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ANTI - EGFR ANTI BODY THERAPY BASED ON AN | NCREASED COPY

NUVBER OF THE EGFR GENE I N TUMOR Tl SSUES TECHNI CAL
wo-bdoEMogeR7 THE | NVENTI ON The i nventi on rel at es POT/EP®06/003358

di agnosi s and therapy of tunors expressing higher

| evel s of epidermal growth factor receptor (EGFR) by

means of anti-EGFR anti bodi es. The invention rel at

f uUANTrERGFR ANTIBODY THERAPYZBASER ON AN INE RgeﬁﬁED COPY

di agnosi s sed’
on” apeci 1 NOMBEE G HE, EGFR ORI R TUMdR pisSyes®
specific tumor tissue of specific tunor patient

Eopul ations. The theraEKl and di agnostic is based on
ﬁé‘N“PﬁHlFﬂl'g%DQfaTHEr'HV i on and tumor growth of

speci fic EGFR bearing tumor tissue displaying an
anmpl i fied EGFR gene copy nunber may be abolished by
TaetinverE@FRelates ho dhe djagniosiscand therapy of trdors expressing higher

@IS aherkeinaCopwiliae BE FRéatoUnRER) Y o o EER

aﬂﬂbbd@@zﬂwé%}e%@h relRas$ fitHermbr&thlahAhd BrYUSERS 4N OF
THE I NVENTI ON:  Bi ol ogi cal nol ecul es, such as

personelized diagnasimand dhemny of EGFBexpressing eianser, based on

SRohE TR ABErfBhsaficd Bl 61 TR, FRRRYNF by gpeoiic

ti@of Fﬁtléﬂtfﬁ@ﬁﬁatﬂfnst e the _dpysarid didgnostic tspbérfedscom th?é)flﬁdlngs
for tunor therag\ﬂ_ﬂfor nor e t han tvventi& years.

thatgyseliferation ard HmPpeViaRISPEERIC Bk Qﬁaftﬂgég@%ﬁue
4 T A TR DR Lob (RS e SbSIRASho by o

_ ove-ment 1 on
EGrRRiagibodits| While athecintivicaidl yndieoudlat altetations toacgeing in tumor

- Structures on typor cells and in nos S0 _on
tlﬁwwsuphmqﬁrggeaﬁ male s e reHECEE B 6 TardF anti-EGFR
?l,ﬁgg ,ﬂg gt heir epitope specificity and/or
unct ona lt'%ar acteristics of the particular antigen.

ErbB receptors are typical receptor tyrosine kinases
that were inplicated in cancer in the 1980s. Tyrosine
ki nases are a class of enzynes that catalyze the

TEHOMNICAL BXCROROUNDOFTHP hogpkaloN:of adenosi ne
tri phosphate to tyrosine residuessubstrate

phosphoryl ation, to play critical roles in signal
HibBIRAIAdISIES siEh as monoclonal antibodies (MAbs) or other proteins /

polypeptides, as well as small chemical compounds directed against various
receptors and other antigens on the surface of tumor cells are known to be
suitable for tumor therapy for more than twenty years. With respect to the
antibody approach, most of these MAbs are chimerized or humanized to improve
tolerability with the human immune system. MAbs or above-mentioned chemical
entities specifically bind to their target structures on tumor cells and in most cases
also on normal tissues and can cause different effects that dependent on their

epitope specificity and/or functional characteristics of the particular antigen.

ErbB receptors are typical receptor tyrosine kinases that were implicated in
cancer in the 1980s. Tyrosine kinases are a class of enzymes that catalyze the

transfer of the terminal phosphate of adenosine triphosphate to tyrosine residues
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nunber of cell functions. Though the exact mechani sns

of signal transduction is still unclear, tyrosine
wheasess2have been shown to be inportant contrPOIEPI9g6/003358

factors in cell proliferation,2carcinogenesis and cell

differentiation. Receptor type tyrosine kinases have

an extracel lular, a transmenbrane, and an

SObSRSR! pbh &@ét.bﬂn%ef@y Rt RoleS ifi Ridhtal tRduction for a
tyr05| ne k| ases are I'ntracel r.
ndestsrtafreellifoketibrisy Thaugh the leaaetsrnecbamlsmmfesi@mameansductuon is
kS e s B REER B g b siing
féé%%sin”@elf‘ﬁrgﬁf%‘?ar e c??m]nggépéﬁQ %HHQfeﬂtdiﬁ@retrﬁl'éﬁéh MReceptor type

nases are co nunbe
tyroammnlanbsmbaveaammﬂweuulah ajtransmenﬂ)rahe,gamrhbn intracellular

t Diff bf l -
R wile TS may BBt inape R 86 Mgl car od
rﬁtﬁécgl'u%er R'eeé IlhREB ‘f?«%sfrie%ﬁ%&sér&lrré’ﬁ‘érheﬁﬂﬁéﬁé proteins that

receto S, romh factor (E
coetaapta@re;(tm‘ceiluler Egaad rlmndmg odarsaing artfarysm@nbrane sequence and
ece ors

qp 98?5'@3%‘5% y&{)éﬁ% {ésyggﬁng aCt f&Fe(’gQ@in? gglpgrlgnases are

r&e@%f‘a\/%‘ﬁ% ﬁuhﬂiércwhﬂaesﬁw?ﬁmené&@b@tdremtdw&se biological
neurotro I n-3 NT- receptors and

a¢§wi30troph| n-4 (I\IT 4) receptors EGFR, encoded by the

|l i
B SER RS pERRaTPLSRE gL kR 60 ol B Jpeitied
Iinphithtedstyeeie kibasey dttlide bebidst gebwthdfaictor (FIBF) reeaptors,
neck and stomach cancer as well as 'gl i obl ast onmas,

epidarmal gowibrrciasdEsorresspioss of e FBmajer glassiarileand

YRR BB PR 15P R il o pegve o

Rachar (NG ) ieceptors | bragn-derived eptitotropdiic Fatioo IﬁBBNFa)nreceptors

SRS AT B 55 i LA P8

a transnmenbrane glycoprotein which has a nol ecul ar
wei ght of 170.000, and is found on many epithelial
EBFR, eppeded by theseehB1 ganechas/been rausallytimplisatadyartasnan

el R ORRE AR R PGP P BBk LB ghpervea
bréadts bliddeR dusdg éaY, frwkindedtBRraaich Idan@kr as well as glioblastomas.
Increased EGFR receptor expression is often associated with increased
production of the EGFR ligand, transforming growth factor alpha (TGF-a), by the
same tumor celis resulting in receptor activation by an autocrine stimulatory
pathway (Baselga and Mendelsohn, Pharmac. Ther. 64:127-154 (1994)). The
EGF receptor is a transmembrane glycoprotein which has a molecular weight of
170.000, and is found on many epithelial cell types. It is activated by at least
three ligands, EGF, TGF-a (transforming growth factor alpha) and amphiregulin.
Both epidermal growth factor (EGF) and transforming growth factor-alpha (TGF-
a) have been demonstrated to bind to EGF receptor and to lead to cellular

proliferation and tumor growth.
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have been denonstrated to bind to EGF receptor and to
lead to cellular proliferation and tunor growh. It has
whemn/18sebnstrat ed that anti - EG- receptor anti POOERR06/003358
whi |l e bl ocking EGF and TG--a-b3nding to the receptor
appear to inhibit tunmor cell proliferation. In view of
these findings, a nunber of nurine and rat nonocl onal

His Beord QePRPelialad tlay PRREECR P BB BREBOMEN B blocking EGF
ahkal“ICGFfaebﬂnam o\/thbfr@cé alpﬁéar/tb inMipH fuatsrellgprelifieeation. in
J. Oncol ogy 4, umani zed nonocl onal

veaw obtm,sezrwlmgﬁvmonwmber ﬁfaﬂwli@ﬁtﬂﬂ gt nomxgonal antippdies against

58 eckion s BTl R B0 150P o e rown
of fehér @élfsl maﬂwo iaRddhivivoc@io Jtah&dcﬁ andBed, 29 %4nti Oedylogy 4,
3(7 cet uxi mab denonstrate

to inhibit EGFnediate
Jbrd’r‘u@éﬂ!ze@r@QﬁﬂC|Pﬁal/@’ﬂﬂ'Q9dé/rﬂ:?5t ONARI4ES: mﬁIHﬁWbrrgJS
5 £5TBb O8pI k| ¥ P2 dhd Uhifedl R p%@@néﬁéﬁ 255 WRl\iAb 225),

S8R genera I'es, appear to'act,
b@lttoaltre@tle_b toithe BGE rgyeptot, thavershown thledmaffitacyaipeiinical trials. The

age (i.e,, doxorubicin, adria in, .t. an
ngzs‘ipmhqs))y (cBtuxmabl wes dRmanstiaiRele 'nmb@% m%dd ated tumor cell
| R
SIEPH oS ARBISAEF R rAMIR.E ST, OB HAEY, e
antibedy asaméllaas irgererat all lastidzGF Beantibedies] appeaekxsact, bpove all,

wth a co t|on of .both chi mer 25 and. . .
ihaHasiDyeih g ap e aeite Bekebfe (16", fEu@Risin, adriamycin,
tra%? I%Grmsgﬁbﬁﬁ) ® ératiiatahufiaroliniBrs W Viveldn a@Aograft mouse
cetuximab elicit a s nergl stic ant-tumor reponse

noadede ¢52, fonaxample, hif&n Yeratial. HERR, smcpl@aé 1185 731)

BEG SRR By Bhong et ?%?e%b%? gyt e reaigl Giktatithly with 2

comtmAidraet Bothr cHierHeMABE2B) anth mueharizéd Ak BDEi weisich is
such as the chineric nonocl onal antibody c225

dareétag(ﬁmtﬁs)HERa rEREPION Aot FRIRb AYHIPE AN s A ARshcetuximab
|Y S {Sfﬁ sﬁ@ gﬁLKﬁ'ﬁ&ereﬁ?'n%gWO WV32’96@E§ AHO%?%Ily]fWﬁwan anti-

er apy resi st netastati'c
E@FRra&ﬂib@Uyoapaaltumuﬁbe) (MAbEBX) (eog|\WO 88(5048BsbIS 6,235,883)
responsi veness or resistance to

deNelpeh R EnaMeudrBLERR g o,

Anti-epidermal growth factor receptor (EGFR) monoclonal antibodies, such as the
chimeric monoclonal antibody ¢225 (cetuximab) and the fully human antibody
pénitumumab have shown remarkable clinical activity in about 10% of patients
with chemotherapy-resistant metastatic colorectal cancer (mCRC). The molecular
mechanisms underlying clinical responsiveness or resistance to these agents are

presently unknown.

The therapeutic armamentarium against metastatic colorectal cancer (mCRC),
the third most frequent cause of cancer deaths, has been recently enforced with
monoclonal antibodies (mAbs) directed against the extra-celiular domain of the
epidermal growth factor receptor (EGFR) (Erlichman and Sargent; 2004, N Engl J

BRAndd AEA. DNA DN\ A mnmnm bthhAa Andtl CACD rmAha thAa Alhimaaria AantilhAdy
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The therapeutic armanentarium agai nst netastatic
colorectal cancer (rnCRC), the third nost frequent

W@ aws~08827 cancer deat hs, has been recently enfPCTEP2006/003358
wi th nonocl onal anti bodi es (+Abs) directed against the
extra-cellular domain of the epidermal growth factor
receptor (EGFR) (Erlichman and Sargent; 2004, N Engl

OISR AL M St RO 41 e

defidnstrated rermdRablelEIfRicd] dotivite M abautt10% of patients with
chenot her apy-resi stant nCRC, but the nol ecul ar

chewptharspy-resigtant yn(ﬁBCc lbui thexmoleai@segearisasginderlying clinical

r %ﬁ%ib%@%ﬁggs ?ﬁ i‘?ﬁ%@i’? r¥ QEQE%&W%@@(\E@P g\gelot{e‘? the dlagnostlc

cR&Tiot & iGhic s 919 @fe aégteea@fetduﬂw Emr@tpressmh &Vafiatyd by
correlate with clinical response {Saltz et al.

20
Immnphls@ﬁhﬂmlgh’y aomalatewsh ainieal rﬁﬁmnﬁet(sa!tz et Qboa004xa J Clin

0
dﬁ}%@ # ni‘c a %%ég (o} @émﬁﬁ%ﬁn nu aPO%e Err??q ggwoé eggd?ﬁégs7'345
Haext efeict 200, Bautnalof Clidicis Cricolaly) A SCO Amtwsd lMeﬂ't/ng
basis of clinical sensitiyvi or resis

PreraadingR FrskidesHng &ritieR) tlﬁ%d‘?@@ﬂq"fg M%War basis of clinical
sglz%llb\?ﬁi rrﬁ ?’é%%téﬁ@e td 5ﬁt|£%lﬁRt?ﬁ8RBé tnéa{ Q[Bhvt/: Eé‘?ﬂe'ﬁﬁﬁcé’t‘ion of

treat ment biolo
pbﬁemtssﬁhmjesedllkely &ebenefmfsmmg;dmunxlma@emqlamtmudnab treatment

TR Hipouar S BB Fobas beshucien fa deaiiriag bR GeRgl: and

b d&%ﬁﬁéét' B?éé@riés €c‘|:amt8liu aid), 20?)36 E@M CIncel &9m: 0t348 1354;

inding o igand to the extracellular portion of
I-tdﬂUOreJ(ﬂépt2604 ﬁnowﬂ@sPhe@e@eraxvq@é Wiz aQEd’ﬂ 7anthe initial step of

o L3 i RPHCEG, LN Y ORGSR eceptr

diPHESAAIVRNNY actheltion! dritseéiBehaticsadtivity, thastrBsulting i |n
ghosphorylated resi dues of the intracellular doma
Y

pephryEtienaftthe inteacelitar slomain, Supsequently, cellular effectors bind

& PG ARYBd AIR A ITEUonIf FPbce actates
nka|n3l§8brdﬂgﬁﬁpplrﬁeloeehzatwn toctlhesplasma imeernbtarees élTHewtmall G protem
nmedi at ors of the R's I, N |t t

R, I15eteteiR kP Ra.anchie iR Rinpso ok RinkGRatiel Gios as the
T3P Y R EERRC iRy G, helon 878 o

ang dts edfect@srhdniel beart prdviouhpiHundinra Griaty GE sancexs(Basdelli et
aﬁ:%&a& Science 300: 949; Vogelstein et al., 2004, Nat Med 10: 789-799;

Bardelli et al, 2005, Curr Opin Genet Dev 15: 5-12).

