GENE- BASED ALGORI THM C CANCER PROGNCSI S AND CLI NI CAL
OQUTCOVE OF A PATIENT Field of the Invention [0001] The
w@e@senses nvention is related to new nmet hod aneiCt/@pi088/054620
for inproving cancer prognosis and clinical outcone of
a patient. Background of the Igvention [0002]
Mcro-array profiling, or the assessnent of the nRNA
expression |l evels of hundreds and thousands of genes,
has shown that cancer can be divided into distinct
nol ecul ar subgroups by the expression | evels of
certain genes. These subgroups seemto have distinct
clinical outcones and al so nay respond differently to
di fferent therapeutic agents used in cancer treatnent.
But the current understanding of the underlying
bi ol ogy does not permt "individualization" of a
S particular cancer patients' care. As a result for
breast cancer, for exanple, many wonen today are given

SYySt egbiee | S LAENEA SoRMEAMAS CRGIRA NORGENOSE s S0 CEL i car,

therapy i art at t ©irpt U T TUULCT ITI1 I on Ul LTIT I TAoSl
cancer recurring afteOUTCONME adF dA SPADBENT
Unfortunately, this systemc treatnment only benefits a
mnority of wonen who wll relapse, hence exposing

Q ynnecessary and potentially toxic
tE§§&§3§%22h8wu§¥8§§é3& c tools devel oped usi ng
mM[ooo13rray technel ogyeshaw peheshiabni nigl | @wilBgeds to
to facilitate tailored treatnment of breast cancer .

10 paeitérts. arkesd aelfon £ 0ol sTHa9Vbeda ABABACHee®EQINOS1S
I R n currentLy . d clinical nethods.
[ggdg¥%ﬁﬁskg$§§ﬁgaﬁfg§a Fﬁégé ‘breast carci nonmas has
| ong been recogni sed to provide significant clinica
p Begkground pfortimet Toventidmaver, despite

r%%%%gﬁndatlonsM?%ro—array profiling, or the assessment of

the mRNA expression levels of hundreds and thousands
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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 systemic treatments such as
chemotherapy or endocrine therapy in an attempt to reduce
her risk of the Dbreast 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 micro-array
technology show potential in allowing us to facilitate

tailored treatment of breast cancer patients. These genomic



the Col |l ege of Anmerican Pathol ogists for use of tunor
grade as a prognostic factor in breast cancer, the
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Committee on Cancer (AJCC) did not include it inits
staging criteria, citing insurgountable
i nconsi stenci es between institutions and | ack of data.

TQB%lS be In art re%géggdto 'Qg$gm89 erveE currgntly used

varlabllﬁty an fﬁe vari ous graglng approacﬁes used,
resuhticag metpods.reproducibility across institutions.
Wth the advent of standardi zed met hods such as those

dd0808ded by EI EiBhCAREIERL| STERETopAt REFEG) FeTCENOpas has
1%9% 4¥Q3Q499ﬁ§§o Qﬁﬁprdgyce P@@E@@n EE%EHEHEE?ES clinical

been i nproved. hbvertheless whi | st grade 1
rpsbynaﬁdla (hitglrmeitsion . aﬁ@weWeanlweaQSGelaeg@mwemdatlons by

feren r ognoses, tunD ssi.fied_as inter
o aReCRres R, T A Br Ly o ROL T e Fes Satc P aFoR frbliiRe Grade
fak brqakﬁﬁﬁknﬁacwwwtdﬁmﬂm §ﬂéy$watapt@fllehe81a@bst Breast
different fromthat of the total (non-graded)

poptkativireanttThel¥ pRBpoFErdRars JOairrd;e ¢4 BoRg onaCancer
”Q%%c%§c%ﬁ§¥Qn&%39%89u§¥53%"H%PQUﬁsaé{ &rchE%§Ea, citing
prognosticati on and inproved sel ection o wonen

fumsnemobmeasﬂecamoepnﬁne&&men&s [@@@Wpeﬁhelmaﬁammtyons and

of bre cance dla nosed .t oday are_h

e Oty 85 FambR Peors Dend imbet e bR Cant . detEsgRseTver
a@@@haﬁﬁ@i%@*b%ﬂmﬁ°dﬂ%&'nvéfﬁo@@jU%ﬂ@&lﬁ@eabﬂﬁﬂba@ﬁes used,
these patients. Yet up to 40% of these patients wll

r eapsdé e ANgPven raReRICeAbila 1thi scgersi agstAatutions. With
p%ﬁ%egkwe%ﬁe L@ égghé§¥ﬂfieéaﬁé%ﬁ% S Qucﬁeggr%kosgr%%veloped

trial s evaluating the use aronat ase i nhibitors
I bst eAtdsobn acand N Kdnld naHienopatdequenceld ths) p. 403-410

t if n in the adjuvant settin t here are nany
opt o3 avai F%BF@rgﬁPcﬁost}ﬁ%Wﬁﬁ%% Sal N dte  has  been

thFQ%%eGCSQ@Q@éﬂ@h@1@§§t Ganger. drddennd(gyyitriisk) and 3
uncl ear which treatnent option is the

(high risk) are clearly associated with different
prognoses, tumors classified as intermediate grade present
a difficulty in <c¢linical decision making for treatment
because their survival profile is not different from that
of the total (non-graded) population and their proportion
is 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 Dbreast cancers diagnosed
today are hormone regponsive. 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



best especially given that the long termhealth costs
of aromatase inhibitor use are unknown. The ability to

WO dmabsd3ge a group at high risk of rel apse whenPQi/ERI008/054620
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tanmoxi fen could aid in identifying patients for whom
tamoxi fen is probably not the Rest option. These
patients could then be specifically targeted for
a%%e%n%hgv§ t%g%égeq%_ﬁgr%t% 5%%‘ Lgoog%sfggoﬁ%&¥g§y cancer.
needCEXISEs £ 87 Wit Hods' an systens that°can
acouratehyprassess progmesics rancthhencerbekpeancamgist sis the
tailor their treatnent decisions for the individua

cgﬁéérﬁﬁQQQ%ﬁlangb%?@iEﬁﬁérﬁjéfn%%@ge%?§Fb]?%ﬁlth costs of
methods ;and systiens i rected 10 breastopancerne apility  to
patients. Ains of the Invention [0006] The present

i ndentiidy aknsgtoupr ot dehnelw metdhodsoandalegis: f othen given
obt ai ni. cancer, .praognosi.s and/or .for._aobtaini.ng. a

SLPRPEAT S5ut Gone< pPefer 4Bl y "A°RUryigaP offcometer 4°F wbom
caneekigbhectd ngrebdhyran)+ sibjede ASpeSt BbhY Bhese patients
subject treated by (with) an antiestrogen conpound or .
aRCarOmattdsd! i nfh¢ bi E8ECLERGRdY ndtaysteseht the alternative
drawbagks, of ods and tools of the state of the
a?t@%? %ﬁfcﬁt%ﬁgsgsgg°the met hods and tools of the

st[@0e53f t he ariccSudimgyyof neke | reemtion f@007heTheds and
present inyention is related to a gene set conprisin
REVFGAUE GHE £ab, “ChPee §aie “S8qaenEe8 PPt er ABry hence belp
f oubo1bipv @it sSi Xaigemen e @ ghi r{ Httbe Ot ABEESIHAB  for the
ei ght) gene sequences or specific portions thereof

( pPEBEs Cor lprrreerseqiereés) IsePeetaduilrgm ehaegfogyists for

c bStiin f e B -
PR RS AR R s R e P periens.
unexpectedly sufficient for performng a gene

eRpmgs ofothendinyengiboobt ai n an efficient prognosis

i_.agnosi ncer . . . .
aqg0g6?g oSI's Oghgajgfééent invention aims to provide new

methods and tools for obtaining cancer prognosis and/or for
obtaining a clinical outcome, preferably a survival outcome
of a cancer affecting a (human) subject especially a
subject treated by (with) an antiestrogen compound or an
aromatase inhibitor, that do not present the drawbacks of
the methods and tools of the state of the art or which

improves the methods and tools of the state of the art.

Summary of the Invention

[0007] The present invention 1is related to a gene
set comprising at least one, two, three gene sequences
preferably four, five, six, seven or eight (but not more
than eight) gene sequences or specific portions thereof
(probes or primer sequences) selected from the group
consisting of gene sequences CCNB1, CCNA2, CDC2, (CDC20,
MCMZ2, MYBLZ, KPNA2 and STK6 which are unexpectedly

sufficient for performing a gene expression analysis to



especi ally breast cancer [0008] The gene set of the
invention is also unexpectedly sufficient for

w@bdioaiomizng a clinical outcone, preferably a sup@i/ER1008/054620
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out cone of a subject (human patient) affected by a
cancer, especially a patient tpeated by (with) an
anti estrogen conpound and/or an aromatase inhibitor

(harnonot her apy). .. [ 0009]_ The i.nventqrs_ have
) % %ﬁ?%$]ént

i §&Nti i ed t h 19 geRd SIS sGPF cfenyeers ©of cancer.

obtpkniing 1hy bgene texpnhessi on anal ysis a prediction
upan the efficiency of an anti-tunoral treatnent (and
cdPOQBAti ng t heTl8l afsifig $E&r e Af t erPe r et ieREIM It h1s also

a@%&%@%@bﬁgﬂ Ofe & selpct by apibturepal, compeund) outcome,
[0010] This gene set of the invention could be used

f oregemebeéypreession vanal ysticona @f net hodJ&or debmeni pgtient)
t he .nost adequate and effective.treatnent_to. be

ABBFE4CEo PRI o patiiSHt, f 6PPEVerdiNg an Ror Monot HergFed by
upeathhi s Hr oupnofepatogats, cohgbenithi ssihorfd®nosher ayomatase
is not efficient for the treatnent of these patients,
WhPRERPpireserit @ TERR O & 2BYéast cancer or ER- type

bﬁ@@%@]cancer' &le&LVEH%OE%V%HRQ!%lﬁ%ﬁafﬁé&)that this gene

di'scovéred unexpectedly that others proliferation gene
sequiencesucdulkdehé dsedoboriobhg biyngeacpreeagiretisanpnobnalysis

the efficiency (and correl atipg.the rel apsing score .of

tRe 6T (L setlbeti Vbt bt TeGor aF coftpoddy ~turoral
especicakhy W thd he-sequences; oftide gengpsetgandcore after
met hod described in the docunment WO2006/ 119593,

espeeitarny byl usi Agranprsgacscs nef hed pakedt tiponaphd tumoral
9%@$€%§%g§ssion grade index (Gd) analysis. [0012]
refera

'y, in the present invention, the

[0010] This gene set of the invention could be used
for gene expression analysis in a method for selecting the
most adequate and effective treatment to be applied to this
patient, for avoiding an hormonotheray upon this group of
patients, where this hormonotheray is not efficient for the
treatment of these patients, which presents ER+ type breast
cancer or ER- type breast cancer.

