CRI ZOTINI B FOR USE | N THE TREATMENT OF CANCER This Application clains
the benefit of U S. Provisional Application No. 61/514,386 filed on August
2, 2011, wbeosontesats of which are hereby incorporated lpgTnBioaz/e3sce i n
their entirety. Field of the Invention The present invention rel ates
to the use of ROS inhibitors for treating abnormal cell growth in mammals.
In particular, the invention provides nethods of treating manmal s suffering
from cancer. Background of the Invention Human cancers conprise a

di verse array of diseases that collectively are one of the |eading causes

of death in devel op count ri t | J Cancer

Soci ety, Cancer Fact Ak Eiﬁ@&‘%’%ﬁ%%?%ﬁ?ﬁw&‘ﬁp%&%er Soci ety;
2005). The progression of cancers is caused by a conplex series of multiple
genetic and nol ecul ar events including gene nutations, chronosom

transl ocations, and karyotypic abnormalities (Hanahan et al. Cell 100:57-70
(2000)). Al t hoUumApprlisatienieaimg the berafieof €-Sc Rievsionst Apalisetion Mpb Both3af ver se
and conpl gxq oReGIuSEN 981 1, eﬂg%!a%m&%%&m&%sly inBorPpYPited by CRIFER jhr ai t's
and acquired capabilities that facilitate 1ts progression.” These acquired
capabi | i t thel entieeude dysregul ated cell growth, sustained ability to recruit
bl ood vessels (i.e., angiogenesis), and ability of tunor cells to spread
locally as well as netastasize to secondary organ sites (Hanahan et al.

Cel | (2000)). Therefore, the abilfieidpfthe Inveidionfy novel therapeutic agents
that 1) inhibithdmbesilibnici @Rl hRd ud 6 rROS SHfiskoRo ReathdMbRbrmal
progression or 2) target nultiple processes that are commbn™to cancer

progr essi 6%l raWH) ipangramglsofn P@Iﬁ@ﬂ%ﬂ Breda\antign groyjdgaimatieedstof trrpng need.

V-r0s URZ2 Sai£Q88,fdrihg $rorsH@ene homolog 1 (ROS-1 or ROS) is a

pr ot ooncogene receptor tyrosine kinase that belongs to the insulin receptor
subfamly, and is involved in cell proliferation and differentiation
processes. Nagarajan et al. Ppagkd¥lid &R Insehtighs: 6568- 6572 (1986)). ROS is
expressed, in humans, in epitheltal celTs of a variety of different
tissues. Def edtyNamCcIROS eSS achvasrIAGRY Actisaraes Hat erligelivededreopamd in

gl i obl ast gEReadd®y WRlsks %ﬁcééé{ﬁrg?féeggfo%@?%&ﬁﬁﬁ RoUdRBMAHS WM LaTEddERar est et

aL, Genes Chronps. Can 7F(1 : . OOS)P?. Genetic alterations involving
ROS t hat Cancer Society, Cancer Facts and Figures 2005. Atlanta: American Cancer Society;,

2005). The progression of cancers is caused by a complex series of multiple genetic
and molecular events including gene mutations, chromosomal translocations, and
karyotypic abnormalities (Hanahan et al. Cell 100:57-70 (2000)). Although the
underlying genetic causes of cancer are both diverse and complex, each cancer type
has been observed to exhibit common traits and acquired capabilities that facilitate its
progression. These acquired capabilities include dysregulated cell growth, sustained
ability to recruit blood vessels (i.e., angiogenesis), and ability of tumor cells to spread
locally as well as metastasize to secondary organ sites (Hanahan et al. Cell (2000)).
Therefore, the ability to identify novel therapeutic agents that 1) inhibit molecular targets
that are altered during cancer progression or 2) target multiple processes that are
common to cancer progression in a variety of tumors presents a significant unmet need.
V-ros UR2 sarcoma virus oncogene homolog 1 (ROS-1 or ROS) is a proto-
oncogene receptor tyrosine kinase that belongs to the insulin receptor subfamily, and is
involved in cell proliferation and differentiation processes. Nagarajan et al. Proc Natl
Acad Sci 83:6568-6572 (1986)). ROS is expressed, in humans, in epithelial cells of a
variety of different tissues. Defects in ROS expression and/or activation have been
found in glioblastoma, as well as tumors of the central nervous system (Charest et al.,
Genes Chromos. Can. 37(1): 58-71 (2003)). Genetic alterations involving ROS that



result in aberrant fusion proteins of ROS ki nase have been descri bed,

i ncluding the FIGROS deletion translocation in glioblastoma (Charest etal.
(2003); Bwvochmsaiigsdetal . Proc Nat! Acad Sci 84:9270- 9272CtAB8i)Hs3a6td NSCLC
(R nkunas etal. Cin Cancer Res epub, Jun 1. (2012)), the SLC34A2- ROS
transl ocation in NSCLC (R kova etal. Cell 131:1190-1203 (2007), the

CD74- RCS transl ocation in NSCLC (R kova etal. (2007)) and

chol angi ocarci nona (Gu etal. PLoS ONE 6(1): el1l5640 (2011)), and a
truncated, active formof ROS known to drive tunor growh in mce
(Birchrmeier etal. ML CellL Bio. E% : 3109- 3115 (1986)). Additional fusions,
i ncl udi ngreﬁpﬂ/mmnt fgpion Preteins oERASHIEEe1Rie PRETGES d, indydingen r eport ed
in lung Cﬁf@@bs‘)@élétﬁﬁttrat&%étlcﬁ’ﬁ |&§as§]a_rﬂ5‘?@ﬁ$}bsteét% Zd\d%s LEflﬁchM;é%'r%YQ/e

(2012)). di um Dependent ate Tranzigorter sof orm Na

protein (5’[@#&(2/)\040‘5,3%86@@7%256 (bQﬁ FHONPREE Wﬁ%%@ﬂ’e@”fb@@ﬂ%‘if n that is

expr essed B hliain 14 9121 dna TR IdsahDIRRSS rocith INSELBARKBALILLU dgpendent
acti vi ty fects In EXPressi on and/ or acti vi t% have been found
oV

ovari an cé%l:éi9({—|fe3%é?100@i e CDGrES YR iansigqalien in NSOEC 1oV eiti3f907)LD74 i s
an Nt egr gho BRIBMGAOB LIS bhat PLANENEG®) Bsoeuo\ ) 358 d turcbraer one
protein wth high affinity for the MF imune cytokine (Leng et al. J. Exp.
Med. 197: adye-farnyef ROSE8yWN (1 diveruReagiowthan; reise sBirchmejeriel ah feelk hat

encodes f @y, 9(9‘}%40@@‘1 W(@@Bﬁ R anrukidas, |ho“@d £AMB-RISEr ¥pciResiLar ge,
ZO-1 (PDZ) domain, two coil col | regions, a leucine zipper. FIG has

been showsZRR@SEaed AR@%BﬂSdha@\eﬁ bq;anvmepweme sl Goeieal ugopy

i nteracti ggmpig erekBubii 2r 8 fARMe fRUICER (0013)).domai n with a SNARE protein, and
has therefore been postulated to play a ro?e in ol gi -nedi ated vesi cul ar

transport (Chap@dym &egpndqnpfbggrhate Transpaiier sotmAda rretgis(Sbed#Adn occurs
bet ween CRrPERSHR o bRIMNosple QQHQJUP@F)%@@H%?DS &B%s@é@ﬁ%nt IWeg b$i on

protein variants that conbi ne N-term nus of di um Dependent™ Phosphat e

Tr anspor t 8Mall §éFs§pen qquyhlthqﬁquywdgm_r@ga@hwtm[}eﬁpqt%@ ICetédenbr ane and
ki nase dopRiBssidH ald/QtL4i 'E)‘%eFWdL%'n'i‘@vffaﬂ%%h&br%l?ﬁﬁg?& eReH d%%%osé

(ROS) kinase (WD 2007/084631 To date, two variants o fusion
pr ot ei ns, 2¢Pe {289-E23202088)n DZd i 'O@E@%Wm prptein WﬁbeVQtl‘qnér@ts)a and 621

am no aci fid abs>H ks teh R hiYRGHARY Jor thEMPERihYR! Kok en
identified (WO 2007/08463 e%ro The SL%Sa %C?S transl ocatl%yno can@gh%o be

descri bed@ad- &8 Méidoﬂ\%i“i A 4008 h & G htisedd Sleblasiomgling aanedhat
subsequenthyodas GsHECAs-amirRPRYd %temh%m%d% ASEsoD IS 04rge,zs-happgs eri zed
by a protein sequence encoded t he 5LC34A2- ROS fusion gene. The
CD74- ROS f98A| Woailet coltiegioss t?é‘tdvﬁe@HC'B%F@%rs 6 heshse) S@M\fﬂ‘ teReeRARiB e
(6922) an?erﬂﬂfé%ﬂ‘}%th%hé (53} g@ﬁpﬁré‘fh@'b? .ﬁt&%&t.@qﬁmu@ﬁﬂsTslaébd&doﬂédwus of CDr4,

with the transnenbrane an dormai ns of Proto- Oncogene Tyrosi ne

Prot ei n KAAR3E Wih pNAREBieiny pesshakihgedere bPﬁB ppelyigfted tﬁ@lw §0S fusi on

protein i &ofyi-Ale3iatl NRickkdr daR$EUrEiohatedPa2020091846) . The CD74- ROS
transl ocati on can_al so be described as a fusion of the ROS gene and the

CD74 gene whi C-Fhes%kﬁ% PyrappleagtionLcqrrs HsBYGeR RN ASAIIRASP 936 pr ot ei n

char act er pz@ehoByma (22 ah@PﬁﬂGé@@% f@ﬁ@@ﬁ@ﬁblﬁwarﬁd?ﬁs ﬂ?r@?éonm fhesion gene.
The FI G ROCS del etion transl ocation occurs by an_intra-chronosonal

homozy gou @] §AdigM- %”QPW%@?tEJr%PB'ﬁ%@%‘P@W bgPi$b P8It oduce a

consti tléogsmmmytw.mah@dawwﬁb@ﬁeIéha'amasé §61a5iAS bf Bicdd-Ont ) ros@y I ant's
of FIG fusion proteins, which are 878 am no a L); .long

vari ant) BRieiBENaskiRfeS 8@%@0( ?RQESWSS)(WQ%QWOW%HIP)“"? é‘%éﬁrﬁ%l Y,
have beenof@m@ezdRog:uﬁ@rabrot&R@moh %72%%%@@0@%@%@%@8 and

del etions inval vin th gene_have been inplicated in the etiol ogy of

human can¥@tadt) gd r?@“'i‘?nﬁ?'ﬁ? 3968 Fﬁ@ﬁ(st)}q%{pf’fcvéﬁa?t&r@ﬂie&Hthb ha¥¢ enuat e the

activity pgéerR@ontificdqdn® 2007/084681). Whél&bsﬁwmtraﬁmbdéﬂb@baroa@o bgpresents a
significant unnet need in cancer ther apx Summary of the I nvention

described as a fusion of the ROS gene and the SLC34AZ2 gene which subsequently

produces an aberrant SLC34A2-ROS fusion protein characterized by a protein

sequence encoded by the SLC34A2-ROS fusion gene.



I n one aspect the present invention provides as nmethod of treating cancer
in a human in need of such treatnent conprising, admnistering to said
human a twerapaurdseal |y ef fective anount of a ROS ki nasecirnbiheniresof the
formula 1: OH NN 1 or a pharnaceutically acceptable salt thereof, wherein
the cancer is nediated by at |east one genetically altered ROS. The
conmpound of forrmula 1 may be variously referred to herein by its generic
nane, crizotinib, or by its chem cal name, 3-[(R)-1-(2, 6-
di chl or o- 3-f | uor o- phenyl ) - et hoxy] - 5- (1- pi peri di n-4-y1-1H pyrazol - 4-y1) - pyri
di n- 2-yl am ne.
The CD74-ROS translocation occurs between chromosome (5q32) and

chromosome (6g22) and produces a fusion protein that combines the N-terminus of

CD74, with the transmembrane and kinase domains of Proto-Oncogene Tyrosine

Protein Kinase ROS precursor (ROS) kinase. The resulting CD74-ROS fusion protein is

a 703 amino acid protein (WO 2009/051846). The CD74-ROS translocation can also be

described as a fusion of the ROS gene and the CD74 gene which subsequently

produces an aberrant CD74-ROS fusion protein characterized by a protein sequence

encoded by the CD74-ROS fusion gene.

The FIG-ROS deletion translocation occurs by way of an intra-chromosomal

homozygous deletion of 240 kilobases on chromosome (6g21) to produce a

constitutively activated tyrosine kinase (Charest et al. (2003)). Variants of FIG-ROS

fusion proteins, which are 878 amino acids (FIG-ROS(L); long variant) and 630 amino

acids (FIG-ROS(S); short variant), respectively, have been reported (Gu et al. (2011);

US 2011/0287445).Because fusions and deletions involving the ROS gene have been

implicated in the etiology of human cancers, finding inhibitors of ROS that can function

to attenuate the activity of ROS kinase activity in such fusions and deletions represents

a significant unmet need in cancer therapy.

Summary of the Invention

In one aspect the present invention provides as method of treating cancer in a
human in need of such treatment comprising, administering to said human a

therapeutically effective amount of a ROS kinase inhibitor of the formula 1:

I—l

or a pharmaceutically acceptable salt thereof, wherein the cancer is mediated by at

least one genetically altered ROS. The compound of formula 1 may be variously



I n one enbodi nent of this aspect of the invention, the at |east one
genetically altered ROS is a fusion gene of ROS. In another enbodi nent of
thi s aspew0,20t31a748asi on gene of ROS is SLC34A2- ROS genePCI/IBEDIZ0ROB gene.

I n anot her enbodi nent of this aspect, the at | east one genetically altered
ROS is a genetic deletion involving ROS ki nase. I n another enbodi nent of
this aspect, the genetic deletion is FI GROS gene. |In another enbodi nent of
this aspect, the at |east one genetically altered ROS is a genetically
altered ROS kinase. In another enbodi ment of this aspect, the genetically

altered RCS kinase is a ROS fusion. In another enbodi ment of this aspect,
t he ROS f (Rierefl fodegrichy A9 gRTBickiames 6MieatinttppubREs-hentieal @amen3-Hfit1Her6-

enmbodi nen L I is a
Goreti o Hicford-SHBo M) chaREh(1L ARy AAGLIRNIERL W pRHEF Ao, |
aspect, the dén@ne@mb@ﬂmeé\‘r af this gspertRrOthadnyrpdion, the at leastjahegepetically

embodi mentQbq RejPis 25&6H geﬁ{&f RB8C R anbfhe? @Jn%@&uﬁ%nf ﬁﬂﬁk'a@ﬁ&ct%@% on bone

cancer, pancreatic cancer i'n cancer, cancer of or neck,
cut aneous9fe Wﬁ@%dﬁ:ﬁ#%%%?@&ﬂ%]e o CETAROS gRpern 369@?1 %mb@chm@@trof rect al

cancer, C@C&ipeef tﬁehﬁ Ié’dé%né ﬁ&ﬁé?u@allysél@%cﬂ%oé%ﬁ%EnetR:QJéRéluoﬁmﬁfn g Rbgast
cancer, carcinona of opi an 't ubes, carcinoma of the endonetrium
car ci nonakigpse. Hféa'&‘éh‘\‘f @(anSjé[F‘%”tr%H’ﬁs agpech e gayietia deletionis idEHRQ$ 9eme IV ul va,
Hodgki n' s RbtREaSRoodHRBRES tHR addiet, aRORNEE Sne ﬁéﬁlﬁ%éllypiltetr@ﬁRég%b i ntestine,
cancer of the endocrine system cancer of thé t fyr0| | and, cancer of the
par at hyr openejicalyrlteseshRep kitasehe a@et*@hambgqﬂawat ofdhip @éﬁ%tdf‘e §9$Qt'0?i|yssue

cancer of jikdigg R"Cﬁ Mﬁ@se |§%¢€(§$ fd%flont hﬁa%r%n%ﬁ%érﬁ%@th%@&b tHelFe@8i ¢ or
acute | eukem a, R)/'[IC homas, cancer of the bl adder, cancer of the

ki dney or f%loé‘t'%sl- Qs%‘F'PaQ%?chWd‘WBOSd@?Q?Pn'Br?@OHPF?W@W'@Wﬁt ofgisvi s,

neopl aSWBaQJec'E e 5884dt3he %ﬁé/t%ﬁ'y §Iié$éc?ﬁb($@§'§)d’ele%h 'EBPJté(m%I\MQ@@Q”ﬁ spi nal
axis tunors, brain st em gl'i onmg, | tuitary adenoma, and conbi nati ons

thereof. KR2ghon ﬁ@?th@rﬂfﬂﬁﬂdﬂ@?ﬂt ofthig psrgch 'et'an%o@@ri%a@‘ﬁ@ss'@ﬂ@“& ed from

the group consjghbitgr %b@@ﬂeﬁﬂ@f'tﬂns%%éot'tHé‘GarR;%F‘%%"ele(:M@%ﬁ) lun@balel ast om,
squanous cell carcinoma, hornone-refractory prostate cancer, papillary

renal cel PORGSAICRID RANCTRFICSPREAT aFkIMERRIBE SARGERBHAS hARdPUICKTGIRESUS @hapl astic

| arge cel |ntrlab!(5[ﬂm‘?ﬁ@ar(oﬁlié]u)erlﬁ@@al%$tdv'aﬁar?@sﬂ%@i‘ redtd] caR@ h@hc& g el amnt  of
this aspect, the cancer is non-snmall cell lung cancer (NSCLC). In another

enbodi menfedsm. BIRMch SPRSEE copﬁéae%C@pas;@a@qqr{gﬂrggq%gf the fellapian fbes.

embodi menta@hoBiocs thrsP@eietriuRe caemBRE M tHf cehbe chRindiaPorthd vaghm ni stered as
a pharmaceutical conmposition conprising the conpound of the formula 1 and

at | east B#ENpRACHRCUVACHPIgKInRispIsnFanceneiihe pSonnageh GBMeF obiigstieHent of
thi s aspegfestihd) &an&HPHahdBErineRgstRY HéHc%r éf tRE tHrdN ARG RHE Gty

acceptable salt thereof is admnist ered a phar maceutical conposition
conpri si neartaﬁyr%eﬂﬁawanwomerﬁsﬁr%vaigla?d éafﬂ‘?&aﬁ%é@ftﬁf@%‘&i ‘F%V‘C%Qfé’?ﬁ abl e salt
t hereof apgth, dapasiof @tepPiaproRERIEdfeal, eroﬁféQﬁB&@Q'l&:ké@far Iyﬁ{phocytlc I'n
anot her aspect the present invention provides a nethod ri sing

adni ni st ePMPGOREs.Laneshrhinerifddey canceaohBerdney ar yrefr d\‘f?/f‘?i B?FQ'f‘@G‘aby ROS

ki nase a theinapalr teabha p@ﬁ/fseﬁédpvén%rmwcéhiraﬁwe‘R%s‘éyﬁé&E(CN@? d?lhid?f I n one
enbodi ment_ of this aspect of the invention, the abnormal cell growth is

medi at ed bY'SdYmpleqea. SBW@' @%ﬁn@moesapreyn gpwle@am'tﬂwg%om@ n"‘”&not her

enbodi mentembistion MurE®! InGRbihed EMBbHineht Gﬁﬂlb%"sﬁébthﬁe@aﬁé&hﬁblmélﬁfr&ﬁ ROS
ki nase. | n another enbodinment, the abnor nal romh is nediated by a

genetic d e cosiRiNg PheP e lkeeldeng quebﬂ\!ﬁ%) ¢iPBEgIomE BAUATRIS usi on
gene is Sk&B4NEn&S Mrm@ﬁgﬂaf%%ry b%s@%’&é}%@r %’Bﬂﬁﬁ'yﬁ@rﬁ‘él ceN B@rolﬁ@ﬁh@t Ic

deletion is FIG ROS. In_anot her nbodi nent, the abnor mal ovvthls
medi at ed 59)0@%@?%}905&0510&%n%tﬁrobé@stomaﬁa%r@p'aSHc areR sRlt! V’BH'P}HH? L) the

abnor mal ggj baeﬂf@&\éd&er $n BRSthét @dbdimentdgkred hﬁﬂec@"ﬂﬂi &irtet IB\VHBhshizg cBFDS
ki nase. | n another enbodi nent, the fusion ?rot ein is SLC34A2-RCS or

CD74- ROS. Ung canesr HP Chirb da prether eribpdinente thimagnest diercanse s gligigstoma: sone

such enbogh smey eﬁfboﬁhﬁéﬁt @ﬁﬂh%céspe&thﬂlerﬁbh’fm%@@fmé|f<$rﬁﬁjla-ﬂ1jr§|eﬂjnﬁﬁlgtrelré’lﬂasi o said
manmal havi ng an a %ir mal cel | rowt h nedi at ed

b
therapeut?é’& MAGSHTCAE EPDROSIARN FAMREISING ”F&%“RPCH&%% ”f%fPEST“ﬂ'% a”@r?é 1sa5Y
treating saé phahneehllEeddep@bRvddirier. In anothdibnastRimérit oeﬂfhmglwéemheof this
aspect, the ROS kinase inhi BI tor is a small nol ecul e inhibitor of ROS
ki nase. | n another enbodinment, the ROS4k| nase inhibitor is an
am no- pyri di ne conpound or an am no-pyrazi ne conpound. I n anot her
enbodi ment of each of the preceding aspects of the invention, the ROS
ki nase inhibitor is a conpound of the formula 1:



or a pharmaceutically acceptable salt thereof. I n anot her enbodi nent
of this aspect of the invention, the abnormal cell growh is cancer. In
anot her ewbadiymamssof each of the precedi ng aspects of wrheaBruznid’en, the
cancer is selected fromlung cancer, bone cancer, pancreatic cancer, skin
cancer, cancer of the head or neck, cutaneous or intraocul ar nel anoma,
uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian

t ubes, carcinonma of the endonetrium carcinoma of the cervix, carcinoma of
t he vagi na, carcinoma of the vulva, Hodgkin's D sease, cancer of the
esophagus comapHnsrof dfe foraulg dxaria phereaequieallyasaeripblemalt eredidocr i ne system
cancer of Fam.stt&ga%% pﬁ]laﬁfﬂgoeuﬁém%8ﬁ1p8§|tl6rh@on9&rsﬁ1;ghﬁﬁQbrqp&w’fom@'r of the
adr enal sarcoma of soft tissue, cancer o e urethra, cancer of the
peni s, pr @é@ Qh@”@&ﬂ@f&a”y aeneatsible walt taergokandeaiitenst ane PW@@@IW&V | ynphonas,
cancer of jtheipaddas, cancer of the kidney or ureter, renal cell

carci noma, carcinoma of the renal pelvis, neoplasns of the central nervous
system (CNS), Ip enaRe)aspqst 'lh?mﬁhm%fﬁioﬁ&lro‘é@ﬁssa Maed SOMpFiging st em gl i oma,
pi tui tary,adeRaHhg té%qn&ﬁmél RAAHLSabHEhEell growth medidled 6 ROZKINKE 3

enbodi nent of thi s aspect of the invention, the cancer 1S selected from t he
group conlﬂeéf!ﬂeﬁgcaﬂf/ effeefivermaquntefq Rp§d@13§8r’|@fé¢'t0( NEBQE) emiadipentps thisra,
squanous ggldct 6@hE ifaRTon, I ABMRANAIRE! §FvRAR Yo REQASTALS of RASEHne RARIEAIG Y

renal cell carcinoma, colorectal adenocarci noma, neurobl astonas, anapl astic

| arge cel PltergaRRSENgsa. (N gnather egeodiment thp ebRrormehceldrowiigs Radiakerhie nent - of

each of t{RiArRae s R@%H&%t%ﬁotﬁé?%rﬂdﬁ)&%dt%e abMEnEROG I row §on- smal |
cel |l lung cancer (NSCLC). In yet another enbodi nent, the cancer is

gl i obl ast Biediated by a gemqilcwetlaﬁmvnlyrngé%@%lnﬁé@rtln anotha embediment B t he

i nventi Onfusmege‘ﬁQ@QE'@%NZ RBIAS TS RURDGAIN ahoRfes @RIbARINGNE @hd gbhgiceof is
adm ni stered as aé armaceutical conposition conprising the conmpound of the

formul a 19@latPrdis Al@AXQS.dnanphar %@@dwpetarheﬁba@tr@%tcsbB@M%rsrm@cilateﬂ RY&not her

enbodi mentysphh drbled GRS kinadd)®h SRERGUIbRfmehetht QbRtnl n]zelp{;roﬁ/th is
pharmaceutical |y acceptable salt thereof is adm nistered as a

phar maceufediate weglpwbwotﬁwwgma&Q%@newﬁmﬁih%femmdmra the fiysiqn

phar maceupjdtah lysiassept RO r S 74-ROS! BAnofRd ebodifRpE, G IPRANIFBRRUL cal | y
accept abl e carrier. I n anot her aspect the present invention provides

a met hod EBPASsilAgoREHUah sMbpdingnisofihiraaprat thariepdcommsisesedi at ed by ROS
ki nase a bawn@s@@rm@tsab.hyn&ﬁﬁ@pﬁdvm m?mafceﬁg%;ﬁh ki€ bPRO® Kitdse | N One

enbodi ment of this aspect of the invention, the cancer is nediated by at
| east Onea&@q@@qlﬁlgqauyfﬁgptﬂ\@rqmomf@ﬁ%@naqednhlbltor thereby treating said

abnormal cell growth.

In another embodiment of this aspect, the ROS kinase inhibitor is a small
molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is
an amino-pyridine compound or an amino-pyrazine compound.

In another embodiment of each of the preceding aspects of the invention, the

ROS kinase inhibitor is a compound of the formula 1:
NH

N—N

Cl  CH, | N
N

Cl NH,

(B



anot her enbodi ment, the cancer is nediated by a fusion gene of ROS ki nase.
I n anot her enbodi nent, the abnormal cell growth is nediated by a genetic
del eti on wovoluiimg9ROS ki nase. I n another enbodi nent, tRETABBIDNS3GENEe | S
SLC34A2- ROS or CD74-RCS. In anot her enmbodi nent, the genetic deletion is

FI G RCS. In another enbodi nent, the abnormal cell growth is nediated by a
fusion protein of ROS kinase. In another enbodi nent, the abnornal cell
growh is nediated by a deletion protein involving ROS kinase. |In another
enbodi ment, the fusion protein is SLC34A2- ROS or CD74-RCS. | n anot her
enbodi ment, the deletion protein is FIGROS. In sonme such enbodi nents of
this aspe@ta phgrenageuticaty aeneptabieesaltdberent st eri ng to sai d mammal havi ng

cancer nedi at qq a%th@?@nlﬁbcﬂ%%ﬁt &tﬁl?%é@&?%ﬁ thedhJehti&, ftr?&ébr}b‘?méi%ﬂ[]@?ov% i@ RCS

ki nase inhibitor, thereb %/ treating sald cancer. I n anot
enbodi nengarser. t'hﬁ@otﬁgb@ﬁ odimpet qu@gcfkpfntagérqmmns.aﬁmcw ef the gentiomiieecul e

I nhi bi t or céﬁceﬁ%e'%'(:féﬁsﬂ%m Ihﬂg @Q%P%rongeg%‘r "BRkrealid B skih Qé&%r'd&hb&' tor is

an ani no- P dine co ound an am no- pyra2| ne COI’TpOUI']d I'n anot her
entbodi men! e heaker o {Qﬁ’éaf}ﬁpé%@ﬂﬂiﬁ@)oé?péﬂ@oﬁﬁ VIRENG PRANSAT OYRIaNGRECTROS

ki nase i nhichj Eé’ﬁce? %aﬁcé?%m%%gl @Ploh hﬁo%@é%’dn@er color c8ceR LPAIRE BReHt i cal |y

accept abl e salt thereof n anot her enbodi ment, the cancer is
sel ected ﬁ@ré'ﬁp'lnaﬁ)@”@efﬁ'@@ra” tWessecarainemn of H‘&rﬂ'ﬁ‘ﬂ@%}ﬂr'@”‘cé@f@'@@ma@ﬂh@ eaeer

cancer of -4 BRoMeafHRVagRE KearGH AR BPHE vAVa,| HEdRAGWiddasB B ARG B thd!t er i ne
cancer, ovarian cancer, rectal cancer, cancer of the anal regi on, stomach

cancer. cesQagysneancer b loasmal iiestipe, @arioh BiveerdpCingesysiem, @fm%o{tnees

carci nomatHgfo,a Qlﬁn@f&‘éﬁé@fo’f th'éfBaré%l%Fr&HW Sdncbhé tkShdreXal gRRGCLIGIRa Bf T he
vagi na, cafcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus,

cancer of S(@fh@ssgmapcegrrqug}[qrﬁ@ra cameee of 1be Penis. @ﬁﬂ@‘@rqaﬁ@erts%@@ﬁ?r @cer of
the thyr ojgdk&hNgmphRedag yndhoBs, cancer of the bladder, cancer of the kidney or ureter,

renal cell carcinoma, carcinoma of the renal pelvis, neoplasms of the central nervous
system (CNS), primary CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary
adenoma, and combinations thereof.

In yet another embodiment of this aspect of the invention, the cancer is selected
from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment of each of the
preceding aspects of the invention, the cancer is non-small cell lung cancer (NSCLC). In
yet another embodiment, the cancer is glioblastoma.

In yet another embodiment of this aspect of the invention, the compound or
pharmaceutically acceptable salt thereof is administered as a pharmaceutical
composition comprising the compound of the formula 1 and at least one
pharmaceutically acceptable carrier. In another embodiment of this aspect, the
compound of the formula 1 or a pharmaceutically acceptable salt thereof is
administered as a pharmaceutical composition comprising the compound of formula 1
or a pharmaceutically acceptable salt thereof and at least one pharmaceutically
acceptable carrier.

In another aspect the present invention provides a method comprising
administering to a mammal having cancer mediated by ROS kinase a therapeutically
effective amount of a ROS kinase inhibitor. In one embodiment of this aspect of the

invention, the cancer is mediated by at least one genetically altered ROS kinase. In
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par at hyroi d gl and, cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate cancer, chronic or
acut e | ewworznss/o1r9gaphocyti c | ynphonas, cancer of the bl aduaB01zesscey of the
ki dney or ureter, renal cell carcinoma, carcinoma of the renal pelvis,
neopl asns of the central nervous system (CNS), primary CNS | ynphonma, spinal
axis tunors, brain stemglioma, pituitary adenoma, and conbi nati ons

t her eof . In yet anot her enbodi ment of this aspect of the invention,
the cancer is selected fromthe group consisting of non-small cell 1ung
cancer (NSCLC), glioblastoma, squampus cell carcinoma, hornone-refractory
prost at e a,a@ib@rremwbmmtaﬁhy caBeRilis metliategdno fisipn,9epI0bROS inasadBnocar ci noma,
neur obl ashgiRg crflha e dbAbHal €6l broWiRMRabAbblgchett ddtsion ¢ cancer .

In yet anot odi ment, the cancer is non-sma cancer

(NSCLC) . |nN0|y@g RE® kinase- diBoeiharsiobodimentcthrdesion geng Iﬁ@fbloéiét\ )S or I'n
vet anot hen7aiied eRbinef ohBbSmBAP R oMbl BetclisNiE MG Hos, tlH%n&tHQPO‘md or
pharmaceutical | y acceptab ?e salt thereof Is adm nistered as

phar rraceu?i@@@”@ﬁhﬁ&@tmoﬁﬁa'c@ﬁsm%h@mﬁﬁ'éte@'dlmfuﬁ@”@mt?'ﬁé’fR@Sﬂﬂﬂ%sel”hnd at
| east one,phasr@fssHihes! iy a%ﬁsﬁ«pglea! grow.%In%d.até@bﬁa%tb%nﬁrmaﬂ' ment of

this aspect, the conmpound o formul a or a pharmaceutical |y acceptable
salt ther ByPVing RRBHASS. &h eelotagr WWWC@&W%@T PrOBHD 5 G392 9f si ng the

conpound @b?ﬁiﬁcﬁ@”Iﬁai‘ao%ré‘m%@ﬁm@ﬁpﬁ{étd&@doh)br&@h%f:@h@)ss@H SorhdeigPf and at

| east one pharmaceutically acceptable carrier. I n anot her aspect the
present i AVEAYIMGASHTGvs asizech theMedipdcomprises adninistaiing ig sid masimaledi at ed by
at | east pAANRERKH H\%@%tédrbﬂ?ﬁgmke'aﬁhé}ﬁs&t%llysé’ffé‘&tn‘}é SAbIRLE alROS

adm nistering a therapeutically effective anount of ROS ki nase inhibitor.

I n one enb'66$%hlb't@’ﬁ therrly tepaeg paigcaners. i nvent i on, the cancer is nediated

by at |east Orlﬁa%fﬂ%Férﬁ%chbﬁeﬁiéf%@‘és%@ thd R@ELindde iARBEAISS 2 8RNI ment, the
cancer is nediated by fusi on gene of ROS kinase. | n another enbodi rrent

t he cancemoi®u¥?é@h'§'i%@f B Sakigrsigetny @OH@r@tﬂb@ﬁ'dehQ/R@gs rEsedpbis® is | n
anot her eghafinEfrididet@ni éié'fah@ﬁr &?Qﬁldospg%z@% BYIRA0MN LAt B%odlh{énﬁﬂm her

enbodi nent, the genetic letion is I n_anot her enbodi nent

abnor nal @fe"r’thd’rf precedingeagrcis Pl Bie inveniisndhe it BnaseonhiRts ikAnase. I n
anot her ephagsirRIdfind foema@lnrer mal cell growth is nediated by a deletion
protein invol ving ROS kinaSe. In another enbodi nent, the fusion protein is
SLC34A2- RCS or CD74-RCS. I n anot her enbodi nent, the deletion proteinis

FI G ROCS. In another enbodi nent of this asp H the ROS kinase inhibitor is
a small nol ecul e inhibitor of ROS ki nase. in anot her enbodi nent, the ROS
ki nase inhibitor is an am no-pyridi ne co d or an am no-pyrazi ne
conpound. | n anot her enbodi nent of eachNgR t he precedi ng aspects of the

i nvention, the ROS kinase inhibitor is ayonpound of the fornula 1:

Cl CHy [ >
0 I N
cl NH,
F
1
or a pharmaceutically acceptable salt thereof.

In another embodiment, the cancer is selected from lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small

intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the



1 or a pharnmaceutically acceptable salt thereof. I n anot her

enbodi nent, the cancer is selected fromlung cancer, bone cancer,

pancr eat iwocaroar9sdski n cancer, cancer of the head or nechk/iBmut/essecus or

i ntraocul ar nmel anoma, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinom
of the fallopian tubes, carcinoma of the endonetrium carcinona of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's D sease,
cancer of the esophagus, cancer of the small intestine, cancer of the
endocrine system cancer of the thyroid gland, cancer of the parathyroid

gl and, cahe@thysid glaed. £aneaif thglagrenal gland saeconr of 60l tissussermcercafieer of t he
urethra, GRAFE caborl RIS proRIASL A EARARIor aEiho WHkEmR | AHbEtLeuken a,

| ynphocytic | ynphomas, cancer cancer of ney or
ureter, r yAwhomes. caperrel H@rﬂadd@arcéf‘@ﬂﬁ@éﬂ@fk'qnﬁéof BT, rﬁ@ﬂi'\ﬁﬁgcarﬁ@émﬁasrrs of
the cent ' BhroRB4QHheTd BB Aerlolashs dTH/cdiS! OWTRRRTBemSBINSR prffidhy turTor's,
brain stemglionma, pituitary adenoma, and conbi nations thereof In
yet anot heN %ém@@%ﬁp'néfaﬁfh‘i@oﬁb@ﬂ stgm glig@a; MW@Wlaéﬁnom%@néancer is

sel ect ed {5 aphidims Hredr. consi sting of non-small cell lung cancer (NSCLC),

gl i obl ast oma, squanous cell carcinoma, hornone-refractory prostate cancer,
papi |l ary r endl Yekanothanesibediment ebihisraspeal of Mirsiveniioni thesancanissebentedt omas.
anapl asti gohnah@§rduBldondi¥iga Wen claflcbi %ﬂg cgaéetrrmscee;l fSbladimy et anot her
embodi ment, the“cancer 1s non-snall cell lung cancer "(NSCLC). In yet

anot her eﬁ%dﬂﬂn%rﬁe” CaleE opn Beimane-rgfragiey pseiatg . cancer, papiljany igagl eallot her

enbodi ment,@inokl Sol&@RRFAdochidfohidY REIrbBBstokdS, SRPRRHORIG cell
pharmaceutically accept able salt thereof is adm nistered as a

phar maceutyMPaPMedfipes] andgrstisrganre’ Ryyat Reoengpbediment, theeanegrsinan-1 and at
| east onegpAREARGRY EARR) tN’S@LC@)eFHﬁe%ﬁotﬁéFém%dlmbﬁ‘t #RANeEr e giasimns. of
this aspect, the conpound o formula 1 or a pharmaceutically accept abl e
salt thereof il8 y&H@ﬁQﬁh%teé?t@d'”thfﬁb‘ﬁaﬁ‘%@téﬁtth%'a}/e'ﬁ'@ﬁptbg|C@i“@ﬁu'i'5b%r| sing the

conpound Bﬁarﬁ%‘b@&ﬂc@ll;}a&fep?abl%h@a’trfﬁ&%ﬁuh%aﬂnﬁrﬁrsté'r‘ée%Eta%ia?mwé&ucélher eof and at
| east one pharnmaceut’ cal acceptable carrier I n anot her aspect the

present i AYBRLSIEH W‘ﬁ@ééh%‘?%@%@ htha foeaylp Apndit aseene&cel | growth in a

mammal in H@rﬁ%c@utuo’éh&ﬁgcéeb%ter@'ﬂﬁercWﬁétﬁéﬂ@n@dﬁ"ﬁwéﬂt%ﬁﬁﬁé MpekOtai d mammal a
t her apeut| cally effective amunt of ROS kinase inhibitor. In one

enbodi rren?O’BPOl{r}ﬁilcg”&%fﬁé”&%'bdiortai‘@‘al”ﬁ@%{t'%w acepriaklp salt eredfd | growth is

medi at ed Bym@istdreast a%%rrﬁmmmbﬂn odMidrEESRSbr Bﬁ@tké ear% ourldbrasrRiunes
enbodi nent, the abnor nal rovvt is nmediat u5| on gene of ROS

ki nase. HF%HB@WG@%M?%@H?bet*’r?é“ﬁﬁﬁ@“r??@l at deasf ong B’i)ﬂrﬁ‘aP%Uti?é ated by a
genetic dgj;(fétptacy[b tqmM&d vi ng ROS ki nase. I n another enbodi ment, the fusion
gene is SLC34A2-ROS or CD74-RCS. | n anot her enbodi nent, the genetic

del etion is FIlGaREBEr p3Peshibe merseahipyRitivmroviqassa @BW@P‘&QWF’E%PQ rgaié h | S

nedi at ed bynder hiédia®Y B KSR ofé RASKiKddRa8 8-mafimanatnes ofskadidaBAént
abnor mal ceI | gromh is mediated by a del etion grotel n i nvol vi ng

ki nase. | AdRRGESEN ahsEReHisH!y etferdive gatoynt ¢f AR @P ffinase @Bﬂmmo”‘? n anot her

enbodi mentmbbditheht/sfi thig a@%éclg%f fhellﬁveﬁh@‘lﬁgcar%@srs rhébiRBOLN AL legsp@i ment, the
deletion protein is FIG I n anot her enbodi nent of this aspect

the ROS kBPprglisalynierid BPSikinage dpanetheppebadimenhfissanser ismadaekbPhase. In
anot her efapmi gepBlof ROBKiIMSR. I divtteriehfboRintedt, ths caiten s Medidklingiane conpound

or an am Sgnee%rdglzeltlgr?m%glmgul{lgs kllngsgnlr?tequgtrheregrgt?gdllrggr?tt the fusion gene is
SLC34A2-ROS or CD74-ROS. In another embodiment, the genetic deletion is FIG-
ROS. In another embodiment, the abnormal cell growth is mediated by a fusion protein
of ROS kinase. In another embodiment, the abnormal cell growth is mediated by a
deletion protein involving ROS kinase. In another embodiment, the fusion protein is
SLC34A2-ROS or CD74-R0OS. In another embodiment, the deletion protein is FIG-ROS.
In another embodiment of this aspect, the ROS kinase inhibitor is a small

molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is
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of each of the preceding aspects of the invention, the ROS kinase inhibitor
is a conpound of the formula 1: QH NN 1 or a pharmaceutically acceptable
salt therwof2013/017989 | n anot her enbodi nent of this aspeeCTaB2uiesszésventi on,
the abnormal cell growth is cancer. In another enbodi nent of each of the
precedi ng aspects of the invention, the cancer is selected fromlung
cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or
neck, cutaneous or intraocul ar nel anoma, uterine cancer, ovarian cancer,
rectal cancer, cancer of the anal region, stomach cancer, colon cancer,
breast cancer, carcinoma of the fallopian tubes, carcinom of the

endonet r i BPMNA-RYTEBPECOTOOURG Ot @ eMiNo-RYEAZINerTaP@Ndt IReanpigr ganbodigtedt noma of
t he vul va ks ' ; i s i of the snal
intestine?fggﬁggyﬂgﬁegﬁg %ngogﬁﬁﬂgﬁigg%gﬁﬁgggncerag%§?ﬂgﬁﬁﬁ§§gid gl and,
cancer of cemeoywrdthgfosndadr and, cancer of the adrenal gland, sarconma of
soft tissue, cancer of the urethra, cancer of the penis, prostate cancer,
chronic or acute |eukem a, |ynphocytic |ynphonas, cancer of the bl adder,
cancer of the kidney or ureter, renal cell/c&fci noma, carcinoma of the
renal pelvis, neoplasns of the central neryQ system (CNS), primary CNS

| ynphoma, spinal axis tunors, brain stem-gfioma, pituitary adenoma, and
conbi nati ons t hereof. In yet anoth enbodi ment of this aspect of
the invention, the cancer is selected frdmthe group consisting of
non-smal | cell lung cancer (NSCLGQ,, @i stoma, squanous cell carcinom,
hor none-refractory prostate cance hapl| Lary renal cell carcinong,

col orectal adenocarci noma, neur ist 8y, anapl astic large cell |ynphona
(ALCL) and gastric cancer. Iny @t heNHenbodi nent of each of the

or a pharmaceutically acceptable salt thereof.

