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WD 2006/ 119593 PCT/ BE2006/ 000051 GENE- BASED
ALGORI THM C CANCER PROGNCSI S 5 Field of the Invention
wOQOBL195PBe present invention is related to neRCTMERNGMO00S1
and tools for inproving cancer prognosis. Background
of the Invention [0002] Mcroarray profiling, or the
assessnent of 10 the nRNA expression |evels of
hundreds and t housands of genes, has shown t hat
cancer can be divided into distinct nolecular
subgroups by the expression |evels of certain genes.
These subgroups seemto have distinct clinica
out cones and al so nay respond differently to different
15 therapeutic agents used in cancer treatnent. But
the current understandi ng of the underlying biol ogy
does not permt "individualization" of a particul ar
cancer patients' care. As a result for breast cancer,
for exan#ENE nBAYED WhEORI THMIC LANCER cPRAGNOSHS C
treatnments such as 20 chenot herapy or endocrine
therapy in an attenpt to reduce her risk of the
rPLERSSF CANESF S ECU LA Ng after initial diagnosis.
—1#§;n11nﬁn1ﬁwr—§§}1rs stemic treatnment only benefits
[@00dilnority offTheoneredentM |dnveeltapse, henceel&xpdsi g new
n to unpecessary and potentially toxic 25
m‘?ﬂ%%% %nb@??%v%%l@fbﬁﬂ’e%m%%mg
n1croarray technology show potential in allow ng us
Bi&kdasidd td echd ath@seeidt eat ment of breast cancer
atrents (Park et al, New England Journal of Medicine
[892127( 2004) MiEPaderay | pepfiding, , Newtdwyl asgessment of

u 9(200 30 et
t %n@gghsgéﬁ%%%gigﬁoéé%?& heég éﬁﬁ%ﬁ?@gtoo g ﬁ%§mﬁ@qﬁ5 of
gé.’cﬁ)élﬁ,/ 119593hBGEH/ BEA064 HO0D51ca1R Ben”dlﬁ.ﬁllal%@deﬁlto distinct
rovenment over currently used clinical. nethods.

mcr 2l SPBPEGHERl G¥ aditlfy SFPHPRasPrcartiNetaethagertain
g beep Jeecognised 4o eve%w d@os” BRE C@fét%w' C& inical

5 prognostic infdrmation (1). However, despit
Om@@nmﬂﬁndaﬁloﬁéSby nhe Gnkﬂeg@.oﬁlAﬁememaﬁy- to different
tlrIf’eazt.ahol |sts fo& use of tunor a,C a.

prognostic f ? i "t HrRastt cance reatmen But the

current understanding of the underlying biology does not
permit “individualization” of a particular cancer patients’
care. As a result for breast cancer, for example, many
women today are given gystemic treatments such as
chemotherapy or endocrine therapy in an attempt to reduce
her risk of the breast‘ cancer recurring after initial
diagnosis. Unfortunately, this systemic treatment only
benefits a minority of women who will relapse, hence
exposing many women to unnecessary and potentially toxic
treatment. New prognostic tools developed using microarray
technology show potential in allowing us to facilitate
tailored treatment of breast cancer patients (Paik et al,
New England Journal of Medicine 351:27(2004); Van de Vijve£
et al, New England Journal of Medicine 347:199(2002); Wang
et al, Lancet 365: 671 (2005)). These genomic tools may be
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cancer, the |l atest Breast Task Force serving the
American Joint Commttee on Cancer (AJCC) did not
WO p@buts93t in its 10 staging criteria, citingPCT/BE2006/000051
i nsur nount abl e i nconsi stencies between institutions
and | ack of data (3) . This may be in part related to
i nter-observer variability @d the various grading
approaches used, resulting in poor reproducibility
a acueds hesded utimmsovasent t lhereadventrehtiyandaedi zetinical
qfthods such as those devel oped by Elston and Ellis
m%ﬁh? S-concordance between institutions has been
[dogyloved. Nevetrbhebges WhddsshqgElekddowditsklomhd has
3 (high risk) are clearly associated with different
lgsrpgrienes, remerrisedasspfi @goysdent erieedifdteayy adelinical
ent. a diffi in_20 clinical degision _nmaking .
pégéﬁé$%%?nentl g%%héglt eir §S>Vivale%?%?Y?£'is no?leSplte
retidrinesretit ffaramityhatheofcdNeedeotcd Arfariregt aetologists (2)
popul ati gn and their proportion is large (40% 50% .
L9 PP &dcUrdiYF gPaarRg & st eSO tlA o EBPT bt epreast

cHQANOSth£al & PBsANG iROvRLL S ek SELL O eQ(/‘ii\A@;”%ef Ofmerican
further 25 breast cancer treatment. [0004] "The
JomgjorGagnidft 4w eznrst Ceameer $AdC@gndsédnotodaylarde it in its
S§orq9ne({%_E§@§ivehfﬁgﬁoxifen isc§h qﬁft conmon .
T b (T OET Rjentc ir ke | BEPTEHRF TS het A uvhREeRCies
bdtwadmensiofcdtieses pahdentsk Y&t dygrd o(#0% ehikhess I in
patients will rel apse when given tanpxifen in this

P trepteda tpr eBent -CREBTYTt HBrpabitity mexlitie ofarious
&1 ' ing.t f .
gﬁﬁgﬁt%ﬁg&ﬁchéé ials ?V%Hé&wﬂgwglﬁn;bt%%zo r B LIRLEPE: 14ty

Instead of,~or inc I 'on or- sequence
aagwade t amed flerciong he Wadhuvahe setivieng, tdfer estanedardized

ny. opti ans avail abl e for._ pos 2006/ 11959 ,
008 0BR0S S GPLIRSt RendnSih RBndAdis (1),
coRshonsioe breagbefanceist i i 1d8L NOLRs | t pbsnUNCl 8 oved.

which treatment option is the best especially given
Nevritthededsongvhiersh hetpdh Eostiowfrigtlonandsé (high risk)

j_nhi bi us : own., . The.abil i t identify_ a

22 oS eae L o S DT el o SidR 5 Ve T Pahg R Pan © Broze

cledifiad a6 iideestideding padteit splresenionn WamPidary in
is praobably not the best option. These patients could

chifeifade GRETFICAI 1T EARget £0Tf oF TEPEBERAL | \RECaUse  thedr

survival profile is not different from that of the total
(non-graded) population and their proportion ig large (40%-
50%) . A more accurate grading system would allow for better
prognostication and improved selection of women for further
breast cancer treatment.

[0004] The majority of breast cancers diagnosed
today are hormone responsive. Tamoxifen is the most common
anti-estrogen agent prescribed today in the adjuvant
treatment of these patients. Yet up to 40% of these
patients will relapse when given tamoxifen in this setting.
At present, due to the positive results of several large
trials evaluating the use of aromatase inhibitors instead
of,- or in combination or sequence with tamoxifen in the

adjuvant setting, there are many options available for post
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treatnment strategies. 10 [0005] Particularly relating

to the issue of predicting relapse for wonen treated
wowrak/1adpuvant tanoxi fen, two publications haRET/BEBN06/000051

reported claimng gene sets that can predict clinica

outcone (Ma et al, Cancer Cell 5:607(2004), Jansen et

al. Journal of Cinical 15 Ghcol ogy 23: 732(2005).

These studies involved small nunbers of patients and
mW%aﬂe mmneﬁhowéughllgowm@atr@dspt@saefe wbdebgtuseancer.

0 Accprdin e e for et hads

PR Pnat AR I S RSB A £he
bégmcesbebpa129 eieenogilsdts thel Qorddetdxrtir aabment costs of

deC|S|ons for the individual cancer patient. In

ATRAFAG ISR ar INBLAEERN exl€8s PEF  MOKHOWE andhgystamslity to
idigected o %&?ﬁTa@nm hPALLER! Sor A:BPafle! Mhen given

|nvent|on [ he present I nvention ai to provid
tarevki 280 metdolds sl t oot s Fdent nfyovi ngoaahests for whom

o nosi s. t hat not present. the dr mbacks of the
e R o1 8 PR ok B TR Wpt 28 Siapr o THiRs Batients
cé&w&nt t88n[ 00R8] e erhadi nent L gfgtheqai N | OM ternative

provides a 30 nethod, conprising the steps of (a)
t#ﬁ%ﬁﬂﬁﬁ?mﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁe33|on in a tunor sanple subnitted

anal ysi ma I ec
| 1060 P BES008 B000E T S0 o e abity o hRERT  OF
px&dimﬁﬂn@[(bkeaabealan&ng themgﬁne‘EM@iE@SIOﬂm@ﬁﬁdeadjuvant

i ndex_ ( enom c rade) (G3.) of the tunor samp
t?@ﬁ%&;?%e gﬁ%hu?ﬁbl Cﬁﬁé%é?n:g? g€ﬁ30§§6@e§%1%hmln9

gdivelseel NN @énanﬁrﬁlc@r%lsﬁh%aqf 960E8me (Ma et al,
up-regul ated in histological grade 1 (HGL) and

C&m%@ml@@lbaﬁ @9&6%0@4XFEQ?HS&Espécﬁﬂverunnﬁijof Clinical

b
i S L IR -

osebaanedtfsr @mdt h%rgfeouaréOﬁ@tStﬂk[tgrcﬂigka}eaﬁhligaﬂéar to be
colon cancer, lung cancer, prostate cancer,
WHERE gt F e - gastric cancer, pancreatic

[GFOEES Accordingly need exists for methods and
systems that can accurately assess prognosis and hence help
oncologists tailor thelr treatment decisions for the
individual cancer patient. In particular, a need exists for

methods and systems directed to breast cancer patients.

Aims of the Invention

[0007] The present invention aims to provide new
methods and tools for improving cancer prognosis that do
not present the drawbacks of the methods of the state of
the art.

Summary of the Invention

[0008] One embodiment of the dinvention provides 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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cervical cancer, ovarian cancer, liver cancer, bl adder
cancer, cancer of the urinary tract, thyroid cancer,
WO ewal1195%83 cancer, carci noma, nel anona, or brai PCT/BRZ®E6/000051
Preferably, the tunor sanple is a histological grade
H& breast tunor sanple. [0010] This enbodi nent may
further conprise designating the tunor sanple as | ow
risk (GGl) or high risk 20 (G&) based on the gene
pe«mmlxora gmarden | pelekeltd3 ). This enbodi nent nmay
rt r_conpris roviding a breast cancer_ .treatnent
(Bgrmit P A pohE S ot Se St Fhahe Pot: [PEkIgRomic
gha@@) (&sk) d@@l@m@tt@rﬂo@fsm@l@r@@ﬁ t ¢ £ SARRL 8-
submtted to the anal ysis. 25 [001 The gene

expressi on grade inde Iude cutof f and
scal e val ues chosen s GEd  of the HGL
cases i s about -1 and. nean of the HG cases

i s about +1. The cuto% :%alue is'required for

wH@iéPﬁatkOQSOftHeh%éjr?éae é‘éé‘f&n%@%? Ufern%iﬁA G: and G,

[atfornms 30 applying d ferent scal es:
aﬁ@O@k&&QSQB RﬁﬁkBEZ@@ﬁh@@@Q@ieds L& o2 haéi&ﬂ@gl¢aNXgrade 1

Hohpr rof BiSCEISEU GO SbI QRPA  FEL g 1704 3

rdBdte @od&spﬁ@@ée@ra@r - sé’@gl«” ated in grade 1

tunors". Preferably, the GL gene set 5 conprises at

[9QO&L 4 of tHdxe GHHs, SalfRl FHJRY e UEEOT hel senei pEflicted

e ge
o ehe U T oo et e et YR T PRl P W reast
cammnwatedoﬂnngraﬁmdkﬂLnnﬂané Preheeabl y,prtdwe: £83= geagncer,
ses at | east 4 those genes, and nmay i ncl ude

set CO
heie oGOl BT o COBEET, OGFHL 1T aRGLRER” adPelet St Lhetancer,

céAYEM 1 Olhaddleyr, MRIhOG ALCOEARG 101t ke NVEALLYN bladder
conprises the steps of (a) measuring gene expression

CRPCRIC § uﬂmcgranplfeth@b)ar@@la@m diavf a Welupst cgorer, renal
cér'?é%rf Of agfclqzﬁnto%g? e‘i'g) oma,lsonlr'lsbn 1}1hecafnt_)crerrlyl aPrg/kerably,

the tumor sample is a histological grade HG2 breast tumor
sample. ‘

[0010] This embodiment may further comprise
designating the tumor sample as low risk (GG1l) or high risk
(GG3) based on the gene expression grade index (GGI). This
embodiment may further comprise providing a breasﬂ cancer
treatment regimen for a patient consistent with the low
risk or high risk designation of the breast tumor sample
submitted to the analysis.

[0011] The gene expression grade index GGI may
include cutoff and scale values chosen so that the mean GGI
of the HGl cases is about -1 and the mean GGI of the HG3
cases 1is about +1. The cutoff wvalue is required for
calibration of the data obtained from different platforms

applying different scales:
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/eGjeF t2) wherein: Gis a gene set that is
associ ated with distant recurrence of cancer, Pi is

WO b@ofaishbe or probe set, i identifies the sperCT/BE2006/000051
cluster or group of genes, w is 20 the weight of the
cluster i, j is the specific probe set value, xi7 is
the intensity of the probe s&t j in cluster i, and ni
is the nunber of probe sets in cluster i. [0014] Thi s
enbodine fu rlse e ste
cIaSS|fy hé‘é&aﬁﬁ?L & éﬁfgﬁ%ﬂﬁg‘{klapse
25 score as low risk or h rls or cancer rel apse.

The cutoff for distingui Shl ng | ow fisk from hi gh risk
[ABg2be a reI']Hr[EeG§C@fefhe( REEtO0fmd ¥ Olomp@9 sle0 4400 Y@ one
rel agsT score % of from-10 to +10. The rel apse

IREG BE ?%‘F%‘E)séram he gedgendm Takle t:hrrilmimawd as “Up-

r L e b d
t@%aﬁat&@eﬂﬁtgﬁf%@y .1 epgdastiLne %9 E%%%% ) '1 olgane set

erapy or any other treatnent
cPary BER908L00665E 6 vsedHoget r@wsoanékhr{adyedlm@@a@ the

Pref er the relapse is after treatnent with
é%%?(l Fen: ?% 8157 THESt ﬁﬁgr e mSICE TP Eh & I r PR £ see gene

safébtededrday Bheangereseliect edpfieom t g oy ed as “Up-
consi sting of breast 5 cancer, colon cancer ung

r%%‘ﬁ%"é‘i‘edp%%s%’é@@ecénéé’imomeﬂat Mﬁ&n@l}c,antclee Gz gene set
t1iL, cance ncf eqh G Lag eryical canc

C%@%rianscancef}?agﬁveé éaca{{ncer %Paﬁder %aﬁf&aé/f, l@&ﬁrb@re the

eofitdesafri nary tract, thyroi d cancer, renal cancer,

[%’{ i nong, | anomm,, .or brain cancer. Preferably, 10
et unor sgﬁﬁli eair?tﬁlecﬁea?sﬁpei%ro%ar?ﬁ]‘ee jo0aBtiqne the

m@PEo@NhcSotd AG MR 18I HBhFRY ohe - ﬁ%fﬂ%eesd Pﬁge%toeps of

the tunor sanple's cancer relapse ris st at us.
(%&dﬁ%ﬂ%lqlfﬂg |9‘ertaw@}mamon SLI'EIQSSHIﬁQIedS&H@lé oW ri sk,

tye 0 atlent se ally with 15
( Lng%(i en anoé s%q%en S dr0Het a in Pbi ¥B1es Uy | sample
u@ing (e iforihd zpat i ent | s classified as high risk,

treating the high risk patient with an alternative

endocrine treatnent other t han%t anoxi fen. For a
patient classified as g k& the patient's
treatment regi men may adij kﬁs.t 20 to chenot her apy
treatment or specific AFeculsdt I§ targeted

wherein: G is a gene set that is associated with distant
recurrence of cancer, P; is the probe or probe set, 1
identifies the specific cluster or group of genes, w; is
the weight of the cluster i, j is the specific probe set
value, xj; is the intensity of the probe set j in cluster
i, and njy is the number of probe sets in cluster i.

