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MULTIGENE ASSAY FOR PROGNOSIS OF RENAL CANCER

FIELD OF THE INVENTION

'[0001] 'The present invention relates to assays for clear-cell

renal cell carcinomas and in particular, assays for prognosis

and drug response brediction in  clear-cell renal cell

carcinomas- More specifically, the present invention relates

to multlgene assays u51ng - formalin-fixed paraffln embedded

*samples. Kits of reagents are also prov1ded

BACKGROUND OF THE INVENTION

'[0002] . Clear-cell renal  carcinomas (ccRCCs) are the- most .

.common histologic ‘variant of renal cancers, accounting for

about 80% of these tumours. About .30% of localized ccRCCs
recur . as :anurable metastatic disease after” surgery with

1ntent to cure. Currently, tumour stage at presentation is - the

‘most reliable predictor of clinical course of disease after

surgery. However,. there ' remains significant disparity within

" the same staging  group and clinical. outcome. Other vafiables
20

that influence outcome include Fuhrman grade, tumour size,

‘necrosis and performance status. Despite an abundance of

‘models for patient stratification, . it Zremains challenging to

predict metastasis of ccRCCs. Furt;her, . using currently

available staging systems many patients are assigned to

intermediate-risk . categorles making . stratification to

treatment groups challenglng

[0003] 'ccRCCs  in advanced stages are highly refractory to

30 -

chemotherapy, and the standard of care for several years was
.immunotherapy,‘ despite its limited . efficacy with response-

rates of 5 to 20%. With a better understanding of the

~molecular biology behind development of c¢cRCC, a number of

 molecular-targeted therapies have come to dominate treatment

strategies. For example, inhibition of tumour neoangiogenesis
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~by inhibition of vascular,endothelialAgrowth factor (VEGF) or

mammalian .target of © rapamycin (mTOR) pathways have

demonstrated clinical benefit. Despite these advances, only
15-25% of patients with metastatic disease expérience benefit

from currently available therapies, with overall median

"gurvival remaining dismally low at less than one year.
[0004] Currently treatment decisions are‘ made besed on

'”clinical criteria, -and prognostlc models for surv1val in the

metastatic setting are avallable for patients treated with

tyros1ne kinase inhibitors (TKI) . _However, most algorithmsAare

not predlctlve of response to therapy and validated molecular‘

markers that can 1dent1fy' patlents likely*‘to ‘benefit from

therapy are lacking. : Patients  stratified into similar risk .-

-categories' by one of _the currently available prognostic'

algorlthms can go on to experlence dlvergent outcomes when
admlnlstered targeted therapy, undermlnlng the efficacy of
such therapy

[0005] There 1s therefore a need to 7provide a . method for

-predlctlng cllnlcal outcomes of ccRCCs that overcomes, ‘or at

least amellorates, one or more of the dlsadvantages descrlbed

'Aabove,

SUMMARY OF . THE INVENTION

[0006] In a first aspect there is prov1ded a method of maklng

“a progn051s as - to’ whether a patient- havrng renal cancer is

likely to survive. 'in a tumour tissue sample obtalned from the

patient comprlslng.'determlnlng the level of expression for

each marker of a panel of markers, whereln the panel comprises
at least one housekeeping gene' selected from the -group

consisting of ACTB, RPLI3A, RPL9, and RPS29 and any

_combinations thereof; and at least one prognostic gene V
- selected from the group consisting of CXCL5, EFNA5, EMCN,
'G6PC, GFPT2, HIST2H3C, IGFBP1, LAMB3, MMP9, MOCOS, PLG, PRAME,
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RARRES1, SDPR, SLC6A19, TKl, KDELR3 and TSPAN7 and any
combinations thereof; determining whether an expressioh
parameter' for each marker in the tumour tissue sample is
achievedAbybcomparing the level of expression of each marker
with a predetermined reference level associated with each

marker; determining"the differential expression of each marker

in the tumour tissue sample based on the express1on parameter<

for each marker to provide a. progn051s for renal cancer.

[OOUH -In a second -aspect there is provided, 'a method for

predicting responsiveness to an anti-renal cancer treatment 1n

a patient having’ or at- risk of developing renal cancer in a

tumour tissue sample obtalned from the patlent compr1s1ng

‘determlnlng the level of expression for each marker of a panel

of markers, - wherein the panel ' comprises. at 1least one

housekeeping gene selected from the 'group consisting of - ACTB,

" RPL13A, RPLY9, and RPS29 and any combinations thereof; and at

least one progndstic gene selected from the group consisting
of CXCLS “EFNA5, EMCN, G6PC, GFPT2, HIS"'I"2H3C, IGFBP1, LAMB3,
MMP9, MOCOS, PLG, PRAME, RARRES1, SDPR, SLC6A19, TKI, KDELR3

and TSPAN7 and any_combinatiohs thereof; determining‘whether
_an expression parameter for eaoh marker in the tumour tissue

" sample is achieved by comparing the level of expression of

each marker with a predetermined reference level associated
with . each' marker; "~ wherein differential‘ expression of each

marker in the tumour tissue sample based on the expression

- parameter for each marker is indicative of the-reSponsiveness

of the patient to the anti-renal cancer treatment

[0008] A kit comprising: ‘at least one reagent to determlne the

‘ level - of expression for each marker of -a panel of markers in a

tissue tumour sample, wherein the panel comprises at least one

housekeeping gene selected from the group cohsisting of ACTB,

- RPL13A, RPL9, and RPS29. and any combinatiohs thereof; and at

‘least one prognostic gene selected from the group COnsisting
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of CXCL5, BEFNA5, EMCN, G6PC, GFPT2, HIST2H3C, IGFBPl, LAMB3,
MMP9, MOCOS, PLG, PRAME, RARRES1, SDPR, SLC6A19, TK1l, KDELR3
and TSPAN7 and any combinations thereof.

[0009] A kit comprising: at least one reagent to determine the
level of expression for each marker of a panel of markers in a
tissue tumour sample, wherein the panel comprises at least one
housekeeping gene selected from the group consisting of ACTB,
RPL13A, RPL9, and RPS29 and any combinations thereof; and at
least one prognostic gene selected from the group consisting
of CXCL5, EFNA5, EMCN, G6PC, GFPT2, HIST2H3C, IGFBP1l, LAMB3,
MMP9, MOCOS, PLG, PRAME, RARRES1l, SDPR, SLC6Al19, TK1l, KDELR3
and TSPAN7 and any combinations thereof.

[0009a] In another aspect, there is provided a method of making
a prognosis as to whether a patient having renal cancer is
likely to survive in a tumour tissue sample obtained from the
patient comprising:

a) determining the level of expression for each
marker of a panel of markers, wherein the panel
compriges at least one  housekeeping gene
selected from the group consisting of ACTB,
RPL13A, RPL9, and RPS29 and any combinations
thereof; and prognostic genes CXCL5, EFNAS,
EMCN, LAMB3, PLGE, PRAME, RARRES1 and SLC6Al9;

b) determining whether an expression parameter for
each marker in the tumour tissue sample is
achieved by comparing the level of expression of
each marker with a predetermined reference level
associated with each marker;

c) determining the differential expression of each
marker in the tumour tissue sample based on the
expression parameter for each marker to provide

a prognosis for renal cancer;
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wherein the renal cancer is clear cell renal
cell carcinoma (ccRCC) or a mixed renal tumour
comprising a c¢cRCC component,
wherein an increase in the expression parameter
of prognostic genes selected from the group
consisting of EMCN, PLG and SLC6A1l9 indicates an
increased chance of survival,
wherein a decrease or absence in the expression
parameter of prognostic genes selected from the
group consisting of PLG and SLC6Al9 indicates a
decreased chance of survival,
wherein an increase in the expression parameter
of prognostic genes CXCL5, EFNA5, LAMB3, PRAME
and RARRES1 indicates a decreased chance of
survival, and
wherein a decrease or absence in the expression
parameter of prognostic gene LAMB3 indicates an
increased chance of survival.
[0009b] In another aspect, there 1is provided a method for
predicting responsiveness to an anti-renal cancer treatment in
a patient having or at risk of developing renal cancer in a
tumour tissue sample obtained from the patient comprising:

a) determining the level of expression for each marker
of a panel of markers, wherein the panel comprises at least
one - housekeeping gene selected from the group consisting of
ACTB, RPL13A, RPL9, and RPS29 and any combinations thereof;
and the prognostic genes CXCL5, EFNA5, EMCN, LAMB3, PLG,
PRAME, RARRES1 and SLC6Al9;

b) determining whether an expression parameter for each
marker in the tumour tissue sample is achieved by comparing
the level of expression of each marker with a predetermined

reference level associated with each marker;
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wherein differential expression of each marker in the tumour
tissue sample based on the expression parameter Ffor each
marker is indicative of the responsiveness of the patient to
the anti-renal cancer treatment; and
wherein the renal cancer is a clear cell renal cell carcinoma
(ccRCC) or a mixed renal tumour comprising a ccRCC component,

wherein an increase in the expression parameter of
prognostic genes EMCN, PLG and SLC6Al9 indicates an increased
responsiveness to the treatment and an increased chance of
survival,

wherein an a decrease or absence in the expression
parameter of prognostic genes EMCN, PLG and SLC6A19 indicates
a decreased responsiveness to the treatment and a decreased
chance of survival,

wherein an increase in the expression parameter of
prognostic genes CXCL5, EFNA5, LAMB3, PRAME and RARRESL
indicates a decreased responsiveness to the treatment and a
decreased chance of survival, and

wherein a decrease or absence in the expression parameter
of prognostic genes CXCL5, EFNAS5, LAMB3, PRAME and RARRES1
indicates an increased responsiveness to the treatment and an

increased chance of survival.
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DEFINITIONS
[0010] The terms “biological material” or “biological sample”
as used herein refers to any material or sample, which
includes an analyte as defined herein. Such samples may, for
example, include samples derived £from or comprising stool,
whole Dblood, serum, plasma, tears, saliva, nasal f£luid,
sputum, ear fluid, genital fluid, breast £luid, milk,
colostrum, placental £fluid, amniotic  fluid, ©perspirate,
synovial £fluid, ascites £luid, cerebrospinal £fluid, bile,
gastric fluid, aqueous humor, vitreous humor, gastrointestinal
fluid, exudate, transudate, pleural fluid, pericardial £luid,
semen, upper airway fluid, peritoneal fluid, fluid harvested
from a site of an immune response, £luid harvested from a
pooled collection site, bronchial 1lavage, urine, biopsy
material, e.g. from all suitable Lorgans, e.g. the lung, the
muscle, Dbrain, liver, skin, pancreas, stomach, etc., a
nucleated cell sample, a fluid associated with a wmucosal

surface, hair, or skin.
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{0011] The invention illustratively described herein may

‘suitably be praqticed in the absence of any element or

elements, limitation or limitations, not specifically
disclosed herein. Thus, for example, the terms "comprising";
"including", "containing", etc. shall be read expansively and
without limitation. Additionally, the terms and expreseions

employed hereln have been used as terms of description and not

-of llmltatlon, and there 1s no intention in the use of such

terms and expressions of excludlng any equivalents of the

. features shown and described or portions thereof, but it is
recognized that various modifications are possible within-fhe-

" scope of the invention claimed. Thus, it should be understood

that although ‘the‘ present ‘invention has been specifically
disclosed by preferred embodiments and optional features,
modification and variation of the inventions embodied therein
hereih‘diselosed may be resorted to by those skilled in the
art, and that such medifications and variations are censidered
to be within the scepe of.this invention.

