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group of proteins with instrumental roles in angiogenesis, vasculogenesis, and wound healing, as

well as tissue patterning and limb formation in embryonic development. FGFs and FGFRs affect

cell migration, proliferation, and survival, providing wide-ranging impacts on health and disease.



15l ine as described by Reis-Filho JS, Sinpson PT, Turner NC, Lanbros MB,
Jones Cet al., in the publication Cin. Cancer Res 12, 6652-6662 (2006).
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genomic hybridization analysis of breast tumors with predetermined profiles of DNA
amplification is presented in Cancer Res 57, 4368-4377 and also described by Reis-Filho JS,
Simpson PT, Turner NC, Lambros MB, Jones C et al., in the publication Clin. Cancer Res 12,
6652-6662 (2006).



havi ng cancer and treated with an FGFRL inhi bitor, the nmethod conprising
the step of: detecting one or nore bionmarkers selected froma FG-R |i gand,
e.g. FG3VOR®RM25HEF19, a FG-F R, e.g. FGFRL, FGFR2 and eomhise@iioenss t her eof
in the subject, wherein the presence or amobunts of the WO

2012/ 125812PCT/ US2012/ 029205 one or nore biomarkers is indicative of the
prognosis of the subject treated with the FG-RL i nhi bitor. The

present invention alsqo provides a nethod for_determning the prognosis of a
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amounts of one or nore FGF3, FGF4, FGF19, FGFRL and conbi nations thereof in

a subject. Detailed Descripti Qé§99ﬂk5¥€&hhﬂp As used herein,
subj ect includes, but is not ted , any nmanmal (e g., a human, horse,
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FGFRI1 1nh1b1t0r for treating the subject based on the amplification of the one or more

biomarkers in the subject; and administering to the subject in need thereof the FGFR inhibitor.

25 The present invention also provides a method for determining the prognosis of a subject
having cancer and treated with an FGFR1 inhibitor, the method comprising the step of: detecting
one or more biomarkers selected from a FGFR ligand, ¢.g. FGF3, FGF4, FGF19, a FGF R, e.g.

FGFR1, FGFR2 and combinations thereof in the subject, wherein the presence or amounts of the



10hybri di zati on techni ques, nucleic acid reverse transcription nethods, and
nucl eic acid anplification nethods. The term "detecting anplification” is

i nt ended WO 2n2ansgiet ermi ni ng t he presence and quantity @CTasSkéiomeeker gene
or protein. In order to determne anplification, the sanple to be exam ned
may be conpared with a correspondi ng sanple that originates froma healthy
person, and the nunber of copy of the locus is superior in the sanple than
in the sanple 15o0rigi nated fromthe heal thy person, or the nunber of copy
of t h@NF QE[19rs Rioawpers 1§ indigatiys of thegrognesingll éha whiocheied with o F6FRY 3, 5.
6, 7, iﬁnib@or. 10 or greater than 10 tines. FG-3, FGF4, FGF19 and FGFRL
bi omarkers of the invention are obtained fromsanples froma subject.
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a breast tunor tissue sanp wever, sanple n not conprise breast
ti ssue, and-.can he .obtai ned from,noryml tissue, fl ui Qr_cells. Sanples
may be obt gfihﬁé’aeSF?t&I&Y%{l%é’ﬁﬁ‘fsé’@tro q%i/esaa lgg?‘?“é%“%% n aesé??/ng’a JeeE P edi ng, for
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Iyrphonaé in nrelona,f5tEﬁ@ﬁﬂﬁ?ﬁﬁﬂgﬂggﬁﬁggﬁﬁhéf‘“Wﬁsarconai i ncl udi ng
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of the eye; in genitourinary cancer, including nalignant neoplasns of the
bl adder, kidney, prostate, and testis; in gynecologic cancer, including
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cancer. According to one embodinent, a method is provided for diagnosing

breast cancer ,associated with a EGFR |.igand anplification in, a subject, the
et hod conpe S TRt rect det Bp HHEC TR i nBRERTY o
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of the one or nore biomarkers is indicative of the cancer. Accordi ng
to anot her enbodi nent, a nmethod is provided for prognostic of breast cancer
associated with HR+, and a FGFR anplifjcation and/or FGFR |Iigand
anplification in a subject, 4



WO 2012/ 125812PCT/ US2012/ 029205 t he net hod conprising the step of:
detecting anplification of one or nore biomarkers selected from FG-3, FG-4,
FGF19, FGvVBRomvdsgsionbi nations thereof in the subject, wreTaiSnoi2ioz92ps esence
and anplification of the one or nore biomarkers is indicative of the breast
cancer di sease responsiveness to the treatnment of the breast cancer with a
FGFRL1 i nhibitor, such as for 5exanple dovitinib or a tautoner, or a

pharmaceutical ly acceptable salt thereof. ccording to on
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No 10/.9 757, / 982, 543, a 10/ 706 hed PCT
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the livers of mce froma subcutanequs (SC xenograft primry
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FGF3, FGF4, FGF19 and FGFR1 biomarkers of the invention are obtained from samples
from a subject. Examples of such samples include but are not limited to blood, lymph, urine,
gynecological fluids, biopsies, and smears. Bodily fluids useful in the present invention include

20  blood, urine, saliva, nipple aspirates, or any other bodily secretion or derivative thereof. Blood
can include whole blood, plasma, serum, or any derivative of blood. In exemplary embodiments,
the sample comprises breast cells, including breast tissue from a biopsy or a breast tumor tissue
sample. However, the sample need not comprise breast tissue, and can be obtained from normal
tissue, fluid, or cells. Samples may be obtained from a subject by a variety of techniques

25 including, for example, by scraping or swabbing an area, by using a needle to aspirate bodily
fluids, or by removing a tissue sample (i.¢., biopsy). Methods for collecting various samples are

well known in the art.



