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100011 This is a divisional application of Singapore
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Background of the Invention Field of the Invention
[ 00021 The present-invention provides genes and gene
sets, the expression levels ofy which are useful for
predi cting outcone of colorectal cancer. Description
of Related Art [00031 Col oreotal cancer is the nunber
two cause of cancer-related death in the United
States and the European Uni on, accounting for 10% of
all cancer-rel ated deaths. Although colon cancer and
 ESERE ESPRESSIOTPMATSAIRTUH cOBORECIAL CANECERPRIGNOSIS
di sease at the nolecular |evel, surgery for rectal
cancer is conpllcated by anat om cal issues. Possi bly
Rief =1 et of | ocal recurrence for

r ect al mﬂce‘i‘his% asalgigfoﬁm ﬁ@ﬂtcwmmf@n@a%drb phtedt2005U81 £

cancer treat t approac
S|gn|f|cantlgfaPPP§F g@gToxinately 100, 000 col on
cancers are newy dlagnosed each year in the United

States, with about 65% of these being di agnosed as
stage |I1/LU col orectal cancer as discussed bel ow.

[0004] ! Refining a diagnosis of colorectal cancer
i nvol ves eval uating the progression status of the
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nunber of patients receive toxic therapy from which

only a few benefit. [0006] A test capable of prognosis
after surgery in Stage Il colorectal cancer patients
woul d be of great benefit for guiding treatnent

deci sions for these patients. [0007] The benefit of
chenotherapy in Stage Il colon cancer is nore evident
than it is in Stage U A |large proportion of the

31,000 patients annually di agnosed with Stage 11

col on cancer receive 5-FU based adjuvant

chenot herapy, and the absol ute benefit of 5-FU +

| eucovorin in this setting is around 18-24% dependi ng

on the particul ar regi nen enpl oyed. Current

st andar d- of -care chenot herapy treatnent for Stage I




| eucovorin) or 70% (5-FU + | eucovorin + oxaliplatin).
Treatnent with 5-FU + | eucovorin alone or in
conmbination with oxaliplatin is acconpanied by a range
of adverse side-effects, including toxic death in
approximately 1% of patients treated. Furthernore, the
three-year survival rate for Stage |1l colon cancer
patients treated with surgery 4l one is about 47% and
it has not been established whether a subset of Stage
[l patients exists for which recurrence risk
resenbles that observed for Stage Il patients. [00081
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Mol ecul arly targeted drugs, such as HERCEPTI N(r)
(CGenentech, Inc.) can be devel oped and conmerci al i zed
in conjunction wth a diagnostic test that can
identify patients who are likely to benefit fromthe
drug one aspect of such a test is the identification
of those patients likely to have a positive outcone
wi t hout any treatnent other than surgery. For

exanpl e, 80% of Stage Il colon cancer patients survive
five years or nore when treated with surgery al one.
Gene markers that identify patients nore likely to be
among the 20% whose cancer will recur without




transcripts listed in Tables | A-B, 2A B, 3A-B, 4A-B,
5A-B, 6 and/or 7, or their expression products, in a
bi ol ogi cal sanpl e conprising cancer cells obtained
fromsaid subject wherein: (a) evidence of increased
expression of one or nore of the genes listed in Table
A 2A, 3A 4A , and/or 5A , gr t he correspondi ng
expressi on product, indicates decreased |i kel i hood
of a positive clinical outcone; and (b) evidence of

I ncreased expression of one or nore of the genes
listed in Table 113, 2B, 3B, 4B and/or 5B, or the
correspondi ng expression product, indicates an
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(b) evidence of increased expression of one or nore
of the genes. listed in Table 213, or the correspondi ng
expression product, indicates that said OSis
predicted to be longer. [0017] In another aspect, the
i nvention concerns a nethod of predicting D sease-Free
Survival (DFS) in asubject diagnosed with Dukes B
(stage I1) or Dukes C (stage IIl) colon cancer
foll owi ng surgical resection of said cancer
conprising determ ning the expression |evel of one or
nore predictive RNA transcripts listed in Tabl es 3A
and/or 3B, or their expression products, in a
bi ol ogi cal sanple conprising cancer cells obtained



Dukes C (stage Ill) colon cancer foll ow ng surgica
resection of said cancer, conprising determning the
expression | evel of one or nore predictive RNA
transcripts listed in Tables 4A. and/or 4B, or their
expression products, in a biological sanple conprising
cancer cell's obtained from said subject, wherein

(a) evidence of increased exprfssion of one or nore of
the genes listed in Table 4A,™ or the corresponding
expression product, indicates that said DRFI is
predicted to be shorter; and (b) evidence of

i ncreased expression of one or nore of the genes
listed in Table 413, or the correspondi ng expression
product, indicates that said DRFlI is predicted to be
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i ncreased expression of one or nore of the genes
listed in Table 2.213, or the corresponding
expression product, indicates that said OSis
predicted to be |longer. (0022) In another aspect, the




evi dence of increased expression of one or nore of the
genes listed in Table 3.28, or the corresponding
expression product, indicates that said DFS is

predicted to be longer. [0023] In another aspect, the

i nvention concerns a nethod of predicting the duration
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(stage I11) colon cancer folldﬁﬁng surgical resection
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Aandlor 5. expres
b%eAﬂ? 0gi € a‘fomsg (}"ég rn'a"f)sr“l’nsp hdpet é’gﬁﬁtgsr théteﬁa ‘{t,&gjglt ) Pﬁé'ated to be
P$ﬁ1sald subject wher ei n (a) evi dence of increased
expr epeign of asmer Qﬁpe& tHEDn@er@bn tcb}ﬁergﬁ RESecthéS be grdh@tmg clinical

A . DA a Corftes
BB sof's, i e Sl coltfr pfter Qllpiioemiaied Tosootbn of saic
%P@mceme'dsmgﬁetﬁsnmhmewémca atith¢ BApressiordievdd ef arfe or moregagtitive RNA
expression of one or nore of the genes listed in Table
1B, 1.213, 50 and/or 5.2B, or the corresponding
expression product, indicates that said RFl is
predicted to be |longer. 100261 In another aspect, the
i nvention concerns a method of predicting Overall
Survival (OS) in a subject diagnosed with Dukes B
(stage I1) or Dukes C (stage I1l) colon cancer
follow ng surgical resection of said cancer
conprising determi ning the expression | evel of one or
nore predictive RNA transcripts listed in Tables 2A
2.2A, 2B and/or 2.28, or their expression products,




cancer follow ng surgical resection of said cancer,
conprising determning the expression |evel of one or
nore predictive RNA transcripts listed in Tables 3A
3.2A, 38 and/or 3.20, or their expression products,
in a biological sanple conprising cancer cells
obt ai ned from said subject, wherein (a) evidence of

i ncreased expression of one or _nore of the genes
listed in Table 3A and/or 3.2@, or the correspondi ng
expression product, indicates that said DFS is
predicted to be shorter; and (b) evidence of

i ncreased expression of one or nore of -the genes
listed in Table 3B and/or 3.20, or the correspondi ng
expression product, indicates that said DES is

p meskicdpte HstédinliEables 00468, .2.7A08281A18) 42AR, F2A-BSQL ahd/ott NE or their

e i .
PR AR g s Bl B 8 B e,
s bpret ()vidgrrs SF incirpach exngsseien of qnetox gererof thecgeneslisted dn Eable 1.24,
(22age.2A14.2) afdibrO8 A, a00 IR colredpbididg WkpReskidil feeduct ﬁﬁﬁ:ﬁ&é £ decreased -

oﬁlka@wdr S live GRIRI bt éagfgs fﬁﬁga{cp 9 0%as & B 'f,r? 3t one or

e ranscri
e e e Tt Sk A, I Ao S o e o poding
exfpr@sitn froduar, Bdidsrtsan mdaeaaedbikatmgd 6 posiavgdlifiodl 0GBsh& | NQ
cancer ((40 5@' | $n 81%&1@1! ﬂ{e u%e%g&n co%%pﬂs%cr}lethOM? xeedlg?:‘gat)le duration

d
CpRgareseFiee ARG swbiechdhagngped prith/Dukst By(pfage IT) or Dukes C
CGlapeEN@aldicttdl caider REGWAR sypfied] vebotion BEWalddk@er, tdiafrisilg determining
@% gﬁpggllm level Bf &QJOQ I’ngg "e%fcgge th;aglch tgﬁged(lg )I'alﬁgs ldfﬁ[] qu 5.2A
(0] cr r? %

eased expressio
| #rg{os P35 of fhiie ewsaﬁmmduetsszs a éwlqgwel w}ee%wmm gancer. cells
estpdifESfrdi safl DBje&| wherdisl t (a&) ati@éncé Bﬁﬁ\cret&a:l &plobdidn df%ne or more of the

p%e%gé ?Ee%qn tl‘a)hp ?ZA oL EII\‘?’E?I. egczog n an %p:ssmnascp uctt inf.htcgtgs that said

I On concerns a
obiFlcis meedicted £ ba hprtery andi (Byeriisner qﬁmwsnsikeésre@oesf ageon myre of the
Cgeney eddadh TAANCEE of H.RBMGcosredpBhdint exple@fRGhddt, Mfticates that said

Sg¥ds gégmbggg%%ising determ ning the expression
Ievefﬁég

one or more predictive RNA transcripts
sel ect @Y r oln suRterypspeRs e rinveationngpresms/g @sRtod Ofipredicting Overall
Ghlrldidat (@W&ubﬁ&m@m@f Rih DukdYR(stag IR DukdS (s colon cancer

%9@%% B%%LE!{,\?%P %g §%§1§%ﬁmg @gﬁ&r smBN?vel of one

Mg predicsiyr| RNWPiransesipts. Hisedr ine Rahlassi24o indierodiet aF, thin egpression
hir@luerg, ift @ lbickoaithll semple BPHprisingGacaneeas o&ﬁhdd&'rdﬁbéaﬁi siBjéet, wherein (a)
e%@?lc%a(lfqn&éip egc%ressme&eone or( a%rﬁ o\flﬂ%ege(rzzgs Pst ect agu?esng or the

expressi on, re of " from
toREePPRsking %W@tnwcbﬂmmmthma Ommredlcted@mhonen and (b)
Ehilience @Y MicteasddM=Bression(@\he ok @ore MADKE ger¥kAdi&l ilViFsble 2.2B, or the

?ﬁ%ﬁg@ﬁ%«%vﬁpm tct, %%!ates ET&-I;Iﬁ%S TFrEﬁx’cted toMs%mgér

e corresp on g expressi
pr odud®022] ndh eseties awe‘detb? myentign c¢m¢m¢ 3 mﬂnﬂ dfpredisting Disease-Free

SutviNal @FI) Uk GQﬂﬁect ARGndsB) whl DIRECE (e ) Cor SAKEAC (stage 1) colon

ﬁ& t%g Iu o0 0 ca ?esgcrtxo% P %EF’%? té[j% ge%%el %@%ﬁ% éxprelégxon level
Bf(me or mqrfsmdmxsz RNasrmpnwm listod int Tbles 3.2 Aaufon ittt gr their expression
Qmﬁ%%h Qﬂoﬁﬁl@eﬂl Heﬁﬁple EOMPrGIRE i@ el UblRRE BFm shill k@)jdch) @RCrein (2)
of positive clinical outcome. [0030] In another
aspect, the invention concerns a nethod of predicting
clinical outconme in a subject diagnosed with Dukes C
(stage 111) col orectal cancer foll ow ng surgica
resection of said cancer, conprising determ ning the
expression | evel of one or nore predictive RNA
transcripts selected fromthe group consisting of
CAPO, CD28, CKSIB, CYR61, DICK1l, HSD17B2, LOX, MW7,

S1R2, ALCAM CD24, CDC20, CDH1l, CENPE, CLTC, EMR3,
| CAMR, MADH2, MGATS, Mr3, NUFIPI, PRDX6, SOS1, STATSB,
TFF3, TMSB4X, TP53BP1, and WF, or their expression




CLTC, EMR3, | CAM2, MADH2, MGATS, MI3, NUFIPI, PRDX6,

SOS1, STAT5B, TFF3, 10 TMmsB4X, TP53BP1, and WE, or

t he correspondi ng expression product, indicates an
increased |ikelihood of positive clinical outcone.

[0031] For all aspects of the nmethod of the invention,
determ ning the expression |evel of one or nore genes

may be obtained, for exanple, by a nethod of gene
expression profiling. The net hod of gene expression
profiling maybe, for exanple, a PCR-based nethod.

