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nmethods relating to the classification of breast

cancers. Particularly, the present invention concerns
the determ nation of the prognosis of breast cancers.
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The Nottingham Prognostic Index (NPI) is a classification
system based on tumour size, histological grade, and lymph
node status, which is-widely used in Europe and the UK for

assigning prognoses to breast tumours (1-5). Despite its
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decreases wth increasing NPl value. Determning a
patient's prognosis is an inportant factor in
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vahat. are differentially expressed in tunours of
differing prognoses, e.g. differentially expressed in
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with prognosis, the accuracy of the assigned prognosis is
therefore critical. For example, van’'t Veer et al. (10) have
identified a- 70 gene “prognosis expression signature” (PES)

that predicts the Disease Free Survival (DFS) status of



Al t hough the set of genes was identified after
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. boundaries vary depending on the clinician. An example of a
typical set of boundaries is: good prognosis NPI < 3.4;
moderate prognosis 3.4 =< NPI =< 5.4; and pooxr prognosis NPI

> 5.4. Those skilled in the art will realise that ;hese

boundaries may be varied.



Accordingly, at its nost general, the present
invention provides a nethod for deriving a set of
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expressed- genes. The invention al so provides nethods
and assays for the classification and/ or assignnent
of a prognosis to a breast tunour sanple. The
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genes from the set of 62 genes are capable of classifying
tumour samples into discrete categories. Thus, samples
exhibiting continuous NPI values based upon histopathological
parameters may be separable into discrete categories at the

molecular level.



soci al aspect of cancer treatnment. For the avoi dance
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expression |l evels of the prognostic set in a tunour
~wll generally be indicative of the |likely prognosis

of the patient. The expression levels wll generally

be represented nunerically. The expression profile

therefore will generally include a set of nunbers,

each nunber representing the expression |level of a
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Two genes in table S6 are highly expressed in low NPI
tumours (the “Negative genes”), whilst 60 of the genes _are

highly expressed in high NPI tumours (the “Positive'ggnes").

Accordingly, at its most general, the present invention

provides a method for deriving a set of differentially



after which the rank order of the individual genes is
used as a paraneter in the analysis (instead of the
wezpsessbon  val ue of the gene). Preferably, sPepGBR)04/004195
conpri ses contacting said expression products .
obtained fromthe sanple with a plurality of binding
nmenbers capabl e of binding to expression products that
are . indicative of the expression of genes of the
prognostic set, wherein such binding may be neasured.
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will generally be probabilistic. Additionally or



particular materials and nethods (e.g mcroarray) from

which they were derived. If a new materials and/ or
worRiBos®9{e. g. a new type of mcroarray) are pADpBe@d/004195

the standard profiles of, known prognoses are

preferabl e obtai ned again using the prognostic set.
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according to the first aspect of the invention nay
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nmet hod provides a-nore objective, and therefore
potentially nore reliable, way to assign a prognosis.
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separating breast tunour sa es into discrete

mamregmlulers Ahe exerefois Dredies ngieinreill generally |
1ncdee tlgg %hguagg4§ﬂﬂﬁ§@% ﬁﬂﬁb¥§'fé§¥eégdﬂ¥n%akhe

assi gnnent urthernore, "a confi dénce can
e}hgecmognédvm bﬁea garelicdt itba, progRdritiarestnf or med
choice regarding treatnent of the patient can be
made, depending on the "strength" of the
A method in accordance with the first aspect of the

invention may comprise. the steps of:
providing an expression profile that represents the
expression levels in the tumour of the genes of the

prognostic set, and



prognosis. The expression profile of the prognostic
set may differ slightly between independent sanples
w@boosiosdebar prognosis. However, the inventor SPEBEGB2004/004195
reali sed that the expression profile of the
‘particul ar genes that nake up the prognostic set when’
used in conbination provide a pattern of expression
(expression profile) in a tumour sanple, which pattern
is characteristic of the tumour's prognosis. The -
i nveaRUIBiRgve Pragreimtta kaeppaghert ikasast onsthe
fQRQE! bving tumour sanples into high NPl and
["ow 5%n g&&???% Byghlgh NPl it is meant an NPl of
preferably at Ieast 3.4, preferably at least 3.5,

nore f.erab eas nor e. ref abl y .at
TR e g e S eﬁ%éuﬁea?%%%?l igitogphion on the
eﬁxeafs&ﬁaﬁl VYeatlbeasttih Yeanrd HBSth@r;e}@r@{gltmca&etl eash a
4.0. Hgh NPI may be at least 4.1, at |least 4.2, at
PY&ASH 94189 dptfed’t: 4hichamayealso Anrlyge othpgast
%?f%ségg% lEQ@igrf@d%ckgaﬂgfEeﬁ@é&éhé%ﬂ#f3%§ﬂ@sgﬁoﬁnge$éwg
P.1 is between . . 12" WD 2005/033
oﬁb@lt/@z@@nﬁeom%hﬂ wimsnirdal | Hltereatigirdd ., itnpdgr pelude
QQQ 0 (0] ¢ f erm ned
du3|ﬁbqﬁgﬁgt88 éx %gi& ?§%8|%£5% w§£§§§? nts
bel onging to these di fferent groups exhibited

stafistically significant.di.fferences |n ver al
T%ﬁué?%ﬁﬁ R0 { ‘Téflﬁb% gntgﬁmn?% Rjodd ‘pr ognosi s

may &aaav&btalhengysarbzsaﬂsu tahonat eambl abotiin 83% patient;
patients wit noder at.e' pr.ognosi s. may have a .
P L et ipa PR e L B DS Yo e Shamag of the
gMdN ofPRBE' pobgndath c e@gnosi s may have a ten-year
survival rate of about 130 (4). In particular, the
prognostic set seens to be correlated nobst strongly
Md &5 AR, S @gROSke-£as: s&f 1 epted by Igfeln)e i Bnd in
Estrogfn Receptor positive tunmours (ERF
Pa] teissd arcatHSoﬁe@ﬁeﬁﬁ@agtlwmﬂsm rﬁ@l@ﬁsrl@@eﬁr(?flle may
b&c{ﬁ@&y@&%s'c@r}eg ER+).. a0d; fegal i e %%h)eISlfQE¥B§Ssuch
i's an. i nportant |st|nct|on |n the treat nent of
asr dagt rsancdemltER- tpunbmsexalr%ss’;mrgertemallotmrregenef or a
AA nicay; la¥1 aggressi ve E Q”e)%ze% %* dle%‘imo%f Batg&%up of
T+ tunours are rouati nél rea usi'ng
gdﬁHSﬂﬂpﬁeﬂdnahiplgsnSHChu351d€HmhﬂfgﬂDQﬁbEkchBeaStbUt

classifie s ER+ R-
P T g P B ARTGBeR: (9, PATIPmc Badiod® the
s&REdE fdc dofostha geeept @f)sampreeus Hd10_eGa@ipl e, expreSSJ.on
express.ion -te c_hniques. Presently, a tunour's

O%taat‘?(f‘é“q LYo b %Pﬁua@@e?ﬁ ﬁ%@rwqﬁﬁﬂjm.%%%ﬁéml& Py

£hddHQorPlod MHENARLOLEL NGxYSL 89 & FNtd ROdM-ahQ tERofThBEnes
first aspect of the invention preferably includes a

inttdle ssindérePreArngbl e ERE sPERURSTONn He tgpsgeented in

tﬁgﬂg¥§%e§g¥%nE ro%&@gu§s f%ﬁ&%ﬂéggﬂé§§1f$§ RG g%ﬁ@cate
expressi on anal ysis, y usl ng hi stopat hol ogi cal

an eicr‘rtmemm.orPrieteaabby;mt eepféssion mslpadtveofeot lvbe

ainvent‘io further includes, as an |n|t|al step, 13 WO .

‘PCT/ GB2004/ 004195

In a non-preferred embodiment, expression:profile

information in the form of a set of numerical values 1is



determ ning the ER status of the tunmour sanple, and

proceeding only if the status is ER+. Preferably the
WERSH3d6ns of the tunour sanple is determ ned PUBGBI04/004195

gene expression profiling as descri-bed in our co-

pendi'ng application PCT/ GB03/000755. Gene expression

profiling is capable of classifying breast tunours as

ER+ or ER-, with high confidence. However, there is’

also a third category of tunours that could not be-
cohessiéd editas aERanged ERstwpof hasiemidh ddwt pPyegpPstieafet.

certainty (_low confi bt g ;b 9001
w%?@ﬁﬁﬁ-?%?f %ﬁﬁfeﬁfﬁyrgggggi5?e%ﬂ§%%t fl%ﬂﬁ%ﬁ%%ﬁigencg
af teB Wilsi ciPrigfee rallky praelry o ERshé¢ unmilirsi dudéntdefniesd iwi thed
hi gh confi dence referably classified ER+ with.
2pr2dPRIITIT S rlé‘né &Paiﬁa#t &Héstgﬁ»aedit%f? g tegic
vaAeter HF netk updnrg .t he methods of PCT/ GB03/000755) are
assessed wusing the nethods according to the first
aspect of the invention. The step of assigning a
GRasi s (Rbhespré I%JLD% S0Pl £y S GRS Eon
P?%@ usebgfsgfgtggfica and/ or Srobabﬁ?istic ' oL
ptedi g uss,aisedhf aen Vighg teewl¥ori g § WAuald)ty gf binding
supervi sed, .l earni ng.t i W, Rl arE enat _
mSHEetY 1T s S e bR ) MBrelBi flp IR crat axe
ih@that e afay hbeexiseds ¢ torass genas snphe panestaf set,
two classes. .-The expre sioniigﬁeh of each gene in the
YR BHHOSTIE LaPYSPIt HRY predSt* St imdur sanple is
conpared to the nean average | evel of expression of
t hat gene across the different classes, qu nean .
G%@Fagéﬁ_fna‘y}e P didga M5 e fe>Eal CAPATEY T din- 7Y
d§§9&€§§at; o Prfddeps o Rat shavepadssassi grethidr agnosits,
e.g. dafabase of expression profiles of ~known', ble)
rptoghvsi sSPuIdpAB 2005/-033699TPETF GB200EP G o8 STHE P e ) -
TALT Eereoce; hetyean ithe expeesstabnt s¥g! uand thendman
average gene expression across the-classes is weighted
nandergorapsponds’ torelingotte ther erpuesgbere Pipdyfts of the
articular_class _a n equal . BHL; RedabiN €y VOhe far
p?ﬁg Oagﬁg %%giﬁgfglﬁguﬁﬁt%%r %ngs.lﬁgr a par?icular
ekpmeBedt pel yotmsidepodt iladedndngegat hoe) tigrexxpreghHieon
enes _are summed t.oget her for. _eagh to. creal€ £y th
p?8?3fz§ Por tidad ”%:éflé-%%.me'ﬁﬁgrt L}rtmﬁ% Cs)ggag}g?%ng%l to the ©
reh assvhayiage { thiee dighestofqrasionisvef tbeakxpides her gi n
of victory_ of the wi nning class can thep.be expressed
Pé§duﬁF§dP%?i?ﬁF%ﬁW%ﬂﬁﬁqﬁe'ﬂﬁ?ﬁﬁﬁfﬁgpeﬁﬁgg%?ee%%r%@%ion
plr%gﬁbsiﬁcV\@étht’ﬁde USi i iy re@ibtkambhabe i achpbesemeany
and standard devi ations of ~expression lLevels of the
NYERES i ACLACHEBICIIRE (D THSSILAS. 2BEABPALFY; the nean
and standard devi ations for each class are calcul ated
from expression profiles that have,,or represent, a
Thar stenl af IFTEMISIs 2ePgOIhPEHS NEY &Fd CPEHA RP| Out PY
dA%%EEES”akég’ex ré@s&%kh?gbyﬁig’uﬁég% sLep Qf cASSta Ng
g prognosi s y conprisSe the use of hierarchical
peleusbasl pgebt pared, cprarfliyes f tixtprassisesokéatkd Whth Hgnown

tunmour sa hay, been deteryin usi.ng .di, "
DB P AR U SRt RogEer Foply ettt btahstta
profile (or profiles) which is (or are) characteristic of a

particular prognosis {(or prognoses). A standard profile for a



.-those used to determ ne the expression profiles with
“known' prognoses, or standard profile(s) to which
W0 b@se3s6pd €  expression profile is conpared. TP€T/GB2004/004195
assi gned prognosis may be validated using an
establ t shed |eave-one-out cross validati-on (LOOCV)
assay (see exanples). Step (¢) may be perfornmed using
a conmputer. In Hierarchical Custering, each
expression profile can be represented as a vector .
pafmuculﬂsuﬁt@noélﬂrgﬂne&a@heeeatgﬁ f Adm \WRP2EE540683699
[ GB2004/ 0041 ..gn)_re resent expressi on
PFEULIS 0 he BURESLIRAdlE “UBELEE P6 i SEEAIAF LD
with the vector for every other profile in the
‘analysis, and the two vectors with the highest
Tledr PRPRAY IO §1dhedenrstHdy Breppaf peaed dyet RET WHRE] Fhe
ny. gs as possible in the analysis have
eeﬁppé?fRﬁﬁﬁgg There are many ways known in the art
to calculate the correlation, such as the Pearson's
correl coefficient 2 n the ne p
PEOELeLel W cosliLelent o 020); Lo LI No 8UPnlin or
saaedage-grdotkage ¢hustierddly EhaﬁdanU§Imﬂﬂhﬁs tbé dlfferlng
average of both profiles and then the
KD qréosreépeaf‘%% PEREIOSESnEPnbigs2 g da |O vBEt grgtent

idaveat heenhpakhedn t ®geidheartiopassendlhiah ttheeéexpression
e resenting all the proflles The_ process is

erartiisfalreshstoffe Sofely rEPBRPLFR- bot t om

(|nd|V|duaI profiles) and builds up. In the present

i nvention, individual profiles build up to preferably
Pwﬁﬁ@iﬂpoéqhteecve@@m%on eaclvifbckopwi epf exferitdarg aroflles
é ?Sr staﬂ89£d of1AER) nEHQE‘)&ké)ca éq’oﬂs%%wmco £wWO

anmpl e o un nown ci ass, t e sanple is clusteredwth
dif@ﬁ&ﬂ&ﬂuﬁﬂﬂ$npseﬁlI@Sisaﬁpkéé an¢héb@¢hssmbﬂu9@nRﬁ@mhow

I e e whi C

N e g B o ol o e Phe S e - e
km@wmeﬁn\ﬂianmamdSpoéfxmuglwuil Byvexpees syareqated fesm

SSHaTe ST QNP BeEr o BTor FEOED BAY che S agnes &hnah?

cheem s gREA -0kl dest uad. acﬂmelpbmgﬁozsas ditﬂ‘ycorrhaa\fel” the
been: cal cul ated from gene expression datgﬂégﬁ;

PRI ETRC 9 MiovaPSt BRRnT iR pértt 6P fed®Brl ¢ h

p &b £ i€ t&chnyst opad hol Qﬂ's‘%@bat:ﬁ@h@é%bﬁﬁ)be&fnlques,
assigned retrospectively based on the actual disease
ep?oQ?%%ﬁidﬁmyNBEtéﬁﬁ%ﬁ1n the patient from which the
expression profile was derived. The third option is
nost preferable, as an accurate prognosis 16 WO
T@@O@W@@@@WW@M%sesemeﬂheo%oﬁfrﬁ qopfidgece
[ ) b
18 E PGS -BREEEE S SERRIY) Bafeq N ARl el
tédien pateentThe Hedndaidrmnnﬁuies hmesushalkyranﬁaﬂﬂcveo the

assi nt, the.use_o ndsi ght provides accurac
PR o de 6P P he TRy RTOT oy e et T s daely bt
tieéf i ey fribveaat mend dw agpatiiant whifobreasiodsaneey. a
The progn05|s of the at i ent ngy be assi ged bef 6, _
negy typegPr microarray) are adopted, the sta d protiles of
known prognoses are preferable obtained again using the

prognostic set.

10



early stage of, treatnent and conpared to the

prognosis assigned to the patient after treatnent (or
wa@rooa/0Bmwbe stage of treatnent). The prognosi sSPORGBR@4/004195

and / or after treatnment s preferably assigned using .

a method according to the invention. If the treatnent

conpri ses stages, the expression profile may be

determ ned after each stage to plot the progress of

the treatiment. An inproved prognosis after treatnent
ThedheHRs axcounatasstsll theoorfiatst! eapécpast idld ynvention may

successful, treatnent. The treatnent

IRRENR H?elraa?ﬁ)} YRE Rt A1 5t OtfhEr?ﬁ%%n’i‘¥WW PRIPGARE
e FORPAN NG WG  oBXPERSFHON dre\sel 8i0het Ner RRENQSE badset
in the breast tunmour sanple before and after
pProgresieht fioy deaepicea change in the expression
profile indicative of an inproved prognosis or
-wor sened prognosis. The nethod may include detecting
Al et teigitieat |porevmbug13y1esthm stiepeopr agndFt iy Fepregaprsis

indicated ip Table S6 to uJate /
eGP GBACETHR S pRSQRURTT e Ebe it a5
thadbeatad ddfhoiﬁ@bb&m;Sﬁe tindre ‘tdevnweghl @t@dousl’i}hebsalded
genes may be downr egul at.ed/ upregul ated co £i1
P%‘P%hjoea‘% PR Fes PESHIOYHY ﬂ%ﬁ&g‘éne pr ¥t e\Pé‘P rie
wAELFRSSs hdrakgerokt sanpt es frtdichifi gFi ?@@M@Slf&}r
and/ or conpared to previous values, for exa a
expmpHRr o pIasidl e2NAdPE R | \ROEY PYOREPSDDSBYIG0GE least
ogg&@%ﬂeogﬁé?ércgér?@éﬁ i Qaﬁ{geaofp@@f values. The
prognosi s. The downregul ati on of upr egul at ed
gewecsuakw/qhtauppégprcaf 1lee ofant be stdoefragyud std@base of
p%ﬁ %s i ndicative of a good or noderate prognosis.
e extent of the change in regulation nmay indicate
the ef fi cacy of the treatment. The inventors have
nd t at_.a ch LN, ex ression prof
PR H1T A YBod oL anber L Niue s Fhar ege i L it e
csaﬁ@@ﬁéﬁiﬁtﬁd'eatﬁephrtﬂ&mﬂnnspﬂdgabseshlbhe SeIch exrpression

chan e-in ress rofile ave t he best rognasi
PEOEDTE 1 peSR eRaP o Br T TS T e SBEER S S i B
tBHIr ¥hyal prairRskicTher easpgmw@fpm&i benef sherdninnee)
at pre- and post- treatnent_ . stages may be conpared to
a§téﬂ%aE%PiﬂQﬁQHce§eéfOﬁn%ﬂ% ErSgREBrst ?ﬁet?%nﬁ%
ok Ner 148 & SOMPIesE ( ?éééﬁ@i A0 RE @XPEeSSE Oélub@é@fﬂﬂcﬁ\
of a breeast tunour to either good or bad prognosis
abpues_SYBiiHigh Lo OVonl NPPLRg 431) PraAacasst ghft g the
f%?&@”gspe?e(@rﬁ%ﬁ%ﬂ o@o%@&rl&e deternisped, 1 oM s@h gk i cant
tunour "at a later age of treatnent, to either good
besebédrp¢qmpanmspncbéssh€o@Xptﬁqﬁiqer1EUﬂﬂﬁwﬂTh¢e@QﬂPUter
and_detectin han S r.ekn
TRy H1b%ﬁp%r6gﬁ%%%s fopaggdgﬁéegﬁ%§%%§ Sh ﬁ%mg NP
beewe &Pl §hé Sorafdileauihder of estn a&id ediel \seahdeaﬁmemflle( s) so
Additionalhy or al ernatlvelg a change in the
tBakt R RTRHICS IO APYIBRCRSFEFET Y of assi gnnent of good or
bad prognosis class (or high or ow NPl class) may
i ndicate the efficacy of. treatnent. A decreaEe in the
AEuAREAeRRes bf . 446 yhReRf dfggne expression profile to

assign a prognosis may reduce or may even eliminate the
subjective nature of the clinical procedures used to assign a

prognosis to a tumour sample. As the method requires
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cl ass indicative of poor prognosis may suggest a
successful ., or at |least partially-successful,
wo e@anssmmd . The net hods of assessing the effi cBCyGBR004/004195
treatment may include the step of determning the ER
status of the tumour. 18 WO 2005/ 033699
PCT/ GB2004/ 004195 However, the said nethods of
assessing efficacy are effective for assessing
treatnment efficacy of ER+, ER- and ERBB2+ tunours
abs&sstdd EHE %?}é%sgioﬁ '}?rdé%c%%ahﬂstﬁé hde LHARUR evd e
expressi on pro e represents the expression |evels of
- paefgraly @Jagﬁneatume]:)h,e uhﬁmethoélhprcgerrh@ af m@zeh

ression need b |dent|cal yh Lh
Ogih%%?’d’ e %ﬁf F?‘@Fgﬁ?m o’-?f’etrel gfﬁag%?/we% e lgaeneé, %Fl ¥ to
a@@ﬁﬁh ex Fﬂx%‘@ﬁhlo%ris Prohé | ®rdghostlikbovet Oﬂ@,arass a@ntioned
groupln e expression profiles-. The_bindi g
e ST 8 e e R RS N o L

d§é@f@@é d:aq;re%%%gesaﬂ@%ﬂe&otraeraauu I eshakievel y,
t he expression products may be | abelle fO||OMAn

eltwinatiow. fubensthieshiyt angddei st @5t climigiads éﬁ’@&os‘:lc
P&éﬂeqdp d%%%gégﬂoré S é"séd?ﬁlﬁefﬂb@oégﬁ'C@@taésq%%led"‘@bchhe
etected by ali meter. Alternativé means
poédrbnxunﬂ(mm ithekude EﬁﬁﬂﬂmGdC&hOlSEgr@@¢¢dk?9 kEgeatment of

h I d i
oG5B oMo ghe, (GaBaging, gl Lo Ry sonsere

pfb@ﬁ%@&éJoatlng, and a S|gnaII|ng probe" which is
attached to a solid surface which doubles as an
el ectrode surface. Both probes function as binding

THBNOLH Se £ 91 dh §10ANRS 0B hePpodyadst Mhesebimdi i ffer
occurs, both probes are brought_into c]ose proxim éﬁs

sk TRt Bacheoreret rESReRRg i AeFRESEreht F UM Gt BAPIIC
Hglvggéf' Cathe Si gRalc W ghveanche; dek echgd. tHhehHg @ ®ion
however, a nunber of newer technol ogi es that-have
prefehe | f e gerk Tiifarl agt PEhge thabelake & Gl RRQEIESEic
é\?rwh&lﬂ% dati %m\gl% t@éﬁ”?h:?v&ﬁ@sg PLoduced, DY xpression
agros (Mountain I ew, - ornia). The prinmers
(ardresste gwqﬂmﬂﬁvednn@ck@m@ura@a@ph%y Wel ele ot td- g 1S
n bel a tiQ ed by neasuring
E ¥ac aﬁlséti%]n e% ttaer| ca res g %ﬁéggé 19 WO
2005/033699 PCT/ GB2004/ 004195 a result of two priners

ockln onto a target ex d r odu :

