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RELATED APPLICATIONS
{30361] This application claims the benefit of priority of U.S. Provisional Application Nos.
61/593,106, filed January 31, 2012; 61/672,679, filed July 17, 2012; and 61/713,734, filed

October 15, 2012, all of which are hereby incorporated by reference in their entirety,

[3082] The present disclosure relates to molecular diagnostic assays that provide information
concerning gene expression profiles to determine prognostic information for cancer patients.
Specifically, the present disclosure provides an algorithm comprising genes, or co-gxpressed
genes, the expression levels of which may be used to determine the likelihood that a prostate

cancer patient will experience a positive or a negative clinical outcome,

INTRODUCTION

{3083} The introduction of prostate-specific antigen (PSA) screening in 1987 has led to the

diagnosis and aggressive treatment of many cases of indolent prostate cancer that would
never have become clinjcally significant or caused death. The reason for this is that the
natural history of prostate cancer is unusual among malignancies in that the majority of cases
are indolent and even if untreated would not progress during the course of a man’s life to
cause suffering or death. While approximately half of men develop invasive prostaie cancer
during their lifetimes (as detected by autopsy studies) (B. Halpert ef al, Cancer 16: 737-742
(1963}, B. Holund, Scand J Urol Nephrol 14: 29-35 (1980); 8. Lundberg et al,, Seand J Urol
Nephrol 4: 93-97 (1970 M. Yin et al,, J Urol 179: 892-895 (2008)), only 17% will be
diagnosed with prostate cancer and only 3% will die as g result of prostate cancer. Cancer
Facts and Figures. Atlanta, GA: American Cancer Society (2010); JE Damber et al., Lancet
371 1710-1721 (2008).
{0084} However, currently, over 90% of men who are diagnosed with prostate cancer, even
low-risk prostate cancer, arc treated with either immediate radical prostatectomy or definitive
radiation therapy. MR Cooperberg et al., J Clin Oncol 28: 1117-1123 (2010); MR
Cooperberg et al,, J Clin Oncol 23: 8146-8151 (2005). Surgery and radiation therapy reduce
the risk of recurrence and death from prostate cancer (AY D'Amico et al,, Jama 280: 969-
974 (1998); M Han et al,, Urol Clin North Am 28: 555-565 (2001); WU Shipley et al., Jama
i
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281: 1598-1604 (1999); AJ Stephenson et al., J Clin Oncol 27: 4300-4305 (2009)), however
estimates of the number of men that must be treated o prevent one death from prostate cancer
range from 12 {0 100. A Bill-Axelson et al,, J Nad Cancer Inse 100: 1144-1154 (2008);J
Hugosson et al,, Lancet Oncol 11 725-732 (2010); LH Klotz et al., Can J Urel 13 Suppl 1
48-35 {2006); S Loeb et al,, J Clin Oncol 29: 464-467 (2011); FH Schroder et al,, N Engl J
Med 360: 1320-1328 (2009). This over-treatment of prostale cancer comes at a cost of
money and toxicity, For example, the majority of men who undergo radical prostatectomy
suffer incontinence and impotence as a result of the procedure (MS Litwin et al,, Cancer 109
22392247 (2007); MG Sanda et al,, N Engl! J Med 358: 1250-1261 {2008}, and as many a3
23% of men regret their cholce of treatment for prostate cancer. FR Schroeck et al., Eur Urof
54: 785-793 (2008},

[6885] One of the reasons for the over-treatment of prostate cancer is the lack of adequate
prognostic tools to distinguish men who need inunediate definitive therapy from those who
are appropriate candidates to defer immediate therapy and undergo active surveillance
instead. For example, of men who appear to have low-risk disease based on the results of
clinical staging, pre-treatment PSA, and blopsy Gleason score, and have been managed with
active surveillance on protocols, 30-40 % experience disease progression {diagnosed by
rising PSA, an increased Gleason score on repeat biopsy, or clinical progression) over the
first few vears of follow-up, and some of them may have lost the opportunity for curative
therapy. HB Carter et al,, J Urol 178: 2359-2364 and discussion 2364-2355 (2007}, MA
Dall'Bra et al,, Cancer 112: 2664-26T70 (2008); L Kotz et al, JCiin Oncel 28: 126~131
(2010). Also, of men who appear to be candidates for active surveillance, but who undergo
imimediate prostateciomy anyway, 33-40% are found at surgery to have higher risk disease
than expecied as defined by having high-grade (Gleason score of 3+4 or higher} or non-
organ-confined disease {exiracapsular extension (ECE} or seminal vesicle involvement
{SVI)). SLetal, J Urof 181: 1628-1633 and discussion 1633-1624 (2609); CR Griffin et al,
J Dol 178 860-863 (2007); PW Mufarrij et al,, J Urol 181: 607-608 (2009),

[0086] Estimates of recurrence risk and treatment decisions in prostate cancer are currently
based primarily on PSA levels and/or clinical tumor stage. Although clinical tumor stage has
been demonstrated to have a significant association with cutcome, sufficient to be included in
pathology reports, the College of American Pathologists Consensus Statement noted that
variations in approach to the acquisition, interpretation, reporting, and analysis of this

information exist, C. Compton, et al,, drch Pathol Lab Med 124:978-992 (2000). Asa
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consequence, existing pathologic staging methods have been criticized as lacking

reproducibility and therefore may provide tmprecise estimates of individual patient risk.

SUMMARY
{0087} This application discloses molecular assays that jnvolve measurement of expression
level{s) of one or more genes or gene subsets from a biological sample obtained from a
prostate cancer patient, and analysis of the measured expression levels to provide information
concerning the likelihood of a clinical cuicome. For example, the likelihood of a clinical
outcome may be deseribed in terms of a guantitative score based on ¢linical or biochemical
recurrence-free interval, overall survival, prostate cancer-specific survival,
upstaging/upgrading from biopsy to radical prostatectormy, or presence of high grade or non-
organ confined disease at radical prostatectomy.
{B848] In addition, this application discloses molecular assays that involve measurement of
expression level(s) of one or more genes or gene subsets from a biclogical sample obtained to
identify a risk classification for a prostate cancer patient. For example, patients may be
stratified using expression level(s} of one or more genes, positively or negatively, with
positive clinical outcome of prostate cancer, or with a prognostic factor, In an exemplary
embodiment, the prognostic factor is Gleason score.
{8009} The present invention provides a method of predicting the likelihood of a clinical
outcome for a patient with prostate cancer comprising determination of a level of one or more
RNA transcripts, or an expression product thereof] in a biological sample containing tumor
cells obtained from the patient, whersin the RNA transcript, or its expression product, is
selected from the 81 genes shown in Fig. | and listed in Tables 14 and 1B, The method
comprises assigning the one or more RNA transcripts, or an expression product thereof, to
one or more gene groups selected from a cellular organization gene group, basal epithelia
gene group, a siress response gene group, an androgen gene group, a stromal response gene
group, and a proliferation gene group. The method further comprises calculating a
guantitative score for the patient by weighting the level of the one or more RNA franscripts or
an expression product thereof, by their contribution to a clinical ountcome and predicting the
likelihood of a clinical outcome for the patient based on the guantitative score. Inan
embodiment of the invention, an increase in the quantitative score correlates with an
increased lkelihood of g negative clinical outcome.
{8618} In a particular embodiment, the one or more RNA transeripts, or an expression

product thereof, is selected from BINI, IGFI, C7, GSN, DES, TGFBII, TPM2, VCL,

3



WO 2013/116144 PCT/US2013/023409

FLNG, ITGA7, COLAAL, PPPIRIZA, GETMI, GSTM2Z, PAGE4, PPAPZE, SRDSA2,
PRKCA, IGFBP6, GPM6EB, OLFML3, HLF, CYP3AS, KRTIS, KRTS, LAMBS, SDCH,
DUSPE, BGFRL FOS, JUN, EGR3, GADDA4SR, ZFP3s, FAMI3C, KLK2, ASPN, SFRP4,
BGN, THBSZ, INHBA, COLIAL COL3AL, COLIA2, SPARC, COLBAL, COL4AL, FNI,
FAP, COLSAZ, CDC20, TPX2, UBE2T, MYBLZ, and CDKN2C, BINY, IGF1, C7, GSN,
DES, TGFB I, TPM2, VCL, FLNC, ITGA7, COLSATL, PPPIRIZA, GSTMI, GSTMZ,
PAGES4, PPAP2B, SRDSAZ, PRKCA, IGFBPS, GPM6B, OLFML3, and HLF are assigned to
the cellular organization gene group. CYP3AS, KRTIS, KRTS, LAMB3, and SDCH are
assigned to the basal epithelial gene group. DUSPL, BGFRI, FOS, JUN, EGR3, GADD45B,
and ZFP36 are assigned to the stress response gene group. FAMI3C, KLK2, AZGPI, and
SRDSA2 are assigned to the androgen gene group., ASPN, SFRP4, BON, THRSZ, INHBA,
COLIAL COL3AL COLIAZ, SPARC, COL8AL, COL4AL, FNI, FAP and COLSAZ are
assigned to the stromal response gene group., CDC20, TPX2Z, UBE2T, MYBLZ, and
CDENZC are assigned to the proliferation gene group, The method may further comprise
determining the level of at least one RNA transcript, or an expression product thereof]
selected from STATSB, NFATS, AZGPL, ANPEPR, IGFBP2, SLC22A3, ERG, AR, SRDSAZ,
GSTMI, and GSTMZ.

{0611 In an embodiment of the invention, the level of one or more RNA transcripts, or an
expression produet thereof, from each of the stromal response gene group and the cellular
organization gene group are determined. In another embodiment, the level of one or more
RINA transcripts, or expression products thereof, from each of the stromal response gene
group and PSA gene group are determined. Additionally, the level of one or more RNA
franscripts, or expression products thereof, from the cellular organization gene group and/or
proliferation gene group may be determined. In this embodiment, gene(s) to be assayed from
the stromal response gene group may be selected from ASPN, BGN, COL1AL, SPARC, FNI,
COL3AL, COL4AL INHBA, THRS2, and SFRP4; gene(s) to be assayed from the androgen
gene group may be selected from FAMI3C and KLK2; gene(s} to be assayed from the
cellular organization gene group may be selected from FLNC, GSN, GSTMZ, IGFBPS,
PRAPZB, PPPIRIZA, BINI, VCL, IGFL, TPMZ, C7, and GSTMI; and gene(s} to be assayed
from the proliferation gene group may be selected from TPX2, CDC20, and MYBLZ.

1868121 In a particular embodiment, the RNA transcripts, or their expression products, are
selected from BGN, COL1AL SFRP4, FINC, GSN, TPM2, TPX2, FAMI3C, KLKZ,
AZGPL, GSTMZ, and SRI3SAZ. BGN, COLIAL, and SFRP4 are assigned to the stromal

response gene group; FLNC, GSN, and TPM2 are assigned to the cellular organization gene
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group; and FAMI3C and KLKZ are assigned to the androgen gene group. The level of the
RINA transcripts, or their expression products, comprising at least one of the gene groups
selected from the stromal response gene group, cellular organization gene group, and
androgen gense group, may be determined for the method of the tnvention. In any of the
embodiments, the androgen gene group may further comprise AZGPI and SRIISAZ,

{00131 In addition, the level of any one of the gene combinations show in Table 4 may be
determined. For instance, the RS0 model in Table 4 comprises determining the levels of the
RNA transcripts, or gene expression products thereof, of ASPN, BGN, COL1AL, SPARC,
FLNC, GSN, GSTM2, IGFBPS, PPAPZBE, PPPIRIZA, TPXZ, CDC20, MYBLIZ, FAMI3(,
KLK2, STATSE, and NFATS. Furthermore, any one of the algorithims shown in Table 4

may be used to calculate the quantifative score for the patient.

BRIEF DESCRIPTION OF THE DRAWING

[0014] Figure 1 is a dendrogram depicting the association of the 81 genes selected from the
gene identification study.

(8018} Figures 2A-2E are scatter plots showing the comparison of normalized gene
expression (Cp) for matched samples from each patient where the x-axis is the gene
expression from the primary Gleason pattern RP sample (PGP) and the y-axis is the gene
expression from the biopsy (BX) sample. Fig. 2A: All ECM (storsal response} genes; Fig.
28: All migration (cellular organization) genes; Fig. 2C: All proliferation genes; Fig. 2Dt
PSA {androgen) genes; Fig. 2E: other genes from the 81 gene list that do not fall within any
of these four gene groups.

(30167 Figures 3A-3D are range plots of gene expression of individual genes within each
gene group in the biopsy (BX) and PGP RP samples. Fig. 3A: Al ECM (stromal response)
genes; Fig. 38: All migration {cellular organization} genes; Fig. 3C: All proliferation genes;
Fig. 3D other genes from the 81 gene list that do not fall within any of the gene groups.
{G6017] Figure 4 is a schematic illustration of the cligue-stack method psed to identify co-
expressed genes,

{6018] Figure 5 shows examples of cliques and stacks, Fig. 5(a)} is an example of a graph
that is not a clique; Fig. 5(b} is an example of a clique; Fig. 5{c} is an example of a clique bwt
is not a maximal cligue.

{6819 Figure § is a graph showing two maximal cliques; 1-2-3-4-5 and 1-2-3-4-6,

{0028} Figure 7 schematically ithustrates stacking of two maximal cliques.
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16621} Figure B8 is a graph showing that RS27 and CAPRA risk groups predict freedom from
high-grade or non-organ-confined disease,

{60221 Figure 9 is a graph showing that R827 and AUA risk groups predict freedom from
high~grade or non~organ-confined disease.

{6823} Figure 10 is a graph showing time fo clinical recurrence of PTEN fow and PTEN
normal patients from the gene identification study.

{0824] Figure 11 is a graph showing time to clinical recurrence of patients from the gene

identification study stratified into PTEN low/normal and TMPRSS-ERG negative/positive.

DETINITIONS

{0025] 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 invention
belongs. Singleton et al., Dictionary of Microbiology and Molecular Biology Ind ed,, 1.
Wiley & Sons (New York, NY 1994}, and March, Advanced Organic Chemistry Reactions,
Mechanisms and Structure 4th ed., John Wiley & Sons (New York, NY 1992}, provide one
skilled in the art with a general guide to many of the terms used in the present application.
{66261 One skilled in the art will recognize many methods and materials similar or equivalent
to those described herein, which could be used in the practice of the present invention
Indeed, the present invention is in no way Himited to the methods and materials described
herein, For purposes of the invention, the following terms are defined below.

{4027} The terms “tumor” and “lesion” as used herein, refer to all neoplastic cell growth and
proliferation, whether malignant or benign, and ali pre-cancerous and cancerous cells and
tissues, Those skilled in the art will realize that a fmor tissue sample may comprise multiple
biclogical elements, such as one or more cancer cells, partial or fragmented cells, tumors in
various stages, surrounding histologically normal-appesring tissue, and/or macro or micro-
dissected tissue.

{06281 The terms “cancer” and “cancerous” refer to or deseribe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer in
the present disclosure include cancer of the urogenital tract, such as prostate cancer.

(60291 As used herein, the term “prostate cancer” i3 used in the broadest sense and refers to
all stages and all forms of cancer arising from the tissue of the prostate gland.

10030] Staging of the cancer assists a physician in assessing how far the disease has
progressed and to plan a treatment for the patient. Staging may be done clinically (clinical

staging) by physical examination, blood tests, or response to radiation therapy, and/or
6
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pathologically {pathologic staging) based on surgery, such as radical prostatectomy.
According fo the fumor, node, metastasis {TNM) staging system of the American Joint
Committee on Cancer (AJCC), AJCC Cancer Staging Manual (7th Ed., 2014), the various
stages of prostate cancer are defined as follows: Tumor: T clinjcally napparent tumor not
palpable or visible by imaging, Tla: tumor incidental histological finding fu 5% or less of
tissue resected, T1b: tumor incidental histological finding in more than 5% of tissue resected,
Tleo: tumor identified by needle biopsy; T2: tumor confined within prostate, T2a: tumor
fnvolves one half of one lobe or less, T2b: tumor involves more than half of one lobe, but not
both fobes, T2¢: tumor involves both lobes; T3: tumor extends through the prostatic capsule,
T3a: extracapsular extension (unilateral or bilateral), T3b: tumor invades seminal vesicle(s);
T4: tumor is fixed or invades adjacent structures other than seminal vesicles (bladder neck,
external sphincter, rectum, levator muscles, or pelvic wall). Generally, a clinical T (¢T) stage
is T1 or T2 and pathologic T {(pT) stage is T2 or higher, Node: NO: no regional lymph node
metastasis; NI metastasis in regional lymph nodes. Metastasis: MO: no distant metastasis;
Mi: distant metastasis present.

[8031] The Gleason Grading system is used to help evaluate the prognosis of men with
prostate cancer. Together with other parameters, it is incorporated into a strategy of prostate
cancer staging, which predicts prognosis and helps guide therapy. A Gleason “score” or
“grade” is given to prostate cancer based upon its microscopic appearance, Tumors with &
low Gleason score typically grow slowly enough that they may not pose a significant threat to
the patients in their lifetimes. These patients arc monitored (“watchful waiting” or “active
surveillance”) over time. Cancers with a higher Gleason score are more aggressive and have a
worse prognosis, and these patients are generally treated with surgery {e.g., radical
prostatectomy) and, in some cases, therapy (e.g., radiation, hormone, ultrasound,
chemotherapy). Gleason scores {or sums) comprise grades of the two most common fumor
patierns., These patterns are referred to as Gleason patterns 1-3, with patiern 1 being the most
well-differentiated. Most have a mixture of patterns. To obtain a Gleason seore or grade, the
dominant patiern is added to the second most prevalent pattern to obtain a number between 2
and10. The Gleason Grades include: G well differentiated (slight anaplasia} (Gleason 2-4);
G2 moderately differentiated (moderate anaplasia) {Gleason 5-6); G3-4: poorly
differentiated/undifferentiated {marked anaplasia) (Gleason 7-10}.

{3032] Stage groupings: Stage I Tla N0 MO G1; Stage IE: (Tia NO MO G2-4) or (Tlh, ¢, TL,
12, NO MO Any G); Stage [T1: T3 NO MO Aoy G; Stage IV {T4 NO MO Any G) or (Any T NI
M3 Any G} or {Any T Any N M1 Any G
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{08337 The term “upgrading” as used herein refers to an increase in Gleason grade
determined from blopsy to Gleason grade determined from radical prostatectomy (RP). For
example, upgrading includes g change in Gleason grade from 3+3 or 3+4 on biopsy to 344 or
greater on RP. “Significant upgrading” or “upgrade2” as used herein, refors {o a change in
Gleason grade from 343 or 344 determined from biopsy to 443 or greater, or seminal vessical
involvement (SVI), or extracapsular involvement (ECE) as determined from RP.

{80341 The term “high grade” as used herein refers to Gleason score of >=3+4 or >=4+3 on
RP. The term “low grade” as used herein refers fo a Gleason score of 3+3 on RP, Ina
particular embodiment, “high grade” disease refers to Gleason score of at least major pattern
4, minor patiern 5, or lertiary patiern 5.

[6835] The term “upstaging” as used hereln refers {o an increase in humor stage from biopsy
to tumor stage at RP. For example, upstaging is a change in tursor stage from chinical Tt or
T2 stage at biopsy to pathologic T3 stage at RP,

[0836] The term “non organ-confined disease” as used herein refers fo having pathologic
stage T3 disease at RP. The term “organ-confined” as used herein refers to pathologic stage
pT2 at RP.

108371 The term “adverse pathology” as used herein refers to a high grade disease as defined
above, or non organ-confined disease as defined above. In a particular embodiment, “adverse
pathology™ refers to prostate cancer with a Gleason score of >=3-+4 or >=4+3 or pathologic
stage T3.

{8038] In another embodiment, the term “high-grade or mn-organ—ccmﬁned disease” refers to
prostate cancer with a Gleason score of at least major pattern 4, minor patiern 3, or fertiary
pattern 3, or pathologic stage T3,

{68391 As used herein, the terms “active surveillance” and “watchful waiting” mean closely
monitoring a patient’s condition without giving any freatmnent until symptoms appear or
change. For example, in prostate cancer, watchful waiting is usually used in older men with
other medical problems and early-stage disease.

[0846] As used herein, the term “sargery” applies to surgical methods undertaken for
removal of cancerous tissue, including pelvie lymphadenectomy, radical prostatectomy,
transurethral resection of the prostate (TURP), excision, dissection, and tumor
biopsy/removal, The tumor tissue or sections used for gene expression analysis may have
been obtained from any of these methods.,

{0641] As used herein, the term “biological sample containing cancer cells” refers to a

sample comprising tumor material obtained from a cancer patient. The term encompasses
8
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tumor tissue samples, for example, tissue obtained by radical prostatectomy and tissue
obtained by blopsy, such as for example, a core biopsy or a fine needle biopsy. The
biglogical sample may be fresh, frozen, or a fixed, wax-embedded tissue sample, such as a
formalin-tixed, paraffin~-embedded tissue sample, A biological sample also encompasses
bodily fluids containing cancer cells, such as blood, plasma, serum, urineg, and the like,
Additionally, the term “bological saraple containing cancer cells” encompasses a sample
comprising tumor cells obtained from sites other than the primary tumor, e.g., circulating
tumor cells. The term also encompasses cells that are the progeny of the patient’s tumor
cells, e.g. cell culiure samples derived from primary tumor cells or circulating tumor cells.
The term further encompasses samples that may comprise protein or nucleic acid material
shed from tumor cells in vive, e.g., bone marrow, blood, plasma, serum, and the like. The
term also encompasses samples that have been enriched for tumor cells or otherwise
manipulated after thelr procurement and samples comprising polynucleotides and/or
polypeptides that are obtained from a patient’s tumor material,

[0842] Prognostic factors are those variables related to the natural history of cancer that
influence the recurrence rates and outcome of patients once they have developed cancer.
Clinical parameters that have been associéted with a worse prognosis Include, for example,
increased tumor stage, high PSA level at presentation, and high Gleason grade or patiern.
Prognostic factors are frequently used to categorize patients into subgroups with different
baseline relapse risks.

{6043} The term “prognosis” is used herein to refer to the likelibood that a cancer patient will
have a cancer-atiributable death or progression, including recurrence, metastatic spread, and
drug resistance, of a neoplastic disease, such as prostate cancer, For example, a “good
progunosis” would include long term survival without recurrence and 2 “bad prognosis” would
inchude cancer recurrence.

{66441 A “positive clinical cufcome” can be assessed using any endpoint indicating a benefit
{0 the patient, including, without limitation, (1) inhibition, to some extent, of fumor growth,
including slowing down and complete growth arrest; {2} reduction in the number of tamor
cells; (3) reduction in tumor size; (4) inhibition (i.e., reduction, slowing down, or complete
stopping) of tumor cell infiltration into adjacent peripheral organs and/or tissues; (5)
inhibition of metasiasis; (6 enhancement of anti-tumor immune response, possibly resulting
in regression or rejection of the tumor; (7) relief] to some extent, of one or more symptoms
associated with the tumor; (8) increase in the duration of survival following treatment; and/or
{9} decreased mortality at a given point of time following treatment. Positive clinical

3



WO 2013/116144 PCT/US2013/023409

gutcome can also be considered in the context of an individual’s outcome relative to an
cutcome of a population of patients having a comparable clinical diagnosis, and can be
assessed using various endpoints such as an increase in the duration of Recurrence-Free
Interval (RFI), an increase in survival time {Overall Survival (08})) or prostate cancer-
spectfic survival time (Prostate Cancer-Specific Survival (PCSS)) in a population, no
upstaging or upgrading in tumor stage or Gleason grade between biopsy and radical
prostatectomy, presence of 3+3 grade and organ~confined disease at radical prostatectomy,
and the like,

{845] The term “risk classification” means a grouping of subjects by the level of risk {or
likelihood) that the subject will experience a particular negative clinical onicome, A subject
may be classified into a risk group or classified at a level of risk based on the methods of the
present disclosure, e.g. high, medium, or low risk. A “risk group” is a group of subjects or
individuals with a similar level of risk for a particular clinical outcome.

{0046} The term “long-term” survival is used herein to refer to survival for a particular time
period, e.g., for at least § years, or for at least 10 years,

{88471 The term “recurrence” s used herein to refer to local or distant recurrence (i.e.,
metastasis) of cancer. For example, prostate cancer can recur locally in the tissue next to the
prosiate or in the seminal vesicles. The cancer may also affect the surrounding lymph nodes
in the pelvis or lymph nodes outside this area. Prostate cancer can also spread to tissues next
to the prostate, such as pelvic muscles, bones, or other organs. Recurrence can be determined
by clinical recurrence detected by, for example, imaging study or biopsy, or bicchemical
recurrence detected by, for example, sustained follow-up prostate-specific antigen (PSA)
levels 2 6.4 ng/mL or the initiation of salvage therapy as a result of a rising PSA level.
{30481 The term “clinical recurrence-free interval (CRFTY” is used herein as time from surgery
to first clinical recurrence or death due to clinical recurrence of prostate cancer. If follow-up
ended without occurrence of clinical recurrence, or other primary cancers or death occurred
prior to clinical recurrence, time to ¢RFI is considered censored; when this occurs, the only
information known is that up through the censoring time, clinical recurrence has not occurred
in this subject. Blochemical recurrences are ignored for the purposes of caleulating oRFL
{B849] The term “biochemical recurrence-free interval (bBRFE” is used herein to mean the
time from surgery to first biochemical recurrence of prostate cancer. If clinical recurrence
occurred before binchemical recurrence, follow-up ended without cocurrence of bRYT, or
other primary cancers or death occurred prior to biochemical recurrence, time to biochemical

recurrence is considered censored at the first of these.
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86581 The term “Orverall Survival ((08)” is used herein to refer to the time from surgery to
death from any cause., If the subject was still alive at the time of last follow-up, survival time
is considered censored at the time of last follow-up. Biochemical recurrence and clinical
recurrence are ignored for the purposes of calculating OS.

{3851] The term “Prostate Cancer-Specific Survival (PCSS)” is used herein to describe the
time from surgery to death from prostate cancer, If the patient did not die of prostate cancer
before end of followup, or died due to other causes, PCSS is considered censored at this
time, Clinieal recurrence and biochemical recurrence are ignored for the purposes of
caleulating PCSS,

{0052] In practice, the calculation of the time-to-event measures listed above may vary from
study to study depending on the definition of events to be considered censored,

68531 As used herein, the torm “expression level” as applied to a gene refers {o the
normalized level of a gene product, e.g. the normalized value determined for the RNA level
of a gene or for the polypeptide level of a gene.

{08541 The term “gene product” or “expression product” are used herein to refer to the RNA
(ribonucleic acid) transcription products (transeripts) of the gene, including mRNA, and the
polypeptide translation products of such RNA transcripts. A gene product can be, for
example, an unspliced RNA, an mRNA, a splice variant mRNA, a microRNA, a fragmented
RNA, a polypentide, a post-transiationally modified polypeptide, a splice variant polypeptide,
etc.

[B0SS] The term “RNA transcript” as used herein refers to the RNA transcription products of
a gene, including, for example, mRNA, an unspliced RNA, a splice variant mRNA, a
microRNA, and a fragmented RNA.

{8056} Unless indicated otherwise, each gene name used herein corresponds to the Official
Symbol assigned to the gene and provided by Entrez Gene (URL: www.nebinim.nib.gov/
sites/entrer) as of the filing date of this application,

{08571 The term “microarray” refers to an ordered arrangement of hybridizable array
elements, e.g. oligonucleotide or polynucleotide probes, on a substrate.

{0058] The term “polynuclectide” generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA.
Thus, for instance, polymucleotides as defined herein include, without limitation, single- and
double-stranded DNA, DNA including single- and double-stranded regions, single- and
double-stranded RNA, and RNA including single- and double-stranded regions, hybrid

molecules comprising DNA and RNA that may be single-stranded or, more typically, double-
it



WO 2013/116144 PCT/US2013/023409

stranded or include single- and double-stranded regions. In addition, the term
“polynuclectide” as used herein refers o triple-stranded regions comprising RNA or DNA or
both RNA and DINA. The strands in such regions may be from the same molecule or from
different molecules. The regions may include all of one or more of the molecules, but more
typically involve only a region of some of the molecules. One of the molecules of a triple-
helical region often is an oligonucleotide. The term “polynuclectide” specifically includes
cDNAs, The term includes DNAs (including ¢DNAS) and RNAs that contain one or more
maodified bases. Thus, DNAs or RNAs with backbones modified for stability or for other
ressons, are “polynuclectides” as that term is intended herein, Moreover, DNAs or RNAs
comprising unusual bases, such as inosine, or modified bases, such as tritiated bases, are
included within the term “polynucleotides” as defined herein. In general, the term
“polynuclectide” embraces all chemically, enzymatically and/or metabolically modified
forms of unmodified polynucleotides, as well as the chemical forms of DNA and RNA
characteristic of viruses and cells, including simple and complex cells.

{88591 The term “oligonucleotide” refers to a relatively short polynucleotide, including,
without limitation, single-stranded deoxyribonucleotides, single- or double-sivanded
ribonucleotides, RNArDNA hybrids and double-siranded DNAs. Oligonucleotides, such as
single-stranded DNA probe oligonucleotides, are often synthesized by chemical methods, for
example using automated oligonucleotide synthesizers that are commercially available.
However, oligonucleotides can be made by a variety of other methods, including in vitro
recombinant DNA-mediated technigues and by expression of DNAs in cells and organisms.
{0068] The term “Ct” as used herein refers to threshold cyele, the cycle number in
guantitative polymerase chain reaction {(QPCR} at which the fluorescence generated within a
reaction well exceeds the defined threshold, Le. the point during the reaction at which a
sufficient number of amplicons have accumulated to meet the defined threshold.

[8861] The term “Cp” as used herein refers to “crossing point.” The Cp value is calculated by
determining the second derivatives of entire gPCR amplification curves and their maximum
value, The Cp value represents the cycle at which the increase of fluorescence is highest and
where the logarithmic phase of a PCR begins.