In another embodiment, the cancer is selected from lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and
combinations thereof.

In yet another embodiment of this aspect of the invention, the cancer is selected
from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment, the cancer is non-

small cell lung cancer (NSCLC). In yet another embodiment, the cancer is glioblastoma.



precedi ng aspects of the invention, the cancer is non-small cell |ung
cancer (NSCLC). In yet another enbodi nent, the cancer is gliobl astona.

In yet arwohers/mamsodi nrent of this aspect of the inventi eal/1Ble2/eBmgound or
pharmaceutically acceptable salt thereof is admnistered as a
pharmaceutical conposition conprising the conpound of the fornula 1 and at

| east one pharmaceutically acceptable carrier. In another enbodi nent of
this aspect, the conpound of the formula 1 or a pharnaceutically acceptable
salt thereof is adm nistered as a pharmaceutical conposition conprising the
conmpound of formula 1 or a pharmaceutically acceptable salt thereof and at

| east one pharlRraekanatheilempodiseans obibiscaspastraf dre invention, tha comeowrthedi nent  of
each of t f ngﬁg a human. In
anot her eﬁ%ﬁaﬁ%ﬁ?ﬁa&&?a%&@%&&aﬁﬂ tgérgrgfelgguﬁ]ﬂgét%dg%?gpo uhlba:11vent| on, the
mammal i sCemaesgiion comprising tiamermieeunds éa formida ﬂ.r%‘@'é?ﬁieaish%tl on provi des a
met hod of o RlobiiaRARGREIBRAMAIO IPEnRAS! drhdiRirhet Find Salr ane_geneti cally
altered kinase 1'n a manmal in need suc treat nent conpri sing

admi ni st efPmBOUNY & Sherformwadl ora RhsePagriliealtyacegptable salt fRggeddiount of a ROS

i nase | nhidinihéred b aOR@RARANEREIOLI dNbcingRRRGhe bmbbitnd SYERIILR. the
genetically altered kinase 1s a fusion gene™o . I'n anot her™

enbodi men@r a Ph@’"ﬁ@@ﬁﬂtﬂﬁ‘”!gé%pt@eﬁ_@éﬂﬂzom %He@!}?ﬂle RcEmapeutigabt her

enbodi menteodobpid sigHan gene is SLC34A2-RCS. In another enbodi nent, the
fusion gene is CD74- ROS. In another enbodinent, the genetically aI tered
ROS ki nase i s |8 agetet agpegkihetrresent nvention myovigss &ingtod Of Iraatigcbmermal

enbodi mentg g,rtawtrgﬁré%srﬁw@ﬁnq{eleer&f s@chﬁréétr%?ﬁ cohrbr@ﬂgfahﬁfn.ﬁamdﬂo@%m the
genetically altered ROS kinase is a fusion protein of ki'nase. In

anot her efFaunarériherapadicgbneifactvs ayountat pRPREBaRe WQ@&OF § eedel et i on
protein i Bﬁh%énhféﬁt ﬁ%s%’sﬁ@é%f theMnaRAbM &ke SERAFLNEM grolii8s fddiaiy Ry atein is
SLC34A2- ROS o0 ROS. I'n anot her embodi nent, the fusion protein is

CD74- RCS. Ie|a§t W%@F‘Cﬂbf@lﬁfeﬁﬁ@s Kippee. ﬁrmgn@herpﬁr@t@%i'mentsthsmqmﬂr@s In

anot her ep’#b%*h E&ﬁédlatbb%y‘é%ﬁéh Bé‘né)équQ@S Rinla8e.Frh &S embodlme||1tnth%not her
enbodi nen his aspect, th kinase inhibitor is a small nol ecul e

i nhi bitor amorm@cq&h%%@ IS md@m%@ gRriisdiepdian VoIS kinaad dn RGBT t or i s

an am no- pybb&hiast, ‘Pr?l—ﬁﬂ&@u@ﬁ%eﬁé o) CHADOR O IR DDTE-ROSPAYREthet @m%B&hﬂﬁf
enbodi nent of each of the preceding aspects of the invention, the RGOS

ki nase i niieenstic daletionds ffenRRP-dn apofber eipbrgliment; the apnormal cell growth is

mediated by a fusion protein of ROS kinase. In another embodiment, the abnormal cell
growth is mediated by a deletion protein involving ROS kinase. In another embodiment,
the fusion protein is CD74-ROS. In another embodiment, the fusion protein is SLC34A2-
ROS. In another embodiment, the deletion protein is FIG-ROS.

In another embodiment of this aspect, the ROS kinase inhibitor is a small
molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is

an amino-pyridine compound or an amino-pyrazine compound. In another embodiment
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or a pharmaceutically acceptable salt thereof. I n anot her enbodi nent,
the cancer is selected fromlung cancer, bone cancer, pancreatic cancer,

ski n canceo,20anewp of the head or neck, cutaneous or i RCTABmUb/e3376fel anonma,
uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian
tubes, carcinoma of the endonetrium carcinoma of the cervix, carcinoma of
t he vagi na, carcinonma of the vulva, Hodgkin's Di sease, cancer of the
esophagus, cancer of the small intestine, cancer of the endocrine system
cancer of the thyroid gland, cancer of the parathyroid gland, cancer of the
adr enal gPteash of Hrecaeedhtg aspreptstdl dhaiavendianctee RIS kinasainbiblierds acancer of t he
peni s, pr roni ¢ or acute | eukem a, |ynphocytic |ynphomas,
cancer of eﬁg‘gf\dﬁﬁwor@@?éer of the kidney or ureter, renal cell

carci noma, carcinoma of the renal pelvis, AEOPl asns of the central nervous
system (CNS), primary CNS | ynphoma, spi naI axfs tunors, brain stemgliong,
pituitary adenoma, and conbi nations thenegf. In yet anot her

enbodi nent of this aspect of the inventiop, the cancer is selected fromthe
group consisting of non-small cell |ung dancer (NSCLC), gli obl astons,
squanmous cel | carcinoma, hornmone-d efgac prostate cancer, papillary
renal cell carcinoma, colorectal Jadehoc rgynoma, neurobl astomas, anaplastic
| arge cell |ynphoma (ALCL) and gasyri ® cincer. In yet another enbodi nent,
the cancer is non-small cell |ungsCancer NONSCLC). I n yet anot her

enbodi ment, the cancer is gliobl gstoma. In yet anot her enbodi nent of
this aspect of the invention, the conpound or pharnmaceutically acceptable
salt thereof is administered as a phardaceutical conposition conprising the
conmpound  gf 5 hRSn{REMtafy g'cc%B%bﬂat elnqﬁe%opne pharmaceutical ly acceptable
carrier. In anot her enbod ?‘ his aspect, the conpound of the fornula
1 or a phar made@npiar eryb%m@plt%ftsmléag@ﬁqt of therirvention; thexahrionmaleeH @aovdb isa

phar maceubheal. 1 QTBASI &l HeARIbBERG thD BrecRBREWRoaL of REHcidh, 8o 2
pharmaceutical |y acceptable salt thereof and at | east one pharmaceutically
accept abl eanggr isisglected from lung ganges tiieae C&%@édu‘tan@ﬂf?ét'q}?%@@rnﬁklﬂ ARG CGACYr ovi des
a method gf int head bR EBAMRBLS bR SRUER mekMBRI. SRt SHELNIIARIN RAcdo a
manmal in need of such treatnent a therapeutically effective anmount of a
ROS ki nasEeciahaansier.gancar9f heenahisei@n niemadt caneers celsp eaicenforeastcansgent i on,

the ROS Pesichbi@ of #298loplah 1R BlrEfloRY oRirkhliBeBRRCALnGE of e R her
enbodi ment, the fusion gene i s SLC34A2 4-RCS. I'n anot her

enbodi rren@arC'Pﬁ@af%ﬁiemg@én@r@'%O@%thmu'mﬂ*oqgh'nér{&%? @R fnt, t he

f usi on geegodhgg&DZém%@@fthb@w%nﬂﬁ&%eedéhe&'mtend%e&%fem ¥Sn&RBEBE | S

medi ated by a genetic deletion Involving ROS ki nase. I'n anot her enbodi nent,

t he genet fyraikgland.san¢es oftherrEtNYreid otandt sreYcereiiiioriadrenal glandesaeenpeii ti ve
cancer i Ssafefisab &Gnby ot tHetsb@ih, BEMeR bNthe] eﬁ%r&tﬁ@%%mér”crﬁ‘&% Beicute

embodi ment, the ROS positive cancer is nediated by a deletion protein

i nvol vi ng'eR@n'ﬁl beppBOCYIiR IVARGP RS, C@ﬁﬁ‘%fdlfH‘@rﬁ'adqehé?af‘%loéﬂ‘eﬁ?%leélohU'@FGFROS

ki nase i Sreﬂa%%%r%epﬁatg%ﬂwa%%m rlaﬁ'al%@mshﬁéopﬁ’émfm?é‘&entﬁah?er%b%' on

protein of ROS kinase is CD/4-ROS. I'n anot her enbodi nent, the fusion
protein oﬁysﬁ@E(QNﬁ)a@ém%’ @N%B’M‘DP?@SSD'W agin HReS: *@’ﬁ*ﬂ&éﬁrﬁﬁmma PHUItEe] et i on

protein Ogdmeklaﬁé)@&nb,ﬁatﬁn@ﬁ%of I n anot her enbodi nent of this
aspect, the ki nase inhibitor is a small nolecule inhibitor of ROS

ki nase. In andf1 tet anatiss @mmedtment REthiRasPREtRE e nMeNtion: 1pp crRCces s selected

am no- pyr grginMRke @W%Hgstﬂf oA cBWTu%é'cBﬁc&QN’Q@H@? glibBlagiérab her
enbodi nent of each of the precedl ng aspects of the invention, the ROS

ki nase i nAAYANIQS Geld CarcEomFe DAMBE- rpfq@ctpryrg@ﬁtgtefancer papillary renal cell

carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell

lymphoma (ALCL) and gastric cancer. In yet another embodiment of each of the
preceding aspects of the invention, the cancer is non-small cell lung cancer (NSCLC). In

yet another embodiment, the cancer is glioblastoma.
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1 or a pharnmaceutically acceptable salt thereof. I n anot her

enbodi nent, the ROS positive cancer is selected fromlung cancer, bone
cancer, paoeesatrsIcancer, skin cancer, cancer of the heat/iB2012eIskes

cut aneous or intraocul ar nel anoma, uterine cancer, ovarian cancer, rectal
cancer, cancer of the anal region, stomach cancer, colon cancer, breast
cancer, carcinoma of the fallopian tubes, carcinoma of the endonetrium
carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vul va,
Hodgki n' s Di sease, cancer of the esophagus, cancer of the small intestine,
cancer of the endocrine system cancer of the thyroid gland, cancer of the
par at hyroi d gllangt anciher @mbedinens ohiiscaspecigf drdinverdios oha cempgeAd o i ssue,
cancer of H%a‘dé@c‘%ﬂ;ﬁaoc%?%?er sa‘PtfthérBSf|Q%Hh1§wust@rre9%%9at&1a%5&4§f ficalChr oni ¢ or
acute Ieuﬁema | ynphomas, cancer of the bl ad cancer of the
ki dney or cQIPpesjon qo@?fé'lsméémﬁf cEpQUNdtine Tornda daind abfeashena enal pel vi s,

NEOPI aSIE prtddE BN} &HepltBlo!@hiors Vs bifdthé oM TR s Lecl, yighoma, - spi nal

axi s tunors, brain stemglioma, pituitary adenoma, and conbi nations
t her eof . Compouﬂdrpff/@i foéfﬁ@?ﬂé?’f a&m@aa%ﬁ@alwfacpwtgblwalé&ter@ﬁf I he i nventi on,

the ROS pQ&r‘nFn'usY@re&%Q%ﬁfhahﬁa&%'tué‘é%@ﬁhpééu%ﬁ EdMGorBiURe %&Héb&{d St9ortfuld@n- smal |
cell lung cancer CLO), | ast oma, squanous cell carci nong,

hor none-r €& ab@rmayequaﬂx a@@p@@ifcﬂt th?f&ﬁﬁ andegtyeast Ang pasmacewicalihona,
col or ect ahcadempcayrgéona, neurobl astomas, anaplastic large cell |ynphona
(ALCL) and gastric cancer. In yet another enbodinent, the ROS positive

cancer is non-'8aeembenimant abeachrn die prresdling aspestsyaithednwenien. Babodi ment |

the ROS PAShitha% §A0REK. lhBnGthbPBBSHRR: of cach of the pFORINGHRBELEEN,S Of this
aspect, the conpound of the formula 1 or a pharnaceutically acceptable salt

t her eof i Bvadfianihetreareerabis azdqshar maceut i cal conposition conprising the

conmpound of fQH%bﬁeﬂa@ecﬂh@%%?ﬁ%ﬁt%ﬁldr&vn?éé‘%?vﬁ%%b%fﬁ@iaﬂngtd%ﬁﬁ@pf and at
| east one pharmaceutically acceptable carrier. I n anot'her aspect the

present i BNV@¥ fodie RisBive dersat @%@W@B%WI@PW@ R{eBkinase Bra gm0 marmmal
havi ng abﬂ@éd"@f’su‘éﬁltrba%é?l%&nﬁﬁ’sqlhga&(ﬁﬁm@%rﬁ% 5é|8%$ﬁnrﬁalté“lﬁ6?dbguﬁdaﬂ@| | y

effective amount of a RCS kinase inhibitor. In one enbodi nent of thi
aspect of etferdive AYWHPY @ ROR&IngBn SYvRitor. d'éPPe Q'F‘BM'WGPEOfﬁJ@'GlaéE’%‘HOBSheat Ieast

one genet |Gahton, @Jetg%fneﬁicaﬁ%n&bﬂm kuhé‘s@u@%tfh%n @gﬁ@gﬂ R®8! In atnbﬁleabnor mal
cell growth is nediated fusi on gene of ROS kinase. |n another

enbodi rren?mbf"i’ié‘e&bmﬁ‘f#ﬁ'lontgéﬂ? isg?ldnt 42 BOREN CA7ERBY- la agetet prbadment on

i nvol vi ngiR@sikh faseis ILUTIAROIRES. IR EREGENBRbodinBat, tHeSLOBN geReisi cDA-C34A2- RCS
or CD74-RCOS. I n another enbodi ment, the %enetl c deletionis FIGROS. In

anot her eRGSdimeittherambodipRitintip g@@qaqcaby, fared ROSHAsstiRa 98)etic 4afiopn
protein Ofnva%g‘ﬂ(f@ﬁiﬂasé.mn anGth&esmissiRaah BB igentitedadrisrIG-ReJd. lgrowt h i s

another embodiment, the genetically altered ROS kinase is a fusion protein of ROS
kinase. In another embodiment, the genetically altered ROS kinase is a deletion protein
involving ROS kinase. In another embodiment, the fusion protein is SLC34A2-ROS or
CD74-R0OS. In another embodiment, the fusion protein is CD74-ROS. In another
embodiment, the fusion protein is SLC34A2-ROS. In another embodiment, the deletion
protein is FIG-ROS.

In another embodiment of this aspect, the ROS kinase inhibitor is a small
molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is
an amino-pyridine compound or an amino-pyrazine compound. In another embodiment
of each of the preceding aspects of the invention, the ROS kinase inhibitor is a

compound of the formula 1:
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medi ated by a deletion protein involving ROS kinase. In another enbodi nent,
the fusion protein is SLC34A2-RCS or CD74-RCS. I n anot her enbodi nent, the
del eti on wWoavsm7488 Fl G RCS. I n anot her enbodi nerCTaB201bYDB76HEpect ,
the RCS kinase inhibitor is a small nol ecule inhibitor of ROS kinase. In
anot her enbodi nent, the ROS kinase inhibitor is an am no-pyridi ne conpound
or an am no-pyrazi ne conpound. | n another enbodi nent of each of the
precedi ng aspects of the invention, the ROS kinase inhibitor is a conpound
of the formula 1: QH NN 1 or a pharmaceutically acceptable salt thereof.
I n anot her enbodi nent of this aspect of the invention, the abnormal cel
gromh is cancer. |In another enbodi nent, tHAe 'ancer is selected fromlung
cancer, bone cancer, pancreatic cancer, skhkn €ancer, cancer of the head or
neck, cutaneous or intraocul ar nel anoman-teri ne cancer, ovarian cancer,
rectal cancer, cancer of the anal regio
breast cancer, carcinoma of the fallopia

Cl  CHs

sstonmach cancer, col on cancer
t ubes,

or a pharmaceutically acceptable salt thereof.

In another embodiment, the cancer is selected from lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and
combinations thereof.

In yet another embodiment of this aspect of the invention, the cancer is selected
from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment, the cancer is non-
small cell lung cancer (NSCLC). In yet another embodiment, the cancer is glioblastoma.

In yet another embodiment of this aspect of the invention, the compound or
pharmaceutically acceptable salt thereof is administered as a pharmaceutical
composition comprising the compound of the formula 1 and at least one
pharmaceutically acceptable carrier. In another embodiment of this aspect, the

compound of the formula 1 or a pharmaceutically acceptable salt thereof is

13



carci noma of the endonetrium carcinoma of the cervix, carcinoma of the
vagi na, carcinoma of the vulva, Hodgkin's Di sease, cancer of the esophagus,
cancer ofwORle13redsh i ntestine, cancer of the endocrine ®¢ItuBmMI2/08BACEr Of
the thyroid gland, cancer of the parathyroid gland, cancer of the adrenal

gl and, sarconma of soft tissue, cancer of the urethra, cancer of the penis,
prostate cancer, chronic or acute | eukem a, |ynphocytic |ynphomas, cancer
of the bl adder, cancer of the kidney or ureter, renal cell carcinoms,

carci noma of the renal pelvis, neoplasns of the central nervous system
(CNS), primary CNS | ynphoma, spinal axis tunmors, brain stemglions,

pi t ui t ar yadmsiserad agAPhaBReiavieal GARPeSiEgreesmprising the cpmpgnd ¢f oTHeg 1

enbodi nen ted fromthe
o oup congl QD A I ! R R o8 P& o,
squanous aegept €Y, hornone-refractory prostate cancer, papillary
renal cel | Carlﬁ'aﬂ@fﬁ%r 9 G OB T MonPEHRRA RO m@%a%bkreatr@@és anapl astic
| arge cel | nphoma (ALCL) and gastric cancer. |In yet another enbodi ment,

t he cancepo$'é ermcgrmmprwmadnumge&%m@@ mensEl O) needrpf peaeh ersigeta

enbodi ”enEheréd?e%tl&ﬂIQ%ﬁécﬂv% aﬂﬂduﬂpb@agh@@mase |nh|b|{dﬂ % She 3RPloBRereBRARI MeNt of
this aspect of the’invention, the conpoun armaceutically acceptable
sal t ther @@yect §f theiAveNtane fedR@S p@%h%lﬁ@m‘@élﬁtmﬁqﬂeééwﬁéw@n BeNCYIEP®si ng t he

conpound  of adoerfedotMInfent. tABElisin de%?ré SPAS ANRDTEGRUD T LRDY rAGRRRErabl e
carrier. In another enbodi ment of this aspect, the conpound of the fornula

1 or a phﬁ'l“ﬁﬁ@'é\?ﬂt ébﬁ'TU§'06(9§@‘§)tSa~‘HlQe34s°8rRO§h'@r@@fher §m§§ﬁmﬁ”§t’fféﬁr ®giogs a

phar rraceu?er%ls CIPRRES! inCIhoR RIMBRbBHRENE O S BERANEhNREr .E%erwét@d By gr a

phar maceuti cal Lf\é acceptabl e salt thereof and at |east one gc ar maceutl cally
accept abl geraiiedelgtion involving|RO§ inagede REPIERYBIPHBARL BIE GHRFYC RlplétiSof t he

i nventiongd. %SSWWHQ MbRIBEATBRE WO S BbditheAmeRtia HeBiated by & RRfHOf IS

adm ni stered as g armaceuti cal conposition_conprising the compound of the
fornul a 1PERIN &t Rp ddrasgnle gorHieraEeadimeal: (e ROSaoshive caresr is eediatef binot her

enbodi menf, q@fetibhpotéls P%vagtFt@S PEROUAANShet &ﬁbéd?rh@h‘tl ﬁ‘le]quBn Brotein of
phar maceutical ly ac thereof is adm nistered as a

alt
phar naceuRC '”M§§E§ﬁ%@§rﬁr@@?‘l’r§%@ RIRRI AP S Mensy tha fusion piptein

phar maceubj R@b'l&’na@@%@b@@@§% bndther @RbodinEntathelig@ast peRan BhROBRGRUWE cal Iy
acceptable carrier. I n anot her aspect, the invention provides for a

net hod colfprli&idig- R@f lRiaseter ﬁ@bad'm@l% éﬁﬂa@ﬁ'?%m@te@qu&@f’ feaghiS e of a ROS
ki nase inRigg.tor to a patient that is known to be ROS positive. In one
enbodi nment the pati ent has cancer that is nediated by at |east one
genetical |y allP@netierembrdimgaiof thin agpratHBe R@%‘S@I@S‘f?éﬁ%/b'tqrh%a éadber is

nedi at ed RyiduleUshiBifor @@ RO Hin &SI nkd idas? enlbddmitdlt ke RETEIRMAIERANIbitdrie cancer
is nediated by a genetic deletion involving ROS kinase. |n another

embodi nené? aHO-PYIEinSFogmeEnd r & emineRyRENFoRTHAd Hognofher gRGPHiEeNt
enbodi menbs eddi@f aRNGEESIIRtPARbRIbf itfe IMVEARDR. the RGBRhAKY ingBl&ds gent, the
cancer is nediated by a fusion protein of RCS ki nase. | n anot her

enbodi nen?omP‘Pié‘déﬁm?efPrm%'aﬂedl ated by a deletion protein involving ROS

ki nase. I n another enbodinment, the fusion protein is SLC34A2- ROS or CD74-
RCS. I n anot her enbodi nent, the deletion protein is FIGROS. |In another
enbodi nent of this aspect, the ROS kinase ¢nh{bitor is a snall

/N—N
S

Cl  CH, | N

o~

cl NH,

1

or a pharmaceutically acceptable salt thereof.
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nmol ecul e i nhibitor of ROS kinase. In another enbodi nent, the ROS ki nase

I nhibitor is an am no-pyridi ne conpound or an am no-pyrazi ne conpound. In
anot her ewbadiymamns of each of the precedi ng aspects of PCmaBmyessvéson, the
ROS kinase inhibitor is a conpound of the formula 1: QH NN 1

In another embodiment, the ROS positive cancer is selected from lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal
region, stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and
combinations thereof.

In yet another embodiment of this aspect of the invention, the ROS positive
cancer is selected from the group consisting of non-small cell lung cancer (NSCLC),
glioblastoma, squamous cell carcinoma, hormone-refractory prostate cancer, papillary
renal cell carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment, the ROS positive
cancer is non-small cell lung cancer (NSCLC). In yet another embodiment, the ROS
positive cancer is glioblastoma.

In some embodiments of this aspect, the compound of the formula 1 or a
pharmaceutically acceptable salt thereof is administered as a pharmaceutical
composition comprising the compound of formula 1 or a pharmaceutically acceptable
salt thereof and at least one pharmaceutically acceptable carrier.

In another aspect the present invention provides a method comprising
administering to a mammal having abnormal cell growth mediated by ROS kinase a
therapeutically effective amount of a ROS kinase inhibitor. In one embodiment of this
aspect of the invention, the abnormal cell growth is mediated by at least one genetically
altered ROS kinase. In another embodiment, the abnormal cell growth is mediated by a
fusion gene of ROS kinase. In another embodiment, the abnormal cell growth is
mediated by a genetic deletion involving ROS kinase. In another embodiment, the
fusion gene is SLC34A2-ROS or CD74-ROS. In another embodiment, the genetic
deletion is FIG-ROS. In another embodiment, the abnormal cell growth is mediated by a

fusion protein of ROS kinase. In another embodiment, the abnormal cell growth is
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or a pharmaceutically acceptable salt thereof. I n anot her

enbodi nent, the cancer is selected fromlung cancer, bone cancer,

pancr eat iwocaroar9sdski n cancer, cancer of the head or nechk/iBmut/essecus or

i ntraocul ar nmel anoma, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinom
of the fallopian tubes, carcinoma of the endonetrium carcinona of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's D sease,
cancer of the esophagus, cancer of the small intestine, cancer of the
endocrine system cancer of the thyroid gland, cancer of the parathyroid

gl and, cah’@érateﬂbwa]éelamremte"glna@mmgw&‘cgﬁasebﬂn arrthertanangimenigiie &ysiasy t he
urethra, 6RRGET lcdde ROBIc cOMMROS! R FARPEmLBAMRAL BrPloi@f Fobfrkem a.

| ynphocytic ly omas, cancer of the bladder, cancer of t%e ki'dney or
ureter, rEKaRGsel | carcinoma, carcinoma of the renal pelvis, neoplasns of
the central nqpvaymesYHbsamerPinis BEpEBRIHe RUZ kivSRNARBitor$Ph Qe axi s tunors,

brain stemglionma, pituitary adenonma, and conbinations thereof. In
yet  anot helksHSIehiRaTO! BOS Finaseaymothes Pmonemanhaie RO Kinde BRI | s

sel ected b QMiddsy rdirRUniRNRd 8t AN SmPlo-A\PAzSBAhpdil! Inl dHBthet BRBBAINENBCLC) |

gl i obl ast oma, s?uam)us cell carcinona, "hornone-refr actlo%. prostate cancer,
papi | | ar yoteasa|of & preeqding arpeats & 1ednerntian, tha&sdripeseisiRitori@ar obl ast onas,
anapl ast i gorln?(glgﬁj &ehd rokviigRoma (ALCL) and gastric cancer. In yet another
enbodi mrent of each of the preceding aspects of the invention, the cancer is
non-smal |l cell lung cancer (NSCLC). In yet/andther enbodi nent, the cancer
is glioblastona. In yet anot her enbgdifrent of this aspect of the

i nvention, the conpound or pharnaceuti calhy acceptable salt thereof is
admi ni stered as a pharmaceutical conposiltjjon conprising the conpound of the
formula 1 and at | east one pharnmaceuticalll y acceptable carrier. I n
yet anot her enbodi ment of this aspeciy,o e invention, the conpound or
pharmaceutically acceptable salt thekeol i§ administered as a
pharmaceutical conposition conp ngSt hgd conmpound of the fornula 1 and at

| east one pharnaceutical ly acceptgbltg caMhber. In another enbodi nent of
this aspect, the conpound of the formula 1 or a pharnaceutically acceptable
salt thereof is adm nistered as a pharmaceutical conposition conprising the
conpound of fornula 1 or a pharnaceuti dally acceptable salt thereof and at

| east one phghimRElitcEA bhiccpbbRPiMh&espr rier. In another aspect, the

present invention PrOV|des a nmet hod conpri sing, .
In another embodiment of this aspect of the invention, the abnormal cell growth is

P

cancer. In another embodiment, the cancer is selected from lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and
combinations thereof.

In yet another embodiment of this aspect of the invention, the cancer is selected

from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
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. identifying a patient having a cancer shown to be positive for at |east
one genetically altered ROCS ki nase; and ii. admnistering to said
pati ent awOherapespically effective anmount of a ROS ki n®€&/1BHh2/DI3VER .

I n one enbodi nent of this aspect of the invention, said genetically altered
RCS kinase is a fusion gene of ROS. In another enbodi nent, the fusion gene
I s SLC34A2- ROS or CD74-ROS. I n another enbodi nent, the fusion gene is
SLC34A2- ROS. I n anot her enbodi nment, the fusion gene is CD74-RCS. |In anot her
enbodi ment, said genetically altered ROS kinase is a genetic deletion

I nvol vi ng ROS kinase. In another enbodi ment, the genetic deletion is

FI G ROS. pauapstet C@wmmarrbmnor@a'ie&a@@war@%tmoyn@ﬁrt@&F@lﬂirﬂ@eamqﬂase is a

fusi on pr giehBdl offBcKI ARiRcakRoRRORLLEBRAL BRI sRakfhdiset | cal |y

altered ROS kinase Is a deletion protein nvolvin Ki'hase. | n anot her
enmbodi nentymphReaf(bsEbhanst gasiriorcaingers|nosd Anotkesegbo ut fResancer impet-her

enbodi rrengmaﬁg@”fJH%D%Hbe%@@L@) \rSyePlhafoth n%rﬁ(;&.mlaﬁlt %Qiaheér@ |, the

fusion protein is anot her odinent, the deletion proteinis

FI G ROS. In sdfwekangihesepthonimant of s asmps! cziéfpﬁelaventnonethﬁ@@waau%%n ses (i)
dent 111 D oRBlIAN aBRK1cRE BiABSEIis BIAMLiERARE IR hbusbar al | east one

genetically altered | nase; ) admnistering to said patient a
t her apeut PeraPPSjtias goayYising thgreRIROUSK of thROGMRyIA d wnd; 3k feast e, thereby

treating sgRirfhaeamally adddpRBEcfR0d BRsther Phoddithentds Hﬁscéspe%ﬁltr% treati ng
results in reversing or |nh|b|t|ng t he progression of cancer.

anot her eRYBBOURSAT thst fomula 18 perharmasralticely aecerialleisalhtheiredis i s a smal I
mol ecul e LaRinkdRE 285 dﬁ%&e@ﬂé&coﬂnﬁoﬁﬂ% EhprRIRAAL BBRbourld & féifaldi nase

i nhibitor is an am no- di ne conpound or an am no-pyrazi ne conpound. In
anot her efbdaharErACcegica lét@‘PPemabi%@'tﬁP@@@%ﬁWgaté@éé@'ﬁ%p'éﬁmtaﬁéu’flcﬁ%nt ion, the
RCS ki nasgcddpibh Effied. s @ conpound of the formula 1: 1 or a

pharmaceutically acceptable salt thereof.
Inyet another embodiment of this aspect of the invention, the compound or

pharmaceutically acceptable salt thereof is administered as a pharmaceutical
composition comprising the compound of the formula 1 and at least one
pharmaceutically acceptable carrier. In another embodiment of this aspect, the
compound of the formula 1 or a pharmaceutically acceptable salt thereof is
administered as a pharmaceutical composition comprising the compound of formula 1
or a pharmaceutically acceptable salt thereof and at least one pharmaceutically
acceptable carrier.

In another aspect, the invention provides for a method comprising administering
a therapeutically effective amount of a ROS kinase inhibitor to a patient that is known to
be ROS positive. In one embodiment the patient has cancer that is mediated by at least
one genetically altered ROS kinase. In another embodiment, the cancer is mediated by
a fusion gene of ROS kinase. In another embodiment, the cancer is mediated by a
genetic deletion involving ROS kinase. In another embodiment, the fusion gene is
SLC34A2-ROS or CD74-ROS. In another embodiment, the genetic deletion is FIG-
ROS. In another embodiment, the cancer is mediated by a fusion protein of ROS
kinase. In another embodiment, the cancer is mediated by a deletion protein involving
ROS kinase. In another embodiment, the fusion protein is SLC34A2-ROS or CD74-
ROS. In another embodiment, the deletion protein is FIG-ROS.

In another embodiment of this aspect, the ROS kinase inhibitor is a small
molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is

an amino-pyridine compound or an amino-pyrazine compound. In another embodiment
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I n anot her enbodi nent of this aspect of the invention, the abnormal cell
gromh is cancer. |In another enbodi nent of each of the precedi ng aspects of
t he i nverwOani13/timsocancer is selected fromlung cancer, POOAB20aANI3EE5,
pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or

i ntraocul ar nmel anoma, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinom
of the fallopian tubes, carcinoma of the endonetrium carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's D sease,
cancer of the esophagus, cancer of the small intestine, cancer of the
endocr i neogwh@ﬁih%@ﬁ@@*ngﬁsaeﬁ@ of e ipventign dhel RQakoase iphibiterds Bar at hyr oi d

gl and, capgapofid &f&%ﬁ%ggql gl and, sarcoma of soft tissue, cancer of the
ur et hra cancer of e peni's, prostate cancer, chronic or acute | eukem a,

| ynphocytic | ynphomas, cancer of the bl add r NHcancer of the kidney or
ureter, renal cell carcinom, carcinona of renal pelvis, neoplasns of
the central nervous system (CNS), pri maRyN S | ynphoma, spinal axis tunors,
brain stemglioma, pituitary adenoma, afd conbinations thereof. In
yet anot her enbodi nent of this aspect of [the invention, the cancer is

sel ected fromthe group consisting afy,n mal |l cell lung cancer (NSCLC),
gl i obl ast oma, squanous cell carcilponk, rfone-refractory prostate cancer,
papillary renal cell carcinons, or €ct adenocar ci nonma, neurobl ast onas,
anapl astic large cell |ynmphoma (AECH), andibgastric cancer. In yet another
enbodi nent of each of the precedifng aspects of the invention, the cancer is
non-smal |l cell lung cancer (NSCLC). In yet anot her enbodi nent, the cancer
is glioblastona. In yet anot hed enbodi ment of this aspect of the

i nventi Onorébﬁarﬁ%g%ﬁy 9k cel ?%[é@q:tq%,legﬁl |y acceptable salt thereof is

adm ni stered as a arnaceuti ca osition conprising the conpound of the
fornmula 1 and Iatanpglaéemb%mﬁntam@e&aég@rI%a¢|¢§Ie<étf@r@mrma@wab@neer?ancwn anot her
embodi mn?arﬁfreéh'&'c%n@e?% cankBe c&REPOUAE n8hd bheeck AuBHeBud ohtrdbcular

phar maceutically acceptable salt thereof 1s admnistered as a

phar naceufelBAPToWHEHRS €aN6AN OWFRANI CENERY: teridl evepo GArRFes Pf the @nallragdien.or a

phar maceuti,rakh }éar%%g%bﬂ@aﬁc&%r&a&%@ﬁ@éﬁca@@ﬁorﬁé of tR@ #1088k wpRar maceuti cal |y
acceptabl e carrier. In one aspect the present invention provides a
use of a FEISNRMARS e anFPHRtiGRM, EAEINORE o Eegerat icaisinemaef hadyagiident useful in
the treat ghghofh o@%%fva' Ho@gkﬂw”s@u@eéé’é B&SREr Qﬁcthée%hta?@‘s%% ofRERRIaf NG,
adm nistering to said mammal_ a therapeuti cal effective amount of a ROS

Ki nase i nﬁﬁtqﬁ%ﬂ@rcaatﬁertoﬁ@efe@fjﬁmng system, g;upqqrm‘the thyroid gland, cancer of the

parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the

urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and
combinations thereof.

In yet another embodiment of this aspect of the invention, the cancer is selected
from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment of each of the
preceding aspects of the invention, the cancer is non-small cell lung cancer (NSCLC). In
yet another embodiment, the cancer is glioblastoma.

