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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present invention clains
t he priorwoyoteerwef7st of U. S. Provi sional Patent Appli carconsedi249k0z88
filed June 2, 2011, i S | r i / nce. FIELD OF THE
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enrichnment strategies during clinical trial evaluation of novel
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phar maceutl cal industry continuously pursues new drug treatnent options
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WO 2012/ 167278PCT/ US2012/ 040805 bi omarkers sel ected fromthe bi omarkers
listed in Table | A and 1B. In another exenplary enbodi nent, the expression
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yet another exenplary enbodi ment, the cance is glioblastoma. [0022t] Thi s
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di r ect Irgadhied |tlmzlnuaﬂ<mtﬁlg/ceaf81enlrarl@rfgn otgelne@ee oficancpr, (th&l‘d@SjStll[ 00 28(}drateaz@h:_lz| éfi on,
nmet hods fhat accommopdat e the use of archived formalin fixed

par af f i A CEHBEHRERP TIPS OBICHHEPOhSTARFTU 22°88- wel | as fresh/ frozen (FF)
tissue, @] assaynpOfaddde &f ANSORIrRYsS an@NolERar BEERARS Eha‘s‘ot'HE’alSdt&{tﬁl Yot hy the
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[ 0037] The Sequence Listing is submtted as an ASCI| text file in the form
of the file nanmed ADL 0801WP 5T25.txt, which was created on June 4, 2012
and i s 3520882/1y278s, whi ch i s incorporated by referenceCharsedn/4BETAl LED
DESCRI P OF T =] NTIO\I 038 s defin ot her wi t and
scienti M} ter rrslf'ﬂege r?%mﬁn%gtbg ’1*%%&6 gvamn%anlg%ave QemSIrlr%%r%t d ’gm%@éﬁn olod
by one wfiviey dinaHywskdr] ho loﬂeﬂaﬂﬁ‘suﬁsh{laltﬁ@%eﬁéﬁtt ttussbeen SHOWS Wrter ﬂel ANgon of
Definitions of common terms in nol ecul ar biol ngBma be found in Benjamn
Lewi n, bes#azumab tofiyktpxipsBeothgigpe & Bret @asts et, 2008 UrsSHY hreayHpEngyl

Kendr e y by
Kot it kSl TS YGLRTE 593k BELRRY) 8 P PRk gD
Mol ecultdeckBio(thgyneaindhidtn of ectonalfdgyaciantbipirefen SZil?/eoﬂla&haBelfO% eﬁrmal and
pubI is by . VCH Publishers, Inc., 1995 (1SBN 9780471185710); ngl.et on et
']35?4) oﬂ%rrycef NEFTo APy Sk RBFIEL Urgiesey wévl DaCTEHE, %ﬁvacwq
Sons (Nﬁé%o\(ﬁ’errgpy, Nuggest]iﬁ’g@at b@%lﬂ\tﬁ{a%hmaf‘@gaa@ﬁ@ npélﬁglll‘ 'sﬁb §tt Aients, but
Reacti ons, MecHanisns and Structure 4th ed., John on New Yor k
N. Y. 1gba)suc1@ 0089 chid bshefgs Idarnot @adsmgmﬁCaﬁcam;l hnmh@ttédtménusn @%lsu;deh phfuuwl

referent nl ess cant ext cI i cat es. ot herw se. e word
D e 0F Forihwde T Sou B e ey ror i Gt

ot her vma$1@ thi§1@nd1¢ Mhe' CRABFIEARR" ofMPARAt sht}sbifieHat wolldCRSEIvETthe @ist ichhicalt he
present specification, including expl anatl ons of ternms, will control.
[ 0040] A@n@n&teﬁfoneubevwzzuerahstreatﬁmer fhevould lexp&reslslﬁréﬁ ‘relex@ngi i the, case of

" cl ass'r}cletgsrtat brea SR O ere naa qL %b of a chmc ﬁ?%tﬁjer 01al 0¥1t1ar T Sa(sa un errmned
i nt erchangea %Gﬁ%ﬁA 515°¢4T Ons, pat'en ocunents, and
pat ent tappkd 6ﬁb¢@ﬁ&uﬁ1lab ectuu@ ﬂ(uh ing sagp bio@x@trk@rhaarteen othiclty valdafedttbq)rbcﬁmel
of skill in the art(s) to whi ch the %{pcol ication pertains. Ioubl i cations,
publ i sHE¥aGaIeH ef@ewﬁrwﬂeaﬂan pad GO pIymeEissare 50 d¢f thepa rbigmarksesr eby
o or DAL IS pBn il SLEAREAR iFioRe M R LI (5 (LB RLSRANAAAY! Vi dual
publ i cation, u I Shed patent docunent, or patent application
speci f |[0a11]y andAhatctihNiaqbpaiably tondntt-ahg@dgasc bthenagyl nscsmpﬂ)atarteeds btyrgeeﬁgrafnce.
WO 2012/ 167278PCT/ US2012/ 040805 Over vi ew [ 0042] A nmmj or _gqal urr
r esear CRUEPEoAPEIORIE aRHBIVAYS e n@?’éa%eeé“tt %rgqteé yio fhe e\?]%%%ep Fou
syst emthehRECARY, nﬁﬂtlﬂa?e'te%rﬁn% é?ﬁgldlg'ﬁﬁi‘éra@%@%h&ﬂd AR EEHh ALt RAM AR LR bR
clinical therapéutic decisions ar macogeneti cs/ genom cs 1s the study of
genet i dhgeargmtsauf:h@s besiciznyebed thus ragy prodiied gmabstheraesmmlmeﬁb W hhebedingn
conmpound o . -Agents or nodul ators which stimul atory, or
iy o dgsatd i b5 SpBber GRLBETER: B W Y EC RO GO NAeBe!
adm ni sfi@agdodtQs dﬂ&gn\ﬂycﬁﬂ@iti%nhpaﬂgﬁ(%%hlc(ﬁéfmw lageel figabdy/probreb R8T ARGUEre Ay V)
cancer in the patient. is ideal to al so consider the pharnmacogenom cs of
the i ndﬁngpm&muitmlewpwm itoRaywbe Rossibdhtor gosatontoh compprispioreprsepe ngchanisms
met abol WBYG | ead to severe toxicity or
t her apetiﬁ %8{(1 %}ﬁre é{&ﬁ ts[oerl ngqu%gdlt?&e ‘ati onshi p between dose and bl ood
concent[oatijon of At Her pther sl sfocamadd theRCisi 4@l d6 UgcurdRUsay widelkstigndihig t he
phar macogenom ¢cs of an individual pernits the selection of effective, a?ents
(e.g., raReyfs ik oF wWpil Bphipsneadite S@Pd%rﬁéf areitifhean ansizangingeaic thgrapeutic or single
phar ma of r be used to determ ne appropriate dosages and
therapga%g?tc%%?eagllilr?éﬁgl t%%:g(}ﬁdl ngly, the level of expression of a biomarker
of the [001&nt i onWhat antheredorei mdaddd sanmoéecdiat ehiag'mﬁﬂb test thhteweblyd faeilliedt the

appropri at. en for, therapeuti.c or,.pr | actic treatnment of the,

ndi vi Gl caft%eszef(n%emar@éeﬁepgw ik b o kit PrABTBIE: C
tests us@buin dopibistRANPRA E‘tgn&ﬁﬂ]%?"c%ef&%"a% Oél@-ragé}it tRRRS QAL CahisShb@a 1Bt
includes the use of a common subtype related to angi ogenesis. The invention

i ncl udder éxprapiisidontifsiagomofitese tplaacnts oot shpyldareseilof elsernatever spapivsi Vichra

non-respgnsi.ve.to anti-an ni ¢ _t.herap ics e expression_ si ture
Gor T vechaycut digrfge i o pRER Pt AT oG by rEN RS SA ARt
of knowan@atyiek adih saflieft aebiriidycal out cone. The sanples may originate from
the same sanple tissue type or different tissue types.. As used herein an
"expression profile" conprises a set of values representing the expression
| evel for each bionmarker analyzed froma given sanple. [0044] The expression
profiles fromthe sanple set are then anal yzed using a nat hemati cal nodel.
D fferent mat hemati cal nodels may be applied and include, but are not
limted to, nodels fromthe fields of pattern recognition (Duda et al.
Pattern O assification, 2nd ed., John VVIey New Yor k 2001), machi ne
| earni ng (Schol kopf et al. Learnlng wi th Kernel's, MT Press, Canbri dge
2002, Bishop, Neural Networks for Pattern Recognltion d ar endon Press,
Oxford 1995) statlstlcs (Fﬁstle et aI The Elenents of Statlstlcal
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WO 2012/ 167278PCT/ US2012/ 040805 quantitatively. Specific hybridization

t echnol ogy which nay be practiced to generate the expression profiles

enpl oyed w0 20i2#16%278] ect net hods i ncl udes the technol ogy PdediseeiR@dosih U. S.
Pat 324, 633; 5,432,049; 5,470,710; 5,492, 806;
5, 503%‘2‘@08?%“%%%9@5 547,839 5,580, 732; 5,661, 028;

5, 800, 98814t he dDselRsbaRSMethodh o€ imsmga Bélttion lommm@kats%i kgsadefnesmoee;
as well as WD 95/21265; WO 96/31622; WD 97/10365; WO 97/27317 EP 373 203;
and EP speisthagwhen porap el ofthe faascrinfs aas pegy oppndgsrespesseduther ident i ysubtynst

i ncl ud 0 f a i n
nssayed s enBn a1 APAR-Ludlif 1 BERCSRELARE SHBRERE AGEnER. e,y

i s car rineghtiottalsonpieriday bdtiabda afor mdlmmglrespmswemsg or ndhirtspgasivencss to anti-
hybridi zati on conditions._as described ahove, d unbound nucleic acid_is

S
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pr obed ere the expression information is in terns of her or not the
gene |snekpmessédmaanmnpr@dﬂﬂyﬁnmmnmeUmhenehy,Ehﬁheonmbmexﬁneesn@ﬂhdata

e., ressi my be .both qualitative and quantitative. b.
EXSeasé§ &Hﬂ“ggHﬂﬁgngQEﬂ@n§%B¥%%%n[0052]|n certain exenplary enbodi ments,
the pat[pend] sanpiifadfitio AAPIChERS sGRMER! ddstSBMEL&BMPEs CommE o afand rt? Pdsved
sanpl es. The patient sanple set is preferably derived fromcancer tissue

sanpl escapesyiang ipeenlivHed it eiiglkeernsyr Peeaghbdics  Therderci Hsowkpedssioa signeaiese,

Long t ermauiviogh- el |l Galo QULEONE: LESARIEA, LeSpRNse gl agnosSy cancer
classification, or personall zed genom Ccs proril erelrn cancer

i ncl udeherapdiftics acres diffeichedardodr iRl Kianiidterdak ais@ussana;rerone perdisddadh entCah eey ,

| i ver cancer, ovarjan cancer, stonach cancer col orectal cancer, throat
cancer ,INKE81 thesbiemarkers arecusatb for sraluptioge anﬁﬁgtué}é?ﬁéefﬁspoélﬁf"@%ﬁﬁh fo anti-
cervic r ul ar , r ,

Co V1o RRBRE e LRSHICEU B oSR0EEHNLE) BARERANSRL RO IR R0REE, I
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i ke. g one enbodi nent, the nethods described herein refer to cancers that
are trd ?%ﬁ“@ﬁ¥‘19ﬁﬂ9%§ﬁ§|ogenlc agents, anti-angiogenic targeted therapies,
| nhi bi t19pfe|of anNghLOGRRRESS ISCHPA h&Gin RUot 'Piﬁﬁte'd'tﬁ‘ah?%n%%rﬁé‘e@ Bart b&38&to
These cancers al so | nclude subclasses and subtypes of thesé cancers at

var i ousdettigesspohdpatandgemesisgonders toeamsapﬁ aemgpl@érdrummnmnmsusehemder
pati ent | e set conp vari a r sa I n anot her exenpl ary

P bodt rieneoRr RS s ey Seiishil Fi S R SinetoBnRar PSRRI Jet
anOthe&mﬂ%ﬂﬁﬁ&ﬁrMh@mﬁﬁﬂmﬂﬁﬂbmubhenﬁgt%@nhxﬁa@ﬁ|&mﬁﬁwaQﬁﬁﬁ&h§@ﬁ gédadhivast ona
sanples [ 0053] "Bi ol ogi cal sanple", "sanple", and "test sanple" are used

i nt er cHhsrgdabnib pedesanily ¢t ms tsmgéwgmﬁ et corbbleat@m vath standagd of icgrue,
or cell e h| Ckﬁﬂ?

bl ood (*%?f”ﬁd@nagm s ?&Qﬁ@%eﬁ? ﬂ?eéjljﬁgle%g% Vegtloﬁlgtg%ﬁer aﬁdqg%vala a5 Aﬁlg%tﬁl& earﬁ
cel|'s, TRAPytraaaatnt ipbasim,candd. serun) sputum tears, nucus, nasal washes,
nasal a58|rate breath, urine, senen, saliva, nenlngeal f|UId ammi otic

fluid, @EHdul ar The piegent Wﬁﬁhon xﬁ@teotwmdaqt@ﬂaqupesw@mww at llggsigor up
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embodiment, the expression signature comprises two or more biomarkers selected from the
sequences of SEQ ID NOs: 632-801 (Group I) or SEQ ID NOs: 802-974 (Group II). In another
exemplary embodiment, the expression signature comprises two or more biomarkers selected
from the biomarkers listed in Table 2A and 2B. In another exemplary embodiment, the
expression signature comprises the biomarkers listed in Table 2A and 2B and their
corresponding weights as determined using a PLS classifier.

[0019] In another aspect, the present invention relates to kits for conventional diagnostic
uses listed above such as qPCR, microarray, and immunoassays such as immunohistochemistry,
ELISA, Western blot and the like. Such kits include appropriate reagents and directions to assay
the expression of the genes or gene products and quantify mRNA or protein expression.

[0020] Also disclosed are methods for identifying human tumors with or without the
angiogenesis phenotype. In certain exemplary embodiments, such methods may be used to
identify patients that are sensitive to and respond to drugs that inhibit, either directly or
indirectly, processes relating to angiogenesis. In certain other exemplary embodiments, such
methods may be used to identify patients that are resistant to or do not respond to drugs that
inhibit, either directly or indirectly, processes relating to angiogenesis.

[0021] In another aspect, the invention can be used as a prognostic indicator in certain
cancer types. In one exemplary embodiment, the cancer is ovarian cancer. In another
exemplary embodiment, the cancer is breast cancer. In yet another exemplary embodiment, the
cance is glioblastoma.

[0022] This invention also relates to guiding effective treatment of patients. Further,
methods relating to selection of patient treatment regimens and selecting patients for clinical
trials of current, or developmental stage drugs that directly or indirectly affect angiogenesis are
provided.

[0023] In addition, methods that accommodate the use of archived formalin fixed
paraffin-embedded (FFPE) biopsy material, as well as fresh/frozen (FF) tissue, for assay of all
transcripts, and are therefore compatible with the most widely available type of biopsy material,
are described herein. A biomarker expression level may be determined using RNA obtained
from FFPE tissue, fresh frozen tissue or fresh tissue that has been stored in solutions such as

RNAlater®.

BRIEF DESCRIPTION OF DRAWINGS
[0024] Figure 1 provides a heatmap representing the hierarchical agglomerative

clustering analysis of the most variable genes across 199 serous samples of the Almac
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clusters is summarized on the right hand side of the image. The legend across the top of the
image indicates the classifier group each sample was assigned to for classifier generation (i.c.
Class labels).

[0025] Figures 2A and 2B represents the functional analysis results of the angiogenesis
probe set cluster in the 199 serous only samples in an epithelial ovarian cancer training set using
a functional enrichment analysis. FIG. 2A shows a histogram representing the significance of
the top 10 enriched Gene Ontology Biological processes. Red bars indicate significance of a
process at a p-value of 0.05 after false discovery rate correction. FIG. 2B represents the subset
of the Gene Ontology Biological processes tree where processes include one or more genes
encoded by the probe sets in cluster 3. Red coloured processes indicate significance of that
process at a p-value of 0.05 after false discovery rate correction. Black coloured processes
include one or more genes encoded by the probe sets in cluster 3, but are not significant.

[0026] Figure 3 represents the functional enrichment results of the genes within an
exemplary 25-gene expression signature that identifies the molecular subtype related to
angiogenesis. Red bars indicate significance of a process at a p-value of 0.05 after False
Discovery Rate correction.

[0027] Figure 4 provides Kaplan-Meier curves for recurrence-free survival (time-to-event
in weeks) following initial surgical resection from patients with high-grade glioblastoma without
prior treatment (Phillips HS, Kharbanda S, Chen R, Forrest WF et al. “Molecular subclasses of
high-grade glioma predict prognosis, delincate a pattern of disease progression, and resemble
stages in neurogenesis,” CANCER CELL 2006 Mar;9(3):157-73. PMID: 16530701; Costa BM,
Smith JS, Chen Y, Chen J et al. “Reversing HOXA9 oncogene activation by PI3K inhibition:
epigenetic mechanism and prognostic significance in human glioblastoma,” CANCER REs 2010
Jan 15;70(2):453-62. PMID: 20068170).

[0028] Figure 5 provides a diagram of a ROC curve of the classification performance of
an exemplary 25-gene classifier model within 16 prostate cell-lines following treatment with
Dasatanib. The AUC is approximately 0.84 following application of the classifier model. The
95% confidence limits were determined using 1000 bootstrap iterations (Wang XD, Reeves K,
Luo FR, Xu LA et al. “Identification of candidate predictive and surrogate molecular markers
for dasatinib in prostate cancer: rationale for patient selection and efficacy monitoring,”
GENOME BIoL 2007;8(11):R255. PMID: 18047674).

[0029] Figure 6 provides a heatmap representing the hierarchical agglomerative
clustering analysis of the most variable genes across 265 serous samples of an epithelial ovarian

cancer sample set reclassified according to updated pathological classification criteria. The
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The legend across the top of the image indicates the classifier group each sample was assigned
to for classifier generation (i.e. Class labels).

[0030] Figures 7A and 7B represents the functional analysis results of the angiogenesis
probeset of the 265 serous only samples in an epithelial ovarian cancer training set using a
functional enrichment tool (FET) algorithm. FIG. 7A shows a histogram representing the
significance of the top 10 enriched Gene Ontology biological processes. Red bars indicate
significance of a process at a p-value of 0.05 after False Discovery Rate correction. FIG. 7B
represents the subset of the Gene Ontology Biological processes tree where processes include
one or more genes encoded by the probe sets in cluster 2 (angiogenesis). Red coloured
processes indicate significance of that process at a p-value of 0.05 after false discovery rate
correction. Black coloured processes include one or more genes encoded by the probe sets in
the angiogenesis cluster, but are not significant.

[0031] Figure. 8 represents the functional enrichment results of the genes within an
exemplary 45-gene classifier model that identifies the molecular sub-type related to
angiogenesis. Red bars indicate significance of a process at a p-value of 0.05 after False
Discovery Rate correction.

[0032] Figure 9 provides a diagram of a ROC curve of the classification performance of
the 45-gene classifier model within 16 prostate cell-lines following treatment with Dasatanib.
The AUC is ~0.95 following application of the classifier model. The 95% confidence limits
were determined using 1000 bootstrap iterations.

[0033] Figure 10 provides a heatmap representing the hierarchical agglomerative
clustering analysis of the most variable genes across 265 serous samples of an epithelial ovarian
cancer sample set reclassified according to updated pathological classification criteria. The
functional analysis of the probeset clusters is summarized on the right hand side of the image.
The legend across the top of the image indicates the classifier group each sample should be
assigned to for generation of a non-angiognesis or non-responsive group classifier.

[0034] Figure 11 provides Kaplan-Meier curves for progression-free survival (in weeks)
for the non-angiogenesis sample group (FIG 3a, sample cluster 1) versus the angiogenesis
sample group (Figure 10, sample clusters 2 and 3) in the reclassified ovarian sample set.

[0035] Figures 12A and 12B provide heatmaps representing the hierarchical
agglomerative clustering analysis of the most variable genes across 51 ER negative samples
(Figure 12A) of a breast cancer sample set and the most variable genes across 56 ER positive

samples of a breast cancer sample set (Figure 12B). The functional analysis of the probe set
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development/angiogenesis or immune response/IFN signalling.

SEQUENCE LISTING

[0036] The nucleic and amino acid sequences listed in the accompanying sequence listing
are shown using standard letter abbreviations for nucleotide bases, as defined in 37 C.F.R.
§1.822. Only one strand of each nucleic acid sequence is shown, but the complementary strand
is understood as included by any reference to the displayed strand.

[0037] The Sequence Listing is submitted as an ASCII text file in the form of the file
named ADL 0801WP_ST25.txt, which was created on June 4, 2012 and is 352,839 bytes,

which is incorporated by reference herein.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Definitions of common terms in molecular biology may be found in Benjamin Lewin,
Genes 1X, published by Jones and Bartlet, 2008 (ISBN 0763752223); Kendrew et al. (eds.), The
Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN
0632021829); Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 9780471185710); Singleton et
al., Dictionary of Microbiology and Molecular Biology 2nd ed., J. Wiley & Sons (New York,
N.Y. 1994), and March, Advanced Organic Chemistry Reactions, Mechanisms and Structure 4th
ed., John Wiley & Sons (New York, N.Y. 1992).

[0039] The singular terms “a,” “an,” and “the” include plural referents unless context
clearly indicates otherwise. Similarly, the word “or” is intended to include “and” unless the
context clearly indicates otherwise. The term “comprises” means “includes.” In case of conflict,

the present specification, including explanations of terms, will control.

[0040] As used herein terms “marker panel,” “expression classifier,” “classifier,”
“expression signature,” or “signature” may be used interchangeably.
[0041] All publications, published patent documents, and patent applications cited in this

application are indicative of the level of skill in the art(s) to which the application pertains. All
publications, published patent documents, and patent applications cited herein are hereby
incorporated by reference to the same extent as though each individual publication, published
patent document, or patent application was specifically and individually indicated as being

incorporated by reference.
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[0042] A major goal of current research efforts in cancer is to increase the efficacy of
perioperative systemic therapy in patients by incorporating molecular parameters into clinical
therapeutic decisions. Pharmacogenetics/genomics is the study of genetic/genomic factors
involved in an individuals' response to a foreign compound or drug. Agents or modulators
which have a stimulatory or inhibitory effect on expression of a biomarker of the invention can
be administered to individuals to treat (prophylactically or therapeutically) cancer in the patient.
It is ideal to also consider the pharmacogenomics of the individual in conjunction with such
treatment. Differences in metabolism of therapeutics may possibly lead to severe toxicity or
therapeutic failure by altering the relationship between dose and blood concentration of the
pharmacologically active drug. Thus, understanding the pharmacogenomics of an individual
permits the selection of effective agents (e.g., drugs) for prophylactic or therapeutic treatments.
Such pharmacogenomics can further be used to determine appropriate dosages and therapeutic
regimens. Accordingly, the level of expression of a biomarker of the invention in an individual
can be determined to thereby select appropriate agent(s) for therapeutic or prophylactic
treatment of the individual.

[0043] The present invention relates to a molecular diagnostic tests useful for diagnosing
cancers from different anatomical sites that includes the use of a common subtype related to
angiogenesis. The invention includes expression signatures that identify a subject as responsive
or non-responsive to anti-angiogenic therapeutics. The expression signature is derived by
obtaining the expression profiles of samples from a sample set of known pathology and/or
clinical outcome. The samples may originate from the same sample tissue type or different
tissue types.. As used herein an “expression profile” comprises a set of values representing the
expression level for each biomarker analyzed from a given sample.