{0062] The terms “threshold” or “thresholding” refer to a procedure used to account for non-
linear relationships between gene expression measurements and clinical response as well as
to further reduce variation in reported patient scores. When thresholding is applied, all
measurements below or above a threshold are set to that threshold value. A non-linear

relationship between gene expression and outcome could be examined using smoothers or
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cubic splines to model gene expression on recurrence free interval using Cox PH regression
or on adverse pathology status using logistic regression. D, Cox, Journal of the Royal
Statistical Society, Series B 34:187-220 (1972). Variation in reported patient scores could be
examined as a function of variability in gene expression at the limit of quantitation and/or
detection for a particular gene.

{00631 As used herein, the term “amplicon,” refers o pleces of DNA that have been
synthesized using amplification techniques, such as polymerase chain reactions (PCR} and
ligase chain reactions.

{8864} “Stringency” of hybridization reactions is readily determinable by one of ordinary
skilf in the art, and generally is an empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In general, longer probes require higher
temperatures for proper annealing, while shorter probes need lower temperatures,
Hybridization generally depends on the ability of denatured DNA to re~-ammeal when
complementary strands are present in an environment below their melting temperature. The
higher the degree of desired homology between the probe and hybridizable sequence, the
higher the relative temperature which can be used. As a result, it follows that higher relative
temperatures would tend to make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of stringency of hybridization
reactions, see Ausubel et al., Current Protocols in Molecular Bislogy (Wiley Inferscience
Publishers, 1995).

{0065] “Stringent conditions” or “high stringency conditions”, as defined herein, typically:
{1} employ low ionic strength and high temperature for washing, for example 0.015 M
sodium chioride/0.0015 M sodium citrate/0.1% sodivm dodecyl sulfate at 50°C; (2) employ
during hybridization a denaturing agent, such as formamide, for example, 50% (v/v}
formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50mM
sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium citrate at
42°C; or (3) employ 50% formamide, § x SSC (6.75 M NaCl, 0.075 M sodium citrate), 50
mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution,
sonicated salimon sperm DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with
washes at 42°C in 0.2 x 88C (sodium chloride/sodium citrate) and 50% formamide, followed
by a high-siringency wash counsisting ¢f 0.1 x S8C containing EDTA at 55°C.

10666] “Moderately stringent conditions” may be identified as described by Sambrook et al,,
Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and

include the use of washing solution and hybridization conditions (e.g., temperature, ionic
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strength and %6SDS) less stringent that those deseribed above. An example of moderately
stringent conditions is overnight incubation at 37°C in a solution comprising: 20%
formamide, 5 x SSC {150 wM NaCl, 15 mM trisodium citrate}, 30 mM sodium phosphate
{pH 7.6}, 5 x Denhardt's solution, 10% dextran sulfate, and 20 mg/m! denatured sheared
salmon sperm DNA, followed by washing the filters in I x 88C at about 37-506C. The
skilled artisan will recognize how to adjust the temperature, onic strength, stc. as necessary
to accommaodate factors such as probe length and the like.

{6867] The terms “splicing” and “RNA splicing” are used interchangeably and refer io RNA
processing that removes introns and joins exons to produce mature mRMNA with continuous
coding sequence that moves into the cytoplasm of an eukaryotic cell.

{00681 As used herein, the term “TMPRSS fusion” and “TMPRSS2 fusion” are used
interchangeably and refer 1o a fusion of the androgen-driven TMPRSS2 gene with the ERG
oncogene, which has been demonstrated to have a significant association with prostate
cancer, 8, Perner, et al,, Urologe A. 46(7):754-760 (2007}; S.A, Nared, ef al., Br ¥ Cancer
G0(6):847-851 {2008). As used herein, positive TMPRSS fusion status indicates that the
TMPRSS fusion is present in a tissue sample, whereas negative TMPRSS fusion status
indicates that the TMPRSS fusion is not present in a tissue sample. Experts skilled in the art
will recognize that there are numerous ways to determine TMPRSS fusion status, such as
real-time, quantitative PCR or high-throughput sequencing. See, e.g., K. Mertz, et al,,
Neoplasis 9(33:200-206 (2007); C. Maher, Nature 458(7234):97-101 (2009},

{8869} The terms “correlated” and *“associated” are used interchangeably herein to refer to
the association between two measurements {or measured entities). The disclosure provides
genes or gene subsets, the expression levels of which are associated with clinical ovtcome.
For example, the increased expression level of a gene may be positively correlated (positively
associated) with a good or positive clinical outcome. Such a positive correlation may be
demonstrated statistically in various ways, e.g. by a cancer recurrence hazard ratio less than
one or by a cancer upgrading or upstaging odds ratio of less than one. In another example, the
increased expression level of a gene may be negatively correlated (negatively associated)
with a good or positive clinical outcome. In that case, for example, the patient may
gxperience a cancer recurrence or upgrading/upstaging of the cancer, and this may be
demonstrated statistically in various ways, e.g., 8 hazard ratio greater than lor an odds ratio
greater than one. “Correlation” is also used herein to refer to the strength of association
between the expression levels of two different genes, such that the expression level of a first

gene can be substifuted with an expression level of a second gene in a given algorithm if their
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expression levels are highly correlated. Such “correlated expression” of two genes that ars
substitutable in an algorithm are usually gene expression levels that are positively correlated
with one another, e.g., if increased expression of a first gene is positively correlated with an
outcome {g.g., increased likelihood of good clinical outcome), then the second gene that is
co-expressed and exhibits correlated expression with the first gene is also positively
correlated with the same outcome.

{8878} The terms “co-express” and “co-expressed”, as used herein, refer to a statistical
correlation between the amounts of different transcript sequences gcross a population of
different patients. Pairwise co-expression may be calculated by various methods known in the
art, e.g., by calculating Pearson correlation coefficients or Spearman correlation coefficients.
Co-expressed gene cligues may also be identified by seeding and stacking the maximal clique
enumeration {MCE) described in Example 4 herein. An analysis of co-expression may be
calcudated using normalized expression data, Genes within the same gene subset are also
considered to be co-expressed.

{08711 A “computer-based system” refers to a system of hardware, software, and data sforage
medium used to analyze information. The minimum hardware of a patient computer-based
sysiem comprises a central processing unit (CPUY, and hardware for data input, data output
{¢.g., display), and data storage. An ordinarily skilled artisan can readily appreciate that any
currently available computer-based systerns and/or components thereof are suitable for use in
connection with the methods of the present disclosure, The data storage medium may
comprise any manufacture comprising a recording of the present information as described
above, or a memory access device that can access such a manufacture.

{6872] To “record” data, programming or other information on a computer readable medium
refers to a process for storing information, using any such methods as known in the arl. Any
convenient data storage structure may be chosen, based on the means used o access the
stored information. A variety of data processor programs and formats can be used for storage,
e.g. word processing text file, database format, etc.

{88731 A “processor” or “computing means” references any hardware and/or software
combination that will perform the functions required of it. For exampls, a suitable processor
may be a programmable digital microprocessor such as available in the form of an electronic
condroller, mainframe, server or personal computer (desktop or portable}. Where the
processor is programmable, suitable programming can be communicated from a remote
location to the processor, or previously saved in a computer program product {such as a

portable or fixed computer readable storage medivm, whether magnetic, optical or solid state
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device based). For example, a magnetic medivm or optical disk may carry the programming,
and can be read by a suitable reader communicating with each processor at iis corresponding
station,

ALCORITHM-BASED METHODS AND GENE SUBSETS

{6874} The present invention provides an algorithm-based molecular diagnostic assay for
predicting a clinical outcome for 3 patient with prostate cancer. The expression level of one
or more genes may be used alone or arranged into functional gene subsets to calculate a
quantitative score that can be used to predict the likelihood of a clinical outcome. The
algorithm-based assay and associated information provided by the practice of the methods of
the present invention facilitate optimal treatment decision-making in prostate cancer. For
example, such a clinical tool would enable physicians to identify patients who have a low
likelthood of having an aggressive cancer and therefore would not need RP, or who havea
high likelihood of having an aggressive cancer and thevefore would need RP.

189751 As used herein, a “quantitative score” is an arithmetically or mathematically
calculated numerical value for aiding in simplifying or disclosing or informing the analysis of
more complex guantitative information, such as the correlation of certain expression levels of
the disclosed genes or gene subseis to a likelihood of a clinical outcome of a prostate cancer
patient. A quantitative score may be determined by the application of a specific algorithm.
The algorithm used to caloulate the guantitative score in the methods disclosed herein may
group the expression level valoes of genes. The grouping of genes may be performed at least
in part based on knowledge of the relative contribution of the genss according to physiologic
functions or component cellular characteristics, such as in the groups discussed herein. A
quantitative score may be determined for a gene group {“gene group score”). The formation
of groups, in addition, can facilitate the mathematical weighting of the contribution of various
expression levels of genes or gene subsets to the quantitative score. The weighting of a gene
Or gene group representing a physiological process or component cellular characteristic can
reflect the contribution of that process or characteristic to the pathology of the cancer and
clinical outcome, such as recurrence or upgrading/upstaging of the cancer. The present
invention provides a number of algorithms for caleulating the quantitative scores, for
example, as set forth in Table 4. Tn an embodiment of the invention, an increase in the
guantitative score indicates an increased likelihood of a negative clinical outcome.

190761 In an embodiment, a quantitative score is 3 “recurrence score,” which indicates the
likelihood of a cancer recurrence, upgrading or upstaging of a cancer, adverse pathology,

non-organ-confined disease, high-grade disease, and/or highgrade or non-organ~-confined
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disease. An increase in the recurrence score may correlate with an increase in the likelihood
of cancer recurrence, upgrading or upstaging of a cancer, adverse pathology, non-organ-
confined disease, high-grade disease, and/or highgrade or non-organ~confined disease.
{8877 The gene subsets of the present invention include an ECM gene group, migration gene
group, androgen gene group, profiferation gene group, epithelia gene group, and stress gene
group.

{0078] The gene subsets referred to herein as the “ECM gene group,” “stromal gene group,”
and “stromal response gene group” are used interchangeably and include genes that are
syathesized predominantly by stromal cells and are involved in stromal response and genes
that co-express with the genes of the ECM gene group. “Stromal celis” are referred to herein
as connective tissue cells that make up the support structure of biclogical tissues. Stromal
cells inchude fibroblasts, immume cells, pericytes, endothelial cells, and inflammatory cells.
“Stromal response” refers to a desmoplastic response of the host tissues at the site ot a
primary tumor or invasion. See, e.g., E. Rubin, J. Farber, Pathlogy, 985-986 {end Ed. 1994),
The BCM gene group includes, for example, ASPN, SFRP4, BGN, THBS2Z, INHBA,
COLIAL, COL3AL, COL1AZ, SPARC, COLBAL, COL4AL, FNI, FAP, and COLSAZ, and
co-expressed genes thereof, Exemplary co-expressed genes include the genes and/or gene
cligues shown in Table 8,

{30791 The gene subsets referred to hereln as the “migration gene group” or “migration
regulation gene group” or “cytoskeletal gene group™ or “cellular organization gene group” are
used interchangeably and include genes and co-expressed genes that are part of a dynamic
microfilament network of actin and accessory proteins and that provide intraceliular support
to cells, generate the physical forces for cell movement and cell division, as well as facilitate
intracellular transport of vesicles and cellular organelle. The migration gene group includes,
for example, BINT, IGF1, C7, GSN, DES, TGFB1I, TPM2, VCL, FLNC, ITGA7, COL6AL,
PPPIRIZA, GSTMI, GSTM2, PAGE4, PPAPIR, SRDSAZ, PRKCA, IGFBPs, GPM6EB,
OLFML3, and HLF, and co-expressed genes thereof. Exemplary co-expressed genes and/or
gene cliques are provided in Table 9.

[0080] The gene subset referred to herein as the “androgen gene group,” “PSA gene group,”
and “PSA regulation gene group” are used interchangeably and include genes that are
members of the kallikrein family of serine proteases {e.g. kallikrein 3 [PSA]), and genes that
co-express with genes of the androgen gene group. The androgen gene group includes, for
example, FAMI3C and KLK2, and co-expressed genes thereof. The androgen gene group

may further comprise AZGPT and SRDSAZ, and co-expressed genes thereof
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{0881] The gene subsets referred to herein as the “proliferation gene group” and “cell cycle
gene group” are used interchangeably and inchude genes that are involved with cell cyele
functions and genes that co-express with genes of the proliferation gene group. “Cell cycle
functions”™ as used herein refers to cell proliferation and cell ¢yele control, e.g.,
checkpoint/G1 to § phase transition. The proliferation gene group thus includes, for example,
CDC20, TPX2, UBE2T, MYBL2, and CDKNIC, and co-expressed genes thereof
Exemplary co-expressed genes and/or gene cliques are provided in Table 10

80821 The gene subsets referred to hergin as the “epithelia gene group” and “basal epithelia
gene group™ are used interchangeably and include genes that are expressed during the
differentiation of a polarized epithelium and that provide intracellular structural integrity to
facilitate physical interactions with neighboring epithelial cells, and genes that co-express
with genes of the epithelia gene group. The epithelia gene group includes, for example,
CYP3AS, KRTI15, KRTS, LAMB3, and SDC1 and co-expressed genes thersof,

% ¢s

0831 The gene subset referred to herein as the “stress gene group,” “siress respouse gene
group,” and “early response gene group” are used interchangeably and includes genes and co-
expressed genes that are transcription factors and DNA-binding proteins sctivated rapidly and
transiently in response to cellular stress and other extracethular signals. These factors, in turn,
regulate the transcription of a diverse range of genes. The stress gene group includes, for
example, DUSPL, EGR1, FOS, JUN, EGR3, GADD4S5B, and ZFP36, and co-expressed genes
thereof. Exemplary co-expressed genes and/or gene cligues are provided in Table 11,

{0084} Hxpression levels of other genes and their co-expressed genes may be used with one
more of the above gene subsets (o predict a likelihood of a clinical outcome of a prostate
cancer patient, For example, the expression level of one or more genes selected from the 81
genes of Figure 1 or Table 1A or 1B that do not fall within any of the disclosed gene subsets
may be used with one or more of the disclosed gene subsets,  In an embodiment of the
invention, one or more of STATSHE, NFATS, AZGPI, ANPEPR, IGFBPZ, SLC22A3, ERG,
AR, SRDSAZ, GSTMI, and GSTM?2 may be used in one or more gene subsets described
above 1o predict a Hkelihood of a clinical outcome.

[B035] The present invention also provides methods to determine a threshold expression level
for a particular gene. A threshold expression level may be calculated for a specific gene. A
threshold expression level for a gene may be based on a normalized expression level, Inone
example, a Cythreshold expression level may be calculated by assessing functional forms

using logistic regression or Cox proportional hazards regression.

i8



WO 2013/116144 PCT/US2013/023409

{0886] The present invention further provides methods to determine genes that co-express
with particular genes identified by, e.g., guantitative RT-PCR (qRT-PCR), as validated
biomarkers relevant to a particular type of cancer. The co-expressed genes are themselves
useful biomarkers. The co-expressed genes may be substituted for the genes with which they
co-express. The methods can inclode identifying gens cliques {rom microarray data,
normalizing the microarray data, computing a8 pairwise Spearman correlation matrix for the
array probes, filtering out significant co-expressed probes across different studies, building a
graph, mapping the probe to genes, and generating a gene cligue report. An exemplary
method for identifying co-expressed genes is described in Example 3 below, and co-
expressed genes identified using this method are provided in Tables 8-11. The expression
levels of one or more genes of a gene clique may be used to calculate the likelthood thata
patient with prostate cancer will experience a positive clinical outcome, such as a reduced
fikelihood of a cancer recurrence.

{68871 Any one or more combinations of gene groups may be assayed in the method of the
present invention. For example, a stromal response gene group may be assayed, alone or in
combination, with a celiular organization gene group, a proliferation gene group, and/or an
androgen gene group. In addition, any number of genes within each gene group may be
assayed.

{0888] In g specific embodiment of the invention, a method for predicting a clinical outcome
for a patient with prostate cancer comprises measuring an expression level of at least one
gene from a stromal response gene group, or a co-expressed gene thereof, and at least one
gene from a cellular organization gene group, or a co-cxpressed gene thereof. In another
embodiment, the expression level of af least two genes from a stromal response gene group,
or g co~expressed gene thereof] and at least two genes from a cellular organization gene
group, or a co-expressed gene thereof, are measured. In yet another embodiment, the
expression levels of at least three genes are measured from each of the stromal response gene
group and the celiular organization gene group. In 3 further embodiment, the expression
levels of at least four genes are measured from each of the stromal response gene group and
the cellular organization gene group. In ancther embodiment, the expression levels of at least
five genes are measured from each of the stromal response gene group and the cellular
organization gene group. Tn vet a further embodiment, the expression levels of at least six
genes are measured from each of the stromal response gene group and the cellular

organization gens group.
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[B08%] In another specific embodiment, the expression level of at least one gene from the
stromal response gene group, or a co-expressed gene thereof, may be measured in addition to
the expression level of at least one gene from an androgen gene group, or a co-expressed
gene thereof. In a particular embodiment, the expression levels of at least three genes, or co-
expressed genes thereof, from the stromal response gene group, and the expression Jevel of at
least one gene, or co-expressed gene thereof, from the androgen gene group may be
measured.

{6890} In a further embodiment, the expression level of at least one gene sach from the
stromal response gene group, the androgen gene group, and the cellular organization gene
group, or co~expressed genes thereof, may be measured. In a particular embodiment, the
level of at least three genes from the stromal resonse gene group, at least one gene from the
androgen gene group, and at least three genes from the cellular organization gene group may
be measured. In another embodiment, the expression level of at least one gene each from the
stromal response gene group, the androgen gene group, and the proliferation gene group, or
co-expressed genes theregof, may be measured. In a particular embodiment, the level of at
least three genes from the stromal response gene group, at least one gene from the androgen
gene group, and at least one gene from the proliferation gene group may be measured. In
either of these combinations, at least two genes from the androgen gene group may also be
measured. In any of the combinations, at least four genes from the androgen gene group may
also be measured.

{66911 In another embodiment, the expression level of at least ove gene each from the
stromal response gene group, the androgen gene group, the cellular organization gene group,
and the proliferation gene group, or co-expressed genes thereof, may be measured. Ina
particular embodiment, the level of at least three genes from the stromal response gene group,
at least three genes from the cellular organization gene group, at least one gene from the
proliferation gene group, and at least two genes from the androgen gene group may be
measured. In any of the embodiments, gt least four genes from the androgen gene group may
be measured.

[0092] Additionally, expression levels of one or more genes that do not fall within the gene
subsets described herein may be measured with any of the combinations of the gene subsets
described herein. Alternatively, any geve that falls within a gene subset may be analyzed
separately from the gene subset, or in another gene subset. For example, the expression
levels of at least one, at least two, at least three, or at least 4 genes may be measured in

addition to the gene subsets described herein. In an embodiment of the invention, the
~
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additional gene(s) are selected from STATSB, NFATS, AZGPL, ANPEP, IGFBPL,
SLC22A3, BERG, AR, SRDISA2, GSTMI, and GSTM2.

8893} In a specific embodiment, the method of the invention comprises measuring the
expression levels of the specific combinations of genes and gene subsets shown in Table 4.
in a further embodiment, gene group score(s) and quantitative score(s} are calculated
according to the algorithm(s) shown in Table 4,

{94] Various technological approaches for determination of expression levels of the
disclosed genes are set forth in this specification, including, without limifation, RT-PCR,
microarrays, high-throughput sequencing, serial analysis of gene expression (SAGE) and
Digital Gene Expression {DGE), which will be discussed in detail below, In particular
aspects, the expression level of each gene may be determined in relation to various features of
the expression products of the gene including exons, introus, protein epitopes and protein
activity.

{8095} The expression product that is assayed can be, for example, RINA or g polypeptide.
The expression product may be fragmented. For example, the assay may use primers that are
complementary to target sequences of an expression product and could thus measure full
transcripts as well as those fragmented expression products containing the target sequence.
Further information is provided in Table A.

[0096] The RNA expression product may be assayed directly or by detection of a cDNA
product resulting from a PCR-based amplification method, ¢.g., quantitative reverse
transeription polymerase chain reaction (QRT-PCR). {See e.g., U.8. Patent No, 7,587,279},
Polypeptide expression product may be assayed using immunchistochemistry (IHC) by
proteomics technigues. Further, both RNA and polypeptide expression products may also be
assayved using microarrays.

METHODS OF ASSAYING EXPRUSSION LEVELS OF & GENE PRODUCT

06977 Methods of gene expression profiling include methods based on hybridization
analysis of polynucleotides, methods based on sequencing of polynuclectides, and
protecinics- based methods, Exemplary methods known in the art for the quantification of
RNA expression in a sample include northern blotting and in situ hybridization {(Parker &
Barnes, Methods in Molecular Biology 106:247-283 (1999)), RNAse protection assays (Hod,
Biotechniques 13:852-854 (1992)); and PCR-based methods, such as reverse transeription
PCR (RT-PCR) (Weis et al., Trends in Genetics 8:263-264 (1992}). Antibodies may be
employed that can recognize sequence-specific duplexes, including DNA duplexes, RNA

duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. Representative methods
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for sequencing-based gene expression analysis include Serial Analysis of Gene Expression
{SAGE), and gene expression analysis by massively parallel signature sequencing (MPSS).
Other methods known in the art may be used.

Reverse Transcription PCR (RT-PCR)
[G098] Typically, mRNA is isolated from a test sample. The starting material is typically
total RNA isolated from a human tumor, usually from a primary tumeor, Optionally, normal
tissues from the same patient can be used as an internal control. Such normal tissue can be
histologically-appearing normal tissue adjacent to a tumor. mRNA can be extracted froma
tissue sample, e.g., from a sample that is fresh, frozen {e.g. fresh frozen), or paraffin-
embedded and fixed {e.g. formalin-fixed).
[0899] General methods for mRNA exiraction are well known in the art and are disclosed in
standard textbooks of molecular biology, including Ausubel et al., Current Protocols of
Molecular Biology, John Wiley and Sons (1997}, Methods for RNA extraction from paraffin
embedded tissues are disclosed, for example, in Rupp and Locker, Lab Invest, 56:A67
(1987}, and Die Andrés et al,, BioTechnigues 18:42044 (1995}, In particular, RNA isolation
can be performed using a purification kit, buffer set and protease from commercial
manufacturers, such as Qlagen, according to the manufacturer’s instructions. For example,
total RNA from cells in culture can be isolated using Qiagen RNeasy mini-colurans. Other
commercially available RNA isolation kits include MasterPure™ Complete DNA and RNA
Purification Kit (EPICENTRE®, Madison, W), and Paraffin Block RNA Isolation Kit
{Ambion, Inc.). Total RNA from tissue samples can be isolated using RNA Stat-60 (Tel-
Test), RNA prepared from tumor can be isolated, for example, by cesium chioride density
gradient centrifugation,
[001868] The sample containing the RNA is then subjected to reverse transcription to produce
cDINA from the RNA template, followed by exponential amplification in g PCR reaction. The
two most commonly used reverse transcriptases are avilo myeloblastosis virus reverse
transcriptase (AMVY-RT) and Moloney murine leukemia virus reverse franscriptase (MMLV-
RT). The reverse transcription step is typically primed using specific primers, random
hexamers, or oligo-dT primers, depending on the circumstances and the goal of expression
profiling. For example, extracted RNA can be reverse-transcribed using a GeneAmp RNA
PCR kit (Perkin Elmer, CA, USA), following the manufacturer’s instructions, The derived

¢DNA can then be used as a template in the subsequent PCR reaction.
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[68161] PCR-based methods use a thermostable DNA-~dependent DNA polymerase, such as
a Taq DNA polymerase. For example, TagMan® PCR typically utilizes the 5 -nuclease
activity of Taq or Tth polymerase {o hydrolyze a hybridization probe bound to its target
amplicon, but any enzyme with equivalent §” nuclease activity can be used. Two
oligonucleotide primers are used to generate an amplicon typical of a PCR reaction product.
A third oligonuclectide, or probe, can be designed to facilitate detection of a nucleotide
sequence of the amplicon located between the hybridization sites the two PCR primers. The
probe can be detectably labeled, e.g., with a reporter dye, and can further be provided with
both a fluorescent dye, and a guencher fluorescent dye, as in 2 Tagman® probe contiguration.
Where a Tagman® probe is ysed, during the amplification reaction, the Taq DNA polymerase
enzyme cleaves the probe in a template-dependent manner. The resultant probe fragments
disassociate in solution, and signal from the released reporter dye is free from the quenching
etfect of the second fluorophore. One molecule of reporter dye is liberated for each new
molecule synthesized, and detection of the unquenched reporter dye provides the basis for
quantitative interpretation of the data.

{80162] TagMan® RT-PCR can be performed using commercially available equipment, such
as, for example, high-throughput platforms such as the ABI PRISM 7700 Sequence Detection
System® (Perkin-Flmer-Applied Biosystems, Foster City, CA, USA), or Lighteycler {Roche
Molecular Biochemicals, Mannheim, Germany). In a preferred embodiment, the procedure is
run on a LightCyeler® 480 (Roche Diagnostics) real-time PCR systern, which is a microwel
plate-based cyeler platform.

[08183] 5'-Nuclease assay data are commonly initially expressed as a threshold cyele (“C/7).
Fluorescence values are recorded during every cyele and represent the amount of product
amplified to that point in the amplification reaction. The threshold cycle (G} is generally
described as the point when the fluorescent signal is first recorded as statistically significant,
Alternatively, data may be expressed as a crossing point ( “Cp™). The Cp value is calculated
by determining the second derivatives of entire gPCR amplification curves and their
maximum value. The Cp value represents the cycle at which the increase of fluorescence is
highest and where the logarithmic phase of a PCR begins.

[00184] To minimize errors and the effect of sample-to-sample variation, RT-PCR is usually
performed using an internal standard. The ideal internal standard gene (also referred to asa
reference gene) is expressed at a quite constant level among cancerous and non-cancerous
tissue of the same origin (Le,, a level that is not significantly different among normal and

cancerous tissues), and is not significantly affected by the experimental treatment (ie., does
23



WO 2013/116144 PCT/US2013/023409

not exhibit a significant difference in expression level in the relevant tissue as a resulf of
exposure to chemotherapy), and expressed at a quite constant level among the same tissue
taken from different patients. For example, reference genes useful in the wethods disclosed
herein should aot exhibit significantly different expression levels in cancerous prostate as
compared to norroal prostate tissue. Exemplary reference genes used for normalization
comprise one or more of the following genes: AAMP, ARF1, ATPSE, CLTC, GPSI, and
PGK I, Gene expression measurements can be normalized relative o the mean of one or more
(e.g., 2, 3, 4, §, or more) reference genes, Reference-normalized expression measurements
can range from 2 to 185, where a one unit increase generally reflects a 2-fold increase in RNA
guantity.
[$0105] Real time PCR is compatible both with quantifative competitive PCR, where au
internal competitor for each target sequence is used for normalization, and with goantitative
comparative PCR using a normalization gene contained within the sample, or a housekeeping
gene for RT-PCR. For further details see, e.g. Held et al,, Genome Research 6:986-994
{19963,
{08106} The steps of a representative protocol for use fu the methods of the present
disclosure use fixed, paraffin-embedded tissues as the RNA source. For example, mRNA
isolation, purification, primer extension and amplification can be performed according to
methods available in the art, {see, e.g., Godfrey et al. J. Molee. Diagnostics 2: 84-81 (2000);
Spechi et al., Am. 1. Pathol. 158: 419-29 (2001}). Briefly, a representative process staris with
cutting about 10 pm thick sections of paraffin-embedded tumor tissue samples, The RNA is
then extracted, and protein and DNA depleted from the RNA-containing sample. After
analysis of the RNA conceniration, RNA is reverse franscribed using gene-~specific primers
followed by RT-PCR to provide for cDNA amplification products.

Besign of Intron-Based PCR Primers and Probes
[06147] PCR primers and probes can be designed based upon exon or intron sequences
present in the mRNA transcript of the gene of interest. Primer/probe design can be performed
using publicly available software, such as the DNA BLAT software developed by Kent, W1,
Genome Res, 12(41:656-64 (2002}, or by the BLAST software including its variations.
{8188] Where necessary or desired, repetitive sequences of the target sequence can be
masked to mitigate non-~specific signals. Exemplary tools to accomplish this include the
Repeat Masker program available on-line through the Baylor College of Medicine, which

screens DNA sequences against a library of repetitive elements and returns a query sequence
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in which the repstitive elements are masked. The masked intron sequences can then be used
to design primer and probe sequences using any commercially or otherwise publicly available
primer/probe design packages, such as Primer Express (Applied Biosystems}; MGHB assay-
by-design (Applied Biosystems); Primer3 (Steve Rozen and Helen J. Skaletsky (2000}
Primer3 on the WWW for general users and for biologist programmers. See 8. Rrawetz, S.
Misener, Bioinformatics Methods and Protocols: Methods in Molecular Biology, pp. 365-386
(Humana Press},
[88109] Other factors that can influence PCR primer design include primer length, melting
temperature (Tm}, and G/C content, specificity, complementary primer sequences, and 3 '-
end sequence. o general, optimal PCR primers are generally 17-30 bases in length, and
contain about 20-80%, such as, for example, abowt 50-60% G+C bases, and exhibit Tov's
between 50 and 80 0C, e.g. about 50 to 70 0C,
{38118] For further guidelines for PCR primer and probe design see, e.g. Dieffenbach, CW.
et al, “General Concepts for PCR Primer Design” i PCR Primer, A Laboratory Manual,
Cold Spring Harbor Laboratory Press,. New York, 1995, pp. 133-155; Inuis and Gelfand,
“Optimization of PCRs”™ in: PCR Protocols, A Guide to Methods and Applications, CRC
Press, London, 1994, pp. 5-11; and Plasterer, T.N. Primerselect: Primer and probe design.
Methods Mol, Biol, 70:520-527 (1997}, the entire disclosures of which are hereby expressly
incorporated by reference.
{06111} Table A provides further information concerning the primer, probe, and anoplicon
sequences associated with the Examples disclosed herein,

MassARBAY® System
100112} In MassARRAY-based methods, such as the exemplary method developed by
Sequenom, Inc. {San Diego, CA) following the isolation of RNA and reverse transcription,
the obtained cDINA is spiked with a synthetic DNA molecule {(competitor), which matches
the targeted cDNA region in all positions, except a single base, and serves as an internal
standard. The ¢cDNA/competitor mixture is PCR amplified and is subjected to a post-PCR
shrimp alkaline phosphatase (SAP) enzyme treatment, which results in the dephosphorylation
of the remaining nuclectides. After inactivarion of the alkaline phosphatase, the PCR
products from the competitor and ¢DNA ave subjected to primer extension, which generates
distinct mass signals for the competitor- and ¢DNA-derives PCR products. After purification,
these products are dispensed on a chip array, which is pre-loaded with components needed
for analysis with matrix~ assisted laser desorption ionization time-of-flight mass spectrometry

(MALDI-TOF MS) analysis. The ¢cDNA present in the reaction is then quantified by
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analyzing the ratios of the peak areas in the mass spectrum generated. For further details see,
e.g. Ding and Cantor, Proc. Natl. Acad. Sci. USA 100:3059-3064 (2003).