[0012] The invention has been described broadly and

generically herein. Each of the narrower species and

.subgeneric groupings falling within the generic disclosure

also form part,of~the'inventionp This includes the generic
description of - the invention with a proviso or negative
limitation removing. any subject matﬁer from the - genus,
regardless‘ of whether, or not- the excised material is
specifically rec1ted hereln

[0013] Other embodlments are within the following clalms and
non- limiting examples. In addition,- where ‘features or aspects’
of the inveﬁtion. are described in terms of Markush groups,
those  skilled in the art will recognize that the invention is

also thereby described 'in terms of any individual member or

subgroup of members .of the Markush group.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be better understood with reference

to the detailed description when considered in conjunction

‘with the non-limiting examples.and the accompanying drawings,

in which:

[0015] Fig."lA and 1B. Unsuperv1sed Hlerarchlcal Clusterlng

Analysis of 55 ccRCCs based on DASL expre551on data ‘identifies

two prognostlc subtypes. Fig. 1A shows the cluster dendrogram’
of - 55 CccRCC samples grouped . by expression of 3740 genes
measured by DASL ana1y51s Two ‘main groups are formed (nl = 43
apd n2 = 12) ‘denoted:,by solid and dashed lines under the"
dendogfam.'~?ig.} 1B 1shows ,Kaplan-Meiei curves of disease-s

specific survival for _two prognostic - subtypes generated by'

: hierarchical«clustering Survival in the good prognosis group

is 31gn1flcantly better than 1n the poor progn031s group (p =

.0.0185 by 1og rank test).

[0016] Fig. 2. Correlation of gene expressxon subgroups to

clinicopathologlcal features. Fig. 2 shows distribution of

' tumour grade, stage and size'in prognostic subtypes identified

by .unsupervised hlerarchlcal clusterlng of 55 ccRCCs by gene
express1on data Good . prognos1s and - S poor prognos1s subtypes
are des1gnated by solid and dashed lines below dendogram

[0017] Fig. 3A to. 3D. Relatively stable expression. of four
normallzatlon genes in 55 ccRCCS measured by DASL assay. Fig.
3 shows dotplots for expression of four genes in 55 samples

Fig. 3A. B- -actin. Fig. 3B. RPL9. Fig. 3C. RPL13A. Fig. 3D.

RPS29. The y-axes represent expression and X-axes correspords

t6 the samples index number of 55 ccRCCs.

[0018] Fig. 4. Heatmap of expression of 10 prognostic genes.

'Fig. 4 shows expression was measured by gPCR and plotted with -

respect to prognostic subtypes illustrating expression

patterns in prognosis subtypes ‘1 and 2 hlghllghted by solld
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and dashed lines. Prognosis subtypes are derived from the

screening cohort of 55 CCRCCs analyzed on DASL platform. Black
cells represent low expression and white cells 'represent high
expression. A

[0019] Fig. 5. - Prognostic utility of ten-gen'e" scor‘ing
algorithm. for ccRCCs. Fig. 5 shows prognostic ‘scores for 214

ccRCCs based ‘on QgPCR gene expression were calculated and

samples assigned to low- or high-scoring groups (cut-off at

0.6). Sufvival analy:sis . by Kapla;n—Me:i.en':~ méthodl shows"
significant difference in disease-specific survivai betweéﬁ
low- and high—s'cloring groﬁps corresponding  to poor and good
pr‘ognosisAc'cRCCs respectively. 4 o

[0020] Fig. 6A to. 6C. Validation of an eight-gene, prognosis
subtype,-classificat:ion algorithm for clear cell renal cell
éarciﬁomas (ccRCC). Fig. 6A to 6C show survival analysié by

Kaplan—Meier method for cc‘RCCV patients classified into good-

‘and poor-prognosis subtypes based on ‘expression of . eight
. genes. A difference is observed in cancer specific survival

‘between two: ?foggosis_ subtypes. Fig. 6A shows prognostic

subtype assignment for Singapore General Hospital (SGH) -224 .

validation cohort (nm .= 224) based on gquantitative polymei‘ase

chain reaction gene expression measurement in formalin-fixed

‘paraffin-embedded tumours. Fig."' 6B shows prognostic subtype

assignment for .the Cancer Genome Atlas (TCGA)-419 validation

cohort (n = 419) by classification algorithm applied to RNA-

sequencing’ expfession data. It should be noted that the TCGA

dataset is enri‘chedi in patients with higher-grade disease with

an overall poor survival -outlook, with only five samples

classified as histologic grade 1 tumours. Fig. 6C shows

prognc&st‘ic subtype - assignment for VARI-174 validation cohort
based on Affymetrix microarray expression data (Affymetrix,

Santa Clara, CA, USA).
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"DETAILED DESCﬁIPTION’ OF THE PRESENT INVENTION
[0021] In a first aspect the present invention refers to a
method of making a prognosis as to whether a patient having
renal'cancgr is likely to survive in a tumour tissue sample
obtained from the patient. ‘The method may compfise:
determining the level of expression for each marker of a panel
of:‘markers, wherein the panel comprises aﬁ' least omne
hdusekeeping gene selected from the group consisting of ACTE,
RPL13A, RPL9, and RPS29 and any combinations thereof; and at
least one prognostic dgene selected from the group consisting .
of CXCL5, EFNAS, EMCN, G6PC, GFPT2, HIST2H3C,  IGFBP1, LAMB3,
MMP9, MOCOS; PLG, PRAME, RARRES1, SDPR, SLC6A19, TK1, KDELR3 -
and TSPAN7 and ény,combinatigns thereof; determining whether
an.expression‘parameter for each marker in the tumour -tissue
‘sample' is achievea. by comparihg the 1level of expression of
each marker with a predetermined reference level associated
with each marker; deterhining the differential expression of
each marker in the tuméur tissue sémple based on the

expression parameter- for 'each marker to -provide a prognosis

. for renal cancter.

[0022] The brogﬁostic' géné may be selected from the group
consisting of - CXCL5, LAMB3,  MMP9, PRAME, RARRES1, PLG,
SLC6A19, EFNAS5, IGFBPl and EMCN and any cémbinatioﬁs thereof.

[0023], In one embodiment, the renal cancer may be clear cell-
rena1  cell carcinoma (ccRCC) or a mixture 6f ‘renal tumours
comprising céRCC. A '
[0024] In one embodiment, the patient may suffer from ccRCC or
wherein the patient suffers from ccRCC and undergoes anti-
cancer treatment. ~The likelihood of survival may. correlate
wiﬁh a decrease in the 1likelihood of metastasis, disease’

recurrence or early death.
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[MBST' The tumour tissue sample may be obtained from tissue

selected from the group consisting of frozen tissue, tissue

‘biopsies, circulating tumor cells, bodily fluids or other

biological sample. 4

[0026] Ih one embodiment, the bodily fluids are selected from
the group consisting of ascites, éffusions, cerebrospinal and
urine.

[0027} The patient .may be undérgcing anti-cancer treatment.

 The anti-cancer treatment may be selected from the group
10 .

consiéting of  a chemotherapeuti¢ treatment, ' a surgical

treatment, a treatment with radiation therapy;’immunothérapy,

- targeted therapy, - small  molecule therapeutlcs or ‘any

combination thereof . In some embodlments the,

chemotherapeutic' treatment may - comprise treatment with a

. protein kinase inhibitor, receptor tyrosine kinase inhibitor,'

‘antimetabolite, platinum‘ ccmplex,A spindle poison, . DNAi

crossllnklng drug and alkylatlng agent, bleomycin, antibiotic,

~and top01somerase 1nh1b1tor or comblnatlons thereof.

[0028] The receptor tyrosine kinase 1nh1b1tor may be selected
from the .group consisting of sunltlnlb pazopanlb axitinib,
sorafenilb or combinations thereof ‘ o

[0029] In some embodiments the protein kinase inhibitor may be
temsirolimus or evefolimus.

[NBO] The ‘:targeted therapy may comprise anti—tumourf
antibodies 'such as beVacizumab, interferon and combinations

thereof .

[0031] The - immunotherapy may be * interferon, _ high-dose-

Ainterléukin 2 or combinatiohs thereof.

[0032] The small molecule therapeutic may comprise

tivozantinib.



10

+ 20

25

30 -

WO 2015/050500 PCT/SG2014/000446

10

[0033] The patient may be a mammal or a human. - In some

embodiments, the human may be an ethnic Asian, or an ethnic
Cauca51an or an ethnic African.
[0034] The predetermlned reference level may be determined

based on the expression of the at least one housekeeping gene.

‘In some embodiments, . the determining of whether or not the

blomarkers are. dlfferentlally expressed in the sample further
comprlses normallzlng the levels of express:.on of the markers
to the at least one housekeeping gene selected from the group
consisting of ACTB, RPL13A, RPL9, and RPS29 and anj

combinations thereof.

- [0035] In some Ae_m_bodimen_ts, the levels of expression of the
markers may be normalized against the geometric mean Cr value

. of the.at 1east one housekeeping gene. ‘
15 '[0036] In . some embodlments, an increase in the expression.
» 'parameter' of prognostlc genes selected from the group
~consisting of EMCN, G6PC, PLG, | SDPR, SLC6Al9. and TSPAN7 may

_ indicate an’ 1ncreased ‘chance of survival. In some

embodiments, a. decrease or absence in the expre951on parameter

"of prognostic. genes -selected- from the group con51st1ng of

G6PVC,>' PLG, SDPR, SLC6A19 and TSPAN7 may indicate a decreased
chance of survival. o ‘

[0037] ~ An increase in the expression parameter of prognostic’
genes selected from the group cons:.stlng of -CXCLS5, »EFNAE,.
GFPT2, HIST2H3C, IGFBPl LAMB3 MMP9 MOCOS PRAME RARRESl

and TK1 may 1nd1cate a decreased chance of surv:.val

[0038] A decrease or absence in the expression parameter of .

prognostic genes selected from the gronp consisting of GFPT2

and LAMB3 may indicate an increased chance of- survival.In some
embodiments, the prognosis may be determined by a multivariate

algorithm. The multivariate algorithm may be multivariate
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lbgistic c'orrelation' analyéis or linear discriminant ana-lysis
(LDAR) .