According to one enbodi nent, a nethod of treating breast cancer in a

subj ect, the nmethod conprising the steps of: (a) detecting the presence or
amount ofworre12rsser e bi omarkers sel ected from FG-3, FGPET/USBH20292PGFR1 and
conbi nati ons thereof in a subject; and (b) determ ning an FGFRL i nhi bitor
for treating the subject based on the presence or anount of the 15one or
nore bi omarkers in the subject; and adm nistering to the subject in need

t hereof the FGFRL. i nhibitor According to one enbodlnent a met hod
for deter mGanggS ﬁwgn%%eeglﬁ@gu%e 6F MersUBRECTTRIVIA N VERRenClife | OF S Wi t h

an F t ] or
ror 6 1 ehi a1y bR (TR 10 RATRAL S/l 20 RHR AR omERLSEE 1 RARE 0
t her e@hranic l&mmlbe}n&umleuna, antl ehminic mpdotolrleuimrme; 10 riyrapttmmmi smcﬂxidm@e one or

nor e s indi e,of t n05| ) subject treated with
The. FOER B bhope. Hon A gl 4ot HeTobTs KOs + aut orrer
ther eqholudihg ﬁla&'ﬂé&ﬁ&ﬁ@%'s%bﬂn}{ 1ﬁagsﬁgq}bi1rgn§1ﬂlﬂeoﬁlaﬁﬁﬁafthefo@ﬁe MRfsoln the
treat nent OI’ pro nostic of reast cancer wherein t breast cancer is HR+
and whissussnintnigeropegti¢ eancet s ludoeg mabgrping ﬂ¢0cpé@tsmsm>fdfe hml@, orbraast eaeGER | i gand,
such 25 . a 4. FGF1 apd/ or, FGER, such as FGFRL.or FGFR2.

e 1 ORGSR e S G DR DO trea. ey
"Kit" ih@udifg engesard YR GFahEEpIR: &F Vatér, RREKABEcElbn,alue 88 R, RESphagus,
conprising at | east one reagent for speci ficall y detecting the expressi on

of 0ondivel AR eaSePCTREIR3IM, Fegtum, Frth mtesHee, patRemathdn gpdoceiag cpeccpribiipdiag

et TR e 9 ol Be sl PSS B PR TR Yl e

cont almibladip@ﬁiaagﬂaﬂt ns@lisnthasfhd Hienin gdﬁaokﬂlﬁar@ndldmtlﬁma@n@ afalighstuse. Any or
all of the kit egg ents may be provided within contal ners that protect them
f r om tRePlastpeefise ddsry @Hﬁ@mpm%a&% [ng desfip; 18 gynesqlagimeanree sl udmgsmﬁlilg;@n

d/
and/ or, gﬁga%é Yn€ BRHE Icérvﬁiag}ytaﬁlehﬂﬁﬁ% M rw@ndﬂrﬁénaﬁ %l@één@ef"taﬁd

activit orrect usage reagent s oye I n accordance 5w t
i nventin bead @@dnterlotancomyndubhgiohelig@amphemplassiscoi tlaslatynssmvsracglaminaasabel | s

fi xed on gl a s slides .., known to be eith ositive .or ative for
tH° picRuN OB §rVith BUg A e iPEyes B} BRiraory thoRag cander. iU pBa AT of
the i nugRbioMht lunBoWyRes demRhéahRdinkid &heéence to the fol l owi ng
exanples. It should be under st ood that these exanples are disclosed solely

by way of illustrating the invention and should not be taken in any way to

limt the SGOBRIMS ol RIBARMNL, ]th@tYl@mé ﬁﬂwdm ndsing breagdaﬁ'ée@al St udy
to Test Efficacy of Dovitinib in FG- nplified and Non-Anplified

Met astaasqcmt%NEn eEQFRGagméranmhﬁquma ratsabj,ecb ﬁ@nn¢th@étorpm1@ the ts‘relpa)If of

d t t t | yat h I b d
ot eSEIHEE EnF RGN 8F ph CardySiedToBatel® anishtn P B st b 1By RhRA® 2
mepastal 'c§rn9fn@ﬁ§ﬁs tR&RE LI thd. hﬁ%&t fiitaGy tRwhSiaf@tion 6f thd @4é bi Mok MBmaickidi ed
in 4 groups of 20 netastatic breast cancer patients: (Goup 1: FG-Rl+,

HR+) , If Gdwapveof theFmicer. HR-) (G oup 3: FGFRL-, HR+), (Goup 4: FGFRI-,

HR-). Patient selection was performed accordi ng to FISH O SH for FGFRL
(cut-of f? 6 gene copies). Dovitinib (500 ng) was admi nistered once daily on
a 5-day on/Aodiang ofd scpathtscuwdinmen, qamhth@dys podpsled fer dizgnoRBCIbSRstgeer

overal | s espanSeLfal &, nepks M1 IRASHEAE! Fofk TEARPREEAGL T LAl of 0oy
the method comprising the step of: detecting amplification of one or more biomarkers selected
25  from FGF3, FGF4, FGF19, FGFR1 and combinations thereof in the subject, wherein the

presence and amplification of the one or more biomarkers is indicative of the cancer.