In yet another embodiment of this aspect of the invention, the compound or

pharmaceutically acceptable salt thereof is administered as a pharmaceutical
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1 or a pharnmaceutically acceptable salt thereof, wherein the cancer is

nmedi ated by at | east one genetically altered ROS. I n one enbodi nent of this
aspect ofwohelymnvsnati on, the cancer is nediated by a fugconByares3gss ROS. | n
anot her enbodi ment of this aspect, the fusion gene of ROS is SLC34A2- ROS
gene or CD74-ROS gene. In another enbodi nent of this aspect, the cancer is
nmedi ated by a genetic deletion involving ROS kinase. |In another enbodi nent
of this aspect, the genetic deletion is FIGRCOS gene. In another enbodi nent
of this aspect, the cancer is nediated by a genetically altered ROS ki nase.
I n anot her enbodi nent of this aspect, the genetically altered ROS kinase is
a ROS f usFomRpositipnaentaieing digh eimpritid Qﬁfhetfﬁrr@ulai@@ltat lgagoROS f usi on s
SLC34A2- R%rmalag&%a éf’ab dhase. In another enbodiment of this
aspect, t cancer 1s nedi ated by a deletion protein involving ROS ki nase.

| n anot her enﬁbdph@mth%fe”lwgneﬁﬁé@ts agppel C&@TQ&*DVQTH'%HB@@PWDP%”QWFGROS
kinase. _pharmackiicBiPAGREIBIENOM! HiErBLY I8 bahitisieaRE Gl pnaiSoiBger [ s sel ected
fromlung cancer, bone cancer, pancreatic cancer, I n cancer, cancer of

t he head @@mﬁ@d‘l@” OMmniinee e @QmPQH”ﬂéﬁﬁlﬂfQFmW@L&ﬁ‘dr?éleaﬁi@?q ne cancer,

ovarian C6%%&5%“)%00%6%@oan‘?@l’n(Fr?én&ﬁerté?@ocﬁﬂﬁéntro?mlé)é’spe%f gf@ch cancer,
col on cancer, breast” cancer, carcinoma of | opi an tubes, carcinoma of
t he endonﬁ@mp‘wﬁd of heiorpwa 1t atFH@”B@‘FGH“Ra”y@éEP@FPtﬂ"dﬁﬁa%fhetr o | 'Svagl na,

car Ci noma%m@?&eéf'éé‘é%hah‘ﬁé’&'ﬁ'h@al%o%@ﬁﬁ’&?con@&l%ﬁ%ﬁh@ﬁo%ﬁ@urﬁﬁé?ﬁm1 cancer
of the small intestine, cancer of e endocrine system cancer of The
thyroid gpbﬁéharﬁﬁ%@tﬂagy agqeetably waltiherepiang aifrest eagmelarmereeytisalhadr enal

gl and, sapgQmmuRf cfpét tissue, cancer of the urethra, cancer of the penis,
prostate cancer, chronic or acute |eukem a, |ynphocytic |ynphomas, cancer
of the bl adder/n apatherasreet tth?epfﬁﬁ%lﬁév/eﬁyomw@t”éﬁs amaiaed eMrisEr ci nona,

carci noma_of thﬁieh?ﬂlfyf?ﬁb @%’ah’érﬁ heﬂxﬁ@;% a2ABerO&hdwie i BB IR ivE 86V QURaSY SEM
(CNS), primary r’rB spinal axis tunors, brain stemglionms,

pi t ui t ar yoerpiiealealtesy @§rﬂﬂaﬁﬁt@®ns thereof. In another enbodi ment of this
aspect, the Cﬂf‘ﬁ@hdlg’ierﬁ@t@%b%q)aftléﬁ’trﬂ hBRipBLRiHRy EREIVE Bhdantd RDssmal | cel |
l'ung cancer (NSCLC), glioblastoma, squanous cell carcinona,

hor none- rE‘f‘?%'@BWorprostate cancer, papillary renal cell carcinomg,

col orect al - adapeABkAIHRAMSN! BEMORLAS? FRSinva i8R s%‘i"ci éndtigaigaleRld RbgmPhoma
(ALCL) and gastric cancer. In another enbodinent of this aspect, the cancer

i s non- snkiNASEEIA fU?'G'hge'&%ﬁfc%@SUNQ@B@er embodinerhdie BR9BFERR It SIF34AHr s

aspect, tROSFHEET4-ROIH HYtRS eBdinhdht AR FRRIN g%‘@qgsn@mwhdsmrs aspect,
the conpound of the formula 1 is adm ni stered as phar maceut i cal

conposi t i 8RCIEYTRSRRasiment: e fesiomerneds @fD7l4h%O$o|f‘rﬁﬁ‘PH‘eie@ﬁed'ﬁle”F &gt one

phar mceubéﬁ(ﬁlbé%/ é@?@?@@'%a‘éérgé Qénetlc deletion §HYoRMAIREE kMBBEAh anbiigr Present
i nvention provides a Ki e inhibitor for the reparatlon of a

medi canmenfMAg@ment. ithe 9%’“9 P'@'&f'%'ﬁt':'@fR%Sdaﬁ@@ﬁheﬁ%@pﬁ(i'@ﬁ”bﬁa'gtgef‘@&@i Yone

geneti cal hyerad R@T@I@lnﬂﬁs |é'fﬂ\§l§r¢ roltéin @ﬂﬁosrﬁﬂ%@bmﬁ%oth@%bb&ﬁ%ﬁt isgigi bitor is
a small nol ecul e i nhi bitor of ki nase. | n anot her enbodi rrent t he RCS

ki nase i nBPIUCAIY eradRARikNESEys 7 dPlRiLRiRRiuIRONING PR KNARR: by Prahele
conpound. efnBodifRh @ie RSIBAGHBIAts SLOS4ABORIY drasie74-ROSDIr sHothey @ compound of

the fornmula 1: 1

embodiment, the fusion protein is SLC34A2-ROS. In another embodiment, the fusion
protein is CD74-ROS. In another embodiment, the deletion protein is FIG-ROS. In
some such embodiments of this aspect, the method comprises (i) identifying a patient
having a cancer shown to be positive for at least one genetically altered ROS kinase;
and (ii) administering to said patient a therapeutically effective amount of a ROS kinase
inhibitor, thereby treating said cancer. In some embodiments of this aspect, said
treating results in reversing or inhibiting the progression of cancer.

In another embodiment of this aspect, the ROS kinase inhibitor is a small
molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase inhibitor is

an amino-pyridine compound or an amino-pyrazine compound. In another embodiment
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or a pharmaceutically acceptable salt thereof. In one enbodi nent of this
aspect of the invention, said genetically altered ROS kinase is a fusion
gene of R©B.201301293%0t her enbodi nent, the fusion gene i s BCT3BAR2/B3FH0r

CD74- RCS. I n anot her enbodi nent, the fusion gene is SLC34A2-RCS. I n anot her
enbodi nent, the fusion gene is CD74- ROS. |n another enbodinent, said
genetically altered ROS kinase is a genetic deletion involving RCS ki nase.

I n anot her enbodi nent, the genetic deletion is FIGROS. |In another

enbodi ment, said genetically altered ROS kinase is a fusion protein of ROS
ki nase. | n another enbodinent, said genetically altered RCS kinase is a

del eti on pterdkiah thenvesedinthasrRestsiaf thesieventianadhe kipagsoahipiertis at he f usi on
protein i é%&§@ﬁg thd¥Bn@g 1€D74- ROS. I n anot her enbodi ment, the fusion
protein |§OS C34A2- ROS. @% ~anot her enbodi ment, the fusion protein is

CD74- RCS. I n anot her enbodi nent, the deletion proteinis FIGROS. In yet
anot her enbodi nent of this aspect of the i ption, the ROS positive cancer
is non-small cell lung cancer (NSCLC). In get>another enbodi ment, the ROS
positive cancer is glioblastona. In

i nvention provides a use of a ROS kinas
medi cament useful in the treatnment of a

t her aspect, the present
MNnhibitor for the preparation of a
positive cancer. In one

enbodi nent, ROS kinase inhibitor is a s \Y nol ecul e i nhi bitor of RCS
ki nase. I n another enbodi nent, tHeé R Ki nase inhibitor is an
am no- pyri di ne conmpound or an amps #Me conpound. |n anot her

enbodi mrent, the ROS ki nase inhi ngompound of the formula 1: 1 or
a pharmaceutically acceptable salf tHereof. In one enbodi nent of this
aspect of the invention, said gerfetically altered ROS kinase is a fusion
gene of RGS. In another enbodiment, thq fusion gene is SLC34A2- ROS or

CD74- RCS. I n anot her enbodi nent, the fasion gene i s SLC34A2-ROS. | n anot her
embodi mener a phariageutisallyyaereptablecisitdherrol, | n anot her embodi ment, said
genetical Iy alhenefeRRoldimdatortSs %s&&ﬁ‘%f the |%hﬁ‘$d @b étﬂtb‘%&!d’ég gmhlﬂ nase.

I n anot her enbodi nent, the genetic deletion is G RCS. 1n another

enbodi menfancggily ag@thewramq"ye@tqf@a@luoﬁtepmqea@a aiséeQiS plLSE Siveplian dien of ROS
ki nase. '%%Pﬁ%fecfeﬂt%ﬂ\ Iﬁﬁ%c%ﬁ'b@ng%ﬁe‘r Cb%‘nl:rléaﬁ"’d éa‘?w%@rdsﬂ%arlﬁet‘%%ﬁcérs a

del etion proteln i nvol vin ki'nase. |n ‘another embodi nent, the fusion
protein i 8f tRebgaghor nque%aneeuﬂqmmwculaﬁ MSROCREY U‘@H%@ﬁr}?éhtOVaftalﬂéaﬂG@"l on
protei n i guchCMAL B of thedAl ldGion SRR EINcer, EHIBN EARIePbrédsPES Y, S
CD74-RCS. I n another enbodi ment, the deletion protein is FIGRGCS. 'In yet
anot her eﬁ%@@PW@ﬁf“@ﬁm@ﬁﬁﬁt@@ﬁ%@@ﬁﬁpmﬁH%“PﬁméﬁWPWHm EHEINROB OpBSieTPe cancer
is non- S”Eér{:mGﬁblof{Hé%gfﬁﬁn&%m&h@g—tﬁevulbé‘ W&fgklﬁ@cﬁlg@d'seeé’gﬁggﬂm the RCS
posi tive cancer gl i Obl ast oma. I n andt her aspect, the present

i nventi oneﬁ%‘@glﬁ"e@'&?ekpfth@éﬁﬁﬂi%?ﬁﬁ'@e £apprirarieandrerie ScYé‘i?ﬁbﬁ'tqeﬁﬁ”BP a ROS

ki nase i nhjykiid len@'?:gn@er%ﬁhe@arétﬁlﬁblﬁ%Téddoéb?tcfepéf tﬁ@%r@hébﬁnhn&rﬁhgof
pharnaceutlcal onposition to a patient having a ROS positive cancer. In

one enbodﬁ%tﬂﬁsu@fcaf‘ﬁ‘i’@fé@dli@t@%ﬁa@%Of 1A @RRIE GHOSIRlRCARESS, PHanie PR@Uancer s

sel ect ed fdRemiaNOmBREYRC §RTBRbIEE tBneEr d’t‘% (adRek, @REdr of tHekidiR) @R liretdNSCLC) ,
gliobl astoma, squanous cell carcinoma, hornone- refractory prostate cancer,

papi | | ar yrqn@h%gll CREYNOMEs FRICIHEE, of e repa Pels. ReRARsE ithorRRrahRaiYdIs! ast onas,
anapl ast i gydiéth %NS?'phm'aW@h@ Mk@%pl%@xi@%ﬁéﬂs%rﬁﬁ%&ﬁ glidrila, YRbitRp Ot her

enbodi ment” of this aspect  of the i nvention, the ROS positive cancer is
non- snal | 2@¥1AMa, g ceabipaions e . 1 n yet another embodi nent, the ROS

posi tive cancep ykfartthe?RnolMiBEht of this aspect of the invention, the cancer is selected
from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment of each of the
preceding aspects of the invention, the cancer is non-small cell lung cancer (NSCLC). In

yet another embodiment, the cancer is glioblastoma.
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I n anot her aspect, the present invention provides a kit conprising a

phar maceuti cal conposition of a ROS kinase inhibitor and a set of

i nstruct iwo20f3an7sdm ni stering said pharnaceuti cal conp@®sTiBmN2/H33765 pat i ent
having a ROS positive cancer. In one enbodi ment, said ROS positive cancer
is nediated by at | east one genetically altered ROS kinase. In another
enbodi nent, said genetically altered ROS kinase is a fusion gene of ROS. In
anot her enbodi nent, the fusion gene is SLC34A2- ROS or CD74-RCS. |In anot her
enbodi ment, the fusion gene is SLC34A2-RCS. | n anot her enbodi nent, the
fusion gene is CD74-RCS. I n anot her enbodi nent, said %enetl cally al tered
ROS ki nase is laygesnsihes egaiogimeasy of chﬂsweﬁtg)fﬂmnwmget e lcAmaAvIcther

embodi MenbnarhfiEodfAR} hece geibfetéamhééoﬂ@amteﬂee RRhEhacies! ment . said
genetically altered I nase is fusion protein Ki nase. In

anot her emmmoomﬁ@gg@mmmnwwmetf@rr@daa@dmtie@%ones a del etion
protein | BahdoBRidiPadieBRR carferd IOLNGhe B of rhd e kin Protein is
SLC34A2 anot her enbodi ment, the fusion protein is
SLC34A2- Regﬂp@Wd@immf@rm@ﬁﬂdduar@@fma@%wllyﬁ%ﬁotebleﬁéitwqr%of@a74 ROS. In
anot her eghahisi&al as ta%aﬁﬁé@etu'tléﬁl cQ%&ﬁhéﬁ ¢crlstg Rﬁ@co%ﬂo&fbeof%’m% yent of
this aspect of the invention, ositive cancer Is selected Tromthe
group con8f %Ph@f@a@ﬁu’fiﬂ?@ﬂy @@ﬁﬁptab@effqlt th‘ifﬁgf Hhat deast m@rmaejwt@aﬂsast ona,
squanous geddntffd &drR@T, hornone-refractory prostate cancer, papillary
renal cell car ci noma, col orectal adenocarci noma, neurobl astomas, anapl astic
large cel | |yrploaaaspet e prasent guenioncrrewdess use ﬁf@BpSaH%ﬂ%ﬁh'B'ﬁﬁfé‘éf ment of
this aspegfe &%{)Sérﬁﬁ‘ori SERESBmedtiBeROR tROGLAINERL 6BRBE: ih S HIRRMSARESd 6€! |
l'ung cancer I'n yet another enbodi nment, the ROS positive cancer is
gl i obl ast é%‘ii‘ treatme”t QO PARBEHRAMIgISIREIRY fo $aie ”}ﬂ'%@r@tthﬁﬁ@?@%qa&)hemw des a kit

conpri si Ngn@uRRLTRGES kinaS&InhAMBPOThE FPMuRfs Crizotinib and a set of
instructions for adm nistering said pharnaceutical conposition to a patient

having a ROS positive cancer. In one enbodi nme sai d ROS positive cancer
is nediated by at | east one genetically alte eoI\IFIROS ki nase. | n anot her
enbodi nent, said genetically altered ROS kin is a fusion gene of RCS. In

-ROS or CD74-R0OS. I n anot her
n anot her enbodi nent, the

nt, said genetically altered
ki nase. | n another

Nl n anot her enbodi nent, said

anot her enbodi nent, the fusion gene is SL
enbodi ment, the fusion gene is SLC34A2- .
fusion gene is CD74-RCS. I n anot her enbodi
ROS kinase is a genetic del etion in@ol 9fn
enbodi ment, the genetic deletion is >
genetically altered ROS kinase is otein of ROS kinase. In

anot her enbodi nent, said genetical act ered’R0OS ki nase is a deletion
protein involving ROS kinase. I n anether enbodi nent, the fusion proteinis
SLC34A2- ROS or CD74-ROS. In another enbodj nent, the fusion proteinis
SLC34A2- RCS. In anot her enbodi ment, the fusion protein is CD74-RCS. In one
enmbodi nentr zmbhaﬁﬁa&eatﬂqaéycacaebtablwailtrtheﬂbi wherejmmelaéﬁcqlchssmbﬁia&addamter IS

sel ected Tea81”8 erdlicaty aﬁ?ﬂ%ﬁ'R%é.ﬂﬁ ofl e Hﬁ)@d% b tﬁ@'a's {a(':{%gth%alﬂ hioh NSCLO)

gl i obl ast ona amous’ cell”"carcin e-re R ros a € cancer,
papi |l | ar ythee]mbemerﬂedtamobbm@fmjon(gﬂneroém Iraalrmtmzraambadﬂnmtorhtkuﬂaﬂﬂeatst onas,
anapl asti g |ar. B r t anot her
enbodi nmen egﬁélgﬁpgﬁéaéfp%%ﬁ%& é@_%é |on %a]ﬁ %Qﬁ@ I?Iabgt égncer i's

non- snal | embbdiimenhof thiamspect (tINSCh®er id megnetedatxy(agmietledbletlbrrmmlymg ROFROS
positive t resent

i nventi onﬁlgggw dé@OtgéHr?e%O%ﬁ%(gﬁf Hhs Bk eCt H%e&?ﬁ%%ﬂ&&g?ﬁ@l Ira]#eg II(E:)el | by
admi ni st eanotgeraenatoodiroemof dfis aspect, dnm@ﬂrm:ellls mediaded by plganamaéylahterad RPS

accept abl ki 3?& tIn 5#{'&5&‘ meodlment olfﬂ1 @Q%e'&?rfheag?e[?l%%all HSredrﬁ’c%‘kln%E' Rd pvi des a
met hod of Preatln é{c? stering $5 Baid

mamual a R@@rfapleutln@a]bthy:r embethtneutaofahrBlaﬁpe@,fthe ROS fu3|on is SLC34A2 ROS
3-[(R)-1- 0 | par 4-y1-1H pyra
zol -4-yl)- ‘('%age S{Jd(Eﬁjyghﬁaé“k Mslé i ar%w%ﬁé’?@% cahﬁ a(%ggté taébﬂ!éé}sal t thereof,
wher ei n thedtazmbbya delehmdpratea;dlnwwag RQfakinagmén gmtbenar@ddynmttoém RCS. In
sonme such q'I]éTE [E?as[;rg%irﬁg AE3Ys Qi'ﬂ?sé?e”e“ cally altered ROSis a

geneti cal P ere gene or a genetically altered ROS protein.

[/
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In sonme enbodi ments of this aspect, said treating results in reversing or
inhibiting the progression of cancer. In frequent enbodi nents of this
aspect, twe ommreds9i s a human. In frequent enbodi memtIB200£/033M65
aspect, the at |least one genetically altered ROS is a genetically altered
ROS gene, such as a ROS fusion gene. In sone such enbodi nents, the ROS
fusion gene is the SLC34A2- RCS gene or the CD74-RCS gene. In other such
enbodi ments, the ROS fusion gene is the FI G ROS gene. I n frequent
enbodi ments of this aspect, the at |east one genetically altered ROS is a
genetically altered ROS protein, such as a ROS fusion protein. In some such
enbodi ment s, tIhn@nRber embo@mepmfttfés Aspest.tthe caoesis Azlerted fiommidse catcet.he

CD74- ROS Bbrﬁ@csaﬁ’lcerl Bar%r@ﬁfc cBHEH, Wﬁéycgﬁeér%er bitRe RERY bURIReuRRbes Br i s the
FI G ROS kI nase. I'n some enb ments of this aspect, the invention
provi des HUrARURTANRIANANA, &lSsinA Garier.i QyAlia ¢anegr, fwlﬁﬁw{ré?sﬁ@i?@rpf&fe anghcer in a
Mamal - COpgRdn? b ha8ABhioR Blohntd, §i8hd! aREBIHardnd e LARE HbGEh tubes| f ect T ve
3- [ (R) - 1- czrcvompehiherendamelriyay epridageR)af rereryy. carcnPis ¢idhe Wona4- y1- 1H pyr az
ol - 4- y1) - iich@h cPrslvaiaNRoRikirfs DRESEBESG! 6ahE KsaHFRGR BBA: 8Pk shiaf eof
wherein the cancer is diated by a ROS fusion gene. sone such

enbodi nentnées’“ﬂ%éaﬂ@%ofh@le@ﬁO@éﬁéyﬁ@ﬂ ﬁ@‘OSLQﬁﬁ%ﬂlymglgéﬁéa”W’f bteer such
enbodi ”enfénat g%fdéﬁé&%f gRMRiIrdral &'S%n&%%oﬁ tigsugt ddnbedrited such
enbodi nen fusion gene 1s the FIGROS gene. In certain

enbodi rrentl'é?thr@ H@”F@Sﬂh@s‘?%‘ﬁ Q@ﬁt@t@ eansal, 6BHoBiE oF PBYHE IgvkeRise lYpIPBessicst i ng of
the SLC34®%1pﬁ€§a9%ﬁcertol?ﬂwe@g(ﬂfe%n&ﬁ%@th%%nfep%r Erle%rl%ﬁal%n@arcmoma I'n

ot her enbodinents of this aspect, the Invention provid met hod of

rever si ngCHEINPRAoHiheE] rﬁ@alpﬁwlsmwﬂwQﬁhetﬁenéfalm%\fOUiSﬁy%tewd%|) REBIARY i si ng
adm ni StebN@erhB SR, SpiFa tuﬁmo?é*%Féi’rpﬁléH 6||nbi/pu%ft£ %Tde&né”EPant of
3-[(R)-1-(2, 6-di chl oro-3-fl uor ophenyl ) - et peri di n- 43/1 1H pyraz
ol -4-y1)- Wﬂb'ﬂ@tf?ﬂéiﬁﬁr@@ﬁ 'ﬁ@”@l’fheéef@ﬁaﬁ"ﬁ’&@b@ftth'éélsp“;ctdb@éﬁ'ﬁ%l'ses%%ﬂt@ fremer eof |
wherein tfg &&%%nsﬁsﬁn@%ﬂh&ﬁ%alp&elﬁur%ﬁc@ﬁ(é\%blﬁ&zél%'bl‘éstohfb SQUERnGU4Ch

enbodi nents, the ROS fusion protein is the ki nase. | n other
such enbo@?'h%@'@omﬁﬁé’”ﬁeﬁeﬁﬁcw piostals pancer rReillany7anatodl k3raas®a: I n stil |
ot her —sucpo|gred bi@¥carcirohf %oBI‘e\&'oﬁﬂsPér%tp%sﬂc |a$?é bal fihphdrB(Alidigse. In
certain enbodi nents, the fusion protein is selected omthe group
consi sti n@”%gaﬁt%C%LCGBAMUW qbrdimentiah higesechiie taneasie ”Qﬁdmﬁﬂé‘ettl G RCS

kinase. yng cah&r%nseL@m@Qh&ﬁ@ﬂeﬁnwdﬂ]&ht%f%ﬁ@@gaect thecHRBEB g libiSastehact ed
fromlung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of

the head Byanpdtar emhodimess gbthisraspael HECOMROURS PERB fMul bis adEnipistseast as

ovari an capagfmadeffida®borfpeiin conrfieRg tRd cérﬁﬁ‘o@]‘a&if tHeEBHANa 154nanREdaseancer,
col on cancer, breast cancer, carcinom of the fallopian tubes, carcinoma of

the endonBh® Pharmacaiticalireceptableni@mi®r vi x, carci noma of the vagina,

carci noma of tIH%nMMbVéspeHD%ﬂ)r@s@ntEhv%ﬁﬂéﬁprovla%ﬁrus@f)féR@@ﬁﬁé&%ﬂghiél,torcancer
of the small intestine, cancer of the endocrine system cancer of the

t hyroi d gfCaMe Preagaten ofra Wﬁ@'cﬁrﬁﬁ%&%ﬁ%irﬁh@Itrﬁﬁwnerﬁﬁﬁ%é?m@f medEtecedtal
gl and, sar@eBhedfenetédily biteeHROS RNGSS. IPbnd BRbodiment, ROS kinase inhibitor is a

small molecule inhibitor of ROS kinase. In another embodiment, the ROS kinase

inhibitor is an amino-pyridine compound or an amino-pyrazine compound. In another

embodiment, the ROS kinase inhibitor is a compound of the formula 1:
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urethra, cancer of the penis, prostate cancer, chronic or acute |eukem a,

| ynphocyti c | ynphonas, cancer of the bladder, cancer of the kidney or
ureter, rwoabildgab4s9carci noma, carcinoma of the renal pelperapmeoepheasns of
the central nervous system (CNS), primary CNS | ynphonma, spinal axis tunors,

brain stemglioma, pituitary adenoma, and conbi nations thereof. In
ot her enbodi nents of this aspect, the cancer is selected fromthe group
consisting of non-small cell lung cancer (NSCLC), glioblastonma, squanous

cell carcinoma, hornone-refractory prostate cancer, papillary renal cell
carci noma, col orectal adenocarci noma, neurobl astomas, anaplastic |arge cell
| ymphoma (ALCL) and gastric cancer. In so &fbodi ments of this aspect, the
cancer is non-small cell lung cancer (NSCL I n ot her enbodi nents of this
aspect, the cancer is glioblastonma. N—N n frequent enbodi nents of this
aspect, 3-[(R)-1-(2,6-dichloro-3-fluoro nyl) -

et hoxy] - 5- (1- pi peri di n-4-yl1- 1H pyrazol - 4-[yl) - pyridi n-2-yl am ne or a
pharmaceutical Iy acceptable salt ¢ hefgof~~s adninistered as a
pharmaceutical conposition conprilsi i

[(R-1-(2,6-dichloro-3-fluoro-p ) Pet oxy] 5-(1-pi peridin-4-yl-1H pyrazo
| -4-y1)-pyridin2-ylam ne or a phagfggeut Nal |y acceptabl e salt thereof and
at | east one pharmaceutically acgeptable carrier. In some enbodi ments
of this aspect, the method further conprises a step of identifying a nmanmal
havi ng a cancer characterized by at |edst one genetically altered ROS, such
as a_genep} &ahhihRbhiRaffla BRI Ghe o0 NG ﬁﬂb&dfm@httcﬁrtrﬁg tBf@kei n,
prior to sald admnistering s I n sone suc nbodi nent t he cancer is
char act erlnzf@@F'OéJsSﬁé\gB?@'Ca”sg@F%@ BQQW%Bt'%ﬁM'WmeH@QWtG@ and/ or a
geneti cal b%bé&.ﬁ%ﬁ?%ﬁ%oﬁ%xé’%wﬁm ROS or bbmﬁlioénlﬂfa*ﬁéfheﬁém%&.mehhe _

i nvention provides a meth of treating cancer napn sing: (i)

i denti fyi Hg THsipRaeRg 'SM%QZTBQ%H@@f‘o@ﬁhﬁ?@b@@mieﬂbﬁleb‘yﬁa’ﬂ 9P@%1§

geneti cal Rpaald %&ﬁermodﬁﬁ'&wt(édla g@r?ia'%é“ysélt%lﬁédnﬁgoyklr%@é% ATBERERG dBletion

t herapeutically effective anount

3-[ (R) - 1- npolgingiRP$ kipgses In B[‘JQIF‘@T%@W?Dte?‘ﬁm?“%d%'@oﬁl'ﬁgﬁ&q‘ﬁllﬂ yl-

1H pyr aZObn&hé(rlémtEBHmé’rhtnsa?d Méﬁé’ﬂcglﬁl Meréd Fﬁb@rkr%%é% healdnpreereptabt e sal t
thereof. I'n some such enbodi'ments,” the at | east one genetically altered ROS

is a genekinass: I'Wa%ﬂth@reéﬁpqli@e@eﬁéd 6?”%‘C§|é/r%ief%'?@§ kiflaseied dREDr ot ei n.

In sone ephadh RBvihgROS 'R!n%s@qlﬁ)ﬁﬁéthetsé’rhgo&%@ﬁtt thaGusi6s Hhokéin | lerEc%@zsl ng or

|nh|b|t|n t he qPreSS|on of cancer. In frequent embodi ments of this
aspect , r@%T ROSa Imanather embodiment, the fusion protein is SLC34A2-ROS. In

another embodiment, the fusion protein is CD74-R0OS. In another embodiment, the

deletion protein is FIG-ROS. In yet another embodiment of this aspect of the invention,
the ROS positive cancer is non-small cell lung cancer (NSCLC). In yet another
embodiment, the ROS positive cancer is glioblastoma.

In another aspect, the present invention provides a use of a ROS kinase inhibitor
for the preparation of a medicament useful in the treatment of a ROS positive cancer. In
one embodiment, ROS kinase inhibitor is a small molecule inhibitor of ROS kinase. In
another embodiment, the ROS kinase inhibitor is an amino-pyridine compound or an
amino-pyrazine compound. In another embodiment, the ROS kinase inhibitor is a

compound of the formula 1:
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In sonme enbodi nents of this aspect, the at | east one genetically altered
ROS is a genetically altered ROS gene, for exanple a ROS fusion gene. In
sonme suchwerhodiingsat s, t he ROS fusion gene is the SLC34R2TRED1ZeIsE60r t he
CD74- ROS gene. I n other such enbodi nents, the ROS fusion gene is the

FI G ROS gene. I n sone enbodi nents of this aspect, the at |east one
genetically altered ROS is a genetically altered ROS protein, for exanple a
ROS fusion protein. In some such enbodi ments, the ROS fusion protein is the
SLC34A2- RCS ki nase or the CD74-ROS kinase. In other such enbodi ments, the

ROS fusion protein is the FI G ROS ki nase. I n sone enbodi nents of
this aspect, the invention provides a neth f reversing or inhibiting the
progression of cancer in a manmal conpri si |) identifying a nmanmal
havi ng a cancer characterized by at |east-none ROS fusion gene; and (ii)
admi ni stering to said mammal a therapeutigally effective anount of
3-[(R-1-(2, 6-

di chl oro- 3-f | uor o- phenyl ) - ethoxyhjS drh- ridin-4-yl-1H pyrazol -4-yl)-pyri
di n-2-yl am ne or a pharnaceuti cal cc ptabl e salt thereof. In some such
enbodi nents, the ROS fusion gen C34A2- ROS gene. In other such
enbodi nents, the ROS fusion gen 74NR€S gene. In still other such

enbodi nents, the ROS fusion gene §s the FI G ROS gene. In certain
enbodi nents, the ROS fusion gene |s sel ected fromthe group consisting of
t he SLC34A2- ROS gene, the CD74-ROS gend and the FI G- ROS gene. In

sone enbog} gﬁﬂé@na@&uﬁd&\l?a %‘Eﬁe sdittRereBy ﬁ%r\@&n%dﬁ’ﬁbﬁ'ﬁﬁ tiis 5?;?4&9& b

reversing or | nhi bi ti ng %?I’GSSI on of cancer risi ng

(i) ident inventigg, aalﬁaﬁﬂ%tlcallml ROSdfiease I%ﬁa#%msaﬁﬁezcécﬂi% inenetast one POS
fusion pr Qﬁw%bcﬁ!meﬁf‘%éfu‘sbn?jgﬂéE&'§E(§’54'AQQQ©Q oF D7 AIRNEBh AothREEABSYHeRE! | Y

effective anount
di chl or o- theffugien gepis Cﬁ%?ﬁ%&%]In@netbeperpbwl@ieﬂt theyfysiopigpne BAIPI4- y1) - pyr i

di n- 2-yl amioRe |iPEn@h SR TaRRAHL & bé’n@@&l@@ll@@oﬂ?é@lﬂna’ég‘?§§Bénet|t:'Eiel%‘ﬂgﬁ such
embodi nents, the ROS fusion protein is ROS ki nase. 1 n other

such enbolivAkiRgROS Kieased ﬂm@th@rrﬁrpbqwreemi ih§ gtenehmﬂnmﬂﬁ R&SEINIn still
ot her sucan&mmém &é%%ga%cslw%@%domwu&sb% 5 RR; d%' doRADiRdese. In

certain enbodi nents fusion protein is selected fromthe group
consi st i ninage. t'fhé”%ilwdmtﬁ%%neﬂpﬁ'é/ o IROB Knasadea dalgtiethe FI G ROS

ki nase.  protein |HVBIV§19%§'RPIQ% NRBhSHEf erﬁBéoﬁméﬁp%tfus@rhsro@é?ﬁ‘f‘s%LGﬁAZ-
characterized as having a genetically altered ROS pol ynucl eotide and/or a

geneti cal R@SaWtcéD@dRﬁ@”b@T%Wﬁ%mW'me”t the USjan Weietn 16 MG AGRASdF t hi s
aspect, t Bﬁotﬁ%@éodlrﬁeﬁeﬂhé%sg?n ﬁrﬁfbm lsWS7 £RDES N arM ehRdERkent RAGCT €at i ¢

cancer, Slétlalgtlc():napr)]r(c:)’?eﬁn |sCF?(r3]CI§(SS In yet anort]r?e%%mobrodlr:rgaecnli of ﬁltéteiisgggtuo? tr?erlnventlon
the ROS positive cancer is non-small cell lung cancer (NSCLC). In yet another
embodiment, the ROS positive cancer is glioblastoma.

In another aspect, the present invention provides a kit comprising a
pharmaceutical composition of a ROS kinase inhibitor and a set of instructions for
administering said pharmaceutical composition to a patient having a ROS positive
cancer. In one embodiment of this aspect of the invention, the ROS positive cancer is
selected from the group consisting of non-small cell lung cancer (NSCLC), glioblastoma,
squamous cell carcinoma, hormone-refractory prostate cancer, papillary renal cell
carcinoma, colorectal adenocarcinoma, neuroblastomas, anaplastic large cell
lymphoma (ALCL) and gastric cancer. In yet another embodiment of this aspect of the
invention, the ROS positive cancer is non-small cell lung cancer (NSCLC). In yet

another embodiment, the ROS positive cancer is glioblastoma.
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I ntraocul ar nel anoma, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinom
of the fawbapizan7esabes, carci noma of the endonetrium caCTIBRIIHOBI6X he
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's D sease,
cancer of the esophagus, cancer of the small intestine, cancer of the
endocri ne system cancer of the thyroid gland, cancer of the parathyroid

gl and, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, prostate cancer, chronic or acute |eukem a,

| ynphocytic | ynphomas, cancer of the bl adder, cancer of the kidney or
ureter, renal lB@npthenassienbihe Presentimentoroprovides A&liaPmpesing 8, neopl asms of

the cent rBI'warH%'E:&‘P%%I &X%&%ﬁ%§ho§klh5§é Mh% A%@g@'@msf?ﬁ’étf&ﬁ% f@xi s tunors,

brain stemgliona, pituitary adenoma, and conbinations thereo I n
ot her embadminsigriigsRid phasmaesidisel coptpesidem i Patiens baving aRAS BSIEMSe gr oup

consi st i nearaler 1983 @Rk, idNeOSHERYe (AREL Lo hib0bl ApkatnosauamDuS

cell carcinona, hornone-refractory prostate cancer, | Tary renal cell

car ci nonageraiicalyediesad R@shieae dnroRter ﬁ@b@@meabﬁalﬁw@ne%@am%@@qi &Q%r ge cel |
l'ymphoma (iALLd) aafl]goﬂﬁéﬁé bPRQQnI‘ﬁeJnotHe?e%BEn%ﬂp% f@ﬂh%eﬁé id & S3aspect, the

cancer i s _non-snal ng cancer (NSCLC). I'n other “enbodi ments of this

aspect, t ﬁ@%@rﬁc@?“ R@Sglfl Mt%@tem’?é)d'me”t thequwnrgeé\qu%ﬁ’ecéﬁh‘b%a%m s of this

aspect, aMtR%r ehnticairfest BRIFXiGT gorld |§@D3/“4Qf@g)/l|n)another embodiment, said
et hoxy] - 5- (1- pi peri di n-4-y1-1Hpyrazol -4-yl)-pyridin-2-ylamne or a

phar maceugeraiicaly aliecsR@Bikinasalis a eﬁr&t@&elqt@n IYRIVIROR @S ithage, 1g another

phar ﬂace%in%aéwféﬂm%géde% dEI@H&{ FSSF'I@g?és Ih @Rbthr ér%b@d ﬁl1ent said genetlcally
i chl oro-3-fluoro sghen ) - et hoxy g{sperl di n- razol -4-yl)-pyrid

i n2-yl am Akered R Haaw&edvswpme"a@t:% d%aéeslﬁlatno%ﬁéﬁ@éf’a"WHt &fid| east one

phar mceubeﬁ@hbw AEFRPROBI 68" 4 BEIeti®l br%feurﬁ%%&lmcgtr\’c%‘kﬁfasé MeakXtRey Ngs
Fig. 1: Concentration dependent 1nhibition of ROS phosphoryl ati on

i n U138Meeepdigeahdha-oeirs peaieinds BLC34AZBOSHIED #-GOS2In angifiasnt r at i on
dependent ginBBikieht, @rﬂa ﬂ&oh’%&n%é'ﬁﬁ@ﬂ?b‘s‘i }h Qyotl‘r‘ér'eﬁﬂ;ddﬂh&t th Sision

Concentration dependent inhibition of SLC3 phosphoryl ati on and ROS

medi at ed Biofpials ¢ EhEATeIn et amiodine; tBeldﬁleP@U?@thh%Gr\&@@d”é@lel S.

embodiment of this aspect of the invention, the ROS positive cancer is selected from
the group consisting of non-small cell lung cancer (NSCLC), glioblastoma, squamous
cell carcinoma, hormone-refractory prostate cancer, papillary renal cell carcinoma,
colorectal adenocarcinoma, neuroblastomas, anaplastic large cell lymphoma (ALCL)
and gastric cancer. In yet another embodiment of this aspect of the invention, the ROS
positive cancer is non-small cell lung cancer (NSCLC). In yet another embodiment, the
ROS positive cancer is glioblastoma.

In another aspect, the present invention provides a kit comprising a
pharmaceutical composition of crizotinib and a set of instructions for administering said
pharmaceutical composition to a patient having a ROS positive cancer. In one
embodiment, said ROS positive cancer is mediated by at least one genetically altered
ROS kinase. In another embodiment, said genetically altered ROS kinase is a fusion
gene of ROS. In another embodiment, the fusion gene is SLC34A2-ROS or CD74-ROS.
In another embodiment, the fusion gene is SLC34A2-ROS. In another embodiment, the
fusion gene is CD74-ROS. In another embodiment, said genetically altered ROS kinase
is a genetic deletion involving ROS kinase. In another embodiment, the genetic deletion
is FIG-ROS. In another embodiment, said genetically altered ROS kinase is a fusion
protein of ROS kinase. In another embodiment, said genetically altered ROS kinase is a

deletion protein involving ROS kinase. In another embodiment, the fusion protein is
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Fig. 4. Dose-dependent increase by crizotinib in cleaved Caspase3 levels in
HCC78 human NSCLC cells that harbor SLC34A2- ROS f usion. Fig. 5:

Cyt or educwoOwvel3afifeset s of crizotinib in a panel of ROS fesranaeidneer ed
3T3-ROS tunor nodel s that harbor human CD74- ROS, SLC34A2-ROS (L), SLC34A2-

RCS (S), FIGROS (L) and FIGROS (S) in nude m ce. Fig. 6:
Dose- dependent inhibition by crizotinib of ROS phosphorylation (A and
tumor growh (B) in 3T3-CD74-ROS xenog raft nodel in Nude mce. Fi g.

7: Dose-dependent inhibition of tumor growth by crizotinib in the 3T3-
SLC34A2- ROS(L) xenograft nodel in Nude mce. Detail ed Description of the
| nvent i onSLC34A2-RGH er<&DT7HBOSairean adveienyioginens the fusiasy raielsis S £81AZ2t o t he

i nvent i vepeTpp %ﬁer'éﬂ%d&ﬁﬁeﬁt%@?ﬁ&?&okﬂw |§%1E§7$1»Ré§| Maér%semtmb%éﬁt%? and

conpl exes thereof and to sol vates, hydrates and conpl exes of salts

thereof , thicasrechef thoinyariiophthe ROS peviiworancer Isaﬁ@ctegémpthéegrwp | abel ed

versions EHeE&ARE of non-small cell lung cancer (NSCLC), glioblastoma, squamous cell
carcinoma, hormone-refractory prostate cancer, papillary renal cell carcinoma,
colorectal adenocarcinoma, neuroblastomas, anaplastic large cell lymphoma (ALCL)
and gastric cancer. In yet another embodiment of this aspect of the invention, the ROS
positive cancer is non-small cell lung cancer (NSCLC). In yet another embodiment, the
ROS positive cancer is glioblastoma.
In yet another aspect, the present invention provides a method of inhibiting ROS

kinase activity in a cell by administering a compound of the formula 1:

or a pharmaceutically acceptable salt thereof.