[0039] The multiirariate algorithm may use a class prediction
approach.

[0040) In a seccsl"iclimva-.sﬁéc‘:t; :;1.211:16 'presént invention refers to a
method for .predicti-ng‘ résponsiveness_ to an anti-renal cancer
treatment in a patient hairing 'or._ at . risk of deveioping‘ renal
cancer in . a tumour tissue sample obtained from the 'patient
comprisirig: det’elfm.ining the 1level of * expression for each
marker of a panel’ of markers, wherein the panel ‘compri’se_s at
least Aone hc‘nisékeéping gene s.elected from the group conéisting

of AC‘TB, RPL13A, RPL9, and RPSZA9'and any combinations -thereof;

‘and at least o;;é ,prognostic gené‘ selected from the group

. -consisting’ of ~CXCL5, EFNAS, .EMCN, G6PC,  GFPT2, HIST2H3C,

IGFBP1, LAMB3, MMP9, MOCOS, PLG, PRAME, RARRES1, = SDER,
SLC6A19,'TK1, KDELR3 and TSPAN7 'anc_i ény combinations thereof;
determining whether an expression parameter for each marker in

the tumour tissue sample.is achieved by comparing the level of

_expression of each marker with a predetermined reference level

associated -with each marker; wherein differential expression

‘of each marker in the tumour tissue sample based on the

expression parameter for each marker is indicative of the

‘responsiveness . of. the patient to the anti-renal cancer

treatmént; ( V o
[0041j The prognostic gene in may be selected from the group
consisting of CXCLS, LAMB3;' MMP9, PRAME, . RARRES1, PLG,
SLC6AL9, EFNA5, IGFBPL and EMCN and any combinations thereof.

-'[0042] ‘Ih some embodiments, an increase in the expression

parameter of = prognostic genes selected from the group

consisting of EMCN, G6PC, PLG, SDPR, SLC6Al9 and TSPAN7. may

indicate an increased responsiveness to-the treatment and an

increased chance of survival.
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[0043] 1In some embodiments, a- decrease or absence in the

expression parameter of prognostié gehes selected from the .

- group consisting of E‘MCN,‘ G6PC, PLG, SDPR, SLC6A19 and TSPAN7 -

may indicate a decreased respénsiveness to the treatment and a
decreased chance of survival.

[0044] In one ‘embbdiment, an increase in the expression
pé.ramete; - of prc}gnostic. genes selected from the group
consisting of CXCL5, EFNA5, GFPT2, HIST2H3C, IGFBP1, LAMB3,
MM1?9, MOCOS, ‘PRAME, RARRES1 and TK1 may indicate a decreased
responsiveneés to the treatment and a decreased "'clr'ia'ncé of
survival. ,

[0045] In one embodiment a, decrease or absence in the -

expression parameter of prognostic geneé selected from the

group comsisting of CXCLS, EFNA5, GFPT2, HIST2H3C, IGFBPI,
' LAMB3, MMP9, MOCOS, .PRAME, RARRES1 and TK1L may indicate an

increased responsiveness to the .treatment and an increased
chance of survival.’
[0046] In some embodiments, the renal cancer is a clear cell

renal cell carcinoma '(ccRCC) .

[0047]) In one embodiment, the step. of deteiminirig the level of

expression of each marker may conmprise: cbntacting a nucleic
acid sequence‘obtained or derived from said sample with at
least one' primer and/or at least one probe for amplification
of a sequencé of the marker; amplifying said ‘nucleic acid

sequence using said at least one primer or probe with a

. polymerase enzyme; detecting the level of expression of the

marker in said sample. ,
[0048] AIn one emboaiment, the amplification step may be
performed by polymerase chain reaction (PCR) .
[0049] In a second aspect the present invention refers to a
kit comprising: at least one réafgent,to determine the level of

expression for each marker of a panel of markers in a tissue
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tumour sample, wherein -the panel comprises ‘at least one
housekeeping gene selected from the group consisting of ACTE,.
RPL13A, RPLY9, -and RPS29 and any. combinations thereof; and at
least oné prognostic gene‘selected from the group consisting
of CXCL5, EFNAS, EMCN, G6PC, GFPT2, HIST2H3C, IGFBP1l, LAMB3,
MMP9, ‘MOCOS., PLG, PRAME,. RARRES]1, SbPR, SLC6A19, TK1, KDELR3

' and TSPAN7 and any combinations thereof.

[0050] In one émbodiment', the prognostic.gene may be. selected
from the "~‘group -consisting of CXCL5, LAMB3, MMP9, PRAME,
RARRES1, PLG, SLC6Al19, EFNA5, IGFBP1 énd EMCN and any
combinations thereof . ' '

[0051] 1In one . embodiment the at least one reagent  may

‘comprlse at least one prlmer and/or at least one probe for

ampllflcatlon of a sequence comprlslng the marker

15

20

25

30

EXAMPLES
[0052] © EXAMPLE 1 .
[0053] Developinent of a prognostic assay for clear cell renal
ce>llv oarcinoma (ocRC’C) | .
[0054] -Methods
[0055] - Study population

[0056] The study was done in a 'retrospectivé manner with ‘a
patient cohort that included 279 ccRCC patients wheo underwent

resection for clear-cell renal cell carcinoma at WNational

~ cancer Centre, Singapore between 1999 and 2012. All patients

had histologically confirmed ccRCCs for which formalin-fixed

paraffin-embedded (FFPE) primary or. metastatic tumour blocks

were available. Fifty-five FFPE -samples were used  for
Illumina’ s- Whole Genome DASL anélysis; For.'q‘PCR analysis 214
FFPE samples were used. This group included 48 patienté with
metastatic ccRCCs treated with .anti-VEGF targeted treatment

(sunitinib or pazopanib) as first-, second or third-line
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therapy. The patient database included patients’ baseline
pathological features and disease outcome data including date
of death or last follow-up. Diseasé-specific survival time was
calculated from date of first diagnosis. All patients provided
written informed consent, and the Study was approved by
SingHealth Institutional Review Board.

[0057] RNA extraction, cDNA synthesis and guantitative PCR

[0058] FFPE_: blocks were sectioned into 4-pm sections, stained

with hematoxylin-eosin for  confirmation of histological

diagnosis and tumour tissue content (>70%) .- Following

deparaffinization of 3-6 FFPE sections per . sample,

macrodissection was performed with a sterile single-use
scalpel to rémove -nohtumour elements and RNA was extracted

‘using. Qiagen’ s RNéasy FFPE Kit. Integrity of RNA samples was:

assessed - by . Verifj/ing‘ amplification " of - "‘h‘ousekeepi_hg. i giene

'RPL13A using Power . SYBR Green RNA-to-CT 1-Step kit (Applied

Biosystems) with 100 ng of RNA template. Samples that had

- cycle threshold (Ct) value for RPL13A below 29, were used for

‘Illumina ‘Whole genome-DASL expression analysis or for

subéequent conversion to complementary DNA. All DASL (cDNA-

mediated Annea‘lning,‘ éelec,tion, extension, and Ligation) assé.Ys '

were 'pérformed in Biopolis Shared Facilities, A*STAR,

Singapore.

"[0059] . For selected genes, primers were designed for amplicons

of size 55-90 bp, with at least primer spanning exon-exon
boundaries. For (PCR, 1 ug extracted RNA was . reverse
transcribed with random hexamer primers using High Capacity

cDNA Reverse Transcription Kit (Applied Biosystems), Relative

.expression of each target gene was measured by real-time gPCR

with Power SYBR Green Master Mix (Applied Biosystems) on a Bio
Rad CFX96 machine. cDNA was diluted four-fold and 1 pl of the
diluted cDNA was used as template in a 10 ul reaction with

pri'mer,sl at a final concentration of 200 nM. Products -were
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checked for specificity of amplification with melt curve and

positive.and negative controls were run for each plate.

[0060] Identification of Prognostic Genes

- [0061] Quantile-normalized gene expression data for 55 ccRCCs

analyzed by Illumina’ s DASL Assay using HumanHT-12 v4 BeadChip
(24,526 features) was obtained using Genomestudio. Data was
further ' analyzed with R 2.13.1 using paékages- Genefilter,
Survival and siggenes. Data was first filtered to iﬁclude
probes that -were present in at least one sample defined by

detection,p—value'<0.05'(19,303 features) . Further, genes with

expression values greater than 3000 in at least one sample and

with covariance greater /than 0.75 were selectedf (3740

features) as reliably expréssed features with reasonably high

. variation @ in expression among. 55 samples. Unsupervised .

hiérarchicaif;cluStering '(Ward.vclustering)"of Samples: by the
selécted-featufes was .done and resulting clusters were cut at
the highest level to generate two main expression subgroups{
Significance analysis of microarrays (SAM) was vapplied to
gelect  features that . were significantly difﬁerentially
expressed bet&een the two subgroups (p<0.05).

[0062] Quantitative PCR Data Analysis

[0063] Expression data for 18 genes for all FFPE RNA samples
was collected as cycle threshold {Ct) values. Expression,was
normalized by subtracting Ct values from the geometric average
of Ct values for four housekeeping genes. When Ct exceeded 36,

expression was not subject to data transformation and deemed

‘to be of value zero. Following normalizatidn, a value of

+14.72 was added to the delta Ct values to scale negative
values to start from 0 and to fall on a positive scale, where

a 1-unit increase reflects a doubling. of RNA. These

transformed delta Ct values were used for further analysis.

. [0064] Statistical Analysis
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[0065]  To determine correlation of expressioh by DASL and
gPCR, transforméd gPCR data was converted to a4 linear scale by

the function 284Ct,

Linear correlation between the linear .gPCR
expression data and DASL expression vélues in 55 samples was
determined by Pearson’ s Aproduct—momenﬁ correlation. The ten
most significantly correlated genes representing ‘a successful
translation for measuring expression on the gPCR platform were
selected to Qenerate a model for a prognostic score with which
to correlate clinical outcomes. '

[WM6}~‘Expfession‘values from gPCR for 10 genes were used to

generate. a model wusing multivariate logistic regression

‘analysis for the dichotomous outcome of good or poor prognosis . .

classification from the  original prognosis groups generated by’

,unsuperviSed'hierarchical clustering of DASL  expression data.

‘The intercept and coefficients -for each of 10 genes were

generated using~this'multivariate analysis. The cut-off score
to classify prognosis groups was determined as the score at
which misclassification ‘of 55 ccRCC samples ~ using the

prognostic score, with "respect to their original class

‘assignment was minimized (9%).