According to another embodiment, a method is provided for prognostic of breast cancer

associated with HR+, and a FGFR amplification and/or FGFR ligand amplification in a subject,

6



1. Patients have histological confirmation of breast carcinoma with a
clinical diagnosis of |IBC based on presence of inflanmmtory changes in the
i nvol ved woeast12581acl udi ng di ffuse erythema and edena (peawsdoienaarge), wth
or without an underlying pal pable nass involving the magjority of the skin
of the 30breast. Pathol ogical evidence of dermal |ynphatic invasion should
be noted but is not required for diagnosis. 2. Patients have stage |V

di sease with |ocal or distant rel apse WO 2012/125812PCT/ US2012/ 029205 3.
Pat i erlf&Mptked Cﬁ@gaﬁlp%h@rmfe%?@wa@%?%g?@lﬁl%@%%ﬂf e hommrigrs sglectet || sH
(f1 UOrRSC PBES, F@ @P@Ff@lza% ?&%mah&nﬁﬁﬁ%ofﬁltﬁe suH‘é‘cQ%ﬁe‘f&n'd‘r:é?Z
expressi on nust e confirmed b Patients are able
t o swalrésomccaemd anqﬂﬁl]cmtlcmdlthﬂanh caho@rbiorbirkerlRag 1ndmaavehaﬁ/the BEAOS qaecefror mance

status.0-2. 6. Patients have rece up to 3 stan enot her s for
ot a5 CRCTE TEIOIN TN A PE FeTEOLE it el anitct RAGR! GB PRy SaRgs Tor

Wikl @99@@& doQit I8 MalifohRR, dr'&fﬂlﬁﬂﬁ%eﬁﬁ&‘ﬂ?%ce&abléaﬁtlﬂ Baksrare 18 years of
age or ol der. 109. Femmle patients of childbearing potential (A fenale not
free fromnenses > 2 years or not surgically sterilized) nust be willing to
use two adequate barrier nmethods of contraception to prevent pregnancy or
agree to abstai from heterosexual I. throu hout th dy.
10. Fenal eA?)CaC lfe Imhbofit:rll[tl)ea.’r| an(?%(E) n\éﬁn ?05141 ﬁglve ng Hlve serum
15pr egamn@dyiptesin-1 gzﬂ; 1H beRadidapsls2-hgvie1-geiaslii Q&ﬁﬂ'eeiﬂ a\MlitdS\:néﬂlhbreUEQ:usaﬁﬂ nts,
such as Bevaci zumab, | ast dose nust be > 4 weeks. 12. Patients have, bi opsy

ti ssudh Bt M eRs Ok Breasticaneer sad glbiey fumar Gnes @1@%@@}5&1 FGEmathegivartratiogges)
avgi | %Qldgteﬁ%ﬁ%@w'J‘F(ﬁf‘ﬁ?%?F?.h% agkgfo unstai ned slides), if no 20bi opsy
able; a

ti ssue aval I opsy (or thoracentesis if patient has pleural
ef fusi on onIy) of the netastatic disease will be perforned to confirmthe

di agnoses. L Vi . ol
anti-cancer her Iﬂi( gﬁ 4 Iﬁlglrugf)d;?% m%'?‘f]ﬁ? é%;z;l% 1r ggiqgf ?%%%Ldg?%pzyy%nd
bi ol ogi}pqlhmblﬁle-lzamy Xalvhidf@rddatsiag dositiidy ofre ciue@hdrahereof or a pharmaceutically

acceptable salt thereof, of formula I

@
inhibits certain protein kinases, such as tyrosine receptor kinases (RTKs). The compound and
its pharmaceutically acceptable salts, including the mono-lactic acid salt, are described in U.S.
20  Patent Nos. 6,605,617, 6,774,237, 7,335,774, and 7,470,709, and in U.S. Patent Application
Serial Nos. 10/982,757, 10/982,543, and 10/706,328, and in the published PCT applications WO
2006/127926 and W0O2009/115562.



Abnormal liver functions consisting of any of the follow ng: a) Serum
bilirubin >1= 1.5 x ULN, b) AST and ALT >1= 2.5 x ULN, (for patients with
known | i weo 20f1ast1asi s, AST and ALT <1= 5 x ULN i s al | orea)uS2048@z9205.
Patients have an active infection and require IV or oral antibiotics.

| mpai red cardiac function or clinically significant cardi ac di seases,

i ncluding any of the following: a) Hi story or presence of serious

uncontrol |l ed ventricular arrhythm as or presence of atrial fibrillation; b)
i ni cal | y HiegRifmoaset vibeefidoyi By iy ardided  aprishnlduper xerogiiienoddy  Lver
<45% 33 5 ﬁl‘?jfgm)%é f]geﬁ)l &88&%%&39@{)@% Bt stQlcq Wiy BL A Sfli- Aoy Sition

scanni ng Any 0 owmng Wwthin 6°nonths prior to study
ent r y respposeay h@hg iftohagotitlomh{(tMign arskestasi stoubgtsldreinangbnapddodonarlyy Art ery

Bypass Graft ( CABG, ngestive art Failure .Cer ebr ovascul ar

o R oty A Tal o TN Pt T OHheraTRES (i f AJOGC RS N o s D
2032/ 13RRLARGTHLSROL 2LAR92AR it BR five®) of RO MonPh batukassstsos kaberaf i ned by
an SBP>150 and/or a DBP>100 mmHg with or w thout anti-hypertensive

medi caringmy Was sighidicentyy tuesddtyrailiteasnémaningidopitingr. d o(depwnsizdte thasdirebér s or

ext ensi\ve. sur wWhich may interfere wi.th the absorption, of .the study

e TadBieBH bR i Eohs S nettiion gt af SehoRBR G BM IS 6 e

t hem idoaipiitoByrbshe phadphrylgivn BRFGIFRI dd3rsGBam Qgnaliyg SotdimUSKMREIs6 &howhh sor der

that would interfere vths(patlents' saf et 7. Patients with only locally
e

or r egb BrRiFininasnB) prtiERKs@le knoive o MARK) wandwvorto petnhibited follavingsse. 10As
v | S G of PRSI RSl SRl 2R 0085 e ol 35y e

