as a
control (data not shown).

These déta show that compound 1 is a potent, orally available pan-
FGFR inhibitor. Activity has been seen in multiple cancer types, including

gastric, endometrial, bladder, and multiple myeloma. The activity of
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compound 1 compared favorably to other inhibitors with known FGFR activity,
where these inhibitors are being evaluated in the clinic. In addition, oral
compound 1 potently inhibits tumor growth in an endometrial cancer model

that expresses the clinically relevant N549K mutation for FGFR2.

Example 9: Synergistic anti-tumor activity of compound 1 with an mTOR
inhibitor in cancer models.

Figure 24 A shows the growth inhibition of compound 1 on the AN3CA
cell line for various concentrations of ridaforolimus, compound 1, and a
combination of compound 1 with ridaforolimus. Figure 24B shows the growth
inhibition of compound 1 on the MFE-296 cell line for various concentrations
of ridaforolimus, compound 1, and a combination of compound 1 with
ridaforolimus. Concentrations are given as function of EC50. The
combination of compound 1 with ridaforolimus provided a synergistic effect,
as compared to either compound alone, on both FGFR2-mutant endometrial
cancer cell lines AN3CA and MFE-296. Median effect analyses of the
combination of compound 1 with ridaforolimus on the AN3CA cell line are
provided for the AN3CA cell line (Figure 25A) and the MFE-296 cell line
(Figure 25B). For the AN3CA cell line, synergistic effect was observed within
a concentration range of 4.3 to 1000 nM of compound 1 with 0.05 to 13 nM of
ridaforolimus (Figure 25A). For the MFE-296 cell line, synergistic effect was
observed within a concentration range of 14 to 750 nM of compound 1 with
0.14 to 7.5 nM of ridaforolimus (Figure 25B).

Cell cycle analyses were performed in AN3CA cells following 24 h
treatment with ridaforolimus, compound 1, and the combination of compound 1
with ridaforolimus. Enhanced cell cycle arrest was observed during the G0-G1
cycle when treated with the combination of compound 1 with ridaforolimus, as
compared to cells that were untreated or treated with one compound alone

(Figure 26).
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FGFR2- mwearmiigsssset ri al cancer cell lines. Conpound 1PCmhisbétoesso16
endonetrial cancer cell lines AN3CA and MFE-296, as conpared to w FGFR2
Hee-1-B and RL95-2 cell lines (Figure 22). Conpound 1 inhibited signaling

in ANBCA 5 cells, particularly the phosphoryl ation of FRS2a and Erk 1/2, as
deternined by Vest qme drffetdoRimfouiaal Mﬁlﬁd&f@folﬁﬁ?s &Hﬁ%us%ign\aﬁh ous
concentrations of conpound 1 on AN3CA cells. Table 13 provides sunmary of
the activity oholeospoimitic ANICAnmtideterwad alsadetermimet byl WagternAN3CA and

MFE- 296, as cqnpared to t FGFR2 1lee-1-B and RL95-2 cell |ines,

Table 13. SumtE¥3H lﬁmgaﬁgﬁh@saéwwlw G ﬁmw;qoanpwﬁcleﬁdté@n li nes

Cell Line nM or 300 nM) with ridaforolimus (at 0.5 nM or 5 nM) resulted in inhibition of
5 FRS2a, Erkl/2, and S6 signaling (data not shown).

Figure 27 is a schematic showing a possible model of the FGFR2 and
mTOR pathway. Without wishing to be limited by theory, compound 1
appears to inhibit the FGFR2/MAPK pathway and ridaforolimus appears to
inhibit the mTOR pathway in this model.

10 Upon oral delivery of the combination of compound 1 with
ridaforolimus, enhanced anti-tumor activity was observed in the FGFR2-
mutant AN3CA tumor xenograft. Figure 28A shows the inhibition of AN3CA
tumor growth for a combination of a low dose of compound 1 (10 mg/kg) with
ridaforolimus (0.3 mg/kg or 1.0 mg/kg). Figure 28B shows the inhibition of

15 AN3CA tumor growth for a combination of a high dose of compound 1 (30
mg/kg) with ridaforolimus (0.3 mg/kg or 1.0 mg/kg). Results are shown for
oral dosing of compound 1 daily (black lines in Figures 28A and 28B) and of
ridaforolimus daily for five days of the week (gray lines in Figures 28A and
28B). Table 14 provides a summary of the efficacy of compound 1 and

20  ridaforolimus in an AN3CA xenograft model, where “T'GI” indicates tumor

growth inhibition relative to vehicle.