T bR T i 5y Bty by aBEo SRt s i i capable
oﬁb9¥§ol$hﬁgb¢ﬁmbﬁﬁydﬁmﬁ3@b81ﬁ&¢ hegh olve goand | ot i N :
“prinmers for use in a PCR (e.qg, nulti xed

iﬁﬁﬁ??y Bpetdh B & RS &ﬁﬁgéranNgﬁp?gs%E%fprodﬁéts
18hsthe . gengtigeitdent ifd arsstThespraduet sravetsbIhest besast

anal ysed on a gel. However, preferably, the blgg ng , c
3nénbré@e|@r%f%1r4¥ghé arudiegisE aci’d E%%ep’é?f%\m}? eas

fﬁxe&i %é@éf&lqu@as%e9eéaae§§g@n PéQQt&?Eﬁy@ly

be passed over the solid ort %ere

lbrEhghng - t gl i MR D rmntb@ctatvmlteﬁstihé 1bi ﬁauh@a%n‘be%

The sol up y, b L, ass s rface ay Th

gFogc%pe slfe gtggéﬁs%fL§% o § g?ea% ??%%t. rF ©
prb€cecase Oﬁtb@ﬁﬂSVaKﬁﬂﬂbdﬂwm@hn@lgbnbad hay MEIfl&ebP¢Wﬁen
3aH 4individual bead and they are then contacted with
tRe=-
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expression products in solution. Various nethods exi st
inthe art for determ ning expression profiles for
w@aoosiosishar gene sets and these can be appl i edp¢GBREV/004195
present invention. For exanple, bead-based approaches
(Lynx) or nol ecul ar bar-codes (Surromed) are known
techni ques. In these cases, each binding nenber is
attached to a bead or "bar-code".that is
i ndi vidual | y-readabl e and free-floating to ease
Hisydmicta iyt hchbe: gxgdes simadepaoducdisd bHEEe /bbbding of
t he bLndin% nmenbers to the expression products,
CRYegPetes) orsNREVeVR AS R IEGPEE BR NG kTRl e R1ERE
sthafged i DERGSHO0ba DRG0 3RS oREEnHASS O Y QUG cBe A€V K SIPS
(e.g. a flow cytoneter) and read. A further known
exhtthidedofstast et heal g hgpriéddshon @ bfdtegsessin overall
instrunmentati vel o ! ' i_ego,
o, ATy o aohptt o DR e nay pave
a 2EnAQ<20050083690 REF GB20044.0043195 mhitndinng wehber is
\aa%$§Q§q to a sgecific "addregs" at_the end lof g £
T EGpt PECFEBTES BINGAANG 8f “EheY SXpradsitdhpFaatict
adaut t9re ,biahdi pge tedhersirmy ‘bBddceon fiddr eseghbs CHange
which is readable by a device at the other end of the
ha 9y e tSPrIYE AT cBF &L Varh & 3re 8EnEPP v ehtoré have
successfully used a nucleic acid mcroarray
conprising a plurality of nucleic acid sequences
Iy ipdedh iyt l@rsolthe BuppoPetic Byehansivy teubeeicoragiated
mS&d 1/ @Bf e8BLENGLSXRL LSS e HGNES eGa EPNReT) in
over the m’croarray, - ey were able to create’a :
Edfinmiary Recsfitbe phar acver tenderof (ER+He expressi on
products froma tunour sanple with a particul ar
prognosis, in particular a tunour sanple with a good
Thor oglreosd i igra ta chumbubrgaspl eunmide & rivad Hytogwesi 8egepaor

D, | ith i ah \ l. i
o B RATRHT At BeBahio0 DER: ' adhe iR sl AP i B e

dﬂH&gﬂ@hﬂ&manmamabusrgapmeﬁeraﬁlbréhgﬁ(ﬁama@mayERfotumours
assl gning a_prognosts to reast tunour sa e
.a%ilrf% C%Fﬁg‘%raétpﬂggéo FP%EE‘,?%Y s%ﬁ’?lbesssll)’ﬁp&ﬁ“tar‘t cr‘}%\ﬁ%?cﬁm
clrf: PR addpERtakbhyuss bihdidig IRIBeRSeate@chsing
bi ndi ng nmenber bei ng capabl e of specifically bindin
anttol - FPBPds S6HPreguErChf 2% firciden H@lﬁr-oéﬁ(§§€?c
c@®lurs RIES akhybhe; bhndi ngr Menbers. aldiached ske1bbecal

solid support are capable of specifically and

teHuEsEIRdentd - - biva@RngnE bPodkp? 2RI ist dRFcttdieorregeptor)
‘%P%n&g%%?%xpﬁ@fsﬁi%%_‘?E_Sﬁﬁrﬁ’lé{u?@ b%e%%%tt 110 QeReg At s

—or-§ P .
&t 1east 15 genes, a nost preferably at “l'east 20 or
ERG genes lisdemuitfinedyi deTabhends. byT hienthinediirsd ocimembeESY
ached to t lLid support may. ke gcapable of
S ea B saEabS: BERS i R SRR Et 20 10
30 genes identified in Table S6. 21 WD 2005/ 033699

PO CE0041 004195 L ofe ebod tent,, B0l 0 MRIRLS o

of determining the ER status of the tumour sample. The ER
status may be determined using gene expression analysis, or
by using histopathological techniques. Preferably, the first,

aspect of the invention further includes, as an initial step,
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specifically and independently binding to expression
products of all genes identified in Table S6 are
w@bdaobssdo t o t he solid support..The support nPGT/GBY@®4/004195
attached thereto only binding nenbers that are
capabl e of specifically and i ndependently binding to
expression products of the genes identified in Table
S6, or a prognostic set therefrom The apparatus
preferably i ncl udes bi ndi ng nmenbers capabl e of
SPEhHGR) hePERILOGD 2XRRESSLAGPTOAALS bram the
prognostlc set, or to a plurality of genes thereof,
Pk ahyng pmdyudé bhadi e usenbeER+ capabl e of
specifically binding to expression products of only an
i nconpl ete subset of the genes that are represented
POSf 1Yl 338 BRCEOREUAW L theughnotir neynpla s@ detkudéned
bj ndi ng menbers for other genes epresented on
USHE @P?ﬁ?AePFPEFESé?? aEiFC)fllllggl 8%p ‘F?%Vg%qeﬁé‘t “Phe“Ba33A
pEAETQATIRY iCERE B8R EPES/ @Y 084397 ciisd iNgiregenes. _
Accordingly, the_ apparatus preferably includes binding
pYafeng fir cApahbe eOf IR SEASYBNGf DXPRS YitEO S BReERY O
etL33A  MGLAALEAY1 oI BRPACALLS fRY-d Nl udebbndhigs
menbers capabl e speci ficall ndi ng to expression
cpregiugt Sfoftumounsr ehatt htaqleO%bfbe h@l@%rﬂefslw ash&R+ OT
&Jl?’s% m GIR3 raXn TQLE g uée EI'BE/ ‘{rll}: yq%vp'c%qlfggence
ers- cgpagﬁ speC| ically brdi g to expression
t@mmﬂﬂ£tStm&egulﬂblﬁnUﬁamﬁﬁﬁ%}ons7ﬂﬁéqmeﬁﬁﬂ%(NSS¢@%ﬁ©Ed
%.or 20%_ar. 10% or 5% of s on th 133
il St R RGAPE T DTSR of “STEERALT| AT FHe LS
1 SAPPOF ted M thousgh bbmdideg ceenbes sefaslno Iy fiikdnas ER+ -

14000, or_no nore than 10000, or no nore than 5030,
wiith i RS CEieR 8BBBNSY Gho TREPETVERAFE ATRT, DPh 2 aS

Q8BS A ihan 200G he NAtAYE LFABCHD8809) 061®75 DIt haBessed
300, or no nDre than 200, or no nore than 100, or 22

UNDP0UE 0BIE9Y SPEFEOBPOTALe0 4195 hBS Frof @ HarP o ¢ heor
lﬁg@ﬁ@g&ﬁthan 80, or no nore than 70, or no nore
t han' 60, or no nore than 50, or no nore than 40, or
no nore than 30, or no nore than 20, or no npre than
% sPds d1o0 %%rigntiggna %r]dd nfo%rlgngoggﬂgsbrgég ecrxfi‘r@u)fr tsralﬁuple
P ndi ﬁﬁ nenbers are nuc c acid sequences and th
mappewmﬁnmsd:tha neel ef cstai i iiicel oand 49 ﬁTQb%Pﬂﬂ%ﬁtGﬁ

e S6 are |ISte wi .t h I, i e es
t?\%h%le?‘éesc'orsruggpgﬁd ﬁbgkfteée C’Itén%é%? gﬁé)cUn%g Srvised
1databes ececHig gzequencev ofbieacly genestancithisred o be

retrieved fromthe Unigene .database, at tq§ Nat i ona
PEREPYTEH e &haﬁeélsth }(“NI tgi)chnlque may be used L0 assign a

shhb1o {4 WMk REDEWBI A1 addbgovient eeplguel yn f Tagidhsukiagh
ene). Furthernore, for all of the genes, Affynetrix

gemRaNt A CHalFoInesF i f of ¢ D R, fofeﬁét FW@%n’iafiﬁlcﬁul&e
vﬁggpéc?stcpfth%r %Ren §§é§agé rl@v‘é‘i' Bg EQ?ré@QL&E‘Qﬁ@ tHat gene
e probes, (i.e. binding nenbers in form of
aotogoritet eﬂotﬁf@geséqgémw fihgt mgpa avapaht endyf . Lor
- dete
CJFhEELL T ALSIALER Bl 150G ISP UFETL £ 30.on
aéﬁﬁ@nﬁecsqmdg)msa% tlaegAfd@/trmiaaexoxﬁ/ebxpresasmmlgmcrfe}les of

LM|g§n%£g%néthhe target gene.
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If, in the future, one of the Unigene ID s listed in

the table were to be nmerged into a new ID, or split
WO nd0s/083609 or nore IDs (e.g. in a new build oPCT/G82004/004195

dat abase) or deleted altogether, the sequence of the

gene, as intended by the present inventors, is

retrievable by accessing Build 160 of Uni gene.

~Typically, high density nucleic acid sequences,

“usually cDNA or oligonucleotides, are fixed onto very
TEEBYL f £ @ S et t43 MO RO OS{N6 On PEILEB2004 /A4 k850

areas or spots of a solid support. The. solid support
aygrage t BeNA HIFECESE6Pi RCEHP B 18 geagpen hetrighged and

a [ T

RGeS I Coquengest Cara ol S ST (B E agy, rase
anguah| gqiyl a nsboegetsyst emteoriios thht gost ediasolstdthe

oPHERO 4 80d 4 hen | mTEE"Ct'dféfe Qo b xed to the | %%RQ%E and

n-a pre erred EnBodr e € expr essi on pro quct s

ndgatired) fomwmitthehsagphes arre I@h@bﬁedogémmmaﬂdry eashng

? fl uorescent Iabil and then _contacted with t

ATBOFP | TP FRuCPERLSatPl Sadl reAcESs. ts%mawwgls assigned
£Bybhé di Zatd ovibheche upt gscant (paahkets) asearetreet Rdrgin
using a. detector, such asa hlgh resolution |aser
Of CHAREPLY IGf dcaliBRRAY | Ve Ffetdid fREReDR XprRIESSEH 2
ppéggggtgnc&&leqﬁ% tagged with a non-fluorescent Iabel
e.g biotin fter hybridisation, the mcroarray
could then be “stained with a fl uorescent dye that
n nan I r I
T?%Eug?éeg%g%? q]a%gpféégls'ésltrepa?@l %n%gg %q‘gﬁn s to
fbtmnla)thélﬁtar@lpudessme@n parodl lmiaSLdamdydehoa\tems die -
elcﬁ?glssf reelevesl o%cgﬁseder‘rflebsovl% eacgI ngl nlg prv?c; IA]_%SSGS
imdicating a pattern of gene EXPr €ssion ?expresy on
GpattLI hy prevy afdahne knil Ss odxidd it dichy aahahy st dug etattfh class
ignal emtt from each-di screte_spot. with dig
o hg TR P8 SFRESHR b 61 LoBn b ek By 6if of
réﬁﬁe@é@@f | dreRtrali cus arph eodiys T en ghenhcgrpaw echrd tilbw NPT .
that of a standard profile (i.e. an expression .
profile froma tissue sanple with, for exanple, a
2880WN58000, 015:DAd tREAGAOSE By, Ahed sKeevpf NP s Ml 4Ry 201
known range of NPI val ues) for differential anal ysis.
PTABNQE A deRY GPEpPrBEcdeRe viete fafomierarehifdf eclustering,
p&XPE es8h P, fy(éﬁﬂrgésﬁéﬁviéwgié/ﬂnugggdt&Q09§ sample have
characterlstlc of a "particular prognosis e.g. poor'
been” ¢ shnedng dn8feredd naDe20855033899r methods from
. /GB 4/ 00 r P a /
“hogh gd?oéo B ah S e ey SP T B8 ek, Mmow
pmgmm vt LE&Z(BSl)jamd pnef DYe h:'o)r eo wangb(she ofamm@leues.
he standard gna]y erived . fromone or nore
6&5‘?%%%@%? Ié§ 6?‘89?5%%1 y judged to be
characteristic of a particular NPl value or range of

val ues,  (or other defi ned val ue on a pr ognostl C lished
TiEah ey it BHROSRE TEYDT e IGBTER BRETESSH crptablishe

1REPELLBe char aGt R $hil€affidn NAIOMRY) assay (see examples).

.Step (c) may be performed using a computer.

In Hierarchical Clustering, each expression profile can be

represented as a vector that consists of n genes where (gl,
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sanpl e. These/ This standard expression profile(s) may
be retrievably stored on a data carrier as part of a
woatspazey Mst microarrays utilize either onerPOT/GB2mI4/004195
fl uorophores. For two-colour arrays, the nost
commonl y used fl uorophores are Cy3 (green channe
excitation) and Cy5 (red channel excitation). The
object of the microarray i mage analysis is to extract
hybri di zation signals fromeach expression product.
g3 Ol fNGepRLabAE aEﬂ@ye%fpr%s%rﬂ@hSl@\rf@lén%ﬁs Whedg@fes. Each
absolute intensifies for a given target. (esSentially
végror drs &ysnhygbrpai ek dvittd: ahsi ngteos diml €vergopther
colour arra si-gnal re neas atigs -
p?&%L dpeggeo%n%ﬁgﬁhct%n% %Pg gwo Veéﬁ%?%a% téo%bgo?fgheSt
chdeasidtdlon abeont hetoilee kirewpaased tog'eﬁ:fl'mtelmne'l).)awi hdny
different fluorescent |abels, The apparatus-in_ -
p%%%]olrecﬁaﬁéepwhb%%elrbrtéeeﬁfla#ﬁ%%tfe%?? B5¢8 BRABFY WP
conprises a plurality of discrete spots, each spot
contai ning one or nore oligonucleotides and each spot
ThR eFentPRY vy fFRBntitbthei AGE Nl Fgatan th
cEXPIRRSIPN sBEHda'§ttl'§g 229608 selseted filem-tabk ecS6nt
I'n one enbodiment, the mcroarray wll contain spots
(Fr. ehthh@fnehe @@ﬁ@séﬁpﬁm@paed8|vﬁq@m1eESGheEaéﬁréb%i
I e.ap t d hi 11
Pl i Paet oo R b apt ot Chating ghgg io vty
tﬁapﬁ&&&genoprbduntpr@fxiesﬁRNAndrtnémuthaﬁpndmesgené of
le S6 it is representin Each e .I,S fera
P Poiobh dt APBYE 38" WD DOCSFOIIHES e CarT0 ARG oR o AT
bddurglides ebgdthéer erd nidegdnucheotiaes, raprefsenabhy all

the Affymetrjx UL33A set of .probes, f t he gene
ChirePiddsect TBF PR Hieseént hﬁ%&@ﬁ‘fﬁl trf‘esr&%] targs

£ PEPU e G ookl t(lﬁ@{vﬂﬁﬁi]g@ir@)glaeﬁf Oerﬂ:DSi)LSlltd@; appatheshe
with breast cancer, said kit conprising a plura

PR S B diIGTFEABer SN EE sk e PEPLEpRE | i?tiuc]aq 4P Bi9 &Fﬁézfﬁbly
RS PESR QR PLRAUSES, Oéackg%%%ogf rEPEe LOONRSt G188k, (i.e.

and a detection reagent kit- may include a data
oorral ysitedt oshanppes br aEmry 3 rﬁletﬂhéa*ﬂ@l:?n@ﬁ nknchip G 8PS
tl% 0 r%!'ﬁ‘ K@ecggggeﬁgélxylsdﬁ 10k Rh&L £1 gl e 101@@%'a§1§§es

a rithm adapted di scrim nate between t

Tmapnkﬁaa orf pnbﬁoWes sfmplempu i s Mﬁt@etﬁﬁmkﬂadu?ased on

}g Se ogbllé/ behl l gQr H: hg@u-l;

|scr|n1nat et neen progn03|s an a poor

1 OHH0S &oumistoprlesﬁen‘n’(g y between high NPl and | ow

NPl tunours. The algorithmis preferably a weighted
~voting algorithmas described above. one enbodi nment,
B hexdetds Jikel peesi apparaiils kebwhheos egonibespentospiostibe /

I nvention. The kit may include expressjion profil
PEPFR Hreadt L8nBERNT AP ERE SHSEARKRBRAR: 17 ‘891 %(

pPbSEUSSLthBOOUEYN, 28804 HeRR re¥BEESBhO HI¥R{ddies may
characterlstlc of a particular .prognosis (as

halfe dosuEd CABEVR T ePr BY@R ISP SHOFEES bhn aleier a driFEgy from
c Do PEDeT IR dCUL £t Y %' BSuPBY das de@g -

anat yse or grouped statistical or exanple, nean
hayEmpqﬁhohﬂgpcertenhmsqm&sﬁ,amdf@ssgenedme¢@Wn$Hﬁ$§lV81Y

?fgg‘l?lgt tafFi)%gfa; % she pro%rz]:eesgrlogm eo@&g&ﬁé’]gln the
patient from which the expression profile was derived. The

third option is most preferable, as an accurate prognosis
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domai ns or nucleic acid sequences e.g.
ol i gonucl eotides) in the kit are fixed to one or nore
weebis@3mupports e.'g. a single support for ni BCDBBREMN004195
or fibre-optic assays, or nmultiple 26 WD 2005/ 033699
PCT/ GB2004/ 004195 supports such as beads. The
detection neans is preferably a |abel (radioactive or
dye, e.g. fluorescent) for |abelling the expression
products of the sanple under test.. The kit .my al so
(RRARIHS BoihEage N Snd QR %ﬁ&@ﬁitﬁéléHMil@nab¥SbngaiﬁEn) can
binding profile of the expression products under test
bauasaﬂgaﬁﬁvebyse@rﬁpkﬁhﬁnsﬁgsﬁﬁﬁﬁﬁﬁEQWﬁ%?mﬁe ERtcHRotRadeent
[S l di t he, eXRheseteBspeOEiied S
éénqghegagggggtgfﬁg @éi @%PEQ%thbch thgﬁttheg can be
aéﬂﬂ@ﬁﬁénﬁd'theauséxaf HﬂmQSQQhHBpEpvmﬁﬁ#lapphéﬁcﬁonprlse
detection neans, i..e. labels that can be used to~
identify the anplified sequences and their abundance
THéﬂﬁﬁdﬂﬂast@fOEH@rlﬁvaﬂdﬂaneﬂayem@en&&stoThesbssashe
tunour sanple nmay be obtained as e§B|S|ong br eas
ti

eﬁﬁkﬂ?sﬂ%@%f”??*ﬁ‘é@h%é%ﬁ & Repi Pt e MBPIEAESL nc%r ‘The

Efeﬁﬂée$§&£€hdﬂﬁ§y besaofidhel befoegnosti st sat
fron1a nunber of tunour sanples, each with an

easlst @rt@@eppégn@é@%tmqsrtefa@ﬂaswp%%%ot%ﬁh& Broghostt c

Crealendnt | any of 1peef stese
: $ fgﬁ%d gé ggéﬁ%?%gﬁﬁg?ék %hemgreagér t he number of

Oﬁmme@m .pEbéipesgnatie eadpeer aud ik qrp adrEar Ergatment
1? preatb:rr?algfgggggﬁr?%é SIH )épﬁlgéﬁbgnaﬁ dln% ¢handard

'ng cal variation) that can be
lnﬁéﬁtﬁﬁ&.aIitahdatﬂeatment[momgmoseﬂcs@gsay theugxpzession

st andar d ofile e _t hat r a
PR LT i %F Fﬁ8?5?%%a Eiiﬁ?éggF%nSéﬁgo##fggcgngﬁg
feyisad o tthentstathsid caln \ialplratreﬁ)npltcugncrse'm edénr,

p
R  FOERBES 37008033808 PO G300 004155

shdc&daurt haspache . thes e desicpeavi ged e Mt hefrapy -
“producing a nucleic acid expression profile for a.
breast tunour sanple conprising the steps of (a)

heqh H&Qg BXRLESShOn PI UGS 1 hEonuS akshkhieiass cmrmur

sanple; (b) identifying the expression levels of th
expOEFOSL cleveds of GeResroTMELLE) SPE oMy THGH T ﬁélmour

s%mgfesglég}é %%%J%f?greéégéﬁﬁgd%n toPBtLLE 4 WnERied in the

ast T unour sanple e expression profile may be
eapdeds tan prgéndeexpiessibre qfr b Lapyayebaecarifg s oF

net hod further conprise the step of conparing the
ELpr R PP ST

rofile with a second expression profile
(or a plurality of second expression proflles) The -

second expressio rofile % r oflles ur:! enes in
TB?O@%E@Q?fW%ﬁnlnﬁqgggoﬂﬁt?ﬁ s tolifd %%np : %E J
tBaMpLESostsiNGetubsbanttal indide esaie Pabh@oss i oo 98,
- Wherein a prognosis ic
‘upregulated’ and/or upregulation of genes in the prognos
set that are indicated in Table 86 to be ‘downregulated’ .. The
.said genes may be‘downregulated/uprégulated compared to
standard values (e.g. the average expression level across a

range of samples of differing prognosis), and/or compared to

previous values, for example a standard profile indicative or
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- has-been assigned to, or determned for, the second
sanple (or sanples). The second expression profile
wQ 00050839 | es) rmay be a standard profile (or peDGBR@g)N04195
characteristic of a particular prognosis, for exanple
a good' prognhosis or a 'poor' prognosis, or a high
NPl or a low NPI, or at |east one particular NPI
val ue or at |east one range of NPl val ues. Preferably
the prognosis is in the formof a prognostic measure,
| I 0l r ogROSideiregulation of
c}p%lgascgzle%qcsa ?o%ks€sf€ér%ﬁ/sg% géggﬁg NPI . - Ag;i:l% t he
tips ognasicsuiaycbe @ermseh caneldoﬁrronr@@tmkﬁ@qm e@stbf data,
erived fro clinical te hn| ues uc
Cﬂ‘?@ﬁﬁ%\’t |8‘3\]Pest]e%ﬁﬁﬁ d’ﬁ@ or %ss %O%)Zad 6r moderate
pf@ﬂ&?ul%e(?tﬁh%e Eycésr tde 3R @ndngexpm essjudnatioafl mbg
based on the disease outcone of the 28 WD 2005/ 033699
ipyatm 66w 664195Cpatt M SFeehEt™tont ri but ed '
sanpl e(s) fromwhich the second profile was derived.
Wth know edge of the prognostic set, it is pgssible
The nuantmsnanye nEoWed S Hedr ad6haRae nih e e pPeBEPHHL ©
att r praof n I l-ak/et 881
: tgw ﬁ? r1‘—3or Eegah‘p?d e%gg%r gg@%%rﬁh%?ﬁdcﬁgm d (RNA,
sxﬂ&f@@smﬂn tkreatmsnt at’Hdndummthlae sanpbEC Bidy as CRABEPYLD

nol ecul ar Lechni ques. Sefde pest
em?%?lcothrﬁ 2gu§ %sthecorrgs 5Rd {T%%L?e Jt%ﬁ: gene -
siERbess wftdshetgenpesc dld?&iﬁslef ifees sgivivel rafas)e She
can t hen bea lifie nucl ei ¢ aC|d rimer, -
CXPERFFIT Botine 8kp dlé é%qﬂ&n%% G B EeAERe”
st sQbated, @;?éprc%ﬁéﬁgeﬂu% %tﬁéxﬁﬁlrd p$oﬁ’RN9$ dhiknagan be ’
converted into cDNA for the PCR reaction using
PEPGPREYR net hods. The priners nay conveni ently
introduce a label into the anplified nucleic acid so

that it may be identified. ldeally, the |abel is able
The hedhehteyt faerefars veOTRIMS ByS1iaPipg ot t5 S 1on

gglkf% ¢ Lacé qu%%gﬂegﬁﬁéu?r@ eé'gth%trt %Bo&hgr bad progn051s

catl on event lecting thé -relative quantit
__cbasspt@:pdntgkormrprl@s'eNPI i plasm ,oraih@ papPigeseg saaniﬁcém

t a a later
e}cga?%% n\}aerdftll%.e, Hg 1elj1ed %IU %%‘?Lﬁc@ﬂﬁ\o@f t a lat

FERSTEY of the signal wil
stagécat et tdurneeicat |t\beelq1m@ntgdqd pIropedt pnﬂgmsveﬁ/é?ﬂatsﬁe

absol ute quanti ressed C 1L
highatt vECPYdant Claaég o%%tr i T o{‘i:f gg ﬁggeggrces%l%dn
wREQHUETS ©faACFreh blae pedgidcis icdenbbi progmbsis (or

establish a particular exgr essi on ff)r of i

14 861 NP oL TG Mot RodALEEr TG 67t RELFBF R Acwear™"

28f: thenkh Dy %ntdro%lt@)ﬁaﬁ‘i’ﬂ@fﬂfs% tdransteepa ohe Q@aﬁ/@stlcal
2005/ 033699 PCT/ GB2004/ 004195 i sol ati Eg ressi o

cpnéddencef torRla of reeipPreast © lﬂﬁﬁﬁ °Zarp nosis class
9”1’1?&5' Bg P& X RAeSs) ORaPr ACls MithB afficacy of

treatment. A decrease in the confidence of assignment of a
class indicative of poor prognosis may suggest a successful,

or at least partially -successful, treatment.

