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30  Clinical tests that help oncologists in making well-reasoned treatment decisions are
invaluable. Oncologists are repeatedly confronted with the decision of whether to treat or
forego treatment of a patient with chemotherapeutic agents. Current therapeutic agents for

cancer generally have modest efficacy accompanied with substantial toxicity. Thus, it would
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The deci sion whether to adm nister adjuvant chenotherapy i.s not
straightforward. There are approxi mately 33,000 newl y di agnosed Stage ||
col orectal cancers each year in the United States. Nearly all of these
patients are treated by performng a surgical resection of the tunmor and
subsequent to resection about 40% of the surgical patients are treated with
5-fluorouraell 20 (5-FU) based chenotherapy. The five-year survival rate
for Stage Il colon cancer patients treated with surgery alone is
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transcripts (raRNAs), usually resulting in translational repression or
target degradation and gene silencing. The human genone nay encode over
1000 m RNAs, which may target about 60% of mamalian genes and are abundant
in many human cell types. m RNAs were mot recogni zed. as a distinct class
of hi logical regulators with conserved functions until the early 2000s.
Since then, m RNA research has revealed nultiple roles in negative
regul ation (transcript degradation and sequestration, translational
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hsa- m R- 450b- 5p, and hsai ni R-1224-5p into cDNA; (b) at |east two probes
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wherein the probes are suitable for use in real-tinme polynerase chain
reaction, for exanple, quantitative real time polynmerase chain reaction
(ciRT-PCR or Q PCK) for quantifying the m RNAs present; and (c) a reverse
transcription priner for specifically reverse transcribing at |east one




Soni ¢ enbodi nents of the present invention are drawn to nethods for

determ ning the |ikelihood of the recurrence of colorectal cancer in a

subj ect conprising (a) providing a sanple fromthe subject containing snall
RNA; (b) detecting expression of each of the m RNAs of |asa-mr- 224-5p;
hsa-mr-5 hsa-mr-629; hsa-mr-885-5p; hsa-mr-139-3p; and lisamii-223";
and (c) calculating the probability that the subject will have a recurrence
of colorectal cancer according to |logistic regression analysis. BRIEF
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StHac q:i ag}? r& fgﬁ g an. A eccur vesand lglss%asebf ree tanz%lt sis of a
CRC r ecur FENEE BF Jif i G RIS USige T ECRTESaisEnt ™ 6Pt FEO8Y RSN CTi’Y ent i on.
25  present invention. Some of the claimed methods may further include preparing a report
including the recurrence score and/or the determination of the likelihood of CRC recurrence

made using the recurrence score .

Certain embodiments of the present invention are drawn to methods for determining the
30  likelihood of colorectal cancer (CRC) recurrence in a subject. Such methods may include
measuring the expression level of two or more micro ribonucleic acids (miRNAs) selected
from the group consisting of hsa-miR-363%, hsa-miR-1255b, hsa-miR-566, hsa-miR-1265,
hsa-miR-127-5p, hsa-miR-338-5p, hsa-miR-550a*, hsa-miR-588, hsa-miR-651, hsa-miR-
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10Fi gure 10 is a di agram showi ng an AURCC curve and di sease free anal ysis
of a CRC recurrence prediction nodel of on:. enbodinent |dle present
invention. Figure 1 is a diagram showi ng an AU ROC curve and di sease free
anal ysis:Jr a CRC recurrence prediction nodel of one enbodi nent of the
present invention. 15 Figure 12 is a di agram show ng an AUROC curve and
di sease free analysis of a CRC recurrence prediction nodel of one

enbodi ment of the present: invention. Figure 13 is a di agram show ng

an ALl ROC 0u, viga aMIR-581S aRgehik 1688 RARhiKY8S-5pf hah-IRCI B0Ipe GYA-FEReGEs PRGdi cti on
nodel or one enbadi nent of the g@esent invention. Figure 14 is a di agram

showi ng arPRURE: Nstrmii4 aed ro pack BreaniRy I24-aml § biobosise! smplcsamseising Sfce

predi cti onunmdelis sfaiperaredibRiMtt 10k ddasurif 8$8Atiord r&vama%e n%hﬂélfz&i 15is a
dlagranrsho%ng% an AURCC curve and di sease Free anal ysis of
MeEdi
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i nvent i on.colotetf gifes reparrgnse for deapRistiranbi iglelrminesRemedin werERer YPSease

free anal y$ksmOEmbddfaats FAM FreREECInNNEGH CtdoaR Jraiedaintd aRtogiThadinmmRt @ of
the present invention. Figure 19 is a dlagranrshomnng an AU curve and

di sease f r"é?é‘ldﬁrf&?%?‘gil%ad?poéi‘ erleding difr FPEHEECHPEH 819 Brihsreefeqmipitiop nd the

enbodi mentik@ifhobd6f PHEE ELMrenbOMENE UsR thefrbAiefoedBork.s @ di agram showi ng an
AURCC 8urve and di sease free analysis of a CRC recurrence prediction node

of ondlenbodi nent of the present invention. 10Figure 21 is a diagram

showi ng amcAMROmbEMMYERs 8Nt iveRRS Ard dr@en ANt Y& pBediind tHReurRRA4r TR E
predi ction nodel of one enbodi nent of the present invention. Figure 22 is a

di agr am sHOHFHREFCE N ARREEmRA YRR, ¢ it arnéeeééarlraébtwaﬁare\ysguﬁénﬁlpfaorm@ers

r ecur r enceof¥pediiGlly e@e@@%{scmmgme@mms serectw&oﬂrtees edtp teégntd on. 15
Figure 23 |; a dla ram show g AURCC curve_and di sease free anaIyS|s of
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di sease f meemanalMsipSnt@kDANACRC recurrence prediction nodel of one
enbodi nent of the present invention. Figure 26 is a diagram show ng an
Al f ROC curve and di sease free analysis of a CRC recurrence prediction nodel

of one enpoeirm@NdmRbiddAR, PKRSANEMPIINE ) laPRast two reverse transcription primers for
20 specifically reverse transcribing at least two miRNAs selected from the group consisting of
hsa-miR-363*, hsa-miR-1255b, hsa-miR-566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-338-

5p, hsa-miR-550a*, hsa-miR-588, hsa-miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-629,
hsa-miR-885-5p, hsa-miR-139-3p, hsa-miR-655, hsa-miR-1290, hsa-miR-450b-5p, and hsa-
miR-1224-5p into cDNA; (b) at least two probes that specifically bind to ¢cDNAs reverse

25  transcribed from the miRNAs, wherein the probes are suitable for use in real-time polymerase
chain reaction, for example, quantitative real time polymerase chain reaction (QRT-PCR or
Q-PCR) for quantifying the miRNAs present; and (c) a reverse transcription primer for
specifically reverse transcribing at least one noncoding RNA and a probe that specifically

binds a cDNA reverse transcribed from the at least one noncoding RNA, wherein the probe is

30  suitable for use in real time polymerase chain reaction, for example, quantitative real time
polymerase chain reaction (qQRT-PCR or Q-PCR) for quantifying the noncoding RNA

present.



Figure 27 is a diagram showi ng an AURCC curve and di sease free anal ysis of
a CRC recurrence prediction nodel of one enbodi nent of the present
invention. 30 10 Figure 29 is a diagram showi ng an AUROC curve and di sease
free analysis of a CRC recurrence predsction nodel of one enbodi nent of the
present invention. Figure 30 is a. diagramshow ng an AU. ROC curve and
di sease free analysis of a CRC 5recurrence prediction nodel of one

enbodi ment of the present invention. Figure 31 is a diagram showi ng an
AURCC cur w@naRehbedisseas ef fhe @R caRalYsigwelo Rethlhls fhedddrmineempliedimebs on nmodel
of one enbodi nent of the present invention. 10Figure 32 1s a diagram

showi ng anheABROENEUHFRIoMH! ensw s 8 sehies Inyalingeplechpg & thrtime of Golpwriak

predi cti on,flRdghoPfenRg seFh9 oMt s@fject @?a@in%ﬁ@&ffaédw@d?éllc%ber Elhg,uaﬁa 33 is a
dragranrshomnng an AUROC curve and di sease free anal¥3|s of

r ecur r encéd)py RHPE tAIF HoQBTuTOUs HIESUS 56 i Srdists2BF DPRE B?Slé%@‘ﬁt"f“fl?\‘ﬁéﬁlﬂq on. 15

Fi gur 534 tiforayad f@He@M SNQWoRE 1A cAIHIRNA ) Chi then BNEkudiSERSA chdtest sa@bysi s of
a CRC recurrence predi cti on nodel of one enbodinment cif the present

i nvent i on.(® and (b)Fj Weinpgethgmxiragted t%h@éﬁ%ﬁvﬁ%&rﬁﬂo%@ﬁ@aﬂﬁ}?@‘@ gAdigf sease
free anal ygiymeRfe haftRCactiOh SQUr-PERGE QRPEE) GhiRpeBERH & caoner eiadi @pnt  of

the present ‘invention. Figure 36 is a diagram show ntg an_AURCC curve and
di sease f ree @i fggmineghe aormh@drle‘@hpﬁe%@w%foqaet plofe FORNAS 6f hesnair-

enbodi ment;29f 5. hea HieSBB! hia M L1EbY;Ofka-nfil- mep FhatnSr-BoHpAGHANMsE /ML Y. an
AURCC curve and di sease .free analysis of CRC recurrence_ prediction nodel

of ondlentfbaicxrationflevehal HiedBiBAYAS] %Ué’ﬁtqoﬂﬁahzﬂ flatige B lavel of gpEsHaPShow ng

an AURCC Gifia8in@NAN GRANAs) REE6BNAYIIS4OIn e Gagprasecweemﬁe nBfrefiz&t 1 on
nodel of one epbodi ment: of the present invention. re 40 is a diagram

showi ng af*REROC gy csrn ar&e%tagéthr rpé’éeréwwnsthsﬂm&am thetdhi pubiest

predi cti orvimpgRla Bfur@RE 2R LEERhcPhal B@cﬂétﬂaﬁ&fﬁccdwal\{lg@élo@ﬂtlc Fogddign 41 is a
di agram showi ng an Al. TROCC curve and di sease free analysis of a CRC

recurrenc@P¥¥di cti on nodel of one enbodi nent of the present invention.
Figures42 is a diagram show ng an AUROC curve and di sease free anal ysis of
a CRC recurrence prediction nodel ~of one enbodi nent of the present
i nvent i on Cetpn m}yerhéwats qf ¢hey Prgrel I RIEROAE A EntoARRseRSsCigr elewrpingithease
free anal yigbimodd of tHeREcUrRaLY bERRSRiICRh&L 1197 BREl cafpriong (@mpedianent of the
present invention.

sample from the subject containing small RNA; (b) detecting expression of each of the

miRNAs of hsa-mir-1224-5p; hsa-mir-518b; hsa-mir-629; hsa-mir-885-5p; hsa-mir-139-3p;

20  hsa-mir-223*; hsa-miR-655; hsa-miR-1290; and hsa-miR-450b-5p; and (c) calculating the
probability that the subject will have a recurrence of colorectal cancer according to logistic

regression analysis.

Some embodiments of the present invention are drawn to methods for determining the
25  likelihood of the recurrence of colorectal cancer in a subject comprising (a) providing a
sample from the subject containing small RNA; (b) detecting expression of each of the
miRNAs of hsa-mir-1224-5p; hsa-mir-518b; hsa-mir-629; hsa-mir-885-5p; hsa-mir-139-3p;
and hsa-mir-223*; and (c) calculating the probability that the subject will have a recurrence of

colorectal cancer according to logistic regression analysis.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of one embodiment of the invention.



Figure 44 is a diagram showi ng an AURCC curve and di sease free anal ysis of
a CRC 15recurrence prediction nodel of one enbodi nent of the present
invention, Figure 45 is a diagram showi ng an AURCC curve and di sease free
anal ysis of a CRC recurrence prediction nodel of one enbodi nent of the
present invention. 20Figure 46 is a diagram show ng an AUROCC curve and

di sease free analysis of a CRC recurrence prediction nodel of one

enbodi ment of the present invention. Figure 47 is a diagram showi ng an

AURCC cur vgguand-1disSeasgraft @@vanahy $irsa 0hd@ HRRLEECH ORAGR PERMELk@n nodel
of one enbodi ment or the present jnvention, ure 48 is a diagram show ng

=
an AURCC &OPRECARYVaiehssasertes surytyal apalyds gia %1" ugrees Piedistien prddi B i on

nodel of QRRr esrediREREgaBTe PREICBIELTEAL NPVt hfdNSensitivity=i@UEodt Hfl B a
dlagran1shommn? an AU curve and di sease tree analysis of a CRC

30r ecur r effR¥ligFFE dYEE FdEriatoletuilgre BreCRYBaTTRRPE 5f OB FersEmt Mevent i on.

Fi gur 550 Higurep-0H @edsai cHime hamads Mn@lﬁraﬂlﬁlgﬁiﬁﬁsdﬂ,lvﬂﬁl@% dut-6& vanabysi s of
a CRC recurrence prediction nodel of one enbodi nent of the present

i nvent i on eCUTCRisERiF 6ct5a 15538 Hisk§ra Shodi Ry lantRORDECRUEY 82l disease
free anal y&tige @haset, Yife thé QEUIMEINE B REBRhEL LD sdtRdehsnf. one enbodi ment ol di e
present invention. S5Figure 52 is a diagram showi ng an AURCC curve and

di sease free analysis of a. CRC recurrence prediction nodel of one

enbodi mentrigte $-has RSB sHoWRMN ROROE @iWeCand JideBsedredisa8ihAMSINRW &t an

AURCC 8urve and di sease free analysis of .a CRC recurrence prediction nodel
of ondlentiddi wemtEenesiPreditiopmedeln{n frgrdneshise Pasfiveilgitictive X 2lug (BP\aFhardam

show ng arspéwm%pw, o 10icaRAGEs W sBUNS IbilOh predleite hRAMMIBRCE

predi ction nodel of one enbodi nent of the present invention., . _Figure 55
is a di agreitis ewisHg? BFoAUREEe culdvBO UGS e Shiae! fr|aéd> FAMNSING tBning CRC

15r ecur r eng@seR ek Gid QR ofMERE 0O fecOi@c€ FlRdcBNG. 1 ; Flagre B BSERLs rQURNL i on.

Fi gure 56 Ls,a gia ram showi ng an AURCC curve a&% di sease free analy5|s of
a CRC r ecGPREAtEOPr'adrition bwae dgrscondle sgul- b ntios! FrETpreKaistse

i nventsonorépgure 57 is a di agram show ng an AWROC curve and di sease free
anal ysis of a CRC recurrence prediction nodel of one enbodi nent of the
present invention. Figure 58 is a diagram showi ng an . AURCC curve and

di sease f FgRraanahy sise@fdaty ERCed @R GRORE ndhRdIQt by RBUBB &{d aNe44;
enbodi nment  of ghergresgnt invention, Figure 59 is a gjagran1shomjng an
AURCC cur V&VBHd Hrselfse af B taHY S iram fmy (opes: r R¥TRT eREEaRed iPERi ©h model
of one entb@&lffohi Giied @bn-tARrASBRARY. FRVRHOED-BM present dathridgtived & gBCR, di agr am
shomﬁgg_an,AUROC cyrve and di seas IS CRC 30recurrence

|

| g free,a% ‘éi of. a CRC 30r
predi &Y o HBHEPTHY 2¢5h £ TERB o dPERht Rt deREd Fa BT Hiivenpgipl iraw gPCR
Ct derived from paired non-tumorous tissue). Figures 55-60 present data derived from
microarray experiments, each candidate represent: tumor tissue array intensity/ normal tissue

array intensity). The specifics of Figures 4-60 are detailed below.

25  Figure 4 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.

Figure 5 is a diagram showing an AUROC curve and disease free analysis of a CRC
recurrence prediction model of one embodiment of the present invention.