metastatic setting: a median of 2 chenotherapy lines (all patients) and 2
endocrine thera | i nes.(HR+ patients). total of 58%.0f tiepts had
ver ot adtoatie Al L Ehid st Pids ! st B Bk Cver o
event sndthed ¢oshastisingoiit sicpgoft (DUetcgting thePréscheigr adlounb8f onctir afidrd B NafRYS
Goup 3: 6%, nausea (62% 15 GrouE 3: S(V%i}g and asthenia (61% G oup 3:
179 . sfhseted fropuBeE ROt §'GE17, FghRhand eenbdations theroofig gsHBipct; pr{bldi ng 8
patie i -3 ti i r.abl e
i seacsrriifnd SPRGKRS it dFPBl %l JhJ RhRRY bosERbn R ENhS: M il IEBEMESY
and 7 opd 4 mopabivmatierdiadhssdidoe aid admsesteridg wooht kebj¢bDdh¢cdGhauptthd and 4,
sS4 s.respectively noted in 8 (29% and 2 (11% patients. 20Dovitinib
exhi \t,)\%tqfduaﬁ ﬁ’-ltth)r activity in a pre-treated breast cancer popul ation.

Activity was observed in HR+ patients with FGRL-anplified di sease with
di sease’ st d¥icpiding togie spdedingdt, ameihpd forgigigmiuns the progigsis @f s seRiedted t hat

FOFRL 01D LRLPYATEAQY 81 b PAVIEAIARNGR! o FETR AL AL ot JgT | nes

a nol ecul & segnen Vvitinl b-sensitrve breast cancer, as summariz
f r om tole o€ hond biamadataselavtcldbdre FGF3(FGHp, HGRNG GGk sasd coatbiranbsas thhabf ar e

both HR+ 25 and FGFRL anplified. G oup 3 enconpasses patients that_are HR+
ant8 ngiee %’%ﬂcf’f"f &R Hie NEeSSREC HAMQUNAT Ofgg?lP]&e Wa%reimﬁ@?rs Ic3HY %ﬁtﬁftc;

| i gand, aimpkis [ aRtduBRct faBldEwith (MRS inBg3@ense Rate for Selected Patient
Groupgjras Dlgfoi nedg gécdelgdni call St udy omexaan e l. WO

2012/ 12581 %Péﬂ-{ lulﬁﬁ%}t%{, QAP LoV &R Br a tautomer thereof, or a pharmaceutically

acceptable salt thereof, for use in the treatment or prognostic of breast cancer wherein the breast
cancer is HR+ and wherein the patient has locus amplification of one or more FGFR ligand, such

25 as FGF3, FGF4, FGF19, and/or FGFR, such as FGFR1 or FGFR2.

Kits for practicing the methods disclosed herein are further provided. By "kit" is intended
any manufacture (e.g., a package or a container) comprising at least one reagent for specifically
detecting the expression of one or more of FGF3, FGF4, FGF19 and FGFR1. The kit can be

promoted, distributed, or sold as a unit for performing the methods of the present invention.
8



Goup 4 (Data cut off FGFRL non- 11/24/2010) anplified anplifiedanplified
H + HRtHR- Measur abl e Measur abl eMeasurable N = (% (n=16)*
(n=30) ( n2xB201xesstki r red PR PCT/US2012/029205

Additionally, the kits can contain a package insert describing the kit and methods for its use.

Any or all of the kit reagents may be provided within containers that protect them from the

external environment, such as in sealed containers. Positive and/or negative controls can be

included in the kits to validate the activity and correct usage of reagents employed in accordance
5  with the invention. Controls may include samples, such as tissue sections, cells fixed on glass

slides, etc., known to be either positive or negative for the presence of the biomarker of interest.

Specific embodiments of the invention will now be demonstrated by reference to the
following examples. It should be understood that these examples are disclosed solely by way of
illustrating the invention and should not be taken in any way to limit the scope of the present

10 invention.

EXAMPLE 1

Clinical Study to Test Efficacy of Dovitinib in FGFR1 Amplified and Non-Amplified Metastatic

15 Breast Cancer

A multicenter, open-label phase 2 trial of dovitinib was conducted to evaluate the clinical
activity of dovitinib and to test the clinical efficacy in FGFR1 amplified and non-amplified
metastatic breast cancer. The efficacy and safety of dovitinib was studied in 4 groups of

20  metastatic breast cancer patients: (Group 1: FGFR1+, HR+), (Group 2: FGFR 1+, HR-) (Group 3:
FGFR1-, HR+), (Group 4: FGFR1-, HR-). Patient selection was performed according to
FISH/CISH for FGFR1 (cut-off > 6 gene copies). Dovitinib (500 mg) was administered once
daily on a 5-day on/ 2-day off schedule. The primary endpoint was RECIST best overall

response rate in pts with measurable disease per external radiology review.

25  Inclusion Criteria:

1. Patients have histological confirmation of breast carcinoma with a clinical
diagnosis of IBC based on presence of inflammatory changes in the involved
breast, including diffuse erythema and edema (peau d orange), with or
without an underlying palpable mass involving the majority of the skin of the

30 breast. Pathological evidence of dermal lymphatic invasion should be noted
but is not required for diagnosis.

2. Patients have stage IV disease with local or distant relapse
9



2 (12.5)1 --

SD 7 (43.8) 14 (46.7)4 (22.2) SD > 14 wks 5(31.3)

8(26.7)2(11.1) PD 4 (25.0) 9 (30.0)6 (33.3) Unknown 3 (18.8) 7 (23.3)8
(44.4) BEAORLEB/2581C i ni cal Study to Test Efficacy of anPEGRER01204205t Or
(Dovitinib) in Pat
anal yzing the results of the clinical study of dovitinib from patient

groups 1, 3 and 54,

eval uate clinica

anplifications.

ients with FGFRL-anplified breast cancers. After

exploratory analyses were also performed to further
responses in patients with tunors hearing additional

as FGFR2 gene anpl i FISER(flugresomace imsigchybeidizeriomedl FAEER? i 3fehrgnside FHERD

pr ot ocol .

gene

mpfatene deyoReadye BERZ sxgiaseien PrEHS (defaged a5 0§l o) obs wel |
The pr ot ozpressies erisbescongirinod by Ir'd®d. f or copy nunber anal ysis for

FCFRL and FCF3 gqnenyainar e & Birdssidest Janiealigopy nunber assays.
V\D 2012/ 125812PCT/ US2012/ 029205 Met sunmary
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6.

