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WO 2006/ 119593PCT/ BE2006/ 000051 GENE- BASED

ALGORI THM C CANCER PROGNCSI S 5 Field of the Invention
wol208dhsbhe present invention is related to newcwERO@/000051

and tools for inproving cancer prognosis. Background

of the Invention [0002] M croarray profiling, or the

assessnent of 10 the nRNA expression | evel s of

hundreds and t housands of genes, has shown that

cancer can be divided into distinct nolecul ar

subgroups by the expression | evels of certain genes.

These subgroups seemto have distinct clinica

out cones and al so nmay respond differently to

di fferent 15 therapeutic agents used in cancer

treatnment. But the current understanding of the

under | ying biol ogy does not permt

"individualization" of a particular cancer patients'

care. ASGENEESBABEDf arL.COREFEMICATANCERf PROGKBISTISE,

many wonen today are given systemc treatnments such

as 20 chenot herapy or endocrine therapy in an attenpt

t reguce her risk of the breast cancer recurring
EES—EE@E—JMI s. Unfortunately, this systenic
[obbgqt ment onk¥ebepebibata MLPEALEY¥ROf iwomeRIMReAM lth new

rel apse, hence exposing many wonen to unnecessary and
mepbpénendl Epol exifor23 mpreatinsnranNew prognestisc t ool s

devel oped using microarray technol ogy show potentia

B'Eﬁ @bhgﬁﬁgg Eiet%n%%ﬂéﬂ ate tailored treatnent of
—Ebrgast—taﬂtfw—xﬁnTEﬂfs—géaik et al, New Engl and
[odoGinal of Miflcebnerdyl: 2A¢R2004)g, Var deh¥i ja(memzment of
aI New Engl and ,Jour nal of d|C|n 347: 199 2002
HEF% SFgEFSSEﬁ?ce%E‘é%%S %@g‘sﬁ‘?s ethe %ﬁ?@s of

geh%@ S WY diowV\0-RQ06/:h12e93 %%HVE?QO&‘LGQQQél 1%t% BGE inct

needed | mprovenent over currentl used clinical

_mO&@pnédg afl@"@@s@mpst diwgibal egmmcm Beysdts of certain

carci n s has u% b%en reco nlsgg to py.ovide 14 ~
gegﬁﬁnlf ﬁ? cf PP 5 B?%@no T or ?%RF%])C inic
ouldewRier , afl@Sphlgo I apgMeRdabhansdbyréhencol] ege afifferent

Ameri can Pathologlsts (2) ftor use of tunor grade as a
therggrusice PAEHES | Masitead cAFEEIET t REgadieasit Br diislt the

R TR A TRt nr it LAV T &y goes not

pmmlter‘lmdlmﬂduajmmdm'ummm eamdansliest ereiesr patients
bet ween |nst|t§hlon gFjack of data (3%. Thi s

CHFE i nAT)arat F&P EPSEhsEINETT variHbi FREJP ﬁ’d many

wonR® VaEo@us Jhad nggﬂ@@ﬁoa%%%eﬁﬁ@d ﬁ%&rﬁéﬁﬂs' Nguch as
poor reproducibility across institutions. Wth the

CW@(@T@PYSt@ﬁdQﬂépﬁéén%tﬁ@@‘ﬁ@d’s iguchn agtthopE to reduce
e%evgkgﬁe 151 Ions Elclah%e&l)regggggkéangﬁ%e initial

et ween |nst| as been rove ver €l ess,

distgyrcsti sgr admforfdmiteélsk,) and 8 (slysgibrﬂii'csk)t:aéeetment only
clearly associ at ed mnth di fferent prognoses, tunors
begiedadit i 8d BT Htdrheditat ¥OBFRde¥BPesthtl a H@%ﬁpaanyhence
e;ig%s%.%gchhé‘ﬂl alw S gn dﬁé‘crégsf tigl? t rﬁﬁﬁ‘ﬂ}i toxic
el r survi profile Is not differen
taduknieottal b{emnpgogded):lpopob&si dl&‘v&ll@ptehblﬁsn.ng microarray

ropartio s | ar 509 A npre accurate
%‘hégﬁﬁ@’(sy§ &M V\Bg%S W :FIE)/? P PETDr Hgnosei chprbhitate
tﬁqd;ﬂéaar@y@@uﬁ@h@cwforbﬁagwr@hééy ﬁ&ﬁi@ﬁﬁsﬁﬂyﬂ@%t al,

cancer treatment. [0004] The majority of breast
Neadgeriand atmosedl totldjedielvorimhne: T 65pohsi véan de Vlj'ver

Xi t.co tj-estr
Chorbor M BRd Y AR ATty AP e DS TR s Wan
etpadl entsnceet 3ap :t @740%0ibs) hesaehd3@epajdRitic Wddls may be
rel apse when given tanoxifen in this setting. At

present, due to the positive results of several |arge
trials evaluating the use of aromatase inhibitors
instead of, or in conbination or sequence with
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[ 0010] Thi senbodi ment mayfurt her conpri se designating
the tunor sanple as low risk (GGl) or high risk 20
sed on the gene expression grade ind
Wéﬁ{”@’l]é’ﬁ%odl ment may further conprise providi %1(5%86"000031
breast cancer treatnment reginen for a patient
consistent with the lowrisk or high risk designation
of the breast tunor sanple Submitted to the anal ysis.

2 ngggél%‘?f? P AT S vaPue%agﬁ%jéﬂE%Eé%g; =g hslinical

nd@yaGd of the HGl cases i s about -1-and the mean
G3d of the HO3 cases ,is_about +1. The cutoff value is

[Oroé’c?lll red forHééFPE’)PgtlFé‘% @‘Fafiﬁégdé’?abé@taﬁtn&f”?‘?ﬂd?ﬁmas has

% == ge%'ticg@fl{% %%[pl ¥]lfBJg:ég ff%r %%P 13 The celslnlcal

plgjg?ﬁ)ESﬁIc nmy dafpriseian | eas{ibne geriéoxseirex:t ed frdespite

_Lhe ge]:rgies in T%bl e.3 de |gnat %%@ Up: U' atfog;{snts (2)

£5ONRELSeS aéurﬁc?ﬁsﬁréd@f a{sh°§e &%@%st@'&d ﬁ@é‘tbf‘dj}ﬂﬂ%reast
the entire set. The G3 gene set MRy conprise at | east

cmrgenieh@el@’ceéd Bremsthd aph dsoree Tapreisy the American
ated .as "U Iat e I-
Stfgtg tei%e I?B&gene S g‘j%g}rpgigegggt Lilm%:l de'4 it dn its

s&i&ﬁ@ gefﬁa;e::a;nad Meyi it id Udimsihemchihtedtbie e Betonsistencies
[0013] Al so disc|losed is the_ nethod cong SI ng .t he
b%t:tvgﬁ@l o*nstltutz:;agm%eggg“ ﬁ(j’kgé’rfe e s, may be in

pz% HOF- A € o 1ntef:b)sbgéh:@léﬁsa%&'g_a%lﬁﬁlt%p%ﬁl@C@kﬁ@ various
RS) ?or the tunor sanple 15 using the formula: X- V
giadidyd Spmroadhan whedei resGlidng g@n@@c@r réproflgcibility
associ at e di stan currence ance
BEHEDr ojo%qur%lbtfjo SSeth l":ﬁl d% i fi% &et CCe S feC|TE ghiardized
nELISAL sQFh Jb@U s geteselvpeds RO Ehetyei ghid CElI;h@ (1),
cluster i, j is the specific probe set value, xij
CORROFGARGSS| t PesWesie piBBEiEEEIPNEN &l%teﬂoqen anamﬁroved
ﬂH%Eoer ts i u [ CO14] Thy
Néﬁ%f%?rren Wﬁi thr%a?%n;lrl (s]lecgrtﬁigk an 2 6}]11 Srisk)
are asSidaptilng hbeo&aladeﬂunnit}sarﬂllfefebwﬂ:d @lrdg]@ses, tumors
rel apse 25 score as low risk or, high risk for cer
clarapeted ThE ARGTISTIZLF SBFAGE SO T owr | Sk FIOmEY in
cfiﬂfcélSkdé@YsQSna rehkapse e € {FRRVerdnt r oBecdl8et Otheir
or a relapse score (RS) of from-10 to +10. The
suEVa‘psié pagfbder dismpset aﬁtlévfeﬂ-’ﬁ@ét rferem wihatt anfoxihentotal

he h 3
P e O T
Spef son wkid | @dctipatbegaatiingr efetahl yg:ullliGaELéprf@n detter

after treatpent with tanoxifen, {30015 ] The tunor
PEaApPet HEgt beR f 7B Hnggagegf PPLEEEIOBYCS WaAEDy for further
pSEheEt 8dnfEPM gL GEREP cONsisting of breast 5
cancer, colon cancer, lung cancer, prostate cancer,
[Repai ocel | ul aii?h@anm@'ﬁorgbzt rpE chneast p&ﬁ@ﬁ@éﬁ ¢ diagnosed
acert Flrv i cal cancer, Qvari.an cajfr:% 1s LYRL cst common
CREAY e FE e PREFEF S A H A er” B H Ur HRar vt MEET
ahhYL ekgr6886Er agkefal GANMATIbERN GiAMR, Rl arora, aQijuvant
brain cancer. Preferably, 10 the tunor sanple is a
theabsentunef sthpse. PADIGITHe PRt erHDs &7 edi®entof these
b a n a
PEEFC: I hhonerr et Fhenc o R st i P, Beeting.
apatgreiMerts cdw@ssibl &daastgy\timskretsmeatsl rtgft beveawl large
risk patlent sequentially with 15 tanoxifep,and .
tEéguentTVAI atdmit oS’ | Hﬁ?bquor%r‘{‘ﬁ%ﬁseo?ngﬁ?’ LitprEpgnstead
oat i &0t 14 Lhdssidd €sh agrhighnfditle {8l iNGnderdth 9An the
i sk patlent with an alternative endocrine treatnment -
adtjheenthanttamexi fCélﬁreF@ﬁ-’EarfpaM ept: ichess sivididdlake for post
high risk, the patient's treatnment regi nen may be
adj usted 20 to chenot herapy treatnment or specific
nol ecul arly targeted anti-cancer therapies. [0017] The
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10 test. [0023]Figure 5 shows distant netastasis free
survival (DVFS) anal ysis based on the 70-gene
expression signature (left row, panels a, c and e)
and on Gd (right row, panels b, d and f) for data
fromthe Van de Vijver et 15 al. validation study. a)
and b) are all patients, c) And d) are node-negati ve,
and e) and f) are node-positive patients. te that

“‘FH@PﬁBE@l nefdis Ve “EGﬁ’se CFHET ides™ RATENTS T&GSto cancer.

rleth¥embbe, 7Qx0ene shenabw &nillP24-E94Es: Soption is the
represents a genom c grade applied 20 to previously

beeportspecislldyul @iveaubtipes the00RBiFi yere health costs of

represents, an Meyer survival curves fqr, distant,
o EPaERgE ciPReb ity vhet B T v o Mgy aBiticy  to
iBehalikod Desgrophi ofx ofnidie lwanticgn 221Bpkieni WheAs given
[OOZ@]gbst ?%%Hfésqienqi#?g, medi cal and nghnical J
temprifane conhdnl idndénst d6antofpregskpptegntf t her whom
art. .[0027] The t.erm "m cro ay" ref . 10 e .
cBPPA G enr G 2l Bk Pepte s, FhebE b ients
cpugfier alflen 3ol ppuch €otulypr akeseterd a Subst kadternative
(an_insoluble solid support). [0028] The terns
trgptReREneFaRF§I@RBr essed gene", "differential gene
[B¥RE§SSi on” aﬁgréféﬁiaﬁygonﬁﬁﬁwuﬂﬁkfh tW0 the issue of
2006/ 119593PCT/ BE2006/ 000051 9 are "used
pretiécthapgeatdhgpgef efotro awgesre whusetegpr essilon sdjuvant

activated to a higher qr. lower |evel in a subj.ec _
BiPrirrRy 115 &0 e T oBPF Fod TS o Bt e cRLatning
gesebl 254 €ABEer gah elpalddiet Ocl 161 €XPr AficHnd N (Ba et al,
normal or 5 control subject. The terns al so include

Cgores Wedde SeBrdeiodn /i Tatey ftect o doRrgRér ofr Clinical
, ., ' t di

oh P bey 3 135 (Pobsta Thel et R e AR E T PR HRBRIC pymbers

ofenaineshtee @hd heenaet iamd edobr thokbhighdg¢ ataliinted to be

nucleic acid_level or protein 10 |evel, or may be
W§G€ﬂ¥CFSF@ EﬂﬁﬂﬁﬁéﬂﬂVé splicing to result in a

[@obisgr ent pol ¥peplhgsgRlodvela SWeh Jid f eFSNCeRPRYAs  and
be evi denced by a change in nRNA [ evel s, surface
syspeesstbat seor ecicomatelyt hesegar prbgowsng efidahence help

ol ypeptide, ,far, exanple. D fferential gene .
CBSSNBGIEER miy e UG S5 CERpArTRon QFCLRpPREsi SRY  the
ihetiveeal VeafbeRO LB LIRS Th HAeith cgene , PROMES exdlsts for
‘a conparison of the ratios of the expression between
mefhogs pBfe syshedsodiprsitedyéfe byeagic cancer péneats-
conmpari son of two differently processed products of
2Ll 3FRndeRf e Wriich differ between normal 20
subjects anmd—supjects suffering froma disease,’
[9p@Gilf i cal | y Thacerresenbetivemmbian oadnst ages pfotide new

) di sease, Differenti al expressi oni ncl udesbot h
B 1o ORbBndI oL RERT LR FECEa AT gitEee | fhat do
rdote Jamoial c19  eehlmbdicLXPr €68 ORePALKAr b NcBe U8RALe of
or i'ts 25 expression products anong, for exanple,

ther @alt .and di seased cells, or anong cells which have
under gone di fferent disease events or di sease stages.