[0067] Prognostic scores for 214 FFPE RNA _ samples were

determined from expression values of 10 genes ‘according to the

derived algorithm. Based on the pre—determined‘ cut-off,

samples were stratified into- low- and high-scoring groups
corresponding to poor and gobd prognosis- Héateéories
respeétivély. The distribution of diseése-spécific survival
was estimated by the Kaplan-Meier method with iogﬁrank test to
assess the association of the’proghosis category with primary
endfpoiﬁt of -disease-specific mortality.- Other clinical
covariétes including age, tumour stage and tumour grade were
compared to .outcome using univariaté ~and- multivariate Cox

proportional hazards modeling. Wald and likelihood ratio tests

~were done for multivariate modeling to assess statistical
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significance. Cox model was also used to estimétexhazard
ratios and 95% CI for proghosis category. A subset of 34
samples corresponding to patients that underwent TKI therapy .
with _' evaluable c‘linical response data, were stratifié_d into

prognosis groups. Objective response was classified as partial

response, stable ' disease, progressive ~ disease or mixed

response. The partial response and stable disease categories
were classified as responders and progressive disease and

mixed response categories were classified as non-responders.

~ The significance of association between prognosis groups and

response outcome was measured using Fisher's exact method. A

“loglstlc regress:Lon analysis "was used to assess the

assoc:l.atlon between prognostic score as a cont:.nuous score and

'-response to TKI as a categorical varlable

[0068] Results

[0069] Materlal from 55 patlents was analyzed in ‘the screenlng
cohort initially for -whole-genome expression prof:.llng and
subsequent selection and, confirmation of prognostic genes, and -
material from 214 patie_ants was analyzed to validate the
performance of prognostic Agene's.-' Baseline charactéristics of
patients in the initial screening group'are described in Table

1.

[0070] Table 1. Characteristics of patients in initial

screening group .used for DASL study

Number of ‘samples 55

Age - ' Range - 32 - 81
Median ' 59

Gender - n (%) Male o 43 (78%)

Female . 12 (22%)
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TNM stage I - 33" (60%)
II o - 2 (3.6%)
IIT - 14 (25.5%)
IV - 6 (10.9%)
Tumour T stage 1 33 (60%)
o 2 3 (5.5%)
3 18 (32.7%)
4 1 (1.8%)
Tumbuf,M stage’ 0 41 (74.5%)
” 1 6-(10.9%)
8 (14.5%)
“Tumour Grade- 1 9 (16.3%)
' - 2 29 (52.7%). .
3 9 (16.4%)
4 8 (14.5%)
Primary tumour _ ‘
size. L Range S 1.9 - 16
| N - .'Median . -5 |
e 16 (29%) -
4to7 26 (47%)
s7 13 (24%)
Unknown
ECOS PS , o . o 37 (67.2%)
1 13 (23.6%)
2 | 0 (0%)

Unknown 5 (9%) ‘
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Follbw—up duration

{(vr) Range 0.036 - 6.42
' ' Mean ' 4.19 '

Deaths (cancer-
Patient Status related) 7 (12.7%)
" Deaths (other
causes) , : 2 (3.6%)
Alive with disease‘ 2 (3.6%)

No evidence of -

-disease . ‘ 44 (80%)

Poét—ﬁephrectomy ,
‘treatment . Sunitinib 4 (7.2%)
' Pazopanib 1 (1.8%)
Interferon 1 (1.8%)
5FU + PTK/ZK - . 1 (1.8%)

2 patients without nephrectomy- 1 definite metastasis.

~[OO7H All pétiénts.' in the screening group underwent

nephreétomy‘fof primary tumour, except two patients who were
operéted on metastatic tumours in - the lungs. Foliowing
retrieval of paraffin‘blocks for'primary5or"métastatic tissue,
RNA was extracted from FFPE sections and integrity of RNA
validated before whole-genome -expﬁession. profiling was done

fqr‘ss‘ccRCC; Characteristics of patients from the validation

‘group arelvdescribed in Table 2. Eleven patients did not

undergo nephrectomy and tissue was obtained from biopsies or

metastatic tissue.

[0072] Table 2. -Characteristics of patients in confirmation

group

Number of samples ‘ . 224
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Age Range 29-91
Median 56.5
Gender Male 152 (68%)
Female - 72 (32%)
_TNM stage, - I. 106 (47.3%)
IT 26 (11.6%)
IIT 55 (24.6%)
IV 36 (16.1%)
Unknown 1 (0.5%)
- Tumour T stage 1 109 (50.9%)
' ) 33 (15.4%)
3 67 (31.3%)
4 1 (0.5%)
X 3 (1.4%)
NA 1 (0.5%)
Tumour M stage 0 181 (84.5%)
1 32 (15%)
Unknown 1 (0.5%)
' Tumour Grade 1 22 (10.3%)
2 113 (52%)
3 - 63 (27%)
4 25 (10.3%)
Primary -tumour
size Range 1.5-25
Median 5.5
ECOS PS -0

126 (56.2%)
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1 _ 47 (21%)
2 S 3 (1.4%)
Unknown - 48 (21.4%) B S
Follow-up duration
(yr) © _Range | 0.049-12.19
Mean , 5.54

Deaths (cancer-
Patient Status related) 49 (21.9%%)
Deaths (other

. causes) ' 14 (6.3%)

AliVeAwith o
disease - 27 (12%)

No evidence of

disease 134 (59.8%)

11 patients without nephrectomy.

[0073] 1In order to identify biologically relevant subtypes of.
ccRCC based on gene expreésiqn‘ profiling, whéle—genomé

expression data for the screening group of 55 CcRCC  was

processed to 'deriv‘e a gene set that is reliably detectable

(expressedf with elements of this set retaining reasonably
high variaﬁion of expression among‘the sémples{ As RNA from
FFPE materiél is of a highly degraded nature, preprocessing of
data was done to only include features that had significant
expression (p < 0.05) as‘“§e£iped.'by,.Illumina detection
platform. - A. set of 3740 features which had significanf
expression in at least one sample (expression values more than

3000) and a coefficient of variation greatér than 0.75, was

;used for performing unsupervised hierarchical clustering of 55

ccRCCs. Samples were partitioned into two main groups based on
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differential expression of these 3740 features (Fig. 1A).

Kaplan-Meier analysis showed that the two main groups of ccRCC

‘.defined.‘by 4unsupervised. hierarchisal clustering differed in

dlsease specific survival (p = 0.00185 by ldgerank test) (Fig.
1B). These two subgroups were then defined as ‘biologically-

defined.‘prognostlc subtypes that can be distilled based on

‘their gene expression patterns. Prognostic subtypes were also

associated with other relevant clinicopathologic features such
as tumour grade, stage and tumour size (Fig. 2). .
[0074] Having delineated two main bioldgicaliy—defined
pfognosticv'subtypes}v genes that were most 51gn1f1cant1y_
differentially expressed -between these two subtypes, and
expression levels of which could potentiaily be used to

accurately classify ccRCCs were -identified. To achieve thls,

‘81gn1f1cance analy515”vof microarrays (SAM) analysis was

applied to the highest level of the resulting clustering

‘dendrogram (Fig. 1A), and the most discriminatory genes

defining the two subtypes were identified. This analysis
produced 220 genes ' as the .most ‘differentially expressed
between prognostlc subtypes (g < .0.05). This set 'of genes
represents potentlal prognostlc genes and are listed in Table

3. The ideal prognostlc gene should have a large fold-

: dlfference between prognostic groups but limited variation

within the same prognostic group. Also, the prognostic gene

should be amenable to accurate reproducible measurement by an

‘independent method 'such as gPCR.

[0075] Table 3. List of genes significantly differentially

:,expressed between Prognosis subtypes 1 and 2.

Pregnosi Prognosi Prognosi Prognosi
S s : s s
h q.valﬁ R.fol Subtype Subtype Subtype Subtype
Gene e da 1 Mean 18D 2 Mean _ 2 SD
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NMEL 0.00 1.86  4115.43  1416.31  7308.75 .1247.38
TEPANT 0.00 0.15  3354.05 1756.40 559.59  412.96
. PLG- 0.00 - 0.08  4141.75 6073.62 65.42 4.21
- F12 0.01  3.68  1712,15 1060.05 5794.40  2836.39
© TUBB3 0.01  .5.46  1661.67 1721.87  5592.52  26639.45
KDELR3 0.01 4.24  1009.97 1294.46  2802.80 '1147.52
TUBALC . 0.01  1.38  29840.58 4981.53  41013.67 5110.15
CTHRC1 0.01.. -4.27  2791.22  1957.13 10061.91 5098.79.
PPAP2A 0.01  0.65  15673.18 2879.62  10147.16 1896.57
VIPRL- 0.01 0.12 ' 27517.56 16607.77 3697.29 . 2695.32
RAGIAP1 .- 0,01 1.23 “7458:21‘ 961.35 - 9093.07  599.98
sEc61G  0.01  1.83 13658.87 3362.98 20565.09 3389.91
| c1s0rfss. 0.01 2.01 ° .2693.30 1167.46 4974.76 .1099.97
FKBP10 - 0.01 . 2.07 - 4606.42 2337.31 '8518.46  1914.65
' ANKRDS6 0.01°  0.33 . 386.91 456.28 71.59 7.79
SLCTAS 0.01 2.85 . 12127.31 7564.27 26289.58 6651.07
TK1 0.01 5.71 2332011  2041.67  7540.38 3417.20
FATEL 0.01 0.34  470.08 502.89 . 102.66 27.37
CCT3 0.01 1.53  4860.83  1587.98  7230.99  1248.00
RGS7BP q;b; 0.09  2723.24 2375.56 379.83 'a.sﬁi.vo
MOCOS '0.01  11.35 334.56  846.20 ) 2690.46  2250.93
MAZ £ 0.01 1.47  3572.83 960.98  5133.94 857.64
PYGB 0.01 3.16 = 1047.23  754.87 2636.35  1121.14
EFNAS 0.01 8.03  5266.97 . 4969.20 19699.94 7750.11
ILF2 0.01 1.44  13618.75 3364.73 19160.67 2735.72
PTHLH 0.01 'A6.69' 6441.70  7953.95  19633.73 9861.15 -
- TRIB3 0.01 4.75  2091.17 2214.14 7387.63 5363.56
MSI1 0.01 0.13  2616.70 166341 421.20 475.86
' 1GFBP1 0.01. 6.59  931.63  2215.31 3952.64  4619.23
' TMEDS - 0.01  1.30  11224.71 2442.54% 14282.52 1309.85.
~i£é5 0.0 - 12.63 1869.99 . 2796.27 11071.49 . 7797.10
CD36 0.01° 0.45  13308.98 4037.75 6142.54  3025.02
CDCP1 0.01 3.13  2578.14  1793.62  6624.40 2654.82
B3GNT4 0.01 4.00  2393.20 2418.73 6054.66 . 3356.73
G0S2 0.01 1.97