(ther PCR-based Methods
{38113} Further PCR-based techniques that can find use in the methods disclosed herein
include, for example, BeadAsrray® technology (IHumina, San Diego, CA; Oliphant et al,,
Discovery of Markers for Disecase (Supplement to Biotechniques), June 2002; Ferguson et al,,
Analytical Chemistry 72:5618 (2000)); BeadsArray for Detection of Gene Expression®
{BADGE), using the commercially available LuminexiOQ LabMAP® system and multiple
color-coded microspheres (Luminex Corp., Austin, TX) in a rapid assay for gene expression
{Yang et al, Genome Res. 11:1888-1898 (2001}}; and high coverage expression profiling
(HiCEP) analysis {Fukumura et al., Nucl Acids. Res. 31{16) 94 (2003).

Microarrays
{08114} Expression levels of a gene or microArray of inferest can also be assessed using the
microarray technique. In this method, polynucleotide sequences of interest {including cDNAs
and oligonucleotides) are arrayed on a substrate. The arrayed sequences are then contacted
snder conditions suitable for specific hybridization with detectably labeled ¢cIINA generated
from RNA of a test sample. As in the RT-PCR method, the source of RNA typically is total
RNA isolated from a tumor sample, and optionally from normal tissue of the same patient as
an internal control or cell lines. RNA can be exiracted, for example, from frozen or archived
paraffin-embedded and fixed (e.g. formalin-fixed) tissue samples.
{80115} For example, PCR amplitied inserts of cDNA clones of a gene to be assayed are
applied (o a substrate in a dense array. Usually at least 10,000 nucleotide sequences are
applied to the substrate. For example, the microarrayed genes, immobilized on the microchip
at 10,000 elements each, are suitable for hybridization under stringent conditions.
Fluorescently labeled ¢DDNA probes may be generated through incorporation of fluorescent
nucieotides by reverse franscription of RNA extracted from tissues of interest. Labeled cDNA
probes applied to the chip hybridize with specificity to each spot of DNA on the array. After
washing under stringent conditions to remove non-specifically bound probes, the chip is
scanned by confocal laser microscopy or by another detection method, such as a CCD
camera, Quantitation of hybridization of each arrayed element allows for assessment of
corresponding RNA abundance.
{8116} With dual color fluorescence, separately labeled ¢cDNA probes generated from two
sources of RNA are hybridized pair wise to the array. The relative abundance of the

transeripts from the two sources corresponding to each specified gene is thus determined
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simultaneously. The miniaturized scale of the hybridization affords a convenient and rapid
evaluation of the expression pattern for large numbers of genes. Such methods have been
shown to have the sensitivity required to detect rare transcripts, which are expressed at a few
copies per cell, and to reproducibly detect at least approximately two~fold differences in the
expression levels (Schena et at, Proc. Natl. Acad, ScL USA 93(21106-14% (1996)).
Microarray analysis can be performed by commercially available equipment, following
manufacturer's protocols, such as by using the Affymetrix GenChip® technology, or Incyte's
microarray technology.

Serial Analysis of Gene Expression (SAGE)
{8117} Serial analysis of gene expression (SAGE) is a method that aliows the simultaneous
and quantitative analysis of a large number of gene transcripts, without the need of providing
an individual hybridization probe for each franseript. First, a short sequence tag {about 1{-14
bp} is generated that contains sufficient information to uniquely identify a transcript,
provided that the tag is obtained from a unique position within each transcript. Then, many
transcripts are Hnked together to form long serial molecules, that can be sequenced, revealing
the identity of the multiple tags simulianeously. The expression pattern of any population of
transcripts can be quantitatively evaluated by determining the abundance of individual tags,
and identifying the gene corresponding to each tag. For more details see, e.g. Velculescu et
al,, Science 27(:484-487 (1993); and Velculesou et al,, Cell 88:243-81 {1997},

Gene Expression Analysis by Nucleic Acid Seguencing
{81 18] Nucleic acid sequencing technologies are suitable methods for analysis of gene
expression. The principle underlying these methods is that the number of times a ¢cDNA
sequence is detected in a sample is directly related to the relative expression of the RNA
corresponding o that sequence. These methods are sometimes referred to by the term Digital
Gene Expression (DGE) to reflect the discrete numeric property of the resulting data. Early
methods applying this principle were Serial Aualysis of Gene Expression (SAGE) and
Massively Parallel Signature Sequencing (MPSS). See, e.g., S. Brenner, et al,, Nature
Biotechnology 18(6):630-634 (2000). More recently, the advent of “vext-generation”
sequencing technologies has made DGE simpler, higher throughput, and more affordable, As
a result, more laboratories are able to utilize DGE to screen the expression of more genes in
more individual patient sampieé than previously possible. See, e.g., 1. Marioni, Genome
Research 18(9):1509-1517 (2008}); R, Morin, Genome Research 18(4):610-621 (2008} A
Mortazavi, Nature Methods 5(7):621-628 (2008); N. Cloonan, Nature Methods 5{73:613-619
(2008).



WO 2013/116144 PCT/US2013/023409

Isolating RNA from Body Fluids
{00119} Methods of isolating RNA for expression analysis from blood, plasma and seram
(see, e.g., K. Enders, et al,, Clin Chem 48,1647-53 (2002) (and references cited therein) and
from urine {see, ¢.g., R. Boom, et al,, I Clin Microbiol. 2§, 495-503 {1990} and references
cited therein) have been described.

Immunohisiochemistry
{86128} Immunohistochemistry methods are also suitable for detecting the expression levels
of genes and applied to the method disclosed herein, Antibodies {e.g., monoclonal antibodies)
that specifically bind a gene product of g gene of interest can be used in such methods. The
antibodies can be detected by direct labeling of the antibodies themselves, for example, with
radioactive labels, fluorescent labels, hapten' labels such as, biotin, or an enzyme such as
horse radish peroxidase or alkaline phosphatase, Alternatively, unlabeled primary antibody
can be used in conjunction with a labeled secondary antibody specific for the primary
antihody. Immunochistochemistry protocols and kits are well known in the art and are
commercially available.

Proteomics
{68121] The term “proteome” is defined as the totality of the proteins present in a sample
{e.g. tissue, organism, or cell culture) at a certain point of time. Proteomics includes, among
other things, study of the global changes of protein expression in a sample (also referred to as
“expression proteomics”™), Proteomics typically includes the following steps: (1) separation of
tndividual proteins in a sample by 2-D gel electrophoresis (2-D PAGE}; (2) identification of
the individual proteins recovered from the gel, e.g. my mass spectrometry or N- terminal
sequencing, and (3} analysis of the data using bioinformatics.

General Description of the mRNA Isclation, Purification and Amplification
[68122] The steps of a representative protocot for profiling gene expression using fixed,
paraffin-embedded tissues as the RNA sourcs, including mRNA isolation, purification,
primer extension and amplification are provided in various published journal articles. {See,
e.z., T.E. Godfrey, et al,. §. Molec. Diagnostics 2: 84-81 (2000}; K. Spechtet al,, Am. J.
Pathol. 158: 419-29 (2001}, M. Cronin, ¢t al,, Am J Pathol 164:33-42 (2004)}. Brietly, a
representative process starts with cutting a tissue sample section (e.g.about 10 urm thick
sections of a paraffin-embedded tomor tissue sample). The RNA is then exiracted, and
protein and DNA are removed. After analysis of the RNA concentration, RNA repair is
performed if desired. The sample can then be subjected to analysis, e.g., by reverse

iranscribed using gene specific promoters followed by RT-PCR.
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STATISTICAL ANALYSIS OF EXPRESSION LEVELS IN IDENTIFICATION OF (GENES

{80123] One skilled in the art will recognize that there are many statistical methods that may
be used to determine whether there is a significant relationship between a clinical oufcome of
interest (e.g., recurrence) and expression levels of a marker gene as described here. In an
exemplary embodiment, the present invention includes three studies, The first study isa
stratified cohort sampling design (3 form of case-control sampling) using tissue and data from
prostate cancer patients. Selection of specimens was stratified by clinical T-stage (T1, T2},
year of surgery (<1993, »1993), and prostatectomy Gleason Score (low/intermediate, high).
All patients with clinical recurrence were selected and a stratified random sample of patients
who did not experience a clinical recurrence was selected. For each patient, up to two
enriched tumor specimens and one normal-appearing tissue sample were assayed. The
second study used a subset of 70 patients from the first study {from whom matched prostate
biopsy tumor tissue was assaved. The third study inchudes all patients {170 evaluable
patients) who had surgery for their prostate cancer between 1999 and 2010 at the Cleveland
Clinic {CC) and had Low or [ntermediate risk (by AUA} clinically localized prostate cancer
who might have been reasonable candidates for active surveillance but who underwent RP at
CC within 6 months of the diagnosis of prostate cancer by biopsy. Biopsy tumor tissue from
these patients was assaved.

186124} Al hypothesis tests were reported using two-sided p-values. To investigate if there
is a significant relationship of outcomes {eg. clinical recurrence-~free interval (cRFI),
blochemical recurrence-free interval (bRFI), prostate cancer-specific survival (PCSS), overall
survival {O8)) with individual genes, and demographic or clinical covariates), Cox
Proportional Hazards (PH) models using maximum weighted pseudo partial-likelihood
gstimators were used and p-values from Wald tests of the null hypothesis that the hazard ratio
{HR} is one are reported. To investigate if there is a significant relationship between
individual genes and Gleason pattern of a particular sample, ordinal logistic regression
models using maximum weighted pseudolikelihood methods were used and p-values from
Wald tesis of the null hypothesis that the odds ratio {OR) is one are reported. To investigate it
there is a significant relationship between individoal genes and upgrading and/or upstaging or
adverse pathology at RP, logistic regression models using maximum weighted
pseudolikelithood methods were used and p-values from Wald tests of the null hypothesis that

the odds ratio (OR] is one are reported.
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CORXPRESSION ANALYSIS

[33125] In an exemplary embodiment, the joint correlation of gene expression levels among
prostate cancer specimens under study may be assessed. For this purpose, the correlation
structures among genes and specimens may be examined through hierarchical cluster
methods. This information may be used to confirm that genes that are known to be highly
correlated in prostate cancer spechmens cluster together as expected. Only genes exhibiting a
nominally significant (unadjusted p < 0.03) relationship with cRFI in the univariate Cox PH
regression analysis are included in these analyses.

[88126] One skilled in the art will recognize that many co-expression analysis methods now
known or later developed will fall within the scope and spirit of the present invention. These
methods may incorporate, for example, correlation coefficients, co-expression network
analysis, clique analysis, etc., and may be based on expression data from RT-PCR,
microarrays, sequencing, and other similar technoiﬁgi es. For example, gene expression
clusters can be identified using pair-wise analysis of correlation based on Pearson or
Spearman correlation coefficients, (See, e.g., Pearson XK, and Lee A, Biometrika 2, 357
{(1902); C. Spearman, Amer. I Paychol 15:72-101 (1904); J. Myers, A. Well, Research
Design and Statistical Analysis, p. 508 (2nd Ed,, 2603).) An exemplary method for
identifying co~expressed genes is described in Example 3 below,

NORMALIZATION OF EXPRESSION LEVELS

{00127} The expression data used in the methods disclosed herein can be normalized.
Normalization refers to a process to correct for (normalize away), for example, differences in
the amount of RNA assayed and variability in the quality of the RNA used, to remove
unwanied sources of systematic variation in Ct or Cp measurements, and the like. With
respect to RT-PCR experiments involving archived fixed paraffin embedded tissue samples,
sources of systematic variation are known {0 include the degree of RNA degradation relative
to the age of the patient sample and the type of fixative used to store the sample. Other
sources of systematic variation are atiributable to laboratory processing conditions.

[00128] Assays can provide for normalization by incorporating the expression of certain
normalizing genes, which do not significantly differ in expression levels under the relevant
conditions. Exemplary normalization genes disclosed herein inclnde housekeeping genes.
(See, e.g., E. Bisenberg, ¢t al,, Trends in Genetics 19(71:362-365 (2063).) Normalization can
be based on the mean or median signal (Ct or Cp) of all of the assayed genes or a large subset
thereof (global normalization approach). In general, the normalizing genes, also referred to as

reference genes, are typically genes that are known not to exhibit meaningfully different
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expression in prostaie cancer as compared {0 non-cancerous prostate tissue, and track with
various sample and process conditions, thus provide for normalizing away extraneous effects,
[68128] In exemplary embodiments, one or more of the following genes are used as
references by which the mRNA expression data is normalized: AAMP, ARF1, ATPSE,
CLTC, GPSI1, and PGK1. The calibrated weighted average Cr or Cp measurements for each
of the prognostic and predictive genes may be normalized relative o the mean of five or more
reference genes.

{88130 Those skilled in the art will recognize that normalization may be achieved in
numerous ways, and the techniques described above are intended only to be exemplary, not
gxhaustive,

STANDARBIZATION OF EXPRESSION ERVELS

[00131] The expression data used in the methods disclosed herein can be standardized.
Standardization refers (0 a process {o effectively put all the genes on a comparable scale, This
is performed because some genes will exhibit more variation (a broader range of expression)
than others. Standardization is performed by dividing cach expression value by ifs standard
deviation across all samples for that gene. Hazard ratios are then interpreted as the
propostional change in the hazard for the clinical endpoint {clinical recurrence, biological
recurrence, death due to prostate cancer, or death due to any cause) per | standard deviation
increase in expression.

KITS OF THE INVENTION

{30132} The materials for use in the methods of the present invention are suited for
preparation of kits produced in accordance with well-known procedures. The present
disclosure thus provides kits comprising agents, which may include gene-specific or gene-
selective probes and/or primers, for quantifying the expression of the disclosed genes for
predicting prognostic outcome or response o freatment. Such kits may optionally contain
reagents for the extraction of RNA from tumor sampies, in particular fixed paraffin-
embedded tissue samples and/or reagents for RNA amplification. In addition, the Kits may
optionally comprise the reagent(s) with an identifying description or label or instructions
relating to their use in the methods of the present invention, The kits ray comprise containers
(including microliter plates suitable for use in an automated implementation of the method},
each with one or more of the various materials or reagents (typieally in concentrated form)
utilized in the methods, including, for example, chromatographic columns, pre-fabricated
microarrays, buffers, the appropriate nucleotide triphosphates {e.g., dATP, dCTP, dGTP and

dTTP,; or rATP, rCTP, rGTP and UTP), reverse transcriptase, DNA polymerase, RNA
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polymerase, and one or more probes and primers of the present invention {e.g., appropriate
tength poly(T) or random primers linked to a promoter reactive with the RNA polymerase).
Mathematical algorithms used to estimate or quantify prognostic or predictive information
are also properly potential components of Kits,

KEPORTS

{66133] The methods of this invention, when practiced for commercial diagnostic purposes,
generally produce a report or summary of information obtained {rom the herein-deseribed
methods. For example, a report may include information concerning expression levels of one
or more genes, classification of the tumor or the patient’s risk of recurrence, the patient’s
fikely prognosis or risk classification, clinical and pathologic factors, and/or other
information. The methods and reports of this invention can further include storing the report
in a database. The method can create a record in a database for the subject and populate the
record with data. The report may be a paper report, an auditory report, or an electronic record.
The report may be displayed and/or stored on a computing device (e.g., handheld device,
desktop computer, smart device, website, eic.). It is contemplated that the report is provided
to a physician and/or the patient. The receiving of the report can further include establishing a
network connection to a server computer that includes the data and report and requesting the
data and report from the server computer,

C() MPUTER PROGRAM

{38134 The values from the assays described above, such as expression data, can be
calculated and stored manually. Alternatively, the above-described steps can be completely or
partially performed by a computer program product. The present invention thus provides a
computer program product including a computer readable storage wedium having a computer
program stored on it The program can, when read by a computer, execute relevant
calculations based on values obtained from analysis of one or more biological sarples from
an individual {e.g., gene cxpression levels, normalization, standardization, thresholding, and
conversion of values from assays to a score andfor text or graphical depiction of tumor stage
and related information). The computer program product has stored therein a computer
program for performing the caleunlation,

{08135] The present disclosure provides systems for executing the program described above,
which system generally includes: a) a central computing environment; b} an input device,
operatively connected to the computing environment, to receive patient data, wherein the
patient data can include, for example, expression level or other value obtained from an assay

using a biclogical saraple from the patient, or microarray data, as described in detail above;
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¢} an output device, connected to the computing environment, to provide information to a
user {e.g., medical personnel); and d) an algorithim executed by the central computing
environment {e.g., 8 processor}, where the algorithm is executed based on the data received
by the input device, and wherein the algorithm caleulates an expression score, thresholding,
or other functions described herein. The methods provided by the present invention may also
be automated in whole or in part,

[60136] Having described the invention, the same will be more readily understood through
reference to the following Examples, which are provided by way of illustration, and are not

intended to limit the invention in any way.

{08137} A gene identification study to identity genes associated with clinical recurrence,
biochemical recurrence and/or death from prostate cancer is described in U8, Provisional
Application Nos. 61/368,217, filed July 27, 2010; 61/414,3 14, filed November 16, 2010; and
61/485,536, filed May 12, 2011, and in U.S. Pub. No, 20120028264, filed July 23, 2011, and
published February 2, 2012 {(all of which are hereby incorporated by reference). RT-PCR
analysis was used to determine RNA expression levels for 732 genes and reference genes in
prostate cancer tissue and surrounding normal appearing tissue (NAT) in patients with early-
stage prostate cancer treated with radical prostatectomy. Genes significantly associated
{p<0.05) with clinical recurrence-free interval {cRFT), biochemical recurrence-free interval
{bRF1}, prostate cancer-specific survival (PCSS), and upgrading/upstaging were determined,
[8138] From the genes that were identified as being assoctated with oulcome, 81 genes
were selected for subsequent algorithm development. The primers, probes, and amplicon
sequences of the 81 genes {and § reference genes) are listed in Table A. The genes selected
were among the most prognostic with respect to ¢RFI and other properties and shown in
Tables 1A-1B. Other properties considered were: 1) Strongest genes with respect to the
regression to the mean corrected standardized hazard ratio for the association of gene
expression and cRFI in the primary Gleason pattern tumor; 2) Consistency in association
{hazard ratio) with ¢RFI using the highest Gleason pattern tumor; 3) Associated with
prostate~-cancer specific survival (PCSS); 4) Strong hazard ratio afier adjustment for The
University of San Francisco Cancer of the Prostate Risk Assessment (CAPRA) (Cooperberg
et al., I Urol. 173:1983-1 942, 2005); ) Statistically significant odds ratio for the association

between gene expression and surgical Gleason pattern of the tumor; 6) Large overall
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variability with greater between-patient variability than within-patient variability preferable;
and 7} Highly expressed.

[30139] The true discovery rate degree of association {TDRDA) method {Crager, Stat Med,
2010 Jan 1529113345 ) was used in the analysis of gene expression and cRFI and results
are shown in Table 1A, The true discovery rate is the counterpart to the false discovery rate,
Univariate Cox PH regression models were fit and the TDRDA method was used to correct
gstimated standardized hazard ratios for regression to the mean (RM) and and assess false
discovery rates for identification of genes with absolule standardized hazard ratio of at least a
specified level. The false discovery rates were controlied at 10%. The TDRIDA method
identifics sets of genes among which a specified proportion are expected to have an absolute
association (here, the absolute standardized hazard ratio) of a specified degree or more. This
feads to a gene ranking method that uses the maximum lower bound (MLB) degree of
association for which sach gene belongs to a TDRDA set. Hstimates of each gene’s actual
degree of association with approximate correction for “selection bias™ due to regression to the
mean can be derived using simple bivariate normal theory and Efvon and Tibshirani’s
empirical Bayes approach. Efron, Annals of Applied Statistics 2:197-223 (2008); Efron and
Tibshirani, Genetic Epidemiology 23: 70-86. Table 1A shows the RM-corrected estimate of
the standardized hazard ratio and the MLB for cach gene using either the primary Gleason
pattern (PGP} or highest Gleason pattern (HGP) sample gene expression. Genes marked with
a direction of association of -1 are associated with a reduced likelihood of clinical recurrence,
while those marked with a direction of association of | are associated with an jucreased
likelihood of clinical recurrence.

[00148] Within patient and between patient variance components were estimated using a
mixed model treating the patient effect as random. The overall mean and standard deviation
of normalized gene expression as well as within- and between-patient components of
variance are shown in Table 1A,

1881417 Univariate Cox PH regression models using maximum weighted partial
pseudolikelihood estimation were used to estimate the association between gene expression
and prostate cancer specific-survival {PCSS), The standardized hazard ratio (HR), p-value
and g-value using Storey’s FDR method are reported in Table 1B, Stovey, Jowrnal of the
Royal Stavistical Society, Series B 64:479-498 (20802). The g-value can be interpreted as the
empirical Bayes posterior probability given the data that the gene identified is a false

discovery, that is, the probability that it has no association with clinical recurrence.
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[(46142] Univariate ordinal logistic regression models were used to estimate the association
between gene expression and the Gleason pattern of the primary Gleason pattern tumor (3, 4,
5}, The standardized odds ratio (OR}, p-value and g-value using Storey’s FDR method are
reported in Table 1B.

86143} Figure | shows an example of a dendrogram depicting the association of the 81
genes. The y-axis corresponds to the average distance between clusters measored as -
Pearson r. The smaller the number {distance measure), the more highly correlated the genes.
The amalgamation method is weighted pair-group average. Genes that were co-expressed
were identified from the dendrogram and are grouped into gene groups. Based on Figure 1,
the genes from the Gene Identification study were formed into the following gene groups or
subsets:

{60144] Cellular organization gene group (BINL; IGF1; C7; GSN; DES; TGFB L, TPM2Z;
VCL; FLNC; ITGAT; COLSAL; PPPIRIZA; GSTMI; GSTM2; PAGE4; PPAPZB;
SRIISAZ; PRKCA; IGFBPS; GPMEB; OLFML3I; HLE)

[00145] Basal epithelia gene group (CYP3AS; KRTIS; KRTS; LAMB3S; SDC1)

{00146} Siress response gene group { DUSPI; EGRY, FOS; JUN; EGR3; GADD4SE;
ZFP36)

1881471 Androgen gene group (FAMI3C; KLK2; AZGP; SRIDSAZ)

{3148} Stromal gene group (ASPN; SFRP4; BGN; THBS2; INHBA,; COLIAL COL3AL
COLIAZ; SPARC; COLBAL COL4AAL FNI; FAP, COLSAZ)

{(3149] Proliferation gene group (CDC20; TPXZ; UBEZT; MYBLZ; CDKN2C)
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EXAMPLE 2; ALGORITHM DEVELOPMENT BASED ONDATAFROM A
COMPANION STUDY
[08858] The Cleveland Clinde (“CC”) Companion study consists of three patient cohorts and

separate analyses for each cohort as described in Table 2, The first cohort (Table 2} includes
men with low to high risk (based on AUA criteria) prostate cancer from Gene ID study §9-
(02 who underwent RP at CC between 1987 and 2004 and had diagnostic biopsy tissue
available at CC. Cohorts 2 and 3 inchide men with clinically localized Low and Intermediate
Risk {based on AUA criteria) prostate cancer, respectively, who might have been reasonable
candidates for active surveillance but who snderwent radical prostatectomy (RP} within 6
months of the diagnosis of prostate cancer by biopsy. The main objective of Cohort | wasto
compare the molecular profile from biopsy tissue with that from radical prostatectorny tissue.
The main objective of Cohorts 2 and 3 was to develop a multigene predictor of
upgrading/upsiaging at RP using blopsy tissue in low to intermediate risk patients at
diagnosis.

[88151] Matched biopsy samples were obtained for a subset of the patients (70 patients)
from the gene identification study. Gene expression of the 81 selected genes and the 3
reference genes (ARF1, ATPSE, CLTC, GPSI, PGK1) were compared in the RP specimens
and the biopsy tissue obtained from these 70 patients.

{(3132] The 81 genes were evaluated in Cohorts 2 and 3 for association with upgrading and
upataging. The association between these 81 genes and upgrading and upstaging in Cohorts 2
and 3 are shown in Table 3. P values and standardized odds ratio are provided.

{600153) In this context, “upgrade” refers 0 an increase in Gleason grade from 343 or 344 at
the time of blopsy to greater than or equal to 344 at the time of RP. “Upgrade2” refersto an
increase in Gleason grade from 3+3 or 3+4 at the time of biopsy to greater than or equal to
443 at the time of RP.
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TABLE 2

PCT/US2013/023409

Subset of patients from Gene ID study
{9-002 who underwent RP at CC
between 1987 and 2004 and had
diagnostic biopsy tissue available at CC.

Patients from the original stratified
cohott sample with available biopsy
tissue blocks

Coraparison of gene exp
biopsy sample with gene expression
from RP specimen {Co-Primary
(bjective)

Explore assoctation of risk of
recurrence afier RP with gene
expression from blopsy sample and
gene expression from RP sample
Explore association of risk of
recurrence after RP with gene
expression from RP samples

database of patients who were biopsied,
and then underwent RP at CC between
1999 and 2018

All patients in database who meet

2 | Low Risk Patients from CC database of | 92 Association between gene expression
patients who were biopsied, and then from biopsy sample and likelihood of
underwent RP at CC between 1999 and upgrading/upstaging in tissue
2010 obtained at prostatectomy

{Co-Primary Objective}
All patients in daiabase who meet
minkmum tumor fissue criteria
3 Intermediate Risk Patients trom CC 75 Association between gene expression

from biopsy saraple and likelthood of
upgrading/upstaging in tissue
obiained at prostatectomy

minimm fumor tissue criteria

[08154] Several different models were explored to compare expression between the RP and
biopsy specimens. Genes were chosen based on consistency of expression between the RP
and biopsy specimens. Figures 2A-2E are the scatter plots showing the comparison of
normalized gene expression (Cp) for matched samples from each patient where the x-axis is
the normalized gene expression from the PGP RP sample (PGP) and the v-axis is the
normalired gene expression from the biopsy sample (BX). Figures 3A-3D show range plots
of gene expression of individual genes within each gene group in the biopsy {BX) and PGP
RP samples.

{(0188] Afier evaluating the concordance of gene expression in biopsy and RP samples, the
following algorithms (RS models) shown in Table 4 were developed where the weights are
determined using non-standardized, but normalized data. Some genes, such as SRDSAZ and
GSTM2Z, which fall within the cellular organization gene group, were also evaluated
separately and independent coefficients were assigned (ses the “other” category in Table 4).