Therefore, the hypothesis might come up that the clinical response to certain
specific anti-EGFR antibodies such as cetuximab, panitumumab or matuzumab
could be associated to molecular alterations affecting the EGFR or its immediate

intracellular signal transducers.

In many cancers, such as mCRC neither the diagnostic characteristics of the

tumor nor the degree of EGFR expression evaluated by immunohistochemistry,

PRSI P ISR V) S U U R PRy dm D AnbAamaninta AnarnaAaniall Aandl CHACD
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Therefore, the hypothesis m ght cone up that the

clinical response to certain specific anti-EGR
wa@eioshasgees such as cetuxi mab, panitunmumab or PEL/BR2N@WD3358

could be associated to nol ecul®mr-alterations affecting

the EGFR or its inmedi ate intracellul ar signal

transducers In many cancers, such as nCRC neither the

stic characteristics oft r r_the..degre
Ghiides cSisToas Peliaby ReuiuslAt KRB 4237 br hafitdftp .
Ourr:entl%lthefefore /mgkt tréated: patrenis’; are expdbed to the risk of ineffective
Danti bodi es, such as cetuxi mab, matuzumab (hMab 425)

thmapﬁmthmnﬂmed@me effetts, Theefieany«f treaiment eAmE@RC patients

R SR MAREELT ab Selkinabr Haflzrifl oEPahiimymab
répreaémBi sighiffteREniertida Progrelst NHaweve FFEdatimehs withcGdntREGFR

cet uxi mab, “mat uzumab or pani t unumab represents a
mAbgieisuiadin ebisctiye resRsesoNlHiwe f@ction of petients i dlipical

S R R Er A 0 PP i G SRERER AR Bt o

iddMiRpIhRsEaghe bye ﬁl@élg@@b@neﬁﬂdomharsethar@w Asth a@tﬂﬁm@st of
tools to identif ose who are likely to benefit fro

treptesl patiandpyre R§p93¢<1=§cbme r'%@ftlnsﬁe@r\&&h@aa%wrteﬁmes"ed side
eﬁé sENBARS éjrséﬂaﬁ%é? trh'e%p ﬁ% A\ dPidsaittin \éﬁoh’ﬁsgéma%r‘ahbumen for

srre personal i ze era
habBWSyaenki I N enor nous frnancral burden for health
systens. Therefore, there is a need to explain the
differential response in patients to anti- EGR

Qé??hsp Rk r gﬁ@td RO&H &5 e2Mdirt l@redcﬁfféréhﬁaﬁre%bbﬂtséw pbﬂents to anti-

to identify cancer patients such as CRC patients
EGFF&Inyonm:ldumia‘ntrboﬂrasmmtq dex@iep aratiaiegly in oeiearbfy idertigy cancer

pPBP AR LEP A CECopatahisaly S e RRRTENER ffjbody therapy

metmorﬁaﬂar SshaHismy Uhaeing respehsivenedd @ @fiattdtiness of
further need to provide diagnostic tools that show

EffRiexpragsing eapesrseelisdo antirE GERRMARSArEHInkaswe: Therefore,

. , K

it arfel o 1 B EMLE BladhloBih i End BBl Kfibfner the response

t¢ ahBGFR rAAbBimcaficern)is mah@tateﬂsvrﬂtf bieligics) pﬁ'd&lﬁc%Br markers
downstream si gnal ing. effec

ingluding (iFaptitatiens affgeling the I%% ?:{ gene gatalytrc crl]r?marn %165 mutations

affecting the EGFR downstream signaling effectors; or (iii) amplification of the

EGFR gene locus.

SUMMARY OF THE INVENTION

It was found now according to this invention that the EGFR gene copy number
displayed by tumor cells in tumor patients including chemorefractory patients is
increased in about 89% of patients that elicit an objective response to said tumor
and in only about 5.0% of patients with stable or progressive disease. Thereby,
the mutational status of the EGFR catalytic domain and of its immediate

downstream effectors PI3K, RAS, RAF does not correlate with said response.
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SUMVARY OF THE I NVENTION It was found now according to
this invention that the EGFR gene copy nunber

wale@phassed by tunor cells in tunor patients i nEPCT/EPI0G6/003358
chenorefractory patients is 4+ ng€reased in about 89% of
patients that elicit an objective response to said
tunor and in only about 5.0% of patients with stable

BeobHiERE e B anies e sdie romvanlpfod 8t ncdfitiadl 2OHR
aﬁf?ﬁtﬂﬁ@é&; eABrehd @éﬁ&irﬁaﬁ" RistuZentab BAbadRGHUARID thak Eehldtely

sai d response. Accor di ng to the invention the sane
iropaicethpradiferationfof selis idisptaying ancerplifias FGER gene sgpy number in

GBS B AR MR A BB D! At

celiPlispiasthd=6 BresifRdCREF Rissiehumbeeel | ul ar nodel s of
speciti ¢ cancers, such as colorectal cancer, does not

affect cells di spl ayi ng no anplified EGFR copy nunber.

Accor. di t O e
EER0A) DOl ol BBS BB A Rl RUIAARR AL roranly
nmMCRE! MRNtesponBepehé ftne@trﬁéht wEﬁ:‘EBeambldmeEGER anfiteodies, like
pani t ununmab, cetuxi mab or matuzumab or

PBRAitWIHBIaYy ICetimabr rapaiuzZEManGREARY mmwgpﬁw iy &ffgetive
frIaIB?rﬁe%(Pfo)r f o@Bn E)?ot%' ﬂ#efré 'E:tambéaél ﬁfcéhﬁyd aﬁéé&iaféﬂe\mth the

esence copy er 0 EG-R gene.
pl'éseﬁcbeuf amaudmhfndadh ¢copy panmbmsrtof ﬂhdﬂ EGFER genes poothiev avards: those

PebRysFbaie BRPOREVEGIRSTNedD AUREGF B oR I TiTELe an
M358 éo%)h ghrrﬂ)%r MPthé ESFIRYehe és%mb%brwm tHbéé‘pétﬁ%ts that

sane anti n the sane dose. Furthernore, it can
dotrs mrespbrichia trmreatm@aemm thersame motibogy lmthﬁb%ameﬁiose

FibeamgE s P bRy thef A Fo(eReRIE TR AR oty floer i
cbﬁ%ﬁaﬁe@%\ﬁﬂhetﬁh%r sIH?Fhkbg Gﬁ@msfandswith laquldngdd&eurvwal by
driven predom nantl e EGFR gat hway

trgapent wilh saicRmfthise emafmts d8e t%@oﬁﬁé@éﬁhelé likely to be
o%g%ﬁg%@&ph@an@mg%%gﬁﬁﬂfsvzﬂsbzmzef o S e
Thef amplfidey EGFR genbeubpg:fmﬁﬁﬁé? @anise u&pasase@adc@lamg to the
(égénoﬁiég%rqgegérrmng HE\FeFﬁt c{,g,f th ré]égﬁg;eeennesf r())er nucleus and /
or the ratio defined by the number of EGFR gene copies and CEP7 (chromosome
7 centromere probe). it has been found that, according to the invention, in tumor
probes, wherein the ratio: EGFR gene copies / nucleus is > 4, preferably in the
range between 5.7 and 7.1, and / or the EGFR gene copies / CEP7 > 2, the
administration of an anti-EGFR antibody to a patient, from whom the tumor probe
derives, is more effective than in patients having copy number ratios as defined
lower than indicated. Patients having tumor cells displaying non-amplified or only
slightly amplified EGFR gene copy numbers (ratios: 1 or < 2) do not or not
sufficiently respond to anti-EGFR antibody therapy.

This observation represents the first paradigm for a personalized targeted therapy

of specific cancers, such as colorectal cancer, based on a specific molecular
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probes, wherein the ratio: EGFR gene copies / nucl eus

is > 4, preferably in the range between 5.7 and 7.1 ,
wW@pwoe/osse7 t he EGFR gene copies / CEP7 > 2, thePCT/EP2006/003358

adm ni stration of an anti-EG-R/ anti body to a pati ent,

fromwhom the tunor probe derives, is nore effective

than in patients having copy number ratios as defined

|.puwer. th | ndi - t in

GRSl TEokB S Bl S g 4 Bt Pngrbdutyet. o ool s
nbwitoURIRE toaayntifytheses patiantsanostliikely to tBonefid . not or

not sufficiently respond to anti-EG-R anti body

therapy. This observation represents the first

f f r
SRR e R SERELIZS el et HURRHY e EOFR catayic
denthe @hﬂlacnﬂmlbec bf mutaﬂons ml iteinahediate Howostteamt @ffectors (such
adm ni ster _sai in a patient nost effeﬁ{ i vel
|veness to

asé@?Assan%W%% ala@sq alter@birps dp RAtOEelale Wit &
aHll?:eéPth rﬂﬁ%@n‘?ﬁéée fmb ‘é@%\feué hntﬁ'{t])efr % GE&'IIEQ% d BSyical

re a nove F3t 100 4 n cat yt|c
lrdplirmtlmnanm EGﬁRrbEpretsfslrrgmm peeexpressing canestithe #gesponse to

SBINEASER, DAL DHRAIL 1535 SR P W DUpIRLcPS tdae BSFR gene
bﬁFFéth%ﬁi/ rﬁgh@creh?aeae efnh AfidadSopyatifinBer qn‘fé%é r@&ults suggest that

I ni I ol ogical Tnplications. In
trempnesta aseshon antirkG b Reantibogliessaredikelnto weéﬁom%éeffwlently

<33kt R ol eBPRB BB SRS GEp b Ptatons.

H&%\%@Sﬁ%étlﬁﬂmrhflbﬁﬁ saeRuspoahutalibas endesohtribute to the
uggest “that treatnents based on anti-EGFR anti bodies

eﬁeetweneasmobem@aﬁy ebantidEF Riantibedy dpatment.t ar get s
il e BEGVEPBAEE AO S Aeh R CRCRAS i appiric

BCKRigemescamynunber istatiatished thyeard-ESHR aatllamdiesn,mhch as

cSEfx&&%‘éywﬁflg e ool aﬁvnarﬁwb%%émf?éﬁééﬁ%ﬁom%%@%ié # inaffected

bﬁ”s‘é?n%@kéé b?ﬂ‘bo f es suc I&mlbbay&bmk'lﬁtﬁiégte@’that cancer

ant as cet uxi mab;
&d; Iesspﬂcidilyr(bRCanqﬂlsL wltbdarﬁmiﬂedcﬁﬁ!f thmttn@ aradependent and even

dAted iy oS BRE0oR ot PBIRRICEAT copecial 1 y

CRC cells, with anplified EGFR gene are dependent and
even
The present data also indicate that FISH (fluorescent in situ hybridization)

measurement of the EGFR gene copy number could represent an experimental
tool to identify patients with mCRC and other cancers who are likely to respond to
anti-EGFR targeted mAbs. Moreover, contrary to semi-quantitative assays such
as gPCR and Western blotting, in the case of overexpression of EGFR protein
and increased EGFR gene copy number localized into discrete foci within the
same tumor (Figure 3), FISH analysis is not influenced by the concomitant
presence of disomic tumor cells or normal stromal contaminants. Thus, a possible
non homogeneous pattern of EGFR expression should be taken in account to

explain lack of correlation between IHC and clinical response to mAbs (Figure 3).
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addicted to this nolecular alteration for their

proliferation. The present data al so indicate that
WO-L@bl1¢f6kuor escent in situ hybridi zati on) neasRCERRIWG6/003358

of the EGFR gene copy nunber- cow d represent an

experinmental tool to identify patients with nCRC and

ot her cancers who are likely to respond to anti-EG-R

RS SR Seod By e AR AR R s HAEL SBblsf o the
fifsh (iRECHRX GROE A paiGhiS, preferatly MORTSAIRARESHEWIRG a clinical

gene copy nhunber Iocal ized into discrete foci Wt hi
responserte theimoministrgtion of pntifE GFRanAbg sushias ¢ﬂiux'mab

ridlieitRab er s hap. e REb oRRRRNy hafpe Srififlrrgased EoFR

g@ﬁé%bpye]uﬁﬁmemﬁmw@@g@w%témaﬁ@@nambtmuewﬁw @nalysis of
shoul d” be taken in account to explain la of

lrwb\rld@alatumﬁ seetpies of said patiends.ilnicther wg%méntsdhﬁi\age positive
VB ol alrfofhng B o AR ) DRSS RRbatve for

Fi$iEat Thi® Secam becdonhidedinthat pati@itedidplayingaa inetdasetiEGFR copy
showi ng a clinical response to the adm nistration

f
nambier eSERatyss By ESHhavera Rettemsuniiyalipiadigtiony than those patients
EJJ&T\B&P nificantly based on an
|ncr ase E&Egy @Re L@E%%/rgnunber may be sel ected and
eval uat ed by using FI SH anal ysi s of individual tum)r
| es of said patie n othe rd hat
T2 aiBo 1 adnpis BRne ikl fivantion geisted B I idlios subject-
mdig pati ents who are negative for FISH Thus, it can
be concluded that patients displaying an |ncreased

«EGFR meﬂpdmmnm@ratlag tamairy erpresgingl BBFraceptar e GiEt) in a patient
cht on .t han those how.n

Zgaéﬁf\é@gyﬁﬁm S0 aenhan el R GER ot it helamRtint which

I nvend ifBiehtasslishtheltofiferatRiM Ma‘-i&'mrﬁéF gaitd Baving afy
met hod for treating tunors expressing EGF receptor

(EGER)pllflﬁdﬁﬁﬁngﬂﬂe eIPYaRMANBEEt ering to said patl ent
s sufficien

To AT e iR daalMethis Mol plie SR

hav toshpared P hitfdRmeRBrithdRitte antibodHiiAE.same dose applied to
correspondi ng nethod, wherein said treatnent is nore

ef f tyopveelisonpishedp net eliaitramemplifiedysGF R gepeaapytBtyber.

h(?or?ea}srb%n%lor?gemae%'?(l)('i evghér%m said tumor cells additionally elicit

molecular alterations or genetic mutations.

