PROGNOSIS PREDICTION FOR MELANOMA CANCER RELATED APPLICATION This application
claims the benefit of New Zealand Provisional Patent Application No. 555363 filed 24 May 2007, which
is incorporated by reference herein in its entirety. FIELD OF THE INVENTION This invention relates to
methods and compositions for determining the prognosis of cancer, particularly melanoma, in a
patient. Specifically, this invention relates to the use of genetic and proteomic markers for determining
the prognosis of cancer, such as melanoma, bastd on prognostic signatures. BACKGROUND OF
THE INVENTION In industrial nations, the incidence of melanoma has steadily risen over the previous

25 years, with the incidence | ﬁﬁ i i i %@ rldc'f I h the perceived
"melanoma epidemic” m zi%gﬁ%gg?ep §§%‘ﬁ%§%@e eg}gﬁo ﬁ#%n%anomas‘, melanoina

affects predominantly younger age groups resulting in a loss of productive-life years exceeded only by
childhood malignancies and testicular Gapgargih Melanemaisiargely unresponsive to cytotoxic

chemotherapy% biological agents@'7 and various vaccination strategies8. A small sub of patients

appear to b éﬁ??ﬂ&ﬁ‘ﬁoﬁ@&@a‘f‘&ﬁﬂ%ﬁ%@@?&i?S?T%?‘f@ﬁ%fﬂﬁ?é’g%%ﬁmm%ﬂt §Sg§§§ fents a

priori is curfeedi94nvigpSsiblevidthichinecpssitates tferexpdstaie of itnantyatients to substantial toxicities

with a low probability of benefit. Once melanoma has metastasized to local lymph nodes, 70% of

patients will die within 5 years9. The sub-group of patients with prolonged survival represents a unique
e B OB E 5,

cohort. No current adjuvant therapies b vEFE SOV ROEIR: efit, and while some clinicians offer
interferon-antgsmpeaendisaasadfmetsiuidy aml, doapysintes matideahoantershoffes gmosactiVeadjuvant

reatment oIAgA G i ISHRHRG LIShRANISAIS AlEMSRYIANE edargiass.ahihe use of

adjuvant thgraples \/zoﬁcflborrg(a/’ent eedless toxicity,"and enable the development of better therapeutic
strategies targjeamis tSSThdPe HRERPIBIBHIHR BRSBRtiBYte st atiichtin Bf patBhtd#Eddfvant
clinical trialgraifigedueakiais type | and type 11 errors. The 12 year update following the ECOG 1684
study and other randomized studies have demonstrated that 2 controlled for, may have confounded
the promising effects on survival seen in the initial ECOG 1684 study") and other smaller phase 11

studies. Stratifying those patients PASFK RGN MH EEFBYMIEAENthis heterogeneity and allow
treatments {g PR GARAPHRSHINGECRASE AR mEhasmisAneediforfuiheeianspiewedist {baprognosis
oo i B TS MBS Wy and s esg oot
cancer. “melanoma epidemic” most probably represents increased detection of thin melanomas’,
melanoma affects predominantly younger age groups resulting in a loss of productive-life years
exceeded only by childhood malignancies and testicular cancer”*, Melanoma is largely
unresponsive to cytotoxic chemotherapy®, biological agents®” and various vaccination
strategies®. A small subgroup of patients appear to benefit from biological and/or cytotoxic
chemotherapies, but identifying these patients a priori is currently impossible, which qecessimtes

the exposure of many patients to substantial toxicities with a low probability of benefit.

Once melanoma has metastasized to local lymph nodes, 70% of patients will die within 5 years’,
The sub-group of patients with prolonged survival represents a unique cohort. No current
adjuvant therapies offer an overall survival benefit, and while some clinicians offer interferon—a
to improve disease-free survival'’, many international centers offer no active adjuvant treatment
outside clinical trials. Predicting which patients are likely to do well regardless of the use of
adjuvant therapies would prevent needless toxicity, and enable the development of betier
therapeutic strategies targeting those more likely to obtain benefit. Better stratification of
patients in adjuvant clinical trials will reduce both type I and type II errors. The 12 year update
following the ECOG 1684 study and other randomized studies have demonstrated that
interferon—a. improves TTP but not overall survival in stage III melanomas"o'”.“ Lﬁherent

heterogeneity within the patient populations, which are now well recognized but unable to be



SUMMARY OF THE INVENTION In certain embodiments there is provided a set of markers genes
identified to be differentially expressed in melanomas with a good prognosis and melanomas with a
poor prognosis. This set of genes can be used to generate prognostics signatures, comprising two or
more markers, capable of predicting the speed of progression of melanoma in a patient The individual
markers can he differentially expressed depending on whether the tumour progresses rapidly or not.
The accuracy of prediction can he enhanced by gombining the markers together into a prognostic
signature, providing for much more effective individual tests than single-gene assays. Also provided for
is the application of techniques, such as statistics, machine learning, artificial intelligence, and data
mining to thé PFEdb e S gighrituresitgngeh rateopreir aber tnod etsy ivilasserte thsribiorlirterf
expression leyelsbiiemater saefio: pasiculanpragvestie, signaisy edictiedturn o ota-pagient can then
be applied t%ltar\l,ebgggdl?nﬁljg model to detdemyg%éggngro npsis. Inage tain embodlments, the expression

ce eterpgeneity n{s1o be cpompared more. acgurate!y .
level of the markers can be estfbﬁs’he?i"usmg inicroarray metho S, quanilfiaﬁve polymerase chain

reaction (QPCR), or immunoassays. Specifically the present invention provides for a method for

determining therprognasisHirmalanamad prRAAURN SR iSiNgthe ste penef in(drdetesrimiag the

expression leycl.gf a melanamea prednastic.marker (MEM), o of o proliiostc sianatuie comrising two
or more MPMS; In"a melanoma tumour sample from the patient, (u) applying a predictive model,

established by lampipipg@aqstisdiciversniethd th tbeaxpeessiond lesgisufthangPM or the predictive
signature in prognostically good and poor tumour samples, (iii) establishing a prognosis. Alternatively
the present invention also provides fggwwﬁ%twn (t;he suitability of a melanoma patient
for a drug Mal, comprising the steps™of; (i) determini e Nﬁﬁé Sion level of an MPM, or of a
prognostic sigriatiare compirising theo: 05 moraldd R ¥s dhrearketaeosadentiber sabapldttremialie patient,
(ii) applying apradigtye,medel.established Ry.anpinoaRipdistivednethad i sxntessians levels of
the MPM or g)fredictive sié;natu(ge in rommsticall)ét%ood and poor tumour samples,

genes can B¢ usea to generate prognostiCs signatures, comprising two Or more markers,

capable of predicting the speed of progression of melanoma in a patient,

The individual markers can be differentially expressed depending on whether the tumour
progresses rapidly or not. The accuracy of prediction can be enhanced by combining the
markers together into a prognostic signature, providing for much more effective individual tests
than single-gene assays. Also provided for is the application of techniques, such as statistics,
machine learning, artificial intelligence, and data mining to the prognostics signatures to
generate prediction models. In another embodiment, expression levels of the markers of a
particular prognostic signature in the tumour of a patient can then be applied to the prediction

model to determine the prognosis.

In certain embodiments, the expression level of the markers can be established using microarray

methods, quantitative polymerase chain reaction (QPCR), or immunoassays,

Specifically the present invention provides for a method for determining the prognosis of
melanoma in & patient, comprising the steps of;
(1) determining the expression level of a melanoma prognostic marker (MPM), or of a
prognostic signature comprising two or more MPMs, in a melanoma tumour sample from
the patient,
(1) applying a predictive model, established by applying a predictive method to
expressions levels of the MPM or the predictive signature in prognostically good and poor

tumour samples,



(iii) establishing the suitability of the patient to the trial. The MPMs according to the methods can be
selected from table 1. The predictive method is selected from the group consisting of linear models,
support vector machines, neural networks, classification and regression trees, ensemble learning
methods, discriminant analysis, nearest neighbor method, bayesian networks, independent
components analysis. Determining the expression level of a MPM or a prognostic signature can be
carried out by detecting the expression level of MRNA of each gene, for example using ciPCR method
using a forward primer and a reverse primer. Determining the expression level of an MPM or
aprognostic signgfyreseansalae Parsalsied out by detecting the expression level of cDNA of each gene,
for example by using a nucleotide complementary to at least a portion of said cDNA, Further the
expression level of an MPM or a prognostic signature can be determined by detecting the expression
level of the pletein ef ehelprasankeryaoriby detectindeiior exprassidn kvehohithetpeptidsiof edah marker,

for examD'%Q}_/MQ;QMQHPQQ%QM}s&%&inghﬁ%?&mrkeh such as a monoclonal antibody or a

polyclonat antiserum. A sandwich-type immunoassay method or ELISA assay could be used The
present inventiofd alstF STENRds e PEitsifTostie! SiRlirkior AEtaHAsRMYLRERER OFPRBTF&ESION Of
melanoma, comprisinghdnaMINROleahelananaupiognasi: maskersfdés). The MPMs of the

prognostic signalyre gan bg Selgeiedtom able L., 3 Spbsirale having one.or morg locations

thereon, each location having tWo oF more o igonucleotides thealpe_po}n?%a%: oligonucleo idc selected
from the one or fhREMEMeYFheltihe bPore BRgsHR BERRIEE darPisstumimE seleeteddrprartable |.
The present invapdianr alspiprovides for the use of a reagent for detecting the expression of a MPM, or

of a prognostic ?gg]aetyéghcs mP”SIth‘it’\ﬁ/igt&w re MPMs, in thq'manufacture of a kit for predicting the

prognosis of me anoma in a pa ien S %’r]ergéosﬁéfe%iaed from table 1 The reagent can detect

the level of expression of the one or more MPMs by detecting expression of MIPM mRNA or MPM

CDNA. Thetgaggnicatheiap @ligenugiemidecomplemaniary iawit leasha ROrioR OfhgMRM mMRNA

or cDNA. Alt rnaéivel%the reagent can detect the level of expression of the one or more MPMs by

detecting eXprESSiSRBAN MR SPEEEIRECHSPERIE TS r &RpOR: CAIPHBARIATHIBEMY SERIPES a
monoclonatestificupohpd piesabantiseranscdbie kitmiay ive tsodtakiadoninacestakisg, asaadwich-type

IMMUNO0assAY A AMEh 2RI BRI RiafeRILT AN SEn R FIRURES

Determining the expression level of a MPM or a prognostic signature can be carried out by
detecting the expression level of mRNA of each gene, for example using gPCR method using a
forward primer and a reverse primer. Determining the expression level of an MPM or a
pfognostic signature can also be carried out by detecting the expression level of C':D.NA éf eaéh
gene, for example by using a nucleotide complementary to at least a portion of said cDNA,
Further the expression level of an MPM or a prognostic signature can be determined by detecting
the expression level of the protein of each marker, or by detecting the expression level of the
peptide of each marker, for example by using an antibody directed against each marker, such as a
monoclonal antibody or a polycional antiserum. A sandwich-type immunoassay method or

ELISA assay could be used.

The present invention also provides for a prognostic signature for determining the risk of
progression of melanoma, comprising two or more melanoma prognostic markers (MPMs). The

MPMs of the prognostic signature can be selected from table 1.

In another aspect, the present invention provides for a device for determining prognosts of

melanoma, compnsing:



This invention is described with reference to specific embodiments thereof and with reference to the
figures, in which: Figure | depicts the 22 genes used to build predictive scores ("melanoma
markers"). Genes were selected using a Mann-Whitney test. Figure 2 depicts the Gene Ontology
groupings of the differentially expressed genes and associated significance. The most significant
ontologies are determined by the number of genes which overlap between categories i.e the likelihood
that it is a co-incidence that this many genes were in both the gene list and the category. Figure 3
Experimental schema comprising a training set and two independent applied to Validation Set A using
the gPS and Set B using the aPS. The training set was used to develop predictive genes which were
then applied to?VARAEENMSERA Wiy THE"g ISa4AR SBEBODsHRHacaion hevigere™e REpRIE RNA used
to create tbegRefesenas alatih uaesldndbeibiébelarsmayc@iprimantsanst aoa carmparator in qPCR
assays. Figure 5 depicts the assays used for gqPCR using Universal Probe Library Probes. Figure 6
depicts the patient characteristics for the test set and validation set A. Figure 7 depicts Principal
Componeriis Arfafysroastheratciondss cay hhbiBiferdlatiafyrexpedised genes (B), demonstrating the
ability of the 15 genes to segregate the good (filled boxes) from the poor (unfilled boxes) prognostic

groups. These genes were used to de el%) the array, andﬁ%g’CR bgsed. regictors. . Figure 8

depicts the aepB ication Gr the 4 Qsp(gyﬁ) “And ﬁlﬁﬁ%ds i }afi?ﬁngm%cet emeo%’%f?%sﬁlr?é‘ ﬁg orrelation

with TTP avithMverall spreguasiT heraRS ysedronly the d5nenddRivith ithéhstrengistuoonidation between
the array dgiaaneigP GRAMRadtheiaBRisediedveganeriih thegreatest Akl fo separate the

two groups. Figure 9 depicts the qPS logistic regression algorithm applied to the training set and
validation set A. A horizontal line is drawn at mean values.
The reagent can detect the level of expression of the one or more MPMs by detecting expression

of MPM mRNA or MPM cDNA. The reagent can be an oligonucleotide complementary to at
least a portion of the MPM mRNA or cDNA. Alternatively the reagent can detect the level of
expression of the one or more MPMs by detecting expression of a MPM protein or peptide. The

reagent can be an antibody, such as a monoclonal antibody of polycional antiserum.
The kit may be suitable for undertaking a sandwich-type immunoassay or an ELISA assay.

BRIEF DESCRIPTION OF THE FIGURES
This invention is described with reference to specific embodiments thereof and with reference to

the figures, in which:

Figure 1 depicts the 22 genes used to build predictive scores (“melanoma markers”™),

Genes were selected using a Mann-Whitney test.

Figure 2 depicts the Gene Ontology groupings of the differentially expressed genes and
associated significance. The most significant ontologies are determined by the number of genes
which overlap between categories 1.¢e the likelihood that it is a co-incidence that this many genes

were in both the gene list and the category.

Figure 3 Experimental schema comprising a training set and two 'mdebendent applied to
Validation Set A using the qPS and Set B using the aPS. The training set was used to develop
predictive genes which were then applied to Validation Set A using the gPS and Set B using the
aPS.



Figure 10 depicts the distribution of the gPS scores from the good and poor prognostic groups of third
independent set. DETAILED DESCRIPTION Definitions Before describing embodiments of the
invention in detail, it will be useful to provide some definitions of terms used herein. The term "marker"
refers to a molecule that is associated quantitatively or qualitatively with the presence of a biological
phenomenon. Examples of "markers’ include a polymucleotide, such as a gene or gene fragment.
RNA or RNA fragment; or a gene product, including a poly-peptide such as a peptide, ofigopeptide,
protein, or protein fragment; or any related metabolites, by products, or any other identifying

molecules, such ggantibadies og Aty fragments. Whrtbstrelated diactly gsdndicegty,to a
mechanism underlying the phenomenon. 'gg markers of the invention 6 include the nucleotide

sequences TEGOGEHBARK SETTREALES 4 YIS#586d herein, in particular, the fill-length sequences, any
coding sequences, any fragments, or any complements thereof, and any measurable marker thereof
as defined above;Jhe<tarms: I BM: Of D& ARBRIARIQONRSUGAT ISR T BFa P PLEMIly member refer
to a marker with altered expression that is associated with a particular prognosis, e.g., a higher or
lower likelihood of a cancer progressing to a more advanced stage, as described herein, but can
exclude molecul&grtinat depiktn Ownaticti ehprioteartits foe thssocateddvidhdariogneasis of melanoma, It is to
be understood that the term mpM does not require that the marker be specific only for melanomas.
Rather, expression of an MPM can be altered in other types of tumours, including malignant tumours
The terms "proghtatit SigFRittirEmusiBH AtqPEPOnGRHE thaahias rutidie 18l %Rt o tverardhisrerMiikers, for
example Mivissdihatneb 6B adatyseddogethendisia séttadlaw fendheodeteempunationeddfpreldiction of an
event, for example I PrRINAsHaOHIcoms, o melANaMa. Te 4se Al 3, signalits samprising two or
more markers reduces the effect of individual variation and allows for a more robust prediction.
Non-limitirfgr &xatA gRsRopatfpmrEisiset fourth in XX. In the context of the present invention, reference
to "at least one," "at least twio," "at least five," etc., of the markers listed in any particular set (e.g., any
signature) means.any Qne.or and all nations.of t rkegs listed. The t “prediction
method" is defing1 to C%V%]P lt%% roac (ﬁta?égr\%g%g@rﬁwéﬂtisogggfo%@t#ﬁiéf&é&?&éﬁi&?@ 21%hine
learning, stHeReRitaiieAeESaRD dath iRiABd WHAER cafy bal uSkd aBSspseifnly phedictisRcmodel, The
term also nghidrsamesreihodsdiableder pregieling@nuiCoRanthinekIges iba methads of not
qnly using %82@%% gg%%%sstofbm%?glsgp%rék %swout also the direct comparison of the expression of a
single marker or signature f0 fhat

a contro tlssue%rg}j;t% a predetermined threshold, in order to
predict an outcome, These are discussed further in the Detailed Description section. The term

"prediction modetigigfessdgihe spegificspatheraticaldmods| ehtaipaddon applyingra peedigtion method
to a coIIectign of data. In Ahx? exam Ees detailed herein,ﬁuch data sets consist of measurements of

.V 1dattlon Sel AL PHZ?H%P L[*S 18 dl‘aWIi al mean v PCS. . . .
gene activity In tissue ‘samples taken from melanoma patiénts with a good or poor prognosis, for which
the class (good or poor) of each sample is known. Such models can he used to () classify a sample of
unknown prognosig,&tatyigspsRaaeasef GoeduRr Pankeatd{%om the good and poor prognostic

groups of third independent set.