In other instances, GSTMI and GSMT2 were grouped as an oxidative “siress” group and a
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coefficient was assigned to this “stress” group (see RS20 and R822 models). Other genes,
such as AZGPI and SLC22A3, which did not fall within any of the gene groups, were also
included in certain algorithms (see the “other” category in Table 4). Furthermore, the
androgen gene group was established to include FAMI3C, KLKZ, AZGPI, and SRIDSAZ.
Some genes such as BGN, SPARC, FLNC, GSN, TPX2 and SRIDSA2 were thresholded
before being evaluated in models. For example, normalized expression values below 4.5
were set to 4.5 for TPX2 and normalized expression values below 5.5 were set to 3.5 for
SRDSAZ.
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Applicant Ref. 09042.8-304 / GHI-052PCT

Gene
ALDHIAZ
ANPEP
AR
ARFY
ASPN
ATPSE
AZGPL
8GN
BiM1
BMPS
c7
CADMI
D276
Ch4a4
oo
COKN2ZC
CIC
COLIAL
COL1IAZ
COL3ATL
COLAATL
COL5A2
COLeAL
COLBAL
C5F1

Table 3: Association between the 81 zenes and Upsrading and Upstasing in Coborts 2/3

M
67
i67
167
167
167
187
167
167
167
167
167
167
187
167
166
152
167
187
167
167
167
167
167
165
167

g-value  StdOR
UpGrade Upgrade
08.501 111
0.054 1.36
£0.136 1.27
4.914 £2.98
£.282 1.15
0.106 1.30
0.192 1.23
£.568 8.51
£3.562 1.09
0.509 .50
0.677 1.07
£.082 0.74
0.454 .29
0.122 1.28
2.567 1.10
3.454 0.89
0.102 .76
0.732 1.06
3.574 .91
G.7158 0.94
{.622 0.94
0.45% 131
.878 .98
(.415 (.82
0.878 1.02

95% i
Upgrade
{0.82,1.52}
{0.89,1.87}
{0.93,1.74)
{0.72,1.34}
{0.84,1.55)
{0.95,1.77}
{0.20,1.68)
{0.67,1.25)
{0.20,1.48}
{0.65,1.23}
{0.78,1.46}
{0.52,1.04}
{0.65,1.21}
{0.94,1.75}
{0.20,1.50}
{0.64,1.24}
{0.55,1.06}
{0.77,1.44}
{0.67,1.25)
{0.69,1.29}
{0.68,1.28}
{0.82,1.52}
{0.72,1.33}
{0.64,1.20}
{0.75,1.40)

p-value $td OR 85% Ci p-value Sid OR
Upgrade? UpgradeZ UpgradeZ Upstage Upstage
0.932 1.02 {0.70,1.47} £.388 (.86
3.933 .98 {0.68,1.42} 0.003 0.58
0.245 .81 {0.56,1.16) 0.005 0.60
0.051 1.45 {1.00,2.11} 0.37% 117
0.040 1.60 {1.02,2.51) 0.069 1.46
.49 0.88 {0.61,1.27} 0.572 0.90
0.130 4.7% {0.55,1.13} 0.005 0.59
0.001 2135 {1.38,3.23} 0.020 1.56
0.634 3.92 {0.64,1.32) 3.104 0.75
0.015 1.59 {1.09,2.30} 4.650 1.08
4.0132 1.66 {1.11,2.47} ©.223 0.80
0.235 0.81 {0.57,1.15) 0.03% 0.69
0.362 .84 {0.58,1.22) 0.218 1.25
0.305 1.23 {0.83,1.81}) 0.87¢6 .97
2.298 1.21 {0.84,1.75) 0.279 1.21
0.208 £0.93 {0.67,1.43) 0.834 1.04
8.300 0.82 {0.57,1.19) £.264 0.82
2.000 3.04 {1.93,4.79) 0.006 1.65
0.017 1.65 {1.09,2.50) £.521 {1.89
$.000 2.38 {1.88,4.71) 2.020 1.53
08.000 2.2 {1.39,3.22} 8.762 .95
8.009 1.81 {1.16,2.83) 3.516 0.29
0.001 2.314 {1.37,3.34) 0.883 1.03
0.000 3.24 {1.88,5.61) 0.044 1.51
0.187 131 {0.28,1. 5-}6) 0.110 0.76

95% Ci
Upstage
{0.61,1.22)
{.40,0.83}
{(3.42,0.86)
{0.83,1.66)
{0.97,2.19}
{0.64,1.28)
{0.42,0.85}
{1.07,2.28)
{0.54,1.06}
{0.77,1.54)
{0.56,1.14}
{0.48,0.98)
{0.88,1.78)
{0.69,1.38}
{0.86,1.71}
{0.72,1.4%)
{0.58,1.16}
{1.15,2.38}
{0.63,1.26)
{1.07,2.20}
{0.67,1.35)
{0.63,1.26}
{0.72,1.46}
{1.01,2.25)
{0.54,1.07}
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Applicant Ref.  (9042.8-304 / GHI-052PCT

Gene
CERPL
CYP3AS
DES
DPp4
DUsP1
EGR1
EGR3
ERG
F2R
FAMIZIO?A
FARIZC
FAP
FINC
Rl
FOS
GADDA4SE
GPMGHE
GPs1
GSN
GSTM1
GSTM2
HLF
HGF1
IGFBP2
IGFBPE
ILesT
INHBA

M
165
167
i67
167
167
i67
166
166
160
143
167
167
167
167
167
167
159
187
167
167
167
167
167
167
167
167
167

pvalue  Std OR
UpGrade Upgrade
0.258 1.20
$.5589 1.00
0.776 1.05
3.474 .29
£.285 (.84
0.685 0.94
0.025 0.68
0.002 0.58
£8.324 0.85
0.832 1.04
0.546 1.10
0.540 0.31
0.963 1.01
0.530 .91
0.649 0.23
0.978 1.00
03.944 .89
0.404 1.14
(0.272 (.84
0.178 i.24
0.145 1.26
(.979 1.00
0.313 1317
0.253 1.20
{336 (.86
0.774 1.05
8.104 1.30

95% €4

Upgrade
{0.87,1.65)
{0.73,1.36)
{0.77,1.43)
{0.65,1.22}
{0.61,1.16}
{0.69,1.28}
{0.50,0.95)
{0.42,0.81}
{0.62,1.17}
{0.74,1.45}
{0.81,1.50)
{0.67,1.24}
{0.74,1.37}
{0.66,1.23}
{0.68,1.27}
{0.73,1.38)
{0.72,1.386)
{0.84,1.56}
0.61,1.15}
{0.91,1.69)
{0.92,1.73}
{0.73,1.26)
{0.86,1.60}
{0.48,1.64}
{0.62,1.17}
{0.77,1.43)
{0.95,1.78)

p-value 5t OR 95% i p-value S OR
Upgrade? Upgrade? Upgrade2 Upstage Upstage
0.226 126 {0.87,1.82) 0.641 0.92
{.188 1.28 {0.88,1.87} 4.937 1.01
0.088 1.40 {0.95,2.05} 0.242 0.81
0.005 0.60 {0.42,0.85) 4.000 .51
0.262 .82 {(.58,1.16) (3.427 0.87
0.217 1.27 {0.87,1.85} 0.370 1123
0.539 0.89 {0.62,1.2%} (.735 1.06
0.000 (.42 {0.28,0.64} 0,763 1.05
0.009 1.77 {1.16,2.70 0.000 2.3%
$.088 1.42 {6.95,2.31} 0.687 1.08
0.041 0.68 {03.47,0.98} 0.003 0.58
0.083 1.37 {0.95,1.97} 0.001 1.85
0.254 1.26 {3.85,1.87} 8,030 {3.68
0.005 1.73 {1.18,2.53} (.364 1.17
0.071 1.38 {0.97,1.97} 0.015 1.53
3.105 1.38 {6.94,2.04) 3,876 0.97
0.002 1.95 {1.27,2.97} (.268 .81
0.608 3.91 {0.62,1.3%} 0.125 131
£2.309 0.83 {$.57,1.19} 0.027 0.67
0.762 £.95 {0.66,1.26) £.000 0.50
$.053 1.48 {1.00,2.20} 3.654 £$.92
0.602 1.1 {0.76,1.62) 8.030 0.65
.878 .97 {0.67.1.40) £.146 0.77
0.493 .88 {0.61,1.27) 0.051 0.70
0.510 1.14 {0.78,1.66} 0.204 0.8C
.541 1.12 {0.77,1.63} {.235 .81
0.002 1.88 {1.25,2.84) 0.077 1.328

95% €1
Upstage
{0.85,1.31)
(0.71,1.44)
{(.57,1.15}
{0.36,0.74}
{0.62,1.22}
{(.83,1.68}
{(3.75,1.51}
{(.74,1.50}
{1.52,3.76}
{0.74,1.58}
{0.40,0.83}
{1.28,2.68)
{0.48,0.96}
{0.83,1.66}
{1.09,2.16}
{0.69,1.38}
{0.57,1.17}
{0.93,1.86}
{0.47,0.86}
{0.34,0.72}
{0.65,1.31)
{0.49,0.36}
{0.55,1.09}
{0.49,1.00;
{0.57,1.13}
{0.57,1.15}
{0.97,1.97}
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Applicant Ref.  09042.8-304 / GHI-05ZPCT

i {thresholded)+COL3AL +

. +(G5N {thresholded) +TPMZY/3

Xable 4
RS ECM {Stromal Response}  migration (cé!iaﬁar Organization) | Prolif, Androgen {RPSA} Other ¢ Adgorithim
Maodel 1
RSO {ASPH+ {FLNCH GBN+GSTM2+ (TPRZ+ {(FARMITICH KLK2)/2 T STATSB, NFATS | 1.OS*ECM-0.58*Migration-
BGM+COLIAT4SPARCY 4 GFBPG+PPAPIB+PPPIRIZANG CIC20+ 1. 307 P5A+0. 08 *Prolif-
MYBLZI/3 (1.16*STATSB-0.23* NFATS
R51 (BGN+ (FLNC+GSNAGSTMI+PPARIR (FAMIICs KIK2)/2 STATSB, NFATS | 1.15%ECV0.72 *Migration-
COLIAT+FNL+SPARCH4A PPPIRI2AYG 0.56PSA-G.45*STATSR-
056 NFATS
RS2 (BGN+ COLIAT+FNL (BINL+FLNCHGSN+GSTIZ+ (FAMI3CH KLKR)/2 STATSB, MFATS | 1.16%ECM-0.75*Migration-
+SPARC)/4 PPAPZBHPRPLIRIZA VCLY? 0.57*PSA-0 475 STATSB-
0.50*NFATS
RS3 {BGMN+ COLIAL +COL3AT+ | (FLNGCH GSN+GSTMZ+PPAP2E+ [FAML3CH KIK2}/2 STATSE, NFATS | 1.18%ECM-0.75*Migration-
COLSAL+FNT +SPARCYS PEPIRIZA}S 0.56%PSA-0.40%5TATSB-
DAB*NEATS
RS4 {BGMN +COLIAL COL3AT+ | (BINI+FLNCH GSMN4GSTMZ+ (FAMA3CH KLKD2}/2 1.18FECM-0. 76 *Migration-
COLAAL +FN1+5PARCHS PPAPRB+PPIRIZA +VCLYT 0.58%P5A-D.437STATSB-
‘ 0.43°NFATS
PS5 1 {COLAAT (thresholded) + {BINT + IGF1 {thresholded) + LI AZGPL, ANPEP, | 1.207ECM-0.31*Migration-
| INHBA + SPARC + THBS2Y/4  § VCLY3 HEBP2 029 KLKE-
4 i {thresholded} 0.14%87GRI+0.05ANPER-
; i ! 0.56%IGFBP2
R36 (BGM+COL3ALHNHBAS 1 pligratnd: (FLNCH+GSNATPMZ } /3 | TPX2 {(FAMIICH KIK2)/2 AZGP1, SLCZ2A3 | 1.09%ECM-0.44* Migrationi-
SPARCY/4 Migratn2: (GSTM2+PPAPZRY/2 0.23*Migrain2-0.36*PSA+
D.A5FTRXZ.16%AZGP Y-
v DOB*SLLIZAS
RS7 (BGN+COLIATHINHBAS Migratni: {FLNC+GSNATPMZ)/3 P (FAMI3CH KLEZ}/2 AZGPL, 5LC22A3 | 1.16%FCM-0.53*Migrationi-
SPARCH/4 Migratn2: (GSTMZ+PPAP2BY2 0.24* Migratn2-0.42 ¥P5A-
0.34* A7GP1-0.08*SLCIIAS
R38 {BGN+COLIAT+ SPARCH Migratnd: (FLNC+GSNYTPM2)/3 KEKZ AZGPL, SLCZ2A3 | 1.37%ECM-0.56 Migrationd-
Migratn2: {GSTM2+PPAP2EI/2 0.49% Migratn2-0.52 ¥ ¥1K2-
016 ATGP1-0.00% 5102243
RS9 {BGHN - Migratnd: (FLNC {thresholded) (FAMIZCH KLEZY/2 AZGPL, SLC22A3 | 1.2B%ECM-1.11*Migrationl-

0.00%Migratn2-0.34% PSA-
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Applicant Bef. (8042 8304 / GHI-052PCT

SLC22A3,5R0BAZ |

fS O {Stromal Response} | Migration {Collular Organization} | Prolif, Androgen {PSA} {her Adgorithm
phodel j
IMHEA +SPARC | Migratn2: {GSTM24PPAP2BY/2 0.16*AZGP1-0.0B*SLC2243
{threshoided) /4 ,
RSA0 | {BGN+COL3AL+INHBA+ (FLNC+GSN+GSTM 2 PRAPZB+ P2 (FAMI3CH KLK21/2 AZGPL, SLC2243 | 1.OSYECM-C.68* Migration-
SPARCYHA TPMZY/S L 0.37%P5A D.ABFTEX2-
{ 0.16%A7GP1-0.08"SLCI2A3
RS11 | {BGM {thresholded)+ (FLNC{thresholded) + (FAMII3CH KIK2)/2 AZGPL, SLCZ2A3 | 1.19%ECM -0.96* Migration-
COL3ALE INHBA+ GSHithrashnlded +GSTM2 0.39%PSA-0.14% ATGET -
. SPARCIthreshoided) /4 +PPAPZE +TPMZY/5 B.09*SLC22A3
. RS12 ¢ (BGN {thresholded)s {FLNCithresholded) + RS (FAMIZCHKIK2)/2 | AZGPL, SEC22A3 | 1.13*ECM-D.85%Migration-
COLIATS INHBAY GSNithresholded +GSTM2Z 0.34%PSA + 0. 15YTPY2-
SPARC{thresholded) /4 +PPAPIE +TPR2Y/S 0.15*AZGP1-0.08%51027A3
RS13 | {BGN {thresholdad)+ {FLNC{thresholded) + TEXZ {(FAMI13CH KLK2Y/2 ATGRY, ERG, 1.12*ECHM -0.83% Migratn-
COL3AL+ INHBAY GSM{thresholded}+GSTM2 SLC22A3 (.33*PSA+ GLA7FTPK2 -
spARCithreshinided) /4 +PPAPIB +TPM2Y/S 0.14% AZGP1 +0.08*ERG-
0.10%5LC22A3
RS14 | {BGH {thresholded}+ {FLNC{threshoided) + TPK2  {FAMLICH KLK2}/2 AR, AZGPY, ERG, | 1.13*ECM -0.83*Migration-
COL3AL+ INHBAS GShithresholded +G5TM2 S1C2243 DI3B*PSA
SPARC{tnresholded) /4 HPPAP2E +TPMZI/S D.3B*TPR240.15% AR -
0.15*A2GP1 +0.03%ERG-
0.10%SLC2243
RS15 | (BGN {thresholded}+ (FLNC{thresnotded) + KLi2 AR, ERG, 1.30%ECHM -1. 20" Migration-
COLIAL+ INHBA+ GSM{thresholded HGSTRM? SLCZ2A3 0.52*KLK2+ D097 AR
spaRCithresholded) 3/4 +PPAPZE +TPMZY/5 +0.05%ERG -0.06% 512243
R818 (BGNV {thresholded)+ {C7+ FLNCithresholded)s KiK2 AR, ERG, 1.23%7ECM -1.02% Migration-
| COL3AY+ INHBA GSN{thresholded +GSTM1YA 5102243 0.46%KLKZ+
SPARC{thresholded) }/4 0.09¥AR+Q.07PERG -
0.00%5L02243
RS17 ¢ {BGN+COLIATSERPAYS (FLNC+GSH+GSTM1+ TPM2}/4 TPKZ {FAMI3CH KIK2}/2 AR, AZGPY, ERG, | 0.63°ECM-0.12*Migration-

0.44%P3AF BASFTRX2-

| 0.02%AR-0.15%AZGRI+

0.06%ERG-0.13%8LL22A3-
D.33*SROBAZ
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{00156} Table SA shows the standardized odds ratio of each of the RS models using the data
from the original Gene ID study described in Example 1 for time to oR and for upgrading and
upstaging and the combination of significant upgrading and upstaging. Table 3B shows the
performance of each of the RS models using the data from the CC Companion (Cohorts 2 and
3} study for upgrading and upstaging and the combination of significant upgrading and
upstaging. In this context, “upgrading” refers to an increase in Gleason grade from 343 or
3+4 at biopsy to greater than or equal to 3+4 at radical prostatectomy. “Significant
upgrading” in this context refers to upgrading from Gleason grade 3+3 or 3+4 at biopsy t©
equal to or greater than 443 at radical prostatectomy.

{38187 In addition, the gene groups used in the R82S model were evaluated alone and in
various combinations. Table 6A shows the results of this analysis using the data from the
(Gene Identification study and Table 6B shows the results of this analysis using the data from
Cohorts 2 and 3 of the CC Companion Study.

[00158] The gene expression for some genes may be thresholded, for example SRIDSAZ
Thresh = 5.5 if SRDSAZ <5.5 or SRDSAZ if SRDNSAZ >5.5 and TPX2Z Thresh = 5.0 if TEXZ
<5.0 or TPX2 if TPX2 >5.0, wherein the gene symbols represent normalized gene expression
values.

[30189] The unscaled RS scores derived from Table 4 can also be rescaled to be between §
and 100, For example, RS27 can be rescaled to be between § and 100 as follows:

{01607 RS (scaled) = 0 i 13.4 x (R8u+10.5)<0; 13.4 x (RSu+16.5) if

03 4x{RSu+1HL53<I00; or 100 i 13.4 x (RSu+10.5>100.

{68161} Using the scaled RS, patients can be classified into low, intermediate, and high RS
groups using pre-specified cut-points defined below in Table B. These cut-points define the
boundaries between low and intenmediate RS groups and between intermediate and high RS
groups. The cutpoints were derived from the discovery study with the intent of identitying
substantial proportions of patients who on average had clinically meaningful low or high risk
of aggressive disease. The scaled RS is rounded to the nearest integer before the cut-points

defining RS groups are a;}plisd,

TABLE B.
Low . PLessthan 16
Intermediate b Greater than or equal to 16 and less than 30
High X Greater than orequalto 30
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Applicant Ref,  (9042.8-304 / GHI-032PCT

HS
RSO
/81
RS2
RS3
R34
RS5
R36
R57
RS8
R39
RS10
RS1z
R312
RS13
RS14
R315
RS16
RS17
R3518
RS18
RS20
RSZ1
RS2z
R323
R524
R$25
RS826
R527

280
287
287
287
287
288
287
288
289
288
287
288
287
287
287
288
2383
286
286
287
286
287
286
287
286
287
287
287

OR
172
1.73
1.72
171
1.89
1.78
1.84
1.51
i.88
2.00
184
2.09
2.10
2310
2.06
1.82
1.76
2.23
2.1z
2.14
2.30
2.36
218
2.26
2.21
2.25
2.23
2.23

Upgrading
35% Ci
{1.22,2.41}
{1.21,2.48}
{1.19,2.48}
{1.20,2.45}
{1.18,2.42}
{1.21,2.62}
{1.37,2.74}
{1.34,2.71}
{1.27,2.55}
{1.28,2. 89}
{1.37,2.75}
{1.43,3. 05}
{1.45,3.04}
{1.44,3.05}
{1.42,2.99}
{1.32,2.78}
{1.23,2.52}
{1.52,3.27}
{1.46,3.08}
{1.46,3.13)
{1.55,3.42}
{1.59,3.52)
{1.48,3.15)
{1.53,3.35)
{1.50,3.24)
{1.53,2.31)
{1.51,3.29}
{1.51,3.29)

Table 54

Significant Upgrading

OR
7.51
5.98
5.88
6.30
6.06
5.80

10.316
9.34
7.48
9.56

0.2
5.46

10.41
9.40
8.71
7.93
7.10
7.52
7.04
6.30
.41
8.83
7.57
7.46
8.01
7.70
6.67
6.67

35% €
{4.37,12.9)
{3.30,10.8)
{3.15,10.9)
{3.65,10.8)
(3.48,10.5}
{3.56,8.81)
(5.82,17.8)
{5.25,16.6)
{4.032,14.0)
{5.06,18.0)
{5.79,17.7}
{5.18,17.3}
{5.92,18.3)
{5.50,16.1)
{5.65,16.7)
{4.56,13.8)
{4.12,12.2}
{4.18,13.5}
{3.87,12.8)
{3.80,12.5)
{4.65,15.2)
(4.87,16.0)
{4.14,13.8)
{4.24,13.1)
{4.38,14.7)
{4.25,14.0)
{3.52,12.7)
(3.52,12.7)

OR
2.01
188
2.02
156
1.93
2.24
2.07
2.06
2.08
1.9%
2.08
2.17
2.17
2.20
218
232
1.8
281
2.83
2.88
2580
2.63
2.980
2.93
276
2.64
2.64

Upstaging
95%
{1.41,2.88}
{1.40,2.32}
{1.42,2.86}
{1.38,2.80}
{1.40,2.22}
{1.59,3.15)
{1.48,2.91}
{1.47,2.88}
{1.49,2.82}
{1.42,2.79)
{1.49,2.94}
§1.54,3.05)
{31.55,3.06}
§1.55,3.13)
§1.55,3.08)
{1.51,2.99}
{1.41,2.82}
{1.93,4.38)
{1.91,4.37}
{1.96,4.23}
{1.98,4.25}
{1.76,3.94}
{1.96,4.271
{1.25,4.24}
{1.89,4.31}
{1.83,4.16)
{1.31,3.86)
{1.81,3.86}

Significant Upgrading or Upstaging

OR
2.81
2:68
2.67
2.68
2.65
2.87
3.11
3.01
2.86
3.08
3.14
3.42
3.52
3.50
3.25
2.94
4.48
4.30
4.20
4.78
4.93
439
4.79
4.62
4786
4.01
4.01

959 i
{1.95,4.34)
{1.80,3.97}
{1.80,3.95)
{1.84,3.93)
{1.82,3.86)
{1.92,4.28)
{2.07,4.67)
{2.02,4.48)
{1.97,4.14}
{2.08,4.60)
(2.08,4.74)
{2.24,5.23}
(2.30,5.40)
(2.25,5.43)
(2.28,5.44)
{2.20,4.80)
{1.98,4.38}
{2.72,7.38)
{2.62,7.06)
(2.66,6.63)
{3.00,7.61}
{3.06,7.93}
{2.75,7.01)
{2.98,7.68)
{2.89,7.39)
{2.98,7.58}
{2.56,6.28)
{2.56,6.28}
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Applicant Ref, (9042.8-304 / GHI-032PCT
RS26 186 098% {0.72,1.3%) 2.05 {1.38, 3.04) 43 {1.63, 3.65) 2.82 {1.8%, 4.21)
Rs2r P16 099 (372135 205 {1.38, 3.04} 3 {163, 3.65) 2.2 11.88, 4313
Iable 64
Sigﬁ?fimnt
Significant Upgrading or
Time o o Upgrading Upgrading Upstaging Upstaging
: ' Std sed Y
dodel M Std HR M 51dOR 95% {1 OR 95% €4 G3R 95% i OR 85% L1
REZ25 428 2.82 232 2.0% {1.41,3.10} 7.35 {387,440 255 {1.83,4.00] 4486 {2.72,7.33}
Stromal 430 2.05 234 132 {.95,1.84) 308 {1.24,5.14) 16 {1.12,230) 1.9% {1.35,2.82}
Cedlular Organization 430 1.67 234 167 {1.16,2.29} 2.83 {1.63,4.50) 138 {0.96,1.98) 2.06 {3.37,3.10}
PSA 430 1.89 234 04.96 {0.70,1.32} 1.32 {072,263} 1.47 {1.06,203) 1.25 {0.83,1.88;
£CM Cellular Organization 430 2.6 234 2 {1.37,2.83} 115 (584227 188 (134,283} 401 {2.44.6. 55)
ECM PSA 436 2.45 234 1.17 {0.85,1.61) 2.45 {1.44,4.21} 17 {2.21,2.38) 1.76 {1.22,2.53)
Celludar Organization PSA 430 2.04 234 1.3 {0.92,1.82) 2.52 {123,536} 1.3  {1.13,2.36) 1.35 {1.19,2.87}
£C Cellutar Organization TPXZ 429 2.61 233 1.89 {1.31,2.72} 313 {5.46,23.5} 1.84 {131,287} 3.99 {2.44,6.54)
ECM PEATPXZ 429 2.42 2323 1.24 {0.90,1.71) 3.25 {1.93,5.51) 1.75 {1.22,2.4%} 2.08 {1.45,2.98}
Cathdlar Organization PSATPXZ 429 2.04 233 1.33 {0.85,1.86} 3.2 {1.74,590) 165 {(31.17,2.44} 2.2% {1.45,3.37)
| EChA Celiular Organization G3TM2 430 2.67 234 203 {1.39,2.56} 11.3 {5.72,22.3) 217 {1.43330) 435 {2.503,7.5%)
ECM PRA GSTMZ 430 2.86 234 1.48 {1.05,2.09) 4.45 {2.03,9.76) 2.2 {1.45,3.34} 2.66 {1.64,4.21}
‘ Cellular Organization PSA GSTM2 430 2.25 234 1.34 {0.24,1.50} 2.52 {1.12,5.38) 182 {1.232.84) 2.02 {1.20,3.39)
ECHM Celivlar Organization GSTM2
TPK2 AZGPT SRDSAZ 428 2.72 232 2.38 {1.58,3.57} 115 {6.02,23.8) 2.48 {1.58387} 5.22 {2.97.8.17}
ECM PSA GSTM2 TPXZ AZGPL SRDSAZ | 428 2.8 232 2.03 {1.38,3.00} .65 {3.52,12.6} 26 {1.654.09) 4.26 {2.58,7.02}
Cellutar Organization P3A GSTM2 TPXZ2
AZGPT SRDSAZ 428 2.38 232 1.92 {1.28,2.88) 3.63 {2.14,6.15) 2.6 {1.644.12) 3.4% {2.08,5.83)
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Table 68
Séghiﬁcant
Upgrading or
Upgrading Sigritficant Upgrading Upstaging Upstaging
| Std std
Modeal M StdoR 95% (I Std OR 95% Cl O 85% L1 OR 95% 1
| R525 166 104 {D.76,1.47) 213 {1.42,3.13} 245 {1.64,3.67) 3 {1.9%,4.54)
- Siromal 166 0.99 {0.73,1.35) 2.1% {1.453.32}) 165 {1.15,2.38) 1.86  {1.31,2.65)
Cetlular Organization 167 1.06 {0.77,1.44) .83 {0.64,1.36} 145 {1.04,2.13} 1.44 §1.03,2.00)
PSA 167 1.04 {0.76,1.42) 1.68 {1.16,2.44) 178  {1.24,2.57} 196  {1.37,2.81)
ECM Cellular Organization 166 1.04  {0.76,1.42) 1.96 {1.32,2.81) 232  {1.55,3.45} 26  {1.76,3.85}
ECM PSA 166 1.02 {0.75,1.39} 2.14 {1.44,3.20} 1.84 {1.28,2.67} 211 {1.47,3.04;
Cellular Organization P3A 167 1.07 {0.78,1.46} 1.3 {01.94,1.97} 286  {1.40,3.04) 2.42 {1.47,3.06)
EChM Cellular Organization TEX2 166 1.15 {0.84,1.58} 2.24 {1.43,3.37} 255 {1.69,3.85) 2.95 {1.96,4.45)
ECM PSATPAZ 166 1.2 {(1.88,1.65} 2.66 {1.71,4.13} 228 §1.53,3.40) 272 {1.82,4.07)
Cellular Organization PSATPXZ 167 i3 {0.95,1.79} 177 {1.23,2.60} 2.42 {1.62,3.63} 2.65 {1.79,3.92)
ECH Cellutar Organization G5TRM2 166 096 {0.70,1.30} 1.76 {1.20,2.57} 232 {1.443.12F 234 {1.60,3.42)
ECM PSAGSTM2 166 091 {0.67,3.24) 1.6% {1.16,2.48) 1.85  {1.28,2.67} 2.05 {1.42,2.94}
{ellular Organization P5A GSTM2 P 167 3.89 10.65,1.22} 113 {0.78,1.62] 172 {1.18,2.48) 1.75 {3.23,2.48)
ECM Cellular Qrganization GSTM2 TPX2Z AZGPL SRIDSAZ | 166 1.04 {0.76,1.42} 2.14 11.44,3.20) 247 {1.653.70) 2.84 {1.95,4.44)
ECK PSA GSTM2 TPX2 AZGPL SRD5SAZ 166 1.03 {0.75,1.43} 243 {1.42,3.13} 239 {161,357y 294 {1.95,4.45)
Calivlar Orpamzataon PSA GSTM2 TPXZ AZGPL SRDBAZ 167 1.07 {0.78,1.46} 1.84 {1.26,2.68} 222 {151,327y 273 {1.83,4.08}
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Exauri 3: CLIQUE STACK ANALYSIS TO IBENTIFY CO-EXPRESSER GENES
{68162} The purpose of the gene cligue stacks method described in this Example was to find
a set of co-expressed (or surrogate) biomarkers that can be used to reliably predict outcome
as well or better than the genes disclosed above, The method used to identify the co-
expressed markers is illustrated in Figure 4. The set of co-expressed biomarkers were
obtained by seeding the maximal clique enmwmeration (MCE} with corated biomarkers
extracted from the scientific literature. The maximal clique enumeration (MCE) method
{Bron et al, 1973] aggregates genes into tightly co-expressed groups such that all of the genes
in the group have a similar expression profile. When all of the genes in a group satisfy a
minimal similavity condition, the group is called a clique. When a clique is as large as
possible without admitting any ‘dissimilar’ genes into the cligue, then the cliqus is said to be
maximal. Using the MCE method, all maximal cliques are searched within a dataset. Using
this method, almost any degree of overlap between the maximal cliques can be found, as long
as the overlap is supported by the data. Maximal clique enumeration has been shown [Borate
et al, 2009} to be an effective way of identifying co-expressed gene modules (CGMs).

1. Defipitions

881631 The following table defines a few terms commonly used in the gene clique stack

analyses.
Table 7
Term | Definition )
Node The abundance of a gene (for the purposes of CGM analysis)
Edge ' A line connecting two nodes, indicating co-expression of the two
| nodes
Graph i A collection of nodes and edges
Cligue A graph with an edge connecting all pair-wise combinations of
nodes in the graph
maximal cligue - A clique that is not contained in any other clique
Stack A graph obiained by merging at least two cliques or stacks such that
the overlap between the two cliques or stacks exceeds sowme user-
defined threshold,.
| gene expression A two-dimensional matrix, with genes listed down the rows and
profile samples listed across the columms. Hach (i,]) eniry in the matrix

corresponds to relative mRNA abundance for gene | and sample J.

2. Examples of cligues and stacks

(301641 Figure § shows a family of three different graphs. A graph consists of nodes
{numbered) and connecting edges (lines). Figure 5(a} is not a clique because there is no edge

connecting nodes 3 and 4. Figure 5(b) is a clique because there is an edge connecting all pair-

L
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wise combinations of nodes in the graph. Figure 5(c) is a clique, but not 8 maximal clique
because it is contained in cligue (b). Given a graph with connecting edges, the MCE
algorithm will systematically list all of maximal cliques with 3 or more nodes. For exampile,
the graph in Figure 6 has two maximal cliques: 1-2-3-4-5 and 1-2-3-4-6,

{B80165] When based on gene expression data, there are fypically large numbers of maximal
cliques that are very similar to one another. These maximal cliques can be merged into stacks
of maximal cligues. The stacks are the final gene modules of interest and generally are far
fewer in number than are the maximal cliques. Figure 7 schematically illusirates stacking of
two maximal cligues.

3. Seeding

[30166] For the purposes of finding surrogate co-expressed markers, biomarkers from the
Hterature can be identified and then used to seed the MCE and stacking algorithms. The basic
idea is as follows: for each seed, compute a set of maximal cligues (using the parallel MCE
algorithm). Then stack the maximal cliques obiained for each seed, yielding a set of seeded
stacks. Finally, stack the seeded stacks to obtain a “stack of seeded stacks.” The stack of
seeded stacks is an approximation to the stacks that would be obtained by using the
conventional {Le. unseeded) MUE/stacking algorithms. The method used to identify genes
that co-express with the genes disclosed above ilustrated in Figure 4 and is described in more
detail helow.

