METHOD OF TREATI NG CANCER Field of the Invention The invention relates to
nmet hods for treating cancer with |apatinib, or a 5pharnaceutically

accept ablwo=altto2es33conposi ti on t hereof, genetic marker s pasafsadioiomsigzich
treatnment, and nethods and reagents for detecting such genetic nmarkers.
Background of the Invention Liver signals, including alanine

am notransferase (ALT) and total bilirubin 10(TBL) are routinely nonitored
during clinical trials of MEGUHQDQETRENTINGAANGER rati on of marketed drugs
for safety profiling. Hepatotoxicity can occur if a patient experiences ALT
(>3x) and/or TBL (>2x) above the upper limts of normal (ULN).

Phar macogerrid &i3hé®wepti®@yi de i nsi ghts into nmechani sns of hepatotoxicity.

Met hods of treating patients wt har macogeneti c _profiles that do not make
15 t hem susceptTltﬂlévqllﬂo%@ﬂfé?Sd?WﬂP& &rmtwgﬁﬁ%cﬁwe&m%b» %8npounds are

needed. 5 SupkiRimYceficall)@cdPMUBRLLIOH compositiodBbREH $ertie niafQYd el fnor treating a
human for cancer conprising admnistering at | east one dose of |apatinib,
or a phar nis tieptewnt, yndametaertsaip ecageiity fop fetoging sughassneticoparkeier eof , to a
human, wherein said hunan does not have one or nore allelic polynorphisns
sel ected from HLA-DQAL*0201, HLA-DQB1*0202 and HLA- DRB1*0701. Bri ef

Descri pt i oBaeigrouns dithe/lnventio FI GURE 1: Overal |l Study Design for two-stage
anal ysi s of expf QLALGLY MBLKEL ARROGHALLANAALAAL L] GALLENLSl oved by
pre-specified marker=confrrmation 1n I ndepende dataset's 'usi ng ALT

case- coht r OIBIanad psiisly HbGdREl AirinPrebpiodl tiidnofafewSirbgsenti o wdroin{Santion

HLA- DQA1* 0201 T Case-Control Status from Exploratory and Confirmation

Conor a0l ShechR SR Pt Tng o GRS R SerrRu S Bl R apat 1 ni b pl us

| etrozol e &xpRAEIEHNALTYO3K) atll/ér DRAL*RY BBove Ecrippérdinitichf ROt AUENRr subset s,

conpared with letrozole only, treatnent n(é;r%g in nfirmati on Cohort.
SFrYsihe®

Det ai | ed DEYETREEFRNCS TOY BN ML sng PRAYEIFBhi bi tor. Tyrosi ne
ki nase is assoc\ingsk tfchtiml patients with pharmacogenetic profiles that do not make

15  them susceptible to hepatotoxicity with pharmaceutical compounds are needed.

Summary of the Invention

Methods are provided for treating a human for cancer comprising
administering at least one dose of lapatinib, or a pharmaceutically acceptable salt or
20  composition thereof, to a human, wherein said human does not have one or more
allelic polymorphisms selected from: HLA-DQA1*0201, HLA-DQB1*0202 and
HLA-DRBI1*0701.

Brief Description of the Figures
25  FIGURE 1: Overall Study Design for two-stage analysis of exploratory marker

association identification, followed by pre-specified marker confirmation in

independent datasets using ALT case-control analysis.

FIGURE 2: Proportion of Subjects who Carry HLA-DQA1*0201 by ALT Case-

Control Status from Exploratory and Confirmation Cohort.

30 FIGURE 3: Cumulative incidence of ALT >3xULN in lapatinib plus letrozole
treatment group HLA-DQA1*0201 carriers and non-carrier subsets, compared with

letrozole only treatment group in Confirmation Cohort.



| east two oncogenes Epidernmal Growth Factor Receptor (EGFR) and Human EGFR
type 2 (Her2/ neu). Overexpression of HER2/ neu can be responsible for or
correl at edowntin2eest ai n types of high-risk breast canceP€Tius2ev006142 AnDNQ
other activities, lapatinib decreases tunor-causing breast cancer stem
cells. One aspect of lapatinib's 15mechani smof action is that it inhibits
receptor signal processes by binding to the ATP- bi ndi ng pocket of the
EGFR/ HER2 DPrtailed Descripgios domai n, preventing sel f phosphoryl ati on and
subsequent actiyvatj.op.of, the signal, mechanism . . Lapatini.b is a snal
ol soul L and o btHigh i viee Hedn G0 e B inese i abSPREt Biab o

i nhi bi t or slecadtfwd bScogetck EPidedmaldi&eth @dctbOR focploA@IR)Iahd Hamh EEEFRt as a
nonohydrate of the ditosylate salt, with chem cal name N-(3 cgloro-4-{[(3-

20f | uor ophBg EYHEEMFP SRFrREs ofgliR2/pquopn be responsible for or correlated
(et hyl sul fanyéodet b EHigholkidras-OMl danders fbvoaml ]A‘[ﬁ()‘n%%ﬁ&@é@lvitf&@,m ne bis(4

met hyl benzenesul f onate) nonohydrate. It has the nolecul ar fornul a
C29H26 C1 FNYo Ry derraess Sy poteaosing bregst picaictimaeelive Ognesnsst of kpatnig) t ons.

Lapat i ns b gi.Ungxhalra cAmmne ik ﬁﬁl?oi@@e%leﬁt&esi%f@l bi3WE88 15 BEMIGAL dRE AHEL ur e

Lapatini b, pharmaceutically acceptable salt or conpositions thereof, and
conposi t i obiwdivgmpekicsofithe EapRHER Jopratenh usase demandirechveeglft n, for exanpl e,

US Pat ent 307 8 320 6 727, 6. 713, 485, and
7157, 466. B"‘E@‘éﬁ@@%ﬁ % ?%é S%é%e%écﬁg?%ﬁ|°§thg€’vsgﬁ%%%ﬁ?°§a‘§§mTYKERB( r) "and

TYVERB(r). HLA The HLA conpl ex of humans (maj or histoconpatibility
conpl ex or MHC)Ldpati@b ¢ aistatirmaltcdld amdenhgeatve s thodahdmoquinablinnadseone 6, which

is also kno as.the MHC region, Th conpl ex.i.s cl assically divided
hto & hr oot SRSt iohhde i ey Jiel oS MaGibicrtiEig 5 1ne Gotze D
ed. The Majneholjid&kosanPdtdsPluteishly, wahSdhemichmalvRIN-echlordni-[Ted-s, New Yor k:
Springer-VérIa%Eﬁ1976: 339 rise the transnenbrane

-378). Class | HLAs conp
prot ei AV ( hEURFPRoREDMGthEIRKY aPhsBY e P& oA mpBy lsulonyDethdinpeimetyDrie ¢l ass |
t r ansnenbr apgyPLALEhasliAEnERSAIRInIentOR s o d) mbheyBafN g ddsAreC | OCI . A
function of cllass | HLA nolecules i's to present antigenic peptides

(i ncl udi ngmotesilasiexamp CeoHaxGIFIO8 bt S ahkPgadh 8 molesulpr weighiof 9Fhp ee
i sofornms o S nilVido FL@E = -DP are
currently ?%g%gn??%nghe ﬁf%%%ﬁ%@?mﬁﬁqﬁgﬂggﬂ'eg %EE 1%§%P%gﬁﬁers conposed

of an al pha chain and a beta chain; different alpha- and beta-chains are
encoded by subsets of A genes and B genes, respectively. Various HLA-DR
hapl ot ypes have been recognizedgggﬁ‘rdiffer in the organization and 10
nunber of DRB genes pregent on.each bR hapl otype; nultiple DRB genes have
been described.§Bodner4ggggg&Q&Eur.kg§Vlnnunogenetics 24:105 (1997);

ot

Andersson, FrontiegS |n°Bipsdi efice 37739 (1998). The MHC regi on
exhi bi ts hi gh pol yggfphi sm e  han 1200 genotypical alleles of HLA-B
have been reported. ‘See e.g., arelider et al., Human | nmmunol ogy 1560:
1157-1181 (1999); Bodner ef, al-~« European Journal of |mmnogenetics 26: 81-

Lapatinib, pharmaceutically acceptable salt or compositions thercof, and compositions
comprising lapatinib and uses are disclosed in, for example, US Patent Numbers
6,391,874, 6,828,320, 6,727,256, 6,713,485, and 7,157,466. Lapatinib is
25  commercially available as TYKERB® and TY VERB®.

HLA

The HLA complex of humans (major histocompatibility complex or MHC) is a
cluster of linked genes located on chromosome 6, which is also known as the MHC
region. The HLA complex is classically divided into three regions: class I, I1, and III

30  regions (Klein J. In: Gotze D, ed. The Major Histocompatibility System in Man and



116 (1999). Despite the nunber of alleles at the HLA-A, HLA-B and HLA-C

| oci, the nunber of hapl otypes observed in populations is smaller than

mat hemat iwal2by/eexgact ed. Certain alleles tend to occur wPogaisShen/0a142 he sane
hapl ot ype, rather than randomy segregating. This association is called

| i nkage di sequilibrium (LD) and may 20 be quantitated by nethods that are
known in the art (see, e.g., Devlin and R sch, Genom cs 29:311(1995); BS
Veir, GenetélhmaDaNawAthmlk:m'riﬁger\{erlsg,rﬂ@Ger339.53%1:i(éihseﬂ,HISwrudmphtmﬂe MD (1996)).

The produc s encoded by .t he pol rphic HLA | oci are cq typed by

o o oot eelsERBEE pifeit PEABRmMT Sl fe s PO 2 o SR et U Tty

t esting, aadssZ&abéIﬂ@ﬁbrmrmaem3reteh@fda@y}é thSGHIh A-agHCA- BtaycpHng @ $ochased on
reacti ons between aracteriz sera and the HLA g roduc Known

t echni ques ffBIi‘C“ﬁPQE E\e%&ﬁgﬁ B‘Pfept‘?“?é%?r??’?&t ?%f%agemﬂa@}%%%t otoxicity
and fl o C&’)Ea@r[ﬂ?é wal prot&in AR &n g 6 TRNIPHREYESTHAN diclys fiMHtBlankbgen typing
determ nes the antllgen profile of a subject's Im ocytes, using a

panel of V\éfPHOteéﬁHrAa'@cRer QeandiHPR agpamicnbeicsoenesd s ApaMHGClass bl es are wel |

charact eri ggfloy@nge BEEURM-CcdMiiolQds R hIpHSLRGT Ada%h RETL AL &f#éféﬁi’\“ See e.g.,
ASHI Laboratory Manual, Fourth 'Edition, Arrerl can Society f

Hi st oconpatlphs-land bet&nbhullsmw prsgeqvetyi S@bse(SZ(f @0geneHnd B gengs, r@ﬁlpecth?Fllys sue
Anti gens 59’ 4(9115 Ihf% %Z?) haﬁlot Vel\égé%reg%%%&e La%geveeﬁ fh (ﬂg 0 izﬁﬂ)"f]ila}{f]?l S of HLA

pol ynor phi sns ™ at veI n-serol ogi cal HLA
t ypi ngléret hmI&rDﬁDRB@nQMemm&nmhcm hapletype;atulople DRAZ) gmm hdvehginh

Pabol ed ortgondorageraud s FlmhErosSsselos Mopa’ ﬁﬁﬁz%ﬁﬁﬁﬁé%%%? Dotk

met hods rrayllﬁieioe@beﬁ)ﬂwl(m%))hi sns | ocated in elther t he codi ng or noncodi ng
sequence of the

wel | etal 0 od 0: 18
(1988), Angel i nT %gffegww%’ebl%méﬁh po %&%hlsrgcmoredsaﬂ 3§Q ?98 Schar f

et al., SchemsefH2ISBHAVOLLA APoted. C% el &chreud¥er of ., Hvidh Mé@anazo 954
(1988) Tiercy etal., Proc. Natl. Acad. Sci. USA 85:198 1988%1 and Ti ercy
i

et al. 5 Hufi¥: 1llﬁ¥nh%1| (199 Bodperr syg o Yeuroprien ke wgemepdicticsr28att- on ( PCR)
process (S@%(l@%@) désp%e tl?@ﬁmnﬂépofﬁle@%ttﬁQﬁLAlgéﬁﬁA% LemsL APk {h%at' on of

genom ¢ DNA and nmay be used HLA typi ng procedures. See, e.q. Saiki et
al ., Natur @uIBWOEWIqtmebseﬂBdgtapmla@pw i smallerlthmmn@nqalh!om (1988) ;

&g, Enn Sispe CorbR Rty 0508 e tgny R andndipe itidhan 5772 20 15
Ant i gens 461nd(7kﬁly(sw©§a)mg Qhidsestiating isstalled hnkagmmbmudlbﬁude;DlR@wam h 18: 6702
(1999 10 V0 000 oy R OO ORI R BP0 O L LD 1 2 T 0,
and M CB gZoiddwac\M4G I(1HLYYS),absaBzir] Gelvait Dataeh @il ysdh IQSMu& AM&A}S and MHC ( HLA)
class | g nderland, MD (1996)).
The products encoded by the polymorphic HLA loci are commonly typed by
scrological methods for transplant and transfusion histocompatibility testing, and
25  blood component therapy. Serological typing is based on reactions between
characterized sera and the HLA gene products. Known techniques for
histocompatibility testing include microlymphocytotoxicity and flow cytometry.
Standard microlymphocytotoxicity for HLA antigen typing determines the HLA
antigen profile of a subject's lymphocytes, using a panel of well characterized HLA
30 antisera. Certain HLA alleles are well characterized, and serologic methods of
detecting them are known. See e.g., ASHI Laboratory Manual, Fourth Edition,
American Society for Histocompatibility and Immunogenetics (2000); Hurley ef al.,

Tissue Antigens 50:401 (1997).



chain-rel ated gene B (M CB) belong to a nulticopy gene famly |ocated in
the major histoconpatibility conplex (WMHC) class | region near the HLA-B
gene. Theyoara/d2eeated within a |inkage regi on on chronmpsoms2@p/0as1eznd
HLA-B. MCA is reported as highly pol ynorphic. The occurrence of M CA

si ngl e 25nucl eoti de pol ynorphisns in various ethnic groups is reported by
Powel | et al., Miutation Research 432:47 (2001). Pol ynorphisns in M CA have
been reported tMobacasgponabeld fwiahhlysiaof IBUS pdiys@ashésys aatltergamgh in sonme

cases the as tio t rlbut nkage, dj s briumw th HLA

genes. Seefj1 éq’ﬁvgbﬁﬁ{ae‘\é\fﬁ%ﬁg Prafroe gljﬁ,{;ﬁ,@%ﬁ@f Ig?é Afé%@ud(eé%eo‘i EnGonzal ez et
al., Hum |M&ktr16t20rﬁ3e%n{eﬂﬂl@ﬂ@th p&l@iﬁblpﬁtsai (RFLBOS: eSUE N 1 GEPS. %8 71 (2001).
o MR i S B B RS B SRe b R 5o o0
(1998) 5 Angloustcad. - Such M@Q@lﬁ?ﬁé‘c@& pé@nﬁ)%lsﬁ]sg&aed irbiseh 8t Bdigb or EUr J

| mmunogenet 26: 399 (1999)). is well known in CGenetics, nucleotide and

rel ated anfeisodies éF%@@Gé’ﬁ@ége%@%sﬁéé gf, Bit dlh ¢ b it ey (9dey 908 the sane

gene may v 9x8>b%§reﬁfnﬂeztdzepmm&f |28 SENERB, fuhgbn 1§8|3ﬁ RhGELSE, Sequence.
Such di ffe ences due to nunbering schenes, erent sequence

vari abi | i t yeigicehd3a: 110I7|@(1Q§ﬁ)eC0&ﬁwloﬁmté fﬁ@q@ncﬂﬁéyéﬂﬁ&%)sﬁefﬁy%@br di ngly,

ref erence et r | r g., HLADR)
Wit e unhirotBiaed PRUSISS O RRPAIRE RIS Uk Buh (RS 248 8

pol yIT\DNI(l]Q)hI €1989% é&letpb]@z’meﬁﬁ clespmmdlonnPflélé)Epreme(s;e]angI ocaPatoNowi E hi 3 t he gene,
even where nunber i cl at ur chenmes are o describe
Chem e vABE 18 0 M i AR TR PP R R Fed B OIS oF evt e
A:_T to 18/ grlpﬁ@tpe(ﬁceﬁlhaﬂ S, Telgl’TSﬁkl(e?aklNdﬂﬂeUp{DQ& (.1I986)t Bagawdarenal, J(ULN) ) eit her
al one an T Biliru greater an 2 times
(>2x ULN) g’f’”‘f”ﬁ’z é’Zﬁﬁz‘ﬁ Srgg)t ﬁyﬁq’i‘éegéﬁ”@ % &EVQCS fUS'%' gﬂé‘%ﬁ features
caused by tm? SeBhldé ¥.g., Ennis em%smagdfstmmses 1m9mmetersd&lﬂem mmeect
"subject, " atient” can be used int erchan%; t o mean any human.

15Adm h? st drigegs f‘%ﬂat(i%%b Gigllestong g nfleeaicids s Seﬁﬁféﬂelﬁt%?éw@a) t or

conposi ti OMa}J&%ﬁ&f Tishife Brr2BR 865 (o7); (@l N, T8 sMPIREks dsh | apati ni b)
conpri ses nethods and routés of admnistration as are kfnown in the art.

Recommende 00 he Madagl iecaly dgimmsgologn sttt lanbW@t-s and schedul es, pl asna
concentrations) of l|apatinib, and pharmaceutically acceptable salt or
conpositions thereof, are known in the art. As 20used herein,

adm ni st raM_QB_SQMMti nib, or a pharnmaceutically accept able salt or

conmposit i on th t ed the cer but
i ncl ud%(ss its Hdu@lﬂgc?lass ]{“ham- fa? |on§ﬁﬁ¢r‘g§ hﬁéﬁ rs‘rsent W th

| apati ni b, chhlin-mltmﬁfd’@ﬁeBt(MI@Bb yelamgcte;atrmbh@py@bﬁe famﬂgzmm—)s it thongjor her eof . As
used here|E adnmi n tratl %’i&’ﬁ@b harmaceutlc se inhibitor to a

subj ect 25881HMM 251 reﬁhonerfef‘% lgﬁlll,ﬁ‘lt ¥ %he
phar maceut jgeabd &gﬁﬂﬂta HnQagfé region on chromosome 6p around HLA—B.

MICA is reported as highly polymorphic. The occurrence of MICA single
25  nucleotide polymorphisms in various ethnic groups is reported by Powell ez al.,
Mutation Research 432:47 (2001). Polymorphisms in MICA have been reported to be
associated with various discases, although in some cases the association was
attributable to linkage disequilibrium with HLA genes. See, e.g., Salvarani et al., J
Rheumatol 28:1867 (2001); Gonzalez et al., Hum Immunol 62:632 (2001); Seki et al.,
30  Tissue Antigens 58:71 (2001).
Various polymorphic forms of MICB have been reported (see, e.g., Visser et
al., Tissue Antigens 51:649 (1998); Kimura et al., Hum Immunol 59:500 (1998); Ando
et al., Immunogenetics 46:499 (1997); Fischer et al., Eur J Immunogenet 26:399
(1999)).



subject in need thereof. The dose of a pharnmaceutical agent can be

determ ned according to net hods known and accepted in the pharmaceuti cal
arts, andwoaniihe2at er mi ned by those skilled in the art PCT/US2010/04614% used
herein, the "HLA allele” refers to one or nore of the following alleles: 30
HLA- DQA1* 0201, HLA- DQB1*0202, HLA-DRB1*0701 and ot her markers in |inkage
disequilibriumw th these alleles. As used herein, "genotyping" a subject
(or DNA or ot heas Biwalldgbealn Gartse hudlatida apbiclanaraplincacad soghenced a gene(s)

means detect.i.n i allelic ar pol ynmorphic for ). af th ene(s) or gene

oxpr oser onSiF B Sat St RorR P it 87 By HeshBBed of “hpoent i

a subj ect {dbemaasbiiiphepreciiiedqicack. RNRh aiffopdnotahsy Xk espefbdinhgm such gene

may al so be used. to detect polynprphic variation. As is well known in the

art, an i n%ﬁhelinaﬁaa%he%veﬂwéenﬁ&vaé{agﬁ%‘dﬁ@n&e 787329 G0 CIUPCIRE {2 cul ar

al I el e. 5 MoRGcdrdiaRly! \Rréct BrEid t6 %&fﬁcmmo%;ﬁiot?%hic Sikus, nubfber €. drayLAe nore than
0 e

three possible‘Sgenotypes. For purposes ] resent invention,

"genot ypi nBR) wilk prersiststaed by dhase p skl indbe &t torpgduce these @elymermiie Wigh t abl e

serol ogi ¢ HEChREIaE in 8FudcCakBWMbioh WithHEh@dne, ASn Whed digL&itn, an allele
may be 'detected” when other possible allellrc variants have been rul ed out;
e.g., Whereumbasipe@pimpredptvgsthemss asivdediogiescribathies). f ound t o be neit her
adenine (A), thym ) ' it .C t hat guani ne
(G i 5 10pt esent 4L SinEh ARt thepfbuonlhy “BRoPE FORE ETy; 100 Seat 1
a subj ¢et) greSegthent 6meailathcadtgpenbimibef et EdN )l eitlec tlloye {rislygr vathg,

pol yror phi S asta g BB Zisarale af Ty Bt BT B 5F B robe o

known sequgiGeme Biimdredreten clénisd fattescaided birtit¢ramupol ynor phi sm, or by using
ot her known net hods.  15As_used _herein, a "genetig¢ subset” of a population
consi sts of thoSeUvehHErs hgmanhhusgs sHbiestons W?m@mgIBH?Fiﬁﬁﬁﬁr genot ype.
In the casgse@fint@chingbdo® foGndaglayy®iRdl. Sm a popul ation can potentially be
divided into three_subsets:_honDzy%pus for allele 1 (1,1), heterozygous
(1,2), land homo2§miircringdapafinia) s aphpmnagqutically gseeniaba 1269 comprasifishect s may be
defined US{ago¥ 3 & QibFecElor t@Latifle” Laiject Wﬂl@la}ﬁétﬁﬁl%';%m@ﬁée@&&l{oﬁ?&rﬁﬂ wi th

| apatinib or 20individuals wth cancer. used herein, a subject
that is " prothsopadneidistreftongs arcgimown e digged Regoskmenided theysaguticaediawes phenot ypi ¢
response b Vi i | ke i spl ay that phenotype
t han an inggggéggfgﬁgt(hgh%@k%g%%gg%8%%%??%%§H%X¥%gm?ﬁ?get pol ynor phi ¢

| ocus (or plocinjceutifrdly ecdcheblphalhat oppipositiesphasd, irs kbaveen thrara Aul ti-allelic
pol ynogphi s or.25 on.the not ypi.ng of nore than an ene, the relative
sk ey drrreren SRR R N e ek R Mor ¢ TP
refers to csiepspiesiticrf fiondnliafitcd tghpatitmesafbenseatcubit iddudts gene) wthin a
cell, a sanple, an.individyal or within a popul.ation, the specific form

Gt er ing. PRURHERRE Ot st Gens Hattelited ySBSR R P laince of at 1 cast

one, and f pegeulidalliRERpBOlNAs: RRPosiMaisitRdtorsi tes within the sequence of
the gene. The sequences at these variant sites that differ between

di fferent all el @SUsf By pERIMISGAIIME Fharmep@rigaings BhHor o subiettat i ons.

| n genes al ol Rinhs#4ton df WP EfeckiOc ARbEH of Ble PRIrmARLACA B RAVE a frequency

of at least 1%in a population, while the termnutation I's generally used
for vari ansuischatneetbaicoftThy dopaafdahesmagguticalsagentisambda det¢rmingdpopul ati on. I n

di pl oi-d orgay { oi‘ré%dé‘ﬁnﬁ%ﬂ %:'a%f;ce fed SRR gﬂé{%ﬁé& il aft?,%ﬁh Einfcbec hronosonal
| ocation or ocus” an Tndividual possesses two alleles, a first inherited
from one pdstentinegriy thoss sldedinithhat.i t ed from t he ot her parent, for exanple
one fromthe nofher and. ope.. m.the father. An indi iﬁ al . is )
“heter osygoust &t s PEEES IR HEARRC GBS el Mot P VLB e e e 1 cus. an
i ndi vi dal HLA-DQABE0doUEA-R2QB & R0, UH.A-DRB1*DEH dndothetdmatkesah al | el es at
that Tocusy . oc disequilibrium with these alleles.

As used herein, “genotyping” a subject (or DNA or other biological sample) for

a polymorphic allele of a gene(s) means detecting which allelic or polymorphic

form(s) of the gene(s) or gene expression products (e.g., nRNA, mRNA or protein)



A pol ynor phi sm may conpri se one or nore base changes, an insertion, a
repeat, or a deletion. A polynorphic |ocus may be as snall as one base

pai r. Polwouoophi2ee3sar kers i ncl ude restriction fragnment Pemgish010/046142

pol ynor phi sns, variable 10 nunber of tandemrepeats (VNIR s), hypervariabl e
regions, mnisatellites, dinucleotide repeats, trinucleotide repeats,
tetranucl eoti de repeats, sinple sequence repeats, and insertion el enents
such as AIuepﬁhaubtmgemhdeBMﬁ&ﬁedaamhekjd&ﬂnmhRNAxﬁmhthaxmkwaﬂesignated as
t he referepce f rm and o% er allelic forns %wg nat.ed $ alternative or
vari ant al lauch seg May sy EHTGSFW%%CéBPHYFt?B’ R dhient e VAT ol ect ed
15popul at i tR attSarsiadieiduiiBsay RflRtcf &fodid oaﬁoﬁltﬂzgzgtmsl for 4 papecull@ratitle The nost
frequent alleté may ﬂkfo be referre as thg ma| E aIIeIe nd the | ess
frequent aPo&t Beneva 4lsligfangs may eeipte! uhﬂﬂﬂr%tn&y f Gar et REPOBs® fiomozygous or
het er 0zy gopshofypes. atdr Bliipsds OF e preﬁerﬂh@eﬁt@dxﬂ Ggelaetng’t pllasthas two forms. A
triallelic polynmorphismhas three forns nor phi sm bet ween two nucl ei c
aci ds can @ctergrngtign af HLryallclsp upes @&a@eaerakyglzo‘eﬁp}@wre Fpkppviggiicact wit h
cheri cal s, @N&Y IS hoRln, 9 AR AGPRL Siicliby SHRABHILIQLRARBHSAARL cause
damage to nucleic aci d$, for exanple, ultraviol eF radi ati on, nutagens or
car ci nogenbave been rulegjonty| eg.nukdre s spoddicg ohsiemno pgid pewson ISKRGH tmbfenq.tibsn tions at

whi ch two R 1% in the
numan popuftstTisn- e R By i6s @ PARTETLANEL P EMEIRXGLETEE |
vari at il@n. prAggmre amhambmlgn @0940# datelcte;jodrydlegrpisccﬁmma su’oJetct)e Shqurace genone are
SNPs. SNPs are sin 0 gns, | diffe ent alleles, or
al ternativé rﬁ‘d@il %]?fe%?ecgeg% ?thyn( % e&ﬁ?ﬂ“ﬁ‘tcﬂ'@l ot %ﬁlr‘fcﬁléfl(@‘? d may be
honozygousrestiictiet RigzygRugth fpolynafphin aiaezsat oreatbbtlcSNFf t]}i)fotsybhdﬁﬁhon/beNP can,
in sone instance be referred %o as a "cS to de ote that the nucleotlde
sequence 38PEBRPEFIMAGeqYFacSRPC g S FEMIQETHOB S t@té%ﬁta?ewdaé As used
her ei n, reﬁﬁvi&ﬁ@rfknbﬂnﬁw%d@nd SNP genot ypes include individual SNPs and/ or
hapl ot ch are groups of SNPs that are generally inheri ted t oget her.
Hapl ot ﬁes can Haywed eeng ezenets uBicht pfereription Qﬂlinélété%é%?rm@tl by ofphenot ypi ¢
i agnost | o e o o P o S0 hoa, 20
Jul . 2001) population c@eppdentiplebShPslcdneo ttlrﬁ@ssebssmﬁsbmdmgwpuf@cﬁdiele I4ldarations in
gene XP SRLBAL, (1 LIS IGKALGR R KoL e o AIUIAY oFURRHL R 0f 2 gene
phenot ype. b@hﬁ“msaitumngtaa{@ss ¢metia)des ir&ﬁﬁéuaﬂseliehng"tg:awdt\xhihriapaegib@ms of genes
encodi ?é'; amg%w%{ﬁe hcan erroduct i.e. CSNPs. These SNPs may result in an
al terafion & "am 76 4ci d sequence of the polypeptide product (i.e.,
non- synonynous A@ﬁkmhexhﬁlngaﬁ))ecafhdtlgrmedlspcsaittot)ot‘l‘taeuﬁmsamkoﬂ’ of a
defective or % vari.ant protein. Furthernm case, of  nonsense

Tt ations, RS bR e ok mer B S ARG ot de

product. Cﬁwﬁatypy@laﬁhtPﬁldd@dtﬁpwmaﬂfes@t gén)étyﬁ)@-‘dtethé Qe folmbpheaséudy regi ons;
causati ve SNPs _can occur 1 n, for exanp enet| C redion t hat can

ul'timately Oa#q%)ctWt%ethéﬁbt@wthﬁspoeterlaétsaii an aawét; aliclig @PIYOERMHE Of he pr ot ei n
encodeds by o @R UEARY FindH Hore G BnYEARL thE rdi Rk ORE miaP AlfHEmofPihe €XANpl €, those
involved in transcription, such a8 SNPs in transcription factor binding
donei ns, Elpllemossftsle}g?@mleer regions, in areas involved in transcript
Processing, 5”&% ) Bl ﬁ’)on!eQ}Beéc%%gﬁ'oibé)%%ﬂg@§e§§en%9§hcma g;eﬁébse defective
splicing, or SNPs in processi ng signal sequences such

pol yadeny| withior csll gnapteegi odeidusoorsviBNPs petuétionrthe spotific écueatlffwgSNPs

neverthele§s ar.e i.n_cl eassomatton W th, qd rtheref e[re ate with, a
TOm other forrnso € sqe gofie In he sequicnce 'of a‘rt as one S eque
di sease- causi ng seguenc n I's sirtuation, ésence' o

corr el a® esthabwnd, haxtdmemms oS edquerme obﬁhe@bmpdslbtseqnande@at these amrlanmcr eased

risk in devel ng.the di sgase. ese SNPs hqugh not causative, are

nonet hol esSearEbtdebrar b Fitgg fo imd el T SalRT o sor eani ng,

and ot her Ltﬁ@tﬁt,ton%UCﬂﬁ g@fieralbplymerphisinTs tRd td Rferps @fiagisitghiiepat ot oxi city as

i s descri bF the resent |nvent| on. . An associ ation study of § SNP and a
1§ Es

specific d Waelro ft astd/ea.a@ea%lﬁt%whtletha trRaytatgn isgarally pye
det er mi ni ngy AR i 88EREE: BEquEASIHRRCHaRT otiRG pSRatih! &b &ipiol



bi ol ogi cal sanples fromindividuals wth the disorder or predisposition to
a safety event of interest and conparing the information to that of
cont rol s WD.2e11/02263di vi dual s who do not have the di sorderCorusexipmuilence t he
sane safety event). A SNP may be screened in diseased tissue sanples or any
bi ol ogi cal sanple 30 obtained froman individual, and conpared to contro
sanples, and selected for its increased (or decreased) occurrence in a
speci fi ¢ patghwbrogsuchhs momaistdt oach a@s@end spécifid dirano@bmy! Iscagionh b cant
associ atiop is,estagbljshed betwe ne or re P(s) and a pat hol ogi cal
Cond t on_ (B 6eREANSHENGEyss) 5T Miottet Bt Reienvhens BEFuAn8 ound the- e
fan oPtionakbmih§mﬁaﬂﬁ@ﬁghhym5@m63@ﬁﬂe§ﬁnMdemaﬁ&yﬂhhﬂnmauﬁa?ﬁWﬁmgenetic
ocus/ sequence('s e.g.,, caugative S tation ene,_regul atory region,
etc.) that ﬁﬁerﬁfrtﬁﬁe ﬁ&@ggvﬂ@al&@ﬁm%@%gﬁt%ﬂwe'lbhasgwo ﬂﬁ%@? s 4 i ni cal
trials havgeshQumnd hatidatil amdz@sRONSQ 16Qs i ieRs IR tdcWidaDalRl@lpeCceut i cal s
is often heterogeneous. There is a continuing need to inprove 5
phar naceut theglocgent design and therapy. In that regard, SNPs can be used
to identify Pat A @Ok Fhofffiti A4} E&fbrise ohder AEY _bmet,c*ﬂa%g,tah%%nmar maceuti cal

agents (this is often terne phar macogenom cs"). Simlarly, SNPs can be
used to extsperdeorgalelction.sApplymormic latus mayemtaremell duenctbesather. pat i ent s

i ncreased Likelihoo i i i f . ir. 1ikelihood
of not res%@ﬁﬁ?ﬁ%ﬂ?gm?%%gﬁﬁgggﬁgﬁgqg% r%%k%é%ﬁgﬁﬁﬁéaggﬁh%%g%%b be used in
phar mat@ut noaber oémedmefeptas @Q8¥TR'S), hypercristge chgioak.opmaatllisasd sel ecti on
process. (Linder.et al. (1997)., Cinical Chenstr 43, .254: Marshal

P06y PP ESi bl ol oo B NS o sk Rlbekb | st i on w0
97/ 40462, Gpeas, ad Bsatwdélcatits ant aSahaf’he fedt iddhntifi¢dLAREY forNas ur e

Bi ot echnol ogy, .16, 3). Several techniques for the detection of mnutations
have evol y@g%ﬁgé&iﬁ%ﬁm? # tﬁ%ﬁﬁrﬁw E%rn a@éOH}fﬁﬁ@%ﬁC?ﬁﬁS&W @P%}_%‘; & For
exanmpl e, i MitdrMRivobi VRIanEXLRASTIRNMIRES f¥m dcllRriiNA0S S&L QMHIS RANRI QeI he

nucl eotide of interest is anplified by PCR or any other suitable

anpl i 1 €at PAwlatiee HrivagEmesricsicd sl the Vedbire forma Trimast frvaucryleledi zed to a
target nuchgy 6s36s AFGRAYSACHe MR LRADaddBe ie@ssftrec{ﬂb'ﬁtlaﬁgyagﬁe%in&he 3" end of
the priner anneals imediately 5 to the nucl eotide position on the target
sequence t e jl3iptosd ¢ragamsiad Meekle hop@rgous ankd¢redygony feeplldlis fexsedded by a
single, la | i S L B.; '9&8 | gotide is

t hen detec?@ggﬁﬁmEM%ﬁ@ﬁ%hg%ﬁhéggg%b?pgﬁgdﬁﬁ%ﬁg?c a%?g&ﬁﬁgggﬁﬁﬁgga gene or
PCR pr oducpolpmophfsmagtressh tee nypudeit rods dtahere@ohatmmily be bs equedhiced by any net hod
known Ln the art (e.qg.. .chem cal seqguencin [ .enzynmatic seguenci ng).