7144.36-
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cis 0.05 1.78  10576.96 5285.45 17097.44 4818.86

. KIBA1715 ~  0.05 1.76  3323.82  1406.42 5550.09  2102.36
Cl70rf58.  0.05 1.89  2285.68 893.56  3916.49  1415.70
,_DHCRzéﬂf ~0.05 223 639.67  374.97  1344.86  693.28
“TREML fﬁe;fogdsi; ©2.47 - 232.49'3_'i61214' - 756:12 ;‘512;59‘
C9orf14of ~ 0.05" 2.2§e’ ©1120.27 817.81  2130.00  994.48
AILIORB 0.05.  .1.55 ~1919.54 = 895.28  2750.80  697.57

SCARNA26  0.05. - 1.55  16418:28 5117.95  25271.34 7798.24

SEC23B - 0.05 © 1.20  10747.90 2345.62 12624.34 1010.84
1.20  8614.78  1475.84 10265.09 1148.24

HIST2H4B 0.05

8D : standard deviation -

. [0076] - As the aim was to identify prognostic subtypes - and

implement an expression-based method to classify ccRCCs into
these prognostic subtypes, gPCR assays were designed for a set
of 37 genes that were previously identified as prognosticﬁ

genes on DASL platform, Expression levels measured by DASL

method was” reproduced by qPCR for these 37 genes in 6 randomly'

selected tumour samples that were also assessed by DASL assay. :

The list of selected genes and the prlmer-sequences used “to

‘produce amplicons amenable to PCR amplification from FFPE RNA

are described ‘in Table . 4. Separately, four genes {(B-actin,

RPL9,“RPL13A,"RP829) whose expression was the least variable

(lowest coefficients of variance) among the 55 ccRCCs were

also identified to serve’as normalization genes for gPCR (Fig.

'3). Based on the initial success of translation of expression

quantification on the gPCR Platform, 18 genes 'were selected
which. were, measurable by gPCR on FFPE RNA, and closely:

compatlble in their measured express1on orn qPCR and DASL

platforms.
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Km77]_.Tabiev4. List of prognostic and normalization genes and

primers used to measure their expression levels using gPCR.

Gene Forward Primer Reverse Primer

CCA TCT TCA GTA GAA
| GTC GGC ACC AGG TGT ATT T - |GAG TTG .(SEQ ID NO.
'AGTR1_v1 | (SEQ ID NO. 1) ' 2)

| B : CCA TCT TCA GTA GAA
GCT CAG AGG'AGG TGT ATT TGA |GAG TTG (SEQ ID NO.
AGTR1_v3 | (SEQ ID NO. 3) 4)

GTG GTG GAC CTG TAT AAT GGA GAA TGC CAT TGG CCC
C@THRC1 - AT (SEQ ID NO. 5) -. | CAG (SEQ ID NO. 6)

CGC AAG GAG TTC ATC CCA (SEQ |CAG GGA GGC TAC CAC
CXCL5 | ID NO. 7) ‘ ‘ TT (SEQ ID NO. 8)

, CaAA AAG GCG GCT GGG
CAG CAG ATG ACA CCG TAC A TAT C (SEQ ID NO.
EFNAS (SEQ ID NO. 9) "10)

GTG CAG AGT GCT CAC
GAT CAA CCT CAG TCT GAT ARA |CAG AC (SEQ ID NO.-
EMCN | GAG (SEQ ID NO. - 11) 112) '

o _ o CCA GGG TGT CAC TGT
. ) AGG TGG TGA TGA CAG CAC (SEQ |CAT T (SEQ ID NO.
F2RL3 ID NO. 13) . : 14)

, CTT GAG GCT GGC ATT
CTG TCA GGC ATT GCT GIT G - |ATA GAT (SEQ ID NO.
G6PC - (SEQ ID NO. 15) 16) B '

CAT TCC ACA GTT ACA
GAG GAT ATG ACG TTG ACT TCC GAC TTG GC (SEQ ID
‘GFPT2 (SEQ ID NO. 17) . , NO. 18) '

4 CAG GIC CGT CTT AAA
CAG AAG TCC ACG GAG CT (SEQ |GTC CT (SEQ ID NO.
HIST2H3C |ID NO. 19) 20)

IGFBP1l CAG -ACA GTG TGA GAC. ATC.CA . CCT CTT CCC ATT CCA
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(SEQ ID NO. 21) AGG GT (SEQ ID NO.
' 22)

_ CTC TCA AAT CTG TTC

GAT TCA ATG AGG AGA CTT GCC [TGG AGG T (SEQ ID

| 106 (SEQ ID NO. 23) {No. 24) -

' CGT AGA CTG TCT CTG

| CTT GTA TGT GAC-CAA AGT CCT |AAG GT (SEQ ID NO.

KDELR3_v1 | (SEQ ID NO. 25) 26) ' ‘ o
' o GAT CAG CAA GAC TGG

GCT GGA GAT CCT CTG GAC TT AGA G (SEQ ID NO. -
KDELR3_v2 | (SEQ ID NO. 27) 28) S

T — CTG GGC ACC ATT CCA

CCA GAT GAC AAC CAG ACG GA CCA A (SEQ ID NO.
KDR (SEQ ID NO. 29) | 30) ”

_ GAG GAA CAC TCA GAG

CTG TGT GGA ACG GTA TGA TC GTG CCA (SEQ ID NO.
KLHL4 (SEQ ID NO. 31) 32)

_ CCA ACT CCA TGT CTT
| CAG AGG.CAG AGG AGC TGT T  |TCA TCC (SEQ ID NO. -
LAMB3 (SEQ ID NO. 33) |3a) ' |

GTG CGG GAG TTC BAC AAG TTC | GTC AAT GAG CCC CTG
MIOX '(SEQ ID NO, 35) - GT (SEQ ID NO. 36)

' ‘ , T'CCA CCT GGT TCA ACT
| CAG TAC CGA GAG ABA GCC TA CAC TC (SEQ ID NO.
MMPY' (SEQ ID NO.. 37) 3s) -
" CTT TCC ATT CTC ATC

GGT GAA TGA GGC ACA GTA TC ACT GGT G (SEQ ID
MOCOS | (SEQ ID NO. 39) NO. 40) o

TCG AGG GAC AGG CTC TCA (SEQ | TGG GAG TCG AAC CIG
MSI1 ID No. 41) ' " |ea (sEQ ID NO. 42)

CCA GGG GAT GGA GAG TTT G GTT CTT CAG CTA CCA
NUDT5 (SEQ ID NO. 43) GAG CA (SEQ ID NO.
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44)
; CCT CCA TAA TCA TTA
ATG. GCT GAA AAC AGG AAG. TC GGA TGA GAG (SEQ ID
PLG (SEQ ID NO. 45) ' NO. 46)
| CAT CAC ATC CCC TTC
| GGA TCA GTT GCT CAG GCA C CGA'A (SEQ ID NO.
PRAME - (SEQ .ID NO. 47) 48) ,
| ' GTIG AAG GAA GAA TCG
B CGC CTC AAA AGA GCT GTG (SEQ |TCG CC (SEQ ID NO.
PTHLH ID NO. 49) . 50) o
. CAG GGA ATT ATT TCC
GGC AGT GGA AAA CTA ATG ATG A |TGT GIT G (SEQ .ID ..
RARRES1 (SEQ ID NO. 51) NO. 52)
I GAA CCT TCT CTT CCG
_ | Tca aca Tea cac CAG CCT TCT |TCT TC (SEQ ID NO.
'RGS7BP | (SEQ ID NO. 53) o say
- GCT. CAT CTT_CCA GGA GGA AA . | CIC CIC CTT CCC TTC |
SDPR '(éééfibﬁﬁéqu§) ”” o l'éac ($EQ 1P No. s6) .|
' GGA GGG TGA TTT TGA
GTC TCC CAG GTG GTC CAT AA CTG-C (SEQ*ID NO. '
SERPINA3 | (SEQ ID NO. 57) 58) '
| 1 o |'cca eTT cee GTA GGA
1 GAC CCT GGC TAC GAG GAA T GAT C (SEQ ID NO.
SLC6A19 | (SEQ ID NO. 59) 60) 4 |
CTA GCC AGG AAC TCG |
CCA TCA AGG AGA ARG ACT TGG A |ATC C (SEQ ID NO.
SLC9A3 (SEQ ID NO. 61) 62)
4 e | GCC TGA GGC CIT CIT
AGA AGG AGG TCG AGG TGA TT 'GAA G (SEQ ID NO.
TK1 (SEQ ID NO. 63) 64)
CAG AGG AARA TGA GGC ATC G CCT TGA GAT CAT TAA
| TREMS (SEQ ID NO. 65) GCT TTG TAT CC (SEQ
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" [1D mO. 66)
. CGT CAT TCT TGA AAG
GGA ATC GCA TTC TCC CAG T . |ACT TCT CC (SEQ ID
TSPAN7 (SEQ ID NO. 67) _ |NO. 68)
| CAC ATC CAG GAC CGA
4 CAT CTT TGG TCA GAG TGG GG ATC C (SEQ ID NO.
TUBB3 (SEQ ID NO. 69) | 70) ’

T T "~ |cCa Cam AAC CCT GGA
| | GTA CAC TAC ATC ATG TTC GCC |AAG AC (SEQ ID NO..
| VIPRL (SEQ ID NO. 71) 72)

| CCT TCG TIC ACA GIC
GGA AGC ACA CTG GTG AGA A |CTT GA (SEQ ID NO.
w1 (SEQ ID NO. 73) - 74)

- CCA CAT CTG CTG GAA
| CAA GAT CAT TGC TCC TCC TG GGT G (SEQ ID NO.
| ACTB* (SEQ ID NO. 75) . =~ | 76)

GTA ACC CCT TGG TTG |

B CAC TTG GGG ACA GCA TGA G TGC AT (SEQ ID NO.
RPL13A* | (SEQ ID NO. 77) | {78) |

_ CAA GCT CAA TGT CAT
CGG ATG AGA CCA GGT GIT G~ |TTC CTT C (SEQ ID
RPLO* (SEQ ID NO. 79) - o NO. 80) ’

. CGT ACT GAC GGA AAC-
GCT CTT GTC GTG TCT GTT C © |ACT G (SEQ ID NO.

RPS29+* (SEQ ID NO. 81) o 82)

* Normalization genes

vl and v2 refer to different transcript variants of the same
gene for which unique‘primers were designed.