S%g&wéSeOEU%B%S%HQEDEBG%:invention, "differential gene
oA d to be present when there is
at | east an about two-fold, 30 preferably at | east
[abos] four-fIel dhbneasppeef ety afs lEastidddus diagnostic
six-fold, nost preferably at | east about ten- fold .
KHE{ PBr ACECHV ISR 1he eXPRRSEFBHEST &Y JFFRNCYREFHT -
normal and di seased subjects, or in various stages of
di sease devel opnent in a di seased subject. WO
2006/ 119593PCT/ BE2006/ 000051 10 [0029] Gene expression
profiling: includes all nethods of quantification of
MRNA and/or protein levels in a biological sanple.
The term "prognosis” is used herein to refer to the
predi ction of the l|ikelihood of cancer-attributable




G3 = scale" x1 -EX 1- cutoff | 20fi EG The cutoff in

G3d is 0 and corresponds to the nean of neans. G4

ranges in value from-4 to +4. 25 Exanple 1 Materi al

and Methods for devel opment of grade index (G4d)

Pati ent denographics [0038] % dat asets of primary

breast cancer were used, four of which were

publlcly avai |l abl e (Tabl e 11) (4, 30 5, 10, 11).

pati efit are@éPv@@%ﬂij’ uPgA Leh epeR FbwrRd arf@r 1Qe§©ﬁ’éln9 gene
hadrecel Xi e ol Qgi ca

grade (HG l({)\aﬂzg%l(!;%anBt h%ﬁgét%%@%l ?glé}i‘gdf’% < bene set
system canirﬂmstg tait i et e hjeseboaeleapprofednt the genes
use of t gsue materlal 5Tab|e“1 M croarray :
dataset§ﬂh éa iﬁ t%” ed as up regulated genes in
| dent i figglgests ttldlﬁddi@NMaQ{cpar ray System cReference

Pl atformlreatment 1. Training set (1CIX64) Karolinska

John Radcl preeeggono wedyhet oniimBAdy eso( t emwbxiiiae gene-

Sohy, RadSPTEERIEE” sTiATr y mi s TS5 NG | B SBhber e (k)
3. Soti ba@edetcal thh)fg‘érﬂﬂd@kpfé@sﬂ@ncm Yes gtbefBEE) a risk

(NCl). 4. Smile flat Stanford 80 cDI\lA Yes 11 (STNO
( St anf oPEPESSBENFafOr i T4 SaEtRer | ands 97

feodeat No 4 (MMafaneer &QﬁébEUtghere @s ¥2Bv498ed a method

Vijver et Netherlands 295 Agilent. Cancer
¢oRprieieg the step of

a) measuring gene expression in a tumor sample,

b) caiculating gene-expression grade index (GGI) of

the tumor sample by using the formula :

2% =2

JigGy jely
wherein:
'x is the gene expression level of mRNA,
Gl and G; are sets of genes up~regulated.in HG1 and HG3,
respectively, and’
7 refers to a probe or probe sget, wherein the gene set
comprises or corresponds the gene set comprising at _j_eaé,ﬁ 4
genes selected from the genes of table 3 designatéd ‘as “up
regulated genes in grade 3 tumors”. |
[0008Db] ‘Disclosed is a method, comprising the steps
of
(a) measuring gene expression in a tumor sample submitted
to an analysis and obtained from

a mammal subject,
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[61 (NKI'2) also in 5)] Total 703 WO

2006/ 119593PCT/ BE2006/ 000051 13 100393The sanpl es

from Oxford were processed at the Jul es Bordet
WQOEIPE i n Brussels, Belgium and those frohyGREHAEH000051

at the Genone Institute of Singapore in Singapore.

RNA extraction, anplificatiop, hybridization and

scanni ng 5 were done accordihg to standard Affynetrix

roto metrix, UL33A Cenechi ps (Affynetri x,
P ?Ea %r%%‘ﬁ%ﬁ‘n Peeheekpressi on val ues from the

(BFlediteBaehE tBe NeRMetdddasion grade index (or genomic
[ 0040] Thedef aul toptTons(w ™ 10 correction and quanti ?e
oradenlF@h) | oh) theat purovesamphe | vgingt bhe cforahda:
[0041] The normalizations -were done .CEL files from
different institutionssyrmasure t<8. I n subsequent
- anal ysi s, the 15 matr] yere ggjed as if they
were "bloc studies. Tha3iraini pgiset KIX64 consisted
(corresponding to two different institutio nS) the
wiatéthat | an isettHE) 128ne [ 8R42¢ S3NGh ThevEilanffo rmiN¥or vy and G5

dataset 2Q al., 2001) was dovvnl oadedhfrom
aRet @qq%eﬁgmsgenes up-regulated in hastological grade 1

M stapl efidieAWpreast g LaNce8/ RS, Cl 'f&éﬁéé@ﬁﬁ@lfhtand 3
m [0043]1t consi'sts of 85 arrays, with several
reféfer ent achipbdeskgnsobénsgtthe probes that are

nto 25 u Th essi .
[gg{w@s used afllééféfl\%&rhg Qa@%} ﬁa&%@&i‘rg{ﬁ fsvéﬁ%ﬂlenafz' ﬁ%mtea
bar kaycHatear f bbeectba fAxdnhethé r anshor midGktdishg of breast
applied prior to corrputing the Gd. When nore than
CBhe=Spot C@&H“esp%%‘a%e’fo alpPBbe CAWET avRFageaas cancer,
hééggocéglgggf}’"’]dﬂr{ceﬁ? PgLsepis %&%e'isegpéﬂcfggtlc cancer,

atmap, but oniy those”w th non m ssi'n non zero
cewmaﬂupcannerwer@varssmnl m@mew;\/allmeai ysieicelhi sbladder

aset was e dtﬁr from anal LS |nv191I Vi ng t unor
SRSEE. s FRER TN (o ek roid cancer, renal
c2006+119633RGHBE20R61 HR0R5] b4 a0t caMabtabldeferably,
(Only TNM category was given, but the conversion to
thansumsity sdmwp bt 18t ﬁalhgﬁttml garade HER | prapeh tumor
gg@lles concerned with what is appropriate for the NPI

mulla). 5 [0045] NKI/ NKI 2 The data set NKI (van't
[veapnlet al., 2008) artbNkhzefran dmycfjvéﬁrt%heal , Comprise
2002 were downl oaded from Rosett

d AEL1RgmE %‘Fhé'uiﬂﬁé” EEPd enas br&é’d r\?msékhd&'lgjf)uﬁrhé]rlgh risk
(b@é'}‘“b%@é@t . tlrl:é”géﬁ!&% 2% A§%§§§0§X§£§§§' Qﬁd\é% U(%@I) This
wer e consi dered m ssSing. tunor " si ze
embgﬁéh@glltcﬂa)grﬁueth%recn@lpraﬁal Iratsived dHang NKI @reast cancexr
0 The fiel seerIa the cli I t
% %I e vver e T lrge? 1 af | P tlr?n% %%e%sgeﬁé B the low
rgetupse Eagh griap ctt&ghgxmtmym blir eskolwrd Hst dt@.mdlrng;ample
H%OOd VS ~poor' prognosns as was done for in the
rgithsd £osfbes 3PsLY¥3%an de Vijver et al. (2002).
] NCI  Thi f 140U {2 03)
{[o%(i‘l ownl oadeghg %tﬁ%e EP39£ \%tggog tg%d%l * Gel  may
1Imt:ELpLd/e/ wmofifasnok a/oedie/ ceituerd /dhalcbiil 232 FA2H0 0 HaCInebn GGI

e ressi on val yes fied. 20
ody AL IEE) CandRy SR M0agT e B s GEe 1P (ST dBhe the HG3
Ry 0n gt hgpKIXGA, dat aggt, &Gtshfar@afué estr ired for

receptor (ER)-positive and either HGL or HG3. Dataset
CIQJI.LmaM@nERmeglam vleltaaldbtmfd@ed négani ¥é Liggent platforms

§%ﬁt eni_c d;j‘ q:t used as the validation 25
etrr?rb & prSeV| ously published data (see

tabl e 11). ER- positive tunor s were used for the
training set, because ER-status and grade were not

i ndependent, with very few ER-negative, HGL tunor s.
Using all HGL and HG tunor s regardless of the ER
status woul d have resulted in spurious 30

associ ations. [0049] The standardi zed nean di fference
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defined as: Gd = scale[x - x .- cutoff Il X--13PEG

15 where x is the logarithm c gene expression

neasure, and G and G3 are the sets of genes

up-regul ated in H&G and HGL,  respectively. These sets
differed across platforns. For convenience, the

cutoff and the scale were chdsen so that the nean GG

of the HGL cases was -1 and that of the HG3 20 cases

was +1. Thirgyrescal.i daone ar at el 0F €fch

dat a sourggf:;-?w&%ﬂ%[l\b ti‘)ﬁ‘gﬁé%% ﬁ‘b&f#{é}ﬁ]dzgx

(NPI')" was cal cul ated accgeg] ng t Ge 0 det al. (17):

BPI. 0.2 x size [cm + |lynph node status + - '
fiiost2q! ogi- cal 'zﬁegrcaidegeh@ossaatmmayd%@i@@ MRl / ESist one
was defined, where HG was repl aced by Cases wth

geme $ed ochePe Thiqgam thakaeredoin WPPland NPEAGBalede as “Up-

[ e Fya re Vi .zed usjing
ARy L e MRS UEH00, oene set
cegpniseed aasi hgp€ox 4r egf esloon, geheatl i Hirel dyyt R&ciude th
dat.a source. Assunption-free conparisons were done :

rRG FE - stifgt (4 @F1DFETankey espmprigs at least one gene
200k LEISPRRET/BE20QR/Q0009] 1 heat 3”Bﬁés£%§9éélfeﬁofas SUp -
vi sual i zation, the values used 1 n the heatnaps tor
régi apedbanwere dreahcennered” acPosfepabilgnt £heN@; gene set

. ifi,c scaling , (standardization s_done, i ‘
c%?r@%?t%%%t oéwkezlrﬁa e i*nf %ﬁﬂﬁ?i oh- about P@Fat Jr%%fude the
esitgmel setrength of all probes. The color tone were
calibrated such that saturated red and green were .
[P@4dhed at tHEXalkiEs1lpRPde 17 meldie hasdtmddargmprising the
sg8¥53££0n of the expression values of the entire
matri X. Note that the scaled G3 values were not 10.
(af f mevedrbyggeapspecipiicssdent éni agtufivrvisuaiplAnal ysi s
(%ﬁO%%%TEE %urvival %ﬂgka e for Rwas used by Terry o
erfiedl-8hd"d QistohPBPEgPErTRorifthe f0p| Bligetypor sample
uBk 8sthuhfshai@s . checked agai nst the output of the
survival 15 package for correctness. Mappi ng across
nicroarray platforns : ¥
[ 0056] Theappr oachof O ea t SB
(http://MMMLcIeanex.isb;EE.dh ‘described in Praz et
al . (2004) was used. Prod®e i geR{%ies were first
mapped into 20 sequence accession number. Uni gene
YWEBEPLE: 18015\t e JEMEN Sfedthatnds tauscoiatsdowdehcdistant
. I 0 For Affynetrix chips, probesets .
ikt s o e S L I M R
identifhan the Unpgehtitd ikise eeXdtidgdougd dtesybhss, w; is
e 'ffeneg%ig#iy expressed genes between-high and | ow
Fad&1g8bs FaRsPLassenr dhe tef8 Eder cippmibihg psobe set
vaBdeUnikque; ge i : W RVERYYIRS ror;rate ..
.p-vafube_(%qfel%.glgé ?ﬁ%ﬁ%@%oﬁ%i %g@t g¥gwieo%%q%l£elk Huster
1gi 8Bdveer yisprgomurgrenf o). B0Sbaeset ¢ diont dTuetdet Tabl e
t hgse ligt of 128 probe ,
[0838b6: 1 7RG S b BRF GBBBRE SR hek: copprigeneshe step of
chasetfping WL GOASES ¥ahbye Sdidirl i 88 66DGA %fhe relapse
p-val ue of 0.05) was used in all subsequent analyses,
SERERpRS okow h&eldkhgoronmgh genel vidth skgraturesiapse. The

CBBESSReP BBt nWIEl S P 050 A0 0geReel L ve

rphhpes NScofe EXREPS SIOTearlon associ @ edr-Wat behiGlhse score
nes ugére ulated in 1123 were nostly

and HG3. Many ge _

f%%%oeﬁaﬁgammrﬂﬁ>dé?|+ el 8bpr ggl@psieomagndoe relapse after
i at:k (: . e ne sel ection .

Tyt S it Pt TR P Wi da eepeds endocrine
tlordgbni ngnHGhosiyd EG3rhpgoros weive epipbiredrddiment method

yielded no differentially expressed genes. Thus, the

H& popul ati on as a whol e has no peculiar

characteristics of its own that are independent from

the HGL and HG3 distinction. 15 [0059] The list of 128
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20 Table 12: Miultivariate anal ysis of breast cancer

prognostic factors (b.i = 302) Univariate
anal ysi sMul tivariate anal ysis Hazardratio (95%Cl) p
Hazardratio p (95% ) Gene-Expression G ade 003

vs 001 2.97 (2.03 -4.37) O. 0801 229 (1.44 - 3.63)
0. 0004 Histological G ade 2 + 3 vs 1 1.93

(1.15-3.28) 0.0150 O. 0.46.- 1.57) 0,61 3 vs 1 .+ 2
uﬁeésim #he . pegHory. égdi(lfdzsll(jotéﬁ a{t94)P@fgab1y, the

rg§.%t£>89efs R@P@&{’Oﬁreatm@ﬁga@vh\{ﬁ ‘éﬁmBQ§”fEhve 1.76 (124
- 2.49) 0.0016 1.19 (0.81 - 38 Nodal St atus

[P@iﬁilve vs Négatiwmeon, SampleSmay4b38¥r9moodesme95fflicted

1.01 - 045.T > 2em vscm 2. 06
by 13 5s) S 86630 T69 1EHD STRURa) UL g OF Preast
c(alﬁ%@frs) ¥51380 QGH%d0, 691 und 4Dardb¥ 1.43-£0a¢¥8 - cancer,
63) 0.53 WO 20061119593PCT/ BE2006/ 000051 21

hEp@gnggH@lmal ganslerGG gashulei waricsfe npeletreatic cancer,
cHO9SRL Tmalc | ik e gl s AL S0 55 4 1
chRk¥al | ahBcanabysithie Tabieady?) tr&&t anghitcostatuschad renal
ctarz]lger, carcinoma, melanoma, or brain cancer. Preferably,
the tumor sample is a breast tumor sample. &

[0016] The patient’s treatment regimen way be
adjusted based on the tumor sample’s cancer relapse risk
status. For example (a) 1f the patient is classified as
low risgk, treating the low risk patient sequentially with
tamoxifen and sequential aromatase inhibitors (AIs), or
{(b) if the patient is classified as high risk, treating
the high risk patient with an alternative endocrine
treatment other than tamoxifen. For a patient classified as
high risk, the patient’s treatment regimen may be adjusted
to chemotherapy treatment or specific molecularly targeted
anti-cancer therapies.