[0032] For all aspects of the invention, the

expression levels of the genes may be nornalized.

relative to the expression | evels of one or nore

ref erence genes, or their expression products. [ 0033]
Feviderice ofispeeicd expretsive dffvne ot ineus of the genslsjlised in Table 3.2A, or the
pE@x{'ﬂtﬁ@ﬁ% %Qreﬁxon lﬁmﬂctpﬂﬁlhﬁ&t that Jaﬁ%lls E)Qé'dlcﬁl.dl to Q,§_ RfiStlers and (b)

éhe i pyen he nmet hod may further co
qeviRs mjfeé FaREsop Pt RS O BRSPS EPEHN B Teblp 328, or the
| eersspdnding e:ﬁprsamdprgm:e fndicates thiteaid DES fsrpesiditedito be longer.

p rodu C‘(ﬁl23]| t Iix §noftﬂé¥ %%rt, ML&M @otngeqnst hgéthc;dn)% p{'@;cgr? e duration

éne I nvention rther conprise deterninin

eef §HE'eR‘?ff’“f‘1“r%“F'§§ ;Blrt@gaé i(BRFD éwsgbmr diggnoged yéith Pﬂ%@ (gipge 1) or
sBukbsg@r(@age TN) ol caneex (bEihg Burgipal adsectich. off baid BandérS Qomprising
C@Jﬂérnﬂ%gﬁh@&p%n letL?oimﬁé qugorg Erealgﬁv 'I{'M@ ?Ht ﬁ-gxtsrﬁa%d in Tables 4.2A

further conprise det erm ni ng ence
9&5‘?‘5 38 o B [exPrEFon (Prodies nt &, bpologieals Spleg Rgsing  omncer ool
t bheainedefiqmu stsubject phaedn ¢f) svidérice bSinaksed mﬁﬁsﬁmmedr more of the

t f
e e M S A e
cftreq w saprteg' °°<9if 1qcﬁ=é§ep @3&#1@% &f ens or more of the genes

phamslumt Fable {108,364 ﬂﬁmn&bbndagpe@feﬁsldmf profiet, | indiQitds i thdd , said DRFI is

tgghggggqgkgg%ftuther conprise the step of «creating
a repor %éunnar|2|ng said prediction. [0036] For al

aspect® t e 279fFB Athetin the| ipvention: eprcanfyp qrekpdt ¢farredicsing clinical
eanggoine far k esnlgjexdt didgnosedh with eblemstal tancdr [Telldwie burgital Gedectidh of said

r@fm%r, %ﬁﬂh&ﬁ Hefordd hﬁé %51@@15&5? Jﬂé &P%Em%ng\}ef oﬁ&ﬁg xexﬁglle %Hedwtlve RNA

t
ot etat i1 TaB dAhn 1A H1-Bed 20 31Tk 3 SR BLIAB, SAB,
f-2A-B5 pL62,S7 edd/drite2, ion delttekfrdssioh Rodilét, &k A BislbgiedD sadiple comprising
QERC Seilks gﬂta{no:%/ ﬁkxﬁ s Yo i OF %&em@ee dfé.?z’é of Eh%m%;eg%m;%m of one or

ects e | nvention rm na
e'St‘H? 8be Bies et dn Toblpokf bEAGA: BRAGHS SCfe ek Mo A apdor 524, or the
sobipspartdig bxprassiyn tpheinep jndicalel aViergeasdr HieliBdodr 665 & GlobifiVe clinical

Joqgam Ana Ao @ﬂkrees%g%,@gresg,ng of g,eg,m&@om Qén[a ﬁ&e%qu Table

Lo ort Bidh eE é‘% i2Bh 5@0?96@@&%9 oeme?nespondmg cxpression
fpoddlucty\inmgateswngmmked likemeed dfapodifiveciihichl GABERY. ,
conpr '[562@9 %Qﬁ&gérﬁgﬂe%thgﬁxe gxlnedog 'cgrﬁLn:nQ Y %81% Ppé%gc%n%rfhe duration .

i nf ormati on conpr Xpressi on eve

RECuTeRerireg Ipteruah\@R Ay 'aﬁs%lheﬁt gnesed wih Qykesl (gage Ip-opDukes C
Zstagd T Bkl ddeotal AariBer foifbwhing strgiialiiestction, of @4id bﬁﬁbr[ comprising determining
%@Jxﬁé&:&ﬁe&ﬁ gg&féto? 0 Sprgdb(?-l %g%l t%a?lo S %?bles 1A, 1.2A, 1B,

conpr|5|n cancer sa
2’% 2P a@%’a%%%@r 8reiriexeressian pyducks r!easlypleﬁcal Smpimeomprising

Oinc&ﬂfeﬂs GBtaihdicfr@e BB subjest] @RerkiR (a) @0ilaéncd Of indhased Sxprétfion of one or

and/or 5A , or the corresponding expression product,

i ndicates a decreased |ikelihood of a positive

clinical outcone; and (b) evidence of increased

expression of one or nore of the genes listed in Table

113, 2B, 313, 4B and/or 5B, or the corresponding

expression product, indicates an increased |ikelihood

of a positive clinical outcone. The clinical outcone

of the report of the invention nay be expressed, for

exanple, in terns of Recurrence-Free Interval (RFl),

Overall Survival (0OS), D sease-Free Survival (DFS)

or Distant Recurrence-Free Interval (DRFlI). In one




‘outconme for a subject diagnosed with col orectal cancer
follow ng surgical resection of said cancer
conprising a prediction of clinical outcome based on
information. conprising the expression |evel of one
or nore predictive RNA transcripts listed in Tables
1.2A-B, 2.2A-B, 3.2A-B, 4.2A-B, 5. 2A—B 6.2 and/ or
7.2, or their expression products, 'in a biologica
sanpl e conprising cancer cel 1% obtained from said
subj ect, wherein (a) evidence of increased expression
of one or nore of the genes listed in Table 1.2A
2.2A, 3.2A, 4.2A and/or 5.2A, or the corresponding
expression product, indicates a decreased |ikelihood
of a positive clinical outconme; and (b) evidence of

i mereeRfdhrismssisted dit Fablofl AphBAOFA Arifoe SGR, bhthe gemne@ponding expression

| pﬁhﬁ{i inflicat@bth® saill. REY is2préicted 2 Be }ﬁmng aftld %dlofavx§enge8 of increased

th res ond| Xpr es cates an
FreraSaE 8t PRETREGE B Barsh Jerd il 0s Ty LaP. BB 35, or the
W@Wﬁ%ﬂ@mm@m@cmﬁd@@ that gt RFL ¢ prédixged tb hy BAgdr.oNn
"my be{ﬂﬂmr eﬁﬁﬁn@thexf e&xﬁmhw?enhdnncohmsa Hethod of ;Iredwhng Overall

&38 enég é Jgtggés\'ég u?)‘.g %@g%g%&?) obpglfseg :qv(lstage ) colon cancer
FfQEQM"FE prrgicdt F@@Mm()f@aldaiam(eﬂﬁﬁhbnsut rietermtning Heaapre®ivh level of one
tdi}al‘hm"éagﬂ'&ﬂcfuvé Mlﬁﬁﬁscgptg Slfség% l'ﬂa%lep haDgkgs 2g &?&9&9?2}3 or their

ct al rediction o [ 1nica
o0 . S O DAt s e b ety RN RARm i subjet
avfpm {23 g¥idence of ingreambd expudsgiomef ¢neror snosLd] the ker@k 1iEY/in Table 2A
QadBF 2 SR, Jrhﬁa dolrspidirleC fe@&bncgrod%c%{ﬁmcﬁgst thétrgnﬁ (fS is! pﬁJﬁlcted to be

‘ ghgggfmgﬁﬁ “? ald estinate I'n _anot

. R R °5°’i°é’bB‘P{° PB Fap ligtpd in Table 2B
@ml/m 2:8B; asdhecomesporfding expsssijnerdduct] indinneatiat\shitl IOS is predicted to be
gsger. ectal cancer follow ng surgical resection of said

cancer onprising a prediction of clinical outcone

based 8% 7f n ;Yg F‘I‘?g}lef %ﬁ“& Jhpivetincoperanseprtindof giedipting Disease-Free
Bunyial GPFS) ire 2 o¥bjevd disgrpsetiivith Dules BN@tage 3 o€ DiuRéssC (stape €Il) colon
bx{hca_xafah&ﬁné Arg%al gese%ﬁerof éﬁl‘ c@ncel?- gﬁzeprﬁmg tg‘rﬁmng ﬂ%’aé g‘essxon level

{)ﬁgrre or él)}orﬁ? grggiftgﬁ %B‘m@pts hqteﬁl in Tbll':lgﬂ 2869 3(% 3§aq¥6,fo§3 2B, or their

epngseios productsainadriol ggitdl sarapidé eimpeising cdhmr$€lld§bb$dlﬂbjd @dln, said subject,

M&Eﬁl(ﬁb dvilend@\6F %Rﬁ&d le)re’ssﬂﬁr&%ﬁggli Sy (ﬁ%‘l %ﬂ solfé SN§ Table 34
Iin Ta K A

of .the gen i Ssted

iR 25,55t SreShonine apoa oA e S 4G DR precdicted to be
@emremﬁdh)chvmgncenpmsm exppessiokuafione omnldre af € ganes listed in Table 3B
Ak B2BEE the M&Bﬁﬁ%&p%sx@xﬁ%ﬁt in¥RatEd thilis ?'ﬁlDF%l“kg ?%&d to be
1ande (b) evidence of 1ncreased expression o ne o

ROTE of the genes listed in Table 113,1.2B, 2B, 2.2B,

3B, 3000283 HhRmotherBpecH Bmanv,bhﬁ:rn &n&ﬁn’g a m)dthddhﬂ’ predicting the duration

&%E&&Q&G%ﬁ&-ﬁ%ﬁeﬁm ?ﬂkﬁﬂ nes t i ijéngs%h %ﬁthalgul%es B rFetage I or

el i hood o inlca
?Z‘g"f I;“g folgT °é‘|“i°ﬁ|f‘&“a‘1Wl%fllf@ffé r?Fa‘gPOeo?prards gangy, comprising
cbmmmngehe expre¢sive ldviekasl onby Ooﬁioﬂfpreﬂlctr{bﬂ{NA whsaﬁpte listed @ alables 44,

ABH O Bndf R4 28, SURLE Qipr%lo odGQIRY b $81d, ca] samgle (i.?mgn%ng cancer

¢§ i f| t| on of a Lect intdaris

8 é’ Pﬁ Sidubiect, oﬂmer‘ feh °Va4?a‘feh>é fncgeassd @prﬁﬁﬁ@n of one or more of
thergegent hsmd in Tabltidneaiied 424, ér the@atspollipttixpleckditt p2ddubl Mmaikates that
outcone in a subject diagnosed with Dukes B (stage I1)
colorectal cancer follow ng surgical resection of

said cancer, conprising a prediction of clinica

out cone based on information conprising the

expression | evel of one or nore predictive RNA
transcripts selected fromthe group consisting of

ALCAM CD24, CDHI 1, CENPE;, CLTC, CYR61l, EMR3, | CAM,

LOX, MADH2, MGATS, MI3, NUFIPI, PRDX6, SIR2, SOS1

STATSB, TFF3, TMSB4X, TP53BPl1, WF, CAPG CD28,

CDC20, CKSI B, DKKI, HSD17B2, and MWP7, or their

expression products, in a biological sanple




The prediction of clinical outcone may conprise an

estimate of the |ikelihood of a particular clinica

out cone for a subject or nay conprise the

classification of a subject into a risk group based

on said estimate. [0042] In another aspect the

~-invention is directed to a report predicting clinica
outcone in a subject diagnosed with Dukes C (stage

I11) colorectal cancer follomﬁﬂg surgical 13

resection of said cancer, conprising a prediction of
clinical outcone based on information conprising the
expression | evel of one or nore predictive RNA

transcripts selected fromthe group consisting of

CAPG (CD28, CKSJB, CYR61, DKK1, HSD17132,'LOY, MW7,

Slsm DRFpis pradictedty e shopErad (IBiHdente ofipdised GpesiontfRas or mére of
%nes B TableABana M 828, oNHE L;Er?egpo%ﬁi%@xpr@%b product, indicates that

STA TFE X, TP53BP1, or thelr
e ggg{’ﬁﬂ"’g‘ﬁ'reg%qﬁ%%“geﬁ n a biol ogi cal sanple |

conpri §102¢ cdmeesthegedshet, glet taventidn feorgrmns ai tlethorh ppredicting clinical
WokdhdYn 4 aboﬁc@waglﬁ%aem@f DhRE he@és@uﬁw&%aal dahkceP FollBREg surgical

g%ﬁ%ﬁé’{e?%@l d °8P°eg2g%§s> S 2 %t elgjktgr eyt Ft‘,"ﬁ?\’é‘g leVHD@gfne or more predictive
HRIVA B ascripOxelededribm thn grogildaasistiog of AleCAMpED2S A LIEENPE, CLIC,

- eXRREE SEMR3 PIQMUS] Loxn W%@Aﬂ?cmﬂsﬁ%blkﬁkbﬁteogm SOS1,

ebeat B it SR Bpeactipd ot JeilESo, movrrmn

' seidé\@/léﬂ ok fieinekpressipn progucts; mraéquzl@gmgsaoﬂiﬂembﬁipmxn@w; cells obtained

ChER Qaid Q&itgﬂml @Eﬁ ) &idbfoe JEMRRaseh e or 366 bPthe genes
| PRDX6.,, SOS

isieatadrom the eroppoondising STATi‘%oﬁaﬁab f@%ﬁ’ﬁe@mmﬂ EMR3,

IR tL,OX,NMARH 2 SMEATS,NMT3,aNUHIPL] RRDKE,08IR20SOSLSSTATSS, TFF3,
CriBB4R! TIEEE L HRa WIFNG: (Y &%@Bﬁ&ﬁg %regélaﬂrs%lct, G aRIE decreased

rise. an estlnate of 1 kel | hood
o AR oG postis CHIL L GRS GO} et joaeed Gepsfelgn of one o mor
Cofmﬂtel gegest dvizctell femi fhie@adup Gonsttingiof €APG £CD28,1TRC29, CKSKB, DKK1,
gﬁgypmzb 358 MPB7S 3t Gnl SbiThing (eQQfésiionl Brofuctll bi€lt&Nhn increased

as he jnvention concerns a kit conprising one or
n’ﬂ?’léh%fi Ropitive ginical 4iPmeh uf f er / r eagent s and pr ot ocol ; :
(2) reveatie I ansler iagtertp thebiufehtden ramagent snaina of predxctmg clinical

PEURLRE 3 a suf Had dﬁ%)s o8 Gt DS (k @moiorm oRicRl Rfibing surgical

sui t abl e %‘E rm n t he net hods this invention: i
TRECHONO ﬁﬂg fip PeTeRE™sEt F%f“P‘é‘P‘P% i serpreaﬂan level|of gnesor more predictive
SRIA wanseriptBsdleted s the jgtoup ponsibtidgrAWIARGS (D28/ARSIH, gYR61, DKK1,
Yysons, ﬁoﬁ?ﬂﬁhﬁgfﬁﬁt r&mmeabb_ﬁ THER, @sﬁmsazﬁﬁs CLTC, EMR3,

genes_t hat were statistjcall

cI ter

AHr IAHER, NGRS M50 NUBR, FERGS. (S50 [STOQPHuTFFs, TMSBAX,
(TP&B)TBES arid WAF, am their kxaBiion prothh:& 1 biglogicl eanfpdeccomprising cancer cells
Ribtiied EoRNAa shﬁé&r\g&réxp% 3€§i|d§we Ipﬁcrgzls% 7%5‘6: fl&?l)ﬂ/o%b or more of the

used the . unwei ght ed ou aver age na Lon
R SO r&@eﬁrwﬁovsxsagge AR, SOZRASKHER SYR 1. DRl HSDITB,
it MIMESS and SJB.Et biC tHeadongphutiing Bxpedstiod @idluc indidhes @S decreased

alfk@dL Q&jb %ﬁge a 5&9 \It%ﬁ:e, anﬁ)&g)séwd %& @f‘ in@ga& %Bh@gbge or more

erre I nitions
11, CENPE,

- 9l fé%genaseﬁ%@a f'ES’Ph‘éF ﬁﬁ°§lé°°“ﬁlét6ﬁr?if AACANR S €RERY
tGUDCS EVRS)l INAME| MATINE MGETS MIES, IREETPT) PRIIXG; SOSDSTATSB, TFF3,
under st ood by one of ordinary skill inthe art to

which this invention belongs. Singleton et at,

Dictionary of M crobiology and Ml ecul ar Bi ol ogy 2nd

ed., J. Wley & Sons (New York, NY 1994), and March
Advanced Organic Chem stry Reactions, Mechanisns and
Structure 4th ed., John Wley & Sons (New York, NY