[0011] The inventors have also discovered
unexpectedly that others proliferation gene sequences could
be used for obtaining a prediction of the efficiency (and
correlating the relapsing score of the treatment with a
selective antitumoral compound) especially with  the
sequences of the gene set and method described in the
document W02006/119593, especially by using a prognosis
method based upon the gene expression grade index (GGI)
analysis.

[0012] Preferably, in the present invention, the
gene set comprising at least four (but less than eight)

gene sequences selecting from the group consisting of



gene set conprising at |east four (but |less than
ei ght) gene sequences selecting fromthe group
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CCNA2, STK6 and KPNA2 gene sequences . [0013]
Preferably, the gene set conprisses these at |east four
genes, nore preferably consists only of four gene

sequences that -are CCNE&Q CRGar ,CDE2Q and 1 CBE%rKPNA2 gene

nore p(e erabl y “onl e four g€ne 'sequénces
Coe2Qen¥BL 2 and KPNA2 or specific portion of these
se guences (probes, priners, etc.)- Therefore, the set

Oééﬁprlse th@rﬁéﬁéagééueﬁ%ﬁk €2, S@fxzﬂ?mﬂéﬁﬁﬁf ahlgese at
MYBLZ +(tfib$y | %‘éhe%?q%&c@ ‘#‘:'e'%%r%%%%;‘ blyngeptaced b Yor four
CCNBlI, MCM2, STK6 or

or the gene sequences
CoeRe @B@ZQHCK@NAZatNMIEZCaﬁalonéDCQmoCDEﬁ@eendrMEMQror more

gene .se nces seI fromthe rou consi.stin

ST s S O e T T TR,
e%pHe KHNNP a@ﬁl y§e§1@ﬂct hese igene Seguefcesetledces (probes,
tunoral sanple are sufficient for obtaining an

ePHilBrERY ptiognosi Shandfaragndsics a Eﬁ§mQﬂWRﬁ%%ﬁ the gene

tg% h%%?%ge?%%2o %%dﬁﬁﬂ'Kﬁhﬁf)éhéu@f§ﬂé QFgHEnlast sequence

pati‘ent ri'ng froma cancer, especi al r east
carcey, gnnsa@&efmralﬂqecER&ytyﬁ@Bmeawzcarﬂﬂé% [@f)lSﬂ:NM) or

oPEr Sy S T (P e (39206 380" Bnd, cwo,
aveirdr tert hesusubjeet (é@@ﬁ@h@@@leﬁéﬁeéﬂgafﬂﬂﬂamfrﬂw@ group

ER- type breast cancer. The characteristics of the
gErasicannPe ofoGRUBIR VaPPouSTHat abasESNALoLenRsEaABENCES .

URBB1uRe websiteg, VWW%%%%%%%§6%§6]%%hg§g 19eNepatnes, ofg  gene

V W Ww . nchi .nlm.nin ."gov genes present
theqbehbewnnglGhamﬁm1@IIS$am§le §0O01ZL fYBL2n ( REDse@bitaining
NM 00%4661eht |¥%gn081s and diagnosis and prediction of the
treatment to be applied to a subject (human patient)
suffering from a cancer, especially breast cancer, more
preferably ER+ type breast cancer

[0015] The expression analysis of these genes also
presents a prediction of a treatment to be applied (or to
be avoid) to this subject (human patient) suffering from

ER- type breast cancer. The characteristics of the genes

can be found in various databases, for instance upon the

websites www.genecards.org WWW, genenanes . org
www.ncbi.nlm.nih.gov

[0016] These genes present the following
characteristics:

[0017] MYBL2 (Refseqg : NM 002466) : V-myb

myeloblastosis wviral encogene homolog (avian)-like 2 1is a
member of the MYB family of transcription factor genes, a
nuclear protein involved in cell cycle progression. The

encoded protein 1s phosphorylated by cyclin A/cyclin-



nyel obl astosis viral encogene honol og (avian) -like 2
is a menber of the MYB fam |y of transcription factor

wW@enems63e6 nucl ear protein involved in cell cycPEI/EP2008/054620
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progressi on. The encoded protein is phosphorylated by
cyclin Alcyclindependent kinaseg 2 during the S-phase
of the cell cycle and possesses bot h activator and

repressor .activities, It ha een_shown to CtIV
| AREERRRa SR &y B s et R e aRat1 Ced1-cycle and

ipselsleeslelske)@ﬂovm@tiva@t@f bhﬂdlr@@r@s@to&l na<5t:g\811tt3§es It has
Transcript variants may exist for_this gene, but their ,
f@??nléﬁéﬂﬁlnE?uﬁ€§lW§G§ ndte beeghld Qﬂ@ﬂﬁﬂﬁ@dcﬁﬁdéi8¥ cyclin

KBNA2aQBe %%ﬁllnXWEQQ1%§%%§%)fac%@ ¥%QR@ g @EBQ@l% I5S qenes.

inplicated in the inport of protein to the nuclear
efvehepeipkPNAZrianas soeay r egubat ofoof tdeld gyoke but their

DRS00 0L Il 858 a0 B BLBK. 2 0L (D)

(Refseq : NM 001786) : cell division cycle 2 protein
is a_nmenber of the Ser/Thr protein kinase famly. This

pﬂgpéﬁﬂ is a cafBN§#ic! %%%%%ﬁt of Phd Hilghl4p PYons&pyggprherin
M
fac %}n %IQ$§61§E k§§e5nQMp 2% e ?g§§%$pQﬂﬂD%kég?ﬁf' to the

I'S essenti al /'S an
phaséeﬁmammﬁehmpe ofKiglkar yot k¢sceld mywllemtdd toficell cycle

ns stably sociate with this protein and
EERBALAE 1 QLT RLGHy Sublini {89V The lR¥nade activity® ¥ (P)J
o&ebamslageg@hn is controlled by cyclin accunul ati on

and destruction through the cell cycle. The
phosphoryl ati on and dephosphorylation of this protein

al Ia ort. re or ce cIe
cdBorer: y[loggm tB0 ?%i Loq ,\17,00%5 &Jik@é” (Refseq

dNMlomoﬁ8®yMt$éﬂK)@ombtogn(SyCGEreyleraeelappeans tember of
as_a regulatorﬁﬁﬁroteln interactjng with severa

OF &r 5?6{3 hs BE° Plpkbnﬁﬁ?nt am Yhe detd KAE is a
| taks1kequi r&th it of the highly conserved proteln kinase

complex known as M-phase promoting factor (MPF), which is
essential for G1/S and G2/M phase transitions of eukaryotic
cell cycle. Mitotic c¢yclins stably associate with this
protein and function as regulatory subunits. The kinase
activity of this protein is controlled by <cyclin
accumulation and destruction through the cell cycle. The
phosphorylation and dephosphorylation of this protein also

play important regulatory roles in cell cycle control.

[0020] CDC20 (Refseg : NM 001255): cell division
cycle 20 homolog (S. Cerevisiae) appears to act as a
regulatory protein interacting with several other proteins
at multiple points in the cell cycle. It is required for
two microtubule-dependent processes, nuclear movement prior

to anaphase and chromosome separation.



two m crotubul e-dependent processes, nucl ear novenent
prior to anaphase and chronosone separation.[0021]

w®Iie/osabeo cal | ed Aurora kinase A ) (Refseq :PCIVEP2008/054620
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003600) is a nmenber of a famly of mtotic

serine/threonine kinases. It is inplicated with

i nportant processes during mtosis and nei osis whose
pr, function [ ral el

p#gp??ération. u$(6)r21ta§fgslscélﬂj'cl:ivated‘I y 8%e$%ﬁe A} (Refseq
phosphorybat i ons ang | nsenaedd vi by peaks fauring thef Rmitotic
phase to M phase transition in the cell cycle . [0022]

C@ﬂBPDGﬁéP§§8nlnﬂMRﬁﬁﬁﬁﬁ% IEyéﬁldmgﬁlq%ﬁ%ﬁ with important
' 8gHlBLALY RAALEIN il vsedaw 1 0sis. wABE0BBBper function
product conplexes wth p34 (cdc2) to formt

matsur &t § o p¥ ofotri ﬁgeaifathr C@N/EF)proImbeJadltJecprmat Pygora A 1s

transcri ts have been found,. a const tive

cZBReSRalts PIndi gt it s ealroRTey o bbb St e ite activiey

t[o@a&@r bptringhathel s2expeesses pr edericnanthyidiobnngn the cell

&2/ M phase. The different transcripts result fromthe

uS&Cof-al ternate transcription initiation sites.

[0023] CCNA2 (Refseqg : NM 001237) : Cyclin A2 that

bel ongs to the highly conserved cyclin famly, whose

nd00e23 are chatcavBeéri(Fedsey a didnBBigocperiodiwiltiyy iRl is a
prot ei n _abundance t hrough th cel | cle. lins

P GRCEIORCAY et ior STOPIEPR WiThalELos bt { Senrdene product

Cyohibne xexhihitth ¢izt i nedcexpiessbon and deguadatbanpromoting

patterns which contribute to the tenporal coordination

off ae&el niMEdt)i-c %rﬁlt@m%ﬁt@ as¥angceyRt$ nhare Rweeeh found,

isp |

e%pr%@%%giFﬁpgy?i ggﬁgééﬁeEEQq%? %%c??%§b|n el%d

aﬁbgwahestDeZamsdﬁMﬁ:klma&ﬁs and thusepronvt escbotinantly

cell cycle /'S and G2/ Mtransitions. [0024
(R Mré@&fsz%%%ﬁ PP AR iSO aBE REPRE o A0S RS ehgeplt from

( Phtolish) oirs s9re e tthe hihghhY pe9Rsered iation sites.
m ni chr onosone

cycle-

[0023] CCNAZ2 (Refseg : NM 001237) : Cyclin A2 that
belongs to the highly conserved c¢yclin family, whose
members are characterized by a dramatic periodicity in
protein abundance through the cell cycle. Cyclins function
as regulators of CDK kinases. Different cyclins exhibit
distinct expression and degradation patterns which
contribute to the temporal coordination of each mitotic
event. In contrast to cyclin Al, which is present only in
germ cells, this cyclin is expressed in all tissues tested.
This cyclin binds and activates CDC2 or CDK2 kinases, and

thus promotes both cell cycle G1/S and G2/M transitions.