DETAILED DESCRIPTION
Definitions
Before describing embodiments of the invention in detail, it will be useful to provide some

definitions of terms used herein,

The term “marker” refers to a molecule that is associated quantitatively or qualitatively with the
presence of a biological phenomenon. Examples of “markers” include a polynucleotide, such as
a gene or gene fragment, RNA or RNA fragment; or a gene product, including a polvpeptide such
as a peptide, oligopeptide, protein, or protein fragment; or any related metabolites, by products,
or any other identifying molecules, such as antibodies or antibody fragments, whether related

directly or indirectly to a mechanism underlying the phenomenon. The markers of the invention



make a probabilistic prediction (i.e., produce either a proportion or percentage to be interpreted as a
probability) which represents the likelihood that the unknown sample has a good prognosis, based on
the measurement of mMRNA expression levels or expression products, of a specified collection of
genes, in the unknown sample. The exact details of how these gene-specific measurements are
combined to produce classifications and probabilistic predictions are dependent on the specific
mechanisms of the prediction method used to construct the model. The term also includes any model
suitable for predicting an outcome, and includes the models not only using complex analysis of
multiple mank@rdg et migeotnbdelsénvol g, thenBrwcsasompanisodisfithal bxrpiessioarafdasitigle marker
or signaturextg. {hakpta, CoproLlissugifr ioa-predelerminad ireshald (R-arderio pradiet gny outcome.

"Sensitivity", "specificity" (or "selectivity"), and "classification rate", when applied to describing the
effectivene S b5 rEURAO RS E R S THBOABRNNG: "Sensitivity” means the proportion of truly
positive samples that are also predicted (by the model) to be positive. In a test for prognosis of

melanoma, fhat,yauld)sfhe prapartion of fumours fhathave aoeed Rroangsisredigied by, the model

to he good. "Specificity” or "selectivity" means the proportion of truly negative samples that are also
predicted (H9AKE" MIANYEDEREGHAVENTH 18 188 theiBrEgifodralaT Riesarbma s thisTaeRFAtes to the
proportion absamiplehibabhavenacp parpragiiosis hataie pledictad tashitpaosdy-thia, rmedek
"Classification Rate" is the proportion of all samples that are correctly classified by the prediction
model (be (o L B b e AR ¥ B
immunogloBulintirislegdresean dirhhu st itaydaetive! sertionsaf tharmarisglsbermiflig prvieeules, i.e.,
molecules thatceriain RamntgerRipginmsitgriatspecHically biogs:(mpRuwIaraacts, withidag antigen.
These incluge ibuatmare not limited to, polyclonal, monoclonal, chimeric, single chain, Fe, Fab, Fab’, and
Fab2 fragmen s%nand‘%nggﬁj expression library. Antibody molecules relate to any of the classes IgG,
10\4, IgA, IgE, and IgD, which differ from one another by the nature of heavy chain present in the
Eoleculﬁ- T’ﬂﬁﬁS%rilﬂﬂsith@gﬁbE@i@'@é%@t?;@? %hmh’ aﬁdlq% 1%&9@%; eflnsi QIQ@@?TJ?%BQJ%%&@” ! ) may be a
appa chain or a lam ain. Reference herein to antibodies includes a reference to all classes,
subclasses?%{n%f‘?ﬁboées?\%lg@s’ir&fﬁd@ﬁ%@%ﬁ?ﬁ%%%ﬁb@d%?f W(g‘f{p\%; AFSHBMBHAT AtBodies or
fraaments thexégidhaf arevspedifictenmbréithevenrre sourcacarmadantouselor humbn Seguence.
Further inclugiad-are ¢ams!id Antibpdies.gharkantibodies o Nanehadies, FRedsHDg.CARCR " and

"cancerous" refer to or describe, the physiological condition in mammals that is typically characterized

by abnormdPBPiAFEYEHARecNBIGHRES CRREE AN e ot gy Cin ik SariEtetl 5 example,
with metastasis;nintedeiencefwititdhe nofmal funltianingofngighbiasiny celts;.reletsemafi@ytoldnes or
other secre(pry Ao Gis-AhARIN B I8Yel5e SRR sslar.ny BACERYRIGR: AlDIAIRRIA0G e
immunological response, neoplasia, premalignancy, malignancy, invasion of surrounding or distant
tissues or o?@aé]i‘fé?gfféﬁ as lymph nodes, etc. Specifically included are melanomas. The term
"melanoma” refers to a tumor originating from melanocytes which are found in skin but also other sites

such as oraj and anagenial IARg] SUTARES, oGS, IEngEs R I ey, These umors are

0
able to metastasize [Fgany organ. The terms "dlfferent?ei}ly expressed,” "differential expression," and
like phrases! r&fsist6sa BEHRMISIREP Y I35 ERC Bk pPEdiEsPCRs avdiviate dniaehiyhieh srlobserselét in a
subject (e.aspdeist SapaiR)ibavinges Canditiam specifidallys cancelsteichircyRelanpmachalative to its
expression in a control subject (e.q., reference sample). The terms also include markers whose
expression ?é“ﬁ%%‘@a%%é 1 Pg%lsg‘ﬁ%gl gﬁ%cv%é)rtn BVel &t gslﬁ?ér%%‘?é%gaé?% the énéﬂrﬁgl%glr?r |ﬁ65h;b N diseases
with a goodabe gbofipdgaosrsisen ipf dedisxmigssiighér sinkovertsveals deppiiferaioni diffeentially
expressed markerma he-gither astiviateront, inhihitadatibg R aly-auslartidedavelordpelvReptide level,
or may be iﬁ%&fct tczhalabern_?tivg S Iicfi:%(gi to result in a different polypeptide product. Such differences
may be eviddhEEPEY 2 SRURGES ATEP81s, surface expression, secretion or other partitioning of a
polypeptide, for example! Differential expression may include a comparison of expression between two
OF More Mafkers (R -GrARNES 863'8@'F&@@Q@ﬁ@é&@%e%ﬁh@%&%'%@e@%ﬁ@ﬁn@'&s é})‘pﬁ%gﬁ%press'o”

between two or more markers (e.g., genes or their gene products); or a comparison of two differently
processed BretiEee ?E@ﬂdtf%ﬁ§8}%‘f§°6‘r‘i§&%eﬁi&§s§%m‘é§ SERE SR SUSRiEAAORE ARt Ween
n_ormal subj@"qi&ancérdéseaﬁ@r&lm}edts;@tib@hm&@pl%ﬂkmﬁﬁ&t@gﬁe_anbﬂmame diseagepopbetween
diseases h%‘é‘&%&&%@@, ‘PJrR»%?EhHE%%ﬁ‘a%»?‘%o‘BE BERYS: Bf%%'t?s,‘é‘ﬂ'l’iglé‘lgil?&v%{?dsl@ﬁ’ﬁ{o'&‘{éféﬁﬂe

proliferation; or betfween normal tissue and diseased tissue, specifically cancer, or melanoma.
Differential B63risSiofFieit deaBRIfOqUaRRR AT CBRONR IEYS G SaEEe diffeaehersdrr the ©mporal or
cellular expression pattern in a gene or its expression products among, for example, normal and
diseased cells, or among cells which have undergone different disease events or disease stages, or
cells with different levels of proliferation. 9



The term 'expression” includes production of polynucleotides and poly-peptides, in particular, the
production of RNA (e.g., ritRNA) from a gene or portion of a gene, and includes the production of a
polypepticie encoded by an RNA or gene or portion of a gene, and the appearance of a detectable
material associated with expression. For example, the formation of a complex, for example, from a
polypeptide-polypeptide interaction, polypeptide-nucleotide interaction, or the like, is included within
the scope of the term "expression”. Another exafmple is the, binding of a binding iieand, such as a
hybridization probe or antibody, to a gene or other polynucleotide or oligonucleotidc, a polypeptide or a
protein fragment, and the visualization of the binding ligand. Thus, the intensit %f a spot on a
microarray "B LIRS A B SA dh P R NEHREAIT BIBLRIBA R RAATRRHIBSUBRBE S Western
blot, or on astegdbabifiy;) oviyh PpRsamalysiskeiinciudiect withikntiven texnplétehgpre ssidrirafridsgs underlying
biological molegyle.Lhe deims, Frprexrion hisshald.i.and SF’%QBEQS.%%SF}K%E%EQQ threspoidscare used

interchangeably and refer to the level of a marker in guestion outside which the polynucleatide or
polypeptid Ce&kEe £f g53rsdigtiths MY ToRPatfent S6reTPal. §HRINPELNBIRH B8 asBER RNt on the
predictive medelrestablishedardaetived gxperimantatiydion clinicatatdisscsyebiasdhose«described
in the Examples below. Depending on the pregigtion meds| use,Jhe sxpressien iesheld;may be set
to achieve maximum sensnR/lty, or for maximum s eC|f|C|ty, or for minimum error (maximum
classificatiorh¢desp Fet Exbifgslany FOHESHiEbsh 818 HisdiF e et t8tePrevdriifitAembe msids! but this
may result ipadayeksensitiitys Thatefors, fanany givesrpredictive medel, clivicakstdigsewill be used
to set an expression thfr&shold that ngeperall eachigé/reos the Qtigrkget(s)t gtnsfitgv(i:%t\{vmitllesshav(i)ngga minimal
error rate. TREGESIMination of the eoxﬁrélél i6n thresnold1or any situation 1s well within the inowledge
of those skitkedeiprthiocd rbrithelde rrrprishiy-reedics epviviaPris. used herein to refer to survival for at least 5
years, more preferably for at least 8 years. most preferably for at least 10 years following surgery or
other treatment. The term "microarray” refers to an grdered or. unordered arrangement of capture
agents, prefSfaBRY oly iRk Fé]’&me r(e?ﬁ(fcb'r%%eé)a%? [)C%éif/sﬁg%’ﬁa)élsr%% a@ﬁﬁéﬁ%ﬁ%. KEESTBQ ticroarray
Analysis, Mh&efienasiiohn’ Wikdyt&Sordsl 2062 thtidebarag: Biochip Technology, M. Schena, ed.,
Eaton F’ub'i@&mi@@%&ﬁg%@tqﬁw&so@f&N&Mi@@%@b@@@aﬁwwwmwwiI@y & Sons,
2004; and Protein M croarray Technology, D. Kambhampati, ed., John Wiley & Sons, 2004. The term

"oligonucleBIdE" 8P SolyATClEStige PRISTESIR %4 BB B plim et i Ibiiig, RimBrEt fifiitation,
single-strandadute axtT Haon uclgatid es)esingl epratided bie-strandéd ribdrugbedtidendRNAYDNA hybrids,
and double-shadec DA Bt gankrlRgtides.guGh.an singltlandegDING prohe sliganygleotides.

are often synthesizéd by chemical methods, for'example using automated oligonucleotic |(sg(nthesizers
that are cormffrLialRy ateatanietos Byt LU AaPERIRGF MRATROEIE; THIEHRIGSH VIF PORBTEYSAIN systems,
recombinanhtegbnitaesyanchexpressian ihaells padiacganismsoot ve teemopolynaaediidesnwhen

used in the singular or plural rally re polyrinonuclactide or polydeoitribanygclemide,
which may éegﬁ%%{)le%o ‘]RF%%%ﬁDsﬁ%pé)g?ngg{ﬁf%ﬁ% SE%NA&%I% iﬁc%udes, wfihom%glimitation,
single- and ¥ dgBlEsiakgad BONA, DNA including single- and double- stranded regions, single- and
double-stranded RNA, and RNA including single. and double-stranded regions, hybrid molecules
comprising DNA and RNA that. he single:stranded or, more.typically,. double-stranded ar include
single- and 'gsouﬁeeéjsﬁgﬁ'aed%b%%r%s. AI%I(]I)Ain@fﬁdé%rerfrﬁglelgtré%ggao e%%%]s cf?)??ﬁgﬁ%fng <NA or
DNA or bothmRiNgRlagidathiNgst Speerifier §f i Heitod] apalim Bl AzolepNa g camepiferontreDRTas and any
fragments theragfhhadany includesRivdaianshENAs-thalr-epntainona anmeere medifigiRases, such
as tritiated bases, or Ikmusgal bases, C%ié:h as inosine, The, Po%nyc!}g\oﬂd S offagh% 1!lgyentéo}p can

encompas< Ebihgr ABIFCH iR S TRUO 6 & FEUTSF 4t Bk B4R o e 8s. TP wilf'Be tfiderstood

that each refeyence. tend 4 jaly - axpetentid §benlikéwehoryherddnuiadlFietudetheo fulielehgits deGuences as

well as any fragments cdesivaityesnQh wiants dhereahoRals PeRtidaurasrused hergin. Ledersito an
oligopeptide, peptide, o;[ﬁrOteln sequence, or fragment thereaf, and to naturally occurring,

recombinarife<hAtiTatic, Do aghtHBHES O R UTE S RREHE “BolRoEp AR R To clidt 188H b refer to
an amino a&@&&quleqm clfffm natrabpdacdtumning geodsin hml.eaulex;\t.iwyp‘mﬂid@é amefdikecterms, are not
meant to limjt the.aming,acid seqienceo the complgienative amino agidssduence orthe full-length

molecule. It will be understood that each reference to a "polypeptide” or like term, herein, will include
the fuII-Ien@?%&fﬁ@hé@‘}%@\ﬁﬁeﬂh@%ﬁ’ﬁ%%@?ﬁé@é’l?/éﬂ?fég,c df VERTArFeR Yo St Phetterm
prognosis” refess to aphraslicigraimerieatouicmiad, for exanialesnipaas Osigeio utiedimedske.d.,
likelihood of Io(r;gjo-&eersm survival); a negative prognosis, or poor outcome, includes a prediction of

. nhan . . .
relapse, disease progression (e.g., tumour growth or metastasis, or drug :



resistance), or mortality; a positive prognosis, or good outcome, includes a prediction of disease
remission, (e.g., disease-free status), amelioration (e.g., tumour regression), or stabilization. The term
"proliferation” refers to the processes leading to increased cell size or cell number, and can include
one or more of: tumour or cell growth, angiogenesis, innervation, and metastasis. The term "gPCR" or
"QPCR" refers to quantative polymerase chain reaction as described, for example, in PCR Technique:
Quantitative PCR,, J.W. Larrick, ed., Eaton Publishing, 1997. and A-Z of Quantitative PCR, S. Bustin,
ed., PJL Press, 2004. The term "tumour" refers to all neoplastic cell growth and proliferation, whether
maliunant or benign. and all pre-cancerous and cancerous cells and tissues. "Stringency" of
hybridizatiorm¢aastioranis readlycdeteominaple b yranre:obotgh nangiskiffidal thedatibnandngenerally is an
empirical cgleuietion dependentuponprah lenot) washind demperaiure. and.salgongegtration. In
general, longer pro%es equire higher temperatures for proper anngraling', while shorter probes need
lower tempBFaRiPes. 14y bridisaeiA tenSFafrBeSentidomeHE 2Bt BFigERsturad DINATRTPéanneal
when complemphiar\ SHagkls aiadsase idasan ferviiennenbhelawciheir meliing tempreaiure. The
higher the degree of desired homology between, the probe and hyhridisable sequence, the higher the
relative terr?%vgr{f'}itl‘j}‘gpvrvS?(':chn can be Svs%g{c? N A?a%%ﬂﬁ%ﬁ?%l%w%g%fgﬁg re E%R/gee’té‘rer?gg%éat’ures would
tend to maRE WS FAEHONEEALAABNS e SFHALIRGITITEITRR iterap aT AfigreS SR ¥oYRabiitional
details andyplanationafisnngeneydirbytigizaiion reactions, are found e.g., in Ausubel et at,
Current Protocols in Molecular Biology, Wiley Lnterscience Publishers, (1995). "Stringent conditions"
or "high stringency conditions", as defined herein, typically: (1) employ low ionic strength and high
temperaturéforwadhtGORet axER M 105N SEHNGATh IBEIgRIOYEO YRk st duite 011% sodium
dodecyl sulfatecai-pOG; (A}iemplay adenatiringragent durioghyesitizalionesiiek asdfargnamide, for
example, S%Aasgvmoforrréan}ied% Wiétgs .%g@tb%/i,n(; serum albumin/0.1% Fico11/0.1%
nolyvinylpyrrcﬁldone/?(?!mﬁ sodium p osp%at}e%%?ér at pH 6,5 with 750 naM sodium chloride, 75 ra.M
sodium citrate at 42C; or (3) employ 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M sodium citrate),
50 m_M sotidrphosphatedfyk£8):4. 1 Ydiseebin pypephiosphatelikeGHRc R At Scsolktion, sonicated
salmon spermDNA (90,1, 9/ma) QA% 50, apdl 1086 dextran, sulfate AL42C, wilh washes ot 42C in
0.2X SSC ([go fum' 12 cﬁ’orl ersodium mtrate% and 509 fomiamide at éé oﬁ(’)"wed y%
high-string@aep& s EBARPFISIFIG BN BSC SEgnta Ry BT K S5C S \paresarBlif Strefjeht
conditions” gneee ddestificasaasyibedday Sanbiak elaterMalesdrpresaningaditaaasatory
Manual, New York: Cold Spri arbor Press, 1989, and include.the use of washing solution and

Py brdizatich R o e o R g S oo
described aisegresiArPexanthie wihbehst eIy Stfittysht Yoriaiifsiéqa ovetiffratRlibatRsewe 37C in a
solution compHisingy20%:;fmannidel SXnbbed BothmpvlNaaedbimbidrisosiumgidate)50:rM sodium
phosphate (pH .6% X Deng rdt's solution, 10% dextran sulfate, and 20 r /leﬁ"enat eg sheared
salmon spe'(fprar‘i [gﬁl h 6 t()\}\?e %)r/n washi Egm%lpwge |It<§er§5,uef€1(lﬁ(aSég eé%n;b%ﬂ't\/pﬁ‘-r‘g%@f ug'skﬁtéc artisan will
recognize HoUFRReEfEat e telsnsaddurehonie sraythicstl, aditecedsayon SEESMbadte factors
such as proheilpagihoangddhedisac bezpaagtice of the present invention will employ, unless otherwise
~ indicated, conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, and biochemistry, which are within the skill of the art, Such techniques are
explained fRiffaraive fraratire, BECHE8dMOTERTRIS Tl GRhIfIHT &R SIRBTARSE NMaRU SR riBEEkon,
Sambrook et al.¢ch988; fhat/nusientide Sy vthesitphkéaat, tedraldst; inirpedsGall Ketibisreni. |.
Fresliney, ed., 1987: Methods in Enzymalogy, Academic Press, Inc.; Handbook of erimental
mmunoloey! A edE b VAl DAk e Bretn il S i . TR Bane
Transfer VateerssoPMavimEian GairsipFAU Avlirsp i, L tabsneasrkensrich fifgstPasterols in
Molecular Bisagyuhid¥s Aasubeket albjedsor 198E:angiRE Raddhe Molwarerase.Ghaindreastion, Mullis

etal., eds.. zsgcgs%s 'B?vsﬁé'%t'ggoé’ fo'?@c%?dﬂrrgg?n%ts?s;o ]cc)rtn)%tlv{‘/]eve%né!e?{g with higher apd lower levels of

proliferation; or between normal tissue and diseased tissue, specifically cancer, or melanoma.
Differential expression includes both quantitative, as well as qualitative, differences in the
temporal or cellular expression pattern in a gene or its expression products among, for example,
normal and diseased cells, or among cells which have undergone different disease events or

disease stages, ot cells with different levels of proliferation.