1992), provide one skilled in the art with a genera

guide to many of the terns used in the present

application. [0046] One skilled in the art wll

recogni ze many nethods and materials simlar or

equi val ent to those described herein, which could be




proliferation, whether malignant or benign, and al
pre-cancerous and cancerous cells and tissues. [0048]
The ternms "cancer” and "cancerous" refer to or
descri be the physiological condition in mammal s t hat
is typically characterized by unregul ated cell grow h.
Exanpl es of cancer include, but are not limted to,
breast cancer, ovarian cancer,_colon cancer, |ung
cancer, prostate cancer, hepaybcellular cancer,
gastric cancer, pancreatic cancer, cervical cancer,
-liver cancer, bladder cancer, cancer of the urinary
tract, thyroid cancer, renal cancer, carcinoma,

mel anoma, and brain cancer. [00491 The "pathol ogy" of
cancer includes all phenonena that conprom se the
msmmmngr, aphWIHat thersorresperidingienprpsgign prodygty iRdipates an increased

ﬁﬂéilﬁ&h'o@ﬁbmﬁb@mﬁmut&ﬁxeuncont rol | abl e cel | growt h,

net ast asi s, ference, Wt norna A

of nei @ﬂ%’ér i h gL?SPgQ‘S ¥ tf‘%%eg‘ éf‘)?g’ iae) ' lcéné %%(ré&h& %B’% expression
Slewl @f @ny op modimlés mty bebolfained, f¢reaxgm§e, by prehad jof gengexpression
- Af9hIh %a%@&e{ﬂﬁd 6@&&% %s%)lmﬁﬂmg inmmﬁlr ©BinpR] a PCR-based method.

respons neopl asi a,
| nvasi BRI S0 Ao B S ERBE g PRetL el of g gpies may be
Stbfialired kejanivh ot epresderclevel 06F3D¢ offinere refenence EERasy @é’ﬂe&l expression
%% F is used in the broadest sense and refers to

? all

stages _and al ] _ forns, of c i.ng, from
o t helOET o Bprad agiec fsnd G i e SRRt ero BB et Pt
and/ or [p024] athr sll agpstsant] ahd idvontive. dic owhodrmay furﬂler comprise
a&ete?x&%]ﬁr[%gw“g celdf EHJBQ fsioh I6velsr Ge1edsh RS sH8 gRitE] Gtheir expression

rect

e sta yste r.cl SSIfIC
gpodugisor W dt Brthersgen I%Fa oﬁ‘elg?fg fftle fnysuuon Q‘tﬁhgr comprise
t deGiinirihgpesridaie of ﬂg&mptes[sﬁﬁ M}als At g deagh thge pﬁﬁa{dr@nqsumj}aqlr expression

qug&xctsne itaﬁ t a@sro' confed BjMed ShAa Ghd cheft @ o€ MheDinvidtidn niiyefukthé@comprise

I

(G i P AL ST L TSP S e cspresson
\iﬁbckxctsNY It Splson@etempla@dNat théemethad iof whe invenyion nady further comprise

eke%rn xﬁféw&mcb? rtheae;cﬁessg)ﬁflé\%ﬁd)f 3B1edsPhV 0N Ssaid Rk 2dr their expression

tunor | nvades subnucosa; '1;2: tunor

|WN@H@S muscul aris propria; T3: tunor invades through
the mumossjar Fer fir episaf irtioventie, e betodsey fther gpmprigenibie step of
pc%auggL Leg; ﬁﬁum&a%i %@&& FledibichSues; T4: tunor di r ect I y

er organs or structures, and/.o

[ 0053 110Rle: Fagall Hsots Gf 6 RIER b i FRiEraPIRd Bt ity Roroment of
Nin’ inéPedsa & the ieweli of ole dron@e predigitarRVA kymspiptnen ctbtsr emzesswn products, -
@% §§ Ak ﬁlem%eé to%om ﬁc&ﬁ%tﬁ%eagéﬁmkh\&i)&%ne[ 0054]

asi s di stant netastasis:
net ast H93 pF@"s@hfsPe"fsdlfé ingenige ‘8‘?{‘) '-{*@fgon gf egaressfon levels may
TdechiOnbdie), tha?orld@inddD; Fdstalig@pdcts: oﬂfBe N@okith, el dey@Dmingtipn of expreéssion

re is sibfec owin calresection.
ae\aegT %%?g%cfu%%%@o rt(l}@ %ﬂnerﬁ Jt‘\jﬁe t%/;b t@lgﬁy thé{apﬁﬂﬂ’ Wi gsg;ﬂgio% esecti .
Syst en{0038e \J’hﬁl‘hﬁ%‘e’%ta%fé'sﬂ%f‘“ve%?”o?e Teétf’d 6°aﬁc§? L fegprising the
deédited cBsicdl Wutcoms in p QOGZd dBigaged Avitht dotor¢ctaingancer following surgical
pr%sn e{;ornaLP %?Jl rcgmggt, Q?né%&gsaaﬁgﬁxca&eopaml Wﬁ&:lmebbﬂsed"@ﬁ information

etrates_into and Tables 1A-B,
tqvexmﬁrgs meamrsssm sl Pﬁmlf’f"f fyeee mugsigsive Rl S°§Pfs Ej%‘e

t2pr 3REMELA-Bl SA-H, 6t 4dlekt7, N&t théih ém@hoﬂm&dmdtanm g biological sample
propria of the bowel wal |, there is pathol ogic

evi dence of colorectal cancer in the |ynph nodes; or

tunor penetrates into and through the nuscularis

propria of the bowel wall, there is pathologic

“evidence of cancer in the |ynph nodes; Stage D. tunor

has spread beyond the confines of the | ynph nodes,

into other organs, such as the liver, lung or bone.

[ 0055] Prognostic factors are those variables rel ated

to the natural history of, colorectal cancer, which

i nfluence the recurrence rates and outcone of patients

once they have devel oped col orectal cancer. dinica




{00591 The term "prognosis" is used herein to refer to

the prediction of the likelihood of

cancer-attri butabl e death or progression, including

recurrence, netastatic spread, and drug resistance,

of a neoplastic di sease, such as col on cancer. [00601

The term"prediction" is used herein to refer to the

i kelihood that a patient wll have a particul ar

clinical outcome, whether posilitive or negati ve,

followi ng surgical renmoval of the primary tunor. The

predi ctive nmethods of the present invention can be

used clinically to 16 rmake treatnent decisions by

choosi ng the nost appropriate treatnment nodalities for

any particular patient. The predictive nethods of the

p cemprsingicangenrelloobtzined fioal saidishtgect wbdéreini (a) evislewed iof inbaaged dxpression
a oP8hd ' Hord SF the E&lky 1:dt&1 h 9GRONA, T2Qr AR Ynd/@ 54, | or the q?ﬁesponding

treatnent regi pen, such as. surgi ca I ntervention

p FERIPECT BRPINEh, moiGelry, 8 doBEs ihoodfof a pysiiive elieiep] outperae; and ()
t evidente ofSinbreased exnressiombf aistor @1vee’ ofmiag&eﬁnstd;dﬁﬁmm MBNEB, 3B, 4B
' Qn@&YSéde?Sdﬁ GorrddponliRk | ¢ messi%h ﬁ:tr&ﬁctt i tléﬂ'aﬂl gnctrég&ﬁqakelihood of a

neasures ordi nar | use
i ReStYg Shnica), oytpqme. aﬁ? %hﬂfcs’rf’“&f’mﬁee@ﬂ}? feeﬂ‘é ef eéeqhﬂ'e WY/ by expressed,
( Riflexampae) in retne 66 RedutterichFret ibirerval {(RED LOarAll Sitvivil\(@E), Disease-Free
( %waﬂﬁFsﬂ BEHRARER BB EREL il ngil gg‘%ﬁf oy Qrﬁ?odﬂwn that cancer is

Rérwva (DES),_an increase in ation o
ues IBeWG%*’ I@r‘?&-?“lkﬁst & (sfage IDrorjoreptal canepts Fhe PfP‘k@mnAﬁchmcal outcome
" | mey emnpeisé an dstidatk ioR the likedihcbdaif a Ppaxditiilar\tiinicd! ioc6idd for a subject or may

wn%ﬁ@mgaasrsﬁ%mq@%ag.gg G5 033G hadd1 ik khblaO00 ©F

cancer _recurrence
cl assi PRt an%%ﬁsp% € |iggpafonol diteeted &y a rpRort predicting clinical
powchinet fooa shls]edt dingnesadd jwdtht colardetal eanpar foRdiaify Burgical resection of said

p@a‘x&érf:wn%sﬁy nb&@i’cm&kkf: Qﬁmcal A\ltécup% ggsted 0]y agﬁ?auon comgxl'xsmg the

cl assi_f Into aris I'OURNOI' Cc aSSIer

o'fxpfﬁss?e 'B‘ét’s &F 0w ot merereskintize RVA trampqsipisdisted in Hablesr bRy 22A-B,
| NYAE, HOA-B,/5.2A-B| SR @doLIP.2, érSthér erpedmoxoﬁmsuem ‘BC4 BioRkical sample
' &ﬂlp}ébg%‘&kéer fsl?)bél Hlnjn @J:d Lu%VeFtogg%Tn ew?ence §F increased expression

partlc |n|ca

"YHG- TR of b Beng ’ﬁst§d us Jablﬁ erédh F- 4 3% eh24 gnd/or 524, or the
Swrredpudding bxqiressibn | peadutt, Indisi@AraS decidaked [ikeliheydaby ¥ foditive clinical
aJutJoﬁ'@'SJnd ce c[f 919; ed-gg&esg%ﬁ g ox@ or Widi€ Hftctﬁe Jngse listed i in Table

Interval use herein to refer t
2B %%% ZBc av%?f THhcurthe sepspdins eéerﬁs@mmgiuﬁfo indicates an
smraiseﬂ ]ﬂ(elllmaﬂ wf agositive dinical dutdofit. GWE Bliniédl outbld@S ¢F the report of the

\%\ten@&ﬁt T\f)y A %:P&gsc:;t&g&w&eeﬁctgram OQQ{egllrreT&eFreefefn terval (RFI) Overall

Over al
tSRAvel (PS)peeserFrg “’§‘L‘i%’é?§) QIQIMRFP“FMF&?Q“‘%%}@RFD In one

[eﬁﬁfidiﬂ:eﬂih&t teexicer 1sD)nﬂ@ﬁBQstE§eeﬂ;) SUDbIKey 8l (stagd1B) colofectdS&flcer. The
I?J%dﬁ!ngn Lﬂzlxﬁx@;l tchgﬁ Ha?@onl:ﬂ'ﬁse PG %rﬁat‘é i@ﬁﬁk%ﬂhol%%?? gartxcular clinical

recurrence or om-any cause.
'opfeame fr 2 ReRier ProReRcompEige theelassifigatiop PRI Fybject igtoyasrisl group based on

lsaid estimate0 refer to the tlne (in years) from surgery
to th st tant cancer recurren

[ 0068 %({?h T A e%{l} pgcﬁ o¥ "}"ﬁ" IO EPCEPEE FPPEL P é'l?oc\?/‘@“’?l Pricome
ﬁ?fa% ts%@t ﬂﬁgn%dr Withy qslprestal) dancer followipg ysurgisploresiiction of)said cancer,
chlﬁpxd;ﬁfgl dprediGtibnOdf AMRAL SutdoPie tiﬁse@ |o§1hﬁﬁ)rr%i8§ QbBpkisty O bxpression
consi dered. [0069] The term"micro array"” refers to an
ordered arrangenent of hybridizable array elenents,
preferably pol ynucl eoti de probes, on a substrate. 17

[ 00701 The term "pol ynucl eotide,” when used in
- singular or plural, generally refers to any

pol yri bonucl eoti de or pol ydeoxri bonucl ebti de, which

may be unnodified RNA or DNA or nodified RNA or DNA
Thus, for instance, polynucleotides as defined herein
include, without I|imtation, single- and
doubl e- stranded DNA, DNA 'including single- and
doubl e-stranded regions, single- and doubl e-stranded




both RNA and DNA. The strands in such regions may be

fromthe sane nolecule or from different nol ecul es.

The regions may include all O one or nore of the

nol ecul es, but nore typically involve only a region

of sone of the nolecules. One of the nolecules of a

triple-helical region often is an oligonucl eotide.

The term "pol ynucl eoti de" specifically includes cDNAs.