[0014] This embodiment may further comprises the step of
classifying the said tumor sample based on the relapse
score as low risk or high risk for cancer relapse. The
cutoff for disi:inguishing low risk from high risk may be a
relapse score (RS) of from -100 to +100 or a relapse score
(RS) of from -10 to +10. The relapse may be relapse after
treatment with. tamoxifen or other chemotherapy, endocrine

therapy, antibody therapy or any other treatment method



10

15

20

25

30

anti-cancer therapies. [0017] The gene set may be

generated froman estrogen receptor (or another
woragokar9sspeci fic of the cancer tissue sanpl e) PEDBE2G0§/@00051

popul ati on. The gene set may be 25 generated by a

vari ety of nethods and the conponent genes nmay vary

dependi ng on the patient population and the specific

di sorder. [0018] Anot her enbodi nent of the invention
upedvidestha pemsorer fzedlegdstiem bhediaghosPirefeewidey, the

Ki 0 1,S1 Ng. a_bi dul e,
=BPBPEr a2 5B oMy Rorf T Wir s0 i Eatt oct | ng’ gene

[eXPEESSi on f ahed dunty sSaffle mdasesd from geseusedfflicted
and (b) a processor_npdul e configured to calculate
bGe GtarRSYofSeHRC ko TORNPINE HIs@WP ofCnféstdage o breast

ssi d r at ri ess th
5000 115883 FCTPERI006 BB05T "0 bl eadt A | aneeT,
hspapbecl Mibi cassay, norhs teriraycancéude atncdesdsitc onencer,
ene chip (mcroarray), conprising the gene set. The
CYERECIet ci‘Fg'sFeirncl l?&r@%)zitar} e &S Grte ggﬁé’grpr gPBrgbry Rtadder
cheast, 498868, osetret g ifzer the @enam b ikablended, renal
desighated as "Up-regulated in grade 1 tunors” or may

cénefudeceheinamiy e medancone gehebrayni enwhr at Predsrably,
enes se ted, f i e 3 designated

tfz}\lg glﬂ]ﬁ(?rr%agr!ﬁe'g? ed” i%}qg%éa%% %g{lllﬁ(?rror sa'r;l—lgfr)é may i ncl ude

[bbeéENntire sdathe BpaeleDeseri ptvedtreint her&yamengs s be

[0019] Fi %ure 1 is representi ngmglea; maps show ng t he _
ARALERFR BFSGEnSTexpres&BRT nf % r%i APRGSEparetarge risk
sBRdust heoyalddatihien sefs (Ranghe b)arIBgrhal 2O @i fied as

axis corresponds to the tunors sorted first by HG and
lowemiby, GBeasdnphdlzsecbedakystr Peddieot. SHmuemiiathy with
taxi s. 15 cor igﬁsgonds Lo tlhe ]<:gene%_ﬁsTherl bivtalrues (%fI )

BURH" t Uho "dhd” “HhE" r&Papsa™ T e 8ur Vit are® S)e OF

(bndi ciat eghdingdgt neat h.isTWol a9 DERSI Ohs gBnesh afesi pubdeating
those that are highly expressed in grade 1 (16 probe
thet shifhghright e@atAeRéd) YHidt  Feciprerardyivehosedocrine

oc i i i i S e T A S
ge of “values

high HGEkanthélBatardtt boserastitertti gted@Blert emmly t 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
tissue 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.

[o0018] Another embodiment of the invention provides
a computerized system or diagnostic device (or kit),
comprising: (a) a bioassay module, preferably a biocarray,
configured for detecting gene expression for a tumor sample
based on a gene set; and (b) a processor module 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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rel apse earlier (red dots). [0020] Figure 2 shows

Kapl an- Mei er RFS analysis based on the HG (panel a)
wWar@ot s95G (panel b) for data 25 pool ed fronmP€TBE2006/000051

val i dation datasets 2-5 (table 11) . HGL, H& and HG3

can be split further into | ow and high risk subsets

by GG indicating that GGid an inprovenent over HG

(panel c, d and e respectively). ER status identifies
brsems, twwr nerwglle. ofhe heipasisem snofehepogy include at

[ £).,.30 1] .\Fi 3
IR S pEnElel) o0 LU0 OSSP e e ser

THeh ey -4&% (Raychagsiubiecattl dreastNPbrn&Ggenpr opesfelrably at
prognostic discrimnpation in both |ow (panel c) an
legisgh (Gpars@n]y. riskloPrequnse?d, Bhe ngEngFcelpp Table 3
093 sPCIHBE 951, 8 &2 (Papghsrg~ ang
de%%;@(aﬁ%% S%rsl [ eégfgggéi%g%asén vvagxs&%[ excl uded ijﬁom this mey
iranaldesi shdeeatseecofsatncofipbetgenteunnay dingdude at least 4

i nformation. [0022] _Figure 4 sh a Forest. plaot for_
TS L SR i[%fm&rh nest iléhf&!iﬁ%lpﬁi SHiTEEEhRp U
ré%?ﬁaﬁgﬁnﬂduﬁraggﬂ%iSﬁﬁWEréuﬁﬂﬂ‘ﬁ&ﬁ'iﬂﬂﬂddﬁ*ﬁﬂe(BﬂﬁﬁﬂﬁESet.

zard ratios were estimated with Cox proportional

hazard regressions, _horizontal lines are 95%
Brsicnif RRSEA NIy ofl $heDuawEngszard ratio. P val ues

[ f] det ermi @@%aﬂ% tlh%.é Q% I%'E%nt]i%gt %Qéatn[a%)sz?%howing the

I'gure 5 shows “di stant netastasis free surviva

p{DMRS) ahabyaks dxasedsiort hien 70hgensrakpessipanel a) and
si gnat ur | eft row, panels.a, .c, and and _an .

the | gﬁ?yl‘?% ,O%anéle\gsb, 245 £)P¥ or Eg%a ﬁpgrﬁztar%a\}an axis

cdierMgMiels eto 1bhal runlddaddprest gdysta)yangs binar @hen by

all patients, c) and d) are node-negative, and e) and
G3) ame ndde poseePw@arpat icEAteriggt-e tHae tyertical axis

node- neqgat i.ve .subset_jncluyde ' ive
-JERESRO0 2 LM e POLLENS dES.4 dRfC ano
tlgenelgpgeaderapplsvetrivaQ tarpr edidiusdyed epodeedeath. Two

nmol ecul ar subtypes. [0025] Figure 7 represents Kapl an
oY Shr9eved aﬁﬁrﬁ@gnﬁértgf’gﬁaﬁ@%t Z’&igshsjﬁfe pressed
iﬁurégéﬁg for @d (OhigR “ershOoWhighlighted in red) and,

reciprocally, those highly expressed in grade 3 (112 probe

getg). The GGI values for HG2 tumors cover the range of
values for HG1 and HG3, and those with high GGI tend to
relapse earlier (red dots).

[0020] Figure 2 shows Kaplan-Meier RFS analysis
based on the HG (panel a) and the GG (panel b) for data
pooled from the validation datasets 2-5 (table 11). HGI,
HG2 and HG3 can be split further into low and high risk
subsets by GG, indicating that GG is an improvement over HG
(panel ¢, d and e respectively). ER status identifies some,
but not all, of the patients with poor prognosis (panel f).
[0021] Figure 3 shows Kaplan-Meier RFS analysis
based on the NPI (a) and the NPI-GG (b) classification.
NPI-GG improves the prognostic discrimination in both low

(panel c¢) and high (panel d) risk NPI subsets, but not vice
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Det ai | ed Description of the Invention 25 Definitions
[ 0026] Most terns scientific, nedical and technica

WO 00 18pE conmonl y underst ood to one skill ed PET/BRE®06/000051
art. [0027] The term"microarray"” refers to an
ordered arrangenent of hybridizable array el enents,
preferably 30 pol ynucl eoti d® probes, on a substrate
(an insoluble solid support). [0028] The terns

veémid f épenclal lgy exor e§sed Thygen8drliedid emdnt | dhtgene was

o BRER. BLgSUhALHeATE Bec 1 0 S008I0 o

st arRIeWIRsE expression is activated to a higher
or lower level in a subject suffering froma disease,
[092di fi cal | yFéamesr, 4suBhoug  Br edeteehncRtOtr et i irzard
r%%ld% Sg&EP S']}QQt?Q asney 'Iq_lt Ofn’éoC@@tlr Oénéueb.%‘?t ‘showing
& %erfe al so §nclude genes whose expression is

candiatatred tesalhieghen diflfement| edatas¢tsdi f Hezendl ratios

stages,  of the same disease. It is also. understood .
Wat S5C4PRF &Rttt | O Sredud GBI nB§ =B Jei THETSSSTons
n@ctinatad arddihi Bied o8k t BenpugbREE achtelo¥elk Ofor the

protein 10 level, or may be subject to alternative
hagaidi ngtio.r Buveluas avwelre f gledsrngalaghebyi ddhe log rank
tgrt_pduct. Such differences may be evidenced by a

change in nRNA | evels, surface expression, secretion
[@e230t her par tHilguar ngsof shopel ypepttiae; foetastaspke. free

Differential gene expressjon may include a 15 .
St séﬁMgﬁge?ﬁl‘a@syggﬂo% ]B%??\geﬁnp wWolor "RofETergdP s ston
sf%%fur@ef‘f'ef’f ogduGt SpaRle18 GOMRArd,$@ne9f shhe Jratd®@s ofight
the expression between two or nore genes or their
rgenepapeieiuet s¢ endedenfarcdapar ifgom d¢fhet Wpn de Vijver et

ifferently processed_, pro ts of t sane ne,
a i‘éﬁ#ﬁ‘tfje?ﬁ)bs& h %)or%ﬁgl@o Fubj Bet FAnc Igﬁ%j &t 2d D
aself f gbaagnésemi acdi sease, e)speghdi cally samncenod@fpositive
bet ween various stages of the sane djsease. ,
P F¢rrent iNGtexpreaisi ofg ndIRRRIHHR M VQuaFitPEat i viErcludes

pdfidEld A%aualIdative ol HEIRHeSsidhdfee  empor al

or ul'ar expression pattermin a gene or its 25 ‘
[@exptessi on prragnotes anoegrefentexappenoméorneraaied applied
di seased

to previously reported molecular subtypes.

[0025] Figure 7 represents Kaplan Meyer survival
curves for distant metastasis free survival for GGI (high

va. low).

Detailed Description of the Invention

Definitions

[0026] Most terms scientific, medical and technical
terms are commonly understood to one gkilled in the art.
[0027] The term “microarray” refers to an ordered
arrangement of hybridizable array elemeﬁts, preferably
polynucleotide probes, on a substrate (an insoluble solid
support) .

[0028] The termg “differentially expressed gene”,

vdifferential gene expression” and their synonyms, which
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cells, or anong cells which have undergone different

di sease events or di sease stages. For the purpose of
wao kios/1195avent i on, "differential gene expressi oPCT/BE2006/000051

considered to be present when there is at |east an

about two-fold, 30 preferably at |east about

four-fold, nore preferably & |east about six-fold,

nost preferably at | east about ten- fold difference
altmtum%h Jtrtteem&parm%abhyof rafgrven geserien Whﬂﬁﬁmﬁfxml”r%ﬁsmn

di se sed S bJects n varlo |se
l%e\‘ftg 0 ﬁﬁﬁa C a Hi sea(qsheg subj ec?ﬁé%el%apﬁl >Subject
s@éﬁ&@oﬁkafﬂooél dﬂ@eé@@29]s;@fi€1@eprl@88baﬁmer, such as

profiling: includes all nethods of quantifjcation of
bR a‘ﬁ%ﬁ%ﬁrpr seePh VeV et The §¥BIF6FEdPEal 1 Bafplermal or
cdiE-dee QANOS| fhol SLUSRE NAHELN LAJIRS (fddle Bhose
pre ctlon el i hood of cancer-attri butable

e:d@aéstslcm msogae’ssvahedl nod udi ngigeeur rancdower level at

tatl read and drug, resi stangce,
o[t STal it tEcre B MUt a P stpdstood
ch&E m g pr Qﬁf%keﬁ 1S 1ysedraided 0 geher mh§ t od hesither
l'i kel i hood that a patient will respond either

acf:iavoartaﬂsi yornrfiordntly the aurkrroraskd BV ugs, protein
1ev %é%%hebsxgs% o8l 11038 LG9SR s LA & resuit

survi foIIovmn g surgical” renp
i]hh@ cprﬂﬁmfeynﬁ lpmlryp@ptdi@e p:zl‘mmnmemmhfcbxfﬁeremd:% mmay be
period of tine out ., 15 cancz r_e[currenc%rF
eﬁ%‘é%‘?%ff ¢ R ndt ﬁﬁnﬁél‘—’fﬁ hemBisehte Fnyeﬁﬂ’i ear%XpreSSlon'
s¥aldaphe 100l $ i pr edi¢licngrihga Ba&ti gntpbsypkbkek¥, for

to respond favorably to a treatnent reginmen, such as,
exhepbt herRpyfarentaagi vearendr UEERT R LEPE onBRat | Biglude  a

and/ or radiatign thera Vi OF her e

VAT G ZHO e pRoTeht e o 1 S5 eryohed/ F theix
géﬁémghaidwtsof chenpt hehgpy i@onot bEr theat mBAtios of the
nodalities is likely. [0031] The term "high rlsk"

SHREPSS 1P ﬁ%‘??‘éﬁ?nl stweyxpB&t eHOEE h&FESF didf antheir gene
p8sa0ee, 14k | &% 2%6@%@%@@5& oPrEl&! @bEYekOnt £95ptH8Bssa

years. e term™low risk™ neans
ppatiens o ehpectamtet gemave whickt ahitf frast a@@év@‘etnernermal
s%./lke)jaerag’és and gubjects suffering from a disease, '
specifically cance:ﬁ, or between variousg stages of the same
disease. Differential expresgion includes both
quantitative, as well as qualitative, differences in the
temporal or cellular expression pattern in a gene or its
expression products among, for example, normal and diseased
cells, or among cells which have undergone different
disease events or disease stages. For the purpose of this
invention, “differential gene expression” is considered to
be present when there 1is at least an about two-fold,
preferably at least about four-fold, more preferably at
least about six-fold, most preferably at least about ten-
fold difference between the expression of a given gene in
normal and diseased sgubjects, or in wvarious stages of

disease development in a diseased subject.
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preferably in less than 3 years. [0033] The term
“tunor," as used herein, refers to all neoplastic
wa@edoe/1grsest h and proliferation, whether 30 nmaPCTBENG/000051
or benign, and all pre-cancerous and cancerous cells
and tissues. [0034] The terns "cancer" and "cancerous"
refer to or describe the pRfsiol ogical condition in
manmal s that is typically characterized by
[e@P22bul at ed &&Me gr BWPRESWDORO0EIADEGNG: ~ includes all

| BE2006/ 00005 anpl f e
B e R S
aCRI6EbgigOHafEleancer, hepatocel | ular cancer,

gastric cancer, pancreatic cancer, cervical cancer
Thoar F &N camE@gnqsifer dahcéteed| 28d6rns Eancsprietanter the

%dw@l&ﬁleewehter affkeimégad o%aANCHIoe SRR IRAMSe death

Pearci nona, melanoma, and brain cancer. [0035] Raw
ot G@ir'oqr@eise o@x pr Easslodlggadleewudm@ce,s mehessamnicof sheead,

| g ex reSS|on or | og ratlo) of .all

SRiLgHT IR 3 SLaCGT R | By ST estiion (o Sree r aflsf =
bggasgoc@llée]genes hi gh-in-HGL and can be witten as:

Yrj - 11 J /eG3 Je wherein; x is the gene expression

[peyvel or mRNADS 0E38) G”r%@dc@o%{'rel%éf%e%fhﬁﬁﬁé% to refer
t 5 d ,
£ 4P-{£g9U ﬁlse% odl Gk ang ggté_leﬁgosgg%gekﬁggeﬂg Jeither

reférs to a € or probe
faﬁekuﬂkycutrofdnfmmbmlﬁ val wesdrehosen sot t bdt dthegs, and

S pol ool sses s atat L Ap DS B iy
su§9§lf§[ XoX1 owiGut i JECL reRBvihe st oht igy-{&dry Stumor
O and correspondS to the nean of neans.
and/or chemotherapy for a certain period of time without
cancer recurrence. The predictive methods of the present
invention are valuable tools in predicting if a patient is
likely to respond favorably to a treatment regimen, such
as, chemotherapy with a given drug or drug combination,
and/or radiation therapy, or whether long-term survival of
the patient, following surgery and/or termination of
chemotherapy or other treatment modalities is likely.
[0031] The term “high risk” means the patient is
expected to have a distant relapse in less than 5 years,
preferably in less than 3 years.
[0032] The term “low risk” means the patient is
expected to have a distant relapse after 5 vyears,
preferably in less than 3 years.
[0033] The term “tumor,” as used herein, refers to
all neoplastic cell growth and proliferation, whether
malignant or benign, and all pre-cancerous and cancerous
cells and tissues.
[0034] The terms “cancer” and “cancerous” refer to
or describe the physiological condition in mammals that is

typically characterized by unregulated cell growth.
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G3d ranges in value from-4 to +4. 25 Exanple 1

Mat eri al and Met hods for devel opnent of grade index
W@ a3Bb)1195Pat | ent denographi cs [0038] Si x dat aseP&T/8£2006/000051

primary breast cancer were used, four of which were

publicly available (Table 11) (4, 30 5, 10, 11) . No

patient received adjuvant chénot herapy and WO

2006/ 119593 PCT/ BE2006/ 000051 12 sone had received
Exadjpheantol apex¢éenincéndaemut oHisstedogltaltgdate, (H@east

was based on the_Elston-El]is rading s Each
Rt utiSRaR oERIEE” board Sppr SVAHT  nebhE L F o nenCeT
hdgsgsue IMeilerd atandedpbbastriM caramy gahasetsigsethncer,

in this study ldentifier Institution N Mcroarray
cegyiiicerl ¢ CRBFETenceVaPLabf of A 9P Eat mehfeM. CHMISH ng Rédder

i 4 f tr] LSy pa  IKJ 3

C%%%xi en e%ohér?f R%%%I???%Xﬁg %%F?J)C'ZI.% gloig- até?gl)r(}:egét ¥enal
cafarend ;i nska 16SWAf,f yreBtamionaNo atidl Hrpdpercanc€dl29) UL33A

J Radcliffe 61 Sotiriou et al. John Radcliffe 99 .
O Vos 10 Ren ) CHRE) ok ShnfeeaOnl SAE (Hrdesy 1o
tHDNAYest 1dné STNG) Lphrafaich) (dx Mo’ taleer eF alll genes

Net herlands 97 Agilent No 4 (NKI) Cancer Institute 6g
higgyr ide HE3) versen N6t h&el divgs 2omregfient (W bogaratio) of

R b0 haH BE0G DGA8s 1= 15 (0630 “The. campl o5

fro ford processed at the Jul es Bordet
I nsti utjéjiﬂ' B us?ﬁﬁl s, Belgium and those from
Jeli Jeqy
wherein:

X 1s the gene expression level of mRNA,

[0036] G1 and Gz are sets of genes up-regulated in
HG1 and HG3, respectively, and j refers to a probe or probe
set.