The present invention discloses the use of microarrays to identify and determine the specific
prognostic role of specific prognostic markers and signatures in melanoma. The microarraybased
studies shown herein establish markers that can be used to predict a good or poor prognosis for a
patient with melanoma. In particular the microarray-based studies and gPCR analysis shown herein
indicate that particular differentially expressed genes can be used as prognostic signatures that are
associated with a particular prognosis, The invention can therefore be used to identify patients who are
likely to have aggressive disease. 13 The present invention provides for markers for the determination
of disease prognosis. Using the methods of the invention, it has been found that markers are
associated Wit e S PEGHOB S YHSI AIHTEC AR Wbt t8dnelrpyteompatifitdasdhay analysis
of sampleghaketidiamRpatients, wikNvariouws stage sraforietantomanasnte thémibe tseippoisibgoaiscovery
that specifj ttern k ression are associ with prognosis of the cancer. The present
invention t?e%j%é?"é) %tg%Egé%%%i§ge%o%gén%rs?%%t%r%e%g %r?o%é)l?lé) .g[e ?iaatngrg (eji?%)r%aﬁ%?acﬁyo-gfpressed in
melanoma&AtRPE Gerst 8 BERFGIHCHRSXTRE IGBNL O EIRABLE irihF BBl provfidecrorricsefesf melanoma
prognosticeraaiier s RMs)ypApiaeinmge ib deeiiaiadmne apamanite gork6 dv ankess i PdyYlg). for

example, ¢can be indicative,of a particular,proposis, Conversely, an increase in other MPMSs is
dicative DT B B R Bt B e DR ot
progressidhindingdigindsaieh kictdyBadrasrpraresiotr GaHive déerEfimed; foheerafiplelepiidegmparison of
a test samgligoRigcoRadient S iRl sanpiRiddareiereneesampla- fith, A sRMRABRSsaR@ted with a
known prognosis. In particular, one or more sam IIlesg‘r %-Q&ti%nﬁs? Wi%’] a ég%od rogoqosis could be
used as a réference s,ampf)e.alié r examp er, 0 %btalnaayprog'jno'é)ls, é)xﬁ?éss?ls’on Ié?ve $in é‘?‘pgﬁent's
sample (e Q. 2umEWMRSEIRi e ciire DEcs M Pire @O arrsit arfrsnPphtiERis with siskirowelwatcome. If the
patient's sainpiershems ngreassd orElecieasesapessionMQne or more MPMs that compares to
samples with poor outcome (a rapid disease progression), then a poor prognosis is implicated. If the
patient's sample shows expression of one or more MPMs that is comparable to samples with good
outcome (AhsiswrdiSexsesproghessbion) tran'defositiveprogn duisholdgersduprd dgriosisinigeiiplicated. As
further examples: thaiRXpressiondaMelsipla-pieg nagkic SIgNAtwe sarptisihadwoRlymeMPMs from
a patient's sample %ng., tumour 58 f cancers known to have good

mple) can be compared to s les
or poor prégnes. ff BREshtie fE §ér?%l8a§'ﬁr6tvf§“i‘rﬁ'é' 'ast&f 6%’8%%}55@8% ExBFRELIEH SFNTEMS by
comparisorradrsampleseivitiablotiddprog Aesisd axdtomootaihafable dprédssiohietossampled ot poor
prognosis qthefhaneaativeRrpanasiss impjisaiad. dh the pAiRAi: sample.shows exprassien of MPMs
that is comparable to samples of a good prognosis, and/or lower or higher expression than samples
with a poo“‘g)f:werS giio8Ig gﬁeer?eé ol oF &fnptsgﬁﬂgvs'g’ié’fnﬁ?ﬂi(’:’é%‘&].u‘f4sﬁq§‘§ﬁ@'a;5’r5r8’éch, a
prediction method canrbeappheddessi (panel oftmarkersxéopexarmphertiiegbriélndMEMs autlined in

Table |, in Qegler 19 AGRGIALE L IRAiIGHY &1 adel This ipvelveasihegentiatan.oka RFgOSHC signature,
comprising two or more MPMs. The ,dlsclosgd MPMs in Table | therefore provide a useful set of

markers t3’G8IFEYa P RIE i CRREINAES - OF diEEr i e PR RB I Sheldntiet, ssAe dbtablishing a
treatment aelgave, b thehtsiertsiodalithilspecifig fomthébilirrour rdw. plrticiglanpé gasgitivetisrognosis can
be used by,3,pafisnhio.ASEIRS IR RISHE, F?Mé‘ﬁ%k%ﬁ%&%@@é&%ﬁh&@%%ﬁ Riognosis can be
used by a patient to decide to terminate treatment or to pursue highly aggressive or experimental
treatments. In addition, a patient can chose treatments based on their prognosis predicted from the
expressiomigf progostiaamakers 48.ds, WHaMsikih avelsof tviRivsvehifvbetdesectegamdumeotr tissue,

tissue proxjaral{a,the gyt ymahnads, serples, blord.samples. SAIM, PaIAIES, Ling samples, or

faecal samples, using any suitable technique, and can include, but is not limited to, oligonucleotide
probes, quHtitalive PCR, or antibodies raised against the markers. It will be appreciated that by
analyzing the presence and amounts of expression of a plurality’ of MPMs in the form of prediction

signatures; and. gonsifueling. RLAGNQs e, Slanat<: Mg sEnsi by and accyracy ef pragness wil be
increased. Therefore, multiple markers according to the present invéntion can be usedto determine
the progndgge(ﬂbg/mleotides (e.g., probes) or polypeptides on a substrate. See, e.g., Microarray

Analysis, M. Schena, John Wiley & Sons, 2002; Microarray Biochip Technology, M. Schena,
ed., Eaton Publishing, 2000; Guide to Analysis of DNA Microarray Data, S. Knudsen, John
Wiley & Sons, 2004, and Protein Microarray Technology, D. Kambhampati, ed., John Wiley &
Sons, 2004,



The invention includes the use of archived paraffin-embedded biopsy material for assay of the markers
in the set, and therefore is compatible with the most widely available type of biopsy material. it is also
compatible with several different methods of rumour tissue harvest, for example, via core biopsy or
fine needle aspiration. In certain aspects, RNA is isolated from a fixed, wax-embedded cancer tissue
specimen of the patient. Isolation may be performed by any technique known in the art, for example
from core biopsy tissue or fine needle aspirate cells. In one aspect, the invention relates to a method
of predicting a prognosis, e.g., the likelihood oflong-term survival of a cancer patient following
treatment, comprising determining the expression level of one or more prognostic markers or their

expressiofRroCis iR ASAMRIE oA TN Ballent, nainaliagd.agasldne exprgssion level of

other RNA transcrl{_)ts or their products in the Sample, or of a reterence set o RNA transcripts or their
expressiott Htoucteitti¥pecifiglssparded thacpraghesiiettideker f8ke oPmoteriitaikatdelisted in Table
1, or is incibeediasicas RNMOENA thepiaondsiisubigaindes Derieddipohibrsaaskeustisted in Table

L In further gsngg. e exnigssionsyelsoihe prognestis makers ot el exprasgionproducts are

determinedl,) e.g., for the markers listed in Table 1 and a prognostic signature derived from the markers
listed in TEHBRE [} 3R SHRPASH e IHE I SIPESBISES tRE densiidtion siate axBression levels
of a full seta6itprognosismaadderSmrutheir expressigrpiot yoitns.Oredanthameadkarsulistaddin Table 1,

or,a progg)gsr'gscsiglrggactéf{seaggrll)égndlsf{gm the markers listed in Table 1. In an additional aspect, the

invention relates to an array Ee.g., microarray) comprising polynucieotides hybridizing to two or more
markers, e.g., for the markers listed in Table 1, or a prognostic signature derived from the markers
listed in Tahie ko pasliauloasnecisthasadray emprgas polypueleotidesinyhedizing taprognostic
sianature darived tom.eanatkers istselin Table L, anainsr spedlli asnget eiaay,comprises
polynucleotides hybridizing to the full set o# marT{ers, e.g., for the markers listed in Table [ For these

arrays, th&peiNsLRRROtRIES AN BiicHNXEs oV Enb Hifeiebar edndtoridedanhig-simndet PN Avhich they are
displ_ayed J0321:N bﬁchlasg, diagiexampleubihespatjadcleptige sigan Wbrﬁﬂmd@tﬁﬂ@e@m@m%ﬂcﬁ the markers
as d'SCIOSEer?eLE%de' %r Sxamnle; 10,10e. lullenoth sequences any coding sequeneas, any fragments,

or any complements thereof. In particular aspects. an increase or decreass in expression levels of one

or more iHdicERsts dBeleasadatkenrnBoes ST tetmienioatcd o iBrledtostieicetdecurrence,
while a ladksiasrindeease ok dawe astudeExpressarieyelseioneaijnang MPMbimicatgs an
increasedieliio0d.of Ao teym UV ALIINOUL SRR SBIENGE MohaPIsnkMslpqgma Predictive
Markers Description P-valueCommonGenban :

fragments thereof. The term includes DNAs and RNAs that contain one or more modified bases,

such as tritiated bases, or unusual bases, such as inosine. The polynucleotides of the invention

can encompass coding or non-coding sequences, or sense or antisense sequences. It will be

understood that each reference to a “polynucleotide” or like term, berein, will include the full-

length sequences as well as any fragments, derivatives, or variants thereof,

“Polypeptidé,” as used herein, refers to an oligopeptide, peptide, or protein sequence, or fragment
thereof, and to naturally occurring, recombinant, synthetic, or semi-synthetic molecules. Where
“polypeptide” is recited herein to refer to an amino acid sequence of a naturally occurring protein
molecule, “polypeptide™ and like terms, are not meant to limit the amino acid sequence to the
complete, native amino acid sequence for the full-length molecule. It will be understood that
each reference to a “polypeptide” or like term, herein, will include the full-length sequence, as

well as any fragments, derivatives, or variants thereof.

The term “prognosis” refers to a prediction of medical outcome, for example, a poor or good
outcome (e.g., likelihood of long-term survival); a negative prognosts, or poor outcome, includes

a prediction of relapse, disease progression (e.g., tumour growth or metastasis, or drug



Thioredoxin domain containing 5 0.049 TXNDC5NM 030810 Paired immunoglobin-like type 2 receptor
alpha 0.049 PILRA NM 013439 _ Major histocompatibility complex, class I, E 0.049 HLA-E NM
005516 kiaa 1067: kiaa 1067
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resistance), or mortality; a positive prognosis, or good outcome, includes a prediction of disease

remission, (e.g., disease-free status), amelioration (e.g., tumour regression), or stabilization.

The term “proliferation” refers to the processes leading to increased cell size or cell number, and

can include one or more of: tumour or cell growth, angiogenests, innervation, and metastasts.

The term “qPCR” or “QPCR” refers to quantative polymerase chain reaction as described, for
example, in PCR Technique: Quantitative PCR, J.W. Larrick, ed., Eaton Publishing, 1997, and
A-Z of Quantitative PCR, S. Bustin, ed., JUL Press, 2004.

The term “tumour” refers to all neoplastic cell growth and proliferation, whether malignant or

benign, and all pre-cancerous and cancerous cells and tissues.

“Stringency” of hybridization reactions is readily determinable by one of ordinary skill in the art,
and generally is an empirical calculation dependent upon probe lengih, washing temperature, and
salt concentration. In general, longer probes require higher temperatures for proper annealing,
while shorter probes need lower temperatures. Hybridization generally depends on the ability of
denatured DNA to reanneal when complementary strands are present in an environment below
their melting temperature. The higher the degree of desired homology between the probe and
hybridisable sequence, the higher the relative temperature which can be used. As a result, if
follows that higher relative temperatures would tend 1o make the reaction conditions more
stringent, while Jower temperatures less so. Additional details and explanation of stringency of
hybridization reactions, are found e.g., in Ausubel et al., Current Protocols in Molecular Biology,

Wiley Interscience Publishers, (1995).

“Stringent conditions” or “high stringency conditions”, as defined herein, typically: (1) employ
low ionic strength and high temperature for washing, for example 0.015 M sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ a denaturing
agent during hybridization, such as formamide, for example, 50% (v/v) formamide with 0.1%
bovine serum albumin/0.1% Ficoll/0.1% pbl}winylpyrroiidone/SO mM sodium phosphate buffer
at pH 6.3 with 750 mM sodium chlorde, 75 mM sodium citrate at 42°C; or (3) employ 50%
formamide, 5X SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8),
0.1% sodium pyrophosphate, 5X, Denhardt's soiution, sonicated salmon sperm DNA (50 ng/ml),
0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2X SSC (sodium



0,049 X036173 Inosinetnphosphatase(nucleoside triphosphate pyrophosphatase 0,049 ITPA N _0334
3 Desmuslin* 0.0482 DMN NM 145728
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chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency wash

comprising 0.1X SSC containing EDTA at 55°C.

“Moderately stringent conditions”™ may be identified as described by Sambrook et al., Molecular
Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and include the use
of washing solution and hybridizativon conditions (e. g., temperature, ionic strength, and % SDS)
less stringent that those described above. An exampie of moderately stringent conditions is
overnight incubation at 37°C in a solution comprising: 20% formamide, 5X SSC (150 mM NaCl,
15 mM trisodium citrate), S0 mM sodium phosphate (pH 7.6), 5X Denhardt's solution, 10%
dextran sulféte, and 20 mg/ml denatured sheared salmon sperm DNA, followed by washing the
filters in 1X SSC at about 37-50°C. The skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to accommodate factors such as probe length and

the like.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell biology,
and biochemistry, which are within the skill of the art. Such techniques are explained fully in the
literature, such as, Molecular Cloning: A Laboratory Manual, 2nd edition, Sambrook et al., 1989;
Oligonucleotide Synthesis, MJ Gait, ed., 1984; Animal Cell Culture, R.1. Freshney, ed., 1987;
Methods in Enzymology, Academic Press, Inc.; Handbook of Experimental Immunology, 4th
edition, D .M. Weir & CC. Blackwell, eds.. Blackwell Science Inc., 1987; Gene Transfer Vectors
for Mammalian Cells, J.M. Miller & M.P. Calos, eds., 1987; Current Protocols in Molecular
Biology, F.M. Ausubel et al., eds., 1987; and PCR: The Polymerase Chain Reaction, Mullis et al.,
eds., 1994,

-Description of Embodiments of the lnvention
The present invention discloses the use of microarrays to identify and determine the specific
* prognostic role of specific prognostic markers and signatures in melanoma. The microarray-
based studies shown herein establish markers that can be used to predict a good or poor
prognosts for a patient with melanoma. In particular the microarray-based studies and gPCR
analysis shown herein indicate that particular differentially expressed genes can be used as
prognostic signatures that are associated with a particular prognosis. The invention can therefore

be used to identify patients who are likely to have aggressive disease.



GTP binding protein 2 0 0429 GTPBP2 NM 019096 Milk fat globule-EGF factor 8 protein 0.0429
MFGES8 NM 005928 Isocitratedehydrogenasel(NADP ), soluble, 0.0365 IDH1
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The present invention provides for markers for the determination of disease prognosis. Using the
methods of the invention, it has been found that markers are associated with the prognosis of
melanoma, and can be used to predict outcome. Microarray analysis of samples taken from
patients with various stages of melanoma has led to the surprising discovery that specific patterns
of marker expression are associated with prognosis of the cancer.  The present invention
therefore provides for a set of genes, outlined in Table 1, that are differentially expressed in
melanomas with a good or poor outcome. The genes outlined in Table 1 provide for a set of

melanoma prognostic markers (MPMs).

A decrease in certain melanoma prognostic markers (MPMs), for example, can be indicative of a
particular prognosis. Conversely, an increase in other MPMs is indicative of a particular
prognosis. A particular prognosis can include the speed of disease progression. A decrease or
increase in expression can be determined, for example, by comparison of a test sample, e.g.,
patient’s tumour sample, to a reference sample, e.g., a sample associated with a known
prognosis. In particular, one or more samples from patient(s) with a good prognosis could be

used as a reférence sample.

For example, to obtain a prognosis, expression levels in a patient’s sample (e.g., tumour sample)
can be compared to samples from patients with a known outcome. If the patient’s sample shows
increased or decreased expression of one or more MPMs that compares to samples with poor
outcome (a rapid disease progression), then a poor prognosis is implicated. If the patient’s
sample shows expression of one or more MPMs that is comparable to samples with good

outcome (a slow disease progression) then a positive prognosis, or good prognosis, is implicated.

As further examples, the expression levels of a prognostic signature comprising two or more
MPMs from a patient’s sample (e.g., tumour sample) can be compared to samples of cancers
known to have good or poor prognosis. If the patient’s sample shows increased or decreased
expression of MPMs by comparison to samples with good prognosis, and/or comparable
expression to samples of poor prognosis, then a negative prognosts is implicated. If the patient’s
sample shows expression of MPMs that is comparable to samples of a good prognosis, and/or
lower or higher expression than samples with a poor prognosis, then a positive, or good,

prognosis 1s implicated.



NM _005896 Mitochondnal ribosomal protein 95 0 0365 MRPS5 NM _031902
Lectin.galactosicie-binding,soluble,7 (galectin 7) 0.0307 LGALS7 NM 002307 _ Kv channel interacting
protein 2 0.0295
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As one approach, a prediction method can be applied to a panel of markers, for example the
panel of MPMs outlined in Table 1, in order to generate a predictive model. This involves the

generation of a prognostic signature, comprising two or more MPMs.

The disclosed MPMs in Table 1 therefore provide a useful set of markers to generate prediction
signatures for determining the prognosis of cancer, and establishing a treatment regime, or
treatment modality, specific for that tumour. In particular, a positive prognosis can be used by a
patient to decide to pursue particular treatment options. A negative prognosis can be used by a
patient to decide to terminate treatment or to pursue highly aggressive or experimental
treatments. In addition, a patient can chose treatments based on their prognosis predicted from

the expression of prognostic markers (e.g., MPMs).

Levels of MPMs can be detected in fumour tissue, tissue proximal to the tumour, lymph node
samples, blood samples, serum samples, urine samples, or faecal samples, using any suitable
technique, and can include, but is not limited to, oligonucleotide probes, quantitative PCR, or
antibodies raised against the markers. It will be appreciated that by analyzing the presence and
amounts of expression of a plurality of MPMs in the form of prediction signatures, and
constructing a prognostic signature, the sensitivity and accuracy of prognosis will be increased.
Therefore, multiple markers according to the present invention can be used to determine the

prognosts of a cancer.