In another aspect, the invention provides a method of treating cancer in a
mammal comprising administering to said mammal a therapeutically effective amount of
3-[(R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-
pyridin-2-ylamine or a pharmaceutically acceptable salt thereof, wherein the cancer is
mediated by at least one genetically altered ROS. In some such embodiments, the at
least one genetically altered ROS is a genetically altered ROS gene or a genetically
altered ROS protein.

In some embodiments of this aspect, said treating results in reversing or
inhibiting the progression of cancer. In frequent embodiments of this aspect, the
mammal is a human.

In frequent embodiments of this aspect, the at least one genetically altered ROS

is a genetically altered ROS gene, such as a ROS fusion gene. In some such
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Definitions Unl ess defined otherwi se, all technical and scientific
ternms used herein have the sane neaning as comonly understood by one of
ordi nary WRIi2013/a1m8phe art to which the invention pertai RET/IBRKILOIBFES any
met hods and materials simlar or equivalent to those described herein can
be used in the practice or testing of the present invention, preferred
nmet hods and naterials are described herein. In describing the enbodi nents

and claimng the invention, certain termnology will be used in accordance
with the defi niti ons set out bel ow As used herein, the singular
forms "a," "an," and "the" include plural references unless the context

clearly deebadimenis: HerRPS dusiorhaene 'ét@ SLeHAerRaeasne or theHeD feRRSI" i ncl udes
oné or ggnwh%sua{l%eéd. %ﬁ@sth%fRéﬁﬁjsF?quf‘en@%ﬁ{e'Fb@q?dﬁr%hé‘ and/ or which

wi | | becoire apparent to one o di nar he art upon reading this

di scl osure. In freqent ggrogdinegnds of th'ﬁrﬂS@%@ toe [t leaptsane geneticallg @ltere &Q%r m
" abnor mal jceld, Grantdte erd‘?i@é%rété’in‘:&]c‘n R7Lr08 fﬁé?ﬁrﬁ Br'o?enﬂ ndepsadeat Agf nor nal

regul atory nechani sns oss of contact sed

herei n, uRME8AIMEN e i S?lﬁﬁimb@lp&m isithreStesm2-RRS K'@&%Oféfeﬁﬁ?ﬁ? $R99 ng"

refers toyhhg acbtnef s&*‘c%' é‘m&ﬁjmwé\%@ R R% #kish %‘rcﬂeuﬁ |§3%'F¢@IR®§%§Eé a
therapeutic as described herein by their own effort, the act of

admi ni st eri ng 'Msemeiambodjsagnte at thisrseaetsths inveatiepeigrides agneleed el bed her ei n

through t hﬁ/el%flrfgoértlnr%ltlﬁ’q"@l%hﬁégréél& of @&nE&SGH Qrmarﬁmﬁ%cﬁr?prlsﬁﬂgfa%lmlﬁ|¥teﬂﬁé7ber or
an 1V). Admnisterin so 1 ncludes the act of Jorescrl bing a therapeutlc as

descri bedtw%mmn‘lﬂé therppeuticaly effestivanamewnt of d4(Aisle@ fhé'ﬁ@'loﬁ) 3{lueress
O et W SephaG 64151 EbBEAdha-fiNg bz a L I LSRkIDB BRIGAGT N ster | ng | s

defined i nmedi at el herein, "antibody" or "anti bodi es”
refer to ammtayg@tg:a&w a¢¢|‘?ﬁiﬁb@gﬂ9diﬁ'ﬂﬁ’?ﬁfsWhPrr%1 thaicapcar danesigigd bygaROSgD, and

I gE, incl HQ!d’rHQgeF@bIrPéorﬁé‘EucQweélﬂtB&ﬁrﬂQﬁ‘thtthQ'P%dS‘ ﬁ@%ﬁ@gﬁe‘i%é%@b%b@@i@@' ng
chinmeric, polyclonal, and nonocl onal anti bodi es he term "hunani zed

ant i body" gengs Iu§é"d%rﬁé%ﬁrﬁbocﬂl@ﬁei%th@d?%qunw EBUAEROP genthi lrBtilini no
aci ds haveBesith’ GrbcRchts thé h@m%ﬁtg'easﬂ;thé OGRS MO MBcdrtirPr der to more

cl osely resenbl e a human _anti body, while still retaining the original
bi ndi ng aBmppdignents, the ROS fusion gerie is selected from the group consisting of the
SLC34A2-ROS gene, the CD74-ROS gene and the FIG-ROS gene.

In other embodiments of this aspect, the invention provides a method of
reversing or inhibiting the progression of cancer in a mammal comprising administering
to said mammal a therapeutically effective amount of 3-[( R)-1-(2,6-dichloro-3-fluoro-
phenyl)-ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-ylamine or a
pharmaceutically acceptable salt thereof, wherein the cancer is mediated by a ROS
fusion protein. In some such embodiments, the ROS fusion protein is the SLC34A2-
ROS kinase. In other such embodiments, the ROS fusion protein is the CD74-ROS
kinase. In still other such embodiments, the ROS fusion protein is the FIG-ROS kinase.
In certain embodiments, the ROS fusion protein is selected from the group consisting of
the SLC34A2-ROS kinase, the CD74-ROS kinase and the FIG-ROS kinase.

In some embodiments of this aspect, the cancer is selected from lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal
region, stomach cancer, colon cancer, breast cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the

parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
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The term "bi ol ogi cal sanple" is used herein in its broadest sense, and
nmeans any bi ol ogi cal sanpl e suspected of containing SLC34A2- ROS fusi on,
CD74- ROS Wo20m178p G- ROS fusi on or truncated ROS pol ynueCeaB2odz8s3065

pol ypeptides or fragnments thereof, and may conprise a cell, chronosones
isolated froma cell (e.g., a spread of netaphase chronosones), genom c DNA
(in solution or bound to a solid support such as for Southern anal ysis),
RNA (in solution or bound to a solid support such as for northern

anal ysis), cDNA (in solution or bound to a solid support), an extract from
cells, blood, urine, marrow, or a tissue, and the |like. As used

her ei n, t Hethrargancer«f ée ranisy erpstate egnsek chignig af épite iavkemise yaphacticom a
genetic Wo%@rc%mfert%egﬁélﬁ%r fc%f?é@r%'f Thfeekr 0%9 of %?ér' BAS R ciiRosae

chr onoso I'n the genome becone fused throu I'etion of nucleotides in
bet ween tﬁ@cmma@é%@s”efc%llpgwlsr REQPIasEts Qféhea@%n a’Wﬁls&StG@l(@NﬁdrP”)“ar}Del etion
genes | nCodayhihors St pld WirkRe bl LB JibiRaRIRiIGSMReAsHE dnged above.

As used herein, % term "fusion gene” ers to a'gene t results froma
genetic ev@Rbinglinasdisyeafno genes fron1d|fferent | ocations in the genome

becone fused, Ihro@rfé'?'eﬁfb%%nts%f thuQ‘é@ﬂSé&Qhé ear%e??sté’el&tébeﬁ%rﬁw rogpeci fic
exanpl es of fusion genes include but are not limted to the Tusion of the

5L.C34A2 geonsising of hen-ruel erlkiung eamcsr (NS GleC )5 alicplastenosagmeus Galld t he fusi on
of the CD4r @8RG, ﬁ&%&n@ﬁeﬂ&rg%ﬂ%tét@ chRdam 65ﬂ>ﬁla9}%ﬂal|%@§cgr%ﬂ%ma As used

herein, the term"genetically’a ROS" refers to any of the ROS fusions

or del eti 69lgregiasadsnesarciems, neur@hlé{su@mas@,@?mﬁsac lowge quldtmefaﬁm@é%LCLﬁr ot ei ns
or pol ypephd g§8siric ddHet. ¢h gbmg%ﬁ%bhﬁ;rﬂe'nlté’of%lg%éﬁéi:tRﬁ@c&%d%ne&ﬁél%ll refers

to the polynucl eotide encodi ng genetl cally altered ROS proteins
descri bed!urgcaneer (Nﬁ@L@érlmotfg%re@moémws 9‘1" srasgethdbe spptasinglioblEsna.t o any

of the fusion, In%h@érﬂt%boﬁﬁﬁ’é?ﬁ@éﬂtﬁl@%sﬁéctn?:lf %MQQ% di@rﬁ&rblﬁﬁﬁ)r&%ﬁ@rhﬂ The

term "geneti cal altered protein’ as used herein is used
i nter Chan@@QbY]sﬁ éﬂ’@'?ﬁ”‘{!{bﬁé’{"‘ R razobd-yerutdimeyI3Bing 9e phaenaceutisady er r ed
geneti cal b&’ce%kéb‘f‘é &th tﬁg@oﬂ%%Hﬁilrﬂé:{el‘e'acés@@narrﬁg&lftl'&l' (%prosmgﬁ @@()rﬁ{)lr i BCE

fusions include but are not limted t f usi on ein and

CD74- ROS H{( sl § A Spsfighiiprs- ﬂtnr%f)a@rry@cpt@@wéﬁ(wmeyd'arwﬂéﬂm@@'w'»@é@m des

i ncl ude ShiBdhres BB flé‘rﬁ\\a‘éguﬁ%%Iyﬁ&ﬁtplé?)%ssa?ﬂﬂer@Wé’ﬁd%Wed‘sﬂ§h<9” pol ypept i des.
As used here| n, Rog kinase" refers to any protein described herein that

contai ns PhRMacAUicalasePRRlefariisfe ROS protein. ROS ki nase includes but is
not limted tqnfsbﬁ\emnrﬁéﬁté ¥f BlstRpEE, REMANG RiAS Sansfsbogdtdiesrei n and to

the wild-t protein. The term "genetically altered ROS ki nase" refers
to the pr @i'fM'”Sra 'B@F?Eé'b‘%‘i”tﬂea 6@%&6@%9‘9%@%&" Igagt pRe agnadicaly atersd _
pol ynucl eRg]8uch as a gedticHBLsltehéd RDB, gén@%rfa%reﬁbtldgﬁﬁa%?bd'm br@ RO%ﬂ@i fic

reagent” refers to any reagent that is specific for any of ki nases
descri bed W%?W'”ngé&e%dﬂlsﬁ@él%@ emoAMSa St r@é@”cﬁd%%ﬁ"édﬁﬂﬁﬁ $¥ obes,

nucl ei ¢ aghdndh igeRétkall PAIréROS fdlynubRbtiGX AT géhelitAlyateRY RESS

pol ypepti de-specific reagent” is an anti body specific for any of the
genetlcaIP9W%ﬁW@?ed ROS ki nases described herein. Mre preferably, as used

herein a "ROS |RgkyhaeiMdrd8psfant iivenfi®agehties afﬁnearﬁboacsfttﬂeiaﬁﬁg'cmmnfd c for a
SLC34A2- ROS fusion pol ypeptide and/or a CD74-ROS fusjion %ﬂé‘i‘{)e pti de and/ or

2 FI G ROSTROYTS O8NS B AR NN meRa al Redng s Co s chegs by 2t IBasigent "

i's an ant bR@g¥netichisy em@aaﬁa@snayd seadrﬂfnfs&érmg tb Qaib S fhmalstharapeitally
pol ypepti de- speC| fic anti pol y e tide-s 1]oeC| fic antl body is

f or ~ exanpPectiye agountols: [F@s1 i/%%ud&ﬁ'%%wlﬁem hoxyldfyr ¢ T-pigeridin-¢aka2- ROS
fusion pr ¢Hq1yfhz@nmywwdm@tyl@mnﬁloea%nﬁé@uﬁébupra@&@téblagalt heebst.- In

some such embodiments, the at least one genetically altered ROS is a genetically
altered ROS gene or a genetically altered ROS protein.

In some embodiments of this aspect, said treating results in reversing or
inhibiting the progression of cancer. In frequent embodiments of this aspect, the

mammal is a human.
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As used herein, unless otherw se indicated, the term"treating", neans
reversing, alleviating, inhibiting the progress of the disorder or

condi t i orwDaodiieds9osuch term applies, or one or nore syrpTaR®12H333ech

di sorder or condition. The term"treatnent”, as used herein, unless
otherw se indicated, refers to the act of treating as "treating"” is defined
i medi ately above. The term "treatnent"” includes "adm ni stering" or

"admi ni stration" as described above. As used herein the term
"pharnmaceutically acceptable salts” includes acid addition and base salts
(including disalts). Suitable acid addition salts are forned from

aci ds whi ch f dnsPmGrembedireerigpttsis FRegipihest jagsl engeganeticaly elteied RAS far t at e,
benzoat e, alg;%ﬁé(tkc%nﬁalté?é&Rb%og%"@]feefo?%&é}ﬁﬂéfaq?oélfééﬂérp /15 4bfn@lsGen DO at e,

cansyl ate, "citrate, edis esylate, formate umar ate, gl ucept at e,

gl uconat eeMgpaigientsn HILcRO% &yt griEp HisspiHaI4A2-ROB@epae the CD74-ROS
hydr ochl Opeﬁee/ IR s emw&.%ﬁemh@%@é %&egenlangh%' Fqé' R85 igeds de,

i sethionate, lactate, nmlate, naleate, nal onate, nesylate, nethylsulfate,
napht hyl ate, 20 ﬁafw}ﬁ”&lo@'mﬁ?ﬂt%@ft‘T‘ﬁaﬁséec’fn'ih?raéteés’f Preod e Ca”M)@HPr&fjeR Pl mtate,

pamoat e, phespRaieakeed RO HBIRAS l@&%txg(nglehé’ ﬂb@%&onﬁ’ BREARAR %om%%%lh arate,

stearate, succinate, tartrate, tosylate and trifluoroacetate salts.

Sui t abl e 9@§@d'§t§ntssth&r%o$@Hﬁ*@ﬁpfpliedﬂﬂsﬂ%%Ebcﬁﬁﬁ%ﬁoﬁdﬂfﬁﬁ%@ﬁﬂﬁ%@@?&s& s.

Exanpl es iRgsd! e othBrs@hWiBimes Ihe RO fuBiBRHAStEHh REthe FEROEKina5®! i ne,
di et hyl am ne, di ol am ne, glycine, 1ysine, magnesium neglum ne, ol am ne,

pot assi um sodn gRnetandnsineiiis AkthisrrePestninedamenton provides amthed elevi ew on
sui tabl e RJ\'/@FW&%W&%& bﬁe%ﬁ@@rggnﬁﬂ &F (}%ﬁl:éﬁﬂ asrﬁ'&n WWBKQQT) |d3ethﬂfy|’f%(‘e{3m i cal

Salts: Properties, Selection St ahl_and Wer nmut
Wi nhei m ”@&%WV'”Q@@@PCGW%‘QFQ&F%'@%%ﬁ'b‘eéth %l%@ﬁf@'qnmﬁﬂﬁp@?%@'éd her ei n by

ref er ence alfinidiirglb sbRlammal a the&p@nﬁém%ﬁeéﬂveaamonﬁ@rc@@hfm (Besalt of the
i nventive conmpounas can be readi | % repar ed L m X1 ng toge her sol uti ons of

the conpodistiotmetfitere-rhesy-athondidd orr»lpw%re4 YhHRy 28 yipundiTRe/ aEine may

preci pi tapey Bﬁ%a%@uﬂﬂall?ﬁcc%ﬂ%b@sa@t%ér@@ﬁ ad sBelsubh ERbb@MeATs, IRROS
recovered by evaporation of the solvent. The degree of ionization in the

salt may H&IOp GoNBAS @6@4@6‘@?%@%&?&%'%@%%@?mﬁewfﬂearrﬁ $eROS fusion
gene is CD74-ROS gene. In still other such embodiments, the ROS fusion gene is the

FIG-ROS gene. In certain embodiments, the ROS fusion gene is selected from the
group consisting of the SLC34A2-ROS gene, the CD74-ROS gene and the FIG-ROS
gene.

In some embodiments of this aspect, the invention provides a method of
reversing or inhibiting the progression of cancer in a mammal comprising (i) identifying a
mammal having a cancer characterized by at least one ROS fusion protein; and (ii)
administering to said mammal a therapeutically effective amount of 3-[(R)-1-(2,6-
dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-ylamine
or a pharmaceutically acceptable salt thereof. In some such embodiments, the ROS
fusion protein is the SLC34A2-ROS kinase. In other such embodiments, the ROS
fusion protein is the CD74-ROS kinase. In still other such embodiments, the ROS
fusion protein is the FIG-ROS kinase. In certain embodiments, the ROS fusion protein
is selected from the group consisting of the SLC34A2-ROS kinase, the CD74-ROS
kinase and the FIG-ROS kinase.

In some embodiments of this aspect, the cancer is characterized as having a
genetically altered ROS polynucleotide and/or a genetically altered ROS polypeptide.

In some embodiments of this aspect, the cancer is selected from lung cancer,

bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
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The conpounds of the invention may exist in both unsol vated and sol vat ed
forms. The term'solvate' is used herein to describe a nol ecul ar conpl ex
conpri si yotzhss/mawspound of the invention and one or nor @CphB2OTEO®BGES cal | y
accept abl e sol vent nol ecul es, for exanple, ethanol. The term ' hydrate' is
enpl oyed when the solvent is water. Pharmaceutically acceptable solvates in
accordance with the invention include hydrates and sol vates wherein the

sol vent of crystallization nmay be isotopically substituted, e.g. D20,

d6- acet one, d6- DMSO. The invention also includes isotopically-I|abel ed
conpounds, which are identical to the conmpound of the fornmula 1, except
that one tWrapgas r@ﬁlwwtermeﬁﬁ@s@écpvayara@ar@%mqﬁai@awrawnmmw@ ar@ss or
Mass “U”b% i Et%ﬁ{agﬁ‘karfcfePf@obh%aﬁ&é?”&r@a%‘%ﬁﬁcé?rca"r‘@@&né‘&ﬂ”fh@fallHﬁHﬁ{db)ésf ound in
nat ur e. les of isotopes that can I ncorporated 1nto corrpounds of the
i nventi oan”irﬁ@PiH‘éé)f t@cﬂ@?@@’f"@m ﬁ@/@m@@r@f thezteptn Caiginomegd he \pejge

phosphor UéarcﬁHllnfalethef\)u%rHQ@gkﬁf@D%Qééér béifer S8 o8pnabhs, %lghcelgpthe%ﬂr%u 15N,
180, 170, p, P, M5, 18F, and 36ClI, respectiv oun

present i H\t@ﬁﬂ? &ﬁ”@ﬁid’f H‘l@eﬂnﬁ*ﬁ@ré‘@tﬁyétém 93%‘@&@@{‘@513@%&'%@ @ncy & theconpounds,
uhi ch conpalathy dieoBh@IBRED of HRCAdPLIERE SaROMEQ sOf Re! epbaRat! ot her
atoms, are within the scope of this invention. Certain Isotopically-Iabel ed
corrpounds ugethre, r@nﬁf?régmpanwemst%wm@rr chrgpigiap peute frykemian tyg nae\ia

radi oact i W& ohsMhORS SR thedtadtier, AAAcek HERRINe) oPLRY FeRSl ceRbSrcmebul i n
drug and/or substrate tissue distribution assays. TIritiated, i.e., 3H, and
car bon- 146arcingma of ihe, ren%@?%ﬁe%e%@”ﬁéﬂhwnﬁﬁll']Pr‘tﬂl@fswtﬁ@dcf“&) RAEY ease of
preparati @Nsaﬂqpl‘?&ﬁﬁ%bﬁ’ﬁlal Blid WimoF bEeEtemYiBRbI Sittfth§hdbhdha, pAVi er i sot opes
such as deuterium 2H, can afford certain thérapeutic advantages
resul ti ngc@m@ﬁﬁ@néﬂleé‘?o‘crret abolic stability, for exanple increased in vivo
hal f-l1ife or rgdured HheaRdntd Sakis8pER e %Qr%erﬁk%%ted%m@r?e @{,gﬁerred in
sone circunstances. An isotopically [|abeled compound of the fornula 1 of

t hi s i nveRenssiing ghnepepdrheglliunkcancep ¥l Gy diokiasiamay savamMeUsCalir ocedur es

descri bedcér‘éfnohléeh&ﬁ{bnbﬁgﬁé&&?‘bmgance?%?ﬁlb%hﬁl%eﬂ chRfdnlay available
i sotopical ly | abel ed reagen or a non-isotopically |abeled reagent.

Al so i ncl Gele@ci ?‘Fﬁr}?cﬁ'f‘fé‘og‘@oﬁ@uréplaﬁq‘?@aﬁn%‘@@ﬁs@ﬁ'aég%c‘?!ldwﬁp@@% as

cl at hr at egpg Qééiﬂc bakkr. 'Irﬁ‘%rHé b%o@ﬂ@hk%@ﬁls%ﬁé&'tﬁe cbrﬁbe?%'“dnas?rﬁali&llt he
af orenenti oned sol vat es ost are present in _stoichionmetric or

non- st oi chi”Sr?éﬂ‘quéNﬁ%Ghtlé‘ oti)gr QQQQ&‘I‘QJH%@F tﬁﬁsé‘sé%ﬁp‘lhéﬁégc%ﬂs glioblagiomy-

cont ai ni ng t Won @leq@t @nibodMbirits 8MHis spddOs- gm@@m&@mmdmbﬁéhwﬁy be in
stoichionetric or non-stoichionmetric anoun he resulting conplexes may

be i oni zeﬂth%ﬂﬁ“a‘P'P‘V'q'%ﬁWkéﬁ PYERZOhmbPyRdin-&ylamipe Oéarp@ﬁ”éf\‘ﬁeéf'caé'ldch
conpl exes gestblk Ezﬂﬂh@i‘e@ﬁﬂs adﬁfﬂn&tgaed a%@&alr%ggetﬁiﬁal%h%%m&ﬁ‘ cobigRisg 3-1975) ,

t he discl osure of which i ncor porated _he by reference in |ts entirety
Di agnost i KRy-d<2 |6rqjchloro -3- quoro phenyl) ethoxy] -5-(1 plperldln “4-yl- 1H—pyrazol -4-yl)-pyridin-

2-ylamine or a pharmaceutically acceptable salt thereof and at least one

pharmaceutically acceptable carrier.

Brief Description of the Drawings

Fig. 1: Concentration dependent inhibition of SLC34A2-ROS phosphorylation in
U138MG cells and HCC78 cells by crizotinib.

Fig. 2: Concentration dependent inhibition of HCC78 cell viability by crizotinib.

Fig. 3: Concentration dependent inhibition of SLC34A2-ROS phosphorylation
and ROS mediated signal transduction by crizotinib in HCC78 human NSCLC cells.

Fig. 4: Dose-dependent increase by crizotinib in cleaved Caspase3 levels in
HCC78 human NSCLC cells that harbor SLC34A2-ROS fusion.
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A nunber of assay formats known to those skilled in the art may be used in
connection with the present invention as diagnostic tests to determ ne the
presence WO 2ai3angse of a genetically altered ROS i n a biporagoaabssgenpl e.
When a diagnostic test returns a test result showi ng that a biol ogical
sanpl e contains a genetically altered ROS, the patient fromwhich the

bi ol ogi cal sanple was taken is considered ROS positive. Simlarly, when a
di agnostic test returns a test result showi ng that a biol ogical sanple,
where the biological sanple is a cancer tunor biopsy, contains a
genetically altered ROS, the cancer is considered a ROS positive cancer. In
particul ar, wiagedt ketasedichue efects shplieotivnipra perel EAMEEY fuséan enginagsetancer
can be charaegs | rﬁ&de@ﬂ%@hé}bﬂﬂh@n&?@ﬁ?h%éySI?d;ﬁ@(zeﬂogc@) FR1734@D. A

geneti cal I y altere protein, such as a fusi on gene of ROS fusion

protein, B@Sﬂ@t)e'ﬂﬁ-ﬁﬁ@st(hbar&@%@§ (81 'naﬂugérﬁfé@@ cally altered ROS
pol ynuci eot i derjgngl/ %sé’%b’é}ﬁﬁh{ ﬁ%ﬁ.b%hrtg/ &B6ib %F%S}(B%h&‘i’/létlﬁﬁ’?ﬁ) Qg skill

in the art or as describ her el n. rmunoassays I mmunoassays

usef ul i ntuns gVt BLie 3Jf3 Qﬁ%“ rEShestegEft etel ineds MigA- ray be honpgenous

| Mmunoassays gfjg het @o@%@@é’r\b%n't Wﬁﬂiﬂf?&ﬁ%@%ﬁmon‘ yréwth %ﬁﬂﬁm%.@%@w@,he

i nmunol ogi cal reactlon usual I'y invol ves a nut ant pol ypepti de-specific
reagent (eLg3442-BOAurenpgrfitiiedebin \eleypepti de- speci fic anti body, a

CD74- RCS fusion pol ypeptide-specific antibody or a FI G RGS fusion

pol ypepti de-specific antibody), a |abeled anal yt e, and the bi ol ogi cal

sanpl e of interest. The si degtailedDescrption ol the X tel is nodified, directly
or indirectly,yyeQninkibsied olEnmige il rbRferBS hQr%‘thottF?e fnb@nttv%%h%uﬁé@' yte.
Bot h the imunol ogi cal reaction and detection of the extent thereof are
carried olfcludp referpapyOrfalasobEias Nytates et fOERIENET Merqokiiddo saetefmy be
enpl oyed h{]tﬁbt'é@%nfj 8RplcREd 68datts tﬂé‘i‘&bfomblﬁ&hﬁIE)%@/mofréHéoét%?é‘o‘i"s'&néﬂé/ &nd €nzynes,
bact erioph 9? coenzynes, and so Sem -conduct or nanocrystal |abels,
or "quant qwa&ylab@mvanswswéera@fvant ageously enpl oyed, and their
preparation anskipapnbas been wel |l described (See generally, K Barovsky,
Nanot ech. Law & Bus. 1 2&& Article 14 £2004) and patents cited therein).

I n a het er ogerl&d@ss defiagy omsprisad teehmicat angyegiendifiia fesmg digad hgrefmavsites ogi cal

sanpl e, asaHk dHanRERskdoRRSEhIPMILPRBSI %ﬁoﬁ@@ﬁdr&hﬁryrékﬁlgﬁﬂ{e dretodvhictPihe
anti body), and suitable neans forwﬁ uci ng a detectabl e signal. Biological

sanpl es a S eral l
np ovepiianmertaiies Atheah 3w ﬁi@arﬁbma@éla's S’m‘@réBh?WBYﬁi‘}”t t%”‘g’éﬁ y

i mobi | zggsPiBed@h&léRP&intbe $éahn 8% RaktRBWr td2kiRg Bf AE pddefitinvéiidncont act ed
with the sanpl e suspected of cont al ni ng the antigen in a |iqui d phase. The
P

support i Brefeead selhadaertimeiesistaie dps @h%ﬁbénéﬂﬁacr&'rtgﬁé?emb@ Eigsor t
phase or bH@clbinﬂh'g ﬂweﬂH\ﬂa‘iﬁoh ScePimtbMadol b wit bdelses irPiicBrding8 dith @l oyi ng
means for produci ng such signal. The signal is related to the presence of
t he anal y#efinitonsiset ejitbelYi cal sanpl e. Means for produci ng a detectabl e

si gnal i ncl udead iiduireiRfthé 8RgORETINVS "d, el "sandftHeOirRR @8 MlurhidBRYéhcegNZY ME
| abel s, quant um dot s, and so forth. For exarrpl e, if the antigen to be

detect ed HORERINGSOReXbRIRAY distaigs olresvise, Thys &t BRI SRR e Metod o t hat

site can pRluaesbhd st @brd MefodeRalonBleps 8f MRy RGbsaABRhdreintdng/drivtiithd phase
reaction sol ution before the separation step. The presence of the

dot ect abl BRSABCARPEIE! SANEPT SLiSY K] icihe Btaor FeAdtEISREIRsrE he ant i gen

in the test samlSed R5AIM! @festf oheiisdliRii¢d@aINBASERY SaBi@miah@ell growth”
radi oi mungassay, i munof’| uor escence net hods, enzyme- | i nked |nnunoassays

and t he | [gi@rs tocell 9r°"‘1”|‘ntﬁilﬁMBQW@@?Wt@”ﬁﬁ'deg‘&?i%t MEARANIHRY €09, IR/t may
be useful C&qgctwﬁ;mﬁ)g out the nmet hods di scl osed herei n are vveII known in
the art (See generally E ggi o, Enzyne- mmnoassay, 1980) (CRC, Press,
Inc., Boca Rat/shused| hersin, lé‘lé%sszﬁt%w'sé inglicategl, dhe tepgy the (gym “admyystenng” ( sk ol d
etal . Nﬁatfé}@d@tﬁe%ct MM@%MH@tehh%Wﬂ@reﬁﬁ@@ﬁﬁ&ﬂ |Hg@§l@raaﬁéﬂa?@8§tlcaé'sd their

Appl i catl on"): Pat . 678 (Forrest etal nmunoassay of
Ant i gens' YeS‘Ubgd hﬁ&t” bM\IBe'r@WQﬁﬁoﬁltbe @@a‘?ﬂa@”‘éﬁ'%?””g whersinfoRaient @gﬂ%t%éys

Usi ng Mongekapeatic é@ﬂé&@lﬁb@ﬁe%}n th@@:@ﬁltﬂié st Sfinbarel e ? Ok dbéer, laafurdd, iaon  of
reagent - anti bon@)%/m Iexe are wel|l kpown to thoseog skill in the art. The
t {

concent r afanyiy é“%ﬁ'ﬁ@ﬁ'f‘g SIS0 dudss e, ¢tk PESSETINDRA that t he

EI ngl ng OBheEA-&%ﬂé\as %&rlbéléh@ﬂélrquhdﬂaﬁ!ﬁut"tadmmhsfbraﬁ@{ esd aeldcrsmmmaleed to
ackground.
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Anti bodi es useful in the practice of the nethods disclosed herein (e.qg.,

| HC, Western blot, imune-fluorescence, and flow cytonetry) i ncl ude,

wi t hout Iwoi2bestG10989 anti bodi es that specifically bind t@eceiBiar/o$3aéd | ength
5LC34A2 or CD74 (e.g., bind to the Ntermnus of the protein) or to full

| ength ROS (e.g., bind an epitope in the kinase domain of ROS). Such

anti bodies may be commercially avail able (see, e.g., the ROSspecific

pol ycl onal anti body sold by Abcam Inc., Canbridge MA as Product ab5512).
Where the antibody used specifically binds to full-length RCS or

full -1ength 5LC34A2, such in a Western blotting analysis or by flow
cytonetr yothQWV'%@ﬁ'pﬁ@ﬁaneﬁ%lOHb@l agtf featingtast" nemipisteringc is dsfined immeghiatelROs

pol ypepti dg,@r pol ynucl eotide of the invention (e.g., an 5LC34A2-RCS

pol ypepti de or polynucl eotide) may be enpl oyed on the sanme sanple. For
exanpl e, flow %wsmléter@ﬂnd'ﬁnﬁmdu%@rﬁianvws{iéﬁfferstomﬁyyn@é oh ERMBReEePUARS.h t he
pbcart s abhiihoae! BRFToA ! MOHE Mol Pabk: biiRchsbisled 1BGRoARY VST o of
t he genetl c materi al g. genom ¢ DNA) “usi ng PCR prinmer specific
for (i.e.therephtinglydipg Gh'ﬂ@”@d)d&tcl%‘% a”@ﬁ@”@fﬁloﬁalc?mﬂ@dé@ﬁﬂb?ﬁﬁj%LCMAZ or CD74
(e.g., th%Jn?Jn%'adanlﬂf)bdiﬁ‘re)s (RRE efuih, RerefORY nﬁH@deQlfecﬁl@@m‘?Whl@rPQnﬁ% a CDNA
encodi ng RCS (e.qg. reverse priner). anti bodies for use in

t he nmet hoé@'d%ha‘{%anf@@'ﬁ@@(b'ﬁ tfr\fh?Of!?é‘t'@%th'O@'ag é%g'@réﬁ ig osdsIrit;imermelesaly sui t abl e
for a di agn@gilea ﬁérﬁéb(aﬁt?ocﬂwwﬁ%as‘iﬂﬁ retBinRig8Re ofdih&lSdg Ml).s formed from
materials such as latex or polystyrene) i'n accordance W|th known

t echni ques, sutd1e tggn d?'@'@g'ﬁaltsampéﬂw IS i NsoRin Esitoprogdest semraepand means

pol ypepti Qﬁ’y 6iBRGichI &M&@Q@%@teﬂ%‘!c&ﬁtglﬁ}ﬂ?ﬁdﬁ@%ﬁﬂ%ﬁ&ﬂ coradebgct abl e

groups such as radiol abels (e 1), enzyme |l abels (e.g.,

hor ser adi Bﬁ'%‘eF@cR@%fé3'0&IORHPhQﬁaéedpﬁ@§mﬁ>§/ﬂ‘&§|6?t'd9§rﬂﬂ DPW%Q"@'% ehfragragnis s

(e. 9., flyRE&ICHIMhay ébrﬁ&rfs‘érad@C@ananorK@é)Pé’BIaEe%ﬁmh qU¥ef(e.g., a sprea@%'f' based
assays such flow cytonmetry (FC), i1nmunohistochem stry %I

i mrunof | ume@é@éﬁ%@hrenpforae@ penamie N4y (ifyseldignrospoend 9 @M@Iﬁuep%swqﬁve

met hods ofg ?d?%ohm\éﬁ‘rﬂéhé?}vbus)SRNﬁ?mSééﬁJﬁoﬁl%ﬁBdurfd%%Bstoﬁd 3hSp ot dueh @8ldry- sui tabl e,
all ow the detection of lgenetl cally altered ROS protein expression in vivo,
a

and avoi dNeffern paRYYS), NAf(mol%lﬁaﬁg%undrromqh@ﬁ@@pqr pAM ¥5agt frapaells,

mani pul at phREd afhksmakbei Hedidsi8Mndnhdiike tunor sanple in order to obtain
extracts. Accordingly, in some preferred enbodi nent, the methods of the

i nvention are "i‘%ﬁﬁe@rﬁﬁﬁ‘?@dhﬁ tere ﬁP'@W%WWfPV tp peneithahiersthfref hem st ry

(IHO), or gbiBidRAEAUMH RSN ehbE roRShffehtd6dBbns on the sanfd oRY¥sMREITY (FO)
may be enpl oyed to determ ne the expression of aenetlcally altered ROS

protein i eagei'?ﬁm%eica'ﬁetf‘ﬂﬁ?@rth’@ég'b?@e'eélﬂ'f‘ PhetclegigesintRaiwesrelie MALeHES h a
drug tar gﬁlﬁﬂre?érrédﬁb'ag'at b&ﬂatl@%léﬁbﬁ@%l@tﬁndd@nb%ncﬁﬂb tﬁ%éﬂ?&m&llmﬁéﬂw cells
froma fine needle aspirate maX be anal yze | ow cytonetry fo

SLC34A2- RS FlIGsR8R 9&6?95%‘@?6@ @Y%pr essi on or CD74 ROS fusi on pol ypepti de

expressi on andi@use@@féréﬁﬁﬁh@'fbmﬁ%s%'den@sréfé’ﬁs tOBGKRE thal ARON friyiRg cancer
cell types, etc., if desired. Flow cytonetry %/ be carried out
e

accor di ngg?'lﬁt'§teé(ﬁ@é!mf”ﬁ@‘ttf’i’8&§”e%§@m déff‘iie”td?ﬁﬁkp'éﬁ | the genarpprBeqayne fused,

( Communi cghhdidatdd) ofdnvBitéddo c@’ét@ﬁ&feWQenéGSpg@ﬁJ&(aﬁ%ﬁ&laffuéﬁfd &ddey and by way
of exanple, the foll ow ngw;)rotocol faor cytonetric analﬁgls rray%t)eﬁegjpl oyed:

fixation BudgbuLanenet{ip todho Asiongy tha Blebstfe? 98518 ang t

fol |l oved B¢ MesmRaROEZRhE Ohdi the ARMNNBIHIRAODY 4 hBke 38 HeRBS FeMItd 6 Cel |'s
may then be stained with the primary ROS pol ypepti de-specific anti body,

washed anie GPE-BPSHa a f1 uorescent-1abel ed secondary antibody. The cells

woul d then be @l@ée\d&%‘?elﬁﬁhétérhp“g’eﬁéﬂcﬁmélférredROS reaerBe@&ﬁyaftﬁ@wdgr FC500)
accordi ng to the speC| | C prot ocol s of he i nstrunent used Such

anal ysi s #5lAna oF delgonsydasadraddigsgin “I"@E&‘ifr@é‘%&? BN Asyolediges, pr%tP'Bﬁ Or
pol ypepti eay@éptl@@z%&i&ni tg%h@rbamﬂbw @‘R‘G@ﬁél?&%tl&é‘ﬂ‘@fers QitAe | ar anal ysi s
|

after treatnent of the tunor wt ROS-in ting therapeutic would reveal
the respoRSYRIRAlde snceding ey Q3hegeneatiGallyaierss) %éﬂ?ta'éséﬁﬂ%'@%lhﬁ&”t unor or
t]pe Rggﬁkl Rﬁ&tefrmsg@rﬁbtngllwap@%d N@?@fﬂéﬁsﬁéfé}@ t Hﬁzbff{n@fd% Haléﬂ@t ed :nhl bi t or
o] in hi_ st ochem stajnin e al so
enpl oyed FH”‘E?QP%?%'HB@P% ‘é%?ﬁF'*é%dm%ﬁ'” ﬂdﬂ t?g Ma@ qe\yg@uy(ﬂl,tequﬁég pb‘?te'”$
geneti cal hyugdd Kéreid .B@&dqh@tmaﬁﬂegblﬁwmmrgwbu@rny@%@@Rd@ SypdpaebC) before,
during, and after treatnent with a drug targeted at inhi Bltl ng ROS ki nase
activity. IHC may be carried out accorging to well-known techni ques. (See
for exanple, ANTIBODIES: A LABORATORY NANUAL, Chapter 10, Harl ow & Lane
Eds., Cold Spring Harbor Laboratory (1988)). Briefly, and by way of
exanpl e, paraffin-enbedded tissue (e.g. tunor tissue froma biopsy) is

pr epar ed for | rrrrunohl st ochem cal st a| n| ng by depar aff| n| zi ng t| ssue

a o r 1 o - NS N



usi ng ABC avidin/biotin nmethod according to manufacturer's instructions.

| mmunof | uorescence (I F) assays may be al so enpl oyed to determ ne the

expr essi omoantwarsact i vati on status of SLC34A2- ROS f usi @eaTgBiyperéde or
CD74- ROS fusion pol ypeptide in a manmal i an cancer before, during, and after
treatment with a drug targeted at inhibiting ROS kinase activity. |F may be
carried out according to well-known techni ques. See, e.g., J.M Polak and
S. Van Noorden (1997) | NTRODUCTI ON TO | MMUNOCCYTOCHEM STRY, 2nd Ed.; ROYAL
M CROSCORPY SCCI ETY M CR%CODY HANDBOOK 37, BioScientific/ Springer-Verlag.
Briefly, and by way of exanp pati ent sarrpl es may be fixed in

par af or mPﬂﬁngqﬂﬂt'P@MeW R@$ REateINS insludekB@SHsiBNS. etrtadPS ol ut i on
such as Nekifis BRI aretmmﬁﬂeaw& @Lé&@?ﬁb@%é/oﬁﬁwté?%b{d 1 07UIRDS

5LC34A2- ROS fusion po i de fusi on

f usi on pofuppapgrreigs. Ecﬁf @chalyﬂi@fﬂdd?a@? pahrpenziwéy 'HC&W«?I%@WTR@S

fluor esceﬂ}S,oq#y&W%%mésa,@I@jﬂ ,4@@ fg,ggn BBI%%&%Q wi th an epifluorescent

m croscope i es enpl oy I n"the above-descri bed assays may be
advant ageous| yAcéigdgatind RQS kipagsr é@@@ﬁ@ agy eeotgie dgscringd aregnthabE) | or ot her

l'abel's, sUGhaiAs tRUaR SeBoRRInsort trﬁé)ll?o%%ﬁot'el?\ ﬁé‘dé kmé‘s%ﬁﬁé]ﬁ&és' Kut &Mt YisRsd & ong
wi th other signal transduction 0- AKT, Uéﬁho Erk 1/2) and/or

cel | mar ke qeélytlféﬁﬂéﬁa@rﬁﬁﬁ%pio&j@ﬁ @%scrlﬁed/mrp@t%nddp thsy Wik-type RS otein.

i ncl udi NgTREBABGEALIKEH dERRHIRGEIRRRE R%I8Yo hE r<§@1)11or BN St JRTBAREASS aY
(RIA), and fluorescent-activated cell sorting , for nmeasuring

genet i cal Py agenelicaly ritgsed BOHRPYNUgEStids-e known | n the art and provide a
basis for di ag@@ééagqeaé.ﬁeth@@erm R@@Q&ly@épt.héggé&f. agde3dRgs RO usi on

pol ypeptide, CD74-RGCS fusion B;@I de or R% fusion pol ypepti de
expr essi ofeagrpirihalis élPe%ftoafﬁﬂ@’rydOf\ﬁ% BeS kirpses desiked Re®in. $yribas E@‘!W@ﬁt i de,
CD74- ROS f\eg)p0pegtiaby RRRlkIcARI Phrobé RIS eicURIOftinRat YRRIRAE fike. S¥PELIRHION ar e
est abl i shed by conbining body fluids or cell extracts taken from nornal
mamal i a_np@tﬁff%’ctp@s pRlwraptidespedifitrgagent is Rnantipesydspeeific Bir@su ADthROS f usi on
pol ypept i genetichlifAaiifE ﬁi@%‘%s@@%&‘?n%d HEref. Nﬁré%%@a%lysésourbeﬁﬂe)‘é?ﬁ@t i de
under conditions suitable for conplex formation. The ampunt of standard
conpl ex fd?@rﬁtppkyﬁew ECIHE EFRIPPT &P%@”t@aw sReCTicdP RS C3Hr-RpSgipabl y by
phot onet r b6y PEAAE andRBIAD74eR0S USRI RES ahtie QF I BROPERIhde, CD74- ROS
fusi on polypeptide or FI GROS fusion pol ypeptide expressed in subject,
control, BﬂMpQﬂt'géa\é’Be%H}?pR&S PRlRAPEfeBReWH eRgRNic's 2R tibsyp HiedBagt ™t h t he

st andar d Wil BRSefeHRY tdhdram d%eéwslpéwé&%@ aaﬁlc §Mmoaft suah Hepest abl i shes
the paraneteéers for diagnosing, dise ep i d eoti de Assays

Simlarlypo A@gﬂ)&dﬁéﬁﬁ?'ﬁfé%”tpeﬁy iser et |ao§)-8§%¥19f9%&'€i06r906’99@%5&r essed

genet i cal hytildlened E8EARROEEIbLI PRotéiR aftitidyt 6% FaL-ROSRIFortHoRId Si ng cel |'s
froma tunor may be prepared and used in standard AQUA assays, as described

in detail @8#0od¥cti on E above. Accordingly, in sone preferred enbodi nents of

the met hods ofad hediHYER!inMEss diR@wRSh sty eRd ieflR paeing hféah@ﬁﬂ@&‘ing
conpri ses a heavy isotope | abel ed phgosphopepti de (AQUA peptid

cor r espon@laiping BB e erCaBeRsH e Gotien G CARPIIONJO MHShGHCR .