3.1 Seeded MCF algorithm {steps 1-4}
[88167] 1. The process beging by identifying an appropriate set, S,, of seeding genes. In the
instant case, the seeding genes were selected from the gene subsets disclosed above.
{08168] 2. With the sceding genes specified, select a measure of correlation, R{g:,g2),
between the gene expression profiles of any two genes, gi,g, along with a correlation
threshold below which gy,g, can be considered uncorrelated. For each seeding gene s in the
seeding set 8, find all gene pairs {s,g) in the dataset such that R{s,g) is greater than or equal
to the correlation threshold. Let G; be the union of s and the set of all genes correlated with s,
For the instant study, the Spearman coefficient was used as the measure of correlation and 8.7
as the correlation threshold.
[88169] 3. Compute the correlation coefficient for each pair-wise combination of genes
(2,85 in G, Let X, be the set of all gene pairs for which R(g;,g;} ts greater than or equal to the
correlation threshold. If the genes were plotted as in Figure 5, there would be an edge {line}

between each pair of genes in X,.

6
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081761 4. Run the MCE algorithm, as described in Schimidt et al (J. Parallel Distrib,
Comput. 69 (2009} 417-428) on the gene pairs X, for each seeding gene.

3.2 Beeded stacking algorithm (steps 5-6)
{38171} The purpose of stacking is to reduce the number of cligues down {0 a manageable
number of gene modules {stacks). Continuing with steps § and 6 of Figure 4
{80172} 5. For each seeding gene, sort cliques from largest to smallest, Le. most number of
nodes to smallest number of nodes. From the remaining cligues, find the clique with the
greatest overlap, If the overlap exceeds a user-specified threshold T, merge the two cliques
together 1o form the first stack. Resort the cliques and stack(s) from largest to smaliest and
repeat the overlap test snd merging. Repeat the process until no new yuerges oecur.
{88173} 6. One now has a set of stacks for each seeding gene. In the final step, all of the
seeded stacks are combined info one set of stacks, o. As the final computation, all of the
stacks in o are stacked, just as in step 5. This stack of stacks is the set of gene modules used
for the instant study,
[86174] Genes that were shown to co-express with genes identified by this method are
shown in Tables 8-11. “Stack ID” in the Tables is simply an index to enumerate the stacks
and “probeWt” refers to the probe weight, or the number of times a probe {gene) appears iu

the stack,
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Applicant Ref. 09042.5-304 / GHLI-G32PCT

i Cosxprosse ‘ Coaxprasse Loexpresse
StackiD | d Gene i ProbeWt | SeedingGene StackiD g Gene ProbeWt | SeedingGene | StackiD | d Gene ProbeWt | SeedingGene
8 SPARC 3 BGN 5 | FENL 3 i SPARC '

. 2 | ENG 3 i BGH 5 HEGL 2 1 SPARC

5 PDGFRB 3 | BGN 5 chH11 2 | sPARC
g THESZ 1 BGN 5 ’ FBLNS 2 ] SPARC
1 THBS2 1 COL3AT 5 LAMAZ 2 1 SPARC
1 COL3AL 1 COL3AT 5 WaFBPY 2 | SPARC

1 VAN i COL3AL 5 LAMAY 2§ SPARC
2 COL3AL 3/ COL3AL 5 RGSS 37 SPARC

L2z SPARC 3§ CoL3AL E COLAAZ 1| SPARC
2 FNL 2 COL3AL 5 COL1AZ 1 i SPARC
2 COL4AAL 2 | COL3AL & FBN1 7 7 SPARC
2 | VCAN 11 COL3AL 6 LAMAL G | SPARC
2 COLIAL 1} COL3AL 15 SGK269 3§ SPARC
2 FBNL 11 COL3AL & COHLY 5 | SPARC
3 COLIAZ 31 COL3AL & DPYSLZ 5 1 SPARC
3 POGFRE 3 | COL3AS [ LAMAZ 5 §{ SPARC

= { IGFBEY 3 | COL3A1 & SPARC 4§ SPARC

; 3 FBNL 30 COL3AY 6 SULFL 4 1 SPARC
3 CBHIL 2 1 COL3AL 5 FBLNS 3§ 5PARC
3 AEBPL Z | COL3AT G LTBPL 3 | SPARC
3 COL3AL 1/ COL3AL 6 EPB4IL 3 | SPARC
3 SPARC 1 COL3AL & MEFZC 3 i SPARC

I 4 COLIAL 5.1 COL3AL g 4 FNi 2§ SPARC
4 8GN 41 COL3AL 6 EDIL3 2 | SPARC

4 . COL1AL 3 : COL3AL 5 COL3AL 11 SPARC
5 SPARC 3} CO3AL 6 | 1GFBP7 1} SPARC
4 FRANLS 2 i COL3AL 5 HEGT 1 ] SPARC
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Coaxnpresse {faexpresse Coexpresse
StackiD | dGene  Probewt | SeedingGene StackiD d Gene ProbeWt | SeedingGene | StacklD | d Gene ProbeWe | SeedingGene
4 PDGFRB r RN =L IS P N .
COL1AZ 1! COL3AL
_ THYE e TN T
i 4 THBS2 1| COL3AL
"""" Table ¢
Coexpressed Sééd'ing Coexpressed ' Seeding Coexpressed Seeding
StackiD | Gene ProbeWi | Gene StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene
1 DDR2 | 2es70]C7 1 - MvHL 168 | GSTM2 71 PPAP2E 15794 | 5RD5AZ
- 1 SPARCLL 25853 ; 7 1 TGFBR3 163 § GSTM2 1 VWASA 126356 ‘ SRDSAZ
1 FATA 24985 1 7 1 RBM;B 162 1 GSTM2 3 SPONL 1?395 SRDSAZ
i SYNEL 24825 | (7 1 FHLY 161 | GATM2 1 FATA 12218 | SRDBAZ
1 SLC8AL 24327 | C7 1 MYLK 158 | GSTMZ 1 55PN 12126 | SRDSA2
1 MEIST 23187 1¢7 1 CACHDL 155 | GSTM2 1 MK 11552 | SRD5A2
1 PRRXL 22847 | €7 1 TIMP3 154 | GSTMZ 1 PRRX1 11061 ; SRDSA2
1 CACHDA 22236: <7 i SYNM 152 ¢ GSTM2 1 LOCB45554 1081,1‘ SRO5A2
i ; DPYSL3 ””26623 7 i NEXN 147 GSTMZ 1 SYNM 10654 | SRDSAZ
1 LTBP1 20345 | €7 1 MYLY 142 1 GSTM2 11 ANXAG 10330 | SRDSA2
3 | sGig6s 19461 | €7 1 CRYAB 141 | GSTM2 1 PDESA 10011 | SRD5AZ
1 EDNRA 19280 | €7 1 VWASA b 131 | GSTMZ 1 T5HZ3 9588 | SRD5AZ
1 TRPCA 18688 | C7 11 | ADXL 130 | GSTMZ 1 GSN 9505 | SRDSA2
: 1 TIMPS 18674 c7 1 FLNC 127 | G5TMZ 1 NiD2 8503 | SRD5AZ
1 TGFERS 18367 : C7 1 PRAP2B 125 ' GSTMZ 1 Cly 9304 | SRDSAZ
1 ZEBL 18355 § €7 1 GSTM2 118 | GSTM2 1 TPMZ 8659 | SRO5A2
1 18 16871 i C7 1 C24orie3 L :GSTMZ 1 FBLN 2068 ¢ SRDEAZ
1 ABCCS 1{&5627 7 1 pOPDC2 72 | G5TMZ : 1 PARVA 7849 1 SRDBAZ
s PCDH1B 14’:‘53@ C7 1 P2 66 | GSTM2 1 7 SPOCK3 7772 1 SRO5A2
1 C7 14789 1 C7 1 CDCAZEPS &0 7 GSTMZ i ‘ PCDH1E 7514 | SRDSAZ
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{ Coexpressed Seeding ‘ j Coexpressed | Seeding Coexpreééed Seeding

StackiD | Gene ProbeWt | Gene § StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene
1 PRGFC : 14748 1 C7 1 CCDQES 58 | GSTMZ 1 LK 7078 5RBSA2
1 | PTPLAD2 13590” 7 1 CRISPLDZ 52 + GSTM2 1 ITiHS 6903? SRD5A2
i VCL 13332 ) C7 £ 3 GEPZ 47 [ GSTM2 1 ADCYS 6374 SRDSAZ
‘ 1 MMP2Z 13107 1 C7 1 AQQYS 44 7 GSTMZ ‘ 1 CRYAR 6215 VSREJSAZ
1 FERMT2 12681 | C7 i MATNZ a0 GsTM2 3 RBAMS3 6108 | SRD5A2
1 EPB41L2 12335 ¢ (7 1 A0C3 38 1 6G5TMZ 1 AUXL 4943 | SRDSA2
1 PRNP 12133 § 7 1 ACACE 36 | GSTMZ i WWTR1 47338 | SRD5A2
1 . FBN1 11965 ¢ 7 1 RND3 28 | 65TM2 1 ADC3 4121 | SRDSA2
i GLTS[)Z” 11854 ¢ C7 1 : CLiPS 26 1 GSTMZ 1 CAP2 74091 SRO5AZ
i . DSE 11888 | C7 1 | APOBEC3C 20 | GSTM2Z 3 MAPLE 3917 SRD5SAZ
1 SCN7A 113841 (7 - 1 CAVZ 18 | G5TMZ 1 OGN 3893 ;| SRDSAZ
1 PPAP2ZE 11121t 7 1 TRIP1O 17 1 GSTM2 1 PLN 3581 | SRD5BAZ
1 PGR 10566 | C7 1 TCF21 11 | G5TM2 1 CFL2 2857 | SRDSA2
1 PALLD 10240 ¢ C7 1 CAVMKZG 11 | GSTM2 1 MATNZ 2808 ”SRE}SAZ
1 CHNTNL 10813 1 C7 [ | GSTMSPIL g9 | GSTM2 1 ADRALA 2604 | SRD5AZ
i i SERPINGI ”9800 C7 1 ACSE3 g ¢ GSTM2 1 BOC 2401 § SRDBAZ
1 DEKI 5279 i €7 1 G5TM4 7 GSTMZ 1 ANGPTL 2280 § SRO5A2Z
1 COnG2 5131 ¢ C7 1 ’ GSTPY 5 GSTMZ 1 POPDC2 22{}5 SRDEAZ
[ MSRE3 8502 | C7 1 GSTMI 3| GSTMZ ‘ FER2 2162 SRQSA2
1 LAMAL ”7‘18477 : C7 1 G573 2 i G5TM2 1 TCF21 1986 | SRD5A2
L RBMS3 8425 1 €7 1 | GSTM2PL 21 GSTM2 iy | LOC283904 1983 | SRDBAZ
1 - FBLND 7968 | C7 i1 TGEBS 11 G5TM2 1 DNAIBS 1773 | SRD5AZ
1 EPHA3 6930 | €7 i FIG 1} IGF1 1 TSPANZ 1731 | SRDSA2
1 ACTAZ 6824 | 7 1 UTP11L 17 iGFL ’ i GSTMS 1635 | SRDSAZ
1 ADAM22 6791 | <7 1 3GCB 14 GFL 1 RGN 1594 | SRDSA2
1 WWTRL 66311 '§Z7 2 CHP 14 i 1GF1 1 PDLIMT 1503 | SRDSAZ
n HEPH 5406 | C7 g2 RpP2 14 1 IGFL 1 MITE 1481 | SRDSA2
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Applicant Ref. 09042.8-304 7 GHE032PCT

Coexpressed Seeding Coexpressed Seeding €Qexpréﬁsed Seeding

StackiD | Gens ProbeWt | Gene Stackid | Gene ProbeWWt | Gene StackiDd | Gene PmbeWt”_ Gene
i TinpP2 6219 C7 2,, SPRYDA 14 1 IGF: 3 BNC2 1300 ;| SRD5AZ
1 CLICa 8151 ¢ €7 2 SGCB 13 1 iGFL 1 SCN7A 1274 | SRDBAZ
1 ATPIB4 5897 | C7 2 INMT 13 | 1GF1 1 GPMEE 1202 | SRO5A2
1 THS1 5842 | C7 2 1GF1 12 | 1GF1 1 ARHGAP20 1153 | SRDEA2
i PDGFRA 5802 ¢ €7 2 ARPP1S 9 | 1GFL 1 PDZRNS 1190 | SRDSAZ
i {TGAL 3 5781 ¢ C7 2 MOCS3 9 i iGFL 1 PP 1.1Q7 SRO5A2
1 RS 5103 ¢ C7 . 2 | KATMALYL 8 | IGF1 3 ANDS 987 ; SRD5A2
1 SURELY) 5063 § €7 2 | C30r133 % | 1GFL 1 Corflss 930 | SRDSAZ
i CALDL 4828 | {7 . 2 | 5LC16A4 7GR 1 ARHGAPLD 793 | SRO5A2
1 DCN 4825 1 C7 2 £10 7} IGF1 1 cups 775 | SRDSAZ
1 IRAKS 4476 | C7 2 SMX27 6 1 IGFL 1 CLDees 733 1 SRDBA2
i MATNZ 4442 ‘ 7 Z Clorf3s 5 ¢ 1GFL i1 SLC244A3 573 i SRDSAZ
1 KIiT 4329 | C7 ‘2 Clorfl74 4 1 IGEFL 1 ACSS3 668 - SRDSAZ
B NEXN 4257 1 C7 2 SNTH 41 16FL 1 L33 611 | SRD5AZ
3 ZEB2Z 3798 | C7 2 MCARTS 4 1 IGFY 1 CAMK2G 519 | SRDSA2
1 COLEAZ 3679 ¢ C7 2z OTuD3 4 | IGF1 i1  PTPLA 505 ‘ SRDBA2
I MIDZ 3678 | 7 2 ADAMTS&V 4 1 HGFY i EFEMPL 483 ¢ SRO5AZ
1 PRICKLEZ 36715 C7 ' 2 FEZ1 4 1 1GFL 1 KiT 470 | SRDSA2
1 OGN 3418 1 €7 2 SPATAS 4 1 1GF1 1 0D73 A26 | SRDBAZ
3 SSPN 3142 4 C7 2 -~ V_ZNRF?S 4 ¢ HsFy i1 MR{&PRF 380 : SRDSA2
k3 SORBSL 3126 | C7 2 Ciorf22g 4 1 1Gr1 1 C210rf63 383 | SRDSA2
{1 PDFﬁA 2963 | €7 2 STAZ 4 7 iGFY | 1 CRISPLD2 32? YSRBSAZ
3 LOC732446 2825 1 {7 2 PURB 4} IGF1 i MYADM 314 | SRDSA2
1 | FCHSD2 2741 | €7 2 BVES 41 IGFL i 7 278 | SRDBA2
1 - PMPZ2 2608 | €7 2 DXL 4 | IGFL i1 PDGFRA 218 | SRDSAZ
i TRPCL 2519 | C7 2z ZNF71$ 4 1 {GFL 1 EYAL 198G § SRO5A2Z
1 ANYAL 2353 ¢ (7 2 DSCR3 41 iGFL 1 ATP1A2 174 | SRDSA2Z
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Applicant Ref. 09042.8-304 7 GHI-052PCT

Coexpressed Seeding Cosxprassed 1 Seeding Coexpressed Seeding
i StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene Stackin | Gene ProbeWt | Gene
i SPONT 2378 1 (7 2 SLC35FL 4 1 GFL Eip) ACACE 173 | SRDSAZ
1 FBLNG 2115 | €7 2 e 4 | k1 1 NTSE 168 | SRDSA2
i CHROLY 1596 3 7 2 STE4 4 ¢ IGFL ) 1 GPRI24 166 SR??AZ
i MEFZC 18980 1 C7 2 : EEFSAZ 4 ¢ 1GF1 i LOCEE2798 165 § SRD5A2
1 EFEMPL 1938 C7 2 :: SUPT7L 4§ {aF1 1 LRCH2 123 § SRDBAZ
1 | saze1 1748 | 7 2 | Ci00ri73 4 | 1GF1 1 | evem 100 | SRDSAZ
1 DNAIB4 1636 | 07 2 | ANKS4B 4|16 1 GSTM2 92 | SRO5AZ
1 ARHGERG 1534 , 7 2 £i0rf151 4 1 {GFL 21 KCMABL a0 1 SRDR%AZ
3 MEFAP4 1503 ¢ C7 ‘ 2”” RPL32P3 4 ¢ GFL 7 i | HHIP £2 SRQSAZH ‘
l 1 ”LGC552799 1470 ¢ C7 32 “SECﬁz 4 1 3aFL 1 - ALDHIAZ 70 5 SRDSAZ
1 PREXZ 1464 ¢ (7 2 DBRL _ 4 ¢ GEL 1 F’RDME 63 ¢ SRDBA2
1 MARNIAL 1433 | C7 2 FLI39639 4 i IGFL i ‘ ABCAS 5‘9 SROSAZ
17” TLF2E 1224 ¢ 7 2 ’ ZhF543 4 1 aFl 71 PAAMLZ 51  SRD5A2
1 £RIML 1181 | €7 2 FRRS1 4] G i1 PAKS 38 | SRDSA2
3 AZM . 1368 | 7 2 JATDNZ 4§ HaFL i SNAIZ 35 ¢ SRDSAZ
1 DPYSLY e @ 2 WDRSS 4| icF1 1 usT 77 | SRD5A2
L1 GPMEB 983 | €7 2 KAA1737 4 | 1GF1 1 TMLHE 21 | SROSAZ
1 PLY 970 | ¢7 2 - APOSEC3F 4 | 1GF1 1 ACTCL 15 | SRDSA2
1 133 942 | ¢7 2 RNF7 41 e 1 | csorie § | SRDBAZ
1 CCDCRD 889 | ¢7 2 SKEL 4 | 5F1 1 GSTMSPL 4 | SRDSA2
1 LMIG3 852 | c7 2 HSPIOB3P 4 | iGRL i1 G5TM4 3 | SRD5A?
1 SEC23A 765§ 7 . 2 GNS 4 1 iGF1 1 P4 2 i SRDBSAZ
1 | MoK 708 | 7 z Ciorf212 4 | IGFL 1 TGFE3 2 | SRDSAZ
1 SPOCK3 622 | €7 2 ZNETD 4 | IGF1 1 G3TME 1 | SRDSA2
1 i HEGL 808 | C7 2 TrAEML27 4 | IGFL ~ 1 LOC728846 1 TGFB.'E.VFE
i HRR1 589 (7 2 ALDHIBL 4 1 IGFL 1 CLIP3 13 TGFRII
1 Crorfsg 566 | C7 2 HP1BP3 45168 1 EMILINI 1] T6FBIU
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Applicant Refl  09042.8-304 / GHI-05Z2PCT

Coexpressed - Seading | Coexpressed seeding Coaxpressed | Seeding

Stackis | Gene . Probe'Wi | Gene Stackii) | Gene ProbeWs / Gene ; Stg;igii} Gene waeWt Gene
L1 CDCAZERS . s39 o7 2 APOLE 4 16F1 i cLipa 1| TGFBLN
i CPVE 524 ”C'j 2 BAALL 4 1 IGFL z MRCZ 1! TGFRLIL
i CPA3Z ~ 4213 C7 2 Ciiorfl7 4 1 IGF1 2 MEG3 1 TGFBLIL
1 sum2 | 57| c7 2 LOCT29199 4} 15F1 3 MRC2 1 | TGEBLI
1 - KLHLS 376 | 7 2 RELLT 4 | 1681 3 LCAT 1} TGFB1IL
1 HLF _ 322+ €7 2 ' PELIT 4 ¢ iGF1 3 MEGS 11 TGFE1
1 PIXDC2 ‘ 313 7 2 ASBL iGFL 4 ”Lf.}ﬁ:'} 18 TGFBlﬁl
5 7 ‘CAPZ 301 C7 2 CZ(’)\"flSﬂ IGFL 4 TGFBL 15 § TGFBiIL
3 i EXYDS 281 €7 2 PSTRIPZ 4 1 3FL 7 4 ASBZ 11§ TGFBiiL
i ECMZ 272 1 7 i 2 CLECTA 4 ; WGFL 4 CLIP3 i1 7 TRERLL
L1 SADEA2 25 | 2 RAB22A 4 | 1GF1 4 TGA? 10 | TGFB1L
1 'MBNL:E. 245 67, 2 LOCE4A3770 4 1 ¥aFL 4 HR 10 ¢ TaFBLL
i LAMAZ 1689 ¢ 7 2 LOCI00129502 4 1 IGFL 4 : RUSC2 160 | Tereifl
i . ILGST i66 | C7 2 ZECHCA 4 1 H5FL : 4—7 V HRNBP3 & | TGFBLN
1 PODN 1312 €7 2 1 PRNMAZ 4 1 IGFL 4 LIMIS2 87‘ TGFRLLL
‘ i ATRNLL 5 310 ¢ 7 2 ] PMGW 4 7 1GF1 4 CSPG-Q 7 TGFBHE.
i i DOCKLY 60 C? : 2 SLC25A32 4 ¢ IGF1 ‘ 4 MLGNI 5 7 TGFBLL
1 FGL2 56 C7 2 CLeCl 4 | IGFL 4 ADAMS3 31 TGFELI
1 SPRYZ 124 C7 ‘2 KIAADSIS 4 1 iGFL 4 MHSLZ 37 TGEBLIL
1 QLFMLL 12 C7 2 5838 4 ¢ HGFL ‘ 4 SYDEL Z TGFB;E,EI
1 3 NEGR1 4 i C7 2 CECRI 4 1 iGFL 4 RASLYZ 2 1 TGFBLIL
1 IGFEPS 1/¢r 2 ZNFA90 4 | iGF1 4 LOESD586 2 | TGFBIN
i . SORESL 14§ DES | Z : PDELZ 4§ HaFl 4 ] GNAZ 1‘ TGFB1I1
1  CACNALC 1] DES 2  C180rf76 4 | iGFL 4 TMEM35 1| TGFBLI
i DES 1 PES 2 CCL2z ) 4 7 iGF1 4 LCAT 1 TGFB1
L 2 TS ”'i. oES 2 RRN.?:?,}. 4 1 IGFL 4 LOC728846 1§ TGFBLI
Zz i ANXAL 1 , DES 2 L06100127925 4 56?1“ 4 SLC24A3 17 YTGFELE

PYI9LT/ET0T OM

60¥€T0/€10TSN/LDd



69

Applicant Bef, 09042.8-304 / GHI-G52PCT

Coexpressed Seeding Cosxpressed Seeding Coexpressed Secding
StackdD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Geng Stackix | Gene ProbeWt | Gene
2 ATPIAZ 11 BES 2 i SCAMOL 4 i 1GF1 5 MREGPRE 381 TGEglil
3 TS 7 BES 2 AP4E]L 4 i {GF1 5 PDLINGT 362 TﬁFBiril
3 DES 1.DES 2 APOLDL 4 1GFL 5 ADC3 321 | TGFBLIL
3 ANKAS 1 DES 2 ARSE 4| 1661 5 | apcys 317 | TGFBLN
4 | renaz 1 oS 2 INF264 5 GE 5 ANK2 306 | TGFBLEL
4 i DES 1 ¢ DES 2 7 SLC30A8 4 iGFL 5 SLCZ4A3 282 ¢ TGFB1L
p CES1 1 pEs 2 METTL7A 41681 5 MYLD 287 | TGFBIIL
5 TAGLN 72300 | DES i 2 PARDEB 4 1 IGFL ] FLNG 275 V TGFBLIL
5 FLNA 72305 ; DES 2 , STOM 4 EGF‘% ] 5 TGFBAML 253 | TGreid
|5 TH5L 72049 | DES 2 CY?ZOAI 4§ iGF1 5 FTGAT 27;2”_ TGFBLL
i 5 CNNL 69837 | DES 2 LYZ 4§ IGFL S DES 2167 TOFBLI
”5 ALCTAZ £8389 | DES 2 ATP184 4 1 HaFY i 5 FLNA 214 ¢ TGrEiil
5 v QHRDLl 67725 ‘ DES 2 SCDS 4 EgFl 5 EFEMP2Z 206 ¢ TRFBLIL
& DPYSL%N 57225 | DES 2 HCEPI?QL 4 ¢ IGF1 V 5 TAGLM 134 TGFRLI
5 ‘ MERBI 66488 ¢ DES 2 ; NUDTLS 4 7 {53F1 35 RASLIZ 163 | TGFELIY
5 YL 6.’%707 BES 2 THRLAR 4 ¢ GFL 4 ; GASE 163 | TGPBEIL
5 CLMD2 65291 | DES 2 APPLY 4 ; iGF1 5 KCN?WE:‘T 163 § TGFELIL
5 s1c8AlL £5217 | DES E 03BPL2 4 | 1GFL 5 SMTH 157 | ToFBLI
E MEIST 65097 | DES 2 VAL sl s GPR124 140 | TGFEIH
L5 ATP2B4 (4428 | DES 2 i NF2 5 4 @ iGFL 5 ‘ COLGAL 133 ¢ TGFB1L
5 DDR2 64293 | DES 2 ZNFTT2 4G 5 DNAJES 127 | TGFBLIL
5 LMODY 64271 | DES 2 LOCE46973 | I COLSAZ 124 | TGFBLL
5 5095517 £335% ¢ DES 2 LQCIGGlZSGQE 4 1 IGFL S TPM2 121 ; TGFBAML
5 KCMMBIL 51499 DES 2 MOAPL 4 1 GFL 5 WF{TJ(.‘]. 121 TGrBIIL
:’ 5 BGR 60803 | DES ) 2 HIGDLA 4 1 IGFL 5 TNS3 112 | TGFB1L
75 REPMS 28947 | DES 2 DHsC2 4 }IGFL ‘g DKKZ 131 ¢ TGRBLIL
5 IFENC 59840 | DES 2 cYes 4 ] 1GF1 E | HspBs 108 | TGFBLL
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Appiicant Ref. 09042.8-304 / GHI-052PCT

Coexpressed Seeﬁing Coexpressed ' Seeding Coexpressed Seediﬁg

StackiD | Gene ProbeWt | Geng StacikdD | Gene ProbeWt ! Gene StackiD | Gene | ProbeWt | Gene
5 YLK : 58329 1 DES 2 ) ZGCAN22 4 1 IGFL 5 TSPANIZ 103§ TGFBLIL
: ‘5 FHLL 533()3 ’ BES 2 LOC646127 4 1 1GF1 5 MYHLL .’1.7{}2 TGFBIL
= FZD7 56889 | DES i 2 RRP13 4 ¢ 1GF1 5 | GEFT 90 | TGFBLN
5 EDNRA“ 56620 ¢ DES ? LOCI00130357 4 | 16 5 TIHS 81 i TGFBi
5 DKK3 56591 ; DES 2 YES1 4§ IGFL i5 PYGM 81 | TGrB1L
5 i DES 54990 | DES 2 MTFMT 4§ IGFL ig BCAM 78 i TGFBRIIL
i s . PGM5 54713 | DES 2 - josod 4 1 IGF1 i 5 MRVIL 75 | TGFELIL
5 L0C729468 » 53978 | DES 2 RHOF 4§ IGF1 5 BAYEK 68 | TGFBLIL
5 SYNEL 53386 | DES 2 LiN54 4 1IGFL 5 CNNl 63 | TGFBLiL
S pemspz 53378 | DES . 2 LOCTI09142 4 11GF1 5 REPMS2 63 | TGFBLI
5 SPARCLY 52082 | DES 2 GNG4 4 1 GFL 5 ATPIAZ 58 | TGFBLIL
5 ACTG2 51556 | DES 2 | H6PD 4 7 IGF1 3 LIMIS2 58 TGFB}EI
5 | TRPCA 531205 | DES 2 | FBYXW2 4 1 FL 5 LMOD1 56 | TGFBiN
5 AVl 49615 | DES 2 MNUP43 4} IGF1 5 GNACL 46 | TGFBLI
E GNAL 49292 t DES 2 WDRSB 4 1 1GFL 5 LGALSE 43 {1 1GFgi
5 BULE 482583 | DES 2 ANGELZ 4 iGFL 5 DAAMZ b 4% § TRFBLIL
5 ABCCH 46190 ' DES 2 | 5GTB 4} ¥GFL 5‘_ MRL2 39 | TGFB1LL
15 | BARVIL 44526 © DES 2 MAPKLIPLL 4 5 HRNBP3 38 : TGFB1IL
5 ACTHI 443120 | DES 2 ISCAN29 4§ 1GF1 5 ASBZ 36 | TGFB1N
5 PALLD b 43624 | DES 2 FXC1 4§ GFL ‘s LIPS 25 1 TGFBLIL
5 SERPINFL 43607 | DES 2 NOOL 41 1GF1 5 | Clforfas 22 | TGFRIL
5 IATFL 42715 ¢ DES 2 MOBKLIA 4 | k1 5 DBNDDZ 20 | TGFBLIL
5 KANKZ 42364 | DES 2 ANAPC1E 4} iGF1 5 RUSC2 19 ¢ TGFBUA
5 | Hspes 41435 | DES 2 C160rf63 411Gt 5 RARRESZ 18 | TGFBLIL
E MYLS 37460 | DES 2 TBCCDA 41 {GFL 5 ADRALA 18 | TGFB1N
5 PRNP 33800  DES | 2 DLEUZ 4 1 IGFL 5 TINAGLL 17 | TGFBIN
5 TSPANLS 33287 | DES 2 CARDS 4| iGFL 5 SYNM 17 | TGER
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Applicant Fef. 09042.8-304 / GHI-032PCT