) A corresponding method, wherein the amplified EGFR gene copy number is
specific for said tumor.

e A corresponding method, wherein the amplified EGFR gene copy number is
specific for the individual cancer tissue profile of the patient.

. A corresponding method, wherein said individual cancer tissue profile
underlies muolecular alterations.

. A corresponding method, wherein said EGFR expressing tumor is colorectal
cancer (CRC).

. A corresponding method, wherein said colorectal cancer is metastatic
(mCRC).
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tunor cells which do not elicit an anplified EGFR gene
copy nunber. A correspondi ng net hod, wherein said

W envonossel | s additionally elicit nol ecul ar al t BCHEP2IAEG 003358

or genetic mutations. A cor+egpendi ng nmet hod, wherein
the anplified EGFR gene copy nunber is specific for
said tunor. A correspondi ng nethod, wherein the

Sl SEeSHOnI MatBeRwRET FaidCamEBR Bnlifhey Wselected
cor fﬁ%%ﬁ’?rw g@ﬁﬂnas 28R EMuS40 5 ir thdivindHRS, é}ﬁﬁiézk and

tissue pro derlies nuol ecular alterations
corhesrmmmmgemmnmd wherei n said EGFR expreSS| ng

S o L SRS e
(S cogPrant 0 G PR 85084 GRE QR8s por ol

225 hanmg\m) ammed BEGERrgane copy, nwimbasrwheraindsaid treatment is

h f
o Rare eliaria comarst th iuShtotns Yt same Aot Bpig i ihg same

of GRREYppliBAits 'Tuﬂn%r eapeAhith dShbt erdif &8 ahiplified HGFR gene copy
cells haV| ng an anplified EGFR gene copy nunber,

whemeimberai d t reat nent is nore effectlve conpared to a

tre ment With sane i bqd me .dose appl,i

o BufresRndnGIFE ot o A1Br LG PRI PR il cells
gen%d@ﬁ%a\!}\z@h&t molécmar BRSIREDAHS 09 @ﬁ@tl@fmﬂé\tl@‘iﬁ i - EGFR
ant i body, erein said tunor cells addltlonally elicit

eno| écwraesmnchm@usenwherelgéa@t aophiiech EGTR gepe copy number is

corres in wherein said anplified EGFR gene
copyP ﬁﬁﬁﬁ&?fg@giﬂ MOftic for said tunor. A

.cor ;Fﬁﬂ?n%%&?islhﬁ Bse \MIRERIIR thd Bnpimbd EGHER B dspyenumber is
specific for the individual cancer tissue profile of the patient.

. A corresponding use, wherein said individual cancer tissue profile underlies
molecular alteration.

o A corresponding use, wherein said EGFR expressing tumor is colorectal
cancer (CRC).

. A corresponding use, wherein said colorectal cancer is metastatic (mCRC).

. A corresponding use, wherein said anti-EGFR antibody is selected from the
group of Mab 225 and Mab 425 in their murine, chimeric and humanized
versions.

o A method for detecting and measuring in vitro the EGFR gene copy number
of tumor tissue by using fluorescent in situ hybridization (FISH).

o A use of fluorescent in situ hybridization (FISH) for in vitro identification of
patients having tumors which respond to anti-EGFR antibodies.

. A use of fluorescent in situ hybridization (FISH) for in vitro identification of
patients having tumors which elicit an increased EGFR gene copy number

) A corresponding use, wherein said tumor is colorectal cancer (CRC),
preferably metastatic CRC.

o A corresponding use, wherein said antibody is 225 or 424 in their murine,
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specific for the individual cancer tissue profile of
the patient. A correspondi ng use, wherein said

WO poitosdeal cancer tissue profile underlies noPEEPRNG6/003358
alteration. A correspondi ng-us@,-wherein said EGFR
expressing tunor is colorectal cancer (CRC). A
corresponding use, wherein said colorectal cancer

I Ly BEFASPEE RS F e

225’0&06 dﬂhbeﬂ%rdrfb\térekprdﬁses IBGF edcaptor (EGRAR), responds
humani zed ver si ons. nmet hod for _detecting and

neagamwﬂy tpﬁheraﬂn@nrsrr@tlemma@eaml-lé%ﬁ AnHbedY 8F abunor
| R A PR PR Rl R P

( Fustdrnfigingiin vitid the EGER géne @bppnucﬁbenan laqm)bemf\tumr cells
tunors which respond to anti-EG-R anti hodi es.

of OPlaipe@ foBnEaipalient angbﬁquﬁt&\sﬁ% P@#ﬁ@ﬁ—f?’@é’m'ﬂ igtration with
vi EERit ASERFER ﬁﬁﬁbcg!}é@gﬁ%gmélstﬁ‘ga% gtaﬂgﬁlr GisPBYh amplified

an 1 ncrease ene copy nu

cocopyrmumbetg;deGFRvgm'resr n said tunor is col orectal

cancer (CRC) prefer netastatic CRC. A i

'coﬁ%ﬁ%‘-‘rRﬂ suma_e thaherders HaorR 981G CPRY PHNRGT ig measured
FI}SJ{I{)O mb‘éFo\‘EGFFth% ;;)@Pﬂ ubrRusdet ecting and

ana yzin er a patien su erl ng om a cancer

eWh mmmeM@mm&%emepaldrra(rE@m) thermspgerbddween 4.0 and

positively to the adm nistration of an anti-EGR

anti¥ody or an inmmunol ogically effective fragnment

h I Ve . :
Wﬁ%ﬁ gene H?e‘mo& & et QQrdq%fr@ éq&‘fhrégra'nge‘éie gen 5.7 and

opy nunmber i n a tuno
obt7a1 ned from said patient and sel ecting said patient

for admnistration with said anti-EFFR anti body if .t he
" uAFEEIITD TRt ST LY 4PN FEPY ALIIP s i reasured

skl FERagertpoRpgresgar e e o, et

.nquemrr@échﬁFrR; gwtiesd pehemirc aidsatio is > 2.

¢ A corresponding method, wherein the EGFR gene copy number is measured
by FISH analysis (fluorescence in situ hybridization).

e A corresponding method, wherein said amplified EGFR gene copy number is
specific for said tumor.

e A corresponding corresponding method, wherein the amplified EGFR gene
copy number is specific for the individual cancer tissue profile of the patient.

e A corresponding method, wherein said individual cancer tissue profile
underlies furthermore molecular alteration.

e A correspbnding method, wherein said molecular alteration is a point
mutation within the EGFR gene.

e A corresponding method, wherein said anti-EGFR antibody is selected from
the group consisting of cetuximab (mAb ¢225), matuzumab (mAb h425) and
panitumumab (mAb ABX) or their particular murine, chimeric or humanized
versions.

* A corresponding method, wherein the cancer is colorectal cancer (CRC), lung

cancer, head and neck cancer and breast cancer.



10

15

20

25

30

A correspondi ng nmet hod, wherein said ratio is in the
range between 4.0 and 8.2. A correspondi ng net hod,

wok@oadss2sai d ratio is in the range between 5. FCHRBR09¥6/103358

A correspondi ng nmet hod, whergifa the EG-R gene copy
nunber is nmeasured as ratio of the nunber of EG-R
genes per CEP7. A corresponding nethod, wherein said

corRhgare oban antinger R A hoal Jo lBh h%g&ggﬂy@?%ﬁve fragment
&Lk%@ﬁ Vﬁl“ﬁ\% rAnafdctuleydid Hieﬁ?édrﬁé‘ﬁt for theeReARIARBI dAcer in a

erein sard anplified EGFR gene copy nunber
i s pafieni, Wherer saidicancenoverexprasses &ploRdndydisplays an amplified

cor ond| ng et hog wherein the anmplified EGFR gene
E;;S YSBEUPPlc for the individual cancer

b@’r@é\/&r e %et\gﬁe% 5§ uaEIG neesWlimBer is. measured as

sal d I ndivi cer tlssue profile
unaiaslnd» obthef nurnber obEGFrﬁgeneﬂ; per aUcleuat anchthe yalue of this ratio is

corr ondi met ho |n sai d nol ecul ar
aI t"éﬁ}ﬁpfad}gq etgve&&%p ron within the EGFR gene.

ant | %@?/Wsﬁgect e@ﬁ?relﬁ\’ﬂ?é GhlteFistidPtio 5@ the range between

romthe group consisting of
cetukamely. {mAb c225), matuzumab (mAb h425) and
pani t ununmab CﬁmAb AB%% or. thejr part,jcular nmuri
PP TeSRRNiNgdse e Rin e Hrealmant ol Said GaRcR iy more effective

ungﬁg;ar%% eheé treBEmEANSA céﬁcé}cﬁéwemmh tharefie 4MMady in the

ancer, head and neck cancer and breast cancer.
Th@amdosse avherein tecERcencelis dp, nasdisplay an amplified EGFR copy
i mun Ioglcally effective fragnent thereof, for the
ma 'ure of a nedicament for the treat msnt of

E %:WR%rrééb&q&ﬁg B! whehsh ehfd é@Eﬁflé@E@R QEAE VOPY FRAABer is

and di splays an anplified EG-R gene copy nunber.

A Wﬁﬁ@@rﬁ@hﬁl&lddum wherein said EGFR gene copy
r}iocorress’ponaang use, GRerein the amplified EGFR gene copy number is
specific for the individual cancer tissue profile of the patient.

e A corresponding use, wherein said individual cancer tissue profile underlies
genetic mutations.

e A corresponding use, wherein said EGFR expressing tumor is colorectal
cancer (CRC), lung cancer, breast cancer or head and neck cancer.

e A corresponding use, wherein said anti-EGFR antibody is selected from the
group consisting of cetuximab (mAb ¢225), matuzumab (mAb h425) and
panitumumab (mAb ABX), or their particular murine, chimeric or humanized
versions. |

e A method for detecting and measuring in vitro the EGFR gene copy nhumber
of tumor tissue, which overexpresses EGFR, by using fluorescent in situ
hybridization (FISH) in an assay for determining the response of a cancer
patient to the administration with an anti-EGFR antibody.

SHORT DESCRIPTIONS OF THE FIGURES
Figure 1- Missense heterozygous mutation in exon 21 (G857R) found in
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rati o of the nunmber of EGFR genes per nucl eus, and the
value of this ratio is in the range between 4.0 and

W@2®6/10862T0or r espondi ng use, wherein the val ue PET/BR1006/003358

ratio is in the range between 527-and 7.1 . A
correspondi ng use, wherein the treatnent of said
cancer is nore effective conpared to the treatnent of

36 & eé‘c? \%trféaéét OWI&?P to’f‘f’neS Rﬂﬂﬂag? Q%)rﬁé‘ipt PReBSB/R is one

erei n € cancer ce dO no ay an

aniinb idciddp &Efidne tfm/rewmlﬂwdescﬂbe@LBSSRCmdtm@nbfsend in gefitinib
wherein said anplified EGFR gene copy nunb
a@ﬂ@ﬂoﬂnneb fesPoagees inuri-small ‘&Ur'P@Q saﬂaern@\l%@bc)m ¢t al.,

2‘0?3 R 1U e A58TR 29902 £y PEHE’%?FI.,‘ §9(§4{e§é:5h§e 584: 1497-1500;
nd| |dual cancer trssue profile of the patient.
%ocaraleﬂﬁ)@nd Proc Nad AcdtSei USS\amil i1|$6i06i-t(mad 1)cAmaetation

atg'sﬁﬁr&fs%é’ﬁ'a%‘éeﬁg?ee%é% T e

dg?e 04 91 €6 Slofects ergéﬁ@) (Wi 0940904, bJe?rﬁétzgqa%?Q -2020).

neck cancer correspondi ng use,
@' rd 2ant i TE@EFRokmfluboelceins irs sitwe byleridization ahsa)gif@mprobes of

B{SHR e ted) 71 FTORamS TSP <sreBRbi A BlRfariqad gisomy in
nBHhhNSolofdttamnlieosd; (BY BHMAF&H dlebmquumo{\owbh@ﬁt 3p1(C)
detecti ng and neasuri n?pl n vitro the EGFR gene copy

Balanned polysemiyrin turseuel pakigrtts; dL¢ Asxpifisaties inEFRor ofypatient 5.

IR 1 or B G AR Tph drPbblelh ERBtedbiar innas T Mient 10.
(A céﬂi\ﬁérﬂﬁiﬁlanhﬁt%y dg_n&nﬁétoaynraaﬁd eb&nRstamindqByand C) EGFR
DESCRI PTI THE FIGURES Figure 1 - M ssense

gﬁee@m@lif@@d@n rANd=RRIN oYeERgressian bgamprynahisteghemistry (Moroni
e't B| °§@619$?1M‘ @??ﬁf%%ﬁ?@% éh Zﬂﬁgéﬁ ég&gdﬁﬂz r oms”@ﬁseame tumor.
Fﬂg@ iy ddseculael QRN gBnmdlizrationsf andhdlinicalgebpbonse bbserved in
patient 1. (A) Dual color fluorescent in situ hybridization assays for EGFR gene
(red) and chromosome 7 (CEP7; green) probes showing increased copy number;
(B) Relative amount of EGFR gene copies measured by quantitative PCR in
tumour of patient 1, A431 cancer cell line (EGFR gene/nucleus 8.00; EGFR
gene/CEP7 2.57) and non-malignant RPE (EGFR gene/nucleus 1.60; EGFR
gene/CEP7 0.86) epithelial cell controls; (C) (D) Measurements of liver
metastasis by CT before (highest diameter, L line 4.4 cm) and after (highest
diameter, M line 2.3 cm) treatment with moAb in patient 1.

Figure 5 - Inhibition of colorectal cancer cell line proliferation by cetuximab. (A)
Proliferation of colorectal cancer cell lines in three separate experiments (mean £
SD) in the presence of increasing concentrations of cetuximab. (B) Levels of
EGFR protein measured by Western blot in individual cell lines. (C) EGFR gene
copy number evaluated by FISH in colorectal cancer cell lines. (D) Dual color
fluorescent in situ hybr_idization assays for the EGFR gene (red) and chromosome

7 (CEP7; green) probes showing increased copy number in the DiFi cell line.