Patients have ECOG perforrnance status 0-2.

Patients have received up to 3 standard chemotherapies for metastatic disease
and have relapsed.

7. Patients have ability and willingness to sign written informed consent.

10.

11.

12.

Exclusion Criteria:

1.

Patients are 18 years of age or older.

. Female patients of childbearing potential (A female not free from menses > 2

years or not surgically sterilized) must be willing to use two adequate barrier
methods of contraception to prevent pregnancy or agree to abstain from
heterosexual activity throughout the study.

Female patients of childbearing potential must have negative serum
pregnancy test.

If Patients have been treated with anti-VEGF agents, such as Bevacizumab,
last dose must be > 4 weeks.

Patients have biopsy tissue of the metastatic disease (including chest wall or
regional nodes) available (paraffin blocks or up to 20 unstained slides), if no
biopsy tissue available, a biopsy (or thoracentesis if patient has pleural
effusion only) of the metastatic disease will be performed to confirm the
diagnoses.

Patients are receiving concurrent anti-cancer therapy (chemotherapy,
immunotherapy, radiation therapy and biological therapy) while taking study
medication.

Abnormal liver functions consisting of any of the following: a) Serum
bilirubin >/= 1.5 x ULN, b) AST and ALT >/= 2.5 x ULN, (for patients with
known liver metastasis, AST and ALT </= 5 x ULN is allowed), ANC<1.5.

Patients have an active infection and require IV or oral antibiotics.

. Impaired cardiac function or clinically significant cardiac diseases, including

any of the following: a) History or presence of serious uncontrolled
ventricular arrhythmias or presence of atrial fibrillation; b) Clinically
significant resting bradycardia (< 50 beats per minute); ¢) LVEF <45%
assessed by 2-D echocardiogram (ECHO) or Multiple gated acquisition
scanning (MUGA); d) Any of the following within 6 months prior to study
entry: myocardial infarction (MI), severe/unstable angina, Coronary Artery
Bypass Graft (CABG), Congestive Heart Failure (CHF), Cerebrovascular
Accident (CVA), Transient Ischemic Attack (TIA), Pulmonary Embolism

10



TagMan Copy Nunmber Assays for FGFRL and FG-3 were ordered from Applied

Bi osystens and are run together with a Tagvan Copy Nunber Reference Assay
in a duplwe npal2sgizcme Pol ynmer ase Chain Reaction (PCR). TPha/uSopy/odender
Assay detects the target gene of interest 5 (FGFRL or FGF3 in this case)
and the Reference Assay (RNase P) detects a sequence that is known to be
present in two copies in a diploid genorre This nethod of relative
quantitation is used to determine the relative copy nunber of the target of

interest in a genoni )M@aﬁggléedW@P@Sf%&?%@héﬂé%ﬁ%%ﬁé@r8of t he
ref erence gene. EacRBRayihmo dspyithnurpgioupadalyresisnsivasiedigetiaml abel ed

prinmers for anplisf YHﬁﬂ)r?Bf:l%é&%lnl&tlIﬂCIﬁ/ﬁﬂ@er BEQRB RS &eéxe&lfsiv@guﬁ%g 3
target sequence of LRLg intedfBR WP %ahﬁ&wmé%ﬁhﬁ{rg dye attac to

the 5 end and a nonfl uoreScent quencher G oove Bi nder
(MBB), attached o Ratientyhagpg conguggny %qaéeasrecoalﬁéloﬁéh@ctw 4 pafethsture (T
wi t hout i ncreasi ng iprriBeptiaa fristudy PEHECIPRAGMITGNTSpYOUNUNdssal Rsprice ek Assay
cont ai ns two unl abevedd prterfencsvifhiopatignts! safofy.ng 15 and one TagManO MGB probe

f det ect R T . : th
o o T O AN T R

assay was perfornme ene of interest (FGFRL or FGF3) and RNase P in a

| | d.by ABI 6 |
AR v T '«?iﬁoam 3 Pts 1ot AER At (TR atpR e e (S 4
i nt er st (RGHRS -on B4 202y G eRIRSE 1R ook ST Jfer SuS 2

normal control DNA’ The normal DNA control is a comercially available
genonicheddthespppines (taHalatlmts) apid? eviddergertbenspy Reerg@R-spaReatye iy teSUmb IS8 %r ¢f

! S B S B RN o B BRL T
WO 203gd1dd5a8deifahi WA 12482 928 uprt @%Rldiarrhea (72%; Group 3: 6%), nausea (62%;
15  Group 3: 5%), and asthenia (61%; Group 3: 17%). Median exposure was 1.7 months (range, 0-
8.2 months), including 8 patients who received > 4 months of therapy. For patients with
measurable disease at baseline: Group 1, 2 (13%) had unconfirmed partial responses, and 7
(44%) patients had stable disease > 4 months (SD4); Groups 3 and 4, SD4 was respectively
noted in 8 (29%) and 2 (11%) patients.

20 Dovitinib exhibited anti-tumor activity in a pre-treated breast cancer population. Activity
was observed in HR+ patients with FGFR1-amplified disease with disease stabilization observed
in other subgroups. It was discovered that FGFR1 is a relevant target in breast cancer and
FGFR1 amplification defines a molecular segment of dovitinib-sensitive breast cancer, as
summarized from the clinical data in Table 1. Group 1 encompasses patients that are both HR+

25 and FGFR1 amplified. Group 3 encompasses patients that are HR+ and not amplified for FGFR1
but that could have another FGFR and/or FGF ligand amplification.