[0044] The expression profiles from the sample set are then analyzed using a
mathematical model. Different mathematical models may be applied and include, but are not
limited to, models from the fields of pattern recognition (Duda et al. Pattern Classification, 2™
ed., John Wiley, New York 2001), machine learning (Scholkopf et al. Learning with Kernels,
MIT Press, Cambridge 2002, Bishop, Neural Networks for Pattern Recognition, Clarendon
Press, Oxford 1995), statistics (Hastie et al. The Elements of Statistical Learning, Springer, New
York 2001), bioinformatics (Dudoit et al., 2002, J. Am. Statist. Assoc. 97:77-87, Tibshirani et
al., 2002, Proc. Natl. Acad. Sci. USA 99:6567-6572) or chemometrics (Vandeginste, et al.,
Handbook of Chemometrics and Qualimetrics, Part B, Elsevier, Amsterdam 1998). The
mathematical model identifies one or more biomarkers expressed in the sample set that are most

predictive of a given disease phenotype. These one ore more biomarkers define an expression
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predictive of a given disease phenotype. In certain exemplary embodiments, the mathematical
model defines a variable, such as a weight, for each identified biomarker. In certain exemplary
embodiments, the mathematical model defines a decision function. The decision function may
further define a threshold score which separates the sample set into two disease phenotypes such
as, but not limited to, samples that are responsive and non-responsive to anti-angiogenic
therapeutics. In one exemplary embodiment, the decision function and expression signature are
defined using a linear classifier.

[0045] To classify new samples using a defined expression signature, the biomarkers
defined by the expression signature are isolated and an expression profile of the biomarker(s)
determined. The new sample biomarker expression profile is analyzed with the same
mathematical model used to define the expression signature. In certain exemplary
embodiments, the mathematical model defines an expression score for the new sample. The
expression score may be determined by combining the expression values of the biomarkers with
corresponding scalar weights using non-linear, algebraic, trigonometric or correlative means to
derive a single scalar value. The expression score is compared to the threshold score and the
sample classified as responsive or non-responsive to anti-angiogenic therapeutics. In one
exemplary embodiment, a sample expression value greater than the reference expression value
indicates a patient will be responsive to an anti-angiogenic therapeutic. In another exemplary
embodiment, a sample expression score below the threshold score indicates the patient will not
be responsive to an anti-angiogenic therapeutic. In another exemplary embodiment, a sample
expression score below the threshold expression score indicates the patient has a cancer type, or
is at risk of developing a cancer type, that is not responsive to an anti-angiogenic therapeutic. In
another exemplary embodiment, a sample expression score above the reference expression score
indicates the patient has a cancer type, or is at risk of developing a cancer type, that is
responsive to an anti-angiogenic therapeutic. Where an expression signature is derived from a
tissue sample set comprising one type of cancer tissue, the expression signature is not limited to
identifying the same cancer sub-type only in tissues of the same cancer type, but may be used
with other cancer types that share the same cancer sub-type. For example, where an expression
signature is derived from ovarian cancer samples, the expression signature may be used to
identify a similar angiogenesis sub-type in different cancers such as glioblastoma or breast
cancer.

[0046] One application of the expression signatures disclosed herein is the stratification
of response to, and selection of patients for therapeutic drug classes that encompass anti-

angiogenic therapies. By examining the expression of a collection of the identified biomarkers
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most likely to reduce the growth rate of a cancer. It is also possible to determine which
therapeutic agent or combination of agents will be the least likely to reduce the growth rate of a
cancer. By examining the expression of a collection of biomarkers, it is therefore possible to
eliminate ineffective or inappropriate therapeutic agents. Importantly, in certain embodiments,
these determinations can be made on a patient-by-patient basis or on an agent-by-agent basis.
Thus, one can determine whether or not a particular therapeutic regimen is likely to benefit a
particular patient or type of patient, and/or whether a particular regimen should be continued.
The present invention provides a test that can guide therapy selection as well as selecting patient
groups for enrichment strategies during clinical trial evaluation of novel therapeutics. For
example, when evaluating a putative anti-angiogeneic agent or treatment regime, the expression
signatures and methods disclosed herein may be used to select individuals for clinical trials that
have cancer types that are responsive to anti-angiogenic agents. The angiogenesis subtype can
be identified from a fresh/frozen (FF) or formalin fixed paraffin embedded (FFPE) patient
sample. In one exemplary embodiment, the cancer type is ovarian cancer. In another exemplary
embodiment, the cancer type is a glioblastoma. In a further exemplary embodiment, the cancer
type is breast cancer.

[0047] A cancer is "responsive” to a therapeutic agent if its rate of growth is inhibited as a
result of contact with the therapeutic agent, compared to its growth in the absence of contact
with the therapeutic agent. Growth of a cancer can be measured in a variety of ways. For
instance, the size of a tumor or measuring the expression of tumor markers appropriate for that
tumor type.

[0048] A cancer is "non-responsive” to a therapeutic agent if its rate of growth is not
inhibited, or inhibited to a very low degree, as a result of contact with the therapeutic agent
when compared to its growth in the absence of contact with the therapeutic agent. As stated
above, growth of a cancer can be measured in a variety of ways, for instance, the size of a tumor
or measuring the expression of tumor markers appropriate for that tumor type. The quality of
being non-responsive to a therapeutic agent is a highly variable one, with different cancers
exhibiting different levels of "non-responsiveness” to a given therapeutic agent, under different
conditions. Still further, measures of non-responsiveness can be assessed using additional
criteria beyond growth size of a tumor such as, but not limited to, patient quality of life, and
degree of metastases.

Identifying Expression Signatures

[0049] The expression signatures of the present invention are identified by analyzing the

expression profiles of certain biomarkers in a patient sample set. Biomarkers suitable for use in
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patient sample and their expression levels determined to derive a set of expression profiles for
cach sample analyzed in the patient sample set.
a. Expression Profiles

[0050] In certain embodiments, the expression profile obtained is a genomic or nucleic
acid expression profile, where the amount or level of one or more nucleic acids in the sample is
determined. In these embodiments, the sample that is assayed to generate the expression profile
employed in the diagnostic or prognostic methods is one that is a nucleic acid sample. The
nucleic acid sample includes a population of nucleic acids that includes the expression
information of the phenotype determinative biomarkers of the cell or tissue being analyzed. In
some embodiments, the nucleic acid may include RNA or DNA nucleic acids, e.g., mRNA,
cRNA, cDNA etc., so long as the sample retains the expression information of the host cell or
tissue from which it is obtained. The sample may be prepared in a number of different ways, as
is known in the art, e.g., by mRNA isolation from a cell, where the isolated mRNA is used as
isolated, amplified, or employed to prepare cDNA, cRNA, etc., as is known in the field of
differential gene expression. Accordingly, determining the level of mRNA in a sample includes
preparing cDNA or cRNA from the mRNA and subsequently measuring the cDNA or cRNA.
The sample is typically prepared from a cell or tissue harvested from a subject in need of
treatment, e.g., via biopsy of tissue, using standard protocols, where cell types or tissues from
which such nucleic acids may be generated include any tissue in which the expression pattern of
the to be determined phenotype exists, including, but not limited to, discase cells or tissue, body
fluids, etc.

[0051] The expression profile may be generated from the initial nucleic acid sample using
any convenient protocol. While a variety of different manners of generating expression profiles
are known, such as those employed in the field of differential gene expression/biomarker
analysis, one representative and convenient type of protocol for generating expression profiles is
array-based gene expression profile generation protocols. Such applications are hybridization
assays in which a nucleic acid that displays "probe" nucleic acids for each of the genes to be
assayed/profiled in the profile to be generated is employed. In these assays, a sample of target
nucleic acids is first prepared from the initial nucleic acid sample being assayed, where
preparation may include labeling of the target nucleic acids with a label, ¢.g., a member of a
signal producing system. Following target nucleic acid sample preparation, the sample is
contacted with the array under hybridization conditions, whereby complexes are formed
between target nucleic acids that are complementary to probe sequences attached to the array

surface. The presence of hybridized complexes is then detected, either qualitatively or
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expression profiles employed in the subject methods includes the technology described in U.S.
Pat. Nos. 5,143,854; 5,288,644; 5,324,633; 5,432,049; 5,470,710; 5,492,806; 5,503,980;
5,510,270, 5,525,464, 5,547,839; 5,580,732; 5,661,028; 5,800,992; the disclosures of which are
herein incorporated by reference; as well as WO 95/21265; WO 96/31622; WO 97/10365; WO
97/27317; EP 373 203; and EP 785 280. In these methods, an array of "probe" nucleic acids that
includes a probe for each of the biomarkers whose expression is being assayed is contacted with
target nucleic acids as described above. Contact is carried out under hybridization conditions,
e.g., stringent hybridization conditions as described above, and unbound nucleic acid is then
removed. The resultant pattern of hybridized nucleic acids provides information regarding
expression for each of the biomarkers that have been probed, where the expression information
is in terms of whether or not the gene is expressed and, typically, at what level, where the
expression data, i.c., expression profile, may be both qualitative and quantitative.

b. Diseases and Sample Tissue Sources

[0052] In certain exemplary embodiments, the patient sample set comprises cancer tissue
samples, such as archived samples. The patient sample set is preferably derived from cancer
tissue samples having been characterized by prognosis, likelihood of recurrence, long term
survival, clinical outcome, treatment response, diagnosis, cancer classification, or personalized
genomics profile. As used herein cancer includes, but is not limited to, leukemia, brain cancer,
prostate cancer, liver cancer, ovarian cancer, stomach cancer, colorectal cancer, throat cancer,
breast cancer, skin cancer, melanoma, lung cancer, sarcoma, cervical cancer, testicular cancer,
bladder cancer, endocrine cancer, endometrial cancer, esophageal cancer, glioma, lymphoma,
neuroblastoma, osteosarcoma, pancreatic cancer, pituitary cancer, renal cancer, and the like. In
one embodiment, the methods described herein refer to cancers that are treated with anti-
angiogenic agents, anti-angiogenic targeted therapies, inhibitors of angiogenesis signaling, but
not limited to these classes. These cancers also include subclasses and subtypes of these cancers
at various stages of pathogenesis. In certain exemplary embodiments the patient sample set
comprises ovarian cancer samples. In another exemplary embodiment, the patient sample set
comprises, breast cancer samples. In yet another exemplary embodiment, the patient sample set
comprises glioblastoma samples.

[0053] "Biological sample"”, "sample", and "test sample" are used interchangeably herein
to refer to any material, biological fluid, tissue, or cell obtained or otherwise derived from an
individual.  This includes blood (including whole blood, leukocytes, peripheral blood
mononuclear cells, buffy coat, plasma, and serum), sputum, tears, mucus, nasal washes, nasal

aspirate, breath, urine, semen, saliva, meningeal fluid, amniotic fluid, glandular fluid, lymph
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extract, and cerebrospinal fluid. This also includes experimentally separated fractions of all of
the preceding. For example, a blood sample can be fractionated into serum or into fractions
containing particular types of blood cells, such as red blood cells or white blood cells
(leukocytes). If desired, a sample can be a combination of samples from an individual, such as a
combination of a tissue and fluid sample. The term "biological sample" also includes materials
containing homogenized solid material, such as from a stool sample, a tissue sample, or a tissue
biopsy, for example. The term "biological sample" also includes materials derived from a tissue
culture or a cell culture. Any suitable methods for obtaining a biological sample can be
employed; exemplary methods include, e.g., phlebotomy, swab (e.g., buccal swab), and a fine
needle aspirate biopsy procedure. Samples can also be collected, e.g., by micro dissection (e.g.,
laser capture micro dissection (LCM) or laser micro dissection (LMD)), bladder wash, smear
(e.g., a PAP smear), or ductal lavage. A "biological sample" obtained or derived from an
individual includes any such sample that has been processed in any suitable manner after being
obtained from the individual, for example, fresh frozen or formalin fixed and/or paraffin
embedded.
[0054] As used herein, the term “patient” includes human and non-human animals. The
preferred patient for treatment is a human. ‘“Patient” and “subject” are used interchangeably
herein.
¢. Biomarkers
[0055] As used herein, the term “biomarker” can refer to a gene, an mRNA, cDNA, an
antisense transcript, a miRNA, a polypeptide, a protein, a protein fragment, or any other nucleic
acid sequence or polypeptide sequence that indicates either gene expression levels or protein
production levels. When a biomarker indicates or is a sign of an abnormal process, disease or
other condition in an individual, that biomarker is generally described as being either over-
expressed or under-expressed as compared to an expression level or value of the biomarker that
indicates or is a sign of a normal process, an absence of a discase or other condition in an
individual.  "Up-regulation”, "up-regulated", "over-expression", "over-expressed"”, and any
variations thercof are used interchangeably to refer to a value or level of a biomarker in a
biological sample that is greater than a value or level (or range of values or levels) of the
biomarker that is typically detected in similar biological samples from healthy or normal
individuals. The terms may also refer to a value or level of a biomarker in a biological sample
that is greater than a value or level (or range of values or levels) of the biomarker that may be

detected at a different stage of a particular disease.
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155 Sense ZNF154 156 Sense EGR1 157 Sense IGC2 /// 1GC3 158 Sense TNFSF10
159 Sense | GKC 160 Sense IGHGL /// 1GHEA 161 Sense GBP5 162 Sense COL1A2
163 SensewPR@1161558 No Transcript Match --- 165 Sense CECIAB20BM40%0% i Sense
PXDN 16[505Ag]ti Sens§, EGR1 168 Senge GBP3 169 Sense | 5Glo. 170 .Sense

wi-regulation™,” "down-regu cxXpression”,” "under-expressed”,
and any variations thereof are used interchangeably to refer to a value or level of a biomarker in
a biological sample that is less than a value or level (or range of values or levels) of the
biomarker that is typically detected in similar biological samples from healthy or normal
individuals. The terms may also refer to a value or level of a biomarker in a biological sample
that is less than a value or level (or range of values or levels) of the biomarker that may be
detected at a different stage of a particular disease.
[0057] Further, a biomarker that is either over-expressed or under-expressed can also be
referred to as being "differentially expressed” or as having a "differential level” or "differential
value" as compared to a "normal"” expression level or value of the biomarker that indicates or is
a sign of a normal process or an absence of a disecase or other condition in an individual. Thus,
"differential expression” of a biomarker can also be referred to as a variation from a "normal"
expression level of the biomarker.
[0058] The terms "differential biomarker expression" and "differential expression" are
used interchangeably to refer to a biomarker whose expression is activated to a higher or lower
level in a subject suffering from a specific disease, relative to its expression in a normal subject,
or relative to its expression in a patient that responds differently to a particular therapy or has a
different prognosis. The terms also include biomarkers whose expression is activated to a
higher or lower level at different stages of the same disease. It is also understood that a
differentially expressed biomarker may be either activated or inhibited at the nucleic acid level
or protein level, or may be subject to alternative splicing to result in a different polypeptide
product. Such differences may be evidenced by a variety of changes including mRNA levels,
miRNA levels, antisense transcript levels, or protein surface expression, secretion or other
partitioning of a polypeptide. Differential biomarker expression may include a comparison of
expression between two or more genes or their gene products; or a comparison of the ratios of
the expression between two or more genes or their gene products; or even a comparison of two
differently processed products of the same gene, which differ between normal subjects and
subjects suffering from a disease; or between various stages of the same disease. Differential
expression includes both quantitative, as well as qualitative, differences in the temporal or
cellular expression pattern in a biomarker among, for example, normal and diseased cells, or
among cells which have undergone different disease events or discase stages.
[0059] In certain exemplary embodiments, the biomarker is an RNA transcript. As used
herein “RNA transcript” refers to both coding and non-coding RNA, including messenger RNAs
(mRNA), alternatively spliced mRNAs, ribosomal RNA (rRNA), transfer RNA (tRNA), small
nuclear RNAs (snRNA), and antisense RNA. Measuring mRNA in a biological sample may be
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--- 171 Sense Kl AA0146 172 Sense CMAH 173 Sense APBB2 WO
2012/ 167278PCT/ US2012/ 040805 174 Sense TPML 175 No Transcript Match ---
Sense DMWO201286738none Match --- 178 Sense | LI ORA 179 BEmMdrs2012/040889 No
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biological sample. Thus, any of the biomarkers or biomarker panels described herein can also
be detected by detecting the appropriate RNA. Methods of biomarker expression profiling
include, but are not limited to quantitative PCR, NGS, northern blots, southern blots,
microarrays, SAGE, immunoassays (ELISA, EIA, agglutination, nephelometry, turbidimetry,
Western blot, immunoprecipitation, immunocytochemistry, flow cytometry, Luminex assay),
and mass spectrometry. The overall expression data for a given sample may be normalized
using methods known to those skilled in the art in order to correct for differing amounts of
starting material, varying efficiencies of the extraction and amplification reactions.

[0060] In certain exemplary embodiments, biomarkers useful for distinguishing between
cancer types that are responsive and non-responsive to anti-angiogenic therapeutics can be
determined by identifying biomarkers exhibiting the highest degree of variability between
samples in the patient data set as determined using the expression detection methods and patient
sample sets discussed above. Standard statistical methods known in the art for identifying
highly variable data points in expression data may be used to identify the highly variable
biomarkers. For example, a combined background and variance filter to the patient data set. The
background filter is based on the selection of probe sets with expression £ and expression
variance varg above the thresholds defined by background standard deviation oBg (from the
Expression Console software) and quantile of the standard normal distribution z, at a specified
significance a probesets were kept if:

E > 10g:((2a0 50)); loga((varg) > 2 [loga(0ng) - £ - loga(log(2))]

[0061] where a defines a significance threshold. In certain exemplary embodiment, the
significance threshold is 6.3 « 10”. In another exemplary embodiment, the significance
threshold may be between 1.0 + 107 to 1.0 « 10~

[0062] In certain exemplary embodiments, the highly variable biomarkers may be further
analyzed to group samples in the patient data set into sub-types or clusters based on similar gene
expression profiles. For examples, biomarkers may be clustered based on how highly correlated
the up-regulation or down-regulation of their expression is to one another. Various clustering
analysis techniques known in the art may be used. In one exemplary embodiment, hierarchical
agglomerative clustering is used to identify the cancer sub-types. To determine the biological
relevance of each sub-type, the biomarkers within each cluster may be further mapped to their
corresponding genes and annotated by cross-reference to one or more gene ontology databases
containing information on biological activity and biological pathways associated with the gene.
In one exemplary embodiment, biomarker in clusters enriched for angiogenesis, vasculature

development and immune response general functional terms are grouped into a putative
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PDG-C 186 Sense MSN 187 Sense RSAD2 188 Sense TPML 189 Sense EMB 190 Sense
Coor f 155 191 Sense FOS 192 Sense DEXI 193 Sense RNF19A 194 Sense FBX032 195
Sense DPYW8O20M67838nse PRI CKLE1L 197 Anti Sense EGR1 198 ARaTiUSeai2@404RP2 199

Sense B2M 200 Antisense M ReL. 204 L :
anglogenesis sample group and uséd for expression signature generation. In another exemplary

embodiment, biomarkers in clusters that are up regulated and enriched for angiogeneis,
vasculature development and immune response general functional terms are grouped into a
putative angiongenesis sample group and used for expression signature generation. In another
exemplary embodiment, biomarkers in clusters that are down regulated and enriched for
angiogenesis, vasculature development and immune response general functional terms are
grouped into a putative angiongenesis sample group and used for expression signature
generation. Further details for conducting functional analysis of biomarker clusters is provided
in the Examples section below.

[0063] In one exemplary embodiment, the biomarkers useful in deriving an expression
signature for distinguishing cancer sub-types that are, or are not, responsive to anti-angiogenic
therapeutics include those biomarkers listed in Table 1A, Table 1B, or both. In another
exemplary embodiment, the biomarkers useful in deriving an expression signature for
distinguishing cancer sub-types that are, or are not, responsive to anti-angiogenic therapeutics
include those biomarkers listed in Group I (comprising SEQ ID NOs: 632-801) or Group II
(comprising SEQ ID NOs: 802-974), or both. These biomarkers are identified as having
predictive value to determine a patient response to a therapeutic agent. Their expression
correlates with the response, or lack thereof, to an agent, and more specifically, an anti-
angiogenic therapeutic agent. By examining the expression of a collection of the identified
biomarkers in a tumor, it is possible to determine which therapeutic agent or combination of
agents will be most likely to reduce the growth rate of a cancer. By examining a collection of
identified biomarkers in a tumor, it is also possible to determine which therapeutic agent or
combination of agents will be the least likely to reduce the growth rate of a cancer. By
examining the expression of a collection of biomarkers, it is therefore possible to eliminate
ineffective or inappropriate therapeutic agents. Importantly, in certain embodiments, these
determinations can be made on a patient-by-patient basis or on an agent-by-agent basis. Thus,
one can determine whether or not a particular therapeutic regimen is likely to benefit a particular

patient or type of patient, and/or whether a particular regimen should be continued.