[0024] MCM2 (NM 004526) : Mini-chromosome maintenance
deficient 2 (mitotin) is one of the highly conserved mini-
chromosome maintenance proteins (MCM) that are involved in

the initiation of eukaryote genome replication. The



mai nt enance proteins (MCM that are involved in the
initiation of eukaryote genone replication.

wabmbesaeeri c proteic conplex formed b y MCM pPOL/EPI088/054620
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is a key conponent o f the pre-replication conplex
(pre-RC) and may b e involved ign the formation o f
replication forks and in the recruitnent o f other DNA

r Ilcatlon rel.at.ed prot [ nse Thi [ ot gi forns a
CERRERLLRN SR BLBRLPora Ty, BUOMM LB 55 o key

showp ohentegid ametbeehebpccasata@hl Wonplexf tdwee-RC) and may
conplex. This protein is phosphoryl ated and .t hus

r@@M%ﬁ%ﬁﬂWﬁ@’b?oF@ﬁw@ﬁ?%%ﬁ%P are €9@?loq(ﬁﬁﬁﬂs and in
A@%@”Hﬁ&ﬁ%ﬁﬁ%ﬁéﬁ&'ﬁ%’Qﬁﬂ§a§eﬂﬁﬁn9§§l§§5t§8Hlge@a%ed proteins.
included in a detection kit or device that my

( fbrisheryo teonmprisens he ﬁ@mpdwmngmnﬂlﬁM@MséquéﬁbeSSEﬁﬂ MCM 7

ID N.O1lGS6 ossi bly.one or
CPENeRES (B5D St 19 BTy st ety 8iSeqnpbavacy of the
debeglican (TR lﬁﬁ@@éimnl@f phhesaogenas cpr &senthitb aegulated
bi ol ogi cal sanp hOOZG The detection kit or
d@Vl@éoééé@r&Pﬁésﬁé tRe?i AREntiD6M -or the gene
Sqagesges set agaordtngebosipe imeendipn coubdhalsOser could
conpri se additional nornmalizafion gene sequences used
abs rneféuerde igenesetPréfienaliliy, orhesgigenehsequencggsurther)

are sel.ect fr t he group consisting o f e_ge
S ERbrige Hhee e P e s Tsh 0O 88 1 w0 smo
char act erd i didhesengenesneas biemtaupd (khcle, buffer,

vari ous databases, for instance on the websites
WRRL§EREEREdS.) oG oF VAT . ft‘qe%%ﬁ%%lsoﬁoﬁgmﬂw}ﬁéb#o@npﬁ] these

ﬁpPeF| %eég%@nggggog§gxbgngglp ﬁeiaquences for the

ation o these gene seque ces is also present
i OOR&]Ki t accordengetectheni mientdilonjepred esabbydiheyto the
have the sequences SEQID N O 17 to SEQID N O 24.
[ 66271 hE g@ﬁe EBRueteRs (FFEHEICD 5thi SGEnging to the

?@ﬂ%@ﬁ%@%ﬁf%%uQ@na@s% bewpdite agsQkidnsdPROkthalization gene
m Ccr o- we
sequences used as reference genes. Preferably, these gene

sequences are gelected from the group consisting of the
gene sequences TEFRC, GUS, RPLPO and TBP. The
characteristics of these genes can be found in wvarious

databases, for instance on the websites www.genecards.ory

WWW . genenamas.org www.ncbi.nlm.nih,gov

Advantageously, the primer sequences for the amplification
of these gene sequences 1s also present 1in the kit
according to the invention, preferably they have the
sequences SEQ ID NO 17 to SEQ ID NO 24.

[0027] The gene seguences (probes) of this gene
sequences set can be bound to a solid support (micro-well
plate, plates, beads of glass or plastic material, filters,
membranes, etc.) surface as an array and be present in a
detection kit or device, possibly including means and media
for a genetic amplification, such as real time PCR means

and media (preferably for gRT-PCR amplification).



pl ate, plates, beads o f glass or plastic material,
filters, nmenbranes, etc.) surface a s an array and b e
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10

15

20

25

30

i ncludi ng neans and nedia for a genetic anplification,
such a s real time PCR neans agd media (preferably for
gRT- PCR anplification) .[0028] "The present invention

i | at ed fol.l owing pri
008 c i | B RIS s T RO T, oF 4 spabt i to one

appl mbireatfiodn o@fingn@ rameid e ggeneesegeEenaes Nohat tar 8EQ ID NO
preferably present in the kit or device of the

| Afent FBR. 00T8ICTHE kit o(ldiT IeViicd) 6F tReSgee more gene
SeQUERces ssel accarding £o. hhe, i pvention: couhd aks0or gevice

conpri se one or nore ‘additional normalization gene
sedquéhee 1hgentised .as reference (s) . Preferably, these

r ces gene_sequences_ar.e_selected fromthe grou
I RBRR e O T REE R TR p R G T ehe R Tehr B ces cer
TBRcordtihgl rmosper firtrportdronscudvant ageeustyset Bee or more

pri mer sequences SEQ ID NO 17 to SEQ ID NO 24 for an
arplifieatiion 8PrIRéIE2ePer enfEN§ene SSEHGERELS ) ar eused  as

al in i deyj ' 0
PEISREERE S L OPHLCE, SR DR couences
campr i selaaterputierdized sy stemeonpeossngtthe gefe the gene

sequence (S) t hi ene ence bound uypan a e
s&%ﬁ&egﬁﬁ orF%EGrfaégg'angﬁggrr%% aﬁggé 6?bc§§§6f specific
”@@%Eﬁonﬁle@@&@ﬁkﬁg@@ﬂﬁﬁgurQﬂetgrﬁﬁbQU%@ cgele SEQ ID NO 17
expressi on grade index G3d or possibly rel apse score

(RS) BésedPoWG het géne extpresBilohlenteonpldnehtasy reference
bggggedsggggggg§S_§P? ROSS] bl éé%nﬁenﬁkatﬁgé ESK or device
a or this tu ed ih WO

sessnent nor sanpl e as descri
26060119583 o] @021linThRetppasent invention is al so

rehgLeg o a merhod for, obtaining a gene expression of .
computerized system comprising the gene sequence(s) of this
gene sequences set bound upon a solid support surface, as
an array and a processor module, preferably configured to
calculate gene expression grade index GGI or possibly
relapse score (RS) based on the gene expression of
complementary bounded sequences and possibly to generate a
risk assessment for this tumor sample as described in WO
2006/119593.

[0031] The present invention is also related to a
method for obtaining a gene expression of nucleotide
sequences 1in a sample by a binding between nucleotide
sequences obtained from a tumor sample, having

one or more, preferably two, three, four, five, six, seven,
eight gene sequences or specific portion thereof (probes,
primers, ..) selected from the eight or four genes above
described, more preferably CCNB1, CCNA2, CDC2, CDC20, MCM2,
MYBL2, KPNA2 and STK6, more particularly CCNBR1, CDC2,
CcCDCc20, MCM2 or CDC2, CDC20, MYRBRL2Z and KPNA2 gene sequences



sequences in a sanple by a binding between nucl eotide
sequences obtained froma tunor sanple, 1 ; 0 one or
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ei ght gene sequences or specific portion thereof

(probes, primers, ...) select fromthe eight or four

genes above described, nore preferably CCNBlI, CCNA2,

CQ%Z, %D%%OhSNCNE’ ngLzbrKPNA% an% STK e mor & er uences
parti EGF&ryScoNBl , “8bc2C cnt2™6 | “hevesr  EBEEStopés?
0sEQOMYBL Roand tKPNA2 .gen&osegyencesor portions or one

or nore _of the prinmer. sequences SEQ ID. NO 1 to SEQ

| BOSROP1E, PRSIy eidtibi e W t RO BReCbr ther @réfiegheequences

PLERER DS RAUERCES, APNNCA7eE P SEQunbPi £NO1240500F these

an anplification of these reference gene sequence (S)
t matf cacecpr efegraabtyapeesents) | hhohe akict @ochriingy t present in

the invention for obtaining a prognosis, a diagnosis
ot e e Ghel haPRsant e, [ 0032]
Theref epeaihhagse) deteshdons st ep(iLanvdes caymi redclinical

Wth a selection step of the adequate treatnent to be
appltcedet 6fa tparireAE™PL-6m whi ch thi s sanpl e has been

0 b@b&?d’ accor?hggekQIEheTﬁﬁ§ ﬁ%g(%§9§c§§856§§kﬁm@ﬁgfcan be

t hi s detection obtarned by bindin et ween nucl eoti
sequences priésent senecthe oparpke arfd thiee asequenees rebitment to

the set of gene sequences. according. t.0 e i nvent.i on,
By B o e SRt pe g i h Hig st AT has peen
| Byentinen,i scbasedndpen geretbeuanplgbneatix@ression) of this

(preferably by PCR) , preferably a gRT-PCR based upon
t Hetase1on Od apmiaderos deuethicrd (83t abovendesepibed sequences

w&&%@eﬁk|9WSt%% %ﬁﬁgﬁ%%&ﬁﬁéO@héﬁ?ééﬁéfggéegfeghe set of gene

cl'eotide sequence or t conpl enentary
skteandscekt theogenegnucl ebkti devesyiset. of the

pygauion. [0034] Another aspect of the presenty . . .y
invention is based upon genetic amplification (preferably
by PCR), preferably a gRT-PCR based upon the use of the
primer sequence(s) above described which allows an
amplification of the preferred nucleotide sequences (mRNA)
or their complementary strands of the gene nucleotide(s)
set of the invention.