NETAN EN NEQPRIDTINNI



5

10

15

20

25

30

and erlotinib responders in non-small cell |ung cancer
(NSCLC) (Lynch et al., 2004, N Engl J Med 350:

WQIReAMH3D. ; Paez et al., 2004, Science 304: 1BOIVER2006/003358
500; Pao et al., 2004, Proc Nai3 Acad Sci USA 101 :
13306-1331 1) . A nutation affecting the anal ogous
residue in the BRAF gene (Gb95R) was previously

tected | { . i j
S 96h Py G5y e 356 Wibor s per genome.
AccHRfifg e tHe invehtibn thy lrhflt 2@FRojerrs nlifibepY weafs die ratio of
EGFR ge&e@%red) and chronosone reen ) . (A

(CEP7:" g )
nBaben ©é B@gnesmarduaigus ofesasetng torthedayention) this number

I ' ' ' - §C) Bal d
ROPSBER] 1R OBk s bRl BlatRAo R 53079 cation i n
tunor of patient 5. Figure 3 - EGFR anplification and
protein expression in tunor of patient 10, (A&
Assarging to kg investion Hs tasp H@W&"?éﬁ? oF @mpitiedd=¢ R gene copy
e ARsrs ol roBiRE S5e A LhbFaEAReATHn o col of o

specifit tumap Bdrrelafith tdCarspecifidgsatien Whe Pegpors to the anti-EGFR

cqrresFondi ng,. ar ei’;\gz~| of sam?, ,th)r. Figure 4 - .

apgbedy fS?F '_%E e5of eMRlifigH CoMRAre itﬂi“&%\PaFtlé‘é‘ﬂﬂfy@BO in cells
. . r

REPIE, MraetonBiuds uf BoiFlpgalopalipisssae itoue

pehspattisenhete(r6ERZang theddthe ratico freasnibérolGidR gene éaselgus) is

_ . PR .
oeBlet 40500 SeBn R B AS AR R wBha SR AR D .0 ane
6% Bk £8Rears. geblefetdfly 6EdTREtiBsS BetWEdFBY Snd8:2 B Fhore
gene/ CEP7 2.57) and non-nmal i gnant RPE (EGFR

poefeesbly c beliand 668); aretarRsy erefeabby betvemn 8 ankiital
cell controls; (C (D) Measurenents of I|iver
net astasis by CT before (highest dianmeter, L line 4.4

AoEbraingl tetHede 4forenesitiohiedneiiess applicabe & 3n Cilicreased or
treatnment with noAb in patient 1. Figur

ot EG R 0008 coPy Do e Fatisoyalles far a relatively decreased or
BUEH o A pRRHRY OB B preSintEity AFAGH AR Hfpatients, which

dexyue ror meh effeCtiwsly or PDsitivalytresppne s theetrebtmertdrveitts antirEGFR
concentrations of cetuxi mab B el s E

BRBOGRR At Janie (s hetetemry- BB ANdE; ot Vi bl e |

lines. (C) EGFR gene copy nunber evaluated by FISH in

col orectal cancer cell Iines. (Eé) Dual col or
The EGFR gene copy number or the ratio: EGFR gene copies / hucleus is

associated with the ratio EGFR gene copies /chromosome 7 centromere probe
(CEP7). According to the invention this EGFR gene/CEP7 ratio is in patients
clearly responding to anti-EGFR antibody treatment > 2, whereas the ratio in

patients who do not respond is usually approximately 1.

"Missense heterozygous mutation" means according to the invention a mutation
that changes a codon for one amino acid into a codon specifying another amino
acid occurring in one of the two alleles of a gene.

The term "In-frame deletion" means according to the invention a mutation that

changes the reading frame of an mRNA by deleting nucleotides



10

15

20

25

30

fluorescent in situ hybridization assays for the EGFR
gene (red) and chronosone 7 (CEP7; green ) probes

WG bewei108327 ncr eased copy nunber in the D Fi cel PCT/EP206/003358
PCTLII nCCDDII Mhe term"eopy nunber” is
usual Iy defined as the nunber of genes per genone.
According to the invention the term"EG-R gene copy

I (2 oTRRERpes i h e YRS Insipnsceordiigas tfinveption a
HXbﬂmzéuan c%r%domNmOeintac@fcﬁf@mbyome@mvﬁe@ fhe dloRed DNA has
cording to the invention the term' "i ncreased or

beepl labeled withFR flyonesaantyauhbisris arggneral methoddo assign

SFRRASRRRINBR biFe cPRT LR OB bRiRel b ek, o
chPSRBBEMal PedridhgithéntsGFR anti body treatnent) is
hi gher or anplified conpared to the particular ratio

incells of a speC|f|c tunor correlated to another

SRR AR i R R AT PHRAS) b YEap sovl
d|§ed%©t gﬁesﬁsnﬂmdls&age aﬂ?rgre&ttgegt \gltﬁ cetuA)f(lmaB cmpémtumumab
r an or

ave@p@smdyfog aeaetlgﬁ!tera?@n%ﬂm.w R '9gRg o its 'ame%Fee

RSPt SR o ERSERRRSAN) ki ed e

rmatationalgppfilecafithe E@Faﬂcé‘tglyhcehmmin candepdétermitiedsai-rell as the
1508 5 BB A o BB ReS Beg fhBde Secr o

c{i@ﬁp?qdanbunor cells of patients, V\,hi ch do not or

ectively or positively respond to the treatnent
Munawoaalc dndFR ofithe E6ifTRR §yraswe kinaseedomage bet ween
The EGFR

TBePane RoleRhiar phsResadyBind snors® S i EiRR, panitumumab

ATRABHMaBdnWhERG, HRe MilitaBofiiFdtale st the PéEiEn i€ BUaiBESITE
7 centronere grobe (CEP7). Accordi n% to the invention

qoFiies PEEHRgdert ﬁ@ewmaﬂo@aﬂrwf thegabréngena indwimgr specimens of
Jﬁ%ﬂ@\%ﬂQ/ah8u§‘%hh.c§%£itc8mésb£§%r tf’éaag no RERithThése mAbs.

€as the ra respond i
Séqudricmga@mmFRmk@hsﬂa 19 WhdsEindeeattaevesiosnmatic mutatlons

Wi ec P RRUEN D SHRGTAIeST Moo BRI o ReTeIcr ARV aSkD tables 1 and
HPehis pdtiRtt ARYPIAR a ATbShse heterozygous mutation in exon 21 (G857R)
affecting a residue located in the activation loop, a region that is critical for
catalysis (Figure 1). The G857R mutation is one amino acid apart from the
recently described L858R activating mutation found in gefitinib and erlotinib
responders in lung cancer (Lynch et al, 2004; N Engl J Med 350: 2129-2139;
Paez et al., 2004 ,Science 304: 1497-1500; Pao et al., 2004, Proc Natl Acad Sci
USA 101: 13306-13311)

Interestingly, a mutation affecting the analogous residue in the BRAF gene
(G595R) has been previously detected in colorectal cancers (Figure 1)
(Rajagopalan et al., 2002, Nature 418: 934).

Based on present findings, it appears clear that the main molecular mechanism

underlying response to mAb therapy are not mutations in the EGFR catalytic
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acid occurring in one of the two alleles of a gene.
The term"In-frame del eti on" neans according to the

WO pwenedodh a mut ati on that changes the readi ngPET/EP0EH03358
an nRNA by del eting nucl eotides3F SH (fl uorescence in
situ hybridization)" neans according to the invention
a hybridization of cloned DNA to intact chronosones,

t e . i

R g erpratact i 2RohSBErPae ARIREAs 1 1k EGER gene copy
nclhfbymmgﬁabelresmnsmle foetre clogurved @ntibodpeésponser eased
and decreased), or chronmosomal rearrangenents Tunors

Mqtéﬂﬁ”ﬂ)%{tqr@’ﬂf%s PBEGFRintraGefer EC¥Ri eved obj ecti ve
P‘t ‘Féé%i’ [Pﬁl%e |ﬁ{r?§élﬁﬂ?f ﬁ\%‘?&ﬁ.ﬂé’é (FIRRS! BESP Sarflf PRIGEAR ?Cnggfved in

uxi ma pani t unundb are scree
B‘GFR@e“grmnng cant lses attivatediby pdmt mGERionsrie cotorettal cancers.

|mTed|ate|ntraceIIuIar effectors ecj fically, the
A@@F@'@%F\% hig fiventippdt waﬁwﬁ%sqﬁ[mb?ﬁ&ﬁ%e W%a'o?tatus of the
YA |
cbtEsbidinG Rk is RoflBiERp it an?"ﬂ.@%%%ﬂmensi‘é fRLEGRR
amnbadleensucdcas: cetmiraabr mqmezumgb on paﬁimrnumatatﬁommm of the

| f th EGFRt
tiaedanis. Herioats andhesd Brers BTt pelusfith thehighest

fﬂ&héﬁé.@gbn CBRIIEEIITHARELRI(KRAS 8komD, BRA(P‘JBQ@n #BePI3KCA exons 9
nmut at i onal status of the region is eval uat ed

a@erfOe)s]ibamun@otndetse@umpwoprre@pdmt;rtocﬁachr@(omm e menplified

ot bTRERPE TR AP ALY R PRI A acvating
nﬁljtaﬁﬁr_é?céwb@ﬁdéﬁnﬁékﬂmathé KRAS(sR (B12V,68¢2D, QCIIZQ ladd G13D),
nmut ati ons with the exception of _one patient wt

RigiaG eoenss ol di 1047 Reand BRAM (29 V)aﬁaﬁxesio n@ﬁ Ferrelate with
cﬁﬁibéﬂ%‘sgﬂbggg% t.%fcgtgﬁﬁ%s RASCLAYE0HS0 BYEAPISK elBn-0: p=0.3;

exon resi cat e
FPIBK iexaht20n p=doBRAF reagnolﬁ tpidt all $hege muwtiorfsop 0.44) (Tables 1
catalysis (Figure 1) . The G57R nmutation i s one am no

apdi4 apart fromthe recently descrl bed L858R

cs?gpfg@gbaﬂaﬁévy sl IPind EOER) (q@ iy ElsH nalpdier | ot ni b

ers in” lung cancer et al 04; N Engl J
Ithgzoh 136 8hown2babin3aC R éheretis abo. qormﬂmmn isefwaerethe@dayvels of EGFR
p%t%?n ex;?r%San me;:\sured byz%)r%UnghlsPocN%mlstry agl(ﬁcaind clinical
response to anti-EGFR mAbs. These results, together with the lack of correlation
with the mutational status of the EGFR and its downstream effectors, may lead to
the hypothesis that response to panitumumab, cetuximab or matuzumab may be
associated with amplification of the EGFR gene.

As detailed in Table 2 and Figure 2, among 10 patients with objective responses

9 are assessable by FISH and 8/9 (88.8%) show increased EGFR gene copy
number (median EGFR gene/nucleus ratio 6.80, range 1.65 - 35); among the 21
non-responder patients, 20 were assessable by FISH and 1/20 (5.0%) had

increased EGFR gene copy number (median EGFR gene/nucleus ratio 1.925)
and this difference can be found statistically significant.
Among responders, increased EGFR gene copy number can be associated with

an EGFR gene/CEP7 ratio >2 in seven out of nine FISH assessable patients,

thus indicating an amplification of the EGFR gene employing criteria utilized for
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L/S/\ 101 : 13306-1331 1) Interestingly, a nutation
af fecting the anal ogous residue in the BRAF gene

W@ 39956862has been previously detected i n col or BCL/BP2006/003358
cancers (Figure 1) (Rajagopatan6et al., 2002, Nature
418: 934). Based on present findings, it appears clear
that the main nol ecul ar nechani sm underl yi ng response

8 BRI e 2008 V8RR, 2811 26155850, Jp patints 3 ane

galaheE@FR%emuélBes RS oD BN® Sid3.38LeEebe Bisgbtiatedl with an EGFR
responsi b for the observed anti body response.

gme&EBﬁaatng@éMﬁ anefl . Egrespestivalye thus l@dl@tmsdhérpgeaﬁnce of

exfider)e GliveTite Shindsal A ERr PGS QE0 Y,

TRRI timaTef Patiens 10 @xRiiterLstrikin (?C@'ﬂpmcatloﬂmfahé IE@FR@ene that
this invention it was assessed whet her the nutati onal

cendrelocalizacthivte gisceatpdaei \M@llegem majigagpt areasearafrankly disomic.

N5l s BTRRIECE R TR HLERO kb b iprssion

of fieeEQRR ﬁﬁotﬁtrhﬁss&?ﬁsed t?ﬁIHCanalcpn&dsMw areag axhibiting disomic
occur wt t he | est requenclrLes 1n ¢ rectal

LSIER ey daxna eXRIEss TherArasRaNing PropiREIIGEA: o and
c%gp ndmBePHR4 fs'é?%é%%‘ﬁl?“gféumr gémgumm EAPOR Rl

can be amplified fro xtracted genom c
laerdased EGFR gepeusmpyatumBbet banibl abservent lunmtmnttawubrrssponse to

cShns kS o BablEetlied BFRRY St B rbfShoent
rhésiRdnent B%edgtam oﬁ%r@d;ﬁkegéné ldcab iMmtuinbr 5666818, gPCR

to anti EGFR mAbs ( RAS exon 0.675; PI3K exon-9:
gmalysis can B L@;ednAznoncq@a_se in @@ﬁgege@ﬁ copy: nyyaber can pe observed

ARG VA BAootiBbeskIp e ) B0yt FiRcRA B

g%'h@Vprtyhﬁ.Imbér BYRRORBY samplewr@ﬂrﬁambats th *aegmbhrfdmosome
| evel s of EGFR protein expression neas

ratirbAlom 3% ORbAPRIWSIVE H@f is Hiely [dugi teathe ﬂl@ry,ﬁ?@r%@FPogene
R S LEIEHRAGT) boec i b by
raported & aldieit tat@hn26038 ef Sawrg Orroey 88222 281; Yang et al., 2004, Gut
53(1): 123-129). Additionally, gPCR detection may be negatively affected by the
concomitant extraction of normal stromal contaminant DNA that can only be
partially avoided during dissection of paraffin embedded samples. On the other
hand, in situ analysis of gene copy number such as that obtained by FISH
analysis is not affected by these technical limitations. This gPCR gene copy
number measurement confirms the amplification