[0078] These 18 génes were quantified in all 55 ccRCCs by gPCR

"and the correlation of expressions between gPCR and DASL
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platfqrms» was Caléulated to. determine those genes With the
best perforrﬁance on the gPCR »p,latf_orm,' ‘thus embodying the
ideal nature of a prognostic gene determined on a distinct .
platform. = 10 genes which were the most significantly
correlated (P'earson's correlation p<0>‘.05) : in éxpression
between the two platforms were selected (Table 5). Ten genes
with .t‘:he highest‘ cdrrelation. were selected as the " final
se These included CXCL5, EFNAS, EMCN, .
IGFBP1, LAMB3, - MMP9, 'PLG; PRAME; = RARRES1 and SLC6A19.
Univarj.’atev ~logistic = correlation analysis for gPCR. gene

expression with DASL prognosis subtype classification showed

‘t;hatf their direction of association was as expected and

significant for most prognostic ‘genes (Table 6 and Fig. 4).

[0079] Table 5. Cbrrelation of expression levels determined by

DASL>,a‘ssa'.y‘ -and’ qPCﬁ f'or\ 18 progndstic genes.

. 7 /Cq'rr,el_at‘ibn -
Gene - coefficient t p-value
MMP9 0.789638 9.3691 7.81E-13 -
PRAME, 0.708578 7.3105 1.43E-09
- CXCL5 0.581672 5.2059 3.2E-06
TAMB3 0.57174 5.0733 5.13E-06
RARRES1 0.518783- 4.4178 4.96E-05
PLG - 0.472899 3.9073 - 0.000267
' SLC6AL9 0.467393 © 3.849 £ 0.000321
_ EFNAS 0.373134 2.9279 0.005019
IGFBP1 0.322731 2.4823 -0.01625
EMCN 0.267176 . 2.0184 . 0.04862
HIST2H3C 0.205662 1.5299 0.132
GFPT2 0.169278 '1.2504 0.2166
G6PC 0.104169 0.7625 '0.4491
TSPAN7 0.097224 0.7112 0.4801
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TR . - 0.062664 - 0.4571 0.6495
MOCOS 0.062524 0.4561 . 0.6502
KDELR3 0.06103 0.4451 0.658
SDPR -  -0.08401 -0.6138 0.542

[0080] - Table 6. Univariate loglstlc regression analysis for

10 prognostlc genes and prognostlc subtype assignment.

MMP9

-Gene - * Estimate. Std. Error. 't value'~ ’ Pr(>[t|)
TSLC6A19 . -0.04188  0.00783 5348 1.93E-0¢
EMCN  -0.03883  0.009622  -4.036 0.000176
PLG . -0.02696  0.008596 -3.137 0.00279
PRAME 0.04576 0.01543 - 2.966 0.00451
RARRES1  0.05143 - 0.01989  2.586 0.0125

LAMB3- 0.02465 - 0.01042 2:366 0 0 0.0217 .
- CXCLS 0.04105  0.02068 < 1.985  0.0524
EFNA5  0.0215 0.01154 1.863 0.068
IGFBPL  0.01722  0.01087 © 1.585 0.119
0.01845 -0 0.141

.01234 - 1.496

[0081] :The requirement to develop a prognostic model based on
gPCR assays for a limited gene set that' cén reproduce
classification patterné achieved by the. DASL expression
analysis, dictated that the:ten selected prognostic genes are

able to reconstruct the éample,distribution of good and poor:

prognosis subtypes pfiginally produced. Therefore, these ten

genes were used for developing a prognostic algorithm using a

multivariate llogistic ‘éorrelation analysis for dichotomized

outbome corresponding to prognostic subtype assignment (good
oeroor progndsis) determined‘by DASL expression analysis. The
Algoriﬁhm.based on normalized and scaled Ct values for each
gene is summarized in Table 7 with coefficientgi The scoring

formula is described as the linear combination below :



10

WO 2015/050500 PCT/SG2014/000446

-36

’-0.00534XCXCLS -0.0111xIAMB3 ~ +0.001578xMMP9O -0.0Z952XPR.AME -
0.01001xXRARRES1 +0.012535XPLG +0.021832XSLC6A19 ~—0.01494XEFNA5
+0.014457xIGFBP1 +0.020579%xEMCN

[0082] Table 7. Summary of algorithm coefficients values for
gPCR" ekpression of 10 genes‘ derived from the 55 ccRCC

screening cohort.

’ . Value
Gene Coefficienté |
‘cxXcLs " _p.00534
LAMB3 - - - -0.0111
MMP9 : o . 0.001578
VPRAME- . . ~0.02952
RARRES1 - _ ‘ o -0.01001
© PLG . 1 - ' . 0.012535
SLC6AL9 | o 0.021832
EFNAS . | -0.01494
TGFBPL .~ 0.014457
EMCN :_ . 0.020579
Intercept A _— -0.578108

[0083] The scoring algorithm was used to derive a prognostic
score for each of the 55 CccRCCs in the screening cohort and a
cut-off value for assignment to good or poor subtypes was

gelected such that misclassification of samples was minimized.

r[mm4] To validate the performance of the ten-gene prognostic

algorithm in a separate confirmation cohort ‘of 214 ccRCCs,

<prognOStic scores were calculated based on the gPCR expression
15

values of these ten gehes with weighted coefficients

determined by multivariate logistic correlation. QPCR

‘expression data was processed in the same manner as it was for

the 55 ccRCC screening cohort and Ct values (only those less
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than 36 considered) were normalized to housekeeping genes and
scaled to lie on a positive scale by the addition of a

positive constant (14.72). Based on the cutoff determined from

" the scre_en-ing cohort, samples were assigned to high- and low-

scoring categories corresponding to good and poor prognosis
subtypes respectively. Kaplan-Meier analysis_v showed a
s1gn1f3.cant dlfference in dlsease SpElelC surv1val _between
high- and low scorlng groups (Flg 5)» (p = 2. 49e- 06 by log""'
rank test). Multivariate analysis by Cox proportional hazards
modeling’:;’ demonstrated that the prognost;i.c score as a
continuous <variable remained significant after adjusting
singly for standard clinicopathologic parameters, includihg.

age,. tumour stage and grade (Table 8).

[0085] Table &. Multivariate analysis of 10-gene prediction

score and 'clinicopathologj.c features

‘ Adjusted 95%
Adjlust_ed o ‘ hazard ratio confidence p-value LR ‘
‘variable of predictor intervals test .
Unadjusted . 9.578 - 3.61-25.4 0.000003527 -
Age 7.8576 2.89-21.3 - 7.138E-07
Stage Group . 5.857 ) 1.7-20.0 - 0
Grade 6.181 2.1-17.9 2.513E-07

[0086] For a subset of patients of 38 patients from the.
patient cohort that received TKI treatment in first-, second-
or. third-line setting, stratification was done based on the
prognostic. score into high- and low-scoring groups For two.

pat:.ents,.no evaluable clinical response was ava:.lable There

. was’a statlstlcally significant dlfference between number of

clinical responders .in the two prognostic groups (Table 9)
(response rates 51% vs. 100%, p‘= 0.01361 by Fisher’ s exact

test). Further, univariate logistic regression analysis with
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dichotomized objectlve response and prognostic score suggested
that the score tends to Significance (p = 0.0535) .

[0087] Table 9. Clinical response count data for 36 TKI-

’receiving patients classified into prognosis categories based

‘on.10-gene prognostic score.

Prognosis Subtype 1 Prognosis Subtype 2
- Non-responders - 13 S 0
Responders o 14 o 9
- Fisher’ s exact test p-value = 0.01361

[0088] Determination of prognosis based on expression of eight

genes — two-class assignment model

[0089] Eighteen selected ‘genes were quantified in all .55

¢CRCCs by gPCR and the correlation of expressions between gPCR
and DASL platforms was calculated.»to- determine. those genes
w1th the best performance on the gPCR platform, thus embodying
the ideal nature of a prognostic gene determined on a distinct
platform. Univariate logistic correlation analysis for gPCR
gene ‘expression with DASL prognosis subtype’ classification
showed that their direction of association was as expected and
significant for most prognostic genes (fable é and Fig.‘4),
Eight;genes with the highest correlation were selected as the
final prognostic gene set. These included CXCL5, .EFNA5, EMCN,
LAMB3, PLG, PRAME, RARRESI and SLC6A19. .

[0090] The 1linear discriminant analysis (LDA) method was

employed to develop a model for ass1gn1ng prognostic subtype,

the categorical dependent variable, based on the linear :

’combination of qPCR expre551on values of _eight .- genes The

model was trained on gPCR expression data for eight genes in

the initial screening cohort of 55 samples for which

prognostic class assignment was derived from hierarchical
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clustering of the DASL dataset. The coefficients .of linear'
discriminants for the eight prognoétic genes'are in Table 10.
The projection of samples onto linear discriminant coordinate
is achieved simply by summing up the values of gene expression

multiplied"by the relevant LDA coefficient as per Table 10.

‘The pre-determined centroids of the. two prognostic classes

~with LDA projection values are 0.781 for good prognosis and

0.228 for poor prognosis. It follows that a sample is assigned

. to either prognosis group based on the nearness of its LDA

projection to either centroid value.

10091] The - following description _éummafiZesg}the'_methqd -of

prognostic class aséignment based onA expression of éight

genes: |

ld={"CXCL5"] v*O .'018226‘31+ E“EFNAS "1*0. 03641317+ ["EMCN"] *- "

0. O7433829+["LAMB3"]*O 05900340+["PLG"]*- '

0. 05058604+ ["PRAME"] *0. 13194489+ ["RARRES1"] *0. 05541879+ ["SLCGA
19"]*-0.10545562

[0092] If for a given sample, the distance of calculated 1d

from cehtroidl is less than its distance from centroid2 the

msamplé belongs to good prognosis group i.e. if(abs(ld-

centroidl) < abs(ld-centroid2)).

[MD3} If for a given sample'distance of calculated 1d from

centroid2 is less than its distance from centroidl the sample

belongs . to poor proghosis group i.e. if(abs(ld-centroidl) >

abs (ld-centroid2)).

[0094] Table 10. Coefficients of linear discriminants for

eight genes in . LDA model .for ccRCC - prognostic - subtype

- -assignment

Gene Coefficients
CXCL5 -0.0182

.EFNAS5 - -0.0364 -
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EMCN  0.0743
LAMB3 ~0.0590
PLG 0.0506-
. PRAME -0.132
RARRES]1 -0.055
SLC6AI9 0.105
[0095] output from -an LDA predlctlon based on the

express:Lon of elght ‘genes can be converted to a. contlnuous
score, rather than a discrete two-class assignment. This
involves normallzatlon of the output 14, described above, to a -
scale that 1lies from 1 to 100. The two extremes (minv and
maxv) of the LDA projection are first estimated'based on the
centroidi=0.781 and centroid2=0.228 as follows: ‘ -
distance = abs(centroidl-centroid2)

minv:'centroidz-(distance/z,o);.'