[0034] Another aspect of the present invention is
related to a method comprising the steps of

(a) measuring gene expression in a tumor sample submitted
to an analysis and obtained from a mammal subject,
preferably a human patient;

(b) calculating the gene-expression grade index (or genomic

grade) (GGI) of the tumor sample using the formula:
X. — X .
2%, 2%,
J€G3 JEQ
wherein: x is the gene expression level of mRNA, Gi1 and Gs

are sets of genes up-regulated in histological grade 1



related to a nmethod conprising the steps of (a)
measuri ng gene expression in a tunor sanple submtted
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preferably a human patient; (b) calculating the
gene- expression grade index (of;genomc grade) (Gd)
of the tunnr sanpl e using the ornula wherein: x is

I nd
rI%Gqﬁes up- ;gs e ev ?oFoglCSHG33adgg§f%%§?§ets of

hg@h@bog&@ahhgrwmwéh&f&ﬁ) peepecablylset 0fd genesfefrs to a
the invention, respectively, and %_refers to a probe .
oPrﬁpﬁbeogetpﬁ%%$eﬁﬁ“%h@hééﬁéféeF EonpFiiSesS®F comprises or

C%B %%BB%ﬁd(CRﬂ§d§£s@fbfth%j&?”%e&%eqH§Q$9§ﬁcé§$ Akt of the

the invention, (c) p033|b y sel ecting the adequate
t Legemsnbnt o be applled to a human patient fron1mh|ch

een ned .accordin .
e BT a RV e G OB hE P raTENEs EuRgy sPPLied
saapbehu%bmspbuﬂahtsaﬁ@hewﬁa@hdth@sEBambyaeha@e@%bn obtained
cancer or ER- tépe breast cancer. [0035] In the .
meCREAAIREt tOr thevPEBCaERE iSRG Ofo JERES AvERE dFGIPhebtained

ty tganceny samphesubmitted 8.2 dkAgRosiS 1S pe ER
(ogggineg) ?roﬁ1a th%sue gpﬁectgg'gysa anceP séjlegted+ type
f borethe cgnogp oan&Rst itygeobrbeesastacarcer, col on

c r., lung ca pro at.e ancer hepatocellu
cgﬁﬁgpﬂ gastrlc?gaﬁég %gﬁgre ticc OCafE&r Cec8F P gﬁng to the
caﬁ@@htl@marlammﬁanﬁﬁﬂorlIv@én@éﬁﬁersa@é@@deéugﬁmeeéd to a
cancer of the urinary tract, thyroid cancer, renal

céﬁ@éﬁosééréﬁnoﬁﬁﬁfﬁﬁﬁﬁﬁoﬁﬁﬂﬂ@rath$ﬁU%aﬁéé?Cted by a cancer
f Ly, s S r e
%l% %%dyfr m he Eﬁg?ﬁfn?gﬁé%é%fggs$§ EIEHQP c%ﬁggk, colon

(nDre preferab a ogi ca tunor sanple
|danbe&|ed1aﬁmgradenbﬁﬁ, HE r cort 2HE3) caﬂh@rsanhb@atocellular
could be also frozen %68 or dried tunor sanple

( pAPaffi ndentédded oG SARGIFES C(EFPEY OfF Tof CaR V(&AM yancer.

ovarian cancer, liver cancer, bladder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer, carcinoma,
melanoma, or brain cancer. Preferably, this tumor sample is
a breast tumor sample (more preferably a histological
breast tumor sample identified as grade HG2, HGl or HG3).
The sample could be also frozen (FS) or dried tumor sample
(paraffin-embedded tumor samples (FFPE)) of an (early
breast cancer (BC)) patient.

[0036] The method, kit or device may further
comprise designating the tumor sample as low risk (GGl) or
high risk (GG3) based on the gene expression grade index
(GGI). This embodiment may further comprise providing a
breast cancer treatment regimen for a patient consistent
with the low risk or high risk designation of the breast
tumor sample submitted to the analysis.

[0037] The gene expression grade index GGI may
include cutoff and scale values chosen so that the mean GGI

of the HGl cases 1is about -1 and the mean GGI of the HG3



breast cancer (BC)) patient. [0036] The nethod, kit or
device may further conprise designating the tunor

wa200ploss3e6 | ow risk (Gd) or high risk (G3E) bBCSEHEPIING/054620
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the gene expression grade index (Gd). This enbodi nent
may further conprise providing#Q.breast cancer
treat nent reginen for a patient consistent with the

Iggsrlsk or . §¥ de§hgnat|o f t e breastI%qu&ed for
saone su8n1? H to tThe anaIyS|s Y The eneq

exprnessiaenogr ade tindedaGad o iinee UﬂJﬁOIﬁUﬁfoffea@dt platforms
scal e val ues chosen so that the mean G3d of the HG
cé@@éYﬂ§ga§6éﬁereftaﬁ§aﬁﬁé ‘mean GG of the HG3cases i s

about +1. The cutoff val requiged for callbr i on
of the data(}ﬁ} uneﬂcaﬁe ﬁereﬂ uat+ﬂcm§ i ng
di fferent scal es: [ x] 4 cutof ] g3
JeO [0038] The Gi gene sef y coﬁ%llse at | east one

| ected f t t
P03 et cd | 1 gy ade T tumsrer (80 VBLIUGE 12859475 o

. gthe @%lgemedSé&omayheoqamesedablbaasbdoae pU@fe@@nﬂwted in
at | east two, ree, four, five, six, seven or eig

CEREE) sk iRkt {1aRr HE' GAINY 100 2l goNeE Jat GFNg nget mav

| pyeptiian. 20033k <| Bnangthet -asReck t0fi bhe ithwenthoRe, four,
the met hod according to the invention conprises the

stfep@,ofSl(m) sesur phgegehe axpreessi grelierted uhpem the genes

P k%é e eC%E%U|$tEﬁ an%%k Rge score (RS) or
clin

i'cal “outcorme o tUror sanple especially the
syovswal out conenof aaobuamn pabeent bromtwhi chint/Bnsion, the

sanpl e has been obtai ned and whi ch has been possibly
t Feated 1T EHdi i bA &P%ﬂﬂ%ﬁﬁ?%%@?o@éﬁpééﬁﬁéuﬁfﬁnSteps of

an agr %%%%%%%n'gnt}'eﬁ'et Qo %&%‘s@g;o*nh%nf ar mukar whepekn: G

is a gene set 'that is aSSOCIate W th di stant
(b) calculating a relapse score (RS) or clinical outcome of

the tumor sample especially the survival outcome of a human
patient from which this sample has been obtained and which
has been possibly treated with addition of an antiestrogen

compound or an aromatase inhibitor using the formula:

>w,

e jek ”
wherein: G is a gene set that is associated with distant
recurrence of cancer, P; 1s the probe or probe set, i
identifies the specific cluster or group of genes, w; 1is
the weight of the cluster i, j is the specific probe set
value, x:; 1s the intensity of the probe set j in cluster
i, and n; is the number of probe sets in cluster i.
[0040] The method, kit or device 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 distinguishing low risk from high risk may



recurrence of cancer, Pl is the probe or probe set, i
identifies the specific cluster or group of genes, W
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probe set value, X1 , is the intensity of the probe

set j in cluster i , and n is {he nunber of probe sets

in cluster i . [0040] The net hod kit or device rmy

fyct her, compri ses. the step of cclassifying theysald . o1opee
t Urror sa ase ral apse score as low ri

hisgh rei sksfmbfcam@ﬁnr -nel apse10The cutoff for

di st ngw shing low risk fromhigh risk maybe a rel apse

sdQP81(Rs) b&PCfr SIAECMIGY 0 496TPD? a"rdl a stotepse after
(%§baQReEEom w%%ﬂ<3'%%hoioﬁﬁﬁl Th§r§ﬁ$€§§@d r?hﬁ@%?tor, a

be rel apse after treatnent with tanoxifen,
apbmasterlanm,blt@n ae@hl@mnerapyheaﬁtpefndocmne (antibody)

ant i bod not her a or an
S R e b RO T s oy THeE pereantepr | Barfad s fged by the
a[ote.r sBhekerabky, ihheneebapse Plr% fafrben vt r eakneat apiskhis after
tanoxi fen. This nmethod could be applied to suppress a
néi ceffesitent! endet e ref €% eal Fbft m@ﬁ@ﬁdEF@p‘berPE‘F@ applied to

c er, t
reglﬁgeggp%i 85 fhgg'bas %@ @ t§e5E%QBQEQHxn1 ER+ or

n may be adj ust on t e tunor sanpl e’
careebreelapseprri sknseat.us. For exanple (a) if the

PRORER): i ant SonUEnt AW Ch ah“SRHTGSE ogewiner may  be

cappourdd( selecd i ¥e esle ogefof ecaRbok’ BOMEALOr PElapse risk
down regul ator (SERM or SERD) such as tanoxifen,

ré[té%ufsen Fof §§Ia61@éfé dad (lieé}@énplaéll)?nér @ﬁsatcé@éSlfled as low
nh 'toffeiéé (R Lisihsg E%h% t%%il evi?'lth an
ﬁl fhe |gh r Sk

r
gh Tis 033| ly treati ng pati
V\Aatnlnlaﬂtalotgemnat iacenpendoltr i nés¢ ¥eat ent oéherogban receptor
tanmoxifen. For a patient classified_as hlpgh ri sk

t e
pglpfjélllrfj'tgrtré)gt neRty eﬁﬁfﬁ%ﬂraﬁﬁﬁ bésgg]Mus d 68 D) such as
cheppiherapy AeatimM, flaslodex and (sequential) aromatase

inhibitors (AIs), or (b) if the patient is classified as
high risk, possibly treating the high risk patient with an
alternative endocrine treatment other than tamoxifen. For a
patient classified as high risk, the patient’s treatment
regimen may be adjusted to chemotherapy treatment

(administration of paclitaxel, taxanes, anthracyclins, b5-

fluoruracil, cyclophosphamide, etc.) or specific
molecularly targeted anti-cancer therapies or possibly
immunotherapy.

[0043] The gene set may be generated and the sample

may be collected 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.