The termincludes DNAs (incld&ing cDNAs) and RNAs

that contain one or nore nodified bases. Thus, DNAs

or RNAs with backbones nodified for stability or for

ot her reasons. are "polynucleotides" as that termis

intended herei n. Moreover, DNAs or RNAs conpri sing

unusu bases, such as inosine, or nodified bases,

s Viedi §“F PY Tors PEichiecRiA tapsripth steitia Tabies Hi-B, 1.R4-B, RérBn224-B,
pakw, rRRA-BOtA-HosIA-B8S 5 A6, isnads e GQJ Nand)oR 7.@961&1:1@} axpte'gﬁon products,

t cheni.c

o Es{zﬁbrrxg??igé@ l?&gr}p%nﬁeﬁ% %%ﬁsctgﬁ?ﬁmed %’& sFud é%n?%rvﬂ;?re&ﬁ () evidence
uRbigerespd erpisEsion of enecs mromeaf the g&ses\netpd inTable hé, 1M DA LZRA, 34, 3.24,
f eAre.2af sANAv/eNE.2BNGr eleasoneipondisd bJEi)reQ.«ﬁonV F&H&@,S in@iBfes -8 decreased'

Cﬁicéhﬁood &CJ [Elo fhogclfn%a{rgutgo é(rf: &gpgﬁ?,é? g% ?s% l071 lon of one or

term
pBeLFAS @}eegelgep Yged injTablp &Bdlﬁ?@; 2B 248 8B, 3.2BBaA. 213“’5]3 and/or 5.2B, or the

scqm:b;ﬁm&hg araasion gpodvet, bﬁlﬁé&fek %t indt@a%ed %kélﬁih&r of rz:t posmve clinical

d cle

ot H Bhon J B G Gien T seibtte ah SxiRilr oidho flabinood of a
shetiuler elinioal pytsgmeona prtitseoaniygompise Gorlagkifioation of ashtjeinto a risk
sgrmﬂiasedmdaxbgsu&bem cal methods, for exanple using

aut o ot.d nthe ers that are

comrg?{g i a jj‘l ava ﬁpe % tﬁ entmf’ s é*f‘?%ﬂ Snict EHOT puedictigy clinical
RMGOEGdn [3y5u °°\'7 é}ae'eqs?d with (R‘#‘FGP( B r(tétqubscolorqq@l gahicergfollowing surgical
\iledet:tion dimm’ﬂahdéﬁ%m%émﬁ pRk8Gbnt SRl UREoRB Bali on mformatlon

ec)&%ﬁsciﬁé 81 { ggres 10 eivFl ofc one &ogegprgé%gn II&\{I% F?#"é‘?lgﬁ %qlegfed from the

gﬁéﬂ@ @Rﬁ%ﬁés ef %C%G 211, HlbWUﬁ§J§LTMYGWIaEMRGSMM2 LOX,
|MA19HerMGgm lrgs, Nmﬁat PRDX8, RASOM) mmpm%smmﬁ TP53BP1,

GW%} ering oi‘n%DQ% éf(g?é bggg’i S§¥1ﬁ2 daﬁ@@% (thi}ﬂr &¥pression

EHdyets, *%ah'e’éiswal SEhple foyeprising pmer@xlbroégmed) fromisaid swbgectypetherein: (a)
evidewabf m&eﬁmxﬁﬁﬁsmnmﬁné & idre of HOednBleldbted RENER ghup consisting

PEOSCANPGRa Chr ENRE" R0 Ehel BRG. JEal) o, maves,
- MaaT %h‘d’l@r%f%% lilﬂ%?fﬁ 53%44 POBT SAATSR, TFFA MR TPRBRY, and WIF,
nﬂyhebﬁrr&pbﬂ'dl&fg e&ﬁ&tsﬁbﬂtlﬁﬁh@f, uhd'tﬁteb |at(ﬁ$1'e££d txlthﬁhocﬂlu&fl ;?dsﬁwe clinical

@&tb&jné i Slde cre%i’ gxcr se ex résF1fm ?fg)a gorcwqr? g}s gxmgenes selected from the

al.t ernat | cl ng
Fory ﬁ@‘ﬁtsf‘%"fpgéﬁ‘éc@-?&@ﬁc%ﬂ, fORS1BN DB L THBDYEB 2R \ahdl MIURT or the

blyreq:\cmhﬁgl dression frdifict, Mafhes mﬁMErEﬁ&ﬁxkeﬁ?&Qﬁ gﬁﬁisﬁi@e chmcal outcome.

Ll Sl Rar t itionihg of a
%&%'E llct%%[ﬁ? FPLeEL P a © GBH&TRERR R ‘ﬁ%% lﬁ’m"lﬂﬁléfé particular
PYteaHs forfa %Ptessmaymomumclwﬁcmpn D2 subjenizgo arisk group
lidseid'n gidr&imapy, Oduct s, or a conparison of the ratios of
the ek ss&gn tweentg1 or .rore. genes or their
gene E’rﬁ uct & 2T A5RSEt the ipvsrsey éso‘ﬁ Cgipd tnd Tarark Riediniing clinical
Biteose<ia a@cubjech d@ﬂ%ecbwlﬂl Aakea@¥stape TH) colakita agtief following surgical
bet ween nornal subjects and subjects suffering froma
di sease, specifically. cancer,, or between various
stages of the same disease. Differential expression
i ncludes both quantitative, as well as qualitative,
di fferences in the tenporal or cellular expression
pattern in a gene or its expression products anong,
for exanple, normal and di seased cells, or anong cells
whi ch have undergone different di sease events or
di sease stages. For the purpose of this invention,
"differential gene expression” is-considered to be
present when there is at |east an about two-fold,




stretch of anplified DNA) is often referred -to as
"anplicon.” Usually, the anpbunt of the nessenger RNA
(mMRNA) produced, Le., the level of gene expression,

al so increases in the proportion of the nunber of

copies made of the particular gene expressed. [0075)
"Stringency" of hybridization reactions is readily
deternminabl e by one of ordinary skill in the art, and
generally is an enpirical cal cdiation dependent upon

probe length, washing tenperature,, and salt

concentration. In general, |longer probes require

hi gher tenperatures for proper annealing, while

shorter probes need | ower tenperatures. Hybridization
eneralk* gpends on the ability of denatured DNA to

r SRRHWEY oL RA (PR ACERETHIE P Predictiem o climiee! oppasmmbased pn information
enoiproingethe edpedssion leveli of ofiebt b frelcaes RNW anscHp& selected from the

p'rg%Srcmtsﬂané*sgb Gog Q@;&eﬁsﬁehce ?%}&lh Pk 9%%}’21%3@ ) SIR2.
é‘?%?ﬂ“@e I??é‘ QF&? (frRH1I E. Gl Gy EMRde iCAM2, MADHEMEATS, MT3,

i NUFg1, BRDXISh&DSﬂ’,] ISJAE5B/ E¥F3] TMSBAXMISEBDL RS Wi Urdheir expression

V\Eﬂagucttﬁ gﬁﬁ?gelw Ganh t%&%ﬁn{@aﬂ er celllg_g ta:g%ffoﬁ? 5L rcgfugject, wherein: (a)
dEfdgnpeof "&‘i’i?fs@fﬁ?"&ffﬁpl% Anegt more ¢fifpcaquss selfcted from the group consisting

heth CARIGz 20028 OKSAB] IGYRS1, mlAmmeﬂtz eLoR| MMEHmEEIR2, or the

E&ogrte% &xﬁ Eﬁ(esg%ls;;rg&i{cg Wécjagg %‘?ecteﬁsgegh éi%ng?#d?eijtp%%hgemc?zaxpal outcoms;

shers
éh) SRS RAeAESI RIS ST onesay ke pfh et deaeseplagted from the gtoup
toppsistinis| of: A.l(dAMﬁ Cp24yCho, iICDHIE, SENER D@ N3, AtAM2, MAD

orar e SageL iRER e s, B %@?ﬁ*ﬁ&%?%é%ﬁ%ﬁﬁgw?wm orhe

SOFPRpRding exprsEsionppydugtnisiggres ae}ulrwd Hirelihiool of pogitive clinical outcome.
dBregtredidtion ofigridal ofibile @8y EMpiBdArQtimbe of BeaBIRBod 5pa/?>artlcular

(% with 001% bovine, serum al

L xéu‘giilriugﬁ%& pgﬁ sub V‘ onr py?’r Qmprise r% g%?%mbject into a risk group
SR &t e‘E‘H’F‘F"er at pH 6.5 with 750 mM sodi um

C hl or ijo®13] 75Inl’ﬂ\ﬂlﬁ'&dritl$@e6ﬂ thé fiventioh ctﬂ’ugé;ns Rkit (:gﬂlpnsmhp& more of

0
écg%ﬁgﬁ ?/F?ﬁ?enﬁ C?§§ ﬁqo{ocolhégreheﬁe Qo g’)ﬁ%" gaflg/%uts and protocol;
‘3& ﬁll)%?% PW&S‘W&“{ aad P@t%om%kffm pesfommxgntw mathods of this invention.
§‘bﬂh€ﬁhﬁﬁb@ﬁism refiieed! Bad My dRanaem ), 0. 1% SDS, and
10% dextran sul fate at 42C, with washes at 42Cin 0.2
X SSC (sodium chloride/sodiumcitrate) and 50%
formam de, followed by a high-stringency wash
conS|st|ng of 0.1 x 23e ResenptionofBrapinps at 55C. [ 0077]
"Mode (4]l y Figué hghavis acmdﬂogmﬁnspremmghﬁe é@%&bﬁ blﬁé?ezﬁ§ of 142

N |
s e oy o LA e
b in hequnivpepts eox Rroperdienah hagagds rﬁnﬂgﬂ%ol"ﬁhﬁl@nt&amﬂalysw used the

tnypeightid rairigooup (awdget:mﬁlﬁmat(dﬂ Iﬁbthod ah@ 11PR4rsnlY' 8 thd didlnEe measure.

1 1 1 nes I clus ! res C bed
2“%32“‘%&2%”@@ B PARH ot i fotefitr eribne

i's overni i ncubation at 37C |n a solution

conpri si nﬁe tajlpd Pescxintion of dhe BrefersgtEmbadimentNacCl , 15
MM trisodiumcitrate), 50 nmM sodi um phosphate (pH

#. 6) Definitioldenhar dt' s sol uti on, 10% dextran sul fate,
and 20 ng/m denatured sheared sal non sperm DNA,

foll owed by washing the filters in 1 x SSC at about
37-50C. The skilled artisan wll recognize howto

adj ust the tenperature, ionic strength, etc. as .
necessary to accommodate factors such as probe | ength
and the like. [00781 In the context of the present
invention, reference to "at |east one," "at |east
two," "at least five," etc. of the genes listed in any
particul ar gene set neans any one or any and al

conbi nati ons of the genes listed. [0079] The term
"bode negative" cancer, such as "node negative" colon




represented in the mature RNA product (B. Lewi n. Genes

IV Cell Press, Canbridge Mass. 1990). |In theory the

tens "intron" refers to any segnment of DNA that is
transcri bed but renmoved from wthin the transcript by
splicing together the exons on either side of it.
QOperational ly, exon sequences occur in the nmRNA

sequence of a gene as defined by Ref. SEQ I D nunbers.
OQperationally, intron sequencéé are the intervening
sequences within the genom c DNA of a gene, bracketed

by exon sequences and having GI' and AG splice

cori sensus sequences at their 5 and 3' boundari es.

[ 00821 The term "expression cluster” is used herein to
refer to a group of genes which denonstrate simlar

expr esBi4sl pHnlesrdeSnadmtirersgise, tiolrdealvirtdrciantifitping sisddrhereirchave the
d&tﬂemeednﬁﬁs cBihmoR{ uhdeRcdd bﬁénetb?@ﬂldagrsﬁurim bR A8 nis invention

ssjion cluster % ow sim | ar expressio
108

AR SR oL, AR S NPT AV BRS04 o . Wiy
Wit Borfst @¥pev [Yiorla X 001998),agrel Makche anivaroad (drgdnive Cheistty Reactions,
alﬁgélgﬁlsxﬁseaj%gﬁrel @%@e%ﬂn @ﬂéﬁ?x' Q)hé @eevproﬁJ]?QY 1992¥ provxde one

I nventi on ractl ce present 1 nven

with thgeaeral &S‘H"f & Rrye g 6‘?“8%1‘[‘%‘31 n ““‘cﬁi PR7RAPRIL Bﬁéﬂ“
t echni o3 o0OnexXilRdlih gie dot will aggngr(uzmimrdneﬂ@pds endDmbtetrddimilar or
tﬁﬁ%’eﬂ lﬂ@tﬂ)’se d&e \Aﬁﬁe‘amex%kn?gﬁmh c&lﬁ lJe upéd% ﬁg-}fzact?c@ QEthe present invention.

bi ochem st are wthin the ski|

rt.
dnderds ‘E"cﬂ‘ﬁ‘feﬂ'l}é‘%mﬁ?‘é‘s RRPMAY H@Hedf *ﬂlq‘%/m?th"df f3ad mate“als desm'b"’d For
| pubpensgstofithe presantinvansion, i fbibmingaermEhedefigd bdlowabor at or y
Nhnual @ S t
o[rq%?eot | gﬂgﬁﬁs ﬁﬁg{”s?g%? Rrefa! réi‘érs to AP §9&p1a5nc 1l growth and
p’g\ﬁlftﬁtaqlon@mﬂxer %met@t b?"fﬁ?} and Ie_ﬂ‘] Bwu%@d cancgigyy C ceils and tissues.
" Met hadess] n Eeztpnms Wayce:"(ahd ddmdrousPrefesto driiescyibe the physiological
r, t
Jéﬁ{hﬂd&p\/@ﬁmma@m& ik ggfa& ﬁmu@ iawxérle%ugam ‘lqm ééaﬂlé  Examplos of
I“ﬂ’é"er inglydey )but “@ﬂé‘mﬁe‘éf&ﬁ’@?s‘ GRIETp P gangar, Gplan; capper, lung cancer,
Qadskede’ capder,\hepdtbdellalar caicerMaktric Calcers panedstic, cah®,7/dervical cancer, liver
. qnhj r 0 I .
cglﬂ’ef f cQJn%P %gqu 3 %& d\ﬁ-ﬁl at;acgh g )é?rfegirl’: axl'gﬂeal %%1? §Jtcmoma,
R@ﬁ@?Wbﬁ“ ’PWWFPP% eta]., eds., 1994). [0084] Based on
evi derfem9pf Thefpalicdepivl afcaewp frelngésall pbénoRM{h thitaompioinise she well-
yBin Qfﬁn@lpat%gfj THAREIREes CFltont Ti lkmfao aaﬁ,%m; dr DR fnsxaﬂle cell growth,

provi des prognostic gene markers for colorecta

caffsiaRs: inferfreence yith the Barme] Biaftaning efeeiboring 6oan it o ytokdnes or
ptiey isetesorp lpmgnﬂs i ebngand lenelsk euppresfon Siraqggrabdtioa ni/inflammatory or
Shiadfolddidal febpon g@'&&fi&‘sﬁaa rénfaiifafahey, '&ﬁ%ﬁﬂé}ﬂ GV ABIOK %"f%ur;oundmg or

that are speclfical ognostlc to the dutcome of

& sfalﬂé?ss“e@?‘é‘ﬁ%a“ﬂsb‘?haé %‘Q’é‘“f’ﬁs’ % sease and those that

have 00501 0sThi cermtkolarectsi camett istsadjinshe breddestctrisagnd refers to (1) all
URGET Y LA gmfd.g Llﬁ Enf ﬁcag&n% ﬁoweg%ha%lshs%f* the Tl hid@ine and/or rectum
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e treatne colorectal cancer to the needs of
i ndi villfgsl peeording do the dpraesy nedex imetastating (TR (stegieg j systegp of the
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unnecessary treatnents, which do not provide any
significant benefits and often carry serious risks due
to toxic side-effects. [0085] Disruptions in the
normal functioning of various physiol ogi cal processes,
including proliferation, apoptosis, angi ogenesis and
i nvasi on, have been inplicated in the pathology in
cancer. The relative contribution of dysfunctions in
particul ar physiol ogical processes to the pathol ogy
of particular cancer types is not well characterized.
Any physiol ogi cal process integrates the
contributions of nunmerous gene products expressed by