'maxv=centroid1—(distance/z.0)}

range—maxv minv -
m09€] The two ends of the 1LDhA - prOJectlon are scaled to lie on
a linear scale of 1-100 and a particular sample’s: calculated

ld score is converted to a score between 1 and 100 as follows

score=(int) (((1ld-minv) /range) *99.0) +1; '
score=min(rk, 100); if score exceeds 100, it is forced to be
100 .

score=max(rk, 1); if score is less than l,‘it is forced to be

1

'[0097] This is a. simple mathematical manipulation‘of the LDA
_prediction output that prov1des a contlnuous score rather than

‘discrete class assignment.

[0098] The performance of the eight-gene prognostic algorithm
Was, validated in a separate cohort of 224 ccRCCs, SGH-224

(Fig.'GA).‘Samples were categorically assigned to good or poor
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prognosis subtypes based on classification . by the prognostlc
algorithm. Kaplan -Meier analy31s showed a significant

difference in disease-specific survival between good- and

poor-prognosis subtypes (median survival times not reached vs.

67.6 months respectively, HR 4.44 CI 2.53-7.81, p=1.49x10"%)
(Flg GA), Multivariate analysis by Cox- proportlonal hazards
modellng demonstrated that the prognostic class ass1gnment as
a dlscrete variable remained significant after adjusting for

individual standard cllnlcopathologlc parameters, including

.age, tumour stage and grade (Table 11).

[0099] Table 11. Multivariate survival analysis of eight-gene

prognostic subtype classifier and clinicopathologic features;

" 95%

‘ Adjusted confidence p-value
AdjustedAQariabie HR  intervals LR test
Unadjusted eight--. .
gene prognostlc y
classifier 4.44 2.53-7.81 5.72x10°7
Age | 3.96 2.24-6.99 1.12x1077
Stage‘ o ©1.89 1.03-3.46 0.
Grade ~ 2.86 . 1.51-5.28 8.85x10°

"HR = hazard ratio; LR = likelihood ratio.

[00100] In order to demonstrate its utility and validate it-in
a multiple-centre, multiple-platform setting, the eight-gene
prognostic algorithm was applied to the TCGA-419 dataset.

Kaplaﬁ—Meier . analysis confirmed that survival was

' significantly different between the prognostic  subtypes

(median survival times 91. 7.vs. 44.6 months,jHR 2.26 CI 1.59-
3.21, p=3.04x10"° by log rank test) (Fig. 6B) . Similarly, in a
microarray dataset (VARII-174) prognostic ' subtype
classification based on using the 1ogé—transformed exbression

values separated samples into two groups with distinctly
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divergent-survival (median survival times not reached vé. 39.6
months, HR 2.19 CI,41.22-3.93, p=0.00743 by log rank test)
(Fig. 6C). A

[00101] For a subset of 48 metastatic RCC patients from SGH-224
cohort receiving tyrosine kinase inhibitor treatmeﬁt in first-
. 'sécond— or fhird—liné setting, prognostic classification
using éight genes algorithm was done. Characteristics of TKI-

receiving patients are. available in Table 12. There was a

statistically ‘significant - difference between number -of

~clinical responders in the two prognostic groups (Table 13)

(response rates 67%  vs. 100%, p=6.24x10"* by, Fisher' s eXagt

test). Further, univariate logistic regression analysis with

clinical benefit as a categorical variable"andv'prognostiC“
. class assignment showed- a significant correlation between the

two (OR 0.429, p=5-96x107*%).

-[00102] Table 12. Cha:actefistigs of patients receiving TKI

treatment from SGH-224 FFPE validation group

Number of samples o - 48
Age R  .'  Range ‘ - 43-86
. ‘Median 57.5
‘Gender- n (%) - Male 7 39 (81.3%)
: Female - 9 (18.7%)
Stage - n (%) ‘ T L .4 (8.3%)
o B A 8 (16.6%)
IIT . .. 13 (27.1%)
v ' 23 (47.9%)
Tumour T stage - n (%) 1 5 (10.4%)

2 : ‘ 15 (31.2%)
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3 o ' 24 '(50%)
4 L 1 (2.1%)
x - 3 (6.3%) -
Tumour M stage - n (%) 0 o a 24 (50%)
| ’ 23 (47.9%)
X 1 (2.1%)
Tumour Grade - n (%) 1 1 (2.1%)
2 . 15 (31.3%)
3 18 (37.5%)
4 13 - (27.1%)
Unknown -1 (2,1%)
Primary tumour size Range , 4 - 25
' Median
ECOG Performance Status ,
-n (%) . o A 20 (41.7%)
1 - 13 (27.1%)
1+ : ' 1 (2.1%)
2 ' 1 (2.1%)
__Unknown o 13 (27.1%)
Follow-up duration (yr) Range : 0.19 - 12.3
Mean ' 3.71
. Deaths (cancer-’ - 28 (58.3%)
Patient Status - n (%) = related) '

" . Deaths (other causes) 1 (2.1%)
Alive with disease 18 (37.5%)

" No evidence of disease 1 (2.1%)

Post-nephrectomy . Sunitinib First 32 (66.7%)
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treatment - n (%) .~ line
' ‘ . Second
line
Third
line
First 5 (10.4%)
Pazopanib line _
Second 1 (2:.1%)
line
Previous nephrectomy . . , , 36 (75%)
MSKCC risk factors ' . good ' . 11 (22.9%)
' intermediate 21 (43.8%)
poor « 13 (27.1%)
unknown “ 3 (6.3%)

‘Um103]‘Table‘,13. Clinical response -count. data for 48 TKI-

receiving patients classified'based on eight-gene prognostic

aigorithm
Good prognosis ‘ ~Poor'prognosis
‘ . subtype . : subtype
4Patients with
clinical benefit | 19 16
' Patients with » '
‘progressivei
‘disease’ - ' 0 ' ) 12

Fisher’' s exact test p-value = 6.237x107"
T»Patients with progressive disease were those for whom disease

progressed as evaluated radiologically, after initiating TKI
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treatment. Patients with clinical benefit were those that

‘ShbWed partial response to TKI fhe;apy or had stable disease

- after initiatingvTKI'therapy, as evaluated radiologically. One

patient had non-evaluable response- data.

[00104] A practical molecular assay has been developed that is
capable of stratifying ccRCC patients into prognostic groups
that are essentially' manifestations o©of  the underlying

biological heterogeneity of ccRCC. The prognostic assay also

functions well as a predictive assay for clinical response to

TKI therapyf suggesting a fundamental overlap between patients
with good pngnosis and those likely to respond to therapy
upon‘relapse. This assay therefore can de;ineate an aggressive
subtype'ofgthe diééase, which patients prognosed with, face
worse survival outcomes and are also unlikely to benefit from
TKI therapy.

[00105] Previous efforts to develop a multigene assay for
pgpgnostic classification of ccRCC have identified 16 genes,
expression levels of which were associated with recurrence-
free interVal; Of note, in this previous study, prognostic
genes were selected from a predetermined set of 732 genes,

based on their function and individuél association with

. recurrence-free interval. In contrast, in this study the

choice of prognostic genes was driven by the identification of

' gene expression-based A subtypes of - ccRCC, without the

introduction of previous knowledge of gene function or
ciinicai outcome. With this truly unbiased approach to gene
selection unraveling the latent differences'among ¢cRCC, the
selected prognostic genes are more likely to continue to
embody these 'differences even in smaller numbers és in a
multigene assay. ‘ '
[00106] The choice of FFPE material to develop and confirm the

prognostic assay allows greater scope for validation on a
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large—scale given‘ the "relative abundance of such material.
Several studies 1n the .past have molecularly proflled ccRCCsf
to 1dent1fy subtypes with dlfferlng outcomes. However, all
have made use of fresh-frozen material llmltlng the valldatlon
of identified prognostic gene signatures.

WOHW] The platform used for initial screenihg<of potential .
prognostic . genes was the whole—geﬁome “high-throughput
Illumina’ s DASL analysiS' but the final platform gPCR was
chosen»to confirm and validate the prognostic assay} Although
thevsuccess rate of translation to the gPCR platform from the
DASL platform was»relatively-low»(lo out of 37 genes tested =
279), - the 'ability of the ‘final selected gene set to
dlscrlmlnate prognostlc groups in the valldatlon group u51ng
the gPCR platform~ relnforces the platform indeépendence of the
assay. The gPCR platform is preferable for a prognostic assay
ae it is practical, - inexpensive, flexible 'and‘ readily
transferable to other laboratorles ‘

[00108] The 10 genes- flnally' selected. to be included in the
prognostlc -assay, CXCLS,’ EFNAS, " EMCN, IGFBPl,‘ LAMB3, MMP9,

E PLG, PRAME, RARRES1 and SLC6Al9, represent -genes £from the

chemokine signaling, migration and invasion, engiogenesis,
growth factor signaling, ECM—interacting; retihoic: acid
signaling - and transporterl femilies. Given the non-
predeterministic manner in which they were selected'the wide

variety of cellular functlons encompassed by the prognostlc‘

genes - is not surprlslng. Notw1thstand1ng, the blologlcal
subtypes. -0of ¢cRCC 1likely differ in the pathway £functions

“described here.

[00109] The prognostic algorithm developed: based.‘onA‘lo genes
was initially applied to the 55 ccRCCs in the screening cohort.
that also served as the confirmation cohort. The purpose was
to identify a suitable cutoff for the score such that'the‘beSt

discrimination of prognostic groups was achieved. The cutoff
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chosen represents the .score at which reasonably high level of
concordance of sample assignment to class was achleved by both
DASL and gPCR platforms. 'This cutoff score may be subject to
refinement as more samples from independent study centres are -

analyzed with this assay for prognostic classification.