SLC34A2- Re&priesinidte B i@ﬂ@,tdf@@@h &E&éer%a@owﬁdrpnmé%mp%btrﬁm%s bsda ROS
fusi on pol ypepti de. E‘)(%peptl de-specific reagent useful in practicing

the met hoB&rek UpIgss ?th?fé’ﬂﬁ% el refessdo e Faratrealing goniratiagtis definsd pna
probes t hgimédateRiabeed. I The Ml trdb#Rnt'Gncl@Rd “B@hiBRterinfusH anmrstrbtrdmggt ed

pol ypepti de expreSS|on transcripts in a biological sanple. Briefly,
and by wa§es¥ip %Qét?ﬁylee, formalin-fixed, paraffin-enbedded patient sanples

may be probed Ad @&d&]efrélhlﬂf@t%ﬁﬁl @Tdnﬂb@éuﬁlﬁa@%c%tablé shRdliesbsitidnashes wit h
formam de, SSC and PBS and analysis with a fluorescent m croscope.

Pol ynucl c8fd tRrsandheasgisys geleding dispNs)al t er ed ROS pol ypepti de may al so be

used for di agrestable d KAHRH saTQQre%hﬁéﬁﬁérﬁ%bld@%@hﬁaﬁm RBY-tdx® stwed | ncl ude
ol i gonucl eoti de sequences, antisense RNA a ecul es, and PNAs. The

nd
pol ynucl ebX@rgelss Mdﬁéh%§%at?oa%fté@t befirga Qﬁﬁl‘%"%’tté%ﬁﬁ?f@t‘%(ﬁ?fpé%%‘i?on in

bi opsi ed bisgipHER/sulatéhbdihteC XM §FRE Uitr 8, %&4@4\2—5 formiafy) fipmdrdfeept i de,
CD74- ROS fusl?on polg é}?e or@ﬁil etion %@H%@% tide may be correl ated
with di sed¥eerigigedly &@ﬁ% YoHropate, Pexp{lopphpgiigt i”%‘i‘tPngw sh between
absence, ycﬂé&n@rﬂje/@Mld@XI?@ﬁ@oermeﬂﬁémQi@ 9y dr&ib&§adirsdti BB etHisraed) 1qvedty pept i de,
CD74- ROS fusi on pol ypepti or deletion ROS pol ypeptide, and to nonitor
regul ati on of 5LC34A2- ROS fusion pol ypg@tl de, CD74-ROS fusion polypeptide
or deletion ROS pol ypeptide |evels during therapeutic intervention. In one
preferred enbodi nent, hybridization with PCR probes which are capabl e of

detecting pol ynucl eoti de sequences, including genom c sequences, encodi ng
5LC34A2 ROS fu5| on poI ypept| de CD74 ROS fu5| on poI ypept| de or FI G ROS

o . N 1 N L



region, and the stringency of the hybridization or anplification (maximal,
hi gh, internmediate, or low wll determ ne whether the probe identifies

onl y nat uweal2b1s/aewsar ri ng sequences encodi ng geneti cal | ypartiBza2ioROS

pol ypeptides, alleles, or related sequences. Probes may al so be used for
the detection of rel ated sequences, and should preferably contain at |east
50% of the nucleotides fromany of the genetically altered ROS pol ypeptide
encodi ng seguences. A SLC34A2- ROS fusion pol ynucl eoti de, CD74- RG0S
fusi on polynucl eotide or deletion ROS pol ynucl eoti de may be used in

Sout hern or northern analysis, dot blot, or other nenbrane-based

t echnol ogrr@@temalﬁ@ﬁe, malenatsl @gﬂé@te methwhuwatg naphilylateiZmarsyipBA or chip
assays Ut hichiglahdl ikl 45 dﬁotgfe bkSstealffia Bﬁﬁbﬁetprmsemw?%g efiet ect
genetically altere ypeptide expression. Such ative or

quant i t at Phesphatertiisireges Rb@ﬁpheliﬁcﬁﬁﬁchaﬁatﬁh@e%{ﬁte SUW'@"%&WN@@JF%N'?‘%@&% t he
nucl eot i dgingsduestsesafficodi ng genetically altered ROS pol ypeptides may be
useful in assays that detect activation or induction of various cancers,

i ncl udi ng cancafigblgrbaspsaltsarg formadifenmgasescytich eneondeis saltgt ExanepleR0OS

pol ynucl epliudeshdBYmifinl, aRghicE B&ﬁz%%dé’d@urﬂ?&ﬁmé dlé’lﬁﬂaﬁﬁﬂeglobﬁ%lﬁe fluid or
ti ssue sanple froma patient under conditions suitab for the formation of
hybr i di za8eRedsiRe eragnesinm, areglinyng. toiasmiee. REIRS B @ﬁd'ﬁéﬂr freeretheRdnesaithl e i s
washed andthsitsSi gnal is quantitated and conpared with a standard value. |f
t he amount of signal in the biopsied or extracted sanple is significantly
al tered from thpim@ reyiey %‘(ﬁh’ﬁﬁ?'&l@ﬁ@%ﬁ%@l"y aegaplable sails. sreciHepdbeRk fequences
have hybrPﬁéMeWuéa'i‘SQl%'P‘?&iérﬂ% 8ERLFIIC BRI URet t%ﬁm{dq,ve%me}presence
of altered |evels of nucleotide sequences enco f usi on

pol ypept i ¥&H @tmhqm@wnanﬂ?ﬁ@)ybégtspleéur@rofwélcét@ HROROBIYLIEBIEMYI de in the
sanpl e i ndifgRh&sSintiR@nRfefpence of the associated di sease. Such assays may

al so be used to evaluate the efficacy of a particular therapeutic treatnent
regi nen i n aniAvBhargtagaptically agpeptable w2 of the igyentive compoyrsisicap oergadie

treat ment pebarl dyHixhg I8 thdabiu@Bhs of the compblhdiehe LRI S BasBasd s for
t he dlagn05|s of "di sease characterized by expression of genetically altered

RCS pol y papRIPEréate-al heoraenayopresipiigia dean sil\ion128d g colisgipdRisfilgatiqnsor may

establ i shgd recBbér%d 'W)év@ﬁ‘orﬁﬁ&pémhé S619ht Dih LRIHPENOMENIBARY: ih tHdl st gy cel |
extracts taken from nor nal bj ects, either animal or human, with a
sequence, V3V et sappieisty 'QVH@det@fmmO\ﬁl”@ﬁ iQHeSes 5LC34A2- ROS f usi on

pol ypepti de, CGigdcdrigouhdsbiRe RREN RGBS ExiSin B6lnalnseRNaReRnBdbkaret | de (e.g.,
FI G ROS fusion_pol ypeptide), under conditions suitable for hybridization or
anpl i fi cafd"®#. @tﬁﬂﬂaﬁOH’aFﬂllﬁLiS&pi‘ﬁfQ"bFP FRopribRa gipkgaularicedpley ceBRpEP? g t he

val ues ObE&hB&ﬂwdfdf@rh"@ Ne&HRh a%Hl@inS%P%o\“é bﬁbrﬁﬁ@é&ucﬁﬂﬁé@c@ﬁtaﬁ?&%‘weﬁ?m where a
known anount of a substanti al i: puri f pol ynucl eotide is used. = Standard

val ues obMgfacelgss PbRXaTRIARth h@éerﬁ‘h y%r@t%wm@xpwm% thasaenidst ai ned

from samlyggerf Pﬁﬁﬂnﬁh%bh%‘ll? a&%@btaﬂ@scﬂw’f@é RAMRLb@ah& with $:RasRnti&eMcRbiEoN
bet ween standard and subject values is used to establish the presence of

di sease, hydrates aa%ée'va'ie%ﬁ@ée'rﬂ thesolvept planetialigagon may LetisRIARICHY ot ocol i s

initiat edsugyﬁnédjle@bzgndm fEpMBD.repeated on a regular basis to
eval uate whether the |evel of expressi on in the patient begins to

appr oxi mat e t hete QKRN ?hsodrﬂf%l@re\?é%ﬁ?mcat Ifdabedicheamposnfie whichigre igesndialt s

obt ai ned {g @BCEMPEETEbMEe RFHANS, BRYe IRt SRE of Mo @Bmis Ree %fpidc@a%y aff
t r eat ment over a period ranging fromseveral days to nonths.

Addi t i onaPtof B@yingsan %tol]‘é‘e@a%?r @Wq%rldweﬁﬁtépﬁﬁh%”ﬁ%ﬁﬁé’r BGEf des may

i nvol ve t H@mldérﬂjs%llmhb{cﬂfﬁﬁrrﬁa?ﬂﬂec*E&hﬁhpfe@%ﬁ?'ﬁsb%eé kaiRban @@%B@foréﬁé&fn% red assay
format that is standard tqg those of ski in the art. (See, g., MOLECULAR
CLONI NG, ZOTRENORAPORE IN¥alian inchidy 'Soé%ﬁetsloéﬁy regffh cataen. nitroget, P%&q'? E. F.

and Mani aphSsphdrus, S8, flubdlamePeHittthetialidrods A-ABRAr dtory, Pne¥, "EPb, Spri ng
Har bor, NgY. 5 1%89)) 36PCR ol |€oners may be chemically synt hesj zed,

generat ed enzypmafi 8 | {1, repeg ‘f?%c%‘%l“?‘?%ﬁ?é’f V‘@éﬁﬁ%ﬁ”ﬁ@ﬁ?” i9ade. q i goners

will pref Qh&ma)ée@tfb@ﬁy §(§ce9fab1é/\£%alt5@Gé@@bbﬂ@o@rﬁﬂuﬁﬁl@ﬁ%ont@m&hé\ﬂ th sense
orientation and another with antisense errpl qQyed

under opt ?WT%%I“E’B%@ ISCIPRS 2PYPr PHENEPOPERP] %Fﬁer&tmaé ?6%26"“?"?‘6?‘%%
condi ti onthislin@erRRE CeBinQsdtEN BRI JabdhabERBbRRUS o%e@ré@amvénnoarfoeven a
degenerate pool of oligonmers may be enpl oyed under | ess stringent
conditions for detection and/or quantlggtlon of closely related DNA or RNA
sequences.



Met hods which may al so be used to quantitate the expression of 5LC34A2-ROS
fusion pol ypeptide, CD74-ROS fusion pol ypeptide or del etion ROS pol ypepti de
i ncl ude raiGi20i3abesbng or bi otinyl ati ng nucl eoti des, coamplriiB2a2033065 of a
control nucleic acid, and standard curves onto which the experinental
results are interpolated (Melby etal., J. Immunol. Mthods, 159: 235-244
(1993); Duplaa etal. Anal. Biochem 229-236 (1993). The speed of
guantitation of nultiple sanples may be accel erated by running the assay in
an ELI SA format where the oligomer of interest is presented in various
dilutions and a spectrophotonetric or colorinetric response gives rapid
quant i t at PerNPle those inteuiahi radippstivglisatones sReBap i pad (& areiinkesporaipdbareused to
generate (bl AR driforRUBRAS, W ehidHistidA Sblys! atisBARINIH. Ry BabbRAl | Y
occurring genorp C sequence e sequences may be mapped t'o a particul ar

chr onosonmd4.de tcpaS@gwarp@ar—t@ghady\p@rferfewé‘%mwa% ree3raien@?d  known
techni quederecidbily! FERALANESth/IEh WAR Hobief ESEECE,dhisHidutbritil b0 alahon
(FI'SH, FACS, or artl i ¢ial chronpbsone constructions, such as yeast

arti fi ci aPffe/Hcer®8 dhrrapeulisaduantagesdesyliingirem Q&ﬁt@rfﬁ%téh@@ stajdldy.defi al P1

construct b%lﬁpl@ﬁncréels@g '/r?w%‘ﬁéﬁfrﬁ*é%'ﬂ?eo%@%\dbééﬁé%dlﬁl%méﬂ% érﬁu"h@?‘i\%j rﬂa@/ g | ' Cé,

C M, Blood Rev. 7: -134 (1993), and Trask ends Genét .

149- 154 ( Rebaryed ip ﬁO@ﬁé'rﬁWﬁStBP%St |WS@QB'§@!IVHé¢ﬁ|ed WWH”&* Céltﬁﬂf@%ldaaé’i
descri bedidinY&itioh cgh g@herlaw\@é\lp fFrying duMhbRbcelirda ARl EribEREINI QUES,
Per ganmon Press, New YOrk

§1 988) and ma be correlated with ot her
physi cal thernandaesied ﬁ%{b@@lﬁ’@ e WT'QSM%GMM a@@l‘f‘@lei igotapigaltydekeledseagpites of
genetic Nap JdhasQehcAf ifsiifrebfedthe 1994 Genone |ssue of Science (265:
1981f). Correlation between the |l ocation of the gene encodi ng 5LC34A2- ROS
fusi on pol ynucMeetniclyded witzin thessargf 81 ipyinjiah ereeAmriexesrsuge pa clagriatres

pol ynucl egfygq %SPRCI%S|BH36§M?%L<e§WHQr@?§W@ntrﬁ@tﬁo%ﬁ@af@rérﬂﬁﬁbﬁéd:sdj\'/a‘i@@%?e or
predi sposition to a speci di sease, may help delimt the region of

associ at edrugiang floﬁh?@re@é?f@f‘i b sipichieatric phBOMSiOIcINM Al %’@a%ﬁtfégo may be used
to detect 1n‘éluﬁf9§'é?‘en&ﬁﬁpléﬂasgﬁﬂ% cﬁ’ﬁ@%@rﬁlﬁ%ﬁ]g%b%‘%ré‘@ufg%ﬁic anefdr "do‘?gﬁam@r
affected individ In situ hybridization of chronbsonal

prepar at i 6%9%?(!1"‘%\?4%“ BRY bedp plokgiamattihPqipesstaiginmglic|amavaise ThPal ysi s usi ng
establ i sh%%uﬁ.hg%m?@sz@é m@%l@%rﬁzé@iﬁﬁamgww%é QF nsmcﬁmungorgemetewofrmps
Oten the placenen ene on the chronpsone of another mammal i an

speci es, SYRHCORYIEEsEee halarrevdads B9srEP288 birdtalelian Augyst 19 ddunber or

arm of a BREbLbGH IcRivhIEHMRRCERHRAIRSITBINILY réRFeritB @Vhs edp¥fysequences can be
assigned to chronosonal arms, or parts thereof, by phySI cal mapping. This

provi des val uddie@nqsie k35884 on to i nvestigators searching for disease genes

using positi On@huﬁb%f%s&ffoﬂﬁé‘@'kn&ﬁrﬁ‘% l‘ﬂb§é¢§kﬂ%rd34n HRCAOMAY®8 usedin |t shall
be understood that all of the nethods PCR and FI S t hat det ect

genet i cal FYNECHT Wi ﬁ?@?%‘iﬂ”&ﬁﬂ@'ﬂt&ﬁ‘tqwr\?ﬁw tsetsda Apierainedia Ae§eMEOrnet hods
that det egpsepieBot bgéhétbéaﬁv AR EARBEN @%d@gl@él@,aﬁmf%e%éh a&ﬁ@gﬁ{dsﬁ@{dsv altered
ROS pol ypepti des or exa e, detectjion of a 5LC34A2 ﬁ) i/nucl eotide in
t he genet feéurﬁﬁtaéﬁté?&ﬂ)tfsr‘éwbﬁgdh@g?l Riglpgisalfamplq eonains @ genetica 4 ng tunor
cel | ) mayRbs, il pieBtrdM WiHtteE BioRjgRiat éd?ﬁbl@%ls)(éideﬁ i®EorisiIBAPROSE ocheni stry
(1HC) analysis of the proteins of the sanple to determine if the

5LC34A2- REES 165 §m@|r'zéd‘tfh%a digenertie teat r%}uré‘ﬁﬁrt@%tsf@w”a%‘%'@ﬁb%wo'oﬁ@'
pol ypept i ggmplB, Where Bhobiogral senali®lsea cﬁé@htu%b%@yr Rboptaiisdgetetitdil; anal yses

may be perfor ned._ usi ng an anti body that specifical binds to the
pol ypept i a'éer@ﬁiug&ﬁaéf‘%‘;ﬂ”tcﬁ@s&éﬂ%%ﬂ ag1 08 pAStiyRCEaNGH!- y‘Htﬁ’é‘r"lé?H'tai’d\éher%F‘et he

anal yses H%lbghﬁl %ﬁﬁl@b@iﬂﬁné&a‘%ﬂé@c@%ﬂ@@ﬁb esndePadn w&%réété@éd%sbl nd either to
full length 5LC34A2 %iy bind to the NNterminus of the protein) or to

full |engff mg(aeg@etlc RHegA Ré?ﬁﬂﬁ'ﬂfeo"%Q?W?é'cﬁllyrﬁé@@dd%%l%o%m #8B)as such
assays ar g RODMRidnyehBer RUS 1USRA préteid; by §tebigand presdfich d22enctiCWp ki nase

t herapeutics
altered ROS polynucleotide and/or polypeptide using techniques known to those of skill

in the art or as described herein.
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It has been shown that genetically altered ROS pol ypepti des occur in at

| east one subgroup of human NSCLC (See, Ri kova, etal., Cell 131:1190-1203
(2007)) . wocordiingby, the progression of a mammal i an camCE&nBa2/g53764SCLC) i n
whi ch at | east one ROS fusion protein (e.g. SLC34A2-ROCS fusion protein) is
expressed may be inhibited, in vivo, by inhibiting the activity of ROS

ki nase in such cancer or by inhibiting the expression of ROS kinase in such
cancer. RCS activity in cancers characterized by expression of a nutant ROS
ki nase may be inhibited by contacting the cancer (e.g. a tunor) with a ROS
ki nase ther apeut| C. A RGCS kinase therapeutic may be any conposition
conprising at Mmmmoasseysconpound, biol ogi cal or chenical, which inhibits,
directly of | NAinfEhidoysLBSUPRRAESLAR G F?i'éth%%'oV!hEXn\%fntlgf%ab'bBase in
vivo, including the R& Ki nase inhi bitor conmpounds described béel ow. Such
conmpounds hpegenpes iMeLBPRASAY TS heterogenaoudimagneassays. ROBhrnggeredussel f, or
on protei §§sba‘9rthér%rﬁ&ﬁﬂlﬁg?catl Redctiomdé dary ﬁrhv%lv?ya'rﬁdtéﬂt FQRS B@?pe&fdetslfb%lfl@m

i ndirectl y inhibitin expression o npositions al so

i ncl ude cER9BRI EiDASLES ZTPsCP%JSm rgplxwegtlciﬂgmecﬂ@@nkbwse GOM4rBPBi ng
conpound, fﬁ%nwldpeaﬁdec%ﬁé'ahh&%_? &%@G@OQ%&&H éél%e%tu&@%b@d@ﬁ%}%dnﬁéd ),

(i ncludi ng those agal nst other so inclu a non- speC|f|c

t her apeut Péabgipsmnalitg.ang t%@ﬁ’@gﬁé'rm PE'”’&@%%%/TWS'WQW*%'PQ ?’@'ﬁﬁ%‘tiﬁpﬁ& i on
i nhi bitorig n%ﬁéd Wé&@%r%dﬁ%l%bﬂ&?ﬁe'%w@ 6f9ﬁ<§ant|bod¥ to thEEdfd

t her apeutics usef i N practice of the nethods of the |nvent|on ar e
smal | nol Bethtee F?('BU'R@%@% r?&ﬂ‘ip'b?ﬂ@)FjgteCtSPFa@flthWt@'&Uh%reRi FHasariedwubintdrs are

a cl ass Oﬁorﬂ%é‘rfééh%olhf@{ I%MHhG&lechl RibeR thatthsy I@&&ﬂn}é!o&é(d pEiubBELE target
enzyme by s eC|f|ca %@ i d often irreversibly,” binding to the catal ytic
Frslicalez yario-isgiopesrfiug

site of t rasaeMglyed eamy MR- sciedppRpoes efaenaymes BB bi ndi ng

site wt hhé‘f&rl*ﬂesém?-&muEf&?‘haerc‘?&é@Jltla%eish%r %éb{% JdtQmT%Q%RJo'H&J a
conformation necessary for its activity. Small nolecul & ROS ki nase

i nhi bi t or 8dYARAdsEUSIA EMBIRAESY )ﬁr@ég?'@ﬁr@ﬂaﬁé@'ﬁl@”9(“?%193%t?%‘t"&¢“ dgeaknd (Sesr

conput er %Bﬁé‘r!aﬁ/ . BEORIS, NaHé@@htL@rvﬁ&B%@@%'maéﬁt( )HH@Bat‘éﬁtsr@%dfOU”d
by high t I%Pput screeni ng of conpound libraries for inhibition of ROS

Such met hB®&iRke wel | known in the art, and have been descri bed.

Specificity ofj, B%térﬂ@ér{éohb Qgsd@bp%cﬁoﬂﬂfagé?ms 4r8lusEXRTRE Bioldkafxam ni ng
a

the ability of such ounds to inhib ctivity, "but not other kinase
activity, SgHPI&; ?)H}#’éﬁ”t %k'ﬂ%‘%edéo'y%@w%?p%'f'céﬁ%ﬂﬁ%{%@ ehanibpdvbiepfon of ROS

activity smta%lehh%%p%losﬁan@b%e@amw Sy, B.y@y.&arﬁ%{p?esté%%nﬁére known to or
nodi fied to express i on prot | es of small

mol ecul e F@%”Pﬁ‘l’\pﬂp’("d?%y Rehbs; Th%a@h'h?dyﬂ%g%@rﬂwvmobaéema RHPRESE Such

t her apeut 46§ eBE) piste oRBRIROaRY Ebifthdted At tRNd I@%u%@cf&@ of eomaMMashef the
type disclosed in United States Patent No. United States Patent

No. 7, 8582pigen "éﬁ&IqV@)pﬁé%ﬂ_@ﬂfSBHO’E'ééiF\erb*feﬂﬁ/Fﬁt%%frP@ th%%’r“ﬂ)@'ﬁ%”‘@@d‘ IRP8T n by
refer encetHerbqub@r*t bhd drited Vi@ phadelis ERANinEld ¥ laQfee ctatNE SighdI M diding

am no- pyridi ne_and am no- pyrazi ne conpounds useful in connection with the
present i MP8AT [BRIUYICRBSUK: pigadl- erwarb%bﬁre@éeq tedhe eesevereithanayteime

general f gerBiblagicaRsafple. Means for producing a detectable signal include the use of

radioactive labels, fluorescent labels, enzyme labels, quantum dots, and so forth. For
example, if the antigen to be detected contains a second binding site, an antibody which
binds to that site can be conjugated to a detectable group and added to the liquid phase
reaction solution before the separation step. The presence of the detectable group on
the solid support indicates the presence of the antigen in the test sample. Examples of
suitable immunoassays are the radioimmunoassay, immunofluorescence methods,
enzyme-linked immunoassays, and the like.

Immunoassay formats and variations thereof, which may be useful for carrying
out the methods disclosed herein, are well known in the art (See generally E. Maggio,

Enzyme-Immunoassay, (1980) (CRC Press, Inc., Boca Raton, Fla.); see also, e.g., U.S.
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YL I NA---"0 NH2 or pharmaceutically acceptable salts thereof, where Y,
R1, R2 and Al have the general neanings as described in United States

Pat ent NowO202307998. More specifically, am no-pyridi nePamdB22/nE37¢yr azi ne
conpounds useful in connection with the present invention as ROS ki nase

t herapeutics include conmpounds of the general fornmula: Rl or

phar maceutical ly acceptable salts thereof, where Y, Rl, and R2 have the
general neani ngs as described in United States Patent No. 7,858, 643.

Am no- pyri di ne and am no- pyrazine conpounds of the type described above
have been shown to be ROS kinase inhibitors and are thus useful as ROS

ki nase t hBphpwuti’éd 0RA (Sheithed/i diethipdnior Medglebre higanthRepgnterintesidiens i cal | vy,

where a Caﬁl&ﬁ{e.ré%gﬁwwn-zt@sb@ap% ltie%s 6f79r(F<§fr ?BPYI SRl BLLAIGd ROS ki nase
(e.g., 5LC34A2 such conpounds can

adm ni st efetgang” )aU&atPaérNO A 7Rdd (BﬁVlﬂ reéélt MEMPUIMH; H8gays USlng

Monoclonal Antibodies")). Conditions suitable for the formation of reagent-antibody
complexes are well known to those of skill in the art. The concentration of detectable
reagent should be sufficient such that the binding of SLC34A2-ROS fusion polypeptide
is detectable compared to background.

Antibodies useful in the practice of the methods disclosed herein (e.g., IHC,
Western blot, immune-fluorescence, and flow cytometry) include, without limitation,
antibodies that specifically bind to either full length SLC34A2 or CD74 (e.qg., bind to the
N-terminus of the protein) or to full length ROS (e.g., bind an epitope in the kinase
domain of ROS). Such antibodies may be commercially available (see, e.g., the ROS-
specific polyclonal antibody sold by Abcam, Inc., Cambridge MA as Product ab5512).
Where the antibody used specifically binds to full-length ROS or full-length SLC34A2,
such in a Western blotting analysis or by flow cytometry, an additional method to detect
the presence of a mutant ROS polypeptide or polynucleotide of the invention (e.g., an
SLC34A2-ROS polypeptide or polynucleotide) may be employed on the same sample.
For example, flow cytometry on permeabilized cells may be performed with the Abcam's
ab5512 antibody, followed by lysis of the cells and PCR analysis of the genetic material
(e.g., mRNA or genomic DNA) using PCR primer specific for (i.e., that hybridize to) the
5' end of a cDNA encoding SLC34A2 or CD74 (e.g., the forward primer) and to the
complement of the 3' end of a cDNA encoding ROS (e.g., the reverse primer).

All antibodies for use in the methods of the invention may be conjugated to a
solid support suitable for a diagnostic assay (e.g., beads, plates, slides or wells formed
from materials such as latex or polystyrene) in accordance with known techniques, such
as precipitation. Antibodies or other ROS polypeptide-specific reagents may likewise be
conjugated to detectable groups such as radiolabels (e.g., 35S, 1251, 131 1), enzyme
labels (e.g., horseradish peroxidase, alkaline phosphatase), and fluorescent labels (e.g.,
fluorescein) in accordance with known techniques.

Cell-based assays, such flow cytometry (FC), immunohistochemistry (IHC), or
immunofluorescence (IF) are particularly desirable in practicing the methods of the
invention, since such assay formats are clinically-suitable, allow the detection of
genetically altered ROS protein expression in vivo, and avoid the risk of artifact changes

in activity resulting from manipulating cells obtained from, e.g. a tumor sample in order
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One particularly preferred conpound is the conpound

3-[(R)-1-(2, 6-di chl oro- 3-

f | uor o- phwoyb)s/aresoxy] - 5- (1- pi peri di n-4-yl- 1H pyrazol - 4PgINBINR/HTBT65 2- yI ami
ne (crizotinib), represented by the formula 1: 1 the preparation of which
I's described in United States Patent No. 7,858,643. (See also, MDernott,

U et al., Proc. Natl. Acad. Sci. 104, 19936-19941 (2007)). The conpound of
formula 1 is disclosed in International Patent Publication WO 2006/ 021884
and United States Patent Application No. 2006/ 0046991, the contents of each
of which are herein incorporated by reference in their entirety

Addi t i onalq gbtain jgatracie cipseelinglly. imeoree pistrirad embadipent| e m%IhQHSsQfItféﬁsed in

| nt ernati / s, /Pat ent
hopl | cat | eI e BhEREHLAR b B o e A A e e

i ncor poratf@ﬁuwlup@lséﬁ?féﬁdéc)|aﬁSQM1férmatent| rety. Originally designed as a
c- Vet /HGER 1 il btomefy (EE ind) Be BARIIEE T, é&?mngﬁ{eeé%&rés%oﬁ%fﬁéﬁét\ésllyaga' nst
RCS ki nase, and thus active agal nst usi on proteins and

del etion EF%’@@R&S Rretadn int?eraaﬁ@raéﬁrmturf@nb@&re rﬁ%‘”ﬁa%“deaf@r tradleent withpt s ef f ect
on ROS cahalgmhigetedCtinitithg 'F?O@%H&s@%éﬁﬁ‘f? If’(ﬂ"%x‘a‘t%ble RARGSeRSREM S finkhe data

provi ded here| n denonstrate crizotinib be a pofent ATP-conpetitive

i nhi bi t or negdle aspifel Manbe anakreer RCW cltpmairfor &@éﬂ@?ﬁo%mnn) A
ROS-1 enz | LOMi 7 nM
Cooay. “OF PpdiaR uxHasats BRONPR DS RpY (BRohdial fégs"’“%;”“og??ta%“?ﬁ AN

cel I's t hads wehpsfar rearkgrs sengfying ceReeimsd drnes, elpaitsbdearach Flos @S Ul ¢ ng

in the expy 9%@&&.&%@5&?&5@ Edlét!ar"(@éré{ n?é@ﬁdd‘éeséé@&%oﬁ‘:&afl ug %/z%%eﬂ’gme' n
(R kova et _al. (2007)) w mean val ue of BR@Ei(n =11 Tabl e 1,

Fig. 1). @Q@f@ynlﬁatwnéll@Glﬂa@@&ya@@@’fydéﬁﬂ%ﬂfﬁ (A90B) tBélaﬂ BhWahRbryl ation in
U138MG hua?enn&é'tﬂ@k@%&ﬁg%@%b&?:&@f&?@&ﬂ.@gnﬁ&f% H%bfaw{mee%h%wtﬁé al .

(2003)) with a mean val ue of able 1, In a

panel of godi$ V@@IZWW‘W@@“‘@WV%WM@W@FW@%? @Joléwﬂéwqmea@h@t'm f usi on
prot ei ns, ghRGhatALMY 16r304niREEs ohli&e. B Phy thdrBd Sk witk ieSoMRafAHS) . and

polypeptide-specific antibody, washed and labeled with a fluorescent-labeled secondary
antibody. The cells would then be analyzed on a flow cytometer (e.g. a Beckman
Coulter FC500) according to the specific protocols of the instrument used. Such an
analysis would identify the level of expressed SLC34A2-ROS fusion polypeptide or
CD74-ROS fusion polypeptide in the tumor. Similar analysis after treatment of the tumor
with a ROS-inhibiting therapeutic would reveal the responsiveness of a SLC34A2-ROS
fusion polypeptide-expressing tumor or the CD74-ROS fusion polypeptide-expressing
tumor to the targeted inhibitor of ROS kinase.

Immunohistochemical (IHC) staining may be also employed to determine the
expression and/or activation status of genetically altered ROS protein in a mammalian
cancer (e.g. NSCLC) before, during, and after treatment with a drug targeted at
inhibiting ROS kinase activity. IHC may be carried out according to well-known
techniques. (See for example, ANTIBODIES: A LABORATORY MANUAL, Chapter 10,
Harlow & Lane Eds., Cold Spring Harbor Laboratory (1988)). Briefly, and by way of
example, paraffin-.embedded tissue (e.g. tumor tissue from a biopsy) is prepared for
immunohistochemical staining by deparaffinizing tissue sections with xylene followed by
ethanol; hydrating in water then PBS; unmasking antigen by heating slide in sodium
citrate buffer; incubating sections in hydrogen peroxide; blocking in blocking solution;
incubating slide in primary anti-SLC34A2-ROS fusion polypeptide antibody or anti-
CD74-ROS fusion polypeptide antibody and secondary antibody; and finally detecting
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SLC34A2- ROS(L), crizotinib inhibited ROS phosphorylation with I C50 val ues
ranging from3.4 nMto 36 nM (Table 1). Crizotinib was al so

eval uat edwban1ymiz9sef f ect on cell viability of HCC78 thatrCeaB2b2b53a64pl5,
6q22 chronpsomal translocation event resulting in the expression of a
constitutively active SLC34A2-RCS fusion protein (R kova etal. (2007)).
Crizotinib denonstrated concentrati on dependent inhibition of HCC7/8 cell
viability (Fig. 2). The 1C50 val ue calculated for inhibition of HCC78 cell
viability was approxinmately 59 nM These results suggest that HCC78 cells
are dependent on the ROS fusion for cell growth and viability and that

cri zot i ni Bsing ABCoptidimbiofim Riethadorccerdirmds nerspéataars ivsryctighdwt h and
vi abi i tylmmunoﬂug@scérﬂ% W)la%gévs%aJ Sé’glg? e%%y%@‘f@&étEHﬁlhé(ﬁ{é’ex%?é 3?6‘?“ ed ROS

fusi on ki nase I nduces hosF% % ation o | e tyrosi ne residues at the

i ntracel | ander adiyatinn stafys o ‘b('\?eBOﬁTfKS'@'apalvmﬁtlde@éﬁWﬁtRD%ﬁlf'Qﬂbck| ng of

regul at or R&%@}ﬁ.ﬁé% &anfhilcantd BiRSo HAhY A RLAPirebinorRRih bldfud 0 TN bit
SLC34A2- dependent signaling pathways i h HCC/8 human NSCLC cells in
order to b?éﬁlﬁﬁe(ﬂ atiphieiting kipagedrqiyitodF Mgy b&r?@frlqdm%ﬁcq%@ﬂ%mw% BIWEt i on
and to CO{HchﬁuHhéé“@ee' BB' BN | SPakOhn S 4 N@&@e@ﬁt%y IWRQ%U@JT@I\??‘OWth

downstr eam si tranSduction. Crizotinib dose Qen dent | i nhi bited RGOS

phosphoryl'\éMUg‘@QYTch;H%\W%TrRY @Opkd-; B@Y\%IM|C&O$Q@P RHEETEam adapt or or
si gnal i ng,vn@ﬂqggg;l(ﬁs( Hﬂﬂb@@d@3§@3$m§ﬁﬁ&%pn%@?—\?é?@gE@gf{y ar‘nd"b;} Wsy HICC78

cells invitro (Fig. 3). These results denonStrate a correl atl on bet ween
key si gnaPX%plﬁw%@ﬁWWﬁF BRY pe fxgbinParriearidahyee folewpspy methanal,

Cri zoti ni Bowasy itH & B%&k.ﬁg%lu%@&ch% Hokse &Rihi h¥ubLed RVER FRldry apopt osi s
in HCC78 human NSCL Crizotinib denonstrated dose- dependent

i nduct i onaoifbody epYRsleY-CHEBRES dusianealgraniide.HeD 14RPS TNeen eolyeentide OFi g. 4)
deronstr aPIGlgzo@@Euoh fb%rysé&ﬁﬁ fBIRAR ass&bﬁea&%ﬁ@do%%lé!a Wit gf fi cacious

dose | evel s. he "ant i t unor eq?l cacy crizotinib was evaluated in a

panel of ﬁe@ewwr@w%.%&?@&&wa%@ﬁe@w&henwaep@scwumerowmgr afts

representati VeArQFboBuH%mpﬁ%G‘ﬁ{ thb%‘%bx‘?@&é&’r‘iéea Bs3Mys Glhy PR vARE
transl ocati ons have been i 2@ icated were engineéred’'in NIH3T3 cel’l s

i ncl udi ngCeDTRAIRDS ucrmagerityes KR +AIPR48ENTE). 6F OlBetiahels. SURNBSIANABIM i ed i n
human NSChéis, RPdsd iﬂ%l%grmé ar\é%fs'e@éto?lg%flth':dtlger@%d Qﬁ&ﬁhéﬂcﬂQEGFRhU”a”

NSCLC, gl iobl astoma and chol a%I ocarci noma (Ri nkunas etal . (2012); Gu et

al . (2011phospbpiAd PRPEPhaels 5D Patiercell marker Caiske@ypbailadies ovaateel s i n

al | of thgthddgrotddeR, %%mg%rnegn&mm% |H%ﬂﬁ1|o§or’6/bﬁt|'bs§a3¢€!§_lﬂ§)§) r&gh-men of 75/ ny
PO BID (Fig of crizotinib to inhibit

ROS
phosphor yI”éIPP'&f%?‘Saﬁ\d(Fi'ﬁhﬁf‘dEjlﬂ"éf\ﬁ/ﬁ?ﬁﬁtﬁcwaw el $oBaIGASSY PTmeassIinD74- ROS and
the 3T3- Féﬁ?é%any%ééd) R@S%Wp@&ﬁde’%%‘ﬂ@kﬁowmmﬁh'gﬁrt @heerovﬁrel g@éd.@fob

denonstrated dose- dependent bition in tuno - CD74- Ros
t unor xen6@9&‘?9('”Qa@'t%%@sawr@@d‘?@‘%@f/%4@§d%@$ [Elg'f'CBl m‘ypeeb%/%W“dB?
(40ng/ kg Bislh, pohpeptideds - Fé@@ﬂ‘[@h’lé?gpcﬁ;}l';@ptléé‘gx&@é%d(w&ﬂﬁl drs@mabkg Bl D)

(Fig. 6B). crizotinib also denonstrated gnl ficant inhibition of RCS
phosphoryV@tj?%ﬁ‘?r PhC ?’W?‘ﬂﬁm@@?@q‘%@%p"td@nﬁp 45D &ssioq nolypertide et Cyr oups

(Fig. 6A)ROY ﬂblbﬁrpo@/Bébttdé ‘pré%fsf)h %?&Mst@%sﬁédi BPEbAbiRingDdPREas veekll n t he
3T3-5LC34A2- ROS(L) xenog t nmodel (Fi 7
extracts takén from normal mammalian subjects preferably human, with antibody to
SLC34A2-ROS fusion polypeptide, CD74-ROS fusion polypeptide or FIG-ROS fusion
polypeptide under conditions suitable for complex formation. The amount of standard
complex formation may be quantified by various methods, but preferably by photometric
means. Quantities of SLC34A2-ROS fusion polypeptide, CD74-ROS fusion polypeptide
or FIG-ROS fusion polypeptide expressed in subject, control, and disease samples from
biopsied tissues are compared with the standard values. Deviation between standard

and subject values establishes the parameters for diagnosing disease.
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Routes of Admi nistration and Dosage Fornms Oral Adm nistration The
conpounds of the invention may be adm nistered orally. Oral adm nistration
may i nvolwe 281aliresei ng, so that the conpound enters thePgagBrooe/niest i nal
tract, or buccal or sublingual adm nistration may be enpl oyed by which the
conpound enters the blood streamdirectly fromthe nouth.