The methods of assessing the efficacy of treatment may

include the step of determining.the ER status of the tumour.
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plurality of binding nenbers capable of specifically
and independently binding to expression products of

WO b@s/0pFeegnosti ¢ set; and creating a first expPEREBOIV4/004195
profile from the expression |levels of the prognostic
set in the tunmour sanple; (b) isolating expression
products froma second breast tunour sanple of known
prognosi s (as defined previously); contacting said

- expression products with a plurality of binding .
HORERELS €APAbl & Qler3BRE! b Caddasand Lrdepsadentd Yeffective
‘bi ndi ng to expression products. of the prognostic set

for scepssing,tmmtaentoetfearey oicdipar ABFear@dBiRB2+

- cEXRLessLop profile .of .a.br; énEg}gygéhssggpéﬁ#.é our .
conpari ng -t he TSt an Second expression profiles to
determ ne the prognosis of the first breast tunour

ample. In,a fifth aspect of the [nvention,.there is
TP Gr S AR eRFT LT GIPRGERE (AP aBRRESTHHHR | KT g O 2
gRbupabirt YepbsgeNer hXARSS OnhRr gbhkeSoof edfieastpression
tunour sanples, wherein the gene expression profiles

PxpPé ider need RPBNPE N picedsibeh theve| sherld fee sufficient
oREQgARShiewseh Ofe ARNRS; IMiGhRndaLBPASS1bS profile to
retrievably held on a data carrier. The database is
aplefecapbyrprodused dsourhacmefhocacsprebaten oPxdel les-
fourth aspect of the invention. The. expression
profiles are preferably nucleic acid expression -
Theobihd$ng Thenset ey bat Lape bfed Heomuekertiagipurposes
expressi o ofile may be conputerised, and e . .
u@é?‘?i ggangﬁfé v Iichcleﬁi Yeeft AR r]el%/%c?ues Ia§t3et ggéf/%%eat’telrvse,ly'
the awpirdskabserqmsitsi veg aad {ldiSednegalbvesg B3 MBion
2005/ 033699 PCT/ GB2004/ 004195 The dat abase nmm %qgl%g%n
EERBr E88i BATPHOfTISSE CRSFact RrB=Ti%F T 6F “52P8r ot Ui
iBr QgRagi 8, £ suskeAen@o0dber BIREPregNesi Secottedfby a light
a.particular prognostic value, preferably NPl val ue
meseg - hﬁbheﬁﬁﬁQlW%mWeﬂPP,OBrd%ﬁﬁﬁﬁHq“bl&&iP??a?}%%Frlcal
sVaht819hgT ange- Aixanyakueshe M QX €988ReRE Of tdBSFfornia)
may be categorised, ‘according to the ER status (i.e. .
_eEReNSPTERYFLEN Mafe woupsebes unpurcarthigedREaBas eVl 15
f'i:@%‘i‘%/b@ﬁpéﬁ’fr‘?%sea‘}x@%d 809hyethSUELNahith bl drtached
eventual [y contain (i) the nunerical data
toorr espoAdsnygiace eddirhedpriedss ors mrofalleeticpdehaurface.
sehaRR8Be Eldde A SLABIRGEG REATdS W Ehel URGEL O0fn
as the canonical  profilTe tor a. particular prognostic
pasgiugnnenvhée. lgindjoed corurbadbriognusies, aoe bapueghiprinto

range of val ues,. preferab from the NPl):.an L]
CORPE " PaBrLELNE T FE B ob eE TR HiGt PP e Tt b ©F
20f efibeti-ndayi shuglaiprefichesah obd hetettea@ndard” profile. -
The conputer may then be able to provide an expression
profile standard characteristic of a breast tunour

8RR @reW hRwaveAl t Chlh@le PrOIIRRNeS: t&clnod88ies that have
prognosi s and/ or bad prognosi s and/ or a high NP

reeehél Ya eMenorPl that wihiige 'label-free’ teChniques for
quantitation, for example those produced by Xagros (Mountain

View, California). The»primers and/or the amplified nucleic
acid may be devoid of any label. Quantitation may be

assessed by measuring the change in electrical resistance as
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earlier, the determ ned expression profiles may then
be used to assign a prognosis to the breast tissue
W@ 2001083699 pref erably using a discrimnating al BOT/GBRG/004195
nost preferably a Weighted Voting al gorithm
descri bed above. The classification of the expression
profile is nore reliable the greater nunber of gene
expression levels tested. The known m croarray and
genechi p technol ogi es all ow | arge nunbers of binding
ameabals &9 Heo Yhtilnaed dothehef ente atdherddy exprefeered
met hod woul d be to use binding nenbers representing
PEPAUGE « t Ao gEMeEeqUPTTa5E ©86 1 Ol vRP L Y4TSR WO
2005/ 033699 ~PCT/ GB2004/ 004195 skilled person will
appreciate that a proportion of these genes may be
Agnili seds sartl ablssepethedostding cembeed oay e a reliable
o20goste it Lally -acgurat & fashi on,Jhe. prognastic, sely
in“any aspec & e i nvention nay coﬁ%r sé)\or
PCRNStStamilifyl lspeot f stdBlardhHeanuybak| of odxptessegepesducts
from Table S6, or all, or suybstantially all. of th
°Pokit | 9 Yeired IGREF b1 5T | #et REONBGLE | V&I GbAdE™ Phe
aREDPBOS AT Selel0f geneseRpredkY ablly ¢ OPAEIirdithg member
_nhunber, _independently, between aspects of the )
1BnYePtiDe MHTe SpFofRbSt PRORS PP ti Reflvidel #d (t@adt S§lid
stfpoRf; 3fhe 4%predioflhAadlds byt PRegeNe S Lfschabl8r the
. Preferably, the said prognostic set conprises, or .
sepbhdi SURPOWS,, thssabyshxinging abem intetgomractbeith the

- t [ . Qr n r.¢ r
oAt e B Ros Tl hi TR hahY P g kB!
ePgsi 4 i wiecyevepef sdMETabbend36 (@iyex) pr ef ef dter geliest. edIn

om. t he er. porti . preferab the .upper [.f, _of
ek Lo bRl Foel qarBLi Thlte By MMl s et
indevidnkedead andechey stgnitfencanaeacide pirdgidhet71. 1c
set may conprise one or. both of, or may may consi st
e%?r%%?%orbfp%fiﬁggﬁleé%t T getkes from Table So'. The
nunber and choi ce of genes are selected so as to

%rovide a prognostic set that is at |east capabl e of
VAT S Eh U R g S¥pat wee ntRufdir £o%i HRCGEBHN P GResES S1on
AL 1AHTOHLS peirbRchagd: M RONQRSIsS 268r chaED W Wd Rphiighd to

NPl and tunmours with low NPI) 32 WO 2005/ 033699
e TP CBFO04 /100210500 TheF F gifdetiec bead negsshanrdeaqses

(TP6S) 1ty 29€P85- Aded AR & rSRea T NE-LNAARASTI C Set
may conprise.no nore than fifty genes of Table S6.

tgpen prefhostiine these negséficlandd hondbne memay figr @ptached
hle.,S h ~ e '
rgenese 9f Jahhg S,qd %r@%@%&ﬁ%‘a&iﬁ%gﬁ% el yde Jna

more than thirty genes rognostic set
fray-fheltudg to reRe. tharadtweritth genesxpfedslyire B®JuThe -

_pragnhostic eé may.i-ncl ude no nore %gan ten genes of

TRE (PTG oF 608, BRGLEY ARt Ry O HRT TR HoTe BERSHCTS
(tavgegenes aehidabliei®bsolution, after which the tagged
beads or bar-codes are passed through a device (e.g. a flow-

cytometer) and read.
A further known method of determining expression profiles is.

instrumentation developed by Illumina (San Diego,

California), namely, fibre-optics. 1In this case, each
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The prognostic set may conprise., or consi st
essentially of, five to sixty genes of Table S6. The
w@R@3Ne®b9 C set may conprise, or consi st essertT/aB2go4/004195
of, ten to forty genes of Table S6. The prognostic set
may conprise, or consist essentially of, ten to
thirty genes of Table S6. The prognostic set may
conprise, or consist essentially of, ten to twenty
genes of Table S6, or twenty to thirty genes of
biabliag RbubePris Rt@kehall Yo & higdd fie haRLYe98ne%k Ahe end
Tabl e 'S6. The prognostic set, preferably about ten or
OdbsufiPhRenentir cadBeut BhNGing gehddie emprbesied quamiict to
oKy [ : , . O ut. thir or. .abQut.
enty ganea Ty, 1G8LY i AR s e f et e
reeHebl edby ronddheef atsthabotiiedf idriceert thegefiese-afptic
Ia ge S6. The about ten genes nay be the first ten
genes of Table S6. The prognostic set may conprise, or
consi st essentially of, about forty-or about thirty
r about twenty or about ten genes selected fromthe
TgFoBE?%%%%i%ﬁW%ﬂiqaﬁ bage f sretesifodtly pepdya drualsdq acid
mi Bebhyr&f At gl nEYp@ﬁré&E%? JreR9e8es Ofid tdRuences
Positive genes of Table S6 and, optionally, one or
EhoeR CReyatd sl cepesrbf TablrasSEngThecpebgnestd cespences -
r i 2 3 9 / 4 9 r ,
S e Chi Py onor Se'act o Fram the Tgraus””
CBeNsVere P lof ‘tcherkhrst a dbiutintchiprbfide abaracfarisric of -
SLi bLe S6 and, optionally,. .one or :
Fggt EJ{ %%Efl.@@!'\qxg%sfé’gﬁgggo#r%bﬁ 2‘%&“&%8‘“%3%%%%& genes
pantibtel gr qgrggiosé ssetint patt and drm acenmonr adpld hath a

133A m croarray i referably limted as descrihed
gé%%v%¥OQ?ﬁ§%%up aa%Bﬁ?“rp%%ﬁ@fhﬁ?&hnﬁaﬂggt?EP?ﬂﬁﬁﬁﬁ'O&fa
tgenes sdmiled wiphus Bighi mes dhe gueater sehp1d 0% o hew
Npﬁnber of genes stated or one gene. The provision of
e prognostic set allows diagnostic tools, e.g.
nucl eic acid mcroarrays to be custom made and used to

redi ct, diagnose or subtype tunours. Further, such
T i%g%ﬁ%ﬂ@%fFﬁ@F§;nﬁyeb%r%Eﬁﬂfi%@“@éﬁﬁeﬁcfr@ﬁl@ﬁ%E@H?aratusf
pEOFPHLISTy AMMiCRohS Ry 00F ARG 191 §t9r5}8§h$£¥% to a
expression profile obtained usi'ng the diagnostic too
breagt WHRTrwareap)eandhicompmeaatts asnpf seessedaicve,
shfp8et AANMALA 2APLES2LOL PIAULLE 0F 8¢ 4 ARARE s,
expression profiles o nown prognosis. Tn ng
ezoh hbirdiguhpwibernbeiogl cegmbd dés spheif iserlwitinmding to
in [ ; i.ch e_used di ose_t he resence or
by, BT TP T 0 SR ot el e,
Préeeconputidre obhding mediarndertaxpeassd otheradliilde shypport
-~ which tao determ ne_the standard' expressiaon profile
2B DL U SHEL 61T b Hat B8BER ThELY RITRING €0
expvesd ic palddowss HPrat heddu st gkhBB, §peSidZadbly, at
chips (mcroarrays)_ to be made containi ng probes
1ot eSh &TdicRg OF 02 E ket logrfosieness eand THeS exaicaferably at
1ehysifRlor 30 genes identified in Table $S6. The binding

members attached to the solid support may be capable of
specifically binding to expression products of 20 to 30 genes

identified in Table S6.
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structure of the array may vary and range from 34 WO

2005/ 033699 PCT/ GB2004/ 004195 ol i gonucl eoti de probes
w@bdoaokssob t 0 a 2-di mensi onal solid substrate POT/GB2004/004195

free-floating probes which have been individually

"tagged with a unique | abel, e.g. "bar code". Querying

a dat abase of expression profiles with known

prognosi s can be done in a direct or indirect nmanner.

The - "direct” manner is where the patient's expression
TR Qb | Gordai ol %ecﬂkﬁd %rgo o1 figr.d v dgal
~“expression profileés |n ata ase to determ ne
spbcnfu¢ﬁkﬁyIaad(andepemmmnuMM bhndpnggn@saxgraﬁﬂlpMepgoductS

oHomkL e S RGP AEE P o1 APy Shpree Freasads I8 chE so1ia

aﬁp@ﬁ@&m @;ﬁ@fpbke xﬁ@jdlmbda-;e aﬁ‘z@ﬁ'@ﬁé@dtt&@r@&mtormynbllyldlng
standard” profile in the database (g a 1
mEEPET T (it aﬁﬁo@ﬁ@@?i% ofs gt RFakly. angdqidepgpdgntly
‘ b@ﬁ@%sﬁd %x‘ﬁ)%'é%leﬁ Pﬁ)f@&iﬁﬁzsot‘)fvéhéeéen@é ef erahley ofir om
The advantage of the indirect
Tabb¢o%@h<¥Sat@apgnﬁ%tl%t%ﬁdébGTEf§©@f|Ies because
they represent the aggregate of many i ndividua
profiles, will be nuch | ess data intensive and may be
TBanppthtux pebébrably imeExpess bvedday angeraisecagable of

t
BRI ar B e R B B REle R, Y
pkbgndscioaiaaysy Lo acshuddrice Wit behbe presert, and may -

i nvention. In the di rect pro [ k
PR BPORFT SRADE ndRRCt SR e (D g0
eRp BOIPLLLp1RRIINEE) of 36n1YIRNY inkdigi dual susaf s nhid Igenes
have to be stored. By conparing the

tBypr @53 RGGESHERE PR iR %&%ﬁug‘r‘tamgﬁ% f@%%

a8ppr pﬁ&mdea%qnh@ﬁgpﬁ@mg@;@ rigednstagbses cade Vr&arpr&tsle@ﬂﬁed
- in the population; it will also be possible to

odethy 91382 gstrashes) val Ue isgdefdeHad *éw‘setifyf Yive A
pLotid & smtches the "siansdard” 35
mg\%%%%%a}}g%g 9$$P C%g%%%/lo%%tl@g %gtﬁonltc%l profile, as
Adtsc@S@@W alidnee 2pPhicstval prefifirablypiogidécs Heinding
% %%9%&'&6%%'Eﬁ%ﬁe14f§§Qﬁﬁkhgn 85 eEhSn the Ul3sa
rusfmor i ness of prognosi’s, and. _for exanpl e,
mihedherapr et apperanaysis istduldd béndépeatetherss capable

| b { t
P A e s S e T

thhgseosayf hthalsetie sabnatiye tiIE A aicpdat eay heTlatagmsmtus
~In a sixth aspect t he resen i nventi on. prov
Bt R840 THGrE FYTHETA COrIOF GEnBerharoal P pihding

i Lhgrestic IprocexrEesseds whdhi RhangBoyposf 7o unBIss or
t he net hod |nclud|ngp provi ding an expression profile
d

apFopredth OF 20 %plar aPFt §rot® dfuirder 9eBESt AR Grodpt= 22
mghggékiglng the profiles according to nolecular

type of tunour, and anal ysing expression profiles
W thin a subtype to identify the set of genes,
raliérepnalhe gerdseanstiieler grite glolly degppegsednay thyre

blnglngsggﬁgg%s for no more than 14000, or no more than

10000, or no more than 5000, or no more than 3000, or no more
‘than '1000, or no more than 500, or no more than 400, or no

more than 300, or no more than 200, or no more than 100, or
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This method differs fromthe nmethod of van't Veer et
al. (10) in that the initial selection of sporadic,
wo youplszserie negative breast tunmours in van't MeBGBeG04/004195
al . involved subtyping by clinical assessnent, rather
t han subtyping at the nolecular |evel. O course,
this aspect and the foll ow ng aspects of the
invention are closely related to the precedi ng
aspects. Preferred features disclosed for the
nPREEAINGASBECES HBYnodd1€H8hoEE, ber aRPliced 2haf §6, or
this aspect and the followi ng aspects, unless the
nE e tthalne 401 yor erqqumca@ Gthlar &P seor 38 WOr2005A038609PT
“PCT/.GB2004/ Q0419 h e of _the sixt eygnt
_no ¢ EIéh ggpec st of&ng%e Invéhfléﬁlﬁhlﬁ§r?é?ﬁ$ﬁ 18 S
nd awpree 33iaon spaofféeent garets.l imted to the genes of
the prognostic set. Rather; it refers generally to the
expression |evels of genes in the tumours of the
Pl%%bl'yn@h@dbﬂﬂd{ tndierfReeeeSatidlyi @it kBguences and
expression levels of genes that are differentially
the prampged uswl £h? nnec kol @ ARG "3 BBPYHRAY Di f ferent i al
expression of the set of genes derlved by the sixth
aspect of the invention (hereinafter "the
Thit s¥griad wdt iTahleeds )armyl ise eidndi et el plnigene accession
t r r-~phen e
B il
Th@uéaqhandehefsbepho@em&wqaﬁ atiengfohe belirfefterienedafrom the

ressjon.of th imn et to c
OSHES vi5t RGP or s geNerTpe hre 1exh ekt off e e
H&Ep{Mﬁwww michat hDg. S8t . ddv/anusbgquefy strpled-ahigene) .
differing but known phenotype and/or genotype may be
determned to establish a correlation between a

FRHd R, geReaBXpPoessiOrenRkf hkeyittihe (santa Clara,
dlscr|n1nat|ng set and a particul ar phenotype and/or
Y& (M- BEEYReehtY Loty pre¥sfp e AP e of probe

schar aglaristibCrat 8eq@dAdiLalr paEapRLSEs OF (iMRdi ¢ahding
class assignéd to the tumpbur as part of therapy or

mefikRjrfosins £rempaf | ehtowiuch ephdde  spmAnGes. tRat are

f n S &h I MBI a
AR G aeRERRRg, BB A0 AN e uetl o
sall it rsunpratti. n@‘heSEtOh@deﬂaldw arﬁuﬁgwssmﬁpﬂ €nog ae
ned t< e er ot r
UEE e Phesle, e AR e R b ey g R oo
oﬁfuhernamgauogenay further include steps to assign a
class to a tunmour sanple froma patient, wherein
differential expression of genes of the 37 WO
120054 03363 tRCE/, CBRO04E Ofkl Am idieser [Di Matidgzden ahe

characteristic of the class, the ste %£C|Ud ng
EPR iRy Ex pReBSFERT| Bkt & eV AR sﬁﬁ‘pﬁ; f IYge tWe o

&S Cfi 8 N@t, 'gng iseh, n@hth @S Wi RUecddst ASS:sd 0 dih@eleted
tumour based on the expression |evels. The_step of
abiseggitieny the ePaysnaByC s igsaey hasubetedegd by the
ty hni;, gu : L148 tRd P60 of
ofefont i lerEis s pﬁ%?#fg&e%i& Bachhee S °
Um{gﬁmachlcal Cl ustering,

Typically, high density nucleic acid sequences, usually cDNA

or oligonucl'eotides, are fixed onto very small, discrete
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as di scussed previously. Preferably, the nethod
i ncludes the step of identifying the nol ecul ar

wa dwsppsInf the' tunmour sanple, and using the PCT/GB2004/004195
di scrimnating set specific to the subtype.
Additionally or alternatively, the nethod of the sixth
aspect of the invention may include the steps of
determining the expression |levels of the
discrimnating set in a tunmour sanple, determ ning an

expression profile fur. Xpr [ 14e ;
a ﬁjﬁ tgﬁgtg.r%%?esql&%?sg‘g? 35§'se.ﬁ§ rsgD éer aéﬁé?o?ﬂgls _
offdrecUakerssbbype difadsheitienoira searanies fidkso, coated
identified, and preferqbgg g?ded to-the database, .- ..g
Wikt A SIPSHFBEE| £5; S ciar &CLBr 1 st i B oMU FArt Fralar ™
a’d AR iRRYegheodepi Maddromsahl i past 4 worexpresgboam, onto
profiles of known class, wherelin the expression
the ofdates speiderinRRtT Pofh thenes eIt Heed o&r Fikhdt Fhdhe
séﬁﬂdrﬁrhe standard profile is preferably specific to
ass and nol ecul ar subtype. Additionally or '
alternatively, expression profiles of known class
and, aqptionall subtyp ar d t
TSRS GRS A TRPIA FU8 P EReS P M of Che 2 ih
raspatie mAYyplurdherlabaldledde tgpepsl iy wheck of glugrescent

change in _class of the t. duri ng t.reat ne n, .
17 e rIGIEHER SoAP 008 039805 PR 00N 00316571
sEXUREY .ONrpl 06l €5 BRa-iprievtded, f riom flhertasmenr abrkers

different stages of treatnent (e.g. start of tregtngnt
aEmdetardesr UerBat PefRYSENT  cSHpAr 28 1 JHddt éATCHE a7
15hange e Cl 88, aMNEr Qi athoceXPFRSS] AhePreaipresiane

derived fromthe expression |evels of genes of Ehe
pxfbdertisniaeat Angeseeggtheitéx pr 888T BRUPIBTIIEs 1aPet: ©-9-
bJ?étle T %H:It)ércf{?ﬁ?[g?sé@l&{ angar Qicf@éﬂ*ﬂy ks @.‘h@_ﬁl bes
0 determ ne e class. The classification according
‘$iomddEcwliah sublypeeseentpdatehblybpredd OranstP (8 RGS
gleghnl %“—eﬁuo[sr%%hegg 1St opaghokogheal 4819, 1abelled

I 'nrrunol ogica eéchniques or-gene expression

_steghniiglies, Wwhhah dindetdy ieasol e Thyedxpusfsgeme products

expr.essi on products,in tunmur .sanples. expressi on
m?%cﬁﬁ?ﬁﬁ@%”a%@ xeé?leS?%rfﬁdél g&%%%?,§%$$%10a

techni ques that are capable of accurately

di scrim nati ng between . nol ecul ar subiypes nma l.s e
AR EeP ingh @ Tk Gr %nﬁf“éa'b’rré?é’rﬁ’@%‘?eﬁfleﬁétg U eu)%/psr%g’r?gog