The invention includes the use of archived paraffin-embedded biopsy material for assay of the
markers in the set, and therefore is compatible with the most widely available type of biopsy
material. It is also compatible with several different methods of tumour tissue harvest, for
example, via core biopsy or fine needle aspiration. In certain aspects, RNA is isolated from a
fixed, wax-embedded cancer tissue specimen of the patient. Isolation may be performed by any

technique known in the art, for example from core biopsy tissue or fine needle aspirate cells.

In one aspect, the invention relates to a method of predicting a prognosis, e.g., the likelihood of
jong-term survival of a cancer patient following treatment, comprising determining the
expression level of one or more prognostic markers or their expression products in a sample
obtained from the patient, normalized against the expression level of other RNA transcripts or

their products in the sample, or of a reference set of RNA transcripts or their expression products.



KCN1P2 AF347114 Carbohydrate (N-acetylglucosamine 6-0) sulforransferase 4 0,0295 CHST4 _, NM
005769 ensembl penscan prediction 0.0295 AL451139.11.67295.95669,1
Humanphosphotyrosineindependent

In specific aspects, the prognostic marker is one or more markers listed in Table 1, or is included

as one or more of the prognostic signatures derived from the markers listed in Table 1.

In further aspects, the expression levels of the prognostic markers or their expression products are
determined, e.g., for the markers listed in Table 1 and a prognostic signature derived from the
markers listed in Table 1. In another aspect, the method comprises the determination of the
expression levels of a full set of prognosis markers or their expression products, e.g.. for the

markers listed in Table 1, or, a prognostic signature derived from the markers listed in Table 1.

In an additional aspect, the invention relates to an array (e.g., microarray) comprising
polynucleotides hybridizing to two or more markers, e.g., for the markers listed in Table 1, or a
prognostic signature derived from the markers listed in Table 1. In particular aspects, the array
comprises polynucleotides hybridizing to prognostic signature derived from the markers listed in
Table 1. In another specific aspect, the array comprises polynucleotides hybridizing to the full

set of markers, e.g., for the markers listed in Table 1.

For these arrays, the polynucleotides can be cDNAs, or oligonucieotides, and the solid surface on
which they are displayed can be glass, for example. The polynucleotides can hvbridize to one or
more of the markers as disclosed herein, for example, to the full-length sequences, any coding
sequences, any fragments, or any complements thereof. In particular aspects, an increase or
decrease in expression levels of one or more MPM indicates a decreased likelihood of long-term
survival, e.g., due to cancer recurrence, while a lack of an increase or decrease in expression
levels of one or more MPM indicates an increased likelihood of long-term sur\;ival without

cancer recurrence.



Upend 0.023' OS1L;A170, p626 U46752 Nuclear factor of kappa light polypeptide gene ennancer in
B-cells inhibitor, beta 0.023 NEKB1B NM 002503 _ Mitochondrialcarrierhomoiog2(C. elegansi
0.023MTCH2

16

Table 1: Melanoma Predictive Markers

Description P-value [ Commeon Genbank

Thioredoxin domain containing 5 0.049 TXNDCS Ni_030810

Paired immunogliobin-like type 2 receptor | 0.049 PILRA NM_013439

alpha

Major histocompatibility compiex, class [, | 0.049 HLA-E NM_005516

E

kiaa1087; kiaa1067 0.049 XM 036173

inosine  triphosphatase (nucleoside | 0.049 ITPA NM_033453

triphosphate pyrophosphatase)

Desmuslin* 0.0482 DMN NM_ 145728

GTP binding protein 2 0.0428 GTPBP2 NM 018098

Milk fat globule-EGF factor 8 protein 0.042¢ MFGES NM_ 005928

Isocitrate dehydrogenase 1 (NADP+), | 0.0365 IDH1 NM_005896

soluble

Mitochondrial ribosomal protein 85 0.0365 MRPSE NM 031902

Lectin, galactoside-binding, soluble, 7 | 0.0307 LGALSY NM_002307

(galectin 7)

Kv channel interacting protein 2 0.02856 KCNiP2 AF347114

Carbohydrate (N-acetylglucosamine 6-O) | 0.0285 CHST4 NM_005769

sulfotransferase 4

ensembl genscan prediction 0.0285 AL451139.11.67285.85668.1

Human phosphotyrosine independent | 0.023 OSIL,  A170; | U46752

ligand p628

Nuclear factor of kappa light polypeptide | 0.023 NFKBIB NiM_002503

gene enhancer in B-cells inhibitor, beta

Mitochondrial carrier homolog 2 (C. | 0.023 MTCH2 NM_014342

eiegans)

ADP-ribosyiation factor related protein 1 0.0136 ARFRP1 NM 003224

birch polien allergen specific | 0.0136 BABI-L AJ131063

immunoglobulin gamma chain™

Tubuiin alpha 1b™* 0.0136 TUBA1B NM_006082

partial h-myc exon 3 0.00371 AJ242956 2
| Plexin B2 0.000756 PLXNB2 ABO02313

* This marker was previously known as kiaa0353; dmn (XM _031031).
** This marker was previousty known as Immunoglobulin kappa variabie 1-5 (1GKC; AJ131063).
*** This marker was previously known as similar to tubulin alpha 6; loc143712 (XM_084610).

General approaches to prognostic marker detection o

The following approaches are non-limiting methods that can be used to detect the proliferation
markers, including MPM family members: microarray approaches using oligonucleotide probes
selective for a MPM; real-time gPCR on tumour samples using MPM specific primers and
probes; real-time gPCR on lympb node, blood, serum, faecal, or urine samples using MPM
specific  primers and probes; enzyme-linked immunological assays (ELISA);
immunohistochemistry using anti-marker antibodies; and analysts of array or qPCR data using

computers.
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Other useful methods include northern blotting and ir sitv hybndization (Parker and Barnes,
Methods in Molecular Biology 106: 247-283 (1999)); RNase protection assays (Hod,
BioTechmques 13: 852-854 (1992)); reverse transcription polymerase chain reaction (RT-PCR;
Weis et al., Trends in Genetics 8: 263-264 (1992)); serial analysis of gene expression (SAGE;
Velculescu et al., Science 270: 484-487 (1995); and Velculescu et al., Cell 88: 243-51 (1997)),
MassARRAY technology (Sequenom, San Diego, CA), and gene expressidn ‘éna}ysis by
massively paraliel signature sequencing (MPSS; Brenner et al., Nature Biotechnology 18: 630-
634 (2000)). Alternatively, antibodies may be employed that can recognize specific complexes,
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-polypeptide

duplexes.

Primary data can be collected and fold change analysis can be performed, for example, by
comparison of marker expression levels in tumour tissue and non-tumour tissue; by comparison
of marker expression levels to levels determined in recurring tumours and non-recurring
tumours; by comparison of marker expression levels to levels determined in tumours with or
without mefastasis; by comparison of marker expression levels to levels determined in
differently staged tumours; or by comparison of marker expression levels to levels determined in
cells with different levels of proliferation. A negative or positive prognosis is determined based
on this analysis. Further analysis of tumour marker expression includes matching those markers
exhibiting increased or decreased expression with expression profiles of known melanoma

turnours to provide a prognosis.

A threshold for concluding that expression is increased will be dependent on the particular
marker and also the particular predictive model that is to be applied. The threshold is generally
set to achieve the highest sensitivity and selectivity with the lowest error rate, although variations
may be desirable for a particular clinical situation. The desired threshold is determined by
analysing a population of sufficient size taking into account the statistical variability of any
predictive model and is calculated from the size of the sample used to produce the predictive
model. The same applies for the determination of a threshold for concluding that expression is
decreased. It can be appreciated that other thresholds, or methods for establishing a threshold,
for concluding that increased or decreased expression has occurred can be selected without

depaning from the scope of this invention.



0.00371 0,000756PLXNB2 AJ242956 2 A6002313- Plexin 62  This marker was previously known as
kiaa0353; dmn (XM_03 1 031). This marker was previously known as Immunoglobulin kappa variable
1-5 (IGKC; All 31063). *** This marker was previously known as similar to tubuiin alpha 6: be 4371 2
(XM 084610). General approaches to prognostic marker detection The following approaches are
non-limiting methods that can be used to detect the proliferation markers, including MPM family
members: naicroarray approaches using oligonucieotide probes selective for a [APIA; real-time gPCR
on tumour samples using MPM specific primerS and probes; real-time gPCR on lymph node, blood,
serum, faecal, or urine samples using MPM specific primers and probes; enzyme-linked immunological

Z.Sfays (Bl %AQ?SBTBMWJ' IRleGhGERiSHY, UsHg: anty paTkRE antibodigsianduanabsisalartay or aPCR
ata using computers.
gexamprl)e a score, likelthood value or probability. In these instances, it is possible to apply
thresholds to the results produced by prediction models, and in these cases similar principles

apply as those used to set thresholds for expression values.

Once the expression level, or output of a prediction model, of a predictive signature in a tumour

sample has been obtained, the likelihood of the cancer recurring can then be determined.

From the markers identified, prognastic signatures comprising one or more MPMs can be used 1o
determine the prognosis of a cancer, by comparing the expression level of the one or more
markers to the disclosed prognostic signature. By comparing the expression of one or more of
the MPMs in a tumour sample with the disclosed prognostic signature, the likelihood of the
cancer recurring can be determined. The comparison of expression levels of the prognostic
signature to establish a prognosis can be done by applying a predictive model as described

previously.

Determining the likelihood of the cancer recurring s of great value to the medical practitioner.
A high likelihood a tumour not responding to treatiment means that a longer or higher dose
treatment should be considered or treatment may not be given at all. An accurate prognosts is
also of benefit to the patient. It aliows the patient, along with their partners, family, and friends
to also make decisions about treatment, as well as decisions about their future and lifestyle
changes. Therefore, the invention also provides for a method establishing a treatment regime for
a particular cancer based on the prognosis established by matching the expression of the markers

in a tumour sample with the differential expression signature.

It will be appreciated that the marker selection, or construction of a prognostic signature, does
not have to be restricted to the MPMs disclosed in Table 1 herein, but could involve the use of
one or more MPMs from the disclosed signatures, or a new signature may be established using
MPMs selected from the disclosed marker lists. The requirement of any signature is that it
predicts the likelihood of rapid disease progression with enough accuracy 1o assist a medical

practitioner to establish a freatment regime.



17 Other useful methods include northern blotting and in situ hybridization (Parker and Barnes,
Methods in Molecular Biology 106: 247-283 (1999)); RNase protection assays (Hod, BioTechniques
13: 852-854 (1992)); reverse transcription polymerase chain reaction (RT-PCR; Weis et al., Trends in
Genetics 8: 263-264 (1992)); serial analysis of gene expression (SAGE; Velculescu et al.. Science
270, 484-487 (1995); and Veiculescu et al.. Cell 88: 243-51 (1997)), MassARRAY technology
(Sequenom, San Diego, CA), and gene expression analysis by massively parallel signature
sequencing (MPSS; Brenner et al., Nature Biotechnology 18: 630- 634 (2000)). Alternatively,
antibodies may be employed that can recognize specific complexes, including DNA duplexes, RNA
duplexes, and DNA-RNA hybrid duplexes or DNA-polypeptide duplexes. Primary data can be collected
and fold chBAywsadaRrsresanRSeforRed) for example, by comparison of marker expression levels
in tumour tiosue ardntpRstlimeubdiasyue; Ryscemparisan afonarkesiexpression lavelsite kevels
determinedinyfechTin {UMEUES A0d RAN-AREHTLING LmaTS; Dy compaizon.of maker exgression
levels to levels determlneé In tumours with or without metastaS|s,p x}pc mparison of marker expression
levels to leVERSHetSiinetith efiffsiapitly ¥tegEErRRTOUIS; BRBYCH PaTesh of markeiexpfession levels
to levels deireminedebecetts witkridiftierenRieve)aof probferafton Annegative or positive prognosis is
determined based on this analysis. Further analysis of tumour marker expression includes matching
those markers exhibiting increased or decreased expression with expression profiles of known
melanoma TahfoUFSto PRt py isrierdrion thRashTeriresactaame that BapredBRT increased will
be dependent «itthetparticulabimat kesanthalsothe particulatopredictive snastekthatpsddide applied.
The threshpld s aenealieantia achieve dhe riahes sensitiband seleciyiulin, g jowest error

rate, although variations may be desirable’for a particular clinical situatioh. The desire threshold is

determined5)°4h &K4IsE SOBbPGRItIRRSS SUARCIESt SIFEStARRTY Rite il Beivitthekitafidgestdariability of
any predictgaemm;)ebebaffgdais z&ﬂlcln&amﬂpﬁt_mmtfth&sizéieérlfmﬁamlﬁﬁcme,obﬂhmpﬂmasthesmediptive
model. The same, appligs far e getermination.gf.a trashold.fangendlding that expression is

decreased, It can be appreciated that other thresholds; or methods for establishing a threshold, for
concluding A%k HefBudeersr db e SR8 e pidysis it RuBgecitte d¥ahr e wisdtdef Wit departing
from the scipe HbibhiinudntopardBilicastalsipassibiel that, dopredictionimodel| ssaspyeproduce as its
output a numerical value, for example a score, likelihood value or probability. In these instances, it is
possible to apply thresholds to the results produced by prediction models, and in these cases similar
principles app5iy’ss fHbde %f%&%?@f’?h?@éﬂ%?f&%ﬁ% ST OTR SRR HERIATe 5 85 on level, or
output of a predactiom riods fafavpdédiot versigmnatl rejhi Ecitinnoun AR ptadias. Bkenobtained, the
likelihood of fhe GapcerseryEringGal.then.be.determingd: famdbe, markersidentiigd,rognostic

signatures comprising one or more MPMs can be used to determine the prognosis of a cancer, by
comparing A& e b MRIOB oG NE EPTREre THArKEFE to TS GRERSs Jghdktic Sgnature. By
comparing therexpressipivofiene ompmahe rofnthe WRMsemia fumendr rsaddapl davithetheodidgiosed
prognostic gigpatiue, dhediglibpad ofthe canceriearing sanbedeienarngd. Fhe.comparison of
expression levels of the prognostic signatyre to establish a prognosis can be done by applying a
predictive NS4S AL EHbEd PrEviaTiess™ %’t@?fﬂﬁ?n%emé\lﬁﬁg%éopdcg\f‘Tﬁépfgﬂ%mé&tﬁjﬁng is of greatt
value to thé/freditalopragtitiomenufedigir fikedihsbdna turhodemet redpandinghen theatsaért means that a
longer or highgr.dqsentr Bi:shauld.bg,gonsidered or treatment may not be given at all. An
accurate prognosis is also of benefit to the patient. It allows the patient, along with their partners,
family, and friends to also make decisions about treatment, as well as decisions about their future and
lifestyle chadtesgTtheREBreieprrannyeationcalsd trowicksd FoPH 4ndtrodeasibfishihagerasesmtment regime
for a particygi.eancapbasad pR R PiRanesisestablished Py patehingthe-Lxresgionatthe markers
in a tumour sargsalf? with the qifferential expression I%%r;@u}g% It will e aprjpreciate_ql that the marker
selection, o SORSHIEIGFAETo4Rbke stgRurdAaMIBdY HSTh SRR Ha VST iNted VEEFIPMs
disclosed incTatiedf hEreirr, Bt colvidemsolive thisaigee of briwdeaorerMPM®irdniothes disgibsed
signatures g8 gV fighatenne esiablishad lsing MBMansglgeted from the disclosed marker
lists. The requirement of any signature is that it predicts the likelihood of rapid disease progression
with enough accuracy to assist a medical practitioner to establish a treatment regime.

Two oligonucleotide primers are used to generate an amplicon typical of a PCR reaction. A third

oligonucleotide, or probe, is designed to detect nucleotide sequence located between the two

PCR primers. The probe is non-extendible by Taq DNA polymerase enzyme, and is labeled with



19 Reverse Transcription PCR (RT-PCR) Of the techniques listed above, the most sensitive and most
flexible quantitative method is RTPCR, which can be used to compare RNA levels in different sample
populations, in normal and tumour tissues, with or without drug treatment, to characterize patterns of
expression, to discriminate between closely related RNAs, and to analyze RNA structure. For R1-PCR,
the first step is the isolation of RNA from a target sample. The starting material is typically total RNA
isolated from human turnouts or tumour cell lines, and corresponding normal tissues or cell lines,
respectively. RNA can be isolated from a variety of sarnples, such as tumour samples from breast,
lung, colon (e.g., large bowel or small bowel), skin, colorectal, gastric, esophageal, anal, rectal,

prostate, byaig, lives, KRGy, dHRacES AR RS CRHRYBM S SHS, QYRR nMIEKY SmEon RSHES: from primary

tumours, or tumour cell lines, and from pooled samples from healthy donors. If the source of RNA is a
tumour, RRFRESR 48 St FoFe-@mSIEn SO Yesehed ar i atf foraistirt einBeadied®nd fixed
(e.g., fonnaliny-fixeod) tisspetsaniplesg Treafinst Stapinrgrenene Xipr 5siAMNay aftlingebyRehzRPER is the
reverse transcrpfionAhihe R IEMRIAIRIRLERN. Arniolowed By isexpepeniialamplfication in a

PCR reaction. The two most commonly used reverse transcrrﬁtases are avian mg}%eloblastosis virus

reverse trafStifpt0d CENHVIRE) QRdIBISHEP eI dtkEREniailts PRSP RS CRptaSe
(MMLV-RE}cdihie fiewrepbertranSoriptiokrsie poiS typicell\dprimetibgsirng Specidit premens;ieaddom

hexamers .orpligndT,primers; dlenending anthe cusymstanges.and the woa! of gxpression profiling.