Table 1. Overall Response Rate for Selected Patient Groups as Defined By Clinical Study of
Example 1.

11



1. A master mx was prepared using the volunes listed below, taking into

account a 10% overage for pipetting errors, and by thoroughly m xi ng each
reagent bwbaene/ussa2z 5 Conponent 1 x Reaction Ml ecul ar PGraseoidheens 3i ut

TagMan Uni versal Master M x Slut TagMan Copy Number Assay, 20x 0.5 iut

TagMan RNase P Reference Assay, 20x 0.5 iut Total 9iut 2. A volunme of 9
lut of master m x was dispensed to each well of a PCR plate. 3. A volune
of 1-4ut—o enpl at e DNA A el l s he PCR pl at es
were|tightly seal ed an Groaprde master i x and
sanple are collected at 4. A reaction gl ate was
| oadednint Bi oRadCFX9  PCR agsay in
t he Ia)a?l icglagfél ate was rereql?rusIEIgl ow. 95C 10
mn {d%ed0by 40 cycl agpplified
HR-
Measurable Measurable Measurable
N = (%)
(n=16)* (n=30) (n=18)
Unconfirmed PR 2 (12.5)" - -
SD 7 (43.8) 14 (46.7) 4 (22.2)
SD > 14 wks 5(31.3) 8 (26.7) 2(11.1)
PD 4 (25.0) 9 (30.0) 6 (33.3)
Unknown 3(18.8) 7 (23.3) 8 (44.4)

EXAMPLE 2: Clinical Study to Test Efficacy of an FGFR1 inhibitor (Dovitinib) in Patients with
FGFR1-amplified breast cancers.

After analyzing the results of the clinical study of dovitinib from patient groups 1, 3 and
5 4, exploratory analyses were also performed to further evaluate clinical responses in patients
with tumors bearing additional gene amplifications. Amplifications of FGF ligands (FGF3,
FGF4, FGF19) as well as FGFR2 gene amplification were also performed as pre-defined in a
protocol. The protocol describes methods used for copy number analysis for FGFR1 and FGF3

gene using ABI’s pre-designed TagMan™ copy number assays.
12



6. The PCR assay was set up and started running with CFX Manager Software
according to CFX96 real tine PCR detection systemuser manual. WO

2012/ 1258Y0RCI/1299012/ 029205 Data anal ysi s Data anal ysi #Cras2@etenired

usi ng gene expression node according to CFX96 real tine PCR detection
system user nmanual . Data in gene expression table was revi ewed and assi gned
anplified/ non-anplified status to the 55arrp| es based on the foll ow ng
criteria: Expression Value <2 indicates "non-anplified" Expression Value =
or > Msthed sugprary: anplified" The copy nunmber of gene interest is 2x
expression val ue. References 10 CFX96 and CFX384 Real -Ti me PCR Detection
Syst erfgqaMasf Gery dambendasays @proE@@&ll 201 G&t%wrés)rdembﬁomaﬁm#pd&mymer

552 90 108 6P lasc PR FgRURE TRy AT FoBnal 53 e bygied ol lme

patl en I’ erm ne icator and

wi t h "PonanéiascFCiaip Rchitiy @EORYSTHE @bpp NubibeANsedy dutedtd thert@rgai geﬂehﬁ ip@tdsent s
wth FG- athwa enes 18 patlents were identified with known FGF

anmpl i f(F@H eqrt lrdimcaSF ther Referemre ssip(RNase 1) dpsedte sequsnes thagiry
anpl i f 8@75't9 e %&%ﬂt 1% twolc 'ﬂ?g[ (}:ggﬁ é: %63 Tﬁﬁdmg:theéto:f?epﬁmg (%11(;3 QI‘L: Bg 18

anpl i catl on oup 4 way genes anpli oratory

bi omamlsat toaalmd:mﬁmfsthee*ekaabedopiyhmnmlb@p)ftthmtapg&tt iof miitsrewd inha ganetni¢ DK s&hplbnkage

are with ene an F %gléce anplification, as sunmmarized in
hgr

Tabl e 9T Wégﬁ%ﬁ:éﬁi’ hetttt °#58% tunor shrinkage (< 20%

corresﬁggnded to FGFR1, FGFR2, or FGF3 %\a(ne anplificatiaon.
2012/ 1258 12pMrnEisO o NowdRo 5\ sTah FRNIINS EXY| U6, a&ﬁ@fiwrmﬁﬁrﬁ?wﬁp@% fiyl one

Pab! eRtg M VB 6ot detd @ gdR¥ Salgat §&fitnd Po LU CATED 56 RO FR M
reporter dye attached to the 5’end and a nonfluorescent quencher (NFQ) and a Minor Groove
Binder (MGB), attached to the 3’end. MGBs increase the melting temperature (Tm) without

increasing probe length.

The TagMan® Copy Number Reference Assay contains two unlabeled primers for amplifying
15  and one TagMan® MGB probe for detecting RNaseP gene. The probe has VIC™ reporter dye
attached to the 5’end and TAMRA™ quencher, attached to the 3” end.

TagqMan Real-time PCR assay was performed for gene of interest (FGFR1 or FGF3) and RNase
P in a duplex PCR protocol provided by ABI on BioRad™ CFX96 real time PCR instrument.
Copy number calculation was based on AACt values of gene of interest (FGFR1 or FGF3)
20  versus RNase P for unknown sample versus a normal control DNA. The normal DNA control is

a commercially available genomic DNA sample that has diploid genome.