Table 14. Compound 1 and ridaforolimus efficacy in an AN3CA xenograft

model
Compound 1 Ridaforolimus TGI Regression

(mg/kg) (mg/kg) (%) (%)

10 - 26 -

30 . 81 .

- 0.3 48 -

- 1 70 -

10 0.3 84 -

. L 1 88 -
30 0.3 - 10

25 30 1 - 43
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The in vivo pharmacodynamics and pharmacokinetics relationship was
also determined at 6 hours post-dose (Figure 29). Also provided are plasma
levels of compound 1 at 6 hours post-dose (Figure 29).

Synergistic activity of compound 1 and ridaforolimus was observed

5 against FGFR2-mutant endometrial cancer cell growth. These data provide
that compound 1 and ridaforolimus have potent combinatorial activity in
FGFR2-mutant endometrial cancer models. Without wishing to be limited by
theory, potent dual inhibition was achieved through the FGFR2/MAPK and
mTOR pathways by compound 1 and ridaforolimus, respectively. Synergistic

10 effects of the combination of compound 1 with ridaforolimus were observed
via cell growth assays in vitro and tumor regression induced in vivo.

Compound 1 is a pan-FGFR inhibitor with potent activity in a variety of
FGFR-driven tumor models. Dual inhibition of FGFR2 signaling by
compound 1 and mTOR signaling by an mTOR inhibitor, such as

15 ridaforolimus, leads to synergistic activity in FGFR2-driven endometrial cancer
models in vitro and tumor regression in vivo.

These data provide support for the use of compound 1 in combination
with an mTOR inhibitor for the treatment of disorders associated with
pathological cellular proliferation, such as neoplasms, cancer, and conditions

20 associated with pathological angiogenesis. Non-limiting examples of cancers
which can be treated using the compositions, methods, or kits of the invention
include carcinoma of the bladder, breast, colon, kidney, liver, lung, head and
neck, gall-bladder, ovary, pancreas, stomach, cervix, thyroid, prostate, or skin;
squamous cell carcinoma; endometrial cancer; multiple myeloma; a

25  hematopoietic tumor of lymphoid lineage (e.g., leukemia, acute lymphocytic
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell-lymphoma,
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma, or
Burkitt’s lymphoma); a hematopoietic tumor of myelogenous lineage (e.g.,
acute myelogenous leukemia, chronic myelogenous leukemia, multiple

30 myelogenous leukemia, myelodysplastic syndrome, or promyelocytic
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of conpound | inhibited FRS2a and Erkl1l/2 signaling in the AN3CA xenograft,
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~control (data rhatdampwajconE)es tinert of théoenttdl ar peodpisaralntbriousssyatepofeens |,

orally avail abl e GFR i nhi.bi tor. Activity has been seen in

an-
mul tipl e canc &Strpgﬂe@% F%Pgla?ﬁ?alas gligma; o1 SChwanpemat); melanog)a, deiHong g
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eval uated i5n tdfeoaditiohs assloia&dﬂ@vtth@Berral{tallnFﬁfgﬁﬁ@;ﬂmdhﬂchmh%ttféatémmg ts
tunor growth in an endonetrial cancer nodel that expresses the clinically
rel evant N549RhegemppgHonsmatapiw or kitEabthg lieventiogyjndpds selidtuamrs.- t unor

activity of coppound 1 with an mlOR inhihitor in.cancer del s .

Bl gur e 2an shoURPARAcUpata- FReRATDIAA Hettis, Bt ARG PR SaRbAiTel | 11 ne
for various cqpa&Rhiagibho8kesRy, hhdahodPlehBidton CAHPLUR oY as A Bschbe.

conbi nati on of conmpound 1 wth ridaforolinus.” Figure 24B shows the growh

i nhi bition of conpound 1 on the MFE-296 cell line for various

- concentrations of ridaforolinms, compound 1, and a conbination of conpound
1 with rid8 orolinus. Concentrati oHther ombodnents f uncti on of EC50. The

conmbi nation of co 1w ridaf j i: r-gi,stic effect,

15 as conpared tongiyﬁl&lkgﬁ%n%%gﬁgﬂgﬁ’ g{ﬁ%b 5@§ﬁg’9%¥%&n€(¥ﬂa&ﬁtlggﬁéomtri al

cancer cell |ispesfiéiNas eramdrdrm rafdddyagfeeéiRab thh@dnys estedt astin@ach
conbi nation of conpound 1 with ridaforolinmus on the AN3CA cell line are

provi ded for tikdepaRAaA publiratiqme Kakny applicsian veasdspepidicpityand dieidpally ne