[0044] Another aspect of the invention provides a

computerized system or diagnostic device (or kit),



(adm ni stration of paclitaxel, taxanes, anthracyclins,
5- fluoruracil, cycl ophosphanm de, etc.) or specific

wordoeosdles | y targeted anti-cancer therapi es orP@EDEBR100$/§54620
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i mmunot herapy . [0043] The gene set may be generated
and the sanple may be coll ect froman estrogen
receptor (or another marker specific of the cancer

tissue. sa l.e) 05|t ve_Rpo ulat The na
LRSI h P BB T RSN S bpnreay,

be “genera
genes iy e\ﬂarﬂb rd a@e@@tn@go @ehl@e e@@trlee@h opo ﬁ@lraial @@m@md sample
the specific disorder. [0044] Another aspect of th

i REERET 6R PPEvPEes éeéoﬁﬁuFéﬁli@&e§§§9€w1épddlQQn@sPF@CGSSOI

d%%ﬁ%@e(ggn%hbhrego%gr'%ﬂ%@laQQ)G@Ib'%@%%@%l@oﬁ%l T possibly
preferably a bioarray, configured for detecting gene

expeeséu@nCEdrqmuq@mﬂ<s%ﬁﬁk£ based sanphe gemedsen ohe gene
t he invention; rocessor nodul e conflgu e
Sheory-

tgxgg€g§|gpeaéﬁ;to RS &1 “posSibry "thE élunugglbreaSt

oubﬁ@mss@fnptlaeahdmbrsawbetaasge@h@nttra@tg@ﬁe to be applied.
expreSS|on and to generate a risk assessnent for the
brl@2461t unor sahpfelBHERFBF SsePESt PRGCt RESErFaEEREXPeCtedly

be nappl;i 31] [Qﬁ@l}?f@etbn‘é‘%@ CE{% have,al ?@;958&’&9% to the

unexpect e is possible to use pri mer
adowedtm@m(f¢meﬂmemﬁm@naﬁoefdbtaenmngﬂﬂrRﬁﬁ|@$®my upon a
gRT- PCR ass Y, upon a t r _sappl e obtai ned directl .

f EBCE (et e g A Aol Baeiient ) gP M Gpofificluding
Cﬁﬁ&ﬁhv%ﬁnﬁﬁﬂﬂie &spapbal lapfdazen (&Fpphdedptdally frozen
tunor sanpl e (paraffin-enbedded tunor sanples (FFPE)

) {E6 eanldy et clareer (BTPpati érpraféoaspmiprdded tumor
Ay g&%rs '%%‘é%t%%%ﬁd <346l %@EaFS’QRc%%%g rﬁ%g;;‘ %%h%ﬁ‘é.

conc ance w Inal “mcro-array
( Gendwilc G ade Thdexhvestngsbﬁ&a&ﬁ'mammsi pophil gRC6ACR assay
fromwhich frozen and, paraffjn-enbedded. tunor sa

| es ,
{ PSSHES WorE L oISl THifl THe | AVCHEBPS AvEO0DE SRHeqerives

aGGI (Genomic Grade Index)using breast cancer population from
which frozen and paraffin-embedded tumor samples tissues
were collected and the inventors  have obtained a
statistical significant correlation between the Genomic
Grade Index (GGI) generated by micro-array and these gRT-
PCR assay using frozen (FS material) as well as paraffin-
embedded samples (FFPE material) and between the Genomic
Grade Index (GGI)using gRT-PCR derived from frozen (FS) and
paraffin-embedded tumors samples (FFPE).
[0047] The inventors have tested the prognostic
value on an independent ER-positive tamoxifen only treated
frozen breast cancer population and on an independent
population of paraffin-embedded breast cancer samples
consecutively diagnosed at Jules Bordet Institute
(Brussels, Belgium).
[0048] The inventors have observed unexpectedly that
a high Genomic Grade Index (GGI) level assessed by gRT-PCR

associated with a higher risk of recurrence in the global



statistical significant correlation between the
Cenom ¢ Grade Index (G3d) generated by mcro-array and
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as paraffinenbedded sanpl es (FFPE material) and
between the Genomic G ade Indexg(G3d) using gRT-PCR
derived fromfrozen (FS) and paraffin-enbedded tunors

S lLes (EEPE 004 The inventors hav sted th _
SBBRSL: | EoUaPhe SRoAN it hdbpeniont CERTpOLIErGY in 'the R

t poeXiciiern enrlty dnreat edhify ozen bt eastocances popul ahbomesent
and on an i ndependent popul ation of paraffin-enbedde
bPé§§P eanedr $amplés c6ﬁse@Hﬂtﬁéﬁﬁléﬁﬁgné§ééY§€SJuIé§e GGI

g%%sb@S%h;u&ﬁT(g%Ns§%%%1n§%|% 1f1&§%@8]Tﬁgﬁefore, gRT-

|nventors have "observed unexpectedly that a high
GeAdnibe s€dade Bndeml¢e@)mm@@eloasgegged DyeqﬁfaBQR the gene
ass her risk of recurrence in.the

T bFdast "cahiEr BOBHI £ on HHE B cdicar [ n pHERtLon,

ERpesivtiitvie apat i ent sin TAESuvase FaraﬁC@éﬁaﬁaacWollB thenner the
present mcro-array result. In nultivariate anal yses,
tﬁéoeﬁpsé§§e§§@§rb9fqﬁ?nPGRCr@ﬁﬁﬁﬁeén§ﬁ§nﬁﬁﬁéaﬁ@ from micro-

TE? & oﬁ%un%Rﬁpr ?@%%gnogng bhqh%%QHn%%B%Bd%% Q%%%% samples

preferably the gene selected in the gene set according
t dFERE)i.nventi on, recapitulate in an accurate and

ci bl e manner. the pro stic wer of Genomi c . .
Gﬁgggg ndex der 98gh?FowﬁﬁP%F arfﬁ@ %g BS?HePEBzéﬁventlon
apdnparakl bnnerbedded t uppe rsarples (sEEB%)nmg[ @049br testing
Anot her aspect of the present invention concerns a

nmethceF ot afcepPPrefént soreehi srjtremmf omet8sei mpssfd upon an
%‘ah‘i%l%%%%%ﬂ (9 (o dyrpat r@&ﬁ(}p@(ﬁ'&d b SH' “?%gtc@ that

m ni stration of active conpounds) upon cancer

copppirsesst aretdidtb@ndntioabs lac coratimpirtep tdiethe invention

| vention espegially that comriges the ste.of .1y ana
monitoring and modulating the effects of this compound upon
a tumor sample of a mammal subject including human patients
by testing the risk of a cancer in these subjects with the
method and tools of the invention before and after this
compound is applied to the patient.
[0050] Therefore, this method comprises a selection
of one or more active compound(s) used in endocrine (anti
estrogen) therapy, such as selective estrogen receptor
modulator or down regulator (SERM or SERD) i.e. tamoxifen,
raloxifen, flaslodex, aromatase inhibitor (AI), in
chemotherapy such as anthracyclins, taxanes, 5-fluoruracil,
paclitaxel, cyclophosphamide, in molecular targeted anti
cancer therapy, in immunotherapy, etc. which could be
administrated (separately or simultaneously) to a mammal
subject for treating and/or preventing a cancer, and for
testing the efficacy of said active compound(s), by
collecting from the treated mammal a tumor sample (biopsy)

before and after the administration of said compound(s) to



nonitoring and nodul ating the effects of this conmpound
upon a tunor sanple of a manmal subject including
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these subjects with the nethod and tools of the
i nvention before and after this.conpound is applied to
the patient. [0050] Therefore, ?his nmet hod conprises a
sel ection one, or. . mr e actl conpound sed
oBor e 1 oB0r £ oged) Y ass R oon e o PR e v 2
eahtaganm;em@pM@@ qndmﬁﬂdeoacd@malﬁ@gwdﬂﬂne(££$%m0ion (by
SERD) i.e. tanoxifen, raloxifen, flaslodex, aromata
|§ﬁF6FFéP9(A@§ne ﬁXEﬁ§ﬁ§ﬂﬁ€raﬁy §Géﬁ-a%u%&%h§§@ﬁéﬁlﬁ%lth the
{ 3XReS ot faddiordiAgilo PAE! itael: 6y &oPNAsPRAET 08: device
in nmolecul ar targeted anti cancer therapy, In
|ﬁnanodhegaUV? ethe. whiehttonl d e sdming sgeatedting a risk
(separ.at e % or_.si_nul t aneous| Xg ? ect or .
{ FoREr R G S v ) & Lanchr TN pofEPhEr Hpg enetic
th@oeflflkecacry ©htsatd) aetfi uehiconmpedd GShplRy before or after
collecting fromthe treated mammal a tunor sanple .
(5@6ps@§mb%%%?%a%hﬁpaﬁﬁ%rtﬂﬁeQﬁﬁﬁqﬂsFP@PPBﬁdéfE§HﬁdPOSSlblY
C ng (s), toth jtt
e 8 2o Snoay s R The et Hod ad t o ot fect upon
acaocemngoto ihdne mnMﬁnnHona(byldétecflr@pzﬁ&mplng a cancer.

pression_in s anple with the genes
BB E RN O Y e PV RN QEPERSSREE Oy SUSUEadTy testing or
ageeRdoRd nko denddvent i) anPOsShBLY10NREr@bsfHdoBy tumoral
ri sk assessnment rel apsing score or clinical outcone
(@pdgéﬁéﬂpccﬁmﬁpppésor pattern) of thls tunor sanpl e
gfo%i or afterTBEen]%%'Ho SiL fcﬁ’{h thhedesteds ¢ could
npou ds and possi bly 1denti ylng the conpoun% %s?
nay m@piﬁndeﬁﬁ@mtaumemmalcwmayemunmmyappﬁ@@ﬂ&p@sitﬁkn to a

of devel oping.a cancer. Consequently, this nmetho .
r€6P€§énP§ é%?éﬁéém ﬁ&ctlé@ﬁnﬁg or* B Pé‘rtllﬁ&tm?fﬁéﬁréing from

newnanti t uppral e posshbky -t HADr abr and HOXi Effect  of  the
conpounds.
administrated therapeutical active compound(s). The method

glagn051s

of the invention may also comprise the step of
administrating the active compound to a group of human
patient population which presents the same tumoral genetic

profile identified by this method.

Brief Description of the Drawings

[0052] Figure 1 represents Kaplan Meyer survival
curves for distant metastasis free survival for GGI (high
vs. low).

[0053] Figure 2 represents survival analyses of
patient ER+ (frozen samples) (A) by histological grade (HGI
HG2 and HG3), (B) by gene expression grade index (GGI) (GG
low and GG high), (C) by gRT-PCR performed with 4 selected
genes according to the invention (GG(RT-PCR) low and GG (RT-
PCR) high). (D) Analyse of the node negative patients by
gRT-PCR grading (GG(RT-PCR) low and GG(RT-PCR) high). (E)



[0051] The nethod according to the invention could be
appl i ed upon a mammal presenting a predisposition to a

W@ 2008856366 subj ect, including a human pati ent BCIF/ERI00$1054620
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fromcancer for the monitoring of the effect of the

adm ni strated therapeutical acjve conpound (s). The

met hod of the invention nmay also conprise the step of
monistrati t |ve 0 pup of hunan

oS P RO Rt For i it Sebn e (e EgRLT Dnfhg WBEession

gematiec prdfs | eccdentihbli ed dny lthjisaretdwedie Biief . Difference
Description of the Draw ngs [0052] Figure 1 represents
Kapl dF MRAS ISiasi Varv e §eF8?eE}| St BntIrRIRGStT a8 summarized

f5%6ﬁﬂ@wﬂé%ﬁréofag¥%n(nhﬁv o r ﬂé%@rreﬂégx%ﬂtﬁquée95 CI.