Table 1A: Angiogenesis and immune response cluster genes of Fig 1

SEQ NO: Orientation Gene Symbol
1 Sense STATI1

2 Sense PDGFC

3 Sense TGFB3

4 Sense RAC2
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Sense MMP2 202 Sense CDR1 203 Sense HLA-B 204 Sense CTG- 205 Sense DCN 206
Sense 50D2 207 Sense FN1 WO 2012/ 167278PCT/ US2012/ 040805 208 Sense COL8A2
209 Sensew8CGKR/13108Sense TI MP3 211 Sense ACTA2 212 Sens@®CBHREMNI120B088RNnse

LOXL1 2%4 Sense—€CCR1—215 S;cSESlelac GBP1—216 MARCKS
6 Sense ALOX5
7 Sense COLS8A1
g Sense CTSS
9 Sense HAVCR2
10 Sense RAB31
11 Sense KCNAB2
12 Sense THBSI
13 Sense SH3BP4
14 Sense CTGF
15 Sense CTGF
16 Sense VCAN
17 Sense IGKC
18 Sense IGKC
19 Sense IGKC
20 Sense SGK1
21 Sense NFATCI1
22 Sense HMHA1
2 Sense FCGRIC /// FCGR1A ///

FCGR1B

24 Sense EDA2R
25 Sense COLS8A1
26 Sense COLI12A1
27 Sense HLA-B
28 Sense HLA-F
29 Sense HLA-C
30 Sense SPP1
31 Sense MYOIF
32 Sense SPARC
33 Sense SPARC
34 Sense UBD /// GABBR1
35 Sense CCND1
36 Sense COL1Al
37 Sense EGRI1
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Sense CDH11l 217 Sense FCGER3A 218 Sense LUM 219 Sense NNMI 220 Sense COL1A2
221 Sense RGS1 222 Sense GJAl 223 Sense SPARCL1 224 Sense DAB2 225
Ant i SensewQPbiROL7286 Sense RGS16 227 Sense FBLNL 228 SeRr€@&/USER2/0295 Sense

CTSB 230 —Sense—SPP1—23% %51'1'5%6 SBEL EGR1
39 Sense TNFSF10
40 Sense SULF2
41 Sense CERCAM
42 Sense ATF3
43 Sense MIR21
44 Sense BASP1
45 Sense IFIT2
46 Sense SULF1
47 Sense IGLC2 /// IGLC3
48 Sense IGLC2 /// IGLC3
49 Sense (FullyOExonic) IGLC2 ///1GLC3
50 Sense IGLC2 /// IGLC3
51 Sense IGLC2 /// IGLC3
52 Sense IGLCI
53 Sense IGLC1
54 Sense IGLC2 /// IGLC3
55 Sense ANGPTL2
56 Sense COLS5A2
57 Sense 1G]
58 Sense THY1
59 Sense NDN
60 Sense RGS2
61 Sense MEIS3P1 /// MEIS3P2
62 Sense GBP2
63 Sense CSFIR
64 Sense CIR
65 Sense FATI
66 Sense COL1A1l
67 Sense RHOB
68 Sense MMPI11
69 Sense GADD45B
70 Sense MMP14
71 Sense MMP14
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232 Sense PLAU 233 Sense PDGFRA 234 Sense SERPI NF1 235 Sense BGN 236 Sense
COL6A3 237 Anti Sense C3 238 Anti Sense C3 239 Anti Sense SPP1 240 Anti Sense
HLA- D QAIWO2012A087178ense GAS1 WO 2012/ 167278PCT/ US2012/ @40RB3012420888NnSse

VCAN 243AnttSense =244 _Sense +GHSA 111+ CHR 14 F 1 GHGE 1 GHGP 245

Sense | GHG2 246 Sense C3Gr?36 1IGHG4
73 Sense DDX60L
74 Sense SPP1
75 Sense ROR?2
76 Sense CTSK
77 Sense FCGR2B
78 Sense PTAFR
79 Sense ICAMI
80 Sense HCLS1
81 No Transcript Match -
82 Sense SLENI11
83 No Transcript Match —
84 Sense JAM3
85 Sense TMEM49
86 Sense TMEM49
87 Sense LTBP2
88 Sense IRS1
89 Sense COLS5A2
90 Sense Cl170rf91
91 Sense GPNMB
92 Sense FAMI198B
93 Sense MICAL2
94 Sense TMEM?2
95 Sense CHSTI15
96 Sense SECTM1
97 Sense DCN
98 Sense VCAMI
99 Sense TNFAIP3
100 Sense C1QA
101 Sense C1QA
102 Sense FBX032
103 Sense COLI12A1
104 Sense CPE
105 Sense CIITA
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247 Anti Sense ATF3 248 Anti Sense ATF3 249 Anti Sense SULF1 250 Sense FN1 251
Anti Sense CALD1 252 Anti Sense CALDl1 253 Sense TMEMA9 254 Sense TMEMA9 255
Sense CHDSO28R/WmM78Sense EGRL 257 Anti Sense SNAI 2 258 ARCIr3Sa&e/040BPRI PL2

259 Anti-SenseGABBRI /1 tBD260—Anti+Sense GABBRL /4 UBD261Ant+Sense
TW ST1| 280 Anti Sense Sense AST
107 Sense COL3A1
108 Sense FNI1
109 Sense IF130
110 Sense ITGB2
111 Sense ELN
112 Sense CMTM3
113 Sense ANTXRI1
114 Sense ARHGDIB
115 Sense LAPTMS
116 Sense SOX4
117 Sense IF144L
118 Sense 1L411
119 Sense ANTXR2
120 Sense IGLC2 ///1GLC3
121 Sense EPSTI1
122 Sense BIRC3
123 Sense IGLC2 ///1GLC3
124 Sense BST2
125 Sense TNFSF10
126 Sense COL10AI
127 Sense IGLC2 ///1GLC3
128 Sense FBP1
129 Sense RHOBTB3
130 Sense CDK6
131 Sense CD74
132 Sense ISM1
133 Sense C1QC
134 Sense BIN2
135 Sense CSRNPI1
136 Sense TYROBP
137 Sense CIQTNEF3
138 Sense DCN
139 Sense IGFBP4
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TW ST1 263 Anti Sense BATF2 264 Anti Sense NFKBI Z 265 Sense C3orf26 266
Anti Sense LOXL1 267 Sense --- 268 Anti Sense TIMP2 269 Anti Sense FN1 270
Ant i SensewQLAL72Z81 Anti Sense DCN 272 Sense TREH 273 ARCISSnaGIe/0WBERL6 274

Ant i Sepse—APOET—WO2012/167278PCTUS2012/ 040805 275 Ant+SenseBHRC3—2yY6
Ant i Sehd#0 Bl RC3 277 Seng&°se ADA
141 Sense SIRPA
142 Sense FOSB
143 Sense CCDC80
144 Sense IGLC1
145 Sense HCST
146 Sense IF135
147 Sense BIRC3
148 Sense COL3A1
149 Sense IFITM2
150 Sense ZFP36
151 Sense MMPI11
152 Sense COL1A2
153 Sense HLA-DPA1
154 Sense TWISTI1
155 Sense ZNF154
156 Sense EGRI1
157 Sense IGLC2 /// 1GLC3
158 Sense TNFSF10
159 Sense IGKC
160 Sense IGHG1 /// IGHG4
161 Sense GBP5
162 Sense COL1A2
163 Sense APOCI1
164 No Transcript Match -
165 Sense COL3A1
166 AntiSense PXDN
167 AntiSense EGR1
168 Sense GBP3
169 Sense ISG15
170 Sense —
171 Sense KIAAO0146
172 Sense CMAH
173 Sense APBB2
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LI LRB4 278 Sense FGED2 279 Sense TMEMA9 280 Sense NCF4 281 Sense COL10Al 282
Sense GAL3ST4 283 Sense HCK 284 Sense TAGLN 285 Sense TW ST1 286 Sense
HCLS1 28 WEenpelclPARG 288 Sense | TGB2 289 Sense L ST1 290TSSnG1e/0#Isss B 291

Sense jI;XI 91292 Scum:sé%"%H‘LZA 293 TPMI
175 No Transcript Match —
176 Sense DMD
177 No Genome Match -
178 Sense ILIORA
179 Sense -
180 No Transcript Match —
181 Sense DUSP1
182 Sense GBP1
183 Sense PARVG
184 Sense MAFF
185 Sense PDGFC
186 Sense MSN
187 Sense RSAD2
188 Sense TPM1
189 Sense EMB
190 Sense Céorf155
191 Sense FOS
192 Sense DEXI
193 Sense RNFI19A
194 Sense FBXO032
195 Sense DPYSL3
196 Sense PRICKLEI]
197 AntiSense EGR1
198 AntiSense NRP?
199 Sense B2M
200 AntiSense MIR21
201 Sense MMP2
202 Sense CDR1
203 Sense HLA-B
204 Sense CTGF
205 Sense DCN
206 Sense SOD2
207 Sense FN1
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210 Sense TIMP3
211 Sense ACTA2
212 Sense SRGN
213 Sense LOXL1
214 Sense CCRI1
215 Sense GBP1

216 Sense CDHI11
217 Sense FCGR3A
218 Sense LUM

219 Sense NNMT
220 Sense COL1A2
221 Sense RGS1
222 Sense GJA1

223 Sense SPARCLI1
224 Sense DAB2
225 AntiSense CTHRCI1
226 Sense RGS16
227 Sense FBLNI1
228 Sense SPP1

229 Sense CTSB
230 Sense SPP1

231 Sense SDC1
232 Sense PLAU
233 Sense PDGFRA
234 Sense SERPINF1
235 Sense BGN

236 Sense COL6A3
237 AntiSense C3

238 AntiSense C3

239 AntiSense SPP1

240 AntiSense HLA-DQAI
241 AntiSense GASI
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Sense (Fully Exonic)

| &KC 19 Sense (Fully Exonic)

Intronic) NFATCL 22 Sense (Fully Exonic) HVHAI 23 Sense (Fully Exonic)
FCGR1B \WQ020122/6157%278PCT/ US2012/ 040805 24 Sense (Ful | y PEXAISREIR/0EBAPZR 25

| &KC 21 Sense (includes

Sense (Futty Exonic)€COLRAL 26— Sense(Fulty Exoni ) CO12AT 27 Sense—(+tul |y
Exoni c) 24 A-B 28 Sense Hﬁﬁl}ﬁg 37 Sense (Fully Eon.% EGRL 40 Sense (Fully
Exoni c LF2 41 Sense (Rwkik¥ndsxoni c) CERCAM 42| Sense (Fully Exonic) ATF3
43 Sensé {Fully Fxonic) |[MR21 45
IGHG4 /// IGHG2 /// IGHG1 ///

244 Sense IGHGP

245 Sense IGHG2

246 Sense C3orf26

247 AntiSense ATF3

248 AntiSense ATF3

249 AntiSense SULF1

250 Sense FN1

251 AntiSense CALDI1

252 AntiSense CALDI1

253 Sense TMEMA49

254 Sense TMEMA49

255 Sense CHD5

256 AntiSense EGRI1

257 AntiSense SNAI2

258 AntiSense ITPRIPL2

259 AntiSense GABBRI1 /// UBD

260 AntiSense GABBRI1 /// UBD

261 AntiSense TWISTI

262 AntiSense TWIST1

263 AntiSense BATF2

264 AntiSense NFKBIZ

265 Sense C3orf26

266 AntiSense LOXL1

267 Sense -—

268 AntiSense TIMP2

269 AntiSense FN1

270 AntiSense COL1A1

271 AntiSense DCN

272 Sense TREH

273 AntiSense UBE2L6

AntiSense APOLI

274
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Sense (Fully Exonic)

| FI T2 47 Sense (Fully Exonic)

| GLC3 48 Sense (Fully

Exonic) 1GC3 49 Sense (Fully Exonic) 1GC3 50 Sense (Fully Exonic) |1G.C3
51 Sense Wbubiyi6®28ni c) | GLC3 54 Sense (Fully Exonic) | @TCAS2@28¢0888 (Ful |y
Exoni ¢y ANGPTL256—Sense(Fut iy Exonic)CO5A2 68, oense(Futty—Exonic)7 THY1
59 Sens&’fFul |y Exoni c) ABPE sense (Ful ly Exonggif%?GSZ 61 Sense (Ful |y
Exoni c | S3P2 62 Sensé Akiskhys Exonic) GBP2 65| ggose (Fully Exonic) FATL
66 Sense (Fully Fxonic) [CAO 1A]
277 Sense LILRB4
278 Sense FGD2
279 Sense TMEM49
280 Sense NCF4
281 Sense COLI10A1
282 Sense GAL3ST4
283 Sense HCK
284 Sense TAGLN
285 Sense TWISTI
286 Sense HCLSI1
287 Sense LPARG6
288 Sense ITGB2
289 Sense LST1
290 Sense HLA-B
291 Sense Cl170rf91
202 Sense ZC3HI2A
293 Sense KLF10
294 Sense BASP1
295 Sense BASP1
Table 1B: Angiogenesis and immune response cluster genes of Fig 6
SEQ NO: Orientation Gene Symbol
2 Sense (Fully Exonic) PDGFC
3 Sense (Fully Exonic) TGFB3
4 Sense (Fully Exonic) RAC2
5 Sense (Fully Exonic) MARCKS
6 Sense (Fully Exonic) ALOXS5
7 Sense (Fully Exonic) COLBAI
11 Sense (Fully Exonic) KCNAB2
12 Sense (Fully Exonic) THBSI1
14 Sense (Fully Exonic) CTGF
15 Sense (Fully Exonic) CTGF
16 Sense (Fully Exonic) VCAN
18 Sense (Fully Exonic) IGKC
19 Sense (Fully Exonic) IGKC
21 Sense (includes Intronic) NFATCI1
22 Sense (Fully Exonic) HMHAI
23 Sense (Fully Exonic) FCGRI1B
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68 Sense (Fully Exonic) MW11l 69 Sense (Fully Exonic) GADD45B 71 Sense
(Fully Exonic) Mw14 72 Sense (Fully Exonic) 1GHA 80 Sense (Fully Exonic)
HCLS1 83 WO 2012263278 pt rratch 84 Sense (Full'y Exonic) JAW/IS@OIS@MB&S(FUI |y

00 Serl Bl ¢ Ful Ly Exone) rsrense?ffwﬁfifﬁ Tes oo (Pl L o o) CPNVB 02 Sohse
7 Segse,dul “(Zlgﬁg“mﬁ)”"afg i o) "HGOEA L7 Sence (Eully
(Fu| | y dalal r‘\ EAMLOSB 9
Exoni \26DCN 98 Sense (Eul Sopsekply dxonic) COL12A1
27 Sense (Fully Exonic) HLA-B
28 Sense HLA-F
37 Sense (Fully Exonic) EGRI1
40 Sense (Fully Exonic) SULF2
41 Sense (Fully Exonic) CERCAM
42 Sense (Fully Exonic) ATF3
43 Sense (Fully Exonic) MIR21
45 Sense (Fully Exonic) IFIT2
47 Sense (Fully Exonic) IGLC3
48 Sense (Fully Exonic) IGLC3
49 Sense (Fully Exonic) IGLC3
50 Sense (Fully Exonic) IGLC3
51 Sense (Fully Exonic) IGLC3
54 Sense (Fully Exonic) IGLC3
55 Sense (Fully Exonic) ANGPTL2
56 Sense (Fully Exonic) COL5A2
58 Sense (Fully Exonic) THY 1
59 Sense (Fully Exonic) NDN
60 Sense (Fully Exonic) RGS2
61 Sense (Fully Exonic) MEIS3P2
62 Sense (Fully Exonic) GBP2
65 Sense (Fully Exonic) FATI1
66 Sense (Fully Exonic) COL1AI
68 Sense (Fully Exonic) MMP11
69 Sense (Fully Exonic) GADD45B
71 Sense (Fully Exonic) MMP14
72 Sense (Fully Exonic) IGHG4
80 Sense (Fully Exonic) HCLSI
&3 No Transcript match
84 Sense (Fully Exonic) JAM3
86 Sense (Fully Exonic) TMEM49
87 Sense (Fully Exonic) LTBP2
88 Sense (Fully Exonic) IRS1
90 Sense (Fully Exonic) Cl170rf91
91 Sense (Fully Exonic) GPNMB
92 Sense (Fully Exonic) FAM198B
95 Sense (Fully Exonic) CHST15
97 Sense (Fully Exonic) DCN
98 Sense (Fully Exonic) VCAMI
105 Sense (Fully Exonic) CIITA
106 Sense (Fully Exonic) GAS7
107 Sense (Fully Exonic) COL3AlI
110 Sense (Fully Exonic) ITGB2
111 Sense (Fully Exonic) ELN
112 Sense (Fully Exonic) CMTM3
113 Sense (Fully Exonic) ANTXRI1
118 Sense (Fully Exonic) 1L411
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VCAML 105 Sense (Fully Exonic) CIITA 106 Sense (Fully Exonic) GAS7 107
Sense (Fully Exonic) CO.3A1 110 Sense (Fully Exonic) 1TGB2 111 Sense (Fully
Exoni c¢) B&szlzmease (FuI I y Exoni c) Cl\/ITIVB 113 Sense (Fmblrwsﬂmm&s))s ANTXR1

%,1:3 |Sy 'ﬂ?cl‘n{;') Y e rSLeag@(FngJé‘&on1¢ el ‘C’;"'AWR O e worpe
(Ful 'y i yic | bNi C)
COL10A112327 Sense (Fully Sopsnik ,IY|F@9G:@) 128 Sense IGEGBly Exoni ¢)
124 Sense (Fully Exonic) BST2
126 Sense (Fully Exonic) COLI0A1
127 Sense (Fully Exonic) IGLC3
128 Sense (Fully Exonic) FBPI
129 Sense (Fully Exonic) RHOBTB3
131 Sense (Fully Exonic) CD74
132 Sense (Fully Exonic) ISM1
135 Sense (Fully Exonic) CSRNP1
138 Sense (Fully Exonic) DCN
139 Sense (Fully Exonic) IGFBP4
143 Sense (Fully Exonic) CCDCS80
148 Sense (Fully Exonic) COL3AlI
150 Sense (Fully Exonic) ZFP36
151 Sense (Fully Exonic) MMPI11
152 Sense (Fully Exonic) COL1A2
153 Sense (Fully Exonic) HLA-DPAI
154 Sense (Fully Exonic) TWISTI
155 Sense (Fully Exonic) ZNF154
157 Sense (Fully Exonic) IGLC3
159 Sense (Fully Exonic) IGKC
160 Sense (Fully Exonic) IGHG1
162 Sense (Fully Exonic) COL1A2
163 Sense (Fully Exonic) APOCI1
167 AntiSense EGRI1
171 Sense (Fully Exonic) KIAAO0146
174 Sense (Fully Exonic) TPMI
176 Sense (includes Intronic) DMD
180 No Transcript match
181 Sense (Fully Exonic) DUSPI1
182 Sense (Fully Exonic) GBP1
185 Sense (includes Intronic) PDGFC
186 Sense (includes Intronic) MSN
188 Sense (includes Intronic) TPM1
189 Sense (Fully Exonic) EMB
191 Sense (Fully Exonic) FOS
195 Sense (includes Intronic) DPYSL3
197 AntiSense EGRI
198 AntiSense NRP2
201 Sense (Fully Exonic) MMP2
204 Sense (Fully Exonic) CTGF
211 Sense (Fully Exonic) ACTA2
213 Sense (Fully Exonic) LOXLI
216 Sense (Fully Exonic) CDH11
218 Sense (Fully Exonic) LUM
219 Sense (Fully Exonic) NNMT
222 Sense (Fully Exonic) GJA1
225 AntiSense CTHRCI

28



FBP1 129 Sense (Fully Exonic) RHOBTB3 131 Sense (Fully Exonic) CD74 132
Sense (FuIIy Exonic) ISML 135 Sense (Fully Exonic) CSRNP1 138 Sense (Fully

Exoni c¢) 2!!1&916wase (Fully Exonic) |1 GFBP4 143 Sense ( mlrmszmmmsos) CCDC80
(Ful Ty '@50%35 BASHAZA TR T DA e U A v ivil
Exoni d)2 &nﬁt{ﬁuﬂmwnwr T st PLAU sopee (Fully Exonic)
ZNF154 2887 Sense (Eul |y | Bents dullydxeric) 59 PDGFRA
242 Sense (Fully Exonic) VCAN
243 AntiSense --
244 Sense (Fully Exonic) IGHG4 /// 1IGHG2 /// IGHG1
/1 GHGP
245 Sense (Fully Exonic) IGHG2
246 Sense (includes Intronic) C3orf26
247 AntiSense ATF3
248 AntiSense ATF3
250 Sense (Fully Exonic) FN1
251 AntiSense CALDI
252 AntiSense CALDI
256 AntiSense EGRI1
261 AntiSense TWISTI
262 AntiSense TWISTI
263 AntiSense BATF2
264 AntiSense NFKBIZ
265 Sense (includes Intronic) C3orf26
266 AntiSense LOXL1
267 Sense (includes Intronic) -
269 AntiSense FN1
270 AntiSense COL1A1
272 Sense (Fully Exonic) TREH
274 AntiSense APOLI
281 Sense (Fully Exonic) COLI0A1
282 Sense (Fully Exonic) GAL3ST4
284 Sense (Fully Exonic) TAGLN
285 Sense (Fully Exonic) TWISTI
286 Sense (Fully Exonic) HCLSI
288 Sense (Fully Exonic) ITGB2
290 Sense (Fully Exonic) HLA-B
291 Sense (Fully Exonic) Cl170rf91
296 Sense (Fully Exonic) FBLIMI
297 Sense (Fully Exonic) COL15A1
298 Sense (Fully Exonic) AQP7P3
299 AntiSense IGFBP5
300 Sense (Fully Exonic) FANKI1
301 AntiSense INS
302 Sense (Fully Exonic) COL27A1
303 Sense (Fully Exonic) COL5AI
304 Sense (Fully Exonic) PRICKLE2
305 Sense (Fully Exonic) N/A
306 Sense (Fully Exonic) GXYLT2
307 Sense (includes Intronic) KLF12
308 No Transcript match
309 Sense (Fully Exonic) FBX032
310 No Transcript match
311 Sense (Fully Exonic) ASAH2B
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Sense

(Fully Exonic) 1GKC 160 Sense (Fully Exonic)

| GHGL 162 Sense (Ful ly

Exonic) COL1A2 163 Sense (Fully Exonic) APOClL 167 Anti Sense EGRL 171 Sense
(Fully Emouzo)znlévmm% 174 Sense (FuI |y Exonl C) TPIVIl 1PGT)$Esnls1e/0(losni:l udes

Sense (A Bxoni-c)CBPLl Ma@ nao (inotudes t pEELIPE) POCRC 186 Sense
(inclu ul 1y
Exoni ¢)3!BMB 191 Sense ( l—Lﬁqn@e Eudli Expnicds IGFBP6
315 Sense (Fully Exonic) ROBOI
316 Sense (Fully Exonic) TPMI
317 AntiSense N/A
318 AntiSense PLEKHGI
319 Sense (Fully Exonic) NR2F1
320 Sense (Fully Exonic) NPDCI1
321 AntiSense INS
322 Sense (Fully Exonic) TRAFS5
323 Sense (Fully Exonic) CALDI1
324 Sense (includes Intronic) CHRM3
325 Sense (Fully Exonic) AMOTLI1
326 Sense (includes Intronic) COL12A1
327 Sense (Fully Exonic) PLXNA4
328 Sense (includes Intronic) TMEM43
329 Sense (includes Intronic) RORA
330 AntiSense INS
331 Sense (Fully Exonic) TSPANI1S
332 No Transcript match
333 Sense (Fully Exonic) TNC
334 Sense (Fully Exonic) TYRO3
335 AntiSense EFNAS
336 Sense (Fully Exonic) MYL9
337 Sense (Fully Exonic) MIR198
338 Sense (includes Intronic) N/A
339 Sense (includes Intronic) PLA2RI
340 Sense (Fully Exonic) COLI4A1
341 Sense (Fully Exonic) NRPI
342 Sense (Fully Exonic) FSCN1
343 Sense (includes Intronic) PDGFD
344 No Transcript match
345 Sense (includes Intronic) DOCK4
346 Sense (Fully Exonic) TRIM13
347 Sense (Fully Exonic) IGFBP5
348 Sense (Fully Exonic) C190orf63
349 AntiSense KLF6
350 AntiSense TRIO
351 Sense (Fully Exonic) COL4Al
352 Sense (Fully Exonic) EPDRI1
353 Sense (Fully Exonic) FNDCI
354 Sense (Fully Exonic) IL1R1
355 Sense (Fully Exonic) CES4
356 Sense (Fully Exonic) GPR176
357 Sense (includes Intronic) GXYLT2
358 AntiSense WHSCIL1
359 Sense (Fully Exonic) N/A
360 Sense (Fully Exonic) RGN
361 Sense (includes Intronic) CA3
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195 Sense (includes Intronic) DPYSL3 197 Anti Sense EGRL 198 Anti Sense NRP2

201 Sense (Fully Exonic) MW2 204 Sense (Fully Exonic) CIGF 211 Sense
(Fully EXWO|20)2/1AQII7A2 213 Sense (FuI I Y. Exoni c) LOXL1 216P6@m§e01(2mmwby

Ful |y

S5 SRt ety Eeomre ‘S_ems\e. VTN O A2 P N ke
2012/ 1 7RD(“T/ L |Q7n1_2/ 0 i
Exoni d)3%¥LAU 233 Sense Fﬁﬂnlsg/(FE&lmﬁX@)ﬁCD)DG:RA RASGRF2
365 Sense (includes Intronic) RELL1
366 AntiSense ACSS3
367 Sense (Fully Exonic) STMN3
368 Sense (Fully Exonic) N/A
369 AntiSense C70orf29
370 Sense (Fully Exonic) HOXC6
371 Sense (Fully Exonic) KLF8
372 Sense (includes Intronic) SERINCS
373 Sense (Fully Exonic) AKT3
374 Sense (Fully Exonic) TGFB2
375 AntiSense WNT5A
376 No Transcript match
377 No Transcript match
378 AntiSense IGFBP7
379 No Transcript match
380 Sense (includes Intronic) SULTIC4
381 Sense (Fully Exonic) AASS
382 Sense (Fully Exonic) HEPH
383 Sense (Fully Exonic) ADHS5
384 Sense (Fully Exonic) TIMP2
385 Sense (Fully Exonic) EMP1
386 Sense (Fully Exonic) CXCL14
387 Sense (Fully Exonic) ZNF548
388 Sense (Fully Exonic) SGCB
389 Sense (includes Intronic) ASH2L
390 Sense (includes Intronic) SERINCS
391 No Genome match
392 Sense (Fully Exonic) TMEM159
393 Sense (includes Intronic) RBMS3
394 Sense (Fully Exonic) TMEM49
395 Sense (includes Intronic) RORA
396 No Transcript match
397 AntiSense ZNF608
398 No Genome match
399 Sense (Fully Exonic) ADAMTS2
400 Sense (Fully Exonic) APCDDI
401 AntiSense GXYLT2
402 Sense (Fully Exonic) XIST
403 Sense (Fully Exonic) MBNL2
404 Sense (Fully Exonic) SHF
405 Sense (includes Intronic) APBB2
406 No Transcript match
407 Sense (Fully Exonic) COLI4A1
408 Sense (Fully Exonic) IGFBP5
409 Sense (Fully Exonic) CREBS5
410 AntiSense INS
411 Sense (Fully Exonic) BAHCCI
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242 Sense (Fully Exonic) VCAN 243 Anti Sense --