For example, extracted RNA can be reverse-transcribed using a GeneAmp RNA PCR kit (Perkin
Elmer, CANSEA2ESNGMR% manufacturer's instructions. The derived cDNA can then be used as a
template in the subsequent PCR reaction. Although the PCR step can use a variety of thennostable

DNA-depengantDRARYYIMEasesdl-Rically.coplavs the E@gjxwegrgymgaamwggj%has a5-3
nuclease activity but lacks a 3'-5'§roofread|ng endonuclease activity. Thus, TagMan (q) PCR typically

utilizes the"5RRIEIABE HetMty 0P T 3G78F Fth PUISIRBrasem AydriyZ s s Si5H5Bbe bound to
its target aFopkciry bUt.abhyenzymehrithiedBivdle Mok el Easerantialty Fannbemseetnifwo.

oligonuclegide primers Ak dises ie.gensraie.anaAmBlicon WRical otaRER rearian.Aptird
oligonucleaticie, or probe, is des#ned to detgl%{inucleotlde, sequence located between the two PCR

primers. TAS [5fob&ni& iBh e dhdmie’ B PRy BNE o et & SHIYmE ahHI8 EBEyWhnh 20 a
reporter flubteseentedysandagrenchée déivior€sCent dyersiandlasepirdutdsesrissioplifiem the reporter

dye is quegghgd by the quenchingAyenuberhe Wwathesiglacstethdosrlogatigeqsdhey are on
the probe. During thl? anl;}p,lific tion reacti nﬁ?he Tag DNA péog/rler S zyme cleaves the probe in a
556 ) Ohighs

: een
template-dBHEh dfeifl FTEAHB T HET EEER: PrsodHadiredt o&FAfe TAISEILTAISA, AN signal from
the releasdiCrepirtet dye iscfndes fraftwatedaquenmeiniiter efftotoghtiaddecerdy fine topivre. One molecule of
reporter dye is liberated for each new molecule synthesiz,ed, and detection of the unquenched

reporter dySe rﬁlrc(?e\:/algeea%stfg/e dgtgsalrse fgti ya Q)Eg%ts!geed Ig]st%rtpg?ggy%]re%[lgpcﬁ cg/zcaltea As discussed above,

fluorescence values are recorded during every cycle and represent the amount of product
amplified o that point in the amplification reaction. The point when the fluorescent signal is

first recorded as statistically significant is the threshold cycle.

To minimize errors and the effect of sample-to-sample variation, RT-PCR ts 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. RNAs most frequently used to
normalize patterns of gene expression are mRNAs for the housekeeping genes glyceraldehyde-3-

phosphate-dehydrogenase (GAPDH) and-actin.

Real-time quantitative PCR (gPCR)
A more recent variation of the RT-PCR technique is the real time quantitative PCR, which
measures PCR product accumulation through a dual-labeled fluorigenic probe (i.e., TagMan

probe). Real time PCR is compatible both with quantitative competitive PCR and with



TagMan RT-PCR can be performed using commercially available equipment, such as, for example,
ABI PRISM 7700 Sequence Detection System (Perkin-Eimer-Applied Biosystems, Foster City, CA,
USA), or Lightcycler (Roche Molecular Biochemicals, Mannheim, Germany). In a preferred
embodiment, the 5' nuclease procedure is run on a real-time quantitative PCR device such as the ABI
PRISM 7700tam Sequence Detection System. The system consists of a thennocycler, laser,
charge-coupled device (CCD), camera, and computer. The system amplifies samples in a 96-well
format on a thermocycler. During amplification, thser-induced fluorescent signal is collected in
real-time through fibre optics cables for all 96 wells, and detected at the CCD. The system includes

software fofusnning e psiivapokanddasanalyznghtbe-dataompuitle ase-agsay data,aégcinitially
expressed as Ct, %the thre holg cle. As discussed above, fluorescence values are recorded during

C
every cyclé A FEpres8ht l%lmécingél CoF oA AIE LB FRPREIRT 14 TR tgfnfc?lrl'lai‘é?ﬁtiE’)Ynareaction.
The point wheskireifis @asceontEIgh@Ris firstrectatdidd aas statidticaty sipnificlnttisithé&theeshold cycle.
To minimizg.gtiiscanghtbeseliess) 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. RNAs most frequently used to normalize
patterns oftggresexpreskiosmdredriRiAsdfositiid kol selébpingtgddresigiyceaide Ryde Burce.

phosPhateﬂc%Q%%QQ@Bﬁ‘é%E%%R‘ﬁ@ tﬁ’é?éxﬁ@ﬂ?edﬁ@&'I*E‘Rep%?é?y%@v&ﬁgémgﬁéd%a@%ﬁ?re recent

variation of the RT-PCR technique is the real time quantitative PCR, which measures PCR product
accumulatiiPRHAGIG S A BISSFEL AR Sroter(ifed ThyMa otk e BoR is
compatibletizophmdtipgoamntitative camijpétitateP GRoand witheREsquiaiititaitvescamatatve RCR. The

former useg,q0,DieHIRl COMARILOL IRLPACRIPLOBRSSGHaNIOE AL ARKalizalion Whig,Ihg latier uses a

normalization gene contained within the sample, or a housekeeping gene for RT-PCR. Further details
are providéeE"ams, B HEIA @Y of > Sén G R85 dhcs Bo8S Do irreus neding divr 1896 Tan be
determined usingdixedppalaffinre nbedded dissted as FERPNASandeeoAcRerging to one aspect of the
present invention, PCR primers and probes are designed based upon intron sequences present in the
gene to be amplified. In this embodiment, the first step in the primer/probe design is the delineation of
intron sequBREXS WithdtARN FRARIES T1§12ic alh IHESABh & BYABUISIRERH 4y STRISRS SOt hsBER™S the DNA
BLAT softwake dexgtopesidyritrnt oW, plobaemine s dadi(¢)icosbphihéd002)si04 by the&LAST
software ingluding its variations. Subs S fallow well estaplished methods of BCR primer and
probe des?%és(%ﬁr%rré%%% Eg\afg%%ﬁoﬁis%%e%ﬁg %g{ﬁé;éaﬂ%%gg&ﬁ (t% gngééﬂmr%&}ﬁ%ﬁlécgegasugﬁé/xes within the
introns WhéPERESRBYe PIIMBr SAFAPIOBeICTrIS Gaf FaussHyIagtorpirskea bydinbethe Repeat
Masker proggeatva\sidiabie an-insithiougb theiBaylauisoliegs ahdedicine odighnssiernsidNA
sequences zric%%inst a Iibra&z of repetitive elements %nd returrﬁia

sequenc n ommercl F O OWe S€ pu quvear; agl%(}lnun%rm]gr? IlQb\év ICCSI;] the repetitive

elements are masked. The nrasked sequences can then be used fo esign primer an pr%i)e
sequencesPedifgsany dormenaialyEspstheriviskep uBifshpavailabiée Brimssyprobeigesignnbagkages,
such as Primayfeessittpplied Bigsystems ride B assrysibydesign{Applied Biosystens); Primer3
(Steve Rozen and Helen J, Skaletsky (2000) Prim& on the W for general users and for biologist
progammefi%nienr?Ll ssg\rﬁ/eat%d]Sf,Ofvl?fls%ﬁ I?B(Sg r(oe%g%ﬁ%fn%rnggﬁceéz h%gt oscfé)eaqméc]?ﬁgs o%8|%£ﬁ%%%ds in
Molecular Bletlesgy. deifiaivaolrddstipatdwdingsulsp BeB386 umana Press, Totowa, NJ, pp 365-

386).

The most important factors considered in PCR primer design include primer length, melting
temperature (Trp), and G/C content, specificity, complementary primer sequences, and 3' end
sequence. In general, optimal PCR primers are generally 17-30 bases in length, and contain
about 20-80%, such as, for example, about 50-60% G+C bases. Melting temperatures between
50 and 80°C, e.g., about 50 to 70°C, arevtypicaliy preferred. For further guidelines for PCR
primer and probe design see, e.g., Dieffenbach, C. W. et al., General Concepts for PCR Primer
Design in: PCR Primer, A Laboratory Manual, Cold Spring Harbor Laboratory Press, New York,
1995, pp. 133-155; Innis and Gelfand, Optimization of PCRs in; PCR Protocols, A Guide to
Methods and Applications, CRC Press, London, 1994, pp. 5-11;, and Plasterer, T. N.



The most important factors considered in PCR primer design include primer length, melting
temperature (-Fro), and G/C content, specificity, complementary primer sequences, and 3' end
sequence. In general, optimal PCR primers are generally 17-30 bases in length, and contain about
20-80%, such as, for example, about 50-60% G-FC bases. Melting temperatures between 50 and 80C,
e.g., about 50 to 70C, are typically preferred. For further guidelines for PCR primer and probe design
see, e.g., Dieffenbac,h, C. W. et al., General Concepts for PCR.Primer Design in, PCR Primer, A
Laboratory Manual, Cold Spring Harbor Laboratdty Press, New York, 1995, pp. 133-155; Innis and
Geffiand. Optimization of PCRs in: PCR Protocols, A Guide to Methods and Applications, CRC Press,

London, 199 pp3sdi L pRd PIasterste Tedin 22 BHDACISRICH I et aNch prabesdegige.pethods Mol.
Biol. 70: 520-527 (1997), the entjre disclosures of which are hereby expressly incorporated by
reference MitFOSPHES 8{13@%%5&5i?f’é?gﬁﬁ’éffr@ﬁ'rgggfgﬂr%tﬁﬁbél§%f66€él‘fﬁl'entified, or confirmed using the
microarray technique. Thus, the expression profile of MPMs cart be measured in either fresh or
paraffin-emhgglded tmauiigsue, using mieroarray technology. In this method, polynucleolide
sequences of | tere% (gncludinlg cDNAs and oligoqucleotig(}%_si? re .glattgd, ar a%%?ed, on a microchip
substrate. THA SIFAYECERGERANESE (P80 RaptirESHo e AraTRE N P i RS oAfi s psdHaqe
polynucleotidéssfrim cselisoentismiBes of Mtdtesa(ibe, ragets). igusthes fiasther RTEFCORMbeddol, the

source of RNéwtypically, isiotalBhAdselatedoromnumasiimpesrs R8N0, Gellding sy @iRd

corresponding normal tissues or cell lines. Thus RNA can be isqlated from a variety of primary
Cimours or (EHOUFEeT Rt A RGBT R o7 R oy T A Gt b Setradtoct for
example, frofrdrezememerchivedaupnalivpfiied phrafiielinbéddedirHREptisgdecsdrpes and fixed
formalin-fixeghiissugsampllesewhich: akgr-soutingly: preparRdrane R eser¥edua exerydarelinical
practice. In at\s%%ﬁific em qﬁiygent&feéhﬁogiglrl(r)narrqgn;[echnilqge. PCR ﬁq}glified inserts of cONA clones

are applied topa subéstrté)te slfj Strate Can melu e.?Juprstg 173°5 ‘ied SZ@%%??@?%%O, 45, 50, or
75 nucleotidaosagugssieesor seditiarsaspretE e gubsiratecafiomdudacat astg, 000 fueleotide

sequences. dhe@ignarayedrsegusieesimRohilizedipartheumicrorlip, are iruiablador bybridization

under stringent cqnditions. As other, embodiments, the targets for the mi rrays can be at least 50,
100, 200, 400 R0, 800 or b b o e e e O D S R R 55,
100-2000, of580E600EEES T ehJHHTuA SRt r BHB otfmektgcth @ Capts st B T6H thie
microarrays eafybe aliteashhoicks, 20, 25, 50, 75, 80, or 100 bases in length, or 10-15, 10-20, 10-25,
10-50, 10-75, 10-80, or 20-80 bases in length. Fluorescently labeled cDNA probes may be generated
through incorporation of fluorescent nucleotides by reverse transcription of RNA extracted from tissues
of interest LAbAISRFCEENA Proes i phe T MR reRPAMR - IR sa ey 5 €3 SKBEDF DNA on
the array. After gisitgentwashing tohrenisvencn-speddically baund probhes, theschis igsaanned by

confocal lasf micrasaany.geY.anather detegtion metiorh syshas .CHD.Gamera, Qantation of

hybridization of each arrayed element allows for assessment of corresponding mRNA abundance.

With dual colSEFSRASRSEENGES, J8p P SIaN T HEISH B RABRASEZ Ye e R EUTFRSAPHAE P8%8burces of
RNA are hybnidizgdipasrwisendethgraryay. ddnditietativesabuinaamobodintbetraimsargtss friomttae two
sources corrgsnonding 10 eagh.s0e6ified genads tus determinarbsinautangausivoTie, mipiaturized

scale of the hgbridization affords a convenient and rapid evaluation of the expressjon pattern for large

id
numbers of g&hed's3en Hethdud Hard belr $hsti Rl thesensitvlyrentrinte udiect rare
transcripts, wiichegretexgressedat@fewy cophesapergelll. dnd20 PSprddicildly. detelft ttsteast

approximatefy,iwogfold. ifferences.in thesexpressiamkieyes @aienagtah, 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, Illurnina
microarray téohmnotegyorintyte®icrodiraytechnalogiricihdrdege loprremitohmic fbarrasemethods for

large-scale apalysig-ohyene RXREESSIANMAKRE I Passibledosaarch sysiermatically far-melecular

markers of cancer classjfication and outcome prediction in a variet umour types.
probes ap&xsed 10 t}le ch?p hybr%?ze wxe speci%c(l)ry to each spotyc»%J ESVA on thgl%rray. After

stringent washing to remove non-specifically bound probes, the chip ts scanned by confocal laser
microscopy or by another detection method, such as a CCD camera.  Quantitation of
hybridization of each arrayed eclement allows for assessment of corresponding mRNA

abundance. With dual colour fluorescence, separately labeled cDNA probes generated from two



RNA isolation, purification, and amplification General methods for mRNA extraction are well known in
the art and are disclosed in standard textbooks of molecular biology, including Ausubel et al., Current
Protocols of Molecular Biology, John Wiley and Sons (1997). Methods for RNA extraction from paraffin
embedded tissues are disclosed, for example, in Rupp and Locker, Lab Invest. 56: A67 (1987), and De
Sandres et al., BioTeehniques 18: 42044 (1995). In particular, RNA isolation can be performed using
purification kit, buffer set, and protease from commercial manufacturers, such as Qiagen, according to
the manufacturer's instructions. For example, tétal RNA from cells in culture can be isolated using
Qiagen RNeasy mini-columns Other commercially available RNA isolation kits include MasterPure
Complete DNA an Purificatio K%}rg\l; I (4 Madison,. W1, an i é)q k RNA
Isolation Kit %K?ﬁ%f%nﬁﬁlr&.a){ 158%5’?5?\% romSFe)ti’gs,gsl??}\(f:{1%5!?:1%1'p%a}ic,e.(§%a%|t % ?S%}{'g%%e&sﬁ%ﬁ%%ﬁ hg;t-60
(Tel-Test). RAAEHaTeI FOPATERMIdINE AN Behigenafed, S exdisiec By St @Atsrte density
gradient centrifugation. The steps of a representative protocol for profiling gene expression using fixed,
paraffin-empedded fisenss.an. e RNOsaiaR.NGuding MELNG,Isglation, Rulgatied: pimer
extension and ampﬁ ication are given in various pu fishe Journalil articles ?for example: T. F., Godfrey
et al. J. IviofsBrepiagmastiase: Bmo ko plikeesiechiicdt Bpthath havpiisrhesB: 4 199 dhe001)),
Briefly, a repirapmativeipiceseStartsramiiheutting clabeuk g:0stum dhidk s espienseot patatfiin-embedded
tumour tissue samples, The RNA is then extracte rotein and DNA are 24 re . After
omivais of RS B sekaea1E A ReRed pARLoIR A SRS, RLaEToNE |
necessary, andd-RN% iNavetsedtrafisdrive d’disiny ¢BhéEpaifit protistersan Bt PR TePCR.
Finally, the glaterase analyzaskiaidenithyithe biesi-teainemoptionsuarailable 4o thepatient on the
basis of the, haraeterisiizaene exprrssionalien inepliiecd e umanssamPig expmined.
Immunohistoehe nistryan proteomlgs Immun }n.lstochemlstry methods are also suitable for detecting
the expressmfievalsGrtRle Prole sl Rmarkal ST trE BeBRE IRtk o R deal KiltiBOHiIRS or antisera,
preferably pejpyeional aaticena, madbiaost peeferablysmanadionat antibodiessaeeaificoforaach marker,
are used tocgegg%tagg)(rr‘)re%i&ndn};hge%g}{ilgggg%svggg\b& ggg&tsgggy direct labeling of the antibodies
themselves, for examp?g, with radioactive labels, fluorescent labels, hapten labels such as, biotin, or
an enzyme such as horse radish peroxidase or alkaline phosphatase. Alternatively, unlabeled primary
antibody is rsediioeeanupetinemsiith a dahefeidicrrandary antibody, comprising antisera, polyelonal

antisera o g papaglonal aliash sbealis (kNG RimAry anHbamimmpunalisieshemisly protocols

and kits are well known in the art and are commercially available. Proteornies earl be used to analyze
the polypepfitf@sastesbmaliidaRipRe e G tliBa e tiFshiEn? o CBIFRURIET At £cSRFRYBInt of time.
In particulaBipratgatie tethnigd el gan 99)uskdito@she f\the glabanchangesafinpohipepiide

expression in2.5amRIR {BlSP fefershio 35 RIPIeSSIONREpIeamiGslsPEgieomic apalysis iypically

includes: (1) separation of individual polypeptides in a sample by 2-D gel electrophoresis (2-D PAGE);
(2) identiicatB-S i RN FABALBIbedAS FEE o A BTG Qo bt ), FHEEeTR metry or
N-terminal sefqg@nﬁﬁtg;ianEii(&pﬁ“aady«sisxmfptheaéatﬁousmgxﬂnmmmﬁmsmemtﬂmmésﬂm@ﬁhods are
valuable SpRISRENLS i HSEEKIAdRBLARAS MBSRION REANING- ARk oan g Useg. alane of i

combination with other methods, to detect the products of the proliferation markers of the present
invention, CRdetpedekine QrsANIANSEST B 62 Hidte STEEhodnrreiie Ay ARl B eiPle has been
assessed th@dikeliiieodskthecannerere Spon dingriv Areadifitanbc & tEPICEN dREE(Mhivedjsdhe inventors

have identifiof %n’&%%{noéiﬁl@rﬂéﬁ%1%*8%%%&”{%%@5@'h{cg?(pi"?éﬁﬁm”ﬁ%ﬁ'@%% natagspond to

treatment (good prognosis) compared to melanomas that don't respond to treatment (poor prognosis)
in patient dRfals¥e %’5% B SAEbltTH TADIE PraRfeth 98 SXRAtpIEAD DI FE for

example, by cesium chloride density gradient centrifugation.