2 represents survival analyses of patient ER+ (frozen
sanpl esptiAXibylhitssol ogirealtwgradee@HE@ HGE and H&)
(B) by gene expression grade index (G3d) (GG |ow and
GG high) , (C by gRT-PCR perforned with 4 sel ected

ggues4accor di ngFﬁ_gutbe3i meed s {CHIRF RER) 40 aods of ER+
GE RTPCR) hi gh) (D) Anal yse of the node negative

patrefifs Wtdﬁﬁiﬁcﬂpﬁﬁéélfﬁ@ CORERTEPCRETPdRSAndg Tunction of
%?T PCR3<h'oQJ}’)1ne(cﬁ)g§/ f-apCEgor e%op%cgr@g'cﬂg selected

gene ex ion grade index (Gd
higshelsogical ragredet ¢ HGe Dinfrcertence (A rPeiaalpwfcpeethe whole

Pl e R ot L3 SURLAE DLANE () anaiyoe

Abls stati stbeabgbest Yeseciwe- sigdeshed 0064 (Fi-gure 310w and
represents survival analyses of ER+ and ER- patients

( parlafrPrRRembebdied- sdif)l e8)ainseurict | 6hcofEtheogerexpositive
def, 'd'%eﬂeg%t‘i P%ﬁvgrf Qb@??g"“&%ﬁl%%‘ %%%je%GQ?@e%CR high) .

accordin tothe ntion t he whol
pdPyl atridry (iGEH o f - POR) phoweand oG IritstROR)ghigh)gf8Bje 2 (HG2)

ﬁga%é%g %ngQF ggérg ggingOSI |ve Sa gfghés rth HG% tumors
were geparated into low-and high-risk subsets by this
signature as GG(rt-PCR) low and high. Difference 1in
relapse-free survival between two groups 1is summarized by

the hazard ration (HR) for recurrence with its 95% CI. All

statistical test were two-sided.

[0055] Figure 4 represents progression free survival
(PFS) analyses for ER+ advanced breast cancer tamoxifen
only treated patients (N=279) by RT-PCR grading. The low-
risk patients recurring 7.5 month later is compared to
high-risk patients (difference observed at 50% survival).
Difference in relapse-free survival between two groups 1is
summarized by the hazard ration (HR) for recurrence with

its 95% CI. All statistical test were two-sided.



G rt-PCR) high). (C Analyse of the Estrogens
positive node negative sanples (G rt-PCR) | ow and

w@eHwHsBER) hi gh). (D) Anal ysis of the pati entPOFf/EP2008/054620
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hi stol ogi cal grade 2 (H&) tunors by RT-PCR grading.
The 90 patients with HQX turmrﬁsvvere Separated into
| ow-and high-risk subsets by this signhature as

Gﬁért%ﬁ%) D'gg‘gr%g‘éi%hg De PLEM SLGAGE LA el apse-Tree
S zed by the

hazarndirabhen (HR) for recurrence with its 95% Cl. All
statistical test were two-sided. [0055] Figure

4 .
rdfPe&dnt s progh'essi 6 fifec SiiViVal S /( PRS) @hal §8es technical
oL R+ ;advanced Breashcancern tampxif enignkby tneahed re
patients (N=279) by RT-PCR grading. The |owi sk
pdOleftls recurriThg Ze&momiciaterrds” coppared to an ordered

hi_ gh-risk tients i fference observed at 50%
SaP0PDRE R Fler ByBE F bl Sped Frle SOFURULE: Preferably
bebwean ct\we tgHeuRs: die Sundmr hzeadiddy tshe hezar dngatiibbe solid
(HR) for recurrence with its 95% Cl. Al statistical

t ESPPREe SR 26Fded. Det ai | ed Description of the

'Qg%@%hon DEf'nTEéon e£ﬂ956&df%¥%réﬁ%fgﬁf§” AdLseq gene”,
nmedi call and technical terns are comonly ‘understood to
ondisKielrked ied tdmnar expfr@857pnThean@r mhedircroyarnays, which
refers to an ordered arrangenent of hybridizable arra .
ePéfrets§d ﬁnetfeacimrwe&a%ua@eﬂ% de® pf oB8ES gRoge expression
sylst pat evhaadi nsol ubl gigpkird sHppRRlesuntaee) in a subject
[OOSSE] The terns "differentially expressed gene",

" @fferenti af T génet exprsessicon” SaAd1ERERE LyynenyAsr, Such as
whi eh ar eca‘%?ceedf'”£§[§‘899§e%%' Yprd €LE régsﬁ‘oge@% O38§rmal or
expression I's dctrvated to a higher or Tower level in
acsubjredt suffjerdtng fTrem ac«hisease] sspechticdkl ygenes whose
cancer, such as breast capcer, relative to it

eﬁﬁpg@gﬁéﬁninl% ST el 2 G to a higher or fower level at

different stages of the same disease. It is also understood

that a differentially expressed gene may be either
activated or inhibited at the nucleic acid level or protein
level, or may be subject to alternative splicing to result
in a different polypeptide product. Such differences may be
evidenced by a change in mRNA levels, surface expression,
secretion or other partitioning of a polypeptide, for
example. Differential gene expression may include a
comparison of expression between two or more genes or their
gene products, or a comparison of the ratios of the
expression between two 0or more genes or their gene
products, or even a comparison of two differently processed
products of the same gene, which differ between normal
subjects and subjects suffering from a disease,
specifically cancer, or between various stages of the same
disease. Differential expression includes both
quantitative, as well as qualitative, differences in the

temporal or cellular expression pattern in a gene or its



control subject. The terns al so include genes whose
expression is activated to a higher or |ower |evel at

waledobesasnd st ages of the sane disease. It is aPGDEP2008/054620
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understood that a differentially expressed gene nmay be

ei ther activated or inhibited the nucleic acid

| evel or protein level, or nmay Dbe subject to

a%te&%%tgv% S%Ei%%%% t%oreSU|tri%x%mdh%fe%%g%al nd diseased
poﬁ?pepfige roduct. ucﬁgdiFPerenceg may bé evi dence
byecaleghange | amoBRYA kevels, wadchaceaexpr @sske@hone different
secretion or other partitioning of a polypeptide, for ,
ekafpree BV eremy afll §eneceXprESS of Ofay-ihcPutieeae of this

CQ%Q%EE%%Q4Oﬁkgﬁg%%%ﬂﬂyéﬁxgéﬁ3”b§ﬁ¥b§Ei5$?eigeE8§89Pered to

their gene products, or a conparison of the ratios o

t be expeesstonvibet wedretaw ier abrelgenes or tdiwiut geme-fold,
products, .or even a conparison. of t ifferent]

D POEAESEn B ton s tor ¢ REoLhmd St S OGRS peferanly at
between dryumal s Subf €Ll s AbdtSwhjegetrsbIuf foar i ngadt oAbaut ten-
di sease, specifically cancer, or between various .
sﬁéé@scﬁﬁ? AR S e LDl PRBEBABILAP &fpraes$ivp gene in

| gkydes DOBh QUANLILAL IG5 RS ARl 23S QUL AliYe.crages of
differences in the tenporal” or cellul ar expression
pdtiseasci negegepecol Lnhsexphessisen pubdects anong, for

e l.e, normal _and di seased cells, or..anong cells
WOPRMave undeFaBhie dPRTareHIOMi <BASS avBHEs opiCiudes all
dins@ase sstodyeparktart e iR posen@iat bhg/bAVERLEENn levels in

"differential gene expression" is considered to be
peedént oghen 1t ker@lies at | east an about two-fol d,

prefer at._| .abo oury~f ore ef er.abl
a?gﬁeggghébo EO§?§%%§|d%£%%std5P§%§Fé§Py‘%§£|§§§? Herein to
abetftrt enof otdedi pfed eaceobetmBentde lexXgrlasdsican off acancer-

gi ven .gene_i.n nornmal and di seased,subjects, or in
VATOIBUSER]8s 025 oh sedsePHBVAR OBt | I Wi Suhosgeurrence,
Sﬁ%ﬁ%%%atﬁQ05§&r&§@P xRl egshgn Rrofddd i, i Bel udeseoplastic
a

disease, such as breast cancer (breast tumor).

[0060] The term “prediction” is used herein to refer
to the 1likelihood that a patient will respond either
favorably or unfavorably to a drug or set of drugs, and
also the extent of those responses, or that a patient will
survive, following surgical removal or the primary tumor
and/or chemotherapy for a certain period of time without
cancer recurrence.