Formul ati ons suitable for oral adm nistration include solid formulations

such as tablets, capsules containing particulates, |iquids, or powdlers,
| ozenges (including liquid-filled), chews, multi- and nano-particul ates,
gels, solid solution, Ilposone films (including nuco-adhesive), ovules,

sprays and i I says Liquid formul ati ons include

i
suspensi ons, slibiy0 % A?Mébc{ig%s %?Qh@Bétébtfo%/quéHﬁﬂbafl&{ M@Fés@@& gBRtichR, used

as fillers in soft “or sules and typically 1ncl

phar maceugiterad RPSedwisrise i & biclogisal sannie exanfiieg callafiom a bimrimeay, be
pol yet hyl Bu‘é%aﬂaldya‘h‘a|use8rrpﬁ¥ul1@aﬁ8 ABVE s yé‘%%@s&%égqh Qetail wPSeé’ﬂoﬁLE él?c%e oil,

and one or nore enul si n gents an suspen ag ents. ICIUI
formul ati Aﬁ@orwﬁglyan%m@%n&@g eaodinentsof e miethods @ iheanvsntion. e R@S for

exanpl e, BI?;@@ﬁdé%PQ&ﬁc rea]gent coﬂbﬁs&@é@@é&f}q%t%e iaBsIch PK@%HHOBQM%%A@'@P be
ssol vi

used in fas ast-di sintegrating dosage forns such as those
descri bedp?FPf'dEkfa@fQSpQﬁ?ﬂg 3902 pwtrﬂﬁéﬁa@@lﬁeW@wﬂ@aﬂ@ fUi'P(‘ G}”Ct'%Qf 986 by Liang

and Chen 620884)2- RUS?quubﬁ %Rfﬁé‘;ﬁtﬁjeof:DWJF@S fu%lanp%Bﬁ@et &F 1 BERE5 Rudidh

reference in its entiret abl et dosage forns, dependi ng on
dose, t hep@th'ﬁﬁﬁ@ﬁmlyﬁﬂptﬂ%‘?ﬁe@ﬂw %gteat wfwm/@r@ﬁt'Q'mﬁbthGG@%t@@Sf &thg rore
typi cal 1 yirkEQBnTmsf b Be HRVA %I@Bndc'i%h@@%@gﬁAfd%tﬁﬂs that @Adiileb®MybAdkee drug,

tabl ets generally contain a disintegrant. Exanples of disintegrants include
sodi um st ¥ @Rd getpeblusion ordaraiad @QWBQBWR@[XHWS'@@FF?D#;%'@ES in @iQlpgieg!

car boxymethybiecel | ul ose, croscarnel | ose sodi um crospovidone,

pol yvi nyl pyrrolidone, nmethyl cellulose, mcrocrystalline cellulose, |ower

al kyl - substit Lﬁr@ﬂymw?)\f efRxemple, formalin-fixed, paraffin-embedded patient

samples may be probed with a fluorescein-labeled RNA probe followed by washes with
formamide, SSC and PBS and analysis with a fluorescent microscope. Polynucleotides
encoding genetically altered ROS polypeptide may also be used for diagnostic
purposes. The polynucleotides that may be used include oligonucleotide sequences,
antisense RNA and DNA molecules, and PNAs. The polynucleotides may be used to
detect and quantitate gene expression in biopsied tissues in which expression of
SLC34A2-ROS fusion polypeptide, CD74-ROS fusion polypeptide or deletion ROS
polypeptide may be correlated with disease. The diagnostic assay may be used to
distinguish between absence, presence, and excess expression of SLC34A2-ROS
fusion polypeptide, CD74-ROS fusion polypeptide or deletion ROS polypeptide, and to
monitor regulation of SLC34A2-ROS fusion polypeptide, CD74-ROS fusion polypeptide
or deletion ROS polypeptide levels during therapeutic intervention. In one preferred
embodiment, hybridization with PCR probes which are capable of detecting
polynucleotide sequences, including genomic sequences, encoding SLC34A2-ROS
fusion polypeptide, CD74-ROS fusion polypeptide or FIG-ROS fusion polypeptide or
closely related molecules, may be used to identify nucleic acid sequences that encode
genetically altered ROS polypeptide. The construction and use of such probes is known
to those skilled in the art and described in United States Patent Publication
US2010/0221737.

The specificity of the probe, whether it is made from a highly specific region, e.g.,

unique nucleotides in the fusion junction, or a less specific region, e.g., the 3' coding
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cellul ose, starch, pregelatinized starch and sodium al gi nate. Generally,
the disintegrant will conprise from1l w%to 25 wt% preferably from5 w%
to 20 wt %vof2ot3ma7gesage form Bi nder s are gener alPCy/1B82a2/033063 npar t
cohesive qualities to a tablet fornulation. Suitable binders include

m crocrystalline cellul ose, gelatin, sugars, polyethylene glycol, natural
and synthetic guns, polyvinylpyrrolidone, pregelatinized starch,

hydr oxypropyl cellul ose and hydroxypropyl nethylcellul ose. Tablets may al so
contain diluents, such as |actose (nonohydrate, spray-dried nonohydrate,
anhydrous and the |ike), mannitol, xylitol, dextrose, sucrose, sorbitol,

m cr ocr ystesiqn, ged thet tingssey Ofsthalhb,‘bﬂ(h?#ﬁﬂloﬂ|0ba@p&f'0§h¢rt(mﬁﬁ"ﬁﬁ|oblﬁhat e di hydr ate.

Tabl ets ”Werﬁﬂe%%té)l%? Io%%ﬂ %etéﬂ?r%é‘ﬁ/ﬁetﬁef Fh%cp‘?ot%%érYtﬁ‘eﬁ%ﬁl@@%turél%ﬁ%céﬁméOd' um

l auryl sulfate and pol ysorbate , gl ts such as sil n di oxi de and
tal c. Whepeqeasemencodingfogoeticaly pliered i Bolypaptidggpiadelps.\porirglatgfrount s of from

0.2 wt%'t Qe(fJeWEe@ (P’froﬁelg%éﬁgﬁfbe uéé‘djfogmed(ﬂa@é&loﬁ YPicfabd ¥edclfe98é§) afdWM % to 1

wt % of the ets al so generally contain |ubricants such as
magnesi unfReuidprgfasably spripinmt eshr e of thei nelestides frane ang abtha gesetisally |

fumarat e, pidg Bod WG qgegﬁ&m%,gﬁ@e@r ate with sodium | auryl sul phate.
Lubricants generalw ar e resent” in anmounts fromO0.25 wt%to 10 wt %

preferably f rcﬁngbcg fugiofrodyprciestisle; gbir éiROS fusion polyweeleeiia@nt i onal

i ngr edi enyigielidirROGSHAMLRENART] Be us RrMktom bi @d/rﬁfe'rrngnéh?ﬁé‘td%t blot, or
preservatives and taste-nmasking agents. blets contain up

to about SHEWMBBFraNg-basedishpeRaicsoNRGR teshagieuies: 30 Mdndetiske aiss ELIAGh about
O w%to %P%&Sé%é u‘%z%ﬂé#ldﬁ'@&“nssﬁé%rﬁtb@ﬁént% dﬁs%tt@d@t@%enéﬁc% Qtered

di si nt egran and from about O. % to about % |'ubri cant
Tabl et bl BQ%DQWDB@B BEHPTYL &CHHH@E@"W %ﬁUW'tﬁtUPI”é?th@® el kapwvedns .

Tabl et bl grdst, WaBQFtuEhIQF‘%déEt m@rﬁlﬁ:ﬁeoﬁﬁé sé&&e%é‘@érﬁdb@rﬁgag%‘%etl@aqu altéley-, Or

nmel t-granul ated, nelt congea ed, or extruded before tabletin The fi nal
formul ati 8@31%(3}3’99:@811%&1@% %Ué‘PfU'n*Blaésqyéjléﬁtéjeéﬁﬁ’éiaﬁb(?t'%ordﬁ‘éﬂ(‘égn gf vaiiogdat ed;

or encapsphfefdincluding caFE@rsfc?fHB-!hﬁ’é In@!&d% Nﬁ_@t@edeﬁcﬂlk%@tb'l%ﬁ%$n detail in
"Phar maceuti cal Dosage Forns: Tablets, | eberman and L.

Lachman, Relyeedeqidrk By bR 'abeleq\by»stan%@meéh@ww @ziw 1@ flgidyr tissyre
di scl osur gafple WdhtA phfent 1R RBAE ST MG BeRolMe FFARESNEEyLAdIZAtoneNt i rety.

complexes. After a suitable incubation period, the sample is washed and the signal is
gquantitated and compared with a standard value. If the amount of signal in the biopsied
or extracted sample is significantly altered from that of a comparable control sample, the
nucleotide sequences have hybridized with nucleotide sequences in the sample, and
the presence of altered levels of nucleotide sequences encoding SLC34A2-ROS fusion
polypeptide, CD74-ROS fusion polypeptide or deletion ROS polypeptide in the sample
indicates the presence of the associated disease. Such assays may also be used to
evaluate the efficacy of a particular therapeutic treatment regimen in animal studies, in
clinical trials, or in monitoring the treatment of an individual patient.

In order to provide a basis for the diagnosis of disease characterized by
expression of genetically altered ROS polypeptide, a normal or standard profile for
expression is established. This may be accomplished by combining body fluids or cell
extracts taken from normal subjects, either animal or human, with a sequence, or a
fragment thereof, which encodes SLC34A2-ROS fusion polypeptide, CD74-ROS fusion
polypeptide or deletion ROS polypeptide (e.g., FIG-ROS fusion polypeptide), under
conditions suitable for hybridization or amplification. Standard hybridization may be
quantified by comparing the values obtained from normal subjects with those from an

experiment where a known amount of a substantially purified polynucleotide is used.
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Solid fornmulations for oral adm nistration may be fornulated to be

I mredi ate and/or nodified release. Mddified release formul ations include
del ayed- ,weust3aiinsd- , pul sed-, controlled-, targeted an#CpnByManisees

rel ease. Sui tabl e nodified rel ease fornulati ons are described in
U S. Patent No. 6,106,864. Details of other suitable rel ease technol ogies
such as high energy dispersions and osnotic and coated particles can be
found in Vernma eta!, Pharmaceutical Technology On-line, 25(2), 1-14 (2001).
The use of chewing gumto achieve controlled release is described in WO
00/ 35298. The disclosures of these references are incorporated herein by
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oligomers may be chemically synthesized, generated enzymatically, or produced from a
recombinant source. Oligomers will preferably consist of two nucleotide sequences, one
with sense orientation (5' to 3') and another with antisense (3' to 5'), employed under
optimized conditions for identification of a specific gene or condition. The same two
oligomers, nested sets of oligomers, or even a degenerate pool of oligomers may be
employed under less stringent conditions for detection and/or quantitation of closely
related DNA or RNA sequences.

Methods which may also be used to quantitate the expression of SLC34A2-ROS
fusion polypeptide, CD74-ROS fusion polypeptide or deletion ROS polypeptide include
radiolabeling or biotinylating nucleotides, coamplification of a control nucleic acid, and
standard curves onto which the experimental results are interpolated (Melby et al., J.
Immunol. Methods, 159: 235-244 (1993); Duplaa et al. Anal. Biochem. 229-236 (1993).
The speed of quantitation of multiple samples may be accelerated by running the assay
in an ELISA format where the oligomer of interest is presented in various dilutions and a
spectrophotometric or colorimetric response gives rapid quantitation.

Genetically altered ROS polynucelotides may be used to generate hybridization
probes which are useful for mapping the naturally occurring genomic sequence. The
sequences may be mapped to a particular chromosome or to a specific region of the
chromosome using well known techniques. Such techniques include fluorescence in-
situ hybridization (FISH), FACS, or artificial chromosome constructions, such as yeast

artificial chromosomes, bacterial artificial chromosomes, bacterial P1 constructions or
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Formul ations for parenteral admnistration may be fornulated to be

i mredi ate and/or nodified release. Mddified release fornul ations include
del ayed- ,weust3aiinsd- , pul sed-, controlled-, targeted an#CpnByManisees

rel ease. Thus conpounds of the invention may be fornul ated as a solid,
sem -solid, or thixotropic liquid for adm nistration as an inplanted depot
providing nodified release of the active conpound. Exanples of such
formul ati ons include drug-coated stents and PG.A m crospheres. Topi cal
Adm ni stration The conpounds of the invention may al so be

adm nistered topically to the skin or nucosa, that is, dernall

t r ansder néingle chioppesegle gLVAYIpraties as r¢\cb¢wqdwmé°q§ar bd¥e Blagd Rewe 7y 7s134
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I ncl ude abe@iosHRIER: A MAREAR! oPBhsId *rﬂé!—ﬁlllcﬂetéobéﬁg'émon‘méése N%W\Vcﬁk atum

gl ycerin, poI yet hyl ene gl ycol and propyl ene glycol. "Penetrati on enhancers
may be i nblof-#b9%) end may eq%ﬁelaéedawm athegphpsigahesemos@ee MBEPINg955- 958 by
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genetically altered ROS polynucleotides may be combined with other methods that
detect genetically altered ROS polynucleotides or genetically altered ROS polypeptides.
For example, detection of a SLC34A2-ROS polynucleotide in the genetic material of a
biological sample (e.g., in a circulating tumor cell) may be followed by Western blotting
analysis or immunohistochemistry (IHC) analysis of the proteins of the sample to
determine if the SLC34A2-ROS polynucleotide was actually expressed as a SLC34A2-
ROS polypeptide in the biological sample. Such Western blotting or IHC analyses may
be performed using an antibody that specifically binds to the polypeptide encoded by
the detected SLC34A2-ROS polynucleotide, or the analyses may be performed using
antibodies that specifically bind either to full length SLC34A2 (e.g., bind to the N-
terminus of the protein) or to full length ROS (e.g., bind an epitope in the kinase domain
of ROS). Such assays are known in the art (see, e.g., US Patent 7,468,252).
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Prior to use in a dry powder or suspension fornulation, the drug product is
mcronized to a size suitable for delivery by inhalation (typically |ess
than 5 mwoans)1798hi s may be achi eved by any appropri at @CTaBRI12Y03376T

met hod, such as spiral jet mlling, fluid bed jet mlling, supercritical
fluid processing to form nanoparticles, high pressure honogeni zation, or
spray drying. Capsul es (nade, for exanple, fromgelatin or HPMO),
blisters and cartridges for use in an inhaler or insufflator may be

formul ated to contain a powder m x of the conpound of the invention, a
sui t abl e powder base such as | actose or starch and a performance rmdlfl er

such as /-1 eudf@skinggetfieraneuties nmagnesi um stearate. The | actose may be
anhydrous or 'IPhéJ‘@eéchJh%\Nﬂfthét@%n Q}b‘é{l‘tjéréa ﬁO@ﬁcﬁYp%rpﬁé’éyoéchﬁmlaﬂéa%f ondX her

sui t abl e exci pients 1 ncl dextran,” gl ucose tose, sorbitol, xylitol,
fruct ose, SeRaEPYsef Wﬁwnthl%@a%%e, Rikova, etals Ged 4B1:&1 €0l A3 BRODdr nul ation for

use in anA@é&?‘hé@rthlé?ré'tﬁ!eélcﬁpﬁraqgé(ﬂh%ﬁé(ﬁ‘@éﬁc%ﬁFI & NBAIGE whichl A fealdl Gle MY

contain fr e conpound e i nvention per act uation and
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|

pol y(DL-| gemPeUeBiolpgisa| @ clemiral pigk)in Rissiicireetly qfé'?@&ﬂ@ fhsr SMPressiodns
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rel ease. In the case of i nhal ers and aerosol s, the dosage

unit is dé?W'W%éG‘OWySH@hWW”QS U’é?ﬁ*@‘@ t'ﬂﬂfﬁ%&““@%ﬁ%é@@"&ﬂk@%?@@ knasent .
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nor e usuakbyprighy SHIY b AR IIRO S KitdRE FHINMY cdriifburaYas well as compositions

comprising multiple therapeutics (including those against other RTKs), which may also
include a non-specific therapeutic agent like a chemotherapeutic agent or general
transcription inhibitor.

Small Molecule ROS Kinase Inhibitors

ROS kinase therapeutics useful in the practice of the methods of the invention

are small molecule ROS kinase inhibitors. Small molecule kinase inhibitors are a class
of molecules that typically inhibit the activity of their target enzyme by specifically, and
often irreversibly, binding to the catalytic site of the enzyme, and/or binding to an ATP-
binding cleft or other binding site within the enzyme that prevents the enzyme from
adopting a conformation necessary for its activity. Small molecule ROS kinase inhibitors
may be rationally designed using X-ray crystallographic or computer modeling of ROS
kinase three-dimensional structure, or may found by high throughput screening of
compound libraries for inhibition of ROS. Such methods are well known in the art, and
have been described. Specificity of ROS inhibition may be confirmed, for example, by
examining the ability of such compounds to inhibit ROS activity, but not other kinase
activity, in a panel of kinases, and/or by examining the inhibition of ROS activity in a
biological sample comprising tumor cells that are known to or modified to express a

ROS fusion protein.
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Rect al /I ntravadi nal Adm ni stration Conpounds of the invention may
be adm nistered rectally or vaginally, for exanple, in the formof a
supposi t owg20p3e83®py, or enema. Cocoa butter is a tradi PCONBL01Y0F3PESI t Ory
base, but various alternatives nay be used as appropriate.

Formul ations for rectal/vaginal admnistration may be fornulated to be

i mredi ate and/or nodified release. Mdified release fornul ations include
del ayed-, sustained-, pulsed-, controlled-, targeted and programred

rel ease. Ocular Adm nistration Corrpounds of the invention nmay al so
be adm nistered directly to the e\B/e or ear, typically in the formof drops

of a mi croni zerKagiPiReRisE repledtn pisdnhlputprs§b@\@rmr@renp)|-tp§gjuggfpb@s ROBeril e
sal i ne. Qfigte Fh%FdHéhﬁés‘uH&édegé%ﬁw%tﬂ ﬁduﬁ@%ng%mlrﬁf ﬁﬁﬂné‘%rﬁbomg‘dﬂr@tf/?&a' on

i ncl ude oI ntnents, biodegradab sor ba e gen)

S
and non- bﬂ'@dég@da'dé-b]”éd Statgs Pgient U@n7 0PI United States BatgnPIN@ 5848, 6
parti cul abgy o Y?@Aﬁ?‘g&@ﬁ e%)fﬁb\e\ﬁﬁlch %ﬁ&rﬁ&af@d%‘?&ﬂﬁ%y ?éfelle'neé’ﬁptﬂgl$ entfefyO! yET

such as crossed ol yacrylic acid vi nyl al cohol , hyal uronrc acid,
a cel | ul ofaréll guyyasioser pe@@aﬂaplamn%pﬂmw Inﬁ@t\/raﬂr@aonmoa@@s useful

hydr oxyet Wéo%ﬁbétléh%ﬁ thé’Fré%@ﬁthWen%h by IReRLKinNe RelPbEiQ@RRIYRACChari de
pol ynmer, for exanp um may be incorporated together with a

preser vat P%PO@WéWfH‘@ Q?é‘ﬁiaéfq{@maum chloride. Such fornulations may al so be
del i vered by iontophoresis. For mudrat i ons for ocul ar/ aur al

adm ni stration may be fornul ated to be i di ate and/or nodified rel ease.
Modi fi ed rel ease formul ations include d yedr? sustai ned-, pul sed-,
controlled-, targeted, or programred réleag€. O her Technol ogi es

N
A1\O AN

NH,
or pharmaceutically acceptable salts thereof, where Y, R, R? and A’ have the general
meanings as described in United States Patent No. 7,230,098. More specifically, amino-
pyridine and amino-pyrazine compounds useful in connection with the present invention
as ROS kinase therapeutics include compounds of the general formula:

R’

RZ

cl CH, vZ

Cl
F

or pharmaceutically acceptable salts thereof, where Y, R, and R? have the general
meanings as described in United States Patent No. 7,858,643. Amino-pyridine and
amino-pyrazine compounds of the type described above have been shown to be ROS
kinase inhibitors and are thus useful as ROS kinase therapeutics in connection with the
present invention. Specifically, where a cancer is shown to be positive for a genetically
altered ROS kinase (e.g., SLC34A2-R0OS, CD74-ROS or FIG-ROS), such compounds
can be administered to a patient in need of treatment of cancer.

One particularly preferred compound is the compound 3-[( R)-1-(2,6-dichloro-3-
fluoro-phenyl)-ethoxyl]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-ylamine (crizotinib),

represented by the formula 1:
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Compounds of the invention nmay be conbi ned with sol uble macronol ecul ar
entities, such as cyclodextrin and suitable derivatives thereof or

pol yet hylwoeotopesb- cont ai ni ng pol ynmers, in order to i mpCouB20teI3nes
solubility, dissolution rate, taste-nmasking, bioavailability and/or
stability for use in any of the aforenenti oned nodes of adm nistration.
Drug-cycl odextrin conpl exes, for exanple, are found to be generally useful
for nost dosage forns and adm nistration routes. Both inclusion and
non-i ncl usi on conpl exes may be used. As an alternative to direct

conpl exation wth the drug, the cyclodextrin may be used as an auxiliary
additive, i.e. as a carrier, diluent, or sofutNHizer. Mdst commonly used
for these purposes are al pha-, beta- and gcycl odextrins, exanples of
whi ch may be found in PCT Publication Nos. M©791/11172, WD 94/02518 and WD
98/ 55148, the disclosures of which are iNdrporated herein by reference in
their entireties. Dosage The a of the active conpound

adm nistered will be dependent on the subject being treated, the severity
[ iti dministration, the disposition
3t he prescribing physician. However,
an effective dosage is typical ) e of about 0.001 to about 100
ng per kg body weight per day ef er abl Habout 0.01 to about 35

nmy/ kg/ day, in single or divide A 70 kg human, this woul d anount
to about 0.07 to about 7000 ny/ @a preferably about 0.7 to about 2500

ng/ day. I n sone instances, dosage |levels belowthe lower |imt of the

af oresai d range may be nore than adequdte, while in other cases stil

| arger dog %#mh%ggg&keﬁﬁpﬁhﬁ% & bés %ﬁtwodz'%g 6ﬂ§f(%‘ee’als\8' th such

| ar ger doses typ| divided 1nto severa
adm ni st rb{tCDenmthrLb@gnloLRm@ Méatil 4gad. 1Gcr. 164 - ’F%|86519941 (2007)). nl’at@rﬁmrrpoagdn t may

desi 1 abl eof BNl §isbsd iRBIAALAN Pofin: PabickTof AONANIS2 166 tangxanp! e, for

t he purpose of treating ticu |sease or condition, It 1s within the
scope of Un@ean@@ésrﬁatemi ¢a:tnntNmf20@®(BO‘tﬁ99ﬂrﬂhe cgmﬂwea@h efawhich are

COMPOS { | ABSin Aborbaki 181t SnchNicd) NRIAIFRIPAU b RaRegafgiance ui th

the i nventi on, conv ent be conbined Iin t f or m of it suitable

for coad rrwms@trr@tqfcfmrrtwa 1 h?ed'mden tntesAationghitetentfRubiticationf WO 06 [9¢dd3 1 on

i ncl udes BH\G’UﬂﬁedT@tra?esﬁﬁﬁé’ﬁt%p%hﬁﬂ%Wﬁ%élﬁﬁiwﬁ@r‘m@%bﬁtb%%f edth J)ﬁ/ﬁﬁﬁﬁ one of

whi ch contains a conpound e 1nvéention, and means for separately

r et ai ni ngaediadein dineaxiratee Ny refsigdne instheir eplireti ner, di vi ded bottle, or

di vi ded foil F@‘?gﬁl%lly d@@lgﬁé@gﬁk% 19EyISEER nﬁ‘nBﬁoF c'réoﬂnkt?héét%e'n' MowhlHeRdigr pack
pac ta

used for the agrn ets, capsules and
to be active agalnst ROS kinase, and thus active against the ROS fu3|on proteins and

ROS deletion proteins described herein. Crizotinib was evaluated for its effect on ROS
catalytic activity in both enzyme and cell-based assays. The data provided herein
demonstrate crizotinib to be a potent ATP-competitive inhibitor of recombinant, human
ROS-1 kinase (catalytic domain).

A ROS-1 enzyme assay described below provided a mean Ki value of 0.097 nM
(n=4). Crizotinib dose-dependently inhibited ROS phosphorylation in HCC78 cells that
exhibit a 4p15, 6922 chromosomal translocation event resulting in the expression of a
constitutively active SLC34A2-ROS fusion protein (Rikova et al. (2007)) with a mean
ICso value of 41 nM (n=11) (Table 1, Fig. 1). Crizotinib also dose-dependently inhibited
ROS phosphorylation in U138MG human glioblastoma cells harboring FIG-ROS fusion
(Charest et al. (2003)) with a mean ICsg value of 49 nM (n=2) (Table 1, Fig. 1).

In a panel of 3T3 cell lines that were engineered to express various ROS-fusion
proteins, including CD74-ROS, FIG-ROS(S), FIG-ROS(L), SLC34A2-ROS(S), and
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The kit of the invention is particularly suitable for adm nistering
different dosage forns, for exanple, oral and parenteral, for adm nistering
t he separwibeosanpssi ti ons at different dosage interval spPConBio02/0337¢3 ati ng

t he separate conpositions agai nst one another. To assist conpliance, the
kit typically includes directions or instructions for adm nistration and
may be provided with a nmenory aid. Such directions or instructions may be
in the formof a "label"” or panphlet. Further such directions or

i nstructions nmay contain information relating to diagnostic testing to
determ ne whether a cancer is ROS positive or whether a patient is ROS

posi ti ve. SExaf-BO9(k: viizatipibArRibiiesl RVAPEPsRAIosYI2fien Witht Ikedvrluasfanging o Met hods
ROS-1 EnzygRtd £nfSS3% nM (Taple 1)l Nhi bition of ROS-1 enzyme was measured using
a mcroflurdic nobility shift ‘assay. The reacti ons were conducted in 50 pL
vol umes in 96- GEFQting wawalso avrluated fasilts effed PEeH MabBibLRH GaAT thALPEVPIROS. 1
catal yti c,deRRIdy20frohtR3mPttdnsiodsRdn EAGERSulting in the expression of a
constitutively active SLC34A2-ROS fusion protein (Rikova et al. (2007)). Crizotinib
demonstrated concentration dependent inhibition of HCC78 cell viability (Fig. 2). The
ICso value calculated for inhibition of HCC78 cell viability was approximately 59 nM.
These results suggest that HCC78 cells are dependent on the ROS fusion for cell
growth and viability and that crizotinib is a potent inhibitor of ROS-dependent cell growth
and viability.
At the molecular level, the constitutively activated ROS fusion kinase induces
phosphorylation of multiple tyrosine residues at the intracellular region that regulates
RTK catalytic activity and docking of regulatory substrates. Crizotinib was evaluated for
its ability to inhibit SLC34A2-ROS dependent signaling pathways in HCC78 human
NSCLC cells in order to gain further understanding of the anti-tumor mechanism-of-
action and to confirm that inhibition of ROS kinase activity correlates with downstream
signal transduction. Crizotinib dose dependently inhibited ROS phosphorylation
(activation loop), as well as the downstream adaptor or signaling molecules including
SHP2, STAT3, AKT and ERK1/2 in the HCC78 cells in vitro (Fig. 3). These results
demonstrate a correlation between key signaling pathways and efficacious doses of
crizotinib.
Crizotinib was further evaluated for its ability to induce cell apoptosis in HCC78
human NSCLC cells. Crizotinib demonstrated dose-dependent induction of activated
caspase-3 levels in the HCC78 NSCLC cells (Fig. 4), demonstrating that increased
apoptosis also correlated with efficacious dose levels.
The antitumor efficacy of crizotinib was evaluated in a panel of ROS fusion
engineered tumor xenograft models. Tumor xenografts representative of human cancer
indications in which ROS chromosomal translocations have been implicated were
engineered in NIH3T3 cells, including CD74-ROS, long and short variants of SLC34A2-
ROS indentified in human NSCLC, and long and short variants of Fig-ROS identified in
human NSCLC, glioblastoma and cholangiocarcinoma (Rimkunas et al. (2012); Gu et
al. (2011)). Crizotinib demonstrated significant cytoreductive effects in all of the 3T3-

ROS engineered tumor models with a dosing regimen of 75/mg PO BID (Fig. 5).
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(I'nvitrogen Inc), 1.5 pM phosphor-acceptor peptide,

5' FAM KKSRGDYMIMQLG CONE12 (Cal i per LifeSciences), test conpound (11-dose
3-fold sewDabidiilespi ons, 2% DVSO final) or DMSO only, 1PeIBXI2/0837602%
Tween-20 and 5 mM MJC12 in 25 nM Hepes, pH 7.1, and were initiated by
addition of ATP (56 pMfinal concentration, - Kmlevel) followng a 20-mn
pre-incubation. The reactions were incubated for 1 hour at room
tenperature, then stopped by the addition of 0.1 M EDTA (pH 8). The extent
of reaction conpletion (-5% conversion with DVSO was determ ned after

el ectrophoretic separation of the fluorescently |abel ed peptide substrate
and phosphor y| Hteeability elrizetini tainhigih 88 rirmpRentpden Bnd tiangrgeewthiif #8ei ences) .
K val ues,Loky8a5Bd bl 3Pd-cas-RES GHY %esﬂrsbsmészmz ﬁ@sgda%r(egﬁgﬁwdéfs% to the
equation for conpetitive inhibition using non-Ilinear 'regression nethod

( G aphPadnpie ige. Grizptipadesenstigiecdossagerendgy inhaiordn queipapyvivdn SaBt y
measured &F74fsTunbr MflogfiPANBLeOl fePio g A Bpaane E1D) BuRkRGRIY val ue of

0.097 nM Cel |l |'s are’a hunmman cell lung

carci norra(A(Q@Tg/kg B'@é %Bmim/fi%m@&”fgﬂ@@@hén%P@mg@fgfdéﬂmgim BiD)dFgs6Fkar - oI d
man w th gdemapaid Jlé?ﬁ%sﬂgtehré‘?gmﬂéagt |nﬁlﬁlﬂgﬁoﬁ§03%o§ﬂ%r§/la&ﬁ4 ih tAe45YEB-

carci noma. HCC/8 cells were purchased from DSMZ cel |l bank (Braunschwel g,
Ger nmany) . COT4&Rasdrmersaafioae alidmeatraentigsounsEigpthk h%l@éér Fniigmonaiicaenhy Ti ssue
Cul t ur e Opr A RivAbLEGed M I8 BHSRA% JasL R0 B kbndd APISABAFRL Fon The
NI H3T3 ROS fusi on engi neer ed.cel | lines were 'generated in house. ROS fusion
vari ants 5LC342Quiexe 581 L gae SPrMEN74- ROS (L), FIG ROS (L) and
FIG ROS (S) wahg BhRnedatio 0 the retroviral vector pMSCV puro (d ontech).
The retroviruses carryrng EM.4- ALK genes were produced in 293T cells by
co-transfecti ofhagaPoURes pivseinveataronay hnadmiisterse osa)iy ngrap pddimisiraen oAl .
The ret roma&%vo%%\farlékrﬁgt% ﬂ“rﬁftﬁe'ééﬁm olirty éﬁtéﬂ%ﬁﬂé‘?é‘stwlr{f@s—ma%& Srand pool ed
popul ati ons were sel ecte pur omyci n days and verified by
DNA sequeh%@qaborp?qbbﬁ'gl{aba‘ﬂfﬁ'@'sf"ﬁt'@u'b@é&@@ﬁ‘tpké’ﬁﬁé)y |V\fh*,fr|i‘tt§e C@@PPlﬂﬂda?” KPnase

bhoschor ylatdisey §%%ﬁy§recﬂy from thgjﬁ{olum ar assays (i.e., ELISA or inmunobl ot)
used to directly determne the ability of crizotini b to inhibit

| | gand- dependeimelatienmstiapletprerakadmigisirpiad pReds solidifemualions ses & med
using a veghled, bapbulSSLEINBIRhg pYREuIRs! Ruids, or powders, lozenges (including liquid-

filled), chews, multi- and nano-particulates, gels, solid solution, liposome, films

(including muco-adhesive), ovules, sprays and liquid formulations.

Liguid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be used as fillers in soft or hard capsules and typically include a
pharmaceutically acceptable carrier, for example, water, ethanol, polyethylene glycol,
propylene glycol, methylcellulose, or a suitable oil, and one or more emulsifying agents
and/or suspending agents. Liquid formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving, fast-
disintegrating dosage forms such as those described in Expert Opinion in Therapeutic
Patents, 11 (6), 981-986 by Liang and Chen (2001), the disclosure of which is
incorporated herein by reference in its entirety.

For tablet dosage forms, depending on dose, the drug may make up from 1 wt%
to 80 wt% of the dosage form, more typically from 5 wt% to 60 wt% of the dosage form.
In addition to the drug, tablets generally contain a disintegrant. Examples of
disintegrants include sodium starch glycolate, sodium carboxymethyl cellulose, calcium
carboxymethyl cellulose, croscarmellose sodium, crospovidone, polyvinylpyrrolidone,

methyl cellulose, microcrystalline cellulose, lower alkyl-substituted hydroxypropyl
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Cel | - based Phospho- ROS ELI SA Assay A panel of cell lines harboring
various kinds of ROS fusion was used to determ ne the potency of crizotinib
on ROS phwephwwoilspi on. The cells were plated at a densiPCy/1B1012053060
cells/well in 100 pl of the growmh nedia in 96-well plates. The ROS fusion
negative cells wells were used as background. Plated cells were allowed to
adhere overnight. The foll ow ng day, growth nedia was renoved and cells
were cultured in serumfree nedia (Wwth 0.04% BSA). Serial dilutions of
crizotinib were performed, appropriate controls or designated
concentrations of crizotinib were added to each well, and cells were

i ncubat edceliuloseCstash, arepelgtinizegestarch pad sediupetigingteneengraly. fieadisinegtant al
phospho-t i 3 %@ﬁzprg@% o ned by
usi ng theWFuat h%clg%?r?g%l E’Vﬁ/glfsé 0- Ros pan'l%}r];rb’ga%n\gtv(ng ?hi@l\_/tlﬁ@gﬁr%g%ro%é(i@

Si gnal i ngfor@att 7093) as descri bed in the manufacturer's protocol. The EC50
val ues were Caé.ﬁ&@rgra?éigé%ra@%sma ﬁdaﬂ%oh§§P@gﬁﬁlt|8ﬁfovﬁtafo|ett?dn'?ugla%r'\| zing a
four - paraneter analyticCal nethod - based 0s A Assay fo
5LC34A2- RBxjtable blnderﬂ@@‘hsiedélcmwba“mrqeﬂdoa@skmrmsrsr pslyethyieee elvedled to
det er mi nenbdies BRY §\ﬂﬁb(et%fgu‘?ﬁé gdwﬁ%syr%das?@ ppéﬁé'ﬁém&édls?a%rp'ﬂydr'dﬁyrgpﬁa I's
were plated at a density o I's/wel 171 n 100 nedia with
10% FBS aﬁ%l'uﬂﬁ‘:iﬁlaé‘ﬂIhb’fj'iﬁ))(lé@rp@ﬁmw}dﬁﬂuioﬁe o6akielsimay Qi%%@ontﬁﬂé'lwt%éwh wel |'s
were Useda§%0{f&ﬁs€l€ﬂ69&%ratgls%trﬁﬂjdr?ézdl %én&@d%t@l anfAYGREud SnPHReKS), %ﬁﬁﬁlﬁlght The
foll owing day, growth media was renoved and cells were cultured in

serumfr eéylﬁddiq%trew sHeYsesEghmicrgerypigllingiceli psen stagth and; dkasiGalciyer e
per f or mredphApRERAIKRE&eCONtrol s or designated concentrations of crizotinib
wer e added to each well, and cells were incubated at 37C for 1 hour. Cell
lysates were geaniatamay aéﬁ@cPFlt'ﬁ@a”b’dﬂ%Fdep%kﬁ@%6CttV§?r9@§PﬁeSl!°@\ﬁé;lSé’db'f“ BUB4A2- ROS
in HOC78 g@tdts aNep& Qﬁ&&é@bn&% MaHEisieh bE8iliEH NSO aRd takNagREP- Ros
(panTyr) Sandw ch E{ | Signaling, Catt 7093) as described in the
manuf act upPesest, w&ce@@ five ?m@ 9 @sdym% Iy dnsampnds ehirern 0a2 Wife /5 Wt% of the

concent r atdpRi- Jn%lsggiegﬁ"'t@ tﬁ)‘t{'fa‘ﬂﬁfrBhtdQWA%WWt% SidhétabRyr - paraneter anal yti cal
met hod. The cel | -base ROS ELI SA assay provided a nean | C50 val ue

of 45 nM (n= 8)Tablqt$rﬁ’|§ﬁ(SBP@?ﬁ)¥ @@tam lubricantpfueibdit BENGRY MEERBIR CAYWN al so

used to dgfgFde, %c&‘?éﬁétb%‘odﬂrﬁ@%%rﬂhﬁ%@@ Hrh@hin@ur}e%%%n&ﬂﬁn tRbalte Protein
level s in the HCC78 cells and 3T3-'CD74- ROS tunor %llsates or the prote| n of

i nt er est . Wit podiHMyayrylsuinhalsy L ubreanipgeeeraly are pirsest inasusts gt R-Partous

dose Ievelmmt%mré@dw&ﬂ%rﬁ@rsWh/s&ﬁsmr&theﬁbdepel I's were Iysed in the cold
1X Cell Lysis Buffer nal i ng Technol ogi es, Bosto For in

vi vo study, t%?rwwmam‘a@dmﬁ%nw%@@uo Hs, &ol%”ﬁ ﬁiaMOWW& PO BI D

for 10 dapgsedbtitdd@in@ngsteimasking¥gehtdnors were resected after 7 hours
following the | ast dose. The resected tunors were snap frozen on dr

pul veri zed usiFgmPary &hlels aratringwrio cbputey V&Vy%ﬁ‘#ﬂrft'%m abagl 1Heuith & ab&wé | ysed
in cold 1% Gedolpidaes,) flonBHbdR0 th%ﬂo'ab’éU%@\lrvt%GnJ&@hﬂ% a8 22 wibipetapauMo . The

Proteins were extracted fromcell and tunor ésat es and protein

concent r att’sRisivtegrantyapd fran QUL PR YA I8y N IBPEGaPk, Rockford, IL).