(£ R6r 834 RGUIAK £ eSHDL Y PSS €fer all yheaifespondmdlysting the

ER (Estrogen Receptor status of the tu ur.t(agli ﬂ- n
sER ]l MRSt [rPRecheh b THEF SoEPC5pPt FREI 9D gparng

sQE QDS Of HIMDUES (8- Bf JAND hihFRUESon O¥AT L1 dtpEd@ntal
and lynphomas) and/or other nolecular . subtypes (e.%”
sgepht ey ety &e| ckepaned atitly &had Bfcel prandagd jpyotile

diffuge lar one 'Q{B?ns)- tReelier abhy1d heich, for
(én%ry%?é”%@%%ﬁ?ﬁ@uh%ﬂk¥ﬁg class of gxpress?on ﬁ?ofiles
ekampie} ef irmemt heodi bf ebahtpraldnpséspr essadkesie NRjeed ue
i ncludes significant analysis -of _mcro y
OF ofBS Syt Gif NEGOKET T LD 'ined MROSaC Shor SXeon ™
| evel s vary significantly : : )
The standard may be derived from one or more expression

profiles previously judged to be characteristic of a

particular prognosis e.g. ‘poor’ or ‘good’ prognosis and/or
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bet ween sanpl es under conparison. Preferably, the
analysis involves statistical analysis, for exanple
wOI20080933069 ght ed Voti ng, Support Vector Machi necT/a@Baé0an04195
Hi erarchi cal 39 WD 2005/ 033699 PCT/ GB2004/ 004195
clustering (see later for an explanation of these
techniques). In a seventh aspect of the invention,
there is provided the set of genes derived by the
si xth aspect of the invention. In an eighth .aspect of
of NE JAMAULAN, whherSdes ibybdets dhemdfag 9bul RPT and/ox
discrimnating set 1 m assigning a tunmour sanple to a
clparddtadiaticl assondspectesreai@ Ievdbak fEntay ehet g more

resent invention will now.b illustrat.ed, f
r%g&ﬁé%eao VFﬁqufe ?u§§§ﬁgagﬁema 8%%&%3H§%€g%¥93ﬁ¥%§.or
nérd tdhgiraspesat srapd esadivienssyw hdgedecapear ent to -

those skilled in the art. __docujprent s nentiogegaiggs

Al |
chafactenis tace Of ng P o R ThEF S| KR 1¥F &PEiFEe OX F/ QUi e

(dr Shaps- d4steri f1 & SPar adbgnBseastsdaar.s g standard

gl obal expression profiles a) Unsupervised
mdy evrplotdecan esbueseiomPrsiiids BReBaEteufdris Qi ﬁgn?ﬂ%al
sérggglg’.76 ﬁm%%%%Th?éh’i.P%idaﬁgi rgblﬂgétpﬁ’c?ﬁ’i'l%t('sqnmb be
gene expression, b rinci pal conponent anal ysis (PCA)
reist ngvabiley 3térgénen selatsSiasiriraer nes epal rofgrodpiAgase -
are observed as in a)., c)
Hi era.rchical,cluste.ring..of sanples using the
MEAM ALY ganeyssat i 1w o wdens icatsoonf tgenEsdreghoges . For

significantl regul at ed bet ween_ tuno bt . ) _
RO Ha T Eno LI PORT STVEREY gBRES § eI SKeF485°
cPeNeyBeln thinklell EREIeashsh) exdr egsi Ofed ncHRnelunor s,
igure 2 shows identification of an Expression 2lveis is
exF e - CoPPePRIBEC tOF tHE NPFTPRBF2ES)VEY ey
tpeéﬁtffﬁ:é@tﬂﬁq{ki@fizgl:iéﬁr@mﬂaaﬂd ¥ rO%PESSS edhgenas ausi ng
a -nmoving NPl threshold. Genes (y-axis) exhibitin
PEPGAEE | caffr 40:eW002005/ BTG PETREB2 004T JUADE e 28
| n.} LeSEheN | dentiti edsalneachy £
L e e O axi D)2 LB e Bothroshoia or 4™
. adehywengbt hbi deidghest shugrersapiolgi f.f Bpentyal§lour arrays,
requl ated genes, _b) _Hi igal gl y! foERtices
LSt st TR et B e BIp P han e et
(sagpl esnple 0wl NRhtEsl4)comtidle eire obhaewhsg known as a

I ndi cat es, sanpl es .of. _hi gh Il c siii i on and
‘pRERFERFON kd tﬁﬁgﬁggeB%nﬁgﬁ'Cﬁ#ﬁgg%ga%%FégéUsing t he
NPl - ES. Sanples are sorted by their NPl val ue

X-axis). \eighted vati d to classify th
ThanpBSLAF (D rEHREDF o ot et RS CBF btk YA

pe¥raxksly &ahsulled based upprorCalisbreteabpofdld)each spot
Sanple <tclassifications with a predictiqgn strength of
cepL8integd YUMSIMEEE ChhgeRtatsPtices Pot EBRPi Wetice!

- a FLOW 8 3 £ SBOME i KM melt(BarY 2brABAl ¥8bBession
r%%%%é??%gﬁ%ﬁé 5%05%g§tic Sﬁﬁ%% thsrbf a'fferent )
pEbdsstf bEat i srnescisdwesednt ER $6. GleeRAnfi pRRCdImeNt,

“ t%%pgngéleggr;:g‘} oW MRLa6R) sLovs NRILES 2XPEeSEh8Ngenes
provided in Table S6. Each spot will comprise a plurality of
identical oligonucleotides each capable of binding to an
expression product, e.g. mRNA or cDNA, of the gene of Table

86 it is representing. Each gene is preferably represented by
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| evel s, or (c) low 'prognosis' signature (PES)
expression levels, while pink |ines represent high

wo ewslosicsf a) 49 Rosetta ER+ Tunors stratifi edPOl/GB2004/004195
classical NPl into 'good  prognosis (NPI<3.4) (35
tunors) and 'noderate' prognosis (NPI>3.4) (14
tunors) groups. (b) The sanme 49 Rosetta ER+ Tunors
stratified by NPI-ES into groups expressing high (24
tunors) vs low | evel s of the NPl -ES (25 tunors). (c)

a-;g?urgﬁ{@y Abgf %Q%?Eggng% c%.e%‘t:ﬁggef : Pé’rat the

. ene pr-ognosi’s S|gn ure’into progno
Agfgmptfﬂﬂ'UIﬂMDeeﬁ us pxmmEspkngmhelgengroup (22
tunors) respectively. - (d) The 46 Stanf-ord ER+ Tunors
stratified by NPI-ES into groups expressing high (13
ThUBADEBIr¥ Sadpwt( 33 tHADPSYsd Y @nSenefioh heciBle BS pdbvided
WO 2005/ 033699 PCT/GBZOO4/OO4195 Fi gure S3 shows
ackasster s igmingd 2pPEPRYS Igh tCoRf PabheRt ofith hRsast
canBLess il ng ¢ I&%méfflgﬁ"t_ﬁ §%§1J}%§§g 0Bt aﬂ)inchltf%:_rn%mbers
regar dl ess of subtype i gure S8 shoms hi er ar chi ca
cegbeblerdhgrsfcigéne L éxphassingn todaar teorPRAFEITH fdatcd
P d I I
R L sl B R S LR
meybtypbude)alﬂabeoane$penﬂHngﬂgemeeﬁegahlwren tlef thorThef a
full cluster of enes th thre dIS e :
Btbur S it Tha: L e L SRS SRy by’ rg o ises
ageglegai ehnv ddapERd thﬁDféridﬂﬂitbabktwéQm NWEEEXpr8881on
identified as ERBB2+ upon_cl ose '|nsgect|on

PERPF LRSI ¥ tdt“oeees%ttﬂe%t%%ﬂ@eq@gog aaﬁtup%tferably the
athyst €hfr &MadaPhes t6 @uectinitrhe cRBSeléen M Crossday
possessing a much hi gher nunper of genes related to
PERENERYS bty p@CPRANPY PENEREB2 "S5t Ppet e rilgty Pdgreen
n$BAVep i &{aNCh &k ELM@u@E'Hﬂm@%l@%%@EBﬁ ERtprsamlay a
(49) based upon the expression |evel of the NPI-ES
weaghped chest foodddor At Rsat tdesdatidedurbere62 genes).
The <color bar is as defined in Figure 2b. Figure S10
shows hi erarchical clustering of Stanford breast
_Itlum)e semlil'ccxpt)memendrtbgr ant displudsngrpheasiai Phrihe expcond
Lveen tunq&gentlg col or-coded bar indicated the
sBE?ype to correspondlng gene signature. Left)
The full cluster of 136 genes with three distinct gene
| ust er ure S11 shows, hi erar |caI cl ust er|n
e bRt br i R BB SRt i PRSP RhreTc Bl
s@fp62s 0RNESs )knolire peohAbsedalad slidefissed asotrepurean@ir
42 WD 2005/ 033699 PCT/GBZOO4/OO4195 Figure S12 s OWs
OFRE PEPEETOIENIES OBt Gl e NEIS S BkpFeSSi BnPaRnt
‘ p§5 hysidndderiERusard ERBR2 W%%E%E§rsgbbyw%n Thejata
status of ER- and ERBBZ tunors is in gener a
Cﬁrgher e hatheERmemgnpr deVving | KEa pEofadest BRy grave been
n tigdf thadraqge
abdTPESa JE e sg%géﬁ FReALN ok Sﬁaﬁé\t’tgﬁ% Arag
exkpmessidémrlaved sERnddnd ERBBMe igiftipges calculated.

Preferably, the one or more bihding members (antibody binding
domains or nucleic acid sequences e.g. oligonucleotides) in
the kit are fixed to one or more solid supports e.g. a single

support for microarray or fibre-optic assays, or multiple
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Al so, NPI-ES does not appear to be correlated as well
to NPl val ues associated with the other nol ecul ar
waeniwsppss? Figure S13 shows 20 pairs of sanpl eBCT/GB2004/004195
obtai ned "Before' and ~After' 14 weeks doxorubicin
treatment (Perou et al., 2000). O the 20 'Before'
sanpl es, 10 sanples exhibited high levels of NPI-ES
expression (H), and 10 exhibited | ow | evel s of
expression (L). O the former 10 sanples, 6 retained
s_of essy.an e
g R S P SR SRR L
1asbe|dr essiddnaat tes ot rdat, ment . (f—lluardsceahepl €oedlalpelling

S R S A S e

: maqpmrslob@bagrw@ xz’élage&a:@plfas abt &GP afliSandbyefnal he
and Met hods_Breast Tissues and dinical |nformation

bigehay Breadtet Plsstes SiEre SgheRi U SMPPHEY NEEP i ssue
Repository, after appropriate approvals fromthe NCC
Repository and Ethics Commttees. Histol ogical ,

Algeiatiweilpn tid hinbng g\teabassamf Bt m@ggﬁORé%%pﬁ%#mers

| yneNi = HhEUS o PRL L,
.caﬁgow deg EﬁﬁgﬁngDe t %f = %ES [ nggpore =S
:Lc@rtrarfaledl—lmapTaMe (S@@L&lﬂp phemsnlu@r ycatB bACaROD5f DS36DD 2
2004/ 004195 | nf ormation for_ clini
1ﬁwfo t PORYST Saf oot al RBaT Hi° 4ega§%t%1880/n?%rﬁ%hrl'e'
lartse nthat NPhn shat wse dvas ddleﬁdllajfelt.‘hasampflmlfb.e!ﬂBSEQuences

t ur, size (cm*0.2 + grade + |
artcﬁgtg?’ﬁllirvééfii}%%gzﬁ “b%ﬂarﬁlg’ &8 ?W%r gs&lfgt geguences

positive=2 points; positive nodes, 4 or nore=3

points). As tunour size in the St anf or d dat a set yas
Tftﬁeth?@astuguﬁ@uﬁhéam#%%m% oRieiges gRefxanstona
b0 IR evabie rERE - ﬁ@gm&%Tnggmact%s(l e, Tl=2cm

T2=3.5, T3=b, T4=3.5). Sanple Preparation and

M croarray Hybridization RNA was extracted from

Efs;etg N 0 0L piGessed E%

ymet rdléf( Gglr‘%%ﬁ%pbﬁygg}?gl z%%g}gns usi ng U133A -

PXCETErHiigs seechrdiing nombhe pRNufECDUSEMPdes, each with an

L nstru t|o ta_Pr alysi s Raw le,
o P e ol e TH AP P A N Bt
itRefd rl:ej‘ssaﬂtdef itlot elreeltlayar Elmmng cg%rpe@fwﬂ@% for good and

pressi on Vasg, absent in I'1s).
baéié’rxé%%}oosﬁsva h&s Sher ers e%‘tmé (Elxgrf 25168
pid@insdOr rdd ensiamd mowatozeﬂeabwe rmmeaﬂabaent ering

all remaining nes by each_s anal ysi .
e AT ST RS CLReaat & B e Ji 8 AReTuding
sEaVeNtdonalarispreadsbhagt @@@'bﬂealéd}ﬁ?as Fhetandard in a
unsupervi sed dataset (Figure 1, a-b) contalns genes

PROGHDI iR SFadt-andBg  devParérr ¢ SpOfidee YRYs PgcPRgs that
1 & de YRl dg maguy eg)ﬁ@'g@%@? oM NQA i YAdl Al 1T es@fiohhe

“varitation filter used tof gene selection also yielded
puefil e raddadenvdseldt wigRinTapat ispuial stred agdres) to

licate . probes far the n W rem
: %?fp SlatS §&av nénplghe prgée pecglegf%e \?rr ge%I i nkagea
-h;;kerbw:clmcal lehwusitear.i ng was performred using CLUSTER.
and di spl ayed by usi ng TREEVI EW
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Significance Analysis of Mcroarrays (SAM (12) was 44

WO 2005/ 033699 PCT/ GB2004/ 004195 i npl enented to
wo densiosieyo di fferentially regul ated genes. ~ FaPGEGB2004/004195

di scovery rates' were 0.1%for Figure Ic and 15% for

Figure 2.. Wighted Voting (W), Leave-one-out cross

val i dati on (LOOCV) assays, and prediction strengths

(PS) were calculated as in Golub et al., (13)

(Suppl enentary Information). Kaplan-Meier survival

r te [ ngrt cin

T e S
a diddleriences dbekpeess som vinel ile flores. bseast stilayr sample

associ.ati %%é bgtween gene expression and -clinical

SR hiPds “iEr 8°8RPePhi ned by chi - square anal ysis.

- Desc(d)ptiisens t@hgWekght esh Motdrbdidald dabinosaf 8GR st

Assays and Leave- One- Qut Cross W Weighted Voting -
EYMRAL SPHELRei ght ed voting al gorithmutilizes a

si gnal)- 1‘21eﬂ9'1§§1£§2591e NBlgtdLsdidharhenm benahy prognostic

cl assi f| cations ach gene belonging to a predictor
sefetofi gengssi ghédd a “vote', expressed as the wei ghted

diff e?&%duggh ?PoﬁhghggggngﬁﬂgQ§§U%thgvgh ERpidEsion
.sanple SSI ied an average cl ass nean
prexpirles Sican skedebrea®ei gimouny saumdet.-er m ned usi ng t he

correlation netric: P(g,c)=Pi "Pz (p and c denotes
" -means and standard deviations - Q +62 of expression
THeeRlfreafs ibhe pgenel e nmepnche ofdddie dova gehassepyesThen

ORI R By Sy G BTt TR okt gTs RUAE By BaEneP

oﬁ&i&pé&qd@ r&hbh@xpka%l@lm SEfd i Neatv idih aTIQ;ecopdedxpresﬂlon
strength” (PS) is_defined as: PS=VW - VLCOS EI
PRATE ISE \WAfere RIARY A CREERD PRFSASTE™ &r d1e5t -

dhe M ARG 300 ph8siNg €bASSESE i TasPetl wel proBSced from
N ece?(gjthes rel ative 45%vxo 2005/ OBB699YI

am@@a@@@@ﬂwmﬁrgmprF (PetHPIA/ NEAEE provi des
athgj\lé%e Egﬁlgvﬁ%b&rﬂo&gl@r&% Cthl’@?:eci%r %\alp@bMHOSLS
eave- a odov)

Cross I dat1on used
vhasid?mbaT@SSIl@awei bre- gntd@nc@srwaqzcii d%an,orw(eL@@e@Pd sample
L € a [AGH A BrbRe1
(PR, RSB fresklical i A Ay Bubhe oo
mas}etbesa |sma1n|da1|r1dyprbéﬁileou¢>t peofilém dHaassitirgstic of a

er ations ene selection,and ¢l assi f|
p? SRR BAf @g‘ﬁ%rlfsm g@ﬁ o tReS r e nldﬁg saﬁ:lp Hosds e
‘pé&ft prasinossanpbe IaShtLQEnNBIaSSIiIBﬁNU\SEIIng o:xhen: least

" trained aI orlthm and this process is then ted
ORYHPH G | 8T y3lHE °oF raf nf%@sge ne RS S fgﬁgﬂ
v s£4ssi on Defining Ml ecular Subtypes of Breast

Cancer Usi ng
Preferably the prognosis is in the form of a prognostic
measure, preferably a clinically accépted prognostic
claééification system[ such as the NPI.  Again, the
prbgnosis may be predicted from gene expression data,
derived from clinical techniques, such as histopathological
techniques, or assigned retrospectively to the second

expression profile based on the disease outcome of the
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Unsupervi sed Clustering It has been proposed that a
signiticant proportion or the intrinsic gene.
wWe@ses®Pon variation in breast cancer can be PCT/GB2004/004195
attributed to different tunours bel onging to distinct
“nol ecul ar subtypes' (eg ER+ and ER- tunours) (8-9,
14). In an initial analysis where tunours were
treated irrespective of subtype, we could not
convincingly identify an expression signature :
Pé}@ié@& afedHat 1R cNPhur Y& byRotdesi 26¢d Bl chhifie second
ht be due to dramatic differences in gene
P%& F e Sfash degdiRden subt ypes (i nter - subt ype
differences) potentially obscuring nore subtle
patterns of variation within subtypes (intra-subtype
Wxﬂhfknqwﬁﬁdge dfotherpnugn@$t1dngeq3rthemlpwe51ble to

| enent ed t wher e each nol ecul ar subt
S TR B 2P R BBt L s R TP AP Py PG En
ozrlqmcehyleofof whsupeh¥ksefl £|peitarduic t echni gugpiver gor
first used to 46 WD 2005/033699 PCT/ GB2004/ 004195
tg@bﬁé@ﬁ?ésﬁ sBECH L pradist RiBoumRERDr €85 bR
lsﬂﬂQidécE$ro%C¢:‘Pkd‘sﬁﬁpl@ Lheld JesRecl Yn%legghggujaﬂ)loglcal
subtype' categories. Second, tunours w thin each
CatiBtypie swef@et RERTSPAg@ pakdleaitd 2 cidalspzeeneesdef i ne
Y ARSGNahLHr { C e
R e R ot R ¥ AR SRP R AT fb A Pfere
9Iﬂ%8AJG€Wé@h|§§ cRaR gbﬁ@r@&eﬂmﬂmﬁne@@uenngpnutﬂbes foid
| r [s, derlved from our
e oo P e doh SFAP TS APt Br P ol
£ hreo rirse liar&tdi @upaaelspdenmbsﬁssamgi iwe mappl, i edia can be
tandar evi opn filter to identify a. 367
R 1578 Rl nPabyt i ot et vesranstanTatTon
maﬂhcmss the tunour series, and used this gene set to
group the tunour expression profiles on the basis of
their overall simlarity using unsupervised

THY g@ramefisCabycbusteni &gt 1yThedRRSe ot YABHASinto the
sel f-segregated into three nmjor subgroups, referred

anpd idd SERPUCERIC aRHd ERBEZR Y ddpagti el ydepﬁgm@dr a) .

1dERg v segkeqgabbon; path e r\:d"@%c’ﬁ%@ft'er IERQ WshB9i ve quantity
princi pal conponents analysis (PCA),"  an i ndependént

Oramm9ﬂ9réapnt@éhﬂvqh%l%F&%ﬂﬁe§GQW§Pcewhpchsaetl&ét@d the
I M (N| su tl t
A B Bl b oo R uek ey P e gt PR or
prg@og tdiohf premental Ly Eh@nqugmmaﬂetweensﬁhglsubtypes At
F scover Rate dentifjed
ex%gqugeggs@b% E%%?e SI%%H ﬁ%ﬁan OFeﬁéﬁéPgaklve the
in$@hEym@-oﬁpehéfstgmahnaﬂJ(En@utetECkheThelhtSbeof
T%%{g §5 re resents the top 50 %enes identified
TEREST BECEPEET o1 T (P Ehe AERG PR eSO bk auphy the
expiliypd GERten&ds. TRBBZM)atilke @6Re$taEE bANKLEpOHYrions
their S2N correlation ratio, which reflects the

ofe FhENEXBF S ERECN eRFPELR D P fp @Rl B4t tBA ©B88EVEd anmpng
icdhkfierent gwypéstégh\@ @%@&%@ﬁ?%ﬁ@%@@gg%{loﬁé&@ﬁe

There is good overl.ap between these genes and sim
fori she teepore®Aldy ot her studies (ref. .8-11)

The method according to the fourth aspect of the invention

may comprise the steps of:
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Approxi mately 69% of the 409 gene set exhibited
i ncreased expression in the ER+ subgroup, including
w0 b@sesicoogen receptor gene ESRL. and PCT/GB2004/004195
estrogen-regul ated genes such as LIV1l, TFFl, and MYB
(Suppl enentary Information). In agreenent wth other
studi es, high expression |evels of GATA3, HNF3a,
Annexin A9, and XBPl, were al so observed in this
subtype (8-9, 11). The ER- subgroup was associated
w th high expression of basal mmary_ epi thel.i a
- mar kédks (A& AGIRg SXRAGSEFP E‘ng‘%%?erféf ﬁe%ﬁfﬁﬁebrea%
tgﬂac?&]g'é‘a&ﬁpé;n'&r&,agwﬁ? 881k NexProl ase gdfactwhivebh a
has been "associated w Th poor disease prognosi.s,
pldB3]iandt He rsEmignaepbereasapalnls v cipergdsen lYaand

.t gnoxi fen-j nquci pl e gen : beeq, N RY,
1?‘2%??%%“?%}'gjelnexlﬁ}lgegg)egxﬁgg%\%{@?} er se C%\Sg\rﬁfgn to ER -
ptd6host Fi nedd y aricherERBBRY, asfibt ypeexyase sssisocipaprdd le from
with high  expression |eyels of the ERBB2 re t
tBEherPHeRetohiyBida 19) %ﬁkBHO%O?WeC 157‘??C |16‘c3°§1% g&?ﬁﬂg
s88p ERB7 and PWNT (14), suggesting the presence of DNA
anplification. However, the mmj ori'ge% of genes breast
exhi bt | ngSP IR CAPEREFESY] BROTUPETi FITRIT YN the

€ gw&eggi%p@f LWL eRbENEd (18 dbEindd praaumsiyh ; -
are -‘found t hroughout the genone, such as nenhers of
cbheabl00g cad bl Lanipiartiing PARFRYCE SIOPAS RGmalifaké&t
pG R GL hUGhYs o QU IARIS AL dake: andak@NfdddBendently
previous reports at the rmajority of breast tunours

btad ingndeedxbee ssiati \idehcitst ofdEbei peeortteculsat of step

subtypes op the basis of _their ' £SSien 1
(7 of %Ee@.s F‘aeﬁ?"’r‘tfeca IO S ag)llﬁr gé(ggg{il c %et&(ﬂ L ©
JEorr grated tomdhie NRipliey ER+ Tunours 48 WO

2005/ 033699 PCT/ GB2004/ 004195 W\ focused 4. -
bel oG ng CPBPEhEER ]erﬁlﬁ Fpd 538?9%5%‘2%‘3%]{%%&188
dp dedientiihy grAesridd s tdH sheulitype bwhese tumour
expression mght be correlated to NPl status.
sgwds§i-cal |y, breast cancer patients are typically

~stratified by the NPl into 3 major groups - " good
prognosis (NPlI- <3.4), "noderate' prognosis (NPl .3.4 -
B 4) £idkdr 2pBOEE OprbmoNEeNOR > tHEAF £5) PregidfD I
LI SN0 LB, PLT S8 2o 8 oAkl % BeLOaSity of gene