Reagents

Reagent Supplier/ Manufacturer
Molecular Grade Water Various
TaqMan Universal PCR Master Mix Applied Biosystems
Hs-02109929 FGFR1 Copy Number Assay Applied Biosystems
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PFS ADJUDI CATED Max tunor shrinkage FGFR1L SI SH FGFR1 - PCR FGFR2 - PCR FGF3
g- PCR 2-10 SD 109 -100.0 6.5 10 no anp 8 502-6 NoPD4 224+ -30.8
WO 2012/125812 PCT/US2012/029205

Hs-01200530 FGF3 Copy Number Assay Applied Biosystems

TagMan Copy Number RNaseP Reference Assay | Applied Biosystems

Protocol

1. A master mix was prepared using the volumes listed below, taking into account a 10%

overage for pipetting errors, and by thoroughly mixing each reagent before use.

5
Component 1 x Reaction
Molecular Grade Water 3 ul
TaqMan Universal Master Mix SulL
TaqMan Copy Number Assay, 20x 0.5 uL
TagMan RNase P Reference Assay, 20x 0.5 uL
Total 9 uL
2. A volume of 9 puL of master mix was dispensed to each well of a PCR plate.
3. A volume of 1 uL of template DNA (10ng/ul) was added to the wells. The PCR plates were
tightly sealed and then briefly centrifuged to ensure master mix and sample are collected at
10 the bottom of the well.
4. A reaction plate was loaded into a BioRadCFX96 real time PCR instrument.
5. The PCR assay in the reaction plate was performed using the run parameters below:
e 95°C 10 min followed by 40 cycles of
o 95°C 15sec
15 e 60°C 60 sec

6. The PCR assay was set up and started running with CFX Manager Software according to

CFX96 real time PCR detection system user manual.

14



7.7 16 no anp 6 2-9 SD 111 -28.2 no anp no anp 4 no anp 2-11 SD 109 -23.0
no anp 4 no anp 8 4-8 SD 131
WO 2012/125812 PCT/US2012/029205

Data analysis

Data analysis was performed using gene expression mode according to CFX96 real time PCR

detection system user manual.

Data in gene expression table was reviewed and assigned amplified/non-amplified status to the

5  samples based on the following criteria:
Expression Value < 2 indicates “non-amplified”
Expression Value = or > 2 indicates “amplified”

The copy number of gene interest is 2x expression value.

References

10 CFX96 and CFX384 Real-Time PCR Detection Systems Instruction Manual. Bio-Rad
Laboratories, 2008

TagqMan Copy Number Assays Protocol. Applied Biosystems. 2010

This analysis included all patients with measurable breast cancer, as determined by an

adjudicator and with “known” FGF pathway genes status.

15  After profiling all the patients with FGF pathway genes, 18 patients were identified with known
FGF amplified (either FGFR1, FGFR2 or FGF3)

Group 1 = 16 patients with FGFR1 amplification

Group 3 = 1 patient with FGF 3 and 1 patient with FGFR2 amplification

Group 4 = none had FGF pathway genes amplified

20 Exploratory biomarker analyses revealed that top two patients with most tumor shrinkage are
with both FGFR1 gene and FGF3 gene amplification, as summarized in Table 2. The patients
exhibiting the most tumor shrinkage (<-20%) corresponded to FGFR1, FGFR2, or FGF3 gene

amplification.
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-20.8 8.3 6 no anp no anp 3-11 SD 110 -18.5 no anp no anp no anp 3 2-13
NoPD4 111+ -12.6 no anp no anp no anp no anp 4-6 NoPD4
WO 2012/125812 PCT/US2012/029205

Table 2. Exploratory Biomarker Data in Patients with SD and PFS > 100 days

Paticnt | ADJUDICATED PFS Max tumor| FGFR1 | FGFR1 | o ~0p » | FGF3
D . ¢PCRYpCR
Response* |ADJUDICATED| shrinkage | SISH q q-PCR
2-10 SD 109 -100.0 6.5 10 | noamp 8
502-6 NoPD4 224+ -30.8 7.7 16 | noamp 6
2-9 SD 111 -28.2 no amp | no amp 4 no amp
2-11 SD 109 -23.0 no amp 4 no amp 8
4-8 SD 131 -20.8 8.3 6 no amp |no amp
3-11 SD 110 -18.5 no amp | no amp | no amp 3
2-13 NoPD4 111+ -12.6 no amp | no amp | no amp |no amp
4-6 NoPD4 107+ -7.5 6.1 10 [noamp| 10

Adjudicated response: Clinical response assessed by an experienced radiologist who is blinded to
the study

PFS adjudicated : progression free survival adjucated

5  NoPD4: patients with Stable Disease as best overall response and at least a second measurement
of stable discase>14 wk from start therapy

SD: stable disease

After re-grouping patients with FGF pathway dysregulation, e.g. FGF amplification and without
FGF pathway dysregulation, e.g.FGF-non amplification, a compelling clinical benefit was

10  observed in the FGF amp group, with 2 unconfirmed partial response and 50% patients with
stable disease, as summarized in Table 3, clearly demonstrating that dovitinib is more efficacious

in patients with FGF pathway dysregulation, e.g. FGFR1, FGFR2, FGF3 gene amplification.