[0037] GGI may include cutoff and scale values
chosen so that the mean GGI of the HGl cases is about -1

and the mean GGI of the HG3 cases is about +1:
GGI = sc Ze[ Zx.-—z:r_—cm‘o ]
G = sca X, ; off
J&Gs JEG
The cutoff in GGI 1ig 0 and corresponds to the mean of

means.

GGI ranges in value from -4 to +4.

BExample 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 chemotherapy and



Sweden at the Genone Institute of Singapore in
Si ngapore. RNA extraction, anplification,
whydweiitisgat i on and scanning 5 were done accor dPEYBEZN06/000051
standard Affynmetrix protocols. Affynetrix UL33A
Genechips (Affynmetrix, Santa Clara, CA). Gene
expression values fromthe &L files were nornalized
using RVA (12). [0040] The default options (wth
strackgrbadd IGavrvett i oaddddeguant itkeordCRal i zatTerment .
re used.. The ut put.\were _in,| rifhm c _ .
EPSORIT T o 2o Ins "l eS8 sEBar SPSI o [aron FlLLs
grddind i kgstbmom e dh ernent itnstibheli cashane babed ofpproved
nmeasurenents. |In subsequent analysis, the expression
thrtesa hdihe desSTiee M r¥at@d as i f they were "bl ocks”
of separate studies. The training set KIJX64 consisted

14 WO, BHQCKS, r££PT HLERONCH Ned D L o-ieh & for ey
—Tnstitutions), and so did the validation set KJ129.

Igflfzﬁlegoon vvas'E]'lS .o;%ﬂnoadeg from%iI%fotarrJ:aS/ gesgorr%l-c eference

www. st anf or d. edu/ br east . cancelattypor cl i firexinedat a. sht m

—+—F00431—1t+¢ .".%ﬁ(ts of §J:T

aTFENPERY cni BoRbefgns. |Gl y

COKIN®) t O 25J'all wer e Uﬁed. TRE3gANe eX[fraessifan

used are from.t,h u LOG RAT2N MEAN j.n the
I&O@S}atdgl%e rtrllpan formati on iogiy pplie
Kiatdtigskiahe (

data fil es.
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5. van’t Veer et al.

(NKI)

Netherlands

Cancer Institute

|97

Agilent

No

6. Van de Vijver et
al.

(NKI2)

Netherlands

Cancer Institute

295
[61
also

in 5)]

Agilent

No

Total

703
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5 [0045] NKI/NKI2 The data set NKI (van't Veer et al.,
2002) and NKI2 (van de Vijver et al., 2002) were
waolosaliomged from Rosetta website www rii. com PATYBER®6000051
rati o was used w thout further transformation. For
NKI 2, flagged expression values were considered
m ssing. Age, tunor size, aldd 10 histol ogical grade
were not available for NKI2. [0046] The field
[0ed%Ber VFI ag'Thien seer g s it @efierd tedile REYessed 2o the

tif t t t Each h
EIEHILERE (R RO A P
SPEQERNOSE Sthas cefontonené O the t BE @ﬁhga@@beraﬁul$§ngé§ore

in van de Vijver et al. (2002) £0047 NCI This
RUAt ggéafEdANSotd R bl Jecfatalon( obpBy 1dWART dBWnlgstegcanning

m P te
Wﬁ%% (}&W'\%ﬁ%%@%r g#cgil:?cont%rrl}??]f II%E%%%EE&%O/%C?LFOCMS'
Afﬂf’memm EESBBA \GHnBs ey e<mfym®mixed5an@a Clara, CA).
Statistical , anal ysi 8 i on was done
CBRPy SR EREIRIXER ”d%a‘%e‘f’l % IelS é%ﬁrreog%ﬂrmallzed
uk ©6§PRIRA gﬁﬁ) -posi tive and e|ther HGl or HG3.

Dat aset KJ129 (43 ER-negative, all node- negative, no

[89€0kni ¢ tredthrent ) dafsulsed @ptikasval ideittiion Jgagkground

aI on vvlth ot previ ousl t e e
fe JI':(Iz‘ilpoasrll |v%u?IﬁFnl)rgs %8?@9%%% £ orq)atﬁ‘g %ai %.g%!é The

ogeput beeaube ERystathusiandcgiade were not

i ndependent, with very_  few ER-ne

at
[O8FRG al | HmT%dnﬂé@a@&ﬁﬁFlgns Ivg%eofsetﬂ?éfaéﬁsly tor

vvould have rge |ns url
?@@oc HEPons 90048t e st ant At di 74 dloIl an G eriE  ©of

m@f shedgest s andn0 ki ddBnasntsedi L0 Eaek ganessdaseddata
on their differential expression Wi th respect to HGL

metrHE8s Whire V\De,‘ét@@@/ BEO593 e BE20D6I WY1’ af separate
ta- anal t| cal_scor i S..Si to. t t
sgﬁgl ﬁétt r SUI EHLP §%t gbkgﬁ coné%%%%? ﬁ% %Rk) ' blocks

r our rarni ng set

<gieggéébsﬁdﬁf1 a%@ytwga@ﬁyﬂe%tnaiﬁ@@léﬁmﬂéﬂp and so did

erent centres. [0050] To control for rrultlple
thestvabgdat hennaxT K51abgorithm of Westfall and Young

[&égéapm Itgdatn%@l)g((taﬁgr‘ on§%$%§c%?§/el\?orb aKOr thtse%l (S(oéfie et
al., 2001) was downloaded from

http://genome-
www.stanford.edu/breast.cancer/mopo.clinical/data.ghtml
[0043] It consists of 85 arrays, with several
different chip desgigns. 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 GGI. 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 analysig involving tumor size, since this information
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di scovery counts (FDC). All 22,283 probe sets were
consi dered. Probe sets having a famly-wi se error rate
w@2006ak93e3 | ower than 0.05 with FDC>2 were i denp¢T/BE2D06/000051
Mappi ng 10 of probes between platfornms was done
t hrough Uni gene (build #180), according to the nethod
in Praz et al. (16). [0051] I#he gene-expression grade
index (Gd) is defined as: "} . T7J ~f - = scale|
wi/s X N tx lava Clalof & j@G@yi@@MlciﬁeghevewaSsgthen, but the

| ogarithm c ,gene _.expressi an neasur e, Gl __an
CarEcthit“Set s é%ﬂgs up-r'égul at-&d |ﬁo %%Ha¥§ﬁg¥orward,
phEEPEGLAVEY ) YWhéE'ﬂecSﬁe ses Scahééened Acrosehdt ald oapBropriate

For conveni ence, the cutoff and the scal e were chosen
fer thatNPIhEowsakesd of the HGL cases was -1 and that

e H&E 2Quea g Thi e
sépgrately f or ‘acﬁ 3 takggﬁ$€%ﬁf[08§2¥H%EQ?SVQQP et al..
2002} | aghanx Pz ogvast de Vnmear(éﬁﬂalmaszo@m]cméaéedownloaded
according to Todd et al. (17): NPI=.0.2 x size % Q;
EF R ROFEEERs RS- 48 I8 oF byi EQ1- ﬂ-"él rEfe. TR6683]V s used
wh@HSﬁtCéﬁf@gefp%fgﬁéf@ﬁmg€ibﬂedFoﬁhﬁK§2Fﬂﬂa d expression
replaced by GG Cases with NPI 3.4 to be high risk in
vhothsNPieaad Nmsseizemde woasider edAISur vivaprdagaze, and
S usin I 0 hazard
o SER LU Shhe, BoRE R, B bEle Bt vl e oo
[sbaagi fl ed byridefidatia * cowecerFlAgSUNDt i ohef releinical data

conpari sons were done using the stratified Iogirank
tRBLE. WRBS2056701 19895 tFeFABE 066 080639Ct 16 tRedt " PragEoups -

%995%& Y NASUalkis Zaa;wz@nth&@%ms@bue&flsagchalhge ‘good' Vs
ea ps for each probe were neancentered acroSs

pabrénp&ognmblgenespe@a$|doseaﬁpng1@3ﬁéﬁda@dlqamabnresults

der 5.t the informati bout th
forabl U5 LI URAT StrBhotACOBP al | probes. The color

[boagiwer e calndr atedssdefabbat from Sotiriou et al. (2003)
wag downloaded from the PNAS web site
http://www.pnas.org/cgi/content/full/1732912100/DC1. The

expression values were not modified.

Statistical analysis

[0048] Gene selection was done only on the KJX64
dataset, which are all estrogen receptor (ER)-positive and
either HGl or HG3. Dataset KJ129 (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 training set,
because ER-status 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.

[0049] The standardized mean difference of Hedges
and Olkin (13), was used to rank genes baséd. on their

differential expression with respect to HGl or HG3. This
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saturated red and green were reached at the val ues

three tines the standard deviation of the expression
wo ad0ges9583 the entire matri x. Note that the sePEl/BH2086D00051

val ues were not 10 affected by genespecific

centering. Survival Analysis [0055] The survival

package for R was used by Téfry Therneau and a custom

program for the KaplanMeier plots, which was checked
magat 32 lyhecalt pooref 131essmNWalto 1Bhpadkagetiigrieic, but
b%g%rECtneéggpprggg O€§ 1n groar%fghpégﬁéféygd of array
démt@riéjﬂw\&\tﬂhgaﬂﬁdml’&b@l@lﬂﬁéreldtesﬁémtbﬁasl n Praz et

(2004) was used. Probe identifies were first

AepPld into ZEP sEEEROE abeBssToR HRimer-editgenethe maxT
%gé‘fighﬁl@@f WRLELERED 4 %ae%@ngar{ e CRIERSRONIEREEN s ion

tween platfornms. For Affymettix chi'ps, probesets

pwhpeded oby aknrol iegosIt. hdtl Swer evasarapmguicass| 5o nepedt ¢ ofalse
pore than one n| ge d. 25.Results
AP FPETENRL i 5P eq‘xprg‘:gggéd g bgg\'/\gg hPGR 5nd 3w  were
cOhadgersabsetspk00Rils 242 RPhe gahS1Gowiespendisly t&e p-
183 uni que enes with FDC>2 at fam|ly-w se error rate

vplval bevwer GIgs8l 030 cwitlespBRdRny s aldow Faied Mapping
0
o8) BEQHE VA8L 8881 L 90 s 002, WGy S SaldBiL e ouin

#P€0) BE2666180AQ5t0 dHe Sreebsh@@hlgeneséz based. on1a) nore

t t t f.0.05 .
(GRERT T el 1 Bk o TS GAAH (v iChock Pl 1S

aSeMHpA genes wi th signatures publlshed by ot hers,
where we used the 183- gene list. [0058] Figure |la

ZQS?@S;WGEaH@@%E ;Ia{/vl KW%LQG%?%. ] Many

genes up-regul ated in HC}'& e mesily associated with
cell cycle progression and pr oliferation (Table 3) The
whane gene séleectoquyidllgard tdemd cexondsasdén HEBasuner snd G;

agﬂggﬁégrgTﬁgg Conb'QEnSeﬁgg %Bdregulagggr Hé§aand HGL,

respectively. These sets differed across platforms. For

convenience, the cutoff and the scale were chosen so that
the mean GGI of the HGL cases was -1 and that of the HG3
cases was +1. This rescaling was done separately for each
data source.

[0052] The Nottingham Prognostic Index (NPI) was
calculated according to Todd et al. (17):

NPI= 0.2 x size [cm] + lymph 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. Survival 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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yielded no differentially expressed genes. Thus, the

H& popul ation as a whol e has no peculiar
web@sactses i stics of its own that are i ndependeeit/BE20O&D00051

the HGL and HG3 distinction. 15 [0059] The list of

128 probe sets was then applied to untreated breast

cancer patients (dataset KJ189) . As shown in Fig.

| b, visual inspection revealed an expression pattern
Héar nd@k and HG3 simlar to that which was observed on

" the training set (Fig.la), The GER of a 2
L @%ﬂlation Iggﬁéd P?%ghééﬁFi?ﬂfgf%?egﬁéggk%gan%eéragg the
hatRdseSiorF abhen bhabel Reeenediadice nbetrweenddtesd Woat Jents.

make = this observation nore objective, the G3 (which
NesgrrmgRadific syrmbing esstandandiateits Wae t¢neepipforder

the rep I [ y aghng N '
4 Dfud g PLAL 2o SRS Y SHREOGLI0 Gl RSSO renae
of naFlg.prbbdde Goe dictad bubvhenweafe HER1 Covered tlieh that

range of the G3d_val ues of HGL an . nfirmn
R s SRR SPERC AVSF i AR Dlorviat O ViR indEree
t%é hent hige, RV o4l Yo PUbh i sheddat agl-8sslBPiiBues of
differences in the clinical populations and nicroarray
tBO @latformtisee FogariesaBahd, sembed)CHD vab6Ed 19808 not
PCT/ BE2006/ 000051 18 Hi stol ogi cal grade,
aljepec@xpr cSRNBRPGFAGE ey Sahd - prognosi s [0060] These
findings lead to showing that internediate
D51 9L PO ygigde can be replaced by low and 5 high
—grade;gaéggioﬂ—gene expressi on. Gene-expressi on grade
[0XF] based orlidhes @@ igzbreavkhsgdefphe®. vwRat iwsrs Wer Eerry
classified as GGL (low grade) if their val.ue was
THettive®Br 45 BES“PHi git ora )g%ﬁ hEFSi gegfp%\?o‘%@e%ﬁ%atplotsf
whhen GHs scue1eid zeds Gy espendsututtheofi dpaent survival
bet ween the 10 average GE val ues of HGL and HG (see
reekhaelsior Thesreeghneed- mi ght not be clinically optina
and could be inproved based on the trade-off between
. COS t j ut it would be
ubPE1 L9k oo LHEG HFPEa?%l%Eﬁng

ient for evaluat e prognostic val ue of
[BEb6]1 15 [ 0061Thdor thpprpacphose, ofir eastClozatss sanphesgbase

(http://www.cleanex.isbgib.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.