[0061] 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.



met hods of quantification of nMRNA and/or protein
| evels in a biological sanple. The term "prognosis"”

w@ea9/vshizegnosi s" are used herein to refer to tPEI/EP2008/054620

10

15

20

25

30

predi ction of the likelihood of cancerattributable
deat h or progression, includingbrecurrence, nmet astatic
spread, and drug resistance, of a neopl astic disease,

S br east ncer reast . tupor), . [0060].The ter| :
"gpgg?jtion" isﬁﬁgegxﬁégei%lég'rﬁ %% té&% e 11 kel ifood "t 18
t babeatpadt itenhawkel b Hespand ektbesef avonablsy tban 10 years, 5
unfavorably to a drug or _set of drugs, and also the
eXEert oft YRESE PESHERSEsY of tRat &pat PeNEaws!|

SYbyies§. fol |l owrng surgjcal; Semvakh or tResPrif@r Yoatient 1is
tunor and/ or chenotherapy for a certain period of tine

wetbeot ecancehavecar descent| 0@6tpsthe fpeedilét iveers, 5 years,
ngthods of the p gsenttinventioghare3valuable tools in
prediéting ega% £i 84t s "PiRel™y of'0 °r SERA f avor abl y

t qoaeuneat nent regi rRAM SUGn@S, (€hes®t hesapylwi't Rcadresponds
gi ven drug or drug conbination, and/or radiation .
tﬁ@réﬁy,Sémpwﬁepﬁ%ﬁlp§@gfﬁéﬁnﬁsGﬁ@ﬁ@élOéfcﬁﬁé paffient subject

fqll.awing syrgery apdfor termnation he erg% t
ogbgtﬁgr trgétnent nnﬁaﬁit?%s ?s iké?@?f00623hTh sen .
t eredibipgh itisk” tmeanscdreepataemt obsaexpectedmt e bhavéogical

a distant relapse.in less than 10 rs, ears, .4
49 Pt & EBRG o SPESETEhaR 5 AP FoBsREITRE LER) o °
" baWwpkk$K" naans igher Ratdredr | §r exPechedat0ihavRbadded tumor
di stant rel apse after 10 years, 5 years, 4 years

preferahl prafeepbror 8umpan 3uyear §ampde64] The term
;EPE?%A(Cancer)Tﬁgnﬁkg%1QQ%ﬁﬁﬁRQndgstQm;Qy ﬁéﬁg%ﬁ% refers to

d froma tirssue or ce manmal subj ect
( piLef enabby aathemanepat | enwithat amely presederation, whether
Prs Lsgosktk%p 8n§ %angg{ g?? o%%&kﬁ§¥ég?8¥2 aand. cancerous
bi"Gr-agieal gn P
cells and tissues.
[0066] The terms “cancer” and “cancerous” refer to
or describe the physiological condition in mammals that is
typically characterized Dby unregulated cell growth.
Examples of cancer include but are not limited to, 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, and brain cancer.
[0067] Raw “GGI” (Gene expression grade index) 1is
the sum of the log expression (or log ratio) of all genes
high-in-HG3 - sum of the log expression (or log ratio) of

all genes high-in-HG1l and can be written as:

ij N ZJCJ-

J€G3 JeG



fluid of a mammal subject (preferably a human patient)
or a biopsy, including frozen or dried (paraffin

weededsises t unor sanpl e, preferably human) tunoPCEHEPPDE054620
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[0065] The term "tunor, " as used herein, refers to
all neoplastic cell growth and,proliferation, whether
mal i gnant or benign, and all pre-cancerous and

cancerous cells and tissues. [0066] The terms "cancer"
wWherelins " . . .
an cancerous" refer to or describe the physiol ogical

candist ikbe geneapwdlrsstshah i1svkypocakiRwaghar acteri zed
by unrequl ated cell growh. Exanples of cancer include ,
bd00%83 "not 1i nPt 05 brERstSSancef, %o1Sen anteyulated in

| upg capceks, Preshake 16anGer anhepataeellular .Cancek, or probe

gastric cancer, pancreatiC cancer, cervical cancer
overti.an cancer, |liver cancer, bl adder cancer, cancer

of urinary ct, thyraoi ancer, renal _cancer,
CdPBERimn. el aoie, "aka’ bRarHCEancel O LFO0RH RageLe values
" GbsehCane Expt esBL0Mmeghades 1 NEiex}his aithe s nfi g hebout -1
| og exgression éor log ratio) of all genes high-in-HG3

- 28@mtef fRen 6§ lexpr &88i HF3( 67 SPEg tFafPe) tof Lal

genes high-in-Hd and ca witt as: J Se G3 J
Se G XJwher €irf7] = S@CZ@BE %ec expryssf on- d:‘ﬂ\{gjﬁo?j]
MRNA, [0068] G i and G 3" are<sets genes

up-regul ated in JEG J€G
The cutoff in GGI is 0 and corresponds to the mean of
means.

GGI ranges in value from -4 to +4.

[0070] As above described proliferation capture by
the Genomic Grade Index (GGI) is an important prognostic
factor in Dbreast cancer, far beyond estrogen receptor
status and encompasses a significant ©portion of the
predictive power of many previously published prognostic
signatures.

[0071] Surprisingly, GGI correlates with response to

chemotherapy in both ER-negative and ER-positive breast

cancer patients, with only 11.9 % of patients having low

o\°

GGI having complete response to chemotherapy, while 40.4
of patients having high GGI have a complete response after
the same treatment.

[0072] The inventors were also able to convert and
validate by gRT-PCR assay the prognostic value of GGI using
frozen (FS) and paraffin-embedded tumor samples (FFPE) from
early breast cancer patients. The inventors have developed
a gRT-PCR assay based on 8 selected GGI genes involved in
different phases of the cell cycle and 4 reference genes.
These selected genes are CNB1, CCNA2, CDC2, CDC20, MCMZ,
MYBL2, KPNA2 and STK6 (4 reference genes are TFRC, GUS,



HE@ and HG3, respectively, and j refers to a probe or
probe set. [0069] G3 may include cutoff and scale

wao adese3ehosen so that the nean G3 of the HGE PCHER®0$/654620
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about - 1 and the nean Gd of the HG3 cases is about

+1: Gd scale[ x] - x] - cutoff,The cutoff in G3d is O

and corresponds to the nean of neans . G3d ranges in

val from- o +4, . [.0070 bove descri bed .
p%glii% eraargl oTﬁBI%:)a'pt lﬂ}rlee %§e% %r n%m'sce ade I%%%?(S(efae) either
i span,i quragnt cprgnestl eidMct ofskfybrneasir cancer preferably
far beyond estrogen receptor status and enconpasses a

s§Rir | @Qﬁ?opoMthéﬁ 6% %@N&Zediaétsia\ife%ovver of nmany
prewhaysl y publ ighed; prognosti 6, signatures - +h00 curacy of
Surprisingly, G3d correlates with response to

chienst h&TapR rmdoth ER-oegatidea@ndw ER poket bveginal micro-

breast cancer patjients, with only 11.9 % of. patjients
nacrny 1o e R T oot G e thdd By i R bED e cances
chepotaerapy, fwiind e Alidh % pfopat) enpsrhavi Agebghd&d tumor
have a conpl ete response after the sane treatnent.

[ 667PLePhé Lisvent 68 Wer&carPssagblé thoveshvereiangle (N=30).
val i hy. gR+R : ro I1C, Lval ue a3

u%l ngsa%a?tolgyetnlo%lls ipsng%ygﬁlgﬂ?enbgg%?gd&ttul%} s‘g%%l egbserved
( BERERchr aiile aydne aregs tbycancero patr&nt snd THRT-PCR assays (1
i nvent ors have devel oped a gRT- PCR assay based.on 8

SBPact ah A Genad oRTo) USHOT he i { FtonPogrdse’ of FRg0- 945,
ceblsseycl epapdedor eber epee, geneso) Thase setect editgenes (for
are CNBI, CCNA2, CDC2, CDC20, MCMR , MYBL2, KPNA2 and
STRE2y4 7 ef éifencé -§éfes &Pe~TFRE; ' GUS) RPEPD arSTB8HE-07) as

Rl SRl SR B R Sy e e e

and assay re prefera
FFPE tumor samples assays (1 and 2) (for assay 2: HR=
0.851, 95%CI: 0.636-0.943), p=7.73E-06).

[0074] The prognostic wvalue of the gRT-PCR assay 1
and 2 has been tested upon a population of 78 hormono-
dependant breast tumor of frozen sample tissue.
Statistically significant correlation was observed between
a high relapsing risk and an elevated expression of these 4
genes of the bio-assay 1 and 2 (HR for Dbioassay 2=
3.338(95%CT:1.189-9.374),p=0.022). The prognostic value of
the Dbioc-assay 1 and 2 remains significative during
multivariable analyses (HR for biocassay 2=3.2677
(95%CI:1.157-9.227),p=0.025) together with age (<50 years)
and tumor size (>2cm).

[0075] The inventors have also assessed the
prognostic wvalue of this assay 2 on a population of 208
breast cancers operated consecutively at the Bordet
Institute between 1995 and 1996.

[0076] These gsamples are paraffin-embedded tumor
sample tissues. Statistically significant correlation has

been observed between the high relapsing risk and high



CDC2, CDC20, MYBL2 and KPNA2 (assay 2 ) . [0073] The
i nventors have tested the accuracy of this gRT-PCR

w@s®apsddne concordance with the origi nal m cr oaPCEEP2008/054620
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derived Gd above descri bed by using breast cancer
popul ation from which frozen, paraffin-enbedded tunor
sanpl es tissues and nicro array data were avail abl e

(hhsogs A statkstlcall n|f|ggn%hporrgggtéggaga%jl global

X
(0] sgrve Betme Qﬁﬁ gen ra?ed(%y mcro-array an
qBBpB@Btassays{f(zllm 2 (p5using. Beezensnaberlpaclo (03 and in
assay . HR=O. 945, (95%CI 0. 856-0. 98, p=3. 67E-09)
aﬁérfﬁFPElﬁét eHlaISU(kf d?opds]saatyl@ : O R—bée@%g QOBHES @Ormone‘

Zl%i‘ae@ida%%s) AR —B=862%6B-07). 1a9vell Jas) gwe@@z@

usi ng gRT derived fromfrozen and # t unor
sdfpras assays Emeapdognps@ﬁgrvassayrzmalHErS@gaaficant even
.0. 943

Pt e v D R Sl it Ragepedfvasion

t estred uppa a pgpsbati on pzj‘pulaaﬂlcafrrmnodem&nd@@to seagt: 0. 941 -
tunor of frozen sanple tissue. Statistically
sigrif’) c&it -€drf el at POA was t6Bser vER bet WeERTAVRi gh Subgroup

rekapsi. 919r '9%‘%%”% @@23'58\1%35; %Dro %§I on of these 4

genes 0 bi'o-assay 1 an or bi oassay 2=
319988095%CI 1. Th89- §ro8rdptip= @aMMEEOf'WhE bio-assay 2 has

t | he bi
G R Ve GRSt iR v Sore snarpsad€fFrepplation of
biioassgyraF3i264&mba%El: LordSdt 9. t2ed) é&ﬁbh@25ﬁij1 similar

together with age (<50 years) and tunor size (>2cm
[ G675] tFhe |nventors have al so assessed the prognostic

V3bacgf this agsay 2 ana population of ;208 east ymper of

operate consecutlve y at nstitute
between 1995 and 1996. fb@@?G@eﬂéﬁseeSQﬁmbeB fr@en the set of
p%%%%%l%;é eé%%fkég in the present invention, preferably a
gRT-PCR assays (assay 1 or assay 2) allows an accurate and
reproducible manner the prognostic power of micro-array
derived GGI using both frozen and paraffin-embedded tumor
samples. As described in the figures 8 to 11 prognostic
value of gRT-PCR assay 2 1s comparable to a prognostic
value of micro-array.
[0080] As showing in the figures, RT-PCR grade index
in a high-risk tamoxifen-only treated patients (JNI) 1is
unexpectedly a strong predictor assay for node negative ER-
positive (but also ER-negative) breast type cancer
patients, that can be wuse to avoid unnecessary (and
possibly toxic) treatment by hormonotherapy with compounds
that are not effective in the treatment of this detected
specific group of human patients.
[0081] Conversely, RT-PCR grade index is
unexpectedly a strong predictor of positive reponse to

chemotherapy for node negative ER-positive (but also ER-

negative) breast type cancer.



sanple tissues. Statistically significant correl ation
has been observed between the high relapsing risk and

whe@hesgpsessi on of the 4 genes of this bio-assBYT/EP2008/054620
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gl obal population (HR=I. 072 (95% :0 .999-3 .507) ,

p=0.050) and in particul ar inzfgb-population of breast

cancers hornonedependant (HR= 6 (95%1: 1.075-4.