I'tferent- scoring pathologists, other studies have

ProposEosprghit Lgsdpf flerert valngey BoRPLRE cpeTeiR the
val ues _defining_thes r S (,17). vehd aR¥ression
FotentFal” WIS %Oggﬁggmg%lpn%e(t Z’zeedaggro g‘pﬂhgt e %IPI _
Tattelof fof waleueroweosohdustedfa grmeisng whiicasHekghase 1s

anal ysi § where the _ER+_tunmour.s wer.g disVi LhtQ a
IS %Vag?l%?\‘?ildy °Br Bupe By H T NP1 tTﬁlreesu;]églggqts Eaggwas
steadidy  negased byooha. Bethdl adtcoredcly thr ébhofgurth
val ue, genes exhibiting significant variation in

aXpr s FlorF e LREERLAR - t wo groups were identified. we
found that using an NPl cut-off value of 3.8 to 4.6
yielded a gene set of 62 differentially _expressed
Tenesxgft gicg PaPiileReaha;] mﬁ%/raé%lmua%eéfmasil(ﬁed ,
L ncrease 10N i + Sl et Ruaibighacid
Rﬁr?%?b%} Z&%Lf?ﬁ ; Fg e?gt@%rntl‘:ﬁlas %gg-ogsenber' ene set,
asppass Nl faiidssivey Begaamputer ggedypind may be carried

out within certain previously set parameters, to avoid false

positives and false negatives.
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ES, shown in Table S6. The genes belonging to the NP
expression signature are associated with a w de
wo a00se83690f cel lul ar functions inplicated in PCT/GB2004/004195
oncogenesi s, including DNA replication and cel
di vi sion (APRT, MCMA, KNSL 1, CDC2), cellular
signaling (chenokine ligand 1, Met, ShC), apoptosis
(survivin, CD27 binding protein), and cellular
adhesion (discs-large honolog 7, tetraspan 1). O the
i ndi vidual NPl conponents (tunmour size, tunour grade,
| ynph node status), tunour grade appears to represent
Théelpradodod mayt inedotei buboess ol hrgrliesukbanraskedpstic
gf the NPI-ES (Supplenentary Information). 49. WO
b VIS ABCPLRERHHAF 00FUYD TF £QT FatREnpEpPgnOsis, or
o fT L. i 1he pBhnESt Def { afge TWR-dA36hatenphl geut ale . g.
G oups. One proposed advantage in the use of nolecular -
hlpﬁlbfPFHIes o NPEynedr sepassi¢ i camliicmtiiset Nelabi prt yange of
mat ir¢al | LEY - f] e | he
VO ot GRE{ o) DRI OR: PR AP RES caffBbr Bhed 12
agdondiectas $ihki EAt Ebatuaf f 2ot s Rie cgulE®equelit tbeusserce

e n.such a . scenario, the .treatin

e T Bakablal iy Gh ERe™ conicende 2 aval Tbyogd such
thateditctWiidd agahnstlipecpotenii@l) uMer budetycal data '
&3 ecific intervention. Notably, aLthoug&Fthe ER+

SApFSE T RGP Gard SET TRt P hiSidfed wiiR database,
(idgntd nueusdspeact pusrE of e cliassi cAInNRbnkabdeshé2chRoB8lcal

the . clustering analysis using the NPI-ES appeared to
Prdpdfatte” fhBAERMCEHADUPECIMIT WG SERFRRERE | YedP scPePe OF
ba@l PHRYNOEHGUN 8r ¢Bluel & Skdhd RE RRISERI | bt¥rthabiy from

sanpl es exhi biting .-, continuous val ues based upon
the dBddat ReFogiéal paraneerresentdyiché hrevbFERERESS

r-ahl.e i ESGCr t . t l ecu

S Narrar der T ne the o iy Lo PhG Rpl TR T
"s¢amdadelit byofdiscri mi nate between these two cl asses,

we used Weighted Voting (13), a supervised |earning

algorithm to distinguish between tunours exhibiting
Thiei glomand ekronagxphesshomninfe tdre pridRlidESanandptesseont he

I i fication accuracy of the _trained algorithm

Profite arelipal) PURRCTEVE heTott DEFOSS CUAPTBAT IBALe
wi¢bCGCVﬁrﬂ$sayar!prégh&éiéﬂ141@.0?@&@L§E©§hbgms and/%r bad

accuracy, ‘quantitative netric predi ction strengths
PYBGTOSE! BRI Sb Ral LU ATl S/ d8s G LBEANFR - Gopbs B e
cadllier(18het et PEAVHEE afbRASKETHRRLEON ENRaPr eHELbOMNISed

confidence (Figure 2c). The W anal ysis reveal ed that
E RESKPP- BSPHePTVRt 8dta BP IIPG(5/633B99sample,

pr%@E&QBZQOQEQgé;g5d£§£¥%6fﬂéﬁ%ﬁd”aQ%F%QEhﬁcCH&@QVnPéf rably
91% with 3 fisclassifications. {he 8 sanples fhat
a {erghkeonyPying| akgefigen, Zagerebaslsebputed With a | ow
prediction strength (PS < 0.3), and thus represent
"l owconfidence' or ‘uncertain' classifications.
ThendéedsibficeheoR9%f otte dfxBA)ssion profile is more

reliable the greater number of gene expression levels
tested. The known microarray and genechipvtechnologies allow
large numbers of binding members to be utilized. Therefore,
the more preferred method would be to use binding members

representing all of the genes in Table S6. However, the
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ER+ tunmours associated with a " high-confidence
classification (PS>0.3), only one sanple was wongly
webasssived. These results suggest that the NPPeEEBe@A/004195
be wused to classify the majority of the ER+ tunours
in our data set into discrete groups with high
confidence. Derivation ofa NPl Expression Signature
Using All Tunors, Regardless of Subtype W defined
the NPI-ES using a two-step nmethodology. Initially,
unsupervi sed clustering was used to cluster tunors
- shibRdinfyaw Wheilr aPeEpett s ethafple@yoROTSdBRy pé' thpes
g&h¥s R be SRBB2E) and UPRL Sndd il 518360 S4Bt ¥ReUR! &n &
analyzed Tfor expression signatures that m ght be
rebiyizlatad tocathetiNRlly Heresratee stmhimat perform ng
the first step (definition of distinct nolecular
subtypes) is inportant in the identification of the
TINP| picyn 0 ias seftbli gdaAy dagge Seto L A Shiviegtobnahby 79
tunors, regardless of no]ecul ar subtype, and
CHEFGiGre Pla CRBVEARG RPI 21 hr eShoTWPstriity il Yt 81 def Phethe
g s aIPREHALe s6NPh -t AT eshol dsupAsrahave ( see bkodre
2a). W found that using an NPl threshol d of 4
Pag i idesd genest andopr4al Hi of erlentfagati veegsressedbgenes:
1:S; 4 e 9 | e YaTo JNNN <To)
P rg%éi(cm% QPR ehes fal Sy B2 Oglg:r‘?%@e apboptiges.
1LIRB3O56B369Y  POFLEB2004# 0419 5o I hes édivpditalned Vot i ng
(WY) and cross-validation (LOOCV) assays to assess
the ability of this 44 gene set to confidently
Thed gesidnpedthie tenpmagaimt bsdé rito liesur &t e 1gr o8Ps. 30As40,
can be se in Figure S3, umh of | ow confi dence
SEPe oF ik afl SSngr eel SRR aq ¢ he
m sclassification rate (9% for the 44 gene set) are
bot h significantly increased conpared to Figure 2c.
PRHiS" af‘%]g’ul thengrcHt BECTRATT 1 ¢ M Y A£GETe 556t , “haS8E=15tS
oftlpbAld sAXthUBRI Sholif Fessy edf egddue rdrt ypedaeblag
the NPl status of a tunor t%an the NPI-ES on ER+ |
CRimRDF T 13PoHitg WSt Bafp| @8C%F et b e IRt Hdive RPFLELIVe
- g d1er £y Tl s6VebgBE ey b Mg WaSHSemh 10 sel assi fy
the sanples and the prediction strengths of each
pedptab (yysetiesFedaf canatled ubase dagioPrGobyls fegragily, the
: I sskficati . W I gLk
S P ShE L et CEh I T e TR oy e
tlooderdence’e (gnéypdairaprdédr ho §hergmiuitivemast.
“uncertain' Al -ow PS) sanples. and msclassified
sanpl es are observed conpared, to Figure 2c. The 44
Tigenersptodar ved fregnrakprt swosse reegdaradiress ofor may
subt ype i lso_not as effective as the NP/ -ES at
ST L0 GO PP Lt HRBSNFAC YT rRAh T d4Pd s gt
Usi ng the Rosetta data set as a blinded test set, we
applied the 44 gene set to the 49 ER+ tunors found in

Theh YRR PRIIETRTSE OF aBBN R et © STURHES - st grovide

a g&t fBde d hersikgnif i cance Ofst assnmiat ign Aeiweehidhing
R+ Tunors expressing high | evel s of .

between tumours with good prognosis and tumours with bad

prognosis (or tumours with high NPI and tumours with low .

NPI) .
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the 44 gene set, and possessing a high NPI. W
obtai ned a p- value of 0.29 for the 44 gene set, which
wolmsoBssho | ess  significant conpared to a p-vaP@EGBR004/004195
0. 0004 for the NPI-ES. 52 WD 2005/ 033699
PCT/ GB2004/ 004195 Interestingly, the NPI-ES, despite
bei ng derived froman analysis of ER+ tunors,
out perforns the 44 gene set even when applied across
~all 78 tunors in the Rosetta data set. To illustrate ,
his, the 78 Rosetta tunors were divided int t WO
TRoB5SIBPREF 3% oot GnGSi @9rsngh%%.%l>9ty genes of
Ta@3Reeki. vehy pfoBeesate qUt0gRYStehpr Ve ghd atbmotitag fifty
" was then used to classify the Rosetta tunors by the
SRPESESEofabhe 29- Béﬁ‘]éjré:&qos&%ccéﬁtb@a%éé‘ﬁc}r‘f@%{% gore
tB3n %B%tplpg-e Ivaned & %@ﬁké?ﬁéét?& ACE URALY rfl ude
80 conpafed to the 44 gene set Ich delivered a 70%
nol assief tbahi bhivcewweams GefeblasSoci GredrypgHpstic set
© _histologi.cal grade .((1 & 2 vs. LN lass
"R ling‘igdgoﬁ%os?‘?% ér% T i%’veéne%yi g)ga%r:&)ﬁ] %%ﬁln%r%'r mlﬁgé,
progBbssizeseanday yimphl ikdecs natres thae defl i grates tdfe Table
contri butions nmade by each of these indivjdual,_.
S8I-erfBfit BXOPBOFHES Nt e diiYar irak8Gp6f "Phe NET: B VUSRS ®
oPAWLoci dentify genes correlated to each of the three
hi st opat hol ogi cal vari ables, we were unable to
convincingly identify genes whose expression was
Toledpi-bheaathy Sof relateshd:q <&t Ber cohdiBf &édén®ially of,
| ynph node status. I'n contrast, in the case of
- fRivet 6Pogizay. grage, ofa Hige StcantenbrBEROBF 1 Getitls Wt e

chAadsel Ogbeclhs [Lorald Al i yoxpr eesad: Deryren giiade of

r -5 and grade 3 tunors, and the genes in this

Tgbade S6or Tekapedogyesiel c swtt @i bonpdisabseantpaFist
Querlap,(66% w Pl.- ES apl-e esgy

R g gt Rt TUNGY S CEnd oA T ot et
plrogholsagicc akt gnagesommyi ¥ irolcogkdak| gsdestiatly a@hd ten

that tunor grade_i key contributor to e NP
t@xgwgggVoﬁegﬁﬁnﬁguf%ﬁi%M%%1 fﬁétVSRéynFﬁgtﬁagtgjéenes ot

. TR@naneker sr, (buadsrshre anddtypb fodeysyaheas)of Table S6.
delivering conparatively |caaar onntrihutions. 53 WO
2005/ 033699 PCT/ GB2004/ 004195 Application of the
TMB'pE@gA@%@S% Mut ti pherd ndapendeit Begast abancetwenty or
Expression Data Sets To test the abilitX of the NPI-ES
abeWsr EFLELYbEERSAPI MY rtiSelgrredi S8 TBrofhbEF 2P
£38%hes oof JBbiLRdeni£8Y, S8t Sholte tuidsed LwRekndepeaseatse .
breast cancer data sets that were publicly avail able.

MPfpetf itest ogars sey Prefereded Srad the fRe3Et BACWaRt R tteen
g%%%s)o%OQ%kﬁ%fsgf'¥§e'§%§qk'H%@?g%%%%th& Beeagt first ten

unours pro ed using gonucleot i de- based
ganesoarfr &pble 86d al so contains the duration of

“di sease free survival' (DFS) (the time frominitia
tunour diagnosis to the appearance of a new di stant

TRt asasios) i Eose eagdly padm@nise ,( bR) cohspert assbytrially of,
several studi es have previously shown the NPI.to

h be
2BPVSr GGG PE 9RPUE BYENTY PncRe e gdPIVE BFed8P" o7

genes selected from the group consisting of the first about
forty or about thirty or about twenty or about ten genes of
the Positive genes of Table S6 énd, optionally, one or both

Negative Genes of Table S6. The prognostic set may comprise,
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cancers (18, 19). The second data set consists of 78

breast carcinonmas profiled using cDNA m croarrays
wowdaos/0sseey al | patient survival information (re¢EGBew4/004195

to as the Stanford data set) (14). The availability

of these data sets allowed us to independently test

the predictive power of the NPI-ES, as the Rosetta

and Stanford data sets are different fromour data set

in multiple ways, including |I) patient population,

ddl Jeor@Rkechangdbbig i DHALQYehes! lsk)l e8€BHI Afom the group

pat hol ogi st and 1V) choice of array technology and ,

garstietdans oft Woe cbl w3t jabouthdRaset pa ahautt AaFby gPositive

t t LN col.ar_j r S« S -
,g%gﬁ%E?%DgFgT%e$§.%égtréﬁéaﬁyﬁ}% és%% e§?i??%§ §%§§§$X?
camalsy sifs TdeflenBag t he ER+, ER-, and ERBB2+ subtypes,

276 genes (679 were found on the Rosetta m croarray.
W applied this gene set to the 78 Rosetta tunour
Teofumderand gefleat i ik 4 dgieitis bekongangate ihmecommon
ER+ nol ecul ar subtype 54 WO 2005/ 033699, | bed
WBEH EBE0TAPBAATHST Tt Eh Wi ife PHITEC2R6 Yo bl MbF ©B22 GefREcT 10¢
He)lRNging to the NPIES were al so present on the
Rosetta m croarray. Since-the Rosetta data set is
based upon a different array technology fromours, it
i asgipke i h I-n nes stated
Vi oRTeh VetThg Rder evelsae homr THara 2ot TS
rcllues gixf yninuise tResetreat ¢ umpur sL.O%Hoke vée, nhiobrswb AgI enes
§ggg§fgx_g%%cggggd in Ramaswany et al., (20) for the
conpari son of “gené sets across different array :
t echnol ogi es, we used -hierarchical clustering to group
he 49 ER+ Roset tunours using . .the_overl.apping, .
NPy S Ger 0P b GeRBes T I It G Al CaRaRgE grie tools,
digi ded1the 49iBRhicRosetdas ti Sushbe Rageoapd used to
consisting of 24 and 25 tunours exhibitin 'higg' and
Pq%ﬂﬁc%xﬁgé@gf"ﬁﬁ PEVETREGHE {HECNGS - E§rFé§gecF’P ly
{iSRa JHaW €089). n¥¢ BOMPE LN A hetjuRursni kithesecbuputer
subgroups to deternine_ if they were associated w.t
. Wi Gerien CESIFATIRE] FO NP e £ heUSHRG FRA O8i BEPALLS
Hdlindd calingPpheaghssnybiere dd  (UepuhiPbavabyesand
were treated either as a continuous gradi ent .
qSmdentlts Bst désyuseed adbey discr eEEagAgEps EeRFession
[ LySi.$,-USLNGsC | cal NP t=af L rvalue.af
Eg. %; ,leet %&r ?aggﬁ%%%t (lg%gé)%ﬁg%sc%xopr srsoi%g% e%f fotfhelng%I -ES
morgicstient Ip exhingi ted whe¢ hcenmitg ficcarrlly birghéderpPFhe
val ue . conpared _to tunmpurs expr.essi I I f
Vo N RS e GahaTREER (P %, (o BLE! n
= 087 drorvhienafya anabysis)  Tahlienta) bufhies the same
anal ysi.s i ndi cates Fhat exp%eggion of the.N@]-%SfE§e b
SHE FTRERRANPIESFr 8PREETS v t T s SRR NP s PACHS ~Tn ™Y
B W Wk B8 Rel Bhan: s Ngiepenie dxpiaisd cseprggideabed so
by a different array technol ogy. 55 WD 2005/ 033699
FROT/ \GEESU 1064 PY5 $8tRBABRAre the prognostic power of
the NPI-ES to the «classical NPl system of stagi-ng,

odds-ratio.cal cul ati ons . , ‘ o
Thus, the invention allows, for .the first time, specialized

chips (microarrays) to be made containing probes
corresponding to the prognostic set. The exact physical

structure of the array may vary and range from
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were perfornmed (Table Ib). Patients with ER+ tunours
expressing high levels of the NPI-ES had an odds-ratio
wo 0005/088684 ant net astases within five years of BAOI/8B¢@3404195
Cl 2.4 to 44.0, p<0.001) conpared to ER+ tunours
expressing low levels of the NPI-ES. In conparison,
patients wiwth ER+ tunours with a classical NPl index
of >3.4 ( noderate' prognosis) had a |ower odds-ratio
for distant nmetastases of 6.1 (95% Cl 1.6- 23.4,
op6o06r1eonpde aolr-dive ERt tiavhedr sowh t H1-&i iRl s iordax soft 1d

BPEROSEI B BEFT of RSP ERESNIFLES BAtF NS ng

iKaph-aRu el @1 "t sad v i canal )ﬁﬁh&ué':lﬁ%ﬁ 3 .g.l Mbar coder.
agreenent wWith other studies, patients with tunours

of low NPl (<3.4) exhibited _better DFS as conpared to
QQ@E&?E Sa Ofiahlgher J¥D|X%§§sélon( ré%(igg 'Hﬁ&%y

When t |s same popul ati on was stra
PRPERES] s padi dret slomiet int @ndarscexdr bmd:ngzcmmgamner The
" sion of the NPI-ES exhipited better relaps

B LS TR G007} S BreH" Lol T L Sa o L Begaree o
dexpces§|c@m¢awmieyekﬁh@& hhalkEﬁu£TSeiﬁﬂGEtlon profiles in

ol l.ectively is data su estst for ER+ .

B ner et he e dheire VB LR P ort T NP debis ShAD
pBbghas us e d@ynmﬂspeﬁeowstthaat@h as si ced r ¥ vest, e fthef
staging. Stanford Data Set: ‘A simlar approach_was
TUEEHITEY TRSDS HPnPrIES "dRdL RecBhahf itF EAPRdEr (Ch6e
Bt 9enS10)prQside 1409, 0e86s s el omsiiihd Qgighiste sihg1
P +meR- xz;mds ERBB2+ élubt ﬁges 136 %enes vverggﬁf c?undSl ply ,
tpﬁe"gggﬂ¢®¥@"rﬁqgﬁx%ﬁra e database for a particular
httR-LLgen SN, afor du/ M c s 18Rd
Pt %S% ggﬁe%%/ere utztgd%to gfigst e%t%]g&g{%%so%rl\{?t&%o%rgr
repg¢deht vduets trirediereblefoogi bige tNP 1 ke ERAighl &®d-ar The

( 7 t r f i scar,di.n he, .

BUBhY RS (LR 2AUTRER BEbEDac, LN TR canpyrs
pPR20051 63 399 ssuxg radey Ir&plrlekehy tioe b@gghmgatt@ tdfe many

resence, of nt amn n n t.i sue

BT RS AR THELE B8 PRnBuTS Tar & Hay DaiPerad
mé g elite Fmgor&ibn @lr@gathheleLn&&érsélmt&dws @rrtike or

S)ﬁanford mc oarray into %h NPI-ES (13 turmur%)
OHRT" ' THHRNEI @é@cegr Gufs ESBPULEhOtrEYe™oite Aydiry, ©
eSEHAsAEC Soft -diRstkieveakedia a§é@@i$ﬁi&mw1&9{§%eatl on

(p=0.001) betmeen the hi gh and | ow expressing NPI-ES
MEEHRHEHES lankh Acssgidearenpl tat BrePyesiite 1ventiog -

addition, a KM survival analysis also denponstrated a

S|gn|f|cant (p=0.0493) overall survival advantage in
Ipathendsret ROWaNP, - ES éspt elssing-haidies dedmpaesdier

t t P S, express

% @ &%2‘% qm.i@ki I'elraegfq;:;_lngl L E |§]§ @ a°' Jargb\}ttléo'pblgeﬁrver , as
msmyon@irmwdmﬂkupnmfllbetweém EE&etMmﬂmasﬁExﬁkb55|ng

high levels of the NPI-ES and the "Luminal C

nol ecul ar subtype identified in Sorlie et al . (14).
‘Bl &b mpntheofpathent2 egppress beh ongh g d @ d hthe NRnBESra

have been reported to be expressed in the Iatter

- PYok bl estininectsampreast) afnd EhrefPraAet gmavissy
st&PP&t £h1 variation in the population, it will also be

possible to deliver a "confidence value" as to how closely

the patient expression profile matches the "gstandard"
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the identification of a "Lum nal C' subtype based upon
an ‘intrinsic' set of 500 genes. There appears to be
wa2@snsseg overlap ((960) between "Lum nal C PaImoB2004/004195
and tunors expressing. high | evels of the NPI-ES,
al t hough, as nentioned above, none of the 62 genes
bel onging to the NPI-ES are found in this “intrinsic
set. This is illustrated in Table Sl11. The Prognostic
Capacity of the NPI-ES is Conparable to a Previously
CBreuichedp? ¢ o Oosiss dSlsgnatsedeébboe Breasd vaaneemwidz
, VK%Z 05¢ 33§%$ PCT/GBZO 4/ 0 4lgg he sane stud%gby
PYant YGHBPSE al BPT e (e d
tzﬁsge@ethmétgmaﬁ &heewbgaeesze skeaat e LBRP1e,t hdkther
Fredlcted the DFS status of breast tunours.
Nt eS¢ 3L Ysiferdond dnbri BEPeaveR| ap bet ween t he
genes belonging to the NPI-ES and the PES, as only
one gene is found in comon between the two. To
Ag onpal eongte giromnostti és pésboprantielofta I”@ON@I LES antient

setta,ER nours 8 use ed
oL R B! 3B TR Sar S SR e oo
aetam&|¢1m&iuatdpﬂatbythhedhﬁhb&ﬁb(Flgure 3b) or the
PES (Figure 3c). Aslightly better performance was
observed with the PES (p=0.0001) conpared to the

IiNRL - ESc{1p=02307) theTheeBBAY Daleh I OVEMRMldes a method
asse%;ated with the PES, however, is_not unexpected

EQY entHd viiggnti FRLatt IS (the tPRsS vkt fefisnddalyy

ehasatkdipon thha §X§f@@§|6ﬁ1dﬂH@h&%estﬁ@qnéﬂHdH.Q%kludlng
information of these same tunours. As such, the

PIOSEINY 2N RBAFSSaFe! itoLigis Adew’ ckeh (9l PESUNRALFE Of
thdd e Fa%BeObrolpe gfﬂség%ylhgetﬁ@séiefEfégn§HE5rdlng to

represent a true independent ~test I ndeed, whe
mq}ﬁéstﬁes SRYTXPE- 68 W@rap@mdeanaéyemg Stanfemsd oBR+
, S ver hly
PTG anan, TrSedl o SRREARTend B BT Sl
WanennﬂC@pseemﬁshanedeﬁﬁﬁr§n¢Iabﬂe dxpreddugs withhesehat
s{§§2£ts suggest that the prognostic power of the NPI-
nd PES are relatively conparabl e. Expression of
t he NPI-ES Mol ecul ar Slgnature Predi cts Chenot her apy

espon al ysi s, am ned ;he expr ession
THSE RRETRE) SEEPSFn Bt shrss MO, O | TP o S bPEagt . (10
i Wit &&@'phﬁStb@f ¢ €l eciGrableespeheant herapy, naad

correl ated the expression of ﬁIS signature to
e&?éﬁt"ﬁaﬂorsﬁﬁﬁ. BATOYES poh y@n” %sz%zﬁbsmelved