30
Figure 6 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.



DETAI LED DESCRIPTION In the follow ng detail ed description, for purposes of
expl anation, nunerous specific details are set forth in order to provide a
t hor ough under st andi ng of the disclosed enbodinents. It will be apparent,
however, that one or nore enbodi ments gy be practiced w thout these
specific details. In other instances, well-known structures and devices are
schematically shown in order to sinplify the description. 100ne skilled in
the art will recognize many net hods and materials simlar or equivalent to
those des %%ubeed iBer ghftamWhb&heCOULIREE Used ahd disbBRe RFdClnh8is fr 4 RPr esent

i nvention. 1ndeed, the present invention is in no way limted to the

net hods arigFuffeice predicdorgaedet plaag empeiimest ppi§s BSsHt IV HEOHr esent i nvention, the
following terns are defined below. "M croRNA" and "tni RNA" as used herein

i ncl udes m croRNAs registered in the niRBasewérderoRNA dat abase

i rbase. ofggure &l ja tagam doving P ARRAE cUi iBne disepsedree apysisrofa CRE cr oRNA
sequenges rafferB BRURLPRodel Hont Unb&iihert 8F @8pRsdnfMnkindese 17) contains over
16 000 m croRNA gene loci in over 150 species, and over 19 000 distinct

mat ure m croRNA sequences. "M croRNA" and "nai RNA" as used herein include
both precyigas onk RNABgan hdQfRt 44 R URDIE DO 00 Wehse TR 4n@1y9% "dfUMoRC’ as
used herein, refers to all neoplastic cell growh and proliferation,

whet her ndfPgriAPredictienpdshol cap ambedimeit of the Acesnb¥e¥if cancer ous cel I's and
tissues. 25The ternms "cancer"” and "cancerous"” refer to or describe the
physi ol ogi cal condition in manmals that is typically characterized by

unr egt at EBuEell) igp sliterm emvereer UGN carve) &d ghwateyie yrbeknmier CRfhe term
' col or ect dcufrdRe Bfediclish M&RUof e LABodILORAEHE pResSRvamdnr efers to (1) all
stages and all forms of cancer arising fromepithelial cells of the large
intestine and/or rectumand/or (2) all stages and all forms of cancer

affecting e hi N AdiRfant BEWiRE 98 AUREStRR ABMHiRkse3Red Bl ofGlcRicect al
cancer ( is cancer that originates in either the large intestine

(col on) orecPHence gredighen medebpf Qg Arbediney of Be Pirent MME¥P may represent the

i dentiigal disease or simlar diseases at the nolecular level. 11 In the
stagi ng systens_used for classification of colorectal cancer, the colon and
rect um ar & 8 at &u2 £42e5We shivyamh 20 AP My et disateulitsr ananeeol af&e

met ast asi secud¥ pRiRGONFokY St BB eAbodikient AMBE beadht #QédHon. Conmi t tee on Cancer
(AACC (Geene et al. (eds.), ALICC Cancer Staging Manual. 6th Ed. New
York, N.Y.: Springer; 2002), the various stages of colorectal cancer are

defined agidue] IOWsa diagraht!BRSwingl dn AWRDC duRNhE SdiSuRMEOsRlysb26f 4 @RRY
|nvad§§ muscul ari s propri a; tumpr inyades through the nuscularis

T3:
propr P8 i AEcHTeNe Pedisit Bade! ofgne prpeslipen op®F Peesint BVEOper i rect al 10ti ssues:
T4: tunor directly invades other organs or structures, and/or perforates.
Node: NGO no regional | ynph node netastasis;]$ﬂ&: nmefastasis in |l to 3
regi onal &Y Ihdtadiagkpn shaying pa HEROG ogrvgrangyiseasea iy atysisyttph (Rédes.
15Met ast asdcgiredpredRtisH BbRNES JFBLASEASER of Me predinS IndBttioRt ast asi s present .
Stage groupings: Stage 1. 11 NO MO T2 NO MO Stage Il: T3 NO MO T4 NO O:

Stage any T, N12; MO, Stage IV: any T. any N, M 20According to the

Modi f ped Buke: B a0h NGheRYs ERMind B AIROOSuBlkagasdi@hscCREORRGIRI ofCANRET are
defined as follows: Stage A _the L%$Dr ﬁgnetrates into the nmucosa of the
bowel wal FeeHiiEnchBEediction Hde! ofgng gabestimeny opihe BEcRed PIXPROY 1t o and t hrough t he

nmuscul ari s propria of the bowel wall; Stage C tunor
Figure 16 is a diagram showing an AUROC curve and disease free analysis of a CRC
recurrence prediction model of one embodiment of the present invention.
30
Figure 17 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.



25 penetrates into but not through nmuscularis propria of the bowel wall,
there is pathol ogi c evidence of colorectal cancer in the |ynph nodes; or
tunmor penetrates into and through the muscularis propria of the bowel wall,
there is pathol ogi c evidence of cancergin 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. .30 Prognostic factors are those vari abl es
related to the natural history of colorectal cancer, which influence the
recurrenceidual e @Rt ARV aPAURNE SuRBCGAd tdiRYse NBeardBNR| APLERC
colorectal cancer. Cinical paraneters that have been associated with a

wor se pr ogifgrnse pigdiciiuemodepet ong smpediment af the Pist WEAECR-nvol venent, and hi gh
grade runors. Prognostic factors are frequently used to categorize patients
into subgroups with different baseline relapse risks, The term "prediction”
i s used héi®rnlt o pehiagran shaies pp KSR Yosarve rrad diseprat Fentnalipsis| ofiaf8Ca 5
recurr §D0§ec‘aiﬁrer98ﬁ~ediﬂ?&1 RERHHCInt ¥RbIBhORIBhO bretdiCinPE@SLNt | Nvention can be
used clinically to make treatnent decisions by choosing the nost
appropriate treatnment nodalities for any particular patienl. 1 he

t eMEDj ect Fiffe 208 h WMerdn€hfivng 8n AU RLESInAGlidehRakRanalyRisadt £eRedi nment

of the 10present invention the mammal is a human, The term"differentially
expr essed 'BUBesE REAicTiar Bodel plpng elpeshment af the psent itved¥28- anong i (thers) whose
expression is activated to a higher or lower level in a subject suffering
froma disease, specifically cancer, such as CRC, relative to its

expr e38i ofigure Al o kst skdying ar AURDG svecand ghisepss| figsi 9135 ofohERfcer ous
tissue takenmédcdPelifdBorSHEU L6 ond BRbEENE: BF §O pictit d@SioRI omar ker s whose
expression is activated to a higher or lower level at different staues of

t he sane di sease. Such differences nmay be evidenced by a change in

precursor FiouRNESS iOh diBtdM ShdWiidNAn S&Ul?@@%k@! dnd efiRed ﬂﬁ&nﬁrﬁtl)@fs dthe cricesent
invention are drawn to nethods for determ ning the |ikelihood of col orectal

cancer (CREpTense prefistidnemeds! of g pnbedimen #pihf BieFrgt LYl ng t he expr essi on

| evel 19f two or nore micro IrlibOntiCkiCG acids (m RNAs) selected fromthe
group consisting of hsa-m R-363*, hsa-m R 1255b, hsa-m R- 566, hsa-m R-

[265, hsaFiaurg 23 3572 shipgram skpyingyro I9EEQC opve and | JisRasssipee- anafysis 4 RCBES,

hsa- m R- 6%¢chsredes ﬁreﬁjc%rgrg&fel oft dnS 3RbktimdB RS thPpRsdMt Rvédi8a. hsa- m R- 885- 5p,
hsa-m R- 139-3p, hsa-m R-655, hsa-m R- 1290, 450b-5p, and lisa-m R12245p in a
bi ol ogi cal sanple conprising CRC tunor cells obtained fromsaid subject.

The measur@glrLxPies i NSy GAMIROOQULAR| dndefiscadddir@ LRGMII SNEERECOr e can
be calgulated by a nethod conprlsbgﬁmwgl hting the normalized expression
? (6]

| evel 8V of T¢cHEeSE RIQEStgymedshelqng g PREELIVEWER. The 1 kel i hood of
CRC recurrence in the 30 subject can be determ ned using the recurrence

score. in_sonic enbodi nents of the present inventionf t he bj ol ogical sanple
can be fr &8 £y dAAFTAL ARG 88 U RO PReAnd (Bifeatt e 2l HkER fr om

such a ti sqURerkadpRlRtion(h&debbIne gin6eimsABPIE piBdat PRerdiopal red non-tunor al
tissue 16
25  Figure 26 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.

Figure 27 is a diagram showing an AUROC curve and disease free analysis of a CRC
recurrence prediction model of one embodiment of the present invention.

30
Figure 28 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.



in sonic enbodi ments. The biological sanple ¢ nl:ains small RNAs in certain
enbodi nents of the present invention. Certain enbodi nents of the present
invention are drawn to nethods for determining the 5 likelihood of the
recurrence of colorectal cancer in a sgbject: conprising: collecting at the
time of colorectal tunor renoval surgery fromthe subject (a) a sanple of a
colorectal tunor and (b) a paired sanple of non-tunorous tissue that is of
the sane type of tissue out of which the tunor was forned. Total RNA is
extract ed figuamexd hatdokdhd kWil ah IAAOC|Bive A8 dkehBNMe ddaBRiseFChcrlc sanpl es
(a) and (h) and reverse transcription and quantitative real-tine polynerase
10 chai n reaeencs predigtion pefy) ofone epbedissiabthgpierent M¥endtr act ed RNA for each
of sanples (a) and (b). The normalized | evel of expression of each of the
m RNAs of hsamair-1224-5p; hsa-mr518b; hsa-mr-629; hsa-mr-885-5p;

hsami r - 139128 3% 2 iagranh shavane an AR Ofecapiei d flissrss Feseanalpiedst 68] evel s
for the mr&NASHcEBRAIRBoINAEIRbTE HEImb&iddt ¥ethb Brebdieink&ivigh. of expression of
noncodi ng RNAs (neRNAs) RNLI: 6B and RiNtl=14 in the sanples. The
probability that the 15subject will have a recurrence of col orectal cancer
can be calfqg.rhk@gﬁds AR IR bheAeav@tdufR: anRafidthdeeifeCarnfRistorm exXict ( V) / (1
+ exp( y)) The recurrence score can _be determ ned according to an equation
derived fresmrsicapredictignanodehal e sgbefiget Phibg PIsENbYeBION | n cert ai n

enbodi ments of the invention, the expression |evels of the m RNAs may be
neasurgd ?y a nethod including (a) reverse transcription of m_ RN A and a
quant ilP at s éalis #idiagrasp phardrsde ARG wegcd gisepRrer- peksisrof@ PR]) or (Db)
M Croar r aYecaftadcy pledictifithb 265 onk BmEQIReR ¥POE bt mvédien.measur ed expressi on

| evel s of thi RNAS may be normalized relative to 25 the expression |evels
of one or nore noneoding ribonucleic acids (ncRNAs) or normalized to total

i nput  amouituroB3 RNA. diakhen isiiivd dbl U0 tduhR Udnl Qlisedfe BACMalsBNA £XRICesSSi on

| evel measured may be wei ghted separately in calculating the recurrence
score and/fEHTENsE Pleficen fﬁ%‘gél"fcﬂ“e @%@‘@E‘GP?{@HB@SW“&“V%{“‘QHM ect, in certain
enbodijgents of the present invention, in certain aspects of the clained

nmet hods, the normalized expression Levels of specified 30m RNAs can be

anal yzed U&Yg KapP £nsmst éfowgre& o1 VTR QGroyes . angilisepssy fge dibpictt p &fCent
refers tor@uaitepledRBddBodel @06 dmbddi@ert UbIhe plescr@mvtion mammal in the

cl ai mred net hods, and the manmal may be a human in certain claimed 77

nmet hods. I n sone aspects of the clai ned nethods, the biol ogical sanple used
in. det empigatdgs [ RNAeR¥PERSSADEN |AVEDS GAR He diseshirédumlystsi Fsalerd or

i nsta 8e, fresh CRC tunor tissue. The frg h tunor tissue can be obtai ned
during surgrEgice pidisign mefchet gF sRPipey S %eﬁﬁ??¥VW?FPPed on a subject in
sone enbodi nents of the present invention. 5 Fresh or frozen sanpl es of

col orectal  cancer tissues together and, optionally, paired non-tunoral
tissues cAfUFei0Bt aiFnsmt slIet B) SH{ROF Hrvgswd; Sef‘%‘egifr %‘?g‘/ﬁls ARG on. The
pai red NORectiEMRE pledicliGSHER| 6RAe BRLATiMENST B3 PR sdny PRe@iont | Ssue out of which a
cancerous CRC tunor was fornmed. in sone aspects of the present invention,

t he sanpl es used are frozen sanples of 10a CRC tunor and a paired

non- t 0Aor &lgutd $B Wea fdiQRRANBREINECRE AURDC cvAe dnardiedse TheataysBus samul e(s)
can be taken at thg.tine L Fur%eéé{rese? ion of CRC in the subject.

Al t er nat i V&PJC°F & @%ﬂﬁP%% 9t g AMBEIIBY A HEA B BV OPSY, such as an
aspiration biopsy, 15The nethods of the clainmed invention can include
extracted F%II\JLI’AG £§ c1)sma adiJg‘ra?ns léll?ovar?gngrll eAUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.
30
Figure 39 is a diagram showing an AUROC curve and disease free analysis of a CRC

recurrence prediction model of one embodiment of the present invention.



(cancerous or noncancerous) froma subject. The :rust step for determning
expression levels of MRNAs is the isolation of RNA froma target sanple.
The RNA can be extracted by nethods known in the art. Total RNA can be
extracted froma tissue sanple or cell;3. 20The starting nmaterial is

typically total RNA isolated fromhuman tunors or tunor cell |ines, and
corresponding normal tissues or cell lines, respectively. Thus RNA can be
isolated froma primary tunor of the colon or rectum or tunor cell |ines.