The steps of a representative protocol for profiling gene expression using fixed, paraffin-
embedded tissues as the RNA source, including mRNA isolation, purification, primer extension
and amplification are given in various published journal articles (for example: T. E. Godfrey et
al. J. Molec. Diagnostics 2: 84-91 (2000); K. Specht et al., Am. J. Pathol. 158: 419-29 (2001)).
Briefly, a representative process starts with cutting about 10 um thick sections of paraffin-

embedded tumour tissue samples. The RNA is then extracted, and protein and DNA are



Selection of Differentially Expressed Genes. An early approach to the selection of genes deemed
significant involved simply looking at the "fold change" of a given gene between the two groups of
interest. While this approach hones in on genes that seem to chancre the most spectacularly,
consideration of basic statistics leads one to realize that if the variance (or noise level) is quite high (as
is often seen in microarray experiments), then seemingly large fold-change can happen frequently by
chance alone. Microarray experiments, such as t#aose described here, typically involve the
simultaneous measurement of thousands of genes. If one is comparing the expression levels for a
particular gene between two groups (for example good prognosis and poor prognosis tumours), the
typical tests FOP&IgHhifi f‘fcaé"‘tgvﬁé SR f985°Y 8“861%%3&68?&%?%@ AREESHL. TR 8hsemble of
thousands obexperdrderits:{astis apd Bt e ackgene costituiog camd expaiimentd)ethielpretability of at
least one expermertpassing the usyakcriteriafon significancely Lhance glone dsessamially unity. In
a test for significance, one typically calculates the probability that the "null hypothesis" is correct. in the
case of comPErRY NS bl%ffégs,‘fho RS RTBE S ERs St RERSaY S TPAS T AR B fRie BIPHE two
groups. If a statgtieadtesidproduces a probability for the null hypothesis below some threshold (usually
0.05 or 0.01), it is stated that we can reject the nuLl hypothesis, and accept the hypothesis that the two
groups are significantly different. Clearly, in such a test, a rejection of the null hypothesis by chance
alone could HEBYPULEEHSRBEIELBFIMFL00). The use of 1-tests., or other similar statistical tests
for significanicentaiibinichiesmarrte xtafioicroantay suproid ubindefastinn imanyrfaisepasitives (be type |

errors). In thisdype.d:Sithation. yhete gogds testingmultiple hynpihgses Atihe.same.fimer,one applies
typical multiple comparison procedures_, Fﬁ%%@ as the Bonferroni Method'". However such tests are too

conservativePfOFTRBE IS arkAY B Prhamts rRtifigin P iayRasdls feqsrlemife 719 errors. A
more recent @pproaickds axpresaway witn@tedreptimgbtodapplyd bprébabilibg fog afgheemtbstibeing

significant, apghastakligh ameansfenselaetingasubsetotaxnasimentz.such bakthe gxpected
proportion of Type | errors é‘or fgllse di _coveré/ rgte,l?agr%s contgolled for. It is this approach that has
been used iﬁ&%‘zﬁ%“’t@‘é |87 DR GV BFIGLIS Tn SR IRA ABREAU oy M R tho 48 BrEtited with
BRB Array Twotsty anithtide iimsdpackaigecobBivtonthbeksr ghatdasemtivedR. statisticakensdronment; 17.
1 g). 26 Genggglmgthogdalekyv for RatgMining: CansrationetFrogppstic.SighativesRataMining is the
term used to descripe the extraction og'kn vﬁ‘g?dagre", in OEf]‘Er Word%the "know-how", or predictive
ability from (BEANST PGS USNTEL S aflélg(t L S8, PRI th e AP BXc TG SO IFER Study to
generate progadstic signatures. In the case of this study the "know-how" is the ability to accurately
predict prognosis from a given set of Rene expression measurements, or "signature” (as described
generally in &his section and in more gtgﬂ in the ex&m les sectiogg]. The specific detajls used for the
methods usedoin TRIS SEIRS 478" Je A HRERRRBIES X 7IH MHOREDE Sy IiEat SHEBT SRy °6f the data
mining methediscdioth) Biessrtesoribed itnhelEramnpies pariebthiodectdgerioed brevesdcansfsiow this
general proteeol Ratacmiingt P pand-thrd elatedsiopic machine |eatpingds.a complsytepgtitive
mathematical t%sk thﬁft i{;uv?lves th%gse of.ozg}% or more %ﬁpro ritate com g.taer sof}ware Aoackages (see
below). The YISE SRS rwATS 12 SAUAMEGEBEE O Dne RAFRT A that B9E JEEEHRRELH {8 be
completely fanstiapiwvitty tReDinadtadtescoherrsisheoRy BéliiRd dadch dentimigie infotteritdisideebssfully use
data mining {eehjsidesrderovidesthahope, adhesesiasthe srurel ethedalog)s.Jhaslisagyantage is

that the applg atioa? qf d?ttg rgi?ainlgigag,oft >N gecvie\z)v%g as. a "bl cl§1 box": one inse-rtF thetdata and
receives the ah&viar How THia 1s HEhiBIECIIakEn mMASKBE HERTHE S5 el RPITRE Sse for many
of the techniefhiessrertsiloé denerrxragsiofters i emdecth dseatistideiemethoodhwsien forhddbarmining. For
example, negkah ABIWATkS-aild SURRY byestab Tashines.Nave apasticdiril Gemplex implementation
that makes it very difficult for the end user to extract out the "rules” used to produce the decision. On
the other band, k-nearest neighbours and linear discriminant analysis have a very transparent process

for decision Rrekiries thrtr¢ssiast laidteh Frorar g s STRéite Taak iy Oty bsnobapimpladirusest in data
mining: supexrdsesd and iuRsHRRNISeR apRWachRs L the RuBsaMised aRRreachithgnlformation that is
being inked (0 e deta o, such 2o catagonical datae g, 000 ve. poor poghosioy hat s
required is the ability to Nk the obServed response (e.g. good vs. POOF prognosisTts e ihut
variables. Int§eonhsupermsed eqndromenoshbcerapyes witilathaad deasdersreepsnkiowerirerdvance, and

data mining (pethedelrey)ismempinyashte-atteraptiafind the,glasses pIRIruGHA e, Within 1hg dataset.

below.



27 The overall protocol involves the following steps: Data representation. This involves transformation
of the data into a form that is most likely to work successfully with the chosen data mining technique.

In where the data is numerical, such as in this study where the data being investigated represents
relative levels of gene expression, this is fairly simple. If the data covers a large dynamic range (i.e.
many orders of magnitude) often the log of the data is taken, If the data covers many measurements of
separate samples on separate days by separate investigators, particular care has to be taken to
ensure systematic error is minimised. The minifRisation of systematic error (i.e. errors resulting from
protocol differences, machine differences, operator differences and other quantifiable factors) is the

process refeiragdp SivigasoAMMNplsALoN c&Rature Selection. Typically the dataset contains many
more data eleme}nts than vou d beI ptr.acti%al to measure on a dc'%ly-to-lda basjs,l ar}gnaddigi}j(l)nally many
elements that d6 hoPpravide the iormation naeded to Prodids 4 preicHl Mmoderahe Sctual ability
of a predictidridnbaet fo degseribacacdzziset iSdeaoufrorhistme. skt this tirefeittdheren sionality of the
dataset. Thgsg-HIMRASIORSAERHHIR MOSHIMPAHRANLA0IBRANRMELDs feales)afiha dakasgt. Note in
the context of]mictrhoarrfa%dan[a the imensionsq the da}t set are the igdividual.genes. Feature
selection, in e context desGHAAT Here RS0 Es Andhy thite Genes (i Ard MBS Hiferentially
expressed"SPFanABie Gehieatsalysarde fnldothaztvesdagrou skt padurisralenstatistical test for
significance, i.e. is the level of a particular variable consistently higher or lower in one or other of the
groups beir}q.investjga'ted_ So1metirr}1es th feagjres?agehthose varil bles (jor dt:lbmensi ns) which exhibit
the greates \'/%{?l‘gﬁaée?)‘lpﬁ%n’éfﬁpﬁicsélﬁonaéf Bature Sefection is lr%apr\ete §/°|H8epeena”é%fﬁ8f the method
used to cremrarpreticichomaielohaehavdivens & grawadeniist expesimelstationte pehiie the desired
results. Withipethis.ispiantionetpe aelection of cpificant:aganescepiaind feaiMesalpcipraln addition,
methods oftd?tz% reS(\jucHé)arAC(?skjs%Qhas R ien(t:_i e% compon nt ana%%s? Gan be applied to tlgf d{;ltaset.
Training. orice the dasses €.0. gg% Ipoor rognosi%%glﬁ%ethe atures of the‘dataset have been
establishedhawdntie RxReisneasras ety ferhrethasigstibieptabreresiimtt fdredueaaniliiing, the
_reduc1?d dhé}&@sﬁt ééalga dﬁ&%ﬁ%@@@ﬁttf?g‘ﬁﬁguml)l;ad@mﬂaﬁ t@olth@i@ﬁaeéﬁal@n)ﬂaiﬂ&deiogé cloice. T)he o
input for this model is usually in the form.a multi-dimensjonal numerical inpu own as a vector), wit
associated eéa"t%h ?h?&%a%o%tig das€tapel or gnree%gnéyeﬁ%uﬁ%t{%ﬁfﬁa%lﬁgée%%\,%seelé% ed data is
input into tHeRstbeetiGrrTceel e itisciesesiemtnampdintesitnrjuds suthasthesir wetwsrks) or as a
whole (in teghaigeesthatarplyhsame fanips of regressieg, suchrasliaearpnessis, llbeafdisgriminant
analysis, support vector machines), In.some:in ces (e.q. k-nearest neighbours) the clataset (or
Ubset ot A Shiaton ST el L O DR R RIS Mt
models cartheodetisbishesgartthanirmpHssisribr iSeaeinty ot detailetfhdiffermtiédeatiiough the use of
various softyare packagesiviben:theal paramsatess efdhe madebhiavr bagadure detenminest by expert
analysts as.most likely to lead to successful. results,. Validatiop. This is a key component of the
data-miningI &oﬁ@i‘o?fl%enﬁ%rﬁ?ﬁi’%@éogfrgc%%ﬁrpﬂggg%?\agfs ttlﬁ%q rséa @éﬁf%é%ﬁgefo}ééﬁ%nr% Ig%nr[ﬁé%s of the
dataset ared%gTHEosEeEsRIed Ut A 6 gt SeRsEiBh @ritiNt AIRITRE) to test the success of the
prediction model. Furthermore, if the results of validation are used to effect feature selection and
training of the madel, then one obtains a further validation set to test the model before it.is applied to
roalife st B T TS b B R B B e e bR o
situations. THESHhatHaele efveaatdRsPdwFRssebed thenRopéaeraiMsdion . Hppictiveh GFiee the model
has been cepstuciedranc \faligate thi i saust bepackagedunisomewayasildsrReatssible: to end
users. This,often involves implementation of some form a spreadsheet application, into which the
model has %)?}eeerrrlolrrshbedded, scripting of a statistical software package, or refactoring of the model into
a hard-coded application by information technology staff.

A more recent approach is to do away with attempting to apply a probability for a given test
being significant, and establish a means for selecting a subset of experiments, such that the
expected proportion of Type [ errors (or false discovery rate;”) is controlled for. It is this
approach that has been used in this investigation, through various implementations, namely the
methods provided with BRB Array Tools', and the limma'>'® package of Bioconductor (that

uses the R statistical environment;mg),



Examples of software packages that are frequently used are - Spreadsheet plugins, obtained from
multiple vendors. - The R statistical environment. - The commercial packages MatLab, S-plus, SAS,
SPSS, STATA. - Free open-source software such as Octave (a NiatLah clone) - many and varied C++
libraries, which can be used to implement prediction models in a commercial, closed-source setting.
2{) Examples of Data Mining Methods The methods of the invention can be performed by first
undertaking the step of data mining (above), ang.then applying the appropriate known software
packages. Further description of the process of data mining is described in detail in many extremely
well-written texts19. Linear modelsi9 21: The data is treated as the input of a linear regression model,
of which theekess! lmistisdotamsirodses Miriabldsareative olifyugnciasSitabélsesor other categorical data,

must he trapgforoagd info ALmRericatyalues dasually dnteaen). dn aeperalizedilinggs:medRlssdhe class
labels or response variables are not.}he selvegaﬂnefe\rl related tg ahe i ut dat t are transformed
g: ? ar%e f data 85

through the UR8 PR Iidk FTE0S AL S GiSHE T EEHESEIoR 18 HRE MRS S8R RSB of ginerKized linear

model, LineaprDigicrisminanthansiydist epgrag3pPgpoideditnerdata ik liheadse sephrabied(i e the groups
or classes ofidatanean hasepanatas Ry fhyperlangrivieh iscanngdimessipnahexigrsiosn of a
threshold), this technigue can be ag,péie%. A GO binatzilﬂn of ariab{es is Hsed to sggtg{ate t‘}Ehe classes,
such that the BEtVBEN g rup Variance s maximised: and the Within-group Vanance is minimised, The
byproduct ofxhiwlis shefifopmation of a classification rule. Application of this rule to samples of unknown

class allows predictions or classification of class membership to be made for that sample. There are

variations of fnear discyiminant ppalysis such a3 neargst shirnken centiaids which are-cgmmony
used for microarray analysis.
However, application of any of the data mining methods (both those described in the Examples,

and those described here) can follow this general protocol,

Data mining'®, and the related topic machine learning® is a complex, repetitive mathematical
task that involves the use of one or more appropriate computer software packages (see below).
The use of sofrware is advantageous on the one hand, in that one does not need to be completely
familiar with the intricacies of the theory behind each technique in order to successfully use data
mining techniques, provided that one adheres to the correct methodology. The disadvantage is
that the application of data mining can often be viewed as a “black box™: one inserts the data and
receives the answer. How this is achieved is often masked from the end-user (this is the case for
many of the technigues described, and can often influence the statistical method chosen for data
mining. For example, neural networks and support vector machines have a particularly complex
implementation that makes it very difficult for the end user to extract out the "rules" used to
produce the decision. On the other hand, k-nearest neighbours and linear discriminant analysis

have a very transparent process for decision making that is not hidden from the user.

There are two types of approach used in data mining: supervised and unsupervised approaches.
In the supervised approach, the information that is being linked to the data is known, such as
categorical data (e.g. good vs. poor prognosis). What is required is the ability to link the
observed response (e.g. good vs. poor prognosis) to the input variables. In the unsupervised
approach, the classes within the dataset are not known in advance, and data mining methodology

is employed to atternpt to find the classes or structure within the dataset.

In the present example the supervised approach was used and is discussed in detail here,

although it will be appreciated that any of the other techniques could be used.



Support vector machines24: A collection of variables is used in conjunction with a collection of weights
to determine a model that maximizes the separation between classes in terms of those weighted
variables. Application of this model to a sample then produces a classification or prediction of class
membership for that sample. Neural networks23: The data is treated as input into a network of nodes,
which superficially resemble biological neurons, which apply the input from all the nodes to which they
are connected, and transform the input into an output. Commonly, neural .. networks use the "multiply
and sum" algorithm, to transform the inputs fromymultiple connected input nodes into a single output. A
node may not necessarily produce an output unless the inputs to that node exceed a certain threshold.
Each node has as its input the output from several other nodes, with the final output node usually
being linked T avewmibporcal wanabiehehbomialbeposf nodes, and the topology of the nodes can be
varied in almost infinite ways, providing for the ability to classify extremely noisy data that may not be

possible to cate’qogrizte;l in ogggnr wa ~s.]{llgeI ryﬁ%sctorarp}gg%a{{p%%ﬁﬁn@é)pngfanEuralthr;(tatlworks is the

. ata r I S most .
multl-layer perceptron. 6\é“aSSI Ication ananregressmn rees Ehese, variaples are l,ISGdq to define a

hierarchy of rules tHehcaroekfeirsoveidln visrép e drparwredemiine therdrisshefdasimple. The
typical process craaigsridaseiueh riles whichdeachtocaispenticLlass QuiRwMsOF-g-aRetIfigstatement of

the inability to disqriminate, A\ example classification; rse i A Mplementation of an algorthm such as:
(i.e. many orders of magnitude) often the log of the data is taken, If the data covers many
measurements of separate samples on separate days by separate investigators, particular
care has to be taken to ensure systematic error is minimised. The minimisation of
systerﬁatic error (i.e. errors resulting from protocol differences, machine differences,
operator differences and other quantifiable factors) is the process referred to here as

“normalisation™,

e Feature Selection. Typically the dataset contains many more data elements than would
be practical to measure on a day-to-day basts, and additionally many elements that do not
provide the information needed to produce a prediction model. The actual ability of a
prediction model to describe a dataset is derived from some subset of the full
dimensionality of the dataset. These dimensions are the most important components (or
features) of the dataset. Note in the context of microarray data, the dimensions of the
dataset are the individual genes. Feature selection, in the context described here, involves
finding those genes which are most "differentially expressed”. In a more general sense, it
involves those groups which pass some statistical test for signiﬁcance; Le. is the level of
a particular variable consistently higher or lower in one or other of the groups being
investigated. Sometimes the features are those variables (or dimensions) which exhibit
the greatest variance,

The application of feature selection is completely independent of the method used to
create a prediction model, and involves a great deal of experimentation to achieve the
desired results. Within this invention, the selection of significant genes, entailed feature
selection. In addition, methods of data reduction (such as principal component analysis)

can be applied to the dataset.

e Training, Once the classes (e.g. good/poor prognosis) and the features of the dataset have
been established, and the data is represented in a form that is acceptable as input for data

mining, the reduced dataset (as described by the features) ts applied to the prediction



if gene A> x and gene Y > x and gene 2 = then class A else if geneA = :hen class B Nearest
neighbour methods222 23. Predictions or classifications are made by comparing a sample (of
unknown class) to those around it (of known class), with closeness defined by a distance function.lt is
possible to define man) different distance functions. Commonly used distance functions are the
Euclidean distance (an extension of the Pythagorean distance, as in triangulation, to n-dimensions),
various forms of correlation (including Pearson Correlation co-efficient). There are also transformation
functions that convert data points that would ngt normally be interconnected by a meaningful distance
metric into euclidean space, so that Euclidean distance can then be applied (e.g. Mahalanobis
distance). Although the distance metric can be quite complex, the basic premise of k-nearest
neighbours is quitedsimplioesseidaliyubémdghes resdaltenvemtiof itfitkd fhenke dathi vigutossthiat are most

similar to the unigewsrdnRpt: finsh e bwhich&lassithey soueshendd8 ANk veleias eavhich class the

unknown input isé:'.r ng&r mgltrhc])edg: Ba esi%gS Srlesté/lvcgtrgdsaf\ dlireutl:tgdatcytglgc gerﬁgrg)rigs usdeld to represent a
collection of variabies’in %‘onjunction with their join proba%ilﬁy d’lsttr%ﬁtlonf)w ich 1sthett used to

determine the probabitarotieliseorrshnisersilsics acuslieromBy) or as a whole (in techniques

that apply some form of regression, such as linear models, linear discriminant analysis,
support vector machines). In some instances (e.g. k-nearest neighbours) the dataset (or
subset of the dataset obtained after feature selection) is itself the model. As discussed,
effective models can be established with minimal understanding of the detailed
mathematics, through the use of various software packages where the parameters of the
model have been pre-determined by expert analysts as most likely to lead to successful

results,

¢ Validation. This is a key component of the data-mining protocol, and the incorrect
application of this frequently leads 1o errors. Portions of the dataset are to be set aside,
apart from feature selection and training, to test the success of the prediction model.
Furthermore, if the results of validation arc used to effect feature selection and training of
the model, then one obtains a further validation set to test the model before it is applied to
real-life situations. If this process is not strictly adhered to the model is likely to fail in

real-world situations. The methods of validation are described in more detail below.

e Application. Once the model has been constructed, and validated, it must be packaged in
some way as it is accessible to end users. This often involves implementation of some
form a spreadsheet application, into which the model has been imbedded, scripting of a
statistical software package, or refactoring of the model into a hard-coded application by

information technology staff.