Q?v/ 004498 A uHldlenravabtpbl %Mrﬁ%ﬁbt%'ﬂﬁ@r at
data set

Stanford") was ut|I|zed consi sting of
theaimed egtilaanmpeesl - obtalned “Before' and “After’ 14
weeks doxorubicin treatnent (8). O the 62 genes
found in the NPI-ES, 31 genes were also found on the
OfSteanfrered hésoaspest, aantd thiee feX pressd armfctishef3the

t S ned.in the pajred sanple he 20
ﬁﬁg%féig'a:gnp?éggqﬁif%%%%gﬁegoegh?b?f%ﬁég%%ﬂwﬁsgegks of
PridElerir8defpaesseomiddlosand o0 exbi préssiimvaspeets ady
therefore be applied also to this aspect and the following

aspects, unless the context clearly requires otherwise.
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expression (L). As shown in Figure S13, of the former
10 sanples, 6 retained high | evels of expression
wa@tbasnizsehenot herapy (H -> H, depicted i n Red) PCMGiBR@4404195
exhibited |ow levels of expression after treatnent (H
-> L, depicted in yellow). The nunber of deaths (after
5 years) was then tabulated for each group as shown
in Tabl e 512. A Kapl an- Mei er Rel apse-free survival
analysis was then perforned, and is shown in Figure
1814heVeohoand dfhahet Bext i stventuneng Jélf)ghﬁlheas@ﬁ&ts of
survival outcone &p =0.022) conpared _to the othe
tHEOLPECR RN e ChE SEIRUNFRE 9783 OPhBrRbE e Jp?dﬁﬂ#o&ﬂg‘lted
h r S reg n dders
tépFﬁEés?ﬁé%(ﬁﬁQ%%nggéﬁéﬁfﬁéag%Es tgégéépcaﬁgbéﬂfzken
gaseaalhﬁrk@ﬂﬂmfezneﬁssh@mabymﬂ@sp@nsene$nUSUﬁwaﬁmeW§S of
av dentlfle ne_expre t t hat
tgan858¥%ht %lpg g??%ﬁmgé §c§%%8%SF% rgggﬁte for
ekbfebE&onCrwﬁehéebﬁegeneérmhauﬂarabdhffgreﬁtidﬁiywﬁkpzsssed,
obt ai y showing that it could predict both
Wﬁﬁﬁlgtﬁtﬂ% '§8§%§g%rognosis for two i ndependent
sets of tunoburs generated by different centers. One
. _interesting concept energing fromthis study is fhat
D44 66KER 53] VEX DU P13 659 CPETFER20D 4 902 S BRI DI §e
s@REﬁrQE%EMtCQPt&EQKEH%éﬁ%Eb%b|ﬁéréin&h@ér ‘the
- hi stopat hol ogi cal |evel may neverthel ess be separabl e
digegimdnstiey esee;tat)eQm &s andi fat ke et RATIAATISHISS of

' 5 £ th
<TPASASLERE pln BLEY SRR BbRORSy s gt o srove
TbblmechbﬂypzqﬂﬁnmmiyauBCbume$ﬁﬁhe wabpesfmh@rKQIﬂilng the
R £ ein d s nt i. n
dc%ncggae %P L nomAeg Ok t alsﬁ%lélﬁggﬁé%eggéq%ga
ppetﬁonmsd ¢mﬁnmh§pkhandY®n|gﬁﬂouypel|Eyeoéxptms$$ﬁn=580flle

fuII ssessed First, redlct 0
bR B T Aaag hebtet riinbEt BE: SNBUST ik S iring
bmuc Rnbah g @i OAH2 @hd/bﬂr@m&yp‘ée&@pdbe aﬁéh@ﬂgiheme to
- have_denonstrated the ap p|lcabl|lt¥ the NPI-ES i
SPhePERS nd| SR 0Bt Yo e Bk Fr E8SITORU T t ARRS NBIRREg S Lon
p#e$180L £ apReaT; 40 ihen L K| e dhinas awghbt t eu NGt pradritespe
associated with the other nol ecul ar subtypes (ER-,
aERBBE+¥e?€Eﬁ®?enEntary Information). Sanple Data Table
S14 shows expression data for the prognostic set (or
NPI - ES) of genes across sanples of differing NP
Tyel dé fifementdal acvpeesPani fMay ber chhva AR yhetF x0IB3A
4 cq%%%'a'lp p200n0AYE o DRI {10UGNda8s PLADE OCESEhe ThEnoux
ené exp F&ssi'on profiles of the progn stlc set can
awseﬁrasoﬁraharmgyde&eﬂnawdmﬁﬂsdofatpeedaCteve WD@blthe
W and_SV then can assign__t
&P g &nﬁnomnmh%ﬁ% He Faa s Faﬁg |%$t§g} &éféé °oF
NEPas dihesf. orrhev\ﬁngféﬂérmaﬁal &dputeBSionlst cnéudnscpmmtmg

I D of prognostic set genes
set mayp % a tumourggample to be assigned to one of at

least two different genotypic or phenotypic classes.
The method of the sixth aspect of the invention may further

"include steps to assign a class to a tumour sample from a

patient, wherein differential expression of genes of the
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60 WD 2005/ 033699 2nd colum: Gene Nane 3rd and ot her
columms: gene expression data Rows: 1st row. Sanple

wo dwspRBIsanpl es) 2nd row. NPl index. 3rd andpt/B8r004/004195
rows: gene expression data PCT/ GB2004/ 004195 The gene
expression data is derived as described in the
' Sanpl e Preparation and M croarray Hybridi zation' and
"Data Preprocessing (see Materials and net hods
section). In .particular, raw gene expression data

dieq nia rartd ngaket| arédch@yaqtkfemsrtsm efesbeustasspo the

re ( arra C o
T e, Bre0iARe AR ARy Yy S SRR o
tm ahcmndnda\attahgweta)ancpaeram@ﬁm forluse to @he tumour
ht ed Vot|n algorifhmfor each gene of the
bap‘sr%gl%’sttlhé §&P ﬁsg‘é’&hi%‘(e‘aﬂs% These data could be
used to assign thé prognosis of an unknown breast
tunmour sanple given a set. of expression |levels for
ThiedsroP it RES1BREPAOSEST k1S MPiYe CREPEIFS ShRCiFE k&
sofflightied) VORLAG: ghecknbiugs aRpl ked foneXpueEs! O dpiia
fromAffymetrix UL33A genechip. 61 WD 2005/ 033699
VREToGB200 004195t Ref aeniges br Hisrenchfraly Chpgtering,
P I 0anass| c n; breasd
ascadnlc@ecllruS%Fd %geégﬁ%f?of% st o%olgyc 5 %grrng éO&lin (?eas s the
steancdr idebhxpéyiegcend rmﬁlea:dlairge:u@ttu@\je of t bhé opgrower m
foIIow—u Hi. st opat hol o .19 403- 41 1991 .2. Galea,
S R B af Hey T A AR S an GO O E e
B@ﬁ&qttl ngham Pr ognostl c Index in primary br east
cancer. Breast Cancer Res Treat. 22, 207-219, 1992.

3.. Ellis, 1. O, M Glea, N Broughton, A Locker,
Ad&lé@bna@h§rB§Yal@@gn£%1y¥hElQﬁﬁﬂneE@baob@gtﬁé|81xth
prognostic factors in breast cancer. |l. Hi stological

Vast%ﬂ%i. ORelLBEI BAYAT b WP t RS LA lrgle |tﬁ1eaSF8P§eOfs%i%l?/rmmlng
t:hvéd tel}ar%@,%ﬁr mghé% Uphe Hi Sstccmﬁlmlt@ay; 420- 48% tumour

Bal sl ev, ., C K Axelsson, K~ Zedeler, B.
SaBLplﬁarrdg;(;emmmBng@ms@Wﬁl%@mflTe f5ari BBen. The

4§¥|ﬂsqggaq%vgiggggétéé?#Agéan|s Je8d et 09,449 RBLEENt S

the studies Breast Cancer '
Pr@d@pebam,veh@rmupettDBﬁG)suhBrﬁastof CapcepmRas. sTrphE . 1S

.3 81-2 O rbr ej Hu

al§°n|%§i§|nt % a%ch% ly \?gde%itooﬁhgf Q%E%E?%ﬁg
and devel opmsnt of new pr ognostl c classi f| cation
schenes in die ne atlve br east ncer ast %Qgergay

Stgadlarey prpf 119 1962533 e 0y C ©F & P@P{Fﬂ%fl
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M Lev A. S. Patchefsky, D. W, _Penner, J.
class, wherein the expression profiles are derived from

genes of the discriminating set. The standard profile is
preferably specific to class and molecular subtype.
Additionally or alternatively, expression profiles of known

class (and, optionally, subtype) are added to the database.
Addtionally, or alternatively, the method of the sixth

aspect may further include steps to check for a change in

class of the tumour during treatment. In one embodiment,
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S%Qenfh;qplqﬁﬂﬁqggs of genes that are’significantly

regulated between tumor subtypes. Approximately two-thirds
of the genes in the SAM-409 gene set exhibit increased

expression in ER+ tumors.

Figure 2 shows identification of an Expression Signature
Correlated to the NPI (NPI-ES): .
a) Determination of differentially expressed genes using a

moving NPI threshold. Genes (y-axis) exhibiting significant
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Hi gh1014 *Qdd ratios were cal cul atedu sing a standard

two-by-two table. (U stands for "confidence interval™

Table 1 ¢c) Odds ratio for relapse within five years as

a first event in Stanford ER+ Tunors based upon PES
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2007 136983 £2602018086 120 31 000PE757603 200081852102
C%%81%%%%@%8%8%%@%%?%&3@%%éé?%gésoégéééﬁé’%éﬁor
- SPOOIGA? 2516’3 the0UB 8372 35 mOGT 25%1 262 L 2000804B89403VP I
vaRRP4802503) 980283RA02, IO 2k 1580 T E1288%¢y the
samples and the prediction strengths of each sample (Y-axis)
calculated based upon Golub et al. (13). Sample
classifications with a prediction strength of <0.3 are

considered ‘uncertain’ or ‘low-confidence’ (grey area).

Figure 3 shows KM Survival Analysis Comparing the Prognostic
Strengths of Different Classification Schemes on ER+ Tumors.
Green lines represent (a) low NPI, (b) low NPIES expression
~levels, or (c¢) low 'prognosis’ signature (PES) expression
levels, While pink lines réﬁresent high levels. (a) 49
Rosetta ER+ Tumors stratified by classical NPI into ‘good’
prognosis (NPI<3.4) (35 tumors) and ‘moderate’ prognosis
(NPI>3.4) (14 tumors) groups. (b) The same 49 Rosetta ER+
Tumors stratified by NPI-ES into groups expressing high (24
tumors) vs low levels of the NPI-ES (25 tumors). (c) The
same 49 Rosetta ER+ Tumors stratified by the 70-gene
‘prognosis’ signature into ‘good prognosis’ group (27
tumors) vs ‘poor prognosis’ group (22 tumors) respectively.
(d) The 46 Stanford ER+ Tumors stratified by NPI-ES into
groups expressing high (13 tumors) vs low (33 tumors) levels

of the NPI-ES.
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of 34 7.2 pos neg 14 of 20 6.8 pos neg O of 12 3.8

pos neg 17 of 17 6.4 pos pos O of 16 4.56 pos pos O

of 10 6.4 pos pos O of 9 5.2 pos pos 0 of 11 3.2 pos

neg 1 of 25 6 pos pos 2 of 17 3.4 pos neg 2 of 4

339@r60§3p§bOW@ @ﬁaQBifiquxpnnegd @reﬁlatfbdlqnnfqdmmceOof

7 0 S,he 7 of 11 7.
D R LD %gwpaaslm o1
refjatd18s5 phHssuieg/ peb. of 21 6.8 pos pos O of 4 4.4 pos
pos O of 16 3.6 pos pos 3 of 16 4.68 pos pos 6 of
13 5.52 pos pos 2 of 15 5.74 pos neg 0 of 9 4.6 pos

Fpgare0sof sHbud .16 oS dPA%a15Qhis2dr bnF &F“béHESe %%egglon
15 7,8 pos pos 1 of 18 3.8 pos neg pos

dﬁB@ FponfResettay dsss 566 - Topd @@n@r@m qa@@laymg the

similarities between tumors. The color-coded bar indicated
the subtype to the corresponding gene signature. Left) The
full cluster of 276. genes with three distinct gene clusters.
Note that some ERBB% tumors appeared to segregate with ER+
. tumors (red bar), but were identified as-ERBBz+ upon close
inspection of expression of ERBB2+-related genes (zoom up of
clustergram). This is due to the Rosetta microarray
possessing a much higher number of genes related to the ER+

subtype than the ERBB2 subtype.

Figure S9 shows hierarchical clustering of Rosetta ER+
samples (49) based upon the expression level of the NPI-ES
(46 matches found in Rosetta data out of 62 genes). The

color bar is as defined in Figure 2b.

Figure S10 shows hierarchical clustering of Stanford breast
tumors. Top) Dendrogram displaying the similarities between
tumors. The co]or coded bar indicated the subtype to the

correSpondlng gene signature. Left) The full cluster of 136

genes with three distinct gene cluster.

Figure S11 shows hierarchical clustering of Stanford 46 ER+
samples using NPI-ES (31 matches out of 62 genes). The color

bar is defined as Figure 2b).
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i.bl em ni mal_ duct al nom ni mal

t es ni mal ct a_poss
ggtg %oﬁ?%?%%r?hﬂzEh%%%sﬁBﬂeE%EEi%ﬂwﬂﬁﬁQH%ﬁﬂ Subtypes. The
yuct atpossidf eR-niawl rlucbab HedEsi MRl 1t YeSRQBRer than
g gtglnon1n| |, tub-m xedyesm ni mal ductal nonone
t aYYesHi e bearashoher dekt dlumsaset esi were unable

dociadmoitpivialsailglealaopRRe &%%gzﬁﬂ§¥¥y$%tially regulated‘
in high vs low NPI tumors for the ER- and ERBB2+ subtypes.
Also, NPI-ES does not appear to be correlated as well to NPI

values associated with the other molecular subtypes.

Figure S13 shows 20 pairs of samples, obtained ‘Before’ and
‘After’ 14 weeks doxorubicin treatment (Perou et al., 2000).
Of the 20 ‘Before’ samples, 10 samples exhibited high levels
of NPI-ES expression (H), and 10 exhibited low levels of
expression (L). Of the former 10 samples, 6 retained high
levels of expressién after chemotherapy (H -> H, depicted in
Red), while 4 exhibited low levels of expression after

Lreatment (H -> L, depicted in yellow) .

Figure S14 shows a Kaplan-Meier Relapse-free survival
analysis curve using the pétients that contributed the 20
samples of Figure S13.

Materials and Methods

Breast Tigsues and Clinical Information

Human breast tissues were obtained from the NCC Tissue
Repository, after appropriate approvals from the NCC
Repository and Ethics Committees. Histological confirmation
of tumour status and Estrogen Receptor (ER) and ERBB2
immunohistochemical status were provided by the Dept of

Pathology at Singapore General Hospital (see Supplementary
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(mege tifeohofe8=6 methnepdlittiale AedBenel o of gkikiGe=2
gggtneg duc%al yes. none 3 of 24 5.9 neg neg ductal ,
E&é & nPRattive nodes, 4 or more=3 points). As tumour size
in the Stanford data set was defined using the CAT system,

we assigned an approximate value for each CAT grade (ie,

Tl=2cm, T2=3.5, T3=5, T4=3.5).

Sample Preparation and Microarray Hybridization

RNA was extracted from tissues using Trizol reagent and
processed for Affymetrix Genechip hybridizations using U133A

Genechips according to the manufacturer's instructions.

Data Processing and Analysis

Raw Genechip scans were quality controlled using Genedata
Refiner and filtered by réméving genes whose expression was
absent in all samples (ie ‘A’ calls). Expression values were
subjected to a log2 transformation, and normalized by median
centering aill rémaiﬁing genes by each sample. Data analysis
was performed using Genedata Expressionist or conventional
spreadsheet applications. The unsupervised dataset (Figufe
1, a-b) contains genes exhibiting a standard deviation (SD)
of >1.5 across all well-measured samples. Minor variations
of the variation filter used for gene selection also yielded
very similar results (P. Tan, unpublished data). Duplicate
probes for the same gene were removed from analysis, leaving
one probe per gene. Average-linkage hierarchical clustering
was performed using CLUSTER and displayed by using TREEVIEW.

Significance Analysis of Microarrays (SAM) (12) was
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‘Weighting is determlned using the correlation metric:

B —H
PQ;c)zzfi:;% (h and o denotes means and standard deviations

| 2

of expression levels of the gene in each of the two
classes). The ultimate vote for a particular class
assignment is computed by summing all weighted votes made by
each gene used in the class discrimination. The “prediction

PS = VW/N —VLOSE

strength” (PS) is defined as:
VWIN +V LOSE

where V., and Vg, are the vote totals for the winning and

losing classes, respectively. PS reflects the relative
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(intra-subtype differences). To circumvent this problem, we
implemented a methodology where each molecular subtype was
treated as an independent data set. Briefly, a variety of

unsupervised clustering techniques were first used to
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nooxysenase { kyapenkpgt 35y aroxd@s®)chnique (Figure
GB20 4/00419
1b) which delivered highly similar results. To robustly
identify these groupings, we used SAM (12) to identify genes
that were differentially expressed between the subtypes. At
a FDR (‘False Discovery Rate’) of 0.1%, we identified 4095
genes that were significantly regulated in a subtype-

specific manner. (Figure 1c) .

The list of Table S5 represents the top 50 genes identified
by SAM to be significantly regulated in each molecular
subtype (ER+, ER-, ERBB2+). The genes are ranked by their
S2N correlation ratio, which reflects the extent of the

expresgsion perturbation observed among different groups.
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high expression of basal mammary epithelia markers (keratin
5 and 17), the basement membrane protein ladinin 1, the
serine protease KLK5, which has been associated with poor
disease pfognosis, {(15), and the serine protease inhibitor
maspin, a tamoxifen-inducible gene that has been previbusly
reported to be expressed in an inverse fashion to ER (16).
Finally, the ERBB2+ subtype was associated with high

. expression levels of the ERBB2 receptor and other genes
physically linked to the 17q lbcus, such as GRB7 .and PMNT

(14), suggesting the presence of DNA amplification. However,
the majority of genes exhibiting increased expression
specifically in the ERBB2+ subtype are not confined to the
17g locus but are found throughout the genome, such as
members of the Slod calcium-binding family (S100A8, A9).
Taken collectively, our results validate and confirm
previous reports that the majority of breast tumours can

indeed be subdivided into distinct molecular subtypes on the

basis of their global gene expression profiles.

Identification of a Prognostic Set Correlated to the NPI in

ER+ Tumours
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ighg?%%g%gion between the two groups were identified. We
found that using an NPI cut-off value of 3.8 to 4.6 yielded
a gene set of 62 differentially expressed genes (Figure 2a),
the majority of which exhibited inéreased expressidn in the
ER+ samples with a high NPI (Figure 2b). We refer to this
62-member gene set as an ‘NPI Expression Signature’ or NPI-
ES, shown in Table S6. The genes belonging to the NPI
expression signature are associated with é wide variety of
cellular functions implicated in oncogenesis, including' DNA
replication and cell division (APRT, MCM4, KNSL i,-CDC2),
cellular'signaling (chemokine ligand 1, Met, ShC), apoptosis
(survivin, CD27 binding protein), and cellular adhesion
(discs-large homolog 7, tetraspan 1) . Of the individual NPI
components (tumour size, tumour grade, lymph node status),
tumour grade appears to represent the predominant

contributor to the molecular makeup of the NPI-ES

(Supplementary Information) .
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honnlog avi an) |eucine-rich acidic nuclear protein
mPFRé 1€y of a specific intervention. Notably, ‘although the

ER+ samples in our data set were a83001ated with a

continuous spectrum of classical NPI values (2 to 8), the
clustering analysis using the NPI-ES appeared to separate
the ER+ tumours inﬁo two apparently discrete groups (Figure
2b), raising the possibility that samples exhibiting
...continuous values based upon histgpgthglqgical_Qa:ameters
may be nevertheless separable into discrete categories at

the ﬁolecular level.

To better define the ability of the NPI-ES to confidently
discriminate between these two classes, we used Weighted
Voting (13), a supervised learning algorithm, to distinguish
between tumours exhibiting high and low expression of the
NPI-ES, and tested the classification accuracy of the
trained algorithm using an established leave-one-out Cross
validation (LOOCV) assay. In addition to classification
accuracy, quantitative metrics (prediction strengths, PS)
weré also calculated as described in Golub et al., (13) to
provide an assessment of the prediction confidence (Figure

2¢) . The WV analysis revealed that the NPI-ES delivered a
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Regardless of Subtype

We defined the NPI-ES using a two-step methodology.
Initially, unsupervised clustering was used to cluster
tumors according to their respective ‘molecular subtype’ (ie
ER+, .ER-, ERBB2+). Tumors within each subtype were analyzed
for expression signatures that might be correlated to the
NPI. Here, we show that performing the first step
(definition of distinct molecular subtypes) is important in

the identification of the NPI-ES.

We assembled a data set consisting of all 79 tumors,
regardless of molecular subtype, and performed a moving NPI
threshold analysis to define an ‘appropriate’ NPI threshold,
as above (see Figure 2a). We found that using an NPI
threshold of 4 yieided a total of 44 differentially
expressed genes. Of this 44 gene set, 16 (35%) also belong
to the NPI-ES (which was derived from ER+ samples) .
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In Fig. S3 Samples are sorted by their NPI value (X-axis).

Weighted voting was used to classify the samples and -the
prediction strengths of each sample (Y-axis) calculated
based upon Golub et al., (13). Sample classifications with a
prediction strength of <0.3 are considered ‘uncertain’ or
‘low confidence’ (grey area). A higher number of ‘uncertain’
.(low PS) samples and misclassified samples are observed

compared. to Figure 2c.

The 44 gene set derived from all tumors regardless of
subtype is also not as effective as the NPI-ES at predicting
NPI statuc 1n an independent data set. Using the Rosetta
data set as a blinded test set, we applied the 44 gene Set
to the 49 ER+ tumors found in the Rosetta data set, and used
Student’s t-test to determine the significance of
association between a ER+ tumors expressing high levels of
the 44 gene set and possessing a high NPI. We obtained a p-
value of 0.29 for the 44 gene set, which was much less

significant compared to a p-value of 0.0004 for the NPI-ES.
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tumor size or lymph node status. In contrast, in the case of

histological grade,‘a significant number of genes were found
to be differentially expressed between grade 1 Or 2 and
grade 3 tumors, and the genes in this grade-correlated gene
set exhibited substantial overlap (66%) with the NPI-ES
(Table S6). These results suggest that tumors exhibiting
different histological grades may be biologically distinct,
and that tumor dgrade is a key contributor to the NPI
expression signature, with the remaining two parameters
(tumor size and lymph node status) delivering comparatively

lagasr contributions.
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- y (o] ngggg??t%‘é%%b};e even 1in no e—negatlve breast

cancers (18, 19). The second data set consists of 78 breast

carcinomas profiled using cDNA microarrays with overall
patient survival information (referred to as the Stanford
_data set) (14). The availability of these data se;svallpwed
us to independently test the predictive power of the NPI-ES,
as the Rosetta and Stanford data sets are different from our
data set in multiple ways, including I) patient population,
II) sample handling protocols, III) scoring pathologist and
IV) choice of array technology and probe sets (two-color in
the Rosetta and Stanford data sets and single color in

ours) .

Rosetta Breast Cancer Data Set: Of the 409 genes identified
by SAM analysis defining the ER+, ER-, and ERBB2+ subtypes,
276 genes (67%) were found on the Rosetta microarray. We

applied this gene set to the 78 Rosetta tumour profiles and

identified 49 tumours belonging to the ER+ molecular subtype
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We compared the tumours in these two subgroups to determine
if they were associated with differences in their NPI
values. Using two distinct statistical approaches where the
tumour NPI values were treated either as a continuous
gradient (Student’s T-test), or as two discrete groups (Chi-
square aﬁalysis, using classical NPI cut-off value of 3.4),
tumours exhibiting high expression of the NPI-ES
consistently exhibited with a significantly higher NPI value
compared to tumours expressing low levels of the NPI-ES
(p=0.0004 for continuous analysis, p=0.0087 for binary
analysis) {(Table la). This analysis indicates that
expression of the NPI-ES is significantly correlated with

classical NPI status in ER+ tumours even in an independent

data set generated by a different array technology.
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power of the NPI expre551on signature may outperform the

classical NPI system of staging.