Coexpressed Seading Céexpressed Séed?ng j Loexpressed Seeding
StackiD | Geng ProbeWWt | Gene StackiD | Gene | ProbeWt | Gene  StackiD | Genme ProbeWt | Gene
5 FRMDG 32935 ¢ DES 2 LOCI00130236 4 § IGFL 5 TMEM3S 14 TGEBLIA
5 - CSRPL 32471 | DES 2 LOCIO0130442 | 4 1 1GF1 5 CoPz2 17 | TGFBAN
5 | HERH 32337 | DES 2 i CAMLG 4 1 IGFL 5 LYBP4 12 TGFBlElV
5 NEXN 29867”‘0{15 2 Z87B3 4.0 1GFL 5 SCARAS 11§ TeFBR
5 PRICILEZ 29746 | DES ' 2 ZMF445 4 1 iGFL 5 NRZFL 13§ TGFBIN
5“ PPAP2E 2,3983 BES A CASP] 4 | iGFrl 5 PCOHLO 11§ TGFB1IL
5 | MYHLI 28923 ¢ DES 2 ] RARZL 4 1 {GFL 5 RAB34 18 vaGFBlEl
5 PRGFC 28732 ¢ DES 2 ZC3HAVIL 4 | 1GFL 5 FOXF1 TGFBI
5 TPML 27765 | DES 2 SCHDL 4 ¢ IGFL 5 TCF7LL 7 TGFB1L
i 5 SV 27521 . DES 2 KILLIN 4 i iGFE 5 KIRREL _ b TGEBLIL
5 LOCT32446 27335 1 DES 2 MTX3 4§ MGl 5 DACTL £ ¢ TGFBLIL
5 MEIS2 ”25944 DES 2 KCnE4 4 1 IGFL & ZNF516 5 ¢ TGFBLL
5 CALDI 25386 § DES 2 GMZA 4 EGFIN 5 ERAILING ) 4 i TGFBLIL
5 - CNTNL 25377 | DES 2 LOCA01588 4 | IGF1 5 DCHS1 4 | TGFBLL
5 FERMT2 25346 | DES 2 C8orf78 ' 4 1 1GFL 5 EHBRILL 3¢ TGEBIN
5 CZU 24883 | DES 2 KIAA0754 4 1 Gk 5 SYDEL 2 TGEEBLIL
5 SPONL 23171 ¢ DES 2 ShALit 4 1GFL 5 PPPIR14A 2 TGF}.}?HJ.
5 t TGFBR3 23018 ; DES 2 ] TS?Yi.l 4 1 IGFL 5 SMOCL 2 1 TGFBLIL
5 CACHEDA 22496 | DES 2 SPRED1 4} IGF1 5 P12 11 TGEBLI
5 TPMZ 22108 | DES 1 “2 LOC100128997 4 ¢ GFL 5 MICALEL 1§ TGFBIN
{5 GSH 22302 | DES 2 LOCT729652 4 1 IGFL 5 LCAT 1§ TGFB1L
5 NiD2 2].240 i DES 2 TRAP?CZ 4 IGRL 5 HSPBG 1 TGRBIG
5 MYOLD 213759 | DES 2 KCTD10 4§ GFL i FEMA 33448 | TPM2
5 MIKX 20028 | DES 2 DUSP1Y 4 | 1GF1 i TAGLE 33391 | TP
S EYA4 _ 18967 | DES 2“ CCDLaz 4 ¢ HaFY i TNSI 32975 § TPM2 ~
5 LOC100127983 | 18208 | DES 2 NXN 4R i1 CNNE 32498 | TPM2
5 ANKAG ) 16600 | DES » ZNF282 4 : IGFL 1 CHRODLL 31?65‘ TEMZ

PPI9TL/€10T OM

60¥€T0/€10TSN/LOd



L

Applicant Ref. 09042.8-304 / GHI-0320CT

Coexpressed Seading Ccéxpressed. 'Seedmg Caexpréssed | seeding
StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene Stackis | Gene ProbeWt | Gene
E HLF 16262 | DES 2 | spaTSZL 41 1GF1 i LMOD1 31568 | TPM2
E VWASA 16175 | DES 12 TRIMS 4] 6R1 1 MYLK 31444 | TPM2
5 | sro5A2 16185 | DES 2 HAUS3 4 | 161 K ACTAZ 31310 | TPM2
5 sYNW 15943 | DES iz UTP1LL 4} 16F1 1 ACTG2 30665 | TPM2
5 CDCA2EPS 14001 | DES 2 SLC30AS 2| iGF1 1 KCNMB1 30331 ] TPM2
5 AOC3 13787 | DES 2 MBOATL. 4} 1GF1 1 MSRE3 30007 | TPM2
5 TIMEZ 13760 | DES 2 TERF2 4] iGr1 1 SORBS1 29926 | TPM2
5 LK 13444 | DES 2 VPSI3A 4 | 161 1 DPYSL3 29802 | TPMA2
{5 apcys 13346 | DES 2 SENPS 4 16F1 1 BES 29158 | TPMZ
5 PARVA 13266 | DES 2 EVIS 4 | IGF1 1 Vet 29088 | TPM2
5 FBLNE 12617 | DES 2 | nourc2 4 Gt 1 SLCBAL 29075 | TPMZ_
5 LOCE45954 12259 | pES 2 ZBTB8A 4} 1GF1 1 COND2 28780 | TPM2
5 FATA 12247 | DES 2 sT8SIA4 4 | IGF1 1 MEISY 28764 | TPM2
5 (TIHS 11490 | DES 2 Crorf6a 4| 1671 ‘1 PGMS 28584 | TPM2
|5 COLEAS 10595 | DES 2 MED1S 3| i6r1 1 ATP284 28495 | TPM2
is TSHZ3 10118 | DES 2 MPVITL 4 51 3 LOCT29468 28204 | TPMZ
5 MCAM 8671 | DES 2  Clod210 41 1GR3 1 FHLL 28101 | TPM2
E maris 8478 | DES 2 LINTC 4} iGF1 1 FLNC 27926 | TPMZ
5 WFDCL 7000 | DES 2 KON 4 | IGF1 1 PGMS5P2 27789 | TPM2
5 PDESA 6648 | DES 2 | coxs 4 16R 1 HSPBS 27438 | TPM2
5 Tini 5943 | DES 2 | pcao2 4 iGr 1 BDR2 26679 | TPM2
5 | poLIMT 5715 | DES {2 SPAST 4 | 1GFL 1 PGR 26409 | TPAA2
s  SPOCK3 5657 | DES IE cypava 41671 1 MRVEL 25979 | P2
|5 BOC 5611 | DES 2 LRTOMT 4 | IGF1 1 DICk3 25603 | TPM2
5 CRYAB 5555 | DES 2 IMPADI 3 | iGF1 3 RBPIS 24576 | TPM2
5 PMIP22 4795 | DES 2 UBXN2B 3 | 1eR IR MYH1 26353 | TPM2
5 | ADRAIA 4611 | DES 2 C50rf33 3/ 1GF1 1 F2D7 24298 | TPIZ
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Applicemt Refl, (9042.8-304 / GHI-032RCT

Cééxpressed Seading Loexpressed Seeding Caexpféssed Seeding
StackiD | Gene ProbeWt | Gene Stackid | Gene ProbeWt | Gene _ StackiD | Gene ProbeWt | Gene
5 FGF2 4438 | DES 2 FOXS3 3§ IGFL ! TPHIZ 23458 | TPM2
5 CELFZ 4392 | DES 2 _PPPIR1SH 3 0 16F1 i oAl 23091 | TPMZ
5 MAMPZ 4243 | DES 2 GNAI3 2 0GR 1 MYLD 22987 | TPM2
5 WWTRL 3966 | DES 2 SARLE 2 1161 i1 IAZFL 21665 | TPM2
i 5 CAP2 3592 | DES 2 SERPINBS 2 | GFL i1 CAV1 71563 | TPMZ
5 LOC100129846 3236 | DES 2 PTGIS 2 16F1 1 | KANK2 21564 | TPM2
5 - REMS3 3165 | DES 2 | C30rf70 21 16F1 i1 EDNRA 20876 | TPM2
5 AQX1 3042 | DES 2 RUNDC2B 2 1 16F1 1 | SPARCLL 20468 | TPM2
5 MFAPE 1 3011 | DES 2 SYTi1 111GF1 B! | TRPCA 18698 | TPM2
5 TCF21 2881 | DES 1 CPYXM2 i | ITGAT7 1 | TSPAN1E 18763 | TPM2
5 MATNZ 2851 | DE3 1 - MRVIL 1 | TGAY 1 | ACTNL 18284 | TPMZ
5 - MRGERF 2724 | DES 1 (TGAT 1 | ITGA7 1 TIMP3 18017 | TPM2
5 _POPDC2 2704 | DES 2 ADCY5 561 | ITGAT 1 i ABCCY 17793 | TPM2
5 CFL2 2404 | DES 2 MRGPRE 552 | (TGAT 1 SYNE1 17659 | TPMZ
5 - LOC283504 2374 | DES 2 POLIMT 643 | ITGAT7 1 SERPINFL 17306 | TPM2
5 PRELP 2253 | DES 2 FLNC 627 | 1TGAT7 1 PALLD 16653 | TPMZ
5 CCDesY 2088 | DES - 2 KANK2 624 | ITGAY 1 PRICKLED 16570 | TPM2
5 FLN 2046 | DES 2 MYLD 611 | 1TGAT 1 CSRPL 15853 | TPM2
5 DNAIBS 1956 | DES ¥ ADCR 602 | 1TGAT7 EN HEPH 14646 | TPMZ
5 GPR124 1851 | DES 2 FLNA 540 | [TGAT 1 NEXN 13548 | TPMZ
5 GASE 1830 | DES 2 TAGLN 527 | 1TGA7 1 MYQCD 13479 | TPM2
5 TSPAN2 1830 | DES 2 KCMMBL 452 [ TGA7 11 RAEIS2 13042 | TPMZ
5 ANGPTL 1797 | DES 2 | DES 491 | {TGA7 1 TPM1 12988 | TPM2
5 MEGES 1766 | DES iz ITGAT 451 | {YGAT 1 SPONL 12334 | TPMZ
5 [TGAL 1682 | DES 2  S1C24A3 434 | ITGAY 1 EYA4 12312 | TPM2
5 | GSTMS 1596 | DES E THS1 423 | (1GA7 1 HLF 11972 | TPMZ
5 MYADM 1579 | DES 2 TSPANIS 364 | ITGAY i SYNM 11833 | TPM2
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Applicant Refl, 09042.8-304 / GHI-0S2PCT

Coexpressed Seeding T Coexpressed Seeding Coexpressed seeding
StackiD ¢ Gene ProbeWt | Gene § StackiD | Gene ProbeWt | Gene i StackiD | Gene ProbeWt | Gene
5 CESI. 1511 | DES 2 MCAN 351 | TGAT E | svie 11249 | TPM2
5 CAMKZG 1453 | DES 2 TPM2 332 L 1TGA7 11 FRMIDG 10974 | TPM2
is PCRA 1361 | DES 2 BAYLK 322 | (TGAT 1 CRTN 16796 | TPM2
i5 SLC24A3 1275 | DES i2 HSPES 317 | (TGA7 1 CLy 10687 TPM2
5 . RGN 1215 ¢ DES 2 P MYHI1 317 | FTGA7 ! LOC130127983 10582 | TPhM2Z
5 . KCNMAL 1050 | DES 2 MRVIL 314 | 17GA7 1 PRNP L 10088 | TPM2
5 PDZRNA 876 | DES 2 LMOD1 301 | ITGAT ‘1 RAKX 5903 | TPM2_
5 ARHGAPLD 867 ﬂf‘; 2 TN 288 1 ITGAY 1 CALDE 9712 : TPhAZ
) Cﬁi)rfls__ﬁ 841 | DES 2 {Tins 287 iTGA_.? 1 i FERMTZ 3 9315 : M2
¥ ARHGAP20 828 | DES 2 DNAJBS 282 | {TGAT i1 NIDZ 9250 | TPM2
5 FXYDE 826 | DES 2 CHRDLL 264 | {TGA7 1 ITIHS 2936 | TPM2Z.
5 PTGER?2 802 | DES 2 EFEMPZ 256 | ITGA? 1 PDGFC 8919 | TPM2
5 SLCI2A4 721 | DES 2 ATPIAZ 239 | [TGAT 1 10C732446 3793 | TPM2
5 NI 670 | DES 12 SMTH 238 | (TGAT 1 LOCE45954 8764 | TPM2
5 [TGAS 568 | DES 2 GASE 231 | ITGAT 1 ADCYS 8698 | TPM2
5 SAATH 558 | DES 2 WEDCL 222 | [TGA7 1 ADC3 8557 | TPM2
5 TCEAL2 557 | DES 2 TGFE11 220 | [TGA7 1 SROSAZ 8415 | TPM2
5 COLRAL 485 | DES 2 GPR124 206 1 ITGA7 i GSN F427 ; TPMZ
5 . ITGAS 475 | DES 2 | NiD2 204 | ITGAT i1 WEDCL 6345 | TPM2
5  ATPLAZ 437 | DES 7 ADRALA 197 | ITGAY i VWASA £297 | TPM2
5 21063 408 | DES 2 PYGI 189 | ITGA7 1 R 6243 | TPMZ
5 EFEMP2 388 | DES 2 RASLIZ 186 | ITGA7 1 TGFBR3 5718 | TPM2
5 PTPLA 366 | DES 2 ROC 184 | ITGAT 1 COCA2EPS 5544 | TPM2
5 575 364 | DES 2 FID7 174 | [TGAT 1 TSHZ3 5478 | TPM2.
5 IANE3 350 | DES 2 ACTG2 172 | 1IGAT 1 FATS 4323 | TPM2
5 ITGAT 333 | DES 2 PRICKLEZ 157 | {TGA? 1 PARVA 4922 | TP
5 Lpp 320 | DES 2 GEFT 156 | {TGAT 1 MCAWM 4880 | TPM2
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Applicant Ref.  (9042.8-304 / GHI-QS2PCT

Cosupressed “Seoding Coexpressed | Seading ‘Coexpressed Seeding
Stacld | Gene ProbeWt | Gene £ StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene
5 caisaz 302 | DES 2  COLsAL 142 | 1TBA7 1 POLIMY 4753 ) TRM2
s QD73 284 1 DES 2 : ?GM‘} 123 | {TGA7 1 ADRAIA 4540 7 TPM2
5 5 PLERKHOL 255 ‘ DES 2 SYNM 132§ {TGA7 1 ANXAL 4495 ¢ TPM2
5 PYGM 249 | DES 2 FHLL 126 | ITGAT 1 FBLNI 4133 | TPM2
5 TINAGLI 239 | DES 2 HEPH 112 | 1TGAT 1 | BoC 3515 | TPM2
5 PCOHAO 238 DEﬁ 2 COLeAZ 110 (TGA7 1 COLEBA3 3480 ; TPM2
E PNMAT 232 | DES 2 LOCT29468 109 | 1TGA7 1 | Crvas 2436 | TPM2
B | acace 221 | DES 2 | Myocp 101 | 1GAY 1 SPOCK3 3141 | TPM2
5 | Rasi12 213 | DES 2 ACTAZ 661 MGA7 71 PDESA 2530 TEM2
5 LARGE 182 i DES 2 RBPMS2 62 { ITGA7 R MAPLE 2406 | TPM2
S GEFT 181 ¢ DES 2 LIMIS2 53 ETGA? 3 FGEF2 2375 TPM2
L5 NCSL 176 | DES 2 GNACL 45 | {TGAT i 00100129846 2231 @ TPM2
5 TRANKL 173 DFS 2 ASB2 44 ¢ ITGAZ i d MRGPRF 2029 ‘ TPM2
5 FGFR1 166 | DES 2 HRNEP3 43 | oAy 1 DNAIBS 2029 | TeM2
5 :AHNAKZ i64 | DES 2 B POPDC2 41 iTGA7” i LOC283904 2007 _ TPYVQ
5 LGALS1 156 | DES 2 DAAMZ 38 | 11GA7 1 POPDC2 1965 | TPM2
5 | RRAS 133§ DES 2 ' ODZ3 34 ; FTGAY i TCFZ_.‘.:L 1785 | TPpa2
5 C2orf4l 132 | DES 2 PDZRNS 33 1 {TGAT 1 TLN1 1720 § TPM2
S TEERLE 126 | DES : 2 Ceorfiss 30 ¢ {TGAT 1 CELF2 1700 _TF’MZ
= RAB%@‘ 95 | DES 2 iTGAQ 28 | 1TTGAT 1 ADKL 1459 § TPMZ
3 5 PTRF 34 : DES 2 NiDd 27 1 ITGAT 1 SLCZ@A?} 1296 | ThM2
3 SCHIP1 a1 DES 2 Cléorfds ~ 22 i TGAT 1 CCDCes 1287 | TPM2
5 GSTM2 §7 ¢ DES 2 RUST2 22 [TGA7 1 ANGPTL 1256 ; TPM2
5 MADB 49 | DES 2 TMEM3S 19 | TGA7 1 PPl 1226 | TPM2
5 MASPT 48 ¢ DES 2 CLIP3 19 § 1TGAY i BN(:Z 1170 ¢ TPM2
5 TRIPLO 45 | DES 2 MRC2 19 MGA7 11 PDZRNS 1069 | TPM2
5 RARRES2 40 ¢ DES 2 1‘ TINAGLL 17 & (TGA7 i RGN 1065 | TPM2
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Applicant Bef, 090428304 / GHI-052PCT

Coaxnpressed Seeding Coexpressed Seeding Coexpressed Seeding
StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene
5 RBPMS2 37 ;| DES 2z DBRNDD2 17 ¢ ITGAT i CESL 3.?6{}” Tenz
5 APOBEC3C 30 ; DES z_ (1683 11} [TGAT 71 GPR124 917 | TPM2
5 CoPz2 29 ¢ DES i 2 LDB3 9 i (1GAT i GASE 828 | Tem2
5 CACNALC 21 ¢ DES iz | ITGAS 91 ITGATY 1 CRL2 871 irTPMZ
5 GRAOL 15 i DES 2 NCSE 8 ITGA7 i CAME2G 2692 | TPM2
15 UST 12 ¢ DES 2 FOMXFL 2§ TGATY i ARHGAP20 850 | TPM2
5 ACTCE 12 | DES 2 DACTL 7 i ITGAT i1 GSTMS 794 | TPMZ
5 CES4 11| DES 2 £5PG4 6 1 ITGA7 1 | CAPZ 752 | TPMZ
5 D4 11 | DES 2 IPH2 6 | ITGAY 1 | PRELP 693 | TPM2
5 Cl6orfas 0§ DES 2 ZNFS16 6 | ITGA7 1 SMTH 540 | TPMZ
5 LIMS2 g DES i2 KIRREL 3 | [TGA7 1 : FXYD6 533 TPM2
5 GSTMEPY & | DES 2 NHSLZ 3 | 1GAT 1 i TSPANZ 500 | T2
5 . GSTM4 57 DE3 2 LCAT 2 1 ITGA7 1 KCNRMATL 488 | TPM2
5 CBX7 3 | DES 2 £ABP3 2 | 1TeA7 3 | PTGER? 429 | TPIA2
5 PEPIRIAA 31 DES 2 GNAZ i ITGA7 1 YCEALZ 425 | TPMZ
5 FABPR 3 DES 2 . P2RY1 1] 11647 1 MYADH 402 ¢ TPM2
5 GSTMI 2| DES 1 SLCBAT 47138 | SRD5SA2 1 JAM3 360 7 TPM2
5 GSTM2P1 21 DES i 100728468 47056 | SRO5A2 1 COoLeAl 354 T?M?.
5 HSPES 1} DES i DPYSL3 47002 | SRDSA2 i ATPIAZ 339 1TPM2
i GSTMEPL 41 GSTML i ACTA2 46967 | SRDSAZ i | sici1204 327 | TPMZ
1 GSTMZ 4 ¢ G5TML i PGMS 46874 1 SRDSA2 i ITGAS 325 | TPM2
i GSTM4 4 1 GSTML [ 3 | MEISL 46873 | SBRD5A2 1 TGA9 3GL ‘TPMZ
1 G5TMS 41 GSTMI 3 ACTGZ 46703 | SRDSA2 1 TGA7 300 § TPM2
i SPOCK3 3;65TML ¢ 1 PGMSP2 46699 | SRDSA2 1 EFEMPR 295 § TPM2
i1 | POMS 3| GSTMI 1 MSRB3 46428 | SRDBAZ 1 PYGM 254 | TRIIZ
i ”HSPBS 3 G5TML 1 TAGLN' 46404 | SRDSA2 LE! 7 COLeA2 248 | TPM2
i ACXY 2| GSTML 1 FLNA 46365 | SRD5A2 1 ) ARHGAPLD 227 L TPMZ
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Applicant Ref. 09042.8-304 7 GHI-D52PCY

Cooxpressed | Seeding ‘ Caexpréésed Seeading Coenpressed ] $eé&ing
Stackily | Gene | ProbeWt | Gene "Stackm Gane ProbeWt | Gene StacklD | Gene i ProbeWt | Gene
Y CSRPL _ 21 GSTML 3 WL 46278 SRD5A2 1 PMMAL 231 ; TEMZ
i i FLNC 21 ST i v CRNNL 45892 | SRD5AZ L RASLLZ 207 :'T?MZ
1 BES 2 i G5TMI _1 CHRDLL 45279 ; SRDSAZ 1 § GEFT 194 - TPMZ
:1 1 GSTHM2PL 2 i G5TML i THS1 45774 % SRD5AZ 1 FTPLA 183 | TPMZ
1 GSTML 2 GSTML i ATP2B4 45519 | 5RDSAZ i CRISPLOZ 183 | TPMZ
1 cavi 165TML 41 LMODL 44293 | SRDSA2 1 ACSSE 177 i TPM2
1 SRO5A2 1 GSTMI 1 PGR. 44126 1 SRDSAZ |1 AHNAK2 175 1 TPMPZ
{1 GSTME 10 GSTML 1 50RB51 43835 { 5RD5A2 1 575 175 TPM?
1 L LO{728468 1 GSTMI i1 L CCND2Z 43408 SRDSAZ i PLEKHQZH 165 { TPM2
L ‘: EYA4 1§ GSTML 1 DOR2 43389 ; SRO5AZ 1 LARGE 164 | TPM2
i POMSP2 13 GSTML i EDNRA 42947 SRDSAZ i C210rfE3 151§ TPMZ
1 CSRPL 364 | G5TM2 1 FHL 41382 | SRDSA2 1 TINAGLY 150 | TPMZ
1 CAVL 352 | GSTMI 1 KCNMBY 41204 | SRO5A2 1 ACACB 138 | TPM2
1 THSY 358 | G5TM2 1 | TRpCs 40884 | SADBA2 1 LGALST 136 | TPM2
i ATPIBA 356 ¢ GSTIMZ i SYNEL 40118 SRD;}AZ 1 TGFEAIL 126 : TPM2
3 PAEISE 352 1 GSTM2 1 CAVY 39236 ; SRDSAZ 1 TGB3 123 ¢ TPM2
1 FLNA 358 HQSTMZ 1 SPARCLE 38359 | SRDBAZ i _ RRAS 123 7 TPMIZ
3 TAGLN 350 | GSTMZ 3 RELMS - 38414 | SRDSAZ i1 MCS1 307 ¢ TPM2
1 GNAL 350 GsTMZ 11 FID7 34245 | SRDSAZ /1 PIRE 94 | TPM2
1 DPYSL3 348 ¢ GSTMZ i . SRDSAZ 33968 | SRDSAZ i LpP g1 T?MZ
1 MEIS 347 | GSTM2 1 DKK3 33963 | SRDSAZ 1 1  C20rf40 90 | TPM2
i3 - Iapca 345 | GSTMZ 1 iAZF1 33635 | SROSAZ | 3 MAOB 59 | TPMZ
i . CCND2 325 § GSTM2 1 MYLE 33158 - SRD5AZ i1 GETM2 51_ TPM2
L : SYNEL 321 | G5TM2 3 ABQC‘.? 33072 | SRDSAZ 1 TRIPIO 438 TPMZH
1 EDNRA 317 | GSTMZ 1 GNAL 132397 | SRDSAZ 1 ALDHIAZ 43 ¢ TPMZ
1 ACTAZ 313 1 GSTM2 3 P PARLLD ) 31713 | SRDBAZ i BARRESZ 36 ] TPM2
1 PALLD 310 GSTMZ 1 FLNC 29309 | SRD5AZ 1 CQPZZ 34 1 TPM2

PPI9LT/€10T OM

60¥€20/€10TSN/LDd



8L

Applicant Ref.  (9042.8-304 7 GHE-032P0T

Coexpressed

Coexpressed | Seeding Seeding | Coexpressed Seeding
StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWit | Geme StackiD @ Gene i ProbeWt | Gene
i FRME)G 302 . GSTM2Z 1 PRICKLE2 28168 | SRDSAZ 3 APOBEC3C 34§ TPM2Z
3 PGMS 301 | GSTM2 L] . MIRVIL 2346? SRO5A2 1 »RBPMSZ 33 1 TPM2
i) HSPBE 2583 GSTMZ 1 TEM?E » 28313 SRDSAZ i DBNDD?Z 31 7 TPM2
i ACTG2 287 | G5TM2 1 FRMDE 28108 § SRDSAZ ! GNADOL 13§ TPM2
i 7 CHN1 286 | GSTMZ 1 1_ PRNP 28106 | SRO5A2 1 ACTCE 15§ TPM2
i PGMSP2 ?85 kGSTM2 L HS?BS 26756 SRDSAZ 1 CES4E 11} TPM2
1 SE_.:CSAl 282 | G5TM2 ' 1 PDGFC 26571 1 SRDSAZ 1 C16orfAs 10§ TPM2
1 LOC729463 276 | GSTM2 1 CNTNL 26148 | SRDSA2 1 G5TPL 8 | TPM2
:1 7 PRICKLEZ 275 ¢ GSTM2 i1 EYAL 263129 SRD."}_AZ 1 LUST ] S 1 TPM2
‘_ 1 SRD5SAZ 275 i GSTMZ 1 MEIS 25616 i SRDDAZ )] GS5TMA 4 1 TPM2
1 REPMS 275 1 GSTMZ 1 MYOCD 25477 | SRDSA2 ! GSTRASPL 4 TPMZ
i1 PDGFC 270 | gstmM2 11 | NEXN 25068 | SRD5AZ i CBx7 3| TPM2.
1 EYA4 270 ¢ GSTMZ 1 CACHDY 25045 § SRD5A2Z i PPPIR14A 3 "ET’MZ
i j MYOCD 262 GSTMZ 3 FERMTZ2 24208 § SRDSAZ 1 FARBP3 31 TPM2
i Cﬁ‘_irtﬂl 255 | GSTMZ 1 LOC100127583 23635 | SRO5AZ 1 Li5005L LiremMz
1 KCMMBL 250 § GSTM2 i { TPMIL 22943 SRDSAZ i GSTAMZPL 1 T?M’Z
‘ 1 ACTNI 227 } GSTM2 i » CALDL 22765 _SRE‘SAz
1 : FZB7 216§ GSTM2 1 SERPINFL 22186 SRDEAZ_
1 LOCI00127983 216 @ GSTM2 1 CSRPL 21728 : SRUBAZ
1 DKK3 209 | GSTMZ 1 ACTNY 21590 | SRDSA2
iy QSTMB 207 | GSTM2 i HLF 21402 | SRD5AZ
11 ichrou 204 | GSTMZ 1 logs 20952 | SRD5A2
1 ; SDRBSL 202 1 GSTM2 1 MYLS 19970 | SRDSAZ
1 SPOCKS 202§ GSTM2 i HEPH 19688 SROSAZ
i JAZFL ] 188 § GSTM2 : i VTSPANL‘S 15059 | SRD5AZ
: 1 LMODL 180 | GSTMZ i SVIL 18839 $'RDSA2
1 : DES 172 : GSTM2 i ) ‘7 TGFBR3 18423 SRDSAZ
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Applicant Ref.  (9042.8-304 7 GHEG32POT

Coexprassed Seeding Loexprassed Seeding Coexpressed Seeding
StackiD | Gene ProbeWt | Gene - StackiD ¢ Gene ProbeWt | Gene StackiD | Gene ProbaiWt | Gene
1 - MYHIL 18066 | SRDSA2
1 KANK2Z 17638 | SROSAZ
3 CDCA2EP3 16173 | SRD5AZ
Table 18
Seeding ‘ Caaxprééséd Seeding | Co-expressed Seading
StacklD | Coexpressed Gene | ProbeWt | Gene Stackid | Gene ProbeWt Gene i StacklD | Gene ProbeWt | Gene
1 - NCAPH 9758 § CDCI0 /1 GPATZ 1957 | CBC0 1 5U5D2 3824 | MYBL2
1 D20 9758 ¢ CDC20 i AVPRIE 1891 | CDC20 i1 . TGMS 3767 | MYBL2
1 . HIGAPS 9758 | CDC20 1 MGC50722 1980 | CDC20 | % CBCA3 3765 | MYBL2
1 ESPLY 9674 | COC20 1 AGP12A 1893 | €BC20 1 C200rfl51 3706 | MYBL2
1 | CENPA 9673 ¢ CDC20 1 {6orf222 1965 | COC20 i1 {ilorfal 3650 | MYBLZ
1 . POCIA 9671 i €OC20 11 _PRAMEF19 1965 | CBC20 11 - Cgorfos 3636 | MYBL2
3 KiF128 5328 | CDC20 i PRAMEF1E 1965 ¢ COC20 i1 KRT24 3589 | MYBL2
3 WIORE2 9316 | CDC20 1 SLC5A9 1965 | CBC20 i ABCCI2 3582 § MYBLZ
1 TROAP 9178 i CDC20 1 FCN3 1855 ¢ CDC20 i1 B3GNT4 3569 | MYBL2
L1 ADAMTS? 8987 iCPC20 41 G GCM2 1910 | COC20 11 Az 3556 | MYBLZ
i1 PEMYTL 8875 | CBC2D 1 ADORA3 1862 | CDC20 i | RLTPR 3427 | MYBL2
1 5LE246 8875 | £DC20 1 PLAZG2E 1821 | CDC20 1 KiF24 3264 | MYBL2
1 FNBCL 8554 | CDC2D 1 6025 1765 | COC20 1 DERL3 3232 | MYBLZ
1 FAMEAA 8346 1 CODC20 11 Cneas 1681 | CDC20 1 LIPE 3221 | MYBL2
i FAMII31B 8322 | CDC20 1 AGKT 1528 | COC20 1 TILLY 3196 | MYBL2
1 PNLDCL 8135 {1 CDC20 i ' KIF25 1507 ‘CDC?.G 1 SECT 3186 | MYBL2
2! | wrct 7598 | COC20 1 ZDHHC9 1507 | CDC20 1 i ADAMS 3185 | MYBL2
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Applicant Fef. 09042.8-304 / GHI-G52PCT