Results

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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derived froma pool of our own validation popul ation
(KJ129) and additional datasets STNO, NCI and NKI

W@ t@bl1®59311) were used. In figure 2a, the assoRCHBEZNNG6/000051
bet ween histol ogi cal grade and rel apse-free survival
(RFS) was 20 exam ned. As expected, HG3 tunor s had
significantly worse RFS thdh HGL, while H& tunor s

had an internmediate risk and constituted 38% of the

serapul aVi gends f bgeed 2on GGlMonAd SR BPs criterion

|st|n RFS,- s r tot FS, of
Fﬁ%@ %e%%eg gnb‘L’?To"saeSxa%%ﬁg how t%ll_plfq&dsequent

ar@l%}%@'sdaré@@:éiﬁiw &é@]ﬁﬂn@&@hﬁoﬁebahed tdth signatures
pr ognosi s was split for each of the histol ogical

purtisded 6% @ftmg'a;ﬁe vé@rezaveaﬁl@e@e)the e @53 dtiitki ng

It was t SPhi tand#@ ikl LWRoAEOURSs nadel 1
[q@&}l and }l% V\,hosse RFS were a?s% respectlvéé?&yoca

paitddrar offo ebdpmmfori—@emxdyl—ms@@:n(aﬁle@ w2dh He droh HG3 .

rank test failed veal significant di ffer ence .
Many GRAA HP Bet l%nﬁgﬂdf@m%%w@ﬁ ogdaved ith

cdet wee Bl%ﬁ%&éﬂiéﬁ abseepfb O &radiofor(Table 3). The

compari son, tatus al so had prognostic fpsower in H®
squangerse (Rilpcion al ghviighnt he ﬁ@@EF@ISFaﬁ 8 WaEqregs with

t han. WO 06/.119 PCT/.B 5 h f, .
EO 1 E&fglﬁ%{lgb%?él d E@g ‘?I ng %r ova%éshg%fggleg@ This
yﬁélﬂébc’arncRFalﬁietﬂ%ﬂbMHy p@pgfattamm oE0E62] Mhite GBe HG2
Wwas etter than assi N sone I ents
DO TGRS & e PEE pbPaRFbiet EoPRrge e A Of

115 Verse sees tg be Ehﬁeﬁéﬁgehﬂ He3opopehat | @1 1 tand  HG3
assified sone patients as |lowrisk despite their

dq:mimnqﬁnagnom s (fig. 2d) Thus, in the case of

GhEELonee, SO R0, Lowsand iah SLAe GaLeaNLESaopniea
{

&t lﬁ%ltreéeeat seesed thaicarhi phevernt decidiathder clKa‘&QBﬁy As
as hig grade tended to be nore accurate _
Sl@@‘@gn@%t £l | §o, TRl UsdgdesPectipa Teoead6icth 36 GRression

%eﬁgﬂf&ﬂﬁ 1 dgﬁﬁchbgg s@ﬂ\!ﬁ(lj'a?'d lt%att'h%@ \A@'flCh’.{ %Qré}S@erved

Plas easier than accurately declaring it absent.
ot hitheobseavat hgn sst cofifig ried by Thet UPEP staldi édie 1§rade 2

SR seLiens ahay Lbg, done. L.l b el Beact gl oferae 5
cQé’és, rather than intermediate between the two. To make
this obgervation more objective, the GGI (which essentially
summarizes the differences in the GEP of the reporting
genes by averaging their expression levels) was defined. As
shown under the heat maps in Fig. 1, the GGI distribution
of HG2 covered the range of the GGI values of HG1l and HG3,
confirming the visual impression. A similar observation was
made on the three previously published datasets, despite
differences in the «c¢linical populations and microarray

platforms (see figures 6a, b, and c).
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not HG3, by GG However, the frequency of this type of

di scordance in the data used here was relatively small
wa@eee/1895¢h nodi fications were not used in thi SPGI/BE3006/000051

which ains 20 to characterize GG purely on its own.

WD 2006/ 119593 PCT/ BE2006/ 000051 20 Tabl e 12:

Mul tivariate anal ysis of bré&st cancer prognostic

factors (N = 302) Univariate analysis Miltivariate
Hised yod sca Hapmde r g2 te¥enegsiomtdrade  (EHy@nd

]g95°/0 Gene- Expression Gade GG vs GGL 2.97 (2.03
P—%B%S%—C’ 19%320. 0001 2.29 (1.44 3.63) 0.0004 Histol ogical
[6ve0e 2 + 3 Vihdsd. 9Fifldikhye 3.128)d 0. (S0 WBSw{Bg46-that
01.57) 0,61 3 vs 1 + 2 2.03 &1.41 -2.92) 0.0001 1.25
inpegeediateqhiota809Eeet ogERReEBPL HF NEFIFIGRS Y low and

ifi 1 1.24 -2, 1. = 7

o e St 08 ST IV Ve Neqht 1 Ve %, B ) grade
(G YV 8baledi4on1.t9 (EC01 Xty 62645 eTumpt. SPad¢ i=rZem were

vs -2¢cm 2. 06 41 - 3.03 .0002.1.63 (1. - 2.43
chrpThtisge (e SY) $0Vs Skads) 991%0%951%.%%} ofgfte was
ndadBit8 68 -agl-&33 Qnd Hﬁéﬁﬁﬁﬁ/hﬂﬁﬁﬁhise. Note that the

PCT/ BE2006/ 000051 21 Prognostic val ue of GG in
C@ll sicvaei afe arsdtel cPOOBRPONgpSe Ahe midpoint between the
2L LOLEORRENOLOGIEQ! YAr LAY eserfas s GId | AR YS) . This

assoti ated wi clinical outcorme Tn univariate
chpatysi aigdiabl god2) be GGrahdi ¢l v at ost hadlt hen8 could be

_strongest_effect. However, in nultivarjate ang]ysis,
l@ﬁF?Ye‘éCS, bagaal Stat %ﬁeanﬁ?flgﬁﬁ?%i ZBeKBPE™t hE+‘¥ cost of
rSLgphtheanggg Wikh GGrhaving thgl@rgesd hgzardeient for
rati1o. In accordance with figure 2, GG replaced HG

evhénabdhd Weeeproasbdeiedyaind b GEbnsi derably

[k@?#?ed the Hﬁ%gno?%%glkgggﬁgs%t E%rég%é33égﬁcéﬁe samples

ngham Pr'oghos
derived from a pool of our own validation population

(KJ129) 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 HG1l, while HG2 tumor s had an intermediate risk
and constituted 38% of the population. In figure 2b, GGl
and GG3 subgroups showed distinct RFS, similar to the RFS
of HG1 and HG3 tumor s, respectively. To examine how the
digscordance between GG and HG are related to prognosis, GG
was split for each of the histological categories (figure
2c, 2d and 2e). The most striking result was that GG split
HG2 into two groups, namely HG2/GGL and HG2/GG3, whose RFS
were also respectively similar to those of HGL and HG3
(Fig. 2d). The log rank test failed to reveal any
significant difference in survival between HGl and HG2/GG1,
as well as between HG3 and HG2/GE3 (see figure 7). For
comparison, ER status also had prognostic power in HG2

tumor s (Fig, 2f), although the hazard ratio was less than
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[ 0064] The independence of GG nodal status and tunor
size in explaining the disease outconme mrrored the
wOdbi1trggham Prognosti c I ndex (NPI), which conmbP@EBEXG/000051
nodal status and size. To test whether GG can be used
to inmprove 15 this well-characterized risk score, we
propose a score called NPI18G which is anal ogous to
NPl except that HGis replaced by G5 with only two
tkmtss:iﬁaleG v(&fmgas Idi t Metablor, t3)e EAS msteovinvden Riqup Fhowed
Rﬁi was [ nlfchﬁntIy nore discrimnative
%% NP1 O Wor ESFEY 2 NPT GG 20 was abl e to
GﬂﬁZﬁ both t hegiNRl doWwward Bdter | ska@r Gipsbyi Mlassifying
subgroups with significantly different clinical
sqet cBABIEREY. Bkl 3EPOT WA § elBr S&alChotPIR AT ion
g f 2 nsistepnt g c
(f‘f/lzﬂ'ue zocf% %})ne d%?grfglggt S%%B‘%t ?%nssgangﬁgn ?%%%rai/n HE3

pqphAtftoirars: [0 65] a Sehief dreess Ll dnge qfattﬂtmt[moisedlcarnatw gdespite

above were consi stentl%/ rese |n the i ndi vlégual
CReias 8OO aBTORGRAIShy (tHe: f of st Siof 1Hazhrd case of

afdQadde Fi 98681 ndoreo30 aﬁapl%h@hre dae areasdies,
in figure 8. Figure 4 shows that in each independent
ne/dilidiat Genngat detwerss ¢ons teerhby gugperform the other.

SESBL USSR, B, 8 SHLBEL PR MAN 400, micn orace

cehdder ept 1d | nbeal seuicenes.piheieswasahdy . Si'I@lliiSfis:laggt;ests
het er ogeneity between the hazard ratios,,K even C?J.‘g?ﬁthl’l

tliéhfe e rerdht e S i FRARIE N %F%@%%%%L%nyp]a?
gﬂﬁﬁ{ deWel,8s araded by vyan 0H%cﬁ%%@%h99'§é§la§lng it

ed fferent mcroarray platforns. Relationship

alwsetmtt hef Tﬂagenebseﬁ:g&rmtmre J[E‘«)Oﬁﬁ}filrm¢<heby J‘Enﬂ‘eim?é%r$1rﬂgdles,
van't \eer (gt |dent1 fi ed a :Ln:Lca e e, for

C%%?%Ejs?% s?lé?fé]( ebes,l GHHT carft | vt R at‘%d‘il Ftee

et POt et 38haSkS rulenqde cne@@bs\tad@rc%@smeno £aNGeE2, but

patients (5) . The present Ilst of 97 genes (128
nel obE3setRy  &6ul dEPEYRIppelheo TegesRey ( P13 Hrbbedyre of
I y 0 0 r
B e L e e e
st¢leaho@nfiastibes were not used in this study, which aims

to characterize GG purely on its own.



Net her|l ands Cancer Institute (NKI) classification,

cutoffs 15 for G3d that gave the sanme nunbers of
w@atteamss3 i n hi gh- and [owrisk groups were SPCEBEHH6/000051

(see nethods) . Figure 5 shows the conparisons

bet ween the NKI prognostic signature and the G3d on

di st ant - net ast ases-free sur¥ilval for the overall

popul ation (flg 5a, b), as well as for the node

gative 20 5c, ,d% and positive subgroups
L@ 5d2:f) u é}ﬁﬁ%’éa fe 2Pgd¥siFat ofir PrEBEE wefancer

p§g§§ggggcv\43;ggggsu§wng §b2ﬂl cal outcone and had to be

nmapped across platformns e results were strikingly

close. Simlar results were found when considering

unavai | abl e to%EB’%aTeém?lg‘f‘%pse- free @ﬁt@ﬁ%fe.anf"@/@ié?]
grade breast—cancers were unexpectedty ——

Low and hi gh
associated with nmany differentially expressed genes,
the majority b&amydi nvolxatd pn cel | Hyzird and ratio p
proliferation. fhese genes, s had 30
het er ogeneous {drzsg/;s riptional profi I@ W?‘I%lt cover ed
Gére-Expaesgien of variati on of HGL and HG3 tunor s. A
é}a’lﬁ"el ar observation was nmade in at | east one previous
report (18). Here, the clinical inplications of this
GGhwi Ggl and WO220056031-19503 PCPOBE200562900W513.6333  0.0004
di scovered that the grade-related GEPs were al so
correlated w th disease outcone are investigated.
HB0Eg]calergleronst rat ed by Fi gure 4 inprovenments by GG

onsi sten SS e diyffeg ent g)qq%et iC 5
é,\@gl‘éa?have nott19§ %Pst h%éégaseo ﬁ% he ¢ og‘? n £ ?Qh b1
Misfife2ed signi 2i08&h4]y2.8Bt vveé)rﬁ)Ot)hesel gi (!bBOesl 94) 033
Simlarly, figure 2a shows good prognostic separation
bet ween HGL and HG3, indicating that the histol ogical
@tmbmgemﬁmrof high quality. Furthernore, central
IQegtap\pe {we e\f|7ggll ﬁ)u&ﬁb 10 ‘%)tOIOEé ref’.% fO.gln—. . 63 0.38
S|gn|f can portion” of t nor 'S being "classitied as
HGZ Fi naIIy, these results were nore reflective of

"’Ebf reality, since grading by a central

ogist is rarely done in practice. [0069] The
lammwe)mlﬁeganvd densi(f.34 ng7EP A94Li at &5 (118 wi.TH 0.045
prognosis is quite different fromthat used by other

Tumor Size
>2cmvs <2cm 2.06 (1.41-3.03) 0.0002 1.63 (1.10-2.43) 0.015

Age (years)
50 vs >50 0.99 (0.69 - 1.42) 0.97 1.13 (0.78 — 1.63) 0.53
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i nvestigators. Instead of selecting the prognostic
genes directly through their correlation with
wG@rosilvEb3 one may identify themindirectly tPe€DBEIN0G6/000051
hi st ol ogi cal grade, a well-established prognostic
factor rooted in cell biologﬁ. 20 This may explain the
robust ness and reproduci bil ¥ty of G3d across
i ndependent and het er ogeneous val i dati on sets and
different mcroarra
Prggnostie Wlug et (7@ iy mu kaffemodedie” | it can
| ntegrated  gasd |y, s exh St #Fygg§t¢
[gﬁfiL 25 usgg'histé%%b?%§¥§g%§%g¥g§ﬁi as tﬁgrﬁﬁﬁiggswere
s1@OYD] cai by genessetbrtédn prbcless ebsnhorl neaptttome  in

define a specific se f. gepes tq be as.a
SB T EHOREs o BEBLY GHAL rEb ey pr cOBn T e PSR HFnieh the
sBHbhGed: €eFBREhenslws/ecat ahoguetivherardi ffereis, only
sets of 30 signatures could be chosen from This was
GEl | notipat egabys sl cr@BRr pl &6£6r FERSpl it | pigngficance,
t . t t t s, of .
wi g8 S3 AV o) [t las G AR e B8 Tl DGR REnce wich
f ggtiee CONPOGI Fephaceth#cr edunt Homdr everst iddnsidered, and GG
reproduciple. |t is remarkable tpo optain good WO
COBBEATITEEE P BRSO ODTOBIOS S prBHost P ER-
discrimnation in very different datasets with a
cti aear t Bl asst £ ieghiherLodies Wk ghige®f the genes were

Sinply +1 of -1, based on thelr association wth grade
[BACAl trai ni i Ssetitsiemndsmdents. $hus, nPAaL" gphdéus and
i gpal.' i.dentj f4 ) 0 '
e riesndt PR M T S2MBRED CRiRRH Ml Ao ene
NexpiessiorPteyebsyic sindext ikPDenesgh it ecdinighhys HG, nodal
correl ated and the G3 e%%g tively behaves as_a
sERhYgP e2PF oghost i Eof &ECEr ¥ °s C& i StFet af Ot ymprove
tHSE AW 98NEScidrOy LQ-Rr oNLEE:10 yedyndancye a score
agai nst noi se. The consequence for the developnent of
cptbedi ¥aI/@F agnbsthe isy shedpgicust gt NPAr Isixtgepty that HG is
subset f e " de_gene catal o " of -the
= ERORRE TR e "BERCE Y SoRe CER et Soniy B « KehiRem L oF
3pongisdeyatirontn  £3g[ 0@&l]ankenssennand cHovigs (499ynificantly
recent|ly discussed two issues regarding the use of
m@éﬂeﬁB%ﬁﬁéﬁﬁﬂﬁF%W%n%@%?e§ﬂﬁ§ﬁlca NPI. Moreover, NPI/GG

was able to split both the NPI low and high risk groups

[ e
Y Yot oy MO ey

into subgroups with significantly different clinical
outcome (Fig. 3¢, 3d), while the reverse was not true (Fig.

3e, 3f).

Example 2

Consistent prognostic value of GG in different populations

and microarray platforms

[0065] 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 are 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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prognosis. These were 1) the |lack of agreenent between

genes included in different signatures and 2) the
waledobiieashbs3 y i n under st andi ng the bi ol ogi cal baBCEBE£006/000051

the 20 correl ati on between the signatures and

survival. The present gene _catalogue is rich in genes

wth likely roles in cell @ﬁcle progression and

proliferation. This class_of A genes is one inportant
statipbicehby nokif fensatt aftindeaponentcoreany g%t i Mgs no
S br {
D B B R o T e o e over
thbage fithe gahﬁﬁew&WalIdahaeatsl8&nqﬁu&a&athébgnegeneous
%T abl e %ﬁ 4ﬁ% the one that h d e Iag&gst B
P 5%?6% HH& T B ends Ve &4 and quufatP%Fl ologists
aﬁ&tﬁséﬂddbﬁﬁeiéﬁthmgaﬁ§$rM@ygﬁiatﬂofﬁ§ recurrence
score” 30 forrmula. The application to the NKI-data in
flgure 5 also Iends support to the idea that
al anede nhy- IR FRHELRUAC S| gni fi cant
[88%%&0” Of thﬁJDERQEPSE GReYS,, fwofqe @gk EOYQQHS et al.
srgnature. \When conpar d agai nst our 183- gene
igahal 6gee, 4 herd-cddmawi egpierizdies: okigeaesrien sbagmAid@ntly
2006/ 119593 PCT/ BE2006/ 000051 25 with o
CRFoghBEEf cWiFgn St grast flfF?@té‘ﬁ&Ssdir?ﬂo‘{;%n%%ga?%‘éﬁ preast
cé(ﬁ@érefaﬁ!lanté/ 18) (Paje ebr@%ﬁn@ndlféEG o9 &enes (128
were found. [0072] In summary,
pgebe @qtrSéssfr@mleabéd @M%g’cOS Boupenes grillﬂBcaN@yeS in
g r 0 e ur ! ent r adl n'gosyasl %81”[1 %) lSO r %%'&%ﬁft Itc,;he same
S3essive t it % can in par Feurart reas cancer

t 88E3b £ Re pyeathidein om@t thesecHd ndbBgs &TCr egsatmehti e the
i ndependent datasets and across different , 10

NBFREFbRRRS s (§HESEs 6L 1EowE s atesFbblicetigne egtofts

féfoégld‘a St NQLECOHLT Eafe SREGLELS St 9&8&8@518051@% and
it ound to a partlcu?ar detecti on ?at form G ading

1basedsbngrbhpsCﬁkreaﬂebecte@oﬁpeeameuhodsb e?nsnmﬁgS shows

t te b t ti G
R g Boeter s BE gh BREelcel k" STdnature and

tABagUr epBNY$s€aHt dnboyec hapertade sGHi8al for the overall
application for breast cancer managenent in the
ppotgypeion (fig.5a, b), as well as for the node negative

(fig.5c, d) and posgitive 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. For these genes, HG2 tumoxr 5] had
heterogeneous transcriptional profiles that covered the
range of variation of HGl1I and HG3 tumor s. A similar
observation was made in at least one previous report (18).