if the source of RNAis a primary tunor, RNA can be extracted, fix exanple,
fromfrozen or fresh tissue sanples. 25General nethods for RNA (including,
MRNA, i REUrh 6% dodi dagranahqying dRAVBOC cpive ged ribseamnzcerpalysisaofon §R6t her s)
extract i oRe@kbncWplelickNPNBEl B JnB8mBELimaN dr AL BreSindb g6l I N st andard

t ext books of nol ecul ar biol ogy, including Ausubel et al., Current Protocols
of Mbl ecul ar Bi ol ogy, John Wley and Sons (1997). In particular, RNA

i sol at fon reaR: be iPerdigraedndimhdan AURGE fuR@tdn@Nidehde, rRUETaB)sisSEL 2 @RE

prot ease from conmercial manufacturers, 30 such as Q agen., Valencia, CA
LI SA accorefurignoe sredisiommeret afcang papodimen 6f the piepdhBventgh- exanpl e, total RNA
fromcells in culture can be isolated using @Q agen nai RNeasy m ni col ums
or using MasterBurenl RNA Purification Kit (FRICENTRatti), Mdison, Ws.),
or RNA cafi8irst? hea cliagra skaying phd (RQG e i disepssi Brey 2vhiss- e fBC- ch

| orof onn (£LhRETZ pRaklion A1 SBME Binbodimb St Gie plett NREMMGA. Of RNA isol ation by
acid ?uanlchnlun1th|oeyanate-phenolchloroforn1extract|on," Anal Bi oehern,
Apri | 9987, Vol. 162, No. 1, pages 156-159). For exanple, the RNA can be
extract ed psitd @3 3 1 RiZLIesRASRE aetiaoC (uR¥i dnll QBRRAse & hmBAMd, of GACRESA) or a
TRl Reagent eehased nethode$S|gnaIerch, St. Louis, MO, USA). Alternatively,
RNA can béecastencs eredtion Bedel pleone pgbeigens of the Presspbiohgdion t hout
phenol : chl orof orm rnfrVanaTM m RNA | sol ati on nethod (Anbion, Austin, TX
USA). Such_net hods involve disruption of cells or tissue with guanidinium
t hi ocyanat@Uint? iy aatiaesmt shaveine ah B{Hansrrvsandtdissasealies appisiscelt? 68% o an
RNA- bil idi REuSbRS Preflich&T mbdel b&dne ehiP&IiRGHBEhEDRsdns in@tddord fromthe filter
foll ow ng washing to renpove proteins, DNA and ot her contam nants. 10
iviicreRNAs (ratRNAs) are released from | ong hairpin-containing m RNA
precur sor iduky 8% § RWBtan@ShRfng4n MUSREOtuHR liNGdclseStréandadisn@it Micgrom RNAs
and enter and. guide the RNA-induced silencing conplex (RISC) to identify
target medSHGESE Pricken mede plpne KrBRAyReE Of He Pregitt BYENUSIRNA. ¢l eavage or
transl ational repression (Bartel, D.P., "McroRNAs: genom cs, 15

bi ogenesi s, nmechanism and function, Cell, 2004, Vol, 116, pages 281-297;
& i br el ViEuro Thas fHREFTOALOBRE ARIAFROG i bie dRflaisosseobissmha b tler Y8C. 431
pages 350122@dnce péaRLA FNRNBInatRBLGRAR oSihk BR&IDGVARSn bEEN predicted to
regul ate various devel opnental, netabolic, and cellular processes. 20The
expression |l evels of specific m RNAs are determ ned in nethods of the

present i pw@Rt kDM b QiRkediskdwikdan |Akebd hapd Bt digeir reneeiyfs ¢ol orect al
cancer in a subject, In sone aspects of the present jnvention expression

| evel s ar ECHEHSEPEHICHmedghoinne pypedimet obthe PISEHG VBTN aci ds (i RNAS)

sel ecped fromthe group consisting of hsa-m R-363*, hsa-m Ri - 1255b, 566,
hsa-m R- 1265, hsa-m R-127-5p, |isa-m R 338-5p, hsa-m R-550e, hsa-m R-588,
hsa- 25ni RIS Fﬁsa-%gF%HQQ@!E)%?g AR AP ﬂ%,fnﬁs&eﬁ?e%%%,ysm% R 655"
hsai m R 1280enchictictiEEMRodtbOms pmbéfidefisaingpicRnl 28R4ntp. i N a bi ol ogi cal
sanple (Le,, tunor sanple, cancer cells, paired tissue sanple, anong

ot hers) obtained fromsaid subject. 30In sone aspects of the present

i nventi oNFeXRY 5% ONlidgitelsBovahe alMasRIDE tuh@r andWiscase ey enallfisBr 6f 4 ioronucl ei c

acids_(m RNAs) sel ected f t he group consisting of. hsa-mr-1224-5p; 19
hsa- m‘36 - 51°§Hr;r2“r‘i§ Br-eg‘r‘ﬁ“?“- %%%?‘r’?rf’élaffﬁg?d?’@g'ﬁ-ogﬁ‘,e PRSHY HVFUPB9. 3p; hsa- mir- 223%;
hsa-m R- 655, hsa-nai R 1290, and |isam i R-450b-. 5p. In certain aspects of
the pr esegltgureng()e ?st Iao iag?af(np gl?os\zvslrllg() gn lA%Yl%d)é c?iiv% a%ais%zlseedfrgeognaﬁyvs\g (9 a %?{%e

recurrence prediction model of one embodiment of the present invention.
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S5m cro ribonucleic acids (ini RNAs) selected fromthe group consisting of
hsa-m r-1224-5D; hsa-mr-518h; hsa-mr-629; hsa-nir-3$85-5p; hsa-mr-139-3p;
and hsa-m n-223*. Methods of expression profiling that can be used in the
present invention include nmethods basegd on hybridization anal ysis of

pol ynti el eoti des and proteom es-based nethods that are 10 known in the art.
Met hods known in the an for the quantification of m RNA expression in a
sanpl e include northern blotting and PCR-based net hods, such as reverse
transcription polymerase chain reaction (RT-PCR) (Wis et al., Trends in
Genetics 8:263-264 (1992)) and quantitative real tine potynerase

( QPCR/ qRTPEEUR 51 15 metigra gimnangiee AYRGR cspst wdelivaspeliseetdhsisyole ERC

devel oped, . SHee dRdldib/ A0 M JH BNAdARER OF he BretedRb@ion AUSti n, TX, USA), the
i nvader assay-based detection (Allavvi et al., ." Quataitation of m croRNAs
using a. nodified Invader assay, 2004, RNA, Vol. 10, pages 1309-1322),

m r MASAno Fﬁgu@\léa Ry Qfdi%r\iﬁlg shéRRAGH ARNeOR duAR! anfr ALUET Fee sHANERVIA 4 @RAL, USA)
(Barad et al., "Mero expressi on detected by ofigottucleotide

t ni cr oar r ageirrerpy gredigtionpoded piie iewhpdinent ghte é&'@&’r“é%?fg‘ﬁ“-pr ofiling in human
tissues," 2004, Genorne Res, Vol. 14, pages 2486-2494), and nodified
tnicroarrgys (Mska et al., "Mcroarray analysis of m eroRNA expression in
t he devel Spguity Stranraedidgam shawing an 20HOC capsnpdplisese §gs anabysispefge OREB, Babak
et al., ' RrQRtRg pRihiaRMR b il eﬂb&&iﬁ@ﬂt%@bﬁ%ﬁe&éﬁ WoertiRRCI ficity and o
functi onal |nterPerence," 2004, RNA, Vol. 10, pages 1813-1819). A sensitive
real -tlPme PCR method has 25 been devel oped for quantifying the expression
of pre-rniFNAS 54 SC ANl 48 Ih&hindlan  AUKOO! @Rt Maot@aRUEeTRiaNQA &0, MR tor the
expression of inicroRNA precursors,” 2004 Nucleic Acids Res, Vol. 32, page
e43). | n vesrTeiss Pedisten medel of e emhedimert OAthE BFFseny BvPHIGE: t echnol ogi cal
approaches are available for determ nation of expression |evels of the

di scl osed Homarkers, including, without limtation, 30 reverse

transcri pthige S RT2pEram s E 28 Y RYS . cUng @gntiseatepliea anagpist ¢fer fiésent

i nventison (fdifeR¥ BreaRAbPRodeE YIS eAbodifent TF & fivBRAgured by a nethod
conprising reverse transcription (RT-PCR) of m RNA and a quantitative

real -tinme polynera.se chain reaction (g RT-PCR ). 20 Reverse transcription

PCR ( RT- PER),r£3H ibg di isRovi8E Gh MTROY BNR {nldediscadd REd afdiysREFN: ARcEt C. )
| evel s in various sanples. The results can be used to conpare gene

expr essi oficqyEeHcE Pridichet Medshosafsmeodimeny of the pregsua YFEIONN normal and t unor

ti ssues. 5As RNA cannot serve as a tenplate for PCR, the :first step in
gene expression profiling by RI-PCR is the reverse transcription of the RNA
tenpl 8Pe iFiguer DA dagrandwedyipy ap tAURQp et 3l disgasst 169 anatyssnofi i RGcr
reaction. Jdh@edcdDrddRE5n HOAOTBNY eHBEHMER\GEIHS Qrkér@ S EitioRt ases are avilo

nyel e, bl astosis virus reverse transeriptase (AW-RT) and Ml oney mnuri ne

| eukemi a virus reverse transcriptase (MMIV-RT). The reverse transcription
step is  Hhutdy/Bs Gak! dMaghinh RBSiHS aRABIREC duhe Pl MBS b RGOFhEXARCS, oOf
oligo-dT priners, depending on the c¢ircunstances, and the goal of expression
profi | i ng.reoEBFNCERE B@}m phRie sBbpdppnt of i PErECTY BYERHOB- t r anscri bed using a
GeneAnp RNA PCR kit (Perkin Elnmer, CA, USA), follow ng the manufacturer's
instructions. The derived (DNA can then be used as a, tenplate in_the
subsequent IR ieactizesnt shw RS a1 Y REC PeRestdpdizair Epsenalysiart &1GRGof

t her most abd@rbiNApaaRantasdel BNAcRAbYITREASE e phdsert HRt@adh] Y enpl oys the Taq
DNA pol ynmerase, which has a nucl ease activity but |acks a 31-5

proof readi ng endonticl ease activity. Thus, Taqtiilara&PCR typically
utilizes tFRrdcMUEhaRELandGhdWihE ¥n KURGY @FveTind @edayBEasalise bydicmyze a
hybrigbzation probe hound to_ its 20 targg% anpl i eon, but any enzyme with
equi vaP enteogrrensg eredisian Beds! of qng cpapdipent gL #ig pr WPRBnuel eoti de priners
(i.e., primers to a specific m RNA or ncRNA, anong others) are used to
generate an anpliermtypical of a PCR reaction. in certain enbodinents, a
third oligonucl eotide or probe, is designed to specifically detect a

nucl eoti de sequence | ocated between the two PCR priners. The probe is

non- ext endi bl e by Tail DNA pol ynerase enzyne, and is |abeled with a
reporter fluorescent dye and a quencher fluorescent dye. Any | aser-induced
em ssion fromthe reporter dye is quenched by the quenching dye when the
two dyes arc |ocated close together as they are on the probe. During the
anplification reaction, the Taqg DNA pol ynmerase enzyne cl eaves the probe in
a tenpl ate- 30dependent manner. The resultant probe fragnents di sassociate
in solution, and signal fromthe



rel eased reporter dye is free fromthe quenching effect of the second
fluorophore. One 21 nolecule of reporter dye is liberated :for each new
nol ecul e synt hesi zed, and detection of the unquenched reporter dye provides
the basis for quantitative interpretatison of the data Known nethods for
determ nation of expression |levels of mcroRNAs, such as Illumna(r) 5
Small RNA Array System (Il lum na, San Di ego, CA, USA) and/or Tati Mti(r)

M er oRNA Assays (Applied Biosystetns, Life Technol ogi es Corp., Carl sbad,

CA, LISA) can be used in sone aspects of the present invention. TagMant
Smal | RNA Assays are prefornul ated priner and probe sets designed to detect
and quant iTBIATRER DESCRIEFIIGRNAS ff mRNAsi, smal |l interfering RNAs (siRNAs),
and other small RNAs using Applied Biosystens real-tinme PCR 10
instruments. The assays can detect and quantify small RNA.s in | to 10 rig
of total MRNkedpidving djaikidescrintinge o uppees 0 pxldnafons NYmeragfsspesifie detaided f or

m cr oRNA gpaley fif in blagr BIPRYR £@BrodLSElderflaR@hE oML WlsBloRiRNAdRRANENCES from
their precursors. TagManal M croRNA Assays are predesigned assays that are
avai | abl e vilhbe aprarephj homicysy, Bpt Qe anre PHDPAIMPIHS A% baipRBESE WitlRNAthsesquence

I epOSi t O Yye HHICREi1RS SAYothet BRbtdABesUIRAKARIn LRIARLCEIOMANE] hleCRhdricall
screeni ng, 15and validation of mRNA profiling results. TanhatRT-SCR can
he per f or FeQV8 oFigr el thadesgriglipsi | abl e equi prent, such as, for
exanpl e" ABI PRI SM 7500ThSequence Detection Systenirm (Perkin-El nmer-Applied
Bi osystenms, Foster City, Calif., USA), or Lightcycler (Roche Ml ecul ar

Bi ochéfi c&lng skidled Waha g Wil reeoeranypny medipdy aiif Mptialy sifiige oy eV ajest togRT- PCR
can consi $fosOfestrifecd BEIRC WAlR Coulll BS Bled i NRIBRTEOMRIE Fre RV inCEtibETR)ecdCaANET A
and conputer. The systemcan anplify sanples in a 96-well format on a

t her nocyclther prepat inYgntiRpF i ine atdyohmiteda ke the ethrds cpnfl | erderde deserisdgRan i s

col | ect ed ;pofc88f the grabdnBvdnBb0 WIHYolidWABE R dr6 Sermalbaswfor all 96 wells, and
detected at the CCD. The system i ncludes software for running the
instrunment and for analyzing the data. 51-Nucl ease assay data can initially

be expsesSHll RNA and*mRR& T RESNRkdn Gtali8s mAFoRN ACHSSORd 3D AEniRBase
fluorescence values are recorded during every cycle and represent the

amount of (BUROGlckRtahe| Pipaseiord t HEIBapvInhths AIMMY SHFF | FPESHPYofPr rdlact i on.

The poi nt wWheRNhREqhdQLEPHEBGLSH. FR@buricst BleisS(mir@%0¢ HBdoRsinS bRt 1sbdcal | y
significant is the threshold cycle (CO  Another variation of the RT-PCR

t echni que MigoRWA| ganp naciginagiter tlap i specipCRet oy®T19 000 distinct mature microRNA

sequences. “MicroRNA” and “miRNA” as used herein include both precursor miRNAs and

20  mature miRNA products.

The term "tumor," as used herein, refers to all neoplastic cell growth and proliferation,

whether malignant or benign, and all pre-cancerous and cancerous cells and tissues.

25  The terms "cancer" and "cancerous" refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Colorectal cancer is one
type of cancer. The term "colorectal cancer" is used in the broadest sense and refers to (1) all
stages and all forms of cancer arising from epithelial cells of the large intestine and/or rectum
and/or (2) all stages and all forms of cancer affecting the lining of the large intestine and/or

30  rectum. Colorectal cancer (CRC) is cancer that originates in either the large intestine (colon)
or the rectum. Colon cancer and rectal cancer may represent the identical disease or similar

diseases at the molecular level.



PCR ), which neasures PCR product accumnul ation through a dual -1 abel ed
fluorogenic probe (i.e., TagMantVproltie). Real tine PCR is conpatible both
with quantitative conpetitive PCR, 5 where internal conpetitor for each
target sequence is used for normalizatjyon, and with quantitative
conparative PCR using a normalization gene contained within the sanple, or
a housekeepi ng gene for RT-PCR . For further details see, e.g., Held et

al ., GeE303TtC Research 6:96-991 (1996). 10To minim ze errors and the
effect of sanple-to-sanple variation. RT-PCR is usually perforned using an
internal standard. The ideal internal standard is expressed at a constant

| evel anory hfi $aeiieevtiens yddy, clagrification aheloredalcandsy el anperesruntas

treat ment . Y@ R dRlpkN Wc&ﬂdlﬁ wtﬁeﬁlman nb& & Sm&Qhst4sTRIN)NAS, mg%_{;gtaﬁ bpn in

t he amount of starting erial, sample collection, N% aration and

quality, dbfriPecer é@nttqoarne'e?q m%lﬁer((eﬂiC@cﬁﬁfeeecf ftuabu(@ﬁéy‘ﬂ@é?nceem t@g e to
quant i §i cajiifm. @thrE‘arﬁew N@fk”ﬁ‘\" Z%ln%é} 6028 MEOYRBRAUS EO D BlecBEPESeGRN be
used to correct for potenti al i'nput or RT-PCR efficiency biases. Thus,
t he expreé@ﬁ%ﬁaFEWQWsof the nti RNAs can be normalized relative to |evel of
expressi on of noneoding RNAs (neRNAs), certain m RNAs or ribosomal RNAs
(rRNAs). Noncoding 20 RN As that can be used for nortnalization purposes
i ncl ude RIBTEZ4T!: pyewsinvidensubmuyosaRligs Biglor RNEAD, myscalgris RIgpEs, TRNWAST  C18,
RNUS81, 3, iRMudSn Bglﬂ?t%eulérﬁ‘brop}lalMg the 40BserdSEB &ato m%colﬂe]cﬂj cAfgiaRNUGB,
anong others m hat can be used for normalization ur poses include
hsa- milR- 2@ssuetd4: W@?cﬂmaaqeaw#@rmns PreHiRes P/ e ofgs- mi R- 16, anong
others. Alternatively, 18S rRNAs can be used for 25 nornmalization in sone
aspects of the invention. Preferabl neRNAs expression | evels and total

i nput RNANade Nk eq rffgeﬂnaHasmﬁlmdfmtaé%mN It @eralpsivd) yio 3aesionsd [yawhinedescan be
based on tNemIBARIOH 4T Hof YeSibMBImph Gbdesof al | of the assayed genes or a

| arge subset thereof (global nomalizailon approach). 30In certain

enbodi ments of the present invention, the neasured expression |evels of

M RNAg50f NidisRE8SV10:3H8 diSefiRkdst§ig ME'd@s’tngﬁethQas‘ishﬁes@ﬁ&pr ession | evel s of one
or nore noncoding ribonucleic acids (teRN As). In sone aspects of the
present invention, expression |evels of RNU6B, RNL.141, and/or RINU 48 are
used to dekge rg}dugmgwsr@b i:ZEONEXRF €3 SioMo; M IS TofNo Ki3; T4 RS0, Aftadentier est .