Fi 2513) .. For, the. ANSCA cell .|i istic.eff b d
WA 20 a candehen I oo Gag oy BreR 308, Rid iy Su it ApeReR o 0s
to 13 nM ak rinNi&f @164, ﬁl%hqgwtsb&ﬁa@, -205@}619@%,%_‘@8@0%&19%h?,rﬁi)d(fp

synergi stic effect was observed within a concentration range o fo 750
nM of conpouncind 64261 041 filedoNGyEMber I, 2009 adre hetciminsoffeirgtad dy25B) .  Cel |
cycl e anal yses re performed in ANSCA cells followng 24 h 25 treatnent
wth ri daforolr?%g%n,ceconpound 1, and the conbination of conpound 1 with

i daf i . Enhapc; Nyl - he GO Gl
(r:ch?eO\r/\gelanfeat gd%ﬁ?% ht’.% ﬁié%élgl}wl)%ih%gf% F%rﬁﬁ%s @gﬁpﬁg%ﬁ{&‘égﬁ%?%ﬂﬁ %8%? gr ol i nus,

as conpared t entdeidirgeithdervetl & wilitbeaatdetsiosd thaeatiechpabldofmeheonpound al one
(Figure 22%) WD 2011/ 053938PCT/ US2010/ 055016 The effect of conpound

1 and ri ddPor nedifisatinnsvad thia spligationiininterdeddalcorer anyt fsiatiNBTAseRIoF | i ne
v o0, 2o R R SRR i B, RS 0
- NMor 5 nM 1 gsednkie ahd ihddiBk b d&§fartures from the present disclosure that come
within known or customary practice within the art to which the invention
pertains and may be applied to the essential features hereinbefore set forth, and
25  follows in the scope of the claims.
Other embodiments are within the claims.

What is claimed is:
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5 FRS2a, Erkl1/2, and S6 signaling (data not shown). Figure 27 is a
schemati ¢ showi ng a possi bl e nodel of the FGFR2 and niTOR pat hway. Wt hout
wi shi ng twole11isae38ed by theory, conpound 1 appears to iPamiuszel00b®16

FGFR2/ MAPK pat hway and ridaforolinus appears to inhibit the mfOR pathway in
this nodel. 10Upon oral delivery of the conbination of conpound 1 with
~ridaforolims, enhanced anti-tunor activity was observed in the FGFR2-

mut ant  AN3CA turor X eﬁaaﬁﬁémﬂa %ﬁlp%%oﬁman@blw& Mahacghﬁﬁafaé% ANBCA

tumor growmh for a conbination of a l'ow dose of conpoun ng/ kg) with
ri daf orol i nus qo@isimg ¢gnpount. O org/gbgimadeugioaléy Qﬁﬁpmlbtn/\mhttherebﬁhnlantl on of
15 AN3CA tunor groth for a conbinatjon of a high dose of conpound 1 (30
mg/ kg) with ridPIwysestie ogrest agerplagn, QCW%/(Kd’)hYPRﬁgQ]lf%atb‘feeleé% for

or al dosi ng Of ﬂ%té‘m&i% %)éulg]gét Hlé"gts Ofquﬁzg’H‘{ag utgc%ﬁ%%ré?deé) .:?DE% and of

ri daf orolinus rve e week 28A
and 28B). Tablae;cibqemgow des a summary of the efficacy of conpound 1 and 20
ridaforolimus in an AN3CA xenograft nodel, where "TA" indicates tunor
growm h inhibition relative to vehicle. Tabl e 14. Conpound 1 and

ridaforolinmus effica in an xenogrt af t Conpound . 1 / kg) nodel
Ri daforolimus (ny/ g)cf\i‘lecﬂril q’;z‘gﬁe‘s‘g?ﬁ%“ %otzc%mg . CQW@ISinég‘geSl 48 70 10
10 30 30 0. 3 hydrochloride salt of compound 1.

3. The pharmaceutical composition of claims 1 or 2, which is

formulated in unit dosage form.

4. The pharmaceutical composition of claim 3, comprising from 30 to

300 mg of compound 1.

5. The pharmaccutical composition of claim 3, comprising from 20 + 4

mg, 25 + 5 mg, 30 £ 6 mg, 40 + 8 mg, or 45 + 9 mg of compound 1.