Table 3. Overall Response in Patients with FGF3 and/or FGFR1 or FGFR2 amplification
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107+ -7.5 6.1 10 no anp 10 Adjudicated response: Cinical response
assessed by an experienced radiologist who is blinded to the study PFS

adj udi catwo 2012preg)eessi on free survival adjucated 5 NoPPE¢T/gysarizepd285 Wit h
Stabl e Di sease as best overall response and at | east a second neasurenent
of stable disease>14 wk fromstart therapy SD. stable disease After

re- groupl ng patlents vmth FG- pathway dysregul ation, e.g. FG- arrpllflcatlon
and s e a

corrpe |ng [ L ~pas 10 observed in anp group, with 2
uncopf(fitAey ﬁﬁﬁg“/ﬂ?@s ré(é MP 50% pati ents #;?:h“ Pe disease| as
sunmiri zed in Table 3, cI early denonstrating that dovitinib is nofe

ef fi ¢cacious in patients with FG- pathway dysregulation, e.g. FGFRL, FG-R2,
FGF3| gene anplification. i(,?bl e Overal |l Res g.%e in Patients wifh FG-3
and/ E%‘Eﬁl or FGFR2 anplT ¥ e5t%n wo 2012/ 12PCF/ US2012/ 029p05 (dat a
cut - )flﬁI 124/ 2010) N = (é}zlsgf anp Measur abl e(-nng:) nonAnp Measur apl e

Unconfirmed PR 2 (11.1)" -

SD 9 (50) 10 (27.8)
SD > 14 wks 7(38.9) 7(19.4)
PD 4(22.2) 13 (36.1)
Unknown 3 (16.7) 13 (36.1)

According to table 3, the group of patients being non amplified FGF is encompassing patients
being both HR+ and HR-. In the group of patients having FGF amplification, all patients are
HR+.

The above results support the method of diagnostic and prognostic according to the present

5  invention.
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(n=18)* (n=36) Unconfirnmed PR 2 (11.1)1 SD 9 (50) 10 (27.8) SD > 14 wks 7
(38.9) 7 (19.4) PD 4 (22.2) 13 (36.1) Unknown 3 (16.7) 13 (36.1) According
to tabl e WO 20te126810up of patients being non anplified FEETIUS2@R009ZpASSI Ng
patients being both HR+ and HR-. In the group of patients having FG-
anplification, all patients are HR+. The above results support the nethod
of diagnostic and prognostic according to the present 5invention. WO
2012/ 125812PCT/ US2012/ 029205

Claims:

1. A method for diagnosing breast cancer in a subject, the method comprising the step of
selecting the patient wherein the breast cancer is HR positive and detecting amplification of
5 one or more biomarkers selected from a FGFR ligand and/or a FGFR and combinations

thereof in the subject.

2. A method of treating breast cancer in a subject, the method comprising the steps of: (a)
selecting the patient wherein the breast cancer is HR positive; (b) detecting the
amplification presence or amount of one or more biomarkers selected from a FGFR ligand ,

10 and/ or a FGFR, and combinations thereof in a subject; and (c) determining an FGFR1
inhibitor for treating the subject based on the presence or amount of the one or more
biomarkers in the subject; and administering to the subject in need thereof the FGFR1

inhibitor.

3. A method for determining the prognosis of a subject having HR+ breast cancer and treated
15 with an FGFR1 inhibitor, the method comprising the step of: detecting one or more
biomarkers selected from a FGFR ligand, and/ or a FGFR and combinations thereof in the
subject, wherein the amplification of the one or more biomarkers is indicative of the

prognosis of the subject treated with the FGFR1 inhibitor.

4.  The method according to anyone of claims 1, 2 and 3 wherein the FGFR1 inhibitor is

20 dovitinib or a tautomer thereof.

5. The method according to anyone of claim 1 to 4, wherein the FGFR ligand biomarker is
selected from the group consisting of the FGF3, FGF19, and FGF4 ligand amplification,
preferably the FGF3 ligand amplification.

6.  The method according to anyone of claim 1 to 4, wherein the biomarker comprises FGFR 1

25 amplification.
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Clainms: 1. A method for diagnosing breast cancer in a subject, the nethod
conprising the step of selecting the patient wherein the breast cancer is
HR posi tiwe 2ardizéatecti ng anplification of 5one or norePhiravarikeeeosel ect ed
froma FGFR ligand and/or a FGFR and conbi nati ons thereof in the subject.

2. A nethod of treating breast cancer in a subject, the nmethod conprising
the steps of: (a) selecting the patient wherein the breast cancer is HR
positive; &b) detecting the anplification presence or appunt of one or nore
bi omarker dhg glctradegeerdig ta amemr of iclpamd to 4. whershythe Sromarkesoempsigep FGFR2
conbinatig&»hﬁﬁgkﬁof in a subject; and (c) determ ning an FGFR1 i nhi bitor
for treatlng t he subj ect based on the presence or anount of the one or nore
bi omarkers in the subject; and adm nistering to the subject in need thereof
t he F@FR1 Thahiethadarccor@ingho meydnedfcbiimded & whaiengtht hempeogfrrosidicefiors subj ect
havi ng HR+ breast cer and treated 15with an FGFRL inhi bitor, the nethod
conpri si n{fefe Q?E%ﬁgf: detecting one or nore bi omarkers sel ected from a
FGFR | i gand, and/ or a FGFR and conbi nations thereof in the subject,

wher eion t rae aiddfdc6@tingno @hydRefenemon, IeiE3 Riherta! he F&GHRS innwbiteadsi ve of

the prognosis of the subject treated with the FGFRL inhibitor. 4. The
nmet hod acéeyisinhgriadagppshdenspicl aims 1, 2 and 3 wherein the FGFRL i nhi bitor
is 20dovitinib or a tautoner thereof. 5. The nethod according to anyone of
claiml to 4, wherein the FGFR |igand biomarker is selected fromthe group
consi sting of the FGF3, FGF19, and FGF4 ligand anplification, preferably
the FGF3 ligand anplification. 6. The nethod according to anyone of
claiml1l to 4, wherein the bionmarker conprises FG-R1L 25anplification. WO
2012/ 125812PCT/ US2012/ 029205 7. The nethod according to anyone of claiml
to 4, wherein the biomarker conprises FGFR2 anplification. 8 The nethod
according to anyone of claim5 to 7, wherein the nunber of anplifications
ranges from5-10. 5 9. The nethod according to anyone of clains 1, 2 and 3
wherein the FGFRL inhibitor is dovitinib or a tautoner thereof.
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