In certain aspects of the resent i nvention, expression | evel’'s of RON1268,
and/ or RNPALY E@”&?é\’lgrs%%getlx ‘H‘é‘ITt PN e normali zed expression |evels of

m RNAs of interest. hi sone enbodlnents of the present invention, the
neasurﬁd expression levels of m RN interest are normalized relative
to tofll AWBUANS & twdlﬁﬂ@%iﬁaegeu Syﬁtennekhewerwﬁ sBaE drokisre! FRNAE or the
expreSS|cmkf@%ggﬁmg®sone or nore 18S rRNAs. In sone aspects of the present
i nvention expression |levels of has-m R-16 and/or has-m R-92 nay be used to
determ ne nornalized expression |evels of rni RNAs of interest. in other

enbodi mentsegofa: titetupoe peRtrateNM@NIhk GicodaN tREBSHH @61 Y 8btSfuftherMERNAS: are not
normal i zed and the raw ci PCR & results 10may be used |n calculatlng t he

r ecur r enc &R FrReragss fite phihroueh Hiegptsslidy Rreie iy b sallicHpsedt d8mpe

i dent DFi eg@enc@hites @b bLITRS tHSLED nlubk@ 120k GF R r AYthd BERN WHIE theld) %Spatﬁolft%lc
expreSS|on 8FOfI|e of col orectal cancer-associ ated bi onaark ﬁrslégn be
measur ed ICHIFICE Of 89! MEpiplscances iy Hie fyRploBdes P CWRH RSPEGYFS 1R 2ph ihougdibrod,

plol ynuct Ieatulsa?ribﬁar@;ﬁﬁuﬁlnﬁee&am want gkRsik éﬂhmegluewmgnoemnoeﬂgl the lymph ]

ol i gornel e are plated, or arr n croc substrate. The
arrayed séa% n§@3§ T M eTHER S %hea?@éﬁywnﬁﬂe%@ﬁ Eﬂdﬂg PHOBEST B8 cel | s
or tissuesuddfas tRli@EeBhf odbtst. as in the R-PCR nethod the source of | TERNA
typically is total RNA isolated from human tunors or tunor cell lines, and

correspondi ng normal tissues or cell lines. Thus, RNA can he isolated from
a vari ety pafengstit Rfoys 4rbl FABESYBRbIELIRIed @RIhk natural history of colorectal cancer, which

influence the recurrence rates and outcome of patients once they have developed colorectal

cancer. Clinical parameters that have been associated with a worse prognosis include, for
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20lines. If the source of EnNRNA is a primary tunor, nRNA can be extracted
froma tissue sanple or cells. In 3 specific enbodi nent of the m croarray
techni que, PCR anplified inserts of eDNA clones are applied to a substrate
in a dense array. Preferably at |east 130,000 nucl eoti de sequences are 25
applied to the substrate. The m croarrayed genes, itnnmobilized on the

m crochip at 10,000 el enents each, are suitable for hybridization under
stringent conditions. Fluoreseently |abeled eDNA probes can be generated
through i ngahROnahpeRbdefinolvRERSERMgNMedathbYdESroibstieMabSerd FrBflSAdy) Pt i on
of RNA extracted fromtissues of interest. Labeled cDNA probes applied to
the chip HYBHPaiteaorigs paentpBEq TpePERp With dffaent Qﬁélﬂnedfﬂaws‘@n the array. After
stringent washing to 30 renove non-specifically bound probes, the chip is
scanned by con focal |aser mcroscopy or by angther detection method, such

as a OCD cAwerra "rgshgtion Rist isem heeinniphefeaite dic lélimod dhat i patientywil renent

al | ows 5f oreRBERSIMERL. @iﬁe ﬁs}emas% %é'ﬂﬂ)ﬂ@gft APHMOLROE Ban BV Usba dutddangc @ or
fluorescence, separately 1abel ed cDNA probes generated fromtw SOUre(333
of RNA ar dnakpysaiant gegisia rbyvﬁhg‘é“r’fgothﬁ Heosh pPRAgPTIatEhiEeafraqng padalitigs fatamc e  of
the transghiitigr fafii) t he two sources corresponding to each specified gene
is thus determ ned simultaneously. The mniaturized scale of the
hybri di zati on affords a conveni ent and rapid eval uati on of the expression
pattern fomeh@mIuidtba" Pahit"d8RRS e aF ATBLAQ dSatBAVR aP @RBoS R bR have
the sensitivity required to detect rare transcripts, which are expressed at
a fewlgoplpﬁe‘"ﬁ&"e‘@%’lnlthe mHemalds 3 BBduci bl y detect at |east approxi mately
two-fold differences in the expression |levels (Samma et al., Proc, Natl.
Acad. Sci, USA 93(2):106-149 (1996)). Mcroarray anal ysis can be perforned
by conmer dibgIierp ikireniisile cpemgsnanarkers refeitita ¢ HARITKACE & BHRNA prBPREcol s,
such as byHées) %o%@px&sﬁo‘ﬁl 1§1€<It11izhtéd fenGhid? of RGRARLAGY a s@jeck BEWrBg $Sroffl £ 0ar I ay
technology. 10 The nmaterials use I'n the methods of the present

i nvent i on dkeasesipPeierly gancsr éb%br%&%% Bl s PRI hAEEOPUEHES! wi t h

vel | - HRoWRupER &R daliRS - to TdBcahYQRtHsAR hkUASHHh QN EBfeckiThs &Rk HcN@engent s,
whi ch can include bionmarker-specific or hicartarker-selective probes and/or

primers, #oeﬂmadt?aﬁquaﬂmﬁmeﬁé R jadvighst o lperdp et pgtierenistiges Wdhs

m RNAs) f aimpuReiset s difidalcbhand vefevidedstrgng ehdibe GRerdciksé SHRIALCHL: Such
kits can optlonallx contain reagents For the extraction of RNA from tunor
sanpl es orMaEs MEANAL addition, the kits can optionally conprise the
reagent(s) with an |dentifying description or label or instructions
relating to their use in the nethods of the present invention. The kits can

conpr Ple &SHEEisbPdmentsQf b RGSTH &Peniant ¥f dfﬂ“é{'t ©smefipdsalor detempiniigdhs n an

aut omat ed [ikBHosd® R tealoiefal @dncbhE RBL ReHence? th @a,mbjedm dobn Qﬂﬁg aeadi®ing tRf the
various reagents (typically in concentrated, f ﬁ%&Aébﬁlze in the nethods,

i ncl udi ng SXFBFOBNE, Pfetwopf’FénoF%\B‘t“ir%éEP@H‘dr‘?iC&Ctﬁlér(?‘ fotesh om fljgegroup

appropri atensitigs QﬂhdadﬁRt%Bphﬁ@-ﬂhﬂil@55bdﬁ§EBde§35Phsa(rﬁ@\Tﬁ6§nlﬁi;a@thli’{]-la7 ser rATP,
reTP, rail) and_UT reverse transerlgtase

pol yner as&sa 5%3%@ i ht & Br-JsEIRRES: Ji- Ak €° bfhsal ﬁ‘él{ng?g’esg?i‘fm’i%?/]égﬁt i on
(e(9g, 28ppmephirat®, | BagHiR-838!5)( Fia-@m-n:ambmsarnmms Inbayed 1199, 2Ra-nd@RPr ONDL er

reactive h the o) rase ica |thns used to estlnate
or quanti yfzébp%a% %a.fe&o‘rﬁg%em g 1%1% %ﬂ&p f“cBHS‘Bﬁ glt%orpﬁeﬁba?twe

pot enti al f@ﬁmamajea The Kiehssired ERpt8ssion Iiels cah bé h@mpliRIQARd a kRVREHE 8ddrean
conprise everse trans rs for Sp?CIf cally

ast two i on
reverse t SDQ%E ?all"b‘ alfy bye2 ‘P?é‘%ﬁ YRS %@ith%i’rgg‘ PSPPI s sti ng
30 of hasmirRNRs I@S&Bmmaan tct [IRCI Reurk®6e. MaaikeliHoBd bL2@GRC Fecterte Rn t12e7 op,

sa- 5 m R- mi R-588, hsa-m R 651 samai R-223*,
I U ST R AT PR S B SRS

hsa- m R- 1280utidasSte fﬂSldRTgﬁﬁDihmp&Dcan&Bdreﬂﬁ@*fszh L2dd tibgne rolahc NPt (r3pliat | east
two probes t hat cificall rever 25 transcrlbed fromthe
RN AR RS S AR b e e e S e
polynerase chain reaction (4RT-PCR) for quantifying the m il ONAs present;
and a reverse transcription primer for specifically reverse transcriiting
at | east one noncoding RNA and a probe that specifically binds a cDNA
reverse transcribed fromthe at |east one noncodi ng RNA, wherein the probe
is suitable for use in quantitative real tinme pa:yaw rase chain reaction
(qRT-PCR) for quantifying the noneoding RNA present. A predictive nodel for
calculating the likelihood of recurrence of CRC can he derived by nethods
including recruiting colorectal patients having undergone surgi cal
resection and 10 perform ng statistical analyses (Le., 1l-test, W]Ieoxon
Slgned Rank Test, Logistic Regressi on, Receiver QOperating Characteristic

— o~ —



in sone aspects of the present invention, recruited CRC patients having
under gone surgical resectioning can be randomy assigned to a training
dataset and a testing dataset. Each data-set can be sorted into two risk
groups. "Low risk" being defined as dijgease free | onger than three 20 years
after surgery and "high risk" being defined as rel apse |l ess than three
years after surgery. Sanples of colorectal cancer tissues together with the
pai red non-tunoral tissues can be obtained fromall subjects, and the

expr essi ony, L&Y elshimdats9 "oy Bid¥gidkl BMpR @Akl RRIAQNRELRES hRdifgker M ni ng
normal i zed expression | evels can be determ ned. The ini RNAs, noRNAs, or

r RNAs (ncRNW@P&ﬁ@“HWPﬁNMS measured fir normalization) neasured can be any
known in the art. At |east 754 human int RNAs are known in the art. In
certain enbodi ments of the present invention the nornmalized expression

| evel s of Gartaineadbpdimgpts off theharepest inygRting 4 RNWAstodpetheds T detpatining the

stati ski CafeHaad bﬁstﬁérelsllﬁ?eqcé‘-& cgl%l:ebﬁépcaﬂcepi@pﬁ!uﬁ_fel:t\é%mm?g%c&iec{u%tltHelﬂ?lllé hood of
recurrence of CRCin a patient: hsa-mR , hsta-m

hasni R- 5661 clemctnl tRmpgBovAl jsjirgery ffoR the suhjep(a) H§@Eﬁ1’1RD§88015f9°tah§1@DFrﬁfﬂ- 550a*,
hsa-m R58gbé) mﬂemaﬁlp@éoﬁnon—mﬁ%rms%s%ghat 1stdf$l§ sql'ng é%btlsst@@utmf BnRA e

hsai tt UR- hsa-m Rl 39-3p. R-655, hsami isaini iR-450 b--5
p, and It étancmva farmed. 7Pofal HNA ISZGW}CE?d@@ﬁ’E‘?XéH@B@é - ﬁltbgmlcmc a5tsy (RRIA) Froen

expressi onadheyehspRf (4 Rfd flﬁlah@\%v@ﬁe %ﬁ%loﬁraﬁd ﬁﬁ’%ﬂﬁta@l% Pegl-ﬂlrﬂe §Bl§ﬁlbl§§é cal
anal yses used to derive a. predictive the Iik recurrence

of CREVi n cheipzrestiont @R HEER e perpamed pyith N@aexmq@dslwb forwe%b Qﬁsmnalze(a) and
hsa- m R88%5)0Bhe NS@mallkdd lé\%pof%ﬂpreﬁﬂ)q oReRn BF e 2ARNAs SHIRASHANEMUL 3 hdahifir-

expression 1evels can be su gected to statistical analysis to derive a

predi cti ve!Hsder-mécilt hwrinie-835-pdai-err- 1eln prbhiarvied> bt 2P ceigrrigrt e of CRC

in a pati gexpkEbih levels SPMHE nARNES Esh Uéfnoﬁ-rﬁﬁlzw REEN tol (YR lo@Bxprdstin df t est
and W coxon 3i gned- Rank Test can be applied to exEreSS|on | evel data

for two dEPRaRdnsFRtAcHERYADUREUCE g RN&%‘* ‘W—IF‘&WJ"WP@R) The grofahifitydhat e

si gni fiscanfpibi QRBIieeE al RcltrencAF RMBYecapRMHALSS bé Rav@hi@ S8y ith thhe gene
expr essi on etata The Pearson Correl ation anal ysis can be usedgto cal cul ate
t he correla$dtiol bet ween recurrent time and gene expreSS|on 15To better

di stingui sh subjects w th highuricake &Br‘g:ogxp(z)agﬁ &pl PYi stic regression

anal ysis and a ROC curve analysis nma used for analysis of the C value
f r om RT- PARE dequgencyHeorR &t aﬁﬁmmepednﬁcwéwgéﬁdmtqqéat@ﬁﬂem@p%?fﬂ|581ﬁ§rca'hazar d
regressi o, fRdelesimed 8bisQ. be used. Conbining candi date genes (0, PCR dat a)
and clinical factors, the logistic regression analysis 20 nay be used to
nodel 28 response varlable and nmultiple predictors. The ROC curves may be

gener at ed 1f QErBRCHLOIImERNS of rthd GivERioRY tHel &bkekdigh &RASIJritNd IRAARINSE be
| -specificity. The process conputes estimted sensitivity and specificity

of each otysaryaskyohmatied Bcding 4D ayeste d@nssFERcRfi B NGy eﬂa?oqqaptftg#“ﬁd?aleach

case by | g@ieSolysncFLIEIRESIQMoRNHDYBER or AIPAN)QR (BEB0akdI My (iALFFhelyBY be
cal cul ated to show the perfoi mance of the nodel. An event nmay be defined as

the time £oM¢ gBRAdiBsIEThemeregd ﬁXHr?ﬁStOﬂéerﬂéPf BEYAs ybRnorpplized sladige fy be

censoned e éx@l%%l&ﬂe\fe@ drONE BPmOHe ndhcotifte rBBshcRic &t @IVCRID@(SD echdrih¥Rd to
years). The Kapl an- Mei er_ et hod ngﬁ be used to cal |l ate the disease free

survival (ORIyPY ameunRf B\ plise madiyidyal spntabptigp ot |5 BNA fPrerern nad! gr oups