6. The pharmaceutical composition of claims 1 or 2, which is

formulated in a solid unit dosage form.

7. The pharmaceutical composition of claim 6, wherein said solid unit

dosage form is a tablet, a soft capsule, or a hard capsule.

8. The pharmaceutical composition of claim 6, comprising from 30 to

300 mg of compound 1.

9. The pharmaceutical composition of claim 6, comprising from 20 + 4

mg, 25 £+ 5 mg, 30 + 6 mg, 40 + 8 mg, or 45 + 9 mg of compound 1.
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vari ety of FGPIQ ri Vgﬂg%lbrn%cﬁseﬁtgggeﬁgﬁqg%gpﬂi nhi bition of FGFR2 signaling by
conpound 1 and mlOR signaling by an mfOR i nhi bitor, such as 15
ridaforolinus, |eads to synergistic activity in FG-R2-driven endonetri al
cancer nodels in viltr dhamoethodrof clabgrl@swhorein an gverage daily dosEhd26 1dét a

provi de support far the use of conpound 1 in conbination with an nmTOR

i nhi bitor for B&exF adegedhE 6ok §ans oadase? meat sampoysst heraegi cal

cellular proli i eopl.asme, .cancer .. and. condi tions.2
- associ ated wi tp%&%g%dﬁgﬁ%%lﬁg% eﬁ%‘é&o%@ﬁ@éﬁegt} O P’iagﬂl?lﬁbereéi&rﬁ?fcg?%é?gcancers
- which can be tij gaadodgddricne conpositions, nethods, or kits of the
~invention include carcinoma of the bl adder, breast, colon, kidney, liver,
![lﬁng, _ gead an;j ?eck, galk! - pl adder, ovarly, pancreas, st OgaChi _celrvi X, .
miltiple nyeloms; 4228 BREbePer SR 1Pobeelt Cohgid b Tineage (e.g.,
| eukem a, acu ABNQEMEY 1.8, HARE L& alenkem B-cel |
| ynphong, T-c?ﬁwymﬁonﬁ{&ﬁ%@gélﬁﬁag t?é/}%ng%gsn% n%ﬁ@ﬁ%ﬁ%ﬁ%gsgbﬁ:é% I(r)ema,
hairy cell | ynipoom, dayra Buelkot don svdrigephon@ikimes dvenpy dpppetidd. t unor of
nyel ogenous |ineage (e.g., acute nyel ogenous | eukem a, chronic myel ogenous
I euken‘: a, {ml ti IpI elf30. nmyel ogenous | eukem a, hrrye: odyspl astic syn?rgme, or
promyel ocytic eu ; senchymal origin (e.g., fibrosarcona
or rhabdomyosar corra?‘%é%e?f%é&lgf&?%l_ggvr‘{ﬁ?rgfry%?m%%%dg%é)rrél nervous system
e momm: £ or S A R, i ng
exanpl es 5 of conditions associated with aberrant angi ogenesi s which can be

treated using the sitions, .nethods, o its, of . the invention include
solid tunor s,g_ di abi&n@_ﬁf' é‘lqﬂﬁ?fg%’fwof‘ﬂ%‘m?a{odrg wherging *F%?u%%ﬁ“?%lsi s,
at her oscl eros'cﬁrqn‘?@ﬁq?élo%ehéﬂs‘ l@ﬁif@ﬁfa?ﬁbut@Eﬁ%ﬁéﬁlas‘fﬁ@%ﬂl&?nig,eﬂ;ﬁ&erat' on, and a

cardi ovascul ar di sea
myelogenous leukemia, a myelodysplastic syndrome, gastric cancer,

endometrial cancer, bladder cancer, multiple myeloma, breast cancer, prostate

cancer, lung cancer, colorectal cancer, renal cancer, or glioblastoma.
15. The method of claim 14, wherein said subject has chronic
myelogenous leukemia, acute lymphoblastic leukemia, or acute myelogenous

leukemia.