[0017] The gene set may be generated from an
estrogen receptor {or another marker specific of the cancer
tigsue sample) positive population. The gene set may be
generated by a variety of methods and the component genes
may vary depending on the patient population and the

specific disorder.
[0018] another embodiment of the present disclosure

provides a computerized system oI diagnostic device {(or kit),

comprising: (a) a biocassay module, preferably a biocarray,
configured for detecting gene expregsion for a tumor sample
based on a gene set; and (b} a processor medule configured
to calculate GGI or RS of the tumor sample based on the

gene expression and to generate a risk assessment for the
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5 strongest effect. However, in nultivariate
analysis, only GO nodal status and tunor size kept
[ Lgni ficance, with GG having the |arges
W(?a iﬁ'glg%%% accordance with figure 2, GG repl ac%%ﬂgé%ﬁgmmm
when both were considered, and GO consi derably
reduced the prognostic inpaegt of ER 10 GG and the
Not t i ngham Prognosti c | ndex [0064] The i ndependence of
na t 120 FHED AR AN @XELAENRY t Bclude at
br%‘ssgas%ﬂé%jfsc%tr?e%m rrored the Not tyinngha_m Pr gg%osti C
1 darde o pidne Wehdp comsinrres64E) nodaprsstrgsthndgene set.
size. To test whether GG gan be used to inpr
Then ) TS B LB 1k SEB o0 e 5P BP0y o C2ably at
164 e cald s NPl / §83 cbigh EfoAnakbgougenes\Plirexaefile 3
that HG is replaced by GO, with only_ two possible
demigres-dei ler “Uporeghlahgdshdtn J¥RET g.1 3RVERYSEp, OF WAY
. NPl / s significantly. pore discrin | hap 1east a
utcr]a“kdgc% eNI?’P%l%Er e%\a/%f, Tﬁ%l /%%go&ﬁsqgﬁl\éﬁt% Split o
gdoid ddiediRa |wrnthdli ghned sin grabps 3 ndes sybgredpss “Up-

Wi th sic_?n_ificantly different clinical outco (Fig. c
raggulapd hig@dae rleferse’ WS HBY troed %iﬁes%? 1re set.

3f). Exanple 2 25 Consistent prognostic value of GO
B%&ﬁ'ﬁéﬁ%tw%ﬁttﬁésnwiﬂgﬁ oarray platforns

Te Tesurrs of _tne pooled anal ysis above were,

[e0he] st ent | y Hircasesntl i b6 t FePTaeeRt #0Q| heakuaere sshgying the
shown by_the fore f sha I LN EHL-glre a

pai?t%]?e%gogce&?pl%%rgég%?ﬁs 1:?1}2% o&%%%??gu@éa%&l @) an
£k guka14dshova t hatts WO(REA6] 119593POLEL 1 E2O054Q00851 axis

22 statistically different clinical. outcones., There
COBEEHRCRAYnEL] HTRF 8 g SRR Do oY pECh &7t then by

Gﬁft a8, 4eDn thaugh gbhs, di {:ffi@fioﬁ.at asels ipeltesh axis

et erogeneous patient popul ations, were graded by
cuarespsn@at tol tgesysnBsanfhes 66Idveflaesnpineecbarvapr and

| atforns. Rel ationshi ith the.7Q-gene .signature
t{q@o@éﬁ%a}?@ﬁ%e' Fehi o%‘é’éﬂ[‘)ﬁ%iv\w \]/3%'1?’ a@%%r ug%c?%fr_ﬁeath. Two
grB8pLI biredeRet0-GoNEr SRl £SEh68e StHABL e highly expressed

significantly correlated with distant, netastasis in;
inoderadgatl vells easrol® ceslewr patgehighfes). Irpered) and,

t _|ist 7 | o
ReiBeaoeo B Jores HREIY CHRALAE LER URERY B R912 probe
c@ftbays.THED @t ow=damgzar £epn HEddetuthdies saowetr ddes ofbnge of

. between risk and the cost of treatnent_ as.th ,
vRAwIRSr iR @hngad ISR 1t a8 (NETSC cPaSE) gl GRT tend to

LS o116 GFed kRHave the same nunbers of
pat i

rents 1n high- and | owrisk groups were sel ected ,
[(09edImet hods) Figuger e 25 Shows t HeRdadieisghs Het weerplysis
the NKI p n I ¢ Sighatyre d e
Bg G2 n’t[éggs?%[segg??%g téagr v?r\?/d]al t#“lcg)r c?ghge(%a\(/}é?lal p) for data
it F e (the. 5a1iat bon weblagettor2-the (nadee 11) . HGL,
negative 20 (fig.5c, d). and_posjtive subgroups . .
HG gaBe, EEP. qespbee stHe i afRrEReY &ﬁ’ﬂiop%ocﬁ"ésa%@r grigh risk
SBELLLMANOUL Il 54 | Dhee! cOULLOME ARGrbRInEQ: Dever HG
mapped across platforns, the results were strikingly
ohose. S ni lald resttdseveieeipundERhenatcessident hfies some,
overall survival (see fi%‘%res 9%. Data were 25, (panel f)
RiaiRt dbile 1 doipara-+enbpstt th ROt YOS S P :
@PPr] Low and RiGgh-Or afle HroRst RAPLEASMMEEL RFS analysis
unexpectedly associated with many differentially = | .
lexpedsesad teEneSPIt he majpod theelNRE-Bivolwedcipseéffication.
cycle and proliferation. For.these genes t r
N G REp B SgEncsts KT RRRCrTC! SRarpraPPERe™ paf DotR Low

CONBEEO: | hend anpgn of pyaelatl) opigk WEL andsHE3,tbobr not vice
s. A simlar observation was nade in at | east one

previous report (18). Here, the clinical inplications
of this finding and WD 2006/ 119593PCT/ BE2006/ 000051
23 discovered that the grade-related GEPs were al so
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10 platforms suggests our conclusions are robust. The

GE score does not require a specific set of genes

nor is it bound to a particular detection platfolLm _
W@RWHNH§*ased on the GOT can be i ncot por at ed BEBE2006/000051

exi sting prognostic systens, by substituting HGw th

GG Refined gradi ng based 15 on gene expression

nmeasur enents coul d have i rrp@rt ant clinical

application for breast cancer managenent

ig th
vempaur éPaEhaple 309Def | ni tien BPTEEFNial :aﬁr-d@%"r%%t was
ezgéél?féi?é%frfa%hiﬁhi t %&%g%iéo BESEPLOT JFOSEALYG DEEASt umor

terials and net hods Tunor sanpl es
si£0A4iFthree ilendred and thirty five early-stage

breast carcingma sanpl es, conpris our. o dat aset .

[%%ﬁt y- 25 sPrIbFS Egsesggﬁﬁl e? h %e%%emrgb?iévﬁfooursl )}1azard
rdiSesk | foAneidierpst udyrandhhe ravdatalaren@vasbablghowing
at the Gee Expression Omibus repository database i
cqrrighenbtwme sobienl im nidi.ffereyso) davpsptacceBgrand ratios

code E2990.. These npl.es had receiv adj .
W BT ETSEoRnar oy . Coip TG SR | rpid dtilisions,
hSRRRSs1 pravHeuslayrainpall | ebadidbader etatyedals for the

adj uvant tanoxifen only (tamtyeated dataset). All
hazawsl esahdPe rRqUr s o"BES ERSSSTHFE Dy PYr dit ntog Tank
t%%%'and bi ndi ng assay. WO
6/ 119593PCT/ BE2006/ 000051 26 [0075] M cr oarr ay
[@023Ysi s was Fgarnfior med wishowasf f ybsEaRin UmEdAstasis free

Genechj p ynmetrjx,. Santa ara, ) .-~l NS _da .
S%Yﬁ‘é“imnezDé‘é% 4T nBa 8l AP 7o I}gg’sfﬁ fefifdssion
s A e U(Ke £ Cuysr, Hesnidlal ,a Landand ) Kanandid GGI  (right

ppsal a University Hospital, Uppsala, Sweden. Sangl es
rov onP@eb? doand BBAddN Ve dRtecdsem tHhe t YR Jdf g4t iver et

or : i.tu LN Brus S i ; :
aD oo (hEuap, RERARL ) ELOLATL PAH RS, ©) and @)
akar ohbdskaebastvieyt e aantl hybri dhded fat tdmee Genode-positive

Institute of Sin ore |n 10 Singapore. The gualit
Paf1eReS RNATSBE ai %ggtf rEhFeaEﬂg?Ugr‘ﬁ‘g? SAnpl Eu%ﬁgl: {ncludes
p%E§§§§§du§é§ tHeq RN Br ehil 90088RE AL egnhYLERE Asil ent

Ioanal yzer. RNA extraction, anplification, i
[AOB&] di zat | orFigwge s CarfiuRE IRBHE doneereisicdi fgpded applied

st andar d fymetrix pr essi on val ues
B BReThee ek TEbhet efl b TER San BIBLEERE R Each
[poRpBl ati on wasigarenl 7 setbseparatel KarHach Meypit abugvival
institutional ethics board approved the ‘ugﬁt o%ﬁ;she .
cryS§he thEt SHiTand"RF PEERALE nfEPReFEONSE s CGT (high
v8btapped. The raw data for the tanmtreated dataset are
aval | able at the Gene Expression 20
Omi busr eposi t or ydat abase
i v / AR A 1ol &

efl) Reecrébtinbmodi Fhgodryestionn t h accessi on
s ce.gég XXX. [0076] The inventors al so used four
@l}—ﬁ&gﬁi cally avail abl e datasets, described in

oecent publ i cebEenTerwan 25 ate M jwversedibe2d5pndWarghnical
(n=286), Sotiriout (n=99), Barne" (n=78), .in the

tRFARy sPEe FOFMORd Ys SRt ograitps ogie widded tandhe art.

I ified asER- M RVE=N eTalIAVAR YA Vijyenrs, dered

@@22), V\anggﬁgng‘g%%r&). l;—'Lor t he ur\??%a anal ys?g oraere
arnsmigenegtpatdife ntsy/whicd dhveed lree c elrved, neelsystrgrs ¢ 3referably
adj uvant treatnent, patients fromthe van de Vij.v .
PRLvARC eolidfe RSB afl &&H%?H%F%UZPFSH@&OJM%&‘E solid
é@@}ﬁ@t) were conbined (n=417 ER-positive patients,

hereby referred to as the "untreated" dataset) 4
ME2E06/ 119593P8F BERE0E/ 00905Icpannialeyi nesprewrd gene”,

al.e.shown.in Table 51 of e__Suppl tar -
RAsaan] (e gt Ty Tl Tk qgynonyms, which
Progest erone receptor (PgR) level 5 [0077] Patients

were initially selected at their institutions
according to a positive ER status determ ned by
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I i nkage clustering and the sanpl es were ordered
according to the subtypes as presented in the

lished manuscripts 11, 13. Applying genomperaragie/ 00051
wogg&{lﬁggggrevi ously reported 15 nol ecul ar subtypes (6a:

Sorlie et al.; 6b: Sotiriou et al.) Subtypes are

ordered the sane as in the griginal publications. The

heatmap of G3 genes is placed bel ow the dendrogram
argogiglagt %n?ér&ﬂgn gor edr@diah angeni@nghpsar expression

pl ace el'ow each subtype. Hi gh grade_is indicated B%
iga 20 G@testore >4 antighere aler d@wepn0dgyEilgui® & sSublect

~shows the results of this analysi ge, t he

SoBRERLHI VR LIR y IS TG DACRE RGP ERY ey big T | oo

bl%léggy%%celie}d i ghe e¥pr essi s obx@ekssbonwere @f nhighl or
e

grade. However, the ER-positive_ subt ygei ahovved a hosea
cotitweise s2bieatige Fhea tewpe| salpart FRGIFEFFy GF&CS W°

lum nal C or 3 su bat [ EXPIASShpgel-NeBEvel at
SXEEEF-EPat TOn aa%sjg%%(tg %dq_'gd;ngs?llﬂ%\%her cas | uminal A or
gilefearsit Beapeenf ldtke et diostdae nddativea¥an wnkierstood

expression_of the G3, or |ow grade. This caonfirnped _;
thate HypothesesenhapliNer @%%’(?%Sar%?rﬁ% dgag}eeé)%gf eithex

ont.ri 1Lon.of: 168l dg el gL anas d @ tdeid UndueEs, or protein
a%ﬁaé{aelsai EE q“@%}%ooal 119593PCT/ 8E2006/ 000051 30 e
10 £S5t Oneyprind i bebieftt e dtayawed Vet iMe 1 ghesy