Stanford Data Set: A similar approach was used to test the
NPI-ES on the Stanford data set (see Fig. S10). Of the SAM-
409 gene set used to define the ER+, ER-, and ERBB2+
subtypes, 136 genes were found on the Stanford microarray
(http://genome-wwwS5.stanford.edw/MicroArray/SMD/), and these genes were
used to cluster the Stanford tumours to identify 46 tumours
belonging to the ER+ molecular subtype (from 72 tumors after

discarding the normal-like tumor subgroup of 6 tumors, which
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‘intrinsic’ set of 500 genes. There appears to be a strong
overlap (96%) between ‘'Luminal C’ tumors and tumors
expressing high levels of the NPI-ES, although, as mentioned
above, none of the 62 genes belonging to the NPI-ES are

found in this ‘intrinsic’ set. This is illustrated in Table

S1l.

The Prognostic Capacity of the NPI-ES is Comparable to a

Previously Described “Prognosis Signature” for Breast Cancer
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directly based upon the expression profiles and clinical
information of these same tumours. As such, the Rosetta
tumours are not ‘blinded’ to the PES, while in the case of
the NPI-ES, the Rosetta tumours represent a true independent
test set. Indeed, when the PES and NPI-ES were applied to
the Stanford ER+ tumours, both molecular signatures
delivered highly similar odds-ratios (3.9 for PES vs 4.17
for NPI-ES) for relapse within 5 years (Table 1c). Thus,
these results suggest that the prognostic power of the NPI-

ES and PES are relatively comparable.

Expression of the NPI-ES Molecular Signature Prediqts

Chemotherapy Response

In this analysis, we examined the expression of the NPI-ES
molecular signature in paired breast tumor samples before
and after chemotherapy, and correlated the expression of

this signature to eventual clinical response.
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low levels of expression after treatment (H -> L, depicted

in yellow) . The number of deaths (after 5 years) was then

tabulated for each group as shown in Table S12.

A Kaplan-Meier Relapse-free survival analysis was then
performed, and is shown in Figure S14. We found that the ‘'H-
>I,’ tumors had the best survival outcome (p=0.022) compared
to the other groups, while ‘H->H tumors had the worse
prognosis. This result suggests that down-regulation of the
NPI-ES in high-expression NPI-ES tumors can be taken as a

marker of chemotherapy response.

In summary, we have identified a 62-gene expressioﬁ
signature that can potentially function as a molecular
surrogate for the NPI. Confidence in the reliability

of the NPI-ES was obtained by showing that it could predict
both NPI status and disease prognosis for two independent
sets of tumours generated by different centers. One

interesting concept emerging from this study is that samples
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Sample Data

Table S14 shows expression data for the prognostic set (or
NPI-ES) of genes across samples of differing NPI value. The
data are specific for the Affymetrix UL33A genechip and have
been through data preprocess. The gene expression profiles
of the prognostic set can be used as training data to build
a predictive model (eg, WV and SVM), which then can assign

the NPI class of an unknown tumour.

The data is tab delimited, and has the following format:

Columnsg:

1st column: Probe ID of prognostic set genes
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2nd column: Gene Name

3rd and other columns: gene expression data

Rows:

lst row: Sample Ids (35 samples)
2nd row: NPI index.

3rd and other rows: gene expression data

The gene expression data is derived as described in the
'Sample Preparation and Microarray Hybridization' and 'Data
Preprocessing' (see Materials and Methods section). In
particular, raw gene expression data values are calculated
by the instrument used to measure the microarray (usually a

microarray scanner,'e.g. Affymetrix) .

Table S15 shows the mean (p) and standard deviatién'(o)
Darameteré for use in a Weighted Voting algorithm for each
gene of the prognostic set in each class. These data could
be used to assign the prognosis of an unknown breast tumour
sample given a set of expression levels for genes of the
prognostic set. The data is specific to Weighted Voting

techniques applied to expression data from Affymetrix UL33A

genechip.
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ER+ Tumors based upon classical NPI staging and NPI-ES expression

ER+ Tumors Odds Ratio*
Free>5 YR <5 ¥r (95% CI)
NPI (p=0.06) 6.08 (1.58-23.39)
Low (<3.4) 27 8
High (>=3.4) S 9
NPI-ES (p<0.001) 10.27 (2.40-43.94)
Low 22 3
High 10 - 14

*Odd ratios were calculated using a standard two-by-two table. CI stands for “confidence interval™.” -

Table Ic) Odds ratio for relapse within five years as a first event in Stanford ER+ Tumors
based upon PES expression and NPI-ES expression. One sample did not possess relapse
information and was removed from analysis (leaving 45 ER+ tumors).

ER+ Tuiuois Odds Ratio
Free Relapse (95% CI)
PES (p=0. 053) 3.90 (0.94-16.25)
Low 26 8
High 5 6
NPI-ES (p=0.040) 4.17 (1.05-16.48)
Low 25 7
High 6 7
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. Table S1. Histopathology of Breast Tumors*
_Age Size (mm) Grade Node NPI ER PR Subtype LVI DCIS

ER+
2000220 52 60 3 300f34 7.2 pos neg ductal yes minimal
980278 64 40 3 140f20 6.8 pos neg ductal/ yes minimal
micropap
2000597 57 40 2 0of12 3.8 pos neg ductal possible extensive
2000609 62 70 2 170f17 6.4 pos pos ductal yes none
20020071 58 28 3 Oof 16 4.56 pos pos  ductal no none
20020160 86 120 3 0of10 6.4 pos pos lobular no none
2000787 57 60 3 0of9 5.2 pos pos ductal yes none
2000818 52 10 2  0of11 3.2 posneg ductal no - minimal
20020051 38 50 3 1ot25 6 pos pos ductal no none
20020056 71 20 1 20of17 3.4 pos neg ductal no minimal
980197 55 30 3 2of4 56 pos pos ductal yes  minimal
980261 60 15 2 0of9 3.3 pos neg ductal no minimal
980391 56 20 2 0of 7 3.4 pos pos ductal no none
2000768 39 40 3 Qof17 4.8 pos pos ductal no minimal
2000779 48 55 3 Oof14 51 pos neg ductal no none
990123 54 55 '3 7of1t 7.1 pos pos ductal no none
2000422 51 63 3 30f7 6.26 pos pos ductal no minimat
2000683 72 35 2 0of17 3.7 pos pos  ductal no minimal
2000775 51 25 2 Oof 12 3.5 pos neg ductal no minimal
2000804 39 40 3 50f21 6.8 pos pos ductal yes minimal
980346 52 20 3 0of4 44 pos pos ductal possible minimal
980383 64 30 2 0of 16 3.6 pos pos  ductal no minimal
990082 49 34 2 30f 16 4.68 pos pos  ductal no minimat
980177 75 26 2 60f 13 552 pos pos  ductal yes none
980178 69 32 3 20of 15 574 pos neg  ductal no minimal
980403 73 30 3 0of9 4.6 pos pos ductal possible minimal
980434 73 30 3 O0of16 4.6 pos pos ductal no minimal
990075 66 25 3 50f21 6.5 pos pos  ductal yes none
990113 70 90 3 1tof15 7.8 pos pos  ductal no minimal
990107 50 40 1 10of18 3.8 pos neg tub-mixed yes minimal
980208 42 25 3 50f20 6.5 pos pos ductal no none
980220 40 37 2 Oof5 374 pos pos  ductal yes minimal
980221 33 65 3 10of13 6.3 pos pos ductal no none
990375 38 15 1 Qof 10 2.3 pos neg ductal no  extensive
ER- »
980193 49 25 3 30f23 55 neg neg ductal no minimatl
980216 65 45 2 50f20 5.9 neg neg ductal no none
980256 46 36 3 10of 12 5.72 neg neg  ductal no none
980285 49 40 3 1of7 5.8 negneg ductal yes  minimal
980338 55 30 3 Oof7 4.6 negneg ductal no none
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H o8d33d 881 | 31 p MN 30f7 506 neg neg ductal yes  extensive
980373 77 30 3 Oof 14 4.6 neg neg  ductal no minimal
980380 56 , Oot6 neg neg _

980395 68 30 '3 10f10 56 neg neg  ductal yes none
980396 66 35 3 100f12 6.7 neg neg  ductal yes  extensive
990115 38 28 3 90of 10 6.56 pos pos  ductal yes  extensive
990134 43 40 3 0of 19 4.8 neg neg  ductal no none
990148 60 40 2 60of 19 58 pos neg ductal yes minimal
990223 52 5 3 1ot21 51 pos neg ductal no  extensive
2000104 59 - - - v T -°- posheg T ddctal
2000171 50 25 2 0of9 3.5 negneg ductal no none
2000209 58 50 3 0of7 5 pos neg - ductal no none
2000210 50 40 3 30tl6 58 negneg ductal yes none
2000237 43 47 3 230f40 6.94 pos pos  ductal yes minimal
2000287 53 40 3 Oof8 4.8 neg neg ductal possible none
2000399 44 40 2 0of8 3.8 neg neg ductal no minimal
2000641 47 60 3 160t24 52 neg neg ductal yes  minimal
2000852 56 25 3 Bof21 6.5 negneg ductal no minimal
2000675 78 55 3 160of16 7.1 neg neg ductal yes minimal
2000709 45 30 3 0of16 4.6 neg neg ductal no none
2000759 57 7 3 Qof 12 4.14 neg neg  ductal no  extensive
2000813 60 . 23 3 160f 17 6.46 neg neg  ductal yes extensive
2000829 51 45 2 100f10 59 neg neg ductal ~ yes extensive
20020090 60 45 3 190f27 6.9 neg neg ductal yes  minimal

* This list contains clinical information for 79 out of 98 tumors used in this study.
Clinical information for the remaining 19 tumors was incomplete and not included in this
list. Only the 79 samples with complete clinical information was used for subsequent
NPI-ES analysis.
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ER+ Molecular Subtype :
estrogen receptor 1 Hs.1657  Chr:6g25.1
GATA binding protein 3 Hs.169946 Chr:10p15
annexin A9 Hs.279928 Chr:1g21
KIAA0882 protein Hs.90419 Chr:4q31.1
carbonic anhydrase Xil Hs.5338  Chr:15q22
cytochrome P450, subfamily 1B (phenobarbital-inducible), polypeptide .
6 . Hs.1360  Chr:19q13.2
dynein, axonemal, light intermediate polypeptide 1 Hs.406050 Chr:1p35.1
sema domain, immunoglobulin domain {lg), short basic domain,
secreted, (semaphorin) 38 Hs.82222 Chr:3p21.3
N-acetyltransferase 1 (arylamine N-acetyltransferase) Hs.155956 Chr:8p23.1-p21.3
serine (or cysteine) proteinase inhibitor, clade A (alpha-1
antiproteinase, antitrypsin), member 5 Hs.76353 Chr:14g32.1
cytochrome c oxidase subunit Vic Hs.351875 Chr:8g22-g23
Homo sapiens mRNA; cDNA DKFZp564F053 (from clone
DKFZp564F053);mRNA sequence Hs71968 ---
LIV-1 protein, estrogen regulated Hs.79136 Chr:18qi2.1
troponin T1, skeletal, slow Hs.73980. Chr:19q13:4
hypothetical protein FLJ20151 Hs.279916 Chr:15q21.3
calsyntenin 2 Hs.12079 Chr:3g23-q24
B-cell CLUlymphoma 2 Hs.79241 Chr:18g21.3
guanidinoacetate N-methyltransferase Hs.8113t1 Chr:19p13.3
microtubule-associated protein tau Hs.101174 Chr:17q21.1
hiypothetical protein FLJ12510 Hs.15829 Chr:6g25.1
WW domain-containing protein 1 Hs.355977 Chr:8g21
UDP-glucose ceramide glucosyltransferase Hs.432605 Chr:9q31
GREBH1 protein Hs.193914 Chr:2p25.1
'RNB6 Hs.241471 Chr:14q32.32
Human insulin-like growth factor1 receptor mRNA, 3’ sequence,
mRNA sequence Hs.405998 ---
interleukin 6 signal transducer (gp130, oncostatin M receptor) Hs.82065 Chr:5qi1
LAG1 longevity assurance homolog 2 (S. cerevisiae) Hs.285976 Chr:1g21.2
cadherin, EGF LAG seven-pass G-type receptor 2 (flamingo homolog,
Drosophila) Hs.57652 Chr:1p21
paired basic amino acid cleaving system 4 Hs.170414 Chr:15926
regulator of G-protein signalling 11 Hs.65756 Chr:16p13.3
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ERBB2+ Molecular Subtype
chloride channel, calcium activated, family member 2 Hs.241551 Chr:1p31-p22
v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, Chr:17qi1.2-
neuro/glioblastoma derived oncogene homolog (avian) Hs.323910 q12
growth factor receptor-bound protein 7 Hs.86859 Chr:17g21.1
dual specificity phosphatase 6 Hs.180383 Chr:12g22-q23
START domain containing 3 Hs.77628 Chr:17gi1-q12
transient receptor potential cation channel, subfamily V, member 6 Hs.302740 Chr:7g33-q34
S$100 calcium binding protein A8 (calgranulin A) Hs.100000 Chr:1g21
protein phosphatase 1, regulatory (inhibitor) subunit 1A Hs., 76780 Chr:12q13.13
fibroblast growth factor receptor 4 Hs.165950 Chr:5g35.1-qter
SRY (sex determining region Y)-box 11 Hs.32964 Chr:2p25
Unknown protein [Homo sapiens], mRNA sequence ‘ Hs.106642 ---
transducin-like enhancer of split 1 (E(sp1) homolog, Drosophila) Hs.28935 Chr:9g21.32
hypothetical gene MGC9753 Hs.91668 Chr:17q21.1
mitogen-activated protein kinase kinase kinase 5 Hs.151988 Chr:6g22.33
KIAA1102 protein Hs.202949 Chr:4p13
fatty acid hydroxylase Hs.249163 Chr:16g23
transcription factor AP-2 beta (activating enhancer binding protein 2
beta) Hs.33102. Chr:6p12
$100 calcium binding protein A9 (calgranulin B) Hs.112405 Chr:1g21
fatty-acid-Coenzyme A ligase, long-chain 2 Hs.154890 Chr:4q34-q35
hypothetical protein FLJ22671 Hs.193745 Chr:2g37.3
kynurenine 3-monooxygenase (kynurenine 3-hydroxylase) Hs.107318 Chr:1g42-q44
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intedin, g2ta@ O O Hs.57664 Chri2q24.2
hypothetical protein MGC3077 Hs.433404 Chr:7pt5-pi4
uncoupling protein 2 {mitochondrial, proton carrier) Hs.80658 Chr:11gt13
myosin X Hs.61638 Chr:5p15.1-p14.3
keratin 7 Hs.23881 Chr:12q12-q21 -
steroid sulfatase (microsomal), arylsulfatase C, isozyme S Hs.79876 Chr:Xp22.32
formin homology 2 domain containing 1 Hs.95231 Chr:16g22
ATP-binding-cassette; sub-family-C{(CETR/MRR), member-3- - Hs.90786 Chr:17g22
chondroitin betat,4 N- acetylgalactosammyltransferase Hs.11260 Chr:8p21.3
KIAA048S protein Hs.89121 ---

kraken-like _ Hs.301947 Chr:22q13

collagen, type X!li, alpha 1 Hs.211933 Chr:10g22

ER- Molecular Subtype

keratin 16 (focal non-epidermolytic palmoplantar keratoderma) Hs.432448 Chr:17¢12-g21
gamma-aminobutyric acid (GABA) A receptor, pi Hs.70725 Chr:5q33-q34
TONDU : Hs.9030  Chr:Xg26.3
keratin 68 Hs.432677 Chr:12q12-g13
serine (or cysteine) proteinase inhibitor, ¢clade B (ovalbumin), member
5 Hs.55279 Chr:18g21.3
keratin 5 (epidermolysis bullosa simplex, Dowling- '
Meara/Kobner/Weber-Cockayne types) Hs.433845 Chr:12q12-q13
SRY (sex determining region Y)-box 10 Hs.44317 Chr:22q13.1
Chr:19q13.32-
melanoma Inhibitory activity Hs.279651 q13.33
matrix metalloproteinase 7 (matrilysin, uterine) Hs.22566  Chr:11g21-g22
secreted frizzled-related protein 1 Hs.7306  Chr:8pi12-p11.1
B-cell CLU/lymphoma 11A (zinc finger protein) Hs.130881 Chr:2p15
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pitns cDNAFLJ11796 fis; clone HEMBA1006158, highly
simifar to Homo sapiens transcription factor forkhead-like 7 (FKHL?)
gene, mRNA sequence Hs.284186 ---

solute carrier family 6 (neurotransmitter transporter), member 14
desmuslin )
engrailed homolog 1

ribosomal protein, large P2

tripartite motif-containing 29
calmodulin-like skin protein
desmacollin 2

ropporin, rhophilin associated protein

crystallin, alpha B

tripartite motif-containing 2

epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-
b) oncogene homolog, avian)

feucine-rich acidic nuclear protein like
potassium channel, subfamily K, member 5

kallikrein 5

procollagen C-endopeptidase enhancer 2
Hypothetical protein [Homo sapiens], mRNA sequence
LIM domain only 4

keratin 17

desmoglein 3 (pemphigus vulgaris antigen)

keratin 6A ‘

-sialyltransferase-8A {alpha-N-aeetylneuraminate: alpha-2,8-
sialytransferase, GD3 synthase)

Kruppel-like factor 5 (intestinal)

Rho guanine nucleotide exchange factor (GEF) 4

kallikrein 6 (neurosin, zyme)

prostaglandin-endoperoxide synthase 2 {prostaglandin G/H synthase
and cyclooxygenase)

chromosome 20 open reading frame 42

glycoprotein MGB

uridine phosphorylase

ladinin 1

pleiomorphic adenoma gene-like 1

desmocollin 3

Homo sapiens cDNA FLJ30869 fis, clone FEBRA2004224, mRNA
sequence

HRAS-like suppressor

cysteine and glycine-rich protein 2

scrapie responsive protein 1

amyloid heta (A4) precursor protein-binding, family A, member 2 (X11-
like)

jerky homolog-like (mouse)

transforming growth factor, alpha

Hs.162211 Chr:Xq23-q24
Hs.10587 Chr:15q26.3
Hs.271977 Chr:2q13-q21
Chr:11p15.5-
Hs.153179 p15.4
Hs.82237 Chr:11g22-q23
Hs.180142 Chri10p15.1
Hs.239727 Chr:18g12.1
Hs.194093 Chr:3g21.1

Chr:11q22.3-
Hs.391270 q23.1

Hs.12372 Chr:4g31.23

Hs.77432 Chr:7p12
Hs.71331 Chr:1g21.2
Hs.127007 Chr:6p21
Chr:19g13.3-
Hs.50915 q13.4
Hs.8944  Chr:3gq21-q24
Hs.66762 -
Hs.3844  Chr:1p22.3
Hs.2785  Chr:17g12-g21
Chr:18q12.1-
Hs.1925 qt2.2
Hs.367762 Chr:12g12-q13
. ~Chrs12p12-1--.
Hs.82527 pi1.2
Hs.84728 'Chr:13q21.32
Hs.6066  Chr:2q22
Hs.79361 Chr:19q13.3

Hs.196384 Chr:1q25.2-g25.3
Hs.180479 Chr:20p12.3
Hs.5422  Chr:Xp22.2
Hs.77573 Chr:7

Hs.18141 Chr:1q25.1-932.3
Hs.75825 Chr:6q24-q25
Hs.41690 Chr:18q12.1

Hs.349611 ---

Hs.36761 Chr:3g29
Hs.10526 Chr:12921.1
Hs.7122  Chr:4q31-q32

Hs.26468 Chr:15q11-q12
Hs.105940 Chr:11q21
Hs.170009 Chr:2p13
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Pribosyltran; Se-44

MCM4 minichromosome maintenance deficient 4 (S. cerevisiae) Hs.154443 6260 // DNA replication /
predicted/computed

exonuclease 1 Hs.47504 6310 // DNA recombination // experimental
evidence /// 6281 // DNA repair //
experimental evidence /// 6298 // mismatch
repair // predicted/computed

Metallothionein 1H-like protein [Homo sapiens}, mRNA Hs.367850

sequence ’

Homo sapiens, clone IMAGE:5270727, mRNA, mRNA Hs.319215

sequence

DC13 protein ' ' Hs.6879

HSPCO37 protein Hs.433180

H2A histone family, member Z Hs.119192

discs, large homolog 7 (Drosophila) Hs.77695 7267 J/ cell-cell signaling //

extended:Unknown; GKAP; 2.1e-05

RNA helicase-refated protein {Homo sapiens], mRNA sequence Hs.381097

kinesin-like 1 Hs.8878 7067 /! mitosis // experimental evidence ///
7052 {/ mitotic spindle assembly //
experimental evidence

chromosome 20 open reading frame 1 Hs.9329 7067 // mitosis // predicted/computed /// 8283
I cell proliferation // predicted/computed

KIAAQQIS gene product Hs.155314

helicase, lymphoid-specific Hs.203963

homeo box HB9 Hs.37035 6959 // humaral immune response //
experimental evidence //f 6357 / regulation
of transcription from Pol il promoter //
predicted/computed /// 7345/
embryogenesis and morphogenesis //
experimental evidence

DNA segment on chromosome X (unique) 9879 expressed Hs.18212

sequence

MAD2 mitotic arrest deficient-like 1 (yeast) Hs.79078 7067 {/ mitosis // predicted/computed /// 7093
/1 mitotic checkpoint // experimental evidence

eukaryatic translation initiation factor 4E binding protein 1 Hs.433317 6445 // regulation of transtation //
predicted/computed

cathepsin C Hs.10029 6508 // proteolysis and peptidolysis // not

. recorded /// 6955 // immune response //

experimental evidence

H28 histone family, member J Hs.249216 . ---

proleasome (prosome, macropain) subunit, beta type, 8 {large  Hs.180062 6508 // proteolysis and peptidolysis / not

multifunctional protease 7) recorded

hypothetical protein FLJ20105 Hs.89306

chromosome 10 open reading frame 3 Hs.14559

uncharacterized bone marrow protein BM039 Hs.283532

likely ortholog of mouse gene rich cluster, C8 gene Hs.30114

cell division cycla 2, Gt to S and G2to M Hs.334562 74 {/ regulation of cell cycle // not recarded /l/
7089 // start control point of mitotic cell cycle
11 not recorded

metallothionein 2A Hs.118786 6878 // copper homeostasis //

pradicted/computed
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or cysteine) proteinase inhibitor, clade A (alpha-1 Hs.297681
antiproteinase, anlitrypsin), member 1
lysosomal associated protein transmembrane 4 beta Hs.296398
chemokine (C-X3-C motif) ligand 1 Hs.80420 7165 // signal transduction // experimental

evidence /// 6954 // inflammatory response //
not recorded /// 6935 // chemotaxis //
experimental evidence /// 6955 // immune
response //notrecorded ///- 7155 [/ cell - -
adhesion // experimental evidence /// 7267 I/
cell-cell signaling // experimental evidence
CD27-binding (Siva) protein Hs.112058 8624 // induction of apoptosis by extracellular
signals // predicted/computed /// 6952 //
defense response // predicted/computed
LGN protein Hs.278338 7186 // G-protein coupled receptor protein
signaling pathway // predicted/computed
Mouse Mammary Turmor Virus Receptor homolog 1 Hs.18686

forkhead box M1 . Hs.239 6366 // transcription from Pol Il promoter //
experimental evidence /// 6879 // response to
oxidative siress // experiniental eviderice

met prota-oncogene (hepatocyte growth factor receptor) Hs.316752 7048 // oncogenesis // experimental evidence

/1f 8283 // cell proliferation //

predicted/computed /// 7165 // signal

transduction // predicted/computed

butyrophilin, subfamily 3, member A2 Hs.87497

$BBI126 protein Hs.26481

likely ortholog of mouse Shc SH2-domain binding protein 1 Hs.123253

H3 histone family, member B Hs.143042

trefoil tactor 3 (intestinal) : Hs.82961 6952 // defense response //
predicted/computed /i/ 7586 /! digestion //
predicted/computed

immunoglobulin lambda locus Hs.405944  ---

DNA replication factor Hs.122908

Homo sapiens cDNA FLJ30781 fis, clone FEBRA2000874, Hs.301663
mRNA sequence
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chromatin modeling // predicted/computed
paternally expressed 10 Hs.137476