Effects of cetuximab on cell lines with normal or increased EGFR gene copies
Previous studies using cellular cancer models have suggested that response to
cetuximab can be associated with (i) overexpression of the EGFR receptor, (ii)
constitutive phosphorylation of the receptor, (i) amplification of the
corresponding gene, and (iv) alteration of other members of the gene family.
The present data show that panitumumab, matuzumab or cetuximab

responsiveness in MCRC correlates with increased gene copy number of the

[l ¥ ol o Y PUUNIOUNSIREEE, & PSSR UR U SIRpuy G [ § S R O e e T T U 1 SO Y < SRR S P e N N Q=N
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t he hypot hesis that response to panitunumab, cetuxi mab
or matuzumab nay be associated with anplification of

WQ b@6E@6R gene. As detailed in Table 2 and Fi geeBER2006/003358
anong 10 patients with objective fesponses 9 are
assessable by FISH and 8/9 (88.8% show increased EG-R
gene copy nunber (nedi an EGFR gene/ nucl eus ratio 6. 80,

B8 e BSR4 gone
cbﬁgh@ﬁﬁ)%‘ﬂ d5FhBasifed KWPPISH UFgaFe SNRIBIRSrofifdrition measured by the

e/nucleus ratio 1.925) and this difference can be
Bfrd;lu nucarpatationi assayyarei eg/mluat@dm themmgnr:@%mnea@ng cetuximab

CHREASE s TR o NBISEL RS 5161 6 b

cé?%@%?@ﬁ’é £ GFR igehksaretdramatiagilg mhiiigdty estikinhals ahtddhe
the EGFR gene enploying criteria utilized, forHER2

ceneﬂenjeathmof(q&wgmabjl"@i conpietelyjmaairsgrrolifepation Qb@[fl cells does

o S, e B R RO Lipel b usworo

cémlh@ hak 3ledifieg b tHe EGFR gene caindddes, ndstfmépresmltheaEGlF@ protein
presence of extra copies of the ent| re ?ﬁ?ro

a3 S@pww%bwﬁs!?m( tpdngF'suze o) Ther@WMa20mellsither @r@n&epi%sent a
PTG I8 PR Gorre Bty FEFuARfion s vinualy

umaffectedrly cetarisnaly.e frankl y disom c. Notably, areas
di spl ayi ng EGFR gene anplification also show intense
expression of the EGFR protein assessed by IHC, in

TRENEFRSErbB 7 t8ﬁ§n@iyn'i§t§"lﬁlfgbﬂ3ﬁ Pa¥bfs Fechlcﬂ@g;@aﬂ%Peffectlve

not express t correSpondi ng protein py
nmletide, whwhytsnes ahdttiecksamRnbibits the Eqb rrece@tprv WRCRY blocking

thelresaptanibe dzseneLasens raiellE bRt s B TRsh ) and

aRBVAtIOHBINRAR é@bnﬁtﬁﬁbanﬁ%@@ét@r Boﬁiblem@blmiftélgomsts may be
measur ement the status of the EGFR ocus _in

diranton (o deRAdEEIB SR R HRR (R oband B agnd EbB4.
Iﬂﬁgﬁar%gfaerltégnoﬁgs%igtﬂgqn%’rﬂ}’onné'l%b(ﬂfec?ié_@ té’fhe g%@ reedpldt (EGFR,

responsi ve di Sease

HE?E)CfﬂhléfEmP teteptarsariageHist cﬁteye)ecam/antlbmd),ean iay\thadeusmn
in sanples frompatjients, wit ene/ chro
PRRiEBWITMUNAeNIUgste) AsPR anmvﬁlpﬂﬂqg@pwﬁ@"y%&{m & fraggtent of an

antiBbd ¢ 8r EFERLBBAE fusion protein. ErbB receptor antagonists, which are
preferred according to the present invention, are anti-EGFR antibodies, especially
and preferably the anti-EGFR antibodies mentioned above and below: cetuximab,
panitumumab and matuzumab in their murine, cimeric or humanized versions
including their immunolgically effective fragments (Fab, Fv) and

immunoconjugates, especially immunocytokines.

The term “monoclonal antibody” as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally
occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site.
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nunbers that cannot be consistently detected with this
nmet hod as previously reported (Layfield et al., 20083,

wa2@anggencol 83: 227-231 ; Yang et al., 2004, PQUEP2006/003358
53(1): 123-129). Additionally,1gPER detection may be
negatively affected by the concom tant extraction of
normal stromnal cont am nant DNA that can only be

et aNrE Betli ARSI Be P EH RS GRitopas)seach
rﬁén&%‘r@al@ﬁﬂ‘)oﬁ%‘r@@rreét@@ha%a?/nét@ﬁmgiét@ét@ﬁﬁlrmt bh3He antigen. In

analysis is not affected t hese techni cal

addnﬁqnatpu thais spekifisity,Abr eneclooahantibedias agadvaniageous in that

BEY B SV BRR R drE b inple €Y Buite gt Buiags for
d?élaﬁ %@ncﬁdl@whl%mtubaum ineludelthe h%ﬂ@@hafmdfﬂcﬁi Hesestibed by
? ested onse to cetuxi mb can be associ at ed

Hler ang Mb'@t&"ékb? NafreR56n49mam ineMenes onthr)tlbody
fe%ﬁ.ﬁb#&g&aﬂ‘ng ?E?ﬂ&{ éh?ﬁ%@gﬁ%ﬂ%gﬁoﬁ &F ﬁ%ght ?l(la Human
Hybrigoaiagd (1985 @hﬂon@@e&dsotabbmtmn’ﬁedrﬂmm@s inTBi®chemistry

present data show that panitunu
%@MQI%@@@P@MWM@%& SR Sxipne BbUSherahAmsterdam), or

%{] 0

c[?gfrmc&? P9I I nes él spl ayl %IQBHE)P olrthﬁsc@gsggj:E%l?R

@&‘r&%ﬁpwmxmbemalmtlmmﬂsmayka}sd:bsmmﬁegdrmn@hagﬁedimtlbody
roliferation asured b .Br quU nco t

BraTies, 10 0 S e seriRed 161C At fy Nafblse i 24-628

($90PLANd MdrRE8t all® MBLIBidIET I 58) 1>f59t7;c139§3| ¥ forc@dmple.

ITne that carries the hi ghest copies t he EGFR gene

are dramatically inhibited by cetuximab and the

TR RS e it bflediTh Ghinla bR S reipeavy
dielfordight chakds E&Eﬁl@ﬂbﬂh@ﬂlﬁh@bbﬁﬁ@tcﬁ&bﬁrégibdndlhb &equences in
SW620 cell line has 3 copies of the EGFR gene and does

angbodigsdariyedi{eorparpamticsiasspeaiss s dRPNgingvR edraitignlar antibody

L t ;

Jassett Sibtlags; Wheife Tettderidhng bha < 1Rl i o
hdmolpg@uhs fceCMespbncBng sequamcte;s mra:ftrbedtesddérwed from another
cet uxi e term"ErbB or an ni st
SRR FIORGING S BHGUIETAIPORY Clas, T GBSy @S well as fragments

c #f
drf‘e%ggg;éb?boqﬁgsgo Eﬂrﬂ%ﬁ% ?@nég&lﬂﬁ thefediftY BiolsyitNadavRBe.g.: US
4,816,567; Morrison et al., Proc. Nat. Acad. Sci. USA, 81:6851-6855 (1984)).
Methods for making chimeric and humanized antibodies are also known in
the art. For example, methods for making chimeric antibodies include those
described in patents by Boss (Celltech) and by Cabilly (Genentech) (US

4,816,397; US 4,816,567).

“Humanized antibodies” are forms of non-human (e.g., rodent) chimeric
antibodies that contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized antibodies are

human immunoglobulins (recipient antibody) in which residues from a

hypervariable region (CDRs) of the recipient are replaced by residues from a

JERUUUPUL N JIY RN JUUUUNE Y DU RN UG U S (U -] PR P WP R
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the receptor the antagoni st prevents binding of the
ErbB Ii gand (agonist) and activation of the

WwW@awnie621 i gand receptor conpl ex. ErbB ant agonPGI/BP29a§/003358

be directed to HERL (ErbBl ,- EGFR), HER2 (ErbB2) and
Er bB3 and ErbB4. Preferred antagoni sts of the
invention are directed to the EG- receptor (EGFR HER1

%ﬁ%t 1Bt TR BBTERE ERRBrDE SRR G B CIIE gy iy ERa

ant | Hg@éﬁ%%&ﬂa%béﬁr%%%?k ¥&yibh PORE Fési@lie£6f the human

or an antibody fusion protein. ErbB receptor
iramuagglobstis areinépiaced @ymoerfe@paedmgdmrbumnt restdues.

Fﬁgsérgﬁérql n\ﬂgﬁﬁlfﬁ%?g{l%%@ 98 {‘??SVGg?fRPS”%‘%;%qQﬁ%? H’baé.aé% not found in
tHEFcH Zﬁ@rﬁdarﬂ%‘d‘? GHA thedevor Qﬁﬁbbﬁy”fﬂmesbaﬁbélﬂﬁélm’fs aredmade to

mat u mab in their nurlne cinmeric or humani ze
furﬁm.reﬁ:se antibedy ﬂgrfomaamce gesetrl ce lyurean@@tiuanélbody will

T L A

V\)hﬂﬂ'ﬁélﬂof shisstantigiyeall enthelngheradriable tsbs @dirr@spond to those of a
popul ati on of substantially honogeneous antib

npndiumammmyapglahyin ane albeusustartigily al %fgthf‘arFé?S &1 those of a
h@@'ﬁjﬁl ﬂ{rhfftq%ﬁ{ns?l'lrgg%?%ﬁée %%ermmgﬁl%ea‘rﬁ?ﬁl;bﬁhﬁioﬁgﬁ)Hélﬂ) bi%o will

reen I ons rese
comprBE &t |éém<aqbc§mah o rani |bwdmmwglablellmcghﬂtgnsrpe@dmf (Feg), typically

tht b AU Eh SRUTRE i Mehods [ dhaaB imanizee ppfipodies are
dgg&?déa Wér”éﬁarﬁgl@ b9FWﬁ‘)t?e B S99 417 BBBS (OemtéchsUS

recteéd agail nst 'a’sing eterm nant on the antigen.
4181658011 )t i on to their specificity, the nonocl onal
anti bodi es are advantageous in that they may be
synt hesi zed uncont am nated by other anti bodi es.

"Afﬁﬁ fr& Gie B icoenpRYE0S bBRRIN GEn ivesktemtiboal uskeférasly
oma net hod descri bed by Kohler and M| stein

commlng\tatemrttlgzsémndmoramm ie regividthasral. Exammes ef antibody

BRI T P A FATD, P LB Vo e, e
ahtisedibabsinglecthain %mhbeyJ molectulés carftemustispecifiecantibodies formed

Mol ecul ar Biol o Vol une S S
frpmngtmsfram%ﬁaaﬁﬁ It ARt Begy 1 08e UGB RPTIRFSRS an

ak'/ggocl onal éant [ Igﬁéggﬂﬁgéﬁg ’as ggr?ts ﬁggﬂﬁag?na%m%ne(CL) and
haaty bbdin constant domains, CH1, CH2 and CH3. Preferably, the intact
antibody has one or more effector functions. Papain digestion of antibodies
produces two identical antigen-binding fragments, called “Fab” fragments, each
comprising a single antigen-binding site and a CL and a CH1 region, and a
residual “F¢” fragment, whose name reflects its ability to crystallize readily.

The "Fc" region of the antibodies comprises, as a rule, a CH2, CH3 and the hinge
region of an IgG1 or IgG2 antibody major class. The hinge region is a group of
about 15 amino acid residues which combine the CH1 region with the CH2-CH3
region. The "Fab" fragment also contains the constant domain of the light chain
and the first constant domain (CH1) of the heavy chain and has one antigen-

binding site only.
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l'ibraries using the techni ques described in C ackson

et al., Nature, 352:624-628 (1991 ) and Marks et al.,
wQ2000b0862Bi ol ., 222:58, 1-597(1991 ) , for examQi/EP20061e)3358

term"chinmeric antibody" nmeansZ8nti bodies in which a

portion of the heavy and/or |ight chain is identical

wi th or honol ogous to correspondi ng sequences in

arﬁéd@@?ﬁﬂa‘gﬁqé’rﬁg et SRR f?é@ﬁ-%ﬁ§ BY 1RPS§4ifiSn 8f a few residues at
bel onging to a particular antibody tlass or subclass,
tnd chebaxyeterraimuisrafdhe dieavi €ehamaCh(1sjomaini idelodingabnevior more

c&éﬁ?%‘?ﬁg?ﬁﬁéﬁt{%h‘%@?f@%@% reaiog, PEb e ibeay s Hbme e orinally
Vet BdNeEd 88 paits of i dgmetits Which fidve hEERGYsteifbs between
therol ©dherthearical coyplingspf.antiBody Sragnidits akbaiscskimoven (see

., P } .. Acad. L USA, 8 .1:6851-6855 4
& HermasTian HiRe Ao TR AR, ALRORTIS f ass Ko LS
23842 866) "SHME-chBirt P’ & tscFVPBn8¥GdPIrSgmBREiNEsIH ngé itrg]e V, and

making chinmeric antibodies includethose describe
\batosmaips 19§ aBtibedy,Gtereircthesgrdbrhgingase Iprgsertimandiagle)

S 4,816,397;5US 4, 816 567) . " Hungni .z ant i bodi es” .
PN BRI FETSIaRRn (B4 PORARIRE Cahe T BEeSS polypeptide
linRér bewlies theayH emat Al doMdiheWhicEaNSBIes tesEMe b fdramhe
non- human i nmunogl obulin, For the nost part, humani zed

desired stiuetirarfer anfigan binding Glioglerchadn FVeantibiogigs are known, for
FREIE Y ARG (15 AT o MEREARA RS ocies, Vol. 113,
Raseintuas dricoMoare els., iSpringer-Verlag, New Yor, ppt 26Di315¢1994)),

h [ at e havi th esired ecificity,

ARG B84, o' 57 8% Goaibos . b rac et Acod
: ! . | Li

S S SER O EluccR i ¥Be  STieheq 200 oe ©

Furt hernore, humani zed anti bodi es may conprise

AP PSR AL R 2 it Bobbsmo)
prifcipally BRhliESHIENS otidr Aerd 8hH AIMBRE Svhith edBRASr overexpress
t he humani zed antibody will conprise substantially all
ES$FRtandeeeaur om patiemnts wnypdtf@relytnéj% R gene eppendovbersend treated
Y : | ¢ ; _ L ob
V\'flfgo%@bggrrt?ée ?Egéﬁﬁﬁ%g t(%.glé Iélﬂllcé X%ﬁ%ér tpéatég Wtﬂylpiﬁé@.&@at 48 Cancer
Biology 2005, 4).