16. The method of any of claims 10-15, wherein said subject has a

condition refractory to treatment with imatinib, nilotinib, or dasatinib.
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10O her Enbodi nent s Al'l publications, patents, and patent applications
mentioned in this specification are herein incorporated by reference to the
sanme ext ewO 2a81/(58938ach i ndependent publication or paten®Capshiloasioon was
specifically and individually indicated to be incorporated by reference.
U.S. Provisional Patent Application 15Nos. 61/256,669, filed October 30,
2009, 61/256,690, filed COctober 30, 2009, and 61/261, 014, filed Novemnber

13, 2009, are herein, im%é}ﬁ()d‘bﬁﬂn?mr;élﬁfrﬁs{ £0196; wherein ¥ k&bibOgakAvent i on

- has been described in connection with specific enbodi nentsthereof, it wll
be under st ood Rhilatlelphia chrompsdhe positiveicomditio®0 nodi fications and this
application is intended to cover any variations, uses, or adaptations of
the invention following, in general, the principles of the invention and
i ncl udi ng such depakt li;gC . . i t:Ri N
known or customar ng'r ﬂ??%%ﬁgm%ﬁﬁﬁl gggagﬁ 1@3&&?@@@%@% g‘%‘?ﬁ%%\@é’@?t ai ns
and may be apphhest refadtbey wIs@RhER witkatVEGE dfEGRIeimikitdielr ah@ibhist.and
25follows in the scope of the clainms. Qther enbodinments are within the
-~ clainms. What is clained is: 1. A pharnmaceutical conposition

suitable for oral ihistratio 0mMLi Sing.conpound 1, or a

phar maceutical |y aige t“ﬁﬁﬁl%tﬁ%%f’fdt%ﬂanﬁéoﬁ T 3 éﬂjb‘gﬁfl'ﬁcgf fserg{r!agter)fg) treat a
neopl asm a capaRhentQFitRbEVARBRAY, SEATALH, 68 sthmiyler when administered to a
- subj ect, and one or nore pharmaceutically acceptabl e excipients. 2.

The pharnmaceutical conposition of claim1, conprising the hydrochloride

salt of conpound 1, 3 ghg pharmaceutical conposition of clains 1 or
2, which is formul 2Pedemethed ofgaagclppsd 0-17, whergin spid suhigsthas eut i cal
conposi tion of [ . S f 0 to 300 ng of conpound 1.

- 5. The phar naggﬁ‘%e?ggbl%g%lﬁggg??o‘ﬂg%flﬁc a?m 3, conprising from20 4 ngy, 25
5ny, 30 6 ng, 40 8 ng, or 45 9 ny of conpound 1. 6. The

phar maceutical conposition of claims 1 or 2, which is fornulated in a solid
unit dosage form 21. Themetlpdobelaimafewhetsal saadBsdsiABlomwintds BIGR-6,
~wherein said sgld@isunit.d gei7f or m i ablcet, a soft capsule, or a hard
capsul e. Aq%]l.‘ Thehgﬁégﬁceut’ioégd]gﬁﬁ%%si tion of claim6, conprising
from30 to 300 ng of conpound 1. 9. The pharmaceutical conposition of
claim6, conprising from20 4 ng, 25 5 ng, 30 6 ng, 40 8 ng, or 45 9
mg of conpound 1. 22. The metbod &f aet bibdainds 10-é9t whegem sadbpltgsshhasacancer, or
a hyperproliferative disorder in_a subject in need thereof, said nethod
conpri si ng or &ANSET §YPiCATIRE @ Alng, id Ts HOdRdu sy BRGHR@mwWantt o 300 ny of
conpound 1, or a pharnaceutically acceptable salt thereof. 11. The
met hod of claim 10, wherein an average daily dose of 20 4 ng, 25 5 ng, 30
6 ng, 40 8 ng, 0r235Thd mBh&f oCARRRENGwhereR sAd RRAAITBS PETBAq, ¥-RECEPt abl e
salt thereof, is orally adm nistered to said subject in a unit dosage form
- 12. The net hofGHRIEDRR-IGER 1, wh&lBih1-ddnpBRad 1, or a pharmaceutically
acceptable salt thereof, is admnistered to said subject nore than one day
a week or on average 4 to 7 tinmes every 7 day period. 13. The net hod