244 Sense (Fully Exonic)

IGHA /] 1GH&R [/ 1TGHGL ///1 GHGEP 245 Sense (Fully Exonic) | GH&R 246
Sense ( [ rwbadmmmm onic) C3orf26 247 Anti Sense ATF3 248CANIS2Be$E0ATF3 250
At SAG02 ELRL 261 het+ 60 éf%e BT 'w%“’?ié’ ol RATL 263 Anti-sanse
BATF2 s | INPoni c)
414 Sense (Fully Exomc) DDR2
415 Sense (Fully Exonic) CAl12
416 Sense (Fully Exonic) RHOB
417 Sense (Fully Exonic) N/A
418 Sense (Fully Exonic) SNORD116-4
419 Sense (Fully Exonic) MEG3
420 Sense (Fully Exonic) WNT4
421 Sense (Fully Exonic) FBLN2
422 AntiSense DAAMI
423 No Transcript match
424 Sense (Fully Exonic) CHNI
425 Sense (includes Intronic) APBB2
426 Sense (Fully Exonic) PTRF
427 AntiSense IGF1
428 Sense (Fully Exonic) UST
429 Sense (Fully Exonic) SMARCAI
430 Sense (includes Intronic) N/A
431 Sense (Fully Exonic) IGLC3
432 AntiSense INS
433 Sense (Fully Exonic) KANK4
434 AntiSense IGF1
435 Sense (Fully Exonic) CYP27A1
436 AntiSense EIF2B5
437 No Transcript match
438 Sense (Fully Exonic) SNRNP25
439 Sense (Fully Exonic) SETD7
440 Sense (Fully Exonic) MSXI1
441 Sense (Fully Exonic) HOPX
442 Sense (Fully Exonic) NID2
443 Sense (Fully Exonic) IGF1
444 Sense (Fully Exonic) PSD3
445 Sense (Fully Exonic) FGFRI1
446 Sense (Fully Exonic) ETV1
447 Sense (Fully Exonic) ZNF655
448 No Genome match
449 AntiSense INS
450 Sense (Fully Exonic) SFRP2
451 Sense (Fully Exonic) SPAG16
452 AntiSense NR2F2
453 Sense (includes Intronic) SYNPO2
454 Sense (Fully Exonic) FAMI101B
455 AntiSense IGF2
456 Sense (Fully Exonic) CA3
457 Sense (Fully Exonic) XIST
458 No Transcript match
459 Sense (Fully Exonic) WNT7A
460 Sense (includes Intronic) N/A
461 Sense (Fully Exonic) FGFRI1
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C3orf26 266 Anti Sense LOXL1 267 Sense (includes Intronic) -- 269 Anti Sense
FN1 270 Anti Sense COL1Al 272 Sense (Fully Exonic) TREH 274 Anti Sense APCL1
281 SenseVOEuiﬂllp7m0n| c) CC]_10A1 282 Sense (FuI |y Exom e):TLBSIz@SZﬁ‘ﬂOs%4 Sense

L AU 1 S SN AT U v ISR I
291 Se i (F |IFG\FR:1ynn| n\ EBLI M. 207
464 Sense (1ncludes Intronic) 1GFBP7
465 Sense (Fully Exonic) TIMP2
466 Sense (Fully Exonic) DUSPI
467 Sense (includes Intronic) SERINCS5
468 No Transcript match
469 Sense (Fully Exonic) ABLIM1
470 Sense (Fully Exonic) ARL4A
471 AntiSense SH3TC2
472 AntiSense NR2F2
473 Sense (Fully Exonic) ENG
474 Sense (Fully Exonic) MGP
475 Sense (Fully Exonic) MEG3
476 AntiSense FAMI115A
477 Sense (Fully Exonic) EGRI
478 Sense (Fully Exonic) SNORD116-3
479 Sense (Fully Exonic) AEBP1
480 Sense (includes Intronic) SDK1
481 Sense (Fully Exonic) ENCI1
482 Sense (Fully Exonic) SNORD116-7
483 Sense (Fully Exonic) N/A
484 Sense (Fully Exonic) APOD
485 AntiSense N/A
486 AntiSense GAS1
487 Sense (Fully Exonic) VPS36
488 No Transcript match
489 Sense (Fully Exonic) SPHK2
490 Sense (Fully Exonic) SNORD116-8
491 Sense (Fully Exonic) MYO10
492 Sense (Fully Exonic) HOXC6
493 Sense (Fully Exonic) RNF149
494 Sense (Fully Exonic) BTG2
495 Sense (includes Intronic) MAP3KI1
496 Sense (Fully Exonic) SNORD116-23
497 Sense (includes Intronic) ACSLA4
498 Sense (Fully Exonic) CYP27ClI
499 Sense (includes Intronic) COL12A1
500 Sense (Fully Exonic) IGFBP5
501 Sense (Fully Exonic) DUSP4
502 Sense (Fully Exonic) PFKFB3
503 Sense (Fully Exonic) SDC2
504 AntiSense FXYD6
505 Sense (Fully Exonic) COL5AI
506 Sense (Fully Exonic) MARCKS
507 Sense (Fully Exonic) IRS2
508 Sense (Fully Exonic) N/A
509 AntiSense FSCNI1
510 Sense (Fully Exonic) FYN
511 Sense (Fully Exonic) IGFBP5
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Sense (Fully Exonic) COL15A1 298 Sense (Fully Exonic) AQP7P3 299 Anti Sense
| GFBP5 300 Sense (Fully Exonic) FANK1 301 Anti Sense INS 302 Sense (Fully

Exoni c) CUD20R1163078 Sense ( Ful 'y Exonic) COL5A1 304 Sens’éT(lrsu()lIZ)yM(EBnS)nl C)
Sense [(oh udes. nt s ont 61 RAPAS W{'Q’ﬁﬁf’?f’aﬁg'c'?f N e P Koot Ful |y
Exoni léRYn’U 310 No—F a&é&%ﬂe&@&ﬁ&g—s@n Al B WO
2012/ é?lé78PCT/ US2012/ 0ad¥ense agly Exonic) N/
515 Sense (Fully Exonic) C7orf41
516 Sense (Fully Exonic) MEG3
517 Sense (Fully Exonic) N/A
518 Sense (Fully Exonic) PLEKHGI
519 Sense (Fully Exonic) ZNF827
520 Sense (Fully Exonic) ZNF175
521 Sense (Fully Exonic) XIST
522 Sense (includes Intronic) GSN
523 Sense (includes Intronic) RORA
524 Sense (Fully Exonic) CA13
525 AntiSense TMX4
526 Sense (Fully Exonic) KIT
527 Sense (includes Intronic) WDR78
528 Sense (Fully Exonic) ECELI
529 Sense (Fully Exonic) XIST
530 Sense (Fully Exonic) PROCR
531 Sense (Fully Exonic) C9orf167
532 Sense (Fully Exonic) MUC6
533 Sense (includes Intronic) P4HA?2
534 Sense (Fully Exonic) FAM69C
535 Sense (Fully Exonic) NOX4
536 Sense (includes Intronic) N/A
537 No Transcript match
538 Sense (Fully Exonic) SMOX
539 Sense (Fully Exonic) KIAAQ0922
540 No Transcript match
541 Sense (Fully Exonic) XIST
542 Sense (Fully Exonic) NPAS2
543 Sense (Fully Exonic) NAVI1
544 Sense (includes Intronic) N/A
545 Sense (Fully Exonic) HLA-A
546 Sense (Fully Exonic) FAM46C
547 Sense (Fully Exonic) N/A
548 Sense (Fully Exonic) SLAMF7
549 Sense (Fully Exonic) FCERI1G
550 Sense (Fully Exonic) C1S
551 Sense (Fully Exonic) NUPRI1
552 AntiSense C1QC
553 AntiSense SATI
554 Sense (Fully Exonic) SOD2
555 Sense (Fully Exonic) IRF1
556 Sense (Fully Exonic) SFN
557 AntiSense LTB
558 Sense (Fully Exonic) ARIDSA
559 Sense (Fully Exonic) BST2
560 Sense (Fully Exonic) HLA-F
561 Sense (Fully Exonic) XAF1
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Anti Sense PPFI BP1 313 Anti Sense Xl ST 314 Sense (Fully Exonic) |1 G-BP6 315
Sense (Fully Exonic) ROBO1 316 Sense (Fully Exonic) TPML 317 Anti Sense N A
318 Anti S¥EA2e12RA6EKBIGL 319 Sense (FuI I Ly Exonl c) NR2F1 32®C$&I$3@2(0mb$y

Exont ;WPDHHT“M POCE 321 Ant < %gs,@mymﬁc o= (Fotty g o) ThaFD 523 Semse

Exoni d)> 326 NSe d 3

Exoni d)3 6é|_ YNAL ense (Fully Exomc) IL1IRN
565 Sense (Fully Exonic) IFITS
566 Sense (Fully Exonic) B2M
567 AntiSense GBP1
568 Sense (Fully Exonic) HLA-F
569 Sense (Fully Exonic) DGKA
570 Sense (Fully Exonic) XBP1
571 Sense (Fully Exonic) PLCG2
572 Sense (Fully Exonic) FAM46C
573 No Genome match
574 Sense (Fully Exonic) TREM?2
575 Sense (Fully Exonic) LGALS9
576 Sense (Fully Exonic) HLA-DPBI1
577 AntiSense ODF3B
578 Sense (Fully Exonic) MX1
579 Sense (Fully Exonic) STATI1
580 Sense (Fully Exonic) CTSB
581 Sense (Fully Exonic) FAM26F
582 Sense (includes Intronic) PARP14
583 AntiSense SATI1
584 Sense (Fully Exonic) CTSS
585 No Transcript match
586 Sense (Fully Exonic) CTSB
587 Sense (Fully Exonic) ADAMS
588 Sense (includes Intronic) B2M
589 Sense (Fully Exonic) FLVCR2
590 Sense (Fully Exonic) TYROBP
591 AntiSense SAMDIL
592 Sense (Fully Exonic) SAMDOIL
593 Sense (Fully Exonic) SIGLEC1
594 Sense (Fully Exonic) MMP7
595 Sense (Fully Exonic) APOL1
596 Sense (Fully Exonic) CYLD
597 Sense (Fully Exonic) HLA-B
598 Sense (Fully Exonic) SATI
599 Sense (Fully Exonic) CI1QB
600 Sense (Fully Exonic) HLA-DMB
601 Sense (Fully Exonic) NLRC5
602 Sense (Fully Exonic) FAM20A
603 AntiSense N/A
604 Sense (Fully Exonic) STATI
605 Sense (includes Intronic) STATI1
606 Sense (Fully Exonic) STATI
607 AntiSense N/A
608 Sense (Fully Exonic) DERL3
609 Sense (Fully Exonic) HLA-F
610 Sense (Fully Exonic) MAFB
611 Sense (Fully Exonic) CD4
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328 Sense (includes Intronic) TMEMA3 329 Sense (includes Intronic) RORA 330
Anti Sense INS 331 Sense (Fully Exonic) TSPAN18 332 No Transcript match 333
Sense (FuNDwo%mm) TNC 334 Sense (FuI |y Exonl c) TYRCBPB$BJSAO1RJOQBn$e EFNAS

(i cl UGBt ntr om0y - N-A| SRS AIL FRORRT oo 1 'A oL hoRL 340 Senee,
(Ful |y ﬁﬂnn ¢)_COL14A1 3a%n
Exoni 0)01BSCONI” 343 Sense | (Sanes thdly Fxepichni c) ClQC
615 Sense (Fully Exonic) CD163
616 Sense (Fully Exonic) LRMP
617 Sense (Fully Exonic) Cllorfl7
618 Sense (Fully Exonic) XAF1
619 Sense (Fully Exonic) GLRX
620 Sense (Fully Exonic) IFIH1
621 Sense (Fully Exonic) CD44
622 Sense (Fully Exonic) LITAF
623 Sense (Fully Exonic) CCDC69
624 Sense (Fully Exonic) GBP5
625 Sense (Fully Exonic) PML
626 Sense (Fully Exonic) SAMD9
627 Sense (Fully Exonic) CBR3
628 Sense (Fully Exonic) RASGRP2
629 Sense (Fully Exonic) FCGR2A
630 Sense (Fully Exonic) BST2
631 Sense (Fully Exonic) HLA-A
[0064] In certain exemplary embodiments, all or a portion of the biomarkers recited in

Table 1A and Table 1B, may be used in an expression signature. In certain other exemplary
embodiments, all or a portion of the biomarkers recited in Group I or Group Il may be used in an
expression signature. For example, expression signatures comprising the biomarkers in Table
1A, Table 1B, Group I, and Group II, can be generated using the methods provided herein and
can comprise between one, and all of the markers set forth in Tables 1A, 1B, Group I, Group II
and each and every combination in between (e.g., four selected markers, 16 selected markers, 74
selected markers, etc.). In some embodiments, the expression signature comprises at least 5, 10,
20, 40, 60, 100, 150, 200, or 300 or more markers. In other embodiments, the predictive
biomarker panel comprises no more than 5, 10, 20, 40, 60, 100, 150, 200, 300, 400, 500, 600 or
700 markers. In one exemplary embodiment, the expression signature includes a plurality of
markers listed in Table 1A. In another exemplary embodiment, the expression signature
includes a plurality of biomarkers listing in Table 1B. In yet another exemplary embodiment,
the expression signature includes a plurality of biomarkers listed in Table 1A and Table 1B. In
another exemplary embodiment, the expression signature includes a plurality of biomarkers
listed in Group I. In another exemplary embodiment, the expression signature includes a
plurality of biomarkers listed in table Group II. In yet another exemplary embodiment, the
expression signature includes a plurality of biomarkers listed in Groups I and II. In some
embodiments the expression signature includes at least about 1%, about 5%, about 10%, about

20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about
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PDGFD 344 No Transcript match 345 Sense (includes Intronic) DOCK4 346
Sense (Fully Exonic) TRIM 13 347 Sense (Fully Exonic) | G-FBP5 348 Sense
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Anti Se nassseemvgilesdc ]flfo]hl 3‘[?12 biomarkers provided using methods described herein and analogous
methods known in the art. In one embodiment, the expression signature contains all 250 genes
or gene products in Table 1A. In another exemplary embodiment, the expression signature
contains all 486 genes or gene products in Table 1B. In another exemplary embodiment the
expression signature comprises SEQ ID NOs: 632-801. In aother exemplary embodiment, the
expression signature comprises SEQ ID NOs: 802-974.

4. Mathematical Models

[0065] The following methods may be used to derive expression signatures for
distinguishing between subjects that are responsive or non-responsive to anti-angiogenic
therapeutics, or as prognostic indicators of certain cancer types, including expression signatures
derived from the biomarkers disclosed above. In certain other exemplary embodiments, the
expression signature is derived using a decision tree (Hastie et al. The Elements of Statistical
Learning, Springer, New York 2001), a random forest (Breiman, 2001 Random Forests,
Machine Learning 45:5), a neural network (Bishop, Neural Networks for Pattern Recognition,
Clarendon Press, Oxford 1995), discriminant analysis (Duda et al. Pattern Classification, 2nd
ed., John Wiley, New York 2001), including, but not limited to linear, diagonal linear, quadratic
and logistic discriminant analysis, a Prediction Analysis for Microarrays (PAM, (Tibshirani et
al., 2002, Proc. Natl. Acad. Sci. USA 99:6567-6572)) or a Soft Independent Modeling of Class
Analogy analysis. (SIMCA, (Wold, 1976, Pattern Recogn. 8:127-139)).
[0066] Biomarker expression values may be defined in combination with corresponding
scalar weights on the real scale with varying magnitude, which are further combined through
linear or non-linear, algebraic, trigonometric or correlative means into a single scalar value via
an algebraic, statistical learning, Bayesian, regression, or similar algorithms which together with
a mathematically derived decision function on the scalar value provide a predictive model by
which expression profiles from samples may be resolved into discrete classes of responder or
non-responder, resistant or non-resistant, to a specified drug, drug class, or treatment regimen.
Such predictive models, including biomarker membership, are developed by learning weights
and the decision threshold, optimized for sensitivity, specificity, negative and positive predictive
values, hazard ratio or any combination thereof, under cross-validation, bootstrapping or similar
sampling techniques, from a set of representative expression profiles from historical patient
samples with known drug response and/or resistance.
[0067] In one embodiment, the biomarkers are used to form a weighted sum of their

signals, where individual weights can be positive or negative. The resulting sum (“expression
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Sense (Fully Exonic) N A 360 Sense (Fully Exonic) RGN 361 Sense (includes
Intronic) CA3 WO 2012/167278PCT/ US2012/ 040805 362 Sense (Fully Exonic)
TI MP3 363wBenexi16(Fal | y Exoni c) EFNA5 364 Sense (Fully EPOMIUSROIRASBR-2 365

sense. (LIS RSSO0, ATty AR SR TSR e

(Ful |y rERedtice holnOXCh @Y thapee a&d(tbdidgyosex onpredicth Ednidad 2oaifis € of dwredrdeles

ntroni [?)2]68?ER| NCES 3(176:301‘is‘t)eerclisa$bo(vle:,u lollg/ o%xgrgiingl)'y ékKi-llisinSZhAé art will appreciate that the
biomarkers included in the classifier provided in Tables 1A, 1B, Group I and Group II will carry
unequal weights in a classifier for responsiveness or resistance to a therapeutic agent.
Therefore, while as few as one sequence may be used to diagnose or predict an outcome such as
responsiveness to therapeutic agent, the specificity and sensitivity or diagnosis or prediction
accuracy may increase using more sequences.
[0069] As used herein, the term “weight” refers to the relative importance of an item in a
statistical calculation. The weight of each biomarker in a gene expression classifier may be
determined on a data set of patient samples using analytical methods known in the art.
[0070] In certain exemplary embodiments, the expression signature is defined by a
decision function. A decision function is a set of weighted expression values derived using a
linear classifier. All linear classifiers define the decision function using the following equation:

fx)=w ex+b=>Y wi*x;+b (1)

[0071] All measurement values, such as the microarray gene expression intensities x;, for
a certain sample are collected in a vector x. Each intensity is then multiplied with a
corresponding weight w; to obtain the value of the decision function f{x) after adding an offsect
term b. In deriving the decision function, the linear classifier will further define a threshold
value that splits the gene expression data space into two disjoint halves. Exemplary linear
classifiers include but are not limited to partial least squares (PLS), (Nguyen ef al,
Bioinformatics 18 (2002) 39-50), support vector machines (SVM) (Schélkopf ef al., Learning
with Kernels, MIT Press, Cambridge 2002), and shrinkage discriminant analysis (SDA)
(Ahdesmiki et al., Annals of applied statistics 4, 503-519 (2010)). In one exemplary
embodiment, the linear classifier is a PLS linear classifier.
[0072] The decision function is empirically derived on a large set of training samples, for
example from patients showing responsiveness or resistance to a therapeutic agent. The
threshold separates a patient group based on different characteristics such as, but not limited to,
responsiveness/non-responsiveness to treatment. The interpretation of this quantity, i.e. the cut-
off threshold responsiveness or resistance to a therapeutic agent, is derived in the development
phase (“training”) from a set of patients with known outcome. The corresponding weights and
the responsiveness/resistance cut-off threshold for the decision score are fixed a priori from
training data by methods known to those skilled in the art. In one exemplary embodiment,

Partial Least Squares Discriminant Analysis (PLS-DA) is used for determining the weights. (L.
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Sense (Fully Exonic) TGFB2 375 Anti Sense WNT5A 376 No Transcript match 377
No Transcript match 378 Anti Sense | GFBP7 379 No Transcript match 380
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T vz SRSt Ot Tt R S8 R DR, P REIRe plidlerta e
Sense ((Bodd)BoB0gni c) ZNF548 388 Sense (Fully Exonic) SGCB 389 Sense

(includes_Intronic) ASH2L . ) ) o
[0073] Effectively, this means that the data space, i.e. the set of all possible combinations

of biomarker expression values, is split into two mutually exclusive halves corresponding to
different clinical classifications or predictions, for example, one corresponding to
responsiveness to a therapeutic agent and the other to non-responsiveness. In the context of the
overall classifier, relative over-expression of a certain biomarker can either increase the decision
score (positive weight) or reduce it (negative weight) and thus contribute to an overall decision
of, for example, responsiveness or resistance to a therapeutic agent.

[0074] In certain exemplary embodiments of the invention, the data is transformed non-
linearly before applying a weighted sum as described above. This non-linear transformation
might include increasing the dimensionality of the data. The non-linear transformation and
weighted summation might also be performed implicitly, for example, through the use of a
kernel function. (Schélkopf et al. Learning with Kernels, MIT Press, Cambridge 2002).

[0075] In certain exemplary embodiments, the patient training set data is derived by
isolated RNA from a corresponding cancer tissue sample set and determining expression values
by hybridizing the isolated RNA to a microarray. In certain exemplary embodiments, the
microarray used in deriving the expression signature is a transcriptome array. As used herein a
“transcriptome array” refers to a microarray containing probe sets that are designed to hybridize
to sequences that have been verified as expressed in the diseased tissue of interest. Given
alternative splicing and variable poly-A tail processing between tissues and biological contexts,
it is possible that probes designed against the same gene sequence derived from another tissue
source or biological context will not effectively bind to transcripts expressed in the diseased
tissue of interest, leading to a loss of potentially relevant biological information. Accordingly, it
is beneficial to verify what sequences are expressed in the disease tissue of interest before
deriving a microarray probe set. Verification of expressed sequences in a particular disease
context may be done, for example, by isolating and sequencing total RNA from a discased tissue
sample set and cross-referencing the isolated sequences with known nucleic acid sequence
databases to verify that the probe set on the transcriptome array is designed against the
sequences actually expressed in the discased tissue of interest. Methods for making
transcriptome arrays are described in United States Patent Application Publication No.
2006/0134663, which is incorporated herein by reference. In certain exemplary embodiments,
the probe set of the transcriptome array is designed to bind within 300 nucleotides of the 3’ end
of a transcript. Methods for designing transcriptome arrays with probe sets that bind within 300

nucleotides of the 3’ end of target transcripts are disclosed in United States Patent Application
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390 Sense (includes Intronic) SERINC5 391 No Genome match 392 Sense (Fully
Exoni c) TMEML59 393 Sense (includes Intronic) RBVMS3 394 Sense (Fully
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[0076] An optimal linear classifier can be selected by evaluating a linear classifier’s
performance using such diagnostics as “area under the curve” (AUC). AUC refers to the area
under the curve of a receiver operating characteristic (ROC) curve, both of which are well
known in the art. AUC measures are useful for comparing the accuracy of a classifier across the
complete data range. Linear classifiers with a higher AUC have a greater capacity to classify
unknowns correctly between two groups of interest (e.g., ovarian cancer samples and normal or
control samples). ROC curves are useful for plotting the performance of a particular feature
(e.g., any of the biomarkers described herein and/or any item of additional biomedical
information) in distinguishing between two populations (e.g., individuals responding and not
responding to a therapeutic agent). Typically, the feature data across the entire population (e.g.,
the cases and controls) are sorted in ascending order based on the value of a single feature.
Then, for each value for that feature, the true positive and false positive rates for the data are
calculated. The true positive rate is determined by counting the number of cases above the
value for that feature and then dividing by the total number of cases. The false positive rate is
determined by counting the number of controls above the value for that feature and then
dividing by the total number of controls. Although this definition refers to scenarios in which a
feature is elevated in cases compared to controls, this definition also applies to scenarios in
which a feature is lower in cases compared to the controls (in such a scenario, samples below the
value for that feature would be counted). ROC curves can be generated for a single feature as
well as for other single outputs, for example, a combination of two or more features can be
mathematically combined (e.g., added, subtracted, multiplied, etc.) to provide a single sum
value, and this single sum value can be plotted in a ROC curve. Additionally, any combination
of multiple features, in which the combination derives a single output value, can be plotted in a
ROC curve. These combinations of features may comprise a test. The ROC curve is the plot of
the true positive rate (sensitivity) of a test against the false positive rate (1-specificity) of the
test.
[0077] In one exemplary embodiment the expression signature is directed to the 25
biomarkers detailed in Table 2A with corresponding ranks and weights detailed in the table or
alternative rankings and weightings, depending, for example, on the disease setting. In another
exemplary embodiment, the expression signature is directed to the 45 biomarkers detailed in

Table 2B with corresponding ranks and weights detailed in the table or alternative rankings and
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weight in the compound decision score function measured under cross-validation.