(hi gh and pleasirdd k) - bel BRidhRY- {cpitkichest ciB)athe 80 He@entOLcHOMAILE N t WO
survival djstributions of two groups. . In view of such_anal yses, candi dates

and cl i ni dikplihogd plhFRC ﬁ%yﬂe@eéelaew@er Pgertpp SPRPY RGNS OhiBg SreSenf IR dat e

genes may [beQerLenigetih Qﬂi thStiRghed h@Kodd! MBQIkhARad hRasibd 1EREr &SsHeafedrodel to
study he interaction between gone expreSS|on | evel s from subjects with | ow
ri sk, SCompaREAs £ Resileecd Ssig KAPIAT-YilyicF PekvalPH®Hazard Ratio (HR) may al so

be calculated by a Cox proportional hazards nodel .
The term "subject” or "patient" refers to a mammal being treated. The subject can be a

mammal in the claimed methods, and the mammal may be a human in certain claimed

35



A T-test is known in the art and is a statistical hypothesis test in which
the test statistic follows a Student's t distribution if the nul

hypot hesis is supported. it can be applied when the test statistic would
follow a normal distribution if the vaghue of a scaling termin the test
statistic is known. Wen the scaling termis unknown and is replaced by an
estimate based on the data, the test statistic (under certain conditions)
follows a Student's t distribution. The T-test nmay be used to assess

whet her theqmRans she Es\ﬁ@ctQ&QHP&alﬂfeQ meffd, %Ie'b@(ﬁé)éléél Shnfriels8tn dHMGRCH

other. The W eoxon Signed-Rank Test (W eoxon, "Individual comparisons by
ranki ng rréItIRNésexpremortLgues o) ksnfseshi twEOBipIee frinstagss. fresh GRS tugror sises 80- 83:
Si egel , " NQR1RA @ABL fidste c%mte 'oﬁttafngés ez sbgnawe%aén STHBNE BRpsy Je?hned
MGawHII New Yor k, New Yor I's a non-paranetric
statlstlCQPaﬁ%%%%ﬁ@@W@e@b%ﬁm@ﬁ%@“gﬁvﬁE@“W§%W“Mhen conmparing two rel ated
sanpl eg or repeated nmeasurenents on a single sanple to assess whether their
popul ation neans differ (L e., a paired difference test). 15 The Pearson
pr oduct - néweshtor diorenesaapies rpf coloreriol Fenser (iesartagsthersnd: ePEendr pavatlyieps) can
be used t quﬁ‘@@isﬁéﬁﬁ%s LRepe e&aﬁL@FrbﬂrguéjleetB?&russiepele%eéaee)m%ﬁa&e%e pRed
variables X and Y, giving a value between +1 and -1 inclusive. It can be
used as aAEHEIFA tisfues pas e of dhrgtamedype 9fdise ogepletitight sanseweeRCttwmor

vari abl es wag%r&;@mh @bﬂgasséa%ﬁﬁé $eQRNRRn AR telship6Alsed A6 HOL& saﬁ’a leogt sti c
regreSS|on nmet hod can be used to build a predictive nodel Ffect of the
nodel 18an ak&igmpr #dedaisd Redwpyaltissyserost high ERQrteperers §?1m9d( ROC.)

anal ysis. The Kapl an- Mei er nethod can be perforned to conpare the survival
rate for patlents bet ween two groups. The candi dat e bi or nar kers/ genes
(i.e., 25 The RRAS samplsihcat bretakgn eéﬁe H@e iof SHEF P IrSectigeioh ¢ RE aoth ep‘f“gﬁ‘iﬁrt i onal
haz ard regnessiiey, mdgehplt@) &hweY¥othiiel by ¥iglachioR R hipaslich hssypeen gene
expression levels frompatients with towrisk conpared to patients with

hi gh-risk. The Hazard ratio (Ri sk ratio) for candi dates can be different
when neasuhehdiddiodigle flhigled iRRLIGNES MBS SxtlMk NeK RAf haib sadPlen si gnal
detection theory, a receiver operating characteristic, (ROC), or sinply RCC
curve, i s (ENEFASIF BaiIcagsepus)dfont panbisshsThe fptsiep fofdetermdmgsapiersid lpvlse, “vs.
fal se posiokiMRNAGELthE ksolatDROF IRINA ifods Plardet sarﬁ;nyermqe;mlcu@ bk &k@dcted Y @
binary classifier systemas its discrimnation threshold is varied. The
ROC can aI”seg‘OB%k‘}"@’ﬁr"ég‘éﬁﬁe@o%ﬂﬁﬁ@&?‘e?ﬂquaw Iyt tissHgsmE Fealdt i on of true
positives out of the positives (TPR - true positive rate) vs. the fraction
of false pos|t|ves out of the gﬁgatlves (FPR = fal se positive rate). Also

known28s dhRrePaing wsteonkis Ry e Rt splakdifonchimas tupes gp & eelf bncg,

conpar i soRnPforfeYRn@RE heHlaNGhsCRAF Gt 1Bk $ésb&:ﬁvél{/ HRu&RRR'%)m 88isblARd fbmG 1 t eri on
changes. RQC anaIyS|s provi des tools to sel ect possi b gtlna nodel s and

to di scar @EGHIPDPTRLIthOTRED GrigRE Rl dHReryrel Fipgst If(thawuw PBP {\ols & FEERRY i ng)
the cost G@RIrEXUARHn b iri@s for dkaipld, dinl Rfden IiTRsKaplaaniier estimator,
(Kapl an and Mei er, "Nonparanetric estimation from .10 inconplete
observations, " 1958 J.. Amer Statist Assn, Vol. 53, pages 457-481) al so

knownogas mﬁerwxﬁamk friRNA (iIRSLdINBHRNA, InSRAA, BSicbdBd RNAf(@ERIES], kiBBbLINAY t he
survival function fromlife-time data. |t can be g;ed to neasure t he

fraction GNH&RNERE ampRs, Pgrsk rreglitepealdll Kpastnt® BF % fRs aF BKClosee it nent . A
pl ot of tR@ndsapkextodi 8 nRRtiIAbBIRY, ﬁll")l@dlﬁg'rAUsﬁi&l ef ldn,CCh@d’ht iPSotdeokebli s of

hori zontal steps of decljning magnitude whi ch, enough sanpl e
is taken, Oisuﬁb&'e}a%e'ghlt Wtsy; 681 S 9aD: £ |pﬁﬁt1<>v‘6rna'%§ l?ﬁﬁtonpeﬁu'reat. on.

The val ue pafforlnbe usitig ¥ ipuaficalibin &, KaRfeP &t \Aﬁeﬁm&u@cms icv@melic Bl imaeifa@@sp) ed
obser ﬁtlo |s assungq to be co gtant Sone eal bodi ments. of the resent
S

i nven asc OHgFT haccREiald JEd™ ‘iSF”é%réu BT RSy

speci fi c2 gxdﬂmsw] t6r Rﬁhaﬁad| dem, Iih CRard @&hlﬁbd’ abeRd usingg kel ramN\@sﬁmnsu ][ v: v?l
curves. ereas.the Kapl a t ho test 1S use u or
conparlngcgﬂwg?QrF“%%V@g Fﬁﬂ%kg#bémﬁg g?ﬁ& @C%%%%E% FPR-oW - Wazar ds
regressi oRNM ¢20Wso 88 attyazied gsit h@uaelifinaed thafcy sareghadolLhistofraqCasseHmksur vi val ,
(Cox, "Regression Mdels and Life-Tables,"” 1972, J of the Royal Stat Soc,
Series B (Methodol ogical), Vol. 34, No, 2, pages [87-220.) The probability
25 of the endpoint (death, or any other event of interest, e.g., recurrence
of CRC) is designated as the hazard. The statistical nethods discussed

above can be perforned using known conputer prograns for statistical
anal ysis. 30



29 Recurrence Predicitug Mbdel 1. Recurrence score-exp.:0V Wiere y: y =
315. 8-26. 3641x (Momir-1224-5pTunor))-3.1687 x Csa-mr-1224-.5 to(N arrow))
3.822x (hsa-m1?-518 b (Tunor)) + 2.9 i 26 Osa-&R-629(Thmar),) -4- 9.4863:.
(hsa-eni R-629(NOrnut h) -30. 1097 x11?-885-5 pO v' ornal ))-63425x%
(Itsa-mr-139-3,0(l eanoo))-2 0399x (h.wrair-139-3 p (Normal)) + 0.5164
X(71onoi))+ 3.1883 x (ima-m R-223* (Normal)) + 12598x

tGCsa-nfr-1224. .5p(Tum) ) x (h.;a-m R-885-5 p(Normalill -F 0.6281x
(irsa-mr ané-gg:cl%&‘-@iﬁ%g}té ln'efl‘l@d B RRAZZ3atioh I\@%]hlgllarﬁdlﬁluﬁn“tﬁ@% anate-phenol-
absa- crei R-629( Nor YaSl] Recurrence

(lzsa-m/1?-223 * ("araor) &forrru

Predi ct i nghiResdiem %t%@ﬂf’rmgl%bm eAait J0§3 /ol - ]E’éxH(’y Rpges1 oyl 52y oFar1 95

. 0. 3503 x4 an AR 4 T g y
R )>é &ﬁbl&é}nmA d ﬁ%ge %&%{dﬂ g%‘()&_ra?(lngfr@;%gd ﬁle(hb& mvm@g&ﬂ AR,

(hsa-t nR- &)2‘9(&%) 6F .2) TRﬁ Reagn! S besps 40 iR @wm}qﬁlﬁ%) Sfe LZ’G??S MR 88205 p

(Nor mek)) Alfém%@v%%/ XRiBS 8 Be 223a€ddMRdah) theO t@sllg; ﬁ%lrfgh%amc%zawthout
(Normal ))-2.5481 x Csamir-139-3&Tunor)) -2.

gi sa- ut h- -Pﬁ@g’l Q}é@\’/’c@?‘ﬁsa@)’”vim’év %‘R@AQW"’GBBFTII‘P@ %@P‘Pﬂ Aupting 73% USA)k ducy ni
17- 1290( NetRRg mv&vé‘&@@ipﬁ%n(o@%@l‘s'omlésaél&mﬂ an iR Hide) AteQib @efmim With t he

predictive nodel s above, (tunor) refers to expression of the specified tr,

i RN A i n2aetherphselutonmsf @plicatiorip pe ROP- @aﬁe&glaﬁéﬁegﬁ%ﬁﬁd Toabe4rei BNA & er s to

expr essi oR[@fd tieins RRGI I RGn VRN kdreRo SANBk R, IO MDNAER REQEAMSN.| SSue t hat
is of the sane type of tissue out of which the tunor was forned. 20 These

are b? two exenpl ary predictive nodels according to the present invention.

Q her pr e%l%RW@;sgﬂ s Bs)CRN rdh syt Q&%%a%in%ntﬁfﬂﬁlgrmﬂ{m prediseh osed
i cti

herein. O her ve nodel s can enploy mpre or few m croRNAs to predict

the |ikel |HHBHéS)cﬂS 2péurriepiids spglechmded matupniRaHs ang nteiand sudgiiediiihe

extract ed jfd,00 @lehdPEnFAPIRASOY toclﬁélﬁi?}r Rt %!;slagesffe)pmeam Badhl @b The
normal i zed_ expression | evels of specific m RNAs int predictive

nodel s cadité RN &raiianess %{n‘tﬂa“é@‘ﬂ’él f%@é%"‘é%‘?’@%s@ Bm P@V@B@Atshéenﬁl"é?&abl lity
of reqyrr enzenedf, hdfarkan herastmutat edb4, vol. 116, pages 281-297; Ambros, V., “The

functions of animal microRNAs,” 2004, Nature Vol. 431, pages 350-355). Such miRNA-
mediated gene silencing has been predicted to regulate various developmental, metabolic, and

cellular processes.

20 The expression levels of specific miRNAs are determined in methods of the present invention
to predict the likelihood of recurrence of colorectal cancer in a subject. In some aspects of the
present invention expression levels are measured for two or more micro ribonucleic acids
(miRNAs) selected from the group consisting of hsa-miR-363*, hsa-miR-1255b, hsa-miR-
566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-338-5p, hsa-miR-550a*, hsa-miR-588, hsa-

25  miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-629, hsa-miR-885-5p, hsa-miR-139-3p,
hsa-miR-6535, hsa-miR-1290, hsa-miR-450b-5p, and hsa-miR-1224-5p in a biological sample
(i.e., tumor sample, cancer cells, paired tissue sample, among others) obtained from said

subject.

30 In some aspects of the present invention expression levels are measured for two or more

micro ribonucleic acids (miRNAs) selected from the group consisting of hsa-mir-1224-5p;



30 The met hods provided by the present invention can al so be automated in
whol e or in part. The nethods of the present invention are suited for the
preparation of reports sunmarizing the predictions resulting fromthe

nmet hods of the present invention. The jpnvention thus provides for nethods
of creating reports and the reports resulting therefrom The report can
include a summary of the expression levels of the RNA transcripts for
certain hiomarkers m RI NAs, anong others) in the cells obtained from
the pati enta-mit118Br hdbainSiy®; HshnHOfs-RodniEn spofist ir-2pseseAtmikseNt i on a
report. is prepared the recurrence score and/or a determ nation of the

l'i kel i hoodS®fi O el 8idSthetPe using the recurrence score, The 10 report
can include a prediction that said subject has an increased |ikelihood of
recurrence of CRC. The report can include_a recommendation for treatnent
nodal ity dHEFTSABERYRY e Rrose BN rBiesiane v dhir meesuwi (i tHe Ch8REt her apy.
The repor tnig@dNieudiiesant @ARNAs LRl %hﬂhﬁa%"r&ﬁ%oﬁsﬁstﬁﬁ dPaRLMir-1294)5}h; aspect s
of the present invention may also be practiced such that a |limted nunber
of additi damirgdREdstRyt628y sa-aur-8opire seatih -7 erbhgigedEed genes, for
exanpl e as evidenced by high Pearson correlation coefficients, are included
in a predictive test in addition to and/or in place of disclosed

bi onar ker MethurRl prRiesaies erathiag thehean b esat ibe Presentduieaticn MFluge msdeds readi |y

under st 00GadelroaUEBridiefiRh QRASsiE 6 bdlghubRbitRWaRD plotd AR Based W thdls ahf o ovi ded
by way of illustration, and are not intended to |limt the invention in any

way. APl &newt inghs 2t HYiehes Saewvt iehas &r derrantificatifngt! ayiNexsxpessEpy,in a

i ncor por akﬁﬁpl@Mn&&feeﬁ&ﬂBGﬁ,lehﬁ$(ﬁx@aﬁm BrethoAatsh@Nhss rdBMe TaaSwpticseci Mens
Ei ghty col orectal patients underwent surgical resection and were recruited

from the RAVMETES chemariptirtidyl -t ds eial Hbspds g Cenetics A=A3-294( \R8M) 2rthese

patients weigiuiieflanie pim@nedQPerAR@perai ni ng dataset (n=65) and a
testing dataset OH :5). aracteristics of the patients are summari zed in
Tabl e 1. Each datase,t consisted of two risk groups. "Low risk"” was defi ned

as di geasevdny @QRAMA @fccB G8Idhs ARG rebtin@) bédnSdevel¥RE, def bpdvassTrehiRRgE | ess
than three ggars after surgery. Frozen sanples of colorectal cancer
Ei ssues t GiECHUy (Ainkipn. ¢ Mestipa Ay B§ARORS f‘i)’ﬁf’frr ASSY ibé?dé?te\ﬁé‘?rb (A eﬁé& from
al | subj ectigantil@bh &f kiicrSRNARLYin®h kddifidCaladeNhREyTBOIQRNAY eoided ahdoad
information r arqug the patients in the study are provided M Tables 2-4
bel ow. 1309-1322), mirMASA™ miRNA profiling (Genaco Biomedical Products, Huntsville, AL,
USA) (Barad et al., “MicroRNA expression detected by oligonucleotide microarrays: system
20  establishment and expression profiling in human tissues,” 2004, Genome Res, Vol. 14, pages
2486-2494), and modified microarrays (Miska et al., “Microarray analysis of microRNA
expression in the developing mammalian brain,” 2004, Genome Biol, Vol. 5, page R68;
Babak et al., “Probing microRNAs with microarrays: tissue specificity and functional
interference,” 2004, RNA, Vol. 10, pages 1813-1819). A sensitive real-time PCR method has
25  been developed for quantifying the expression of pre-miRNAs (Schmittgen et al., “A high-
throughput method to monitor the expression of microRNA precursors,” 2004 Nucleic Acids
Res, Vol. 32, page e43).
In various embodiments of the invention, various technological approaches are available for
determination of expression levels of the disclosed biomarkers, including, without limitation,
30  reverse transcription, qRT-PCR, and microarrays. In some aspects of the present invention
the expression levels of the miRNAs are measured by a method comprising reverse

transcription (RT-PCR) of miRNA and a quantitative real-time polymerase chain reaction

(QRT-PCR).