~grade, ER-posi tive subt . i b
S3R05 RN ot UL VRE at0e, RORAst ¥esencen may e
el B A a SHpPt ¥pemangd def mREA Dyvgdsomaigiace expression,
[ 0085] Genomi ¢ grade coul d di st nggu:q%h clini ial I
urTou

seobtypes W hidvhde BERYPIHITE & aRgloRebtide, fox

BafPT. | 53 ¥BLUE Q] hhesgegenorle - gEadendefiied tnclude  a
ﬁ pes were an | nprovenent over current traditional )
cBRbhBUSen SHE hegsrehat ohObbawednokvwquant TPAEE GEVFEyEls thelx

of estrogen and progesterone recept l.evel f th

SRl SNBSS our T vt AT IR er o req 2108 OF the

E%QEQE!LBQ chassesnof thR Pask t i Merd ungenies acear dichgitro gene
score (high vs. | ow grade) and expr,ession levels

cabdestEogen emenprogeSPeRdseTy Sde bier SEATaTaIE1Yp SFrcessed

15 expression) with. re t £ : KSteat 1
SR NS ﬁsi%f (jI; ,S\‘?\lﬁech ]Blggbf E’glnldlggg&ggga sur r‘g%%?e‘noma ,
8% PEgast agancergpenids ¢ surffierding Fi duren 7- KM ghigease,
Cox). Kaplan Meier survival curves for distant
SeCAEH #8371 ORISR vi VB PPEFSTR VoRi gHoVEToRaR) OfkRe Same
&gera%%si on lavel s, and; PIR expiessk8noR0 | evieldlyddsch both
Vs, poor). Figure 7a displays the results for the )
glnimeakedveat aset weld413y. duadutatiyerordi hberanesss in the
entreated dataset -(n=249). For_th ats ataset, it
FRIRATS Howh® P&%Eorr%l e :%%Irrln ﬁ%ﬁ?%gﬁe lggtgsgt%s oF A58
eAyalad g ProdERNOShhong, SBep| esatyybs | dhaedasi agdtdbseased
popul ar 25 commer ci al I%\ avai | abl e oli gonqul eoti de i fferent
ceLloar ray EEATDr ngel hF f yWet Fipelar AGPFehERTTsed

t hods) . As, sh v t LLeabsd and ose of this
‘gg%‘}?? e%‘f‘?l%te%t g)gnpdolpu %%o%é#gtie gxpr essi o%uf%vell S
ofvbhei &R db @i poerbaydadnyemeo grraatdss haal"uel ¢ pegngidered to

and 0.51 respectively). In 30 contrast, both.th _
Bind Bierts; oRarey RS | e PER HHE D) GhoRI s, gthg~fold,

unkre - aR<0: f oh et FSES- rNd, Poito referably at
%’5%&??@%?&:&%@(;1%‘% o%%ci, PgR p=0. 0058) . The Tumi pal
hewsgr atheusulstipper dladl, ampathDirefesnbly- péarleast ngbgut ten-

of TDM . caonpared with the m nal _high _gar upt . ;
Vo1 3006 £ 1 T5505PCHRIETRT bBDs Loprood ol H® 2ULYBR: gene in
B%QﬁghTagﬁC@lQﬁmy@é@@ur@u@jécai@andmnulihi vaatrabes stages of
analysis with other standard prognostic covariates of
djecagradevel oppentsiize saadifisiasess sy@dGhc grade. In

the nultivariate Cox regression analysis, only 5 the
G3 retained significant prognostic value (untreated:
ER 2.3 (95%1: 1.2-4.3; p=0.008; tamtreated: HR 2.14

. e o~ o~ \
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subcl asses within ER-positive breast cancers is of
great inportance to the treating oncol ogi st today.
The energence of new strategi es of adjuvant

WQRHOH 1S ogen therapy 33-37 as 30 wel | as newWCT/BE2006/000051

chenot her apeuti ¢ and bi ol ogi cal agents has nmade
treat nent deci sion maki ng f&

breast cancer sonetines a d|PficuIt t ask. Previousl

r. wonen with early stage

Y,

t anmoxi fen was t he nainsta%%of anti - Strogen theggﬁgs all
se

[R44H signi fi CERE r eBORTFORLOPn SHEY IS raPs

¢ ofatetabn WP wRNA and/or protein levels in

ahyd
m2006/11959 PCT/ BE2006/ 000051 35 breast cancer for

aviohelpguded emmipd et age, ER-positive breast cancer 38
However, since the gdv f 0 I phi bj

Thhe yabr T ERGOBE Bdber o ¢ (oAt PEkdidg FhenfFoche o the

phBaecefdecsi venhani kalbkbd@n offn rasiarerapatdaltdble death

wonen, the American_Sqciety of Cinical Cncolo%y hag_pread
ed 4

OF e EHRTEREEAONhat 1BALHAdREL ARCWHIFMIS or M6EAERE

aé@age h%@@@%&%&c@QStg?nOQa pMIEN: WHiR LRI Y such as

rnone responsive reast cancers .

bHosevetanddris still unclear the best conbination and

(GRAU Ret nar IS WOHEn PTRCERENOY, 119 o T RoUPECHar Fgemorer

er

ve

tbhecgame e 1didfdd | nchdrenef i pftiemet hesa l1ageatpondheeither

elucidation of clinically relevant and bi ol ogi ca

faverihty REr WOHETRSPRhE| ¥ i eVt $ouPehh&dot Y

, and

ag28 Eﬁlapelc@%h%i bat e Hhe %é;gﬁ:f%é,o%ﬁf%ﬁé‘&hal atient will

erapy as they may require erent therapeutic

ssvavegi €811pRA92] | sucghchkilisimemoviele eosetdle genbmaxy tumoxr

ragde can distinguish two subtypes with ER-posjtive
a%@28§tQF§W€§%§Ii Ya E%ﬁr@ddgﬁﬁ¥ TheRniEr© cfggsélme

without

AULELP 2 A3tRsRlsS. affe?QEdIQaAYnPtROAST BE dié Spresent

I's validated ept in over 650 ER-positive breast

icamesiosanpeevalTibie subgrouls Predlcibrgsifcal pptient is

distingt clinica utco i t o
1&}?@3#&5&%?&9&?%a ggg£%§¥ﬂk§?fgeﬁﬁﬁw%%?%%tgﬁglmen’ such
aROP U araPy atikihcad i efivieys sdtbliyper ndthg niceatbination,

trials 25 may provide inportant inforpation on the

e/ et Ay tarie e ERct OBf VBAHBRY | AENFRERL syrvival of
! | . . t h inati
t%beg&xﬁﬁkﬂﬁ'esf%ﬁié%ﬁ%ﬁg'gék%g?fn §n@?o§ €$@rmination of

oups. A focusse ol ogi i nvestigation into

dtkesehdirapiynot phéest ypestment esdeiliities is likely.
j dentificatiop of separate and different th eut i :
ﬂ?(?:‘r’"jr gets. | @3]5‘?\%“%%}9?%} dgﬁta’{{f i emoeaf}%ér ei%nﬁi%IO éé%ﬁéent S

ma
ARG A eare & rdretacapableapeé predieds nghahes

breast cancer grade of an unknown breast cell sanple

Hrefegadivt fe depreddiadh DYRHS 4 dentified genes in

years,

(B HATPI & SUGh ac U9 20064 119593PCHUBEZ006HA0005; ent. .5

del may be generated by any of the al gorithns
slgsaridied trer ehaver et hetiditsentknovel apsée headiteras b

wel | as .t hose recoqglzed as equivalent in the art

RISYiRY geie(8) HeaT

years,

et IHeteof ) discl osed herein

f®gzdhe identiphicatdon oturowhet hey @afednkB@BANOr refers to

suspi'ci ous breast cancer sanple is normal or is in
are aregpretstcagessbhd/@rogrladesndf prebkieranten.

whether

The, nodel proyides a neans f.or conparing expressj o
Tﬁ%ﬁ?qﬁﬂFC)rggﬁ%¥§§“bfa ﬁeE§8%58¥ef?%ﬂ$%ﬁgé§a%%F% fancerous
A9pl Hsind he prefdl es of reference data used to build

the nodel. The 10 nodel can conpare the sanp

! |
pP®I41 e agai nFheakRTHF tIFENEREr e 6?6&??5@%# refer to
89ahist, fipdely, deblii0g,deliAgald 0 (1RIe HASRAMPION that is

erence pr ti ona
fypmedhey sanhbeaptefiiimdnay be usecedunl zoapar iedd
with the nodel or reference profiles. 15 [0094]1n a
preferred enbodi nent of the invention, breast cel
sanples identified as normal and non-normal and/or

, relative val ues

growth.
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-20 presented here by way of exanple and not
limtation. Such networking environnents are

networ ks, intranets and the Internet
use a wde variety of different comrunication
protocols. Those skilled inq{fhe art will 25
appreci ate that such network conputing environments

_ ce in office-wide or enterprise-w dePCT E2006/000051
wESIRRR ey

| E}égrrlgletsymfcaééﬂcgzpcgﬁgﬁﬁaem tyResnOf EORPULET to, breast

fem configurations, including personal computers,
cammailuﬂmbIEW|ceanc&mht|JpnqpeSS@mcsystepgostate cancer,
nm cropr. c ssor-based or p ranmabl e consuner

heg = RATGER PES I i RGTPUt BFECTRAF A SRR

ce%fl}%.létlef %an%@&i t hevhirken EpBadenent 3i6ért heahdwent iikhdder
may al so be practiced in distributed conputi ng

caameT, orrtes” whier eheaskdnary saefcsn nédyppidocamagiy renal

rennt e processing devi t ha [

A1 (I IRCT B G0 Esd TRt RISST o

[duegsiwi red or Rek ebess” | i fdea)e t bﬁcpugbsaonorgn&de:atlhdax) is
network. In a distributed conputln envi ronnent ,

the ogranefroibred OB ¢ TR d (PH gaﬂhrﬁB&QF all genes

h{ggr'{%dfﬁf%"grysﬁﬁlo 396 1leV] 6&Sexpression (or log ratio) of

rent enbodi nents of the present invention
a]ﬁngeﬂﬂﬁﬂhxghﬂxnhﬁﬂﬂaﬁn@rdangb$OWIim¢$me%%nt

inventlon nodi fications and variations nay be
made #ﬁe te ues and structures described and
illu gd A thout departing fromthe spirit

and segpe of tibe 10 i nvention. Accordingly, it should

be understood that the apparatuses described herein
widéeeih] ustrative only and are not limting upon the

scope of the invention. _40 Table 9. 13p-regulated in
Xg%%d%h% JROreXPRBSS10P- V8V ELsC pmgﬁ%eot gene synbo

0 PD> 1P 1 0 2 i
IOSRE L 1. st P ol %’%5‘%02&% 50590 o s ated in

HQP226dd KGRl RéepechPleldyl. 2882310r0661=0t0081p0obe0er probe
201088_at K. PNA2 4 1.7264 0.0001 0,0001 0.0001
S?E13542 at CIDorE3 6 1.7259 0.0001 0.0001 0.0001

18839p4. . x_nt &ITCGlnyl. 1863180004 8£600dnA148841e values
218355-at /Cl F4A 7 1,6600 0.0001 13.0001 O. 0001,
chooes2se- #hat the mean GGI of the HGl cases is about -1

and the mean GGI of the HG3 cages is about +1:
GGI = scale] >.x,— > x,—cutoff ]
JEG_} ]EC‘1

The cutoff in GGI is 0 and corresponds to the mean of

means.

GGI ranges in value from -4 to +4.

Bxample 1

Material and Methods for development of grade index (GGI)

Patient demographics

[0038] Six datasets of primary breast cancer were
used, four of which were publicly available (Table 11) (4,

5, 10, 11). No patient received adjuvant chemctherapy and
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6095, 1Q_ 0001
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0.0001 2048254t MELK 16 1.6213 0. 0001
203-411Lat CONA2 16 1

sIEQ001hayl 000TELEATEE nataNUHEHE 17 & 5 gogfeatment.
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grading system.

the use of the tissue material.

Table 1: Microarray datasets used in this study

Each institutional ethics board approved

Identifier Tnstitution N Microarray Systemic  Reference
Platform Treatment
1. Training set Karolinska 24 Affymetrix | yes this paper
(KIXo4) Ui33A (tamoxifen
John Radcliffe | 40 only)
2. Validation set Karolinska 68 Affymetrix | No this paper
(XKJF129) U133A
John Radcliffe | 61
3. Sofiriou ef al. John Radcliffe | 99 cDNA Yes 10
@C) (NCD
4. Sorlie ef al. Stanford 80 cDNA Yes 11
(STNO) (Stanford)
5.van’t Veer ef al. | Netherlands | 97 Agilent No 4
(NKI) Cancer Institute
6. Van de Vijver ef | Netherlands .295 Agilent No 5
al, Cancer Institute | [61
(NKI12) also
in 5)]
Total 703
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MRCS 19 1.5957 0.0001 0.0001 09001 201710_at MYBL2
20 1.5879 0.0002 0.0001 09001 211762_a_at 1CPNA2 21

1600002 0.0001 013001 209680- e-at Kl FC .
W@?@%g’:’g’. 0002 0. 0001 03001 209408_at K1P2C > CrigEap6000s1
0.0002 0.0001 0001 219918 8-at ASPM 24 1.5650 0. 0003

0. 0001 013001 203145-at SPAgR 25 1.5595 0-0003 0.0001°
oW 209962-mat CENPA 26 1.6551 0. 0003 0. 0001 000131

O Eepiteag o T ol A 0 SBaiosay tesed at the

J2084 0dorerit Institute in Brussels, Belgium, and those from
Sweden at the Genowme Institute of Singapore in Singapore.
RNA extraction, amplification, hybridization and scanning
were done according to standard Affymetrix protocols.
Affymetrix U133A Genechips (Affymetrix, Santa Clara, Ch).
Gene expression values from the CEL files were normalized
using RMA {12}. .

[0040] The default options (with background
correction and quantile normalization) were wused. The
output were in logarithmic scale.

[0041] The normalizations were done separately for
.CEL files from different institutions and Dbatch of
measurements. In subsequent analysis, the expression: data
matrices were treated as if they were “blocks” of separate

studies. The training set KJX64 consisted of two Dblocks

(corresponding to two different institutions), and so did
the validation set KJ129.

[0042] STNO The Stanford/Norway dataset (Sorlie et
al., 2001) was downloaded from

http://genome-

www.stanford. edu/breast . cancer/mopo.clinical /data.shtml
[0043] Tt consists of 85 arrays, with several
diﬁerent chip designs. Only the probes that are common to
all were used. The gene expression values used are from the
column LOG RAT2N MEAN in the array data files, No further
transformation is applied prior to computing the GGIL. When
more than one spot corresponds’ to a probe, their average
was used.

[0044] All 85 patients were used in the heatmap, but
only those with non missing and non zero follow up time
were used in survival analysis. This dataset was excluded

from analysis involving tumor size, since this information
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MCMV2 29 1.6235 0.0004 0.0001 10001 204767-e_at FEN1
ao 1.5226 0.0004 0.0001 00001 2031346-a-et TI MELESS
31 1.5221 0.0004 0.0001 00001 221677_n-at DONSON 32
WO 209¢/3W0588 0005 0. 0001 00001 2161559-s.at 0002 HSI/BE2006/000051
1,5047 0.0006 0.0001 10001 221520 _8-st CD CAB 84
1.6017 0.0007 0.0001 10001 214710-nat CCNB1 35 1.4945
0. 0007 0.0001 100012 209714-§' t CDKN3 36 1.4933
0. 0008 0.0001 10001 294449.at KIP11 37 1.4927 0.0008
was 0081 PGP LA 0491IY aNMERPACISTY, X645 @lves Put the

S fBRE G o0k 21501 B0, OPELERE S5 BESrores,

particularly when one is concerned with what is appropriate
for the NPI formula).