Table 2A Gene symbols and corresponding ranked weights for a 25 gene signature

1 CCDC80 0.0584
2 INHBA 0.0508
3 THBS2 0.0504
4 SFRP2 0.0437
5 MMP2 0.0367
6 PLAU -0.0323
7 FAP 0.0300
8 FN1 0.0277
9 COLS8AI -0.0248
10 RAB31 0.0244
1 FAM38B 0.0242
12 VCAN 0.0230
13 GJB2 0.0223
14 ITGAS 0.0216
15 CRISPLD2 0.0192
16 C170rf91 0.0167
17 BGN -0.0142
18 TIMP3 0.0130
19 ALPK2 0.0123
20 LUM 0.0104
21 NKD2 -0.0098
22 LOX -0.0082
23 MIR 1245 0.0059
24 LOXL1 0.0052
25 CXCL12 0.0048

Table 2B Gene symbols and corresponding ranked weights for a 45 gene signature

45 Gene Signature
Rank Gene Symbol Weight
1 TMEM200A 0.0595
2 GJB2 0.0560
3 MMP13 0.0383
4 GFPT2 0.0380
5 POSTN -0.0355
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434 Antil|Sense | GF17 435 Sense| (Ful | yCBHohi c) CYP27A1 436 0.0283
8 MRVI1 0.0256
9 PMP22 0.0240
10 COL11A1 -0.0237
11 IGFL2 0.0222
12 LUM -0.0220
13 NTM -0.0218
14 BGN 0.0211
15 COL3AI -0.0210
16 COL10A1 0.0197
17 RAB31 0.0180
18 ANGPTL2 0.0166
19 PLAU 0.0166
20 COLSAI 0.0164
21 MIR 1245 0.0153
22 POLD2 0.0146
23 NKD2 0.0145
24 FZDI 0.0143
25 COPZ2 0.0139
26 ITGAS 0.0136
27 VGLL3 0.0125
28 INHBA -0.0118
29 MMP14 0.0110
30 VCAN 0.0100
31 THBS?2 -0.0087
32 RUNX2 0.0083
33 TIMP3 0.0081
34 SFRP2 -0.0079
35 COL1A2 0.0078
36 COL5A2 -0.0072
37 SERPINF1 0.0068
38 KIF26B -0.0052
39 TNFAIP6 0.0050
40 MMP2 0.0040
41 FN1 0.0031
42 ALPK2 0.0024
43 CTSK 0.0015
44 LOXLI -0.0014
45 FAP 0.0000
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SPAGLE PLAU, FAP, FN1, COL8A1, RAB31, FAM38B, VCAN, GJB2, ITGAS, CRISPLD2, C17, {91,
BGN, TIMP3, ALPK2, LUM, NKD2, LOX, MIR1245, LOXLI1, and CXCL12.
[0079] In another exemplary embodiment, the expression signature comprises at least
CCDC80, INHBA, THBS2 and SFRP2 and at lcast N additional biomarkers selected from the
list of biomarkers in Table 2a, wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, or 21. In a further aspect, therapeutic responsiveness is predicted in an individual
by conducting an assay on a biological sample from the individual and detecting biomarker
values that each correspond to the biomarkers CCDC80, INHBA, THBS2 and SFRP2 and one of
at least N additional biomarkers sclected from the list of biomarkers in Table 2a, wherein N
equals 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21. In a further aspect,
therapeutic responsiveness is predicted in an individual by conducting an assay on a biological
sample from the individual and detecting biomarker values that each correspond to the
biomarker CCDC80 and one of at least N additional biomarkers selected from the list of
biomarkers in Table 2a, wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
29, 20, 21, 22, 23 or 24. In a further aspect, therapeutic responsiveness is predicted in an
individual by conducting an assay on a biological sample from the individual and detecting
biomarker values that each correspond to the biomarker INHBA and one of at least N additional
biomarkers selected from the list of biomarkers in Table 2a, wherein N equals 2, 3, 4, 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23 or 24. In a further aspect, therapeutic
responsiveness is predicted in an individual by conducting an assay on a biological sample from
the individual and detecting biomarker values that each correspond to the biomarker THBS2 and
one of at least N additional biomarkers selected from the list of biomarkers in Table 2a, wherein
Nequals 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22,23 or 24. In a
further aspect, therapeutic responsiveness is predicted in an individual by conducting an assay
on a biological sample from the individual and detecting biomarker values that each correspond
to the biomarker SFRP2 and one of at least N additional biomarkers selected from the list of
biomarkers in Table 2a, wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
29, 20, 21, 22, 23 or 24.
[0080] In another exemplary embodiment, the expression signature comprises one or
more biomarkers selected from the group consisting of: TMEM200A, GJB2, MMP13, GFPT2,
POSTN, BICC1, CDH11, MRVI1, PMP22, COL11A1, IGFL2, LUM, NTM, BGN, COL3Al,
COL10A1, RAB31, ANGPTL2, PLAU, COL8A1, MIR1245, POLD2, NKD2, FZD1, COPZ2,
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466 Se n[?)e (Fut yInEér(l)or‘ldlle(ir) ex[e)gl%llaa]iy embodiment, the expression signature comprises at least
TMEM200A, GJB2, MMP13 and GFPT2 and at least N additional biomarkers selected from the
list of biomarkers in Table 2a, wherein N equals 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, or 41.
In a further aspect, therapeutic responsiveness is predicted in an individual by conducting an
assay on a biological sample from the individual and detecting biomarker values that each
correspond to the biomarkers TMEM200A, GJB2, MMP13 and GFPT2 and one of at least N
additional biomarkers selected from the list of biomarkers in Table 2B, wherein N equals 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34,35, 36, 37, 38, 39, 40 or 41. In a further aspect, therapeutic responsiveness is
predicted in an individual by conducting an assay on a biological sample from the individual and
detecting biomarker values that each correspond to the biomarker TMEM200A and one of at
least N additional biomarkers selected from the list of biomarkers in Table 2B, wherein N equals
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44. In a further aspect, therapeutic
responsiveness is predicted in an individual by conducting an assay on a biological sample from
the individual and detecting biomarker values that each correspond to the biomarker GJB2 and
one of at least N additional biomarkers selected from the list of biomarkers in Table 2a, wherein
Nequals 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44. In a further aspect, therapeutic
responsiveness is predicted in an individual by conducting an assay on a biological sample from
the individual and detecting biomarker values that each correspond to the biomarker MMP13
and one of at least N additional biomarkers sclected from the list of biomarkers in Table 2B,
wherein N equals 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44. In a further aspect,
therapeutic responsiveness is predicted in an individual by conducting an assay on a biological
sample from the individual and detecting biomarker values that each correspond to the
biomarker GFPT2 and one of at least N additional biomarkers selected from the list of
biomarkers in Table 2B, wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or
44,
[0082] In one exemplary embodiment, the expression signature comprises one or more

biomarkers selected from the group consisting of: ALPK2, BGN, COL8AI, FAP, FN1, GJB2,
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sense ([I(i(lilé?ﬁl]y Exolnni gr)lother exemplary embodiment, the expression signature comprises at least
ALPK2, BGN, COL8AI1, FAP and at least N additional biomarkers selected from the list of
biomarkers FN1, GJB2, INHBA, ITGAS, LOXLI1, LUM, MIR1245, MMP2, NKD2, PLAU,
RAB31, SFRP2, THBS2, TIMP3 and VCAN, wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14 or 15. In a further aspect, therapeutic responsiveness is predicted in an individual by
conducting an assay on a biological sample from the individual and detecting biomarker values
that each correspond to the biomarkers ALPK2, BGN, COL8AT1 and FAP and one of at least N
additional biomarkers selected from the list of biomarkers FNI1, GJB2, INHBA, ITGAS,
LOXLI1, LUM, MIR1245, MMP2, NKD2, PLAU, RAB31, SFRP2, THBS2, TIMP3 and VCAN,
wherein N equals 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14 or 15. In a further aspect, therapeutic
responsiveness is predicted in an individual by conducting an assay on a biological sample from
the individual and detecting biomarker values that each correspond to the biomarker ALPK2 and
onc of at least N additional biomarkers selected from the list of biomarkers BGN, COL8AI,
FAP, FN1, GJB2, INHBA, ITGAS, LOXL1, LUM, MIR1245, MMP2, NKD2, PLAU, RAB31,
SFRP2, THBS2, TIMP3 and VCAN wherein N equals 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or
15. In a further aspect, therapeutic responsiveness is predicted in an individual by conducting an
assay on a biological sample from the individual and detecting biomarker values that each
correspond to the biomarker BGN and one of at least N additional biomarkers selected from the
list of biomarkers ALPK2, COL8A1l, FAP, FN1, GJB2, INHBA, ITGA5, LOXL1, LUM,
MIR1245, MMP2, NKD2, PLAU, RAB31, SFRP2, THBS2, TIMP3 and VCAN, wherein N
equals 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14 or 15. In a further aspect, therapeutic
responsiveness is predicted in an individual by conducting an assay on a biological sample from
the individual and detecting biomarker values that each correspond to the biomarker COL8A1
and one of at least N additional biomarkers selected from the list of biomarkers ALPK2, BGN, ,
FAP, FN1, GJB2, INHBA, ITGAS, LOXL1, LUM, MIR1245, MMP2, NKD2, PLAU, RAB31,
SFRP2, THBS2, TIMP3 and VCAN, wherein N equals 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14 or
15. In a further aspect, therapeutic responsiveness is predicted in an individual by conducting an
assay on a biological sample from the individual and detecting biomarker values that each
correspond to the biomarker FAP and one of at least N additional biomarkers selected from the
list of biomarkers ALPK2, BGN, COL8A1, FN1, GIB2, INHBA, ITGAS5, LOXL1, LUM,
MIR1245, MMP2, NKD2, PLAU, RAB31, SFRP2, THBS2, TIMP3 and VCAN, wherein N
equals 2,3,4,5,6,7,8,9,10, 11, 12,13, 14 or 15.
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(i ncl Udceofnpllrirs]ésr a(ljtnliea?s)[ G%]%?,L I%\nglgg, THBS2, SFRP2, PLAU and at lecast N additional biomarkers
from Table 1A or Table 1B, wherein N is 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or
44,45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
or 70. In another exemplary embodiment, the expression signature comprises at least GJB2 and
at least N additional biomarkers from Table 1A or Table 1B, wherein Nis 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35,
36, 37, 38, 39, 40, 41, 42, 43 or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, or 74. In another exemplary embodiment, the
expression signature comprises INHBA and at least N additional biomarkers from Table 1A or
Table 1B, wherein Nis . 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
or 74. In another exemplary embodiment, the expression signature comprises THBS2 and at
least N additional biomarkers from Table 1A or Table 1B, wherein Nis 2,3,4,5,6,7,8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36,
37, 38, 39, 40, 41, 42, 43 or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, or 74. In another exemplary embodiment, the
expression signature comprises at least SFRP2 wherein N is 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39,
40, 41, 42, 43 or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, or 74. In another exemplary embodiment, the expression
signature comprises PLAU and at least N additional biomarkers from Table 1A or Table 1B,
wherein Nis 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 29, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44, 45, 46, 47, 48, 49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70. In another exemplary
embodiment the expression signature includes GJB2, INHBA, THBS2, SFRP2, PLAU and at
least about 1%, about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or about 99% of the biomarkers listed in
Table 1A, Table 1B, or a combination thercof.
Classifying New Test Samples using an Expression Signature
[0085] To classify new test samples using an expression signature, such as those

described above, the relative expression levels of biomarkers in a cancer tissue are measured to
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and compared to a threshold score that is rnathernatlcal y derived from a training set of patient
data. The score threshold separates a patient group based on different characteristics such as, but
not limited to, responsiveness/non-responsiveness to treatment. The patient training set data is
preferably derived from cancer tissue samples having been characterized by prognosis,
likelihood of recurrence, long term survival, clinical outcome, treatment response, diagnosis,
cancer classification, or personalized genomics profile. Expression profiles, and corresponding
decision scores from patient samples may be correlated with the characteristics of patient
samples in the training set that are on the same side of the mathematically derived score decision
threshold. The threshold of the linear classifier scalar output is optimized to maximize the sum
of sensitivity and specificity under cross-validation as observed within the training dataset.
[0086] The overall expression data for a given sample is normalized using methods
known to those skilled in the art in order to correct for differing amounts of starting material,
varying efficiencies of the extraction and amplification reactions, etc.
[0087] In one embodiment, the biomarker expression profile of a patient tissue sample is
evaluated by a linear classifier. As used herein, a linear classifier refers to a weighted sum of
the individual biomarker intensities into a compound decision score (“decision function”). The
decision score is then compared to a pre-defined cut-off score threshold, corresponding to a
certain set-point in terms of sensitivity and specificity which indicates if a sample is above the
score threshold (decision function positive) or below (decision function negative).
[0088] Using a linear classifier on the normalized data to make a diagnostic or prognostic
call (e.g. responsiveness or resistance to therapeutic agent) effectively means to split the data
space, i.¢. all possible combinations of expression values for all genes in the classifier, into two
disjoint halves by means of a separating hyperplane. This split is empirically derived on a large
set of training examples, for example from patients showing responsiveness or resistance to a
therapeutic agent. Without loss of generality, one can assume a certain fixed set of values for all
but one biomarker, which would automatically define a threshold value for this remaining
biomarker where the decision would change from, for example, responsiveness or resistance to a
therapeutic agent. Expression values above this dynamic threshold would then either indicate
resistance (for a biomarker with a negative weight) or responsiveness (for a biomarker with a
positive weight) to a therapeutic agent. The precise value of this threshold depends on the actual
measured expression profile of all other biomarkers within the classifier, but the general
indication of certain biomarkers remains fixed, i.e. high values or “relative over-expression”

always contributes to either a responsiveness (genes with a positive weight) or resistance (genes
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[0089] There are a number of suitable methods for measuring expression profiles of test
samples depending on the type of biomarker to be assayed. Measuring mRNA in a biological
sample may be used as a surrogate for detection of the level of the corresponding protein in the
biological sample. Thus, any of the biomarkers or biomarker panels described herein can also be
detected by detecting the appropriate RNA. Methods of gene expression profiling include, but
are not limited to, microarray, RT-PCT, qPCR, NGS, northern blots, SAGE, mass spectrometry.
[0090] mRNA expression levels are measured by reverse transcription quantitative
polymerase chain reaction (RT-PCR followed with qPCR). RT-PCR is used to create a cDNA
from the mRNA. The cDNA may be used in a qPCR assay to produce fluorescence as the DNA
amplification process progresses. By comparison to a standard curve, qPCR can produce an
absolute measurement such as number of copies of mRNA per cell. Northern blots, microarrays,
Invader assays, and RT-PCR combined with capillary electrophoresis have all been used to
measure expression levels of mRNA in a sample. See Gene Expression Profiling: Methods and
Protocols, Richard A. Shimkets, editor, Humana Press, 2004.
[0091] miRNA molecules are small RNAs that are non-coding but may regulate gene
expression. Any of the methods suited to the measurement of mRNA expression levels can also
be used for the corresponding miRNA. Recently many laboratories have investigated the use of
miRNAs as biomarkers for discase. Many diseases involve widespread transcriptional
regulation, and it is not surprising that miRNAs might find a role as biomarkers. The connection
between miRNA concentrations and disease is often even less clear than the connections
between protein levels and disease, yet the value of miRNA biomarkers might be substantial. Of
course, as with any RNA expressed differentially during disease, the problems facing the
development of an in vitro diagnostic product will include the requirement that the miRNAs
survive in the diseased cell and are easily extracted for analysis, or that the miRNAs are released
into blood or other matrices where they must survive long enough to be measured. Protein
biomarkers have similar requirements, although many potential protein biomarkers are secreted
intentionally at the site of pathology and function, during disease, in a paracrine fashion. Many
potential protein biomarkers are designed to function outside the cells within which those
proteins are synthesized.
[0092] Gene expression may also be evaluated using mass spectrometry methods. A
variety of configurations of mass spectrometers can be used to detect biomarker values. Several

types of mass spectrometers are available or can be produced with various configurations. In
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instrument and its capabilities. For example, an inlet can be a capillary-column liquid
chromatography source or can be a direct probe or stage such as used in matrix-assisted laser
desorption. Common ion sources are, for example, electrospray, including nanospray and
microspray or matrix-assisted laser desorption. Common mass analyzers include a quadrupole
mass filter, ion trap mass analyzer and time-of-flight mass analyzer. Additional mass
spectrometry methods are well known in the art (see Burlingame et al., Anal. Chem. 70:647 R-
716R (1998); Kinter and Sherman, New York (2000)).
[0093] Protein biomarkers and biomarker values can be detected and measured by any of
the following: electrospray ionization mass spectrometry (ESI-MS), ESI-MS/MS, ESI-
MS/(MS)n, matrix-assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF-MS), surface-enhanced laser desorption/ionization time-of-flight mass
spectrometry (SELDI-TOF-MS), desorption/ionization on silicon (DIOS), secondary ion mass
spectrometry (SIMS), quadrupole time-of-flight (Q-TOF), tandem time-of-flight (TOF/TOF)
technology, called ultraflex III TOF/TOF, atmospheric pressure chemical ionization mass
spectrometry  (APCI-MS), APCI-MS/MS, APCI-(MS).sup.N, atmospheric  pressure
photoionization mass spectrometry (APPI-MS), APPI-MS/MS, and APPI-(MS).sup.N,
quadrupole mass spectrometry, Fourier transform mass spectrometry (FTMS), quantitative mass
spectrometry, and ion trap mass spectrometry.
[0094] Sample preparation strategies are used to label and enrich samples before mass
spectroscopic characterization of protein biomarkers and determination biomarker values.
Labeling methods include but are not limited to isobaric tag for relative and absolute
quantitation (iTRAQ) and stable isotope labeling with amino acids in cell culture (SILAC).
Capture reagents used to selectively enrich samples for candidate biomarker proteins prior to
mass spectroscopic analysis include but are not limited to aptamers, antibodies, nucleic acid
probes, chimeras, small molecules, an F(ab'), fragment, a single chain antibody fragment, an Fv
fragment, a single chain Fv fragment, a nucleic acid, a lectin, a ligand-binding receptor,
affybodies, nanobodies, ankyrins, domain antibodies, alternative antibody scaffolds (e.g.
diabodies etc) imprinted polymers, avimers, peptidomimetics, peptoids, peptide nucleic acids,
threose nucleic acid, a hormone receptor, a cytokine receptor, and synthetic receptors, and
modifications and fragments of these.
[0095] The foregoing assays enable the detection of biomarker values that are useful in

methods for predicting responsiveness of a cancer therapeutic agent, where the methods
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Tables 1A, 1B, 2A, 2B or Groups I and II, wherein a classification, as described in detail below,
using the biomarker values indicates whether the individual will be responsive to a therapeutic
agent. While certain of the described predictive biomarkers are useful alone for predicting
responsiveness to a therapeutic agent, methods are also described herein for the grouping of
multiple subsets of the biomarkers that are each useful as a panel of two or more biomarkers.
Thus, various embodiments of the instant application provide combinations comprising N
biomarkers, wherein N is at least three biomarkers. It will be appreciated that N can be selected
to be any number from any of the above-described ranges, as well as similar, but higher order,
ranges. In accordance with any of the methods described herein, biomarker values can be
detected and classified individually or they can be detected and classified collectively, as for
example in a multiplex assay format.

b) Microarray methods

[0096] In one embodiment, the present invention makes use of "oligonucleotide arrays"
(also called herein "microarrays"). Microarrays can be employed for analyzing the expression of
biomarkers in a cell, and especially for measuring the expression of biomarkers of cancer
tissues.
[0097] In one embodiment, biomarker arrays are produced by hybridizing detectably
labeled polynucleotides representing the mRNA transcripts present in a cell (e.g., fluorescently-
labeled ¢cDNA synthesized from total cell mRNA or labeled cRNA) to a microarray. A
microarray is a surface with an ordered array of binding (e.g., hybridization) sites for products of
many of the genes in the genome of a cell or organism, preferably most or almost all of the
genes. Microarrays can be made in a number of ways known in the art. However produced,
microarrays share certain characteristics. The arrays are reproducible, allowing multiple copies
of a given array to be produced and easily compared with each other. Preferably the microarrays
are small, usually smaller than 5 cm?, and they are made from materials that are stable under
binding (e.g., nucleic acid hybridization) conditions. A given binding site or unique set of
binding sites in the microarray will specifically bind the product of a single gene in the cell. In a
specific embodiment, positionally addressable arrays containing affixed nucleic acids of known
sequence at each location are used.
[0098] It will be appreciated that when cDNA complementary to the RNA of a cell is
made and hybridized to a microarray under suitable hybridization conditions, the level of
hybridization to the site in the array corresponding to any particular gene will reflect the

prevalence in the cell of mRNA transcribed from that gene/biomarker. For example, when
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or no signal (e.g., fluorescent signal), and a gene for which the encoded mRNA is prevalent will
have a relatively strong signal. Nucleic acid hybridization and wash conditions are chosen so
that the probe "specifically binds" or "specifically hybridizes' to a specific array site, i.c., the
probe hybridizes, duplexes or binds to a sequence array site with a complementary nucleic acid
sequence but does not hybridize to a site with a non-complementary nucleic acid sequence. As
used herein, one polynucleotide sequence is considered complementary to another when, if the
shorter of the polynucleotides is less than or equal to 25 bases, there are no mismatches using
standard base-pairing rules or, if the shorter of the polynucleotides is longer than 25 bases, there
is no more than a 5% mismatch. Preferably, the polynucleotides are perfectly complementary
(no mismatches). It can be demonstrated that specific hybridization conditions result in specific
hybridization by carrying out a hybridization assay including negative controls using routine
experimentation.
[0099] Optimal hybridization conditions will depend on the length (e.g., oligomer vs.
polynucleotide greater than 200 bases) and type (e.g., RNA, DNA, PNA) of labeled probe and
immobilized polynucleotide or oligonucleotide. General parameters for specific (i.e., stringent)
hybridization conditions for nucleic acids are described in Sambrook et al., supra, and in
Ausubel et al., "Current Protocols in Molecular Biology", Greene Publishing and Wiley-
interscience, NY (1987), which is incorporated in its entirety for all purposes. When the cDNA
microarrays are used, typical hybridization conditions are hybridization in 5xSSC plus 0.2%
SDS at 65C for 4 hours followed by washes at 25°C in low stringency wash buffer (1xSSC plus
0.2% SDS) followed by 10 minutes at 25°C in high stringency wash buffer (0.1SSC plus 0.2%
SDS) (see Shena et al., Proc. Natl. Acad. Sci. USA, Vol. 93, p. 10614 (1996)). Useful
hybridization conditions are also provided in, e.g., Tijessen, Hybridization With Nucleic Acid
Probes", Elsevier Science Publishers B.V. (1993) and Kricka, "Nonisotopic DNA Probe
Techniques", Academic Press, San Diego, Calif. (1992).