Negative genes (2) (Highly Expressed in Low NPI Tumors)

BTG family, member 2 Hs.75462 8285 // negative regulation of cell
praliferation // predicted/computed /// 6281 //
DNA repair // predicted/computed /// 6976 //
DNA damage response, activation of p53 //
predicted/computed

cytochrome P450, subfamily IVF, polypeptide 8 Hs.268554 6118 // electron transport //
extended:Unknown; p450; 1.9¢-142 /// 6693
// prostaglandin metabolism //
predicted/computed
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baculoviral 1AP repeat-containing 5 (survivin) - YES
geminin, DMA replication inhibitor : YES
enhancer of zeste homolog 2 (Drosophila)

cathepsin C YES
nudix (nucleoside diphosphate linked moiety X)-type motif 1 YES
hypothetical protein FLJ10719

chemokine (C-X3-C motif) ligand 1 YES
tetraspan 1 YES
proapoptotic caspase adaptor protein

immunoglobulin lambda locus YES
H2B histone family, member J YES
trefoil factor 3 (intestinal) YES
CD27-binding (Siva) protein YES

topoisomerase (DNA) Il alpha 170kDa
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serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, YES
antitrypsin), member 1
proteolipid protein 1 (Pelizasus-Merzbacher disease, spastic paraplegia 2,
uncomplicated)
sodium channel, nonvoltage-gated 1, beta (Liddle syndrome)
H4 histone family, member H
syndecan 2 (heparan sulfate proteoglycan 1, cell surface-associated,
tibroglycan)
neuropilin (NRP) and tollo:d (TLL) -like 2

Genes downregulated in Grade 3 tumors
hypothetical protein FLJ22418
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Probe_ID GenBank Unigene
200853_at NM_002106.1Hs.119192
201483_s_atBC002802.1 Hs.79058
201487_at NM_001814.1 Hs.10029
201890_at NM_001034.1 Hs.75319
202095_s_atNM_001168.1 Hs.1578
202188_at NM_014669.1 Hs.155314
202580_x_atNM_021953.1 Hs.239
202833_s_atNM_000295.1 Hs.297681
203362_s_atNM_002358.2 Hs.79078
203510_at BG170541  Hs.316752
203687_at NM_002996.1 Hs.80420
203764_at NM_014750.1 Hs.77695
204444 _at NM_004523.2 Hs.8878
204603_at NM_003686.1 Hs.47504
204623_at NM_003226.1 Hs.82961
204766_s_atNM_002452.1 Hs.388
205240 _at NM_013296.1 Hs.278338
206110_at NM_003536.1 Hs.70937
206461 _x_atNM_005951.1 Hs.2667
208433 s atNM_017522.1 Hs.54481
208546_x_atNM_003524.1 Hs.249216
208581 _x_atNM_005952.1 Hs.374950
208767_s_atAW149681. Hs.296398
209040_s_at U17496.1 Hs.180062
209114_at AF133425.1 Hs.38972
209398_at BC002649.1 Hs.7644
209806 _at BC000893.1 Hs.247817
209832_s_atAF321125.1 Hs.122908
209924 _at AB000221.1 Hs.16530
210052_s_atAF098158.1 Hs.9329
210559_s_atD88357.1 Hs.334562
210792_x_atAF033111.1 Hs.112058
211456_x_atAr333388.1 Hs.367850
212094 _at BEB58180  Hs.137476
212141_at  X74794.1 Hs.154443
212185 _x_atNM_005953.1 Hs.118786
212484 at BF974389  Hs.18686
212613_at  Al991252 Hs.87497
213245 at AL120173  Hs.301663
213892 _s_atAA927724  Hs.28914
214472_at NM_003530.1 Hs.143042
214614 _at Al738662  Hs.37035
214768_x_atBG540628  Hs.406565
215214 _at H53689 Hs.405944
217165_x_atM10943 Hs.381097
217755_at NM_016185.1 Hs.109706
218350_s_atNM_015895.1 Hs.234896
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218447_at NM_020188.1 Hs.6879

218542_at NM_018131.1 Hs.14559
218875_s_atNM_012177.1 Hs.272027
219061_s_at NM_006014.1 Hs.18212
219493_at NM_024745.1 Hs.123253
219555_s_atNM_018455.1 Hs.283532
219650_at  NM_017669.1 Hs.89306
220085_at  NM_018063.1 Hs.203963
220238_s_atNM_018846.1 Hs.26481
221436_s_atNM_031299.1 Hs.30114
221521_s_atBC003186.1 Hs.433180
221539_at AB044548.1 Hs.433317
222037_at AI859865  Hs.319215
201236_s_at NM_006763.1 Hs.75462
210576_at AF133298.1 Hs.268554
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OR O cfl O 1 93 WO 2005/033699 PCT/ GB2004/ 004195
Tabl e L1: Lookup table of IDs for Prognostic set genes
wONRlosESeini gene Probe_| D GenBank 200853_at PCT/GB2004/004195
NMD02106. 1Hs. 119192 201483 _s_at B0002802. 1Hs. 79058
28%3%§§%F NVMD01814. 1 Hs. 10029 ° 201890 Hs. 75319 at
N .1 202095_s_at NM 001168.1 Hs. 1578 202188_at
NM 014669. 1 Hs. 155314 202580_x at NM 021953.1 Hs. 239
202833_s_at NMD00295. 1Hs. 297681 203362_s_at
NV302358. 7a& hedo 78r2085¢0nHt BEL 1054 PHOIBDE1§20f a patient

S0TaL S NBRESE0-tEE. S0 3B uinm, cmaraeinaasaionins =

Hs p88®680204663 ahNN@@Bﬁéﬁtfbdﬂad4E@Oéhe expression levels in
204623 at NMD03226. Hs. 82961 204766 s at NWMD02452.1
Hs 2388 C256554H U mq%lz@mtwtﬁésgsprgaaﬁzwgtS'NE of

238, 1yHe +Z9937he dsri AlscNM)090ded K- ?@@gﬁ 5
208433 sat NM 017522.1 54481 208546 x_at

NNB@@S§2ﬁrQPBT€hQ@18620858 1 x at NM 005952. 1Hs. 374950
208767 s at AW 149681, Hs. 296398 209040s_at U
17496. 1Hs. 180062 209114_at AF133425. 1Hs. 38972

209398_at m800806d648cdHsiidh4db 20A8@61at wherein the prognostic
80000893. 1Hs. 247817 209832 s at AF321125. 1Hs. 122908
20§654CqFPABEOY 224 . 19851 65302910882 404t 50, 60 or all of

AFggglgénggs 9329, 210559 s_at DB88357. 1Hs. 334562
210792°x_at AF033111.1Hs. 112058 211456x_at

AF333388. 1Hs. 367850 212094 at BE858180Hs. 137476 212141
at X74724 1t§o&5accord1ng to claim 1 or claim 2, further
comprising the step of determining the estrogen receptor

(ER) status of ‘the tumour sample.

4. A method according to claim 3, further comprising

determining the ErbB2 status of the tumour sample.

5. A method according to any one of claims 1 to 4
comprising the steps of:

(a) obtaining a breast tumour sample from the
patient; and

(b) measuring the expression levels in the sample of

the genes of the prognostic set.

6. A method according to c¢laim 5 wherein step (b)
comprises contacting said expression products obtained
from the sample with a plurality of binding members
capable of binding to expression products that are
indicative of the expression of genes of the prognostic

set, wherein such binding may be measured.
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212185 x_at NM 005953.1 Hs. 1 18786 212484 at

BF974389Hs. 18686 212613 at A1991252Hs. 87497 213245 _at
WALDRO13E8Hs . 301663 213892 s_at AAI27724Hs. 28914PCT/GB2004/004195

214472_at NM 003530. 1Hs. 143042 214614 _at

A1738662Hs. 37035 214768 x at BCG540628Hs. 40656.

215214 at PR HRCCRISYAW SP7 L4510 4t Wﬂ%@%%%t@%lwlng

217 NM-O / 5

T e e G e
Hs. 6Eé©121®5matrh0dwa@18131 1Hs. 14559 218875_s_at

NM 012177. 1Hs. 272027 219061_s_at NMD06014. 1Hs. 18212
219493_at NMD24745. 1Hs. 123253 219555_s_at

NN|91845§ BdBh B3R AL 3P sakn NQA@6§§ éf§u%939@x>7
220085_at NMD18063. 1Hs. 203963 220238 sat

NM 02'88uEs 1. A6uBL f32ng36he_aemiMO31R9grddst 30adhr as

gg%@%ﬁ%o%%%%??ﬁgﬁ"@gésgls%w NPI, or as either of good

22208 7Toad ALREHRGEIHs. 319215 201236 sat

NMD06763. 1Hs. 75462 ~ 210576 AF133298. 1Hs. 268554 at

PCT/ GB2004/ 004195 95 WD 2005/ 033699 PCT/ GB2004/ 004195

Aapms 1o fedRIDekd20:i88t 6MhA, NGnd Ner PELINEST S ©f A

patient with breast cancer, the nethod conprising

as s enign athepﬁ@@@oglfsasslghen@aaa | ergrhessis] ion Ctd'xefled out

ex S eveI breast_tu S atie

of IQISa{;pc)’r%orr(l)nr‘ljoll t—‘zleet egp%eSSl%n p]\fl\%glr)ié(? n rtcﬁréatpr og)no atSt tumour

setsampmauhﬁﬁaﬁ tle@adstvibh gﬁéﬁSoﬁéIyndﬁﬂHﬁhéQSpﬁbfy&es and/or

nmet hod accor di n% to claiml1l, wherein the prognostic :

set? CHPHREL Yarlel658E1¢8, Sopndayd ppfige B0 B 1 |

of i @enastal ofall §asbicdlaA PRidIRdaccording to

claim1 or claim?2, further conprising the step of

determ n| ng t he estrogen receptor (ER) status of the

fur er rﬁ%ﬁod acco Eﬁgdtgcg gg%n@ wheééf%'pﬁ% previously
obtalned proflles are stored as a database of profiles.

11. - -A-method aeccording-te any oene- of claims--1- to--10+
further comprising comparing the expression levels of the
prognostic set in the breast tumour sample before and
after treatment to detect a change in the expression
.profile indicatiﬁe of an improved prognosis or worsened

prognosis.

12. Apparatus for assigning a prognosis to a breast
tumour sample, which apparatus comprises a solid support
to which are attached a plurality of binding members, each
binding member being capable of specifically and
independently binding to an expression product of one of a
prognostic set of genes, wherein the prognostic set

includes at least 5 genes from Table S6.
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determ ning the ErbB2 status of the tunmour sanple. 5.
A nmet hod according to any one of clainmns 1 to 4

W@ o0pN3®INg the steps of: (a) obtaining a breaBtT/GBRMUN04195
sanple fromthe patient; and (b) neasuring the
expression levels in the sanple_of the genes of the
pr ofhostRrPaEatuss acKoRsRgd LR ESRHT NG t 0TRGH i Fhe
whey ej ( 1.88S €0 i g i X SSigon
il s R RS S e el TR e LS
bi nelp neir nEETbes S tieapeines of Wahtlengst o expression
products that are indicative of the expression of
genes of the prognostic set, wherein such binding may
be yipasugsds - 96,0 20051033699 CPCTHCB2094/ 904195, 5 witbrein
met hod according to claim®6 wherein the binding
menblee ssalt &1 compicere aar pthachef cther et s erfulendeiidmg
speci fic antibodies. 8. .A nethod acgor dj .
of BrHSEs A FIE SaRSHIS B SPacet oy He ehitfdencly
of Bigashg et iprassikel pgoalicest bertin ghed iotertowied in
NPl , or as either of good or bad prognosis. 9. A
met Fell@ctording to any one of claims 1 to 8, wherein
the step,of assigning a prognosis is carried out by
conparing the expression profile fromthe breast
tunDEr  Sppaot et wn dercdresingwitoh apy eoneust ycbbias ned to 14,
profiles and/or a previously.detern ned s s
br OFPTRE AT Ch & SUHRICaaEar DY FEoRF &Y p‘glF?]rLe?h b pinding
pr ogeRsiss e Admriikodaaceediubgceo. claim 9 wherein
the previously obtained profiles are stored as a
dat abase of profiles. 1-1. - -A -method acco-r-di-ng
_tolgny.gnﬁitc%ofFaggf "ﬂg’%fpkggnbégé'tofgr hefent with
conprising conparing the expression |evels of the o
pr ognestt cometer n dahiel Bricasbmpureing sanplerdei oy o ainding
after treatnment to detect .a.ch e.in.th p L o0
or OFFTRSFRGT T Vo Bf B Simifovad proghed & orbro o

Wor 58580t Prognasicss J2.a pepahatuscl set assiganay and a
prognosis to a breast tunour sanple, which %ggarat

) S
conpefsesian sotagpuppdareino thei Bhoaneshtt a g Tides at
pl uf al Lt Vs Of, bl £ g, REpher S each bi ndi ng menber

e o

bei ng capa specifically and independently

bi nding to an expression product of one of a

prognostic, set of nes, wherein.the progngstic set ti

i nc adesAaFlFe%%Toégﬁgﬁég)f?éﬁﬁ%&%rewgg?ggg %[) BPognostic
20054033699 P5Jé GR20Q4£104195 203. 3Appanat 68, aéeovdi ahl of

to claim 12, wherein the prognostic set conprises at
| eashesgenes 2D Taple £45- 50, 60 or all of the genes
of Table S6. 14. Apparatus according to claim 12 or

claim 13 wherein .
18. A kit according to claim 16 or claim 17, further

comprising a data analysis tool, wherein the data analysis

tool is a computer program.

19. A kit according to claim 18 wherein the data analysis
tool comprises an algorithm adapted to discriminate

between the expression profiles of tumours with differing

prognoses.
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the solid support has attached thereto only binding
menbers that are capable of specifically and
w0 nabepsisoent |y binding to expression product SPOf/GBR®4/004195
genes identified in Table S6. 15. Apparatus according
to any one of clains 12 to 14, conprising a nucleic
acizo m o gary ay-colrgriagntbhenpi ok ngt dieniver S.6ate 19
nucl ei c aci d sequences. 16. A kit_for assigning a
pr ORRIBRY IS NG £XpAereAPIVPERL L R dStot AHESST SATQUK; pamples
conpy iSi I [ Ladi f bl e of
B R A ot
of ehgpragrositdtdcsetf af pgenesuland @rogietsdicti on reagent,
wherein the prognostic set includes at |east 5 genes
fromTable S6. 17. A kit according to cl ai m 16,
wheg £i n A he Pr-eeReetihg +8ehngosRE i SecatinLasy th.2020,
30, 40, 50, 60 or all "of the genes of Table S6. 18. A
ki tcerpordingg abpackaiim aécordbiqite BRY Qi Ipdr claims 12 to
coq? ising a data analysis tool, wherein the data
ana éSis tool is a conputer program 19. A kit
according to claim18 wherein the data analysis too
conprises an al gorithm adapted to discrimnate
be?%/)\?een A He tepSces S84 BPogPYe%n%fO% LFg]ﬁh’%s an'ﬁt fro 20
di f4ering  pr 09resses ; 498, WR2B0HAR3IBW of binding to the
PCT/ GB2004/ 004195 20. A kit according to any one of
cl adxpratitom pFodochpr PEi blge exgres sHorkhsr eridgEestaenSet
breast, t ur-samples, _w th own neses and/ or
exﬁ?ﬁgéﬂ:nqugFVrggn R a?%%%%ﬁ%% i%g() a particul ar
prognosis. 21. A kit according to any one of clains 16
to 20, conprising apparatus accordi ng to any one af
ol s 2 HAFhoss ST BEORURERS ot COTHh 135 iy BHE P60
cl ai e 16 160, 2Q, breQHPI E&hHGr NSGhSQd | iSRS the steps of
capabl e of binding to the expression products of_ the
genes of (d)he solegnogt pepsessiguarediats HeyPw fif g breast
amplified in g PCR 23. A nethod of producing a
ruuﬁ%ﬁ?yﬁnﬁﬁgpgfpression profile for a. breast tunour
sanpl e capriceintd fihiegstepsenpréadidmsdleatdlng of a prognostic
expressi on products from said breast tunour. sanpl e;
(b)Setert igajicRg WRETEXPr BRS | BFPTRRTE ¢ Yr @geﬁ%& ic
set . , knct ogRastTdbie S8, efryenes
coﬁ%ﬁ&%%%ﬁgiafggg%gg aeﬁgggfron1Table,86; and (e¢)
produci nee)f momdure ngx prewstba fEREESSEAN EKes siton
profile for said_breast t r d
ac ot §ig 10 ar&%ﬁi S?E\ﬁhégg(? n]mtS % e S%uong)ﬁlors féi a{ﬁsﬂeé?
conprises at |least 10, 20, 30, 40, 50, 60 or all of
Lhe genes of Tabl e So.25. A TpLhod, ecqrdl ng, 1,1 ai m

prognostic set comprises at least 10, 20, 30, 40, 50, 60

or all of the genes of Table S6.

25. A method according to claim 23 or claim 24 comprising
adding the expression profile to a gene expression profile

database.

26. A method according to any one of claims 23 to 25

further comprising comparing the expression profile with a
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addi ng the expression profile to a gene expression
profile database. 26. A nethod according to any one
wo@bkooshadens 23 to 25 further conprising conparP@mGBh®4/004195
expression profile with a 99 WO 2005/ 033699
PCT/ GB2004/ 004195 second expreSS|on profile_or
pI FEQOdy esPreassnd PExbt R G plorptdsy of sefond
x%%% 1%5' rgElﬁegaéﬁé ﬁﬂild%ﬁgg%@sbsPagzic&&ar
accord ng toclaim conprising the steps of
(apnogmoshsng expression products froma first breast
tunour sanple; contacting said expression products
with a plurality of binding nmenbers capabl e of
Sp%@'f'%?Hkih@@dabeg§9§ﬂge@$|éﬂgﬁd“QGngcbﬁp%KBﬁﬁgstﬁé steps
products of the prognostic set; and creating a first
exmfessi on profile fromthe expression |levels of the
prognost,i ¢ set |n th ) | a
expressﬁg prggucts gr% agé%é%ggh%b#%EStf?%#Dg st
sampee c6f tkhowr paepDOsi Sontcantiaet isaddsakgresspoessrotucts
products with a Elurallty of bi ndi ng nenbeﬁ gapable
of Wadcif PéRrRyi KdO?nlaJerpfémfer&th“gPe&Sn&Pﬁab § ©
-eX%%E&ﬁ@qga@ﬁgdHﬁ&sl9&eﬁ£ﬁaéH5¥¥“E¥ﬂ&%n§eEOOEX§£§§Siéﬂ
as to create a conparable Second expression
pr ofciodeicet af bheastogumsiuic seipl @nd( cyesbipar ~nglEdie
first and second_e SSIO roflles to e e
pr SGRGSES 161 PﬁSf?ig rea§% Fﬁﬁﬁﬁﬁogalggg§gngg b
expressicer ipr ebtl endahabasmownonginidieng a plurallty of
gene expreSS|on profiles of breast tunpur sa

wher ei n #He §ERd 2E1PPe8EPERSHI AT iR UGE (fgrorrrregd SEFGRE
the  XRr e55bAR L&Y éié Of B REP PR3t 186t cehr8enesy said

wherein the prognostic set of genés conprises at
Ie&s@r&s@enesprbdont§a%i©hSﬁIiNWHaﬂib&aP£b§S§dF§9 members

CRCTG EEENE Y S T e

pr ekidre sgababasedaeesr of nghd qncagaicmtz& se\ﬂhelfesnephéa) s0
prognostic set conprises at |east_ 10, g 2 Of a
6036t t&l CT6RtEhE GeReardpleraifernss eX@éeSﬁﬁOExBFS $1%n

profilgdaiapasesasgeeding to claim28 or claim 29,
wherein the expression profiles are nucleic acid

expressifen, pooparésg Bhe AhrakredIsPS SPression

d : b : l r as
an P8 e (o B SEEPORE pr i el & o S5, e3P pressr.

acenhuRg shaptiBe ER status of the source tunour. 32. A

nmet hod for identifying a set of genes that are
28. An expression profile database comprising a plurality
of gene expression profiles of breast tumour samples,
wherein the gené expression profiles are derived from the
expression levels of a prognostic set of genes, wherein
the prognostic set of genes comprises at least 5 genes

from Table S6, which database is retrievably held on a

data carrier.
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differentially expressed within a group of tunours,
the nethod including providing an expression profile

wo eosoesmeh of a plurality of tunours of the grOLIEB2004/004195
classifying the profiles according to nolecul ar
subtype of tunour, and anal ysing expression profiles
W N arselpypestioni geatily decian idvceading set cdbim 28,
genes, wherein the genes of the discrimnating set
ar &h@iTefiar 6hei RFPynesh esitld SAEHiiFes Rat 1saptyp8: 33: 30,
A et hed ageordi ng) toe cljal rgae%?eé‘ WY Ref,1€0RRr 1 Si g
steps-fo‘assign a class to tunour sanple froma
patient, wherein differential expression of genes of
t he discrininating set are characteristic aof the laim 28
cl ads, e SXPrEFSIPRCPEY hbep’p%‘iﬁ g AEXPFES S cratm
| evgl S0l Be, SaARLE: n O nd NB S ilgNn fAdesChreaidcleic
assigning a class to the tunmour based on the
expressieapreesébs. pBdfikeset hod according to claim 32
or claim33 conmprising the steps of determning the
expression levels of the genes of the discrimnating
setzii.n ant erBHessaspl proille WE 200033 ding to any one
PCT/ GB2004/ 004195 det erm ni ng an expressi.on grofLie
fréﬁlﬂﬂélgﬁp?§s§PoﬁofI%@%W%“hﬁﬂ“%&ﬁ&ﬁ&s§ﬁgnp i e
a 5 de & HNG @ 1 @N B FORBeOEource
clg?%SQ%%€FS§32C€3£§%§?n tﬁgginlecular subtype of the
turpuowanpl e is also identified and added to the
dat abase. 36. A nethod-according to any one of clains
32 to 35 conprising providing expression profiles
framthe tiewpue rat diéfietepingtages off geeatsmehhtande
said expression profiles to determ ne a change in h
pré@ﬁﬁ@ﬁ?@téﬁéég,eXRﬁ%?%ﬁ@lWH%“ékﬁ?é§§WEhogr MPEESar 67
deriveddf Kam [ AGLgCXPEE581 D deuslS-fs 88N@sodfi 1ENErom each
di scri m nati ng se?. 37. A nethod according to any one
of ol ai PRuS21ioy36f wherwisn afhd e aceasréaying the
t unour.s ,and _t he | ecul ar . sybt SpGN th
EREHC &gsoﬁcgﬁggnﬁ%nﬁ?.mq%ﬁéﬂﬁgp%nﬁﬁﬁ&% R Q%mbgr, &nd

analysing expression profiles within a subtype to identify

a discriminating set of genes, wherein the genes of the
discriminating sét are differentially expressed within

that subtype.

33. A method according to claim 32 further comprising
steps to assign a class to a tumour sample from a patient,
wherein differential expression of genes of the
discriminating set are characteristic of the class, the
steps including providing expression levels in the sémple
of the discriminating set, and assigning a class to the

tumour based on the expression levels.

34. A method according to claim 32 or claim 33 comprising
the steps of determining the expression levels of the

genes of the discriminating set in a tumour sample,
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determining an expression profile from the expression

levels and adding the profile to a database.

35. A method according to any one of claims 32 to 34
wherein the molecular subtype of the tumour sample is also

identified and added to the database.

36. A method according to any one of claims 32 to 35
comprising providing expression profiles from the tumour
at different stages of treatment and said expression
profiles to determine a change in prognostic class,
wherein the expression profiles are derived from the

expression levels of genes of the discriminating set.
37. A method according to any one of claims 32 to 36

wherein the tumours are breast tumours and the molecular

subtype corresponds to the ER status of the tumour.
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