Table 2. Patient Characteristics ati H gh Ri sk (n=135) Low Risk
(tm5) Age, nean (SD) 64.03 (11.51) 64.69 (11.03) Male, n (% 17 (0.49)
26 (0.58)

20

Reverse transcription PCR (RT-PCR) can be used in determining RNA (i.e., miRNA, ncRNA,
etc.) levels in various samples. The results can be used to compare gene expression patterns

between sample sets, for example in normal and tumor tissues.

5 As RNA cannot serve as a template for PCR, the first step in gene expression profiling by
RT-PCR is the reverse transcription of the RNA template into cDNA, followed by its
exponential amplification in a PCR reaction. The two most commonly used reverse
transcriptases are avilo myeloblastosis virus reverse transcriptase (AMV-RT) and Moloney
murine leukemia virus reverse transcriptase (MMLV-RT). The reverse transcription step is

10 typically primed using specific primers, random hexamers, or oligo-dT primers, depending on
the circumstances and the goal of expression profiling. For example, extracted RNA can be
reverse-transcribed using a GeneAmp RNA PCR kit (Perkin Elmer, CA, USA), following the
manufacturer's instructions. The derived cDNA can then be used as a template in the
subsequent PCR reaction.

15
Although the PCR step can use a variety of thermostable DNA-dependent DNA polymerases,
it typically employs the Taq DNA polymerase, which has a 5'-3' nuclease activity but lacks a
3'-5" proofreading endonuclease activity. Thus, TagqMan®PCR typically utilizes the 5'-
nuclease activity of Taq or Tth polymerase to hydrolyze a hybridization probe bound to its

20  target amplicon, but any enzyme with equivalent 5' nuclease activity can be used. Two
oligonucleotide primers (i.e., primers to a specific miRNA or ncRNA, among others) are used

to generate an amplicon typical of a PCR reaction.

In certain embodiments, a third oligonucleotide or probe, is designed to specifically detect a
25  nucleotide sequence located between the two PCR primers. The probe is non-extendible by
Taq DNA polymerase enzyme, and is labeled with a reporter fluorescent dye and a quencher
fluorescent dye. Any laser-induced emission from the reporter dye is quenched by the
quenching dye when the two dyes are located close together as they are on the probe. During
the amplification reaction, the Taq DNA polymerase enzyme cleaves the probe in a template-
30  dependent manner. The resultant probe fragments disassociate in solution, and signal from the

released reporter dye is free from the quenching effect of the second fluorophore. One



Stage 11, n (% 12 (0.34) 16 (0.36) Diagnosis, n (% A-col on cancer 6
(0 17) 9 (0.20) T-colon cancer 0 (0.00) 2 (0.04) D-colon cancer 2 (0.06)
3 (0.07) S-colon cancer 10 (0. 29)

21

molecule of reporter dye is liberated for each new molecule synthesized, and detection of the

unquenched reporter dye provides the basis for quantitative interpretation of the data.

Known methods for determination of expression levels of microRNAs, such as Illumina®

5  Small RNA Array System (Illumina, San Diego, CA, USA) and/or TagMan® MicroRNA
Assays (Applied Biosystems, Life Technologies Corp., Carlsbad, CA, USA) can be used in
some aspects of the present invention. TagMan® Small RNA Assays are preformulated
primer and probe sets designed to detect and quantify mature microRNAs (miRNAs), small
interfering RNAs (siRNAs), and other small RNAs using Applied Biosystems real-time PCR

10 instruments. The assays can detect and quantify small RNAs in 1 to 10 ng of total RNA with a
dynamic range of greater than six logs. When used for microRNA analysis, the assays can
discriminate mature miRNA sequences from their precursors. TagMan® MicroRNA Assays

are predesigned assays that are available for the majority of content found in the miRBase
miRNA sequence repository. These assays can be used for targeted quantification, screening,

15  and validation of miRNA profiling results.

TagMan®RT-PCR can be performed using commercially available equipment, such as, for

example, ABI PRISM 7500™Sequence Detection System™ (Perkin-Elmer-Applied

Biosystems, Foster City, Calif.,, USA), or Lightcycler (Roche Molecular Biochemicals,
20  Mannheim, Germany).

A system that can be used for qRT-PCR can consist of a thermocycler, laser, charge-coupled
device (CCD), camera and computer. The system can amplify samples in a 96-well format on
a thermocycler. During amplification, laser-induced fluorescent signal is collected in real-
25  time through fiber optics cables for all 96 wells, and detected at the CCD. The system

includes software for running the instrument and for analyzing the data.

5'-Nuclease assay data can initially be expressed as Ct, or the threshold cycle. As discussed
above, fluorescence values are recorded during every cycle and represent the amount of
30  product amplified to that point in the amplification reaction. The point when the fluorescent

signal is first recorded as statistically significant is the threshold cycle (C,).



18 (0.40) Rectal cancer 12 (0.34) 12 (0.27) Colon cancer [(0:03) 1 (0.02)
N A 4(0.11) 0(0.00) nean (SO 32 Table 3. Patient Characteristics

22

Another variation of the RT-PCR technique is real time quantitative PCR (Q-PCR or qRT-
PCR), which measures PCR product accumulation through a dual-labeled fluorogenic probe
(i.e., TagMan®probe). Real time PCR is compatible both with quantitative competitive PCR,

5  where internal competitor for each target sequence is used for normalization, and with
quantitative comparative PCR using a normalization gene contained within the sample, or a
housekeeping gene for RT-PCR. For further details see, e.g., Held et al., Genome Research
6:986-994 (1996).

10  To minimize errors and the effect of sample-to-sample variation, RT-PCR is usually
performed using an internal standard. The ideal internal standard is expressed at a constant

level among different tissues, and is unaffected by the experimental treatment.

When determining expression levels of microRNAs, variation in the amount of starting
15  material, sample collection, RNA preparation and quality, and reverse transcription (RT-PCR)
efficiency can contribute to quantification errors. Normalization to endogenous control genes
can be used to correct for potential RNA input or RT-PCR efficiency biases. Thus, the
expression level of the miRNAs can be normalized relative to level of expression of
noncoding RNAs (ncRNAs), certain miRNAs or ribosomal RNAs (rRNAs). Noncoding
20  RNAs that can be used for normalization purposes include RNU24, RNU66, RNU19,
RNU38B, RNU49, 730, RNU48, RNU43, U18, RNU58B, RNUS58A, RPL21, US54, HY3,
U75, RNU68, RNU44, U47 and RNU6B, among others. miRNAs that can be used for
normalization purposes include hsa-miR-26b, hsa-miR-92, hsa-miR-92N, hsa-miR-423, hsa-
miR-374 and hsa-miR-16, among others. Alternatively, 18S rRNAs can be used for
25  normalization in some aspects of the invention. Preferably, ncRNAs expression levels and
total input RNA are used for normalization. Alternatively, normalization can be based on the
mean or median signal (Ct) of all of the assayed genes or a large subset thereof (global

normalization approach).

30  In certain embodiments of the present invention, the measured expression levels of miRNAs
of interest are normalized relative to the expression levels of one or more noncoding
ribonucleic acids (ncRNAs). In some aspects of the present invention, expression levels of

RNU6B, RNU44, and/or RNU 48 are used to determine normalized expression levels of

35



Trai ning set (n=65) Testing se=15) Age, nmean (SD) 63.89(11.89) 66.62(7.32)
Male, a (%9 34 (0.52) 9 (0.60) Stage li, a (99 22 (0.34) 6(0.40) D agnosis,
n (% A-col on cancer 11 (0.17) 4 (027) T-colon cancer 2(0.03)

23

miRNAs of interest. In certain aspects of the present invention, expression levels of RNU6B,

and/or RNU44 are used to determine normalized expression levels of miRNAs of interest.

In some embodiments of the present invention, the measured expression levels of miRNAs of
5  interest are normalized relative to total amount of RNA, the expression levels of one or more
miRNAs, or the expression levels of one or more 18S rRNAs. In some aspects of the present
invention expression levels of has-miR-16 and/or has-miR-92 may be used to determine
normalized expression levels of miRNAs of interest. In other embodiments of the present
invention, the measured levels of miRNAs are not normalized and the raw qPCR Ct results

10 may be used in calculating the recurrence score.

Differential biomarker/RNA expression can also be identified, or confirmed using the
microarray technique. Thus, the expression profile of colorectal cancer-associated biomarkers
can be measured in tissue/cells, using microarray technology. In this method, polynucleotide
15  sequences of interest (including cDNAs and oligonucleotides) are plated, or arrayed, on a
microchip substrate. The arrayed sequences are then hybridized with specific DNA probes
from cells or tissues of interest. Just as in the RT-PCR method, the source of mRNA typically
is total RNA isolated from human tumors or tumor cell lines, and corresponding normal
tissues or cell lines. Thus, RNA can be isolated from a variety of primary tumors or tumor cell
20 lines. If the source of mRNA is a primary tumor, mRNA can be extracted from a tissue

sample or cells.

In a specific embodiment of the microarray technique, PCR amplified inserts of cDNA clones
are applied to a substrate in a dense array. Preferably at least 10,000 nucleotide sequences are
25  applied to the substrate. The microarrayed genes, immobilized on the microchip at 10,000
elements each, are suitable for hybridization under stringent conditions. Fluorescently labeled
c¢DNA probes can be generated through incorporation of fluorescent nucleotides by reverse
transcription of RNA extracted from tissues of interest. Labeled cDNA probes applied to the
chip hybridize with specificity to each spot of DNA on the array. After stringent washing to
30  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 corresponding mRNA abundance. With dual color

fluorescence, separately labeled ¢cDNA probes generated from two sources of RNA are
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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 hybridization affords a convenient and rapid evaluation of the
expression pattern for large numbers of genes. Such methods have been shown to have the
S sensitivity required to detect rare transcripts, 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. USA 93(2):106-149 (1996)). Microarray analysis can be
performed by commercially available equipment, following manufacturer's protocols, such as
by using the Affymetrix GenChip technology, or Incyte's microarray technology.
10
The materials for use in the methods of the present invention are suited for preparation of kits
produced in accordance with well-known procedures. The invention thus provides kits
comprising agents, which can include biomarker-specific or biomarker-selective probes
and/or primers, for quantitating the expression of the disclosed biomarkers (i.e., miRNAs) for
15  predicting likelihood of recurrence of CRC in a subject. Such kits can optionally contain
reagents for the extraction of RNA from tumor samples or cells. In addition, the kits can
optionally comprise the reagent(s) with an identifying description or label or instructions
relating to their use in the methods of the present invention. The kits can comprise containers
(including microtiter plates suitable for use in an automated implementation of the method),
20  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., dJATP, dCTP, dGTP and dTTP; or rATP, rCTP, 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
25  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.

Thus, a kit of the present invention can comprise (a) at least two reverse transcription primers
for specifically reverse transcribing at least two miRNAs selected from the group consisting
30  of has-miR-363*, hsa-miR-1255b, hsa-miR-566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-
338-5p, hsa-miR-550a*, hsa-miR-588, hsa-miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-
629, has-miR-885-5p, hsa-miR-139-3p, hsa-miR-655, hsa-miR-1290, hsa-miR-450b-5p, and
has-miR-1224-5p into cDNA,; (b) at least two probes that specifically bind to cDNAs reverse
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transcribed from the miRNAs, wherein the probes are suitable for use in quantitative real time
polymerase chain reaction (QRT-PCR) for quantifying the miRNAs present; and a reverse
transcription primer for specifically reverse transcribing at least one noncoding RNA and a
probe that specifically binds a cDNA reverse transcribed from the at least one noncoding
RNA, wherein the probe is suitable for use in quantitative real time polymerase chain reaction

(qQRT-PCR) for quantifying the noncoding RNA present.

A predictive model for calculating the likelihood of recurrence of CRC can be derived by
methods including recruiting colorectal patients having undergone surgical resection and
performing statistical analyses (i.e., T-test, Wilcoxon Signed-Rank Test, Logistic Regression,
Receiver Operating Characteristic (ROC) analysis, Cox proportional hazards model, Pearson
Correlation analysis and Kaplan-Meier estimator, among others) of normalized expression
levels of a variety of known miRNAs in cancerous tissue/cells and paired noncancerous
tissue/cells from the patients, while taking into account the recurrence rate of CRC in the

patients over a given period of time.

In some aspects of the present invention, recruited CRC patients having undergone surgical
resectioning can be randomly assigned to a training dataset and a testing dataset. Each dataset
can be sorted into two risk groups. “Low risk” being defined as disease free longer than three
years after surgery and “high risk” being defined as relapse less than three years after surgery.
Samples of colorectal cancer tissues together with the paired non-tumoral tissues can be
obtained from all subjects, and the expression levels of a group of miRNAs and other
biomarkers for determining normalized expression levels can be determined. The miRNAs,
ncRNAs, or rRNAs (ncRNAs and rRNAs measured for normalization) measured can be any

known in the art. At least 754 human miRNAs are known in the art.

In certain embodiments of the present invention the normalized expression levels of at least
two of the following miRNAs are considered in statistical analyses used to derive a predictive
model of the likelihood of recurrence of CRC in a patient: hsa-miR-363*, hsa-miR-1255b,
has-miR-566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-338-5p, hsa-miR-550a*, hsa-miR-
588, hsa-miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-629, hsa-miR-885-5p, hsa-miR-
139-3p, hsa-miR-655, hsa-miR-1290, hsa-miR-450b-5p, and hsa-miR-1224-5p.

nmean

a(% 14 (0A8)
a (% 11 (0.38) 11 (0.31) 1(0.17) 5



A-col on cancer 5(0.17) 7 (0.19) 1(0.17) 3 (0.33) T-colon cancer 0 (0.00) 2
(0.06) 0 (0.00) O (0.00) fl-colon cancer 2 (0.07) 3 (0.08) 0 (0.00) O
(0.00) 5-colon cancer 8(0.28) 13 (0.36) 2(0.33) 5 (0.56)
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In some embodiments the normalized expression levels of the following miRNAs are

considered in statistical analyses used to derive a predictive model of the likelihood of

recurrence of CRC in a patient: hsa-mir-1224-5p, hsa-miR-518b, hsa-miR-629, hsa-miR-
5  885-5p, hsa-mir-139-3p, and hsa-miR-223*.

Subsequently, the expression levels can be subjected to statistical analysis to derive a
predictive model/equation to predict the likelihood of recurrence of CRC in a patient. Thus,
in some aspects of the present invention, the T-test and Wilcoxon Signed-Rank Test can be
10 applied to expression level data for two defined patient groups (Low-risk, High-risk), to
decide the significant biomarker (e.g., miRNA) candidates (P-value<0.05) in the gene
expression data. The Pearson Correlation analysis can be used to calculate the correlation

between recurrent time and gene expression.

15  To better distinguish subjects with high risk or low risk, a logistic regression analysis and a
ROC curve analysis may be used for analysis of the Ct value from RT-PCR data. The Kaplan-

Meier method and the Cox proportional hazard regression model may also be used.

Combining candidate genes (qQPCR data) and clinical factors, the logistic regression analysis

20  may be used to model a response variable and multiple predictors. The ROC curves may be
generated for each of the criteria by plotting sensitivity against 1-specificity. The process
computes estimated sensitivity and specificity of each observation and also calculates
predictive probability for each case by logistic regression analysis. An Area under Curve
(AUC) may be calculated to show the performance of the model.