" Cnem 841 SRgHER i StsPr s BRANRIBetadnEy ShoBrEal  SLRiro st AR “Naam
and G | ber thaf{ &Ase/dan(aPe @oucNatdcids AoackamPBtd, ultlafable? AdmG Oy, mutagewhorch DNA i s
random y cl eaved using individual base-specific reactions. "Enzymatic
sequenci ng®Bf°4RA may denote nethods such as that of Sanger (Sanger, et
al ., (1977) Pr oSinglblatdleotite polymSeihisnidSANPY aBAG3tionLaRMEMN thvanabmamleecul ar

bi ol ogy, nicrobio%ogy, and recombi nant . DNA 30 techni ques including
sequenci ngPtetHifri8Brarehl uerIucRRCT %A og hemeseeopeletipt-@ad #s thayBodrt . Such
techni gues @ahgoL¥pk &f Iﬂx%janf%‘éhétﬁé vaRatldae Ag]g;&t@&tm 80%R Gl pBlyfhorphadtdr ook,
Fritsch & Maniati's, Ml ecul ar Coning: A Laboratory Manual, Second Edition
(1989) Col th tBphyrman geaeme prelSAFer aNBs yrepmglpdasaistiospini YA Hawhieh . N. Y.

(her et 1 SRFAPH|8! gl 8GR oA A i Pl Rual REY 02Ch.

be homozygous or heterozygous for an allele at each SNP position. A SNP can, in

some instances, be referred to as a "cSNP" to denote that the nucleotide sequence

30  containing the SNP is an amino acid coding sequence. As used herein, references to
SNPs and SNP genotypes include individual SNPs and/or haplotypes, which are
groups of SNPs that are generally inherited together. Haplotypes can have stronger

corrclations with diseases or other phenotypic effects compared with individual SNPs,



1985); digonucleotide Synthesis (M J. Gait ed. 1984); Nucleic Acid

Hybridi zation (B. D. Hanes & S. J. Higgins eds. (1985)); Transcription And
Transl| at iwo 20B/02B833Hanes & S. J. Higgins, eds. (1984)); pamiusad100ediu2 Cul ture
(R I. Freshney, ed. (1986)); Imobilized Cells And Enzymes (I RL Press,
(1986)); B. Perbal, A Practical Guide To 5Wblecular Cloning (1984); F. M
Ausubel , et al. (eds.), Current Protocols in Ml ecular Biology, John WIey
& Sons, | nend thd®@de may provillh éncRepdd dikeznbhiclae¢irachcn sonfdidA)s (fcphams by assay is a
derivative tradjti ridjzation assays (N elsen et al., Science
254: 1497- 1%[8%“%63%’;4%%%%%{ Q{A@ J. Am Chem Soc. 114:1895-1897
(1992); Janes etCawitivc SNPGRS thosSENPR Eitat prolidet A1tdAROnshH génkAfhepsionNAS ar e
structural . mmcs that foll ow Watsopn-Crick base pairing rules, and are
used in st AOGPIPTORAMHTBITG F4Har dircHeS Al AgenpRIRI Ui %ﬁt@ eflglfeeaé? BPStspecificity
in hybrsdi ?@Hicﬁ%_ SFAFRYFL1D XA BhéhoRHEY B h 2 BY BBuiE INIsalflgst abi | i zi ng
than a DNA m smat ch and conpl enentary PNA/ DNA strands form stronger
bonds t hanvibirpesersof aenes ongadmria robipapitis prodgpae. wPRPdaFreay SNRaway been

devel oped [Q &8GR the MAhb @&ihQélﬁle@&%f%@%Eﬁﬁe?%&&@&oﬁbn@t al .,

Sci ence 289:1757-60, 2000; Lockhart et al., ture 405:827-836 (2000);

Ger hol d et syabnymdusenadim dhan®s pwderica sl tabP exressionsf 4 dgeqde199e) ; Wal | ace,

R W, Ml dici d : " Hood, Nature
Bi ot echnol gﬁ%@iﬁlgﬁ%fg’hﬁ%&? i th%ﬁ%%fgoﬁnéé‘?sfg%%“ﬁéggmgalt%ﬁoby hi gh- 20
speed i@bopicosturotarnghass obia polybemnids phisitictaiCasgsatianSINRodt @it nedodarifyr agnent s

w th known idﬁntiti es &"the. rpbe"%.. gﬂg n‘icroar.rgés are, used fqr mat chi ng
known and UFYRAORDRACH PSSR s 4psating SEES (e i JRLFSRP T 481 8P Bial

base- pai ri figiohdhat $an ultimately AR ctRhOE@irddsidhi,bROetiepdhdie attivitfy bT heipBotéin S 0
commonly used to detect genetic pol ynorphis (Roest et al., Hunman

Mol ecul ar ERAEES B @%C%ﬂ@léfﬁ“f? g@f@é@?%&ﬁ@&[@ Sample: B0 noni cs
20:1-4 (19%}a§n5d@96ﬁ,\é{?¢’hﬁs APsh transE@t%hQac@ﬂﬁ{di%SdoﬁﬁinszQﬁ?s 412 (1_995))-
Typically, in the PTT, the gene of interest is PCR anplified, subjected to

in vitld t PRASEE ISP ercah BV alv b, traseaript pragessingduens s @t wiron-

pol yacryl amifeogfdarie! @&t HAPHALERES tive @‘ﬁ@ﬁ%}& SR tid AENA Gbsgsic@! | ed genetic
screening) as used herein‘refers to the 30 testing of a biological sanple
from a subpigedt! seqyerpes sychiap polydrengefisnesegrakregionst Yopes, Shltsdhataye 9 uti i zed to
determ ne | j ' (03 t a Lt her cause, or
i ncrease sta[sllé%t%t% i Z\#’Pjin?\&h%l %l?gglpep%lﬁb ?%gﬁgg&r?gdpoﬁgﬁglf %I%cg%?%{&{]%g{e%gt%e in |Iinkage
di sequi | i bwithm discase-@lubieg sfgeynce du shingtuation, tierreasneegf s xddepitichicsi ty to t hat
phenot ype). .. " Linkage disequilibriunt refers to.the tenden of specific
BT et o2 o it SRS o SR Rl B R b Rt ROP Rt - Shcent Iy

t han woul ddbe&sexpest SHPHitiedughaet caatied, et mhethtlvanlsb asdfuladbe i n conpl et e

SRR TN EAC N T T AL 1)
commonl y UgegrcaRASLEDaBfoxidith kBRIt Ihi Bfdséilidvention. I =
An association study of a SNP and a specific disorder or a predisposition to a
25  safety event involves determining the presence or frequency of the SNP allele in
biological samples from individuals with the disorder or predisposition to a safety
event of interest and comparing the information to that of controls (i.c., individuals
who do not have the disorder or experience the same safety event).
A SNP may be screened in diseased tissue samples or any biological sample
30 obtained from an individual, and compared to control samples, and selected for its
increased (or decreased) occurrence in a specific pathological condition. Once a
statistically significant association is established between one or more SNP(s) and a
pathological condition (or other phenotype) of interest, then the region around the SNP

can optionally be thoroughly screened to identify the causative genetic



A AB ( + nA X+ OB where icsA = 4(12-fi .4) B = P 11-15B), 15A= 'AA
PA' ="' BB- "P; AAB i =n AB -215 Al) B nr2 has an
appr oxi mewe 20two2eepaar e di stribution with 1 degree freedecrfuseoloioadiel i c
mar kers. Loci exhibiting an r such that nr2 is greater than 3. 84,
corresponding 10to a significant chi-squared statistic at the 0.05 | evel,
are considered to be in linkage disequilibrium(BS Wir 1996 Genetic Data
Anal ysi s | locﬁi/searumnce(ép(sxgc icatsetsve SEB(LBﬁﬂhBﬁti@tﬂ@and}@)gulaNry epival ¢tv.ethyt  a
nor mal i zed. asur§> thl, é% <9ﬁ r|un1can be defined as: The
val ue of tHEYEF“hAS PY ?8%6 gFerione QF%?%P When statistically significant
absolute D val Qi kridlswavesidaartBatipatidi@tesh@s td thandht Fithhey are consi der ed
to be in Ilnkage di equgllbrlunl 20As.  used her.ei.n tegﬂghrase "an HLA

°8

genot ype' PRFBRCUEE AR PREPAAL- iTRTF U LN BHEnSRCt e MM al | el es f or
HLA- DQAL, 9.8 51 R ﬁge'ﬁﬂ—&e‘s@ﬁ%ﬁd tHePpY UeH tAG rw Qedo usktl & iEE 0202, and
HLA- DRB1*0701. used herein the word "hapl otype" refers to a set of

cl osel y | i BiisatsHoat %llltpétoééermYe%bmpartsw@mémrw%sw@tmnéhﬂ afsRd to be
inherited {.096f Makmald®nomics"). Similarly, SNPs can be used to exclude patients from

certain treatment due to the patient's increased likelihood of developing toxic side
effects or their likelihood of not responding to the treatment. Pharmacogenomics can
10 also be used in pharmaceutical research to assist the drug development and selection
process. (Linder et al. (1997), Clinical Chemistry, 43, 254; Marshall (1997), Nature
Biotechnology, 15, 1249; International Patent Application WO 97/40462, Spectra
Biomedical; and Schafer et al. (1998), Nature Biotechnology, 16, 3).
Several techniques for the detection of mutations have evolved based on the
15  principal of hybridization analysis. For example, in the primer extension assay, the
DNA region spanning the nucleotide of interest is amplified by PCR, or any other
suitable amplification technique. After amplification, a primer is hybridized to a target
nucleic acid sequence, wherein the last nucleotide of the 3' end of the primer anneals
immediately 5' to the nucleotide position on the target sequence that is to be analyzed.
20  The annealed primer is extended by a single, labelled nucleotide triphosphate. The
incorporated nucleotide is then detected.
The sequence of any nucleic acid including a gene or PCR product or a
fragment or portion thereof may be sequenced by any method known in the art (e.g.,
chemical sequencing or enzymatic sequencing). "Chemical sequencing” of DNA may
25  denote methods such as that of Maxam and Gilbert (1977) (Proc. Natl. Acad. Sci. USA
74:560), in which DNA is randomly cleaved using individual base-specific reactions.
"Enzymatic sequencing” of DNA may denote methods such as that of Sanger (Sanger,
et al., (1977) Proc. Natl. Acad. Sci. USA 74:5463).
Conventional molecular biology, microbiology, and recombinant DNA
30  techniques including sequencing techniques are well known among those skilled in the
art. Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch
& Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (herein "Sambrook, ct al.,
1989"); DNA Cloning: A Practical Approach, Volumes I and II (D. N. Glover ed.



25 DRB1*0701, D@B1*0202, DQA1*0201 conbi nation of HLA genotypes is referred
to as the DR7-D@ hapl otype. An HLA genotype can be identified by

det ect i ngwohlelipnesence of an HLA allele, or detecting aPgeEnstéio/onanker
known to be in linkage disequilibriumwith an HLA allele. A genotype refers
to variation at a defined position in a single gene, eg, 1,1 1,2 2,2. DQAL,
DQAB1 and DRB1 are distinct genes and 5 proteins. Conbinations of eg,
DQA1*0201 o), MbhﬁcﬂaﬁldeSyﬂRBis*(M(Ilem do%e; NMudiaphoidyHybridization As used

her ei n, ati foa . multi] ' genot as a

et ot ypoy 0 A epds &% Hr Reindesy HoRSH TeReBRt RS PabSrSBRE RS a7 el s
present at HABEEC&INAIHIQHES, s UBS4); AhiRjaeCEll TaYurbeR. genethneﬁletiy(lssa@))eened to
det er m ne theoﬁﬁsegge or,_10 absence o th an HLA all

HCA DAL 0D 08 F Rl BeeDREDTDOR PAT b prechtal GREEer a1 e e,
e. g, a difiRiRotr Uleﬁm%'(l@4? FOM. A WIRH, Ik A @UY. BICRrrent Protocdd$inti&eddgr €i n, the

process of detecting an allele or %(_)ll ym)rphl smincludes but is not I|m ted
t o ser ol ogBwlegyelahaélgyck fprshBys(19%Fhe al l el e or pol ynor phi sm det ect ed 15

may be functiongldpg, h&B’l%éI&QAcﬂ n@ NG GEnRY 187 tsrtddetﬁ'vgttfalof{sfacnﬁ&tt@type or it
may be an allele or po ynorphismthat 1s |nt’ ge disequilibriumwth a

f unct i onal hyjuidypatierpdssaym(Miclsen et al. P&lmﬂéﬁﬂ%]!@pl(@%k Eghelmestiaelhced in the
genom ¢ DNA,Of-,3,S¢ih) ?P4t189g‘1§9f’f13é{)§)g§a etg%t% %?o%ﬁ‘?k nde084NAs CONA or

protei n sequences transcri at e romthis région, as wll be
appar et t(i9©4h)a Md drestricurdl HEN Auntimic? @Ak Fedlogs\Vatsal- Qnt:klpﬂxe pAEN®r genetic
mar kers tha i

' ass atotoxicity to.a kinase inhibitor
such s | apie ke GROE SHEPHE LM BERR ShEet HAS Y S onposi t on
t her eof , hgjeelﬁbeyefn Hybtitidatiod db@yObRbusk apPNesPMNedishiatchriegoency i n popul ati ons
of treated subj.ects experiencing hepatofoxicity as ed to opul ations
of treat edd¢§t?3}1@8tg§hw]§é?l?t§é "%%a@tft mﬂwﬁaﬁ ﬁ&w Soinda & "Monpar ed to
t he gener aktro%é&%ﬂh%h@ébmplementarﬁmgmitﬁéndg- he present i nvention pr ovi des
met hods of treating a human for cancer conprising admnistering at |east

one dode of |aplaNAnmsroa6aysdlambqeﬁﬁ@@tﬂneé eﬁ“&é‘?}’éb‘t iR or conposition

t her eof , tBol&B@poBH@'@TatM@tra?'Skzéﬁb §8J‘W§@%0d@(ﬁﬁ) DQ@th@L‘teal Rirghas been
di agnosed as not having, one or nore allelic polynorphisms sel ected 30 from

the group 6#5:8HLIROMHEPVDS; d@@lloldlgn_cria bemas pAochervd! MigncORBIMETBA199M%: sone

i nst ances, cted from
the group S K ROAIabE Mo 3050 (R B T B AT Some

i nst ances, Nutvee Biareakmol gy dH3:064% @896 IaN Achigwanmgisiasnfabiedagdtbgdigh- om
rs12153855 an 7207 23 t hat in t one i nstances,
t he hu?r(gn Y ‘gfc’bg[l Ong rorﬁ?1 nﬁlﬁﬂS{rnﬁs a‘ﬁqgor%?ﬁﬁﬁ%*%wntsl th:%lprg i nst ances,
human i s aldsmtitfes e'Eheqfrottd't)a Ihelrblefohrmys&ym@hbd)fm nveadhiirg noWhiAdfi@8wn The present
i nvention des sey hods tr t using the HLA marker(s). For
i nst ance, ﬁiﬂoﬁaﬁ%gr%ntsﬁg %qnﬁ%ﬁﬁfgoﬁgf‘% lgﬁg%?ﬁ PRENE WP ded from 5treat nment
wi th | apatini b. TIRArbRM Buk@loDEcst GBI G AfbonteaiHadd todetddi deralit el e st at us
prior to the start of treatnent. leati ent can start treatnent with |ap

atinib, ifDPelHEomhsmeRossiHsbdient Yoksher Veraes?: AIP-ERAT Y 8hd/ or

hepat oboXi pif Vyit g%me@trgmafz@rmmtﬂ99tb £RPerPSsUs 8 NRuBidBEhesRBt R0t
managenent . For exanpl e, but not restricted to, if a patient has ALT >3x

and speci f 2601 PR al Yridally. is tedlid thetz%e%‘?frtﬁﬁqtestrtaycB@mphﬁed subjected to

in vitro transcription/translation, purified, and analyzed by polyacrylamide gel
electrophoresis.
“Genetic testing” (also called genetic screening) as used herein refers to the
30 testing of a biological sample from a subject to determine the subject’s genotype; and
may be utilized to determine if the subject’s genotype comprises alleles that either
cause, or increase susceptibility to, a particular phenotype (or that are in linkage

disequilibrium with allele(s) causing or increasing susceptibility to that phenotype).

10



10 di sconti nued. However, if ALT>3x and HLA genetic pol ynorphi sns are
absent treatnent may continue. In sone circunstances, a higher ALT

t hr eshol dw0(2ey/02268%, >5x, or higher) may be used. The HeATalsk@bsgsirhat are
part of this invention are neant to be used to guide a clinician in
providing treatnment. Therefore, even a patient who is susceptible to
hepatotoxicity in connection with lapatinib may start treatnment with

15l apatini b w tHinkge tisequilthriohm”|refesrto gicgendbscy off fpdeificatlelss gnidfifgentncr ease,

the patient's treatnent dose of |apatinib be | red rmnated or
suspended. seromié (ST R Tainer R dsttyear [ an RE A% PREHGAES "o ni steri ng
S- drug to alahcelrrlmle&ubdgeee_tnlmraretihe%ﬁgteieieqmﬁbﬁmﬁ;iftﬁ@fra]ugﬁc_ymfeﬁgenpi on ﬁf .

i sease, as well as providing such.drug to a_person .adm nistering the drug.
The word " PHEGHHSof AUpley Orﬁ%nlﬁa@él%égg@év%@f T 3Gy p%p“ffélﬁat otoxicity or
ri sk of s expeqieRied NYcdifRadPLdIdabite oPinkakAJGRNAAIYRS i9F: Phenotype (e.g. a
bi omar ker of the present invention), and adm nistering a conposition
conprising a drug according to a nmethod of the current invention, and
further includes providin pservice (e.g. central |aboratory testing) to
perform such assessia§ﬁ§Qng§%r+gr)providing a reagent (e.g. nucleotides,
pol ypeptides, priners, probes,” anfibodies) or 25kit useful in perforning
such step(s) to a5 son performing such step(s). Thus, the word
"treatnment” further includes providing information useful for making a
decision to adm nister a drug or for a manner of administering a drug, such
as information abéyt By 1P, pnF,capitizhgy Dyt Psuch, a3 sefsi-+w step(s),
including, for exanple, information on lapatinib or a pharmaceutically
acceptabl e salt oA, ,genpagj27QF, t hereof, in 30 accordance with the nmethods
of the present inventi6n. The word "treatment" still further includes
adm nistering |lapatinib or a pharmaceutically acceptable salt or
conposition thereof in accordance with a nethod described on its |abel, or
any anmendnent t’HeP&td. 2pPIoNingifothh squatsuabontvite ! dageeegiceddntori nvent i on,

|ap?t!nib,bﬁﬂdﬁrﬂﬂﬁ&ﬁﬁ&ﬁ#Ehﬁ@hﬁgmﬁﬁﬁﬁﬁﬂﬁphekﬁ&&&m@ﬁmﬁﬁ@@@&h&bﬁﬂh@herEOf, i's
adm ni stered to said human as nonot herapy. | n another enbodi nent,

| apat i A9 b, toorsignifitrat shirseuprddotatisyc atdeeh@alsvd. warensyered inposilinkess t hereof , is
co-adm ni sper %b‘PfuhﬂB@{Wéi‘??ﬁé @&%fz‘?bbﬁ%&ln?z%z'ﬁ]ﬁ%gﬁﬁf A?s%?@i{%g; At |east one

ot her anti-cancer agent may be selecte t not Timted to, one or
nore of thBumgledapl, dD). trast uzumab, capecitabi ne, paclitaxel, carboplatin,

pazopanib and | gtrozole. As used herein t e term "co-adm ni sty ation” or
D or b ni ot er A RARS MR PobiEs! ShuBR ALl Baitid)

si mul t aneosss adm ni stration or any manner 10of separate sequenti al

adm ni stration of Iﬁgatinib, or a pharmaceutically acceptable salt or
conposi tion thereof “and a furjphergactive ingredient or ingredients

i ncl udi ng, but Jmon(A,ppist.ed to, é%enntherapy and radiation treatnent. The
termfurtherfadti ve Dpgredi ent or_ingredients, as used herein, includes any
conpound or ther I ent Kpo to or that denonstrates advant ageous
proper {9 es mhennggﬁﬁnfg?%ged to a patient in need of

The value of the D" has a range of -1.0 to 1.0. When statistically significant absolute
D" value for two markers is not less than 0.3 they are considered to be in linkage
disequilibrium.

20 As used herein the phrase ‘an HLA genotype’ refers to a genotype that includes
one of the HLA alleles for HLA-DQA1, HLA-DQB1 or HLA-DRBI, including HLA-
DQA1*0201, HLA-DQB1*0202, and HLA-DRB1*0701.

As used herein the word “haplotype” refers to a set of closely linked HLA
alleles present on one chromosome which tend to be inherited together. The

25 DRBI1*0701, DQB1*0202, DQA1*0201 combination of HLA genotypes is referred to
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15 treatnment. Furthernore, it does not matter if the conpounds are

adm ni stered in the sane dosage form e.g. one conpound may be adm ni stered
by i nj ectwonroamt2@aot her conpound may be adm ni st ered oralriug2010/046142
Co-adm ni strati on of such conpounds may be sinultaneous or at about the
sane time (e.g., within the same hour) or it may be within several hours or
days of one another. For exanple, a first conpound may be 20 adm ni stered
once weekl yst\h/thRé' IaQEhm:ptbastgzlpecoﬁrrpHDA(gehcsym-aadiaidehsﬁeelrteyctie&aiuhgfthe Addi tional ly,

t he further act ent or .in redl ent s dm nistered for any
condi 11 on. PrrbsSangREAREUR B s Bt Ttk Rt TR IS Cancer and or
side eff eCHﬁec[iﬂhbTrﬂilﬁl witleat WERtallat. Aagaﬁ@ppaaﬂadyrm vamdtiohesi atfiredpogfiocancer. As

used herein "antj-cance n [imted to any agent
25i ncl udi nit HIPLIRSES F%nltleg%t %72aD§f§ré 5%?‘%@88%3?@1‘% Uhet eppadhas activity
agai nstsa pl&GRPCHRAbBatidAIBl ¢ B{?m?b@@l £ld oI roagest SRB &p7bewbedmd i n Cancer
Principles and Practice of (%mo ogy by V.T. Devita and S. Hell man
(editors), a BHOtERA- t i on (February 15, 2001), Lippincott Wllians & WIkins
Publ i sher s. A P&l 508 pabinO8dLARAYiof bl Imifote ediolynbould hRypRIL to di scern
whi ch combi nations of agénts woul d be usef ul %ase&) 30 the particular
char act er i baplaggpeyfeferheo pdqgct@nmlﬂlheamlamwahﬁﬂ@laﬂebs piasenf atgegieer agent s
useful in r

anti-mcr oihgl u f’rel%gl%en éu%}a{e%p%lh %ﬁq&écgﬂzﬁ%? éd gonfte?/]?lﬁlgetlﬁegl} &S%ﬁceo s; platinum
coor di h@t i anconmibetkes Hia ahd;ell@(wgngn aﬂﬂﬁnDQPslﬁﬁlmaELmlt)QBg’é(nOMt ar ds,

agenty suchADER LTI RURE aulod 3 ARG P el H 830 Somer ase

['1 inhibitalige.such as epi podophyl | ot oxi ns; anti et abol ites such as purine
and pyrim di neh‘gnal ggues nd anti -foI ate co ound t opoi sorre ase |
inhibitors suc 5o thA QECRS of AgFSipgen @ WoRNSH AR utss B s gnal
transduct i gmoPRh Ve sbidbigh dn@hShctid @ttHoas epﬁeQﬂleIeWr Q8RB rphishAGRcRAgi ogenesi s
i nhi bitors; 5i munot herapeutic agents; pr.oap opt otic agents; and cell cycle
si gnal ihg AR be funsiianallpfnyglved i 4fie lgélwéaal mh?%yp&r o it wayheHti al | y

avai | abl e, T@J&%ﬁ%&ﬁlﬁﬁﬁﬂﬁf%@ﬁﬁl&@b BREui b riuBElfin PAMKAGRI | nsert along with
nmet hods of adm nistering said ugs Anti-m crotubule or anti-mtotic
agent s ar epghagwhispeaticke @OBzg@mlssr@éqlhelﬁeal@galdn@qedmh@e gPeonoe DDUY efe of t unor
cells duripg; 0 t e

anti-mecr o%lg)ﬂ)%’gﬁ%%gﬁtlgg }lgencﬁe e%tc?gﬁ%ib%% R@ﬁégﬁgg& 41‘ pmq%(lﬁ e&%gﬁ?lgpllﬂ)tgnm ds and
vinca al kabmaahsLatemﬁtoertpsmcglcts as whll bﬁl’ﬁp@alentctepnevmdlla‘dnmmemat ural sources, are
phase §6)6CIfI C RpLi-cancer agents pcmar erate at f hgte : phases of t he
cel | c§tle. Exanpies s Py gt PBERBTGEC MATFLAR 5y psRrd no‘Y imted to,

pacl it axel h@rad)td)dlﬁty&@alkmgsdiﬁm%@)s&dzh asl?@:ahn]ﬂaamezl pharmaceutlcally acceptable

513, 20- epoxy-1, 2a, 4, 7f 3, 1013, 13a- hexa roxytax-11-

154, 10- o Ao BB B IbEr 5 BRrdP i e overrepresetied i Hedustey i

(2R, 3S) - N- p@fEBVis F-tRARE Y] SRS&DEMBcink Sephtdiatibityads cdnbaed &R pRlaaeHict
isolated fromthe Pacific yew tree Taxus brevifolia and is commercially
avai | abl e aktrestedisypiectt whe éo BQj|cEPSTISRCCTIRRELIOXICItY> qr &S eopRapasep therecheial t axane
fam | y,of @{upﬁeﬁs Docet axel , (2R 3S)-

N- car boxy- 3- phenyl i soseri ne, N-tert butyl ester, 13-ester with

513- 20- epoxy- 1, 2ecordingty, 3hq1@r1®ntua&qnnh@mrvgﬁ@$ mt,hpés@fllﬁa@meghumdﬁ@ 4-acet at e
2- benzoat e | e solution
s TAXOTEREYE} BHARARE ok isRORPR b ARV BB, B2 BRNIRELAD D) 2ot c
agents der aascemalﬂe@ahqrmemp@mm thixkd, 1p|thmhum@xahgbmssaldﬂmmamd@asalbkal oi ds

i ncl ude, th eAdrhall een d|1 ose?as ndth\a{llnblo%ggllfr%g Ylencrollsntlcly D 1Sm§3‘£]e(ile gnor el bi ne.
Vi nbl asti ne, Vi ncal€uko he sul Tace, et rcrar y avai abI e as
VELBANGD afomrnhd fpecdabila-BQladtizin, HI[AFIDQBFE(]NE,,and HLA DRB1*0701. In

some instances, the human is free of at least two polymorphisms selected from the
group of: HLA-DQA1*0201, HLA-DQB1*0202, and HLA-DRB1*0701. In some
instances, the human is also free of a polymorphism selected from rs12153855 and

rs17207923 that reside in the gene TNXB. In some instances, the human is also free
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vi ncal eukobl asti ne, 22-oxo-, sulfate, is commercially avail able as
ONCOVI N(r) as an injectable solution. Vinorel bine, 3',4"-didehydro
-4' - deoxyw@20nign2é3acal eukobl asti ne [ R (R*, R*) - 2, 3- di hydiroxyusatianediunat e
(1:2)(salt)], conmmercially available as an injectable solution of
vinorel bine tartrate (NAVELBINECI), is a sem synthetic vinca 30al kal oi d.