Here, the clinical dimplications of this finding and

-
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Exanple 3 Definition of clinically distinct subtypes

W thin Estrogen 20 receptor positive breast carcinoma
wokioen1Ewbs and net hods Tunor sanples [0074] TPCEBE2006/000051

hundred and thirty five early-stage breast carcinoma

sanpl es conprised our own dataset. Eighty- 25 six of

t hese sanpl es have been pre¥Bously used in another

study and the raw data are avail able at the Cee
djrﬁcmﬂea;@tdjmh@nﬁmggnaeﬂﬁmgqu@@edjﬁ%g@re also correlated

[ www. ncbi . nl m.ni h ov/ eo th accessi on code
]C%Efglﬁ S1enes“gt samrreplael‘ﬁse ha retgL vediMno adj uvant

[(BQ/&SEt]em c 30 taherapyondtntrtumdbed mERfiAOr & yimpr®vements by
anpl es, previously unpublished, had received
GCadJWW@nt CORABREEBA MFXPTT amhe r BAfEG ERCasdRasaFs which

Jher q dﬂbeggepﬁltﬂé v 24 0 1
(f&igang%bl nd?‘r?{;tea?s‘?ae;?f e205er T 1053 PLy tEJ%zoO(S/%O(% ity
dﬂﬁinﬁl?splmrfaalamyyan}aéwﬁq vvaté'lqwf etmddewi. t hSlmllarly,

tri xTM UL13A Genech Af fyret Sant a
i e R e R e

H@?hnlﬁagéétiﬁﬁ tH@%WHH@,hfgﬁdﬂébldé1<gr&HY§gHQ%@‘dﬁ +high
London, U. K and 5 Uppsala University Hospi tal ,

qlupblsiasi’a %@Wm%rrpl CETTGH  OETrL eEE L oS S¥er evould
e%%%%. %ﬁe Juéfﬁggyiggﬁt E% Jfﬂ{e&EAtﬁﬁM§§els'belng

e gi am e sa Fom
cExd & ael edl a;hsthHGKar oFthakayl nsthbs‘ree arcsuliybr ivkzed more
at_the Genorre I nstit

Si ngapore in 10 Singapore
rq#ﬂeeataﬂaww PR RRATBBLA Kod CEPER: e oS Eentral
Sg¥@s pssessed, iéhd he, #rofdl e generated by
the Agi |l ent bioanalyzer. R extraction,

[@@@91 i cat i orffhe hybpirabght i on, iskedtsdaninichgCRer eagppeiated
LEY C?égég ogo standar Q;H%%%Lrlx P%gtogggﬁ 1&§£flﬁ§ other

vy
RA=val aés From t vveenorrral

insesof g4 2 E@@he@@pu&ﬁtB@mewaingnaﬂm§|pﬁﬁénostlc genes
sep arateI% Each hospital's institutional ethics
dbeer e vuppPreveahit ﬁéleaéfe B GRS G5 e hat §PF—”é(I1Vé‘|1rd one may

e ATy, oot e phe e et <
we&kpf esisalohi shed prognostic factor rooted in cell biology.
This may explain the robustness and reproducibility of GGI
across independent and heterogeneous validation sets and
different microarray platforms. Furthermore, since the GGIL
can be interpreted as T“molecular grade”, it can Dbe
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
“signature”. The present invention aims to Dbuild a
comprehensive “catalogue” where different sets 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 wvarious platforms
differed in numbers and gene compositions, the results were

still reproducible. It 1s remarkable to obtain good
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20 Omi bus repository database

(http://ww. ncbi.nl mnih.gov/geo/), with accession
weowe/138B XXX. [0076] The inventors al so usedP¢DBE2006/000051

other publically available datasets, described in

recent publications: van 25 de V'Jver5 (n=295), Wang8

(n=286), Sotiriou7-0 (n=99)24Sorliell (n=78), in the

anal ysis. For the survival analysis, we used tunors
ProamssfiedlbscERNPOST L Py el Brivgry (%ﬁf@lvéelw jJeEgsets with a

h I
ll%%%%skﬂaﬁ%ﬁlen S%&ﬁ%%%agﬂg t g gl%%% 31 %%b%s were

I ng recel no syst emcC
sﬁﬁpyyanl & eat pfEBhsefabhethsif romdbeavaondeivhj yeadeton a

5, Wang et al.8 and reV|ousbé1pubI|shed dat aset ,
tm%m%orﬁﬂtne@f( N2417PERIPRST ¢ | "g&pEpy signal

ggﬁ@;ffgdt@ S ndeN&, oy rigat £dy géﬁéﬁﬁﬁk W2t of genes nor
06/ 119593 CT/BE2006/000051 27 Al clinical %

tareﬂahowpecnalabbemslnatlbhe<ISu¢@kenenEapye881on levels,

| nf or ion. Data Anal ysis tro R, a
SHr9ges ?ongepg§eppﬁf"(P§ﬁ ve% %i%ﬁﬁ§Fa??%ntEhe GGI
efBE8 i b1y ablhasRieci €daatsithgier piaghdstitoFaictor. It is
according to a positive ER status which was

stét br ared syt agr ot ei 19 gﬁ}ﬁaymwe?ﬁg a§—§ayon3me to provide
r%§¥§@£8é§ sihsgauent Ly, ; %gg{ 'afi‘ﬁ% eenc',iB levsl  the

using the =~ mcroarray
daeasopeenby pﬁoquﬂntiéano 6@agﬂ®sbhcgommﬂuamGdejsonthat
our human Affymetri GenegChi _p. U133 "
arPiFbaFYaft ?n&%nt%?% héV@' e@epﬁe A%%%O%%? of the

in¢@pR2enatnidiy ER BgRavwascsep esendd ckm}} hewor ebennical
set  "208305 at". The inmunohi stocheni cal neasurenent

cofsEfersti®newn to correlate with nRNA | evel s of ER 4.

[ggg?ggs Wi th &éngg pgﬁ%tﬁ%f ?prgfsf 8e£€%2lﬁg%$ggsed two

R were © CONsI der e ol 'ogl cal gra
iEbstel egyeatiigradeenassdast dare 1drepit st Don Ehgnstures for
gradi ng system A central pathol ngt revi ewed t he

PRPEEBF T cAnfad@eaind ER St usafFbr af | asHmpsimy r@?htween
gggQ§a|QXx§Mﬁﬁ§P G4ys HosRikal, Londom uiksandghe an cne

difficulty in understanding the biological basis of the
correlation between the signatures and survival. The
present gene catalogue is rich in genes with likely roles
in cell cycle progregsion and proliferation. This class of
genes 1s one dimportant —if mnot the most important—
component of any existing profile-based risk prediction
method for Dbreast cancer. In Paik et al.(7), the
“proliferation set”, whose five genes are 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 application to the NKI data in figure 5 also
lends support to the idea that grade-related genes may
constitute a significant portion of the prognostic power of
the NKI 70-gene signature. When compared against our 183-

gene catalogue, the following numbers of genes in common
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Vijver et al. dataset 5. An index based on the
expression of proliferation-related 25 genes to
wa@e@atlidsy3 genom ¢ grade: gene expressi on gr adePCT/BEBEN6/000051
(GEd) [0079] "Cene expression grade index" (Gd) is a
| i near conbination of the expression of 128 probe sets
(97 genes) that were found% be differentially
expressed 30 between histological grade 1 and 3 }see
wilehi mittiegnsyrogest i adeionsteresct iMef70 and 30/231 genes
ntificatign he r i mdari e
FRE"ELYSE?, StorEhl o prar (e tndt Grbar S0 11 7E Weng et
a20064119598) PI+BER6GRA000051 28 grade. A high
ene- expression grade index corresponds,to a hi gh ,
[BP28E and vi cE verSETATR 5 Frifex HRECTRER L 0PAFFHdegTading
c8a¢l ?@ 2 BLahPLP DingPoRBd-l PG 89828 YR UEPYREms for the
[ 0080 ppi ng of” probes between mcCroarray ~ 5
ppbghbetis wassdeswenhr oafh tangene (builda#t8oplar breast
according to the nmethod in Praz et al.16 Hi erarchica
Cef't§tering The "duster” program was used to perform
[b073yer age | imksgedhderanchical ctiuséer apahyshsgs28 across
after median centering of each gene using an

mghERt er edl TERPIRFERE or I @IVIP as 2 | AGTOPS _different
pﬂ%@%B%ﬁgergu%(rg@tQ Hﬁ}rer cEﬁ?ﬂhg§OI&%’e\NL T :ﬁgﬁghyg‘! NGhe GGI

reeVi ew". pressi on data was oad and
septreacied frradm datrases saSadacs fétc adetlloingielfes nor is it

Sotiriou et al. 1Q. The sanpl es re.ordered accordin
bPBndsGBt§p€a£§%9¢iﬁﬁaé%ﬁ%ﬁ n;ﬁﬁ%qﬁﬁﬁangri ng 8sgd on
thavestirgatgn the rehabi-pprhetweenntbe expPEessLONpebgnostic

the genes in the GAd and the subtypes. 20 Statistica
SEKREEPS| s by 0S8PELRA Usder HC wisdesis + e nadi grading based

et ival. and tj.nuo i a a.
ofar BER of Hpfeishh R ot  HpZe important
cexpeetad spuivdicsali dror for ndireladital cavasetis ednayRateetofin  the
di stant recurrence" plots 29 25 (ref: Terry M
fph¥rReau and Patricia M granbsch, 2000, "Mbdeling
Survival Data: Extending the Cox Moddel", chapter 10).
eXBepeypect ed proportion of distant metastasis with.

Definition of clinically distinct subtypes within Estrogen

receptor positive breast carcinoma

Materials and methods

Tumor samples

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

pogitive by protein ligand binding assay.
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respect to the G3, ER and PgR was plotted using a Cox
nodel fitted with only the variable under study. 30
wQ 0@821958ur vi val curves were visualized usi ng KIPBEZNN6/000051
Mei er plots and conpared using |log-rank tests. The
univariate and nmultivariate hazard ratios (HR) were
estimated using Cox regressf®n anal ysis. All
statistical WO 2006/119593 PCT/ BE2006/ 000051 29 tests |,
[ORFTE t wo- si d&d.cropaEedt i caRaangivsi sWals peefbrregd  with

in P taiistiic Sofd , ' 5.
AL R0 S LA S0 WOLe PSR, SRSl a0 P cn
THEpordeth o eevhaaninsdbtyaesl 90083 oo thrveddhgataddkiffe

expression of the Ig;ene expr essi on_grfde indd;x (GGI}{ 3
Hegptel -t | OFTO8% he¥ stibt y f69S  BRPPEset on Mt er €+ an
U%%c{f&t@gi%@gwftﬁogﬁiéaﬁpr bb?s@:'l]g, 1@Seldd .| Whifles from

., the original and confirnmatory publications
OxfEspéctand| yohtiorl 3weThe ganesswefe sbustheedwseng Bordet

average- |inkage clusteri and t he_ saml.es [
T e & actdr ding® %os't heﬁeglu%%%/%'ese%%r gr&e%eenr%%rg?lne? helTO™

UPsbA1 shepnaBRds Cekplsctdd, a3 theplrarmg igenenm mgradece and
to the previously reported 15 nol ecul ar subtypes (6a: ,
hgeridized apt; Be sAqnqw etraflyutgyuppypesigiggpore in

] A, P M@l NAbe o Pubh | £8L4 00S -1 THE
S%@%ﬁrﬁ%b?ﬂ% gaenesﬁ} irbsfp a(_ge e ov?the dendr ogcr:am s
s8eppt owvasofasdeess6a wor ehenddirfarpanii Yangeherated by the

| aced bel pw each subty H gh grade. is indicated.hy, .
28 55 P LR e $hna Wit versa 2 obh) Fi flre. b oreion
hobPYEi Lhei 685 UhhE Sfaritit Sy afetySdSne dEcgEMNLh@l tot Beandard

R-negati ve subtypes, the basal and the _erbB2

AEfivngpetx hadthrghsexFrassi SPHHSTRN BrlWefe fgPmilgle CEL

rade \Yi e - pOSEti subty sh :
w%?%er%%ﬁg%ﬁr%e:}dge% f % Iczt/ellés{\),EA parti %%l%glrl g%ﬂéétlon was
nbumhDate € o&pdraiseby ypeadiot hodpgbdy’ expnessingivheseethics
proliferation- associ at egﬁgenes,, wher eas | um_nal (ﬁ or ,
baargd gPPREVAGr re- USSkeP el BE mbefFYen &k g peritten

ilﬁﬁgfﬁééi eRneEnthe, @3 ob©0s ind@W ghade:a Thist 0B MBE tam-
e hypothesis that there are 30 varyi ng degrees of
treatedbufhoasef cete cychelgehes ab thee GCene 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 systemic
adjuvant treatment, patients from the van de Vijver et
al.®, Wang et al.® and previously published dataset were
combined (n=417 ER-positive patients, hereby referred to as

the “untreated” dataset)
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bi ol ogi cal makeup of ER-positive tunmours, whereas ER-
negati ve tunours seemto consistently have

WOI@cA®Sps essi on  of these genes. It is intereBCT/BE2006000051
note the simlarity in W 2006/ 119593
PCT/ BE2006/ 000051 30 expression profiles of the G3
genes between the high grad@7 ER- posi tive subtype and

the ER-negative_subtypes. i ni cal ,rel evance of
AER- pedilpigey unfiaed s%teypeqémd“én 5igef it Sy genoMmic the

f%?gygé% ¢ade coul d distinguish
S%#?ﬂ%%%ﬁ?y su types:VAthln the ER-positive tunmours
and the prognostic value of these genom c grade
[ ypes were an inprovenment over current
DfEs AdLpLR met hods, such as that 10 based on
EQHaRLbh atkNe Eﬁ&ebﬁogésﬁéiéﬁgeﬂe@@ﬁt@fOQ%RHD@@el
receptor |evels. A Kaplan-Meier survival analysis was

[QQVTbrned corpal i et T | asyes GﬂlERBééé’tﬁ@éeFGﬁéurét their
1%§%}é1§éf.§%s a%‘ rs’d(ior eet(cgI gh V %gﬁﬁd?ea%ﬂg, which was

Pevel'S™oP es rogéh pr ogest'erone

dé@éﬁdﬁiﬂéd(bnypﬂﬁteJnOOIléén@miﬁdShgn)as\Matyh TIespeatentors
totine to distant netastasis DN% mhlch |s of t en
SUBEHTRS L EL ¥ urT Syt @ or 2 hPeRdtt ivEncBR 1Sy 1Py using the

m§U£¥é¥§%a (g'ag%{reﬂle KM aRde§0X)as %@@A&&é\@l@y probe set (a

survival “curves for distant netastasis free survival
3Pemer GAll ighingle lest ikdew) pnERuex prewsst ohf fyvet l:,lidﬁ deegRChip®

r on 20 | evels Fi
UiégpgﬁégmﬂﬁétPégéﬁtST&ErlnPﬁ§¢3ﬁ?ﬁé%% R asé?e probe set
w00543%) at Fi ge 7. f pgRt hast &‘&pﬁ_’réﬁhtécﬂ eayednéatme set

(n=249) . For the untreated dataset, results shown
“@8Be0BaRbl nedla oA B el TReSIYERENELPE ER is

kFBwROSIL %é&@éﬁeg%m Tﬁg Zed 4shag é;fmm@wulﬁam@érs with

conmrerci al 1 y avai onucl eoti m croarray

anyat&mﬂﬂﬁnmﬂ#fyaxprea§mmmndlégeﬂenkﬂwl(EEe medhod®)R were
, for both untreated and tanoxifen-treated

CBBE&éﬁF ns, the expression levels of the ER did not

have any prognostic val ue (p=0.74 and 0.51

H&ggeggghgghybrgaeso contrast, both the Gd and
Ere33|on | evel s of the PgR had prognostic val ue
[(39 Bleated: pEdsbobagienl b@ﬂfﬁd@GIW@é‘nd pgrel on the Elston-

FL%TS” éﬁg’l sEe O%O ga(a@l%g)o :Ls-Eherémd}@tli the
stb ad a nuc géar estimate

h@fst?'éﬂ)&/glcal grade and ER status for all samples 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)

[0079] “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 (gee definitions). The
index is effectively, a quantification of the degree of

similarity between the tumour expression profile and tumour
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conpared with the |um nal high grade subtype. WO