[ 00861 Multi-anal yte gene expression tests can neasure
t he expression |evel of one or nore genes involved in
each of several relevant physiol ogic processes or
conmponent cellular characteristics. In some instances
the predictive power of the test, and therefore its
utility, can be inproved by using the expression

val ues obtained for individual genes to calculate a
score which is nore highly cobrelated with outcone
than is the expression value of the individual genes.
For exanple, the calculation of a quantitative score
(recurrence score) that predicts the likelihood of
recurrence in estrogen receptor-positive,

node- negati ve breast cancer is describe in a

C (ManaaldsthEd. Ne®. Ydig NSVt Spripgdri 200L), e allousl staped bf0ddlorectal cancer are
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ose
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i nvention. [0089] The prognostic narkers and

associ ated informati on provided by the present

i nvention predicting the clinical outcone in Stage |

and/or Stage Ill cancers of the colon and/or rectum
has utility in the devel opnent of drugs to treat Stage
Il and/or Stage IIl cancers of the colon

and/orrectun. [0090] The prognostic markers and
associ ated information provided by the present
invention predicting the clinical outcome in Stage |
and/or Stage Ill cancers of the colon and/or rectum
al so have utility in screening patients for inclusion



rectumare useful as inclusion criterion for a

clinical trial. For exanple, a patient is nore likely

to be included in a clinical trial if the results of

the test indicate a higher likelihood that the

patient wll have a poor clinical outconme if treated

Wi th surgery alone and a patient is less likely to be
included in a clinical trial if the results of the

test indicate a lower likelihd8d that the patient

wi Il have a poor clinical outcone if treated with

surgery alone. [0092] In a particular enbodi nent,

prognosti c nmarkers and associ ated i nformation

are' used to design or produce a reagent that nodul ates

the level or actiyity of the gene's transcript or its
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| rof i Q0951 Met hods of gene expression
prd%%ﬁa'gm"e Ut recuglf”nods based on hybridi zation

anal ysi“gﬁgsbf 'B@IW@Vé@illsdwlmheEl@d bersiado tefer to time in years from
%ﬁgémsaaglmﬁnaglcmacl eoti des, and proteom cs- based

met ho sed n the

. art fglr% sge quan RE ceatsl %#% n%‘«@ts x’ﬁ'r"esg‘{c}ﬁedﬁn it? reger to time in
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0 1 47 283 9 R ection assays
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Trend tics, 8:263- Altern

ant 1 bR S St s e oR At BRI of btz aray
mhwfg@xmﬂmdd@mleem% on 3 swbitatki ng DNA dupl exes,
RNA dupl exes, and DNA- RNA hybri d dupl exes or

DNA- protein dupl exes. Representative nethods for
sequenci ng- based gene expressi on anal ysis incl ude
Serial Analysis of Gene Expression (SAGE), and gene
expression analysis by massively parallel signature
sequencing (MPSS). a. Reverse T ranscrintase PCR
(RT-PCR) [0096] O the techniques |isted above, the
nost sensitive and nost flexible quantitative nethod
Is RT-PCR, which can be used to determ ne nRNA | evel s
in various sanples. The results can be used to
conpare gene expression patterns between sanple sets,
for exanple in normal and t unor tlssues and in




donors. If the source of nRNA is a primary tunor, nmRNA
can be extracted; for exanple, from frozen or

archi ved paraffin-enbedded and fixed (e.qg.
formalin-fixed) tissue sanples. [0098] General nethods
for NMRNA extraction are well known in the art and are
di scl osed in standard textbooks of nol ecul ar bi ol ogy,

i ncl udi ng Ausubel et alL, Current Protocols of

Mol ecul ar Bi ol oev, John WIey ldnd Sons (1997). Met hods
for RNA extraction fromparaffin enbedded tissues are
di scl osed, for exanple, in Rupp and Locker, Lab

I nvest: 56: A67 (1987), and De Andres et al.

Bi oTechni ques 18: 42044 (1995). In particular, RNA
isolation can be performed using purification kit,
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Rameke edidtisle tosiegerpression io atoevhl e tovmehsubjeet. t The terPERIso include genes
prinmers. The probe is non-extendi ble by Tag DNA

pol ymerase enzynme, and is |labeled with a reporter
fluorescent dye and a quencher fluorescent dye. Any

| aser-induced enmi ssion fromthe reporter dye is

guenched by the quenching dye when the two dyes are

| ocated cl ose together as they are on the probe.

During the anplification reaction, the Tag DNA

pol yneri se enzyne cleaves the probe in a

t enpl at e- dependent nmanner. The resultant probe

fragments di sassociate in solution, and signal from

the rel eased reporter dye is free fromthe quenching




26 System The system consists of a thernocycler,

| aser, charge-coupl ed device (CCD), canera and

conmputer. The systemanplifies sanples in a 96-well

format on a thennocycler. During anplification,

| aser-i nduced fluorescent signal is collected in

real -time through fiber optics cables for all 96

well's, and detected at the CCD. The system i ncl udes
software for running the instl8unent and for anal yzing

the data. [0102] 5'-Nucl ease assay data are initially
expressed as Ct, or the threshold cycle. As discussed
above, fluorescence values are recorded during every

cycle and represent the anount of product anplified

to that point in the anplification reaction. The point
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obtai ned cDNA is spiked with a synthetic DNA nol ecule
(conpetitor), which nmatches the targeted CDNA region
in all positions; except a single base, and serves as
an internal standard. The cDNA/ conpetitor mxture is
PCR anplified and is subjected to a post-PCR shrinp

al kal i ne phosphatase (SAP) enzyne treatnent, which
results in the dephosphorylation of the remaining

nucl eoti des. After inactivation of the al kaline
phosphat ase, the PCR products fromthe conpetitor and
CDNA are subjected to priner extension, which :
gener at es dlstlnct mass S|gnals for the conpetitor-
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c. Oher PC)? -based Methods [01071 Further PCR-based
techni ques include, for exanple, differential display
(Li ang and Pardee, Science 257:967-971 (1992));
anplified fragment |ength pol ynorphi sm

(i AFLP) ' (Kawanoto et al., Genone Res. 12:1305-1312
(1999)); BeadArrayTh technology (I!lum na, San Diego,
CA, diphant et al., Discovery of Markers for D sease
(Suppl ement to Biotechni ques)? June 2002; Ferguson et
al., Analytical Chemistry 72:5618 (2000)); BeadsAnay
for Detection of Gene Expression (BADGE), using the
commercially avail abl e Lum nex100 LabMAP system and
mul ti ple col or-coded m crospheres (Lum nex Corp.
Austin, TX) in a rapid assay for gene expression
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c o‘nf ocar: 1'3s & B ef 6‘3‘8%%/“16‘? atjy\partigpla 8raF s BeRRS AR PR o any and
alppmbigatiosofthegenes ISEGD caner a.
QJ ant [Uﬁ'@] | o iR Pl %@%ah%n Pce 3 @n%x & [nﬁ%&_%'\‘%gatg) cancer, is

4 assessnen correspo ance
il *P?‘%‘&F"f&fc}f’ gFneerithay Bys patsmrracto ﬂgeéwaﬂawpaj | abel ed cDNA
probes generated fromtwo sources of RNA are
hybri di zed pair wise to the array. The relative
abundance of the transcripts fromthe two sources
corresponding to each specified gene is thus

determ ned simultaneously. The mniaturized scale of
the hybridization affords a convenient and rapid

eval uation of the expression pattern for |arge

nunbers of genes. Such methods have been shown to have
the sensitivity required to detect rare transcripts,
whi chare expressed at a 'few copies per cell, and to



e. Serial Analvsis of Gene Expression /SAGE) [0111]

Serial analysis of gene expr ession (SA(3E) is a

nmet hod that allows the simultaneous and quantitative

anal ysis of a | arge nunber of gene transcripts,

wi t hout the need of 29 providing an individual
hybri di zati on probe for each transcript. First, a

short sequence tag (about 10-14 bp) is generated that
contains sufficient informati & to uniquely identify a
transcript, provided that the tag is obtained froma

uni que position within each transcript. Then, many
transcripts are linked together to formlong seria

nol ecul es, that can be sequenced; revealing the

identity of the nmultiple tags sinmultaneously: The

expres s;c‘msn] P aith @dinids &Bhw 2@ PRINAshIfingD bre ubddaiffefohingbdbly and refer
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feamcer ¢rdlsshe presest inventiop pehyides progupstidrgent mukesfos colprectal cancer. Thus,
R QHAEaLIS agite, hE InFerfibR plweidlas HOE0Ricighnelrieked df Spd IPh&/or Stage ITT
conner0|ally avai l able. h. Proteomcs 30 [0114] The
term"proteone” is deflned as the totality of the

proteins present in a 'sanple (e.g. tissue, organism

or cell culture) at a certain point of tine.

Proteom cs includes, anong other things, study of the

gl obal changes of protein expression in a sanple (also
referred to as "expression proteom cs"). Proteom cs
typically includes the follow ng steps: (1)

separation of individual proteins in a sanple by 2-D

gel el ectrophoresis (2-D PAGE); (2) identification of

the individual proteins recovered fromthe gel, e.g.




i. Pronoter Methvlation Analysis [0115] A nunber of

met hods for quantization of RNA transcripts (gene
expression analysis) or their protein translation

products are discussed herein. The expression |evel of
genes may also' be inferred frominformation regarding
chromatin structure, such as for exanple the

net hyl ati on status of gene pronoters and ot her

regul atory el enents and the acdtyl ation status of

hi stones. 10116) In particular, the nethylation status

of a pronoter influences the |evel of expression of

the gene regul ated by that pronoter. Aberrant

nethylatipn of particular gene pronoters has been

i npl i ed in ression regulation, such as for
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matri X. hi s  expression cluster
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expressi on er 1sreterr rern

ﬁ}?"? h&hg Lrmation of grogpss finyaddition, §a0 Fordlitat¢ thegndthematicpd aighting of the.
enbodi ment, an expression cluster identified herein

i ncl udes DUSPl, EGRI, EGR3, FOS, NR4AI, RHOB, and

ot her genes whose transcription is wupregulated early
after exposure of cells to certain stinmuli. A variety
of stimuli trigger transcription of early response
genes, e.g. exposure to growth factor s, which enabl es
cells to quickly increase their notility and their
ability to transport nutrients such as glucose. This
expression cluster is referred to herein as the Early
Response cluster. {0122] In yet another enbodinment, an
expressi on cluster |dent|f|ed herein |ncludes MCP1,

Py —— . P~



and regul ation of the cell cycle. This expression
cluster is referred to herein as the

Proliferation/Cell Cycle cluster. k. General
Description of the mMA Isolation Purification and Am
i rcation 101241 The steps of a representative
protocol for profiling gene expression using fixed,
par af fi n-enbedded ti ssues as the RNA source, including
NRNA i sol ation, purification, 22. primer extension and
anplification are provided in various published

journal articles (for exanple: T.E Godfrey et al,

J. Mol ea Diagnostics 2: 84-91 (2000); K. Specht et alL,
Am J. 32 Patho4 158: 419-29 (2001)). Briefly, a
representatlve process starts wth cutting about 10 gm
t APERDUERILQf VaraUs Gprassipm Taines tatheyserierre s¢pe r Theiwrighting of a gene group
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mean d9089he diba Brogrieptia Imatiers andfassapipted infareticosiravide by the present
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ess not eq U"B%pression |evel s
for each nRNA/tested tunor/patient will be expressed
as a percentage of the expression | evel neasured in
the reference set. More specifically, the reference
set of a sufficiently high nunber (e.g. 40) of tunors
yields a distribution of nornmalized | evels of each
MRNA speci es. The |l evel nmeasured in a particul ar
tunor sanple to be analyzed falls at sone percentile
within this range, which can be determned by nethods
wel | known in the art. Bel ow, unless noted otherw se,
reference to expression levels 33 .of a gene assune
normal i zed expression relative to the reference set
aIthough thls IS _not almays epr|C|tIy stated m
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WJ., Genone Res. 12(4):656-64 (2002), or by the BLAST
software including its variations. Subsequent steps
foll ow well established nethods of PCR prinmer and
probe design. 10127] In order to avoid non-specific
signals, it is inportant to mask repetitive sequences
within the introns when designing the priners and
probes. This can be easily acconplished by using the
Repeat Masker program avail ab28 on-1ine through the
Bayl or Col | ege of Medicine, which screens DNA
sequences against a library of repetitive elenents and
returns a query sequence in which the repetitive

el ements are masked. The nmasked intron sequences can
then be used to design priner and probe sequences

usi ng §0092)C OIMIe fpedgadstiy mafke:d tahi® aé@béﬁedomh:lnh&io)i provxded by the present
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redi cting prognostic outconme or
r es p o HO851t o Methods pigene exBrsesipniirefslingineludp triethndd Hayed on hybridization
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of the present invention. The kits may conprise
containers (including mcrotiter plates suitable for

use in an autonmated inplenentation of the nethod),

each with one or nore of the various reagents

(typically in concentrated form utilized in the

met hods, including, for exanple, pre-fabricated

m croarrays, buffers, the appropriate nucleotide

tri phospbates (e.g., dATP, dCTP, dGIP and dTTP; or

rATP, rCTP, rGIP and UTP), reverse transcriptase, DNA

pol ynerase, RNA polynerase, and one or nore probes
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pur poses generally produce a report or summary of the
normal i zed expression |levels of one or nore of the
sel ected genes. The nethods of this invention wll
produce a report conprising a prediction of the
clinical outcone of a subject diagnosed with

col orectal cancer following surgical resection of
said cancer. The nethods and reports of this invention
can further include storing #2Re report in a database.
Alternatively, the nethod can further create a record
in a database for the subject and popul ate the record
with data. In one enbodi nent the report is a paper
report, in another enbodi nent the report is an
auditory report, in another enbodinment-the report is
Biotertmiguen A #:853- 8 0f1892)); tanil P@obrsetrpictiodsd sedhads tewese transoription

r,gmsarase Schith quacd&ﬁmop@ap bws.b G af), fREHsOh G&%ﬁ%sp@%a%h (1992)).
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Qi@g‘éhL ‘d&dr&%l 19 1thd ARRGIhRYs (S4LARhY) F&néx)(mplgrtOQPW ¥om cells in
ive Baci]lus Calnette-Querin