[0045] NKI/NKI2 The data set NKI (van’t Veer et al.,
2002) and NKI2 {(van de Vijver et al., 2002) were downloaded
from Rosgetta website www.rii.com. The log ratio was used
without further transformation. For NKI2, flagged expression
values were consgidered missing. Age, tumor size, and

histological grade were not avaiiable for NKIZ.

{00461 The field ‘conservFlag’ in the clinical data

table were used to stratify the dataset into two groups.
Each group had its own threshold for deciding ‘gecod’ vs

‘poor’ prognosis, as was done for in the original results

in van de Vijver et al. (2002).
[0047] NCI This dataset from Sotiriou et al. (2003)
was downloaded from the PNAS web gite

http://www.pnas.org/cgi/content/full/1732912100/DC1. The

expression values were not modified.

Statistical analysis

[o048] Gene selection was done only on the XKJX64
dataset, which are all estrogen receptor (ER)-positive and
either HGEl or HG3. Dataset KJ12% (43 ER-negative, all node-
negative, no systemic treatment) was used as the validation
set, along with other previously published data (see table
11). ER-positive tumor s were used for the trainming set,
because ER-gtatus and grade were not independent, with very
few ER-negative, HGL tumor s. Using all HG1l and HG3 tumor s
regardless of the ER status would have resulted in spurious
agsociations.

fo049] The standardized mean difference of Hedges
and Olkin (13), was used to rank genes baséd onn their

differential expression with respect to HGL or HG3. This
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|t 4CMLO 40 1.4865 0.0010 0. 0001 0.0001 201475- nat
MARS 41 1.4716 0.0014 0.0001 0.0001 2D4033_at TRIP 13
672 0.0014 0.0001 0.0001 202705-at
Z%Qé‘?é ¥, 0014 0. 0001 0.0001 294649 at THOM %Izﬁifgoﬁémo”l
0.0014 0. 0001 0.0001 220060-s-at FL.7217041 46 1, 4534

0.0016 0.0001 0.0001 209836q%-nt LAT1-3TM 46 1,4533
0. 0016 0.0001 0.0001 203276.st LMV 31 47 1.4471

o B0 SO0 SRR OB a0 bRyt o
bk 00 I 00D 1f 20 9464 tata M idd . 463 Boidh 4381s e oL array

0. 0001, 0. 0001 20 O4LaE \
data originating from two different centres.

{0050] To control for multiple testing, the maxT
algorithm of Westfall and Young {14), with an extension
proposed by Korn et al. (15), was applied to compute false
discovery counts (FDC). All 22,283 probe sets were
considered. Probe sets having a fawily-wise error rate p-
value lower than 0.05 with FDC>2 were identified. Mapping
of probes between platforms was done through Unigene (build
#180), according to the method in Praz et al. (16).

[o051}] The gene-expression grade index (GGI) 1is

defined as:

GGI = scale] > x,— > x,—culoff ]

jels 7€y
where x is the logarithmic gene expression measure, and G
and G; are the sets of genes up-regulated in HG3 and HG1,
respectively. These sets differed across platforms. Foxr
convenience, the cutoff and the scale were chosen so that
the mean GGI of the HG1 cases was -1 and that of the HG3

cases was +1. This rescaling was done separately for each

data source.

[0n52] The Nottingham Progﬁostic Index (NPI) was
calculated according to Todd et al. (17):

NPI= 0.2 x gize [cm] + I1ymph node status + histological
grade.

[0053] An index called NPI/GG was defined, where HG
was replaced by GG. Cases with NPI = 3.4 to be high risk in
both NPI and NPI/GG were considered. Suxvival data were
visualized using Kaplan-Meier plot. The hazard ratios (HR)
were estimated using Cox regression, stratified by the data
source. Assumption-free comparisons were done using the

stratified log rank test.
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CENPE 51 1,4373 0.0019 0.0001 0.0001 203756-nt DUNMB

52 7,4336 0.0019 0.0001 0.0001 203214_ng CDC2 63

1.4236 0.0022 0.0002 0.0001 274804-at PSHPRII1 54
WQ2060P583 0025 0. 0003 0.0001 212949 al BRI M SECT/RARDM6/060051

0. 0027 0.0003 0.0001 204318-mat CTSE1l Tabl e 3:

41 continued No. a-values probeaet gene synbol D

FD>0PD>3 FD>2 56 1.4105 016030 0. 0003 0.0001

207165_at Il MA Ft 67 1,4079 0.0031 0.0003 0.0001
Hed0&ds ot MLC167 68 1.4051 0.0031 0.0003 0.0301

[3&§£F6...at For visualization, the wvalues used in the
heatmaps for each probe were meancentered across patients.
No genegpecific scaling (standardization) was done, in oxder
to keep the information about the relative signal strength

of all probes. The color tone were calibrated such that

. paturated red and green were reached at the values three

times the standard deviation of the expression values of

the entire matrix. Note that the scaled GGI values were not

affected by genespecific centering.

Survival Analysis

[0055] The survival package for R was used by Terry
Therneau and a custom program for the KaplanMeier plots,
which was checked against the output of the survival

package for correctness.

Mapping across microarray platforms

[0056] The approach of CleanEx databage
(http://www.cleanex.isbsgib.ch), described in Praz et al.
(2004) was used. Probe identifies were first mapped into
sequence accession number. Unigene (build 180) were then

used to map the correspondence between platforms. For

Affymetrix chips, probesets which contain oligos that were

ambiguously mapped to more than one Unigene id were

excluded.

Regults

Differentially expressed genes between high and low grade
subsets

[0057] 242 Probe sets corresponding to 183 unigue
genes with FDC»>2 at family-wise error rate p-value of 0.05,
corresponding to a low false discovery proportion of 0.008

were identified (Table 3). Of these, a list of 128 probe
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GONAD 50 1.3931 0.0041 0.0004 0.0001 210510-st POL
GO 1.3890 0.0044 0.0004 0.0001 204026_5_at ZW NT 6?

. 0044 0.0004 0.0001 203432_at The 62
w020 3 _ e .
3)7'. 8@%@ 98 0004 0.0001 204768_s_at PLN1 63.1. 35%%’%806/000{)51

0. 0047 0.0004 0.0001 209773_5.4A RM2 64 1.3647

0, 0047 0.0004 0.0001 214143 at MAPS 55 1.3842 0.0048
0. 0004 0.0001 212023-mat 641067 66 1.3752 0.0052

segsoo 0%%%%%)236§§éé3iﬁ?talﬁhﬁﬂépcﬁﬁs&I35¢1Vé.Oﬁfiterion
. 0006 O: 211519.s-et )(1P20 68 1. 3603 0083
(FOCO00G OpRT=2022405at 0 FUS Tl V6% 318260 B! 0689 0SHRGPINETE
anglgggg,zggzg%ta%or checking common genes with signatures
published by others, where we used the 183-gene list.

[0058] Figure 1la shows two strong and zreciprocal
patterns of expression clearly associated with HGL and HG3.
Many genes up-regulated in HG3 were mostly associated with
cell cycle progresgion and proliferation (Table 3}. The
same gene selection algorithm to contrast HG2 tumor s with
a pool combining HG1 and HG3 tuwor s were applied. This
yvielded no differentially expressed genes. Thus, the HG2
population as a whole has no peculiar characteristics of
its own that are independent from the HG1 and HG3
distinction. |

[0059] The list of 128 probe sets was then applied
to untreated breast cancer patients {dataset KJ129)}. As
shown in Fig. 1b, wvisual inspection revealed an expression
pattern for HG1 and HG3 similar to that which was observed
on the training set (Fig.la). The GEP of the grade 2
population looked like a mixture of grade 1 and grade 3
cases, rather than intermediate between the two. To make
+his observation more objective, the GGI (which essentially
summarizes the differences in the GEP of the reporting
genes by averaging their expression levels) was defiined. As
shown under the heat maps in Fig. 1, the GGI distribution
of HG2 covered the range of the GGI values of HG1 and HG3,
confirming the visual impression. A similar observation was
made on the three previously published datasets, despite
differences in the clinical populations and wmicroarray

platforms (see figures 6a, b, and c}.
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BUM 70 1.3457 0.0092 0.0008 0.0003 222039. st
LOC146909 71 1.3443 0.0096 0.0008 00003 209642 at BUM
72 1.3376 0,0102 0.0010 0O, 0003 213590-at DI PS 7
WO 2096/ Y9588 0102 0. 0010 09003 214098...ant SI| I\/rli’éﬂ’?'f'ﬂfﬁ2006"00{'02’1
1.3348 0.0105 0.0012 013003 211072_x at K- ALPHA-1 75
1.9237 0.13130 0.0017 0.000% 202779-mat. | MVB 76
1. 2226 0.0133 0.0017 0.0004%8111447. st 1)013 77
1.3216 0. 0138 0 0017 aC|an1nen 1 )
Eip tphag Feah 9 aien '4 S (G Y

£%é$é§&£)01319 06005 221591 _s- at Fl 310156 BO 1.3139
162-0. 0019 0. 0005 204822.

[0060] These findings lead to showing that

intermediate histological grade can be replaced by low and
high grade based on gene expression. Gene-expression grade
(@@} based on the GGI score was defined. Patients were
classified as GGl (low grade) 1if their GGI value was
negative or as GG3 (high grade) otherwise. Note that the
QGGRI score of zero corresponds to the midpoint between the
average GGI values of HG1 and HG3 (see methods). This
choice might not be c¢linically optimal and could be
improved based on the trade-off between the cost of
treatment and risk, but it would be sufficient for
evaluating the prognostic value of GGI.

[6061] For this purpose, breast cancer samples
derived from a pool of our own validation populétion
(KTJ129) and additional datasets STNO, NCI and NKI (table
11) were used. In figure 2a, the association between
histological grade and relapse-free survival (RFS) was
examined. As expected, HG3 tumor s had significantly worse
RFS than HGl, while HGE2 tumor s had an intermediate risk
and constituted 38% of the population. In figure 2b, GGl
and CGG3 subgroups showed distinct RFS, similar to the RFS
of HG1 and HG3 tumor s, respectively. To examine how the
discordance between GG and HG are related to prognosis, GG
was split for each of the histological categories (figure
2¢, 2d and 2e). The most striking result was that GG split
HG2 into two groups, namely HG2/GGl and HG2/GG3, whose RFS
were algo respectively similar to those of HGl1 and HG3
(Fig. 2d). The log rank test failed to reveal any
significant difference in survival between HGl and HG2/GGL,
as well as between HGE3 and HG2/GG3 (see figure 7). For
comparisor, ER status also had .prognostic power in HG2

tumor 8 (Fig, 2f), although the hazard ratico was less than
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TTE 81 1.3121 0.0165 0.0020 0. 0005 209251-mat TUBAG
82 13086 0.0173 0.0023 041096 217835_1c-et 020orf 24

woStuchu3gl 0.0176 0.0023 0. 0006 201890-at Bi 1i
%:%%%3 8.0184 0.0024 10006 213671 aat MARS 8§£%?%§¥§§MMWSI

0. 0185 0.0024 0.0006 2180139. mat PB. 01 86 , 1.3010
0. 0197 0.0026 0.0007 207828 -at' DEN?? 87 1.3002
0.0198 0.0026 0.0007 219555_mat 13MD39 88 1.2959

o 808 8020 A0 28gesy o bmatpazabgscne oo
5101 0329R650828 the008220POP0LALAPTK- ALPHA- | 958282865

[Ogsg%ss O'Oos%hglgo%QB was Dbetter than HG by classifying
gome patients with poor prognosgis in the HGI population
(fig. 2c), the reverse seems to be the case in HG3
population: it classified some patients as low-risk degpite
their poor prognosis (fig. 2d). Thus, in the case of
discordance involving low and high grade categories,
neither GG nor HG were consistently outperform the other.
Tt seemed that whichever decided to classify as high grade
tended to be more accurate prognostically. Thig suggests
that for both HG and GG, correctly detecting any indication
of high grade was easier than accurately declaring it
absent . If this observation is confirmed by future studies,
corrections should be done in clinical practice, for
example by using a rule which substitutes HE1 and HG2, but
not HGE3, by GG. However, the frequency of this type of
discordance in the data used here was relatively small and
such modifications were not used in this study, which aims

to characterize GG purely on its own.



218039-at NUSAP1 92 1.2851 0.0246 0.0034 0.0012

204603_et

BX. 01 93 1.2846 0.0246 0.0034 10012

203362_nmat MAD2L1 94 1.2845 0.0248 0.0034 0.0012
WOPHBWSA Bl RDS 95 1.2840 0.0249 0.0034 0. 00T T/BE2006/000051
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Univariate analysis

Muklivariate analysis

Hazard
(95%ChH

ratie p

Hazard
(95%CI)

ratio p

Gene-Expression
Grade
GG3 vs GG1

Histological Grade
2+3vsl
3vsl+2

Estrogen Receptor

Negative vs Positive

Nodal Status

Positive vs Negative

Tumor Size

>2emvs <2cm

Age (years)
=50 vs >50

2.97 (2.03 —4.37)

1.93 (1.15 —3.28)
2.03 (1.41 ~2.92)

1.76 (1.24 - 2.49)

2.53 (1.34 - 4.78)

2.06 (1.41 —3.03)

0.99 (0.69 — 1.42)

0.0001

0.0150
0.0001

0.0016

0.0040

0.0002

0.97

229 (1.44-3.63)  0.0004
0.85(046—1.57)  0.61
1.25(0.80—1.94) 033
1.19(0.81-1.76) 038
1.95(1.01-3.73)  0.045
1.63 (1.10-2.43)  0.015
113 (078 -1.63)  0.53
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206354_at KIF14 103 1.2612 0.0329 0.0064 0.0022
221436_mat CDCA3 104 1.2609 0.0331 0.0064 0.0022

01195 4-et SLC7A5 106 1.2002 0.0332 0.0056 0 i

W‘%%fé%’g’é’@al COTS 105 1.2553 0. 0358 0.0059 O. oo‘}&%‘%2""6""“’031
218558at ORMDL. 2 107 1.2476 0.0400 0. 0060 0. 0024
213058_x_rit K-ALPHA-1 108 1472456 0.0407 0.0072

0. 0024 212723, at PTDSR 109 3. 2447 0.0414 0.0076
0. 0024 203022... al TI NASE112A 110 1.2402 0. 0450 0.0064

990%%24%&& d811d 03 divdr 2383 Hofib1 808g00
[Q0EBB4 21930180 KNELY d1Bnicossth@l @50 D. @a@,‘zables were

51gnlégcantly agsociated with clinical outcome in
univariate analysis (Table 12). GG and HG status had the
strongest effect. However, in multivariate analysis, only
GG, nodal status and tumor size kept their significance,
with GG having the largest hazard ratio. In accordance with
figure 2, GG replaced HG when both were considered, and GG

congiderably reduced the prognostic impact of ER.