[00110] An additional utility of the 10-gene prognostic assay

was the ability to predict benefit from TKI therapy, measured
as objective :response assessed - by tumour shrinkage. A
prognostic ‘assay can serve as a predictive assay, 1f the
prognostio subtypes represent biological subtypes .o0f the
disease_with‘differential disease progression and accompanying

susceptibility to'therapeutic‘intervention. Previous attempts

to identify predictive .biomarkers for TKI therapy for ccRCC,

which is the most common therapy administered presently have’
looked at baseline levels of cytoklne and angiogenic factoxrs
in plasma and serum, levels of factors involved in VEGF.
signaling pathways in plasma, immunohistochemical analyses of
HIF-la, CAIX, 'PTEN and p2l1 in primary tumours. Association of

genetic polymorphisms with response to sunitinib has been

- extensively analyied for targets of sunitinib (VEGFRs, PDGFRs)

and drug metabolism genes and with pazopanib for angiogenesis—
and exposure -related genes: Most of these studles looked at
the progre351on free survival tlmes after drug administration,

but did not address the objective response crlterla which is

_more relevant 1n the cllnlcal settlng for dec131on maklng
.Progres51on free surv1val tlme can . 1nd1cate ass001atlon of ¢

drug-response w1th specific factors but may ultimately arise

from different underlying ccRCC -biology, which is what was
sought to be identified in this study. ‘

WOUJ] This simple 10-gene based assay that can run on FFPE
material of ‘primary' and. metastatic tumours can thus define
subsets of biologically distinct ccRCCs. Using a prognostic

risk scoring system, patients can be stratified to an
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~aggressive subtype which are likely to face pooi clinical
~outcome in the localized setting and also’ less 1likely to

benefit from TKI therapy in the metastatic setting.
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Claims

A method of making a prognosis as to whether a patient

having renal cancer is likely to survive in a tumour tissue

sample obtained from the patient comprising:

a)

b)

c)

determining the 1level of expression for each
marker of a panel of markers, wherein the panel
comprises at least one housekeeping gene selected
from the group consisting of ACTB, RPL13A, RPL9,
and RPS29 and any combinations thereof; and
prognostic genes CXCL5, EFNAS5, EMCN, LAMB3, PLG,
PRAME, RARRES1l and SLC6A19;

determining whether an expression parameter for
each marker in the tumour tissue sample is
achieved by comparing the level of expression of
each marker with a predetermined reference level
associated with each marker;

determining the differential expression of each
marker in the tumour tissue sample based on the
expression parameter for each marker to provide a
prognosis for renal cancer;

wherein the renal cancer is clear cell renal cell
carcinoma (ccRCC) or a mixed renal tumour
comprising a ccRCC component,

wherein an increase in the expression parameter of
prognostic genes selected from the group

consisting of EMCN, PLG and SLC6A19 indicates an

. increased chance of survival,

wherein a decrease or absence in the expression
parameter of prognostic genes selected from the
group consisting of PLG and SLC6A1l9 indicates a
decreased chance of survival,

wherein an increase in the expression parameter of

prognostic genes CXCL5, EFNAS, LAMB3, PRAME and
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RARRES1 indicates a decreased chance of survival,
and

wherein a decrease or absence in the expression
parameter of prognostic gene LAMB3 indicates an

increased chance of survival.

The method according to claim 1, wherein the prognostic
genes 1in a) further comprise MMP9, IGFBPl, G6PC, GFPT2,
HIST2H3C, MOCOS, SDPR, TK1, KDELR3, TSPAN7 or any

combinations thereof.

The method according to claim 2, wherein the further prognostic

genes are MMP9 and IGFBP1.

The method according to claim 3, wherein the patient suffers
from ccRCC or wherein the patient suffers from ccRCC and

undergoes anti-cancer treatment.

The method according to claims 1-4, wherein said likelihood
of survival correlates with a decrease in the likelihood of

metastasis, disease recurrence or early death.

The method according to claim 1, wherein the tumour tissue
sample 1s obtained from tissue selected from the group
consisting of frozen tissue, tissue biopsies, circulating

tumour cells and bodily fluids.

The method according to claim 6, wherein the bodily fluids
are selected from the group consisting of ascites,

effusions, cerebrospinal and urine.
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The method according to claim 1, wherein the patient is

undergoing anti-cancer treatment.

The method according to claim 8, wherein the anti-cancer
treatment 1is selected from the group consisting of a
chemotherapeutic treatment, a surgical treatment, a
treatment with radiation therapy, immunotherapy, targeted
therapy, small molecule therapeutics or any combination

thereof.

The method according to claim 9, wherein the
chemotherapeutic treatment comprises treatment with a
protein kinase inhibitor, receptor tyrosine kinase
inhibitor, antimetabolite, platinum complex, spindle poison,
DNA crosslinking drug and alkylating agent, bleomycin,
antibiotic, and topoisomerase inhibitor or combinations

thereof.

The method according to claim 10, wherein the receptor
tyrosine kinase inhibitor is selected from the group
consisting of sunitinib, pazopanib, axitinib, sorafenib or

combinations thereof.

The method according to claim 10, wherein the protein kinase

inhibitor is temsirolimus or everolimus.

The method according to c¢laim 9, wherein the targeted
therapy comprises anti-tumour antibodies such as

bevacizumab, interferon and combinations thereof.

The method according to claim 9, wherein the immunotherapy
is interferon, high-dose-interleukin 2 or combinations

thereof.
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The method according to claim 9, wherein the small molecule

therapeutics comprises tivozanib.

The method according to claim 1, wherein the patient is a

mammal or a human.

The method according claim 16, wherein the human is an

ethnic Asian, or an ethnic Caucasian, or an ethnic African.

The method of claim 1, wherein the predetermined reference
level is determined based on the expression of the at least

one housekeeping gene.

The method of claim 1, wherein the determining of whether or
not the biomarkers are differentially expressed in the
sample further comprises normalizing the levels of
expression of the markers to the at least one housekeeping
gene selected from the group consisting of ACTB, RPL13A,
RPL9, and RPS29 and any combinations thereof.

The method of c¢laim 19, wherein the levels of expression of
the markers are normalized against the geometric mean Cr

value of the at least one housekeeping gene.

The method according to claim 2, wherein an increase in the
expression parameter of prognostic genes selected from the
group consisting of EMCN, G6PC, PLG, SDPR, SLC6A1l9 and

TSPAN7 indicates an increased chance of survival.

The method according to claim 2, wherein a decrease or

absence in the expression parameter of prognostic genes
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selected from the group consisting of G6PC, PLG, SDPR,

SLC6A19 and TSPAN7 indicates a decreased chance of survival.

The method according to claim 2, wherein an increase in the
expression parameter of prognostic genes CXCL5, EFNAS,
GFPT2, HIST2H3C, IGFBP1l, LAMB3, MMP9, MOCOS, PRAME, RARRESL

and TK1l indicates a decreased chance of survival.

The method according to c¢laim 2, wherein a decrease or
absence 1in the expression parameter of prognostic genes

GFPT2 and LAMB3 indicates an increased chance of surviwval.

The method according to any one of the preceding claims,
wherein the prognosis is determined by a wmultivariate

algorithm.

The method according to claim 25, wherein the multivariate

algorithm uses a class prediction approach.

The method according to claim 26, wherein the c¢lass
prediction approach used 1is ©prediction analysis for

microarrays (PAMR) .

The method according to any of claims 25 to 27 wherein the
multivariate algorithm is multivariate logistic correlation
analysis, wherein the wultivariate logistic correlation
analysis is used to score the prognostic genes CXCL5, LAMB3,

MMPS, PRAME, RARRES1l, PLG, SLC6A19, EFNAS5, IGFBPl and EMCN.

The method of claim 28, wherein the multivariate logistic
correlation analysis 1is calculated wusing the scoring

formula:
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~0.00534xCXCL5 -0.0111xLAMB3 +0.001578xMMPS -0.02952xPRAME
-0.01001xXRARRES1 +0.012535xPLG +0.021832xSLC6AL19 -
0.01494XEFNAS5 +0.014457XIGFBPL +0.020579xXxEMCN

A method for predicting responsiveness to an anti-renal
cancer treatment in a patient having or at risk of
developing renal cancer in a tumour tissue sample obtained

from the patient comprising:

a) determining the level of expression for each
marker of a panel of markers, wherein the panel comprises at
least one housekeeping gene selected from the group
consisting of ACTB, RPL13A, RPL9, and RPS29 and any
combinations thereof; and the prognostic genes CXCL5, EFNAS,
EMCN, LAMB3, PLG, PRAME, RARRES1 and SLC6ALl9;

b) determining whether an expression parameter for
each marker in the tumour tissue sample is achieved by
comparing the level of expression of each marker with a
predetermined reference level associated with each marker;
wherein differential expression of each marker in the tumour
tissue sample based on the expression parameter for each
marker is indicative of the responsiveness of the patient to
the anti-renal cancer treatment; and
wherein the renal cancer 1is a clear cell renal cell
carcinoma (ccRCC) or a mixed renal tumour comprising a ccRCC
component,
wherein an increase in the expression parameter of
prognostic genes EMCN, PLG and SLC6A19 indicates an
increased responsiveness to the treatment and an increased
chance of survival,
wherein an a decrease or absence in the expression parameter

of prognostic genes EMCN, PLG and SLC6Al9 indicates a
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decreased responsiveness to the treatment and a decreased
chance of survival,

wherein an increase in the expression parameter of
prognostic genes CXCL5, EFNA5, LAMB3, PRAME and RARRESL
indicates a decreased responsiveness to the treatment and a
decreased chance of survival, and

wherein a decrease or absence in the expression parameter of
prognostic genes CXCL5, EFNAS, LAMB3, PRAME and RARRES1
indicates an increased responsiveness to the treatment and

an increased chance of survival.

The method according to claim 30, wherein the prognostic
genes in a) further comprise MMP9, IGFBP1, G6PC, GFPT2,
HIST2H3C, MOCOS, SDPR, TK1, KDELR3, TSPAN7 or any

combinations thereof.

The method according to claim 31, wherein the further

prognostic genes are MMP9 and IGFBPL.

The method according to any of claims 30 to 32, wherein an
increase in the expression parameter of prognostic genes
EMCN, G6PC, PLG, SDPR, SLC6Al9 and TSPAN7 indicates an
increased responsiveness to the treatment and an increased

chance of survival.

The method according to claim 30, wherein a decrease or
absence in the expression parameter of prognostic genes
EMCN, G6PC, PLGE, SDPR, SLC6A19 and TSPAN7 indicates a
decreased responsiveness to the treatment and a decreased

chance of survival.

The wmethod according to claim 30, wherein an increase in the
expression parameter of prognostic genes CXCL5, EFNAS5,

GFPT2, HIST2H3C, IGFBP1l, LAMB3, MMP9, MOCOS, PRAME, RARRES1
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and TK1 indicates a decreased responsiveness to the

treatment and a decreased chance of survival.

The method according to claim 30, wherein a decrease or
absence in the expression parameter of prognostic genes
CXCL5, EFNAS5, GFPT2, HIST2H3C, IGFBP1l, LAMB3, MMP9, MOCOS,
PRAME, RARRES1 and TKl indicates an increased responsiveness

to the treatment and an increased chance of survival.

The method according to any one of claims 1 to 36, wherein
determining the level of expression of each marker

comprises:

a. contacting a nucleic acild sequence obtained or derived
from said sample with at least one primer and/or at least
one probe for amplification of a sequence of the marker;

b. amplifying said nucleic acid sequence using said at
least one primer or probe with a polymerase enzyme;

c. detecting the level of expression of the marker in

sald sample.

The method according to claim 37, wherein said amplification

step is performed by polymerase chain reaction (PCR).