Thereby, the terms "cancer” and "tumor” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth.
By means of the pharmaceutical compositions according of the present invention
tumors can be treated such as tumors of the breast, heart, lung, small intestine,
colon, spleen, kidney, bladder, head and neck, ovary, prostate, brain, pancreas,
skin, bone, bone marrow, blood, thymus, uterus, testicles, cervix, and

liver. Tumors which can be preferably be treated with the antibody molecules
according to the invention are solid tumors or tumor metastases that express
ErbB receptors, especially ErbB1 (EGFR) receptors, in high amounts, such as

breast cancer, prostate cancer head and neck cancer, SCLC, pancreas cancer.



10

15

20

25

30

non- hurman i mmunogl obulin and all or substantially all
of the FRs are those of a human i munogl obul i n

wGeewdrosse7 The humani zed anti body optional | y abGDEPRZ00$/003358

conprise at |east a portion ef2an-i mmunogl obul in
constant region (Fc), typically that of a human
i mmunogl obul i n. Met hods for maki ng humani zed

gntl bOd' 7 I%ga%c?i@g{/% S@ﬁcte rgi“ ég@%c%tlly ‘effetive

(ambbhbwéfefé &9&%(}57 NfAEBUIE ¥¢hieh RauseLA uvcsuogmal fuin@tibn or a
anti body, preferably conprising the anti - bi ndi ng or

ohangelsf @ bielgigizal furstienfin mqplne\atr@faMW ip effective in a

speRffantunIPatie A 8Rertd r bl fubd el Rt arétesbly ip 2

I’ﬁiﬂﬁémﬁ!héf@b%wf@éncé’tn ﬂwénﬂetragé@mdnycef@etwéaem@mt of the drug
formed fromantib ty ragrrent s). An "intact" antibody

may taskioptthermuraher ofseancen calis:irgeHCe thrifumaoRize:phibit (i &., slow

S8a 8t AbY PSPt 850 SRl BORRAAPA PR, ol organs:
iftiib# ¢t bbpw tohsornetexténtanid predgrabiisstopptumommitastasis; inhibit, to
effector functions. Papain digestion of antibodies

%Qﬂaﬁda@@mttuﬂ\qr@éﬁmwndéwﬁg@\ﬁe i RemePteRipRMmPEMOre of the
SIS {é%guafté&‘g\m‘ﬁ%é cafigefl comprising a single

site and a CL and a CHl region, and a
resi dual " Fc" fragmsnt whose nane reflects its

Tha epiimd ot Boeufical Sfeatle 1 o bielagial ndlpglieS whicn
c!é'u@@ %nﬁﬁﬂh@ﬁ‘e Pésphdedifia RlanhSR Mével YficaRy Othe%ﬁﬁsrefers to

hinge region 1s a group of about 15 am nho acid
melecdleesuhmh ohay aasignéizet ard iad argntigen Typicaily, anibaiies,

S e A B s e oD AP v
éﬂ@ﬁ%@mé@rﬁehtaﬁf defeeminaay )‘e%bﬁs NCBIRS) 296 imRinotherapeutically

anti genbinding site only " fragnents differ
Hye&ab fragnents by the addition of a few residues

at the carboxy term nus of the heavy chain CHL donain

i ncludi ng one or nore cysteines fromthe anti body

Tipigsdly @ therapebtiedlly) éfentive rdyuntr efgmeants- EGHRyiantibbgly or a

SR IBERET b P i S The PSS Bl acen
18lerBIE [BRPOiIfH T Bl ficRng téheRieyB A MabF@Econcentration of from
about 0.01 microgram (ug) per milliliter (ml) to about 100 ug/ml, preferably from
about 1 pg/ml to about 5 pg/ml and usually about 5 pg/ml. Stated differently. the
dosage can vary from about 0.1 mg/kg to about 300 mg/kg, preferably from about
0.2 mg/kg to about 200 mg/kg, most preferably from about 0.5 mg/kg to about 20
mg/kg, in one or more dose administrations daily for one or several days. A
preferred plasma concentration in molarity is from about 2 micromolar (uM)

to about 5 millimolar (mM) and preferably, about 100 uM to 1 mM antibody

antagonist.

The pharmaceutical compositions of the invention can comprise phrase

encompasses treatment of a subject with agents that reduce or avoid side effects
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e.g. Hermanson, Bi oconjugate Techni ques, Academ c
Press, 1996; . US 4,342,566). "Single-chain Fv" or
w0 s@batiseant | body fragments conprise the V, andPGA/EP2006/003358
domai ns of anti body, wherein-th2se domai ns are present
in a Single polypeptide chain. Preferably, the Fv
pol ypepti de further conprises a pol ypeptide |inker

ABEEESR: TGt PR e PRI R S hltnig et reduce

tiRb ki€ effBal 6f drilicancePaEliRsS ead. ebbne Yésorption exanpl e,
from Pl ckt hun (The Pharmacol ogy of Monocl onal

ippibiteksd carliopetectivegaris.cpaid ragunmlivemgente peevent or reduce the

RBSAEE o et Hng Yorhilas see el ety saditherapy or
dpetfish, driredudétie intiishceSfiinfeBfion 9836giated Vitle thieradnhistration
F?I ueckt hun (1988, Science 240, 1038). Although t

h
qf myslesuppressive antisaaees dyos. Adiusstivagenisarsrveelt gmown in the
N oD bl R g SR FRh el P rtgonaty

amﬂnigimemd with adjljvagtslikm'hBEGIgbhtﬂ dmgnﬁwe&?%ﬁtbrgestimmﬂaw;s.
nunbers and treated . with other ErbB antagoni sts (e.g.
i ERre e OB GRS may g immuTt e 2pstlis aoents or

' tsl M RlINg sbE WIREHTontRA C§totodB Effecti io-
qﬂe&hﬁégﬁg\éra%%gg? atﬂ%nosr ,?‘S!escr? ge t'he pﬁ?gpﬁog?jgzoa? C ective radio
labelddtisatopées, oreothat sytotaic agentgpsuch by actydotaxicepetisds (e.g.
by unrequl ated cell gro . By nmeans of the
#ﬂ??&%&ftqygipx'&diwggi \gtotﬁg "E%cordi ng of the present
i nvention tunors can be treated such as tunors of the
breast, heart, lung, small intestine, colon, spleen,

Qihen ésatutsisaanibadvariagea ed threpresest mventipn wdll keeome apparent

11375 e DG orp Pt EEREmaRE HrTE, 8o, B9y pt example.
thBippincipies bEtherigvemtion. \E dpeclallgaémetifid Valuts or tarmdipdicated
nol ecul es accordlng"to the invention are solid tunors

ahove ask belewa e et limiing tednvantionrans sar bgraxtrapolated if a
s%ﬁl%%%&lkg}’sEé%?éaéo%%@thét?CGptOfs, in high anounts,

such as breast cancer, prostate cancer head and neck
cancer, SCLC, pancreas cancer.The term
“bi ol ogically/functionally effective" or

"*&@%tically effective (anpbunt)" refers to a drug
Ei I e whi ch causes a biological function or a
change of a biological function in vivo or in vitro,

and which is effective in a .
Example 1: Patients and treatment with anti-EGFR monoclonal antibodies

Among patients enrolled at Ospedale Niguarda Ca’ Granda into clinical trials of
anti-EGFR moAbs panitumumab or cetuximab for treatment of EGFR-expressing
mCRC, we evaluated 31 patients with radiologically demonstrated tumor
sensitivity or resistance to this therapy (Table 1). Patients were selected based
on the availability of sufficient tumour tissue for present studies. All patients had
EGFR-expressing mCRC, displaying 21% malignant cells stained for EGFR
evaluated by IHC using the DAKO EGFRPharmDX kit in central laboratories of
each clinical protocol (Cunningham et al., 2004, N Engl J Med 351: 337-345 ).
Cetuximab (chimeric IgG1 moAb; Erbitux®, Merck, Milan, Italy) and panitumumab
(fully human IgG2 moAb; Amgen, Thousand Oaks, CA, USA) both target the
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specific anbunt to treat a disease or disorder in a
mamal , preferably in a human. In the case of cancer,

W@ b@otibsseapeut i cal |y ef fective anount of the dPCYEP2Y6/003358
reduce the nunber of cancer €eRBs: reduce the tunor
size; inhibit (i.e., slowto sone extent and
preferabl y stop) cancer cell infiltration into

perl or S;ninhibit (i.e. . sl t 0 SOnNe,.exten .

e ap G st dp Teambed i daiosditus Ry BERUHG 886n with the
fﬁlwmuméhwmtutﬂumabgémwﬂus thediRlentSLireated with 8RR8r moAb are
eXtent one or nore of the synptonms associated wth the

amhcz@d togatherdn this |Sthﬁ)’na'tfﬁ%tﬂa€|‘zfﬁlwltftaﬂﬂl-ﬁ@fﬁ ¢e@Abg consisted of

e

Mlﬁﬁﬂ%l)‘)%dﬁé‘d%ﬁd@éth%@(ﬁ% @ﬁp@ﬁmrﬁmabdn@mmempy (n=10). In
anti Typically, antibo di es, agti fragnents and
lﬂ@mslrfgjg iagRNpeiuxinaab %mgirrhgv lqa@lmg @me geﬂ then 250

L O TR SRS R gy o

202 6@0 phaséqlictaial gr a8 irﬁm-luvelr&ﬂmmbnofhaamaatm&ﬂm\m phase ||
anti body or a fra%msnt fhereof is an anount such that
tupldar kinateran-eafeasiony RAipatD CRfHKimal (sasne Aape @nd schedule as in

ﬁ@ﬁ%}ﬂétédﬁ hiug ﬁwﬁ#@r(%mcdagﬂk Bg§%éi5h@\é€hédtﬂb§?ng hlcpherrnCRC were

concentrdtion o out m crogram
indilvidullly denforisirater thbe redistantpwere, giper Latibpiogréssiom as third-

8B S35 AR R et v r

|ﬁ‘rl?c9t%a|q réfrﬁ&/oﬁgpéf?erﬂgolﬂﬁthéqgttéﬁ%ﬂ@%cdl’é Qfeﬁéé@ri}ﬁefsé %Wnnotecan

about O. to about 200 ng/ kg, most preferabl
vfras:defmmnas @losurr@mgd dtseabemroszr@s&@n@nngrpron@loﬂ menghs after

RaBeR) Todier S dBmdeRt phnlidfn it B bR v ek unti

p?bQ#@ssR)ﬂﬁv@a’ DEAEs(tAll-lihe drfouithdingitheiapylfar pér@ﬁtsaedustant to
pr ef er abl out 100 MM to 1 mM anti bodMnt agoni s

bmré opakp! @e@m riotecapeRntaining regimens in the Rhass llbéﬁ%X -EGF
%ﬁbﬁ%@;& § o%F %@@E&ﬁf’zbéfﬂéﬁfgblé’fﬁe f4BiuEohal Ethics

reduce or avord

@zﬁrﬁaﬂﬁeé bppstmed)theltredtmm protbodisnand patientsdyave, wiitters enformed
that reduce the toxic,effect

f
%%gg%smé%g!}g{%é? IIE§F§{ as wellas 6ﬁ3(ﬁﬁlylag study therapy. Tumor

response was evaluated with consistent imaging techniques (CT or MRI)
employing RECIST (Response Evaluation Criteria in Solid Tumors) criteria by

institutional as well as independent radiologists according to clinical protocols.

Example 2: Mutational analysis

DNA was extracted from paraffin embedded samples. For each patient, 100
sections were prepared. An additional representative section was deparaffinized,
stained with hematoxylin-eosin and analyzed for detailed morphology. Regions
displaying tumor tissues were marked and the tissue was extracted with 0.2M
NaOH/ 1mM EDTA and then neutralized with 100mM Tris-TE. After extraction
DNA was purified using Qiagen PCR Purification Kit (Cat. No. 28104) following

manufacturer instructions. Exon specific and sequencing primers were designed

PO i YOIV, R - SU SR 4 DAY GWRpRy  § USRS [N SRR 5 RSN PUNY QIS 2 N SV SR SUNJES U ) 2R JURI, )
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i nhibitors, cardioprotective agents. Said adjunctive
agents prevent or reduce the incidence of nausea and

WQ 09611089887 associ at ed wi t h chenot her apy, radi ot PEF/EP2006003358

operation, or reduce the incidence of infection
associated with the adm nistration of myel osuppressive
anti cancer drugs. Adjunctive agents are well known in

AR breiea DREPARAT -y T SR e Y e Ay aiafr erse and

s!e'qb@n@ﬁ@ ﬁﬂﬁe#s%v BACH ¥XbAMWErel 48HoRb@Es . Fur t her nor e,
t he conpositions may include i nmunot herapeutic agents

EBFRAEXE her apeuti ¢ agents i ncl udi ng such whi ch

GRS s g g erkobel st aaope flccner

EGFB- Ez*yg oki nes) or cytotoxic drugs and the |ike.
O her features and advantages of the present invention
GGOPCTERE G AR BA e nECHE BrAGURBACERF N Ty GRECETABEAT F A CCAGA;
ESpRPERS1 Which illustrate, by way of exanple, the
principles of the invention. Especially, specific
RATGES T CTEHIRECRAUT A ARG EE CaRTC el TIRWAGEFEARGAACTACTTGG
'J,l'E ¢Agg<§ he invention and can be extrapolated if a

rker sees reason for that. EXAMPLES Exanpl e
AGGARARAERT GAGHAAGRABAC NECK GAUATICAGACAAGIRGTINOCI| onal

%&Rgggg@ﬂ% &&gm enrol | ed at Ospedal e

|guar into clinical trials of anti-EGFR
FHﬁKtGApENQ@urrurrab or cetuxi mab for treatnent of

PR B GrCa S aenore B bRt A EGp Pt dchacarrcs

R@émance to this therapy (Table 1) . Patients were
| ected based on the avail abili té’c of sufficient

qq}ﬁﬁéFT%T%%%AFSPTﬁFE%?ﬁ * APRGPESCCIGAGAGTefE s had

@A X P ES8I A nBEREr e s pl ayi ng 1% mal i gnant cel I's
stai ned for EGFR eval uated by | HC usi ng t he DAKO
Godiions

teoRlify exenceRaGifig rqgawr by FGR o tuaengenomic DNA

%g' d@é@?ﬁlf@é@ﬁ%ﬁ@h? hgvgge%)%nﬁrgg%%sﬁldescaggﬁ é%yr@ggt al., 2003,

%lm¢w800)9499beCIR wiss|cantied bat m)a soldneof 20mlneing a touchdown

iR T oarb B0 PHACU I A2se DR A28 oF B Lo Te Rl Acad Sci USA

101c 148568 331 1). P PERRSIIRRE WER'séfidhdedEusing BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and analyzed with a
3730 ABI capillary electrophoresis system. Mutational analysis was carried out as
previously described. Tumor tissue from patient 13 was limited in quantity and

mutational analysis was not technically possible for all exons.