GG and the Nottingham Prognostic Index

[0064] The independence of GG, nodal status and
tumor size in explaining the digease outcome mirrored the
Nottingham Prognostic Index (NPI), which combines HG, nodal
status and size.tTo test whether GG can be used to improve
this well-characterized risk score, we propose a score
called NPI/GG, which is analogous to NPI except that HG is
replaced by GG, with only two possible values (either 1 or
3). As sghown in Fig. 2a and 3b, NPI/GG was significantly
more discriminative than classical NPI. Moreover, NPI/GG
was able to gplit both the NPI low and high risk groups
into subgroups with significantly different clinical
outcome (Fig. 3c, 3d4), while the reverse was not true (Fig.
3e, 2f).

Example 2

Consistent prognostic value of GG in different populations

and microarray platforms

[CDEE] The results of the pooled analysis above were
consistently present in the individual datasets, as shown
by the forest plot of hazard ratios in Figure 4. More
complete results arxe shown in figure 8. Figure 4 shows that
in each independent wvalidation dataset, GG divided the

grade 2 populations into two distinct groups with
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2201365. mat TPRT 114 1.2333 0.0510 0.0103 0, 0038

204041 at NEK2 42 7bble 3. ... continued No. D

p-val ues probeset gene synbol PO>0 PD>1 FO0>2 115
WOLRRFLESEE 0518 0. 0304 0. 0038 203358. 3; dd E1l i PCE{RE2006/000051

1.2249 0.0581 0.0110 0.0044 213088-e_at DNAJC9 117 3

2233 0 0593 0.0123 09047 214%1816_at M5T114413 118

1.2226 0.0602 0.0124 10049 2110..at COX 733 119

1.2214 0.0610 Q.0128 0. 0050 218982, s at Mt P317 120
statbe7l el 6 d&féi?f@“g. 08517268330da & eq 21 P FF0e VRS 1O

s%ﬁ)ﬁﬂécgn@lg@terogeneity between the hazard ratios, even
though the different datasets included heterogeneous
patient populations, were graded by variocus pathologists

and used different microarray platforms.

Relationship with the 70-gene signature

foo66] In their pioneering work, van’t Veer et al.
identified a 70-gene expression sgignature significantly
correlated with distant metastasis in node negative breast
cancer patients (5). The present list of 597 genes (128
probe sets) could be mapped to 93 genes (113 probes) in
their Agilent arrays. To allow comparison under the same
trade-off between xrisk and the cost of treatment as the
Netherlands Cancer Institute (NKI) clagsification, cutoffs
for GGI that gave the same numbers of patients in high- and
low-risk groups were selected (see methods). Figure 5 shows
the comparisons between the NKI prognostic signature and
the GGI on distant-metastases-free survival for the overall
population (fig.5a, b), as well as for the node negative
(fig.5¢, d) and positive subgroups (fig.5e, f£}. Despite the
fact that our probes were selected without using clinical
outcome and had to be mapped across platforms, the results
were strikingly close. Similar results were found when
considering overall survival (see figures 9). Data were
unavailable to compare relapse-free survival.

[0067] Low and high grade Dbreast cancers were
unexpectedly associated with many differentially expressed
genes, the majority being involved in cell cycle and
proliferation. Foxr these genes, HG2 tumox s had
heterogenecus transcriptional profiles that covered the
range of variation of HGI and HG3 tumor s. A similar
observation was made in at least one previous report (18).

Here, the c¢linical implications of this finding and
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0. 0051 201342_at SNAPC 122 1.2199 0.0619 0.0131
110051 201678_a_at DCl12 123 1.2192 0.0622 0.0132

013052 218875_5_at F33X05 124 1.2160 0.0650
WQRBEHE5P18663_at HCAP- G 125 1.2156 0, 0652 0. PG non0s1

0. 0055 21 2020datt h43C157 126 1.2065 0.0738 0.0163
0. 0065 217766_at HN1 127 1.2028 0,0777 0.0176 0.0067
202635_s_at POLR2K 128 1, 2 0.0802 0.0183 0. 0069

202397 al . _NUTP2 120 1.199 . , .
USRS %Lt{uet @"f.]afgé’ﬁi&. 45%{050%%3%. g%meme‘l
wid22 QB e L MMt codde Lrk9 i@ 0901210 0. 0083

205024 _n-at RAD51 132 1.1884 0.0932 0.0217
[0068] As demonstrated by Figure 4 improvements by

GG were consistent across the different datasets which
would have mnot been the case if the grading guality
differed significantly between these studies. Similarly,
figure 2a shows good prognostic separation between HG1 and
HG3, indicating that the histological grading was of high
quality. Furthermore, central pathologist review would
atill result in a significant portion of tumor s being
clagsified as HG2. Finally, these results were more
reflective of clinical reality, since grading by a central
pathologist is rarely done in practice.

[0069] The approach in identifying GEP associated
with prognosis is quite different from that uged by other
investigators. Instead of selecting the prognostic genes
directly through their correlation with survival, one may
identify them dindirectly through histological grade, a
well-established prognostic factor rooted in cell biology.
This may explain the robustness and reproducibility of GGI
acrose independent and heterogenecus validation sets and
different microarray platforms. Furthermore, since the GGL
can be interpreted as ‘“molecular grade”, it can be
integrated easily into existing prognostic systems which
uses histological grade, such as the NPI.

[0070] This gene selection process was not meant to
define a specific set of genes to be used as a prognostic
vaignature”. The present invention aims to build a
comprehensive “catalogue” where different gets of
signatures could be chosen from. This was illustrated by
the cross-platform applicability of the catalogue. Although
the actual sets of probes used in various platforms
differed in numbers and gene compositions, the results were

still reproducible. It is remarkable to obtain good
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0. 0090 211750dt

at TUBA6 133 1.11380 0.0938 0.0221

0. 0092 203856_st YAK' 134 1.1861 0.0951 0, 0229 0.0093

204267_x-at PKMYT1 135 1.1607 0.1036 0.0256 0.0107
wERHF8Pswdvt . EOT2 136 1.1800 0J045 0. 0258 0. (PKOYBE2006/000051

219904-at RAD5413 137 1.1790 0.1050 0.0262 10110

219900-at F1.32
219061_:tat 0OX8

3311 138 1.1770 0.1078 0.0268 0.0114
9879E 139 1.%%67 0.1083 0.0269 0.0114

203832-at SNAPP 140 1, 1757 0.1094_ 0.0274 0.0115 ,
PUAEEAE: He Al aermmipa i in vierso GlERerent odatageipy with a

Rt IR HIRE ok JER A 0 B e

gimply +1 or -1,
training =set of
identified was n

to any special

based on their association with grade on a
64 patients. Thus, the “grade signal”
ot bound to a particular set of genes nor

combination of their expression levels,

since the genes were highly correlated and the GGI

effectively behaves as a single prognostic factor. It is

still beneficial to use many denes, if only to provide

redundancy against noise. The consequence for the

development of

practical diagnostic systems ig that

arbitrary subsets of the “grade gene catalogue” of the

invention might

considerations.

be used, constrained only by technical

[0071] Jengsen and Hovig (19) recently discussed two

issues regarding

the use of gene-expression signatures for

prognosis. These were 1) the lack of agreement between

genes included

in different signatures and 2) the

difficulty in understanding the biological basis of the

correlation between the signatures and survival. The

present gene cat

alogue is rich in genes with likely roles

in cell cycle progregsion and proliferation. This class of

genes 1s one

important —if not the most important—

component of any existing profile-based risk prediction

method for Dbreast cancer. In Paik et al.(7), the

wproliferation set”, whose five genes axe all in our 183~

gene catalogue (Table 3), was the one that had the largest

hazard ratios in their extensive training and validation

sets and has the highest weight in the “recurrence score”

formula. The app

lication to the NKI data in figure 5 also

lends support to the 1idea that grade-related genes may

constitute a significant portion of the prognostic power of

the NKI 70-gene

gene catalogue,

signature. When compared against our 183-

the following numbers of genes in common
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0. 0122 222029 _x_at HKE2 144 1.1714 0.1142 0. 0296
0.0127 205644.a_at SNRPG 145 1.1 664 0.1222 0.0317

0.0146 2041711 s at 03C82 146 1.1658 0. 1228
WOGUHISI05304- a1 " GHERL 147 1 1630 0. 1270 0. 0350 PE2006/00051

0. 0155 204023-et ABE9 198 1.1619 0.1289 0.0345 0. 0155
218151 _x_at GP13.172A 149 152616 0. 1290 0. 0345 0. 0155
202352-s-at PS11012 150 1. 1597 0.1322 0.0352 0.0158

321 14209 /8.503984 0. '
D e e
(%@%S\rae:at ehUSAR) 155;/15 152613462 0.)048840 /¢ Tg (Wang et

a12.0)1(255'6 '?a't ng%qge%)é oun&. 1519 0. 1487 0.0415

[0072] In summary, gene-expression based grading
could significantly improve current grading systems for the
prognostic assessment of cancer, in particular breast
cancer.

{0073} Reproduction of these findings across
miltiple independent datasets and across different
platforms suggests our conclusions are robust. The GGI
score does not reguire a specific set of genes nor is it-
bound to a particular detection platform. Grading based on
the GGI can be incorporated into existing prognostic
systems, by substituting HG with GG. Refined grading based

on gene expression measurements could have important

clinical application for breast cancer management in the

future.

Example 3

Definition of clinically distinct subtypes within Estrogen

receptor positive breast carcinoma

Materials and methods

Tuymor samples

[0074] Three hundred and thirty Zfive early-stage
breast carcinoma samples comprised our own dataset. Eighty-
six of these samples have been previously used 1in another
study and the raw data are available at the CGee Expression
Omnibus repository database
(http://www.ncbi.nlm.nih.gov/geo), with accession code
GSE2990. These samples had received no adjuvant gystemic
therapy. Two hundred and forty-nine samples, previocusly
unpublished, had received adjuvant tamoxifen only (tam-
treated dataset). All samples were reguired to be ER-

positive by protein ligand binding assay.
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0. 0186 204126 _5dd 000451. 155 1.1508 0.1497 0.0418

0. 01811 209799 s-at HWA 156 1.1501 0.1513 0.0421

0.0189 219512-at C200r1172 157 1.1466 0.1583 0. 0446
w0020®58338408-at TI MMLO 158 1. 1444 0. 1616 0. ®4I7BE2006/0006051

0. 0215 201556_at MCMB 150 1.1413 0.1670 0.0979 0.0223

218230dant GIP13P4 160 1.1412 0.1674 0.0970 0.0223

200783..s_at arrnmN 1 161 1. %%80 11.1729 0.0408 0.0220

214095 at " SHM T2 162 1.1385 0.1735 0.0503 0.0231 )
0905853 al 11BAPZOaE32Y. 13282bY48d8 (/3545 REgaed  with

2SR TR R bR R O BB, .

This dataset contained Samples from the John Radcliffe
Hospital, Oxford, U.K., Guys Hospital, London, U.X. and
Uppsala University Hospital, Uppsala, Sweden. Samples from
oxford and London were processed at the Jules Bordet
Tnstitute in Brussels, Belgium. For the samples from
Uppsala, RNA was extracted at the Karolinska Institute and
hybridized at the Genome Institute of Singapore in
Singapore. The quality of the RNA obtained from each tumour
sample was assessed via the RNA profile generated by the
Agilent  bioanalyzer. RNA extraction, amplification,
hybridization,'and scanning were done according to standard
Affymetrix protocols. Gene expression values firom the CEL
were normalized by use of RMA 2. Bach population was
normalised separately. Each hospital’s institutional ethics
board approved the use of the tissue material and written
informed comnsent was obtained. The raw data for the tam-
treated dataset are available at the Gene Expression
Omnibus repository database
(http://www.ncbi.nlm.nih.gov/geo/), with accession code GSE
XXX,

[0076] The inventors also used four other publically
available datasets, described in recent publications: wvan
de Vijver® (n=295), Wang® (n=286), Sotiriou'® (n=99),
sorlie®™ (n=78), in the analysis. For the survival
analysis, we used tumors classified as ER-positive only
(van de Vijver® (n=122), Wang® (n=209)). For the survival
analysis involving patients who had received no systenic
adjuvant treatment, patients from the van de Vijver et
al.®, Wang et al.? and previously puglished dataset were
combined (n=417 ER-positive patients, hereby referred to as

the “untreated” dataset)
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0. 0256 212630_x_at TUDA3 166 1.1316 0.1873 0.0576
0. 0250 204094-at QPYLT VT VSA.,S/ .1U A2.itaArlY I

J 43 Table 3: . . continued No. D p-VJ .
WO/ HP3esct gene synbol  PD>0 P11>3 PD>2 \%1(‘6&5&20%/000051
1.1254 0.2017 0.0638 0.0295 208864.s_al TXN 168

1.1233 0.2063 0.0661 0.03045201114_x_at PSM A7 160
1.1228 0.2073 0.0665 0,0311 209172. sat CENPP 170

A]%l 12§§igi§9§0 (672 9+031412QA57718t MaMBle 17d1  of the
.12 .2120 0. 0899 _O. 0324 213330_3 13A ST1P1 172
S\ﬂpﬁl]&gﬁerﬂ:a?ﬁﬂzrﬁﬁ@?mlil@m33l 2162311-at GIPHP4 173

Data Analysis

Estrogen (ER) and Progesterone receptor (PgR) level

[0077] Patients were initially selected at their-
institutions according to a positive ER status which was
determined by protein ligand-binding assay. The inventors
subsequently confirmed a positive ER level by using the
microarray data. The ER level was measured by probe set {a
30-mer oligonuclectide) on our human Affymetrix™ CGeneChip®
Ul33 A&B microarray. The inventors have used the probe set
»205225 at” for ER. PgR was represented by the probe set
*208305_at”. The immunohistochemical ‘measurement of ER is
known to correlate with mRNA levels of ER *. Tumours with

any positive expression level of ER and PgR were

considered.