2006/ 119593 PCT/ BE2006/ 000051 31 [0086] Table 13
wGebh@a14she uni variate and nmultivariate anal ysPGI/BE2006/000051

ot her standard prognostic covariates of age, grade,

tunmour size as well as genomc grade. In the

mul tivariate Cox regressionZ®nalysis, only 5 the Gd

retai ned significant prognostic value (untreated: HR
gpagde ( 95941 ghl gBNg -BXDFEFS008; draget riswasd: cCHRresggnds to a
h@%lgz/gr{?\gré'e%gﬁcfl' \Qi%Ce pﬁ%r@ggs)l'hissu bl%}@ gwgpo%(:é]efcf"c‘é@r divide

gniTicant at 'the univariate level,

chbBl ggdt ag=ébeinpoopeshesntiel secgphde expressupa.l evel s

éB:O.B) . For the, 10 untreated popul ati on, tunour,ksize

[9P8B! r et ai nedPRPHIFf i cRAce PHOPRE muIRTVETate BHYEPITTAY
piﬁ%%gras(%é%’gbh%'%hf%d%hKﬁﬂ&é&%@”(bd&ﬂ@ $YH8PSt Sccording

that genom c grade, as "neasured by the G3d, can

tdi shengetlsbdcinnPrakl gtdadti®nct groups of patients

wi thin those that express positive 15 |l evels of

estrogen receptor. Furthernore, the G3d had highly
uskgarEheant pregaestihg val ue, suggesting a better

ability to discrimnate clinical outcome over _these

tradi ti onal fEe®or ClIUHEIER- pESPLRTe Wrgh Yede to perform

up; se, d] : co ' he - 28

R i S S G
madji axarkenterixid ent deeshngenal ueringt kirs subeypered Pearson

natural .di sease history despite having positive ER
CEFEFUSEITRI €50 GUiH WOt M T b ghetpCpoter Tesults
wetaourg; sk g hy (of i fir t Rekcbiyest i gatioprd&oMRot ata  was
bi ol ogi cal and therapeutic standpoint. 25 [0087] As .
dowri hatedempestesifar ot fren Gptasepp ofREdiec Stalak. and
i n.ER-posi.ti t W | hye LS o.QgNel at ;
SPF&&%S@ é?éﬁ%gying #Eéérégﬁp%ggdgéggnf)recuf?e%ggor%%ng to
sebRt/baualsihunbti omriefinbkhepGHl iandiocnspdt ed thi $nvestigate
continuous |levels of ER and PgR,for $Otg unt r eat ed %%q
thgnmre3pti PBaPEG EEPuCRE] Sﬁg?fe%%@é] oFwhlEuBEPHEs 15f the GGI

WMRUES s6ARBe di stinguished within patients whose

reast cancers express at |east sone |evel of
estrogen receptor. In patients whose tunmours express

S%aggggihgiekngﬁy%q% genes that conprise the G4,

foo81l] In order to assess the xrelation between
survival and some continuous variable, a wvariant of a
method introduced to compute the expected survival for
individual was used: “Rate of distant recurrence” plots *°
(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 GGI, ER and PgR was plotted using a Cox
model fitted with only the variable under study.

[0082] Survival curves were visualized using Kaplan-
Meier plots and compared using log-rank tests. The
univariate and multivariate hazard ratios (HR) were

estimated using Cox regression analysis. All statistical
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WD 2006/ 119593 PCT/ BE2006/ 000051 32 i.e.

correspondi ng to high genom c grade, their disease
woroconsIwas clearly different, with a hi gher PO/BEZNN6600051

of relapses conpared with tunmours of | ow genomc

grade. Furthernore, their worse di sease outcone

seermed unchanged 5 even whergi ven adj uvant tanoxifen,

suggesting that this group of wonen do not seemto

tpehef ierer orvadfidant Stakhatiemldeaprtvsineids performed

|t e - e t 0 f

S R e e L By PRl ST et &

chenot herapy, so it is unclear if chenotherapy can 10

alter this group's natural disease history. The

ital clinical significance of this finding is

Aﬁb§9iﬂ%§§é§&ﬁ{€dgr3&etES £h81 baLibes1Pet ¥eshtEenBigBular

gr ade -positive group and the high grade

sgERtypgati ve tunours (basal and erbB2), further

sting that hi vel.s of.exp Lon. of-th

[ggggg associ g]ta%d lvﬂgfti%wéﬁggahtege(ﬁg% cé}g[?]g%%g}éé 8t " e gene
efpsesbabedgwhiih arPROf pPrEQNoshSreTheiGHl teANthe subtypes,

consistently identify these two groups across _
eHRrEPpLen ddpiset™eTihi BRETREEBAN VO 3R%F uSEhg sevethe and
sBLetosh 8y Rhalf ohlBor1bBuOl VEAY B6R: ERBOSEY! ¥Ep1:ications

sanpl es, suggesting our 20 concl usions are robust and
rhieghtyiveby otuct’hl &heharertdmatweny oducste pr@visiusyy avprage-

hi hical clust is 1.3 [0089] T ,
1 pEedh RS EE D BaYobraPAES R CToEel gocording
£Br @Wee SRR R ¢ obirbekat b@NinamRY 6L 1 §100d 2Ranuscripts

,overexpressed genes were UBE2C, KPNA2, TPX2, FOXML, 25
STKG, gnn%w}nglacsgm@ﬁa wNBlY; teeetBappraiERuRl Takpported
mbFleu1k fséﬁfﬁggt !(ggzt%?ﬂﬁé’e@eg?”} Ceﬂﬁag&:%ﬁou et al.)
associated w differing rel apse-free survival, but
stibtyERsnegatl veordemedr sfhas aamst asl dme adsoci atédinal
wi th high genom c rade, the G3 had no prognostjc
Plbteat e of SPE, PERHS80 oy (o FETREd anLecSechrigY the
dBAUELREQENOELS 1R, PNk el GIDT 885te CARERNH aRPAL 4 €At $ange)
with positive expression of ER  Wthin this group,
arkhepilactdenekodf ediht anbtpeasiagksorséentst ongecated by a
&edoninanil griven by this set of proliferation and
Ggr %n

adederived Genes: However, in ER WD 2006/ 119593

[BCBABE2006/ 00 D5dre 6 shows the results of this analysis.
In general, the ER-negative subtypes, the basal and the
erbB2 subtypes, had high expression of GGI, or were of high
grade. However, the ER-positive subtypes showed a diverse
range of GGI levels, particularly the luminal C or 3
subtype both highly expressing these proliferation-
asgociated genes, whereas luminal A or 1, and the normal-
like were mostly negative for the expression of the GGI, or
low grade. This confirmed the hypothesis that there are
varying degrees of contribution of cell cycle genes to the
biological makeup of ER-positive tumours, whereas ER-

negative tumours seem to consistently have over-expression

of these genes. It 1s interesting to note the similarity in
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33 negative tunours, there may be further factors
driving the underlying biology of netastasis besides
weelbALyped e associ at ed genes. The prognosti c BGI/BE20P6/000051
of a "cell proliferation signature” in a subset of
patients has been 5 reported previously in wonmen who
express relatively high esBPogen receptor expression
for their age 5. The analysis of the ER-positive
expirgoips st idiad ded Bie gErHomengft &trEwasd e high grade
r evi.qusl | be ] - ans
B ncep l—\(_/\%sde\?/‘bzﬁ%{pc?atag’léi ;Hr’?é;?e% tglg%f ent s.ytégss'
Furthernore, 10 genom c grade renmi ns the strongest
varjabl e in univari at nd nul tjvariate anal ysi.s
CHTAR )T BT AR STl TP ERRSL oL T o SHREYRRS 28
asensd derAtd Mbni LR Lurrent |y there are several
nol ecul @ ~ signatures derived from m croarray
[a@gFihol ogy t EEmanliai noredel5cpelabl @isoipgedset clinically

rognosi s, i n, breast cancer, patients 8,4, 7, .24 Sonme of . .

S BHEgR cib" S gnbitr B PaRoFLen EMICHPEGRET 15 dragostie
vOULEOMBF | RLERepOSthbMEct WS tdefatred Welibtydjsuvaske an
~tanoxifen 7. 24, 30 In the recurrence score devel oped

imyregrert Qver 7CHREERE o rREEAEPBALsBRtEPE) vEWh as that

s_ha N t r ti ' hejrs |

fEIR oo LT RIS ARy O Lot 0 St | 8 erone
rotegoef f i Léents. | At Haplaedieiencesscoreat oramdhysis was

icating their high inmport i
DUt o AUSSITERL | 61 RO orgh WA HPEAT P} St agBuTou

a®i8pgingansescir gabed WhtiBhadjsuvariy 2p-d@DXdd@Nexpression
Proliferation-rel ated genes appear to be an '

leévpbs t ahtestromen tared npEPIs APOreamt Teomporent T oL naRy Poor

oFALSLLDG, P QANGS! L6 PRR SLGNALULLS (0T aDLEast CADCEL:asis
tHat®"ar & based on gene-expression profilTes. By using

(the) 1lwhgeness | of cammmseded svee nstreod#i e abolr db7@ageneancer
prognostic 30 gene classifier for wogen with earl

( ) y :
SReayel Br 3V IVEcelFLIEHYSY ?heRgbeaBgeé%”@,'sﬁﬁ%ﬂé?l Meier

Ség&mfl BAES £ 0 t Bestuakl datiQ ubl | eabLonB-MBF L for
obt al ned, suggesting that grade-related genes

GEbnshighitesa Sdghi fER agrkpa@®eiRn ofevhbs préghBRt fxpression
1B588% SLD B, SBBbULS podher g R A e L MR e or
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 available oligonucleotide microarray
platforms- Affymetrix™ and Agilent™ (see methods). As
ghown, for both untreated and tamoxifen-treated
populations, the expression levels of the ER did not have
any prognostic value (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 luminal low
grade subtype had a much better 10-year estimate of TDM
compared with the luminal high grade subtype.
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by these prognostic signatures and that obtained by

the <classification of ER-positive tunours by genom c
w@e@dal9seyer |l ap significantly because of a strPEIBE2006/000051

dependence on cell-cycle genes to drive netastasis

and rel apse. The 5 advantage of this approach is that

the biol ogi cal mechanism tR&t is responsible for the

poor outcome is obvious, rather than a gene set that
[00%&) y represkHrle a vaBi et PhoWs nol BRal ar WRdvesighse  and

d. bi ol ogi cal__pr ses .8 4. us i.estr -
m@ﬁ%ﬁv%gl ANDX | %%gﬁgée imgé I %g@%g-s%ga |g%§0 g%?'o%Stlc
cOfabI LSt oFncgfe ceftsdandtiumnblivenrcerd hes expléssisongenomic

and activity of seyeral cell_ cycle-requlator ,
ghvfecul®s, the hBVdedEPEpAERAL ab8?¥ Gnt ' cel |a¥’akyiselsr only

£ 5ONEES! | .@n§igﬁ§ff@aﬁ@VbQB?nggQH%mﬁﬁnﬁé'W@ﬁ@feated:
cell's mght devel op™ resistance fo antiestrogens. It
HRS ZU3re@3%CIncdndl¢t-@iy DPS0uf@érst bea-wrgatpdto HR 2.14

- 40% of ER-pasitive hr t cancer devel 0
(?ggégi agcggt'é'ggmﬁ“se?()%z{] Sggstuimvélge%\glroessegifo%c%?rs that
wthe ERJs thevheskeprgdi ctaivarediet orsvel, t dmatiddEmg the
response in the clinical setting 31. Over-expression
PBPICRYRTPREDECGERTGY | SAPT @Bt PRI LGS t We=BeP| - For the

uﬁ¥££§¥egas 2%3 Cgﬁﬁ?%@g?;gg 1E4th E%%@Xif%ﬂjﬂa retained

resirstance the growt h-inhibitory
seffie€t caficanthesheogehsivareste ogedelr éBBpR ok - PSRt Flel .2~

b t Il s.32. _Furth ' tigation int
the oNEBORRFE) pat Rkihs PRAECOIPve LhE BBAP"Eycl Beode, =s

mBABEh-BET Wi Lhebedienetdgi akh st AingeY ehopi Migh eyl 125distinct
agents to treat the high grade subgroup. [0091] - o
gpetibai t PBn PRLERNEE caliGhime] &hae t Hisr S¥BBEFgssBSsitive

wi thin - POSLL] ‘br cers..l at
D e
hegRrl gencyn of 1 e Sbrayegsescofvaddjeuvantiggatiiegt rogbrtter
therapy 33-37 _as 30 well as emLc%inDther%peutic and n

abi bEBYi cl° agehPer Hak Hefle CtiBAEALNt WESTn ®ERT ng these

tgagiwgﬁalvvifta!&t%%l Y BlAgs WnastivC LR SPABLI BBSgRoup’ s
Ifficult task. Previously, tanoxifen was the
woeBRSt dysehsant puestmegeim t frdveapy amaitii egi-gaiepitegnt dataset

L ST e Bl BB BB g siver
tBreastusanser s f eratwenrBN oM sdnear i sicage, dERpposi thareing a
positive ER status. This could potentially flag a group of
tumours worthy of further investigation from both a
biological and therapeutic standpoint.

[0087] As further demonstration of the GGI's
prognostic value in ER-positive tumours, the inventors
generated figures displaying the rate of distant recurrence
ag continuous function of the GGI and compared this to
continuous levelgs of ER and PgR for both untreated and tam-
treated populations.

[0088] Two subtypes of tumours can be distinguished
within patients whose breast cancers 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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breast cancer 38. However, since the advent of
aromatase inhibitors and the reporting of severa
wao eooal1 9563 ndi ng them to be nore effective thaPCT/BE2006/000051
tanoxi fen in postnenopausal 5 wonen, the American
Soci ety of dinical Chcologé has recommended that an
aromat ase i nhibitor be incldded in the therapy of
post menopausal wonen with early stage hornone_ _
1respesnesHaTEbdtd chRcdrgBogepRedergrade| s tdigiy disease

r h o ' n equ j o -
oS P Cuab! SR SPED Aa s, Sciocgpe of
rabaede s t dolPapedi t wieh tiuomouss desf veldhe ganembr grade.
differing benefit fromthese agents. The elucigatio

FRYCRFTTPRAI | § FeFe o ant S5 5T oGPEEPTH 9Tie  Lnchanged

POR MRG T BSPROST e Rk aas! Ea{#@éﬂfexﬂheﬂg?ﬁﬁgﬁiﬁén P this
facilitate the opti'm zation of such 15 therapy as they
gnaypr exflli recwkef f ed@ntmathesgpout ke benafédi e§rofrooed) uvant
In copclusion,.the use of nom c_ gr.ade can
t%?%%%ﬁ%ﬁiéﬁspﬁgesu §¢§é§xﬁ%$ﬁvﬁRF§%él 76 breaREor values.
NE6BACEhSti for reproeeichht emanen atriesssyudyt i phe@ received
datasets and 20 mcroarray platforns. This is ,
agany Rt eehePPLNATEVEr 8801 ER S pdRFiFvE bf egBEMEhREERPY can
| €34T g a t gt Y St bBeknti
a%??%igalsogﬁggﬁgu%nﬁgggﬁafs§g?gﬁ%§alI%kﬁﬁﬁﬁeated gng ntial
cl ambxal e wigmliyf itceeatee b popls af indsngStirmat &I seatindarbyored

subtype in clinical trials 25 r.ovi de inportant .. .
DY g OF G L HE oPBRPESIT v i SPFOR G bositive
gehdpecrHdie ther apigs, gehesvtHremapies vandt ubbalkegi Gsal and

agents on these subgroups. A focussed biol ogica

erhBast i garitden Mwderkisiedi Stathchighedsiides ®hy expression
es i i.dentjficati of .. anatg a i re :

oFrerbbolBe oD AR ChgspP e, Sl tbhle Bk goe o

abeoeiatedywhehusebdar meneratie .a TrodetGTapahl ecokistently

predicting the breast cancer rade of ,an unknown ‘
15@@5%_%37;&%@%%5@ HSG oA THES eRPLELE6n SToifees which
whdgntidjied genes i Rihe Satpl&raSUChia \MR2006/ 119593 orms,
PCT/ BE2006/ 000051 36 nodel nmay be generated by any of
inkeluligorit RAE de&Bripbedtiner ei naoplesher wesgIRREWRSI N our

CEE&%E&O{%E Vaven.leI %gb{lggs%nd 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, KPNA2, TPX2, FOXM1,
STK6, CCNA2, BIRC5, and MYBL2; see Supplemental Table 14).
For ER-positive 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 wvalue. 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
seems to be predominantly driven by this set of

proliferation and grade-derived genes. However, in ER-
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recogni zed as equivalent in the art using gene(s) (and
subsets thereof) disclosed herein for the
w0 deattidsprati on of 5 whet her an unknown or SuspCT/BBR®6/000051
breast cancer sanple is normal or is in one or nore
stages and/or grades of breast cancer. The nodel
provi des a nmeans for conpari expression profiles of
ene(s) of the subset fromthe samPIe agai nst

g the |
NEEGERVES LHNOMEFer & Sy Jedt o Ry | e HeT fodefving the

 ppdel e thersarpkespr Aldd magai el -cycl
ué?%ﬁig%g?he bf%?%?%ncg{profiFes or ggainsﬁ'nodel cyese

agebicnangddelbiemeat.i orffhe mugeodyasddiwuporbihiety ef efenge “cell
prof.iles. .Additionally, relative values fromthe
PESAIEETHE PRI & YAy B8 St i “CORbAr (S0P W LR [hehas Peen
rapdelcar galeranse, praf ilasen 1ohd 00 rdsy argref evedd high
embodi ment of the invention, breast cell sanples _
SsgERgen &¢CaPtesT miPLaRE itdh-FoF neieiandpser ~at yprcanalysis

f t < : e | yz h&Lhoms d
s s IR AL SE PO BE RIS IR bt (Gbhomip, orade
tndehe Thitesv sl Wesleamwrddeant ageouslinesmsgodups and this

identifying 20_the stage of the abnornmml sanpl e based
CERPEATTH0 VAL PErERees | PERT 1 e Coxhit RSSTON. pPari e TmoTe,

Rhdrhe npsiRl rSale. ciheserdhdder epsesapan thembeariate

used inconparison to differences between normal and
anedi mirtiuavaababe mEnalystier ef€ebdat & MhirBAtwasalego clinical

p%%e%ots%i%e% I to?f ! Q%tgo%%k'151%l%r-la_tﬂgogxet ection of gene
expression fromthé sanpl es nay bée by wuse of a single
foosogar ray abltertrenaisay gereeexpressi omeve®ad netftdeécular
of anal yzing such data would be fromall _ pairw se .