Pl ati num coordi nati on conpl exes are non-phase specific anti-cancer agents,
whi ch ar e fromerpattniorghisvh HL ADRBAG40EX dnpinesingdincpd, Atummuimatsodrediofitabi on conpl exes
i nclude, but.are not limte i,spl atin and carboplatin. G splatin, cis-
dianninedigﬂpﬂi6§$§W¥%ﬂﬁ?wwgﬂggkﬁg?giaIIy avai | abl e as PLATINOLCD as an
i[ nj ect ab: ebSO| M%@ieseﬁf&ﬁﬂfhﬁbﬁﬁ(}ﬂoﬂgdeﬂe&&rialf’tﬁﬂhodiitﬁﬁﬂﬂﬂeﬁetllsling the HLIA o

1, 1- cycl obut anedi car box te(2-)-0,0], is comrercially avajl able as
PARAPLATI NEFFKEESafiof HpaRtcabmans SidorsHN HEA Rgker i%%@%h@%f 5P non phase

ant i - cancefretREGIWilhAaRAaIt Padéiih &hbeRGteBlafE iR TR BILATMRICA Y, al kyl ating
agents form coval ent 1inkages, by al kylation, to DNA through nucl eophilic

noi eti es oPrigrHe toNEIAStisREIcat. Sy pHichcap HEEpIsatment with lpatindy i thg dr v |

hydroxyl, Gal-R0X¥lequaty ckpirdAZR1A8 THIQLRSH aﬁ%*ﬁe@t&b&i@ﬁj, g_&h&lksr upts nucleic
acid function | eading to cell death. Exanples of al kylating agents include,

but are noinfargiatien ¢aacbetuscd tnidireed gattenhmenageasnts ilehexagiplyy bitaphtssiphiadi de,

nelphalan,Kpﬁqﬁgﬁ&RhgﬂQBfLB'mﬁl5%%%%9#?8Q@EE§S%H&Pu%ﬁngﬁigép%g;ine_

ni trosoureas s as carnustine; I'azenes such as
Cycl oph®s phiacintdeyed2 Hovies¢r2H Ml ToB » ehdi DArgengictpetynainptdsnas 2&Halise®, 2-

oxazaphosphori ne 2-oxi de nohydrate, is comercially available as an

s glead e R el L R R B e s

4- [ bi s( 2- chbodrighyth) mayrb&iaded L ThpHeAlalcathange parSoClivimrcaiial dry mawai | abl e as
an injectable solution or. tablets as ALKERANCD. | or ambuci | .

4- bi s( 2- cPR5r5et RyEBii BP%@H&%PF@B@%%&’E??@%& %@,er @ecﬁ‘aﬁ%%tfeaf M° Bvai | abl e

as LEUKERANR:dpaiblc@b SepaBsiidifyan corhediddUbineshtaly diy@irhaasseltifamat e, is
comercially avail abl e, as MYLERANO TABLETS.. 20Car nusti ne,

1, 3- [ bi'3( 2lapwingh vtk mpriermemflivesiameba If lver demmieperar: e Bifenabl e as singl e
vials of | yophidideechBehbMayds 1B/ GNNDnidRaak Baphled. |
5-(3,3-dinethyl-1-triazeno)- imdazol e-4-carboxamde, is comercially

avai | abl e as sifgbsedpinghgwordhitieatimght” arcludTs GirDoiveeane a Apvgith p biunan

anti -cance - - N : [ i
25intercal£ab ﬁ#%ﬁw%&%h&%ﬁgﬁgﬁégrggggﬁ?hgfg?§§&§%?¥@3§ 82@H%§g%%s i ncl ude,
but ar e notrugiterk parebnt a@mimsttiimmthy diugs ThewhrdSredtach i rnbsoymilides assessmgeycl i ns
such as, daunor uhi.ci nd..doxorubi ci n; and bl Gl ns. ctinonycin, also
nown 28 AT ARy EPRoBR L SRl Srdien o PR B SEIRET of m as
COSMECGENCDphdnatypo (b i Gidmarkd8 Sf thic prcpent invention), and administering a composition

Gy O A I, s LSl Bt L hexepy anceyl Jony] 7. . 9. 10
hydr ochl or p@@idirigs service (e.g. central laboratory testing) to perform such assessing step(s),
or providing a reagent (e.g. nucleotides, polypeptides, primers, probes, antibodics) or
25 kit useful in performing such step(s) to a person performing such step(s). Thus, the
word “treatment” further includes providing information useful for making a decision
to administer a drug or for a manner of administering a drug, such as information
about or from carrying out such assessing step(s), including, for example, information
on lapatinib or a pharmaceutically acceptable salt or composition thereof, in
30  accordance with the methods of the present invention. The word “treatment” still
further includes administering lapatinib or a pharmaceutically acceptable salt or
composition thereof in accordance with a method described on its label, or any

amendment thereto.
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commercially available as a |liposonmal injectable formas DAUNOXOMVECD or as
an i njectabl e as CERUBI DI NEO. Doxor ubicin, (8S,

10S) - 10- [WB-2ani/n22632, 3, 6-t ri deoxya- L- | yxo- hexopyr anosyl ) @xyjus3e1gloyaat oyl ,
7,8,9,10-tetrahydro-6, 8, 11-tri hydroxy-1- nethoxy-5, 12 napht hacenedi one
hydrochl oride, is commercially available as an injectable formas RUBEX(r)
or ADRI AMYCIN RDF(r). Bleonycin, a mxture of cytotoxic glycopeptide
antibiotics isohameweﬁmMWMHmanoﬁhﬂm@kmsmwaphnmypemﬂyeraiciIIus is

conmer ci al I ava XANEO, g%ﬁm spnmerase Il inhipitors include,

but are noP™ r‘?lﬁr‘ie%lé%i‘%éme% Phrree! reo aﬁ‘?ﬁﬁ“&%terc?fi to'said humin

epi podopgyhg mbmaa@gl ME hribeer ellﬁU?]dlﬁélﬂ lrapettmib ) zlu lplﬁnh@ceu@éaqlp@wegﬁlzla;\d

ten|p05| e. FEtoposide, enmet yll otoxin 9[4, 6-0-(R)-

et hyl i denes'®r @P%@Mﬁ?ﬂ%ﬁsagﬁﬂ@ f‘é@fﬁ%ﬁ& legsf Qe PRIGFANCEs an

i nj ect abl eag@l UL 1043t e SRR ShH-BhcBiSa gMERES! Utk ctad HoinShit ABTRAKS thnown as
VP-16. Teni poside, 4'- 10 denet hyl-epi podophyl | ot oxi n

9[ 4, 6- 0- ( Ry &Ry PLIEAEONBOD- FSHEWPY: SrRSSIANE]C; Pacttageintishaplainl y avai | abl e as
an |njectaP2£ SO0 Md 18, A8 VUMON(r) and is commonly known as VM 26.

Ant i met abo |te neopl asti c agents are phase specific anti-cancer agents that
act at S phase fDmnad symnithsicsh “esf-adnmpisaion” oy coeadmynijtermigiiand ng DNA

synt hesi s [ and
Thoreby 11 BRSBTS B S MRS SCeed and
cell déat hof SﬁbérMunEmaﬂmdlrﬂmlsnﬁtlcm‘ﬂf lapatlmbmr|atpaamﬁceutmdedoaqitatﬂe saffent s

i nclude, but are P ot Iin%tqg hP fl orour t otrexpte s t%rabine,
mecapt opur PHETPPHHEY 5P h &1 & e V?%’ie %s?n S m%f? DUFIETE, PUEYY yor 0- 2, 4-
(1H, 3H) pyhmi:fbdiion&féhmﬂerap&an@faﬂmam@tradtﬂnynta\rat teablf@tiRs a2t hng@dfME aci | .

Cyt ar abi ne, no- 1- 3- arablnofurano r.im dinone, is

comrer ci al Pvn&f\?gﬂewms asegepeirp drghigey ) co au?dsoréggw%ﬁmageﬁmwaéo Ara- C.

Mer capt opugi the, detorstiltdd ¥ aataBEbul lpfdpe@re@whm éliﬁﬁm@ﬁéfb@hé/ﬁl patei ininSecMeEr ci al Iy
avallable as PURI NETHOLO. Thi oguani ne, -am no- 1, 7-di hydr o- 6H puri ne- 6-

t hi oneld i streasmemer E}uahlqm@vlérip%i@%ma%erﬁ&hmrm(quy s arg h@?m}ﬁt?i“idrié thénal ogs
i ncl ude 25&%@&2@ é},tﬂ)ﬂ?ﬂ & 3&&%%}59&9%5{%9@%%&%&8% ifibd4daLAP L PhOSPhat €,

and cl adri bi ne. nci t abi ne, deoxy- fl borocytidi ne

nmonohydr ocpirepaudé may 8e ﬁ@”@lﬁ@teyed qrally d?nﬁr%;dﬂ@matrfltt;pn&f aidhgbmpousls CENPARO.

Met hot r exa 4 I o]

benzoyl | - &ﬁpﬁ%&hﬁh&%ﬁﬁéugmgg%%%%g?gﬂ%ﬁ%@ﬁggéﬁﬁggﬁéﬂg&L?§$ X%ggkgte sodlum
30CapeC| t akvae] hcpmrydayﬂef(dﬁﬁ4ndh¢1yﬂow<ymbleneﬁf$y¢ommnm¢hlwbc)f uran-2-y1l)-

fl uor o52- 0x net hanpat e, y adnlnlstered
chennt%@raﬁ%n P@Réigﬁ?“@agﬁwmxe%ﬁﬁo%reEFW%n wg?a%el r%{f&%ybreast and

col orect al Adalncleanls, ﬁalﬁmhsr aviat Inghldenas 1ﬁ<§hﬁ£¥mna§:a@a&mmmdalefor &ya prodrug,
that is en tlc converted to 5-fluorouracil in et ,. Where it
i bi 5. DRI Aesehsor A e G0 B RO 0y copd Dt s et

Canpt ot hechfigie trbdi@bimt@ir BghcoCak alhgtafoa ¢t cea¥pt ot heci n derivatives are
avai l abl e or under devel opnent as Topoi sonerase | inhibitors. Irinotecan
4

HCl, (4S)- 54, 148 vred e HWW@X%E@@MM%‘F%@M ianeidpnifsdip-giny agent

car bony} Oxﬁllzl'u@dﬂ'g but not limited to a chemotherapeutic agent, that has activity against a

susceptible tumor. Examples of such agents can be found in Cancer Principles and
Practice of Oncology by V.T. Devita and S. Hellman (editors), 6™ edition (February
15, 2001), Lippincott Williams & Wilkins Publishers. A person of ordinary skill in the
art would be able to discern which combinations of agents would be useful based on
30  the particular characteristics of the drugs and the cancer involved. Anti-cancer agents
useful in the present invention include, but are not limited to, anti-microtubule agents
such as diterpenoids and vinca alkaloids; platinum coordination complexes; alkylating
agents such as nitrogen mustards, oxazaphosphorines, alkylsulfonates, nitrosoureas,

and triazenes; antibiotic agents such as anthracyclins, actinomycins and bleomycins;
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pyrano[ 3',4',6, 7]indolizino[1, 2-b] qui noline-3, 14(4H, 12H) - di one
hydrochloride, is coomercially available as the injectable solution
CAMPTCSARYOR011TRpEBecan HCL, PCT/US2010/046142
(S)-10-[ (di met hyl am no) net hy1] - 4- et hy1- 4, 9-di hydr oxy- 1Hpyrano[3' ,4',6, 7] i nd
ol i zi no[ 1, 2- b] qui nol i ne- 3, 14- (4H, 12H) - di one nonohydro chloride, 10 is
commercially avail able as the injectable solution HYCAMII NO. O her

anti - canceropaxgﬁnérsseiIhmlmbatersshgrmleptpbdqs;ﬁlgmmbhom aparhémmyltdsrméﬂndst ors which are

those inhibitors d k or Aenhj ﬁﬁa CF roces whi ch evokes an
i ntracel | uPléﬁnec?HQmjréml K?aB%B%Peﬁé? th- %COEFPQH@Q ogol ?rasﬁ oliferation or
di fferenti ahibddrs sGignakmplodireiusthofforeR B bhdr@bgal iRkl tide sighlall bi t or s of
receptor tyrosine Ki Eases non- 15receptor t%/r05| ne ki nases 5H2/5H3 domai n

bl ockers, S¥PFHEPERHEYAY W@le(tPﬁa’%(E’srec?HtRﬁ)ﬂﬂﬁ? ]&9?916%%%%%“%1“&1 HaSes,

Myo-i No$i t GhmSddHAdpetieh agdMg; d?@a?ogteﬁ@ %Sand%%l{%fr@é mgﬁ@fhghﬂmwﬁom ne ki nases
catal yse the phosphoryl ation speci |c tyrosyl residues in various

prot ei ns i MOl apdgundsrsiaod i g artaganspereiplly siaylaje, éWtﬂFPtedSH”é% ¥¢ ¢seiibedt yr osi ne
ki nases cafy tQ&r pdbﬁ@é% ﬂfseﬁla %'\Jﬂhqget@o?is o?gﬁﬁ?ﬁlfgfenﬁg saﬂ@ﬂru gcepft or kinases.
20Recept or tyrosine kinases are transmenbrane proteins having an

extracel | ul ar | Aganderbiubedi nyardiondote, agants prsmbaemhecalireagdonaitive agsdsta tyr osi ne
ki nase dongj I regul ati on of
cell growt %%’Rﬁl%ﬁleg gﬂ;lnel% @S{a grrlér%elg{a&%§e oy Sapcrﬁgé% O\f?%céggt %‘tjg | nappropri ate
or uncoht rEkalnﬁﬂesmftanw-atwrombmlk agmtgnncihdet, besec kotniases o, ditepemmidsrandnt ki nase
grow h factor activ er expreSS| on or

it at 1 on. Hitee HEETRL B I duthiet & (AT SRR SRR,

Accor di ngl Ypecifio @ntib@iceddapenta etat vpdrate ﬁ)tfthé(}Q/M Piasa e shehtald ciade NEdantpksd t o

mal i gnant t] ssue rowt nsequent|y, ibitors of such Kki nases could
provi de caplrTEPSs Wﬁ@fi %3{ 4B St reiede- wag%ﬁe G ISABBOB AACTANEr ude, for
exanpl e, epi derpR|itag&0y8,50- @@%gqrzdﬁsé%mm%( EGahydroRl @4l 8h-odgiki ved growt h
factor receptor (PDGFr), erbB vascul ar endot helial growth
factor 1% ecéé@draCQWE@Fbe)lZO%W]r%@iemé’lﬂhl(ﬂ%\é@) NibehzayhAphoyllistsatingaidd ke and

epi der mal IR h factor -I
(IGFl) recg% PQMh tr.r% I:)Oﬁggg& a ony st |ﬁr%§ﬁfg}%\§él%% g‘(l:)%ugr%w(vcf?hag%n(a TK, ckit,
cnet, fibr ahhra&tlagy avdilablk ammmje(:ﬁfﬂ‘é)sohueozeﬁmm® Tt ks arm@ﬁhﬁ:tr of me( TrkA, Tr kB,

and TrkC e rec tors th otoonco Sever al
B o) Sttt P el ReCh BRsh et B e Ge 1| gand

ant agoni st gutyPRitct, 18 disRE with ¥p28icp6x Ki PRI BI I'OBU@hIh@JEa‘hy%Qyﬁﬂtlﬂ =fense
ol i gonucl eotides. G owh factor receptors and agents that inhibit growmh

f act or 20 ecep brcctaimEbengaatartahyglsaers epmmereigly pradlabipewan infgctgbleh, 5John C.

Exp. Opin. I@@asm@ééoom 10(6): 803 818; Shawer et al DDT Vol 2, No.

2 Febr uary et al, "Gowh factor receptors as
targets”, New Miinecukaoidd arcgpbis sp@nﬁc(‘autiet&bplé}mmgtdnedaﬁyd fred.thaNor kman, Paul
and Kerr, Davi whi ch are not

gr owt h facP?ﬂWlPJélﬁggfngéxl?WﬁQéBg 13?%819391%]8-{%5) quag? lé‘l?:tg g’ﬁ ®yrosine ki nases.

Non- r ecept Qinblaytinesvii@iskhd) as®sinbielbinds &/intlasting viiceisaiaibldsiwatfhenis which are
targets or potential targets of anti-cancer drugs, include cSrc, Lck, Fyn,
Yes, Jék, eppmnerciikayataplaps ¥ERBAN 2@ aisetpble B?lﬂfﬂ@ns\/ltl%ﬂfs%%ne ki nase, and

Bor Abl S“%'ilcﬂ&ﬁEPBl?{é%%Btﬁr Lol 1 ﬁrﬁé @gbq]arﬂ&‘éﬁgf n{?ﬂb@@ al BWIN@PQ heceptor

tyrosi ne kinase tunction ar€ escrl Sl , (1999)
Jour nal of inietmdteobhivapyinbidnok, St,¢'RdiGelytroRds daxgtt’ 810(\51)c:a1645(531&st1&9; and

Bol en, J. B[R-(Igg Hg)gf3 d'llygrokylgu]fangeg)oa ?ﬂy)%altS]egclm%\I,lvergfally %nﬁe 09 15: 371-404.
injectable solution of vinorelbine tartrate (NAVELBINE®), is a semisynthetic vinca
30  alkaloid.
Platinum coordination complexes are non-phase specific anti-cancer agents,
which are interactive with DNA. Examples of platinum coordination complexes

include, but are not limited to, cisplatin and carboplatin. Cisplatin, cis-
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SH2/ 5H3 domai n bl ockers are agents that disrupt 5H2 or SH3 domai n bi ndi ng
in a variety of enzynes or adaptor proteins including, P13-K p85 subunit,
Src fam Iwokbnaees3 adapt or nol ecul es (She, Crk, Nck, GrbZ)usamd/oRagz GAP.
SH2/ SH3 domai ns 20as targets for anti-cancer drugs are discussed in
Smthgall, T.E. (1995), Journal of Pharnmacol ogi cal and Toxi col ogi cal

Met hods. 34(3) 125-32. Inhibitors of Serine/ Threoni ne Kinases including MAP
ki nase casdlaﬁhmulnsldmhl@eds;ﬂathmcts obﬂﬂieﬂﬂzﬂlyblv@dﬁbﬁe& POATRIOLIG a3ases (raf k),

Mt ogen or . Extrace uI ar ul at ed Ki nase nd Extracel | ul ar

Regul at ed KIGT5SESO arﬁarﬁ%ruppbfvé% %‘élé [b?fs?@ﬂtm member bl ockers

i ncl udi ng Qllc%gy%ﬂa?te(gf) CE) 6@15@%&%1&11@%@11&1 QAR ARATIRG odB, | @anbda, iota,
zeta). I1kB kinase famly (I KKa, |KKb), PKB fam |y kinases, akt kinase
famly rren@eacglbleasnhllt@@: beta receptor kinases. Such Serine/ Threonine

ki nasess and i nh r.eo Taya, S.,
Kai bUChI é@‘gggﬁgﬁ%ggﬁg Jon ?eg@ eﬁjilés%'t?%i/em f%g Eg§ td‘_}ggﬂ-%% Brodt, P,
Samani , ¢leam;bhmavﬁmlcdﬂy, 2(112506161); ag&08foonlvevdlar linRigas, pelkyagyn, t&0.

1101 1107: RSO decpn5' R G255y DR, RO RS S B S, 2741 84

3- 27, Lackeythyltyl, & drakylBiatxgRancinddcto Megoupk.nachGligmdtish ﬁ)&nlpﬁﬂtﬁl’e&, (10),
2000, 223 22 U.S. P t ent nd Martinez-|acaci ., et al,
Int. J. g@“@%b‘ﬁ‘) n%@@iliNgeaﬁlh é’?mp?es Ofalﬁyléi‘}?ﬁr%%%‘?éﬂc ‘&?‘eati}‘éﬁ’ieé‘m e protein
ki nasejg nhhﬁlté&fosmtrﬂ nUA@tar KuciRbLeydRphdshRanhigél nﬁ&phatﬁﬁ%ﬁﬁ'cﬁ%@@oucﬂet uxi mab,
imatini b, trastuzum gefitinib, ranibizumab, %atanlb sor af eni b,

§

dasat i ni b, alkvirutenites, Su@rasm%faa nigipsoRteRhiush 2§ eAFRKSIRFRNG FAEZERS AT, and
pani t umumal, 4Beyacizumab, is a humani zed nonocl onal antibody that
recogni zes 5and bl ocks vascul ar endothelial growth factor A (VEG--A) and is

avai | abl e as AVASTInNosph@atdgxd-Hay2icklogpetylismmialipteahyeier ikl 3&-ant i body t hat
recogni zes @!@%Eﬂﬁbm&%g%g A6y AFatd, SERE L it Fnil Idad A iRuakbiabl € as

ERBI TUX(r) .
[ (4- metfiyl pilpemar tablds 4 O YEOXHNS. Ndiphetbd ybBE-¢Morpythylutining-lyl pyr i mi di n- 2-

yQam no] phe nzam de, is.avail e as. GLE VECO. 10

Tr ast uzurmaB! G%Vg PG AP ﬁ’éaélaﬁlﬁ%?:rf Wfa%rfﬁ%ﬂ%?r&wgﬁ fnterferes with
the HER2/ ngukiRoend OChRkSHUKIN MDA cKEb R Eth AN S THERAE L eh ik layidgyai | abl e as
HERCEPTI NO. Gefiti nib,

N- ( 3- chl or epramércighy @V%@ﬁﬁ&}EUKWWI%Q @Slﬁﬁi@l }.frbytag¢dilopoxy) qui nazol i n

-4-amne, is an ECER inhibitor ai | S zumab is a
monoc! onal SRRSO bgnc@HFne(?i‘%éﬁ @?ti’l?/aéﬂ\%ﬁ“ﬁ T%?“Eiﬁe parent nurine
anti body aeabematd, 2 30BR(2AAASIhN) -narsloirda, a/@intraditiell psyallAKIENTYiHIR

Sorafeni b, 4444[4-chloro-3-(trifluoronethyl)phenyl]car bam)yl am noj

phenoxy] - NVidkstoh prophiesdaniferia ay BKOOX @miDaeardyzanes S+ in ety ldTRERAVARO,

Dasat i ni b, imidazole-4- carboxarmde 18 cornrnermallé/ available as single vials of material as

N- ( 2- chl or o- 6- net hyl phenyl) 24[ 6[ 4 hydroxyet hyl ) - 1- pi perazi nyl | - 2-

met hyl - 4- pPTICaDdimeRl. | am no] 5 th| azol e carboxam de nonohydrate, is

avai |l abl e as 20F{ CEE . E t f ; o bi

N- ( 3- et hynyl phe n%“’ A E %C("Ea% SKRERAPEES PeYUs AETBI VRBL"d % ne, is

avai |l abj e ﬁﬁerJM@NA\ll Eﬂimplﬂsb),f aﬂttHEIcfhjﬁh-cMr égbnMdﬁg/cﬂ:; Hutliars dazol - 1-y1) -

5-(trif|uo orre hyI phe ridin- idin-2-y1) .

am o] benz 4 skRarne sugh o1 s At sithap e nadbisdna
Pazopani b, d&coh[b‘h]ﬁ (add Bteang}ahbyﬂacﬁhbmmzagbkﬁowxlhm&tmﬁ BinM}is 2- 25

pyri m di nyl | am no] - 2- net hyl benzol sul fonam de, is a VEG-R i nhi bi tor which is

commer ci al Pwmaqraiallamaelablg H\/J@IPFaaEﬁ‘QI'f@m PLPDINFGRAE i @a@omlclny ($uererr

nonocl onal nt| t. | ar recept or (also
known as E Cet\él s[%(z’ 31%6@&%8 trIL:&)eB a d‘gﬁiﬁ“@yréﬁl T%\y ?gbq is marketed as
VECTI BBX( 1 Jetralijairsvo 843 -teiyglirxor hoehox g AD agpleisacatedions Bf’dtbclﬂ:(ﬁmplls]nds for

treating cancers 30 in @hlch there is a r Iatlonshl et ween t he hornone(s)
and gr owt h°PaFsiRllY apabe agi GORsAMBkinicRab le e E?%ﬂoé\é BT Adthones and

hor monal —apal pgles dﬁﬁfﬂiblNE@C%Q%bfc{ EAlITREK) 1' 51@ el ro- ftﬁ"({e% 10t limted

to, adrenocorticosterolds such as prednisone and predni sol one ich are
useful in tHelyxp-datapgrinof)orglld-glyerivyll % 8pPh Onerahpdtodciyt letrihydroxy-1-
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| eukemi a in children; am noglutethimde and other aromatase inhibitors such
as anastrozole, letrazole, vorazole, and exenestane useful in the treatnent
of adrenovonpilgakédsar ci nona and hornmone dependent br easPCTAISCHNOME 42

cont ai ni ng estrogen receptors; progestrins such as negestrol acetate useful
in the treatnment of 5hornone dependent breast cancer and endonetri al

carci noma; estrogens, androgens, and anti-androgens such as fl utam de,

ni | ut am demethogwbuf amphdeceedjpnohgdrochdoraie ok atremarthli$avaikbigas ases such as

finasteride.an taster | us [ eat ment .of prostatic carcinom
and beni gnmﬂﬁ’:f?g %@%gf@o%r@ﬁ%wcﬁgﬁ%@eﬁ@e%%n& ‘f‘%‘ﬁ%%ltfen

torem f eneeytét@l(l@)gl}fcsﬁb%ud@&rﬁﬂbﬁ%lbi ROI8ted IHOHHOX BN, SaproWpeds vasicHml,ect i ve 10
estrogen receptor nodul ators (SERMS) such those described in U. 'S. Patent
Nos. 5, 681¢@@8¢ereliggmilallo as BRENOXZOVE®16, useful in the treatment of

hor mone; depend i bl e cancers; and
gonadot rop| n- r:’F@zggfﬁlg&%oﬁ%{oh?%&?%ﬁﬂﬁ&dbgt&bg%%ﬁlﬂg%gg& t her eof whi ch stinul ate
t he r el easepipddopleitoraxisi ﬂgampilemfm@lp(oﬂ@hyaotdﬁms inlodé,ibof ge sbu Inuikedtto,ng hor none

(FSH) for thet ment tat . n LHRH

Caon st o ararosdaRa FEbaRE EhR ke S AR e B bR SRR e

Let rozol e, etftylidefic- F;mgmplwaa&hdé ;I-ls%oﬂm{efduﬂwvalla:bléaiﬁhMédtab%%@ﬂiohrl le, is an
oral non-steroidal aronmatase inhibitor for the treatnment of

hor monal | yor @bpdessi VEERFSERS anéahmm@fly émow@éﬁ-% ahanifosidgai | abl e as

FEMARA er, ically

si gni f@:an Gf%e%ﬁt‘yel's%gl%ég gﬁ@%’? %Rm%ﬁ‘/%gﬁ B g‘ \é\,?(g)grﬁ%é%g%i }S]I b, or a
phar maceut t&mhérylaagzaeapltaablaearsmjebtaelre s6RHAPOS VUMON@%&@@‘ conagmpared with a
human havi ng at | east one pol ynorphi sm sel ected fromthe group of:

HLA- DQAL* 051 a3 VABEB1* 0202, “ and HLADRB1*0701. |n anot her aspect, the

human does not shaWetiBR dcbpidfic agbRY At bRRCe sPeofle anBRAARF a tRfth&r the
adm ni stration of at |east one dose of |apatinib, or a 25pharmaceutically

accept abl eatsaphasqDNA fpwldsts) ofrihe prblravele by iphikigpeDNAstyaWessor &y hunan subj ect

may be;ser of
HLADQAlg02%%1%|}|{|_g|£\ﬁ%§{*’62;}0%d1%6 ]mle %Q“ﬂ&é aﬁmh\éﬁebﬁmfel?ﬁéﬁg‘wﬁg% enbodi ment
of the preSemeqimtierit phoss dqmnﬁom@eed@dmeb‘dﬁdbﬂﬂlfom Egangdenafg a human

subj ect as Iﬁ{ﬂle%b%h{e R-rnggﬂl s ngen@ Rﬁﬁ(ﬁt Bl)ftla% ﬁc%fl&n? {1%0?1561'&1&1
admnlstra%lon or cadm nistr at VAT TECe |ca acceptabl e salt or
conposi ti omeﬂlheemm‘ cytarabine, |rﬁacm1gopieh1e,rtmoguamg1ev\hteitg@erc1tﬁﬂm §ubj ect has a HLA
genot ype associ at. i th,an i eased r| k of hepatatoxicity to |apatinib,
or 5 phar nhegavReherfioita dpr ERL BT b SR T i plbe i

conpared to

the risk erp&shRdl i OythdBingenShiad-1PRPHraihFkanddPE? BIH)-gyRthidh@rence of such a
HLA genotype indjcates the subject is at increased risk for a

hepat ot oxi ednuyercglly aw@blnﬁbCngSéRpﬁ@rﬁrlﬁdeﬂe‘tmI@%ﬂly knoagsptradbl e salt or
conpositio e;&g‘{ ﬁﬁ’ﬁne B_ ¢ ﬁﬁgcgﬁng)&qﬂ %{)V\%@ 189 e Sugﬂér eating said

subj ect wi erapeuti e I"apat | ni is not at
i ncreased #vasikblehs BUEMHJI{(O]L@XITmotgyanh@ R-aﬁlaid-nv-ldlhydfo @H-ph@mt&ceuti cally
acceptable salt or conposition thereof. |n some instances, the HLA genotype

i s sel ect efigeoimeemBesiadygvaiiablep AABKGAREy Ldyher nuFine FRawes ishsie and

HLA- 0 c det ecti on of
an HE!?\-E;:gr I%@%OZS(S%QW%JOH%&%EM ﬂumwbﬁﬁfﬁggﬂh%aéﬂg Ir&%ﬁ%%?B* 4403 allele

with an i nGrmeitdbher ?'sdeony-2ex pdifiuercytgnelotmpadiotidaiidsi (Bysaneer]), &pat i ni b, or a
phar maceuti cal | cc bl e Siti r.eof So met hods
Purther -correbifER e hoR e gE R A, ARG R SRy pe 1 n Thoce

r $12153855p@AhAl) nch T12RHRid) GeRy &) ldaf dchBis @emype eWaIlé’bl@n

i ncreased risk of of experiencing hepatotoxici ty to lapatinib. In sone

i nst ances, 21 RENFFAL sediBPect may have both HLA- DQA1*0201 and HLA- DQBL* 0202
30 Capecitabine, pentyl[1-(3,4-dihydroxy-5-methyl-tetrahydrofuran-2-yl)- 5-

fluoro-2-oxo-1H-pyrimidin- 4-yl]Jaminomethanoate, is an orally-administered
chemotherapeutic agent used in the treatment of metastatic breast and colorectal

cancers and is available as XELODA®. Capecitabine is a prodrug, that is
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15 pol ynor phi snms and/or nmay be DQR.2 seropositive. HLA Class Il peptides
form heterodi mer proteins where DQAL/ DQB1 and DRA/ DRB1 conbi nations create
di scret e wotbgan243Bndi ng sites (Jones EY, et al. NaturePRewiSews/04diamunol ogy
2006; 6; 271-282). HLA-DRA is functionally nmononorphic and no further

mar ker di scrimnation can be gai ned by evaluating specific allelic
conbinations. In contrast, 20 both DQA1*0201 and DQB 1 *0202 are

pol ynor phi enzyb@¥cally toR2@itcd wdi-adrbwyradibinnis tamsr, wharliviniipas DA orns wi t h

DQB1* 0202 .2) _or 1* 030 .2), while a DQ2.2 trans isoformcan be
created bygy eﬁlﬁ&?@%la\i'%?ﬁo ﬁ}?ffﬂ“ﬁ&q%égz and DQ2.5 (DQB 1*0201/ DQAL *0501)
(Fal lang. et al Car¥abttiednd, MRAHADIOGYNPLARZIn dHd;carhPOfedih@2jivatiTiedref ore we

investigated alleles that contribute to the, .2 serotype, C ri sing 25
DQAL* 0201 a\saﬂgblﬁ%mdare?wﬁhome%@wpmm%se1 foifn driveiosea ”@égggnat ed as

DQBL* 020193, 1 icfHy3-40F d%dk%@qu 8Rdih dihenesbdaylox¢l-1@l . Nature Reviews:
| mmunol ogy 200%' y% 571- 82( 18{% ALlT&iﬂl?egvat ?on i;lfotxgjg confirmatory study.