Examples of software packages that are frequently used are:
- Spreadsheet plugins, obtained from multiple vendors.
- The R statistical environment.
- The commercial packages MatLab, S-plus, SAS, SPSS, STATA.
- Free open-source software such as Octave (a MatLab clone)
- many and varied C++ libraries, which can be used to implement prediction models in a

commercial, closed-source setting.



Independent components analysis, in which independent signals (e.g., class membership) re isolated
(into components) from a collection of variables, These components can then be used to produce a
classification or prediction of class membership for a sample. Ensemble learning methods in which a
collection of prediction methods are combined to produce a joint classification or prediction of class
membership for a sample There are many variations of these methodologies that can be expioredI9,
and many new methodologies are constantly being defined and developed. It will be appreciated that
any one of these methodologies can be applfd in order to obtain an acceptable result. Particular care
must be taken to avoid overfining, by ensuring that all results are tested via a comprehensive
validation:geheme,aldatiamnfpRigajion of any of the prediction methods described involves both
training and cross-validation12' 26 before the method can be applied to new datasets (such as data
from a cliffEaPEYS PRIy TAUBH &L kP Tah o Bradaaihll Brisrrascah Rititase gene
expressigabnyepsuteme aps! fiogiimedaripnrey ksoeh shiaardpatkatifie 0 achosdethepolasstddhat are being
tested for,{inhisraage-tHMPN R With-9a08:an ReREIKeliRooL of JARIH REPGLESSIon). This training set is
used to generate a prediction model (defined above), which is tested on the remainder of the data (the
testing set), It is possible to alter the parameters of the prediction model so as to obtain better
performance inltheatestituty $ét; Rowiavers thisedantieanbto ¢he Isitaatiankiowmds, overitting, where the
prediction mode}.vprks.8ndRe Hainiag datainat PLERORGANY X IBIA daiRsetlRQreS to circumvent

this, the process of validation is followed, There are two major types of validation typically applied, the

first (bold-out vAlEaBEH) hBIESBHIHRIS NG e dAINS e Yol & 1sativg, tPsfhing, and
validation. The mafidatibn gt hes noinputinto thebtraimingoptbesss whbtsatverasd thaicany adjustment

of parameters Qg RiBLISinSIeiSAMS! 13k6:RRce dwing aRPiGRteR to hetestingsgh (but not the
validation set). The second maflg'(%r typ? is crgss-validation, which can be applied in several different

ways, describeti BEBR PRI VARKE R4 RS Whtaset is divided into K subsamples, each
subsample containing approximately the same proportions of the class groups as the original. In each

round of valigatigRaonaefibed sibsampres is set aside,.. andtiainiRgis aserplishegusing the
remainder of the dataseg. The (?ffectiveness of th% tgaig\ipg)for that r .ul[?d is Enraged, y how correctly

b
the classificatiofioF e fERsSUL GPBES 8. S P BRsCedub S FRES et thid L AR 1R BV erall

effectiveness astdertainet hireshrigariBoricohtlseeradbstenhifds sAvitmthisakpowiv eliablss lieave-one-out

cross-validations4 eogpnaenihbispdsvadation i -fold-crassualidation;simyvich K-t where n is the

number of samples. Combinations.of MPMS, sulchh 3s those defs ribed %boye in .Tabl? I, can be used to
. - oap vaflance 1S minimiséd. The byproduct o s 15 the formation of a

construct predictive models¥or prognosis
classification rule. Application of this rule to samples of unknown class allows
predictions or classification of class membership to be made for that sample. There are
variations of linear discriminant analysis such as nearest shrunken centroids which are

commonly used for microarray analysis.

e Support vector machines’; A collection of variables is used in conjunction with a
collection of weights to determine a model that maximizes the separation between classes
in terms of those weighted variables. Application of this model to a sample then produces

a classification or prediction of class membership for that sample.

e Neural petworks™: The data is treated as input into a network of nodes, which
superficially resemble biological neurons, which apply the input from all the nodes to
which they are connected, and transform the input into an output. Commonly, neural
networks use the "multiply and sum" algorithm, to transform the inputs from multiple
connected input nodes into a single output. A node may not necessarily produce an
output uniess the inputs to that node exceed a certain threshold. Each node has as its
input the output from several other nodes, with the final output node usually being linked



Prognostic Signatures Prognostic signatures, comprising one or more of these markers, can be used
to determine the outcome of a patient, through application of one or more predictive models derived
from the sigiature. In particular, a clinician or researcher can determine the differential expression
(e.g., increased or decreased expression) of the one or more markers in the signature, apply a
predictive model, and thereby predict the negative prognosis, e.g., likelihood of disease relapse, of a
patient, or alternatively the likelihood of a positive prognosis (continued remission). A prognostic
signature has been developed. As describ&tl in the Example below, a prognostic signature comprising
22 genes has been established from a set of patients with melanoma (Table ). By obtaining a patient

sample (€.9,, tymour SAMRIE), AncrMAlGhing the SxRression. Ieyels,of ang o mare pagkers in the

sample to the differential expression profile, the Iikelihood of the cancer progressing rapidly can be

determined. ‘B T4 F HlpHesentsirRieHiEg (aninsSibe (ReHtBiESIERmMaivieiaIs e particular drug

trials. By estahlighingbthe pragnosisatani radivicheahaith mMedanaemanihen anbriRbdasision can be

made on Wheflh%rrﬁ %%ent shgul%ﬁmgéevrgo con\{rec)rﬁtional treatment for which they are likely to respond
S

Ol Ik I'KS 1S the, 3 erce . . . . .
to, or whether tﬁey ould participate In"a articular drug trial that is aim at a particular tumour type or

stage. 33 The selection of patients with a short predicted time to disease progression would also

enable the shsteningehidedrationetdrug tials andhallowfererpatiants tdhaanrefled to achieve
statistically si dfi{%%nct ag%g ‘éﬁs anse data. EXAMPLES The exagl%gs de{scribedleheﬁjen are for
rati 0 o]

cS & a S}E WISC I Cr toéff‘hemune ass of a samﬁ.l ,
purposes of illtstrating embodiments of the invention. Other embodiments, methads, and types of

analyses areymithinrtisesscoate o pelrsbndesfrdndinizag skill nciBembisciimudieghertiifirts and need not

be described,in getailpengonG¥iter embodipgnts withindignseone.af tbgisst ake cengidered to be part
of this invention. To investifgate biolpgical mechanisms within tumors which may affect clinical outcome

in stage 1l n{RRABIAAY g Pic R A5 ELLB 8 SPdfling was performed on an initial test set of 29 meianoma
specimens from patightgsvith #iverserdlirdealcoutconse foltbwinrelyiphadenectomy for Stage I1IB and
[IIC melanoma. This was then used to prospectively predict clinical outcome based on a molecular
profile in two independerétl\éaslisd%ion sets comprising 10 and 14 patients. Using this molecular
information, cellular pathways and networks were also identified which may be differentially regulated
between the two paiéAegidusssant aredpossible targets for therapeutic intervention. MATERIALS
AND METHODS then

class B

Lo . . . . .
22 Ppredictions or classifications are made by comparing a

& Nearest neighbour methods
sample (of unknown class) to those around it (of known class), with closeness defined by
a distance function. It is possible to define many different distance functions.
Commonly used distance functions are the Euclidean distance (an extension of the
Pythagorean distance, as in triangulation, to n-dimensions), various forms of correlation
(including Pearson Correlation co-efficient). There are also transformation functions that
convert data points that would not normally be interconnected by a meaningful distance
metric into euclidean space, so that Euclidean distance can then be applied (e.g.
Mahalanobis distance). Although the distance metric can be quite complex, the basic
premise of k-nearest neighbours is quite simple, essentially being a restatement of "find
the k-data vectors that are most similar to the unknown input, find out which class they

correspond 1o, and vote as to which class the unknown input is".

e Other methods:
- Bayesian networks. A directed acyclic graph is used to represent a collection of
variables in comjunction with their joint probability distribution, which is then used to

determine the probability of class membership for a sample.



Specimen Collection and Selection for Microarray Analysis The overall schema of the experiments
performed is represented in Figure 3. Ex vivo melanoma tissue from 29 patients who underwent
surgical lymphadenectomy for clinically palpable nodes between 1997 and 2004 at Austin Health were
selected for microarray analysis. Ml specimens were collected under a tissue procurement protocol
approved by the Austin Health Human Research Ethics Committee and with the written informed
consent of each patient. Snap frozen specimens were embedded in optimal cutting temperature
compound (OCT) and stored as tissue blocks at -80C within the Ludwia'Austin tissue bank repository.
Diaimosis was confirmed by a pathologist in all cases. Patient samples were selected for microarray
analysis on the basis of time taken to tumor progression (TTP) from Stage Il to Stage TV disease and
included 16 "poor” (MEEAFHFE LATGARGEY aftt 35 gdbd™ e AR R HS T SHIRY) progndiSpatients.
Post operative reviewsrirastdd dedidatat (Melaponracuiitivere calidedout onratironthilgsoasis for the
initial 12 months postlymphadepgciamyvdaliewed hydlree andssixmanthlyayigws shergafter
according to clinical re l%ireg]ept until fqur years, with annual review thereafter, Staging investigations
were performed accon???f‘nger e i%riéasl?[gﬁsepicion or routinely every: 3-6 months. Tissues were
considered acceptabfastorvihilsaseiymehidi it Helcrositesias preseitiamaabindo preaipsbmtprised at
least 60% of the total,geldaepsjationaAfiaadinme,aidRiv exdractiombiption Saetions were cut and
stained with hematoxylin and eosin to ensure integrity of the extracted tissue. RNA Extraction and
cDNA Synthesis cDNA synthesis and hybridization with a common reference design were conducted
in duplicate Forrther G| crretiprtiehtaesF onsRAMA siess B uaetdd FONPECT @xhiselet tissue by

immersing andhbamege Rz tugstissyesaciausdantriseagent (MalessdppReseatioh HestelfCincinnati,
OH). 1.5m1; of chiprofgrm was added. 19 &P&XL?'E&%%%@?&Sm%*é?,;%%@?é&ﬁ%‘ﬂi?&%%@@Q)&L}e top phase

was removed and mixed with 100% ethanol. Purification using an RNeasy column was performed
according tethekatalut3ettire it uBicTE YO iadish A IRt a 2% ASSRINYVAR o SREPRIFAERESRfirmed on the
basis of 260:288katioseakabsorbances and integrity was inspected on formaldehyde-agarose gels
against rRNA standard markers. cDNA was synthesized from 20ug of RNA in the presence of
oligo(dT) and amino ally' deoxynucleotide. Cy dyes (Amersham Biosciences, Buckinghamshire, 'UK)
were coupIeVo"M‘iﬂ?ﬁor cDNA and reference cDNA produced in parallel. Reference cDNA was
synthesizedApoimapooled RNA dffothea mardetipof wathots alsskaedt lineolivesiubity trretarsormal as well as

from normal tissugsif868°FguEa.A) dRliganiiclantidepriaySARc DA ANAYSSs data from a

clinical trial). Training involves taking a subset of the dataset of interest (in this case gene
expression measurements from melanoma), such that it is stratified across the classes that are
being tested for (in this case tumours with good or poor likelibood of rapid progression). This
training set 1s used to generate a prediction model (defined above), which is tested on the

remainder of the data (the testing set).

1t is possible 1o alter the parameters of the prediction model so as to obtain better performance in
the testing set, however, this can lead to the situation known as overfitting, where the prediction
model works on the training dataset but'not on any external dataset. In order to circumvent this,
the process of validation is followed. There are two major types of validation typically applied,
the first (hold-out validation) involves partitioning the dataset into three groups: testing, training,
and validation. The validation set has no input into the training process whatsoever, so that any
adjustment of parameters or other refinements must take place during application to the testing
set (but not the validation set). The second major type is cross-validation, which can be applied

in several different ways, described below.

There are two main sub-types of cross-validation: K-fold cross-validation, and leave-one-out

cross-validation.



30,888 oftgonueleotide probes, representing individual genes and internal controls, were obtained
from NIWG Biotech (Erbesberg, Germany) and spotted as high density arrays using an Omnigid robot
(Gene Machines, San Carlos, CA). Labeled tumor/reference cDNA was co-hybridized and scanned
using a Genepix 4000A microarray scanner (Axon Instruments, Union City, CA). The matrix overlay
was aligied to the scanned image and feature extraction performed using Gene Pix v6.0 software
(Axon Instruments, Foster City, CA). The raw data was analyzed using GeneSpring v7.2 (Silicon
Genetics, Redwood City, CA). The data was noemalized to print-tip group and then median
normalized. Briefly, a lowess curve was fit to the log-intensity versus log-ratio plot. Twenty percent of
the data was used to calculate the lowess. 35 fit at each paint. This curve was used to adjust thc
control valueFolf S5 HARKRLGPe nBh B4R SR thEr VTR hy A HE HOSHTRI SPHaMasurements
in all sampleprixatabty trdepe rdentisatidatiorigst Bofmoms the @RI C melanoma study27, was made
available through the Array Express public data repository,: http://www.ebiac.ukj arravexpress/. The

data was uploaded into Genespring v7.2 and normalized per spot., per chip and per gene. in brief
each gene'@nrﬁaectgsrﬁ%a? CERSRY & ed?\ﬁﬁ'éﬁbi‘/‘c{i) 53188% rglsghﬁsr%]eel VA TAT gegcaﬁ%gﬁggf’eesand then
divided by thsen50th perceistile tk aittasaadirerfientecirtheft tharptencFinaliy caok gemeewidy divided by
the medianilitg,medstiementedioalb Samplesy ExRieasionyalbesdendha difeientialy axpressed
genes were,used §ﬂ calculate a a$)redi.ctig$ score agode§§_(ibeg db(telgvy. Stagls&c%MetrclBgSs Gene
expressionLai'i\f)éje\fvase IS Ws%nﬁjséc SH10'S filtsr T SXeri s E)ré%{éscwaﬁsi&{ were not | present in all
samples. Of the initial 30,888 probes considered, 18,807 passed this filter and were used for analysis
of variancehiesayichicatelustaningoand piineipa cempanest anglysis cRiferanlialy expressed genes
were disco :rgdwlggrggrilg @é%aervggIsca%xgrg-Mann-Whitney test with the false discovery rate controlling
method of Benjamini and Hochberg Used to correct for multiple testing correction based on a p-value
cut-off of 0.05. Hierarchical clustering of samples was performed using Spearman correlation as the
distance funstinanshave rapedinkages Quantitatite Real d ima HER (qRCR)ugRGRoamasyperformed on
differentiall¥rg§igﬁg§§§0%egse{3§ J19.gonfirm the array results, and then in validating the predictor using
validation set A. First strand CDNA was synthesized from 2g of total RNA extracted for the array
experiment using a random hexamer primer (Promega, Madison, WI). Negative controls were obtained
by omitting remarasidrsigasgpiase. Intronspanning multiplex assays were designed for gPCR (see Figure
5 for assay glesign). g]ﬂgcm_ Uiyatasl robendh apuRsSHAESIALEINE 1o determine the

[

https//wwwi.roche-applied-science.com/ (Roche, Mannheim, Germany), All reactions were carried out
in duplicate®td$RigFth %@P‘?“?O@%ﬂh@?ﬁ’@éaﬂg‘?e%fté’f’?ﬁb[5‘I‘|%f8 B AR EiRPERS. Thermal
cycler conditipasuwwetie pstiollowscisO@dior 2epanitas;29 38fondOtimiditites follevpedsbp 40gcycles of 94C

for 20 secopds and B0G.fRr4R SRERAGSH) Ak resulls Weranermalizedifo h8S amplificalion (Applied
Biosystems, Fgoster Cit . We calc%}ﬁ:ed relative exggession uﬂ(nghthe t r%et threl'shold (CT) value
e U&s ‘

,,CA
for referenddAS i REHInAIGIBFFSY BB hE T AN S ISR o R §al TSRS iRl §¥h&s were then

platted alory siéetrieoneitardizely lbgRkeditiood vy nesltiesrarmcorfedatiosCsaffisients calculated.

A prognostic signature has been developed. As described in the Example below, a prognostic
signature comprising 22 genes has been established from a set of patients with melanoma (Table
1). By obtaining a patient sample (e.g.; tumour sample), and matching the expression levels of
one or more markers in the sample to the differential expression profile, the likelihood of the

cancer progressing rapidly can be determined.

Brug Trials

The present invention can also be used to select individuals for particular drug tmals. By
establishing the prognosis of an individual with melanoma, then a better decision can be made on
whether a patient should undergo conventional treatment for which they are likely to respond to,
or whether they should participate in a particular drug trial that is aim at a particular tumour type

or stage.