D ORFAITSEN SEH TSP TR ET R AYC SROCROAREY &Gt claim to

RCCHRC Yo 30-dDA0]p A= Uses, Ahrd N1 PELSESE patients ® *

Invention include "providing the ability to identify .
"br¥astowancdr theéte semsl esigmabeiay tepogteld acan predict

articular stage and/or_grade., of cancer for further .
FogHetn PRI Thi SERTOVT HEE'S  FATPPED] afteated  with

NAaRiAge damdmimercorit extts Péqui thngthhe Wocurrence score
2006/ 119593 PCT/BE2006/000951 37 identification of

dnvedspecanver Patlgetand or ' gbBfle IFaddd cgint o) edetvet five
S8 PP LA, S B8t 10 Y81 st
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 stage Dbreast cancer treated with adjuvant
tamoxifen. Proliferation-related genes appear to be an
important—if mnot the most important—component of many
existing prognostic gene signatures for breast cancer that
are based on gene-expression profiles. By wusing 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

validation publication °®

were obtained, suggesting that
grade-related genes constitute a significant amount of the

prognostic power of this signature. The subgroups achieved
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di stinguish different grades of a particul ar breast
cancer 5 stage for further study, research or
w@b@eactses i zati on. [0096] The materials for useCT/BE2006000051
nmet hods of the present invention are ideally suited
for preparation of Kkits prg?uced I n accordance with
wel | known procedures. The *ention thus provi des
kKits conprising agents for the 10 detection of
b¥x grhess oHrSEngﬁEgai %%@é&%e@ngort GenPrRyPRG Py the
cPLeasticanesh SbAgeER-HHY kits ARANAY | by CORPLMINI grade
the agent with an identifying description or  |abel or
ovazsiepct$ el fetantiy Pecedeer @ked nsthengetdrundayice on

t resent inventjon,.i.s provided. Such_a Kit 15
CSE%E?@ Scofithffier'sS éiaﬁ:lﬁfe\?vi 1 Lo 35 Shro P& of rtegg%se' The
a¥@bhedge bEagankSapbyphenl by thacovrenbhaleditalMhechanism

utilized in the _methods, including, for exanple,
t§ﬁ§-ﬂ&bF?§QP€&lbﬁ?c?@§rF%?s?oﬁﬁfPé §OMEhéSapprdpkiEat #ather

| egti tri oqg#ﬁ;e ; , P, .d
tgggP; gorg%‘%&e{'P, é%% r CIp, fléT]%l%nd I%%-Fg%se?lg\%er se%ﬂ%%y ot
mbi ansdeirptfase;t s poid nkbiadegicRNA mulogmeease’ andBecause
one or nore prinmer conplexes. of .the gresggt inxention.f.
P& LG SRS At PoiSt 1267 = r Shdontgriferyectiic
akitRked drd B AMipicdreaddli ve amd hihheuENe the expression
pol ynmerase). A set of instructions will also typically

apd “@ostivictuded. $O0UAL Thelhet it PrasilRiPy medecules,
cRLCSEN T NENN o0 TBYALEP BR13ULQIRLLA. LA YEP! Giclhani sms
I'n part. aspects of the prese invention may

ial sanbeopraotikC edeshuin ¢thatbyt heyhidtongiedt]l sessenfital Idgvelop
of ,a subset of the disclosed genes to 30 the excl usiqgn

r5FIREPECRAITT r PRFLYAEOTTPT he trdent | FRERTIONY ofcompletely

uRpeask cBRNGALy SiRJeS kB-dogeldr ot NG, SapPL8st cancers
[0098] An exenplary systemfor inplenmenting the
deverap repdEsance por thoasident Woennpestromenegbression of

include a_ geperal purpgse..c utin evice inth .
B bl e ohBET et o5 B Gos Rjo05ETox L fen
r3@pof@leldiAg #hepr 0CEBSEAY Usktting SYSt evayhradwlién  of

system bus that, couples various system conponents
CiyReliadi Pl t Re CBySitGHh neABEot be¥h@Tpriveessedd urvele, has

b§%§.%¥§£ %ﬂﬁﬂPrWiﬂ@ytaﬁgﬁhfgﬁ &%%qu%E%e”%ﬁﬂiycégo¥%verse

random access nenory
the growth-inhibitory effect of antiestrogens in estrogen

receptor-positive  breast  cancer cells @ 2.

Further
investigation into the oncogenic pathways that drive the
cell cycle machinery will be beneficial in developing new
agents to treat the high grade subgroup.

[0091] Definition of «c¢linically zrelevant tumour
subclasgsses within ER-positive breast cancers is of great
importance to the treating oncologist 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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5 (RAM . The conputer may al so include a nmagnetic
hard disk drive for reading fromand witing to a

wora@aa145e3 hard di sk, a nmagnetic di sk drive foPCT/BREZIOHG0051

fromor witing to a renovable magnetic di sk, and an
optical disk drive for reading fromor witing to a
renovabl e optical disk such 38710 a CD ROM or ot her
opti %al Crredi a. The drives and _their _ associ at ed

PhEfi-ne CPE&EADI ECRedT A oVide? ndiRolat i€ 9%t oFRge o tive
praeRiNe-£XeEHt abl eubPStEHCT isORRe dBhE REVME! WES aromatase
program nodul es and other data for the conputer. 15
ipbadaf cBsh edidrddies reporhénpr e§esteviemedntiron lgay ibpgling them
ragticed in a.petworked.environnent_ using | ogical
BonRect TGRSt 5T bRl OFS M gV E it ars. APAgnopausal
wbheeessehs LegrdalanconBeettonsoffty dinelivde aoheedlbgy has
area network (LAN) and a wi de area network (WAN) that
TEFETPGUHIEEs diitEd Herd WPLRER ofnlelakpPe Bpdineluded in the
i 0A. [ Vi e

Tl 2o P LB R P PP 1Y, Ggoage Boxmone
respputserendimer ks, camtamanet’'s atetiee, |t eimestand nmylear

se.a wde variety of different , co nication , . |
tBFobbEe SOTHIGEE 'Ok FPESPHUENGEE v FEODS agpr dabate tors
ahbat - sHeh i FehWor kngonphid d g eyl Y ORI S Wildn ER-positive
typi cal lé enconpass many types of conputer system
CepRbIrgur d¢F ons, thecl trRMhgoperdohter tegpleaedit from these
a%?EQEheldThgevkﬁﬁ%i gﬂhgh-pQ%?eS%gﬁ %X%hﬁgﬁ’ relevant and

croprocessor-based or prograrmabfle consuner
baébeéctriarilcs, dhet norik Plsym3Qe m niccgrpidiers, aea§t ameumour
E%nputers, and é{]%glel ke. . Enbodi nents of .the invention
PREVORYEE SbeCpRadti ' Cedt f AL L Hr 3t Fi bited “B6APuEPRgOn ©f such
tﬁe&b@nnﬁags where tasks ar&qupssf ordeeedpediocal randpeytic
renot & processing devices that are |inked (either by
shapdecrned -1 i nks, wireless links, or by a WD

119593 PCT/ BE200Q6/ 05 39, combinat i on_.of

[ﬁgrgg@m red or v%greoélgguﬁgﬁgé) ]ttkher olllja éDf c%errrﬁ%mn%cca??‘ﬁ%ﬁg cat
daetwerk.i shn tavcdissibtiybetedienMREL bBgiteRe HeBERRL cancers in
program nodul es may be | ocated in both |ocal _and
3 e PEROL YL St oFGgEHevideLsS [ V3G rDef f fisets and

mﬁggggE§%§t%l%&f%@ﬁ&pr%ﬁggtis validated ept in over 650 ER-

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

populations. Stratification by subtype 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
investigation into these distinct phenotypes may result in
identification of separate and different therapeutic
targets.

[0093] The genes identified herein may be used to
generate a model capable of predicting the breast cancer
grade of an unknown breast cell sample based on the

expression of the identified genes in the sample. Such a
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i nvention have been described according to the present

i nvention. Many nodifications and variations nay be
woraee/ 11593 t he t echni ques and structures descri PETYBERIH6/000051

illustrated herein wthout departing fromthe spirit

and scope of the 10 inventi Accordingly, it should

be understood that the app tuses descri bed hereln

are_illustrative onl%%egd are not |im

medEhe TG tHfe FENETRT YWOPBY06IE 11%3&1{58%%8 888 cribed

h@@EAEEZQPGQQ%%Q%ase4qeﬁﬂyﬁ3ﬁﬁ HRar egutl aked 48197 ade 3nose
tumors p-values No. D PD>0 PD>) PO>2 probesot gene

reyngull zgdsca$ ptﬂ@n’\fﬁl@l’mlGE’l D.tiR01a@t00@41i0g 0GxERe (s)  (and

=1b5557 6P656T70. Ho0s 0 B00Ca8507 780 “RRGABT REgoation of
wikPRse agt | Wakhogn poet edubpl Bl dus/ 2828s00@k3cd00dample is

0. 0001 201088-at KPNA2 karyophcrin al pha 2 (RAG cohort
NPrMARp Ot iF dM JBifa O WPTE BROYS 0vd/ ey Dppadesoofbreast

B4z 3 CHRRE o RTS8 ED = ERbID e TRoecoion
ppbfuilear yit upmre ts)unsf othengubsetl. fAAH8 th®08amPle08tainst

0001 218355-at Kl F4A kinesin fan| r 4A 7
the0B6075 168051016 6feacebgﬁgélﬁﬁegéﬁ§tg$g3§ $Bgomodel. The

m@H@EOQQQU|§oﬁ%§§§I@h@ddy' @l RO 89ag6XBREPUSECh of the
laevis) 8 0001 0, 0001 0, 0001 202580 x. st

rEORNVENRST Kiedd Ifsk NI 9921854E 'drdo1def popns 0 deddpeations

m%?%oo a%F%CD§£8,oo rln§8§§588G|5T§5022?%ﬁe/t rgéﬁqﬁéglly’

rkilagdeeb vdluds G%W.ﬂﬁ)@l sGr@e@l Pro00le2h@Ab5bat used in
KI F20A klnesln f |y ninber ZgA 12 1. 6387@8 0001
cemBaEt Seroa R 26088 HVEE Y OB SBRRES( REPLE G5Al e- Asp)

[0@% 4ROl ypepti gg %9 pHaf el 03 7o Rp889he At OH €n80Qkvention,
203754-at DLG/ dISCS | arge honol og 7 (Drosophila) 14

bre6223 @eDDosamngm.Dde@@mfeedsze;anoweak nEt@r mein-normal

aﬁgg on|c Ieugzdgﬁé%pggé klnaseubﬁf 621§égi0%8é%yzed for

t@e@@obx@m@@@lo& 0012847666t at yeaab DgebX to generate the
(nucl eosi de di phosplrate |inked noiety X)- tygA motif
mpde? -1, Bo5y Brovbdcd. sp0 rIYD66TCLUE 0P 1S G¥gptifying

pr 986, 1 1 00 -
tg% %é%’ at %ﬁhc§9%gchOV|ra IAﬁgﬁg%gatg%%%Qal%anqélatlve
diswievievioes 9ot 585 (XO0Hds€ @O0y DO0L 2017 Hheat normal
MYBL2 v-pvyb el_qbl astosis viral o ene honol o
SPpilen) TR BI50eTeos98 52H0b58. BEoRSs gL combariZon to
daiké@%nc%sm KBNAZkar yophesi n almpha 2 (RAGEHGhort abnormal

importin ui- pha 1
reference data which was also used to generate the model.

The detection of gene expression from the samples may be by
uge of a single microarray able to assay gene expregsion.
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 in many contexts requiring the
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21 1.6816 0.0002 0.DDD1 0, 0001 2096606-at Kl FO1
Kinesin famly nenber C1 22 1.5785 0.0002 0.0001

W@ 2060195209408-at | Cl F2C ki nesin fam |y menber PCDBER06/000051

1.5671 0.0002 0.0001 O, 0001 2199186- at ASPM asp
(abnormal spindle)-like, égcephaly associ - ated
(Drosophila) 24 1.5650 0. OOO 0. 0001 0, 0001 203145 at

JgFA 5 ern1ass C|at%q ant t 25 1.5595 0. 00 b 3
eé%df 45%’5 &5 TERT & it % RSed on
l@étl&ﬁa 1. @&5@%& 0063 OHQQ%%LQaQOOlcQQEZ&JM akra€heZ0 than

CDC20 cell division cycle 20 honol og (S. care- visiae
ol ceri4B 10, 0besrv2BdeR - 0,70001 538158 Par tESPERTexvEALity to

B0 00T AT 10T B VEve. MoRRoR of Eh Grugang . eancer

Steigd eftan derdéfarcisentdy?, raﬁdamdhwdﬁichamamﬂemuﬁ@tﬂﬁh

. 5236 0.0004 OOO 1 2047676_at PEN
éFPﬁﬁture spedifi %&%ﬁﬁ%ﬁﬁ e 15°33™M. 6m%€8@6ﬁ of the
QR Olgggﬂtggﬁo% at g EhMELVESS, 14 &l @3- hgf@ 88ation of
(Drosophila) 31 1.5221 0.0004" 0.0001 0.0001 776- at

kD@\esmqihwm rea marsinpiarge ofltshowe:iz kren3y rnagggBires. The

R ST 08 Lo NS5 1 S0 G006 0 Bo0Io6 bg01 0T the
c?a%]éﬂﬂforat &DCA8xpebbsdbni Siodn oyed e asseroat@d Gedds for

1. 6017 0. 0007 0.0001 0,0001 214710s-at CCNB1 cyclin B
iglent YA RYGPS. 0000t 071456 h e optionally

e nt e | or. S
Sl e dapersenldise ol W4 o1 ok GRSy fhion o

Mhbﬁﬂnpﬁommﬁmmcuddﬂﬂ.k@l&@l@gfaq1tyemenbee ih 3he methods
Q001 0Q..0001 210821- x

0.0008 A .
Oé %S’rre?“é %’?%Eeljﬁwﬁn 38 1£49% %doo G 001kt may

il 2 187260 2l EFZOdEREL3LR RyRotdiethend BEOHRIN various
DICFZp762E1312 39 1.4896 0.0009 0.0001 0.0001
TERIBRTE: a tmm@llxmm@ FORCERt b Senel i Int ehahéged in the

“%6%400%2014!}%6( R et i e egmoﬁipaﬂ fhicated

i At h 3014 Obﬁfﬁfﬁﬂar@ 0001t1264033ﬁ3prdiﬁff&13ethyrmicheotlde

hqrnDne recept i nt or.act or 4672 0.
UL OG0 D005 BATBONEE R o1 ST Es crg 10HERy or TP,

IQZ'I@J]-%@EEO% Q@001 1204684 aty sHRAAR Jd-2RNI MNh polymerase,
associ ated protein (tastin) 44 1,4603 0. 0014 0,0001

RN2Q0p21 926088 s andPI1oBR 0541 Pt hetmeal cmrmle@xes of the

D v e ARl oar e h A0e LRSS0 b brooa Y () or

RO ﬁ@ﬁﬁ?&:ﬁs al i hiNBl tbani pridincted. Adddr OvO0¥8th the RNA
0,.0001 0.0001 205034-al CCNE2 cyclin E2 48_1, 4455