¢) Immunoassay methods

[0100] Immunoassay methods are based on the reaction of an antibody to its corresponding
target or analyte and can detect the analyte in a sample depending on the specific assay format.
To improve specificity and sensitivity of an assay method based on immunoreactivity,
monoclonal antibodies are often used because of their specific epitope recognition. Polyclonal
antibodies have also been successfully used in various immunoassays because of their increased

affinity for the target as compared to monoclonal antibodies Immunoassays have been designed
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sense ([l(illj(l)ll]y E)((Q?lgrilt(i:‘%ti\:reYlggﬁl‘; may be generated through the use of a standard curve created
with known concentrations of the specific analyte to be detected. The response or signal from
an unknown sample is plotted onto the standard curve, and a quantity or value corresponding to
the target in the unknown sample is established.
[0102] Numerous immunoassay formats have been designed. ELISA or EIA can be
quantitative for the detection of an analyte/biomarker. This method relies on attachment of a
label to either the analyte or the antibody and the label component includes, either directly or
indirectly, an enzyme. ELISA tests may be formatted for direct, indirect, competitive, or
sandwich detection of the analyte. Other methods rely on labels such as, for example,
radioisotopes (I'*) or fluorescence. Additional techniques include, for example, agglutination,
nephelometry, turbidimetry, Western blot, immunoprecipitation, immunocytochemistry,
immunohistochemistry, flow cytometry, Luminex assay, and others (see ImmunoAssay: A
Practical Guide, edited by Brian Law, published by Taylor & Francis, Ltd., 2005 edition).
[0103] Exemplary assay formats include enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay, fluorescent, chemiluminescence, and fluorescence resonance energy transfer
(FRET) or time resolved-FRET (TR-FRET) immunoassays. Examples of procedures for
detecting biomarkers include biomarker immunoprecipitation followed by quantitative methods
that allow size and peptide level discrimination, such as gel electrophoresis, capillary
electrophoresis, planar electrochromatography, and the like.
[0104] Methods of detecting and/or quantifying a detectable label or signal generating
material depend on the nature of the label. The products of reactions catalyzed by appropriate
enzymes (where the detectable label is an enzyme; see above) can be, without limitation,
fluorescent, luminescent, or radioactive or they may absorb visible or ultraviolet light.
Examples of detectors suitable for detecting such detectable labels include, without limitation, x-
ray film, radioactivity counters, scintillation counters, spectrophotometers, colorimeters,
fluorometers, luminometers, and densitometers.
[0105] Any of the methods for detection can be performed in any format that allows for any
suitable preparation, processing, and analysis of the reactions. This can be, for example, in
multi-well assay plates (e.g., 96 wells or 384 wells) or using any suitable array or microarray.
Stock solutions for various agents can be made manually or robotically, and all subsequent
pipetting, diluting, mixing, distribution, washing, incubating, sample readout, data collection
and analysis can be done robotically using commercially available analysis software, robotics,

and detection instrumentation capable of detecting a detectable label.
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be provided in a kit. For examplé, the kit can contain reagents, tools, and instructions for
determining an appropriate therapy for a cancer patient. Such a kit can include reagents for
collecting a tissue sample from a patient, such as by biopsy, and reagents for processing the
tissue. The kit can also include one or more reagents for performing a gene or gene product
expression analysis, such as reagents for performing RT-PCR, qPCR, northern blot, proteomic
analysis, or immunohistochemistry to determine expression levels of gene or gene product
markers in a sample of a patient. For example, primers for performing RT-PCR, probes for
performing northern blot analyses, and/or antibodies for performing proteomic analysis such as
Western blot, immunohistochemistry and ELISA analyses can be included in such kits.
Appropriate buffers for the assays can also be included. Detection reagents required for any of
these assays can also be included. The appropriate reagents and methods are described in
further detail below.
[0107] The kits featured herein can also include an instruction sheet describing how to
perform the assays for measuring gene or gene product expression. The instruction sheet can
also include instructions for how to determine a reference cohort, including how to determine
expression levels of gene or gene product markers in the reference cohort and how to assemble
the expression data to establish a reference for comparison to a test patient. The instruction
sheet can also include instructions for assaying gene or gene product expression in a test patient
and for comparing the expression level with the expression in the reference cohort to
subsequently determine the appropriate chemotherapy for the test patient. Methods for
determining the appropriate chemotherapy are described above and can be described in detail in
the instruction sheet.
[0108] Informational material included in the kits can be descriptive, instructional,
marketing or other material that relates to the methods described herein and/or the use of the
reagents for the methods described herein. For example, the informational material of the kit
can contain contact information, e.g., a physical address, email address, website, or telephone
number, where a user of the kit can obtain substantive information about performing a gene
expression analysis and interpreting the results, particularly as they apply to a human's
likelihood of having a positive response to a specific therapeutic agent.
[0109] The kits featured herein can also contain software necessary to infer a patient’s
likelihood of having a positive response to a specific therapeutic agent from the gene product
marker expression.

Therapeutic agents
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are not limited to, the following agent; VEGF pathway-targeted therapeutic agent, including
multi-targeted pathway inhibitors (VEGF/PDGF/FGF/EGFT/FLT-3/c-KIT), Angiopoictin-TIE2
pathway inhibitors, endogenous angiogenic inhibitors, immunomodulatory Agents. VEGF
specific inhibitors include, but are not limited to, Bevacizumab (Avastin), Afibercept (VEGF
Trap), IMC-1121B (Ramucirumab). Multi-targeted pathway inhibitors include, but are not
limited to, Imatinib (Gleevec), Sorafenib (Nexavar), Gefitinib (Iressa), Sunitinib (Sutent),
Erlotinib, Tivozinib, Cediranib (Recentin), Pazopanib (Votrient), BIBF 1120 (Vargatef),
Dovitinib, Semaxanib (Sugen), Axitinib (AG013736), Vandetanib (Zactima), Nilotinib
(Tasigna), Dasatinib (Sprycel), Vatalanib, Motesanib, ABT-869, TKI-258. Angiopoictin-TIE2
pathway inhibitors include, but are not limited to, AMG-386, PF-4856884 CVX-060, CEP-
11981, CE-245677, MEDI-3617, CVX-241, Trastuzumab (Herceptin). Endogenous angiogenic
inhibitors include, but are not limited to, Thombospondin, Endostatin, Tumstatin, Canstatin,
Arrestin, Angiostatin, Vasostatin, Interferon alpha. Immunomodulatory Agents include, but are
not limited to, Thalidomide and Lenalidomide.
[0111] This invention is further illustrated by the following examples, which are not to be
construed in any way as imposing limitations upon the scope thereof. On the contrary, it is to be
clearly understood that resort may be had to various other embodiments, modifications, and
equivalents thereof which, after reading the description herein, may suggest themselves to those
skilled in the art without departing from the spirit of the present invention and/or scope of the
appended claims.

EXAMPLES

Example 1: Tissue processing, hierarchical clustering, subtvpe identification and classifier

development

Tumor Material.

[0112] Exemplary expression signatures were identified from gene expression analysis of a
cohort of macrodissected epithelial serous ovarian tumor FFPE tissue samples sourced from the
NHS Lothian and University of Edinburgh.

[0113] The protocol for histological classification of epithelial ovarian cancer to define
serous, endometrioid, clear cell and mucinous histologies has recently been updated. One of the
consequences of this is that many tumors that would previously been classified as endometrioid
are now being classified as serous. (McCluggage, W.G. “Morphological subtypes of ovarian

carcinoma: a review with emphasis on new developments and pathogenesis,” PATHOLOGY 2011
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GFPT2 0.0380 5 POSTN -0.0355 WD 2012/ 167278PCT/ US2012/ 040805 6 BI CC1
0.0304 7 CDH11 0.0283 8 MRVI1 0.0256 9 PMP22 0.0240 10 COL11A1 -0.0237 11
| GFL2 0. OZ@201216438 - 0. 0220 13 NTM -0. 0218 14 BGN 0. 021PCTAS@OR®AMB0s 0. 0210

16 Ca‘lr(é)r'?‘l%ve()d. O%Egselp%ogzéb‘sBe%L A bgelggprels%ioﬁl\ig?e-lﬂs‘ %arclje'cp &iggiﬁ%gntly from tumor to tumor

were identified. These probe sets formed the intrinsic list.
[0119] Two dimensional cluster analysis (tumor, probeset) was performed to establish tumor
relationships based on the intrinsic list. Hierarchical agglomerative clustering was applied
(Pearson correlation — Original analysis — or Euclidean distance — updated analysis — and Ward’s
linkage). Optimal partition number was selected using the GAP index (Tibshirani et al., 2002, J.
R. Stat. Soc., 63:411-423). All probesets available in the cluster subgroups were mapped to
genes names.

b. Functional analysis of gene clusters
[0120] To establish the functional significance of the probeset clusters, probesets were
mapped to genes (Entrez gene ID) and an enrichment analysis was performed. Enrichment
significance was calculated based on the hypergeometric function (False Discovery Rate applied
(Benjamini and Hochberg, 1995, J. R. Stat. Soc. 57:289:300)). Over-representation of biological
processes and pathways were analysed for each gene group generated by the hierarchical
clustering for the epithelial serous ovarian cancer samples using Almac Diagnostics’ proprictary
Functional Enrichment Tool (FET). Antisense probesets were excluded from the analysis.
Hypergeometric p-values were assessed for each enriched functional entity class. Functional
entity classes with the highest p-values were selected as representative of the group and a
general functional category representing these functional entities was assigned to the gene
clusters based on significance of representation (i.e. p-value).
[0121] To generate an angiogenesis classifier using the original 199 epithelial serous ovarian
tumors, genes in clusters enriched for angiogenesis, vasculature development and immune
response general functional terms were grouped into a putative angiogenesis gene group and
used for the signature generation. The sample clusters presenting high expression for the genes
involved in angiogenesis, vasculature development and immune response general functional
terms were selected for classification and labeled as ‘angiogenesis’. Those not showing high
expression for the genes involved in these functional terms were labeled as ‘non-angiogenesis’.
[0122] To generate an angiogenesis classifier using the reclassified 265 epithelial serous
ovarian tumors, genes in clusters enriched for angiogenesis and vasculature development general
functional terms were grouped into a putative angiogenesis gene group and used for the
signature generation. The sample clusters presenting high expression for the genes involved in
angiogenesis and vasculature development general functional terms were selected for
classification and labeled as ‘angiogenesis’. Those not showing high expression for the genes

involved in these functional terms were labeled as ‘non-angiogenesis’.
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[0123] To facilitate validation of the classifier across multiple array platforms, the
angiogenesis classifier was generated at the gene level. The following steps outline the
procedures that were taken for gene level signature development (each step performed over
internal cross validation using 10 repeats of 5-fold cross-validation):

Gene level signature development

* Pre-processing:

o RMA background correction.

o Reference set of genes are those genes (sense probesets only) unique to
the ovarian DSA platform.

o Gene level summarization was performed in two steps; first probes to
probeset summarization was performed by calculating the median
expression of the probes in a probeset; secondly, median expression of the
(sense only) probesets mapping to each gene in the reference distribution
is calculated, yielding a “gene level” expression matrix.

o Quantile normalization was performed on the full gene expression data
matrix and a reference quantile derived from the training data was used to
normalize the test samples within each round of cross validation.

» Feature selection: Filtering 75% of genes by variance, intensity and correlation to
cDNA concentration, followed by either recursive feature elimination (RFE) or
filter feature selection (FFS) based on CAT scores.

* C(lassification algorithms: Partial Least Squares (PLS), SDA (Shrinkage
Discriminate Analysis) and DSDA (Diagonal SDA).

Model selection

[0124] The criteria used for model selection were AUC over internal cross-validation
and feature elimination. Functional enrichment of the signatures over cross validation using
FET based on the gene ontologies, interim validation sets which included two sets of technical
replicates for which standard deviation in signature scores for repeated samples was evaluated
over cross-validation and feature elimination and an assessment of the independence to clinical
and technical factors over cross validation (factors listed in Table 4).

[0125] It should be noted, since the subgroup (i.e. class label) derivation was performed
using microarray expression from the same sample cohort that was used for signature
development, there was an expected positive bias in any performance estimates based on AUC.

This highlights the importance of widening the criteria used for model selection, by including
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Hierarchical Clustering Analysis
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5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
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bi omarkers in Table 2B, wherein N eguals 2, 5 6,.7, 8, 9, 10, 11,
12, 13, epﬂhehai§ef0%0"airim cqigcer dafa soiy(2 @iamlzlis) ﬂ’ﬁ GM a@B’SlszfsVeaﬁ th@@ Sa@lgle 30,

31, 32’cll§s|\3ﬁers 24 Bree Cpigbesgt Clust& or élzps s vithin $dth d@ﬂﬁl{p déts%lé% Fl further

aspect er apeut | responS| S 1S pre I'n an v ‘dual by

conduct@ilassificutiar 3¢ Yumorsdniol ‘ahgige eedsisS aroa-dngivngenbgs |smisze ghoaps and

detectl apd} OMhe WastiBekitn b HmBiES b oo ians o i anpioteness was based -
upon the results of the functional analysis of the epithelial serous ovarian cancer dataset (FIG 1
FIG 6). The objective of this study was to characterize at a transcriptomic level a set of genes
that would be capable of determining responsiveness or resistance of a pathogenic cell to anti-
angiogenic agents and potentially identify patients who could benefit from anti-angiogenic
therapy. With this in mind, those samples within the epithelial serous ovarian cancer datasets
that best represented this biology were to be selected and compared to the remaining samples for
classifier generation (see next section). It was decided that the samples from the sample
angiogenesis cluster within the original epithelial serous ovarian cancer sample set (199
samples) were the most relevant samples for this selection as these samples demonstrated an up-
regulation of genes involved in signaling related to angiogenic and immune response processes
and pathways as defined by functional analysis (FIG 2A and 2B) It was decided that the
samples from sample cluster three within the reclassified epithelial serous ovarian cancer sample
set (265 samples) were the most relevant samples for this selection as these samples
demonstrated an up-regulation of genes involved in signaling related to angiogenic processes
and pathways as defined by functional analysis (FIG 2A and 2B)
[0130] An identical hierarchial clustering approach was applied to 105 breast cancer
samples. The dominant biology in Breast cancer is ER status and therefore in order to identify
the structure in the biology of the samples this cohort was divided into 2 populations for cluster
analysis. We identified angiogenesis and vasculature development subtypes (Figure 12A and
12B) demonstrating the expositing of an angiogenesis subtype from breast cancer samples.

Development and validation of the angiogenesis subtype classifier models

[0131] For case of reference, the following steps are detailed in reference to expression
signatures derived from Table 1A or Table 1B. However, a similar proceduce can be applied to
other putative clusters of angiogenesis sub-type related biomarkers such as those disclosed in
SEQ ID NOs: 632-801 and SEQ ID NOs: 802-974). Following the identification of a class of
tumors, that form the putative ‘angiogenesis’ subgroup, computational classification of these
tumors versus all others in the tumor cohort with reference to the functional ‘angiogenesis’

(angiogenesis, vasculature development, immune response) gene list (Table 1A or Table 1B)
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[0084] In one exenplary enbodi ment, the expression signature conprises a
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expr essi oNO2imr2r8e conpri ses at | east GIB2, | NHBA, THBEX/USSHRP2)80PLAU and

| N addi ti | bi f | b 1B, wh ' s 2,
5, a, - Stosg bRty gl STPERS B RTMAR, £0) PO s 1Dy o GFEFY fundpl®
23, 24,clR5ificBGnd 24,A128,0f3D wetld rdfresch? perdét sdphratfon o¥@lasSel, TBrefS@, inddrderd 1,

42, 43 or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61,togkterpine iBhe grzogspesisyubtpy clggifirmads] iy ppshlst dairedigdnspreapgnse to,

enbodi t : ; 1 .on: Si re. G i st N
addi t1 onarelst R FBRETS A SRk R TR 3 5 Abek B he e B 30 shERT

6, 7, &GigeX od@y cdihbirhBon IBith kthnddd, ofl Gare Itherajpids, &8, hydtheRik, is2that B, ARA s 25,
44, 45 folguingzinnBgitianghvidl ey Ao 3Ry boedhore .S gith B 105yt BUGASE 62
63, 64,inPval B8R abdve P8, 69, 70, 71, 72, 73, or 74. In another exenplary
enbodi ment, the expression signature conprises |INHBA and at | east N

addi t i ofrgilichiiamef Hesséfidrmordel aondepiehdent whlaerdyBlimidvérefapetN is . 2, 3, 4, 5,

2,6 7’278[01?5] 10To 1a]s'$esé|' %ﬁe B'r?o’gnolsécli’c pjééifer ]6? ’thele-gg'n8e’ an2d9 45-%91‘16 czlgiésif%e%’moz(f’e’ls, %ﬁléy 25,

were applied to a dataset of 77 glioblastoma samples taken at the time of initial surgical
resection from patients (>21 years of age) without prior therapy (Phillips et. al., 2006).

This analysis revealed that the 25-gene classifier model was independently associated with
prognosis in glioblastoma. Importantly, in a multivariate Cox analysis, the angiogenesis
signature was found to be prognostic of survival, independent from World Health Organisation
(WHO) tumor grade and/or the presence of necrosis (p = 0.37). Both of these clinical factors are
correlated with survival in glioblastoma. The angiogenesis-high group was associated with
significantly worse survival compared to the angiogenesis-low group (Hazard Ratio = 1.7814, p
=0.0269). This indicates that the 25-gene classifier is an independent prognostic biomarker of
survival in glioblastoma.

Application of the classifier models to an independent prostate cancer cell-line dataset

[0136] To assess the predictive power of the 25-gene and 45-gene classifier models, they
were applied to a dataset of 16 prostate cell-lines following treatment with Dasatanib. The cell-
lines were defined as being either a ‘responder’ or ‘non-responder’ based upon cell-proliferation
assays. This analysis revealed that the 25-gene classifier model is associated with response to
Dasatanib, with an AUC of 0.8364 (CI = 0.5255 — 1.0000), indicating that the 25-gene classifier
is predictive of response to Dasatanib. The analysis revealed that the 45-gene classifier model is
associated with respone to the same compound, with an AUC of 0.9455 (CI = 0.7949 — 1.0000)
indicating that the 45-gene classifier is also predictive of response to Dasatanib.

Example 4: Identification of and in silico validation of an anti-angiogenic “non-responsive”

subgroup of ovarian cancer

[0137] The expression of angiogenesis genes in probeset cluster 2 is down regulated in all
samples in Cluster 2 of hierarchial clustering of 265 samples newly classified as serous (Fig 6
and Fig 10). These samples in sample cluster 2 have a better prognosis than the rest of the
serous samples in samples from cluster 1 and 3 combined together as demonstrated in Fig 11.

This indicated that this group is defined by down regulation of expression of the angiogenesis
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28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43 or 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 6¥p2068/16698 70, 71, 72, 73, or 74.1n another ePemplSaryg/oemsbddi ment,

t he expressiqn.sign esgompr.ises . THBS2 and at |east N additional -
oi o RETS KPR HSIC2E7 PRURE Stk Pl raR30s BRALh @Rfbgenciss
10, 11,and2herdBre thik subBroupbs tetmicd 4 Bnoasp@idive2 browd?; Thdks phdfhotydd haslo Bden 28,
29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41 Lo

identified in ER+ and ER- breast cancer as can be see the middle sample group in Fig 12A and

the second sample group in Fig 12B.
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42, 43 or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, or 74. In

anot her ewenpl2zarwy278nbodi ment, the expressi on signature ©ORAISR&EIRH4(8DS | east
SFRP2 Vﬁfg.relnles 2, 3, 4, 5 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 29, “9FNSE 55 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,35 36,
37, 38,1.3%ricdfdan ‘H'S 11%2(10541311)2 r'wéd ,PY4 Sar cﬂGBeé’ahzu‘ﬂr&b él@me bl b tombihati&B withd,

55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 68, 69, 70, 71, 72,

73, or 11;1aotecan in recurrent glioblastoma. J Clin Oncol;27:4733-40 (2009)
2. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus irinotecan, fluorouracil,
and leucovorin for metastatic colorectal cancer. N Engl J Med;350:2335-42 (2004).
3. Rini BI, Halabi S, Rosenberg JE, et al. Bevacizumab plus interferon alfa compared with
interferon alfa monotherapy in patients with metastatic renal cell carcinoma: CALGB 90206. J
Clin Oncol; 26:5422-8 (2008).
4. Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with bevacizumab for
non-small-cell lung cancer. N Engl J Med; 355: 2542-50 (2006).
5. Wolmark N, Yothers G, O'Connell MJ, et al. A phase I trial comparing mFOLFOX6 to
mFOLFOX6 plus bevacizumab in stage Il or III carcinoma of the colon: results of NSABP
protocol C-08. J Clin Oncol; 27:1LBA4 (2009).
6. Yang JC, Haworth L, Sherry RM, et al., A randomized trial of bevacizumab, an anti-vascular
endothelial growth factor antibody, for metastatic renal cancer, N Engl J Med 349 427-434
(2003).
7. Willett CG, Boucher Y, di Tomaso E, et al., Direct evidence that the VEGF-specific antibody
bevacizumab has antivascular effects in human rectal cancer, Nat. Med. 10, 145-147 (2004).
8. Miller K, Wang M, Gralow J, et al., Paclitaxel plus bevacizumab versus paclitaxel alone for
metastatic breast cancer, N Engl J Med 357 26662676 (2007).
9. Miller KD, Chap LI , Holmes FA, ef al., Randomized phase III trial of capecitabine
compared with bevacizumab plus capecitabine in patients with previously treated metastatic
breast cancer, J Clin Oncol 23 792799 (2005).
10. O'Shaughnessy J, Miles D, Gray RJ, et al., A meta-analysis of overall survival data from
three randomized trials of bevacizumab (BV) and first-line chemotherapy as treatment for
patients with metastatic breast cancer (MBC), J Clin Oncol 28 (suppl) (abstr 1005) (2010).
11. Reck M, von Pawel J, Zatloukal P, et al., Phase 111 trial of cisplatin plus gemcitabine with
either placebo or bevacizumab as first-line therapy for nonsquamous non-small-cell lung cancer:
AVAIl, J Clin Oncol 27, 1227-1234 (2009).
12. Escudier B, Bellmunt J, Negrier S ef al., Phase 111 trial of bevacizumab plus interferon alfa-
2a in patients with metastatic renal cell carcinoma (AVOREN): final analysis of overall survival,
J Clin Oncol 28, 2144-2150 (2010)
13. Burger RA, Sill MW, Monk BJ, et. al. Phase II trial of bevacizumab in persistent or
recurrent epithelial ovarian cancer or primary peritoneal cancer: a Gynecologic Oncology Group
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I n anot her exenpl ary enbodi nent, the expression signature conprises PLAU
and at |east N additional biomarkers from Table | A or Table 1B, wherein N
is 2, 3, wWp2812/%7278, 8, 9, 10, 11, 12, 13, 14, 15, 16, PCT/UB2012298020, 21,
22, 23’C§§1N%5’ 26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40,
41, 42, or 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,

We claim:

1. A method of predicting a subject’s responsiveness to an anti-angiogenic therapeutic
agent comprising:

measuring expression levels of one or more biomarkers in a test sample of diseased
tissue obtained from the subject to determine a sample expression score, wherein the biomarkers
are defined by an expression signature;

comparing the sample expression score to a threshold expression score; and

classifying the subject as responsive or non-responsive, based on whether the sample

expression score is above or below the threshold expression score.