‘ Seeding Coexpressed Seeding Co-expressed Seeding
StackiD | Coexpressed Gene | waeWt Gene StackiD | Gene Probeinft Gane StackiD | Gene ProbeWt | Gene
1 COorfi00 7547 | COC20 1 APLNR 1374 | CBC20 i1 SLC25A19 33136 | MYBL2
1 v RPSEKILL 7527 CDQZ(} i3 TACCS 1220 : CDBC20 1” PRS527 731361 MYBL2
1 MRAP 7523 | CDC20 1 TEL 1863 ; C0c2o 1 ODF3L2 3084 | MVBL2
|33 AURKB 7224 | CDC20 i Ci50rfa2 1052 | CDC20 1 ODZ4 3034 | MYBL2
1 | coorisa 7150 | CDC20 1 FANCA 990 | CDC20 1 RADSAL 2936 | MYBL2
1 TMEM163 6853 | CDC20 Pl GINS4 532 1 COC20 1 KCNELL 2936 | MYBL2
i ‘ KRBAL 6846 | CDC20 1 MOMIO 757 | CDC20 1 isriPy 0 2915 | MYBL2
1 ZMYNDIO $£825 | CDC20 1 CYBS61DL 748 | CDL20 1 AIPLY 2868 ¢ MYBL2
1 LOCS41473 6824 1 CDC20 1 | FUTS 687 | CDBC20 11 UNCI3A 2862 | MYBL2
1 SLC6AL 6669 | CDC20 1 POLO 632 | CDC20 1 REMZ2 2832 | MYBLZ
K - DOXL 6601 | CDC20 V i LOCH43928 621 1 CbC28 i KiFC1 2808 | MYBL2
1 . BALZ 6583 ¢ CDC20 1 RADSL 601 | CDBC20 21 T;?NAXEPZE 275% MYBLZ,
1 EMEL 6533 1 CDC20 1 , DGEATZ 582 CnC20 1 LGC?JQQ{?GO 2767 | MYBL2
1 CiCP3 5481 | COC20 1 K5F24 566 CDCZ{} i SLCBALZ 2762 | MYBL2
4 PPFIAL 648{) CDC20 1 CDCA3 447 ¢ CDC20 31 WORLS 2723 | MYBLZ
1 PATHL 6458 _{JQCZG 1 . CLSPN 381 ¢ COC20 i ‘ ACR 2710 MYBL2
1 | 55P0 8431 ; CDC20 | 1 | ESYTS 356 § CRC20 1 TMPRSSli@ 2672 MYBE.ZH
1 GABRB2 6422 | CDC20 1 | EXO% 278 | COC20 1 Cliorfsa 2659 | MYBL2
- 1 IRFS 6359 | CDC20 1 CDCAZ 186 | CDC20 1 DNMT38 2649 | MYBL2
i NXPHL £393 | CBCIO 1 CKAP2L 159 | CDC20 1 | UNCI3D 2610 ¢ MYBL2
1 ZiC3, , 6346 | CBC20 1 FOXM1 157 1 {DC20 1 5YTS 2544 | MYBL2
1 SLC6AZ0 6336 ¢ CDBL20 1 , FENT 136 CQCZO 3 PAXZ 2462 | MYBL2
1 PHDILL 5281 § CDC20 1 UHRFL 128 ¢ CDC20 i PRCD 2426 {1 MYBL2
1 BIRCS 6278 1 CDC2G 7% KIF20A 110 | CDC20 i1 ’VPPFEA3 2421 | MYBLZ
A AQPID 6251 | CDL20 K ‘ ESCO2 , 107 | CoC20 1 GCGR 2338 MYBQ
! ABCAL 8216 ¢ CDC20 i CA2 71()0 D26 1 CACNGS.‘. 2289 | MYELZ
1 TFR2 6181 ; CDL20 i PIKL 847 CoCi0 i LAIRZ 2233 § MYBL2
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Applicant Ref.  09042.8-304 / GHI-032PCT

Seeding Losupressed Seé&ing ‘ ‘ Co-gxaprassed Leeding
Stackid | Coexpressed Gene | ProbeWWt Gene StackiD | Gene Probewwt Gene i StackiD  Gene ProbeWt | Geng
3 | LOC645070 6179 | CDC20 1 PT{GI 64 | CLC20 i1 MOMID 2173 RAYBLZ
1 L3RG5 £165 | (D20 i KiFi4 53 1 {DC20 F C2orfh4 2172 | MYBL2
1 CEN?MW 6124 | COC20 v 1 CiT 42 (;?JCZO i1 LOCADOALS 2138 § MYELZ
1 . EFNA3Z 6100 | €DC20 ] FAMEAA, 39 | CRC20 i1 RiNL 2136 1 MYBL2
-1 - GPC2 6078 | CDL20 ¥ CDCAS 28 1 CRO2 L1 DKFZpa51a21l 2118 | MYBL2
1 HYALS 6047 | COC20 1 DEPDCIB 12 1 CDCIO i1 EAMAL 2060 | MYELZ
Vfi | CELAZR 6031 | CDC20 1 | pAYBLY 12208 | MYBLZ i1 CBorf163 2060 1 MYBLZ
3 LOCI00287142 6015 ¢ CDL20 1 BIRCS 12208 | MYBL2 i CATSPERL 2001 | MYBL2
1 SRCRBAD 5995 1 CDCI0 i | TROAP 12208 | MYBLZ i CPCML 1896 | MYBL2
3 ONAIBY 59583 | CDC20 1 ESPLY 12180 1 MYBLZ 1 CBorf5{ 1252 ‘M‘/BLZ
1 ANl 5989 | CDC2G 1 WDREZ 12032 | MYBL2 1 DOC2GP 1760 | MYBLZ
1 PAXS 5971 | COCR0 1 KIF1%B 12015 | MYBL2 1 TACC3 1665 | MYBLY
1 AIMIL 5971 ; CRC20 1 FAMBAA 11915 | MYBL2 1 APOBECIA 1632 | MYBLZ
1 FAMAZ1C 5915 | COCIC i PERYTE 11774 | MYBL2 1 LOC728307 1606 | MYBL2
3 PRRT4 5915 ¢ CDO20 i SLC2AG 11774 ‘: MYBLZ i PDIAZ 1572 1 MYBLZ
1 | MLXPL 5915 1 CDC20 |1 GT5EL 11356 | MYBL2 1 LTBAR2 1413 | MYBL2
P A EIFL 5912 | COC0 i1 E2F1 11062 | MyBL2 1 81145 1393 | MYBL2
iy E2F7 5833 | CBC2Y 1 ALURKB 11010 1 MYBL2 1 1 ORCIL 1340 1 MYBL2
1 RADS4L 5828 | CDC20 i RNFT2 10720 | pMYBL2 1 (Q53G2 1268 | MYBL2
il | Ciorf8l 5813 | CDC20 1 CENPIM 10651 | MYBLZ 1 FS1 1258 § pMYBLZ
1 NFEBHZ 5742 | CDL20 1 CENPA 10628 | MYBL2 1 EBC25C 1228 | MYBL2
1 LOCT725%081 5728 1 CDC20 71 . POCLA 10289 | MYBL2 1 KSR2 1383 | MYBL2
i TASER3 5671 | CDC20 i FDXR 10285 | MYBL2 1 DGATZ 13183 | MYBLZ
1 YWAZE 5643 | CBC20 1 L NFKBILZ 3:9‘214 PAYBL2 1 K20 1120 | MYBL2
1 MYBLZ 5565 | CDEI0 1 £267 10195 § MYBLZ 1 RADS1 1178 | MYEL2
1 TYLE 5531 ¢ COC20 1 CHorfiln 16103 | MYBL2 1 FNDCE 1178 | MYBLZ
i LOCA00130037 5525 1 CDL20 1 COH24 10034 | MYBLZ §1 RAB3ILL 991 ; MYEBL2
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Applicant Ref. 09042.3-304 / GHEO52PCT

Seeding Coexpressed Seeding | Co-eupressed “Sesding

StackiD | Coexpressed Gene | ProbeWt | Geng StackiD | Gene . Probetift Gene StackiD | Gene ProbeWt | Gene
i CHRNG 5491 ; CRC20 1 »E ABCBY 10079 1 MYBLZ 1 ; UHRFL ; 936 | MYBLZ
1 TIBKE 5451 | CDC20 1 NDUFA4LZ 9861 | MYSLZ 1 - ENGA 255 | MYBLZ
1 - TRIMIAG 5491 | CDC20 1 ADAMTEY 9634 | MYBLZ 1 Ci0orflls 780 | MYBL2
B MSTIR 5491 | €BC20 3 MASTL 89313 | MYBLZ 1 MEILD 733 ) MYBL2
1 : EXOC3L 5474 | CBDC20 1 GABBR2 G262 | MYELZ i1 FPBP 672 | MYBL2
1 TH _ 5474 CRC2g v i M‘v’i-i"iﬁ 8755 | MYBLZ 1 PROCAL “671 MYBLZ
i CHETE 5474 | CDC20 ) DRNAHS 2637 | MYBLZ 1 TMEMI1324 647 | MYBL2
1 X LOC442676 5439 ¢ C0C20 i TG 8619 | MYBL2 1 DHRS2 548 1 MYELZ
t CNTNZ 5435 | CDC20 1 ZFHX2 8592 | MYBL2Z 1 PLKL 523 | MYBLZ
i DPYSLS 5435 | CDC20 1 CHezg 8589 § MYbL2 1 GHNS4 485 | MYBL2
1 C3ori20 5368 L CDC20 1 RASALL 5452 | MYBL2 1 CEL 480 | MYBLY
1 NPCILT 5291 | CDC20 i | NCAPH B273 | MYBLY 1 INF367 406 | MYBL2
1 CiCP5 5281 | LDC20 1 IGGAPS 8245 | pMYBL2 1 FOXML 402 | MYBL2
1 KLRG2 5275 | CoC20 1 DRAHZ 2218 | MAYBLZ ‘ i ‘ POLO 319 § MYBL2
1 CCpliasg 5275 | CDC2D 1 LOCAN0459 8151 § pveL2 1 | ADAMIZ 312 | MYBL2
1 1288 5217 | CDCZO 1 CHSTE 8037 | MYBLZ 1 | SEMATA 294 | MYBLZ
1 CELSRI 5166 | COC20 1 ATRAA 7865 | MYBL2 1 HOXBS 137 § MYBL2
1 RNFTZ 5138 | CBL20 1 | TH 7731 ¢ pAYBL2 i EXOL 115 | MYBLZ
i 170753 5114 | CDC20 1 EXCGC3L 7603 | MYBLZ i KiFdA 114 1 MYBL2
1 TRPC2 5065 ¢ C0C20 i E2F8 7550 | MYBL2 1 FENI 112 | MYEL2
1 KCNAL 5078 1 CDC20 P 1 MPMPIL 7465 | MYBLZ i E5PN 107 | MYBLZ
L L8G 4545 COe20 1 CELP 7344 | MYBLZ i3 CiY 94 | MYBL2
1 | COt1IAl 4685 | CDC2O 1 COCAS 7024 ; MYBLD 1 i CDCAZ 85§ MYBLY
i Cionf222 46753 1 CDC20 3 FARMIZLB ©381 | MYBL2 1 KiF4B 68 | MYBLZ
1 SLOBALZ 4633 | CDC20 1 | C140rf73 5336 | MYBL2 1 PHCGRS 56 1 MYBL2
1 HCN3 4608 | CDC20 1 _§ FBXWY 6802 | MYBLZ 1 KiF204 52 | MIVBLZ
i GISEL 4528 | CDC20 ; 1 PLEKHGE £725 | MYBLZ i1 | ZWINT 311 MYBL2
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Applicant Ref. 09042.2-304 7/ GHE0S2PCT

1 Seeding Coexpressed Seeding Lo-expressed ‘ Seeding
| StackiD | Coexgressed Gene | ProbeWi | Gene Stackid | Gene ProbeWs | Gene Stackily | Gene ProbeWt | Gene
1 | ORCIL 4497 | CDC20 1 FNDCL 6720 | MYBL2 13 SPAGS 19 | MYBL2
1 STXIA 4475 | CDCI0 1 SEZ6 5515 | MYBL2Z 1 ERCCBL 17 | mvBL2
1  MFSDIA 4451 ¢ COC20 i FCHOL 6413 | MYBLZ (3 T2 11 TeE
1 BESTA 4389 | CDC20 1 APLNR 6402 | MYBL2 1 TOR2A 1L T2
1 . CACNALE 429% i COC20 1 ALAS2 6382 | MYBL2 i MUSAPL if | TPx2
1 KLHDC7A 4297 cocze 1 VexXa 6360 | MYBLZ i MELK 7} 1Pz
1 MAPK1S 4272 | CDC20 1 100197350 6312 | MYBLZ i RacGAPL & | TRXZ
1 GHRHR 4231 i CDC20 1 et 5205 | MYBL2 i NCAPG 4 | TPX2
1 KEL 4155 1 COC20 71 CoCas 6026 | MYBLZ i3 MKIE? 4 | TPXZ
1 C2orf62 '4113 ‘ CDC20 1 ‘ Cllorfy 6020 | MYBL2 ‘ i CDKN3 4 TPX2
1 ANKAY 4063 | CDC20 1 | EMEL 6010 | MYBL2 11 PRCL 4 1 TPX2
1 RAETIG 4059 | CDC20 1 - ADAMTS13 5896 | MYBL2 1 ARHGAP118 3T
i 1 GPRER 3933 | CDC20 1 . TMEM145 5896 | MYBL2 1 KIAADLDE 31 TPK2
3 1 F12 3745 | CDC2C i1 : (3G 2840 | MYRBLZ i ANEN 3¢ TPX2
1 LYyeD1 3681 CRC20 i1 CBX2 5338 | MYBL2 i FAMLILE 21 TP2
3 C20rt70 3665 CDC20 i3 TMEM2IC 5659 | MYBLZ 1 RRM2 11 TPX2
1 ABCRY 3638 | CDC20 1 £CDC13s 5593 | MVYBL2 1 KiFil i T2
1 MSLML 3589 | CDC20 1 ADAMYS1S 55711 MYBL2  £1 PRR1L 1]TPX2
1 ChBC25C 357’% COC20 1 TGAZB 5337 | pAYBLZ 1 CEN?'F 10 TPK2
1 CELA3ZA 3551 [ CDC20 1 POLDY 5286 | MYBL2 2 MEIE7 41 TPYZ
i1 ALP12B 3551 ; CDC20 1 PNLDCL 5146 | MYBL2 2 CASCS 39 1 TPX2
1 NEU4 3551 | CDC20 1 uCe3 5123 | MYBLZ 2 ASPM 38 | TPX2
i P KIF2C 3541 § CDC20 i FANCA S068 § MYBL2 2  KIF4A 36 1 TEX2
1 MEIL3 3426 | CDC20 3 MSLNL 5061 | MYBLD 2 DLGAPS 36 | TPX2
i NUDTLY 3399 § CDC20 1 TEPP 4930 { MYBL2 2 KiF48 36 | TPX2
1 ULEP2 3285 1 CBC20 i LRRCIEE 45901 | MYBL2 2 1 T2 33 1 TPK2
i KiF17 3341 | CDC20 1 CACNALF 4801 ¢ MYBL2 2 | KiF14 31 TPX2
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Applicant Ref. 09047 8304 / GHI-0S2PCT

Seeding Coexpressed Sesding i Co-expressed Seeding
StackiD | Coexpressed Gene | ProbeWt | Gene StackiD | Gene ProbeiWit Gene StackiD | Gene ProbeWt | Gensg
3 ARHGEF1Y 3340 | €DC20 EFNB3 4887 | MYBL2 2 EXO1 31 1 TPX2
1 . CYPaA2 3317 | CDC20 1 MYBPC2 4851 f MYBLZ 77 SKA3 30 | TPX2
i CYPAALL 3317 | CDC20 1 FUTS 4847 [ MYBLZ |2 | SPAGS 27 5 TIPX2
1 SCNED 3311 | £OC20 1 COH1S 1847 | MYBL2 2 ar 27 TPX2
1 FRADT 3219 CDCZG 1 HAL 4809: MYBLZ 2 BUBL 26 _VVTPXZ
1 FAMI179A 3184 § CDL20 1 PGAS 4720 | MYBLZ 2 CDKN3 26 & TPX2
1 NOUFA4L2 3109 | COC20 1  PGAE 4720 ¢ MYBL2 2 CENPF 25 1 TPX2
1 | LCEZD 2584 ; CDC2O 1 Ci7orf53 1 4717 | pYBLZ 2 ‘ MELK 20 | TPX2
1 3074 2536 | CDC2O 1 VLVJMODM 4713 MYBLZ 2 ARNLY 19 | TPX2
i ABCCI2 2808 | CHC20 1 o106 4650 | MYBL2 i2 BUB1E 18 | TPX2
i DPF1 2750 | CRC2D 1 DBH 3 4661 | MYBLZ 2 | UBE2C 47 1 TPX2
1 CDH24 2653 | CDCZ0 1 POMI2ILOP 46239 | MYBL2 2 _ CEPSS 16 | TPXZ
1 LOC154449 2641 | CDC2O 1 | DNAIR13 4394 ¢ MYBLZ 2 KIF20A 15 7 TPX2
1 KiF218 2534 | CDC20 1 1 TKL 4360 | MYBL2 2 DEPDCLB 15 ] TPX2
1 SEMASE 2439 | CBC20 1 Coorfll? 4336 | MYBLZ p DTL 14 | TPX2
1 . PSORS1C2 2497 | CRCI0 1 RHBDLL 4308 | MYBL2 2 UBEZY 13 | TPX2
1 FCRL4 2434 | CDC20 i MUCSB 4283 | mMysL2 i NCAPG 13§ TEXZ
1 FUTS 2313 1 CDC20 i SPAGY 4275 | MYBLZ 2 PBK 13 ] TPX2
11 TRAIP 22581 COC20 41 GOLGATB 4111 | MYBL2 12 HAPH3 10 | TPX2
1 | E3F8 2232 | CDC20 1 APOBASH 4107 | MYBL2 ‘2 1 KiF23 & TPX2
1 | SLC3BA3 2189 ; CDC20 1 10 3584 | MYBL2 2 FOXM1 S5 TPK2
1 CBX2 2174 ¢ CDC20 1 FUTS 3977 | MYBL2 2 RRM2 ER LY
1 COCAR 2130 ; CDCZ0 1 AJFR3 3973 1 MYBLZ 2 SGOLL 2 ; TEX2
1 ousesp 2080 | CDC20 1 LOC390535 3868 1 MYBL2 2 PLKY 2 | TPX2
i1 Cyp2781 3833 | MYBLZ 2 ' CCHA2 2 TPNZ
: 2 Pl 2 TP
2 NUSAPY 1TPN2
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Applicant Ref.  09042.8-304 / GHI-052PCT

Fable 11
Loexpressed ”Seeding Conxprassed Seeding Coexpressed ' Seeding
StackiD | Gene ProbeWt | Gene StackiD | Gene | ProbeWt | Gene Stackih | Gene ProbeWt | Gene
1 NNT 1} DUSPE 1 FOS 5 14 | FOS 3 7FP36 4 | GADDASB
1 RNFL80 1 ¢ pusPy 1 BTG2 14 | FO5 3 SOCS3 4 | GADD4SR
1  PCDHIE 1! DUSPL 1 CSRNPL 13/ FOS 3 RHOB 3 | GADDA4SE
p RNFL80 1 DUSPL 1 ZFP36 13 ¢ FOS 3 BHLHEAC 3 GADEMSB
2  DUSPL 10 pusPs 1 IUNB 9 | FOS [E FOS 2 | GADD4SB
2 - pepHIZ 1 DUSPE 1 NRAAZ 7} FOS 3 FOSLY 2 | GADDASE
3 ALCTB 11 DUSPL y 1 FOSB 7§ FOS 3 BTG2 2§ GADB4SRE
3 RHOB 1 | DUSPL i SIKL 6 | FOS RENE NRAAZ 2 | GADD4SE
3 DUSPY 11 DUSPL A BHLME4D & | FOS i3 FOSB 11 GADD4SB
4 ACTB 1} Buses 1 RHOB 5 | FOS 3 IRF1 1| GADD4SB
4 2USPL 5 i ‘ DUSPY 3 ‘ TIPARP 51 FOS i FOSLZ 1§ ZFP36
4 CRTAP 1| DUSPL 1 KLF§ 5 | Fos 1 HBEGE 1427FP36
5 BMNF1EG 1 : DUsSP1 1 MCLT 5 1 FOS 1 BHLHEAD 11 ZFP36
5 pUSPT 1} DUSP1 1 NR4AL 41 F0S 2 HBEGT 1| ZFP36
5 CRTAP 1} DUsSPs 1 EGR1 4 | FOS 2 NR4A3 1} 2FP36
5 | pAM 1 DUSP1 1 | NRaAz 4 | FOS 12 BHLHEAD 1 | ZFP36
& pusP1 % DUSPY i GADDASE 3 FOS E - CSRNPL 53 1 ZFP36
6 | MR4AL 7. BUseL 1 50C53 2 i FOS 3 ZFP36 49 | 2FP3g
& i FOS 7 ¢ DUSP1 3 NFKBIZ 1iFOS 3 .!UNB 29 § ZFP36
5] EGRA 51 DUSPL 2 FO3 24 ; FOS 3 'FOS 26 ZFP?G
& BiG2 51 DUSPL 2 FOSB 22 % FOS . 3 BHIHEAD 24 1 ZFP36
7] FOSB 5§ DUSP1 2 EGR1 20 1 FOS 3 37G2 24 | ZFP35
6 JUN 4| DUSPL 2 | MRAAL 19 | FO5 3 FOSB 20 | ZFP36
6 NRAAZ 3 | pusP1 2 - BIG2 18 | FOS 3 NR4AZ 18 | ZFP36
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Applicant Ref.  09042.8-304 / GHI-052PCY

Coexpressed Seeding Cosuprassed Seedirsg Coexpressed Seeding
Stackis | Geme ProbeWwt | Gene StackiD | Gene ProbeWt | Gene StackiD | Gene ProbeWt | Gene
6 - TIPARP 3 | pusel 2 ZFP36 12 | FOS 3 SOCS3 18 | ZFP36
6 CYR61 3 | puspt 2 CORNPL 11 | FOS 3 EGRL 16 { ZFP36
5 | ATF3 2 i DUSPL 2 CYR61 101 FOS 3 i RHOB 16 | ZFP36
5 . RHOB 2 | DUSPL Z | DUsPl 8 i FOS 3 FOSLZ 15 | ZFP36
& . NEDDS 2 i DUSPL 2 ATF3 g ; FOS 3 NREAL 15 ] ZFP36
[ MOLL £ DUSPL 2 IER2 77 FOS 3 GADD4SE 10 {1 ZFP36
16 RASDE 1 i DUSPL i2 RHOB 6 ¢ FOS 3 MYADM g | ZFP36
1 JUNB 1 EGR1 2 1§ TIPARP 6 i FOS 3 HiFS 8 | ZFP36
i TIPARP i 5 EGRI 2 MNR4AZ 5§ FOS 3 CYRGL 8t ZFP36
i BIG2 i FGR’L 2 JUN & | FOS 3 EGR% & | ZFP36
2 JUNB 17 EGRT 2 JUNB 6 i FOS i3 EMIPL 8 L ZFP36
2 i BTG2 i3 EGRL 2 EGR3 51 FOS 3 LMNA 7 ZFP%Q
z EGR1 1] EGRY 2 NRAAZ 4 FOS 3 | TiPARP 7 | ZFP3E
3 KLF4 1 EGRL 2 | KLFS 3 i FOS 3 | NR4A2 7.} ZFP36
3 FOSB 1} EGRL 2  PPPIRISA 2 ) FOS 3 | MCLL 6 | ZFP36
3 EGR1 1/ EGRL 2 NEDDY 2 | FOS 3 $iKL 6| 7FP36
4 FOSE 1 EGRI 2 KLF4 21 FQ05 3 ATF3 & | ZFP36
4 CSRNPL 1} EGR1 2 EGR2 2 | FOS 3 CEBPD 5 | ZFP36
4 EGRL 1% EGRL 2 MCLY 1 FOS 3 IER3 5 ZFP38
5 EGR1 35 | EGR1 1 EMPL 7 | GADD4SB 7 3 IER2 5 | ZFP36
5 . FOS 30 1 EGR1 i1 EHLHMG 7 i GADDA4SE 3 MAFF 4 1 ZFP36
5 NRAAL 25 1 EGRL i SOCS3 7 1 GADD45SB 3 4§ IRFL 4 1 Z2¥P36
i 5 FOSB 23 | EGR1 1 NRAAZ 4| GADDSSB |3 RNF122 4 | 7FP36
5 | BTG2 22 | EGR1 1 FOSL2 3 GADDASE 13 SRF 3] ZFP36
5 CYRG61 20 7 £EGR1 1 QADDQ»SB 3 | GADDASB 3 , ERRFIL 21 ZFP36
5 ZFP36 18 ; EGR1 1 ANF122 3 | GADDASE 3 SLC25A25 2§ JFP36
& {SANPL 17 | EGRI i 1 KLF10 3§ GADDASB : 3 ~ CDKNIA 2§ ZFP3%
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Applicant Befl 09042.8-304 / GHI-052PCT

i Coexpressed Séeding 3 Cnex;ﬁ?éssed Seeding Coexpressed Sééding
. StackiD ! Gene ProbeWt | Gene StackdD | Gene ProbeWt | Gene StackiD | Geme _ProbeWi | Gene

5 NRAA3 13 | EGRL 1 CSRNPL 31 GADDASE 13 EGR2 2 | zFP36
5 EGR3 13 | EGR1 1 SLCIA3 2| GADDASE 13 KLF4 1 | 7FP36
5 | kiFs 12 | EGR1 1 ZEP36 1 | GADD458

5  RHOB 11 | EGRL i2 FOSB 2 | GADD4SE

5 BUSPL 10 | EGRY 2 | NRSAL 2 | GADDASE

5 ATF3 9 | EGR1 2 FOS 2| GADD4SB

5 JUN 9 EGR1 2 GADDASE 2 | GADDASR
i5 TIPARP 8 | EGR1 2 BTG2 2 | GADDASE

5 NFKBIZ 7 | EGRL 2 NRAA3 2 | GADDASB

5 NR4A2 7 | EGRL 2 JunE 2 | GADDASE

5 s 7 EGRI 2 | EGR1 2 | GADD4SE

5 JER2 7 | £6Ry 2 csrnpl 2 | GADDASB

5 PMCLE 4 £GRY 2 2EP36 2} BADDASE
E KLF4 4| EGRI 2 RHOB 1 | GADD4SB
E  EGR2 41 EGR 2 EGR3 1| GADD4SB

5 NEDDS 2| EGRL z ATF3 1§ GADDASB

5 SRF 2 | EGR1 3 SADDASE 4 | GADDASE

5 GADD4SB 1 EGRL 3 | unB 4 | GADDASE

5 TRIBL 1} EGRL 3 CSRNPI 4 | GADD4SS
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Example 4: Prospective Validation Study of R§37

Study Desten and Statistical Methods

1881751 The algorithm RS2Z7 in Table 4 was tested in a prospective clinical validation study
that included 395 evaluable patients who had surgery for their prostate cancer between 19887
and 2010 at the University of California, San Francisco (UCSF). The patienis had Low or
Intermediate risk {by CAPRA) for clinically localized prostate cancer who might have been
reasonable candidates for active surveillance but underwent RP at UCSF within 6 months of
the diagnosis of prostate cancer by biopsy. No randomization for patient selection was
performed. For each patient, prostate biopsy samples from one fixed, paraffin-embedded
tissue (FPET) block containing one or more tumor-containing needle cores was evaluated.
{88176] To investigate if there is a significant relationship between RS27 or any component
of RS27 and adverse pathology at RP, multivariable and univariable mulinomial logistic
regression models were used and p-values from likelihood-ratio (LR tests of the nuil
fypothesis that the odds ratio (OR) is one were reported. The multinomial logistic model was
also used to calculate estimates with 93% confidence intervals of the probability of high-
grade or pon-organ confined disease. To evaluate the relationship between R827, baseline
covariates, and combinations of these faciors with high grade or non-organ confined disease,
multivariable and univariable binary logistic regression models were used and p-values from
Hielthood-ratio tests of the null hypothesis that the odds ratio {OR) is one were reported.
(801771 The primary endpoint was formulated as follows:

Table 12: Clinical Endpoint — RP Grade and Stage

RP Gleason Score | Pathologic T2 Stage | Pathologic T3 Stage

<343 i 2
I 3 4
Major pattern 4 or | 5 &

mincr pattern 3, or
" tertiary patlern 5

where Gleason Score <3+3 and pT2 {denoted “17} is the reference category and all other
categories (2-6) are compared to the reference category.
{08178} Cell combinations of Table 12 evaluated in binary logistic regression models include
the following:

Cells 2, 4, 6 vs. 1, 3, 5: Non-organ-contined disease

Cells 5, 6 vs. 1, 2, 3, 4: High-grade discase

Celis 2, 4, §, 6 va. 1 and 3: High-grade or non-organ-confined disease
88
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RS27 Aleornithun

[08179] RS27 on a scale from 0 to 100 was derived from reference-normalized gene
expression measurements as follows.