I n anot herP@ﬁ%@’b%;ﬁ]mﬁ@im%zéﬂQémm“g?r?dé@fbl‘zﬂ)rdé‘&ﬁhﬂémahlﬁﬁ@ﬁaﬁ subj ect in
need of tr &ﬁgrg@%{;allwa\tapaﬁl@gﬁﬂe ri'ﬂ'%ctag)?er sofutRARAMEPYS AR hpBEEHRIEP! e sal t or
n t het eo tho P

conpositio , the ne conprising: determning the genotype of
t he human &)-16HAMBQARMitdiActDBRE;cthi-ASBRRBArogrtd-or HLA- B regi ons of

chronosone_6; d,, m.ni st eri l. apat i,ni har maceuti cal.l

e cont an craupd or A L S PRR S S P AR RS SR i ¢ at et e
in an HA gestnictkidlBlavaiibeCdseth injcBtabloRBluliSHEOABSTING HLA gene is a d ass
Il HLA gene. The polynorphic 5 allele is selected fromthe group of:

HLA- DQAL* 0201, Phar Boprresp agentsipgiudq saprbransrtion pghupt nBIREPHYNHAe human has

at | east ong yaddidniBR! wRRh¥RK BhinfibRlalcBlificall oRQEhibNSIARBCHS, the human
al so has at | east one pol ynorphic genotype in TNXB sel ected from

r s12153855ingmerllukat 7iRoze 285 usvi hproghia changp soel peplifatettpnfoas diffprengietionhi ng

| apatini b, . - o . Of: ition thereof,
tora humanS St RARBR R ARty h BB B e TR, ¢ o

treat méht wicttiod tapaint kinbses,H24Sh domaic blockaralstnncdbcephakhesesal t  or

conposi tion thereof rising: . . . .det.erm ning whet her the human

coby oot ol ERps IATDRARER Bivorine gtk Shd hPRr RS ner eaced ri sk of
hepat ot oxi Béveyal prxdgip af@thetkinasésecataiys K thephbdphod bgenef gkcifiopuwbst i on, and where
sai d human subject i.s not .det erlm' .ed}bﬁ{o qave ? antE%lﬁpe t hat has been
associ at ed™RH T N B LEYCPT 9RO H‘é‘%&ﬁ By, C% O USRI PfY%t ment with

| apati ni b, tyaésird KMHESTTRE B8 biogdly llsaaieRtredeb®r silon-rBdcpP RPaskt i on thereof, to
sai d subject. 20HLA genotype that has been associated with an increased

ri sk of0hepat ot BSGERPT {yrqsiie kinjagestaetras GanbBe pietsins haying pp axtraepliitag2o1

HLA- DQBL* 01?1%%(1 bﬁ{a%eglﬂeﬁ@ﬁ@lwmgemb@ggidbmﬁ%d% tyld3fic TR oMY, have the
genot ype HLA-B*4403. Met hods for genotyping or determ ning HLA
genot ype i Retoniwe tyrenine kapasesyae invphyid mdhe gulpgamgsl! greath skaset t he presence

of the all géﬂ-ef:all%né(? GRS Bctor receptors. Inappropriate or uncontrolled activation of

many of these kinases, i.c. aberrant kinase growth factor receptor activity, for example

25 by over-expression or mutation, has been shown to result in uncontrolled cell growth.
Accordingly, the aberrant activity of such kinases has been linked to malignant tissue
growth. Consequently, inhibitors of such kinases could provide cancer treatment
methods. Growth factor receptors include, for example, epidermal growth factor
receptor (EGFr), platelet derived growth factor receptor (PDGFr), erbB2, erbB4,

30  vascular endothelial growth factor receptor (VEGFr), tyrosine kinase with
immunoglobulin-like and epidermal growth factor homology domains (TIE-2), insulin
growth factor —I (IGFI) receptor, macrophage colony stimulating factor (cfms), BTK,
ckit, cmet, fibroblast growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and
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25Al so provided are nethods of adm nistering lapatinib, or a

phar maceutically acceptable salt or conposition thereof, to reduce the

i nci dencewof20hiepad3at oxi city, conprising: froma starti ngCpapsadiaian2 of
human subj ects having a condition suitable for treatment with lapatinib, or
a pharmaceutically acceptable salt or 30 conposition thereof, selecting a
treat nent popul ati on having a decreased percentage of human subjects with
an pol ynor ptky, ephtieleph) rcditoks,aodparRHT protobhegsicarSeivergl iplapitdradf on; and

adm ni stering. |apatinib, or har maceut i cal | ccept abl e salt or

combos: t | ofteibRarer g vodir Ry TR FERE R tabr SFSEENAR, BBt he

i nci dence @fodiekataed DKibitbisyand Sntl-eAMCS (hohiiclddiided. r@atvtrefttoP@Piptat m@n conpar ed
to the incidence of he at%toxi citbey tgat woul d be eﬁépﬁeicted tQ occur in the
5 starti ng$8pdhasnhdht erowth factay reeepir dWncerarg desCBth U dnsies- de ket yi ng a
human ssibj @b @LEAPNOPRATRY. Pdisiis @00BXNDENHRENEI NGhavy RENSAMSIVHI Xi ty reaction
to a therapeutic regine of lapatinib, or a pharnmaceutically acceptable salt
or conposi tPohFeteed?97: auhigisst Hget abe Croy thifageracigpiont 3 regis t ¥6Wni que on a
bi ol ogi cal \RAIRLETIEATYEValc R UNBHothdQps UB) Woiknta, B8] SIdRAE DMEL her the

subj ect's HLA genotype i ncludes an al Pel e selected from HLA- DQA1*0201,

HLA- DQB1* 0282, pr&ss 1P40DRBIon0701; det ecting an HLA- DQA1* 0201, HLA- DQB1*0202,

ﬁEg\/ ([))rQAT’I*_ QE)OR ?1*%%?%&%8% 8V 51 ?Crﬁg‘ﬁecli?og %ﬁh%%%%@gﬁﬂg%sﬁgré ?e\?\nm? n% i ncreased

ri sk ofl0 expeeptertgiosige &inaepalNot-oxcedt tyrdsme &inabm f@apselin tbe peginre of | apati ni b,

or a pharmaceytically acceptabl alt or conposition thereof oppared to
Che r Po 1 PoRohy Rl a2ESER: SPicTerBiiine o5 MM EREp e AR S5 G Ea | ol e

wer e 20det Begd, &@ds, Jak, cAbl, RAKUHoe4d tad insion &lrfase) oBrufouns tyhesind kieasé,iahd 8dr-f or

i ncreased r| of hepatotoxicity to |lapatinih.by genotyping said subject
for HLA B* éla‘@?wa&a?lbfe%?%v% 28T ﬁﬁ?fmépbé%nés%@@?ﬁw% kst genot ype
with an i namedsese Bdsskbaafin BRRAS Al Koyt 9.7, @b@)%h@@lofmﬁﬁto@&rafp?r testing of
one or m)redoolyrmr phi sns be selected 25 fromthe 8roup of proteins,

nucl eol? ded? %@Pl%llﬁﬁsﬁf‘é‘&%%%ém%ﬁbﬁ’érﬁ%?n’ &Br Byegsel-$-s(198gyrualy| ood

conponent sy yliJ Famafido@).i1¥a371 18\t i ng for pol ynorphi sms may be conducted by
several techniques known in the art and/ or described herein. Anot her

enbodi ment pr ovildZSHAdemeid dldckers preagerieiint dsrupt IlZnurbESuleimaat bipdiag

| apatinib, .0 : r i > : ) .t on thereof,
who have, glrar‘?gie\%lbg eé}%’\%ge%}é%%b{ﬁg%%g@g‘g&gég%gﬁ ir?gp%ﬁgrg g%trf%% ressing

br east cankignscandimor hitRUl@phd, Cirlg MNck ohirbanehdias €5 AR cBiY/SH3 gpimains t her apy

i ncl udipng one or .ore of an anthracycline, .a t t rast.uzumab, and
who do”hot NS5 (P sBeop BN GRS e T 19 P e BE For o P i ¢
pol ynor phi Bisma&ll@gdtat ehd TamoldpgcagMethodQ B4 (3HILZS-EXAL* 0201, HLA- DQB1* 0202 and
HLA- DRB1*0701.

Inhibitors of Serine/Threonine Kinases including MAP kinase cascade blockers
which include blockers of Raf kinases (rafk), Mitogen or Extracellular Regulated
Kinase (MEKSs), and Extracellular Regulated Kinases (ERKSs); and Protein kinase C

25  family member blockers including blockers of PKCs (alpha, beta, gamma, epsilon, mu,
lambda, iota, zeta). IkB kinase family (IKKa, IKKb), PKB family kinases, akt kinase
family members, and TGF beta receptor kinases. Such Serine/Threonine kinases and
inhibitors thereof are described in Yamamoto, T., Taya, S., Kaibuchi, K., (1999),
Journal of Biochemistry. 126 (5) 799-803; Brodt, P, Samani, A., and Navab, R. (2000),

30 Biochemical Pharmacology, 60. 1101-1107; Massague, J., Weis-Garcia, F. (1996)
Cancer Surveys. 27:41-64; Philip, P.A., and Harris, A.L. (1995), Cancer Treatment
and Research. 78: 3-27, Lackey, K. et al Bioorganic and Medicinal Chemistry Letters,
(10), 2000, 223-226; U.S. Patent No. 6,268,391; and Martinez-lacaci, L., et al, Int. J.
Cancer (2000), 88(1), 44-52.
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Still another enbodi ment provides nethods conprising a step of HLA

genotypi ng of a human subject being treated with lapatinib, or a

phar macewpDcalloz2@accept abl e salt or conposition thereofPCTMiseolhags1az |l i ver
safety signal, and optionally providing a step of continuing treatnment with
| apatinib, or a pharmaceutically acceptable salt or conposition thereof,
with safety nonitoring of such subject, which subject does not have, or has
been di agnosed €ammeicialgwesilable@raein kmaee iahibedrs inchak youwoap hoslisitgiebect ed from
the group of: HLA- 1*0201, HLA- *0202, .10 and HLA-DRB1*0701. In yet
anot her enﬁ%’&?lﬁ]étﬂ?b’ YA ’ilﬂ’\?@?'}ﬁ’i tgar.%‘z’}%? ﬁ%fi‘tﬂﬁt?’éangw‘g?a@’ PEREdes one or
more al | el ggafithibdaBatiilg€ietiniB cSlotifiid Gdlotinid| lapdt@it) pastpokiBranfior an all el e
within such gene, an allele or. n%rker. on human chronpsonme 6 that is within
about 6 me ‘a@@mﬂ‘ii BEVIGMaSUe A NyaREzSmeneciond aptikedy it B908ttd an all el e

or marker Lfedlodk§ vhftulat Sse@8LMISRRANIEARA (Bar-Aha@isaldigbe «9r marker in
such gene, wherein such 15 gene may be one or nore of HLA-DQAl, HLA- DQBL,
HLA- DRB1, AVASETN®d Qo@rindb is Msroyesdeunen chivecricrppebady dhpt ieepeiecsused wi t h human
subj ects di_agnosed wi,th _or sufferi f.r.om C pact udi but not

i ted t o RERE R el el SEo B AR RS ekt B> "o

Akt , as we[(H-nashydsipdraifiil pametandNMehasiyds i ct-petds3gfpydtidiead and neck,
breast, lung, colon, ovary, and prostate cancers. The nethods nay al so be
used for arNAROMBRReyUBsEenIdseR Avliebls gt SHERVERS aifdkiVEG®- The invention al so

provi des neLLRdsn ista R@lahRed %oﬁ’dé%hof:l%al%ﬁﬁ'&ﬁ& P R FesdsRe Al ni stering at
| east one dose |apatinib, or a pharmaceutically acceptable salt or

conposi t i oHERB@eetscepteiclsodingwh afrirb2 ane i copmangjaliayailableds of ALT and/ or

total bili ' T 1.0 from sai d-hunt enot yping said human for one
or nore al e?@%@f@hﬁ%ﬁ?@h@ (gélflé%t‘gﬂ“?rgg’%el}yg?gp%r%ﬁﬁéy of : HLA- DQAL* 0201,
HLA- DQB1* 0292moaphd liidd A BRIy qtiihzo in-$-aimthehid ma B GFENDINbitsral eitabirusel evat i on in

said ALT a 3.0XxULN and/or said total bjilirubjn is above 1.5XULN to
about of abOvS N hReRadene en e Ua) Gairhiediing at | east
a secomsl dgs@ fbent ARAKE MtBodPasIRV LA B YNRASTINGRAM iDvEALIE@ESs not have one
or nore allelic polynorphisnms selected fromthe group of: HLA-DQA1*0201,

HLA- DQB1* OROLENMI® HE pva ORI 44 7-0(#-chioveB-(&iflyarsmethybinhenyl|adrraragydnino [TBL can be

Tt kg PSS SO i b EOmLES 1 el v
Dasatinib, N-(2-chloro-6-methylphenyl)-2-[[ 6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-
methyl-4-pyrimidinylJamino]-5-thiazole carboxamide monohydrate, is available as

20  SPRYCEL®. Erlotinib, N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy) quinazolin-4-
amine, is available as TARCEVA®. Nilotinib, 4-methyl-N-[3-(4-methyl-1H-
imidazol-1-yl)- 5-(trifluoromethyl)phenyl]-3- [(4-pyridin-3-ylpyrimidin-2-yl)
aminoJbenzamide, is a BCR-ABL inhibitor and is available as TASIGNA®.

Pazopanib, 5-[[4-[(2,3-Dimethyl-2H-indazol-6-yl)methylamino]-2-

25  pyrimidinyl]amino]-2-methylbenzolsulfonamide, is a VEGFR inhibitor which is
commercially available as VOTRIENT®. Panitumumab is a fully human monoclonal
antibody specific to the epidermal growth factor receptor (also known as EGF
receptor, EGFR, ErbB-1 and HER! in humans) and is marketed as VECTIBIX®.

Hormones and hormonal analogues are useful compounds for treating cancers

30  in which there is a relationship between the hormone(s) and growth and/or lack of
growth of the cancer. Examples of hormones and hormonal analogues useful in cancer
treatment include, but are not limited to, adrenocorticosteroids such as prednisone and

prednisolone which are useful in the treatment of malignant lymphoma and acute
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human is suffering frombreast cancer. In humans who do not have at | east
one of the follow ng pol ynorphi sns: HLA- DQA1*0201, HLA- DQB1*0202, and
HLADRB1* OWO2p11m22638ho denonstrate el evated |iver signal #CTHiSz@w/0sé1ghal s
such as ALT and TBL can continue to be nonitored while the human subj ect
remains on drug. If 5 these or other liver signals remain el evated above
3. 0XULN, then lapatinib treatnent can be discontinued or suspended until

| i ver si gnklkentiefiruchildten; smoinoghtethdmige and_@tpataircnhdjastemﬁalbltmmllcmny be restarted.

The invention aI f admnisterin a

phar mceut POAFEY Cale BB bFRed B4 G RedliBburt oRBE Hefgk & 0" human
conpri si ngadrdf¥canticaldaiciiosiaeni Agnidhe Hq&ﬁﬁenabxfeasrtsarcﬂoﬁle c@ftalhﬂl@atl nib, (b)
nonitoring at | east one liver si ‘g;nal in said hu %? enot%pl ng said

human for SWEETITeHBIUs: AILSHTIRS PET ghBrFeirelpectas v l‘léEIﬂFr AMeREClgr oup of
HLA- DQAY* OR8Hnon Elidive FYIRL5:Q20 dancanild idh kiRl c@Zﬁ%@)m’afesﬁ@ééﬁs an¥@Eersi gnal

becones el evated after receiving at |east one dose of Iapatl ni b; and 15(d)

admi ni st er Mpngtanfdogens Sacls@éblﬁ?dmé@sléuf@mldeabla@luﬁ%mbiet Q/DEAFTENGENEIE i f t he
human does ) r certain
aspects the&floﬁ/%?&gﬁsgﬁg 1 ar I(;H%é gé%{%ﬁédﬁmtéﬁ%ﬁ& hﬁt@%&ggt?lﬁﬁ%tfher aspects,

t he human pwstatd faerinargp zinddnmlgnewstaﬁchymmphﬁl_aﬁtlrcmydmneiwhm ed to above

3. OXULN and/ or..IB If %g ? eva g 1S a gﬂ LHTRN 1? Ft 5XULN or above
2.0 ULN af PEPXH™ [REgL{ernsH g GosE S T4par 11 e%asr?{% & FIG% si gnal s may
not beconmecwdogstatcedhtatmiddulatny ESERMES) sOﬂEthd@ScEscﬁ)ﬂ)edl &lFIaSl Pdtént Nas. been

adm ni ster si n, P odi c niitorin liver signals can be
per f or ned gg% g%ﬁngﬁyﬁgﬁgaﬁ%ﬁ@&{ﬁ u?f‘fqté)?ﬂ‘?ﬁréatm%%}té’rfhg%’ﬁldei’%g@} evated to
above the pREIBAcInEMAEand Stherlsh@eptiily @dncsk; glﬂd'gona'dbﬁf@ﬁniél@l@ﬁg%oﬁﬁtﬁﬁ as ALT may
not be elevated to 3.0XULN after only one dose of lapatinib, or a

phar maceut {@Hiyang eedpgushihsregfyvhich ﬁtnzlsléfé fhsosierssof {NEREHE hoBAe Ry i ncr ease
after two QrymAR:r APRESstHuldtBRALHAHR- (Fs‘s’ﬁ) fo?tﬂéri'l‘é%l%h%}gst&t{b &hgnodlal . 11 ver
signals may not start to elevate in a human receiving therapy regardl ess of
HLA pol§nofqskistiee, &HRdT agonisis a@ﬁentdmem@tﬁ sydhens awrelunﬂcg@iprend grodilces, |iver

signal ele one nonth

or “Up to oF BB AR Qe BhaRHA L ALR R Ilh R bk BF @%n“%ﬁ.ﬁ%r Si gnal s

such as 30stﬁbiﬂabanmbiesermmbtt@’rfedthatreatmbmrafablsnoaaldiy -ppeproisiypbregstranceoccur  onl y
after a particul ar Iaver naIF<E£?/§t i s reached. Lapatini b may

i ncrease s&fUMESGYAN Eﬁvﬁ §Af®evel s. A post-hoc pharmacogenetic

investigation of yeegaticnédbddides ot TBhardhewah kensiclassi@eeangpnrdyuct ed in
pati ents who gtrtl cipated in AMBC clinical trials and recejived |apatinib as

nmonot hé? aplersfolaxiciy Jrash AdidYered Ratindh PhtBhasRarrBti (el apscakblesalbonpove) .
St udi es haygnRReR tﬁe%tf dohBaled Mith/allifad hgﬁﬁg)atmgt & poFIbAhiddJGT 1AL 28/ * 28,

whi ch confers an underlyin ]glenetl Cc suscepti bi to G |l bert's Syndrone)
i

can i ncr easséeosadritom e graup obi HLAGBRA 1 {0281 Lémgl%l)@?? wgd Hldg treatnent. In
t hi | * ¢ t |1
o FISLYERL A, (TOMILION, BR85S LT sy st L1l

significant increase intheris
rel ative t@nct/dréFE(LTﬁ)eGﬂ(e igirdor G’ﬂ@t&aétmwloqudﬁtpy@éb orAddi tionally, the

pr eval ce_ of ‘}eé? enat. that results
Fyper by i+ DBrRESH & g erebre Rl SFRRINEF LR SRR bBph ey juman, o
aspect of tdb@cﬂﬁajabce&mﬁosmm/ﬁmn@’a whieh haglserae & amrlmd/majﬂnfoﬁHLMm ni stering

lap atinib | uman is free of a (TA)7/(TA)7 genotype
of UGT1Al. Dkg&t} 9‘%3@&!@685? H’ﬁmﬁﬁatl ng an increase in total
bi l'i rubin | evel s yaf dr@thet aﬁb@mlrﬁmlosm%@tdsan idfen@dn, heaslls goprodeise faf | apatinib

can be tested for fractignationated bilirubin by blood test. Means of
testing fofcrfueE o sePisnt py %%ﬂﬁll%{?@cwmep%ﬁtemﬁw191??@11%5)” In a subject

havi ng3@n dEnhRELRASE: RinibbdatidRe ﬁarﬁf&ls@u’ﬁceﬁl}zchc VidbtGaAlbr &&ﬁpﬂsm@ﬂe genot ype
sel ected from HLADQA1*0201, HLA- 1*0202, "and/or HLA-DRB1*0701 the subject

can be fur theeef cempisng daterminieg Wawhar sk sbicptrhapp HILA genotype associated

with an increased risk of hepatotoxicity to lapatinib, or a pharmaceutically acceptable

salt or composition thereof, compared to the risk expected in the general population,
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The inventors established that a correlation exists between an individual's
HLA genotype (particularly class Il), and the risk of experiencing a

hepat ot oxwoizby/bd3ar 20 | apatinib adm nistration, or aagiraisgtwatéilen of , a
pharmaceutically acceptable salt or conposition thereof. Accordingly, the

i nvention provides a nethod of assessing an individual's relative risk of
hepat ot oxi city invol ves genotyping that individual at the HLA genes to

det ermi ne whethehe proencadi S\lﬂdaJHL'A%eg(ﬁylpﬁiyldieatﬂd tacedjdchent acreasedrglased ri sk

of hepat ot IVI essi n HLA geno e that.has been 25
SRS ci TN SRR Al S e ot LR e A S TR

( conpar ed) therebh elnisb@k dﬁfaﬁ&g@ﬁe Hapedsebmystic tfeyitlng\sa&llﬁ]bﬁeﬁﬁlt}v\{tr L h alternate
genotypes) are at |ncre ed. rls pat ot oxi Gi t e present
screeni ng HETREHS eBMEP Bat@éth‘BF?)’p‘Lﬁal éecgﬁ@pbaétmca%‘%wk@éﬁes particul arly
the HLAscl toltdxug@ﬁgﬁai?aﬁrﬁE'dﬂgaﬂeﬂn{a@eLﬁ@él lecdpiB R SENGSHRRioRDSENCE of 30
HLA- DQA1* 0201, HLA- DQB1*0202 LA- DRB1*0701, and/or HLA-B*4403.

vi ew of t hiherspb slanpmainsteness the HLiA sopptype ﬁéelaﬁffhﬁ@mthwomf Hkrrl ed in the

art how t opgaliepdgnfr AdgHBl apdb, SERAAPRS 1460/ Abfe ARIRGL flrfd: Wi th an
i ncreased risk of hepatotoxicity. Various alleiic forms of HLA genes are

known, andcaereitriso derradftingyting WCHQIAOMISA&@A](W@% HlA-DRE3 140202, HéAaddl tional
pol yor phi s, 25A) OBLES LA BOAHTA0C A A SSed SR PO Den ST

pol ynor phi sns nay b ase AGwWh - met hods. — Accor di ore may type a
popul ato onhqiatomﬂnqlead) &puiinob, hmveharrelaeaumadlyl agfxgtabiui dalt oocompqsitnan maceutical ly
accept abl e sal r co i,on thereaof, and o rrel ate A genotype with the
occurrenceth(g]feoﬁl% eoql% @ﬁlf' erf?fn%rﬁqeﬁﬁeg?lﬂgltgé PP ILISH it ar%%y genot ype only
5 those supimegips 1MNXBayalemerane/aﬁﬁw2®em a@lﬁ@mrelaﬁgg tamtGenovey it he

preval ence of an HL@é %/\Wf kngwn in ched, control. g&on hepat ot oxi c)
popul at i on?™ BEERTEAT eef‘h%anlﬂ% %HaFOé‘?XéC“iYéO éﬁ‘m‘? elﬁrsé@éﬂﬁs °$Snthfhe

hepat ot oxi Hurﬁ@%bﬂ&ﬂrﬁ@ halv8 8bt6 M1 AAOFANY20 1t anld HIDS BOH 1&bBE Wi t h

hepatotoxi city. be apparent to one skilled in the art, the

det ect idn mlyaﬁrpmms aml/@ @am%ﬁyD@%Zé@remW% R Glast priiges rmgenet i ¢

mar kers t hadte@lighed BrokdiRWhODOR 1/D0B | ASRA B BSOLht iR oWt h the target
HLA al | el e/ pol ynor phism Preferably such nmarkers are in substantial |inkage
di sequi | i biserate anttgoa bpdafeasitablIgnes e, nal/kideraredtesicivyy lowrmbiere20lohkage
disequilib din the art that,
as nultipl %hl—@&)ggﬁét%%%lssvﬂé%ng?ﬁly (gl%%lg) ati véitnpﬁg%&y ngat otoxicity may
vary anongdis¢renimuticni gah be g |annﬁtl3yrmfglua1ﬁlgsm<5ﬁeadmp lcembinaticas.ninl donfrasgus

screening o p und Iatlve ri sk may
be det %(?m E%h%]\&@?q{ H%@ Al ?r oneépOl 8 5%6%2@2@% %1|9alla§(n8{nrlls {5 and
i nt er medi ah@lcbtgnpeqsdfem with DOBé&Red (IDQS R) oxmeBb’EB%(QOnmdeho the risk in

a popul ati t hat has not been stratified by genotype ral

Popul at | onPR2GH i RaRrRGHE Rotrer GeR 1 LAt Y BROl 3 1OGPS s conpar ed
to the ri skp@rpechepdn @} aaﬂar@eémeﬂataﬂewmbabgﬁzoo@hm pesens®. of a
particul ar_predeterm ned genoty is associated with an jncreased risk

of hepat ot 8%¢refPrame Wé?%gﬁ%alﬁlfdlt@é%grﬂaﬁe forfbs BQZ&Pe1onws) SoRWsEnghat t he
i ndi vi dyal pydkogmhi Ripkpitdeewrs DeKiah 84, my@ﬁeﬁaﬂ@o@f@@%ﬁ%@a@ city) relative

to subjects with one or nore al fernate’ genot he "genotype will rarely
be absol ut QQﬁlé@%ﬁrl.ébﬁS@tsmréranﬁBEeptldw{é@@SEYpdmélfﬁwr@rﬁewew a certain

genot ype d hy4 10 ype, not every

i ndi vi dual Yrﬁr%/ﬁbya?gﬁ%& gn%)zly%gezg ?mgﬁ?“%lsp %Igﬁt% eg&)ﬂﬁgﬁ%@?g{eh%u kew se, sone

i ndi vi dual s wi thn aaotdeﬁmémengmndlb@me pwyiddd spiraying hbumanwibphenot ype.