25
An event may be defined as the time to recurrence or death in the period of study. All cases
may be censored at loss to follow-up or at the end of study period (five years).The Kaplan-
Meier method may be used to calculate the disease free survival (DFS) rate and to plot
survival curves between two defined groups (high and low risk). The log-rank test may be

30  used for comparing two survival distributions of two groups. In view of such analyses,
candidates and clinical factors may be selected for preparing a model. The candidate genes
may be identified using a Cox proportional hazard regression model to study the interaction
between gene expression levels from subjects with low risk compared to subjects with high
risk. The Hazard Ratio (HR) may also be calculated by a Cox proportional hazards model.
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The Wilcoxon Signed-Rank Test (Wilcoxon, “Individual comparisons by ranking methods,”
10 1945, Biometrics Bulletin, Vol. 1, No. 6, pages 80-83; Siegel, “Non-parametric statistics for
behavioral sciences,” 1956, McGraw-Hill, New York, New York, pages 75-83) is a non-
parametric statistical hypothesis test that may be used when comparing two related samples or
repeated measurements on a single sample to assess whether their population means differ

(i.e., a paired difference test).

15
The Pearson product-moment correlation coefficient (Pearson Correlation analysis) can be
used to measure the correlation (linear dependence) between two variables X and Y, giving a
value between +1 and —1 inclusive. It can be used as a measure of the strength of linear
dependence between two variables.

20

Combining candidate genes and clinical factors, a logistic regression method can be used to
build a predictive model. An effect of the model can be confirmed by Receiver Operating
Characteristic (ROC) analysis. The Kaplan-Meier method can be performed to compare the
survival rate for patients between two groups. The candidate biomarkers/genes (i.e.,
25  miRNAs, among others) can be identified using a Cox proportional hazard regression model
to study the interaction effects between gene expression levels from patients with low-risk
compared to patients with high-risk. The Hazard ratio (Risk ratio) for candidates can be

different when measured in high-risk patients versus low-risk patients.

30 In signal detection theory, a receiver operating characteristic (ROC), or simply ROC curve, is
a graphical plot of the sensitivity, or true positive rate, vs. false positive rate (1 — specificity

or 1 — true negative rate), for a binary classifier system as its discrimination threshold is
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levels of specific miRNAs correlated with CRC recurrence using Kaplan-Meier survival
curves.
20
Whereas the Kaplan-Meier method with log-rank test is useful for comparing survival curves
in two or more groups, Cox proportional-hazards regression allows analyzing the effect of
several risk factors on survival. (Cox, “Regression Models and Life-Tables,” 1972, J of the
Royal Stat Soc, Series B (Methodological), Vol. 34, No. 2, pages 187-220.) The probability
25  of the endpoint (death, or any other event of interest, e.g., recurrence of CRC) is designated as

the hazard.

The statistical methods discussed above can be performed using known computer programs
for statistical analysis.

30
Two exemplary recurrence predicting models of the present invention for predicting the

likelihood of recurrence of CRC in a patient are as follows:
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recur rencé”ironar kers. The sequence information for the measured CRC
bi omar ker s, Ok &5 QRN o-h51 SUTFBIAALH 6472 (AP 8225 pAmdigbl € 5. Sequences of
CRC recurrepk, bl Or NasKer510/38 0126 (hsa-miR-629(Tumor)) + 9.4863x (hsa-miR-629(Normal))

-30.1097 x (hsa-miR-885-5 p(Normal))-6.9425 x (hsa-mir-139-3 p(Tumor))-2.0399 x (hsa-mir-139-3 p(Normal))

+ 0.5164 % (hsa-miR-223* (Tumor)) + 3.1883 x (hsa-miR-223 * (Normal))

+3.2598 x {(hsa-mir-1224-5 p(Tumor)) x (hsa-miR-885-5 p(Normal))}

+0.6281x {(hsa-mir-139-3 p(Tumor))x (hsa-miR-223* (Tumor))}

5 -1.3465 x {(hsa-miR-629(Normal)) x (hsa-miR-223* (Tumor))}......[formula37]

Recurrence Predicting Model 2
Recurrence score=exp(y)/(1+exp(y)
Where y:
10, 101195 -03503 x (hsa-mir 1224-5 p(Tumor))+ 09442 x (hsa-mir_1224-5 p(Normal))
+8.7184 x (hsa-miR-518b(Tumor))
+2.2476 x(hsa-miR-629(Tumor))-1.4460 x (hsa-miR-629(Normal})-0.2093 x (hsa-miR-885-5 p(Normal))
-49632 x (hsa-miR-223*(Tumor))+0.5182 x (hsa-miR-223*(Normal))-2.5481 x (hsa-mir-139-3 p(Tumor))
-2.6980 x (hsa-mir-139-3 p(Normal))-1.8716 x (hsa-miR-655(Tumor))+19734 x(hsa-miR-1290(Normal))

-2.4953 x(hsa-miR-450b-5 p(Tumor))...... fomulaS0
15

In the predictive models above, (tumor) refers to expression of the specified miRNA in at
tumor sample or sample of cancer cells and (normal) refers to expression of the specified
miRNA in a sample from noncancerous tissue that is of the same type of tissue out of which
the tumor was formed.

20
These are but two exemplary predictive models according to the present invention. Other
predictive models can be developed using the methods disclosed herein. Other predictive
models can employ more or few microRNAs to predict the likelihood of recurrence of CRC in
a patient.

25
Thus, RNA can be extracted from a tumor sample or cancerous cells from a CRC patient.
The normalized expression levels of specific miRNAs used in the predictive models can be
determined and using these expression levels the probability of recurrence of CRC can be

calculated.

30
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The methods provided by the present invention can also be automated in whole or in part.

The methods of the present invention are suited for the preparation of reports summarizing
the predictions resulting from the methods of the present invention. The invention thus
provides for methods of creating reports and the reports resulting therefrom. The report can
include a summary of the expression levels of the RNA transcripts for certain biomarkers
(i.e., miRNAs, among others) in the cells obtained from the patient’s tumor tissue. In some
embodiments of the present invention a report is prepared the recurrence score and/or a
determination of the likelihood of CRC recurrence made using the recurrence score. The
report can include a prediction that said subject has an increased likelihood of recurrence of
CRC. The report can include a recommendation for treatment modality such as surgery alone
or surgery in combination with chemotherapy. The report can be presented in electronic

format or on paper.

All aspects of the present invention may also be practiced such that a limited number of
additional genes that are co-expressed with the disclosed genes, for example as evidenced by
high Pearson correlation coefficients, are included in a predictive test in addition to and/or in

place of disclosed biomarkers.

Having described the invention, the same will be more readily understood through reference
to the following Examples, which are provided by way of illustration, and are not intended to
limit the invention in any way. All citations throughout the disclosure are hereby expressly

incorporated by reference.

EXAMPLES
Example 1

Patients and Tissue Specimens

Eighty colorectal patients underwent surgical resection and were recruited from the National
Cheng-Kung University Hospital, Tainan, Taiwan. These patients were randomly assigned to
a training dataset (n=65) and a testing dataset (n=15). Characteristics of the patients are
summarized in Table 1. Each dataset consisted of two risk groups. “Low risk” was defined

as disease free after surgery and “high risk” was defined as relapse less than three years after



SEQ I D NO 15 hsa-m R-655 AUAAUACAUGGULI A ACC U ClJQU fisa-m R-1290
GGAUDU Lilt GGAUCAGEOA SEQ I D NO 16

31

surgery. Frozen samples of colorectal cancer tissues together with the paired non-tumoral

tissues were obtained from all subjects.

Table 1: Summary of Clinical Information

Training set (n=65) Testing set (n=15)
High Risk (n=29) Low Risk (n=36) High Risk (n=6) Low Risk (n=9)

Age, mean (SD) 63.55(12.44) 64.17(11.60) 66.37(5.12) 66.78(3.94)
14/15 20/16 3/3 6/3
11/18 11/25 1/3 5/4

More detailed information regarding the patients in the study are provided in Tables 2-4

below.

Table 2. Patient Characteristics

Patients (n=80)

High Risk (n=35) Low Risk (n=45)
Age, mean (SD) 64.03 (11.51) 64.69 (11.08)
Male, n (%) 17 (0.49) 26 (0.58)
Stage 11, n (%) 12 (0.34) 16 (0.36)
Diagnosis, n (%)
A-colon cancer 6 (0.17) 9 (0.20)
T-colon cancer 0 (0.00) 2 (0.04)
D-colon cancer 2 (0.06) 3(0.07)
S-colon cancer 10 (0.29) 18 (0.40)
Rectal cancer 12 (0.34) 12 (0.27)
Colon cancer 1(0.03) 1(0.02)
N/A 4(0.11) 0(0.00)
mean (SD)

10
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Table 3. Patient Characteristics

Training set (n=65) Testing set (n=15)
Age, mean (SD) 63.89(11.89) 66.62(7.32)
Male, n (%) 34 (0.52) 9 (0.60)
Stage I1, n (%) 22 (0.34) 6 (0.40)
Diagnosis, n (%)
A-colon cancer 11 (0.17) 4(0.27)
T-colon cancer 2 (0.03) 0 (0.00)
D-colon cancer 5(0.08) 0 (0.00)
S-colon cancer 21(0.32) 7(047)
Rectal cancer 21 (0.32) 3(0.20)
Colon cancer 2(0.03) 0(0.00)
N/A 3(0.05) 1(0.07)

mean (SD)
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Table 4. Patient Characteristics
Training set (n=65) Testing set (n=15)
High Risk Low Risk High Risk Low Risk (n=9)
(n=29) (n=36) (n=6)
Age, mean (SD) 63.55(12.44) 64.17(11.60) 66.37(5.12) 66.78(8.94)
Male, n(%) 14 (0.48) 20 (0.56) 3 (0.50) 6 (0.67)
Stage II, n (%) 11(0.38) 11(031) 1(0.17) 5(0.56)
Diagnosis, n (%)
A-colon cancer 500.17) 7 (0.19) 1(0.17) 3(0.33)
T-colon cancer 0 (0.00) 2 (0.06) 0 (0.00) 0 (0.00)
D-colon cancer 2 (0.07) 3 (0.08) 0 (0.00) 0 (0.00)
S-colon cancer 8 (0.28) 13 (0.36) 2(0.33) 5(0.56)
Rectal cancer 10 (0.34) 11 (0.31) 2(0.33) 1(0.11)
Colon cancer 1(0.03) 1 (0.03) 0 (0.00) 0 (0.00)
N/A 3(0.10) 0 (0.00) 1(0.17) 0 (0.00)
mean (SD)
MicroRNA Profiling

Total RNA were extracted using a TRIzol®-based method from all study subjects. For the
discovery phase, 30 potential candidates were identified using Illumina® Small RNA Array
System Human MI_V2 (human microarray version 2; including 1146 probes) (Illumina, San
Diego, CA, USA). Subsequently, custom TaqMan® small RNA Assays (Applied
Biosystems, Life Technologies Corp., Carlsbad, CA, USA) were used for validation and
algorithm development. A microarray was used to select significant differential small RNA
candidates, which included about 30 small RNA candidates. TagMan® Human MicroRNA
Assays were used to further validate the 30 candidates selected. Using TagMan® MicroRNA
Assays, 19 miRNA candidates demonstrated differential expression between high/low risk
groups. The overall development process is summarized in Figure 1. The expression level of
each miRNA was represented by a threshold cycle (Ct) value. The Ct value of each miRNA
was then normalized by RNU6B and RNU44 expression levels, which are commonly used as
internal controls for miRNA quantification assays. Finally, the normalized miRNA

expression levels were represented as dCt.
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Statistical Analysis

According to the two defined groups (Low-risk, High-risk), the T-test and Wilcoxon Signed-
Rank Test were utilized to decide the significant candidates (P-value<0.05) in the gene
5  expression data. The Pearson Correlation analysis was used to calculate the correlation

between recurrent time and gene expression.

Combining candidate genes and clinical factors, a logistic regression method was used to
build a predictive model. An effect of the model was confirmed by Receiver Operating
10  Characteristic (ROC) analysis. The Kaplan-Meier method was conducted to compare the
survival rate for patients between two groups. The candidate genes were identified using a
Cox proportional hazard regression model to study the interaction effects between gene
expression levels from patients with low-risk compared to patients with high-risk. The
Hazard ratio (Risk ratio) for candidates changed when measured in high-risk patients versus

15  low-risk patients.

To better distinguish subjects with high risk or low risk, the logistic regression analysis and
the ROC curve analysis were considered to analysis Ct value from RT-PCR data. In addition,
the aim was to better understand the recurrence of cancer progression. The Kaplan-Meier

20  method and the Cox proportional hazard regression model were also used.

Combining candidate genes (QPCR data) and clinical factors, the logistic regression analysis
was used to model a response variable and multiple predictors. The ROC curves were
generated for each of the criteria by plotting sensitivity against 1-specificity. The process
25  computes estimated sensitivity and specificity of each observation and also calculates
predictive probability for each case by logistic regression analysis. An Area under Curve

(AUC) was calculated to show the performance of the model.

The event was defined as the time to recurrence or death in the period of study. All cases were
30  censored at loss to follow-up or at the end of study period (five years).The Kaplan-Meier
method was conducted to calculate the disease free survival(DFS) rate and to plot survival
curves between two defined groups(high risk , low risk).The log-rank test was used for

comparison of two survival distributions of two groups. In consideration of previously



Two recurrence predicting nodels devel oped fromthe statistical analyses
perfornmed are detailed below, in the predictive nodels bel ow, (tunor)
refers to expression of the specified 5 mRNA in at tunor sanple or sanple
of cancer cells and (normal) refers tgsexpression of the specified ini RNA
in a sanple fromnoncancerous tissue that is of the sane type of tissue out
of which the tunor was forned, Recurrence Predicting Mdel 1 Based
on statistical analysis of the expression levels in tumor tissue and

mat ched tigsH@idsnl REnisdi U orP@Erk SBEctRORK B 861, TﬁhecaB@*dh@VgeH& &)ruﬁldbec tive
nodel was devel oped: Recurrence score=exp(y) '

)/ (1+exp Where y:
315. 8- 2636dentifighsdngrCpx pmqmsnah}@ﬁ%megeesme@m%el( Ws%u%ﬁ the Ilztzmu@p{fﬁpbr mal ))
between gene expression levels from subjects with low risk compared to subjects with high

risk. The Hazard Ratio (HR) was also calculated by a Cox proportional hazards model.

Results
Expression levels of colorectal cancer (CRC) recurrence biomarkers were measured,
including 18 miRNAs: hsa-miR-363*, hsa-miR-1255b, hsa-miR-566, hsa-miR-1265, hsa-
miR-127-5p, has-miR-338-5p, hsa-miR-550a*, hsa-miR-588, hsa-miR-651, hsa-miR-223%*,
10 hsa-miR-518b, hsa-miR-629, hsa-miR-885-5p, hsa-miR-139-3p, hsa-miR-655, hsa-miR-1290,
hsa-miR-450b-5p, and hsa-miR-1224-5p. The expression levels for the two reference non-
coding RNAs RNU6B and RNU44 were also measured to normalize the expression levels
measured for the CRC recurrence biomarkers. The sequence information for the measured

CRC biomarkers (microRNAS) is summarized in Table 5.