‘i“ 'éﬁ“ ﬁ%‘n‘ l:’)e ‘Q‘% ‘%{ e Qiegsn Bsasp ppinigpipang, rQ‘B‘TrPB’E}‘“FW‘%Y P‘ﬁ‘é?ble RNA
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Chenot hef a
PEPER Fan BY %’sﬁéws‘y A étaaéo (Tek Testlyt BNA| preparqd, fomp draor can be
iSolrged3 for cRoplcpecesitun BlofRay deadity \deidiend dehttifig@ion Of

5- F ourouracil And Heparin In" Adenocarci nona O The

Col on" Details of C-01 and G- 02 can be found on the
NSABP Website at the foll ow ng URL:

http://ww. nsabp. pi tt. edu/ NSABP_Pr ot ocol s. ht t n#t r eat e
nt %20cl osed [0138] Tissue sanples fromthe surgery

only and surgery + postoperative BCG arns of NSABP

CaO and fromthe surgery only arm of NSABP C02 surgery
were conbined into one sanple set.
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Exclusion Cri teria [0139] Patients enrolled in NSABP
Study GA or NSABP Study C-02 were excluded fromthe
present study done or nore of the foll ow ng applied:

No tunor block available frominitial diagnosis in the
NSABP archive. |Insufficient tunor in block as

assessed by exam nation of hematoxylin and eosin (H&B)
slide Insufficient RNA (<700 ng) recovered from

tissue sections for RT-PCR andPysis. [0140] Of 1943
patients enrolled i nVNSABP Study C-01 or NSABP Study

C- 02,270 patient sanples were avail able after

application of exclusion criteria and used in the gene
expression study discl osed herein. The overal

denographic and clinical characteristics of the 270
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gmgﬁégb&hggwggg false discovery rate: a practical and
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Stanford: Stanford UnlverS|ty, Depart nent of

Statistics; Report No.: Technical Report 2001-28.;

Korn EL, Troendle J, NtShane L, Sinion R (2001)
Controlling the nunber of false discoveries:

Application to high- dinmensional genom c data.

Techni cal Report 003. 2001. National Cancer

Institute.) were applied to the resulting set of

p-values to estimte fal se discovery rates. Al

anal yses were repeated for each of the alternative

endpoi nts: distant recurrence free interval (DRFl),
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and di sease free survival (DFS). Miltivariate Anal ysis
[0146) For each of the 757 anplicons under study, we
used the Cox proportional hazard nodel to exanine the
rel ati onshi p between gene expression and RFl, while
controlling for the effects of other standard
clinical covariates (including tunor |ocation, surgery
type, tunor grade, nunber of |ynph nodes exan1ned

and nunber of positive |ynph R8des. The difference in
the log likelihoods of the (reduced) nodel including
only the standard clinical covariates and 38 the
(full) nodel including the standard clinica

covari ates plus gene expression was used as the test
of statistical significance. Non-Linear Analysis
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tfiled, @ataffinsentbediied tissnesnds| tie BINA ﬁfu&)@t mﬂ&iu’xg inRN%hisQlatlon, punﬁcatnon,

. Pﬁ&wgﬁnggfm %ﬁﬁ&ﬁ%&n F%ﬁ in vfgt}us é: dﬁumal V%r}ucles (faog example
s (R4TPnE 2hyJ¥elere Diagnestiay 2:t34eH 42q08); §pqghnqtaba4qm J. Pathol. 158:

dig-b®00nE menmeeprésmat{vemdimpmp a&&.{g%aht 1d1ﬁz %ﬁéissecnons

PEEF S0 B ERht hR n BPa aols se
é‘?ﬁ?@%@iﬂoﬁ ertamh@rs of taeyRINAgodoentragion, R4 eepaic tandm: arffpiification steps

fhiay be mRN@ed, iifindcQ8iry, 38d RNAK R 1eR2QdsnQfindaNgin %eg@h'é: 6§08 Yromoters

II Popas used as the test of statistical
S|gn| i‘cancé.” [ 01491 Table A shows gRT- PCR probe and

pri mér selfaesdRBAY Suslemal | genes included in the study
described in the Exanple. 39 [0150] Table B shows
target anplicons for all genes included in the study
described in the Exanple. First Analysis Study
Results [0151] Reference CGene set for the first

anal ysis was CLTC, FzZD6, NEDDS, RPLPO, RPS13, UBB
UBC. [0152] Table 1A shows associations for those
genes whose increased expression is predictive of
shorter Recurrence-Free Interval (RPlI) based on

uni vari ate proportional hazards analysis. [0153]
Tabl e i B shows associ ations for those genes whose

. -increased expression is




predi ctive of |onger Recurrence-Free Interval (RFl)
based on univariate proportional hazards _ anal ysis.
[0154] Tabl e 2A shows associ ations for those genes
whose increased expression is predictive of decreased
rate of Overall Survival (OS) based on univariate
proportional hazards analysis. [0155] Table 2B shows
associ ations for those genes whose increased
expression is predictive of 2Acreased rate of Overal
Survival (OS) based on univariate proportional hazards
anal ysis. [0156] Table 3A shows associ ations for those
genes whose increased expression is predictive-of
decreased rate of Di sease Free Survival (DFS) based on
univariate proportional hazards analysis. [0157]
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KRAS2 1.64 0.0043 KRAS NM 004985 COX2 1.62 0.0521
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021009 ANXAS 1.49 0.0084 ANXAS NM 001154 NTNI 1.49
0.0386 NTNI NM 004822 AKT3 |.47 <. 0001 AKT3 NM OD5465
41 .".~, . "s ork! GCene - Iﬂéf(a E Val ue ol .
*R7o7nber CALM 1.46 0.0007 CALDI NM 004342 | GFBP7

1. 46 0.0019 | GFBP7 NM 001553 VEGFC 1.45 0. 0092 VEOFC
NM 005429 BON 1.44 0, 0002 BON NM 001711 CYPIBI 1.44
0.0180 CYPIBI NM 000104 DLCl 1.43 0.0012 DLCI NM
006094 S| 7.43 0.0063 Si NM 001041 CCNE2 variant 1
1 MR ptypistlly iGoREBRNANobEA fevgr humanBghotls.of Bmr 60Red, AMMErresponding
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19f¥PNA does a@ﬁﬂ@#@ B ANVbO:B6Y & denséClrray., Biafetabl 1eadf@h,008Mucleotide
Ofbgi%ehdes afbhpplied to3the SibSaal) TAERK Y M% 0,0 i O%z& Iﬁbﬂ%@nwrochnp at

B S A By R s e
OlabRieE3cBNA/IPMbPODEB 86 gerSra@@/itbrough Biorfor@ih7ofHoRsdenf\Mdcleotides by

%ﬁ&&hanﬂcﬁﬁﬁﬂ ofRNA &&&%&m"ﬂl\lﬁ% M\ﬂm 00419 etedlc é\é:f%phed to

. %E%%éhy, idize ww?fc]%z%btg 7NBBlO 2 gge?ﬁgg %:ilier“rsmngent washing to

remove non-specifically bound probes, the chip is scanned by confocal laser microscopy or by

another detection method, such as a CCD camera. Quantitation- of hybridization of each arrayed
element allows for assessment of comesponding mRNA abundance. With dual color
fluorescence, separately labeled ¢DNA probes generated from two sources of RNA are
hybridized pair wise to the array. The relative abundance of the transcripts from the two sources
corresponding to each specified gene is thus determined simultaneously. The miniaturized scale
of the hybz.-idization affords a convenient and rapid evaluation of the expression pattern for large
numbers of genes. Such methods have been shown to have the sensitivity required to detect rare
transoripts, which-are expressed at a’ few copies per cell, and to reproducibly detect at least
approximately two-fold differences in the expression levels. (Schena et al., Proc. Natl. Acad. Sci.
US4 93(2):106-149 (1996)). Microarray anaiysis can be performed by commercially available

_equipment, following manufacturer's protocols, such as by using the Aﬁ'ymetrix GenChip
technology, or Incyte's microarray technology.

[0110] The development of microarray methods for large-scale analysis of gene
expression makes .it possible to search systematically for molecular markers of cancer
classification and outcome prediction in a variety of tumor types.

e. Serial Analysis of Gene Expression (SAGE)
[0111]  Serial analysis of gene expression '(SAGE) is a method that allows the

simultaneous and quantitative analysis of a large number of gene transcripts, without the need of



RBXI 134 0.0469 RBXI NM 014248 | NHBB 134 0.0514 | NHBB

NM 002193 PKR2 7.34 0.0628 PKM2 - NM 002654 FOCS 1. 33

0. 0006 FOS NM 005252 FYN 133 0. 0036 FYN NM 002037

LOXL2 1.33 0.0064 LOXL2 NM 002318 STCI 1.33 0.0 o0l

STCI NM 003155 DKKI 1.33 0.0208- DKKI NM 012242

10FBPS 132 0. 0064 | GFBPS NM 000599 EPAS1 1.32 0.0270

EPASI NM 001430 UNCSC 1.32 0.0641 UNCSC NM 003728

FAP 1.31 0.0017 PAP NM 004460 42 Fazaid - - -"': ";:
kccessiofi, Gene Ratio ... ValUe Oim M bol. Nunber

| GFBP3 131 0.0041 | GFBP3 NM 000598 SNA12 1.31 0.0055

SNA12 NM 003068 PRKCA 131 0. 0065 PRKCA NM 002737 FST

1.31 0.0399 FST NM 006350 KCNH2 iso a/b 1.31 0.0950

KCNH2 NM 000238 CTHRCI 1.30 0: 0017 CTHRCI NM 138455
PPEFGinE30 iIglivddathybbiaGoo b6 P&Eh trinciwipt. 136, @s1f48ubseRtag (about
N80 1804 ochBGh bt Ahule R EA GO OR Rty SEARS » wanooro,
1.30..0,010 e‘g 3118 KLF6 1.30.0.05 4 KLF

oBrPEHed teRf ﬁagrs'sbma B 43RS RARFiETEHRD cachpgtcript. z“g‘ben’ many
0 rOB &Rt O RBkeAbdzeB& 5Gfrm SinPlserikl DOlelBORA cfl Helsequvheed, revealing the

l 0 on 0
11300 ST B P Srabier b L M8 oo U lrin o

1.29
NIFSErEPsS9an by apasfitatvely qyalypisdby;detesminige trbygncegRinsividugl tags, and
OidedtTPing\Rie2gchd/c @R MAing koO¥ach 4/ Bor GRS At SNMGCED%Ibﬁlesau et al.,

%%2%@4784989963& 9@%&%9@&%&1 8245134 (104, 0. 0083
CXCR4 NM 00346 BEE 1.2/ 0 0943CBIBPBN 05194i

AKAPI & 1. 2&ene gy ) :
0. 0100[0ADBMT Sh Mﬂoﬂsﬁ%ﬁed E;Rmane:tzsazo NMB38 BOREMBIN8:630-634

&6&? 5is agtglzrg I\l}%oéﬁ%%lé %g%nﬁlﬁ;gon%l %ﬁ%%\ %%1 with in vitro”

%C‘f meligss of toup %%@4@@&5?2»*%%&0 aricrobepgea) Fl!et, semicrobead
O].ﬂﬁé’r? of MbmﬁM% Gofi3fducted by in vitro cloning. This is followed by the assembly of

a planar array of the template-containing microbeads in a flow cell at a high density (typically

greater than 3 x 10° microbeads/cm®). The free ends of the cloned témp]ates on each microbead
are analyzed simultaneously, using a ﬂuo‘rescénce—based signature sequencing method that does
not require DNA fragment separation. This method has been shown to sixix{xltaneéusly and
accurately provide, in a single operation, hundreds of thousands of gene signature sequences
from a yeast cDNA library.‘

g Immunohistochemistry )
[0113] Immunohistochemistry methods are also suitable for detecting the expression

levels of the prognostic markers of the present invention. Thus, antibodies or antisera, preferably
polyclonal antisera, and most preferably monoclonal antibodies specific for each marker are used
to detect expression. ‘The antibodies can be detected by direct labeling of the antibodies
themselves, for example, with radioactive labels, fluorescent labels, hapten labels such as, biotin,
or an enzyme such as horse radish péroxidase or alkaline phosphatase. Alternatively, unlabeled
primary antibody is used in conjunction with a labeled 'se.g:ondar).l antibody, comprising antisera,
polyclonal antisera or a monoclonal antibody specific for the primary antibody.
Immunohistochemistry protocols and kits are well known in the art and are commercially
available.

h. Proteomics
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may also be inferred from information regarding chromatin structure, such as for example the
methylation status of gene promoters and other regulatory elements and the acetylation status of
histones.

" [0116] In particular, the methylation status of a promoter influences the level of
expression of the gene regulated by that promoter. Aberrant methylation of particular gene
promoters has been implicated in expression regulation, such as for example silencing of tumor
suppressor genes. Thus, examination of the methylation status of a gene’s promoter can be
utilized as a surrogate for direct quantization of RNA levels.

[0117} Several approaches for measuring the methylation status of particular DNA
elements have been devised, including methylation-specific PCR (Herman J.G. et al. (1996)
Meﬂxylatxon-speclﬁc PCR: a novel PCR assay for methylation status of CpG islands. Proc. Natl
Acad. Sci. USA. 93, 9821-9826.) and bisulfite DNA sequencing (Frommer M. et al. (1992) A
genomic sequencing protocol that yields a positive display of S-methylcytosine residues in
individual DNA strands. Proc. Natl Acad. Sm USA. 89, 1827-1831.). More recently,
microarray-based technologles have been used to characterize promoter methylation status
(Chen C.M. (2003) Methylation target array for rapid analysis of CpG island hypermethylation
in multiple tissue genomes. Am. J. Pathol. 163, 37-45.).