RPBOBFaF 0002 050D0 2 20FPLF At i wetl @i §Psitawically be
Gycle?y Gl to Sand G to M 49 1,4384 0.0019 0.0001

0. 0001 200464-at AURKB aurora kinaac B 50 1, 4381

KDQ)UJ]g 0. 0001 The0061h2051 p4evarleCONPE tdentmmage invention

B 10 o Rl 43R0 0OLL 0. 0008 00000 e o
ﬂﬁﬁ“%f&égﬁﬁﬂiﬁVénti&ﬁﬁﬁéw Hetd E&eﬂiébtlced such that they
consist essgentially of a subset df 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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52 1.4336 0.0010 0.0001 0.0001 203214.x-at CDC2 cel
division cycle 2, d to S and 02 to M 63 1.4236 0.0022
w02@60»593 0001 214804-at FSI I PRHL FSH pri mary PEFBBEL®&000051

(LRPRI hornolog, rat) 1 54 1.4107 0.0026 0.0003
0. 0007 212940-al BRRNI barr honol og (Drosoph)la) 56
1;4134 0.0027 0.0003 0.0001 4318-a-al GISE1l 0-2 and

s U R R L T (.

bRE>2: obesebl generasyhd  destemnptdcdtbor@nt s4105cDudO3® the
0. 0003 0.0001 207165-at HviiviR h%aluronan-nediated
SSTiem MEMeEdepPof e RERVAFS187 4679 The03temomggory may
0.9 212022 518t ASALSL6TRaR i a8y i R
l%ﬁn%%%%n%lggnfiﬁgdy Ki-é% (Eg 1,4061 %%ggQ% %gﬁ%%%g memery
(RADDO1 T2B226rmit GONKRY c§d Bbn iAZ15@e] . B48dgrdt DO4hard disk
0..0004 D, 0D01.2195101st PROLQ.paql rase (DNA |, .
ATiPEC tod) PPRACH TH0T: 238005 TGBYa T6 0B I0SbeEy bard disk,
aZQ*ﬂeQ%l@etSi@t dEMNTGAWO iEBt-erasd dndl rkod8%r 03R844ng to a
0.0004 0.0001 203432-at TMPO thynopoietin 62 1.3872
remgu4b e 00aanet DPOLizk476818- ad FEMtidedp disk drive for

SR T B SR heo e s 0980 08 s o

ar ednctreee MR pelypepbptécals medB847 THRO4IrOvEB04knd their

0, 0001 214431-at, G APS i ne_nmonphosphut e_aynt hat ase |,
SGEOEIBEES 0 OB E GOE AL 0001 TS 380 9 B Gl d) Ponvelatile
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PCT/ BE2006/ 000051 59 CLAMmTMs. .. A net hod,
conprising the steps of: ™(a) measuring gene
expression in a tunor sanple; 5 (b) calculating the
gene- expr essilbn Yradeheddesoad JingfthaestemdroSanpl e

usi n r : I (@] rein: [
genegaeigrﬁee%%l%nynil?e%%ﬁe o?%gl%)v%? %n%lu ra%%‘g1 g?é
of gébpscapentgubagedhien JHGk -atghrdES3: 1o epfedd | iedigyx  (GGI)
and | refers to a probe or probe set. 2. The net hod
o5 ckld® dF WBPY 052 Rt fn &?1We?lé$nfo¥‘ﬁ%1?Umr sanple is
fromtissue afflicted br eas ancer, 15 colon
cancer, lung cancer, %g.,_tat—e canger, hepatocel | ul ar
cancer, gastric cancer—ipaficre&t#c .tancer, cervi cal
cancer, ovarian cancéls |iver/@ancer, bladder cancer,
cancer of the wurinary tract, thyroid cancer, renal
whaneer; carcinoma, melanoma, or brain cancer. 20 3.

Tk h C ' : ' ein the tunor
xsgﬁpﬁéigg%gb%ggg%ggﬁ%r%rfégéng éf lﬁgﬁéfhe met hod
cacend déngrteo odtad M3, gentrar el rddd direehsin tHEDrasAKE e,

i s histol o:gi cal grade H&. 5. The nmethod according to
TRPEPRT3Ve+UrtABY 25 conprising the step of

jdeskgpat i ndat hecBEesst ptupdrssanpl e as low risk (GGL)
or high risk {G&E) based on the Gd

2. The method according to claim 1, wherein
the tumor sample is from tissue afflicted by breast cancer,
colon cancer, lung cancer, prostate cancer, hepatocellular
cancer, gastric cancer, pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer, carcinoma,
melanoma, or brain cancer.

3. The method according to claim 2, wherein
the tumor sample is a breast tumor sample.

4. The method according to c¢laim 3, wherein
the breast tumor sample is histological grade HG2.

5. The method according to claim 3, further
comprising the step of designating the breast tumor sample
as low risk (GGl) or high risk (GG3) based on the GGCI
index.

6. The method according to any of the claims
1 to 5, further comprising the step of providing a breast

cancer treatment regimen for a patient consistent with the
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i ndex. 6. The nethod according to any of the clains 1

to 5, further conprising the step of providing a
whe®as195980 cancer treatnment regi men for a patPENBE2006/000051

consi stent with the WD 2006/ 119593 PCT/ BE2006/ 000051

60 low risk or high risk degignation of the breast

tunor sanple. 7. The nethod according to any of the

cl ai ms wherejn the 3, . ncl udes t
1O§”caFeS\?al%shl§hch36§%iﬁ %%Jf%r%attlhen négn % Oéé?%ggl—élumor
@S is about -1 and the nean GG of the HG3 cases
|s about +1: Gd = ,scale N x~ - - cutoff JE '%g}.

8. The nethod- a@@@nﬂQR?QQ)%ﬁﬁP%ﬁ1%9m¥%I%Pﬁso L1 §0f (Gatms

1 % er ehnrteq% GhOep8r Sehc§ARRET $h% Hr | a8t S%'&Qege\ﬂe?lues

é? ted“fromthe genes in Table 3 designated as "Up-
ch%lﬂ at®dchat geade Ireamrms 8f 9thFhélGietdmeeacder diept -

to any of the clal to 8, wherei the Q? gene set
angh ik é‘@é’mathIeé)sft High&3568 48 0P8 firom t he
genes in Ta Ie 3 des d as '&R- regul ate gr ade
3 tunors(ﬁ fTﬁeSﬁ@i cdgédr 6, angieHOh ]clains
1to 9, wherein the sets are generated

from an estrogen recep(or3p05| Ve popul ati on. 20
11. The net hod according to any of the preceding
clains 1 to 10, which further conprises a step of

designating g bregst,Lumpi saopleifs dbfbekenis the clains

subtypes wthin -positive tunors. 12. Thé net hod
1 aes 07 di et i mnyhof Ci hene?Sqr ecedimiged aitrsldaso dne gene

whi ch further conprises a.ste esignatin &y tunor ...
sekeghed ad s ubb§pef T De 1§ubﬁf‘}t’{‘%d % £dtT S ents 0P

ré% BNt 4 han dde; ot gsrsubt ype. 13. A met hod,
nprising: (a) measuring gene expression in a tunmor
sanple: 30 (%) T cobbliodgracereiapgetscery (FS)thgrclaims

1tQ§ éyngherelnpéﬁeuélrgéﬁg] éé”égﬁﬁklses at least one gene
selected from the genes in Table 3 designated as “Up-
regulated in grade 3 tumors”
10.The method according to any of the claims
1 to 9, wherein the G; and Gz gene sets are generated from
an estrogen receptor positive population.
11.The wmethod according to any of the
preceding claims 1 to 10, which further comprises a step of
designating a breast tumor sample as different subtypes
within ER-positive tumors.
12.The method according to any of the
preceding claims 1 to 11, which further comprises a step of
designating a tumor sample as a subtype to be gubmitted to
a different treatment than the other subtype.
13.A method, comprising:
(a) measuring gene expression in a tumor sample;
(b) calculating a relapse score (RS) for the tumor

sample using the formula:
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WD 2006/ 119593 PCT/ BE2006/ 000051 61 PEG . | EPi
wherein: Gis a gene set that is associated with

waele®@bams9y ecurrence of cancer, 5 Pi is the prp@EBB2006/000051

probe set, i identifies the specific cluster or group
of genes, W is the weight gf the cluster i, j is the
specific probe set value, xis is the intensity of the
probe set j in cluster i, and 10 ni is the nunber of

sanpl e based on the relgpse sebie as | ow risk or high
risk for cancer rel apse y a¢utdff value. 15 15. The
+st-hod, according to claim 14, wherein the cutoff
val ue for distinguishing lowrisk fromhigh risk is
@ RS gferfa gmt MG d s+ EGEoG TR wigtthall seeaar digiteence
(g%ain114 or 15, wherein the cutoff value for
i stTHgUi'shing low risk from 20 high risk is an RS of
B,ram 1@ ggobgoorlgrggg gethod according to any of the
claims 13 to 16, wherein relapse is relapse after’
¥ riedameniicf tthe snaddtireml wilesctaxd drom tdfe gpmmm,
onsj stin f.tamexifen Lor .aromat ase i nhibitor
‘éd%%n?gfrgﬁg ﬁ% gﬁdgggiﬁ%aggggtﬁérapy, chenot her apy or
jants bdoy ddeeriapye d@bEhesarwetdridieaccording to claim 17,
wherein relapse, is relapse after treatment_with
tanbRi FBR. THESTHeY net hod® aetaPei gt to Bpycbfstde 1, and
i'%b”%ﬁe1%§§ge}80f §ngnsggg Eﬂngﬁuﬁﬁgglg.ls sel ected
romthe group consisting of breast cancer, colon
cancer, |ung ddnddr nEdsidtaccendeng hepaflacel I1W,arfurther

cance2y astr.ic @2 2006/ 119593 PCT/ BE2006/ 000051 _ 62
¢ 1090 nGES 1 YA et P e AT > RpsGhn on the

KNG ?ééﬂfra§am6@rri@kﬁqgﬁrhﬁﬁﬁcﬁiskC@BQGQa%Ee&herelapse
uri nar ract,
by a c&%off value.

probe sets in cluster i 4. The, &t hod according to
claim13, further conprpsiuig ¥l ifying the tunor
e
[

15.The method according to claim 14, wherein
the cutoff value for distinguishing low risk from high risk
is an RS of from -100 to +100.

16. The method according to c¢laim 14 or 15,
wherein the cutoff value for distinguishing low risk from
high risk is an RS of from -10 to +10.

17.The method according to any of the claims
13 to 16, wherein relapse is relapse after treatment with a
treatment selected from the group consisting of tamoxifen
and/or aromatase inhibitor administration, endocrine
therapy, chemotherapy or antibody therapy.

18.The method according to claim 17, wherein
relapse is relapse after treatment with tamoxifen.

19.The method according to any of the claims
13 to 18, wherein the tumor sample is selected from the
group consisting of Dbreast cancer, colon cancer, lung -

cancer, prostate cancer, hepatocellular cancer, gastric
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thyroi d cancer, renal cancer, carcinonma, nelanom, or

brain cancer. 5 20. The nethod according to claim19,
wob@ee19393 t he tunor sanple is a breast tunor SECPBE2006/000051

21. The nmethod according to any of the clains 13 to

20, further conprising adju%?ing a patient's

treatnment regi nen based on the tunor sanple's cancer

10 rel apse risk,status. 22, The, hod accordi ng.

e R e CTHEEE G BT G0 et oG e Bt Snpracer
11v &Rt ABALe-EJLNTBAJeE0FBNCE.S: chaked dihelpatuentaty tract,
classified as lowrisk, treating 15 the |ow risk _
tiato &t caegeBnt Fanty WREEEY andxf FEROHA MEYUERR| afY brain

aromat ase inhibitors (Als), or (b) if the patient is
CerEssified as high risk, treating the high risk

patient w th am. Bhé emaahbdeacendddinigned ralatiment 9 pt wherein

t han tanoxifen. 20 23. The net hod accorging to claim

the twHereFA™PLRelpati BRE2FS CPEE; FPEE Ss high ri sk

and the patiegq’ $heteahBBNLCEBILERBE itD afiWsdedehe claims
chenot herapy treatnent or specific nolecularly

1sar get e @nt i £oanker t hemapiiedng24 adinstidichoe Ppatient’s
according to any of. the.clajinms_, 25 2 rein
tFﬁ@tBEHE nggﬁggﬁeng?g?gd PFont &R égp%ggegap cgptgorcancer
rRogpLEveiprpekatiien. 25. The method according to any
of. the clains 13 to 24, wherein the gene set ,
conprises at PaaShefBgrhef ackergdmss T GhdiBs2}t, wherein

nd 0 326. They Ll 325t e kel thide tgene g
) %Eﬁériégs ?ﬁaﬂﬁ%ﬁgg PGS P TEOR ang ey regimen

camphieesput eri zed system (preferably a device

or

kit), conprising: WO 2006/ 119593 _PCT/ BE2006/ 000051 .
(a) éagig§s§§§ gﬁ&&?@% pref ?58F§1§Enﬁér38Wr§gg Vttg%%tlng
t@evVhes EﬁgkuﬁbﬁgeheabeqhgﬁtE@Bl?naﬁy&iSaméamﬁb@uaad

for detecting gene expression for a tunor sanple
seage@téﬁlaargﬁﬁéa§€t}ng#bﬁépﬁﬁl&Aﬁﬁée 8F sequences

bounqbgoi% %%gi%atient is classified as high risk,
treating the high risk patient with an alternative
endocrine treatment other than tamoxifen.

23.The method according to claim 22, wherein
the patient is classified as high risk and the patient’s
treatment regimen is adjusted to chemotherapy treatment or
specific molecularly targeted anti-cancer therapies.

24 .The method according to any of the claims
13 to 23, wherein the gene set is generated from an
estrogen receptor positive population.

25.The method according to any of.the claims
13 to 24, wherein the gene set comprises at least four of
the genes in Tables 1, 2, and 4.

26.The method of claim 25, wherein the gene
set comprises the genes PGR, HER2, ESR and MKI-67.

27.A computerized system (preferably a device

or kit), comprising:
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5 support surface as an array; and (b) a processor

nodul e configured to calculate Gd or RS based on the
wW@emwe/1e95pF essi on and to generate a ri sk assesBOEBE2000000051

the breast tunor sanple. 28. The system according to

claim 27, wherein 10 the t%gor sanple is fromtissue

afflicted by breast cancer, ““col on cancer, |ung

cancer, prostate canc hepat ocel | ul ar cance

Dot FRL Eansensomungtuts o MareereD LY, bi BAF CaRcay, kit ox
dQY?é%afngﬁﬁﬁgﬁg LE¥Er cepocerr bhadder scanearigGaBeeFor

urinary tract, thyroid cancer, renal cancer,
deaectnngagenQSenetaﬂsman Ber bz at wmerneerplegbaped on a
stem accor o cl 7.0r 2 n,_th

selinfet: Soaehranst Y frlr Rhnfaeéineenasifishe bUTRt
=8666Fdi BUrtacanysobnt herslai ahd 27 to 29, mhereln t he

bi oassay nodul e conprises at |east 20 one gene c

(ni ckbar rapFoEBREPTSIMAEUL ReChRRaILEEY 89, FRECHY §FEWEGI
R§Cnggangnt ehgl 25%38;5{ wheLeLn aﬁﬁetgeﬁénéﬂatgoﬁth%@ﬁ

at “'east one e sele ted fromthe génes in Tab
adessgmehedfax ‘tbp- begakat edmpn gemdéel tunors” 25

32. The system rding to clai m3o, ere gene .
set conpri ses? gtT @a??%Bﬁ@ geire’™ Wg i%h?t? Jebérein
tﬂ@ngﬁmbﬂ EQQ g3 idesiapatedsas z29P1Hegebated bridagtadencer,
t unor s" 3. The system according to cl ai m 30,
cwﬂ;enemncw it N@r@n@a@@rcm%@%e afanessy ereasroeidular
enes in l.es T 0 [
SIFIER, LBaBARES cghech BBoteaOd-TOgoIRL o0 B0l Bhncer,

oaadian Qéﬁgé&teﬂdwer reaeptror bjendeex pressiron cancer of the

det ecti on. , .
urinary tract, thyroid cancer, renal cancer, carcinoma,

oxr

melanoma, or brain cancer.

29.The sgystem according to claim 27 or 28,
wherein the tumor sample is a breast tumor sample.

30.The system according to any of the claims
27 to 29, wherein the bioassay module comprises at least
one gene chip (microarray) comprising the gene set.

31.The system according to claim 30, wherein
the gene set comprises at least one gene selected from the
genes in Table 3 designated as “Up-regulated in grade 1
tumors” .

32.The gystem according to claim 30, wherein
the gene set comprises at least one gene selected from the
genes in Table 3 designated as “Up-regulated in grade 3
tumors” .

33.The system according to claim 30, wherein
the gene set comprises at least one of the genes in Tables
1, 2, and 4.

34.The method of claims 1 to 12, which is
combined to an estrogen receptor and/or progesterone

receptor gene expression detection.