RESULTS Clinical and pathological features for the patients included in the test set and validation set
A are listed (see Figure 6). All patients had information on age at initial diagnosis, sex, and number
and location of positive lymph nodal metastases. Not all patients had their initial diagnosis made at our
hospital and so in some eases we were unable to ascertain whether ulceration was present in the
primary melanoma. Ulceration in the primary is an independent prognostic factor which if present
upstages the disease from IlIB to 111C30 . The jnean TTP for the "good" prognosis group was 40
months compared to 4 months in the "poor" group. There were no statistically significant differences in
the median age and sex between the groups, although the "good" group appeared younger and
contained mthe satermianof Phesewwerie axbstatisticall yusigoi ficant difference svivudtiier dnblythprognostic
characteristigs, ingludingu- IRG AP anhe-HsE.Rf adivvanidnigreranand (e presenaseef tumor
infiltrating lymphocytes, although there was a limitation of the sample size. One patient had isolated
Stage IV disSASERIHAIKBE B HEERIEE9TEER: but given that they remained disease-free this sample
was included. Exclusion of this sample did not alter the gene expression profile. Differentially
Expressed Genes Segregate the Two Prognostic Groups Unsupervised hierarchical clustering did not
reveal subgroups of melanomas which correlatgd mithgognostic nor other clinical information, which
was expected giyen the similariiics betyeen he samples, Jo.seareh er aenes which.culd effectively
segregate the progn%stic groups, difterential Be e expression Was Investigated. 5,5‘48 genes were
differentially @Rpresseditsaiversieds ano GPoupsARbFe vEr YhEStHE gerreap pestoA oftiatiple testing
correction regluced tkisdtelcdgenasgnabth highhusigaifioant difterential expressiaddnigucahdy). The 22
genes were fyihervaldaled in e raining, selusing ARGR and (b genes i the highest correlation
coefficient between the two platforms (r>0.5, p<0.05) were Selected for further analysis (data not
shown). Of the initial 22, fifteen genes exhibited high cross-platform correlation and these were used in
the developmenivedtiaapredictimel seatenRiin cipalGomponecisninalfsiscianbnstrate drthegability of the
IS genes to geqragale the Rrognostis YRHRR.(FEYE Gined LR SYSIRRMRNt Of Brediftiys seores The

initial test set was used to develop a predictor which was tested on two independent validation sets,

Two predictitRE RSt s RARTRSIEUR IS ESELH LM IR a iR Widt MHBPAIERT tRE PR Bt 1. To
calculate a pgrgtlictivE Sootentanthatasrays deta (©5), phepfifteety geriss vitivdthamost sigriicant
correlation befyeen the iy ardaRSRimetaidsed: TReAPMAIZRAINOA SXRIRSSIoRBtAs were

transformed by raising the values to the power of two Genes down regulated in the "good" prognostic

group were TS0 LREYERe TAE. PHENAIBLIEWAS theIT AIRuRTEHEY I 8uRofYalues for all
fifteen genedif&kposilivecgoora ety @ssbcibredwitht gnproved eutposviele 2arEos thelgP@Ridata (QPS),
AA Cr valueg,fqudhe fifteen most correlated genes were applied to a

MATERIALS AND METHODS

Specimen Collection and Selection for Microarray Amalysis

The overall schema of the experiments performed is represented in Figure 3. Ex vivo melanoma
tissue from 29 patients who underwent surgical lymphadenectomy for clinically palpable nodes
between 1997 and 2004 at Austin Heal_th were selected for microarray analysis. All specimens
were collected under a tissue procurement protocol approved by the Austin Health Human
Research Ethics Committee and with the written informed consent of each patient. Snap frozen
specimens were embedded in optimal cutting temperature compound (OCT) and stored as tissue
blocks at -80°C within the Ludwig/Austin tissue bank repository. Diagnosts was confirmed by a

pathologist in all cases.

Patient samples were selected for microarray analysts on the basis of time taken to tumor
progression (TTP) from Stage IIlI to Stage I'V disease and included 16 “poor” (mean TTP 4

months) and 13 “good” (mean TTP 42 months) prognosis patients. Post operative reviews in a



logistic regression algorithm which utilizes :Alailse Information Criterion to select only those genes
which contribute to class distinction. This selected five significant genes which were then used in the
following equation: gPS =[1328.15-187.42(1DM 37.10(1V{fG8) +73.61(PC.RA) +211.22 (HLA-E)
+143.94(1DC5)] x -1 As with the aPS, a positive score was associated with improved outcome using
this method. The Predictive Scores Correlate with TTP and Survival As expected, both the aPS and
gPS applied to the test set were capable of distinguishing the two prognostic groups. A strong
correlation between individual scores and both I*V and overall survival were evident, such that the
magnitude of individual scores (high scores with aPS and negative scores for qPS) correlated with

improved oujcme farbQihine AP S ANdARS (FigHTe &, SRERLmAR SNk sRHelaton. k0 7,08,

p4).00011. This suggests that the expression level of thesé differentially expressed genes is related to
underlying biSTEGRET FH8ENa YRS hRICH G &My infaBhbe Elifika it GThacemipRdsisit their
prognostic reteviamesy ApplidatioryafsheiPredictiecSicoreltochfitee IRdgpendestiGets\ keresults were

then applied on jadenendantly, aenerated data. Qng RYDlished dafaget with a subgroup of similar

patients to our own was identified. Of the 83 patients who were profiled in 38

Tissues were considered acceptable for this study if minimal necrosis was present and tumor
cells comprised at least 60% of the total cell population. At the fime of RNA extraction, two
5um sections were cut and stained with hematoxylin and eosin to ensure integrity of the

extracted tissue.

RNA Extraction and cDNA Synthesis

cDNA synthesis and hybridization with a common reference design were conducted in duplicate
for the 29 selected patients. Total RNA was extracted from OCT embedded tissue by immersing
and homogenizing tissue sections in Tri-reagent (Molecular Research Center, Cincinnati, OH).
1.5mlL of chloroform was added to the homogenate, the sample centrifuged, and the top phase
was removed and mixed with 100% ethanol. Purification using an RNeasy column was
performed according to the manufacturer’s instructions (Qiagen, Valencia, CA), RNA quality
was confirmed on the basis of 260:280 ratios of absorbances and integrity was inspected on
formaldehyde-agarose gels against rRNA standard markers. ¢cDNA was synthesized from 20ug
of RNA in the presence of oligo(dT) and amino allyl deoxynucleotide. Cy dyes (Amersham
Biosciences, Buckinghamshire, UK) were coupled to tumor ¢DNA and reference cDNA
produced in parallel. Reference ¢cDNA was synthesized from pooled RNA from a variety of

tumors and cell lines including melanoma, as well as from normal tissues (see Figure 4).

Otligonucleotide Arrays and Data Analysis

30,888 oligonucleotide probes, representing individual genes and internal controls, were
obtained from MWG Biotech (Erbesberg, Germany) and spotted as high density arrays using an
Omnigrid robot (Gene Machines, San Carlos, CA). Labeled mumor/reference ¢cDNA was co-
hybridized and scanned using a Genepix 4000A microarray scanner (Axon Instruments, Union
City, CA). The matrix overlay was aligned to the scanned image and feature extraction
performed using Gene Pix v6.0 software (Axon Instruments, Foster City, CA). The raw data was
analvzed using GeneSpring v7.2 (Silicon Genetics, Redwood City, CA). The data was
normalized to print-tip group and then median normalized. Briefly, a lowess curve was fit to the

log-intensity versus log-ratio plot. Twenty percent of the data was used to calculate the lowess



this study”, 14 had Stage Il disease with long term follow up. la this subgroup, ten patients would have
been classified as "poor" (mean TTP 10 months) and four "good" (mean TTP 62 months) using similar
criteria applied in our test set. When the aPS algorithm was applied to these samples, all ten "poor"
patients arid two of the four "good" patients were correctly predicted, yielding an overall correct
classification rate of 85%. Next we applied the gPS algorithm to an independent set of ten tumors from
the Ludwig/Austin tissue bank for which gPCR ggsays were conducted using the five most powerfully
predictive genes. The predictor correctly classified all five of the "good" prognosis tumors but
misclassifiecione of the five "poor" samples (Figure 9). The incorrectly classified "poor" sample

representediagpati@ntdmwhom JuhR wasuesieh bytwhe bas:a praleneediayvearall stimviva'mbsix years
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performed using Spearman correlation as the distance function and average linkage.

Quantitative Real Time PCR (gPCR)

qPCR was performed on differentially expressed genes to confirm the array results, and then in
validating the predictor using validation set A. First strand cDNA was synthesized from 2ug of
total RNA extracted for the array experiment using a random hexamer primer (Promega,
Madison, WI). Negative controls were obtained by omitting reverse trancriptase. Intron-

spanning multiplex assays were designed for gPCR (see Figure 5 for assay design) using the

Universal Probe Library assay design centre https://www roche-applied-science.com/ (Roche,
- Mannheim, Germany). All reactions were carried out in duplicate using the AB] 7700 sequence
detector (Applied Biosystems, Foster City, CA). Thermal cycler conditions were as follows:
50°C for 2 minutes, 95°C for 10 minutes followed by 40 cycles of 94°C for 20 seconds and 60°C
for 45 seconds. All results were normalized to 18S amplification (Applied Biosystems, Foster
City, CA). We calculated relative expression using the target threshold (Cr) value for reference
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as our comparator”,
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listed (see Figure 6). All patients had information on age at initial diagnosis, sex, and number
and location of positive lymph nodal metastases. Not all patients had their initial diagnosis made
at our hospital and so in some cases we were unable to ascertain whether ulceration was present
in the primary melanoma. Ulceration in the primary is an independent prognostic factor which if

present upstéges the disease from IIIB to IIC**,

The mean TTP for the “good” prognosis group was 40 months compared 1o 4 months in the
“poor” group. There were no statistically significant differences in the median age and sex
between the groups, although the “good” group appeared younger and contained more women.
There were no statistically significant differences in other known prognostic characteristics
including AJCC staging, the use of adjuvant interferon and the presence of tumor infiltrating

lymphocytes, although there was a limitation of the sample size.

One patient had isolated Stage IV disease confined to resected spleen, but given that they
remained disease-free this sample was included. Exclusion of this sample did not alter the gene

expression profile.

Differentially Expressed Genes Segregate the Two Prognostic Groups

Unsupervised hierarchical clustering did not reveal subgroups of melanomas which cofrelated
with prognostic nor other clinical information, which was expected given the similarities
between the samples. To search for genes which could effectively segregate the prognostic
groups, differential gene expression was investigated. 2,140 genes were differentially expressed
between the two groups, however the stringent application of multiple testing correction reduced
this to 22 genes with highly significant differential expression (Figure 1). The 22 genes were
further validated in the training set using qPCR and the genes with the highest correlation co-
efficient between the two platforms (r>0.5, p<0.05) were selected for further analysis (data not
shown). Of the initial 22, fifteen genes exhibited high cross-platform correlation and these were
used in the development of a predictive score. Principal Components Analysis demonstrated the

ability of the 15 genes to segregate the prognostic groups (Figure 7).
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1. To calculate a predictive score for the array data (aPS), the fifteen genes with the most
significant correlation between the array and qPCR were used. The normalized log; expression
ratios were transformed by raising the values to the power of two. Genes down regulated in the
“good” prognostic group were ascribed a negative value. The final score was then calculated by

the sum of values for all fifieen genes. A positive score was associated with improved outcome.

2. For the gPCR data (qPS), AA Cr values for the fifteen most correlated genes were applied to a

logistic regression algorithm which utilizes Akaike Information Criterion to select only

those genes which contribute to class distinction. This selected five significant genes which

were then used in the following equation:

gPS = [1328.15-187.42(IDH) +137.10(MFG8) +73.61(PILRA) +211.22 (HLA-E) +143.94(TXNDC5)} x
-1

As with the aP8§, a positive score was associated with improved outcome using this method,

The Predictive Scores Correlate with TTP and Survival

As expected, both the aPS and qPS applied to the test set were capable of distinguishing the two
prognostic groups. A strong correlation between individual scores and both TTP and overall
survival were evident, such that the magnitude of individual scores (high scores with aPS and
negative scores for gPS) correlated with improved outcome for both the gPS and aPS (Figure §,
Spearman rank correlation r=0.7908. p<0.0001). This suggests that the expression level of these
differentially expressed genes is related to underlying biological mechanisms which directly

influence clinical outcome, emphasizing their prognostic relevance.

Application of the Predictive Score to Three Independent Sets
The results were then applied on independently generated data. One published dataset with a

subgroup of similar patients to our own was identified. Of the 83 patients who were profiled in
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Next we applied the gPS algorithm to an independent set of ten tumors from the Ludwig/Austin
tissue bank for which qPCR assays were conducted using the five most powerfully predictive
genes, The predictor correctly classified all five of the “good” prognosis tumors but
misclassified one of the five “poor” samples (Figure 9). The incorrectly classified “poor” sample
represented a patient in whom TTP was brief, but who had a prolonged overall survival of six

years with metastatic disease.

The five gene qPS was also applied to a third, independent set of stage 3 melanoma samples.
These samples were composed of 19 patients with survival of under 18 months following
diagnosis of stage 3 disease and a further 18 patients who survived greater than four years from
stage 3 diagnosis. The distributions of the gPS scores from these good and poor prognostic

groups were significantly different (p=0.02) and are shown in Figure 10.

DISCUSSION

This example shows the successful prediction of clinical outcome in an otherwise
indistinguishable group of Stage III melanoma patients using an expression profile derived from
microarray gene expression data and gPCR. In two independent sets it has been established that
the two developed predictive score algorithms, which is based on 15 differentially expressed
genes, can be applied to microarray and gPCR data to prospectively predict chinical outcome in

patients with Stage HIB/C melanoma.

These patients were selected for similar stage disease and several studies have demonstrated
more similarities in gene expression amongst autologous samples taken at different stages than

731.32 :
273131 The observation that there are genes

between patients with similar stage disease
differentially expressed between the groups which can be used to prospectively predict outcome
with up to 92% accuracy, underscores their importance. Furthermore the correlation of the
predictor with both TTP and overall survival also highlight the utility of the predictor such that

the magnitude of difference in scores directly correlates with clinical outcome.



The methods, compositions. kits, and devices of the invention, which are based on progiostic cancer
markers, specifically melanoma prognostic markers, are useful for the prognosis and treatment of
cancer, particularly melanoma, 42 CLAIMS ' 1 "A prognostic signature for determining the risk of
progression of melanoma, comprising two or more melanoma prognostic markers (MPMs). 2. The
signature of claim 1, wherein the MPMs are selected from table 1. 3. A device for determining
prognosis of melanoma, comprising  a substrate having one or more locations thereon, each
location having two or more oligonucleotides tiereon, each oligonucleotide selected from the one or
more MPMs. 4. The device of claim 3, wherein said the two or more oligonucleoticies are MPMs

selected frapp.iafit. 1 AMEIA L ASler TG e Rroonasis of MEIAROIIR. 8, REEN, comprising

the steps of; (i) determining the expression level of an MPM, or of a prognostic signature comprising
two or morWIBIRSS: e AIUFAMERFLEEIRTEUR SARTIE RO thepsdesty BHiapBlyind R setittive model,
establishedhbynag@phpine:en praditiddeomethad texiressions ledetadsef theobdiBV oitoiithenpromiostic

signature i prommatically stged A0 RO INHESBMRISS modifications may be made without

departing from the scope thereof.
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11, The method of claim 10, wherein the step of determining the expression level of an WM or of a
prognostic signature is carried out using a nucleotide complementary to at least a portion of said
cDNA. 12. The method of claim 9, wherein the step of determining the expression level of an MPM or
of a prognostic signature is carried out using gPCR method using a forward primer and a reverse
primer, 13. The method of claim 8, wherein the step of determining the expression level of an MPM or
of a prognostic signature is carried out using a device according to claim 3 or claim 4. 14, The method
of any one of claims 5 to 8, wherein the step of‘letermining the expression level of an MPM or of a
prognostic signature is carried out by detecting the expression level of the protein Of each marker. 15.
The methoghof any An&r0f ¢lainasion Snuhesein the\sieRQf Aetermining e.exRLessianalevel of an
MPM or of a prognostic signature is carried out by detecting the expression level of the peptide of each
marker. 16°ThETREHSY BFfaim ‘13 bréiim 14, wherein said step of detecting is carried out using an
antibody directed against each marker. 44 17. The method of any one of claims 13 to 15, wherein
said step of detecting is carried out DelrigsaRBOCWRPEYDERMETON0assay method. 18. The method of
any one of glaims, 1310 16 hsreinzaid, aauhedy s 4. menaelanalantihodys. 4 3, Phgmgihod of any

one of claims 13 to 16, wherein said antibody is a polyclonal antiserum. .
cancer markers, specifically melanoma prognostic markers, are useful for the prognosis and

treatment of cancer, particularly melanoma.
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CLAIMS

1. A prognostic signature for determining the risk of progression of melanoma, comprising

two or more melanoma prognostic markers (MPMs).
2. The signature of claim 1, wherein the MPMs are selected from table 1.
3. A device for determining prognosis of melanoma, comprising:
a substrate having one or more locations thereon, each location having two or more

oligonucleotides thereon, each oligonucleotide selected from the one or more MPMs.

4. The device of claim 3, wherein said the two or more oligonucleotides are MPMs selected

from table 1.

o

A method for determining the prognosts of melanoma in a patient, comprising the steps of,
(i) determining the expression level of an MPM, or of a prognostic signature comprising
two or more MPMs; in a melanoma tumour sample from the patient,

(ii) applying a predictive model, established by applying a predictive method to
expressions levels of the MPM or of the prognostic signature in prognostically good and
poor tumour sampies,

(iii) establishing a prognosis,

6. A method for determining the suitability of a melanoma patient for a drug trial, comprising
the steps of;
(i) determining the expression level of an MPM, or of a prognostic signature comprising
two or more MPMs, in a melanoma tumour sample from the patient,
(i) applying a predictive model, established by applying a predictive method to
expression levels of the MPM or of the prognostic signature in prognostically good and
poor tumour samples,

(iii) establishing the suitability of the patient to the trial.

7. The method of claim 5 or claam 6, wherein the MPMs are selected from table 1.
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8. The method of claim 35, wherein said predictive method is selected from the group
conststing of linear models, support vector machines, neural networks, classification and
regression trees, ensemble learning methods, discriminant analysis, nearest neighbor method,

bayesian networks, independent components analysis.

9.  The method of any one of claims 5 to 8, wherein the step of determining the expression
level of an MPM or a prognostic signature is carried out by detecting the expression level of

mRNA of each gene.

10. The method of any one of claims 5 to 8, wherein the step of determining the expression
level of an MPM or of a prognostic signature is carried out by detecting the expression level of

cDNA of each gene.

11. The method of claim 10, wherein the step of determining the expression level of an MPM
or of a prognostic signature is carried out using a nucleotide complementary to at least a portion

of said cDNA.,

12.  The method of claim 9, wherein the step of determining the expression level of an MPM or
of a prognostic signature is carried out using gPCR method using a forward primer and a reverse

primer,

13.  The method of claim 8, wherein the step of determining the expression level of an MPM or

of a prognostic signature is carried out using a device according to claim 3 or claim 4.

14. The method of any one of claims 5 to 8, wherein the step of determining the expression
level of an MPM or of a prognostic signature is carried out by detecting the expression level of

the protein of each marker.

15. The method of any one of claims 5 to &, wherein the step of determining the expression
level of an MPM or of a prognostic signafure is carried out by detecting the expression level of

the peptide of each marker.

16. The method of claim 13 or claim 14, wherein said step of detecting is carried out using an

antibody directed against each marker.
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17. The method of any one of claims 13 to 15, wherein said step of detecting is carried out

using a sandwich-type immunoassay method.

18.  The method of any one of claims 13 to 16, wherein said antibody is a monoclonal antibody.

19. The method of any one of claims 13 to 16, wherein said antibody is a polyclonal antiserum.