"3bbs 21 0.0 32) ) L8937L T %u9r§%”§3té ﬁh%gno%tlcnsklt and

si-gni |cant even | € ana

t agehber mwr@p@l@l ﬂmvaseonlfﬁx@énﬁhen gll@balalpopud airedictive

(HR=I .880 (95%CI :0 .941- 757) ,p=0 .074) and the

ERSF6Y1 BPFesibg otHX( Fiﬂ?eﬁe PAGIEIETEl - 0.982-5. 150)
R0@8@§5) - [005§]Efg9é§tprogmﬁl%e%%lsue Qfr thetpe  present
bi'o-asSay 2 has been al so validated upon anot her

i ndependent p@peldkﬁﬂn ofestO6 bpar abfrnrdrbedded brleastoresent

tunor_sanple wWith simlar results ]. A bio-ass

bABRA L AOR - PP FR HARBSr SO GRHedeiauch oAs TRY Fh frade to

genes setestiedefromd hetsettofregenessasiescrdiediilnustrated

the present invention, preferably a gRT-PCR assays

(§§§§9nlWﬁtﬁﬁﬁﬁnﬁ%?%r%ﬂm%mér%ﬁ g@@uﬁﬁﬁi%ﬁuﬁnd Scope of the
r il e rogn oner . of

n?@&%gg?rgy derlvedu%gﬁyﬁs?%g r%ge#%%$ stood that the
pap@h&bmueﬁbedﬁﬁmEHWmm'hﬁﬂﬁﬂﬁ%ﬁrd&1ﬁbsstr@9ﬂvénonhg and are
[ ﬁs 8 to 11 pro ﬁostic vaIE EE qRT- P assay 21is

arabré&ifg EPBPog §strePFalie HrPé’FG Phay.

[0080] As showing in the figures, RT-PCR grade index

in a high-risk tanoxif en-only treated patients (JNI)

i s unexpectedly a strong predictor assay for node

negati ve ERpositive (but al so ER-negative) breast type
cancer patients, that can be use to avoid unnecessary

(and possibly toxic) treatnent by hornonot herapy with
conmpounds that are not effective in the treatnent of

this detected



speci fic group of human patients. [0081] Conversely,
RT- PCR grade index is unexpectedly a strong predictor
WwW®@boop0si3té ve reponse to chenot herapy for node PEDBP1I00€054620
ER- positive (but al so ERnegative) breast type
cancer.[0082] Therefore, the ggpe set diagnostic kit
and nethod according to the invention is also a
predi ctive assay and net hod éﬁxlﬁgese patients. [0083]
D fferent enbodi nents of the—pfesent invention have
been descri bed according to the present invention.
Many nodifications and variations may be nade to the
t echni ques and 3tructures descri bed and il lustrated

herein without depérFR§ FRONFPREISFIFPt 2andS8E6pérofut less
t heahngenkher. tAGEOLdNglY ecicbashouhd che yndersteedisting of
that the apparatuses described herein are’illustrative

> oithy ardear €DAGY CDEEO nYYBpEn EREAZcOPENSLL ,t HEMZ, CCNAZ and
i@%%%tion.CLAINB 1 . A gene set conprising at |east 4
, but ‘'l ess than 8 genes that are selected fromthe
group consi sting.offhtheggenescCDRcc€DE2N ,tIWBRE, claim 1,
KPNA2 , CCNBI, MCM2 , CCNA2 and STK6. 2 . The gene set .
aH@SF&Pﬁgtpﬁ QﬁéeéléFﬁlfe}eﬁﬁéﬁeﬁﬁophéhﬁeﬁé§ugr€OnSlStlng of

seleot edphem LRETAr QU &@Rabskiag-of CDC2, CDC2 O ,
MYBL2 “and KPNA2 ‘genes. 3 . The gene set according to
10 the claim1l , wBeré&hr thengemes aprecsefiecyeddrohe claim 1,

group caonsi.sting_of CCNBI, , 0 and_ MCMP :
géé”ﬁ@%.elﬁ? - e‘%@ﬁé set® aé@gFﬁiEﬁS t%r?rﬁeg&floéﬁprrscﬂn%s%mg of
, Colverei apthe genes sequences gaheshounded to a solid

support surface, as an array. 5 . A diagnostic kit or

devi ce conprisi g The eRe $&tt AT NHY t'e° arye ofLehes 1 to

Cbéinﬁhér59n41ﬂmpoﬁ%hggy sequences are bounded to a solid

15 support surface, as an array.

5. A diagnostic kit or device comprising the
gene set according to any of the claims 1 to 4, possibly
including means for real time PCR analysis of a tumor
sample.

20 6. The diagnostic kit or device according to
the claim 5, wherein the means for real time PCR analysis
are means for gRT-PCR.

7. The diagnostic kit or device according to
the claim 5 or 6, which comprises one or more of the primer

25 sequence(s) selected from the group consisting of SEQ ID NO
1 to SEQ ID NO 16.

8. The diagnostic kit or device according to
the claim 7, which further comprises means for real time
PCR analysis of reference genes.

30 9. The diagnostic kit or device according to
the claim 8, wherein the reference genes are selected from

the group consisting of TFRC, GUS, RPLPO and TRP genes.



i ncluding nmeans for real tinme PCR analysis of a tunor
sanple . 6 . The diagnostic kit or device according to

wo bmoosasen 5 , wherein the neans for real ti nmeP®EIRP2008/054620

10

15

20

25

30

anal ysis are neans for qQRT-PCR 7 . The diagnostic kit
or device according to the claijgm5 or 6 , which
conprises one or nore of the priner sequence (S)

sel ect ed fron1t98 gﬁgupdcon5|s%|ngkof SEQdID NO 1t

SEQ ID NO 16. 8 S8[6S & ki of de&V&ge accordlng to

a@h@rd¢n@1moslherchalnmﬁlchmhf@htﬁewttmampxmﬁ@@ Sese or more
nmeans for real time PCR analysis of reference genes,
P?H@eéléﬁﬁ&ﬁWQ?iﬁ% é?l|é§?€e:%%%%rahﬁg9%9%9&?%?%&%¥1n9 of

SSEqu%r@bnlbh%org%@Tq@cgoggqqs are selected fromthe
group consisting of TFRC, GJS, RPLPO and TBP genes. 10.

The dlagnostlc kit Bhedévtceradeandengcpordhegctalﬁﬂ& of the
conpri ses_one

Sbqcaneed £ ol WBRE S Tom BRRePSad zeln s Pehy Corraigine

I'D NO 37 4 0p3EQ 43 MNO 24duld. Jherkidred devi Ceetecting gene

according to any of the clains 8 to 10 which is a

corrputen%%%%x%%@“m%ﬂp@ﬂé‘iﬂﬁ@r sanpla Bprecdsspythe gene set

modul e conidgused, 7.8 &t 1NQ gene; expr essipn{or a

tunmor sanple based on the gene set according to any of
the cl &lms procedsamd, mbdyla pnnmﬂxgunedwodule:alculate gene-

configured to cal cul ate gene e rade ndex

(30 ) Sor St Slopeape) ThuBed (BRI né gkl A58 score (Rs)
expressi gy sl 410 Q@@ei@ﬁ@ axprsksassessfent heheth€e a risk
tunor sanple. 12. The kit or device according to any

of the prexEiHYE! al®s B¢ -UIQr Wikl t he tunor
sanple is fromgytisgue,atfect ad by a cancer §elk8cted or tne

fromthe group
preceding claims 5 to 11, wherein the tumor sample is from

a tissue affected by a cancer selected from the group
consisting of 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, preferably a breast tumor sample.

13. The kit or device of claim 12, wherein
the tumor sample is a frozen sample (FS) or a paraffin-
embedded tumor sample/FPPE).

14. A method for the prognosis or diagnosis
of cancer in a tumor sample which comprises the step of
putting into contact nucleotide sequences obtained from
this tumor sample with the gene set according to any of the
claims 1 to 4 and measuring gene expression of the
nucleotide sequences in the tumor sample and correlating
the expression of the nucleotide sequences with cancer

prognosis or diagnosis.



consi sting of breast cancer, colon cancer, |ung
cancer, prostate cancer, hepatocellular cancer,

w@2®vosaec€ancer, pancreatic cancer, cervical CBCIVEP2008/054620
ovari an cancer, liver cancer, bladder cancer, cancer
of the urinary tract, thyroid gancer, renal cancer,
carci noma, mel anoma, or brain cancer, preferably a
breast tunor sample it or device of Ial
12, wherein the ungpesa%%g% %s - Cﬁgge sanpl h? Sﬁlalm 14,
owhacpar af§ i nenhedded t upor sanpl e6EPPERn. ldecdbtor and/or
nmet hod for the prognosis or diagnosis of cancer in a
tﬁﬁ899§§ﬁﬁpéewﬁ?€ﬁP68ﬁp9?§§seﬁﬁée§§é6noﬁeﬁﬁFFﬂﬁ§ into
contact nucl eot jge %ﬁgugeeﬁ%dog%ab@%q ﬁqnb&hu% tYMRYein the
sanple with the gene set according to any of theé

5 cltamos 1Sampheandsn&asdmpﬁ@ngene ex preessi foni rofenttteglded . tumor
nuclegtlde sequences in the tunor sanple and
coFferating the expression of the nucleotide sequences
wi th cancer prognosis or diagnosis.15. The nethod
according to the claim 14, which is conbined to an
estrogen receptor and/or progesterone receptor gene
expression detection. 16. The nethod of claim 14 or
15, wherein the tunor sanple is a frozen or a
par af fi n-enbedded tunor sanple .