Example 3: Analysis of EGFR gene by fluorescent in situ hybridization
(FISH)

Tissue sections were treated following the procedure used for Her2 FISH
detection Kit (Dakocytomation, Glostrup, DK). Samples were placed in a
pretreatment solution for 30 min at 96°C and then digested with pepsin solution
for 30 min at room temperature. Dual-color, dual-target FISH assays were
performed using the LSI EGFR Spectrum Orange/CEP7 Spectrum Green Probe
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fully human pani tunmumab, and thus the patients treated

with either nbAb are anal yzed together in this study.
wae@atiosset Wit h anti - EGFR npAbs consi st ed of cRCTUKP2004003358

monot her apy (n=12), cetuxi mab BPus iri notecan

(Canmpt (r); Aventis, Mlan, Italy) based chenot herapy

(n 9) or pani tumumab nonot herapy (n=10). In

sl !orﬁ];k”'?re 'ﬁélﬁgit@%%g?gt%?@rtf]‘ﬁ%m@ cb%dfgf ¢ “GFR and CEP 7

ose weekly unti
pvobes apdiatloyvedds rgﬁmldlzeem\tdlalghaat 877Gt Bbihneo-tdbpatupgtiomand

h%@'vﬁgfz% nggc))e has rn‘@é\@ﬁ%@r@llﬁ ||Sn t@H1{gtrjoplfrlgggss.or-corr]ﬁrolled system
gggﬂ@&@?gﬁ‘?l{&fg’t&ﬁb%ﬂ @ﬁ)ts'trﬁgt BK) CPBWHWIiﬁWSﬁHQSncy wash

sche S in nonot her lus iTinotecan
wihs parfarmied thedtdrdsath at 667 C NOMIm/eAﬁer wasmnguwmeyand drying

FOaPIe LR WES il 1 Mihc e Sy ons Het CoAiAchyt 4f6-diamidino-

A Hér%fllnegip(lePﬁll WPsls) for MARShafih @8antdrstairifg ah8'examined by
i r| not ecan- refractor ﬁpatl ents. In the [atter
e

rpnccnawovSAnab'srsaaa@ perersed withr a floperseenaa snigetscope (£eiss

‘?ﬁ‘i gqug gé:’rf a(ﬁgvﬁ%ri\ﬂresdi@p%g%%%é tﬁg ngrgw?é)t Bh Wotkstation

(Aﬁiblhéﬁi@bl\/(llﬁnﬂuéml The BEGFR généRpisvidalided as a red signal with
progression) was given as third-line or fourth-line

a tetamsthylohogamieatsothiesyanatat(TRATGdfiltero e chramosome 7 o-

Rftob R CET PRl BB 0 i itk A B Bu sothiocyanate

(FITQY fiter B theSiudléitdsos Bluetsighaiswile arDAPERItED Ne@V@@ntatwe
the treatnment protocols, and patients gave wri

iMaoes ok §a6R SPERIMeR Wes argdired withesHRmamaksu Cé&% ghilled CCD
c{ﬂ?ftﬁﬁ'bggﬁgltaﬁ{e YR E% Mo Z\Fe%?g@ W%%Bﬂbgﬂromatlc

ent 1 magi ng echnlqu
lwspb thyatngereESiiSequisatp m&rge&\bayl thetCasti hadirg iFatS HrMulticolor

st Wil S indbpenapo oksaiorm Giand &) scored at
Iééé%tz%% -preAdBiRg el AL A BRIderib W8fing guideines.

extracte rom par For eac
Toet d>tzawve|$0/me®elaltndadst0\mnma|bcb@mowlstm cdidhi patierstis and each
re%)resent ative section \fﬁjhd Earaffl nized,, sta

d
Wie't> AN AN NI dha FREGLANS 4 SgED RIS the number
dreb %@'&%Fﬁ%@eﬁro@hc&éﬂn@éf V@obéﬁWasté@é'égédWeﬁ)endently The

Err(gir:Reg%n%nsﬂaguhsewgls Zgg%d\/\a/ass E%XFthlﬁﬁth%ﬂsvgntdhEGFR/CEP7 ratios. Normal
controls consisted of cultured retinal pigment epithelial (RPE) cell line and normal
colorectal mucosa contiguous to individual malignancies. Amplified EGFR gene
control consisted of A431 human epidermoid carcinoma cell line. Increased
EGFR gene copy number was arbitrarily defined as EGFR gene copy
number/nucleus 23. Specimens from patients 4 and 15 were available only as
10 sections and despite multiple attempts, FISH analysis was not conclusive

due to excessive tissue thickness.

Example 4: Analysis of EGFR gene by quantitative polymerase chain
reaction (qQPCR)
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NaOH 1mM EDTA and then neutralized with 100"

Tris-TE. After extraction DNA was purified using
w@R@gaos6PCR Purification Kit (Cat. No. 28104) PGI/ERA061¢P3358

manuf act urer instructions. Exofbspecific and

sequenci ng prinmers were designedand synt hesi zed by

I nvitrogen(tm. Priner sequences were: Forward,

| ombépwﬁe Egﬂr%@&%ﬁ%@%%é@rﬂﬁned by real

tlm’éCPGRT USIRQAAGRBTRREM® TUBAMITGpPaRACA(Ls S Biosytems). DNA
EGFR- ExI 9 CCCAGIGICCCTCACCTTC, CCACACAGCAAAGCAGAAAC;
c@e@wmmm&@@g&@hatmﬁmgazg repetitive element for which copy

RS PER g SRt e SR R ol e o

?P@éig IENCA€SctbeBAWBIARGRGALAZITVHrbAAEHALAY Sci USA
Ex20 CTCAATGATGCCTTGGECTCTG

99T GEABAfepmTIMEeT Thapgeswate calsviated Py siag thedermula

o T80 M AR AR o or e

e&agﬂm&p&g|p‘r|nme}rr|n®MA$>duyacféd?frbnotmmﬁnnﬂilsgammahcem'mental

and to identi ave, been, previ ousl .

RS lisecis i Aferaae wresold Oyglourabbt.obeeriad forthg)Line-

pPﬁ%r‘i‘ﬁ@WA‘{gEdr%@te@Lﬁomrluﬁlo\f@eﬂ%oq(lt i83h8lthredhbRoc F}ﬁble number

ouchdown rogram as previously described

oakerveddodin theomrnml IrefecaniceSPINAJBRiracted frorg ReE 1733& Nl)ne is the
PCR, pr oduct s r enced 1S, Bi r

trgsP G DS PBLIEPENEddRE LG W Cg e et Yeiordnce DNA

eRira&teslt fiorh)RPE Eehs ot yAGIHos For @n§?ﬁ§bt63'wé¢;@%é fcﬂIbWs one cycle

el ectrophore5| s system Mutational anal

ok 967G dor B minsloppweHBusHy Cdes o BEC It Boe; Rt farrbmin.
B ovdedtiabeSutiii ML biipBdfe B TRl seoonT
Sequence Detection System software. PCRs for each primer set were performed
in triplicate and threshold cycle numbers were averaged. Primers (designed to
span a 100 to 200-bp non-repetitive region) for the EGFR gene were: Forward
GAATTCGGATGCAGAGCTTC and Reverse GACATGCTGCGGTGTTTTC. Primers for the
Line-1 repetitive element were: Forward AAAGCCGCTCAACTACATGG and Reverse

TGCTTTGAATGCGTCCCAGAG.

Example 5: Cell proliferation inhibition assay and Western blotting
Colorectal cancer cell lines (HT-29, HCT-116, DLD-1, SW48, SW480, and LoVo
cells) were from ATCC repository; DiFi cells were a gift of Jose Baselga, Vall
d'Hebron University, Barcelona, E). Cells were grown in DMEM supplemented
with 10% fetal calf serum (FCS) and antibiotics, except for DiFi cells which were
grown in F-12 Medium supplemented with 10% FCS and antibiotics. For cell
proliferation inhibition assay, cells were grown in DMEM supplemented with 2%
FBS in 96-well black plates (Culture Plate™ 96F Packard Bioscience) and
incubated for 5 days with 0.01-100 nM cetuximab (purchased from Komtur
Pharmaceuticals, Freiburg, D). Cell proliferation was measured by incorporation
of BrdU using a chemiluminescent ELISA method (Roche Cat. No. 1 669 915).
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Exanpl e 3: Analysis of EGFR gene by fl uorescent

in

situ hybridization (FISH) Tissue sections were treated

WO 200608627 t he procedure used for
Kit (Dakocytomati on,

Her 2 FlI SH dePEDLEPN6/003358
G ostrup,2DKy. Sanpl es were

placed in a pretreatnment solution for 30 mn at 96C

and t hen di gest ed W th pepsin soI uti on for
omte e.at
GriEkanekec

5 mnto co-denature the EGFR and CEP 7

Dual -

BU§| Beli Wgﬁl orS

30 mn at

Ao ZERT, 40eRt Qo dEp: oL,

5@969{0114%91@@0 ATebesoboi $W180/4060i sw@w e O, swm 500;

probes

and ‘

SANﬁBQe@DQ d he/BrdJiaseay wasriagfied gut geeprding te the manufacturer's

nat ur

SA{TRS 2

?;ﬂe&ﬂ'n}?%q 2?53{5% %@éﬁégﬁﬁlgﬂ'Q{fﬁ%?fért;c?%g%%lutlon. Three

séb'ﬁha"té @ixp EfimelAtk REripfiatel Wwere ﬁtQﬁi fouléac%)all line. The percentage

Post - hybr

i di zation stringency wash

ofisek prajiignatian ad s@chicatuxima wn%mretlow

TR s YRF 5 Bl [0

b

In

Gbnttd)

0O-

fﬁ%g\f&&/ﬁ%@ﬂatﬁﬂi using

Bl e

|ﬂ|d|cat\é§$jeﬁ§ grown ¢ ingaditimnord p (nd elrsd )eand hlgnammbleam aedld grown in

m_cr os

ot os

copy. . Anal

b MR Wasierasol
GGt Ly ARF Il ! 2008 ESermif0R

e EGFR g

erformed with

ngAYRS SRS RS Rrguipusly
PREbPRgIIKBHRL | on

ene was

T\atﬂieléﬂ—l- Mb\amta:hnmdﬂ shgredtenstics and EGFR gene molecular alterations

i Fmry

A RS W OB

ot hi ocyanate (TRITC) filter,
romeri c (CEP7) sequence as

gr een srghal wwith a T1 UPTuatoE €1 w@qg}ug %5* —Is—i(;')ofEGFR
el e hea DAY
a RejrigsetRlaniilodg | BRgES )?“’@E’el‘?fsp ePffen wer g ,
acquired wt h a Hamamat $uskdb8Ob (mz']sfed DQIMBERfer a| SC QUENCE
L1 4+ 4+ - o AN .
T MR SRS e Tha St PRt J48' NEW YO Koreasbl V| {WT
2 A B84 U"’(‘:étdxma‘a)é Srt h PR Vel © 3?5“”55‘4“5" thotedséd YCU WY
P18og88l T | Cdiiab GndCTOH LT COlgph SOT U WAl lRcreased WT
Wmed Callxjmab TWO | ndeprendeni3oobser ver Endt SlMatastd | WRB)
5 sgor0eth6at | Paasiun@®0 noniRPRer | ap3si ng i nt ef!pdieese nuc|WT
6y 431 e itymepa cor | ngPR{yui de 24npq The/llndieased/er s|WT
7 0FeBTHB| noRapitymymab i ni calP -] ' Ipgre wT
8 ARA260526 . [Cetuximah, ., PR [16% . _ .|Nomal. = _tWT
9 ﬁgfst‘f 27 . [Panitumumab ~ " [PR T Cftef T F Iﬁc:‘féjalséd'y JIWT
10 i 'Gét'lﬂ(lma'b cacvtl I 1 CIUD 8+I. e 1T1Tulrry :'hcréA ed.,U[JI :\NT
1 S 5 A ELtiMBTTOSOME gl ODEH3gMdS dSSE A WT
14 - 324068480 € NCetykimalb Akd CT SD 24 Normal WT
13 - AG080530 Cetuximab and CT SD 24 Normal Exon 21G857R
14 - MM180625 | Cetuximab SD 36+ Normal WT
15 - GM160553 Panitumumab SD 32 Not evaluable © |WT
16 — CC090234 | Panitumumab SD 16+ Normal WT
17 - GT030547 Cetuximab PD N.A. Increased WT
18 - SM140851 Cetuximab and CT PD N.A. Normal WT
19 - AC230643 Cetuximab PD N.A. Normal WT
20 - DS010731 Cetuximab and CT PD N.A. Normal WT
21 - RV110964 Cetuximab and CT PD N.A. Normal WT
22 -CC041133 Cetuximab PD N.A. Normal WT
23 - GT050933 Cetuximab PD N.A. Normal WT
24 - RT161027 Cetuximab PD N.A. Normal WT
25 - CB280630 Cetuximab PD N.A. Normal WT
26 - FL020230 Cetuximab PD N.A. Normal WT
27 - PC020849 Panitumumab PD N.A. Normal WT
28 - CF141238 Panitumumab PD N.A. Normal WT
29 - WB030428 | Cetuximab PD N.A. Normal WT
30 - GA240151 Panitumumab PD N.A. Normal WT
31 - IM100640 Panitumumab PD N.A. normal WT

@ Chemotherapy (CT) consisted of irinotecan-based treatment (see text for details), b



EGFR gene status was scored as EGFR/ nucl eus and
EGFR/ CEP7 ratios. Normal controls consisted of