Histological grade

[0078] Histological grade was based on the Elston-
Ellis grading system. A central pathologist reviewed the
histological grade and ER status for all gsamples from
Uppsala, Sweden, Guys Hospital, London, UK and the Van de
Vijver et al. dataset °.

An index based on the expression of proliferation-related
genes to gquantify genomic grade: gene expression grade
index (GGI)

{00791 “Gene expression grade index” (GGI) is a
linear combination of the expression of 128 probe sets (97
genes) that were found to be differentially expressed
between histological grade 1 and 3 (see definitions). The
index is effectively, a guantification of the degree of

similarity between the tumour expression profile and tumour
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1.1192 0.2165 0.0708 0.0336 234437 _sat S1-1M2 174

1.1181 0.2380 0.0726 0.0343 218027-at 34RPL15 175

1.1178 0.2193 0.0728 0. 0346 203612-et HYBL 176 1.1173
W0202@005%. 0733 0. 0347 202487.s_et 112APV 177 PCTHHT006/000051

0.2410 0.0816 0, 0399 2183013at TACC3 178 1.1089

0.2449 0.0823 0.0405 208511-at PTTG3 179 1.1070

0.2500 0.0849 0.0421 2121602&t XPOT 180 1. 1061

0.2541 00863 0.0429 2028..n_at E2P1 181 1.1037 0.2608
gm0 1049 QeBF46ADACBAAGET 189724 1 h1gen. So5FesPends to 2

hlpgl‘94g6f1a<§e:zl gg%é- %rajfceoz*}8£§a45 f3s index was used to divide
each data set into high and low grade sub-groups.

[0080] Mapping of probes between microarray
platforms was done through Unigene (build #180), according

to the method in Praz et al.'c.

Hierarchical clustering
The “Cluster” program was used to periorm

28 after

average linkage hierarchical cluster analysis
median centering of each gene using an uncentered Pearsou
correlation ag similarity measurement. The cluster results
were viewed using “TreeView” . Expression data was
downloaded and extracted from datasets Sorlie et al.™ and

10

Sotiriou et al. The samples were ordered according to

0. 1 £o investigate

subtype as in the original publications
the relation between the expression of the genes in the GGI

and the subtypes.

Statistical Analysis

[0081] In order to assess the relation between
survival and some continuous variable, a variant of a
method introduced to compute the expected survival for
individual wag used: “Rate of distant recurrence” plots 29
(ref: Terry M. Therneau and Patricia M. grambsch, 2000,
"Modeling Survival Data: Extending the Cox Model", chapter
10). The expected proportion of distant metastasis with
respect to the GEGI, ER and PgR was plotted using a Cox
model fitted with only the variable under study.

foo821 Survival curves were visualized using Kaplan-
Meier plots and compared using log-rank tests. The
univariate and tmultivariate Thazard ratios (ER) were

estimated using Cox regression analysis. All statistical
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1.1010 0.2631 0.0940 0.0473 206632 8
) . -at APOB
1.1006 0.2691 0.0946 0.0478 219538 8-at MIB EggB 184

1.1000 0.2706 0.0953 10483 205393
WO 2p8 . ) _ -sat CHEK1 5
G1¥5%. Up-regul ated in grade 3 tunors fﬁ%ﬁg?mmmmmal

No. D PD>0 PD>1 P0>2 probeset
gene synbol 1 -1,4
8.8014 0. 0001 0.0001 21 31@3 id STA %D 13 2 -1f4gig
. 0014 0.0001 0.8001 204703-nt TTC1O 3 -3.4196 0.0024

tegtgggér%-sclg‘% 2183465 al SESHAkA 4248B%= 05006k 0pepggrmed

1"s at BB51 5 -3.3840 0.0
us@nQOQﬁsg0§8£Bl@t1€a3CEDfBwaIGSQBQKEQGQgQgrglggO%1 5.

RESULTS

Applying genomic grade to the previously reported molecular
subtypes

[00831] To investigate the expression of the gene
expression grade index (GeI) in ‘relation to the gubtypes,
expression data were extracted from data sets Sorlie and
Sotiriou et al., the orlglnal and confirmatory publications
respectively *** **. The genes were clustered using average-
linkage clustering and the samples were ordered according
to the subtypes as presented in the published manuscripts
11, 13, ppplying genomic grade to the previously reported
molecular subtypes (6a: Sorlie et al.; 6b: gotiriou et al.)
gubtypes are ordered the same as in the original
publications. The heatmap of GGI genes ig placed below the
dendrogram. Boxplots of the GGI score (median and range)
are placed below each subtype. High grade is indicated by a
GeI score >1 and vice versa.

10084] Figure 6 shows the results of this analysis.
In general, the ER-negative subtypes, the basal and the
erbB2 subtypes, had high expression of eaI, or were of high
grade. However, the ER-positive subtypes showed a diverse
range of GGI levelg, particularly the luminal C ox 3
subtype both highly expressing these proliferation-
associated genes, whereas luminal A or 1, and the normal-
1ike were mostly negative for the expression of the GGI, or
low grade. This confirmed the hypothesié that thexre are
varying degrees of contribution of cell cycle genes to the
biological wakeup of ER-positive tumours, whereas ER-
negative tumours seen to consistently have over-expression

of these genes. It is interesting to note the similarity in
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0, 0007 0.0003 204 072_S-at 13CDNA73 7 -1.3235 0.0131
0. 0017 0.0004 219455 at P1,321 052 8 -1.2840 0.0249
0. 0034 0.0012 217889 e el CYBRDI 9 -3.2835 0.0252
WQ2Ee3WsH 0012 21 9238..at PL.] 20477 10 - 1. 2643/BE2006/000051
0.0312 0.0046 0.0018 216264 s_at LAVB2 11 - 1.2556
0.0314 0.0046 0.0010 2215625pt SIRT3 12 -3.2628
0. 0322 0.0049 0,0022 2165207 a-4 TPT1 13 -1. 2558

oG AR BT ST Uy aeace

ERL 3% ﬂr(—p %tgq:@ 202 hel BR-aretfad ﬂ\ﬂ\/@}%%esl.- 2399
0.70450 0.0084 0.0029 220917sat WDR19 17 -1, 2259
0. 0574
Clinical relevance of ER-positive luminal sﬁbtypes as
defined by genomic grade
[0085] Genomic grade could distinguish clinically
subtypes within the ER-positive tumours and the prognostic
value of these genomic grade defined subtypes. weré an
improvement over current traditional methods, such as that
based on guantitative levels of estrogen and progesterone
receptor levels. A Kaplan-Meier survival analysis was
performed comparing classes of ER-positive  tumours

according to GGI score (high vs. low grade) and expression

levels of estrogen and progesterone receptor (rich vs. poor

expression) with respect to time to digtant metastasis

(TDM) , which is often used as a surrogate for breast cancer
specific survival (Figure 7- KM and Cox). Kaplan Meier
survival curves for distant metastasis free survival for
GGI (high vs. low), ER expression levels and PgR expression
levels {(rich vs. poor). Figure 7a displays the results for
the untreated dataset (n=417). Figure 7b for the tamoxifen-
treated dataset (n=249). For the untreated dataset, results
shown were combined from multiple datasets involving 417
ER-positive samples hybridized using two popular
commercially avallable oligonucleotide microarray
platforms- Affymetrix™ and Agilent™ (see methods). As
shown, for both untreated and tamoxifen-treated
populations, the expression levels of the ER did not have
any prognostic wvalue (p=0.74 and 0.51 respectively)}. In
contrast, both the GGI and expression levels of the PgR had
prognostic value (untreated: p<0.0001 for both GGI and PgR;
tam-treated: GGI p<0.0001, PgR p=0.0058). The Juminal low
grade subtype had a much better 10-year estimate of TDM
compared with the luminal high grade subtype.
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covariates of age, gradée, tumour size as well as genomic

grade. In the multivariate Cox regression analysis, only

5 the GGI retained significant prognostic value (untreated:
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HR '2.3 (95%CT: 1.2-4.3; p=0.008; tam-treated: HR 2.14
(95%CI: 1.04-4.02; p=0.0038), subsuming those factors that
were significant at the univariate level, including the
progesterone receptor expression levels (p=0.3). For the
untreated population, tumour size also retained
significance in the multivariate model (HR 2.2 (95% CI:1.2-
3.8, p=0.0068). This suggests that genomic grade, as
measured by the GGI, can distinguish clinically distinct
groups of patients within those that expresé posgitive
levels of estrogen receptor. Furthermore, the GGI had
highly significant prognostic wvalue, suggesting a better
ability to discriminate clinical outcome over these
traditional factors. The ER-positive high grade subgroup’s
worse disgease outcome in the tamoxifen-treated dataset
seems to suggest that adjuvant tamoxifen does not alter
this subtype’s natural disease history despite having a
positive ER status. This could potentially flag a group of
tumours worthy of further investigation fxom both a
biological and therapeutic standpoint.

[0087] As further demonstration of the GGI's
prognostic value i1n ER-pogitive tumours, the inventors
generated figures displaying the rate of distant recurrence
as continuous Ffunction of the GGI and compared this to
continuous levels of ER and PgR for both untreated and tam-
treated populations.

{o088] Two subtypes of tumours can be distinguished
within patients whose breast cancerg express at least some
level of estrogen receptor. In patients whose tumours

express a high level of the genes that comprise the GGI,
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0.0129 213266..at 76P 33 -1.1707 0.1166 0.0297 0. 0129
209189-at POE 34 -1.1679 0,3301 0.0307 0.0142
2341129. at AASS 35 -1.1633 0“1268 0. 0337 0.0153

221123 x-at 7P|P396, 36 -1 1625 0 1279 0 03440 0155
i %08 POTZESELREPS, t9 THES 0993981 0 0. GiEFT disease

otddR6D_fhs REAEXET dﬁEﬂﬁ@ﬁu@ k24, 02 0858h@x01k5%idence of
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relapses compared with tumours of low genomic grade.
Furthermore, their worse disease outcome seemed unchanged
even when given adjuvant tawmoxifen, suggesting that this
group of women do not seem to benefit from adjuvant
tamoxifen despite their positive estrogen receptor values.
Note that none of the patients in this study bad received
adjuvant chemotherapy, so it is unclear if chemotherapy can’
alter this group’s natural disease history. The potenﬁial
clinical significance of this finding ie alsco underscored
by the similarities between the high grade ER-positive
group and the high grade ER-negative tumours (basal and
erbB2), further suggesting that high levels of expression
of the genes associated with high genomic grade is
associated with a poor prognosis. The GGI can consistently
identify these two groups across multiple datasets which
were hybridized using several microarray platforms,
involving 666 ER-pogitive samples, suggesting our
conclusions are robust and highly reproducible than that
produced previously by hierarchical cluster analysis '°.
[0089] The genes present in the GGI are associated
with cell cycle progression and proliferation: among the
top 20 overexpressed genes were UBE2C, KPNAZ, TPX2, FOXML,
gTK6, CCNA2, BIRCS, and MYBL2; see Supplemental Table 14).
For ER-pogitive tumours, genomic grade was associated with
differing relapse-free survival, but for ER-negative
tumours, as almost all are associated with high genomic
grade, the GGI had no prognostic walue. Therefore, cell-
cycle related genes seem to have prognostic value only in
breast cancer patients with positive expression of ER.
within this group, the incidence of distant metastases
gseems to be predominantly driven by this set of

proliferation and grade-derived genes. However, in ER-
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*cell
proliferation signature” in a subset of patients has been
reported previously in women who express relatively high
egstrogen receptor expression for their age °. The analysis
of the ER-positive subgroups was divided by genomic grade
to the previously described luminal subgroups and this
concept wag validated in over 650 patients. Furthermore,
genomic grade remains the strongest variable in univariate
and multivariate analysis (Table 4) that takes clinical
prognostic factors into consideration.

[0090] Currently there are several molecular
signatures derived from microarray technology that claim to
be able to predict prognosis in breast cancer patients 8 4
7. 24 gome of these gene signatures reported can predict
clinical outcome in ER-positive tumours treated ‘with
adjuvant tawmoxifem 7v * *°. In the recurrence score
developed by Paik et al. 7 the proliferation set of five
genes had the largest hazard ratios in their large training
and validation sets and the highest “weight” or coefficient
in their recurrence score formula indicating their high
importance in deriving a prognosis classification for women
with early stade breast cancer treated with adjuvant
tamoxifen. Proliferation-related genes appear to be an
important—if not the most important—component of many
existing prognostic gene signatures for breast cancer that
are based on gene-expression profiles. By using the 11
genes in common between the GGI and a 70~gene prognostic
gene classifier for women with early stage breast cancer

under the age of 55 %, similar survival curves to the

5

validation publication were obtained, suggesting that

grade-related genes constitute a significant amount of the

prognostic power of this signature. The gsubgroups achieved
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overlap significantly because of a strong dependence on
cell-cycle genes to drive metastasis and relapse. The
advantage of this approach is that the biological mechanism
that is responsible for the poor outcome is obvious, rather
than a gene set that 1likely represents a variety of
molecular functions and biological processes ® *. Because
antiestrogens such as tamoxifen have a ¢ell cycle-specific
action on breast cancer cells gnd influence the expression
and activity of several cell cycle-regulatory molecules,
the development of aberrant cell cycle control mechanisms
is an obvious mechanism by which cells might develop
resistance to antiestrogens. It is currently incompletely
understood why up to 30-40% of ER-positive breast cancers
develop resistance to tamoxifen when positive expression of
the ER is the best predictor predictors of tamoxifen
response in the clinical setting *'. Over-expression of
cyclin D1, a critical controller of the cell cycle, has
been associated with tamoxifen registance and can reverse
the growth-inhibitory effect of antiestrogens in estrogen
receptor-positive  breast cancer cells  *%. Further
investigation into the ouncogenic pathways that drive the
cell cycle machinery will be beneficial in developing new
agents to treat the high grade subgroup.