However , ppar.e t.o thgse skill d|nt t hat enotyplnga
subj ect as \éﬁso(f;[trleagmar%vg% laIr)_l 1n1bI pr 4.t Qnarmaceut aﬁ%acce a tsaﬁ{or compo tgect s risk
of 30hapat ticaxf,chdrycth@l donhgaisimgnt W t h I apat| ni b or a phar maceutl cally
acceptabl e salt or conposition thereof, and thus assist in treatnent

deci sions. The pr ésermtiningtthogsnapye f)ﬁjtltehlarmanomtpH'Ls,e Al NHENeDQBY,

| apatinib, or ap ti tabl.e salt or conposition thereof, to
subj ects after sc%i@nnﬁﬁgtf %g’ﬂ%fi@cg %@ & CRRRop6:3Pd hepat ot oxicity i s

deened acceptable; the final treatnent decision wll be based on
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factors in addition to genetic testing (as will be readily apparent to one
skilled in the art), including the subject's overall health status and
expect ed woeatmeed33out cone. Pol ynor phi c al | el es ne¢ThS2adeveatrd by
determ ning the DNA pol ynucl eoti de sequence, or by detecting the
correspondi ng sequence in RNA transcripts fromthe 5 pol ynorphic gene, or
where the nucleic acid polynorphismresults in a change in an encoded
protei n by det ect adginsstecing amdpatnibci @ segphenecativaiygescaeptanc ededopr ot ei ns;
using any suitable technique as is known.in the art . Pol cl eot i des
utilized for typi ﬁ‘&“%‘?sglof@%ﬁr%" 11PyHg SHEH  PRRROTYHC %F%%P%%Ae%%ease f ragment
derived from a genevdetceal ynucl eoti de sequence, such as in a library nmade
using genomc material fromthe 10 individual (e.g., a cDNA library). The
po: y nor lohi sm el sbec tstaacdsekt H]le@]gﬂm‘s batash ng_ﬂmgef@lr. ime@ﬁ@ﬁiat@@di Pg ab_ i
pol ynucl eot i de. or, protein sanple froman individual w speci fic binding
agent for ?lﬁgelﬁé?l?ﬁ?ﬂéﬂpél}ﬂgéﬁﬂ’ ﬁéW%SOWeHH&D@ﬁéL%ZWHH%S to the

pol ynucl eobr@a @101 Rh@bstidhal YR8 h8mhN Rashik REBEe hdskidhal R¥yrhdiphic bilge.
pol ynor phismis present. The bindi rr:ag agent may al so bind to flanking

nucl eot i de¥ RAY 1BFHNGeS, HsihgEanalsa Bissé gyt ope pely@pRay sspotyprein OV XBror phi sm  f or
exanpl e at JJigasitrgn: R12159855k2496179879@3f | anki ng nucl eotide or amno acids in
total or on each side. In the case where the presence of the pol ynorphi sm

i s being deter nMaédds are alspployidad fas praserding lapegipith er aipheepeasdtidalyt he doubl e
strand f i i cal | t I - singl I form 20The
bi ndi ng&agggﬁgﬁ tﬁ@gg%%&gg%g%ﬁdﬁlﬁgoﬁ %ga k?’g[}ahg}l%&gg %5{3(%8?3%%??%%%35) typically
wi t h a | engiditeh saitablefas treatem wathdaatidibsor o mharmescamphily atcepteds saltlds, 20, 30,
or nore nucl eotides. Afpol nucl eoti de agent which is used in the nethod

wi || gener s Sﬁlloﬂ%ef%) ’tcﬁg%fjgfl%/rmr phi sm of interest, and the flanking
sequence, iE g seqetemﬁ@ing)meﬁhgﬂtﬁ%m&ﬁnﬁubjeettgxslailﬂﬁmﬁ& gﬁna@pémaal@@cbeavﬁnCﬁ with
Wat son-Cric ase pai.ring), and thus 25 typically has a seguence ichis
fully or partiall 95%8‘8?&5?1&%%"5‘?&96 B %ﬂ&yecwpa[%wﬁ@w PR sm and

fl anki mg region. Tga@ra@@p ifdnag@Nt may be a nolecule that is structurally
simlar to polynucleotides that conprises units (such as purine or

pyri mi di ne anal og¥heisesgidi gnaguibispicis gof deternypediqahaye i geaeiypedhasfish as

| ocked nucl eic achds fkdUhdd 3RhEndrCasPhik GipatiSxibity, WS MnShictinchase
pairing. The agent may be a 30 protein, typically wth a |léngth of at |east
10 amino acids, swth [apstieib, dreégpharnpgeutially ocptehle say@r epmpasitondhdrens, aci ds.
The agent nay be gﬁaﬁmu' gdy (including a fragment of such an antibody that
i s capabl e of bindli ng the pol ynorphisn). I n one enbodi nent of the

pr esen0 et hodsHbAgemdymgha denbeeh sssosiedd asthan proodased rishef perabeonaty be

| abell ed or ma capabl e of .hej I i adire Y. det ecti on of

t he | abel lSmasflle tg@%gggﬁei%o%e&;gﬁ 4’@%&@2@%%@% 61%%%?()%@%&( bound to) the
pol ynucl eoDRae *@101 praiigional3f the he@muimthay hakeahe gchbgpbHMA-BH408. t he probe to

t he pol ynucleotjd r.protein may be .used to inmmobiljze either the probe or
the pol ynucl eot MadogoREgPEPRECARETHARS ?I%g@gaa? treyF 00 8 8P one

conposi t i 0nm@td ®0bthb@that dolebt tBORRRE: EIHOsINE MNDfequliRel Nvention the

pol ynucl eotide or protein of the individual is imobilized on a solid
suppor £ and t heh!se aioviled at Mgthadls ohadmiptsisang patinh. ok e phamgeevtirdlypr obe

| mobi i Zegcc%ﬁaﬁl@@alts&lcbﬂpééﬂ%QEére((ﬂ/!OQGdﬁé tHRIAGIRGe SnchhGioRRIty,MOr phism) i's
then detected, either directly by detecting a | abel on the probe or

i ndi rect | ycdiypressigt acti ng the probe with a noiety that binds the probe. In
the case of 10 de t : ﬁ%} : Dhj . i upport is
general |y nade of hﬁﬁtdr%%té ‘ﬁ@g}sﬁg&gé ny agﬁyﬁgﬁym@gaiogh %1 Egﬁ%%igg %llsn

pol ynor phi sm t he tredthhoat rveth Hepabaibedoron pharlat@ticdlystageaptable salt Toie present
met hods may be based, on ans oLl QYS! fdfnld SRLIARLARIAY | f.ahieh two

ol i gonucl eoti de prorB%s are used. esé probeées BPhE ¥ jfacent “areas on the
15 pol ynucl eot i depwhérgdpe@d htiraamsibjche withl ayirpo typloirsitic alkdld i@MIng cdrapdrer  bi ndi ng)
the two probes to be |ligated together by an appropriate |igase enzyne.
However the two pFootﬁgéta E PO Tt&nb‘?‘ d (in a manner which allows |igation)
to a polynucl eotide that contains the pol ynorphism and therefore the
detection of the ligated product may be used to determ ne the presence of

t he pol ynor phi sm 20l n one enbodi ment the probe is used in a heterodupl ex
anal ysi s based system
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to detect polynorphisns. In such a system when the probe is bound to a

pol ynucl eoti de sequence containing the polynorphism it forns a

het er odupvexosrt02edse site where the pol ynor phi smoccurs @CTAIS2010/0d1e5 not
forma double strand structure). Such a heterodupl ex structure can be
detected by the use of an enzyne that is single or 25double strand
specific. Typically the probe is an RNA probe and the enzyne used is RNAse
H t hat cl eaves t hedhaiseriagdupdpesnibegirors, thatsaceaidathyi agepthide pedly mor phi smt o
be detected by neans oft. tglg dgttect.idgrn tof tt he ctl.eavage products. The
met hod may be basSYPRHHOP ISR ERUMCRACPUFER age ni smat ch anal ysi s

whi ch i s descrtich®d thoinceikargpbrehépatoRGRifyelk hodigcd g tppéataait ippsladon?268- 71
(1994) and 30Proc. Naél. and. Ci . 85:.43%7-44#. (1998). In one enbodi nent
the pol ynucl €8FPHE! Bgfentrciasneanf apaotarfitg afawaﬂ? Refxpegird & sest iPdicti on only
if it binds awpalpoyehe&sti de containing the pol ynorphism (i.e. a sequence-
or allele-specific PCR system. Thus, a PCR product will only be produced

if the pol ynor pRiss prdvideRRLaS@Bhodsbtik tiRRhy RUGHALLIHR: &findBRcd REll ¥f dual , and
the presence of the polynorphismis determ ned by the detection of the PCR
product . TECHINEN2 AYPLFRASIHYItHERACHP &h 2) BCTRRRYHF epRiRE fylapaingthor 2

pol yrmor phi 5im.inSecat; fabfeR81t 3 coffpdsitiiehBIch S mpridinone enbodiment of this
system t heﬁpol ycrfuc(fae(%tal gat he agecr?t?dbvfll {;@bi r?d 't omlt) hé g\(l)\ll | d-type sequence but
w Il not act as a,ptgl, f RER hAAE! bPDioRERE! ARLRAbATENG REn
Restriction Fr agn‘gnt_ Iﬁ"l_e gt%rn%%{nygﬁcphiasm‘(RﬁﬁP% baseg system This can be
used i 10t he presendeccofo dehpempis|whethepthic snhjeat’sttHeA polofpyme aickules eteallsteeat es or
destroys a restri ¢t Si t hat, | ni z k £ rigti nzymne.
Thus, treatnment o?élt!gjq%ol ;%ﬁlcl eo z}@ﬁglﬁg? asﬁgﬁc le p(%ﬁ%nnﬁohﬁ?n{?w Il | ead
to different prodb®B*0HIIng produced conpared to the correspondi ng

w | d-type sequence. 10Thus, the detection of the presence of particul ar
restriction digestletprtmgducins HRA-IDQAUYRA1t oHHAtRQKI 10202, heandroes difice- of t he
pol ynor phi sm h resence of the pol ynorphi smmay be determ ned
based on the chan&glatqhgzoqtaﬁglep sence of the pol ynorphi sm nmakes to the

The cast of a pol ghicHEs: Meogragn Liort AP a8 Pl o AP BT AE0gror phi om
R B T s g o the
zlop?espondi ng wi FB@%%‘E%M S?rﬂjt%we@awtﬁef?glmé)fﬁgaag&bf Bhgpé‘i‘larg‘aﬂ?"FiP@Bence in

mobi | ity indicati B&echlislc RiESER6Qp&htidnh@cRef, ¥oMpREd fMhe PRRATF W6 IHIOA T adi ent
gel el ectrophoresis ( a simlar systemwhere the pol ynucleotide is

DCCGE) i s
el ect rophor esed t RQAUGAZH: JALALRRI 10805 ekt HEAnGRB S0 ntllelen W1 f er ence
in nmobbyity compaggd.lp the corresponding wld-type polynucl eotide
i ndi cating the presence of the pol ynorphism The presence of the
pol yror phi sm may {6 detsrMoNRduHSd NG nribd BPTESGSN rdYst RpHoBKERE Y NY
agent - based PCR assay such as the TAQVWANTm PCR detection system |n another
met hod of Heatadh ibsigeenbiepive| spivb sybides era Hh -G 4B eotliod e pdpmaphissl g t he

I hi . ; ‘ ) . tai th
Dol yrmor phi 4 Parap S RAHENERANARS hRELERUTMBLGRERP ' ° 102, | ous

t her detecti : ' ' | e f i ill b
appar ent ot noanraa, dnER s bRt rofl ol iy B RS Rl LR " andl or
di sti ngdi shomghpgtomporphiotsms,. niSleohdadet@mtar dhebs ec kningorests| polmdecllbut are not

lp:, E)nbfagd t ﬁgﬁl%o&i,l BI6Sd o (l)'lneetr{t%! Ifhe AT s fival. nqjes%ﬁllél Rl p%?y?nco?rp SlSl’IlS( ?Aa'ygl%nuc' eotide
conducted by several techniques known in the art and/or described herein.

Another embodiment provides methods for treatment of a human subject with
lapatinib, or a pharmaceutically acceptable salt or composition thereof, who have, or
30  who have been diagnosed as having, Her2 overexpressing breast cancer and/or HER2
amplification and have received prior therapy including one or more of an

anthracycline, a taxane, and trastuzumab, and who do not have, or have been
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fl uoresce upon hybridization, useful in real-tinme fluorescence PCR;, see
e.g., Marras, et al., Genet Anal 14:151(1999)); el ectrochem cal detection
(reducti omoantioneesat i on of DNA bases or sugars; see US Paramstoibo46132 871, 918
to Thorp, et al.); rolling circle anplification (see, e.g., CGusev et al.,
Am J Pat hol 159:63 (2001)); Third Wave Technol ogi es (Madi son W) | NVADER
non- PCR based detection nethod (see, e.g., Lieder, Advance for Laboratory
Manager s, ddgi(a@@DB)npt having, one or néwre alldicpglyynorphiymsswlctiat fremdbe gotip on

technlque t he present nethods.
As used he?ftseﬁrlr% B%%P@nfl%ﬁ@héf@% dgﬂéeé%]?%)gbﬁoes not require that a
genot ypi ng tect‘fmlquleﬂi%exﬁladdﬁmed paidevhirthedacompisigta sk f piLevi ousl y been
genotyped and the re uI ts e preV| ou enetl c test are $¥ai | abl e;

det er mi ni n§ERVPHS AR u@a@ ey DG iEedddy g)/attn% PLARRIPRgeRtic NG t o

previ ousl yad’c@ﬁfﬁ’él@Bzﬁﬁor%@ﬁﬁ&ﬂﬂ@on&ﬁ@bd‘ts%ﬁo hakQTRRr RE&S SiBhall MYRPLidRNy Al SO
provides for a predictive (patient carez test or test kit. Suc?; a test wll

aidin thepltoﬁ]é‘ff%rfe%ﬁﬁQf coR{EUBE tsR@IThY Bl tapatEb. o6 ApbumEsSUtiA udi ng tyr osi ne
ki nase | NNAQLHAHIS salSHChm gésullcﬁﬂﬁérb&' Rith BASS Ao EsrAeLELB]BednRRSOCI ati ons
bet ween genotype and henot ypi ¢ re@[)onse to the pharmaceltical conpound.
Such a tessubmydqeanet hm foehesrheem drgmsed toinathaydi ang:or meteadlichc t est whi ch

anal yzes e S and/ or

pol yiror phi oS sk o HEERER A RiSoA RAL BRE Db LAe B

f ol | owltng aretalgbﬂﬂm&}*omlbtlmynemmﬂter amboelnngmef tblimentiond polyorhic

pol ynucl eot1 g éﬁ% | cal ner.ase or restri ct HoltFt f?? sui tabl e
buffers fof ehZ GPS%%ﬁP%rea B ek PR e 8“?“8%% £%%| anki ng t he
pol yror phi sltgle @iti0 pai dehs, @n @llclo egahikvicondmintah @hroG@sorhob it isavithi gel

el ectrophore ar at us The r oduct ilise one f t he

t echnol ogi %@uaémﬁg @19 I fogp Abude st in BF Mifo oo, anfiia of elgtort@?@%m d

i ncl ude pr imat ©ch PikapREIARibHEARAAN £ dIRRlT UaticP ﬁlssuaegéﬂe nghdreih kicnt he

correl atl on between the presence of a specific ot %qoe and the | i kel i hood

that alSubpestmaysgpear wpick! &LdpBO¥ Yl HLANARRA EBrfpBund wil |l

experiencepgixgersensitivity reaction; 25(b) a test whi ch anal yses
materials derived fromthe subject's body, such as proteins or netabolites,
that indicate tMethpdseefshiaventionmay be desderith vedn pebigavodipgriosed witherl | el e.  An

appr opr i at Slff?e‘?ﬁ% {gtaélg% nc%é%!}t{d?&tkﬁltﬂgllﬁﬁ%h o od Pr%reﬁ[{%ﬁs’s Pc%pﬁtklg?o or antibody

(i ncluding an a at specifica 0 a predeterm ned
pol ynor phi mhrbagmotf E@FIR arbBph or AkE as wglil erbdth pmkarmgndi hetaptatlcyfmnpbtﬁ sm. The
kit ma 30ad| onpri,se one o addltl a ents or

i nst ru?r%nts a8 g?ce rﬁ%t qun cQlprs Oé{ar‘?)and’fgﬁosga? SRt T mle%m%qmoy i ncl ude
printed oralstabdsmsaéfdreagzlathrhﬁl subttrhedig teagd Sethtlapagnibort h t he correl ati on

bet ween the presence of a specific polynorphi smor genotype and the

| i kel i hood thatTie isvﬁtzjtiemﬁlsct p@aidedmathdds o tispag afﬁtmaafmdaetdreompt@ufgosi de

anal og w || vity reaction rs pr obes,

o Dol s ARERREE Tef M R A ot o MRty csesntabla,

HLA- DQAL* OdfdposidoAi iRt 1026 d huﬁbpﬁn@liﬁ&rn@g? 02 |evielLd¥ A7 408er ta'ﬂélNBhﬁlb{nS 12153855
and/or rs17207923 and/ or UGI1A1*28 pol ynmorphisns, as well as a kits or

packs EonpFiBngt diont edish hyman ogeroh@Ed rselﬁg]élﬁ’tlaéﬂ fofr @ng| WomeFdlflifent s of
the invent @Pmorphisms sclected from the group of: HLA-DQA1*0201, HLA-DQB1*0202,

and HLA-DRB1*0701 if said human demonstrates an elevation in said ALT above
3.0xULN and/or said total bilirubin is above 1.5XULN to about or above 2XULN.
This method further comprises administering at least a second dose of lapatinib to said
30  human if said human does not have one or more allelic polymorphisms selected from
the group of: HLA-DQAI1*0201, HLA-DQB1%0202, and HLA-DRB1*0701 Liver
signal such as ALT and/or TBL can be measured using techniques well known in the

art from samples including blood, serum and plasma samples. In some instances the
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Sui t abl e bi ol ogi cal specinens for testing are those which conprise cells
and DNA and include, but are not limted to blood or blood conponents,

dri ed bl o0 2811012263310ur i ne, buccal swabs and saliva. SuirCzhiseovanghes for
HLA serologic testing are well known in the art. The present
invention also provides use of lapatinib, or a pharmaceutically acceptable
salt or conposition thereof, for treating a human for cancer, wherein said
human doeshunoin ibat\vﬁﬁermlgé’rom bt earektl. dhibompad yhodphotdaee stdtacomedftitcom t he

015, Al s RS Pl A,

accept abl epga@1t0701, b@pas Hérhamiritbereakd liver sigihe, mauwiaetsueh @b A Tredi carrent
for treating, a hurran for cancer,. wherej n_said hu nis enot%‘ﬁgdé}u
ceut i cal |y

pol ynor phi & TRL gtheoigus %@gw&r@dwrl%epﬁlﬁhﬁ%na It SFmalng

accept abl etga dr dhicr FREPASald @Madi AR 8Bbve 3. HXERNIthk Btnﬂ@%%atﬁféht have an
allelic polynorphisns selected fromthe group of: HLA- 0201,

HLA- DQB1* 0gbe dssantgrucpnsusmded mgi llvw}%g%trﬁt@aswélpﬂvﬁéar@ﬁeéémtlnihnvent i on
can be usegedtllﬁeﬁt mRpdkAchure of kits and nedicaments for treatment with
| apatini b, or gr maceutical ly acceptable salt or conposition thereof.

The met hods of Tﬁ'&‘%nn‘f)ernﬁ&%‘l&%bﬂa\lﬁ&t 6f%ﬁnﬁ{1§%erﬂlg519pa‘tiﬁf%e&3$ ﬁ%ﬂnéc%]uﬁ%ﬁﬂ' bed

vari ous uses of 25l apati ni or a pharmaceutically acceptable salt or
conposi t i opeceprebleslt or COHlpOSlﬂatnetmrsofaWGl yatae sompppihg:cati ons cited in this

speci figat e p reference in their entirety as if
each i Ir11(:’}21| vigq1 ﬁSt I|{gce{z§t a%}%%%%ta% g)agélbwere specifically and individually

i ndi cat ed ¢ rbmﬂonogatﬁearsammdnf@ymgtwﬂ er&atddmn’mar ein as being fully set forth.
An at ent | ication cation.cl ai ori is 30al so
oof por at G3 By @he Al hE o ER & e B EP b BB BB FREL lescr  bod
above for paugofsilanDQuateztl, HpP-DQB #GR03, and HIeA-DRBIANDTONS sasd fiveit her

descri bed hy Ee foll OWI non-ljimti G%s exanpl e g[ ng) LES Raw dat a
used for &w@ romEcleViSe HiEt Tisr e kRt SROMSE AL BiAP: 88 er al cl i ni cal
trial sanp{@sdmiAntding@l RaRA3EBAEdosaId | E@tﬁﬁﬂ) toSsaltfHfuenafl Othé Ruiféh ddag ough
various 5anal ysis as shown below. In the foll ow ng Exanples, lapatinib or a

phar maceut NR{ARYS2ny O istrabineoralis s ofistepden dB Fetfaghasperay Befiveiaenglsdd. The
conmmer ci al ¢f QL Rfm hapahi 'TBQ @l Mﬂﬁ@{d%&ys\/ﬁl %mhﬁls%u&s&{’gtﬂa{n BRbgeted in a

ditosyl ate nmonohydrate salt form anpl - Pharmacogenetic
i nvest i gat fasacrofAli Tapagticrsldyatad odiont é@XHéb%ﬁndbr ITBérWQYﬂ@Wéﬁeg insjagfhal s

human to above 1.5XULN or above 2.0 ULN after at least one dose of lapatinib.

20 These liver signals may not become elevated until more than one dose of lapatinib has
been administered to said human. Periodic monitoring of liver signals can be
performed and genotyping may occur after the liver signal is elevated to above the
normal range for that liver signal. Liver signals such as ALT may not be ¢clevated to
3.0XULN after only one dose of lapatinib, or a pharmaceutically acceptable salt or

25  compositon thereof, but may increase after two or more doses of lapatinib. As is
understood in the art, liver signals may not start to elevate in a human receiving
therapy regardless of HLA polymorphisms after only one dose of therapy. In some
instances, liver signal elevation may be gradual and may not occur for one week, one
month or up to or over 100 days after the start of therapy. Thus, liver signals such as

30  ALT can be monitored at intervals and genotyping may occur only after a particular

liver signal level is reached.

Lapatinib may increase serum total bilirubin (TBL) levels. A post-hoc

pharmacogenetic investigation of lapatinib induced TBL elevations has been
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Clinical data and germine DNA collected during the conduct of thirteen
random sed, clinical trials evaluating |apatinib for the treatnment of AMBC
wer e useadwoOnreotii2ge3phar macogeneti ¢ i nvestigati on. The cl iPoiraskotoouahs2
protocols were reviewed and approved by I ndependent Ethics Committees or
Institutional Review Boards. Patient 15infornmed consent for the pharnmaco
genetic research was obtained in addition to the patient's consent to

parti ci pat eoridnctedm patiems ehd paticipitesin A@MB@@hﬁicalgaals hmdatteeegyedﬂqranepbpl oratory

genetic marker ﬁ1500|at|on i.d ntln cati on th ﬁy B % % gplfied mar ker
confi r mat i S TN THISHEhFERY 48t &4 %“0%5’&“{}% %I“aIPBS‘P BV Py g’f?éti c
aﬁ300|aflomﬁmWh6mnﬂmw&fFH&WRmAy%gﬁo@beu%w?mnAca&aranﬂﬁeﬁmfnﬂhdsrbjects For
t he expl or at 20 anal ysi s e ro ve trials eval uating

| apati ni b a@? ﬁ%w@ﬁ&lﬁg gst}eﬂaéusaer&@ﬁ%we%begg] SATTeBEL CARHRFEASH EF WPy

combi nag i opgal bNridn MBI 181 ANENLS B WeatnfRS &n RS LRNLS ﬁh@@ﬁAmq“Al)apat inib
treatnment and were available for ACT case and control selection. Lapatinib
treated ALFCIOE®E Wanassedwed vith g sisfigicaldy vierilicappingtepsdn thegivk ohBPEinh or at ory
25(n=901) ARd.LN 2 ér’f)lniﬁwnfé'ﬁne( 'i]e'lgt?V@to %Q‘RM@(T Ing §/(T\1@f eﬁ&%é}ed as

| apatinib treated patients who had basel in ALT asure nt"wthin the
nor mal ranéé¢@ﬁmmxAUEandw@f®ﬁ@(HHAddﬁéJBﬁﬁﬂﬁGQKWHNﬂmAB$uW%@surenent >3 X
ULN during f.4re exposed to
| apatinib P r @% nge Qdﬁﬁﬂ %%ﬁﬁﬁge%éké RQL%O&%lSellneﬁéﬁéﬁhﬁl of their
on-tre$®nemmﬁmLmvmﬂamumehemMEemmmheﬁnmmmm&&xm@ﬂthnmamghmnmheh@mpIoratory

cohort included 37 ALT 86 .con nd nfirmati on cohort
o bl Sy s be o R S R B AR b O Chis
conf i r mat odym@Raitgea igedst indotal MHMbMﬂSleshﬂeﬂﬂﬁﬁﬁmgﬁitﬁtlﬂm&tdﬂ &astt he
pre-specified, genetic. var|$nts a?re associ at ed on-treat ment ALT

and/ or TBLOR W09% 0 Igpatingsen b gtediqrriagtionationatgs ik H’anﬁ béh Wyt ¥eHBnohydr at e

pl us | et r ogokginkfetBOat@IMrublhiafGwibithodinl ig kRSt Bh bkugendivdat &4 genes and
the I'llum pa 1M %enone wi de assgy 5platform explorator anakﬁies
q AF or TBL

i dent i 19 edingesawtqt M llatbionn eVl and bavim & lastiope 8e960F ¢! @ﬁe%‘@rﬁ
el evati on. Dﬁ%l*bﬂﬁ AkA. IBQB@%QX)@%d)&?Pi‘L@@kal%?@ﬁ“tﬂe' seBatt c@ﬁﬁ@ﬁfrﬁ&' ons wer e
identified for 58 distinct variants and included three d ass HLA al |l el es

( HLA- DRB1* %04 for fipciora@d dilirubiDbOB1* 0202) and one O ass | HLA aIIeIe

(HLA- B*4403) T ﬂlv%ntgl‘g etsfaglls];%a{ ’fbo%%?a?&ﬁ e£1§t§‘g%&g%ﬁ@én?ﬁ%{laltshﬁg BL 10

phenotype, a key resul assoclatiron o bert's syndrone

vari ant UCﬁ’@Aﬂyp%pamctutarfYBLasellb\md fhemisk B'fﬁwele}enamglaélepammmmtﬁe“@rt he results
of a copfi tlon anal ysi s usi cl.ini and oma lapatinib
di tosy?‘gt R Ry EAR J‘éé/tb e 1%%““ 8° aé’a’i‘mﬁ%‘%ﬁﬁﬁﬂacii%’rab?ehsé‘{tconf. rmation
anal ysi s, anﬁmﬂgbeﬂmh&feAb&ﬁmh@yaheewahmamnngmbap&ﬂuﬂkﬁa@byﬁghﬁtrozoIe
versus letr a irst-line 15 therapy. for usal hornone
{ceptor - pharigkS S s bt N ot GaabTobdhe RN Dt avar | abil o
after the gxplQhaltedytcamat WabtheMASin8RTIILES Edotyp¥ plram$1eenp@ctm&éus§d receiving

| apatinib plus | etrozole, 374 patients (57% were consented and avail abl e

for ALT calek ofepaeiaticidy- Iélémdél@h apsseppeppt Hobsmelpe that has begmyt j st i cal
anal yses usRdiofi9y adsblisted Gz‘i&ﬁ%ﬁ i&%&é&%&&%b&@%ﬁu%%&&kdoﬁwag to thRe two

phenotypes that were eval uated were maxi numon-treatnent |iver chem stry
val ues f or inaidgncsred hqiBtoteiieity ip supectt Withaltameatqganetypes) aictat pcroassdigk. These
phenotypeaﬂmﬁéaﬁgxg ated in both case-control and quantitative trait

anal yses ey associ ations
The present screening methods comprise genotyping a subject at HLA genes,

particularly the HLA class II genes, including to detect the presence or absence of
30 HLA-DQA1*0201, HLA-DQB1*0202, HLA-DRB1*0701, and/or HLA-B*4403.
In view of the present disclosure, it will be apparent to one skilled in the art
how to determine additional genotypes that are associated with an increased risk of
hepatotoxicity. Various allelic forms of HLA genes are known, and methods of typing

HLA genes are known in the art. As additional polymorphisms are detected in human
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25 were exam ned qualitatively in the conbined ALT/ TBL cases. ALT and TBL
cases were defined as maxi num on-treatnent el evations of >3xULN and

>1. 5xULN,woespereddsel y, and control subjects were defi n@dTas20m0idmum
on-treatnment ALT or TBL of <l xULN. Additionally, all cases and controls
had normal ALT and TBL at baseline (<1xULN) and controls experienced at

| east thirteen weeks on treatnent. 30 Approxinmately 370 patients with an
adequat e, HuIAI genep npentiedsubiNdolganphsm achy b dbdedoh &nevn metalis. dat a for these

phenot ypes otal of 1003 conf s,were att t hat were
et ot BefsriiS g A mnp ai der et Bip el SeidiRbRD

subj ect s/ Epmia@me@m@up jaeb@blc salner RbyigostherRblatbod Jte BLAGRS®RyEONt rol ) .
These attenpted confirmation tests conprised of 999 tests from 833 uni que

SNPs and 4™BEFELFHERFGOHICAHGPKIE|Es!N 28 3HEBS Aot AVET bl e f or
anal ysi s Wajog fbfedisned ha%dex&)&@é@e&&g%fo&f& lafid, fABrelth ﬂléeale?'mg’af&r%o tests)

and all 4 HLA alleles of interest tests SResul ts For ALT, six
genetic mHkér%lebdth@dnawé@%@%Wl (nendispirtptpria} Popklatien dstcrping he p<0. 01

level . HLAG QR R0k AE Bb&‘f@ﬁes@%ﬁ%%@ﬁé a%%ﬂéﬁ@&laﬁ%ﬂhcﬁé%héﬁ%t gigni ficance

(p=4.6x10-5). Additional confirmed association kers wt <0.01 were
HLA- DQB1* 020¢ciatediwith heIBRBEAOF0 Ks(vibthh appapsat @ ape skillph inShipart. it TNXB 10
(rs1215385 = -

(r s1169288§etp&9§§é?%€]gﬂ%l@%%§%z?l%%mgp —'uze)é\j?g ’égl%%aﬁg %ﬁ%hﬁyg‘egsghﬁ 01 t he
next nb&t kmcgm th ibe dmlinknes dik¢quilédsiutdlAi Bhd koGt Hm;écallalba)olyrﬂ'drmlkﬂhA al I el es and

TNXB SNP t th
ot Lot a FGRBCFBEGRmLH PERAT FOR OTggae UL b BOSTRGr Bk Bhal T s
hypot hesi smatkesuppiarchegictylinkadddiondilibiional anal ysis for HLA-DQA1*0201, with

the five other associated genetl c kers com n n 5| ni ficant (p>0.05)
after adj ust menit “iiHP #PACHICR 12 ntﬂi?eaﬁrfgﬁe‘?sm R&F/&H‘IAS "8ERt%ed in

chr onosonecdd, @B ek1dtHc gk o Et@{d';ﬂcﬂ Byt nettahultifp oSdd¥yIRE SForFor
HLA- DQA1* 0201, 17/24 71%%1‘ ALT g?gésgrgorrpa?ged to 32/154 (21% of

controld cawInkd st mplilecys saeening pesthos wheremarsdhasr tyg eeruynes a5daeid at i o of
9.26 20( exagdivOmk maphé &l&&ﬁﬁnéd% 35 Hl%hes?’fog @n@@en@fﬁoe Vl@ﬁ&t Fdr%ﬁhgr)/dn'ag t hose

carryl ng one or t wo COpI es of l el e as he ri sk group.
predi ct i veintgmRéipte gf OtASIT. én@w@d rwk m\be@ﬁcme@ ta i répkin mm%aé@e subj ect s,

HLA- DQAL1*0 P o/ intervals are
0.11-0. 27 gl(r%t} g%g%ﬂ% ﬁlgtgau reggg%ﬁg%é Qa e%e'&?éép%kﬁlgg (%[IC%E g{r?@&gchl eved
confirnmed alssdpidatinarased rigL0s &ijorﬂp@wéwceﬂle nisinexp2&ead ni avtbdr defined

Bonf ergg a usted | evel of significance. Eighteen of these variants are

| ocat e BGT1 1 ocus. The G lbert's syndronme UGT1Al TA7 repeat

pol ynor ph| s m nHFH@qyres(ehJGBfAbﬁﬁiBﬁladprddem(g\tncsjr@rtheft icapdciasiswieh at i on with
TEL e evaluatien U0 Al gSnot RS doLsted Be sepatate classes 1 he
However individual will exhibit the associated phenotype (hepatotoxicity) relative to subjects
with one¢ or more alternate genotypes. The genotype will rarely be absolutely
25  predictive, i.e., where a population with a certain genotype displays a high incidence of
an associated phenotype, not every individual with that genotype will display the
phenotype. Likewise, some individuals with a different genotype may display the
same phenotype. However, it will be apparent to those skilled in the art that
genotyping a subject as described herein will be an aid in predicting a subject’s risk of
30  hepatotoxicity to treatment with lapatinib, or a pharmaceutically acceptable salt or
composition thereof, and thus assist in treatment decisions. The present methods may
further comprise administering lapatinib, or a pharmaceutically acceptable salt or
composition thereof, to subjects after screening in subjects where the risk of

hepatotoxicity is deemed acceptable; the final treatment decision will be based on
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30 significance (p<0.01) was achieved for the highly correlated UGT1A1 SNP
(rs887829) and al so when TA repeat pol ynorphi smwas eval uated for the three
common TAvVoepaar2¢enot ypes ( TA6/ TA6, TA6/ TA7 and TA7/ TAPLTArsey1p/os@abvi ng
four subjects fromthe analysis who carried the other three rare genotype
cl asses. Seven of 21 (33% TBL cases conpared to 9/226 (4% controls
carried the TA7/ TA7 genotype. An odds ratio of 12.06 (exact 95% confi dence
i nterval 3f26+4id.ad€)ion ® gadticavstidg (aevill bk asdily yipagnt hosesidbediyitheg t wo copi es

of TA7 alleles .the risk,qgroup. Al*28 was signjficantly associ ated

o th both BACaeR e i To R et s st e et o Overal |

these data remaPdlyi@bic all€6d miy bddotectdS bl AtteABin{del theDNASpobynayBetidene ef f ect

on TBL. For conbi ned ALT/ TBL (Ciases with restricted gasel ine (ALT and

TBL val uesseﬁf?éﬁﬁ’l\‘?rgﬁ’ B EHE; tAeSOrTeEIop diRg SEIUERE-HRNT B R H IO BiSB1 * 0701

allele gar ﬁélﬁﬁ@ip)ﬁig%eﬁé, Br GBEk RthubleRy-d T @phisl REulGh hAkanbATd 37 genot ype
y :

was carried ~For conbined ALT/ TBL cases with unrestricted baseline
(ALT and/ ofncpgid Rrateindy detpetingaycinarginosgisl spqusage changss spgnepded MEH@NBGT 1A1

TA7/ TA7 geﬂﬁﬁ%’ HE saftshi b ) a@*isqéﬁl;vh‘ﬁ{ th@hrt Hb oYy m@o’{iggs%dizé%’faﬁ 02 and
-DRB1*0701 al1el'es. Conclusions Usi ng the | apgtl ni b ditosyl at nohydr at e

pl us | et r ozigltepicatly gemompic DANAmof p polyn dobagnengderived éomongehpmieed t he

pre-speci f] i r j.on: A- * -DB 1*
2021 - breon PG GEREN EaBEShay:2h anlplEebhddepd o A 0R R
Bonf er toni inddjidist @ds.,lacDNA bbrasi)giihd padanaphistmhmenylicHekire® $ assthod at i on with

isolated TBL, el evation in this anal is is.consi,stent with.a,G.lbert's
Syndrome eFLAD ot @pures o Reee PivIg RET Bb B et aihdnet i o
i nvest i gat speoifiofbiddapalgtitifér thapspabphith e datkohbihing amythsathetyensbigdal s usi ng

candi dat e gepe t hods. I ntroductigon_ |l solated el evati ons i n serum al ani ne
am not rans%éﬁ%g‘g§?% PN PTRHaVIEF e LIS lﬁﬁewgatngm%ﬁ@srme been

observed i prepat.i B EndiRERIHI Mgy AlaPEhd B finREE A8Scdtldedifddmisd Mddsen. This
expl oratory pharnmacogenetic study investigated the association of candi date

gene pd} yndigHibetbesides phthapalyager el fencsdmple ghlcashdpdil At .01 TN st udy

utilized pahigficRRESEAnti® 4-AREL tobll Br G LRE YAl & HPBRbYALRLR (ei ther as
nonot herapy or 1n conbinations with other therapies) wth avail able

clinical datceenanel thapelpaephtse is BOng déteryninadris e nolydudbiends dmplydcavai | abl e from
t wel I L Nl it I G b t
vel ve aPé&é&%&n%e cﬁgﬁle%d%’ RRAY B t?pﬁsmg&g%?ed%ﬁle@ﬁgg%{tﬁdeﬁ reas

cancer clinical tria ective | ective s exploratory
pharmaco gémetic study was to investigate whether the selected genetic

gggg?\?é@ me{ ﬁi ﬁe&é@c@ﬁggﬁ\é\% &éegy ‘tgehaepo?yﬁu%fegt?&er{giﬂéle'g‘lr‘ Iou%li]edstr-!;%&'ed?l evations

typically with a length of at least 10 nucleotides, for example at least 15, 20, 30, or
more nucleotides. A polynucleotide agent which is used in the method will generally
bind to the polymorphism of interest, and the flanking sequence, in a sequence specific
manner (¢.g. hybridize in accordance with Watson-Crick base pairing) and thus

25  typically has a sequence which is fully or partially complementary to the sequence of
the polymorphism and flanking region. The binding agent may be a molecule that is
structurally similar to polynucleotides that comprises units (such as purine or
pyrimidine analogs, peptide nucleic acids, or RNA derivatives such as locked nucleic
acids (LNA)) able to participate in Watson-Crick base pairing. The agent may be a

30  protein, typically with a length of at least 10 amino acids, such as at least 20, 30, 50, or
100 or more amino acids. The agent may be an antibody (including a fragment of such
an antibody that is capable of binding the polymorphism).