J- Coexpression of Genes
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0@7&%&[3ted early after exposure of cells to certain stimuli. A variety of stimuli trigger

transcription of early response genes, e.g. exposure to growth factor s, which enables cells to
quickly increase their motility and their ability to transport’ nutrients such as glucose. This
expression cluster is referred to herein as the Early Response cluster.

. | [0122] In yet another embodiment, an expression cluster identified herein includes
MCP1, CD68, CTSB, OPN, and other genes encoding proteins usually associated with cells of
the immune system. This expression cluster is referred to herein as the Immune cluster.

[0123] In a further embodiment,_gn expression cluster identified herein includes
CCNE2, CDC20, SKP2, CI-IKI, BRCAL, CSEL1 and other genes implicated in cell proliferation
and regulation of the cell cycle. This ex.ptession cluster is referred to herein as the
Proliferation/Cell Cycle cluster.

k. "General Description of the mRNA Isolation, Purification and Amplification

[0124] The steps of a representative protocol for profiling gene expression using
fixed, paraffin-embedded tissues as the RNA sburce, including mRNA isolation, purification,
Jprimer e)_ctenéion and amplification are provided in various published journal articles (for
cxample: T.E. Godfiey et al,. J. Molec. Diagnostics 2: 84-91 (2000); K. Specht et al.; Am. J.
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necessary to correct for (normalize away) both differences in the amount of RNA assayed and

variability in the quality of the RNA used. Therefore, the assay typically measures and
incorporates the expression of certain normalizing genes, including well known housekeeping
genes, such as GAPDH and Cypl. Alternatively, nommalization can be based on the mean or
median signal (Ct) of all of the assayed genes or a large subset thereof (global normalization
approach). On a ger':e-by—gene basis, measured normalized amount of a patient tumor mRNA is
compared to the amount found in a colon cancer tissue reference set. The number (N) of colon
cancer tissues in this reference set should be sufficiently high to ensure that different reference
sets (as a whole) behave essentially the same way. If this condition is met, the identity of the
individual colon cancer tissues present in a particular set will have no significant impact on the
relative amounts of the genes assayed. Usually, the colon cancer tissue reference set consists of
at least about 30, preferably at least about 40 different FPE colon cancer tissue specimens.
Unless noted otherwise, normalized expression levels for each m.RNA/tested' tumor/patient will
be expressed as a percentage of the expression level measured in the reference set. More
specifically, the reference set of a sufficiently high number (e.g. 40) of tumors yields a
distribution of normalized levels of each mRNA 'species. The level measured in a particular
tumor sample to be analyzed falls at some percentile within this range, which can be determined
by methods well known in the art. Below, unless noted otherwise, reference to expression levels
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qgs%@—%%design (Appiied Biosystems); Primer3 (Steve Rozen and Helen J. Skaletsky (2000)
Primer3 on the WWW for general users and for biologist programmers. In: Krawetz S, Misener
S (eds) Bioinformatics Methods and Protocols: Methods in Molecular Biology. Humana Press,
Totowa, NJ, pp. 365-386).

[0128] The most important factors considered in PCR primer design include primer

length, melting temperature (Tm), and G/C content, specificity, complementary primer
sequences, and 3’-end sequence. In general, optimal PCR primers are generally 17-30 bases in
length, and contain about 20-80%, such as, for example, abc;ut 50-60% GHC bases. Tm’s
between 50 and 80 °C, e.g. about 50 to 70 °C are typically preferred. ‘
[0129]  For further guidelines for PCR primer and probe désign see, e.g. Dieffenbach,
C.W. et al,, “General Concepts for PCR Primer Design” in: PCR Primer, A Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York, 1995, ppP- .133-155; Innis and Gelfand,
“Optimization of PCRs” in: PCR Protocols, A Guide to Methods and Applications, CRC Press,
London, 1994, pp. 5-11; and Plasterer, T.N. Primer.sclect: Primer and probe design. Methods
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Qn a0 autorpgtpd inplep@mation of the method), each with one or more of the various reagents
(typically in concentrated form) utilized in the methods, including, for example, pre-fabricated
microarrays, buffers, the appropriate nucleotide triphosphates (e.g., dATP, dCTP, dGTP and
dTITP; or gATP, tCTP, rGTP and UTP), reverse transcriptase, DNA polymerase, RNA

polymerase, and one or more probes and primers of the present invention (e.g., appropriate

length poly(T) or random primers linked to a promoter reactive with the RNA polymerase).
. Mathematical algorithms used to estimate or quantify prognostic or predictive information are
also properly potential components of kits.
o. Reports of the Invention
[0131)  The methods of this invention, when practiced for commercial diagnostic
purposes generally produce a report or summary of the normalized expression levels of one or
more of the selected genes. The methods of this invention will produce a report comprising a
prediction of the clinical outcome of a subject diagnosed with colorectal cancer following
surgical resection of said cancer. The methods and reports of this invention can further include
storing the report in a database. Mtemﬁvely, the method can further create a record in a
database for the subject and populate the record with data. In one embodiment £he report is a
paper report, in another embodiment the report is an auditory report, in another embodiment the
report is an electronic record. It is contemplated that the report is provided to a physician and/or

the patient. The receiving of the report can further include establishing a network connection to
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A Study to Explore Relationships Between Genbmic Tumor Expression Profiles and the
Likelihood of Recurrence in Dukes’ B and Duke’s C Patients Treated With Resection of the

Colon

[0135] The primary objective of this study was to determine whether there is a
significant relationship between the expression of each of 757 amplicons identified in Table B
and clinical outcome in stage II and stage XII colon cancer patfents who receive colon resection
(surgery) without chemotherapy.

" Study Design

[0136)  This was an exploratory study using tissue and outcome data from National
Surgical Adjuvant Breast and Bowel Project (NSABP) Studies C-01 and C-02 in up t.o 400
Dukes B (stage IT)-and Dukes C (stage III) patients who received colon resection (surgery) only
or surgery and postoperative Bacillus Calmette-Guerin (BCG).

- Inclusion Criteria .

[0137]  Patients enrolled in either NSABP Study C-01: “A Clinical Trial To Evaluate
Postoperative Immunotherapy And Postoperative Systemic Chemotherapy In The Management
Of Resectable Colon Cancer” or NSABP Study C-02: “A Protocol To Evaluate The
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Gene Panel
[0141] ; Seven hundred sixty-one genes, including seven reference genes, were chosen
for expression analysis. These genes are listed in Table A together with the sequences of primers

and probes used in qRT—PCK to determine expression level.

Experimental Materials and Methods
[0142]  The expression of 750 cancer-related genes and 7 genes designated for use as
reference genes was quantitatively assessed for each patient using TaqMan® RT-PCR, which

was performed in singlet with RNA input at 1 nanogram per reaction.

Data Analysis Methods

Reference Normalization

[0143] For normalization of extraneous effects, cycle threshold (Cy) measurements

obtained by RT-PCR were normalized relative to the mean’ ex,pressioxi of a set of six reference
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Acad Sci IS)SA, 98:5116-5121.; Storey JD, Tibshirani R (2001) Estimating false discovery rates

under dependence, with applications to DNA microarrays. Stanford: Stanford University,
Department of Statistics; Report No.: Technical Report 2001-28.; Korn EL, Troendle J,
McShane L, Simon R (2001) Controlling the number of false discoveries: Application to high-
dimensional genomic data. Technical Report 003. 2001. National Cancer Institute.) were applied

to the resulting set of p-values to estimate false discovery rates. All analyses were repeated for
each of the alternative endpoints: distant recurrence free interval (DRFI), overall survival (OS),
and disease free survival (DFS).

Multivariate Analysis

[0146]  For each of the 757 amplicons under study, we used the Cox proportional
hazard model fo examine the relationship between gene expression and RFI, while controlling
for the effects of other standard clinical covariates (including tumor location, surgery type, tumor
grade, ‘number of lymph nodes examined, and number of positive lymph nodes. The difference
in the log likelihoods of the (reduced) model including only the standard clinical covariates and
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diagnostic methods for Cox regression models through hazard smoothing. Biometrics, 46:93-
102.). Additionally, cumulative sums of Martingale residuals from each the same Cox
proportional hazards models were used to detect departures from linearity (Lin D, Wei L, Ying
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Interaction with Stage
[0148] We determined whether there is a significantly different relationship between

gene expression and RFI in stage II and stage III patients. For each of the 757 amplicons, we
tested the hypothesis that there is a significant difference between the (reduced) proportional
hazards model for gene expression and tumor stage versus the (full) prdportional hazards model
based on gene expression, tumor stage, and their interaction. The difference in the log
likelihoods of the reduced and full models was used as the test of statistical significance.

[0149]  Table A shows qQRT-PCR probe and primer sequences for all genes included
in the study described in the Example. :
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003873[0154] Table 2A shows associations for those genes whose increased expression is

predictive of decreased rate of Overall Survival (OS) based on univariate proportional hazards
analysis. '

[0155] Table 2B shows associations for_ those genes whose increased expression is
predictive of increased rate of Overall Survival (OS) based on univariate proportional hazards
analysis.

[0156] Table 3A shows associations for those genes whose increased expression is
predictive-of decreased rate of ﬁisease Free Survival (DFS) based on univariate proportional
hazards analysis. ' ‘

[0157] Table 3B shows associations for those genes whose increased expression is
predictive of increased rate of Disease Free Sui'ViVal (DFS) based on univariate proportional .
hazards analysis. )

[0158] Table 4A shows associations for those genes whose increased expression is
predictive of shorter Distant Recurrence-Free Interval (DRFIL) based on univariate proportional
hazards analysis. _

[0159] Table 4B shows associations for those genes whose increased expression is
predictive of longer Distant Recurrence-Free Interval (DRFI) based on univariate proportional

hazards analysis.
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[0166] Table 2A shows associations between clinical outcome and gene expression

for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Umvanate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and
Stage ITI (Duke’s C) patients using OS as the metric for clinical outcome.
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Stage III (Duke’s C) patients using DRFI as the metric for clinical outcome.
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[0172] © Table 5A shows associations between gene expression and RFI, controlling
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genes are listed whose express:on correlates with RFI (p<0.1) and which demonstrated a Hazard
Ratio >1 in a multivariate analysis including the following varxables tumor locatlon, surgery,

tumor grade, nodes examined, and number of positive nodes.
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[0173] Table 5B shows assaciations between -gene expression and RFI, controlling
for particular demographic and clinical characteristics of patients included in the analysis. All

genes are listed whose éxpression correlates with RFI (p<0.1) and which demonstrated a Hazard
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[0174]. Table 6 shows associations between gene expression and clinical outcome
based on a nonlinear proportional hazards analysis, using a 2 degree-of-freedom natural spline.
All geﬁes are listed which demonstrated a departure from a strictly linear relationship (p<0.05) -
with RFI in combined Stage II (Duke’s B) and Stage III (Duke’s C) patients. The relationship
between gene expression and RFI was not constant throughout the observed ranée of expression
values in the study, e.g. increases in gene expression may have been related to increases in
duration of RFI in one portion of the observed range and with decreases in duration of RFI in a

different portion of the range.
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' [0186] . Table 2.2B shows associations for those genes whose increased expression is

predictive of increased rate of Overall Survival (OS) based-on univariate proportional hazards

analysis. ] .

[0181] Tgble 3.2A shows associations for those genes whose increased expression is
predictive of decreased rate of Disease Free Survival (DFS) based on univariate proportional
hazards analysis. '

[0182] Table 3.2B shows associations for tho'se genes whose increased expression is
predictive of increased rate of Disease Free Survival (DFS) based on univariate proportional
hazards analysis.

- [0183] Table 4.2A shows associations for those genes whose increased expression is
predictive of shorter Distant Recurrence-Free Interval (DRFI) based on univariate proportibnal

hazards analysis.
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[0189] Table 1.2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and
Stage III (Duke’s C) patients using RFI as the metric for clin.ical outcome.
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Grb10 1.18 0.0173 GRB10 NM_005311
ERK1 1.18 0.0464 211696




O<aada U-ar aas o< W aas 00QpaCUUU U
Va a (9 QFUU1l-- ~QFaO 00 1~ m(C9 10-0 UV Q
(W 1-UU (9U a0 Cal O0a (9Q 00 NUa OF U9UO0O
1- V UC 0O 0) 00 0) EEEEEO) EEMEEEEE
EO) EEEEEEE'CC'C'C'Caaa aaa as n.
O aaa 0 V0 -20 72my 0.2m mmyNdm.pd
m9dNO~ad 222d 6. R aaQ L1O0 Q ILd
[ TLI2 aNNNA CONI1- OOOmorrrt+) 0O
O0O0OO0OO0OO N 211 1 ~I ~1811 zzzzzz2zCON
OcU (O0) UCOOMOUOO C7T Q6 a 100 NQ V
NtOti NO ONC) sFanWrmO)dNCOV o NNNN
N NN AT S R B e o ; g
0O @ O Geke 00
Zr [\ak Z Z ZZ i
| OlEfRz2 Mo 09 af gs a0jal UE‘a7§’U ap Oa ggRl; 00 @0 W:g@osa
ILTJF l%-‘-BHS \'(\: \'(\: an\ W V\({,}I”VV W VVr\:IVR 4,53‘{,‘/ W —\(\ :IV l‘&’-‘é’&sw W—\:IV Nl\b.:.ﬁl}_‘\ﬁ.gg
o DA A (T K N Pl A T L
O ul. F 00OQ ob 7L H H B%F2 g lc 18 gy vig “E‘h—P?B%aS
od¥PL 01 (U U 7T EL U840 Q U E ARRI L (NMi903pp3
UIBICERS U C7|lu ~at¥ vv tcai0e43 ~ g5 ATGER3] Q9 | ~-NMYo9S7
. c~jB ~0 UH ~~| ~ . o007 0.0437 D3 NM_002167
F3 1.17 0.0157 E3 NM_001993
CTGF 1.147 0.0394 CTGF NM_001901
KRT19 1.47 0.0517 KRT19 NM_002276
PAlI1 1.17 0.0033 SERPINE1 NM_000602
FAP 1.17 0.0260 FAP NM_004460
ANXA1 1.16 0.0688 ANXA1 NM_000700
KLK10 1.16 0.0009 KLK10 _NM_002776
EFNB2 1.16 0.0447 EFNB2 NM_004093
P14ARF 1.16 0.0573 878535
MCP1 1.16 0.0359 ccL2 NM_002982
PLK3 1.16 0.0296 PLK3 NM_004073
ANTXR1 1.16 0.0243 ANTXR1 NM_032208
ADAMTS12 1.16 0.0346 ADAMTS12 NM_030955
EGR3 1.16 0.0109 EGR3 NM_004430
APC 1.16 0.0733 APC NM_000038
PDGFC 1.16 0.0326 PDGFC NM_016205
BMP4 1.16 0.0151 BMP4 NM_001202
HOXB7 1.16 0.0281 HOXB7 NM_004502
NDRG1 1.15 0.0912 NDRG1 NM_006096
Herstatin 1.15 0.0380 ’ AF177761
TMEPAL 1.156 0.0268 TMEPAI NM_020182
IL6 1.15 0.0914 ILé NM_000600
PDGFA 115 | 0.0599 NM_002607
TGFB! 1.15 0.0439 TGFBI NM_000358
Upa 1.15 0.0740 PLAU NM_002658
S100A4 1.15 0.0621 S100A4 NM_002961
SLPt 1.15 0.0447 SLPt NM_003064
KLK6 1.15 0.0112 KLK6 NM_002774
COL1A1 1.15 0.0637 COL1A1 NM_000088