2. The method of claim 1, wherein the diseased tissue 1s cancer tissue.

3. The method of claim 2, wherein the cancer is ovarian cancer, glioblastoma or breast
cancer.

4. The method of any one of claims 1 to 3, wherein the sample expression value is

determined by measuring an expression level for each biomarker and multiplying it by a
corresponding weight, wherein the weight for each biomarker is determined by the expression

signature.

5. The method of claim 4, wherein the expression signature is derived by a method
comprising:

isolating total RNA from a sample set of discased tissue;

hybridizing the isolated total RNA to a microarray to obtain a sample expression data
set;

selecting those probes on the microarray with a variability above a defined significance
threshold to form a preliminary biomarker set;

generating clusters of biomarkers within the preliminary biomarker set having a similar
expression profile using a clustering algorithm;

identifying the biological processes or biological pathways for each cluster of
biomarkers;

selecting the cluster corresponding to the biological process or biological pathway of

interest; and
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58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, or 70. In another exenplary
enbodi nent the expression signature includes GIB2, | NHBA, THBS2, SFRP2,
PLAU and w0 20easr278bout 1% about 5% about 10% about PO¥USaDQ0$088D%

about 40% about % _about 60% about 70% _about 80% about 90%, about
A e R e R R R o g
conbi najibranrkeRenhané séikass chyicngn Neke Janple Sapt @iscadsd fgsuarusbpgpd egRindsed or

Si gnature [0085] To classify new test sanples using an expression signature,
such adMSHRESESYLEHRINBAELosHHYe, the rel ative expression |evels of bi omarkers
in a cancer tissue are neasured to WD 2012/167278PCT/ US2012/ 040805 form a
test sanple expression profile. In certain exenplary enbodi nents, the test
sanpl e expr éB&i mothpd affi ¢leim $, swhere ithe thicroatrine i artraneéripaome Mpay NEngesig on
score ("expression score"”) and conpared.to a threshold score that .ig .

76t hemdr a1y EEPinga P mﬁﬁran%crlatsn‘f cd@p cypropuiie ticH AP EPIories gdw_ﬁ@mg
threSthﬁsé&RﬁEﬁ%Q§N§tﬂﬁ&kﬁﬁiﬂS&QHQKQ@%%ﬂﬂQ&n%hﬁ%ﬁk@ﬂ%h&ﬂﬁ%%ﬁé%BM&MH%ﬁASUCh

as, but not limted to, responsiveness/ non-responsiveness to treatnment. The
pat i enttrans@imisequesets td&nawh RNpA efaescaipk yeqiendes eathdreiorthe amtamle sgwenpangl es
havi ng been characteri zed rognosi s, likelihood of recurrence, long term
survivéF?S%??%%B%FS%ﬁﬁ%%ﬂﬁa%fgggﬁﬁent response, diagnosis, cancer
classification, or personalized genonm cs profile. Expression profiles, and
correspondi ng deci sion scores frompatient sanples may be correlated with

t he chat act értiesmpibied of ohimi envheyaimpthe Probe sdheompaisen prgbeethat hid witkingiP0t he
sane SiQFkBFd%Q%tW?%ﬂ%H%&%&%J A,%ﬂﬁ&$q score decision threshold. The

t hr eshdl"d"CF“The 11 near classitier scal ar output is optimzed to nmaxim ze
the sum of sensitivity and specificity under cross-validation as observed
within the training dataset. [0086] The overall expression data for _a given
sanpl e 8s notheenethedof@ympepdchdns S ko dvinhereint B34 dragrrinteepmpyisingecoging i
order tp conrec . i i t i j i

of 1 ci anrdirhalsBhipG bbbl MUALE, RN FHIAAG ARRIAEly HREY Ny, |
one enhdwisomalt RNARE rRNANatrkefer BIPA SRNA), pradli helcaf RN Aa{snBMNA ) niaoBNsanpl e
i's evaluaﬁegwgg | i near assifier. As used herein, a linear classifier
ref ers BRY lgﬁvéﬁe%ﬁ Sthe individual biomarker intensities into a
conpound deci sion score ("decision function"). The decision score is then
conpared to a pre-defined cut-off score threshold, corresponding to a
certai .set -Hui method df empreonefofs@dasist § o By wliaetis gecepresstop sagriatihe ihdefltatdes

if a sanple | bove th ore.thre I Ci Si nct i positive) or
bel ow (B sPEn SR DS VEShE U8 €S PaudaiUbf i PSP Braeert i er on"t he
normal i zed data to nmake a di agnostic or prognostic call (e.g.

responsi veness or resistance to therapeutic agent) effectively nmeans to
split tlfe dakhe B5Hwd, of climad.| whesHl e cxprathiaiatigoatErofs éifm%ggﬁl@ﬁ ¥ &LSes
for aIIC1 enes in the classifier, into tw disjoint halves by neans of a
separati ng hyperplane. This split is enpirically derived on a | arge set of
training exanples, for exanple from patients show ng responsi veness or

resi stance tqQ a therapeutic a%ent. Wt hout |oss of generality, one can
assume 'd- certhsi Metpd of agpong ol viiged Poll. arherdn thoferess et U \WRIMPRSHWoul d
aUtO”HHk%QﬁEXHQE%%@?d%1?Q&??ﬁQﬁqh%ﬂJH§ for this remaining bi omarker where

t he decision wo cﬂange rom for exanple, responsiveness or resistance
to a therapeutic agent. Expression values above this dynam c threshold
woul d then ejther indi.cate resistance (for .a higmarker with a negative

wei ght )l %or rEEIBREPS &h&RY ope C}“B‘? ontér IQerWh\)%Fetlﬂ e FHE| P FRTY ROPMPE S
ther apaybios n€ Benes Hden PEKIELAS\Y ue of this threshol d depends on the
actual neasured expression profile of all other biomarkers within the
classifier, but the general indication of certain biomarkers remains fixed,

i.e. high values or "rel ative_.oyer-expressi.on" always contributes to .either
L Fespdaei verbopetid sEanfiony o BEr T BLRRIgRey B RefEREt S Sak8 o
2012/ 16%37¢REIUSARY. 2414085 th §duéh e B8R BECRIMN@N632-80Ther ek PTor $EQ tibe
context of the overall gene expression classifier, relative expression can
i ndi catMOs:808iYHdBrep-1br down-regul ati on of a certain biomarker is

i ndi cative of responsiveness or resistance to a therapeutic agent.

[ 0089] There are a nunber of suitable nethods for nmeasuring expression
profiles of test sanples depending on the type of bionmarker to be assayed.
Measuring nmRNA in a biological sanple may be used as a surrogate for
detection of the |level of the corresponding protein in the biological
sanpl e. Thus, any of the biomarkers or °bi omarker panel s described herein
can al so be detected by detecting the appropriate RNA. Methods of gene
expression profiling include, but are not limted to, mcroarray, RT-PCT,
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(also called herein "mcroarrays"). Mcroarrays can be enpl oyed for

anal yzi ng the expression of biomarkers in a cell, and especially for
neasuringNOhﬁummmﬂBssion of bi omarkers of cancer tissue?CTﬂB@Bl@MRObne
enbodi i O arrays [ d r|d|2|n det |.abel ed
ool ynuc ot i HismeinsF ot dh g of i, FE e Rl SRS ThRahe oo 85
fluor eSzcemtyB@NeCe@SADMAPyBNme@JHEdNtmmﬂr@tAasl LOIl 1, WRIVA, MR | 2436 VeI P2, RNA)
to a nlcroarreé rray is a surface with an or der ed array of binding
(e.g., WgB QtR6ﬁ¥”s§5%gziEﬁB§ﬁ6Hh@ﬁsV6Vﬂﬂany of the genes in the genone
of a cell or organism preferably nost or alnost all of the genes.

M croarrays can be made in a nunber of ways known in the art. However
produceld, mTrecoaethay sf ahpbeac ofchans 1 ehddavherinsthe expreddien sighatyiees apmprises
reprodu ible, allow |tiple copies of a given array to be produced and
easily E%%ﬁﬁ?e@mQﬂ%ﬁqgﬁg§>other. Preferably the microarrays are small
usually smaller than 5 cn2, and they are made frommaterials that are
stabl e under binding (e.g., nucleic acid hybridization) conditions. A given
bi ndi ngl6si t eltermethodjokarnyeineaff chiimslil g 18, wieseinrthd ¢rpressonsegnaaye werhprises the
speci fical | roduct of a single gene in the cell. In a specific
enbodi rfeAtS Mﬁ%%???%ﬂﬁ??y addr essabl e arrays containing affixed nucleic

aci ds of known sequence at each location are used. [0098]1t will be
appreC|ated t hat when cDNA co ementary to the RNA of a cell is nade and
hybri dilZed tBheanethet ebanyagnewd, g&lms llth 4ol \ehqiisﬂbﬁlilfd@mftsﬁl@n SEEIATIIE PQIARIISCE Hie

| evel O%n@ &ﬂﬁ?ﬁ%@t ggaton&g% Eﬁou Km‘efray correspondi ng to any
particutar gerte Wit ect { e B}eva ence’in the cell of nMRNA transcri bed
from t hat gene/blonarker For exanple, when WO

2012/ 167278PCT/ US2012/ 040805 detectably | abel ed (e.g., with a fluorophore)
cDNA orl8 RNATheonpthadeheay pne of chans ditall0e évhea@arthwessynhthw £8HPFISCS

m croarg rresponding to a gene (i.e., capable of
specifldﬂ¥q4ﬁgﬁzdlng t 3%5?83%@?%6$8the gene) that is not transcribed in
the cell wll have little or no signal (e g., fluorescent signal), and a

gene for, which t ngcoded pre ent wi |l have.a relatively strong
si gnal .| 9Nucﬂ§16@n%r§1><§ ﬁwr o1 @a&l‘f@ﬁ I eiereiB s tbHReioeaicRBBRRHE GEEMar
the praqpe, " 69@@' ﬂa'tlﬁ@dyl MrddidSherWeuti® pé‘gé'n{ I Gl AnpidpoRindi 78S path®ag SMRGHET C
array site, i.e thé probe hybridi zes, dupl exées or binds po a sequence
array mﬂegamptlha@wgmm ighabrivmy gndmummommbladorsegemnce but does not
hybridize to a site with a non-conpl enentary nucl ei c acid sequence. As used
herei n, one pol ynucl eoti de sequence is considered conplenentary to anot her

when, i)t herighaethed oPélatn®o RPhtEiH GheVE thay-R8Eetdd@BrapéutRHsshts ift1dR
bases, there are no ni snatches u5|q%ﬁstan ard base- Eglrlng rules or, if the

sEor t erBoykcigpmaly ofApasiie ob filbrseent s(V BeTfa@h?ﬁMﬂil 1?61 dRampgiremily, dematinibe
than a @(%eve@”?:{q?ﬁemg n@{l g‘ﬁ §yGFf1§1%bp8té§55§C S%Rtt rlﬁtpfaﬁlr’lo&% )i“lvozmlb

conpl e 0O ms enons rat speci fi

hybri dicafidaeid CR&htih)QMEzogsit t(Viokipe BIBKC my(b)r(\dJrge;eéfy,oDowmaﬁrSemmnmut a
hybrldlzatlon assay |nclud%ﬂ31negat|ve control s using . rout

exper i rfeHEAYi ORINTLOEY B8 mafanaAgippip &Z%Cétmaanée%bt(?%en% IP@saael;be(ﬁarY@ﬁl),t he
| engt h r 0 r an 200 bases) and type
(e. g %,gm&\&,&%%%g’ %?LT gggeﬁkg&g% gg%bgﬁg%ﬁ&{ glefcfoged pol ynucl GZJtI de o%/p
ollgonucleotide General paraneters for specific (i.e., strlngent)

hybr|d| ati con ions for nucleic acids, are .d i bed nbr ook et
sra, o, Ll o’ ayherei «fif 1BgioPRIERIAGE Pof NG nudes

B' ol OQVAMC%%n@PPH@ﬁGS%@' ROV ROGHOW Icaypi. DER S Cicengsse 7Y M]LQﬁY%NVmWKJz%l

incorporated inits entirety for all purposes. Wien the cDNA nlcroarrays

ar e useéelastimymhabaHehgeptin dorzatongnnaondhercehs are hybridi zation in 5xSSC pl us
0.2% SDS at 65C for 4 hours foll owed by washes at 25C in | ow stringency
wash buffer (1xSSC plus 0.2% SDS) followed by 10 m nutes at 25C in high
stringency vggeh niddernt (DaikSSO, phviseR. 2% B eﬁ&@se aﬁ?@r@@m@tmﬁibltorspﬁﬂ%[ude
Natl. Acad. Sci. USA, Vol. 93, p. 10614 (1996 : hybri di zati on

condi t i hesnbgseongling @I}dpwﬁnu&lm&ﬁatme Cgnstatm, jAssestin, Apgipstatdn.2easpeativylinteriiss] ei c
AC|d Pr.9o ce Publishers B.V. (1993) and Kri cka,

Nonlsék pfgaﬁﬁk%gﬁwﬁht %ﬂlques Academi c Press, San Diego, Calif
(1992). c¢) I mrunoassay nethods [0100]Innunoassay nethods are based on the
reaction of an antibody to its corresponding target or analyte and can
detect the analyte in a sanple dependlng on the specific assay format. To
i nprove specificity and sensitivity of %an assay nmet hod based on
i mrunor eactivity, nonoclonal antibodies are often used because of their
speC|f|c epltope recognltlon PoncIonaI antlbodles have also been
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[0112] Exenpl ary expression signatures were identified from gene expression
anal ysis of a cohort of macrodi ssected epithelial serous ovarian tunor FFPE
ti ssue sawplzer/smisced from the NHS Lot hian and Uni ver siPCgF/quZOIEMmsbmrgh

[ 0113] The prQtog 0 ical, classification of e n
cancer o nerletifbed 8f Mg 8 R SR IR TP aler R AT b e
has r edemlidgmiest agodatiedion@eesif the consequences of this is that many
tunmors that woul d previously been classified as endonetrioid are now bei ng
classified as serous. (MO uggage, WG "Mrphol ogi cal subtypes of ovarian
carcinoma: a review wi th enphasis on new devel opnents and pat hogenesis, "
PATHOLOGY 2011 WD 2012/167278PCT/ US2012/ 040805 Aug; 43(5):420-32). Serous
sanpl es that were used in this study were anong a | arger set of epithelial
ovarian cancer sanples of all histologies that were harvested between 1984
and 2006. Pathology to assign histology status was perforned by the

pat hol ogi sts at each of the centers at the tinme of harvesting. During March
and April 2012, 357 of these epithelial ovarian sanples were reviewed for

hi stol ogy classification by two i ndependent consultant ovarian cancer

pat hol ogi sts according to the revised protocol. This resulted in a
reclassification of several of these sanples as indicated Table 3. Table 3:
results of pathology review of 357 epithelial ovarian cancer sanples.
(Original histological status is presented in rows, and updated

hi stol ogi cal status is presented in colums) Oiginal/Updated CLEAR CELL
ENDOVETRI O D MJUCI NOUS SEROUS CLEAR CELL 19 1 0 5 ENDOVETRIO D 2 33 0 38
MUCINOUS 0 1 81 OITHER MXED 3 5 0 8 SEROUS 1 3 1 193 SEROUS/ ENDO
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02025 UNCLASSIFIED O 0 0 4 UNDI FFERENTIATED 1 0 O 3 The
original three serous subtypes identified below, and consequently a 25 gene
si gnat ur ewgestyichzzd i n t he exanple below (Fig 1) were i @#€mtuiskérem4dspdHm 199
sanpl es that were classified as serous according to the original

pat hol ogi st reports. Bioinformatic analysis was simlarly perfornmed on the
277 sarpl es Klnasisdd efedagshigagab)dct agihing/a barghr of Bdeg seceptblowaddvapparncer
usi ng the updated pat hol ogy classification method. This analysis identified
t he updhe eancericsRIse Piitiollisosgaicdheraprutiss EIEPIsiRgid consequent |y used to
define a 45 S| : X DI ' of 14 ot al
RNA was ext rtg%{gg]aﬁ% %gﬁq@éé%@rlg |£§%§?gﬁﬂ%§3%nat elgéts%&eﬂpllljéglgfn%aftggaes Eﬁﬁgﬁ%l [e%lj? gaglleél\lA
Par af f ifroriithe Gitgedieto Rlcagmist blatsinGoiinpivbexphsiion sCercmamyicin RNAbivamriconuer t ed
into VAO 20%&)/, 167278PCT/ US2012/ 040805 conpl ementary deoxyri bonucleic acid

( cDNA) , IHAFERY (RS RGBS anpl i fied and converted into single-stranded
form using tdgpafthAMcERARALAGKS hile T bl agdr BPE RNA ATl i cat i on
System V2 (NuGEN Technol ogies Inc., San Carlos, CA, USA). The anplified

si ngl e- st r ardesdifpDiltharab]dach enreSpagerenrtred-raspdnbivo based | cmbehatiberube pgpresseon
FLOvati onTM cDNA Bi oti n dule V2 (NuUGEN Technol ogies Inc.). The fragnented
and Iabgé?rgdsgwq}‘\gglof’vh%%/gﬁ%ﬂdo‘?c? d to the Almac Ovarian Cancer DSA .

Al mac's Ovarian Cancer DSATM research tool has been optim sed for analysis
of FFPE tissue sanples, enabling the use of valuable archived tissue banks
The Al ride OvEhciraethGhacdainDBATIcB diereahcar appvaren gangen by glioblestemer oar r ay
platformthat represents the transcriptone in both normal and cancerous
ovarian tissues. Consequently, the Ovarian Cancer DSATM provi des a

conpr elxnsi VEne! ©pthes &fitaal iods dIfcldiig 24r n3s; ridréifahavirdfbicAcd BEpressdsn Rtue is

di sease and ti ssue setting, not avail able using generic mcroarray.

pl at f ordeiermppcdabsg colslsting FRNSHPrepsion gvalpre forf pachebipmiptkeand cRISO SR HnkY 27G
(Affy i o t i . i r ol
(@0 orohebiny R SR the b 7 oAb SRRRRT e ha] B et

al gor i tdignatupe.f f erent techni cal aspects were addressed: average noi se and
background honobgeneity, percentage of present call (array quality), signal
quality, RNA quality and hybridization quality. Distributions and Medi an
Absol utyey Deviiat jRfhoff ofC Blafre SPORG RGN RAE AXBESESiSH Winan A0 YigRGABY 4158 ddO
identify possible outiiers. [0116] Alnac's Ovarian Cancer DSATM cont al ns
probes dohwtrismgi marily target the area within 300 nucl eotides fromthe 3

end. Therefare stan fymetrix RNA.qual.it asures were adapted - for
ousekeop ng SRR PIee B gh BedhashidFaRN th ratioe of 3 end
probeset | ntl@f@ﬁd{zﬁ?tﬁe iSO RtAMBFR BN D REK B QUAIEhyl B8R 4 Yot WEELHreiash Values;
addition to usual 3' /5" ratios. Hybridization controls were checked to

ensur e t hat seleeiing thaseprobes asthgmeiciopaaenithdhg vasiabdiy aberctagdafined piggiticrestent s
speci fitﬁ%sl?&id'taéffmtﬂrkﬁmh{a&l&ig#@fk%}Q{toceSSi ng of the raw data generated
1 rng 1

from expression pr of e epithelial serous ovarian cancer training
set was per fenemtng olubiepy eSisomarkeansdhia thd pelimihdry BadrbskeMet hiviag haymilar
Anal ysis (RVA). Hi erarchical Custering and Functional Analysis a.

Hi er ar c3$ne S¥PrEssipd EpfllegisHa §Jester e 4@ thimer ar chi cal cl ustering techni ques

were applie - oM . . - el i ] nor s
el yaod usi ot phE BOANBRY AP BERGIE SPLARGLY Rr BB PHSe bR
Raw expr essisolectiag thewhsstgrroepegoadmgdo tisi biglogival ptoaedes o BRologstal Mthtvayhofp

Al gorithm (RN | A) procedure. Non-biological systematic variance in the data
set wasPiHEhEPEi ed and WD 2012/ 167278PCT/ US2012/ 040805 renpved. Those

probe set s WaoiseAKOEEISIAM §igMRIrE LYaRkISEngANDHAEBH ItclV @Thd bBRTanles frumor
were identified. These probe sets forned the intrinsic |list.
the selected cluster in a the sample set of cancer tissue using a supervised or unsupervised
training algorithm, wherein the expression value defines a set of biomarkers, corresponding

weights for each biomarker and the reference expression value.