W@ eo6a08s27 r et i nal pi gnment epithelial (RPE) cel PCT/EP2906/003358
and normal col orectal mnucosa citht+ guous to individual
mal i gnanci es. Anplified EGFR gene control consisted of
A431 human epi dernoid carcinonma cell line. Increased

ST REAPRaTh A ahers 8 e} e PR ARl 5T
irenocldsiventor eecamal repbenso(sey Mgeéhqasfrn FslSUtﬂuomcamtdn aé@rbvbr@ization'
Pguéér'ha' fes &]is%"gbs tagle%_g%ﬁ tﬁ' Ero&?eéxﬂgtdfs‘éggé: L%slg lﬁ'nque patient

1o ex €SSl Ve I ssue ness
nofb&GART, yeldeyhe, +odenatdst maintaingsioiegpansasa tlmah@meu of sammttmg this
oA BRTE BT Agt30H SEpet L BRRH B, B 4lieyEBna 21

m ne
PRI SMr) 7900HT apparatus (Applied Biosytems). DNA

Tabla.dB:+ AGculRAL inical caveEiPTstsy o pAbeRts ik mPRGpyeluated in

are simlar anong all human cells (normal or
mal 1 gnant) as previously described (Wang et al., 2002,
Proc Natl Acad Sci USA 99: 16 156-1 6 16 1) Copy
ntn i
[T‘EGPN Bp?eﬁeili%i Digk N€pswhe t inldhE 18V 5ib@%6Gtic diseTseh
eshol d dvc
065 ctad fk3m b unor col | s FALFOLFOX, Irinotecan
X M orloder 19§ neld s +heaverage t+HEEYRBIEPOLFOX, FOLFIRI
Ly RP1803L M o -r—v-eu;? forl% hel Line—1 pU FrBr—-p—DNZDLFOX, FOLFIRI
LE9200828, M, ol el oot andl N—is—t-he R WER T OLFOX, FOLFIR
0 S AL20IAG AM OB, el £ 6r 3 n t he norral— e oreiaRegigbine, FOLFIRI
6101240243 " AF ~ 182 4 12, L . o X, FOLFIRI
PAECTEORs TP e g S N e S e e o < FOIFIR, FOLFOX
Tt 05 Ac 75018 :I E’I‘%— T :_‘I'_II 1 | : 11— LLC I:Uill 1 “Not applicable
d -ANt18DB27- 1 yg! GHEL TSN LTS FOX, CH b&itétijd\e, FOLFIRI
ﬂ‘)“ M28'1:1’4 |lM! %5? S IIUI OUVV? Auuc CyCre O I5CTO0 Nd{anplicable
11-§M076345° VPR ! )6045 oy L1 S Ul 95C o , 157sET,™ 600C 10T rinotecan
112 'LbﬁBOgh lt. ]9I \(59CyCI08 nuarsoer werl e 0DL f:ll nea py LML[%X, FOLFIRI
13TAGABH5I0RR T])7579 OLFOX, FOLFIRI
0625 507 © Pfg ey sel were perrorined  Not applicable
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15 - GM160553 | F 52 0 4 FOLFOX, Irinotecan, Capecitabine, FOLFIRI
16 - CC090234 |M 71 1 2 FOLFOX, FOLFIRI
17 - GT030547 |M 58 0 0 Not applicable
18 - SM140851 |M 54 1 2 FOLFOX, Irinotecan + weekly high-dose 5-FU/AF
19 - AC230643 |M 62 1 0 Not applicable
20-DS010731 |M 74 0 3 Irinotecan + Capecitabine, FOLFOX, FOLFIRI
21-RV110964 |M 41 0 3 FOLFOX, FOLFIRI, Irinotecan
22-CC041133 |F 72 1 0 Not applicable
23 - GT050933 M 72 1 0 Not applicable
24 - RT161027 M 78 1 0 Not applicable
25-CB280630 |F 75 1 0 Not applicable
26 - FL020230 |M 75 1 0 Not applicable
27 - PC020849 |M 56 1 1 Oxaliplatin-irinotecan-5-FU/FA
28 - CF141238 |F 67 0 2 FOLFOX, FOLFIRI
29 - WB030428 |M 77 1 0 Not applicable
30- GA240151 |M 54 0 2 FOLFOX, FOLFIRI
31- IM100640 |F 65 1 3 5-FU/FA, FOLFOX, FOLFIRI

No: Number of prior chemotherapy regimens for metastatic disease

2 Performance Status (ECOG) at the time of starting anti-EGFR monoclonal antibody

therapy.
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14 UIDIS - b Paf. g 6 Wt fwt [wr o wr fwr [wr |wr
235““60553 “|sp ne.? n.e.? WT  |WT  [WT G13D |WT |WT [WT
16 -
ceo90234 | SP 1.04 1.88 WT |WT  (wT G12v |{WT |WT [WT
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Chenot herapy (CT) consisted of irinotecan-based

treatnment (see text for details);gene anplification in
WO p@WoaedeeT s (see results); ¢ nultiple FISH att RBGHEB2006/003358

wer e i nconclusive for techni eaBOreasons (see Mt hods).

FI SH fl uorescent In situ-hybridization; PR parti al

response; SD, stable disease; PD, progressive disease;
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WEBQMA2Bat ¢d inlthis stiudy No:l Nu r ofl priog

G‘g&g t hermpy | r.@Qgi meng.cbor maluast TC |[Wseagevr™ |[wT [wWT |WT
ferTorpnce St-at-ts—(ECOS—at—t e t+meg—of—strarttn H10a

mﬂﬁdeho EGHE® nohbtd onal 2éﬁti bo J‘S‘th hIé’YTapy Wh r [WT-: _‘ﬁTi 7R | E999V
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platin + 5- fluorouracil + f0|InIC aci d;

F
IF'ﬁh'o'?'& Hwtatiogal 3nalsis (MeasyementsoyVens; |ecocﬂglt§lve1-g)‘5|t%ch@|cal reasons

(&4 agethass)al wer aA/udmsryb@urnhl Par‘hﬂﬂ@éﬁ)oﬂﬁe P&ED, eﬁtbﬁlerIsBase, PD,
nCRCa FI SH and nut ati onal anal ysi s neasurenents wer

RreQTBRRIYR SiSFaSE ol {“ed‘ﬁ‘l‘ﬂl@aPatfeé'éwﬁ?e( s@&- I\)E‘ith%‘(‘]’é‘iab"\/\?l"’o Increased

5 E@#F@’%eﬁé%pyFFBmHé@rvﬁésaHemSISsﬂ@lﬁﬁbotﬁDn ;frtnaéwe;owréaas&mor prior to
rogressi ve di sease; UPN, uni q% pati ent numnbe

oAb roigtont on (abbes meyes sl PaiZted dyerime oL peaggesie disease after
ﬁ&ﬂbﬁémﬂ@ﬁtdEﬂDnStrated both in primary col orecta
tunor prior to noAb treatnent and in liver netastasis
obtained at the tine of progressive disease after npAb
treatnment. Patent Cains: 1. Anin vitro nethod for
detecting and anal yzi ng whet her a patient suffering
froma cancer, which overexpresses EG- receptor
(EGFR), responds positively to the admnistration of
an anti-EG-R anti body or an immunol ogically effective
fragment thereof, the nethod conprising determning in
vitro the EGFR gene copy nunber in a probe of tunor
cells obtained fromsaid patient and sel ecting said
patient for adm nistration with said anti-EFFR
antibody if the tunor cells of said patient display an
anplified copy nunber of the EGFR gene. 2. A nethod of

claim1, wherein the EGFR gene copy nunber is neasured
as
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rati o of the nunber of EGFR genes per nucleus. 3. A
met hod of claim 2, wherein said ratio is in the range
whedirsaess2z. 0 and 8.2. 4 . A nethod of clai m 2 PET/BP2006/003358
wherein said ratio is in the-rahge between 5.7 and 7.1
5. A nethod of claim1, wherein the EGFR gene copy
nunber is nmeasured as ratio of the nunber of EG-R

S;qest L CEP7. 6. A nethod of claim5, wherein said
-&-&B—M. 7. A nethod according to any of the
claims 1 - 6, wherein the EGFR gene copy nunber is
nmeasured by FI SH anal ysis (fluorescence in situ

Thy brANdinzvitrd sngthod fopdeiectiag andanalyzing wheshsr apatigrt suffering

o g O OO T I o
accodithelyt 1o theyadrhinisiaitiohaifram dnti-EGFRVaatiBbdy bhan
anplified EGFR gene copy nunber is specific for the

i ndimmunalogisalbesifectye feagment therenf, theemgthadeempiising
f‘. MR hiRingGh it th Eﬁﬁ#?gg{\ﬁ@o%'nr&%%[r%% proBe tumor cells
I ssue prof Pl'e underTres roner re nol ecular

al It @baéiihed .frlohisai@sl_ patidn cindfsetéeting d4id _patien'gﬁomh_asiahiﬁistration with
nol ecul ar alteration is a point tation wi.ithin the
EGFan&bﬁ'ét."%ff . aﬂ“h%%lﬁ&“%@&'ﬂ?ﬁ? %&3&%938?“&%9'33’ an
cl ai T 3”\’5\% i ' I 5 R anti body is

sel mﬁleﬁ%ﬁ t he g?gﬂﬁ%ﬁgfg%’%{g}of cet uxi mab ( mAb
c225), matuzumab (MAb h425) and panitunmumab (nMAb ABX)

Ler & koG of SR, whFraRine FGER dshebodi MRbeE fumeasured as
1 - rdfio oY RiiMbERBS EGFF@Eehés pet aueetg! cancer (CRO),

| ung cancer, head and neck cancer and breast cancer.
14. Use of an anti-EG-R anti body, or an

éggﬂgZ?%?@#OESL{:'%H%Sr?"i;%%’r@n{a“%‘?ﬁ%"?ﬁ%i%’fﬁ%%@%éhe‘*-o and 8.2.

4. A method of claim 2 or 3, wherein said ratio is in the range between 5.7 and
7.1.

5. A method of claim 1, wherein the EGFR gene copy number is measured as
ratio of the number of EGFR genes per CEP7.

6. A method of claim 5, wherein said ratio is > 2.
7. A method according to any of the claims 1 — 6, wherein the EGFR gene
copy number is measured by FISH analysis (fluorescence in situ

hybridization).

8. A method according to any of the claims 1 — 7, wherein said amplified

EGFR gene copy number is specific for said tumor.
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a patient, wherein said cancer overexpresses EGFR and

di spl ays an anplified EGFR gene copy nunber. 15. Use
w@booelesorT 14, wherein sai d EGFR gene copy nunmbRCT/ER2006/003358

nmeasured as ratio of the nunbeB2of EGFR genes per

nucl eus, and the value of this ratio is in the range

between 4.0 and 8.2. 16. Use of claim 15, wherein the

425 BlotiBl SeE Tk abf oL e EBIES 1°8 ey o B
wherBGRR! dend cemy nembepis speclfic fordhe individoakcaider tissue profile
conpared to the treatnent of a cancer patient with the

san©fdhe iPeEYPt.i n t he sane dose, wherein the cancer

cells do not display an anplified EGFR copy nunber.

18. Use according to any of the clainms 14 - 17,

MherRmethad of alagirni J, ivelterels-§aig dndividopy camadrdissue profile underlies
speci fjic for said tumgr. 19. Use according to any of

t he ferthgrraoresmolecylanglieration.t ne anplified EGFR gene

copy nunber is specific for the individual cancer

tissue profile of the patient. 20. Use of claim19,
vherfemetbad of cladinviQj weHereansaid molesular phtefatioa is a point mutation

undwigihg%éc nutations. 2 1. Use of any of the

cl ai W¥8Fei n said EGFR expressing tunmor is
col orectal cancer (CRC), lung cancer, breast cancer or
head and neck cancer. 22. Use according to any of the
18. aiArmethiod agcardinghtar any o thiedclaimn$ 1 EGFRvbardibsaid anti-EGFR

sel ect from¢th onsj.sting. of t Uxi_ma

oo Bligy i Shbes e M 10LR oisfba o kR (kR o225)
or trhgiuzuR®b (neAlb ®428Y Bihd HanthiritBhals (MABMBRNOE 8tkir particular
versions. 23. Method tor detecting and nmeasuring in

vi t MBUTing GhipRTig &R MUMRYZed MBESIORE. t unor ti ssue, which
over expresses EGFR, by using fluorescent in situ

hybridi zation (FISH) in an assay for determ ning the

13 s ponsathod agcomirapto any of the claims 1 — 12, wherein the cancer is

colorectal cancer (CRC), lung cancer, head and neck cancer and breast

cancer.

14. Use of an anti-EGFR antibody, or an immunologically effective fragment
thereof, for the manufacture of a medicament for the treatment of cancer in
a patient, wherein said cancer overexpresses EGFR and displays an

amplified EGFR gene copy number.

15. Use of claim 14, wherein said EGFR gene copy number is measured as
ratio of the number of EGFR genes per nucleus, and the value of this ratio is
in the range between 4.0 and 8.2.

16. Use of claim 15, wherein the value of said ratio is in the range between 5.7
and 7.1.
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17. Use according to any of the claims 14 — 16, wherein the treatment of said

18.

19.

20.

21.

22.

23.

cancer is more effective compared to the treatment of a cancer patient with
the same antibody in the same dose, wherein the cancer cells do not

display an amplified EGFR copy number.

Use according to any of the claims 14 — 17, wherein said amplified EGFR

gene copy number is specific for said tumor.

Use according to any of the claims 14 — 18, wherein the amplified EGFR
gene copy number is specific for the individual cancer tissue profile of the

patient.

Use of claim 19, wherein said individual cancer tissue profile underlies

genetic mutations.

Use of any of the claims 14 — 20, wherein said EGFR expressing tumor is
colorectal cancer (CRC), lung cancer, breast cancer or head and neck

cancer.

Use according to any of the claims 14 — 21, wherein said anti-EGFR
antibody is selected from the group consisting of cetuximab (mAb c225),
matuzumab (mAb h425) and panitumumab (mAb ABX), or their particular

murine, chimeric or humanized versions.

Method for detecting and measuring in vitro the EGFR gene copy number of
tumor tissue, which overexpresses EGFR, by using fluorescent in situ
hybridization (FISH) in an assay for determining the response of a cancer

patient to the administration with an anti-EGFR antibody.