Extracted proteipktdimak efayiiedbniiRédsea dirbctiitt by WO td st SsietdeT Higepar at ed
by SDS- PAGE, transferred to nylon nmenbranes, and i nmunobl otting

hybri di 2 aPleBfz o W'Q%é)fﬁf%fjém?é' aermaiely e wekserymer B autFiad ”ﬁﬂ h the
f ol | ow ngcayelalRk@dbestruded before tableting. The final formulation may include one or more

layers and may be coated or uncoated; or encapsulated.

The formulation of tablets is discussed in detail in “Pharmaceutical Dosage
Forms: Tablets, Vol. 17, by H. Lieberman and L. Lachman, Marcel Dekker, N.Y., N.Y.,
1980 (ISBN 0-8247-6918-X), the disclosure of which is incorporated herein by reference
in its entirety.

Solid formulations for oral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-, sustained-,

pulsed-, controlled-, targeted and programmed release.
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Anti bodies utilized in immunoblotting studies were all fromCell Signaling
Technol ogy (Danvers, Massachusetts, United States) and listed as foll ows:
anti -t ot aVOREB/N1ewal og#: 3266), anti-phospho ROS (cat alPOGAB23QTRY6S

anti - phospho SHP2 (catal og#: 5431), anti-phospho STAT3 (catal og#: 9131),
anti-total AKT (catal og#: 9272), anti-phospho-AKT S473 (catal og#: 4161),
anti-total -MAPK44/42 (catal og#: 9102), anti phospho- MAPK44/ 42 (cat al og#:
4370), cl eaved Caspapse-3 (catal og#: 9661). Cell viability, proliferation
and survival assays Cell Viability Assay Cul tured HCC78 cells were
adapted to RPM growt h nmedi um (I nvitrogen, Carlsbad, CA) wth 10% FBS and
peni ci | | i n/ st rjitableyaedifigd iglgase By@ﬁbatlmar@\ﬂ@ﬁcrm%sn bl RasedtNendar di ze

scr eeni nge, 156/884 C Blolzhs bPAHL! 4 RbBREELA 1olFtHichideLEn Liprygndor

r econmended rgg F l's were trypsi n?ézee n(?iglsee e S<E;1Ht4\§ha er%glty of

3000- SOOOd@@‘PﬂS@P&éW osmelc Bl saated pariclesscanden IQURg InCdMaret#8904 pl at es,
Kennebunkphéﬁ)ac«arq@ca@*ré?%ﬁ)gy@rﬂ%eéﬁ(zwew{z@m) TRB®sé Bt LRV iAYo cells
were treated sin agent dru dm ni Stered I n nine serial

concent r aBfiiae gantrallgst ietease & Q%ﬁ@@?de'@é/v@é)lofﬁﬁa%r &he fisglosyreariihepm t o 152 pM
by @ 4- T oldleioAtd:ark IRbHidMe@ nbidi byPiciBAAAh 5 tketicll Ler an addi tional 3-5
days |ncubat| on at C (until cell” confluency reached -70-80%, 1/5 of
manuf act ur er’ anramaraerdmwstmtipn.ne of Cell Titer Ao (Promega, Madison, W)
was added to 'ﬂmé&ﬁaduxd@sﬁﬁw@eﬁ@dd m%ﬁl@b'bbta)dhﬁ)ﬁlﬁbiefd%r‘%kﬂypiﬂto‘&ﬁé'B%oa”

Envi sion nulti-reader (Perkin-Elner, ham MA). Baseline cell count
readi ngs SIEeaN.dNedNysslee AT NiAA Blarnal grgane Suikaile ﬂ@?”%foﬂ’@ﬁre@tﬁ@l seedi ng and
prior to gammisiagsd f?ﬁ%ﬂﬁe |rﬁ%%@ﬂ\dd%eln%é'@érlamraﬂémornéglt ftafneean final cell
count and plotted with PRISM (G aphpad, La Jolla, CA) or XLFIT (IDBS,

Surr ey, UK')‘rquTH@CH|%Otre'éipﬁlémc'ﬁﬁéﬂﬁﬁ‘?bd‘t'faéfa”i%Hi‘tlﬁ"t‘lﬂ?&ffi'abﬁ”(l‘-lmlt%@PPS

vi abili tVSW%%I@HMKSB&'fB?Bée?rbNte%?aH‘Mms@%kJ)n RcRbkE heedk (iRB( Hg th&@'ne@@lé)’iy

The cells were seeded in 96 well plates at |ow density in growh nedia
(medi a sujpfcireritesdleriaeinizgotorsand ipfusiondediniwssi ne ser um FBS) and cul tured
overni ght at ﬁ&ent@Fb@erMh'aﬂ%@&eQ?d@aH?%ghe%uscgo\dﬁthWﬁlcﬁfme@rdoﬁ%ﬁrﬂ nib or
appropriate controls were added to th esignated well s, cells were

i ncubat ed ©4tPIgTEsHE} agsaligoeargonydrates P”drplﬂf@rr'”@aée@%%[ﬁfeﬁ*?'b%@a"' ofBeMson,
W) was t Bengpef alrtBrhelHpiitiBhalitng hBEbé fldé w%bﬁﬁfb}mmyt@a%%stéﬁo val ues
were cal cul ated by concentration-response curve fitting utilizing a

f our - par aR®? @gquﬁlms?pp@rapr a3 Heoed form'to be used in conjunction with a suitable

vehicle such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterile conditions, for example,
by lyophilization, may readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art.

The solubility of compounds of the invention used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques, such as
the incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release. Thus compounds of the
invention may be formulated as a solid, semi-solid, or thixotropic liquid for administration
as an implanted depot providing modified release of the active compound. Examples of

such formulations include drug-coated stents and PGLA microspheres.
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In Vivo Met hods Subcutaneous Xenograft Mdels in Athymc M ce

Femal e nu/nu mce (5-8 weeks old) were obtained fromCharl es River

(W1 m ngtwo,200017988ni mal s wer e nai nt ai ned under cl ean r @CWIBBNZNI3NTENS i N
sterile filter top cages with Al pha-Dri/bed-o0-cob conb beddi ng housed on
HEPA-filtered ventilated racks. Aninmals received sterile rodent chow and
water ad |ibitum The designated cells for inplantation into athymc mce
were harvested and pelleted by centrifugation at 450Xg for 5-10 m nutes.
The cell pellets were washed once and re-suspended in serumfree medi um
The cells were suppl enented with 50% Matrigel (BD Biosciences, San Jose CA)
to facilitate topgst Administratipn | s (5 x 106 in 100 pL) were inpl anted SC into
the hind flankrfe@nbuRls bitRe Wﬁﬁﬁ‘or@rﬂgy gsb® g‘”a(anﬁrﬁst'lre‘avf’oﬁlealfryhgt%eédrg&at ed
size prior to the admnistration conpound for each experinment. Tunor
size was Owcesarithad i, 59%@'31@0?@?@‘?@&”% WVI@F@é@FﬁMﬁtl@n%mrlﬂp%pérpaﬁ%lmplhlﬁﬁr

vol ume wa elgqgij%g%‘se%tl@ﬁs tsB%hBﬁé)@F&érmsot)m'trﬁénté euglifly Sowdeis, hﬂ%eé%m%s Dat a
and Resul tion of ki'nase activity in bi ocheni cal
enzyne as&&ys. Blms glin @@tcheﬁ tyvafers Implmta ﬁ@@ﬁ%isbf'bﬁé% bapdagestand for its effect

on RCS Caﬁﬁ&r&émﬁls@ﬁé' I‘_’lbéé’on']éb RSY B8 BEYEEd mlcﬁ%drrlﬁm&%& wekdrzotini b

was denonstrated be a potent” ATP-conp I ve | nhibitor of recombl nant,
human ROSm'ﬂérﬁé%'e“O(U@a@Qif%HtW@ WB‘Fﬁaﬁ’ﬁﬁOl?\‘/w'TnhglaCQf@aﬁO'K‘Fthwa'P%@'y@Q' apd097 nM
(n=4). propylene glycol. Penetration enhancers may be incorporated; see, for example, J

Pharm Sci, 88 (10), 955-958 by Finnin and Morgan (October 1999). Other means of
topical administration include delivery by electroporation, iontophoresis, phonophoresis,
sonophoresis and micro needle or needle-free (e.g. Powderject™, Bioject™, efc.)
injection. The disclosures of these references are incorporated herein by reference in
their entireties.

Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release.

Inhaled/Intranasal Administration

The compounds of the invention can also be administered intranasally or by
inhalation, typically in the form of a dry powder (either alone, as a mixture, for example,
in a dry blend with lactose, or as a mixed component particle, for example, mixed with
phospholipids, such as phosphatidylcholine) from a dry powder inhaler or as an aerosol
spray from a pressurized container, pump, spray, atomizer (preferably an atomizer
using electrohydrodynamics to produce a fine mist), or nebulizer, with or without the use
of a suitable propellant, such as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-
heptafluoropropane. For intranasal use, the powder may include a bioadhesive agent,
for example, chitosan or cyclodextrin.

The pressurized container, pump, spray, atomizer, or nebulizer contains a
solution or suspension of the compound(s) of the invention comprising, for example,
ethanol, agueous ethanol, or a suitable alternative agent for dispersing, solubilizing, or
extending release of the active, a propellant(s) as solvent and an optional surfactant,
such as sorbitan trioleate, oleic acid, or an oligolactic acid.

Prior to use in a dry powder or suspension formulation, the drug product is
micronized to a size suitable for delivery by inhalation (typically less than 5 microns).

This may be achieved by any appropriate comminuting method, such as spiral jet
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Exanple 2 Kinase Activity of crizotinib in Cell-based Assays

Crizotinib dose-dependently inhibited ROS phosphorylation with a nmean | C50
val ue of WO 20M/(1ms21) in the HCC78 cells that exhibit aPCpAB2018053265
chronosomal translocation event resulting in the expression of a
constitutively active SLC34A2-ROS fusion protein (R kova etal. (2007)) in
these cells (Table 1, Fig. 1). Crizotinib also inhibited RCS
phosphorylation with a mean |1 C50 value of 49 nM (n=2) in the UL38MG human

gl i obl astoma cells harboring FIGROS fusion (Charest, et al.
1, Fig. 1). . a pa T : : .
express vaillingy Juindsdigisniting upeetifieal flgidiprenessing ta o anerpr

(2003)) (Table

In a panel of 3T3 cell lines that were engineered to

, high

phosphoryg%gg@rgh ' ehg&%n\ég,ll #ﬁiy agp@[ ng from3.4 nMto 36 nMin these
- bas

cells (Table 1). Table 1

d“ROS1 Ki nase Phosphoryl ati on Assays

apsules (made, for example, from gelatin or HPMC), blisters and cartridges for

use in an inhaler or insufflator may be formulated to contain a powder mix of the

compound of the invention, a suitable powder base such as lactose or starch and a

performance modifier such as Fleucine, mannitol, or magnesium stearate. The lactose

may be anhydrous or in the form of the monohydrate, preferably the latter. Other

suitable excipients include dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose

and trehalose.

A suitable solution formulation for use in an atomizer using electrohydrodynamics

to produce a fine mist may contain from 1ug to 20mg of the compound of the invention

per actuation and the actuation volume may vary from 1uL to 100uL. A typical

formulation includes a compound of the invention, propylene glycol, sterile water,

ethanol and sodium chloride. Alternative solvents which may be used instead of

propylene glycol include glycerol and polyethylene glycol.

Suitable flavors, such as menthol and levomenthol, or sweeteners, such as

saccharin or saccharin sodium, may be added to those formulations of the invention

intended for inhaled/intranasal administration.

Formulations for inhaled/intranasal administration may be formulated to be

immediate and/or modified release using, for example, poly(DL-lactic-coglycolic acid

(PGLA). Modified release formulations include delayed-, sustained-, pulsed-, controlled-

, targeted and programmed release.

In the case of dry powder inhalers and aerosols, the dosage unit is determined

by means of a valve which delivers a metered amount. Units in accordance with the

invention are typically arranged to administer a metered dose or “puff’ containing a

desired mount of the compound of the invention. The overall daily dose may be

administered in a single dose or, more usually, as divided doses throughout the day.

Rectal/Intravaginal Administration

Compounds of the invention may be administered rectally or vaginally, for

example, in the form of a suppository, pessary, or enema. Cocoa butter is a traditional

suppository base, but various alternatives may be used as appropriate.

Formulations for rectal/vaginal administration may be formulated to be immediate

and/or modified release. Modified release formulations include delayed-, sustained-,

pulsed-, controlled-, targeted and programmed release.
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|C50 (nM Mean + STD n Endogenous SLC34A2- ROS phosphoryl ation in HCC78
human NSCLC cells 41 + 14 - 11
WO 2013/017989 PCT/IB2012/053765

Ocular Administration

Compounds of the invention may also be administered directly to the eye or ear,
typically in the form of drops of a micronized suspension or solution in isotonic, pH-
adjusted, sterile saline. Other formulations suitable for ocular and aural administration
include ointments, biodegradable (e.g. absorbable gel sponges, collagen) and non-
biodegradable (e.g. silicone) implants, wafers, lenses and particulate or vesicular
systems, such as niosomes or liposomes. A polymer such as crossed-linked polyacrylic
acid, polyvinylalcohol, hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose, or methyl cellulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be incorporated together
with a preservative, such as benzalkonium chloride. Such formulations may also be
delivered by iontophoresis.

Formulations for ocular/aural administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted, or programmed release.

Other Technologies

Compounds of the invention may be combined with soluble macromolecular
entities, such as cyclodextrin and suitable derivatives thereof or polyethylene glycol-
containing polymers, in order to improve their solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the aforementioned modes of
administration.

Drug-cyclodextrin complexes, for example, are found to be generally useful for
most dosage forms and administration routes. Both inclusion and non-inclusion
complexes may be used. As an alternative to direct complexation with the drug, the
cyclodextrin may be used as an auxiliary additive, i.e. as a carrier, diluent, or solubilizer.
Most commonly used for these purposes are alpha-, beta- and gamma-cyclodextrins,
examples of which may be found in PCT Publication Nos. WO 91/11172, WO 94/02518
and WO 98/55148, the disclosures of which are incorporated herein by reference in
their entireties.

Dosage

The amount of the active compound administered will be dependent on the subject
being treated, the severity of the disorder or condition, the rate of administration, the
disposition of the compound and the discretion of the prescribing physician. However, an

effective dosage is typically in the range of about 0.001 to about 100 mg per kg body
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weight per day, preferably about 0.01 to about 35 mg/kg/day, in single or divided doses.
For a 70 kg human, this would amount to about 0.07 to about 7000 mg/day, preferably
about 0.7 to about 2500 mg/day. In some instances, dosage levels below the lower limit
of the aforesaid range may be more than adequate, while in other cases still larger doses
may be used without causing any harmful side effect, with such larger doses typically
divided into several smaller doses for administration throughout the day.

Kit-of-Parts

Inasmuch as it may desirable to administer a combination of active compounds,
for example, for the purpose of treating a particular disease or condition, it is within the
scope of the present invention that two or more pharmaceutical compositions, at least
one of which contains a compound in accordance with the invention, may conveniently
be combined in the form of a kit suitable for coadministration of the compositions. Thus
the kit of the invention includes two or more separate pharmaceutical compositions, at
least one of which contains a compound of the invention, and means for separately
retaining said compositions, such as a container, divided bottle, or divided foil packet.
An example of such a kit is the familiar blister pack used for the packaging of tablets,
capsules and the like.

The kit of the invention is particularly suitable for administering different dosage
forms, for example, oral and parenteral, for administering the separate compositions at
different dosage intervals, or for titrating the separate compositions against one another.
To assist compliance, the kit typically includes directions or instructions for
administration and may be provided with a memory aid. Such directions or instructions
may be in the form of a “label” or pamphlet. Further such directions or instructions may
contain information relating to diagnostic testing to determine whether a cancer is ROS

positive or whether a patient is ROS positive.

Examples
In-Vitro Assays

Materials and Methods
In-Vitro Methods
ROS-1 Enzymatic Assay

Inhibition of ROS-1 enzyme was measured using a microfluidic mobility shift
assay. The reactions were conducted in 50 pyL volumes in 96-well plates, and contained
0.25 nM recombinant human ROS-1 catalytic domain (aa 1883-2347), GST-tagged
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(Invitrogen Inc), 1.5 yM phosphor-acceptor peptide, 5’FAM-KKSRGDYMTMQIG-CONH;
(Caliper LifeSciences), test compound (11-dose 3-fold serial dilutions, 2% DMSO final)
or DMSO only, 1 mM DTT, 0.002% Tween-20 and 5 mM MgCl;, in 25 mM Hepes, pH
7.1, and were initiated by addition of ATP (56 uM final concentration, ~ Km level)
following a 20-min pre-incubation. The reactions were incubated for 1 hour at room
temperature, then stopped by the addition of 0.1 M EDTA (pH 8). The extent of reaction
completion (~5% conversion with DMSQO) was determined after electrophoretic
separation of the fluorescently labeled peptide substrate and phosphorylated product on
a LabChip EZ Reader Il (Caliper LifeSciences). Ki values for each trial was calculated
by fitting the % conversion to the equation for competitive inhibition using non-linear
regression method (GraphPad Prism, GraphPad Software, San Diego, CA) and
experimentally measured ATP K, = 56 uM. A panel of four trials gave an average Ki
value of 0.097 nM.

Cell lines

HCC78 cells are a human non-small cell lung carcinoma cell line established
from the pleural effusion of a 65-year-old man with adenocarcinoma of the lung, typed
as non-small cell lung carcinoma. HCC78 cells were purchased from DSMZ cell bank
(Braunschweig, Germany). U138 cells and NIH3T3 cells were purchased from American

Tissue Culture Corporation TCC.

NIH3T3-ROS Fusion Cell Line Generation

The NIH3T3 ROS fusion engineered cell lines were generated in house. ROS
fusion variants SLC34A2-ROS (L), SLC34A2-ROS (S), CD74-ROS (L), FIG-ROS (L)
and FIG-ROS (S) were cloned into the retroviral vector pMSCV puro (Clontech). The

retroviruses carrying EML4-ALK genes were produced in 293T cells by co-transfection

with the pMSCYV vectors and the packaging plasmid pC10A1. The retroviral
supernatants were used to transduce NIH3T3 cells and pooled populations were
selected with 2ug/ml puromyecin for 5 days and verified by DNA sequencing prior to use

in subsequent experiments.

Cellular kinase phosphorylation assays

Cellular assays (i.e., ELISA or immunoblot) used to directly determine the ability
of crizotinib to inhibit ligand-dependent or constitutive kinase phosphorylation were

performed using a variety of serum-starved cells.
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1 Exanple 3 I nhibition of ROS nedi ated signal transduction and

i nduct i orwof2o0salirosapopt osis in the HCC78 hunan NSCLC celCiraBinm2/403i3v650
Crizotinib was evaluated for its ability to inhibit SLC34A2- ROS dependent
signaling pathways in the HCC78 cells. As illustrated in the

I mmunoblot in Fig. 3, crizotinib dose dependently inhibited ROS

phosphoryl ation (activation |oop), as well as the downstream adaptor or

si gnaling nol ecul es including SHP2, STAT3, AKT and ERK1/2 follow ng 3 hours
of drug treatnent in the HCC/8 cells in vitro. These data denonstrated a
correl ati on between key signaling pathways and efficaci ous doses of

crizotinib.  cellbased Phospho-ROS ELISA Assay

A panel of cell lines harboring various kinds of ROS fusion was used to

determine the potency of crizotinib on ROS phosphorylation. The cells were plated at a
density of 20,000 cells/well in 100 ul of the growth media in 96-well plates. The ROS
fusion negative cells wells were used as background. Plated cells were allowed to
adhere overnight. The following day, growth media was removed and cells were
cultured in serum-free media (with 0.04% BSA). Serial dilutions of crizotinib were
performed, appropriate controls or designated concentrations of crizotinib were added
to each well, and cells were incubated at 37°C for 1 hour. Cell lysates were generated
and the total phospho-tyrosine levels of SLC34A2-ROS in HCC78 cells were
determined by using the PathScan® Phospho-Ros (panTyr) Sandwich ELISA Kit (Cell
Signaling, Cat#: 7093) as described in the manufacturer’s protocol. The ECso values
were calculated by concentration-response curve fitting utilizing a four-parameter

analytical method.

Cell-based Phospho-ROS ELISA Assay for SLC34A2-ROS

HCC78 cells harboring SLC34A2-ROS fusion were used to determine the
potency of crizotinib on ROS phosphorylation. HCC78 cells were plated at a density of
20,000 cells/well in 100 ul of RPMI media with 10% FBS and penicillin/streptomycin in

96-well plates. The no cell wells were used as background. Plated cells were allowed to

adhere overnight. The following day, growth media was removed and cells were
cultured in serum-free media (with 0.04% BSA). Serial dilutions of crizotinib were
performed, appropriate controls or designated concentrations of crizotinib were added
to each well, and cells were incubated at 37°C for 1 hour. Cell lysates were generated
and the total phospho-tyrosine levels of SLC34A2-ROS in HCC78 cells were
determined by using the PathScan® Phospho-Ros (panTyr) Sandwich ELISA Kit (Cell
Signaling, Cat#: 7093) as described in the manufacturer’s protocol. The I1Cs values
were calculated by concentration-response curve fitting utilizing a four-parameter
analytical method. The cell-based phospho-ROS ELISA assay provided a mean ICsg
value of 45 nM (n=8).
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Crizotinib was evaluated for its dose-dependent nodul ati on of the caspase-3
mar ker of apoptosis utilizing Western Bl ot anal ysis. Follow ng 3-hour of
drug treawvoent3/012988i gni fi cant dose- dependent inducti on ®CTAB01Y633865
caspase-3 levels was observed in the HCC78 NSCL cells (Fig. 4) indicating
that increased apoptosis also correlated with efficacious dose | evels.

Exanpl e 4 Cvtoreductive effect of crizotinib follow ng oral
adm nistration in a panel of oncogenic RCS fusion variants engi neered
xenograft tunmor nodels in nude m ce The antitunor efficacy of

crizotinib was evaluated in a panel of RGOS fusion engi neered tunor
xenogr af t \mideoblotfing t he NI H3T3 cel | s representative of human cancer

i ndi cati ons 'anun%BloRfagﬁ&ﬁ&&mﬁ%ﬁéls&&%%e@@me ré|§t.uermhas%at ed, including
CD74- RCS, two forns hat were 1denti i n human NSCLC,

and two f@h@ﬁ@hé'fquthSRw qr}qﬂdpta\h@qoéeln @é’ﬂ'ﬁl'ﬂ‘ thedHe @/ heptarrnNSTEE D H-ROS ast onm
and chol aﬂ%cﬁqﬁ@%f‘ésrfemeﬁ)%t%lmﬁ%rgétaﬁor /ﬁ%ﬁl%?s)tuo? te I@@@Z?Eelgevﬁere $dBed- [ Epub

ahead of pri et al Crizotinib

deronst r awidt vgrl@ﬁ.ﬁbﬁ@ éﬁwls@tcamw:fpr W@%“I‘Q%%té"equ?"%wprecﬁsqmé the m&d 4%3- ROS
engi neer edgqf upRHs pRSIGLS) égﬁbnr@&ré}%omg'.@@@&mpmw ¢ ROS fusion variants

wi th a dosing reginen of as shown in Fig. 5. The mce started
recei ving cri ZoXimyiko §ftué)ézttw@ﬁt beeg W'ﬁ%wﬁmat%WWﬁ@HMa@H@wg]@mmﬁ and

the tunor g0 fEHERGE At dorftudyNRintIrg el regedifd é@er%dr@fcﬁ@@#\? the tO 5
days of dru?dtreatnent The control tunors reached the size of mB in

-7days af {a6Fdesssi hryresested Unapre Ware saaReiezes Qrdry inei Hllllbertztegét'ﬁﬁ‘ﬁr@t“qﬂll% for

this st udyigen-cddedaysmofedm &asﬁe and Iysed@@%&dqmﬂ_%fs Bdﬂé? R‘:éll‘ on of RGOS
phosphoryl ati on and tunnrdgromﬁ t he

3T3- SLC34§®“W@B(T_ Chﬁ@'ﬁ@'@ﬁ QStCPFbMér ST hPrP rﬁtﬁd@ Wﬁr‘ééxwt‘%ﬁfr%tcﬁmﬁ'bd tumor
lysates and protein concentrations were determined using a BSA assay (Pierce,

Rockford, IL). Extracted protein samples from both cell and tumor lysates were
separated by SDS-PAGE, transferred to nylon membranes, and immunoblotting
hybridizations for the proteins of the interest were performed with the following
antibodies.

Antibodies utilized in immunoblotting studies were all from Cell Signaling
Technology (Danvers, Massachusetts, United States) and listed as follows: anti-total
ROS (catalog#: 3266), anti-phospho ROS (catalog#: 3078), anti-phospho SHP2
(catalog#: 5431), anti-phospho STAT3 (catalog#: 9131), anti-total AKT (catalog#: 9272),
anti-phospho-AKT S473 (catalog#: 4161), anti-total -MAPK44/42 (catalog#: 9102), anti
phospho-MAPK44/42 (catalog#: 4370), cleaved Caspapse-3 (catalog#: 9661).

Cell viability, proliferation and survival assays
Cell Viability Assay
Cultured HCC78 cells were adapted to RPMI growth medium (Invitrogen,

Carlsbad, CA) with 10% FBS and penicillin/streptomycin (Invitrogen) whenever possible
to standardize screening. Some cells requiring special media were grown in vendor
recommended media. Cells were trypsinized and seeded at a density of 3000-5000
cells/well into 96-well plates (Corning Costar #3904 plates, Kennebunk, ME) and
allowed to adhere overnight. The following day, cells were treated with single agent
drug administered in nine serial concentrations in duplicates (progressively decreasing
from 10 uM to 152 pM by a 4-fold ratio yielding a full sigmoidal curve). After an
additional 3-5 days incubation at 37°C (until cell confluency reached ~70-80%), 1/5 of
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To eval uate pharmacodynam ¢ i nhibition of ROS kinase activity and tunor
grom h by crizotinib, 3T3-CDr74-R0OS tunor xenograft study in nude mce with
oral BIDwozorsgiadsonul ti pl e dose | evel s was conduct ed. Ph@/IB21R05376d une was
measured utilizing electronic Vernier calipers throughout the study and
tunors sanples were harvested at 7-hour follow ng oral adm nistration of
crizotinib for 10 days (steady-state). ROS phosphorylation status in tunors
was quantitated by ELI SA Crizotinib denonstrated dose-dependent
inhibition in tunor growth as shown in Fig. 6B. Tunor regressions of 94%
and 61% were observed in the 160 / day group (80 ng/kg BID) and the 80
g/ kg/ day Mgneiagtuers rﬁgqur@emem)vqhé@@@izgewilqy GI@(F@OV@%% Qlﬁ@idlgor%wl wes growt h

| nhi bi i 0BG B iRRee })’ﬁlgaéd?etcglﬁwéghtw&%r%ﬁ l{lﬁ'l@% I(E%Qsﬂmﬂﬁ% by and the
20 ny/ kg/ day group D), fespective hour s POSt | ast
cri zoti ni PoKAtEIREm “@ﬁmaNPAdn Basglgaicell eoutt re %.wer@ﬁlsmtalm@om cel
phosphor y btdsQihel dhytditer Saisceblfg dREPribHE g HBSnRAE CBARAnAEEAR 8! | T he

treatment gr gree of antitunor efficacy by

crizotiniBu tWCquié‘rqm' D%E@%zﬂmﬂ RGEPIQ}"GWHBIPRJ\%M @r%zﬁ\p%sl@rwa Ry 7).

Exanpl e 6x Sitnites,] Surfdy, UE? T‘E@W@&%ﬁje@aﬁu%éﬂ‘l’o@ln?ﬁlb(tfbrn'o?WdCWS@eIIV|ab|I|ty PLE
is an enzyme produced b oche and sol d through Biocatalytics Inc. ds a
crude est é’ﬁ&@épr}@P‘mﬁéﬁ?léﬁgﬁN‘ frompig liver, commonly known as PLE-AS
(purchased from Bi ocatal ytics as I CR- 123, sold as an amoni um sul fate
suspensi on). The enz_Tyrre. is classified in the CAS registry as a
‘carboxylic-e rvi S 9016- 18-6". The correspondi ng enzyne
classificati onUEls velSsdeded |r19éLw33H pl-ghfs REY FBndit§ |rk§;‘f%WEh fhediageqhr oad
substrate specificity towards Y ysis of a w de range of esters. The
| i pase acBirAlgyented w&h 8r/qn5r(e@r19%ﬁ fats! BO qumb%ﬁs@cﬁnérpuﬁwﬂ&vwi%ﬂ 8f et hyl

butyrate gp@ Tli?*\E'f(BI!o'ﬁl\,rn'%}t sénaHsHldh'th%\S&lzBﬂhler b&prBB@até‘H@MFHrls \Qfareeé?j@éffe whi ch
|iberates 1 linol titrat b tyric acid m nut e at H 8.2. The

or epar at | Srthe dgeiepatad W@H%uaad(cpmwws Inqubatedal S5 & GRVE. 28 Tiler 849 pped as
an Opaquea@sfa?"('lﬂrcﬁﬁ(%%nl\/iabﬂ%lh qNV)"V\Feg% tRerflg&tAmed t8dtbMhihy tf refatid® chi Mo

protein confent _around g/
(1S)-1-( Zn@ngqa@hlﬁg@d/agl_efs |V\(ﬁ5@ 63 RAeH Dy CRAGRINration-response curve fitting utilizing a

four-parameter analytical method.

In Vivo Methods

Subgcutaneous Xenograft Models in Athymic Mice

Female nu/nu mice (5-8 weeks old) were obtained from Charles River
(Wilmington, MA). Animals were maintained under clean room conditions in sterile filter
top cages with Alpha-Dri/bed-o-cob comb bedding housed on HEPA-filtered ventilated
racks. Animals received sterile rodent chow and water ad /ibitum. The designated cells
for implantation into athymic mice were harvested and pelleted by centrifugation at
450Xg for 5-10 minutes. The cell pellets were washed once and re-suspended in
serum-free medium. The cells were supplemented with 50% Matrigel (BD Biosciences,
San Jose CA) to facilitate tumor take. Cells (5 x 106 in 100 pL) were implanted SC into
the hind flank region of the mouse and allowed to grow to the designated size prior to
the administration of compound for each experiment. Tumor size was determined by
measurement with electronic calipers and tumor volume was calculated as the product
of its length x width® x 0.4.
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(1S)-1-(2, 6-dichl oro-3-fluorophenyl)ethanol, shown as conpound (S-1) in the
schenes bel ow, was prepared by a conbination of enzymatic hydrol ysis of
racem c Iwo(B13@1disehl or o- 3-f | uor ophenyl ) et hyl acet ate, estraBiofiz/esmréson and
chem cal hydrolysis with inversion according to Schenme B. Racemi c

1- (2, 6-di chl oro-3-fl uorophenyl )ethyl acetate (conmpound A2) was prepared
according to Schene A Scheme A CIOH CH3 Al A2

1- (2, 6-di chl oro- 3-fl uorophenvnet hanol (Al): Sodi um borohydride (90 ng, 2.4
mmol ) was added to a solution of 2',6'-dichloro-3 -fluoro-acet ophenone (

Al drich, catalog # 52,294-5) (207 ng, 1 mmol) in 2 nL of anhydrous CH3CH.
The reaction rRataa@pd Resdltsstirred at roomtenperature for 1 h then was
evaporated to ggfﬁ¥@1colorless oi | residue. The residue was purified by
flash chronat ogr aphy éelutlng with 0->10% Et OAc i n hexanes) to give

conmpound Al adnhibéian gt RES4 kislase actty imbiochexgicahenryme assays oy e¢rizpliniys ( APCI )

(mH 208; 1H %tlﬁlﬁ%s%iua@alf&ﬁ%féﬁ%w R@%I%ﬁc%tlogrln%bﬁr&%’ﬁ% 3 H
3.02 (d, J=9.85 ,

1- (2, 6- di ard @?Ibba§eﬂ|a§§a>6pr¢éﬁ9wéb MEB dsm@ﬂatf%eq e a petent '6Térﬁﬁ571§?'i'ttfé (1. 42

., 15 ”m?]lh}bltélng‘ chYdmlghéPﬁ r(u%a?n ﬁbs1%ﬁqa§'€%§talw&n§éjﬁﬁ)ﬂtrﬁ§%ﬁﬁw @ilyoto a
soI ution oé)ggtni\rfoun in 20 nL . The reaction

m xture wl med)-at roomtenperature for 12h and then evaporat ed to give
a yell owi sh oigyg ue. The residue was purified by flash chronatography
(eluting with 7- 8% EtOAc in hexanes? to give conpound A2 as a colorless
oil (2.26 g; 21074 I-bpseg\esa¥90 MHz, chl oroform D) 6 ppm

‘:]L 284gdeJ =6. %’nﬂdﬁmb%o@ dgpgrpdeﬁﬁy mﬁlbh%d ﬁﬁpf(cﬁyh&ryl@h@r?wkﬁa rﬁea‘ﬁ)lczg 25 (t,
value H241 nM (n 11) in the HCC78 ceIIs that exhibit a'4p15, 6922 chromosomal
translocation event resulting in the expression of a constitutively active SLC34A2-R0OS
fusion protein (Rikova et al. (2007)) in these cells (Table 1, Fig. 1).

Crizotinib also inhibited ROS phosphorylation with a mean ICso value of 49 nM
(n=2) in the U138MG human glioblastoma cells harboring FIG-ROS fusion (Charest, et
al. (2003)) (Table 1, Fig. 1).

In a panel of 3T3 cell lines that were engineered to express various ROS-fusion

proteins, crizotinib inhibited ROS phosphorylation with ICsq values ranging from 3.4 nM
to 36 nM in these cells (Table 1).

Table 1
ICs0 (NM)
Cell-based ROS1 Kinase Phosphorylation Assays Mean+ | n
STD
Endogenous SLC34A2-ROS phosphorylation in HCC78 human
41+14 |11
NSCLC cells -
Endogenous FIG-ROS phosphorylation in U138MG human glioma 49+18 | 2
cells r

Engineered CD74-ROS phosphorylation in 3T3-CD74-ROS cells | 3.4+24 | 4

Engineered FIG-ROS(S) phosphorylation in 3T3-FIG-ROS(S) cells| 19+ 11 | 4

Engineered FIG-ROS(L) phosphorylation in 3T3-FIG-ROS(L) cells | 8.7 + 0.6 | 3
Engineered SLC34A2-ROS(S) phosphorylation in 3T3- SLC34A2-

ROS(S) cells 19+15 12
Engineered SLC34A2-ROS(L) phosphorylation in 3T3- SLC34A2- 1

36
ROS(L) cells
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Schene B To a 50 nL jacketed flask equi pped with a pH el ectrode, an
overhead stirrer and a base addition |[ine (1M NaCH), was added 1.2 nlL of
100 nmM povassixmryshosphat e buffer pH 7.0 and 0.13 nL of PPCABAS2/813¢feNsi on
Then, conpound A2 (0.13 g, 0.5 mml, 1.00 eq) was added dropw se and the
resulting mxture was stirred at roomtenperature for 20 h, maintaining the
pH of the reaction constant at 7.0 using 1 M NaOH Both the conversion and
enanti onmeri c excesses (ee's) of the reaction were nonitored by RP-HPLC, and
stopped after 50% starting nmaterial was consuned (approximately 17 hours
under these conditions). The m xture was then extracted three tines with 10
mL of ethyl adetemeBo recover both ester and al cohol as a mixture of R-1

and S-2. InffBiibARE RS meu.latefam.mal gandddciiéh Hhd inBuidiecbil WBSHrBdded to a
sol ution of amxture or R 1 and > 2 (0. 48 mmol ) Tn 4 nL of pyridine under
ni trogen & SULE xture was stirred at roomtenperature

for 3 h then ec‘z’r?z%%ﬁtv@é% évQIu%@d%ﬂtsaébnﬁg/{omM‘BFtQLCé%QZ KOs ngéged to the

m xture and then EtOAc 2) was” added to extract the aqueous

sol uti on. srwn@m@rr@&wvaysura%r%c% elisonbi ned, dried, filtered, and evaporated

to give a m XtA‘Jlﬁuéﬁat(ﬁ'lﬁ tﬁé‘%n%r%blo-fm Islgn3 @n%tﬁﬂ‘@éﬁe%@n&éhtﬁ/%@@@t step

reaction w thout further purification. MR (40 , chloroformD)5 ppm

1.66 (d, ROP mhasphorylajipn (Ackivatiog '00P$7931W€f14233 tBeHPWQStCE?”( gdapgoriqr 329”9@2(5 3 H

673 ?3 ECL |Jrr07ecglel§|4ncldld r‘;?SﬁPéGS'I(MT?,l_D\AKEF ﬁ]d"l%RK@Z'f@llo@nr%% Roufs qudrﬁq] 1 7.07 -
m

Pot assi urﬁr%té‘(eai @ tb@ HeL7 8gellpinpdranthese daia dgawesirated g Cﬁf rﬂ‘?tj@féb@‘lfveﬂﬂ 3 and

S-2 (0. 48, gy br)all'ng pt SQBnMCé@&%d@eE'bf)&?z'&tlﬁlB”DSphere The reaction

m xture was heated to 1 . teréﬁmm_ was added to the

reaction m xt Upé&ZoHE Wasexeluated e itsdosp-degren ewduigtien ptrthe caspaseayueous

sol ution. mEh?er%PHf%d&%i’s @tﬂﬂﬁg'\/@eét@r}ﬁ%ﬂot%%lygfs' ESlowind 3-86@ b dﬂ]bdtr@a\{rﬁgﬁ’tr ated to

give an oil of S2 in two steps). Chirality ee: 97.6% 1H

NMVR (400 Mﬂ@”'f@ﬁmtﬂoéﬁ@ﬁﬁ?’@ensmﬂb‘%ﬁoﬂ CE@Ct(V@tedJ%‘?PﬁSQ—ﬁ'eVS|SH§aSZ>Q§9rV€§ N3 H)

6.39 (q, %@@CWNS@L%IIJ(F‘}’% 4gﬁnd|c%m§g thafhcrehskd agop%’sls algo%grrélmed%fﬁ)

Sodi um net hoxi d580(19 nmol M in methanol) was added slowy to conpound

S 2 (4. 6acfjcaciotisglasgigVelsunder a nitrogen at m)sphere at OC. The resulting

m xture was stirred at roomtenperature for 4 hours. The sol vent was

evaporated and H20 (100 nL) was added. The cool ed reaction m xture was

neutral i zed wiP@RIum acetate-acetic acid buffer solution to pH 7. Ethyl

acetate (100 ndytdredlctaSethdtdasd ér&oﬁﬁﬁbr@%wih%%rﬁﬂ'&l@ﬂﬁst%ﬂbﬁtlh05‘ ahBE of

conbi ned organlc ayers mere rred over , T1ltered, and evaporated to

obtain S 2nGRJeRIcCHRS oL fiants '-e*-o, egograft Agr- megtats KU ude v‘u,,, 1H NVR

(H;log gg'z ghhgﬂfbfé}ftlre@fldé@ﬁbflcrﬁétlr(lgwa%e@aﬁaﬂé@7|n §p59|el%fﬁ8)§ﬂ8|or;| =6.9 Hz, 1

5- br ono- 3e&g'neqr9ghmmre<ﬁn%9raﬂ 190e(gdp medwgw 50)09@ IROEFEBYYS off Mmangaasehe

(racenat ejndications in which ROS chromosomal translocation is implicated, including CD74-
ROS, two forms of SLC34A2-ROS that were identified in human NSCLC, and two forms
of FIG-ROS that were identified in human NSCLC, glioblastoma and
cholangiocarcinoma (Rimkunas et al. (2012) Clin Cancer Res. Jun 1. [Epub ahead of
print]); Gu et al. (2011) PLoS One. 6(1):e15640).