- of claim12, wherei Qr har i utical |l y.accept ab sal t

~ thereof, is adnini %?’e?ggﬂfegﬁ (Ssjdacl}f_olalf1 u%tjac_églfnsdgq% ??}w eremn %lcﬁﬁqmﬁ%@dn&%@d of
any of clai WFE&Tﬂ&euWFﬁc@eﬁ%Q saHRh@ebf, REsdreini V&L topeeh@genous | eukeni a,
acute | ynphoblastic | eukem a, acute nyel ogenous | eukema, a nyel odyspl astic

syndrone, gastenaursatiyevith amddr@R dilabitoaeacrin ablaaddet thegatugetheriul ti pl e
nyel oma, br easg cancer ,eggro t at el cancer, lu g can(ﬁte;r, col orectal cancer,
renal cancer, “HFCIYG 19t sfigcoplasm, canper, of RRPFHBIHEAAGME dSQEdRT14, wher ei n

sai d subject has chronic nyel ogenous | eukem a, acute |ynphoblastic

| eukem a, or acute myel ogenous | eukem a. 16. The method of any of
claims 10-15, wher2$.nThandtisadbpdhinhds, whaemiaid ;T ORfinldbiter iy stlectedeat nent
with imatinib, nilotinib, or dasatinipb. 17. The method of any of

clai ms_10- 16, fipAetheigiownPensitbiecdsinelisns. Prolmes.panairelimusosone positive
. condi tion. ridaforolimus, biolimus, zotarolimus, L. Y294002, Pp242, WYE-354,
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18. The nmethod of any of clains 10-14, wherein said subject has a solid
cancer refractory to treatnent wwth a VEGF or VEG--R i nhi bitor or

ant agoni sw0 2011/0539389. The net hod of claim 18, wherein sacu/usediodsmancer i s
refractory to treatnent with bevaci zumab, sorafenib, or sunitinib.

- 20. The nmethod of any of clains 10-17, wherein said subject has a cancer
expressi ng a BCR- ABL nut ant. 21. The nethod of claim20, wherein said
BCR- ABL nmut antg i 90BSRABIIA3L A ST ABNRAP-BRZ 05, BOR0ABLE3ARMannin,  22- The
nmet hod of any of clainms 10-19, wherein said subject has a cancer expressing
a FLT3, KT, REEREfinomyFOSHRRe amdistautosporine, ar@i3phafinecautichibyl acdeptdbid sald?2,
wherein said mdt ané is FLT3-1TD, c-KIT, FGFRI OP2- FGFR1, or Fl P1L1- PDGFRa.
24. The met hod™®¥€%hny of clains 10-23, wherein said conpound I, or a
pharmaceutically acceptable salt thereof, is adm nistered together or
concurrently with an mlOR i nhi bitor each in an anobunt that together is

ef fective to treat 28aiAdlkheopipaisifg @PdpkirmaREutiaPesRpOsitibe saitdbIe feh srar der .
25. The nethod of claim 24, wherein said nTOR inhibitor is selected from
the group congidgtinkgaten sf eenpenrsl 1.crarpliarmaesuticakly aeaspiablessalt theegoriol i nus,
bi ol i mus, zotarali rru§,6gLY294t002 Pp242, WE- 354, Kuﬁ 006375%ir XL765,
AZDB055, NVP- BEASARIT SHECAVEA0 et a iepplasm. & Gancet 9rt hYRFFRTORREVE ang

staur ospori ne,digidePhBETBERM &R Y 2 366REL 3R 8nd 8l hdr ‘Bﬁaﬁflﬁfceutic ny 26. A
kit conprising (i) a pharmaceutical corfposition suitable tor oral

admi ni str at i oracoépteldepencipitnis; aod (8) phametwefor iadalitiytesiag epidgihlaemaddutical
thereof, in an anount effecLi ve to treat a neoplasm_ a cancer, or a

hyper prol i f er &OMROSHIOBIP destibifst frr dbgrrpatateat afisaid NGORIABNRANCEARE one or nore

phar maceut i Calﬂgféﬁ%‘fc?ﬁ@hﬁ&)e%if&iﬁ&pi ents; and (ii) instruction for
rap

adm ni stering armaceuti1 cal conposition to a subject for the
treatnent of said neoplasm cancer, or hyperproliferative disorder.
27. The kit of claim26, wherein said subject has chronic nyel ogenous
| eukeni a, acute |yrAphdbldtofcclhisuR@nmviereincaaidsuhjedlt bge plonesid mpklegergusa

nyel odyspl asti.c .syndro astric .cancer, endonetrial cancer, .bl adder
cancer, multi prECHR a&ﬁé ly&ngﬂasﬂﬁ FW‘%&BE&C&P&G%&W le ?ﬁmja&ancer,
col orectal cangRiledysphalic SHUrBine, Qﬁstﬂé EARAhABRetrial cancer, bladder cancer,

multiple myeloma, breast cancer, prostate cancer, lung cancer, colorectal

cancer, renal cancer, or glioblastoma.
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