28.  The method of claim 27, wherein the microarray is a transcriptome array comprising a

probe set that binds to RNA transcripts verified as expressed in a sample set of cancer tissue by
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[0119] Two di nensional cluster analysis (tunor, probeset) was performed to
establish tunor relationships based on the intrinsic list. Hierarchical
aggl oner avpwvel1xterzBeri ng was appl i ed (Pearson correl at i @0TAUSHIRYH#030%
anal ysi.s (-..or Eucli dean distance. -. ated anal ysi.s - and Ward' s |inkage).
ot o g e eiE B kR Bl R T P EBoi 208 TRBafih by B

al ., 2Q8dated RNA tr@isetipt 3qGence® i KhbhmARBA. trafbéripeprsedss available in the

cl uster subgroups were napped to genes nanes. b. Functional analysis of
gene clusters [0120] To establish the functional significance of the

pr obes cl e r t . . I n
i chint . ot pane® oh SRRE %, MlcEHT AR k! Rot ARk PlLEs (AR Hn o
based amncicbeddsygieligamdtaficech RINat traascriffal se Di scovery Rate applied
(Benj am ni and Hochberg, 1995, J. R Stat. Soc. 57:289:300)).
Over-representati on of biol ogical processes and pat hways were anal ysed for
each gefie 9raiingaoebRLSHoRY of O8Ikl 27 R BN haRkeif RUA Gahd8iplsQonttRifgRiddiigl | al
serous ovarian cancer sdanples using Almac D agnostics' proprietary

Funct i omél n@ncodhgremnsdiapé thEET)cludencsemger RMobesetRNMr elt@radivetie dplicaim

t he anal ysi,s. er trj -val u e sed [ eac ri

unct i JARASne PPl SRR Haf s Ralte R4S BRAESE S Ruelie i dsitta.

p- val uagicVsreA s ehERN £¢) 238 ah€RhESRRMAt i ve of the group and a genera
functional category representing these functional entities was assigned to
t he gene clusters based on significance of representation (i.e. p-value).
L0124 ¥, 90863 o 18, SFE R ERRREA0 1 hqrtl B9 Sh U i, Byl 198emnco
angi oganagi SPLY alasdifi@l 48¥ Ml eMedii@{re 8D Aa¢laksifisruie DebAmseifigener al

functional ternms were grouped into a putative angi ogenesis gene group and
used for the signature generation. The sanple clusters presenting high
eXpression fhfe ifodeHeSlaIi Al Kokl APUBARAGE | FonakFS U RRHEP WUy el PREEN!
and i mmune response general functional tefnms were sel ected for

cl assi fdlasaifiecan and | abel ed as " angi ogenesi s'. Those not show ng high
expression for the genes involved in these functional terns were | abel ed as
''non- angi ogenesi s'. [0122] To generate an angi ogenesis classifier using
the reci3assifiEdcR6 ofRhy BB bRLIaFR! 4% 9¥ALAABn tHEBL FessNGSndtite CoHPHEES
enriched for angiogenesi’s and vascul ature devel opnent general functional
terms Vimoergrae gettsifrono TablpdAairiRadlcaldyi ogenesi s gene group and used for the
signature generation. The sanple clusters presenting high expression for

t he genes involved in angi ogenesis and vascul ature devel opnment gener al
functi gual tE{cheBd Of S8 B Bf chihs 24 &5 32 fwkatinARe axstedsaleli@tht@s comprises
“angi ogenesi s'. Those not show ng hi gh expression for the genes involved in
t hese ﬂWﬁ@ﬁmynagmvéﬁhﬁnﬁé@e2ﬁané%éh%§% ' non- angi ogenesis'. WO

2012/ 167278PCT/ US2012/ 040805 Cl assi fier devel opnent at a zene | evel
[0123] To facilitate validation of the classifier across nultiple array

pl atfor3ss, TR AagbdgLalains2eloas whicaiin WRSexgeRsoatgdatdic ddagpriensvd evmbre The
foll owi ng steps.outline the procedures that were taken for gene |evel

si gnat WCBSHEVI BHIEEAE saaispses Of 5oyl 9tdeionn lbver i nternal cross validation
using 10 repeats of 5-fold cross-validation): Gene |evel signature

devel opnent Pre-processing: RMA background correction. Reference set of
genes date thtbengdndof(angnse of chires 84 so 32 whertini thel extrossidnesignauric annmpSics

pl at f or I |, su rizatj erfar in t teps: first
probes‘g%P%fﬁﬂggeggﬁﬁﬁﬁaggﬁa#ﬁgﬁbﬁgé%gggf #&&@gggcggﬂegigﬁiMQQ%%g’hﬁﬂ?én
expr essRP20pL A Ve RAEANESFR M aripsgRegein3, $&aqdl y, nedi an expression of the
(sense only) probesets nmapping to each gene in the reference distribution
is calculated, yielding a "gene level"™ expression matrix. Quantile

nor mal i zat i was rfornmed op the |1 ,gene _expressi on.data matrix and a
ot rerde quiErebdar FORE% Phrl et jos i NG a SR e B bl oE Che
test sanpbafesWichimTasieharound of cross validation. Feature selection:
Filtering 75% of genes by variance, intensity and correlation to cDNA
concentration, followed by either recursive feature elimnation (RFE) or

filter feeat i Qr Si.f1 i .

al gor 1 the: - i PELSE bE ARy bug o oBRST Rt RIS EQATRRT siaubu R UG horise
Anal ysith} ganrd liSDMm ThblagBnal SDA). Mdel selection [0124] The criteria used
for nodel selection were AUC over internal cross-validation and feature
elimnation. Functional enrichnment of the signatures over cross validation
usi ng FET based on the gene ontoIogies?Ointerin1va|idation sets which
included two sets of technical replicates for which standard deviation in
signature scores for repeated sanples was eval uated over cross-validation

. e - o Y " - v



Cal culating classifier scores for validation data sets [0126] All datasets
were pre-processed using RVA. For each validation set, the probesets that
map to t wocheswiiiBer genes were determ ned, excludi ng ROETIVSSERHE8PF obeset s
(if applicable). Annotation for Affynetrix Plus 2.0 and Ul133A arrays are
avail able fromthe Affymetrix website. The nedian intensity over al
probeseios meHRi Methb® o€as of€BL cliafing et bASehdréiarthaaspreicnuigiee coaprikés ng
in a gene intensity matrix. The classifier was then applied to this data
mat ri x thogpcs qomarisng fheseuqnees ofgioup predireundn for each sanple. Univariate
and Multivariate analysis [0127]Univariate and nultivariate anal ysis may
be carried out inrelation to the glioblastom dataset to assess

r espectdivel yTiichacthsd of aay bon obelhinee?d td82, anigirogehe sxgesidt yipeatak asmiptiser
and suryj val d etermne if the association, if any, was independent
to knovﬂ\'(r'fﬁzl’ Mﬁ% Téﬁ%ﬁ%,ﬁgpg,_ a“ﬁr?é“%Uval ues for univariate analysis were
cal cul ated using logistic regression in MATLAB. For the nultivariate

anal ysis we used a likelihood ratio test fromlogistic regression was used,
wher e tde p-Malmebod epamysectofichems2épo #0 wheecih dlgs- dntikalgidpson aghetns ¢ 3HSalF4 ng
the nodel, with th linical covariates.and t redictions.to a reduced
rodel VRt Prselish Sicstheiie, S0 o ke ERo Bt aY | BHkr. SEEEFES ¢ he
I mpor t angRgehic iMgbigshanliftiebRbdiBtompaetng survival, and highlights its

i ndependence as a predictor relative to the clinical predictors. In both
univariate and multivariate analysis, a p-value < 0.05 was used as the
criteripn fof, Shanhd LFARES s FESDSPUR ISR &Rt HakRoND. SLhkcala.
factors were excruded FATTHI’S” assessnent. Resutt € §dent rreati on of

subgr oups/agin@mge nenrabtion AfivGtanatVEGF f Tef),011MJi- NEd 1 BaH atpéiaimsh)hilafachdgy
classification Hi erarchical Custering Analysi

| WO
2012/ 149IrPOT/Soconb) OWrenE | GERBbetisie: UMbl 6RutRbyFletnibn Tivezinibd,

| oct Loneof w1 - ob ‘ e . e )
cancer Gaanibz fAFBEOLIEhRE WD HEH 3120 MNGRELR, DBFHALT SURELAR
ser ous (Bugm)anxitiaibc@GQlist7as k dtan(@6imb S Aapings) Nildtia b GRRignd) PadasnibgBeajiceldl,

Set o (NN bEMTsyTOR BA<ir Ga TEISGh turor's nto angi ogenesi s or

' non- angi ogenesi s' sanple groups [0129] The classification of sanples as
“ani gogenesi s' or 'non-angi ogenesis' was based upon the results of the
functi ci¥al akel ysitododl tlhem eldi tileiréinl the emgwpostinrlilBA mEveer inhaiites encloddsG 1

FIG®6).,.T ] i f thi ud C iz ra i,pt om ¢
| evel aA¥Q$3§£ gﬁ%ééﬁﬁgét(a%%ﬂ%%be¥g§%gg*ﬁ’o?ﬁégﬁ%ﬁﬁﬁnﬁﬁghf§§30ng$&%ﬁgis or
resi st anaguAfma ERIQPEL)NI ¢ cell to antiangi ogenic agents and potentially
identify patients who could benefit from anti-angi ogenic therapy. Wth this
in mnd, those sanples within the epithelial serous ovarian cancer datasets
that b eat T eﬂ{ee%?er‘a#o%d of hélginp Iéﬂl OFN crifa" ﬁ%e:[ %ng § eﬁ&llse%]hgl% Qtﬂ? ﬁﬁgﬁ?tgfseqncth?det he
remai ni ng sanpl es 1or classifilér generation ?%ee néxXP'°8ection). It was

deci dedriongospdirlig Endbestid, Qmddit, Sanihitn, AedsOgLAtSIoSath, Ndsestatih, tTRichfctdne
original epithelial serous ovarian cancer sanple set (199 sanples) were the
nost r éllfrant sanples for this selection as these sanpl es denonstrated an
up-regul ation of genes involved in signaling related to angi ogeni c and

i nmune response processes and pat hways as defined by functional analysis
(FI G 2A5%nd T)méthodascleiec # Hechardiathd inenswmpldaktdny apegamelelechalsiberdd hirdee
within the reclassified epithelial serous ovarian cancer sanple set (265
sanpleg?“&@P%“‘%e nost rel evant sanples for this selection as these sanples
denonstrated an up-regul ation of genes involved in signaling related to
angi ogeni ¢ processes and pat hways as defined by functional analysis (FIG 2A
and 2B) [0130] An identical hierarchial clustering approach was applied to
105 breast cancer sanples. The dom nant biology in Breast cancer is ER
status and therefore in order to identify the structure in the biol ogy of
the sanples this cohort was divided into 2 popul ations for cluster

anal ysis. W identified angi ogenesis and vascul ature devel opnment subtypes
(Figure 12A and 12B) denonstrating the expositing of an angi ogenesis
subtype from breast cancer sanples. Devel opnent and validation of the

angi ogenesi s subtype classifier nodels [0131] For ease of reference, the
followi ng steps are detailed in reference to expression signatures derived
fromTable | A or Table 1B. However, a simlar proceduce can be applied to
ot her putative clusters of angi ogenesis sub-type rel ated bi omarkers such as
t hose disclosed in SEQ I D NGs: 632-801’4nd SEQ I D NOGs: 802-974). Foll ow ng
the identification of a class of tunors, that formthe putative

“angi ogenesi s' subgroup, conputational classification of these tunors

T T T a . LR T Y M VT T 1
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1. A nethod hﬂbﬂél‘létﬁ deilpjatad detbl B & ¢ aipionghy éheBBin » samperixiprespigh slgeni c
therap%%gic agent conpri sing: measuri ng expression |levels of one or
nore biorfarkers in a test sanple of diseased tissue obtained fromthe

subj ect to deleefifig fRs@pHBOPLL tIRXPI@SATRHNWEIE @ariabitisr fHove ahifinbd BighkRasccar e
defined by an expression. signature; conparing the sanple expression score
to a tHheshld & Orpreysiigmastbpmarkesact; classifying the subject as
responsi ve - : i, QE re
< Bbove. or Toataunt FRERRRomaRS R Al e RS ARRAE: SRR e
1, wheraprestibe pohifdeasegla tiusereg blgodtmecer ti ssue. 3. The nethod of claim 2
wherein the cancer i§ ovarian cancer, gliogblastoma or breast cancer. 4

The method df° ﬁymsn CoPIRPEFHy PGS, Oy hiRl g Al H?ét%%ﬁﬁl re%ﬁegﬁlﬁ% al ue
I s det gfifhRAkdrsPy measuring an expression |evel for each bionarker and
multiplying it by a correspondi ng weight, wherein the weight for each

bi omar ker i sscltetieg tiendudstbry corgspending ¢ ithenbisiagneal pracess 61 bibhegiend tathgvayf of
claim4 mhgrein t he expression signature is derived by a nethod
conpriéPW5§’ﬁgglating total RNA froma sanple set of diseased tissue;

hybri di zi ng defigingSdl &lpdsibRRnaftNALY BnadyiheE e akprtYsib® 1Bl MhAbid RS in
expression data set; sel ecting those probes on the mcroarray with a
var i abith¢ s¢lceipbghister die i the gamplgrict pgém@seﬂ HissshBYiae EFUPSVIFCE op vabynervisady

bionprh%&ﬁﬁggkoﬁﬂl‘ generating clusters of biomarkers within the
prelimnary IZ0nar ker set having a sim |l ar expression profile using a
clustering al gorithm identifying the biological processes or

bi ol ogi cal pat hways for each cluster of biomarkers; selecting the
cluster corresponding to the biological process or biological pathway of
interest; and WD 2012/ 167278PCT/ US20127 040805 defining an

expression signature by anal ysing the expression | evels of the biomarkers
in the selected cluster in a the sanple set of diseased tissue using a

~ n o, -



WD 2012/ 167278PCT/ US2012/ 040805 14. The nethod of any one of clains 1 to
10, wherein the expression signhature conprises ALPK2, BG\, COL8A1, FAP,
FN1, GIB2WOI2DHBA727BTGAS5, LOXL1, LUM M R1245 MVP2 NKDPCTRIS2012/0R8B3 1,
SFRP2, THBS N, ns 1 to.10,
wher of 't e EepPEedt X Gt o ad OB e M Sfeby RS frofe ™y chabfishdy

16. Therows swedthat bady tO R trasdcaipi¥bvelifie® al @xprohRddh R tbliga/iRy &8 bl Afblating
signature conprises the genes listed in Table 2B. 17. The nmethod of any

one of @dAPGHENEINERNY trapp@ingy fFomrbe é@sb%@%ﬁ: ot sl grosspbdaeieshs ve t@(dh%Néenes
conpri one
of 51 & F S AGAUEN R0 fh LR Snlr sl bhorod g KU eRIOR Simo e
THBS2, thbERIPZ; tissnelaPihAlatier $est Jdmeploret hod of any one of clainms 1 to 18,
wherein the anti-angi ogenic therapeutic agent is a VEG-- pat hway-t argeted
therapeutic agent, an angi opoi etin-TlIE2 pathway inhibitor, endogenous

angi ogepi ¢ I1HY Bbhed Hf ciaaqq 51”%&%’1@% FloBE Y¥ePGRilirRes prodes Iﬂ!@ bitkt @Rﬁ'lnoioo
claim 19, wherein the VEGF pathway-targeted th erapeuplc agents I ncl ude
BevaC|zmmhbnd@wﬁﬁha30@mMﬂhb@rRN$uHmVE®F Trap), | MC1121B (Ranucirunab),
lmatinib (G eevec), Sorafenib (Nexavar), Gefitinib (lressa), Sunitinib
(Sutent), Erlotinib, Tivozinib, Cediranib (Recentin), Pazopanib (Vbtrient),
Bl BF 1120 ( VEHcaat®bd of BRYbhd &f HaimzesPaast, vHeRYE RNA uﬁffschbfy Rn{pRgl?

Vandet anib (Zactima), N'lotinib ﬂTaS|gna) Dasatlnlbjé gr ycel) Vatalanlb
Nbt esarfing, nBTodiBg, (rapkerims ghatr incledsnipiossanicon RIMAF @TRNA 1alterh@tlw¢ét rptcagh

claim19 er | i nhi ki tor 386,
b 455dBRY /A8t AT, GBS e PR, AR 1 s TN S5 s
(FbrcephkﬂﬂuQAs@nﬁamhgn@ﬂmﬁﬂmhﬁgkﬂgk, 22. The nethod of claim 19, wherein
t he endogenous angi ogeni c inhibitors include Thonbospondi n, Endostatin,
Tunstatin, Canstatin, Arrestin, Angiostatin, Vasostatin, Interferon al pha
or ac in I8 of
O o S TGP Ok MOREONEL] 87T SECILSAUCLO00R, Shlle PRLR

| enal i dsimgdePIc$ classcrﬁmba R&M olasdifiar @8DA cl¥RIfR0,1R/allBSR APEIHI52012/ 040805

24. A method of diagnosing a subject as having a cancer or being
suscepti bl e to devel oping the cancer response to anti-angi ogenic

ther apeyst i CSTiOBNbLE bR Gfaim 46 to SAERRCl e XPFESSH HBnhtGNSls Qieﬁfle@hsq‘l‘fgﬁ pgis in
a test sanple of a diseased tissue obtained fromthe subject to determ ne
obt ai n cdassidiepl e expressi on score, wherein the bionmarkers are defined by an
expression signature; conparing the sanple expression value to a threshold
score; and classifying the subject as responsive or non-responsive
based o3 WhetihtemhethbBE o€%RY 888 bPBlafkPIS td §5,3PREInQhe BRYrOWIdnE ot Ahire TBRIpises
score. 25. The nethod of claim 24, wherein the cancer is ovarian cancer or
a gl i obfvasr orase gems fromhdabled Ao Tableak: one of claims 24 to 25, wherein the
reference expression value is determ ned by cal cul ati ng an expression val ue
for each biomarker and nmultiplying it by a correspondi ng wei ght, wherein
the weigght fTfe @abbd bf anpokeof tlainked® toh fledhddyintthe ceprpystmsdi @it goaiput&.

27. The nmethod of claim 24, wherein the expression signature is derived by
a et hd®oosmse getes frons Spble 2APT2B al RNA from a sanpl e set of the di seased
tissue; hybridi zing the isolated total RNAto a mcroarray to obtain a
set of expression values; selecting those probes on the mcroarray with the
vari abii8. t y Hieavethad déhnyede sf glhinhd 4@inc &5,tnesinahd eXpre§smnmignmrelcbrﬂpﬁa¢sy

blonarker set eneratlng cl uster W t

pr el .t i WArSf rng&n%?zggg@wg% te fbeqae@??ﬁféf lﬂ%m&?ﬁ@éﬂdff P >.b qresl%g IPgl a
cl ust enipyg sabapui m. identifying the biological process or biologica
pat hway for each cluster of biomarkers; selecting the cluster corresponding
to the blologlcal processes or blologlcal pathmays of interest; and

deri vi ex n_sign e b n e _expressi.on Ieve t he
bi onmr ko o 1o e L dre g9 Bl ShEe Yo RS R R o SR e P

usi ng aABPREBGNedOR8 AUNENPEFNI SESB1, TRHE VI TEIASOLONIM, LUa! RIilR114%e MMP2,
expressi on val ue defines a set of biomarkers, correspondlng melghts for

each biNRREKREARRBAER, SERB?éH%@S%in@§%VKHUVaIue 28. The method of claim
27, wherein the mcroarray is a transcriptone array conprising a probe set
that binds to RNA transcripts verified as expressed in a sanple set of
cancer tissue by WO 2012/ 167278PCT/ US2012/ 040805 i sol ati ng and sequenci ng
RNA transcripts fromthe cancer tissue and cross-validating the isolated
RNA transcript sequences to known RNA transcript sequences. 29. The nethod
of claim 28, wherein the probe set conﬁ?ises probes that bind w thin 300
nucl eoti des of the 3' end of each RNA transcript. 30. The nethod of any
one of clalns 27 to 29, mhereln RNA transcrlpts conpr|5|ng codlng and

. b1 o RN I A I T



44. The net hod of claim4l, wherein the endogenous angi ogenic inhibitors
i ncl ude Thonbospondi n, Endostatin, Tunstatin, Canstatin, Arrestin,
Angi ost atwo20MasmyBat i n, I nterferon alpha 45. The nethddﬂﬁ&m@Mamms4l

w0 20131167 HEREEBIH1S) BitGatthe At els D as P oSl SRS RS

subj ectthazéres tigtag e TEKIBRAI Si ng: measuri ng expression | evels of one or
nore biomarkers in a test sanple of diseased tissue obtained fromthe
subject to determ ne a sanple expression score, wherein the biomarkers are
defi ned; by i r e re
to a TR esho s anGaar ARy ShoBRLIA 4F RS Milkeh IR SHTERrCHBEERS BRpReR

r esponshy geres lined-it €sidodBl ve, based on whet her the sanpl e expression score
i s above or below the threshold expression score. 47. The nethod of claim
46, wherein the diseased tissue is cancer tissue. 48. The nethod of claim
47, whepei n fREnCABESE oh? ol 8F LAMCANELSs, Whi:ah! S LATRSIA SiBATS coRBRCE!
49. The net hod of any one clains 46 48, wherein the sanpfe expression
val ue nbegetﬂnqm@edngﬁwneqwumesgfQm@upipréﬁ@uﬁﬂ | evel for each biomarker and
multiplying it by a correspondi ng wei ght, wherein each weight for each

bi omarker is determned by the expression signature. 50. The nmethod of

claim 43, WE{ahBthbief eXPLRS 6T SRirsd O&S 55, aNl'l&GlﬂQﬁé ¥Qtefionsi gRie Gomprises
conprising: isolating total RNA froma sanp e set of diseased tissue;

hybri diGlHg INHEA, %ﬂfﬁi?e@FRBtZafmdFﬂ\lﬂA@o a microarray to obtain a sanple
expression data set; sel ecting those probes on the mcroarray with a
variability above a defined significance threshold to forma prelimnary
bi onmar ket sellic method of@fyesRtdMthitk Us k@ 6S, Wherbihon@iktEasivgdnly thetabeutic agent
prelim nary bi omarker set having a similar expression profile using. a
cl ust erip ngy BEGErmathyrgy-targeted |ﬂéFé?ﬂeiu’f19| #g0E han pnglgictiar TFZo padbesy eglbltor,

bi ol ogi c sel ecting the
clustef%gg(%ggg&ﬁ%&%%ﬁﬁgﬁgﬁgmb% oglca%lproc EE%? 'bi ol ogi cal pat hway of
interest; and defining an expression signature by anal ysing the
expressjon | S. 0 e. bi rkers. i selected cluster in a the sanple
Sob of 4 seamehesabllier ﬁ%@%ﬁé@%%@% R Wihs apst st digiapyytisi gy melude

al gor i tHacit¥ing0 LA VhaTd 7 8RGHL MR ORZE QA OBD), PC-T1 BTRRBRM BIm & )2l IMabifib

wherein the mcroarray Is a transcrlptone array conprising probe sets that
bi nds t(&l&RMeCc) rS@m@cmlbpﬁ‘ﬁexaeari),f Gefitizib dxqesas Seditinr éSmteleﬂ) Ednfphib, devozpyb,

i sol ati u i RNA. tr cript S le.se

o os - AR AAD: HEHERRT S Bbind IR RH b JRIETE A Teb A ahEt BORIGR SegiRanis
transcrispgeny eﬂ%ﬁﬁﬁﬁ@&GM@ B6), VahB&ahiBIVa&aRD)! Rils@dib Q‘Pﬁ@?ﬁﬂ@,@asﬁﬁﬁbs@ﬁﬁlcéﬂ) ssue
as the patient test s The net hod of claimb51l, wherein the probe

a :
set coﬁﬁﬁﬂge@a%hﬁﬁé@bfggﬂ5ﬁﬂnEKﬁﬂ§&9haSQ@bﬁ@@@e&@Kﬁés of the 3' end of each
RNA transcript. 53. The nethod of any one of clainms 50 to 57, wherein RNA
transcripts conprising coding and non-codi ng transcripts that include
messengs. R\As ﬁﬁfﬂ&&) of ahtrereaatiheediy tﬁ@laingfb@oiéﬁhﬂiEz rﬂaﬂ%@ﬁ&ihlﬁ‘éﬁanélnﬁ@%)

transfer RNAs (t g smal | nucl ear RNAs (sn % oRNMeg% :%

ant i serS¥ R PFsii 56&8@ feY Kdtplor CAiy! bt mCEC ‘5‘36% sMER-33 7, wher 12611 he
expres LS classifier, a SYMclassifier, a
SDR c|Z§§§ |er pE@B%?I aSSI ?@?&ﬂ 5. The rmet hod of claim46 to 54,

wherein the expreSS|on signature is defined using a PLS classifier. 56.
The met hod any one aof clai to wherei n t he expression si.gna ure
conpri s@ fkﬁ geﬂeelf on‘i"g‘ﬁﬁllne tey cBfoBeApHte REOETy NRIOR e

any Onerlfbfm‘tfb'sﬁdﬂﬁ%l ‘E@ld%&a@@ Tdﬂ'i‘s%[tﬁf @ahil@tu%@i&ﬁﬁ' Rﬁgl%b@ﬁﬁth%stﬁﬁmhie%l%nt WO
or nore genes frorh Tabl e 2A or 2B The met hod any one of clains 46
to 55, aptarasiarconthenagiopthegeifon S|gnature conpri ses tmo or nore genes
conprising the sequences of SEQ ID NOs: 632-801 (G oup |I) or SEQ I D NGCs:
802-974 (Goup I1). 59. The nethod of any one of clainms 46 to 55, wherein
the expgessiTHe HétHHRbLEIRint OBIHBES tHRtrunoBidul &84 80dnts dRide idlidofal®2and

| NHBA, | TGA5, LOXL1, LUM M R1245, MVP2, NKD2, PLAU, RAB31, SFRP2, THBS2,
TI MP3, lvmhiomig aronemberatipg pETEais2012/ 040805 60. The method of any one of
clains 46 to 55, wherein the expression signatures conprises the genes
listed in Table 2A. 61. The nethod of any one of clainms 46 to 55, wherein
t he expression signature conprises the genes listed in Table 2B. 62. The
met hod of any one of clains 46 to 55, wherein the expression signature
conpri ses the genes conprising the sequences of Goup | or Goup Il. 63.
The net hod of any one of clainms 46 to %5 wherein the expressi on signature
conprises GJB2, |NHBA, THBS2, SFRP2, and PLAU. 64. The nmethod of any one
of clalns 46 to 63, mhereln the antl-anglogenlc therapeutlc agent |s a
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