Crizotinib demonstrated significant cytoreductive effects in all of the five 3T3-

ROS engineered tumor models that harbor human oncogenic ROS fusion variants with
a dosing regimen of 75/mg PO BID as shown in Fig. 5. The mice started receiving
crizotinib treatment when the tumor volume reached ~200 mm?, and the tumors
regressed rapidly to the size of 5 to 10 mm?® in about 4 to 5 days of drug treatment. The
control tumors reached the size of 1500 mm?® in ~7days after dosing start, and the

average crizotinib treatment time for this study was ~10 days.
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Br F 1. 2,6-Dichl oro-3-fluoroacetophenone (15 g, 0.072 nol) was
stirred in THF (150 nL, 0.5M at OC using an ice bath for 10 mn. Lithium
al um numwoaniada74s2. 75 g, 0.072npl) was slow y added. TReTABZAL/DEM6INAS
stirred at anbient tenperature for 3 hr. The reaction was cooled in ice
bath, and water (3 nL) was added drop wi sely foll owed by adding 15% NaOH (3
m.) slowy. The m xture was stirred at anbient tenperature for 30 min. 15%
NaOH (9 nL), MgSO4were added and the m xture filtered to renove solids. The
solids were washed with THF (50 nL) and the filtrate was concentrated to
give 1-(2,6-dichloro-3-fluoro-phenyl)ethanol (14.8 gm 95%yield) as a

yel low oil. 1HEX®WI€400 MHz, DMSO-d6) 6 1.45 (d, 3H), 5.42 (m 2H), 7.32
(m 1H), 7.42 L{)(.‘}Ee deikndent inhibitidh ofTF@OéﬁBééHo‘?\QatﬁﬁléHd'tQHloPBroWrH BB 3-

phosphi ne E} , 0.03 nol) and DEAD (13.6b5 of a 40% solutron in

t ol uene) & 7% $ 200 the 373, L@@A&uﬂdegg_ggjﬁmqu}snnﬁﬂde micg ey crizotinib

di chl oro-3-fl uﬂf&/éﬂ%@@%amﬁkm‘éh &iﬂh%ﬁlog of ﬂdézl%négéle)ctlﬁﬂrdand tumor

3- hydr oxy-ni tropyri (200 . The resulting
bri ght or aryéh By Firatioly, WhdCE7H Cé%ttumréﬁenggrﬁfttSFL@géhn@dwszsméih@r@JtBlBrrbu ent
t enper at Uggsih@ht rﬂulhaard%s@tevw@'v@g daﬁamte@ﬂhemw\»an@%@me%%ﬁreaad been
consuned. The sol vent was renoved he crude nmaterial was dry | oaded
onto sil i BHlizieleleckionice/qipieticakpers t@@ﬁgmo%é@cﬁv@c HEXBAWE $P0RIgDYetD yiel d
3-(2, 6- dh&rk)le&é@a?’?%bb‘r%ﬁbvﬁ@‘ébéll Qé(ﬁrwn s?raﬂd)ﬁ Bl(brlﬁbftrdllﬁjfd?qo(d@ < fstéhd Q‘tﬁg)l m)l
98% as a pink solid MVhiz ) 5ld. 3y,

(q 1H), R%m%pb@rylamstawszn wnmsyvasqmtltatvd@sftl%ﬁ(m 2H), 8.0- 8 05 (d
- 3. CrTébtuﬁub%%Hoh@l‘#atH& Ybsk- @ep%fnd@ﬁt% 6|§§f9|n%9noa§'r‘$wﬁ{ QELKRAPAML) was
suspended 3- é | or o- 3- f|16IOI‘O benzyl ox -2-nitro- g%l‘ldl ne (9.43 g,
0. 028 nol Figaf Ttrrﬁ@r reweggom%‘%/ganfbwé WRSE P serh%d indiae 1 6O Mokg&iay caewrd

sl owy to(geehbmy B@Par%ith@‘&@ﬁ*ng}/&zlééy éroﬁ;95401m?fkg BTB?re%E@&Nélgna%aﬁB%Qﬁé ed to

roomtenperature then dieth wat er was added.
The sol ut Pb tuEer grawéT 'ﬁh'W'%é‘(ﬂ? absez\éaﬂ iByne ﬂé”@ﬂ@/@lﬁ'y@tﬁo%ﬁ (28 5e/k@PEAr bonat e.
The conbi Qﬁ@'tr@rﬂﬂﬂbl‘kg/@é?b%ﬁl}n%@‘ﬁf?ﬂ(g@ G@sﬂécﬁu%l?at d NaHCO3(2 x 100 ni),

H20 (2 x 100 ni) and brine then dried (Na2s™), filtered and
concentrated tAd 7d?%%ggst@ﬁ§|§|ﬂqula@m mlrygtéqt@n significant inhibition of ROS

3- (2, 6-di mébh@ryialbhwpﬂheeb@r@wmmbtu%ré\;dé@ot?gey\}e%ra&%s(aﬁﬁ tRrEatnfdnP27 ol ,
99% asallg pi nk solid. 1H NVR (CDCI 3, 0 MHz) 61.8-1.85 (d, 3H),
4952(Bwpsm6%7684(q 1H) 7071(m 1H), 7.2-7.3 (m 1H),
7.6-7.7 (m 1H similar degred of Ahtifirhdrdit@cy BY iz ddRibah the 3T3- SLC34A2 Rosg_s)

3-(2, 6-di chl oro-3-fl uoro- benzyl oxy)-pyridin-2-ylanmine (9.0 mol) in
acet oni t r Mogelias e rkspryes G- dsing an ice bath. To this sol ut| on was added
N- br omosucci nimde (NBS) (5.33 g, 0.03 nol) portionw se. The reaction was
stirred at OC for 15 min. The reaction was concentrated to dryness under
vacuum The r esdngleng dark oil was dissolved in EtOAc (500 nmL), and
purified via silica.g I chr omat The solvents were then renoved in
vacuo to yi el t %%f?chYJIa 1 HBI’IZOtInIBS

di chl oro-3-fl mmst@mmymw}omédj ey RoBhe'hr@dTwl@tr(rBUQﬂl Biocdlalflds In@las 1% as a

white cry I 300

o750 | BB cbfRfastipradirgic ot plogig. camaRfiopg 2SFYE-AS [Gtissdfiom 1y

7.4-7.45 Biocatbhltics ds BERC18%, ol asldm) ammonium sulfate suspension). The enzyme is
classified in the CAS registry as a “carboxylic-ester hydrolase, CAS no. 9016-18-6". The

corresponding enzyme classification number is EC 3.1.1.1. The enzyme is known to
have broad substrate specificity towards the hydrolysis of a wide range of esters. The
lipase activity is determined using a method based on hydrolysis of ethyl butyrate in a
pH titrator. 1 LU (lipase unit) is the amount of enzyme which liberates 1 umol titratable
butyric acid per minute at 22°C, pH 8.2. The preparation reported herein (PLE-AS, as a
suspension) is usually shipped as an opaque brown-green liquid with a declared activity

of > 45 LU/mg (protein content around 40 mg/mL).
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5-brono-3-1-1(R)- (2, 6-di chl oro-3-fl uoro- phenyl) - et hoxyl - pyri di n- 2-yl am ne:
The enantionerically pure R isonmer was prepared as descri bed above for the
racenat e, woub1uaiysg t he enantionerically pure starting mardaBioab/ssidescri bed
above. 1H NWR (400 MHz, DVsO-d6) 6 1.74 (d, 3H), 6.40 (m 1H), 6.52 (br s,
2H), 7.30 (m 1H), 7.48 (m 1H), 7.56 (s, 1H); M5 mz 382 (Mtl).

4- met hanesul f onvl oxv- pi peri di ne-1-carboxvlic acid tert-butvl ester (2)
L \ -, CH2CH2

(1S)-1-(2,6-dichloro-3-fluorophenyl)ethanol
(1S)-1-(2,6-dichloro-3-fluorophenylethanol, shown as compound (S-1) in the

schemes below, was prepared by a combination of enzymatic hydrolysis of racemic 1-
(2,6-dichloro-3-fluorophenyl)ethyl acetate, esterification and chemical hydrolysis with
inversion according to Scheme B. Racemic 1-(2,6-dichloro-3-fluorophenyl)ethyl acetate

(compound A2) was prepared according to Scheme A.

Scheme A
o]
cl 0 cl OH cl O)kCHg
CHj CHj CHj
—_— —_—
Cl Cl Cl
F F F
Al A2

1-(2,6-dichloro-3-fluorophenyhethanol (A1): Sodium borohydride (90 mg, 2.4
mmol) was added to a solution of 2’,6’-dichloro-3'-fluoro-acetophenone ( Aldrich, catalog
# 52,294-5) (207 mg, 1 mmol) in 2 mL of anhydrous CH3sOH. The reaction mixture was

stirred at room temperature for 1 h then was evaporated to give a colorless oil residue.

The residue was purified by flash chromatography (eluting with 0—-10% EtOAc in
hexanes) to give compound A1 as a colorless oil (180 mg; 0.88 mmol; 86.5% yield); MS
(APCI) (M-H) 208; 1H NMR (400 MHz, chloroform-D) & ppm 1.64 (d, J=6.82 Hz, 3 H)
3.02 (d, J=9.85 Hz, 1 H)6.97 - 7.07 (m, 1 H) 7.19 - 7.33 (m, 1 H).
1-(2.6-dichloro-3-fluorophenyl)ethyl acetate (A2): Acetic anhydride (1.42 mL, 15

mmol) and pyridine (1.7 mL, 21 mmol) were added sequentially to a solution of

compound A1 (2.2 g, 10.5 mmol) in 20 mL of CH,Cl,. The reaction mixture was stirred
at room temperature for 12h and then evaporated to give a yellowish oil residue. The
residue was purified by flash chromatography (eluting with 7—9% EtOAc in hexanes) to
give compound A2 as a colorless oil (2.26 g; 9.0 mmol; 85.6% yield); 1TH NMR (400
MHz, chloroform-D) & ppm 1.88 (d, J=6.82 Hz, 3 H) 2.31 (s, 3 H) 6.62 (q, J=6.82 Hz, 1
H) 7.25 (t, J=8.46 Hz, 1 H) 7.49 (dd, J=8.84, 5.05 Hz, 1 H).
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OHOVE 2 To a stirred solution of 4-hydroxy-piperidine-1-carboxylic
acid tert-butyl ester (7.94 g, 39.45 mol) in CH2A 2 (100 nL), cooled to
0C, was swowbhis/aased NEt3 (5.54 ni, 39.45 mmol) fol | owe@dCibyBIEL/hE3MES

sul fonyl chloride (3.06 nL, 39.45 nmmol) and DVAP (48 ng, 0.39 mmol). The

m xture was stirred at roomtenperature overnight. To the m xture was added
water (30 m.). Extraction with CH2A 2 (3 x 30 nm.) followed by drying
(Na2504) and renoval of the solvent in vacuo afforded

4- et hanesul f onyl oxypi peri di ne-1-carboxylic acid tert-butyl ester as a
white solid (11.00 g, >99%yield). 1H NVR (CDCl 3, 400 MHz) 6 4.89 (m 1H),

3.69 (m 2H), 3.31 (m 2H) 304(5,_Bﬂ)l,_E’fL95(m 2H), 1.83 (m 2H), 1.46

(s, 9H).

tert-butyl-4-1-4-(4,4,5, 5 etranmet hyl-1, 3, 2- d oxaborol an- 2 y1l) - 1H byrazol -
- vbi peri di ne- 1-car l\gpxyl ot.ert- butyIC| 0 CH,

4-(4-iodo-1H pyrazol|-1-y] ) pi per|d| ne- 1{carJoxyl at e NaH (1.2 eq.
0.68 mol ) was adde wise to 3 e8! U 4% | odopyr azol e
(0.57 mol ) in ‘4C—The ting mxt as stirred for 1

hour at 4C and 4- Resul f onyl oxy- phpegfindi ne- 1- carpoxyFic acid tert-butyl
ester, conpound 2 (1.1 €4., 0.63 nmol) [was i hen added. The resulti ng

m xture was heated tro 10 for 12 h. Thegneacti on wag.guenched with H20 and
extracted with Et OAc several times. The conbi ned organic |ayers were dried,
filtered, and concentrated to afford an orange oil. The residue was
purified by silica gel chromag }hy (eluting with 5% Et 0OAc in pentane) to
gi ve conmpound 3 as a whitg sglr\q (240 g, 669 .

tert-butyl-4-1-4-(4,4,5, 5 teiranethyl-1, 3, 2-di gxabor ol an-2-y1) - 1H byrazol -

- vbi peridi ne-1- carbox
> . CH, CH,
"s2 "5

To a 50 mL jacketed flask equipped with a pH electrode, an overhead stirrer and

a base addition line (1M NaOH), was added 1.2 mL of 100 mM potassium phosphate
buffer pH 7.0 and 0.13 mL of PLE AS suspension. Then, compound A2 (0.13 g, 0.5
mmol, 1.00 eq) was added dropwise and the resulting mixture was stirred at room
temperature for 20 h, maintaining the pH of the reaction constant at 7.0 using 1 M
NaOH. Both the conversion and enantiomeric excesses (ee’s) of the reaction were
monitored by RP-HPLC, and stopped after 50% starting material was consumed
(approximately 17 hours under these conditions). The mixture was then extracted three
times with 10 mL of ethyl acetate to recover both ester and alcohol as a mixture of R-1
and S-2.

Methanesulfonyl chloride (0.06 mL, 0.6 mmol) was added to a solution of a
mixture of R-1 and S-2 (0.48 mmol) in 4 mL of pyridine under nitrogen atmosphere. The
reaction mixture was stirred at room temperature for 3 h then evaporated to obtain an
oil. Water (20 mL) was added to the mixture and then EtOAc (20 mL x 2) was added to

extract the aqueous solution. The organic layers were combined, dried, filtered, and
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Bi s(pi nacol ato)di boron (1.4 eq., 134 g, 0.52 nol) and potassium acetate (4
eq., 145 g, 1.48 nol) were added sequentially to a solution of conpound 3
(140 g, OwB2omspi1y9sbn 1. 5 L of DMBO. The m xture was pulPGEdBI12/D53M6X r ogen
several tinmes and dichl orobis(triphenyl phosphino) palladium(ll) (0.05 eq.,
12.9 g, 0.018 nol) was then added. The resulting m xture was heated at 80C
for 2 h. The reaction mxture was cooled to roomtenperature and filtered
through a bed of Celite(r) and washed with EtOAc. The filtrate was washed
with saturated NaCl (500 nL x 2), dried over Na2SO4, filtered and
concentrated. The residue was purified by silica gel chromatography

(el uting fVaneraed Etw@amnxth@x%fd’eg)and§ i %@S@uﬁpw usegdn H\e\mxt @eéol id (55

g, 40%. reactlon Wlthout further pyrification. 'H NMR (400 MHz chloroform -D) d ppm d
3-11/ 3) 1- (2, 6-di chl oro- 3-1l uoro-phenvl)-eth ox rﬁ){@g%(erl d| n - 1H pyr

azol - 4- va5L. mz,amnzawnawnw@ﬁ 1506 3 H) 2824 o Oitn 1)
3- [(R) 1- é%{ﬁadﬂs Héorﬁ{)é bHOW%Rh?HMJl))T@ﬁ hpxy m51 M?‘keﬁ 7530 0 (g 1 H)
tetramath\7/ di oxabor ol an- -y)-pyrldln- -yl am ne 35. 64
mol ) and @4((Qd cbﬁ@rrﬂﬁﬁﬁzaﬂd‘ﬂ 1-y1) - pi peri di ne- 1- car boxyl | c aci d tert-butyl
ester (14.12 @oté&u]rﬁaeéfgie)(o'o'?? 26W0|%LS%§G(P‘Q®I%)@JF§%“ Aid gy o Na2CO3
(11.33 g, 10692 mmol) in water he sol ution was assed and

char ged wW&-48 minalldgérmk ﬁ?@Mthnﬁérs”'trqgﬁ”tﬁ@%@?%@l bhe rastiqueedireaaPh3) 24 2
(1.25 Y, hdaté§® TBPL)or 1216 \W%@ért(jz@ﬁ ?%k”ab@éh Wake ALRESS RfkidBGna EaHEed Wi th
nitrogen again three tines e reaction solution was stirred at 87C oil
bat h for é%o’i]t—X%Wé@ﬂgef{&eﬁy’ﬁﬁtheégmﬁﬁpll@ﬁnoi‘"h%ﬁ@“b‘ﬁ?@\ﬁ@aﬂlcd@@(ﬁl ester),

cool ed t 0y aglliedtibRBPEI A WLE Aol hiPll o 5 (73 R {AITTwo Tt eact [ on

mxture was filtered ou ad of Iite( r%@
o ol TRy e B hed MM B M, cpioim ol DRI, et g Bt - at adl

The crudezppqdust;) 88§ (¢ é U g @9 10rm) ﬁo@ttl w5 gel 1 Ao yom 763(%\ ngva th
Et O0Ac/ Hexane Eé/stem i otage 90+ Col urm: equilibfrium 600 0% Hexanes,

segnent 1: 2250 %HUBowiExisec/! Pixaeled oIV ﬁve'aethag@lbwaﬁ@d@ed 34‘5’0‘@ tCPrEO”TB‘%”d

Et OAc/ Hexaneg d4 e@rg m'ﬁ%g%%r é”mtr@é@r@at’?ﬂosﬂaﬁ@r@a@b%@rhé Rsthihg rfixture was

4- (4-{6-am no-5- | or o-3-fl uoro-phenyl) -

et hoxy] - p§tTes ?‘F-FQQ’VIthmW?%&Q)TOf fh)@ﬂlﬁsu ﬂfﬁeﬁoiV&nhwaqew&mﬁn%Hg@(wq Bk} - but yl

ester (1lygs gdd&p%%‘ &Joﬂad reggt%]ph'l&!u%’\)va%élhraﬁiz& Wﬁﬁ s&zlulrﬁ a@é@%’ acetic
Et OAc/ Hexanes) . lutio

0 _(Mt1) +
4-(4-{6- aﬁ?lﬁ@uger[%omﬂpnlq QHé Ftereeptate 19 Uﬁ%Zbﬁﬁmdﬁdé@ ﬁ@kﬁjﬂtihe
pyri din- 33 uédu@)éb@ﬁ% ihé’édmtﬂh&%ﬂ th@%y%rsp\%r*é%béd'o‘?reral%éédﬁflfe‘rédﬂa)ﬁh ester
(11.8 g, 2 in CHd I\gﬁ CI°/D|qxane (21
n.). The §b€m§>ﬁ't6¢mt%t§a'§ﬁ?ﬁéa W@rsﬁl"bﬁ‘t?’@ Br -G y&'@oﬁﬁ 'V'Srrﬁ? %S i 6 was
crushed t Nmmw@blmwcmr&o@ﬁ @§8 erﬂm B85, sﬁmzmé 3 [;@53 &l, €868 i a)i ng
mat eri al trapped ditional 4N H oxane (21 nl) was added
and stirr8§6 f’drma(:%ﬂHé)ﬂ %2 haﬁﬁémaﬂ Hoom t enper at ure in Whl ch LCMVB showed no
starting material. The suspension was filtered in a Buchner funnel |ined
with filter paper. The nother |iquor was saved because it contai ned <5% of
product. The 5-bromo-3-[1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-pyridin-2-ylamine (racemate):

Br

o CHy P

N
0 x

cl NH;
F
1. 2,6-Dichloro-3-fluoroacetophenone (15 g, 0.072 mol) was stirred in THF (150
mL, 0.5M) at 0°C using an ice bath for 10 min. Lithium aluminum hydride (2.75 g,
0.072mol) was slowly added. The reaction was stirred at ambient temperature for 3 hr.
The reaction was cooled in ice bath, and water (3 mL) was added drop wisely followed

by adding 15% NaOH (3 mL) slowly. The mixture was stirred at ambient temperature for
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solid was transferred to a 500 nL beaker and HPLC water was added until the
solid dissolved conpletely. The pH was adjusted to 10 with the addition of
sol i d Na2goRni3finesgat er sol uti on was extracted wth CH2EC2/IBH1x03065 nL) or
until LCMS showed no product in the aqueous |ayer. The CH2C 2 sol uti on was
dried over Na2SO4 and concentrated. The crude product, re-dissolved in
CH2CA 2 (10 nm.) and MeOH (1 nmL), was purified on a silica gel colum eluting
wi th CH2C 2/ MeoH NEt 3 system (Bi ot age 40+ Col unm: equilibrium 600 nL CH2C 2
100% gi vi ng byproduct, segnent 1: 1200 nL 10% MeOH CH2Cl121li near, segnent 2:
2400 mL 10% MeOH CH2C12 step, segment 3: 2400 ni 9% MeOH 1% NEt 3/ cH20 2).
The desi r 8@ nfin.2&04 Uﬁ@"'\/(@rr@—)cMQS@@WéEﬁ adslegrapd ithromadyre Ritered 1¢ eV

i chl oro- 3s$||d'é°ﬂ99 &n@g'We}e QEQ%W]HRISTNIH-I]EW rHEféer hBTiftra¥elds concentratedv\%l ‘e

H pyr azol - -pyrid in-2- ylam ne % 5% conbi ned yi el

sol i d). wvmﬂ & jotlane13-luoraahemyl- qtbmd}(aﬁs gm@5ﬂ/mpld$asragzllq%oﬂ 1, 7.76
s, 1 , 7 6.10 (m

(1H) ED 55K|%\/gi3(4©mMA{DDM§o%%) § 5&{)5%5*)3@554@ (.szHle)az (@w STV 73‘% érh!)1’H3 o (2H)

1.80 (d, 3H), 4. 'I?q;;a @Hﬁrecgqsqalutlon of triphgRy @Qﬂphjnqg gcg 03 moI) and DEAD (13.65

3-[(R-1- (2. & aCHO@/DE&Dﬂ)rﬁnftéluéHeQ wPf'ﬁm(id(r rﬁU‘&W]: v@as(ajd'dgb la%roh}%bﬁ‘ of1-(2,6-

yl-1H pyrazol -4-y1) - di n-2-yl am ne was di ssol ved ororret hane, and

the sol veﬁlCth/éEs%V@er?rh&mé'bje@laBW(fr 50 @ §&Rémalard %EV@@%@'HPWFW@%@I&% After

hi gh VaCUl;}”O Qi(ymot)@Tﬁpm@mﬂ@sﬂ?@@ghlﬁﬁ?%%ﬁ opé%g@ s%lu'ﬂ@rll wak %Vﬁé@uﬂde?%
pol ynor ph™form A Wi tln(f:; oi nt Claim

met hod of Nitreeen pimpseheredt ambieat iearaeEtuEedAp? hgmrﬁ@t whieh woist al rstﬁ\glngo sai d

manmal  a LResRReHd Hé%hlc%nﬁfrﬁ&PtTN@s%@%s%moved and the crude material was
3-[(R)-1-(2, 6-dichl oro-3-fluoro-phen

et hoxy] - 59{y1ogdeseanteisificugs), 1anﬁr¢l'¢t9¢ awéeimd gaotatgyrexanes (20iB0aie yirld 8r(2&-

phar miCGUEIicﬁI%H ¥ ﬂa&%%fnéﬁbﬁy)%uiro-gg@du@@(a 218, @21nmb|h§8%2a§§rpudk§o[§%l fit ed by

at | east eneti cal
wher ei n tHé rhﬁ?wﬂ%ﬁ) ﬁs30<9 Wit -8-1.85 (d, 3tY, 6:PHe1 9t A 08-7 I Gith)17 2vker ei n t he
at |east pnepgenstveahd pHldeeed ROR) s a genetically altered ROS gene.
3. To a stirred mixture of AcOH (650 mL) and EtOH (500 mL) was suspended 3-
(2,6-dichloro-3-fluoro-benzyloxy)-2-nitro-pyridine (9.43 g, 0.028 mol) and iron chips
(15.7 g, 0.28 mol). The reaction was heated slowly to reflux and allowed to stir for 1 hr.
The reaction was cooled to room temperature then diethyl ether (500 mL) and water
(500 mL) was added. The solution was carefully neutralized by the addition of sodium
carbonate. The combined organic extracts were washed with sat'd NaHCO3 (2 x 100
mL), H20 (2 x 100 mL) and brine (1 x 100 mL) then dried (NaxSO,), filtered and
concentrated to dryness under vacuum to yield 3-(2,6-dichloro-3-fluoro-benzyloxy)-
pyridin-2-ylamine (9.04 g, 0.027 mol, 99%) as a light pink solid. "H NMR (CDCls, 300
MHz) 61.8-1.85 (d, 3H), 4.9-5.2 (brs, 2H), 6.7-6.84 (q, 1H), 7.0-7.1 (m, 1H), 7.2-7.3 (m,
1H), 7.6-7.7 (m, 1H).
4. A stirring solution of 3-(2,6-dichloro-3-fluoro-benzyloxy)-pyridin-2-ylamine
(9.07 g, 0.03 mol) in acetonitrile was cooled to 0°C using an ice bath. To this solution
was added N-bromosuccinimide (NBS) (5.33 g, 0.03 mol) portionwise. The reaction
was stirred at 0°C for 15 min. The reaction was concentrated to dryness under vacuum.
The resulting dark oil was dissolved in EtOAc (500 mL), and purified via silica gel
chromatography. The solvents were then removed in vacuo to yield 5-bromo-3-(2,6-

dichloro-3-fluoro-benzyloxy)-pyridin-2-ylamine (5.8 g, 0.015 mol, 51%) as a white
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4. The nmethod of claim3, wherein the genetically altered ROS gene is a ROS
fusion gene. 5. The nethod of claim4, wherein the ROS fusion gene
i s the SIVB4AB3/RGBIgene or the CD74- ROS gene 6. Phe/npmukozs7eX claim
4, wherein the ROCS fusion gene is the FI G ROS gene. 7. The net hod of
claim1l1, wherein the at |east one genetically altered ROS is a ROS fusion
protein. 8. The nmethod of claim 7, wherein the ROS fusion protein is
SLC34A2- RCS ki nase. 9. The nmethod of claim7, wherein the ROS fusion
protein is CD74-RCS ki nase. 10. The method of claim7, wherein the

ROS fusion protein is FI G ROS kinase. 11. The met hod of any one of
claims 1- costalineselih HNMBRARESH: 380 Y120 & 8§-1-9%f1#, Bthg- Eaddbrs, 2HbAe9-cancer ,

pancreatig, 043G oA, 6 8K4.95 GAARS 7.0 £ABGEN HYf7 A hashRRAH97 819 s, (d CHianeous or

i ntraocul ar mel anonm, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinoma
of the fall opifpy e REA CRARR-BbRSRAYOBRIK| KR GhRRiE® Of the
cervix, carcinoma of the vagi na, carclnoma of the vulva, Hodgkin's D sease,
cancer of the esophagus, cancer of the small intestine, cancer of the
endocrine system cancer of the thyroid gland, cancer of the parathyroid

gl and, cancer of the adrenal gl and, sarc;;iﬁof soft tissue, cancer of the

.

The enantiomerically pure R isomer was prepared as described above for the

racemate, but using the enantiomerically pure starting materials described above. 'H
NMR (400 MHz, DMSO-dg) & 1.74 (d, 3H), 6.40 (m, 1H), 6.52 (br s, 2H), 7.30 (m, 1H),
7.48 (m, 1H), 7.56 (s, 1H); MS m/z 382 (M+1).

4-methanesulfonyloxy-piperidine-1-carboxylic acid tert-butyl ester (2)

Boc

MsClI, NEt; N
DMAP
CH,CH,
OMs
2

To a stirred solution of 4-hydroxy-piperidine-1-carboxylic acid tert-butyl ester
(7.94 g, 39.45 mmol) in CH,CI; (100 mL), cooled to 0°C, was slowly added NEt; (5.54
mL, 39.45 mmol) followed by methane sulfonyl chloride (3.06 mL, 39.45 mmol) and
DMAP (48 mg, 0.39 mmol). The mixture was stirred at room temperature overnight. To
the mixture was added water (30 mL). Extraction with CH,Cl, (3 x 30 mL) followed by
drying (Na;S0O4) and removal of the solvent in vacuo afforded 4-methanesulfonyloxy-
piperidine-1-carboxylic acid tert-butyl ester as a white solid (11.00 g, >99% vyield). 'H
NMR (CDClIs, 400 MHz) 6 4.89 (m, 1H), 3.69 (m, 2H), 3.31 (m, 2H), 3.04 (s, 3H), 1.95
(m, 2H), 1.83 (m, 2H), 1.46 (s, 9H).
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tert-butyl 4-(4-iodo-1H-pyrazol-1-yl)piperidine-1-carboxvylate (3)

NaH (1.2 eq., 0.68 mmol) was added portionwise to a stirred solution of 4-
iodopyrazole (0.57 mmol) in DMF (2 L) at 4°C. The resulting mixture was stirred for 1
hour at 4°C and 4-methanesulfonyloxy-piperidine-1-carboxylic acid tert-butyl ester,
compound 2 (1.1 eq., 0.63 mmol) was then added. The resulting mixture was heated to
100°C for 12 h. The reaction was quenched with H,O and extracted with EtOAc several
times. The combined organic layers were dried, filtered, and concentrated to afford an
orange oil. The residue was purified by silica gel chromatography (eluting with 5%

EtOAc in pentane) to give compound 3 as a white solid (140 g, 66%).

tert-butyl-4-[4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazol-1-
ylIpiperidine-1-carboxylate (4)

Bis(pinacolato)diboron (1.4 eq., 134 g, 0.52 mol) and potassium acetate (4 eq.,
145 g, 1.48 mol) were added sequentially to a solution of compound 3 (140 g, 0.37 mol)
in 1.5 L of DMSO. The mixture was purged with nitrogen several times and
dichlorobis(triphenylphosphino) palladium (1) (0.05 eq., 12.9 g, 0.018 mol) was then
added. The resulting mixture was heated at 80°C for 2 h. The reaction mixture was
cooled to room temperature and filtered through a bed of Celite® and washed with
EtOAc. The filtrate was washed with saturated NaCl (500 mL x 2), dried over Na;SQOy,
filtered and concentrated. The residue was purified by silica gel chromatography

(eluting with 5% EtOAc in hexanes) to give compound 4 as a white solid (55 g, 40%).

67



WO 2013/017989 PCT/IB2012/053765

3-[(R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxyl-5-(1-piperidin-4-yl-1 H-pyrazol-4-

yD)-pyridin-2-ylamine (1)

o S cHs
CH
HG ch, Mo TC NH
] CH N
>~ 3 Q
N -
N—N '/q \
Br / 2
N—N 1. 4M HCl/Dioxane
o gHs N (2 Pd(PPhe)Clz SN CH,Cl, clghy )
N + >
o7 N B DME/H,0 I N 2.Na,CO, o~ N
N [ e] Na,CO, NH
ol HoCo—&CH, o NH: Cl :
F H,C  CH, F

E
To a stirred solution of 3-[(R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyridin-2-ylamine (15.22 g, 35.64 mmol) and 4-(4-
bromo-pyrazol-1-yl)-piperidine-1-carboxylic acid tert-butyl ester (14.12 g, 42.77 mmol) in
DME (143 mL) was added a solution of Na,CO3 (11.33 g, 10692 mmol) in water (36
mL). The solution was degassed and charged with nitrogen three times. To the
solution was added Pd(PPh3),Cl, (1.25 mg, 1.782 mmol). The reaction solution was
degassed and charged with nitrogen again three times. The reaction solution was
stirred at 87°C oil bath for about 16 hours (or until consumption of the borane pinacol
ester), cooled to ambient temperature and diluted with EtOAc (600 mL). The reaction
mixture was filtered through a pad of Celite® and washed with EtOAc. The EtOAc
solution was washed with brine, dried over Na,SO4, and concentrated. The crude
product was purified on a silica gel column eluting with EtOAc/Hexane system (Biotage
90+ Column: equilibrium 600 mL 100% Hexanes, segment 1: 2250 mL 50%
EtOAc/Hexanes Linear, segment 2: 4500 mL 75% EtOAc/Hexanes Linear, segment 3:
4500 mL 100% EtOAc) to afford 4-(4-{6-amino-5-[( R)-1-(2,6-dichloro-3-fluoro-phenyl)-
ethoxy]-pyridin-3-yl}-pyrazol-1-yl)-piperidine-1-carboxylic acid tert-butyl ester (11.8 g,
60% yield, ~95% purity) with a Rf of 0.15 (50% EtOAc/Hexanes). MS m/e 550 (M+1)".
To a solution of 4-(4-{6-amino-5-[( R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-
pyridin-3-yl}-pyrazol-1-yl)-piperidine-1-carboxylic acid tert-butyl ester (11.8 g, 21.45
mmol) in CH,Cl, (69 mL, 0.2M) was added 4N HCl/Dioxane (21 mL). The solution was
stirred overnight forming a solid. The solid was crushed thoroughly with a glass rod and
sonicated to release starting material trapped in the solid. Additional 4N HCI/Dioxane
(21 mL) was added and stirred for another 2 hours at room temperature in which LCMS
showed no starting material. The suspension was filtered in a Buchner funnel lined with

filter paper. The mother liquor was saved because it contained <5% of product. The
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solid was transferred to a 500 mL beaker and HPLC water was added until the solid
dissolved completely. The pH was adjusted to 10 with the addition of solid Na,COs.
The water solution was extracted with CH,Cl, (5 x 200 mL) or until LCMS showed no
product in the aqueous layer. The CH2Cl; solution was dried over NaxSO4 and
concentrated. The crude product, re-dissolved in CH,Cl, (10 mL) and MeOH (1 mL),
was purified on a silica gel column eluting with CH,Cl,/MeoH/NEt; system (Biotage 40+
Column: equilibrium 600 mL CH,Cl, 100% giving byproduct, segment 1: 1200 mL 10%
MeOH/CH,Cl; linear, segment 2: 2400 mL 10% MeOH/CHCI; step, segment 3: 2400
mL 9% MeOH/1% NEts/CH,Cl,). The desired fractions were collected to provide 3-[(R)-
1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-
ylamine (7.19 g, 75% combined yield, white solid). MS m/e 450 (M+1)". "H NMR
(DMSO-ds, 400 MHZz) 8 7.92 (s, 1H), 7.76 (s, 1H), 7.58 (m, 1H), 7.53 (s, 1H), 7.45 (m,
1H), 6.90 (s, 1H), 6.10 (m, 1H), 5.55 (bs, 2H), 4.14 (m, 1H), 3.05 (m, 2H), 2.58 (m, 2H),
1.94 (m, 2H), 1.80 (d, 3H), 1.76 (m, 2H).

The solid product 3-[(R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-
yl-1H-pyrazol-4-yl)-pyridin-2-ylamine was dissolved in dichloromethane, and the solvent
was evaporated slowly to generate fine crystalline solid. After high vacuum dry, the
sample was confirmed to be a single crystalline polymorph form A with a melting point
of 194°C.
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We Claim:

1. A method of treating cancer in a mammal comprising administering to said
mammal a therapeutically effective amount of 3-[( R)-1-(2,6-dichloro-3-fluoro-phenyl)-
ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-ylamine or a pharmaceutically
acceptable salt thereof, wherein the cancer is mediated by at least one genetically
altered ROS.

2. The method of claim 1, wherein the mammal is a human.

3. The method of claim 1, wherein the at least one genetically altered ROS is a

genetically altered ROS gene.

4. The method of claim 3, wherein the genetically altered ROS gene is a ROS

fusion gene.

5. The method of claim 4, wherein the ROS fusion gene is the SLC34A2-ROS
gene or the CD74-ROS gene

6. The method of claim 4, wherein the ROS fusion gene is the FIG-ROS gene.

7. The method of claim 1, wherein the at least one genetically altered ROS is a

ROS fusion protein.

8. The method of claim 7, wherein the ROS fusion protein is SLC34A2-ROS

kinase.
9. The method of claim 7, wherein the ROS fusion protein is CD74-ROS kinase.
10. The method of claim 7, wherein the ROS fusion protein is FIG-ROS kinase.

11. The method of any one of claims 1-10, wherein the cancer is selected from
lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck,
cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer, breast cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of
the small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of

the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
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urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, and

combinations thereof.

12. The method of any one of claims 1-10, wherein the cancer is selected from
the group consisting of non-small cell lung cancer (NSCLC), glioblastoma, squamous
cell carcinoma, hormone-refractory prostate cancer, papillary renal cell carcinoma,
colorectal adenocarcinoma, neuroblastomas, anaplastic large cell lymphoma (ALCL)

and gastric cancer.

13. The method of any one of claims 1-10 wherein the cancer is non-small cell
lung cancer (NSCLC).

14. The method of any one of claims 1-10 wherein the cancer is glioblastoma.

15. The method of any one of the preceding claims, wherein 3-[(R)-1-(2,6-
dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-yl-1 H-pyrazol-4-yl)-pyridin-2-ylamine
or a pharmaceutically acceptable salt thereof is administered as a pharmaceutical
composition comprising 3-[( R)-1-(2,6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-
yl-1 H-pyrazol-4-y)-pyridin-2-ylamine or a pharmaceutically acceptable salt thereof and

at least one pharmaceutically acceptable carrier.
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