In one embodiment of the present methods a binding agent is used as a probe.

The probe may be labelled or may be capable of being labelled indirectly. The
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5 Met hodol ogy Statistical analyses used for this investigation
indicated the followi ng. The two phenotypes that were eval uated were

maxi mum oweonsareeat |iver chem stry values for ALT andPTBIUSMl461@5pect to
the upper Iimt of normal. These phenotypes were 10eval uated separately in
case-control and quantitative trait analyses and jointly in a conbi ned
case-control analysis. ALT and TBL cases were defined as maxi num

on-t r eat neddteation whthe dabs] iy b3ustll i deredt thd piexddicdNof the prde bin luyd toadad cont r ol
subj ects wer as na tnent A TBL, of <1xULN.

Aobr oxi mat B9 SEEUBETT RN S Mg e p Beng 6T s PebA e ed DNA sanpl e had
avai |l abl e p(blgqmctaahddj@{motﬁ:ﬁrmayiiefmeﬁﬁto@ﬂﬁﬁﬂ@ﬁﬂh}é@a&}er tthedbestitcect genot ypi ng
quality control | eted, a total of patients. remained for

phar macogeRRYTE! eaﬂiq Jrieigands thug 4Q pepgrsis lbgﬁ@tol’ﬂ% CQARQSHIRN OF RRIWINY di f f er ence

in the §nci dencr abthAMechiRURYAL bORS iNBR IO FXRA REIc¥idbr BEAEH of theat ment s,
| apatinib ditosylate nono ﬁdrat e - pazopani b conbination-treated patients

f r om VEGOoDOWidyat is issebiligeprf & o swipertgpd FP&WOIQW%WBthG PORecERi dat e gene
appr oach Ofare?e%é QP&héTﬁJoBé MQ&hﬂeﬁ@@ﬁle‘é@&d éﬁ-ﬁms Wil tRe! uded the

following: 1) Twenty five genes, select ed |'apatini b mechani sm pat hway
and ADVE: paymorpyem) srtbienodetgtedy faﬂilslp@repéy by g@ﬂélgg aabelen the neobt or

under st andj r ug- i ensi ve drug
i nduced I i}lgrﬂec?l bg'rcyk;lgt(ql %ﬁ%ﬁ% %3%% lef\Ili%Ieveeilfgéﬁacﬁ ]llods t&é{gﬁen Ig(%lﬁe g?l on with
externald | dmwlngxpelyhsclélﬁidm@slymqulsemhb B[ﬂtd$dpp0'f1hs gerordlly nrelaelf i s conpri sed

eqi oo deProedticon e’ BbBe HigeEabinin B SRR PRVET DSl g 27 %"
pat hophysi bdse@yn axf EDISIAl system. bot h appr oaches, genetic variation in each gene
regi on was investigated usi tag SNPs sel ctedfr t he International
Hagl\/ap proj ect ﬁwﬁwnﬂ?ﬁﬁwﬁgﬁg-b@ya@m@n@w g%@@@%@l%? jesliengsarnal | 30

functi onal wﬁME’%wé!\/blﬁébnacl&ftﬁl\é QbS e LELOTEIBSE p@BROSINDR atd@ca{wfwg ¥P@e

correl atlon 3) HLA genes git genotypes of HLA-A, - -C, -DPB1, -DQA,

- DOBL, landpralpriicotige Uhlgh 90%%@195@@8?13 hispRpldo wingafier @ﬁ@ngmmo were al so

eval uat ed ﬁﬂoB@secolBH%étéJ‘ﬁ etﬁé%%h%ﬁprﬁ Re ligRL ECAHRA RN MR COMponent in
liver injury caused by o drugs. Eval uation’of HLA genes focused on a

subset of pﬂ@be&wlaunlmm)@m a@famwmheﬂhtaélowhgat@n) fag rofynaglkotiieThatases (N=47)
and mat Chegon?eﬁlqstthgh N?;e axﬁ%fléﬂe%o? 1}%5 Q te&%ﬁgﬁk 1@5&%&? %o‘d{? W%z%% variants

from66 gene regio sfrgnifrcan soc th TBL

el evati on bged@l‘@etérlmmmplamib@ofthapfdymonphmoﬂ anal yses (- 60 cases and -395
COI’ItI‘OE&) Thi rItn nonr%bocIlrneh[qﬁe [ agletdln Whb& od f g regLgn. the
UGT1Ag~cl uster. "A"k&Y PEStl t Was t e dsS6CTat 81?1 WRE BT s " syndr ome
vari ant UGtBldléﬂe‘cleﬁ)lymMphf{er. Ie b@hait sy sttim V\S‘le@ hefprateris bdlmd tbot h QTA

10( 1. 25x10- and case .(N=0) and ntro N=396) . anal ysi s

(P1 Oax TPy mICRRRGH s aRensS Cer Bt op TR TCRS delomlr GTehg A St ype and
82% of TBLsigagiese Mago@noldast o0l (TAT dabd @t %mp@daﬁ@re%daﬁ@stﬁ%/maa)d 48%
respectively for controls. Patients honmpzygous for the UGI1Al*28 vari ant

had an oddSuthathictrredyglgesirugspre san be doteoted by ﬂe@)uSSPf yesyme thebissinglsph a

controbs WAGIHICHARRERE O T HiBalLtREProBER AR KRGS roﬂy@Eer thé E&% e Ts@hgnot ype, 51
variants from 34 %qtne regi ons were signifi can{) 1) associated with

ALT el evat Rbispil t Ale@YﬁSQW)et@Wlﬁx regee ﬂwmlluomngatgapq}mgrpblsglso dases and
assoct at ed (o GapaF o h A PRl KSE Fre PSRRI o Oce- cont rol anal ysi o (47
cases and 47 coTiterro¢t13c)d migt e RRBICOT@Testalt ognivil cleagigheristiitdh analysiant s
which is described for example in PCR Methods and Applications 3:268-71 (1994) and
30  Proc. Natl. Acad. Sci. 85:4397-4401 (1998).
In one embodiment the polynucleotide agent is able to act as a primer for a
PCR reaction only if it binds a polynucleotide containing the polymorphism (i.c. a

sequence— or allele-specific PCR system). Thus, a PCR product will only be produced
if the polymorphism is present in the polynucleotide of the individual, and the
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20 correlated with this allele) and HLA-B*4403. HLA- DRB1*0701 was
significantly associated with ALT el evation (p=0.014), with an odds ratio
(95%1 ) oVO40t/022638- 12. 0) for HLA-DRB1*0701 carri age comparisdomo4@ht ot her
observed HLA-DRB1 alleles. One ALT case had the HLA-DRB1*0701/*0701
genotype and 40% of ALT cases had at | east one copy of the HLA-DRB1*0701
allele, conpared to none and 13% 25 respectively for controls. HLA-B*4403
was si gni fpmmbd: yf ths padgmatpeEdmvis ﬂé‘tenﬁchﬂ'edéiyehaddt@rﬁoﬁ pfBc DBB)prodaict. iThken odds
rati o (95%l or HLA- 403 ca riaeco ed to all

Ot her obaelbien St Bt Paiedds s irhieche B eBRb bRt RIS car  fed one
copy of thendHhApiEhéd BBorlchdbéin{chtof3hibkReins thapbEnedistidy e agent@all ry two

copi es), cgngar d to 6%respect| vely for controls. 30For conbi ned ALT and
TBL cases, 298 (Q/EF PAAEPFCHIRIGEOY SRR N0t BT LTSRS FAEAe |y (p<0. 01)

associ at ed the Méth%R%&lghF%qﬁmmgﬁhMﬁuﬁgﬁ% FE)25 controls).
For key markers, 5/13 conbined ALT/ TBL cases were Al*28 TA7/ TA7
honozygot eBasedgogeh A HisApn Be esei theprewnyy afshe pelyaamhise mthel east one of the

signifi Ican olﬁkél&{lh@érga?tes%rﬁgéf@??gré@@ﬁﬁ@n glé]t%t s I%@'ﬂ&le@b% g:rest?t age

anal ysis for exploratory markeir association identification, | owed by
pr e- speci f fredmealivertreatidnit phapdlomclentidathetpensiehte pdymaseisn well lngd LT

case-contr g fe rﬂﬁl)rxa!lc%bem% 1?%?‘@4{9 %rad%é‘&%%ﬁ%&%'g&@gaxgyg%xs% Rd yrosine

ki nase i nhi or a reatnent eSS|ng
advancéa oifhmuethaslbtad:uom 40 ltle&msemamf @anléﬂm@mct'@ardlges@r&xﬁpatoambé usdy adverse

events hav%qb en. oglbeerved :T(g 1E)roportl on of lapatinib treated AMBC
patients. WoEY é’rf\ﬁ%‘?e (t,}be eollyé??lp, Rvest i gation of ALT 10el evati on was
conducted in AIVEi(épiéSeﬁkteaﬁlthetgollﬁﬂmrplaﬁmmpsaeHéteﬁmﬁeﬂtvmdbnltaaaﬁangd:b Met hods:
Expl orator%{1 r’rﬁrker ide |f|cat| n ev uattSd ka@ﬂ Rﬂge es [ candi dat e genes
(299 genesatt ?Bfem@%? fBCIYEA PR fi @ﬂnwg-g“ef’ Hd93% cases with
ALT >3X Upp@feid duFin gof e1mg@dreswuhl}heada§b A8GosA0¢1EAIdS siafetbtrAhded<1XULN.

15Mar kers that achieved pre- sgem fied association thresholds were

progr e$3 edcqnéorawt%mlb@ﬂ@éﬁm( OnP) Aakysis ey s vssde tThisrtechniqag mepwEss and 155
controls. fRessblify of ME sitblcI8antRd b&?ﬁ&lé&ﬁ&@&d Al &S Bel% 3&9&% RAdc el evation
in the exploratory dataset, four exceeded the pre-specified significance

t hreshol d ¢qrraspradmgnfild-tyne mlyn@tyoh&raﬂyesie@ctwnﬁgehf\f@rmcarln mopiditi de in the

same VHC ¢ ltiple
test corr e%{&%g? ug% ?#?eg?ﬁ%%ﬁ@ﬁ&lyﬁﬁg co%ﬂhlatgla é %rast uc%/31 Q%@H%g%%mal l el e
carriage V\GBG@E)aserstmliam syiiéyh wherAlthe noasleslea)mi@'pmleqﬂrophnr%b@/dmbugimgeﬁ ols, with
an odd ratL |ver saf risk (ALT
cases. obr ot n ittt bk et SRR EELE P d i B PO et ot i Ve
25val ues Ofml@-tﬁ)% poOmnBdedidd Hydi@ndg the preséiie ])Oth@ pBI@)norp’lﬁﬁrpeCt ively.

Concl usi ons: se resul tfs su 3?0” a roli) d hani s in the
hepat ot oxi ci ty =30 iV I‘E&Qﬁ)nﬂﬁrbhls%ntaéé £ Bta%a “0(5%%1 Yiele
carriage ngy eﬁélﬂ?gtaegeﬂltlﬁé@édﬁﬁi%sély SucBKs @lb”TLA@/IANWPCR'd@te&t[&lat ment in wonmen
with AI\/BC 30 | nt roducti on Lapatinib (Tykerb /Tyverb ) is a dual

HER2/ Er bB2Syaiee EcrmptRBthadaf dsticpigichniedemetinhiswiatnofynapipetslved for oral use
5 OB L, PRSP Sy SRTE R Al
polymorphism to determine the presence of the polymorphism.
Various other detection techniques suitable for use in the present methods will
be apparent to those conversant with methods of detecting, identifying, and/or
distinguishing polymorphisms. Such detection techniques include but are not limited
30  to direct sequencing, use of “molecular beacons” (oligonucleotide probes that
fluoresce upon hybridization, useful in real-time fluorescence PCR; see ¢.g., Marras,

et al., Genet Anal 14:151 (1999)); electrochemical detection (reduction or oxidation of

DNA bases or sugars; see US Patent No. 5,871,918 to Thorp, ef al.); rolling circle
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tunmours over-express HER2/ ErbB2 and who have received previous therapy

i ncludi ng an anthracycline, a taxane and trastuzumab (Finn RS, et al. J
Clin Oncovo200922633: 3908-3915). Lapatinib is al so acti PeTAS2&1089i61gt e agent
and in conmbination with other chenotherapy and hornonal agents in patients
w th HER2/ ErbB2 positive netastatic 5breast cancer (D Leo, A, et al. J
Cin Oncol, 2008; 26, 5544-5552 and Johnston S, et al. J din Oncol 2009;
27; 5538- SMﬁ)ﬁ@anmdsm Ie@m@xts@reyabr/easrtPadzahtiS)r63((Qh01i)}5frhfradelei M et al,

Breast Can ddition, |ar linical trials
are ongoi nﬁecrhao g5 Gﬁ%@swq’gﬁmﬁ\% ?%EEB%S@M@F&@%@P?%@@%Fgge of
adj uvant bnggtAgadﬂ@@f m@y BryaV6haE08 S7 o0dl i n Breast Cancer 2007; 7:
489-492). Extensive 100(r:I i ni aElztal ég&?l enO(F:thv(\ﬂ h | apatinib has denonst r at ed

an accept abl e safetdngly, c'f»flywétabﬁd@ ety teggtque ahie&PovmEY Bp Yt 88Y P ng (DI Leo,

A, et al . diShidmSneod n2@88s 26, 5544-5552, and Geyer, CE, et al. N Engl
J Med 2006; 355: 2733-2743) Hovvever i sol at ed el evations in serum

transami nases (fAnededdemig. adeaﬁmlinmen ¥ sHbiEesrEshety psdoes POtTsquandhat et al  bi | i r ubin
(TBL), have, BegnNoantedy Q0 SR S ANDLALIL e ARIAY R LS, 4 O ade S 15

ALT el evat fon OXI Cl iteria erse Even 0) and Hy's
Rul e event sndnthy eestiesert tlreqqmemmescgenmlclesﬁarﬁmanmtabEQ/d@émmamg:eSubmt pents receiving
| apatini b §S%S A1043)).

Nb B, et al. 15
i Dont os et og ReseRlindh e Rle BT g o Poinaf ot b Rey
hepat ot@xi ci ty Tavecheenvdnapoilteprotides ot bpredicivodhiiat kairél)&sﬁ ot fektl bitors
(Loriot Y, et_al. Nature Clinical Practigce Oncol 0 20( 20 Li ver
cheni st 'y E%n%‘fﬁlliﬁlt?sﬁ Wﬁialge%the&ﬁ&pa@fce%eg Py F%T‘HOE}PQ% F@fimign, ury
(Mann, R apgbsiediemsinhbitodsedSh as BPAMTRGMNH gh bRrGerhilech afodtbnsons Lt d
Chi chester 2006) and can |ead to treatnent discontinuation, with

subsequent %%86?11 HNLXBSAAQS RhFISEY PG e eRoRecdp theathrapacsuticrhiompoued. (ekr st andi ng

of hepat ot @xdsChiyiaROdifeReRESIS ifMifPabl e better interpretation and
management of pdtients who exhibit these signals. Recent studies have

i dentiffed strong aismwatwlmhynb@@wgpwﬁﬁOEthﬂmmmcaeﬁRr@cyt| c Antigen
(HLA) pol ygg r%# té@ L& ptOB'%lat iMs., 'ﬂé#ﬁ?o%ﬁ%%s?kﬂt hﬁ% &1991’&9 bZod MAC) and

hepat ot oxi CI diverse it nts w nrelated | cations. These
i ncl ude annwremfltlhqﬁolchmgm&agma$ai@%hmeDRI3ahfﬂﬁM¢alﬁé)@diooqroinue J, et al.. Gut

2000; 47: 7 0 nt. i -tube cu 0si s _chenot 0201, Sharnmm,
S et ai . PO Sae BTl U REH B BE b S D By b e

( HLA- A* 3308{1zyh‘lle r@igant!, PEIR Iaimeriiwﬁlcl?fbafdrmﬁaggm@ tﬂamlﬁeg the pbllsrﬁlloqﬁ&aﬁ a 8 29- 33),

xi el ag@tran. HLA-DRBl*O?OlI Khnfli)ga@; ,?\ 2 Phar necqgeno cs Jour nal
2007; 1055 1e 9 Pegabks 9nfrA! (P e GBQ‘FQP ﬂreSIP PRRATEYAc FIPFUEt al .

Nat ur e CGenglay 661is2Q08of B chif 1@ hSolSicaR ded BB bc@X btte(OfkA-BRBIRLER1, Wi ght

TM Presented at 9th Annual FDA/.PhRVA/ AASLD Hepat ot oxi ci ty Meeting, March

2009) . Thekihpeuldded! M?é)ﬂé%%&aplaﬁe wrdagleriptivgons@iting farhghg egsistatiai b cl i ni cal

trials in pét@/@éltthgﬁi%%% bal dpeakis &B%%'e%gd M@@ikﬂﬂ%@@ﬁfat PhasRcQggNet i
investigation to identify variants 5that m ght serve as predictors of

patients with aﬁp@rﬁqnhgkn@ﬁuucab@mmu@ ‘éiéls%@i:raqﬂé%la hypgesensitityrrgactingst hods
Patientsand cl '@b & st \Lﬁlb@ma%@@sf ﬁ&%&m éérlv%é frofhd Yl s Bk 2w 2R ds g9er m i ne DNA

collected durin e conduct
proteins or metabolites, that 1ndlcate the presence of a pre-determined polymorphism

or allele. An appropriate test kit may comprise a molecule, aptamer, peptide or
antibody (including an antibody fragment) that specifically binds to a predetermined
polymorphic region (or a specific region flanking the polymorphism). The kit may

30  additionally comprise one or more additional reagents or instruments (as are known in
the art). The test kit would also include printed or machine-readable instructions

setting forth the correlation between the presence of a specific polymorphism or
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random sed, clinical trials evaluating lapatinib for the treatnent of AVMBC
were used in this pharmacogenetic investigation. The clinical trial

pr ot ocol swoeena/mess3ewed and approved by | ndependent Et hipC3/USemmoiotdiers or

I nstitutional Review Boards. Patient infornmed consent for the

phar macogenetic investigation was obtained in addition to the 15patient’'s
consent to participate in the clinical studies. A two-stage strategy
for expl or gémorype gnxhﬁb liclitpd diat asbct @takcdnvithdespeeific sytlhenin pudladsidowed by
pre-specifi er conf dependent datasets, was used to

g lil matior.][ .tiniﬁ
identify g%l}"i‘ci%‘@ ae§§?5¥?f“éetei]%7r?§rs%*sf R8P ¥ht ment ALT el evation case and
control subj ectBiméorprétas, aﬁﬁlﬁdd@dsah@bmeladwécusn Ragdntd speaifid folldétactmygai | abl e as

of 16th Apr.il 20p omtwelve trials eyval uati | apatinib as
nonot her ap§7I éngg%a i éBb* 29%#?%?%&%(}%5?%&*%8#@% ions. The
combi negl | fktl,@fst38§53ar{dl7&@§17ﬁd)7'5§) aM&U@Tl&WZ%VpQ%IoEﬂﬁﬁnSSHMéIE@s aag 2198
patients and 1336 (61% gave consent for phar maco%enetl c investigation. A

total of 90rPasktqoaHiSing atlepsyeer ofdhase r%g@t&, peEeEmbodimgniyedf Eicavai | abl e f or
ALT case apd.mRntrol selection. For the confirmatory analysis, 25a single
phase 11 trial evaluating lapatinib plus |etrozole versus |etrozole al one,
as first-1ine thewblepidlegicasrrcmmiams fratesting frothrsnehich ceppmic-cpbsindi ve

met ast at i CDWAegl%ltmcg@({%\AE&t aﬁ‘l OI? ﬂﬁlﬁtgg'to%locicf[acgl%lledog%?g}g!)l{%ﬁt(?'&;r?ed b%oo(agsgotg7

5538- 5546) was use ecane aval e exploratory anal ysis
was cohfpl etugat, bidehlsswabuighyl shidndh. snithbld sqpaydes! fat HDA serblo:gicaestmg;layee@eﬂb and 772
(609 gave consent for pharnmacogenetic 30i nvestigation. O those patients
recei ving Ié éﬂlgkilao%l us letrozole, 374 patients (57% were consented and
avai | abl e for ALk [easset iaveaticnilbs plovisled e bf QpatmTﬂi]@r & bharinaaduticdiigr act eri sti cs
of these geneti § study subsets are %SSCI‘I be &{bl e 1. Table 1. dinical
Char act er i 8¢FR&° BPa“EB{ﬁP@P%t&‘Vh%Fﬁ%f Pt Wn SPHSEGYEHE 149 Popul at i ons

Conf i r mat ofymaa &Y nEi @y EXR R Mk Q8111 ShoigopsnBapuad freihenubat éfon  Local |y
advanced and netastatic breast cancer (12 trials) 9011 52.2 (11.0) European

(N=62015 68HBoyDRAS el cHEADQB 1 #0292, 404/ oy HHﬁalef%klogPhnm qRREpEct the gog

Tuni sian ({}Eg’rﬁlon%rczf@esﬁ% maﬂahﬁggor a%shgr@ac&tﬁ:ﬁlify ﬁ&'ﬁ%&ble %h?b{‘) None - Qutliers
(N=24, 2.7% Noné - |nadequate Genotype |nformation 19, 2.1%

composition thereof, for the manufacture of a medicament for treatlng a human for
cancer, wherein said human is genotyped for a polymorphism in HLA and
administered lapatinib or a or a pharmaceutically acceptable salt or composition

20 thereof, if said human does not have an allelic polymorphisms selected from the group
of: HLA-DQA1*0201, HLA-DQB1*0202, and/or HLA-DRB1*0701. The methods of
the present invention can be used in the manufacture of kits and medicaments for
treatment with lapatinib, or a pharmaceutically acceptable salt or composition thereof.
The methods of the present invention are also understood to described various uses of

25  lapatinib, or a pharmaceutically acceptable salt or composition thereof.

Patents and patent applications cited in this specification are herein
incorporated by reference in their entirety as if each individual publication or reference
were specifically and individually indicated to be incorporated by reference herein as
being fully set forth. Any patent application to which this application claims priority is

30 also incorporated by reference herein in its entirety in the manner described above for

patents and patent applications.

The invention is further described by the following non-limiting examples.
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343 (38.1% Monot herapy (N=363) Conbi nation: paclitaxel (N=218)

Conbi nati on: capecitabi ne (N=146) Conbination: trastuzunmab (N=146)
Combi nat iwo:20packdBaxel + carboplatin (N=3) Conbi nati onPCpaskéaxah2 +
carboplatin + trastuzumab (N=4) Conbination: paclitaxel + trastuzumab
(N=21) Baseline ALT xULN. 0.75 (0.76)/0.52 0.64 (0.53)/0.49

Mean( SD) / Medi an Baseline TBL xULN: 0.47 (0.32)/0.40 0.45 (0.22)/0.40
Mean( SD) / NEXiAMIPLESasel i ne ALP xULN:. 1.0(0.91)/0.75 0.99 (0.69)/0.81
Mean( SD) / Medi an

Raw data used for Examples 1A-C below were taken from the same several
clinical trial samples. Data were analyzed and results were confirmed through various
5 analysis as shown below. In the following Examples, lapatinib or a pharmaceutically

acceptable salt or composition thereof was used. The commercial form of lapatinib

(Tykerb/Tyverb) is currently marketed in a ditosylate monohydrate salt form.

Example 1A: Pharmacogenetic investigation of lapatinib associated hepatobiliary

10 safety signals
Clinical data and germline DNA collected during the conduct of thirteen

randomised, clinical trials evaluating lapatinib for the treatment of AMBC were used
in this pharmacogenetic investigation. The clinical trial protocols were reviewed and
approved by Independent Ethics Committees or Institutional Review Boards. Patient
15  informed consent for the pharmacogenctic research was obtained in addition to the
patient’s consent to participate in the clinical studies. A two-stage strategy for
exploratory genetic marker association identification, followed by pre-specified
marker confirmation, in independent datasets, was used to identify genctic associations
with on-treatment ALT elevation case and control subjects. For the exploratory
20  analysis, was pooled from twelve trials evaluating lapatinib as monotherapy or as a
component of various chemotherapy combinations. Nine hundred and one of these
patients received lapatinib treatment and were available for ALT case and control
selection.
Lapatinib treated ALT case and control subjects were selected from the exploratory
25  (n=901) and confirmation (n=374) cohorts. ALT cases were defined as lapatinib
treated patients who had a baseline ALT measurement within the normal range (<1 x
ULN) and one or more on-treatment ALT measurement >3 x ULN during the course
of treatment. ALT controls were patients exposed to lapatinib for at least thirteen
weeks, who had baseline and all of their on-treatment ALT measurements within the
30 normal range. The exploratory cohort included 37 ALT cases and 286 controls and the

confirmation cohort included 24 ALT cases and 154 controls.

Objective

The objective of this confirmatory pharmacogenetic study was to investigate
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whether the pre-specified genetic variants were associated with the on-treatment ALT
and/or TBL elevations observed within the lapatinib ditosylate monohydrate plus
letrozole treatment arm.

Using HLA alleles, DILI candidate genes and the Illumina 1M genome-wide assay
platform, exploratory analyses identified genetic variants as significantly associated
with ALT or TBL elevation. For the ALT phenotype, nominally significant
associations were identified for 58 distinct variants and included three Class II HLA
alleles (HLA-DRB1*0701, -DQA1*0201, -DQB1*0202) and one Class I HLA allele
(HLA-B*4403) and a SNP in TNXB (A-8829G, rs12153855). For the TBL
phenotype, a key result was the association of the Gilbert’s syndrome variant
UGT1A1%*28 with TBL elevation. This example summarises the results of a
confirmation analysis using clinical and genectic data from a lapatinib ditosylate
monohydrate plus letrozole treatment arm. For the confirmation analysis, a single
phase 111 trial evaluating lapatinib plus letrozole versus letrozole alone, as first-line
therapy for postmenopausal hormone receptor-positive metastatic breast cancer was
used, which became available after the exploratory analysis was completed. Of those
patients receiving lapatinib plus letrozole, 374 patients (57%) were consented and

available for ALT case and control selection.

Methodology

Statistical analyses used for this investigation indicated the following. The two
phenotypes that were evaluated were maximum on-treatment liver chemistry values
for ALT and TBL with respect to the upper limit of normal. These phenotypes were
evaluated in both case-control and quantitative trait analyses while key associations
were examined qualitatively in the combined ALT/TBL cases. ALT and TBL cases
were defined as maximum on-treatment elevations of >3xULN and >1.5xULN,
respectively, and control subjects were defined as maximum on-treatment ALT or
TBL of <IxULN. Additionally, all cases and controls had normal ALT and TBL at
baseline (<1xULN) and controls experienced at least thirteen weeks on treatment.
Approximately 370 patients with an adequate, fully consented DNA sample had
available clinical data for these phenotypes.

A total of 1003 confirmation tests were attempted that were specific to
previous endpoints (ALT/TBL), subject population (all subjects/European subjects),

and analysis methods (QTA or case-control). These attempted confirmation tests
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comprised of 999 tests from 833 unique SNPs and 4 tests from 4 HLA alleles.
Successful genotypes available for analysis were obtained and tests conducted in 719

unique SNPs (860 tests) and all 4 HLA alleles of interest (4 tests).

Results

For ALT, six genetic markers achieved association in confirmation tests at the
p<0.01 level. HLA-DQA1*0201 achieved Bonferroni-adjusted confirmation
significance (p=4.6x10”). Additional confirmed association makers with p<0.01 were
HLA-DQB1*0202 and HLA-DRB1*0701 (both p=2x10""), two SNPs in TNXB
(rs12153855, p=2x10~ and rs17207923, p=7x10"*) and one SNP in HNF1A
(rs1169288, p=7x10'3). Although not achieving significance at p<<0.01, the next most
significant result was HLA-B*4403 (p=0.013). The HLA alleles and TNXB SNPs are
located in the same chromosome 6 MHC region and likely reflect a high degree of
correlation, suggestive of a single signal. This hypothesis is supported by a
conditional analysis for HLA-DQA1%0201, with the five other associated genctic
markers becoming non-significant (p>0.05) after adjustment for HLA-DQA1*0201 in
the model. HNF1A is located in chromosome 12 and is not correlated with the other
top signals. For HLA-DQA1*0201, 17/24 (71%) of ALT cases compared to 32/154
(21%) of controls carried at least one *0201 allele and produced an odds ratio of 9.26
(exact 95% confidence interval 3.26-28.34) when classifying those carrying one or two
copies of *0201 allele as the risk group. As a predictive marker of ALT clevation
between cases and all non-case subjects, HLA-DQA1*0201 had PPV 0.18 and NPV
0.97 (exact 95% confidence intervals are 0.11-0.27 and 0.95-0.99, respectively).