{0091] Definition of clinically relevant tumour
subclasses within ER-positive breast cancers is of great
importance to the treating oncoleogist today. The emergence
of new strategies of adjuvant anti-estrogen therapy **7*7 as
well as new chemotherapeutic and biological agents has made
treatment decision making for women with early stage breast
cancer sometimes a difficult task. Previously, tamoxifen
was the mainstay of anti-estrogen therapy, with significant

reductions in the risk or relapse, death and contralateral
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0. 00133 0. 111101 0.0001 20 3 088_at .K.P N A2 4
3.7264 0.0001 60001 0.0001 2%8542..al C Nola 6 1.7250
0. 0003 0. 0001 0.0001 203554a-al PTTGL G 1.7053 0.0001

brge 14 rgz;é'\pl%i'csm ik PAA €a316§608t8g8P0IER-positive
001 0.0001 21 0052-s_at TPX2 8 1.6598 0. 000
bife001 cangedl 2025BmaHcIRDXmInCe3 Wi gagveph of aromatase
inphibitors and the reporting of several trials finding them
to be more effective than tamoxifen in postmenopausal
women, the American Society of Clinical Oncology has
recommended that an aromatase imhibitor be included in the
therapy of postmenopausal women with early stage hormone
responsive breast cancers *°. However, it is still unclear
the best combination and sequencing of aromatase inhibitors
and tamoxifen, and whether all women with ER-positive
tumours derive the same or differing benefit from these
agents. The elucidation of ¢linically relevant and
biological distinct hormone responsive Dbreast tumour
phenotypes can help facilitate the optimization of such
therapy as they may Trequire different therapeutic
strategies.

[0092] In conclusion, the use of genomic grade can
distinguish two subtypes with ER-positive breast cancers in

a reproducible wanner across multiple datasets and

microarray platforms. This is validated ept in over 650 ER-

- positive Dbreast cancer samples. These subgroups have
statistically distinct clinical outcome in  both
gystemically untreated and tamoxifen-only treated

populations. Stratification by gubtype in clinical trials
may provide important information on the potentially
diverse effect of endocrine therapies, chemotherapies and
biological agents on these subgroups. A focussed biological
jnvestigation into these distinct phenotypes may result in
identification of separate and different therapeutic
targets.

100931 The genes identified herein may be used to
generate a model capable of predicting the Dbreast cancer
grade of an unknown breast cell gample based on the

expression of the identified genes in the sample. Such a
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recognized as equivalent 1n the art using gene(s) (and
subsets thereof) disclosed herein for the identification of
whether an unknown or suspicious breast cancer sample is
normal or is in one or more stages and/or grades of breast
cancer. The model provides a means for comparing expression
profiles of gene(s) of the subset from the sample against
the profiles of reference data used to build the model. The
model can compare the sample profile against each of the
reference profiles or against model defining delineations
made based upon the reference profiles. Additionally,
relative wvalues from the sgample profile may be used in
comparison with the model or reference profiles.

[0094] In a preferred embodiment of the invention,
breast cell samples identified as normal and non-normal
and/or atypical from the same subject may be analyzed for
their expression profiles of the genes used to generate the
model. This provides an advantageous means of identifying
the stage of the abnormal sample based on relative
differences from the expression profile of the mnormal
sample. These differences can then be used in comparison to
differences between normal and individuél abnormal
reference data which was also used to generate the model.
The detection of gene expression from the samples may be by
use of a single micreocarray able to assay gene expression.
One method of analyzing such data would be from all
pairwise comparisons disclosed herein for convenience and
accuracy.

[0095] Other uses of the present invention include
providing the ability to identify breast cancer cell
samples as being those of a particular stage and/or grade
of cancer for further research or study. This provides a

particular advantage 1in many contexts requiring the



10

15

20

25

30

0.0001 0.0001 2117132-e_nt KPNA2 21 1.5816 0.0002

0. 0001 0.0001 209680-a-at | ClPO 22 1.5785 0.0002

0. 0001 0.0001 -201140fbat 23 1.6671 0.0002 0.000 ]
WOR09/319993219918-a_at ASP 14 24 1.5650 0.0003 d. 2006/000051

96001 203145-at SPAM 25 1.5595 0. 0003 0. 0001 60901
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c:yjts:i%dé%caqt oTsné%fogl kp24% 0 J‘?O%%rtlcular utility to
distinguish different grades of a particular breast cancer
stage for further study, research or characterization.
[00961] The materials for use in the methods of the
present invention are ideally suited for preparation of
kits produced in accordance with well known procedures. The
invention thus provides kits comprising agents for the
detection of expression of the discloged genes for
identifying breast cancer stage. Such kits optionally
comprising the agent with an identifying description or
label or instructions relating to their use in the wethods
of the present invention, is provided. Such a kit may
comprise containers, each with one or more of the various
reagents (typically in concentrated form) utilized in the
methods, including, for example, pre-fabricated
microarrays, buffers, the appropriate nucleotide
triphosphates (e.g., dATP, dCTP, 4GIP and dTITP; or rATP,
rCTP, rGTP and UTP)., reverse transcriptase, DNA polymerase,
RNA polymerase, and one or more primer complexes of the
present invention ‘(e.g., appropriate length polyfT) or
random primers linked to a promoter reactive with the RNA
polymerase). A set of instructions will also typically be
included.

[0097] The methods provided by the present invention
may also be automated in whole or in part. All aspects of
the present invention wmay also be practiced such that they
consist essentially of a subset 5£ the disclosed genes to
the exclusion of material irrelevant to the identification
of breast cancer stages in a cell containing sample.

[0098] - An exemplary system for implementing the
overall system or portions of the invention might include a

general purpose computing device in the form of a computer,
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bls0003:20d4dsRe at viPRSU4L dvsidi CRBbA=At800h D0 the
204033nt TRIP 13 42 1,4572 0.0014
gsystem memory to the processing unit. The system memory may
include read only memory (ROM) and random access memory
(RAM) . The computer may also include a magnetic hard disk
drive for reading from and writing to a magnetic hard disk,
a magnetic digk drive for reading from or writing to a
removable magnetic disk, and an optical disk drive for
reading from or writing to a removable optical disk such as-
a CD ROM or other optical media. The drives and their
associated machine-readable media provide nonvolatile
storage of machine-executable instructions, data
structures, program modules and other data for the
computer.

[0099] Embodiments of the present invention may be
practiced in a networked environment using logical
connections to one or more Tremote computers having
processors. Logical connections may include a local area
network (LAN) and a wide area network (WAN) that are
presented here by way of example and not limitation. Such
networking environments are commonplace in office-wide or
enterprise-wide compﬁter networks, intranets and the
Internet and may use a wide wvariety of different
communication protocols. Those skilled in the art will
appreciate that such network computing environments will
typically encompass many  types of computer system
configurations, including personal computers, hand-held
devices, multi-processcor sgystems, microprocessor-based or
programmable consumexr electronics, network PCs,
minicomputers, mainframe computers, and the like.
Embodiments of the invention may also be practiced in
distributed computing environments  where tasks are
"performed by local and remote processing devices that are

linked (either by hardwired links, wireless links, or by a
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205034nt GGNE2 48 1.4456 0. (¥H8 0, 0001 0. 0001
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c3@B484+nbn AURKB B9rdw#c8l hbP049: 10001 5Q0083) through a
205046mt CEl 4PS 53 1.4373 0.0010 0.0001 06001 ,
copgusécat oWl S BELYOUR36 OIMO1F 0. CHEFFOPHGER  computing

e%9§%%ﬁméh@t %9%%?%%‘%6%5%@& m892%e located in’ both local
and remote memory storage devices.

[0100] Different gmbodiments of the present
invention have been described accoxrding to the present
invention. Many modifications and variations may be made to
the techﬁiques and strucktures described and illustrated
herein without departing from the spirit and scope of the
invention. Accordingly, it should be understood that the
apparatuses described herein are illustrative omnly and are

not limiting upon the scope of the invention.
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Univariate Analysis Muttivariate Analysis
Hazard ratio Hazard ratio

(95%C1) Y {95%CI) Pl
Age (years)
<50 vs >50 © 1.055 (0.556-2.004) 0.869 0.906 (0.416-1.975) 0.8040
Size
>2cm vs =2¢m 2.694 (1.618-4.485) 0.0001 2.153 (1.235-3.755) 0.0068
Histological grade
Tvs2vs3 2.102 (1.461-3.024) 0.00006 1.448 (0.963-2.171) 0.0754
Estrogen Receptor 7
Rich vs Poor 0.937 {0.671-1.307) 0.937 1.212 (0.667-2.202) 0.5275
Progesterone Receptor
Rich vs Poor 0.536 (0.381-0.754) 0.00034 0.755 (0.430-1.328) 0.3300
Genomic Grade
High vs Low 2.610 (1.833-3.717) 0.0000001 2.302 (1.241-4.271) 0.0081

* Only patients with complete information in all variables wexe included in
the multivariate analysis (N=208)

{ Based on Cox regression, stratified according to the datasets
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00014
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Univariate Analysis Muttivariate Analysis

Hazard ratio Hazard ratio
{95%CH) Y (95%C1) PY

Age {years)
=50 vs >50 0.926 (0.328-2.612) 0.8840 0.807 (0.223-2.916) 0.7440
Size
>2cm vs <2cm 2.002 (1.157-3.463) 0.0130 1.712 {0.897-3.268) 0.1030
Histological grade
1vs2vs3 1.728 {1.128-2.647) 0.6120 1.071 (0.624-1.839) 0.8040
Nodal status
Positive vs Negative . 1.444 (0.836-2.493) 0.1870 1.053 {0.554-2.001) 0.8760
Estrogen Receptor _
Rich vs Poor 0.839 (0.512-1.376) 0.4860 0.982 (0.547-1.764) 0.9530
Progesterone Receptor
Rich vs Poor 0.485 (0.291-0.806) 0.0050 0.751 {0.408-1.381) 0.3570
Genomic Grade
High vs Low 3.119(1.861-5.228) <{.000001 2.147 {1.042-4.422) 0.0380

* only patients with complete information in all wvariables were

included in the multivariate analysis

9 Based on Cox regression, stratified according to the datasets
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Uni variate and Multivariate anal ysis of breast cancer
rognostic rker.s 7* Lvar . at . : :

Rnal ysi sI\/UIitT?v}gri(glta(ecj}F,&)n%lf)si gglﬁazé{fd Cf?ea‘fjico ﬁﬂglrl hois a

computeoidge fyehes)cd@9CI)ng (:95%C1) v20>8081.055
0 6-2.004) 0. 86 .906 (0.416-1._975) 0.804 i ze
o p b odths Y B Te290n  Juass "eon ol o by 9%

(1. 235p3855pn0£0068 Humbol oghcdd HAHE on a Lets ¢S
3 2.102 (1.461-3.024) 0.00006 1.446 (0.963-2.171)
0. 0758 BSt PohEn3Rel8PELr ¢ JSNEP cPelRC PO Prod e genes

(0. 6% 1a80¢) 30d8§Zgﬂta@é§ £9. W'%@a&cﬁ@e@les in

grade 3 tumors’ and,

b) a processor module configured to calculate gene-
expression grade index (GGI) or relapse score(RS)
based on the gene expression and to generéte a risk
assessment for the tumor sample.

2. The kit or device according to the claim 1,
wherein the genes are proliferation-related genes.

3. The kit or device according to the ciaim 2,
wherein the gene set comprises 5 proliferation-related
genes.

4. The kit or device according to any of the
preceding claims 1 to 3 wherein the genés are selected from
group consisting of UBE2C, KPNA2, TPX2, FOXM1, STKé6, CCNAZ,
BIRC5, MYBLZ. ,

5. The kit or device accerding to.any of the
preceding claims 1 to 4 which further comprises at least 4
genes selected from the genes in table 3 designated as “up
regulated genes in grade 1 tumocrs”.

6. The kit or device according to any of the
preceding claims wherein the gene sequences are bounded to

a solid support surface as an array.



Progest erone Receptor Rich vs Poor 0.536
(0.381-0.754) 0.00034 0.755 (0.430-1.328) 0.3300

Genom ¢ G ade H gh vs Low 2.610 (1.833-3.717)

0. 0000001 2.302 (1.241-4.271) 0.0081 * Only patients
with conplete information in all variables were

included in the nultivariate anal ysis (N=208) Based

on Cox regression, stratified according to the
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(0.836-2. 493) 0.1870 1.053 (O.554-2.001) 0.8760

cangggro@%ﬁc;&ggﬁncﬁelanoma, or brain cancer.

8. The kit or device according to any of the

¢laims 1 to 7, wherein the tumor sample is a breast tumor

sample.
9. A method comprising the step of :
a) measuring gene expression in a tumor sample,
k) calculating gene-expression grade index {(GGI) of
the tumor sample by using the formula :
PRIEDI)
JeG JEG
wherein:

¥ 1s the gene expression level of mRNA,

Gl and Gy are sets of genes up-regulated in HGl and HG3,

respectively, and

J refers to a probe or probe set, wherein the gene set

comprises or corresponds the gene set comprising at least 4 genes

selected from the genes of table 3 designated as “up regulated genes in grade 3 tumors”..
10. The method according to the claim 9,

wherein the tumor sample is from tissue afflicted by =z

cancer selected from a greoup consisting of breast cancer,

colon cancer, lung cancer, prostate cancer, hepaﬁocellular

cancer, gastric
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1. A diagnostic kit or device which is a conputerized
system conprising : a) a bio assay nodul e configured
for detecting gene expression for a tunor sanple
based on a gene set conprising at |east 4 genes
sel ected fromthe genes of table 3 designated as "up
regul ated genes in grade 3 tunors" and, b) a
processor nodul e configured to calcul ate
gene-expression grade index (G3) or rel apse
score(RS) based on the gene expression and to
generate a risk assessnent for the tunor sanple.
2. The kit or device according to the claiml1,
wherein the genes are proliferation-rel ated genes.
3. The kit or device according to the claim 2,
wherein the gene set conprises 5
proliferation-rel ated genes. 4. The
kit or device according to any of the preceding