P Table 5: Sequences of CRC recurrent biomarkers

miRBase ID Target Sequence SEQ ID
hsa-miR-363* CGGGUGGAUCACGAUGCAAUUU SEQ ID NO:1
hsa-miR-1255b | CGGAUGAGCAAAGAAAGUGGUU SEQ ID NO:2
hsa-miR-566 GGGCGCCUGUGAUCCCAAC SEQ ID NO:3
hsa-miR-1265 CAGGAUGUGGUCAAGUGUUGUU SEQ ID NO:4
hsa-miR-127-5p | CUGAAGCUCAGAGGGCUCUGAU SEQ ID NO:5
hsa-miR-338-5p | AACAAUAUCCUGGUGCUGAGUG SEQ ID NO:6
hsa-miR-550a* | UGUCUUACUCCCUCAGGCACAU SEQ ID NO:7
hsa-miR-588 UUGGCCACAAUGGGUUAGAAC SEQ ID NO:8
hsa-miR-651 UUUAGGAUAAGCUUGACUUUUG SEQ ID NO:9
hsa-miR-223* CGUGUAUUUGACAAGCUGAGUU SEQ ID NO:10
hsa-miR-518b CAAAGCGCUCCCCUUUAGAGGU SEQID NO:11
hsa-miR-629 UGGGUUUACGUUGGGAGAACU SEQ ID NO:12
hsa-miR-885-5p | UCCAUUACACUACCCUGCCUCU SEQ ID NO:13
hsa-miR-139-3p | UCUACAGUGCACGUGUCUCCAG SEQ ID NO:14
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10 Based on statistical analysis Of the ‘expression levels in' tumor tissue and matched

tissue in the study patient population, the following predictive model was developed:
Recurrence score=exp(y)/(1+exp(y)
Where y:

y =315.8-26.3641x (hsa-mir-1224-5 p(Tumor})-31687 x (hsa-mir-1224-5 p(Normal))

-3.8282 x (hsa-miR-518b(Tumor)) + 2.9126 x (hsa-miR-629(Tumor)) + 9.4863 x (hsa-miR-629(Normal))
-30.1097 x (hsa-miR-885-5 p(Normal))-6.9425 x (hsa-mir-139-3 p(Tumor))-2.0399 x (hsa-mir-139-3 p(Normal))
+ 0.5164 x (hsa-miR-223* (Tumor)) + 3.1883 x (hsa-miR-223* (Normal))

+3.2598 % {(hsa-mir-1224-5 p(Tumor))x (hsa-miR-885-5 p(Normal))}

+ 0.6281x {(hsa-mir-139-3 p(Tumor)) x (hsa-miR-223* (Tumor))}

-1.3465 % {(hsa-miR-629(Normal)) x (hsa-miR-223* (Tumor))}......[formula37]

15

Recurrence Predicting Model 2
Based on statistical analysis of the expression levels in tumor tissue and matched
tissue in the study patient population, the following second predictive model was developed:
Recurrence score=exp(y)/(1+exp(y)
20  Wherey:

y =10.1195 -03503x (hsa-mir_1224-5 p(Tumor))+0.9442 x (hsa-mir_1224-5 p(Normal))

+8.7184x (hsa-miR-518b(Tumor))

+2.2476 x (hsa-miR-629(Tumor))-1.4460 x (hsa-miR-629(Normal))-0.2093 x (hsa-miR-885-5 p(Normal))
-4.9632 x(hsa-miR-223*(Tumor))+0.5182 x (hsa-miR-223*(Normal))-2.5481 x(hsa-mir-139-3 p(Tumor))
-2.6980 x (hsa-mir-139-3 p(Normal))-18716 x (hsa-miR-655(Tumor))+1.9734 x(hsa-miR-1290(Normal))

75 -2.4953 x(hsa-miR-4500-5 p(Tumor))...... fomulaS0



It will be apparent to those skilled in the art that various nodifications
and variations 15 can be nade to the disclosed enbodinents. it is intended
that the specification and exanpl es be considered as exenplary only, with a
true scope of the disclosure being indi,cated by the follow ng clains and
their equivalents. 38 CLAIMS 1. A nethod for determning the Iikelihood of
col orectal cancer (CRC) :re( la subject conprising: nmeasuring the
expression level of two or nore mcro ribonucl eic acids (ni RNAs) selected

fromthe R 26
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conpri sing wel ghti ng the expression [evels of the mRNAs by contribution to
CRC r e6ur reecaraspasaald possible emtledierenisni ng the |i kel i hood of ecilcirceta

cancer recurrence for said subject using the recurrence score. 15 2. 'T
The nethod of claim1, wherein the subject is a human. 3. The met hod of
claimi. wogfd ﬂletp?@seﬁﬁ(lﬂ{/@rﬁﬁ)h%s heMEdEc@bed WRh MENNAS RNEhATRAS ot a

met hod conprising (a) reverse transcription of mi RNA and a quantitative
r eal -tine thpﬂmpn@ﬁagmb@ﬂmemm eta@ tq bmm@mtmhabme (wyentipe iveetliyitethal ysi s

2- t hod erein th red. expr |on
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expression | evels of one or nmore m RNAs, or t he expreSS|on | evel s of

one or norckimgs AlRsglerencessitedHa the dHelWsEE ¢ FWPX CXprsetBiRcarprated dur ed
expreSS|oq<§%ﬁ s are not normalized and raw qPCR O : results are used in
cal cul ating e recurrence score. 306. The nethod of chum 4. wherein the
nmeasured expression levels are nornmalized relative to the expression |evels
of one or nDre noncodi ng_ ri bonucl.ei.c adds (neRNAs d t he noneodlng RNA
(ncRNA) i 4wl becnparent W?%ﬁ%ﬁfﬂrdﬂw@ 35t (NERHETPEBMORNI YA AndhiriaipRes

15  can be made to the disclosed embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope of the disclosure being

indicated by the following claims and their equivalents.



39 7. The nethod of claim4, wherein the neasured expression |levels are
normalized relative to the expression |levels of has-m R 16 and/or hasim

| R-92. 58. The nethod of claim1, wherein [he individual contribution of
each turRNA expression | evel neasured;gs weighted separately in the
calculating step. 9. The nethod of claim 1, wherein said biological

sanpl efresh sanple of a CRC. tunor, a. frozen sanple of a CRC tunor or a
pai red non-tunoral tissue. 10 10. The nmethod of claiml, wherein said

bi ol ogi cal sanple is a sanple contajfispggsmal | RNAs. 1 | . The nethod of
chitin 1, further conprising preparing a report conprising the recurrence
15score and/or the determ nation of the |ikelihood of CRC recurrence nade
usi ng t he lr dmethodigalesoniniag thedikeltdef pf dodnreqind edticen (CRE) tdgerrense Uy # enbiset of

col orect a'coﬁﬁ%?n%f in a subject consisting of: at |east two reverse
transcription prinmers for specifically reverse transcribing at |east 20 two
m RNAsS sel ect edehsugng theeexgresign ol Sif S rog mvke miqya ripeiiuciRic3®dis, (miRNAs)

[isaiimR: ' chsid= 1 N _hsa i R 1275 !
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predicting the recurrence of colorectal cancel in a subject conprising:
at | east thwoemiRel2M0s bsatmiBeObisSpt andnhspmiifdRd4-foin 8 hédodidat a3mnple comprises
transgpi bi : ] ected fromthe group consisting of
hsa. ni 2 363% ‘ﬁﬁgg‘%ﬁ@tﬁ@ﬁ'ﬁ %téges,“gﬁg%i -mi R 1265, hsar ni R 127- 5p, hsani R
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R- 629, hasgs;Lp kR =M, B ey d
30hsa- m RﬁeglggOﬁgg%ﬁgg%%fﬁgg%naﬁg l{%%glnr}l% R‘Eelaén24- 5p into ti DNA

determining the likelihood of colorectal cancer recurrence for said subject using the

recurrence score.

15

2. The method of claim 1, wherein the subject is a human.

3. The method of claim 1, wherein the expression levels of the miRNAs are measured by a
method comprising (a) reverse transcription of miRNA and a quantitative real-time

20  polymerase chain reaction (RT-PCR) or (b) microarray analysis.

4. The method of claim 1, wherein the measured expression levels are normalized relative to
(a) the expression levels of one or more noncoding ribonucleic acids (ncRNAs), (b) total
amount of RNA, (c) the expression levels of one or more miRNAs, or (d) the expression

25 levels of one or more 18S rRNAs.

5. The method of claim 1, wherein the measured expression levels are not normalized and raw

gqPCR Ct results are used in calculating the recurrence score.

30 6. The method of claim 4, wherein the measured expression levels are normalized relative to
the expression levels of one or more noncoding ribonucleic acids (ncRNAs) and the

noncoding RNA (ncRNA) is selected from transcripts of RNU6B, RNU44, and RNU48.



at | east two probes that specifically bind to cDNAs reverse transcri bed
fromthe mt? NAs, wherein the probes are suitable for use in real tine
pol ymerase chain reaction (RTPCR) for quantifying the m RNA. s present; and
40 a reverse transcription primgr for specifically reverse
transcribing at | east one noncoding ItNA and a probe that specifically

bi nds a cDNA reverse transcribed fromthe at | east one rioncodi ng RNA
wherein the probe is suitable for use in real tine polynerase chain
reaction (RI-PCR) for quantifying the noncodina RNA present. 14, A method
for determning the likelihood of the recurrence of colorectal cancer in a
subj ect cohphé mithed oflamidivherea thampisared oxpressian iryels el ormNxed et éct i ng

expressi on @prt%?s?&lg%l (Jﬁ;a R. Wﬁld%fr%_—@%ﬁ%ﬁ[zm_ 5p; hsa-ner-518b; hsa-

rnir-629; op; sa mr-L isa-mr-2234"; lisa-m R 655;
hsa-m R-1290; nd |isa-ini R-450b-5p; and cal cul ating the probabi lity
that the subjectails Ecl&%q @hérﬁﬁgﬁé fh’aﬁﬁfduﬁf cHbIGLEBact &1 QGG ng to
recurrence score. claim 14, erein sal re urrence

score i s dedctmpagured ishyeightsdissiarately e@h@@équtmnaﬁ% ysis, 16. A arkethod for
determning the likelihood of the recurrence of colorectal cancer in a

subj ect conprising: providing a sanple containing small RN det ecting
expr essi orf- bhe metbdd ficlaithed, whdRNAsaidbiolegigalspmple Bpuvfrash sankpdofrg CRG 8imor, a

hsam r-62 d }ma4nn-223; and

cal cul ati %fgozt %H.Elregggg\%tﬁ%o{tﬁﬁtp%{] noa%%g[tns%ﬁl | have a recurrence of

coi ordBtal cancer 25according to recurrence score Recurrence score =

expeybir 1joexp{ ¥ehbd omﬁlfrﬁ'lnv%elleﬁl 9&5 %lggfca fofel @%dsaﬂal;;let LRkl Sdipt ors

recurrence score. The et cl al wherein the recurrence
core is déksi ned accordlng to one of 30t he equatlons shown in Figures

4-60. 41 collecting at the tine of colorectal tunor renoval surgery
fromthe subject (gﬁ a sanple of a colorectal tunor and (b) a paired sanple
of non-t undr bissmethasefeclaimal firtep¢omptiging grapaningyerepdrt eqragigmedhn reefrrappd ch t he

tumor 14as JfQr Qfﬁi%r tl’f‘é‘&efe@rﬁﬁlht‘ilgl JrQfettlkeliloB@ BHERE r&uRGicd maNMing hORLGAGEe Of

sanples (a) and 5 performnc: reverse transcription and quantitative
rear -t une scgel yrrerase chain reaction (RT-PCR) with the extracted RNA for
each of sanples (a) and (b) to determine the nom alized | evel of expression
of each of the mRitAs of hsa-mr-1224-5p; hsa-rdir-518b; hsa-mr-629;
hsa- mi r - 898- & it fgyzedinting thg gecgysenca Atcotgetatcancorin e subjgsepaupintingrd: expr essi on

'( g\(f; :\IA[S; g &IOG nalag ﬁe@g W& ALY Bads@idt®N Shimefs S IPEEBSNIP Revefse RANCASIhOG IRNAS
two miRNAs selected from the group consisting of hsa-miR-363%*, hsa-miR-1255b, hsa-miR-
566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-338-5p, hsa-miR-550a*, has-miR-588, hsa-
miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-629, has-miR-885-5p, hsa-miR-139-3p,

hsa-miR-655, hsa-miR-1290, hsa-miR-450b-5p, and hsa-miR-1224-5p into cDNA.

25 13. A kit for predicting the recurrence of colorectal cancer in a subject comprising:
at least two reverse transcription primers for specifically reverse transcribing at least
two miRNAs selected from the group consisting of hsa-miR-363*, hsa-miR-1255b, hsa-miR-
566, hsa-miR-1265, hsa-miR-127-5p, hsa-miR-338-5p, hsa-miR-550a*, has-miR-588, hsa-
miR-651, hsa-miR-223*, hsa-miR-518b, hsa-miR-629, has-miR-885-5p, hsa-miR-139-3p,

30  hsa-miR-655, hsa-miR-1290, hsa-miR-450b-5p, and hsa-miR-1224-5p into cDNA,;
at least two probes that specifically bind to cDNAs reverse transcribed from the
miRNAs, wherein the probes are suitable for use in real time polymerase chain reaction (RT-

PCR) for quantifying the miRNAs present; and



10RNU44 in the sanples; and calculating the probability that the

subject will have a recurrence of colorectal cancer according to
reCt 1 BTCOCC score Recurrence score - exp(y)/ (1 exP(Y)), wherein "Vis
determ ned according to one of the equgtions of Figures 4-60, | 5 wherein

(tunor) refers to expression of the specified m RNA in sanple (a) and
(normal) refers to expression of the specified itURNA in sanple (b) taken
fromnon-tunorous tissue that is of the sanme type of tissue out of which
the tunor was forned.

a reverse transcription primer for specifically reverse transcribing at least one
noncoding RNA and a probe that specifically binds a cDNA reverse transcribed from the at
least one noncoding RNA, wherein the probe is suitable for use in real time polymerase chain

S reaction (RT-PCR) for quantifying the noncoding RNA present.

14. A method for determining the likelihood of the recurrence of colorectal cancer in a subject
comprising:
providing a sample containing small RNA;

10 detecting expression of each of the miRNAs of hsa-mir-1224-5p; hsa-mir-518b; hsa-
mir-629; hsa-mir-885-5p; hsa-mir-139-3p; hsa-mir-223*; hsa-miR-655; hsa-miR-1290; and
hsa-miR-450b-5p; and

calculating the probability that the subject will have a recurrence of colorectal cancer
according to recurrence score.

15
15. The method of claim 14, wherein said recurrence score is calculated by logistic regression

analysis.

16. A method for determining the likelihood of the recurrence of colorectal cancer in a subject
20  comprising:
providing a sample containing small RNA;
detecting expression of each of the miRNAs of hsa-mir-1224-5p; hsa-mir-518b; hsa-
mir-629; hsa-mir-885-5p; hsa-mir-139-3p; and hsa-mir-223; and
calculating the probability that the subject will have a recurrence of colorectal cancer
25  according to recurrence score
Recurrence score = exp(y)/(1 + exp(y)),

wherein y is a formula combined multiple predictors recurrence score.

17. The method of claim 16, wherein the recurrence score is determined according to one of

30  the equations shown in Figures 4-60.

18. A method for determining the likelihood of the recurrence of colorectal cancer in a subject

comprising:



10

15

41

collecting at the time of colorectal tumor removal surgery from the subject (a) a
sample of a colorectal tumor and (b) a paired sample of non-tumorous tissue that is of the
same type of tissue out of which the tumor was formed;

extracting total ribonucleic acid (RNA) from each of samples (a) and (b);

performing reverse transcription and quantitative real-time polymerase chain reaction
(RT-PCR) with the extracted RNA for each of samples (a) and (b) to determine the
normalized level of expression of each of the miRNAs of hsa-mir-1224-5p; hsa-mir-518b;
hsa-mir-629; hsa-mir-885-5p; hsa-mir-139-3p; and hsa-mir-223*, wherein the expression
level is normalized relative to level of expression of noncoding RNAs (ncRNAs) RNU6B and
RNU44 in the samples; and

calculating the probability that the subject will have a recurrence of colorectal cancer
according to recurrence score

Recurrence score = exp(y)/(1 + exp(y)),

wherein y is determined according to one of the equations of Figures 4-60,

wherein (tumor) refers to expression of the specified miRNA in sample (a) and
(normal) refers to expression of the specified miRNA in sample (b) taken from non-tumorous

tissue that is of the same type of tissue out of which the tumor was formed.