For TBL, 21 markers achieved confirmed association at p<0.01, however none
achieved a Bonferroni-adjusted level of significance. Eighteen of these variants are
located in the UGT1 locus. The Gilbert’s syndrome UGT1A1 TA7 repeat
polymorphism marker (UGT1A1*28) did not show significant association with TBL
when evaluated using all genotypes detected as separate classes in the genotypic model
(TAS5/TAS, TAS/TA6, TA6/TA6, TA6/TA7, TA7/TA7 and TA7/TA8). However
significance (p<0.01) was achieved for the highly correlated UGT1A1 SNP (rs887829)
and also when TA repeat polymorphism was evaluated for the three common TA
repeat genotypes (TA6/TA6, TA6/TA7 and TA7/TA7) only, removing four subjects
from the analysis who carried the other three rare genotype classes. Seven of 21

(33%) TBL cases compared to 9/226 (4%) controls carried the TA7/TA7 genotype.
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20
Example 1B: Results of exploratory pharmacogenetic investigation of lapatinib

associated hepatobiliary safety signals using candidate gene methods.

Introduction
Isolated clevations in serum alanine aminotransferase (ALT) and total bilirubin
25  (TBL) clevations have been observed in patients receiving lapatinib across clinical
studies. This exploratory pharmacogenetic study investigated the association of
candidate gene polymorphisms with ALT and TBL elevation endpoints. This study
utilized patients exposed to lapatinib ditosylate monohydrate (either as monotherapy or
in combinations with other therapies) with available clinical data and an adequate,
30  fully consented DNA sample available from twelve lapatinib ditosylate monohydrate

advanced and metastatic breast cancer clinical trials.
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Objective
The objective of this exploratory pharmacogenetic study was to investigate
whether the selected genetic variants were associated with the on-treatment ALT and

TBL elevations observed within these studies.

Methodology

Statistical analyses used for this investigation indicated the following. The two
phenotypes that were evaluated were maximum on-treatment liver chemistry values
for ALT and TBL with respect to the upper limit of normal. These phenotypes were

10 evaluated separately in case-control and quantitative trait analyses and jointly in a
combined case-control analysis. ALT and TBL cases were defined as maximum on-
treatment elevations of >3xULN and >1.5xULN, respectively, and control subjects
were defined as maximum on-treatment ALT or TBL of <IXULN. Approximately 950
patients with an adequate, fully consented DNA sample had available clinical data for

15  these phenotypes. After subject genotyping quality control was completed, a total of
947 patients remained for pharmacogenetic analyses on at least one genetic variant.
Due to difference in the incidence of ALT elevations when compared with other
treatments, lapatinib ditosylate monohydrate - pazopanib combination-treated patients
from VEG20007 were excluded from this primary analysis.

20 A candidate gene approach of approximately 300 genes was utilized, which
included the following: 1) Twenty five genes, sclected based lapatinib mechanism
pathway and ADME: (CYP, UGT and drug transporter) genes. 2) As genetic
understanding of drug-induced liver injury is limited, a comprehensive drug induced
liver injury (DILI) panel, developed by GSK in consultation with external liver experts

25  was also evaluated. This DILI panel is comprised of approximately 6500 single
nucleotide polymorphisms (SNPs) in 270 gene regions derived from the postulated
mechanisms involved in the pathophysiology of DILI. In both approaches, genetic
variation in each gene region was investigated using tag SNPs selected from the
International HapMap project and/or high density SNP coverage consisting of all

30 functional SNPs with a previously recorded genotype to phenotype correlation. 3)
HLA genes (4-digit genotypes of HLA-A, -B, -C, -DPB1, -DQA, -DQBI, and -DRBI,
2-digit genotypes of -DRB3, -DRB4 and -DRBS) were also evaluated since published

examples have implicated an immune component in liver injury caused by other drugs.
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Evaluation of HLA genes focused on a subset of the total number of patients

consisting of all ALT cases (N=47) and matched controls (N=47).

Results

5 For the TBL phenotype, 125 variants from 66 gene regions were significantly
(p<0.01) associated with TBL elevation by QTA (N~900) and/or case-control analyses
(~60 cases and ~395 controls). Thirty-one of these variants were from one gene
region, the UGT1A@ cluster. A key result was the association of the Gilbert’s
syndrome variant UGT1A1*28 with TBL elevation, significant for both QTA

10 (1.25x10-5, n=899) and case (N=60) and control (N=396) analysis (p=1.04x10-5).
Thirty five percent of TBL cases were TA7/TA7 genotype and 82% of TBL cases had
at lcast one TA7 allele, compared to 5% and 48% respectively for controls. Patients
homozygous for the UGT1A1%28 variant had an odds ratio (95%CI) of 10.7 (5.3-21.6)
of being a case than a control, when compared to the other genotypes.

15 For the ALT phenotype, 51 variants from 34 gene regions were significantly
(p<0.01) associated with ALT elevation by QTA (n~900) and/or case-control analyses
(~35 cases and ~285 controls). In the HLA analysis, two genetic signals were
significantly associated (p<0.05) with ALT elevation in matched case-control analysis
(47 cases and 47 controls): HLA-DRB1*0701 (along with other HLA variants

20 correlated with this allele) and HLA-B*4403. HLA-DRB1*0701 was significantly
associated with ALT elevation (p=0.014), with an odds ratio (95%CI) of 4.4 (1.6-12.0)
for HLA-DRB1*0701 carriage compared to all other observed HLA-DRBI alleles.
One ALT case had the HLA-DRB1*0701/%0701 genotype and 40% of ALT cases had
at least onc copy of the HLA-DRB1*0701 allele, compared to none and 13%

25  respectively for controls. HLA-B*4403 was significantly associated with ALT
elevation (p=0.033), with an odds ratio (95%CI) of 4.0 (1.1-14.3) for HLA-B*4403
carriage compared to all other observed HLA-B alleles. Twenty three percent of ALT
cases carried one copy of the HLA-B*4403 allele (no subjects were observed to carry
two copies), compared to 6% respectively for controls.

30 For combined ALT and TBL cases, 20 variants from 15 gene regions were
significantly (p<0.01) associated the combined case-control endpoint (~9 cases and
~225 controls). For key markers, 5/13 combined ALT/TBL cases were UGT1A1*28
TA7/TA7 homozygotes (38%) and 4/13 combined ALT/TBL cases had at least one of
the significant HLA alleles discussed above (31%).
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Example 1C: Two-stage analvsis for exploratorv marker association
identification, followed by pre-specified marker confirmation in independent
datasets using ALT case-control analysis.

Background: Lapatinib is a HER2/ EGFR tyrosine kinase inhibitor approved for the
treatment of HER2 over-expressing advanced or metastatic breast cancer (AMBC).
Serious hepatobiliary adverse events have been observed in a small proportion of
lapatinib treated AMBC patients. A two-stage pharmacogenetic investigation of ALT

10 clevation was conducted in AMBC clinical trial patients treated with lapatinib.

Methods: Exploratory marker identification evaluated HLA (10 genes), candidate

genes (299 genes, 7426 SNPs) and genome wide screening (1M SNPs) in 37 cases

with ALT >3x upper limit of normal (ULN) and 286 controls with ALT <IxULN.
15  Markers that achieved pre-specified association thresholds were progressed to an

independent confirmatory dataset of 24 ALT cases and 155 controls.

Results: Out of 58 variants associated with >3xULN ALT elevation in the exploratory
dataset, four exceeded the pre-specified significance threshold in the confirmatory

20  analysis. These variants reside in the same MHC genomic locus and include HLA-
DQAI1*0201, which achieved multiple test corrected significance. In the confirmatory
study, DQAI1*0201 allele carriage was present in 71% of ALT cases compared to 21%
of controls, with an odds ratio of 9.0 (3.2-27.4). As a predictor of liver safety risk
(ALT cases versus non-cases), DQAI*0201 had negative and positive predictive

25  wvalues 0f 0.97 (0.95-0.99) and 0.17 (0.10-0.26), respectively.

Conclusions: These results support a role for immune mechanisms in the
hepatotoxicity caused by lapatinib. A test based on DQAI*0201 allele carriage may
mitigate liver safety risk during lapatinib treatment in women with AMBC.
30
Introduction
Lapatinib (Tykerb®/T yverb®) is a dual HER2/ErbB2 and EGFR/ErbB1 tyrosine
kinase inhibitor approved for oral use in combination with capecitabine for the

treatment of patients with advanced or metastatic breast cancer (AMBC) whose
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above.
10 clinical experience with lapatinib has demonstrated an acceptable safety profile in the

breast cancer therapy setting (Di Leo, A., ef al. J Clin Oncol, 2008; 26, 5544-5552,
and Geyer, CE, et al. N Engl J Med 2006; 355: 2733-2743). However, isolated
clevations in serum transaminases (including alanine aminotransferase, ALT) and total
bilirubin (TBL) have been observed and serious laboratory abnormalities of Grade 3

15  ALT eclevation (Common Toxicity Criteria for Adverse Events, v4.0) and Hy’s Rule
events have been reported in 1.6% in 0.2% of cancer patients receiving lapatinib (Moy,
B, et al. J Clin Oncology 2009; 27, 15S (Suppl A1043)). Elevations in serum
transaminases and TBL and isolated events of hepatotoxicity have been reported for
other tyrosine kinase inhibitors (Loriot Y, et al. Nature Clinical Practice Oncology

20 (2008)).

Liver chemistry abnormalitics are considered safety signals for liver injury
(Mann, R and Andrews, E, (eds), Pharmacovigilance (Wiley and Sons Ltd,
Chichester), 2006) and can lead to treatment discontinuation, with subsequent poor
disease control in cancer patients. Improved understanding of hepatotoxicity

25  mechanisms may enable better interpretation and management of patients who exhibit
these signals. Recent studies have identified strong associations between specific
Human Leukocytic Antigen (HLA) polymorphisms within the Major
Histocompatibility Complex (MHC) and hepatotoxicity for diverse treatments with
unrelated indications. These include amoxicillin-clavulanate (HLA-DRBI1*1501,

30  O’Donohue, J, et al.. Gut 2000; 47: 717-720), anti-tuberculosis chemotherapy (HLA-
DQB1*0201, Sharma, SK, et al.. Am J Resp Crit Care 2002; 166: 916-919),
ticlopidine (HLA-4*3303, Hirata K,et al. The Pharmacogenomics Journal 2008, &:
29-33), ximelagatran (HLA-DRB1*0701, Kindmark, A., et al. Pharmacogenomics
Journal, 2007; 1-10), flucloxacillin (HLA-B*5701, Daly A, flucloxacillin.et al. Nature
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from these studies was 2198 patients and 1336 (61%) gave consent for
pharmacogenetic investigation. A total of 901 patients received lapatinib treatment
and were available for ALT case and control selection. For the confirmatory analysis,
25  asingle phase I trial evaluating lapatinib plus letrozole versus letrozole alone, as
first-line therapy for postmenopausal hormone receptor-positive metastatic breast
cancer (Johnston S, et al. J Clin Oncol 2009; 27; 5538-5546) was used, which became
available after the exploratory analysis was completed. This study had an ITT
population of 1286 subjects and 772 (60%) gave consent for pharmacogenetic
30 investigation. Of those patients receiving lapatinib plus letrozole, 374 patients (57%)
were consented and available for ALT case and control selection. The clinical

characteristics of these genctic study subsets are described in Table 1.
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"For the exploratory analysis, clinical data available as of 16™ April 2008 was pooled from twelve trials.

®For the confirmatory analysis, a single phase III trial was used, which became available after the exploratory analysis
was completed.

*Subjects with pharmacogenetic data from VEG20007 who received a combination of lapatinib plus pazopanib (n=46)
were excluded from this analysis as this combination was found to produce a higher incidence of ALT elevation than
other combinations or lapatinib monotherapy. Lapatinib monotherapy treated patients from VEG20007 (n=44) were
included in this analysis and comprise part of the total number of subjects (n=901).
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of their on-treatment ALT measurements within the normal range. The exploratory
study included 37 ALT cases and 286 controls and the confirmatory study included 24
10 ALT cases and 154 controls. The clinical characteristics of these case and control
subsets are described in Table 2. As a negative control for lapatanib-induced ALT
elevation, the letrozole-only treated patients from the confirmatory study were
genotyped for the confirmed alleles. Of those patients receiving letrozole alone, 340
patients (55%) were available for ALT case and control selection, providing 11 cases

15  and 159 controls for the non-lapatanib control analysis.
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(71% (21%

PCT/US2010/046142

Table 2: Demographics of Exploratory and Confirmatory Study Cases and

Controls
Exploratory ]SE:p(;Ol::E)’;y Confirmatory gz::lﬁr:lﬁtlf) ry
Study ALT Cases udy Study ALT Cases y
Controls Controls
Locally advanced Locally advanced Postmenopausal Postmenopausal
. . hormone receptor- hormone receptor-
. and metastatic and metastatic . . - .
Disease type positive metastatic positive metastatic
breast cancer (12 breast cancer (12
trials) trials) breast cancer (1 breast cancer (1
trial) trial)
Total N (all female) 37 286 24 155
ég])e)(ye”)‘ Mean 50.9 (9.9) 52.8 (10.6) 65.5 (9.0) 64.4(9.7)
B -6 European E -1 European
Ancestry Groups uropean (N=26) (N=196) uropean (N=21) (N=123)

Informed by Clinical
and Genetic Data

Lapatinib Treatment

Baseline ALT xULN:
Mean(SD)/Median
Maximum on
treatment ALT
xULN:

Mean(SD)/Median

Non-European
(N=8)

None' (N=3)
Monotherapy
(N=14)
Combination
Therapy (N=23)
0.51(0.21)/0.49

6.47(6.57)/4.70

Non-European
(N=79)

None' (N=11)
Monotherapy
(N=105)

Combination
Therapy (N=181)

0.43(0.18)/0.40

0.59(0.21)/0.59

Non-European
(N=3)
None' (N=0)

Combination

Therapy (N=24)

0.45(0.21)/0.41

6.50(3.73)/4.96

Non-European
(N=28)
None' (N=4)

Combination
Therapy (N=155)
0.43(0.18)/0.40

0.66(0.19)/0.65

"Outliers or Inadequate Genotype

Information

Patient and clinical trial characteristics

Clinical data and germline DNA collected during the conduct of thirteen

randomised, double-blind clinical trials evaluating lapatinib for the treatment of

AMBC (as shown in Table 3) were used in this pharmacogenetic investigation. The

clinical trial protocols were reviewed and approved by Independent Ethics Committees

or Institutional Review Boards. Patient informed consent for the pharmacogenetic

rescarch was obtained in addition to the patient’s consent to participate in the clinical

studies.
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Table 3: Clinical studies used in this pharmacogenetic investigation

10

Rec’d Lapatinib
& w/ valid LFT Analyzable
PGx clinical data & subjects (post
Study/Treatment Enrolled' consented’ adequate DNA' QC)

Lapatinib + Trastuzumab 54 35 27 27
Lapatinib + Capecitabine 408 256 142 142
Lapatinib + Paclitaxel 49 41 38 36
Lapatinib 154 64 46 46
Lapatinib + Carboplatin
+ Paclitaxel with or
without Trastuzumab 13 9 7 7
Lapatinib + Paclitaxel +
Trastuzumab 33 21 21 21
Lapatinib with or without
Trastuzumab 296 203 185 185
Lapatinib 242 147 120 120
Lapatinib + Paclitaxel 57 43 40 40
Lapatinib 138 935 93 91
Lapatinib + Paclitaxel 580 320 145 142
Lapatinib with or without
Pazopanib 174 102 90 901

2198 1363 954 947
Lapatinib plus letrozole
versus letrozole 1286 702 468 371

A two-stage strategy for exploratory genetic marker association identification,

followed by pre-specified marker confirmation, in independent datasets, was used to

identify genetic associations between on-treatment ALT elevation case and control

subjects. For the exploratory cohort, data was pooled from twelve trials evaluating

lapatinib as monotherapy or as a component of various chemotherapy combinations.

The combined intent to treat (ITT) population from these studies was 2198 subjects

and 1336 (61%) gave pharmacogenetic consent. Nine hundred and one patients

received lapatinib treatment and were available for ALT case and control selection.

For the confirmation cohort, a single trial evaluating lapatinib plus letrozole versus

letrozole alone, as first-line therapy for postmenopausal hormone receptor-positive

metastatic breast cancer (Johnston S., ¢t al. J Clin Oncol 2009; 27; 5538-5546)

became available after the exploratory analysis was completed. This study had an ITT
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population of 1286 subjects and 772 (60%) gave pharmacogenetic consent. Of those
patients receiving lapatinib plus letrozole 371 patients (57%) were available for ALT
case and control selection. The clinical characteristics of these genetic study subsets

are described in Table 1 above.

Liver Chemistry Measurements

ALT, TBL and alkaline phosphatase (ALP) measurements were performed by
local institutional laboratories. These values were converted to the unit of “upper limit
of normal’ (ULN) by dividing the laboratory values with the institutional lab-specific

10 upper limit of normal values.

Genotyping

Germline DNA was extracted from peripheral blood (QiAmp DNA Blood Kit,

Qiagen, Valencia, CA). This study evaluated candidate gene and genome-wide

15  screening, performed in parallel, to detect case-control association signals in the
exploratory cohort. Class I and Il HLA genes (seven genes to 4-digit and three genes
to 2-digit resolution) were typed by Laboratory Corporation of America (Burlington,
NC) and Histogenetics (Ossining, NY), or at GSK using the LABType® SSO Typing
Test (One Lambda, Canoga Park, CA). In addition, candidate genes comprising 850

20  polymorphisms in 29 genes involved in metabolic disposition of lapatinib and the
EGFR signal transduction pathway and 6560 SNPs in 270 genes from a bespoke panel
of drug induced liver injury (DILI) genes were genotyped (GoldenGate platform or
Infinium iSelect platform, Illumina, San Diego, CA). Whole genome screen
genotyping on the [llumina Human 1M-Duo platform was also conducted (Expression

25  Analysis, Durham, NC).

For quality control, subjects were evaluated individually for performance in
each genotyping platform and for gender consistency. Markers in each platform were
evaluated for individual performance across all subjects. Genotype data of control
samples was compared for concordance with legacy data held in house and/or

30  available in the public domain. Genotypes for duplicate samples were compared and

found to be concordant.
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Statistical Analysis

For all variants, departure from Hardy-Weinberg equilibrium (HWE) was
tested separately in both the exploratory and confirmatory datasets using an exact test
in the ethnic group with the largest sample size (European ancestry subjects). None of
the confirmed variants departed significantly from HWE in either the exploratory or
confirmatory sets.

For the exploratory study, initial analysis of the GWAS was done using logistic
regression, carried out in PLINK (Purcell S, ef al. American Journal of Human
Genetics 2007; 81, 559-575) using the genotypic test option when three genotype
classes were observed, or the additive test option when only two genotype classes were
observed. The markers that passed the initial screen from the GWAS, and the
DILI/CG and HLA marker sets were analyzed with a penalized logistic regression
method (SAS Institute inc, Cary, NC, USA), which performs better than standard
logistic regression where case control numbers are low (Heinze G. A comparative
investigation of methods for logistic regression with separated or nearly separated
data. Statistics in Medicine 2006; 25: 4216-4226). In addition to the genotype term,
all models included baseline ALT xULN, treatment group (for the exploratory study),
and a sufficient number of principal components to account for potential confounding
by population structure. Principal components were obtained from EIGENSOFT
(Patterson N, et al. PLoS Genetics 2006; 2: ¢190), using study subjects and HapMap
founders.

Genetic markers selected for confirmatory were required to achieve pre-defined
p-value thresholds in the exploratory analysis of p<0.05 for HLA markers, p<0.01 for
candidate gene markers and p<10™ for whole genome screen SNPs. For markers
confirmed at p<0.01, measures of potential clinical utility were evaluated. An allele or
genotype(s) was designated which conferred a higher risk of ALT elevation and this
was compared to the non-risk allele(s)/genotype(s) and the odds ratio (OR), positive
predictive value (PPV), and negative predictive value (NPV) calculated.

Results

Patient Characteristics

The exploratory and confirmatory genetic study populations were similar for

AMBC, but with differences in terms of age, incidence of liver metastases and
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different treatment regimens (as shown in Tables 1 and 2). The confirmatory study

enrolled post-menopausal hormone receptor positive metastatic breast cancer patients,

which reflected the older mean age of the patients in this study. Patients with

European ancestry were the most predominant groups and baseline and maximum-on-
5 treatment liver function measures were similar in both datasets.

In the exploratory cohort, using all subjects who received lapatinib and had a
bascline and at least one maximum-on-treatment ALT measure, a univariate linear
regression analysis was performed to identify factors associated with maximum-on-
treatment ALT. Baseline ALT was a significant predictor of maximum-on-treatment

10 ALT elevation (p<0.001), whereas age, treatment, liver metastases and self-reported

ethnicity were not.

Exploratory and confirmatory genetic association analysis
A total of 58 unique genetic variants met the thresholds for nominal statistical

15  significance with ALT elevation by case-control analyses and were selected for further
analysis in the confirmatory study. Four of the 58 pre-selected exploratory markers
were found to be significantly associated with ALT elevation in the confirmatory study
(p<0.01) by case and control analysis. The four confirmed variants reside in the same
MHC genomic locus (Table 4) and include HLA-DQAI*0201, DQB1*0202 and

20  DRBI*0701 plus a SNP in TNXB (rs12153855). The most significant association was
for HLA-DQA1*0201 (p=8.0x107) which exceeds a stringent multiple testing
correction in the confirmatory dataset (Bonferroni 0.05/58=8.0x10™*). This is
considered conservative since some of the confirmatory tests performed are amongst
highly correlated markers. The genomic proximity and correlation amongst these

25  polymorphisms are consistent with a single association signal. This was supported by
a hierarchical, conditional regression analysis, where after adjustment for cither
DQAI1*0201 or DRB1*0701, the three remaining variants became non-significant
(p>0.05, see Table 5). Further discussion will focus on DQA1*0201, but the results
for DRB1*0701 are similar (sce Table 4).

30
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' Case-control odds ratio with exact 95% confidence intervals 2Non-ri sk
allele represents all other four-digit alleles observed at the HLA gene of
I nt er est WORale283 Conditioning anal ysis of HLA/ MHC naPKe&rus2010/04d162
confirmatory study suggests a single association signal Test Marker
Condi ti oni ng TNXB Mar ker DQAI *0201rs12153855DBI *0202DRBI *0701 HLA-

8. 0x10-50. 07>0. 10>0. 10 DQAI *0201 TNXB rs12153855 0. 020. 00020.010. 09 HLA-
0. 050. 0070To0Ie 3> IID ChgR1s13PE Analyhidof the Fbad Cobfitindd) ®roSfetifiodBl * 0701

MHC/HLA Region markers

Risk
allele or Exploratory study Confirmatory study

Variant genotype

Carriage: Carriage: Odds P Carriage: Carriage: Odds P value

cases controls Ratio" value cases controls Ratio’
DQAI *0201° 14/35 58/283 2.6 0.03 1724 33/155 9.0 8.0
*0201 (40%) (20%) (1.1,5.7) (71%) (21%) (32,274) %107
INXB CC/CT 12/34 47/281 2.7 0.01 15/24 29/155 7.2 0.0002
rs121538 (35%) (17%) (1.1,6.2) (63%) (19%) (2.6,20.5)
55
DOBI 02022 13/35 47/281 2.9 0.007 15/24 30/155 6.9 0.0003
*0202 (37%) (17%) (1.3,6.6) (63%) (19%) (2.5,19.6)
DRBI *0701° 14/35 59/283 2.5 0.04 16/24 35/155 6.9 0.0004
*0701 (40%) (21%) (1.1,5.6) (67%) (23%) (2.5,19.9)

Case-control odds ratio with exact 95% confidence intervals

*Non-risk allele represents all other four-digit alleles observed at the HLA gene of interest

5 Table 5: Conditioning analysis of HLA/MHC markers in the confirmatory study
suggests a single association signal

Test Marker
Conditioning TNXB
Marker DQAI*0201 rs12153855 DQOBI1*0202 DRBI1*070!1
HLA- 8.0x10°° 0.07 >0.10 >0.10
DPAT*0201
TNXB 0.02 0.0002 0.01 0.09
rs12153855
HLA- 0.05 0.007 0.0003 >0.10
DQB1*0202
HLA- >(.10 0.05 >0.10 0.0004
DRBI1*0701
Genotypic P values given are conditional on the variant in the first column. Single SNP
results are along the diagonal in bold.

Further evaluation of HLA-DQA1%*0201

Figure 2 compares discrete ALT case-control association data for DQA*0201.
10 Inthe exploratory study, 40% (14/35) of cases, compared to 20% (58/283) of controls
carried at least one DQA [ *0201 allele, whilst in the confirmatory study, 71% (17/24)
of cases, compared to 21% (33/155) of controls were DQA1*0201 carriers. When
classifying DQA1*0201 allele carriage as the risk group in cases and controls, the

exploratory study produced an odds ratio of 2.6 (1.1-5.7), compared to 9.0 (3.2-27.4)
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cases and a non- case_subjects, DQA 1 *0201 had a high NPV of 0.97

|, .S
(0. 95- & goypeciigforapntiait pdycppdLafelayation. (0. 10- 0. 26). The DQAL*0201

associ ation andaRpkgic: REhLRERMGRNE {RIubR AL ALREMicher3 MOLR) 8dybagent ALT
case thresholds, with higher OR 20 NPV increasing towards unity, whil st
PPV decr easwses qnded nvadshss sahyjcctS AMP4/ 620 /FeadfadvighaNR ¥ o€ .Y 49%P P8Y befs f or

HLA- DQAL* OgQiL, (G@r Ir[i\)a(gf% m 16%6). The DQA1*0201 association and marker
performance were maintained for more stringent ALT case thresholds, with higher OR,

20 NPV increasing towards unity, whilst PPV decreased (see Table 6).

Table 6: Performance characteristics for HLA-DQA7%0201 carriage and non-
carriage with increasing ALT thresholds (>3, 5, 8 xXULN) for cases and non-cases
in the confirmatory cohort

ALT Cases >3 ALT Cases >5
xULN xULN ALT Cases >8 xXULN
HLA- Cases 17 9 6
DQOAT*0201
Carrier Non Cases 82 90 93
HLA- Cases 7 3 1
DQEAI*0201
Non-Carrier Non Cases 268 272 274
OR (CI) 7.9 (3.0,23.3) 9.1(2.2,52.8) 17.7 (2.1, 816)
PPV (CI)
0.17 (0.10, 0.26) 0.09 (0.04, 0.17) 0.06 (0.02, 0.13)
NPV(CI)
0.97 (0.95, 0.99) 0.99 (0.97, 0.9977) 0.9964 (0.98, 0.9999)

25
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carriage with increasing ALT thresholds (>3, 5, 8 xULN) for cases and
non-cases in the confirmatory cohort ALT Cases >3 xULN ALT Cases >5 xULN
ALT CaseswB@ox2de3BlLA- Cases 17 9 6 DQA1*0201 Car r i ®CTNSR01CAsEs2 82 90
93 HLA-

A key liver safety signal is the observation of simultancous elevations of ALT

(>3 xULN) and TBL (>2 xULN), combined with no initial findings of cholestasis
(ALP <2 xULN), which may reflect extensive hepatocyte damage and impaired
hepatic metabolic capacity. Such affected individuals are defined as Hy’s Rule cases

5 and carry a high risk of severe liver injury, liver failure and death (Bjornsson E. Clin
Pharmac Ther 2006; 79: 521-528). Fifteen hepatobiliary adverse event cases (pre-
defined in the study protocol as ALT>3x and TBL >1.5x ULN, irrespective of baseline
ALT) were identified in the lapatinib plus letrozole arm of the confirmatory study,
including two patients adjudicated by liver experts as probable Hy's Rule cases (see

10 Table 7). Eleven of these 15 cases provided DNA, of which, six carried the

DQAI1*0201 allele (including the one available Hy’s Rule case). For the five
remaining subjects, who were non-carriers, all had ¢levated baseline ALT and four had

liver metastases prior to treatment.
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Cases 7 3 1 DQAL*0201 Non- Carrier Non Cases 268 272 274 OR (Cl) 7.9
(3.0, 23.3) 9.1 (2.2, 52.8) 17.7 (2.1, 816) PPV (Cl)
WO 2011/022633 PCT/US2010/046142

Table 7: Genetic and Clinical Characteristics of pre-defined Hepatobiliary
Adverse Events in Confirmatory Study

Liver AE DNA DQAI Elevated Liver
Category available *0201 carriage Baseline Metastases at
ALT baseline

Probable DILI
& Hy’s

Yes Yes No No

No Unknown No No
ALT>3x
TBL>1.5x
ALP<2x

Yes Yes No No

Yes Yes No No

Yes Yes No Yes

Yes Yes No Yes

No Unknown No No

No Unknown No No
ALT>3x
TBL>1.5x

Yes Yes No Yes

Yes No Yes Yes

Yes No Yes Yes

Yes No Yes Yes

Yes No Yes Yes

Yes No Yes No

No Unknown No No
These individuals met a pre-defined study protocol definition for hepatobiliary events
of ALT>3x and TBL >1.5x ULN, irrespective of baseline ALT. In addition two
cases were judged as Probable DILI and Hy’s Rule cases following adjudication by a
liver expert panel.

HLA Class II peptides form heterodimer proteins where DQA1/DQB1 and
5 DRA/DRBI combinations create discrete antigen binding sites (Jones EY, ef al.

Nature Reviews: Immunology 2006, 6; 271-282). HLA-DRA is functionally
monomorphic and no further marker discrimination can be gained by evaluating
specific allelic combinations. In contrast, both DQA7*0201 and DQBI1*0202 are
polymorphic. Therefore we investigated alleles that contribute to the DQ2.2 serotype

10 (Fallang. et al, Nature Immunology 2009; 10; 1096-1102), comprising DOA*0201 as
o peptide, with DQBI*0201, *0202 and *0204 (designated as DQBI*0201g) as cis or
trans B peptides (Jones EY, et al. Nature Reviews: Immunology 2006; 6; 271-282) on
ALT elevation in the confirmatory study. When compared to DQAI*0201 alone,
DQAI1*0201/DQBI*0201g allele combinations were maintained in 71% (17/24) of
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0.17 (0.10, 0.26) 0.09 (0.04, 0.17) 0.06 (0.02, 0.13) NPV(C) 0.97
(0.95, 0.99) 0.99 (0.97, 0.9977) 0.9964 (0.98, 0.9999) 25 A key liver
saf ety siwyoabi/e2438e observati on of sinultaneous el evat POmAISed10ALEI4% >3
XULN) and TBL (>2 xULN), conmbined with no initial findings of cholestasis
(ALP <2 xULN), which may refl ect extensive hepatocyte damage and inpaired
hepati c netabolic capacity. Such affected individuals are defined as Hy's
Rul e casesALT cases but were reduced from 23% (82/350) to 19% (67/348) in the non-cases (sce

Table 8), resulting in modest improvements in the OR, NPV and PPV.

Table 8: Comparison of Performance Characteristics for Carriage of HLA-

5 DQAI*0201 allele Alone versus DQAI*0201/DOBI1*0201g allele Combinations
(corresponding to DQ2.2 serotype) with ALT Cases (>3x ULN) and Non-cases in
the Confirmatory study.