)) CDvia--. ~a 0 1- ci cai UOc Q. CSUQURQF-
F- a UUt- 1- UU I- U mdmmmdmd mdm EE
EE EEEEEEEEEEE -cc-c'cczEc'ccz
cC,cc dO0. aaaba0. 0.a4 0. 00. vO-2mP
0'2 UmaOvoO-2anm2 mmmm~mmE "mm-~)
ismY-) Am mOayi ayi of a~i o moeo EdO 2
mo '$ n wa ow_ wa a: u. g,vaau-0'12NNNN
Ctln CCU) O mNd O 0 O 00 OM zZzzz2zZZ Z
Z NFNUm aQ4 Q101 I 210nWOr.NmIf) <0
nmO0) O.- NMIn mn ’\VWVtou)to LL) Y) NIO

u) (o Wto, fpcocomOOOOOOOOOOOOOOOOO

00 F U U Ol e iR _

00 [00. 6@e00: (40 -00rR8G7DE. -5 ‘Lig’tv I\

W ek W WW'WWV\hWWWWWdAédl;OW NICm U(s.ﬂszU 0 'Y

NZ [ekd«CU tm Qo UU 60 Cn [C7 cidedd U U EkpU U d(,K,M  deb2oe

1- Trpsed U =P Usd ™ U0 pasU OO 53055~0 i NSossst

o Lo A A N D ST A - T N R T

C7 Yo e Ml o Py oy TRETC | T agsre

COIRNE “p ¢ o & a0 1%8%Bn Jo LEFR p )y NeSogeps

F- (9?1094}2' 0 1.14 0.0045 . 100A2 NM 005978
AKT3 1.14 0.0949 AKT3 NM_005465
SEMA3B 1.13 0.0467 SEMA3B NM_004636
BRK - 1.13 0.0476 PTK6 NM_005975
osM | R 1.13 0.0344 OosM NM_020530
SFRP2 . : 1.12 0.0279 SFRP2 NM_003013 °
MRP3 1.12 0.0946 i ABCC3 NM_003786
EGLN3 - BERY 00452 EGLN3 NM_022073
SIAT7B 142 0.0603 STEGALNAC2 NM_006456
OPN, osteopontin 1.12 0.0082 SPP1 NM_000582
S100P 1.12 0.0313 S100P NM_005980
AKAP12 1.12 0.0865 AKAP12 NM_005100
MMP7 1.1 0.0809 MMP7 . © NM_002423
FABP4 1.11 0.0214 FABP4 " NM_001442
CRYAB 1.1 0.0860 CRYAB NM_001885
SFRP4 1.10 0.0625 SFRP4 NM_003014
EFNA3 : 1.10 0.0707 EFNA3 ' NM_004952
GSTT1 1.09. 0.0516 GSTT1 NM_000853
pS2 1.08 0.0313 TFF1 NM_003225
REG4 1.08 0.0080 REG4 . NM_032044
IGFBP2 1.08 0.0846 IGFBP2 . NM._ 000597
MUCs8 1.08 0.0387 MuUCs8 XM_039877

[0194] Table 3.2B shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox
Proportional. Hazards Regression analysis was applied in combined Stage II (Duke’s B) and
Stage IIT (Duke’s C) patients using DFS as the metric for clinical outcome.
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[0195] - Table 4.2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage LI (Duke’s C) patients using DRFI as the metric for clinical outcome.

|aLDoA 0.0189 ALDOA NM_000034
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COX2 0.0198 PTGS2 NM_000963
TIP1 0.0122 TJP1 NM_003257
STAT3 0.0148 STAT3 NM_003150
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TGFB3 1.22 0.0673 TGFB3 NM_003239
KLK6 1.21 0.0288 KLK8 NM_002774
ANTXR1 121 0.0942 ANTXR1 NM_032208
FZD6 : 1.20- 0.0479 FZD6 NM_003506
Iwv-2- 1.20 0.0930 LILRB1 NM_006669
S100A2 1.20 0.0116 S100A2 NM_005978
MMP? . 1.18 0.0987 MMP7 NM_002423
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OPN, osteopontin 117" 0.0301 SPP1 NM_000582
KLK10 1.16 0.0581 KLK10 NM_002776
pS2 1.15 TFF1 NM_003225
REG4 1.14 REG4 NM_032044
MUC2 , 1.09 Mucz NM_002457 _
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[0196] Table 4.2B shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and )
Stage III (Duke’s C) patients using DRFI as the metric for clinical outcome. ' o

Gene’." e ‘-' ) o e ; i -
HSPAS 048 0.0114 HSPAS NM__006597
RPS13 0.64 0.0082 RPS13 NM_001017
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for particular demographic and 'clinical characteristics of patients included in the analysis. All
genes afe listed whose expression correlates with RFI (p<0.1) and which demonstrated a Hazard
Ratio <1 in a multivariate analysis including the following variables: tumor location, year of

" surgery, tumor -grade, treatment protocol (C-01 or C-02), BCG treatment (yes or no), and
classification of patients according to lymph node status as follows: 0 positive nodes and <12

nodes examined, O positive nodes and =12 nodes examined, 1-3 positive nodes, and =4 positive
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1. A nmethod of predicting clinical outcome for a human
subj ect di agnosed with col orectal cancer foll ow ng
surgical resection of said cancer, conprising: .
determ ning a normalized expression |evel of an RNA
transcript of MYBL2, or an expression product
thereof, in a biological sanple conprising cancer
cells obtained from said huggp subj ect, and;
predi cting the |likelihood of positive clinica
out cone for said human subject based on said
normal i zed expression |evel, wherein normalized
expression of an RNA transcript of MYBL2, or an
expressi on product thereof, is positively correl ated
with an increased |ikelihoddaims a positive clinical
outcone. 2. The nethod of claim1l, wherein said
normal i zed expression |evel of an RNA transcript of
MYBL2 is determ ned using a PCR-based nethod. 3. The
L. met Adeetsd of predieting cligirel etpomeiora henaresubigeldliagrpyed ydthsplorectal
calc8¥fBllod e SRETRILLAbnF LAl bifer LonflifigeXpr essi on | evel
transcript of at |east one- reference ene.
4. detemirirgrorprgplized grpressionpiet @ﬂ a8 RO%A transeriptiof FYBL2, or an
ext s oRl 'ﬁﬁ)dh& ﬂﬁa}(&&" 62 8 6fbidgical prlgﬁg W4dcEefls SbtiRed from said
I nt erval ( FI')," Overall Sur va Di sease- Free
hurgayy spbigelh afdDFS) | or Di stant Recurrence- Free |nterval '
( Dﬁfrlealct theﬁh&llﬁ%ﬁl?)‘?g Buiiti{;é @infPatlout MR E é&d%'rﬁ%n subéect based on

col or ect cancer is stage Il) or
said nqraghized |el<9r65§®n deveb whlereermrﬂlzeé expressiopef mﬁNdftra@mmmf |
M YﬁBL?"’Btez{neéx re ?&Jc%@r%gfall @ﬁ]ilgg coreel it Rn 5 161eBQ8 likelihood ‘
stage |1 cancer. 243 ai s
oprosﬁnecmahwcme claim1, further conprising the step
of creating a report sunnarizing said prediction. 8.
A net hod of predicting in a hunman subject di aghosed
with Dukes B (stage Il) or Dukes C (stage Il1)
2. C ol 'ﬂ{emd of HEY, \?helﬁlh ?Aih n&%{%li%d xpletid bVt opzf.n RNA transcript of
col orectal cancer’ followm ng surgical resection of
MY$Hi2ds deferodned usiogrp PCRi-baged miethed-ni ni ng t he nornal i zed
expression |evel of an RNA transcript of MYBL2 in a
bi ol ogi cal sanpl e conprising cancer cells obtained
3. fr dive sethgd lofictaim 2 (idjecain sax@n@mabz@@pcgmsmgl levted is normalized relative
to tlL elr%giek olgve?f)f:{) %&H&?xpﬁéf &t RlaQofi6 rfc@ gl for the
n subj ect ase e nor e |ze ression .
| evel , mhereln normal i zed expressi on of an RNA
tr ? L,
o Pl Ol R 5 LA o
Recurmenceifree Igervi{FBeOherdll Soirvatah(O8)8DisvdseFederbusaval (DFS), or Dist_ant

X on |level is determned using a

RGC%I‘%IF gxﬂe'% lﬁb?%ﬂlo The net hod of claim8, wherein,

if said likelihood of recurrence of colorectal cancer
5. Itﬁgpap {heg F cg%mﬁlg e at sla?({] colore tg’llr'lg}lscgerg : Gﬁiu 2% ? £sl{agr,ﬁ§r r Dukes C
(stagcﬂllmocdométalaiamem 10; wher e| n sal d furt her ther apy is

chenot herapy and/or radiation therapy. 12. The nethod

of claim@8, further conprising the step of creating a
6. rePhe inethodoftuldimi 3) ghe@intkaidsobatedilicamter ik DukdnB (stmdel1Dbr @lukes C

clalm9, wherein said normalized expression level is
Gu@ﬁéﬁ%ﬁ%ﬂ?@ﬂ“?elatlve to the expression |evel of an RNA

transcript of at |east one reference gene. 244 (ains

14. The nmethod of claim@8, wherein said col orectal

cancer is Dukes B (stage Il) or Dukes C (stage I11)

col on cancer




15. A report conprising: information regarding a
prediction of a clinical outcone for a human subj ect
di agnosed w th colorectal cancer follow ng surgica
resection of said cancer, wherein said prediction of
clinical outcome is based on information conprising
the normal i zed expression | evel of an RNA transcript
of MYBL2, or an expression product thereof, in a
bi ol ogi cal sanpl e conprising@43ancer cells obtained
fromsaid human subj ect, wherein evidence of increased
normal i zed expression of an RNA transcript of MYBL2,
or an expression product thereof, indicates a
i ncreased likelihood of a 8o$itive clinical outcone.
16. The report of claim 15, ein said clinica
outcone is expressed in terns of Recurrence-Free
Interval (RFI'), Overall Survival (0S), Disease-Free
Di stant _Recurrence-Free Interva

Sur or
F'#lﬁe ﬂ‘(?EF?ﬂé‘mr bﬁb‘lﬂlﬂ qumsﬁigﬁli‘el%ep qfjsesptingp repgrsummarizing said

mﬁauﬂmectal cancer is Dukes B (stage 11) or Dukes C
(stage I1l) colorectal cancer. 18. The report of claim
- 15, wherein said colorectal cancer is Dukes B (stage

8.1'L) Oomethbtkétprédicting irP&Rundn! shbje@d3n SR8 #4th Dukes B (stage IT) or Dukes C
(stage III) colorectal cancer a likelihood of recurrence of colorectal cancer following surgical

resection of said cancer, comprising:

detennihing the normalized expression level of an RNA transcript of MYBL2 in a
biological sample comprising cancer cells obtained from said human subject, and;

predicting the likelihood of recurrence of colorectal cancer for the human subject based
on the normalized expression level, wherein normalized expression of an RNA transcript of

MYBL2 is positively correlated with decreased likelihood of recurrence of colorectal cancer.

9. The method of claim 8, wherein said normalized expression level is determined using a

PCR-based method.

10. The method of claim 8, wherein, if said likelihood of recurrence of colorectal cancer is

increased, said patient is subjected to further therapy following said surgical resec;ﬁon.

11.  The method of claim 10, wherein said further therapy is chemotherapy and/or radiation

therapy.

12.  The method of claim 8, further comprising the step of creating a report summarizing said

prediction. -,

13.  The method of claim 9, wherein said normalized expression level is normalized relative

to the expression level of an RNA transcript of at least one reference gene.
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14. The method of claim 8, wherein said colorectal cancer is Dukes B (stage II) or Dukes C

(stage III) colon cancer.

15. A report comprising:
information regarding a prediction of a clinical outcome for a human subject diagnosed

with colorectal cancer following surgical resection of said cancer, wherein said prediction of
clinical outcome is based on information comprising the normalized expression level of an RNA
transcript of MYBL2, or an expression product thereof, in a biological sample comprising cancer
cells obtained from said human subject, wherein evidence of increased normalized expression of

an RNA transcript of MYBL2, or an expression product thereof, indicates a increased likelihood

of a positive clinical outcome.

16.  The report of claim 15, wherein said clinical outcome is expressed in terms of

Recurrence-Free Interval (RFI), Overall Survival (OS), Disease-Free Survival (DFS), or Distant

Recurrence-Free Interval (DRFI).

17. The report of claim 15, whereiﬁ said colorectal cancer is Dukes B (stage H) or Dukes C

(stage III) colorectal cancer.

18.  The report of claim 15, wherein said colorectal cancer is Dukes B (stage II) or Dukes C .

(stage III) colon cancer.
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