DQAT%0201 DQA1*0201/DOB1*0201g
ALT Cases >3 xULN  ALT Cases >3 xULN
HLA Carrier Cases 17 17
Non
Cases 82 67
HLA Non-Carrier Cases 7 7
Non
Cases 268 281
OR
(1) 7.9 (3.0,23.3) 10.2 (3.8, 30.0)
PPV
I 0.17 (0.10, 0.26) 0.20 (0.12, 0.30)
1(VCPI)V 0.975 (0.948,0.990)  0.976 (0.951, 0.990)

Previous reports have suggested different drugs may cause different types of

10 liver injury based on ALT/ALP ratios (Danan G, et al. J Clin Epidemiol 1993; 46:
1323-1330). Amoxicillin and flucloxacillin exhibit cholestatic (O’Donohue, J, ef al,
Gur 2000; 47: 717-720 and Daly A, et al, Nature Genetics 2009; 41: 816-819) whilst
and ximelagatran and lumiracoxib exhibit hepatocellular injury (Kindmark, A, et al.
Pharmacogenomics Journal, 2007; 1-10 and Wright TM. MHC II Haplotype marker

15  for lumiracoxib injury. Presented at 9th Annual FDA/PhRMA/AASLD Hepatotoxicity
Meeting, March 2009). Lapatinib treated ALT cases demonstrated ratios that were
predominantly hepatocellular and mixed rather than cholestatic and DQA7*0201 allele
carriage was higher in hepatocellular and mixed, than in the cholestatic injury cases
(see Table 9).

20
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Discussion

This study has identified and confirmed associations between lapatinib induced
ALT elevations and the highly correlated MHC Class 11 alleles HLA-DQAI*0201,
DRBI1*0701 and DQBI*0202. The strongest statistical association was observed for

DQAI1*0201, which has a large genetic effect size consistent with observations in other

drug safety studies (Nelson MR, ef al. Pharmacogenomics Journal 2009; 9 23-

33). In

the confirmatory study, comparison of DQA/*0201 allele carriage between cases and

controls and differences in the cumulative incidence of ALT elevation suggested that

removal of DQA7*0201 carriers would reduce the rate of ALT elevation for lap
plus letrozole treated patients by more than two-thirds, to a level comparable to
letrozole alone treated patients.

The role for HLA alleles in susceptibility to liver safety signals and

atinib

hepatotoxicity is consistent with previous observations in post-marketing drug use

(O’Donohue, J, er al, Gur 2000; 47: 717-720 and Daly A, et al, Nature Genetics 2009;

41: 816-819) and during clinical trials (Kindmark, A, et al. Pharmacogenomics
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The sample size of the exploratory dataset was maximised to increase genetic

association signal detection by pooling data from twelve available clinical trials. This
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i ncluding, but not limted to, another anti-cancer agent. Certain |iver
signals could be tested in each patient both before and after the dosing

wi t h | apat ERafiple 3t MethbdE6f Tre@ingdn coul d i ncl ude, but are not limted to,

al anine 30 am notransferase (ALT) and/or total bilirubin (TBL). If ALT

and/ or TBL and/@ra@énlﬂ&raéi M@éfp%hgﬁan&le@d@f&éaMtwh%aﬁﬂlgwmd in a
patient, for instance, ALT is found to be >3.0XULN, then that patient could
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30  aminotransferase (ALT) and/or total bilirubin (TBL). If ALT and/or TBL and/or other

liver signals are found to be elevated in a patient, for instance, ALT is found to be
>3.0XULN, then that patient could be genetically tested for one or more of the
following polymorphisms: HLA-DQA1*0201, HLA-DQB1%*0202, HLA-DRB1*0701,

57



5not receive an additional doses of |lapatinib or the patient nmay remain on
| apatinib therapy with further nonitoring of liver signals. As is

under st oosioizn1ttd2es3art, |iver signals can be tested peri ediraskég/osdinnugh t he
course of treatnment using clinical tested known in the art. Liver tests
coul d occur after each dose or could occur at regular tine intervals
regardl ess of when dosing occurs, including, but not limted to, daily,
weekl y 10amdl/@rHIvoiB i 08. orAsher poly:hlelq»hmnﬂar ﬁtomgdinkargetdnethbnuncwnhi nued

treatment with at i ni clinical de rmn ati ent shows
entneng e dbABRh! i heRomd Mornst bR s ufuBet o

HLA- DQAL* Ogfiknt rilbyAreb¥ddR1t 0OiZone aﬂ&iﬁ@ﬂfal tbsLOREHACHIE) 11f &Hﬂ:q:)aﬁait idegithak@y be

di sconti nued from I&Bati nib treat alternative thera

ma%/ be

adni ni st er 8%, OTAPRI7 BF PEHEOHEVEPIHI™Y ¢ ﬁhﬁvbm%to macabﬁ%wéé%a@a iRy

15acceps abh& réabe aﬁ%d&%ﬂ%t@&és%& MNa amﬁm%ﬁhmﬁe&%a@@&%ﬁ@n WpagMsPENded and
then restarted. CLAIMS: 1. A nethod of treating a human for cancer

conpri si ngthseRy i ethcngoatorng0t livesmignalss s é undaisigert /i the atsrlivar

phar maceut {igahl snde GRRYBHi SR LBl ATBRSIJr A0y bR BB clifGudegal d human,
wherein said human does not have one or nore l'el'ic polynmorphi snms sel ected
from t he gkeym ipfthe gd. A-IPXOASEER0ME, ocHir ALDBE @@@m cadigesnr #rgsDRBIME701. 2.
The met hod; of aﬁix% 813esS é’f’@ﬁ{ﬁ'd&lé% uﬂugﬁgdmgﬁbﬁ%&%{l{ég rd%%@«feglﬁ t cancer.
3. The netho ﬁv el n

acc Ial nirs' free of at
| east 1w pal ysAmssa@loemd@stocbd mnhetztre comtowpd oéatméedt A DRBBTIOMOL

HLA 1*02 0 1, / 2 The f
e 1 s gt % ¢ Qyinigh g M T Lo ingere B L pREE TSI Rt RSy one ©

HLA- B* 4403p&ymdtphisiekhodd aoﬁﬂmmmmkoany HIne DOB 1¢02028ndlortHL AL, wher ei n

sai d human_i free of a [ phi el ec ed fromrs12153855 and
r51720_7923138??&?57503&%@“?9{Wéﬂp &é’% koo JeprR DG AL BFng to any one
of clai ns {hetaBy Tay OB 8dBIntS&, dndISHBANddsS oﬁiawmﬁtr&ea@fanﬁéa@utiaah;aert s syndrone
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thereof, is admnistered to said hunan as nonot herapy. 8. The net hod
according to any one of clains 1 to 7 wherein said lapatinib, or a
pharmaceutically acceptable salt or conposition thereof, is co-adm nistered
with at | east one other anti-cancer agent. 9. The nethod of claim 8,
wherein said at | east one other anti-cancer agent is selected fromthe
group of: trastuzumab, capecitabine, paclitaxel, carboplatin, pazopanib and
| etrozole. 10. The method according to any one of clains 1 to 9 wherein
said human shows a statistically significantly | ess hepatotoxicity when
adm ni stered lapatinib, or a pharmaceutically acceptable salt or
conposition thereof, conpared with a human having at | east one pol ynor phi sm
sel ected fromthe group of: HLA-DRB1*0701, 59 HLA- DQA1*0201, HLA- DQB1*0202
and HLA-B*4403 and/or a human having a genotype in TNXB, rs12153855 and/ or
rsl7207923. 11. The nethod according to anyone of clains 1 to 10 wherein
sai d human has bot h HLA- DQA1*0201 and HLA- DQB1* 0202 pol ynor phi sms.
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12. The met hod according to anyone of clains 1 to 11 wherein said human is
DQ2. 2. seropositive. 13. The nethod according to any one of clains 1 to 12
wher ei n swiodotwmeds3does not show significant el evati on iPOTAIS20M0/0€6142

am notransferase (ALT) and/or total bilirubin (TBL) after the

adm ni stration of at |east one dose of |apatinib, or a pharmaceutically
acceptabl e salt or conposition thereof 14. A nethod of screening a human
subj ect asCaAlM™Sd in predicting hepatotoxicity to lapatinib, or a
pharmaceutically acceptable salt or conposition thereof, admnistration,
conpri si ngldet eAmahaigofnhetingra livhenhfomaamchiasonspridind gletinbtypee asleatioated wi th
an increased risk of h tot oxj cit .0 lapatini b, or a pharmaceutically
ACcept abl o sal t5F SCREBE: Br oAt Faseubiy BpiPldty 8 Rk TEREE T Ba 1 n
_thg_ gener al hpoE]saicaﬁdn_ﬁm, whéreinghid hﬁlhlgn ﬂ@@ﬁﬁ?ﬁe&le@ha sumbreallbiﬁabpcgﬁﬁabyilpms i
i ndicates the human is at increased ris or a hepatotoxicity to |apatinib,
or a phar maceut YCtesicA JToxE ths o) 3S%IF@'QQAg&%bsﬂ@?‘&@@ﬁ@?%ﬁmﬁr. HhAret hod
according to clprenwdgrpifurther conprising treating said hunan subject with
a therapeutic reginme of lapatinib, or a pharmaceutically acceptable salt or

conposi ti o t hereahetho &1k, RUEBR saidhufGh isl SRR Bdm bREsRaRed risk of a
hepatotoxicity to |apatinib, or a pharmaceutically acceptable salt or

conmposi ti op t hereahethdPaccdrdiBtid SlindCICAID, Rlelet @ldaiuiEn 14680 ot hblcadi9b €i n t he
HLA genotype is selected fromthe group of: HLA-DQA1*0201, HLA- 1*0202,

and HLA- DRB1* 0 7plymarphisrh e sqhestado draae c 8iedigigprt o°fany HBfeDBB1E) Wl nsHLEA-t 0 16

further conpri stglewoqek{ﬁgyoirm&_ﬁ%qu?@@ti on of an HLA- DQA1*0201,
HLA- DQB1* 0202, and/ or HLADRB1*070T allele with an increased risk of

experienci pg hepal QLR SebMideQo bAPald &F dhim@h &3 RHRFSTRGSH R IR i Y18 6cEPt abl e
salt or conposition thereof. ~ W 2011/ 022633PCT/ US2010/ 046142 18. The net hod

accordi ng to clefithepalymerphism ifi HiLARBF449npri si ng determining i f sai d subject
has a genotype in HLA-B*4403 and/or TNXB, rs12153855 and/or rs17207923.
19. A net ho8l accbrediethod ascandingdnenodnecifaiamgs 140 4,ovhe8imbrad bimansiaiado figeran i s

suffering from [ . Th i f_claj 14 to
19 wherern sai dnapayme Rt RAFRR SRR Hdind A3 IRt
according to angenod®X®. clainms 14 to 20 wherein said |lapatinib, or a

pharmaceutically acceptable salt or conposition thereof, is adm nistered as

nmonot her apg.. 2Z2Thkhecthet vockdagaordl g df@laany 1 ong vdferad saidrBurdah i @ls@ fremher ei n
said | apatinib, .phar maceuti cal | cepLabl e salt or conposition
thereof, is co-%{g{ﬁﬁ ﬁil ecﬁesr%'ﬁg ehvaﬂ?m?ﬁe(g]g]tAelozg ot her anti-cancer agent.

23. The net hod cording to gnyone of clajns.14 to 22 erejn said human has
bot h HLA- DAAL* 051 PRI =R BT 08 2 o b i B s s 0 PG LRI b ok cor di ng
to anyone of clgHaffBactdtidally Accplabledal ot adochpBHi®N thcfeoDQR admirs@EreP @s kdidl ve.

human as monotherapy.

8. The method according to any one of claims 1 to 7 wherein said lapatinib, or a
pharmaceutically acceptable salt or composition thereof, is co-administered with at

least one other anti-cancer agent.

9. The method of claim 8, wherein said at least one other anti-cancer agent is selected
from the group of: trastuzumab, capecitabine, paclitaxel, carboplatin, pazopanib

and letrozole.

10.  The method according to any one of claims 1 to 9 wherein said human shows a
statistically significantly less hepatotoxicity when administered lapatinib, or a
pharmaceutically acceptable salt or composition thereof, compared with a human

having at least one polymorphism selected from the group of: HLA-DRB1*0701,
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25. A nethod of treating a human subject in need of treatnment with

| apatinib, or a pharmaceutically acceptable salt or conposition thereof,

t he net howlocompnesBdng: (a) determ ning the genotype of wPhe/useeman4aubj ect at
the HLA- DQAl, HLA-DB1l, HLA-DRB1, and/or HLA-B regi ons of chronosone 6;
and (b) adm nistering lapatinib, or a pharmaceutically acceptable salt or
conposition thereof, to said human subject if polynorphic allele in an HLA
gene i s not detHEAdQAPZR2TheH iRl *82eDardi HigA {B¥ 4403pandYa2 5 hwiven dawag d hunman

is suffering fromcanc 7. T th a ing to claim25 where said
HLA gene is a nﬁ?&o@%glsefwgﬁﬁﬂgé .an%f/\iﬁ(fg@rf%gzzasspm US2010/ 046142

28. The net hopd cording to claim27 rein t ol ynorphic allele is

sel ected.f 1 bm oHrBrba® pegiinls Bl oo A LR Pl Bk Dbad002,  and
HLADRB1*0701. 291LAH8QA®td200af HCASDOQBRR20BEK@biphBaisd human has at | east
one additional polynorphic allele. 30.The nmethod according to clainms 28 or

29, wher ei m sai ThewieBsd hasrddpt® atfdve DQAINOP L1 BRtertinAaldPBhi=a29D Q2 2.
pol ynor phi sns. 31. A nethod for prescribing lapatinib, or a pharmaceutically
accept abl e sal tS°HP°¥BWposi ti on thereof, to a human subject di agnosed with a

medi cal condition suitable for treatmept with lapatinib, or a
phar maceut i tal @hearee%ﬂf agspriingpany ong g ag}Stli@nl%w%qr%ﬁ?ld%aWﬁP degsgt a.

det er mi ni ng whedhBersidniahiI®aLsH R £flinchAsin@tanbBASE (NS ahl6r SN BLNXRSN t hat
has been associated with increased risk of hepatotoxicity, conpared to the

risk in the gendPd) pégulther iadminigiation. ofwsbrleassapny Wasrarefs dappénie. o5 mot
determ ned to qﬁ%ﬁnﬁmgﬁﬂﬁ§X&%ggﬂéEﬂhﬂ%aﬁﬁﬁﬁﬁﬁﬁﬁag&ated with increased risk

hepat ot oxi city,” prescribing treatnent apatinib, or a pharmaceutically

et hod accordi g el B a1 e et gt IR R B oty 107
lapatinib, or a pharmaceutically acceptable salt or composition thereof,
administration, comprising determining whether the human has a HLA genotype
associated with an increased risk of hepatotoxicity to lapatinib, or a
pharmacecutically acceptable salt or composition thercof, compared to the risk
expected in the general population, wherein the presence of such a HLA genotype

indicates the human is at increased risk for a hepatotoxicity to lapatinib, or a

pharmaceutically acceptable salt or composition thercof.

15. A method according to claim 14, further comprising treating said human subject
with a therapeutic regime of lapatinib, or a pharmacecutically acceptable salt or
composition thereof, when the human subject is not at increased risk of a
hepatotoxicity to lapatinib, or a pharmaceutically acceptable salt or composition

thereof.

16. A method according to claims 14 or 15, wherein the HLA genotype is selected
from the group of: HLA-DQA1*0201, HLA-DQB1*0202, and HLA-DRB1*0701.

17.  The method according to any one of claims 14 to 16 further comprising correlating
the detection of an HLA-DQA1*0201, HLA-DQB1*0202, and/or HLA-
DRB1*0701 allele with an increased risk of experiencing hepatotoxicity to

lapatinib, or a pharmaceutically acceptable salt or composition thereof.
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associated with an increased risk of hepatotoxicity is selected fromthe

group of: HLA-DQA1*0201, HLA- DQ@B1*0202, and HLA- DRB1*0701. 33. The net hod

accor di ngvoacorl@apess31l further conprising determ ning ifPChASsubjoea2 has a
pol ynor phi ¢ genotype in TNXB selected from rs12153855 and rs17207923.

34. The met hod according to claim31 wherein said human subject has a

pol ynor phi ¢ genotype in HLA-B*4403. 35. The nethod according to any one of
claim 31 t ©8.34 THeemethsdhcohlimmpto daibjseldt tohl@sfulibercodipaging sletrmuininly i€ saider .

36. The met hod according to claim3 rei,n the ri st .cancer.
37 A et hod accUPFGRd SH5 Bl ror A A3 s SANGRCRITHEST halth
genotype i s detgerroongxs. by a nethod that detects the presence of the allelic
DNA sequence. 62 WD 2011/ 022633PCT/ US2010/ 046142 38. A net hod of

adm ni stering | apattiodiddcor@ing & fyanoae euinisclalth ¥ 8 ateept Al lingali§ sudfering
conposition thereof, to reduce the incidence of hepatotoxicity, conprising:
a. froma starti®g“YBpul ati on of human subj ects having a condition suitable
for treatnment with lapatinib, or a pharnmaceutically acceptahl e salt or
conposi ti oAt heTl?é’oTn,ethQ%Iaé%qri?lH% 9 awé)&?ré(ﬁ%lalﬁlép% i 1D ARG fyd SUgeB rizased

percentage of sypfeRfd Foibtdasane! ynorphic allele in HLA conpared to the
starting population; and b. adm nistering lapatinib, or a pharmaceutically

accept abl exsal tTIRr meMHP dsbldiNtot MG TROLf clafnsS 8 & 10 KAIERNhidNSRELAL bOA;

wher eby the incidence of hepatotoxicity is reduced in the treatnent

popul ati on conpileeBaceyicle depyitahbhcalt ofr pepRasstonx thereols tshadmipstared e
expected to occyf.durdfie starting popul ation. 39. A nethod of identifying a
human subj ect at increased risk of experiencing a hypersensitivity reaction

to a therapgutig,d rﬁ&h{i@aéggﬁ%‘?got%_téng'_oﬁe P Elafty PIAfBCEHLL A AN AGERPLAR! € sal t

or conposition thereof, rising: a. performng a genotyping technique on
a bi ol ogi cal saphpireacknienally adedptablbpater compdsitiar iictef, whestddernisthresd watlen

EER{EEEAEOEBQ,qgggb%%ﬁﬁkgﬁﬁ%gﬁ%ﬁgﬂnéllele sel ected from HLA- DQA1*0201

23.  The method according to anyone of claims 14 to 22 wherein said human has both

HLA-DQA1*0201 and HLA-DQB1%*0202 polymorphisms.

24, The method according to anyone of claims 14 to 23 wherein said human is DQ2.2.
seropositive.
25. A method of treating a human subject in need of treatment with lapatinib, or a

pharmaceutically acceptable salt or composition thereof, the method comprising;:

(a) determining the genotype of the human subject at the HLA- DQAL,
HLA-DQB1, HLA-DRBI, and/or HLA-B regions of chromosome 6;

and

(b) administering lapatinib, or a pharmacecutically acceptable salt or
composition thereof, to said human subject if polymorphic allele in an

HLA gene is not detected.
26.  The method according to claim 25 where said human is suffering from cancer.

27. The method according to claim 25 where said HLA gene is a MHC Class 11 HLA

gene.
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b. detecting an HLA- DQA1*0201, HLA- DQB1*0202, and/or HLADRB1*0701; and c.
correlating the detection of an HLA- DQA1*0201, HLA- DQB1*0202, and/or

HLA- DRB1*W0Qa11/ekd38l e with an increased risk of experi eRCITAF2@0/046142
hepatotoxicity to a therapeutic regine of |lapatinib, or a pharmaceutically
acceptabl e salt or conposition thereof, conpared to the risk if no
HLADQA1* 0201, HLA-DQB1*0202, and/or HLA-DRB1*0701, allele were detected.
40. The net bod atleonahaaccardoigas nhad®27, whickedr the pojymogihngalleteri edl¢vitaigran

genot ypi ng techni n bi ol ogi.c i subj to

det er m ne mhetH?L%%ﬁéggﬁgF%§¥m§qﬁaghbgﬁgﬁbgggbﬂzhﬁgﬂgpggﬁg?%3§%%ﬁ§%ﬂ/or
rsl7207923 and DORBI®7811 ng correlating the detection of an genotypes in
TNXB rs12153855 and/or rsl17207923 with an increased risk of experiencing a
hepat ot oxi 29.t y Tie anctHodr apeliith C28, eghdreinOfaid ajuadah Nhadl, atOlcagt phafab@iaenl i cal |y
acceptable salt or cogpogition t hereof, conpared to the risk if no
genotypes in 1w®é§qm§m 988885 and/ or rs17207923 were detected. 41. A nethod

according to claim3 r 40, wherejn said_biological sanple is selected
from the gfup ﬁ%@?@?g AEFOBFnE & FAM% 8029 by RFBEM caitpBieAes baiy HeAand

saliva. 42. ThepgRrthed]assALALDOBY €20b 3bRhShHihsd1l, wherein said human is
DQ2. 2. seropositive. 43. The nmethod according to anyone of clains 39 to 42

wherein sagd huRBRethsd dbis Prekérnd 1:MikiT Abr! a( JidAa@en@lly PRchabldGIAAL: 44. A
met hod of treating a human for cancer conprising adm nistering at |east one
dose of | apati nfopogition thaefmaieetfinman [sybjewt chggmassdewihjat medicd oiopéisip i on

thereof, to sai ﬁitpl,jrlm MARERI Bith ahchiiman J Phﬂﬁg&hﬁ&@l @c%?_ﬁﬁ'&ﬁe hayipg one
0 f: HLA- DQA

or nore allelic polynorphisns selected fromthe group 1*0201
HLA- DQB1* 0202 agvehpebiicDRBEof) Zompridi: A met hod of treating a human for
cancer conprising admnistering at | east one dose lapatinib, or a

phar maceut i cal |3 adectepiaingevhsttier therhuswnpokicttihen at leest @of¢ Hlogenatyde thatan
nonitoring the |ev n (lirubi-n | i . '

genotypi ng said hu%%%g%%ﬁ%%ﬁ%mgé&ﬁ%?%X%?#ng%b%%%%%g¥%%9§§§%§%%§§ﬁg% from
the group of: HLA- BQAR*O2BdneraHhdpuD@BA <202, and HLA- DRB1*0701, and/or

t i TNXB 12153855 ) ) 7207923, | f id h t t
T e on e R SRR i St APermEs e Sk Ferg e T R Rh L N

46. The nethod of eakdobieted ofiticlidiremedt4iso rhefiftotokidhty, hpies @B tr&dtignt with

adm nistering at |east a second dose of lapatinib to said human if said
human does not have*PGiEOoPT APPEMHETHICHY BOPRIARF SR SRsORBPEAGorPAP t he
group of: HLA- DQAL%R2RdmakdRB1* 0202, and HLA- DRB1*0701. 47. The net hod of
any one of clains 44 to 46 wherein said human is suffering from breast

cancer. 32.  The method according to claim 31, wherein said HLA genotype that has been

associated with an increased risk of hepatotoxicity is selected from the group of:

HLA-DQA1*0201, HLA-DQB1*0202, and HLA-DRB1*0701.

33.  The method according to claim 31 further comprising determining if the subject

has a polymorphic genotype in TNXB selected from: rs12153855 and rs17207923.

34. The method according to claim 31 wherein said human subject has a polymorphic

genotype in HLA-B*4403.

35. The method according to any one of claim 31 to 34 where said human subject has

been diagnosed with cancer.
36.  The method according to claim 35, wherein the cancer is breast cancer.

37. A method according to any one of claims 31 to 36 wherein said HLA genotype is

determined by a method that detects the presence of the allelic DNA sequence.
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48. The nethod of any one of clains 44 to 47 wherein said human is al so
free from (TA) 7/ (TA) 7 genotype of UGI1Al. WO 2011/ 022633PCT/ US2010/ 046142
49. A et hwo 20f1/@e638ni steri ng | apatini b, or a pharmaceut iPCalusyoiameapt abl e
salt or conposition thereof, to a human conprising: (a) admnistering at
| east a first dose of |apatinib, or pharnmaceutically acceptable salt or
conposition thereof, to said human, (b) nonitoring at | east one |iver
signal in 3% d Aunethod of @)imgesatngpiapgingagiwt mpMaé@ticmyeaawptﬂﬂ@ @alalokel i c

I hi t 201, HLA- 1*0202, d
A DRBI~ 0701+ PrgRHEoR [NGRPE & ﬁﬂﬁ%@qﬁ%gﬁlﬁﬁ%ceﬁ% 59, %qmmg@é???. ng at
| east one dose of |apati n| b or r mce éthl etp ?b‘é g
conposi tion thereof: and® (X mﬁ(ﬁ H]igéiog??tﬁodl T ERSEIE N aé’Bﬁc?CéDB 5o

| apatini b or pharnmaceuti caldujtatd€ dept@ihenis alith mpatﬁmpasatptﬁﬂnatcla@tﬁcﬁnfz to
said human if the human does not have any of the p frmLe phi snms of step (c).
50. The method of clai m 49 &40 &alf ar ICPWB?SltéqngWSTGO SCEEINEL £ EFHTPGIN ALT

and TBL. 51.The nethod of epowﬁﬁorpﬁaemsg avoﬂeabaﬁédqaerc@ﬁtagrzeoom;&tsmma@ human
is suffering frombreast cancer. 52. The nethod of any one of clains 49 to

51 wherein said ALT is el evibueprplic abil i Hbésompargk st e sREmgLometins
el evated to above about 1.5XUIN after at |east one dose of |apatinib.
53. The nmethod of any one of clains 49 to 52 wherein said human is also free
pol yrmor phi sms and/ or genbt yqdesniptarineNXB:tme] 21 5 3BEBacqtitdly acecp”RBABRIr 54. The

met hod of any one of cl ai “fﬁoglﬁgﬁfﬁﬁ%ﬂo ﬂidt%%'trgenq]gg%natftﬁ also free from

(TA) 7/ (TA) 7 genotype of according to anyone of clains
49 to 54 wher ei wmhaehydthh umadlenha@f Hnepdnotbhmmﬂﬁ)@ﬁ]inahd trelit e DORBRITUOROR

pol yrmor phi sms. 56, tini i cal l cceptabl e salt
b Sonposi &1 on ERPEgrS e pLab et s BP T s Spe G EFERR AT 4 hurran
does not have onatiog pspatagiorl | el i ¢ pol ynor phi sns sel ect ed from the group of:
HLA- DQA1* 0201, HLA- DQB1*0202, and/or HLA- DRB1*0701.

39. A method of identifying a human subject at increased risk of experiencing a
hypersensitivity reaction to a therapeutic regime of lapatinib, or a pharmaceutically

acceptable salt or composition thereof, comprising:

a.  performing a genotyping technique on a biological sample from said subject
to determine whether the human subject’s HLA genotype includes an allele

selected from HLA-DQA1%0201, HLA-DQB1*0202, or HLA-DRB1*0701;

b. detecting an HLA-DQA1*0201, HLA-DQBI1%0202, and/or HLA-
DRB1*0701; and

c.  correlating the detection of an HLA-DQA1*0201, HLA-DQB1%*0202, and/or
HLA-DRB1*0701, allele with an increased risk of experiencing a
hepatotoxicity to a therapeutic regime of lapatinib, or a pharmaceutically
acceptable salt or composition thereof, compared to the risk if no HLA-
DQA1*0201, HLA-DQB1*0202, and/or HLA-DRBI1*0701, allele were
detected.

40. The method according to claim 39 further comprising performing a genotyping
technique on a biological sample from said human subject to determine whether
the subject’s has genotypes in TNXB rs12153855 and/or rs17207923 and
correlating correlating the detection of an genotypes in TNXB rs12153855 and/or
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41.

42.

43.

44,

45.

46.

47.

48.

rs17207923 with an increased risk of experiencing a hepatotoxicity to a therapeutic
regime of lapatinib, or a pharmaceutically acceptable salt or composition thereof,
compared to the risk if no genotypes in TNXB rs12153855 and/or 1s17207923

were detected.

A method according to claim 39 or 40, wherein said biological sample is selected

from the group consisting of cells, blood, blood components, urine and saliva.

The method according to claim 39 to 41, wherein said human is DQ2.2.

seropositive.

The method according to anyone of claims 39 to 42 wherein said human is also

free from (TA)7/(TA)7 genotype of UGT1AL.

A method of treating a human for cancer comprising administering at least one
dose of lapatinib, or a pharmacecutically acceptable salt or composition thereof, to
said human, wherein said human is genotyped as not having one or more allelic
polymorphisms selected from the group of: HLA-DQA1%*0201, HLA-DQB1*0202
and HLA-DRB1*0701.

A method of treating a human for cancer comprising administering at least one
dose lapatinib, or a pharmaceutically acceptable salt or composition thereof, to said
human, monitoring the level of ALT and/or bilirubin in said human’s blood,
genotyping said human for one or more allelic polymorphisms selected from the
group of: HLA-DQA1%*0201, HLA-DQB1*0202, and HLA-DRB1*0701, and/or
genotypes in TNXB rs12153855 and/or rs17207923 if said human demonstrates an
elevation in said ALT above 3xULN and/or said total bilirubin 2.0XULN.

The method of either of claims 44 or 45, further comprising administering at least a
second dose of lapatinib to said human if said human does not have one or more
allelic polymorphisms seclected from the group of: HLA-DQA1%*0201, HLA-
DQB1*¥0202, and HLA-DRB1*0701.

The method of any one of claims 44 to 46 wherein said human is suffering from

breast cancer.

The method of any one of claims 44 to 47 wherein said human is also free from

(TA)7/(TA)7 genotype of UGT1AL.
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49.

50.

51.

52.

33.

54.

55.

56.

A method of administering lapatinib, or a pharmaceutically acceptable salt or
composition thereof, to a human comprising:

(a) administering at least a first dose of lapatinib, or pharmaceutically acceptable
salt or composition thereof, to said human,

(b) monitoring at least one liver signal in said human,

(c) genotyping said human for one or more allelic polymorphisms selected from
the group of: HLA-DQA1*0201, HLA-DQB1*0202, and HLA-DRB1*0701 if said
liver signal becomes elevated after receiving at least one dose of lapatinib or
pharmaceutically acceptable salt or composition thereof; and

(d) administering at least a second dose of lapatinib or pharmaceutically acceptable
salt or composition thereof, to said human if the human does not have any of the

polymorphisms of step (c).
The method of claim 49 wherein said liver signal is selected from ALT and TBL.

The method of either one of claims 49 or 50 wherein said human is suffering from

breast cancer.

The method of any one of claims 49 to 51 wherein said ALT is elevated to above
about 3.0XULN and/or TBL is elevated to above about 1.5XULN after at least one

dose of lapatinib.

The method of any one of claims 49 to 52 wherein said human is also free

polymorphisms and/or genotypes in TNXB rs12153855 and/or rs17207923.

The method of any one of claims 49 to 53 wherein said human is also free from

(TA)7/(TA)7 genotype of UGT1AL.

The method according to anyone of claims 49 to 54 wherein said human has both

HLA-DQA1*0201 and HLA-DQB1%0202 polymorphisms.

Use of lapatinib, or a pharmaccutically acceptable salt or composition thereof, for
treating a human for cancer, wherein said human does not have one or more allelic
polymorphisms selected from the group of: HLA-DQA1*0201, HLA-DQB1*0202,
and/or HLA-DRB1*0701.
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