[060184] Unscaled R827 (R827u) was defined as in Table 4:

(601811 RS27u = 0.735*ECM (Stromal Response) group -0.368*Migration (Cellular
Organization) group -0.352*PSA (Androgen) group +0.0953* Proliferation (TPX2)
[68182] Where:

[68183] ECM (Stromal Response) group score = 0.527*BGN + 0.457*COL1AT +
0.156*SFRP4

{68184} Migration (Cellular Organization) group score = §.163*FLNC + 0.504*GSN +
0.421%¥TPM2 + 0.394*GSTM2

[08185] PSA (Androgen) group score = 0.634¥FAMI3C + LOTHKLKZ + 0.642¥AZGPL +
0.997¥SRIDSA2 Thresh

{80186] Proliferation (TPX2) score = TPX2 Thresh

{00187} where the thresholded gene scores for SRD5AZ2 and TPX2 are calculated as follows:

5.5 if SRDSAZ <5.58
[00188] SRDSAZ Thresh =
SRDSAL otherwise
[5.0 if TPX2 < 5.0
[60189] TPX2 Thresh = <
{TPXZ otherwise

[866198] RS27u is then rescaled to be between 0 and 100 as follows:

JUHENER

L 0 if13.4 % (RS2Tu+10.5) <0
[00191] RS27(scaled)= 134 x (RS27ut10.5) if 0 < 13.4 x (RS27u+10.5) < 100
100 if13.4 x (RS2TuH10.5) > 100

Samnnn

{08192} Patients were classified into tow, intermediate, and high RS27 groups using pre-
specified cut-points defined in Table 13 below. These cut-points defined the boundaries
between low and intermediate R827 groups and between intermediate and high RS27 groups.
The cutpoints were derived from the discovery study with the intent of identifying substantial
proportions of patients who on average had clinically meaningful low or high risk of adverse
pathology. The RS27 was rounded to the nearest integer before the cut-points defining the
RS827 grouops were applied.

Table 13

oss than 16
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Intermediate Greater than or equal to 16 and less than
30
High Greater than or equal to 30

Assay Methods

{06193} Paraffin from the samples was removed with Shandon Xylene substitute (Thermo
Seientific, Kalamazoo, M), Nucleic acids were isolated using the Agencourt® FormaPure®
XP kit (Beckman Coulter, Beverly, MA).

{88194} The amount of RNA was determined using the Quant-iT™ RiboGreen® RNA
Assay kit (Invitrogen™, Carlsbad, CA). Quantitated RNA was convereted to complementary
DINA psing the Omniscript® RT kit (Qlagen, Valencia, CA) and combined with the reverse
primers for the 12 genes of R827 and § normalization genes {ARF1, ATPSE, CLTC, GPS,
PGK1) as shown in Table A. The reaction was incubated at 37°C for 60 minutes and then
inactivated at 93°C for 5 minutes,

[00195] The cDNA was preamplified using a custom TagMan® PreAmp Master Mix made
for Genomic Health, Inc. by Life Technologies (Carlsbad, CA) and the forward and reverse
primers for all targets as shown in Table A. The reaction was placed in a thermocycler (DNA
Engine® PTC 200G, Bio-Rad, Hercules, CA) and incubated under the following conditions:
A) 95°C for 15 sec; B) 80°C for 4 min; C) 95°C for 15 sec; and D) steps B and { were
repeated 8 times, The amplified product was then mixed with the forward and reverse
primers and probes for each of the targets as shown in Table A and the QuantiTect® Primer
Assay master mix (Qiagen, Valencia, CA) and amplified for 45 cycles in g LightCycler® 480
{Roche Applied Science, Indianapolis, IN}. The level of expression was calculated using the

crossing-point {Cp) method,

{00196] RS827 significantly predicted for adverse pathology, non-organ-confined disease,
high-grade disease, and high-grade or non-organ-confined disease, and adds value beyond
biopsy Gleason Score as shown in Tables 14, 15, 16, and 17, respectively,

Table 14 Prediction of Adverse Pathology

[ T T

RS2I7 Score 19.31 8.002
Central Biopsy Gleason Score 32.86 5 <0,001
3+4 vs 3+3

it
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Results obtained from the multivariable multinomial logistic model forcelis 2, 3, 4, 5,
and 6 vs 1 in Table 12,
DF = degrees of freedom

Table 15 Prediction of Non-organ-confined disease

AN

R827 2.20 (1.46,330) i 14.44 <(1.001

-

{1.25, 2.95)

Central Biopsy Gleason {74 (1.04, 3.10) i1 4.23 £.040
Scora 344 ya 343

Results obtained from univariable and multivariable binary logistic regression models for
cells 2,4,6vs. 1,3, 5in Table 12

Odds ratio for RS27 was per 20 unit increase

Table 16 Prediction of high-grade discase

SR R R SN R N

(1.60, 3.85)

RS27 2.32 {1.46,3.67) i 12.92 <3.001

Central Biopsy Gleason  }1.36 (0.75, 2.47) i 0.98 0.322
Score 3+4 vs 3+3 ,
Results obtained from univariable and multivariable binary logistic regression models for
cells 5, 6 vs. 1-4 in Table 12

Odds ratio for R827 was per 20 unit increase

Table 17 Prediction of high-grade or non-organ-confined disease

(1.52,3.27)

3

R827 1.83 (1.30, 2.88) i 10.70 1 0.001
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Central Si'ép”s'y Gleason
Score 344 vs 343

1.94

3.21) 1

6.43

8.011

*Resuits obtained from univariable and multivariable binary logistic regression models for

cells 2,4, 5, 6vs. 1, 3in Table 12

(dds ratio for RS17 was per 20 unit increase

[601971 In addition, R827 predicted adverse pathology beyond conventional

clinical/pathology treatiment factors as shown in Table 18,

Table 18 Prediction of Adverse Pathology Beyond Conventional Clinical/Pathology
Treatment Factors

R
2

o

e

MhThEaTE

RN

Y\"\.{:

S

<3001
Original Biopsy Gleason Score 2277 § <001
RE27 19.34 $ (.002
Central Biopsy Gleason Score 8 5] <0001
RR27 30.09 5 <0601
CinT2 v, T1 11.94 3 8.036
R827 30617 5 <0001
Baseline PSA (ng/mly <10v. >=[0 }[10.44 § 0.064
RS27 30,75 5 <6001
Continuous PSA 1517 5 0.610
827 26,36 5 <0601
Age 19.85 5 £.002
RS27 29.20 5 <0.001
Pet Core Positive 4.75 ! 0.447

{00198] When added to conventional clinical/pathology tools such as CAPRA, RS27 further

refined the risk of high grade or non-organ-confined disease, Using CAPRA alone, 3% of

patients were identified as having greater than 83% probability of being free from high-grade
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or non-organ-confined disease compared to 22% of patients identified of being free from
high-grade or non-organ-confined disease using RS27 in addition to CAPRA (Figure 8).
{68199 When added to conventional clinical/pathology tools such as AUA (D’ Amico etal,,
JAMA 280:969-974, 1998), RS27 further refined the risk of high grade or non-organ-confined
disease. As shown in Figure 9, using AUA alone, 0% of patienis are identified as having
greater than 80% probability of being free from high-grade or non-organ-confined disease
compared to 27% of patients identified of being free from high-grade or non-organ-confined
disease using GPS in addition to AUA.

[B8280] Individual genes and gene groups of RS27 were also associated with adverse
pathology, high-grade disease, non-organ-confined disease, and high-grade or non-organ-

confined disease, in univariable analyses as shown in Tables 19, 20, 21, and 22, respectively.

Table 19 Association of Genes and Gene Groups with Adverse Pathology, Univariable

Analyses

T R
BGN 744 5 9.213
COL1A1 [T 3 8.163
seRPA 8.87 5 8.114
FLNC - 12.26 5 8.031
GSN 5,73 5 6.333
GsT™2 184 s | oan
rev 3 |5 | oo
szt 22.87 5 <0.601
KLK2 | 5,97 1 8,309
FAMI3CI | 255 5 <8.891
SRDSA2 9.10 5 8.105
SRDSAZ Thresholded 9.25 5 5,099
TPX2 14.26 5 i):;éié 7777777777777
TPXZ Thresholded 2334 rrrrrrrrrrrr S <{3,801
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Ref Gene Average 3.27 5 $.659
Stromal Group Score | 9.84 5 $.0686
Cellular Organization Group 8.64 5 8.154
Score
Androgen Group Score 29.46 5 <§.861
vi’miifemtism Group Score 23.34 5 ) <§§*€}ﬁ}:
GPS 19.98 5 <§.841

Table 20 Association of Genes and Gene Groups with High-Grade Disease, Univariable

Analyses

BGN 3.67 1 0.055| 146 | (0.99,2.19)
COL1AL 2330 1 8127|132 | (093,187
SFRP4 | ) 6.08 1 0.014] 133 | (1.6, 1.67)
FLNC 3.04 1| essil 67 | a7, 109 |
GSN R 8.14 1 6.710] 834 | (0.67,132) |
csT™Mz " 8.03 1 0.878] 097 | (0.69,137 |
Mz 285 1| ses] 836 | (0.56, 1L.94)
AZGPI 2.6 1] <0.081] 058 | (0.42,079) |
KL 3.50 1 9.061] 0.62 | (038,182 |
FAMI3C 9.29 1 0802] 851 | (8.33,079)
SRDSA2 3.26 1L 0071 076 | (0.56,1.8%)
SRDSAZ Thresholded 2.70| 1 8.106] 0.75 | (0.53,1.06)
TPX2 172 i 8196 121 | (8.91,1.59)
TPX2 Thresholded 7.38 ) 8.087) 193 | (120,310
Ref Gene Average 1.18 (| 0277] 085 | (065,119
Stromal Response Group Score 4920 1 0.027| 149 | (1.05,212)
Cellular Organization Group 2 i 6290 087 | (0.66, 1.13)
R T T T e
Andmgen Group Score 15,67 i <001 5 £.69 {058, 0.83)
 Profiferation Group Score 7.38 i 0007 193 (1.26, 315
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Table 21 Association of Genes and Gene Groups with Non-Organ-Confined Disease,
Univariable Analyses

RGN 2.58 i 0108 134 | (0.94, 1.91)
lcoL1Al 2.99 i 0.08% 133 | (0.96, 1.83)
SFRP4 439 1 0.036 125 | (1.01, 1.54)
FLNC 0.34 1 05600 632 | (0.70,1.21) |
GSN 827 i 0.663 092 | (0.67,126) |
GSTM2 8,18 1 0.693 694 | (8.68,1.29)
TPM2 9.51 1 0.478 09 (8.67, 1.26)
AZGP1 12.48 1 <0001 059 | (D44, 0.80)
KLK2 2,16 1 0148 071 | (045, 1.12)
FAMI3C1 1242 1] ooo 848 | (032,873
sepsaz 348 1 01280 0.8 (0.68, 1.06)
SRDSAZ Thresholded 368 i 8.103, 077 | (0.56, 1.06)
TPX2 6.38) 1 0.012) 139 | (108, 181)
TPX2 Thresholded 6.51 1 0.611  1.82 | (1.14,2.89)
Ref Gene Average $.33 i §.563 8.93 (6.73, 1.1%)
Stromal Hesponse Group Score 4.24 1 (B,{}séﬁf 1.41 {1.62, 1.9%)
Cellular Giganizzatien Group Seore $.45 I £.584 £$.92 .72, 1.18}
Androgen Group Score 14.64 i <{.861 871 (0,60, 6.85)
?miiferatiun Group Score 6.51 i 6.811 1.82 {1.14, 2.8%)

Table 22 Association of Genes and Gene Groups with High-Grade or Non-Organ-Confined
Disease, Univariable Analyses

RN

BGN 3.1% 1 0.076 (8.97, 1.84)
COL1AL 1,96 . 0.162| (0.92, 1.65)
SFRP4 7,08 1 0.008 (1.87, 1.55)
FLNC 2.36 1 0128 (.65, 1.86)
GSN 0.45 1 @,5931 (0.68, 1.20)
GSTM2 0.49 i @,484} 0,9 (8.68, 1.20)
TPM2Z 2.24 013y 682 (8.63, 1.06)
AZGP! 12,24 1 0,001  6.61 (0.46, 0.82)
KK 218 i 0.14¢0 873 (0.48,1.11)
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FAMIICH 1113 i §.801 8.53 {8.37, 8.78)
sROSA2 L a3 Nl 0exl a7 | (059,098
SRDSA2 Thresholded 4,63 i $.032 8.73 {355, 0.98)
TPX2 3.54 i G068 128 1 (899 1.38)
TPX2 Thresholded 1 5.8 i o016 173 {1.49,2.74)
Ref Gene Average 8.68) i 8.045 0391 .73, L14)
Stromal Response Group Score 4‘5113: i $.932 .37 {143, L3
Celluiar Organization Group

N i.54 i 8,215 8.87 {4.76, 1.08)
Seore

Androgen Group Score 16.56 H <§.081 8.72 {3.61, 8.84)
Proliferation Group Score 5.8¢ i 8.8 1.73 {1.0%,2.74)

Fxample 5: RS27 Adds Value Bevond PTEN/TMPRSSI-KRE Status in
Predicting Clinjcal Becurrenge

[60281] PTEN mutation and TMPRSS2-ERG fusion genes are commonly associated with
poor prognosis in prostate cancer. Here, R827 was analyzed to determine whether it can
provide value beyond PTEN/TMPRSS2-ERG status in predicting clinical recurrence.
[66202] PTEN and TMPRSS2-ERG fusion expression levels obtained in the gene
identification study described in Example 1 above and in U.S, Pub. No., 20120028264 were
used to stratify patients into PTEN low and PTEN normal groups. PTEN and TMPRESS2-
ERG (“T2-ER{G”) status of the patients were found as follows

Table 23, Distribution of PTEN Expression by T2-ERG Status

T2-ERG Negative {53%) TZ-ERG Positive (47%)
Median PTEN | 8.9 g7
25% PTEN 87 8.4

{08283] A cutpoint for “PTEN low” was made at <=§.5, which included approximately 13%
of T2-ERG negative patients and 28% of T2-ERG positive patients. PTEN normal was
defined as >&.5.

{00284] Univaraible Cox Proportional Hazards was applied to evaluate the association
between PTEN status and time to clinical recurrence (¢R). Figure 10 and Table 24 show that
PTEN low patients have a higher risk of recurrence compared to PTEN normal patients.

[00205]

@6




WO 2013/116144 PCT/US2013/023409

{ém%ﬁ When the pdﬁéﬁts wei;é furthc;r Ztr?tiﬁed into PTEN {ow/T2-ERG negative
(“category 07}, PTEN low/T2-ERG positive (“category 17}, PTEN normal/T2-ER(G negative
(“category 27}, and PTEN normal/T2-ERG positive (Ycategory 37), both PTEN low
categories had the lowest recurrence rates compared to PTEN normal patients as shown in
Figure 11 and Table 25,

Table 25.

PTEN/T2-ERG nategories
Et VG s o

{60287} The tables below summarize the results of a multivariable model with PTEN/T2-
ERG status (Table 26) or PTEN status {Table 27), R827, and biopsy Gleason Score (Bx GS},
demonstrating that R827 adds value beyond PTEN and T2-ERG markers and Biopsy GS in

predicting clinical recurrence.

Table 26.
VARIABLE OF CHISQ | P-VALUE HR 95% O
RS27 1 84.13 TS0 1.07 {1.05,1.00)
PTEN/T2-ERG Stafus 3 1.58 ese | i
FTEN/T2-ERG (Cat 1v. 0) 1 0.06 0.80 0.91 T(0.41,1.98)
PTEN/T2-ERG (Cat 2 v. ) T 1.1 0.28 0.85 {0.29,1.42)
FTEN/T2-ERG (Cat 3v. 0) i 0.14 0.74 0.86 {0.39,1.89)
BX GS 2 748 0.03
Bx GS (7 v. 6} 1 68 | 0.0 0.40 (0.26,0.79)
Bx GS (B+ v. B) 7 1.38 o24 | 0.59 (0.36,1.29)
Table 27,
VARIABLE DF CHISQ | P-VALUE HR 95% Cl
GPS 1 6667 | <6.09 1.07 (1.08,1.08;
FTEN Stalus 1 086 | 035 0.78 (0.46,1.32
BY G5 2 843 0.04 B
Bx G5 (7 v. 8) 1 812 oot 1 0.42 (0.21,0.84)
BxGS g+ v. 6 | 1 115 .28 0.71 | (0.37,1.33
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ALDHIAZ N 17065861 i CACGTCTSTCCCTCTCTGOT 2 GACCGTGGCTCAACTTTGTAT TCTCTGTAGGGCCCAGCTCTCAGE
ANPEP M 0011502 I 5 CCACCTTGBACCAAAGTAAAGC 8 TCTCAGCGTICACCTGGTAGGA CTCCCCAACACGLTGARALCCG

AR NI 76100442 ) CGACTICACCGCACCTGAT 10 | TGACACAAGTGGGACTGGGATA ACCATGCCGUUAGGGTACCACA
ARFT NRE_D01658.2 13 | CAGTAGAGATCCCCGCAACT 14 | ACAAGCACATOGCTATGGAA CTTGTLCTTGGGTCACCLTGEA
ASPHN | NM 176804 17 | CATTGCCACTICAACTCTAA 18 1 ATIGTTAGTGTCCAGGCTCY TATCCCTTTGGAAGACCTIGCTTG
ATPSE I NM_008888.2 21 | CCGCTTTCGCTACAGCAT 22 | TGGGAGTATCGGATGTAGCTS TCCAGCCTGTCTCCAGTAGGLCAC
AZ(GP1 NM_001185.2 25 | CAGGCCAGCTAGGAABCAA 26 | CAGGARAGGELAGCTACTGG TCTGAGATCCCACATTIGCCTLCAA
BGN NM 001711.3 7% 1 GAGCTCCGCAAGGATGAL 36§ CTIGTIGTTCACCAGGACGA 1 31 CAAGGOTCYCCAGCACCTCTACGE
BNt | MpE_004305.1 3% 1 CCTCCAAAAGGGAACAAGAG 34 | CGTGOTTGACTCTGATCTCG CTTCOLOTOCAGATGGCTCCC
BVES MM 0017184 37 1 GTGCAGACCTIGGTICALCT 38 | CTTAGTTGGCGCACAGCAC TCAACCUCGAGTATGTCCCCAAAG
o7 MM D0DSB7.2 41 | ATGTCTGAGTGTGAGGCGG 472 1 AGGCCITATGCTGGTGACAG ATGCICTGLLCTLTGCATCTCAGA
CADM1 NM 014333.2 45 | CCACCACCATCCYTACCATS 45 | GATCCACTGCCCTBATCS TCTTCACCTGCTCOGGAATCTGIG

| Chz7e N 0010247236.1 4% | CCAAAGGATGCOATACACAG 50 | GGATGACTIOSOBAATCATGTS CLACTGIGCAGCUTIATTICTGCAATS
Ci4 NM_000610.2 53 | GGCACCACTGCTIATOAAGG a4 1 GATGCTCATGGTGAATIOAGE ACTGGAACCCAGAAGCATACCCTC
CDC20 NM_001255.2 57 1 AGTGACCTOCACTCGCTGCT 88 1 GGCYTCCTIGGCTITGCGCT CCAATGCACCCCCTGLGLGLTIGRE
CDKNZC MM 001262 2 81 | TCAAGGSGAACCTGCCLTIGCA 82 i TGTGCTTCACCAGGAACTCCACC 1 63 TGGCTOOCAAAGAAGBLCACCTCCOGGT
CLTO MM_004859.1 85 } ACCGTATRDACAGCCACAG 86 | TGACTACAGGATCAGCGCTTC  TCTCACATGCTGTACCCAAAGCCA

P COLIAY RM_ODONES.2 58 | GTGGLCATCCAGCTBACC 70 1 CAGTGGTAGGTGATGTICTGGGA 7 TCCTGCGCLTGATGTCCACES
COLIAZ NM_ODONES.2 73 1 CAGCCAAGAALTGGTATAGGAGDT 74 1 AAACTGGUTGCCAGCATIG 7 TCTCCTAGCCAGACGTOTIICTIRIGGT TG

{ COL3AY MR 0000503 77 1 GGAGGTICTOGACCTGCTE 78§ ACCAGGACTGCCACGTIC 79 | CICCTGGTOCCCAAGGTGICAALG
COLaAt N 001845 4 8% | ACAAAGGCCTCCCAGBAT 82 i GAGTCCCAGBAAGACCTGLT 83 | CTCCTTTGACACCAGGGATGCCAT

{ COLsAZ . WNM_D00392.3 35 | GGTCGAGGAACCCAAGGT 86 1 CCCTGGAGGTCCAACTCTG 87 | CCAGGARAATCCTGTABCACCAGGE

| COLBAT 1 WM 0018482 88§ GGAGACCCTGGTGAAGCTG 80 1 TCTCCAGGGACACCAALG 91 CITCTCTTCCCYGATCACCCTONS
COL8A1 vt 001850.3 g3 | TGGTGTICCAGGOCTICT 94 1 COCTGTAAACCUTGATCCD 95 | CCTAAGGGAGABCCAGGAATCCCA
CSF1 - WM 000757.3 97 | TGCAGCOGCTGATTGACA 83 1 CAACTGTICCTGGTCTACAAACTLA 99 | TCADATGOAGACCTCGTSCOASATTACA
CSR&1 - WM_004078.4 101 | ACCCAAGACCCTRCCTCT 102 | GCAGGOGTGGAGTGATGET 103 | CCACCCTTCTOCAGGGACTCTTAL
CYP3AS WM 300777.2 105 | TCATTGCCCAGTATGGAGATG 108 | GACAGGCTIGCCTITCTCTG 107 | TCLCGLCTCAAGTTICTCACCAAT
DES N 001927.3 108 | ACTICTCACTGGLOGALS 110 | GCTCCACCTICTCGTTGGT 111 1 TGAACCAGGAGTTTCTGACCACGT
DPP4 WM D01935.3 113 | BTCCTGGGATCGGGAAGT 114 | GTACTCCCACCGGGATACAG 115 | CGGCTATYCCACACTIGAACACGE
DUSPY NM_004417.2 117 | AGACATCAGCTCCTGGTICA 118 | GACABACACCCTICCTICCAG 119 | CGAGGCCATTGACTTCATAGACTCCA
EGRA NM_G01964.2 121§ STCCLCGCTBCAGATCICT 122§ CTCCAGCTTABGGTAGTISTCCAT 123 1 CGGATCCTTTCCTCACTCGCOCA
EGR3 NN 0044302 125 | COATGTGOATGAATGAGGTC 1268 | TCCCTGAGAAGAGGTGAGGT 127 | ACCCAGTCTCACCTTCTCCOCACT
ERG NV 00444873 129 | COAACACTAGGCTCCLCA 120 | CCTCCGCCAGGTICTITAGT 131 | AGCCATATGCCTTCTCATCTGGGE
F2R Mg 051992.2 133 | AAGGAGCAAACCATCCAGG 134 | GCAGGGTTICATTBAGCAL 135 | COCCOGGCTCAACATCALTACCTOT

- FAM1TGTA NN B07177.2 137 | FTCTGCCCAGGCCTICCCAC 138 | AGGAGCTGGGGTGTACOGAGA 135 | 1CTCCBAGEUTILCCCABGOLLLOG
FAMTEC NM_198215.2 141 GAGCG 142 | GLTGGATACCACATGCTCTG 143 | TCLTGACTTICTCCGTGGETCCTC

. FAP NM_004460.2 145 SGITAC 148 | CACAGGACCGAAACATICTG 147 | AGCCACTGCAMACATACTCGTTCATEA
FLNG NI 001458.4 148 | CAGGACAATGGTGATRGCT 150 | TGATGGTGTACTCGOCAGG 151 : ATBIGCTGTCAGCTACCTGCCCAL

i IM_D02026.2 1583 ¢ GOAAGTGACAGACGTGAAGGT 154 | ACACGSGTAGCCGGTCACT 155 1 ACTCTCAGGCGGTGTCCAGCATGAT
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FOS MM 005252.2 157 ¢ CGABCCCTTIGATGACTICCT 158 | GGAGCGOGLCTGTCTCAGA TCCCAGCATCATCCAGGCCCAG
GADD4SS MM §15675.1 181 ¢ ACCCTUGACAAGACCACALT 162 | TGGBAGTTCATOOGTACAGA 183 | TGGGAGTICATCGGTACAGA

GPMBE MNRA 0010019941 | 165 | ATGTGCTTGGAGIGGCCT 168 | TGTAGAACATAAACACGEGCA 167 | COCTSAGARACCAAACACACCCAG
GPESY MM 0041274 169 | AGTALAAGCAGGCYGCCAAG 170 | GCAGCTCAGGGAAGTCACA 171 1 COTCCTOUTGGCTTECTTTGATCA

GSN BbE_D00177.4 173 | CYTCTGCTAAGCGGTACATCGA 174 | GGCTCAMMGCCTTIGCTICAC 175 | AGCCAGCCAATOEBOATCEGT

GSTMY wbg D00561.1 177 : AAGCTATGAGGAAAAGALGTACACGAT 178 | GOCCCAGCTTGAATTITICA 179 | TCAGCCACTOGCTICTRTCATAATCAGGAG
i GSTMZ NB GOOR48.2 181 | CTOCAGGCACTCCUTGAAAT 182 | CCAAGAMACCATGGCYGCTT 18% | CTGAAGCTCTACTCACAGTIICTGGH
HLF WM _002126.4 185 : CACCLCTGCAGSTETCTCAG 186 | GOTACCTAGGAGCAGAMSGTGA 187 | TAAGTGATCTGCCCTCCAGGTGGC

IGF1 NWM 0008181 189 | TCCGRAGCTGTGATCTAAGGEA 190 | CGGACAGAGCGARCTRACTT 191 ¢ TGTATTGCGCACCCCTCRAGCCTG
{GFBEP2 NM 00587 1 193 | GTGGACAGCACCATGAACA 194 | CCTTCATACCCOACTTGAGE 195 | CTICCGGCCABTACTCGCCTO

IGFRPS NN D02178.1 197 | TOAACCGCAGASACCAACAS 198 | GTCTTGGACACCCGCAGAAT 198 | ATCCAGGCACCTCTACCACOCCCTC
HBST NM K184 2 7201 | GGCCTAATGTICCAGATCCT 202 | ARAATTGTGCCTIGGAGGASG 203 | CATATTGCCCAGTROTCACCTCAGA
HHBA N 021921 205 | GIOLOLGAGLULATATAGEA 205 | CGGTAGTGGTTIGATGACTGTTGA 207 | ALGICLGGGICCTCACTGTORTICG
TGA7 MM 0022061 208 | GATATGATTEOTCGCTGCTTIG 210 | ADAACTTCCATTCCCCACCAT 211 | CAGCCAGGACCTGGCCATCCS
P JuN MR DOZI2B.2 213 | GACTGCAAAGATOOAAACGA 214 | TAGCCATAAGGTCCGCTCTC 215 | CTATGACGATGCCCTCAACGCLTIC
KLKZ MM 005551.3 217 1 AGTCTCGGATIGTGGGAGS 218 | TGTACACAGCCACCTGLG 219 | TTGGGAATGCTICTCACACTCLCA
KRT15 NM 0022752 221§ GCCTGGTTCTICAGCAAGAL 222 | CTIGCTOOTCIGGATCATTIC 223 | TGAACAAAGAGOTGGCCTCCAACA
KRT5 MM (00424.2 225 : TCAGTCGAGAAGGAGTTGOA 728 | TGCCATATCCAGAGGAAACA 227 | CCAGTCAACATCTCTGTTIGTCACAAGCA
LAME? NM 0002281 229 | ACTOACCAAGCCTGAGACCT 730 | GIGACACTIGLAGCATITCA 231 | COCACTCOLCATACTGGGTGCAGT
LGALS2 Nh_002308.1 233 | AGCGEARAATGGCAGACAAT 734 | CTIGAGGGTITGGGTTICCA 235 1 AGCCAGATAACGCATCATGGAGLGA
A pibE 0050402 237 | COTGGAGGCTGCAACATACS 238 | TACAATGGCTTTGGAGGATAGCA 239 1 ATCCTCCTGAAGCCCTTITOBLAGE
MYBLZ bk 002466.1 241 | GCCOAGATCGCTAAGATG 242 1 CTITTGATGGTAGASTICCAGTGATTC 243 | CAGCATIGYCTGTCCTCCCTGGCA
NEATS hibd_006589.2 245 | CTGAACCCETCTCCTGGTE 246 | AGGAAACGATGGCGAGHT 247 1 CGAGAATCAGTCCCCGTGBAGTTC
OLFML3 Wb 020190.2 248 | TCAGAACTGABBLCGACAL 250 | CCAGATAGTCTACCTOOCGCT 251 | CAGACGATCCACTCTCCCGGAGAT
i PAGEA RibE_ 070032 253 | GAATCTCAGCARGABBAACCA 954 | GTTCTICGATCOGAGOTGTT 255 | COAACTGACAATCAGGATAT TGARCCTGE
PG wbg 0002591.9 257 | AGAGCCAGTTGCTGTAGAACTCAL 258 1 CTOOGCCTACACAGTCCTTICA 255 | TCTCTGCTGGGCAAGGATOTICTRTIC
PPAPZE Mb 0037133 261 | ACAAGCACCATOCCASTGA 762 | CACGAAGAARACTATGCAGCAG 263 | ACCAGGGCTCCTTOAGCAAATCCT
PPE1R124 Mk 002450.1 285 | COGCAAMBBLOTTCATATAGA 286 i TGCCTGGCATCTCTAAGCA 267 | CCOTTCTICTICCTITCGAGCTGO
PRKCA NbA. 002737.1 268 : CAAGLAATGCGTCATCAATGT 270 | GTAAATCCGCCCCCTCTICY 271 | CAGDCTCTGCOBAATGEATCACALT
abCt Nid 0028971 273 | GAAMATTGACBAGGERTGTCT 274§ AGGAGCTAACGGAGAACCTG 275 | CTCTGAGCGCCTCLATCCAAGS

SFRPY NM_(03014.2 277 | TACAGGATGAGGCTGEGE 27 GTIGTTAGGOCAAGGGGC 278 | CCTGGGACAGCCTATGTAAGGCCA
SHMTZ WM (05412 4 281 | AGCGGGTGCTAGAGCTTGETA 287 1 ATGGCACTICGGTCTCCA 283 | CCATCACTGCCAACAAGAACACCTG
SLO22A3 NM 0216772 285 | ATCGTCAGCOAGTITGACCT 285 | CAGGATOGCTIGGETOAR 287 | CAGCATCCACGCATIGACACAGAC
SHMADS N 15350.% 288 | GGACATTALTGGCCTGTTCACA 280 | ACCAATACTCAGGAGCAGGATGA 291 | TGCATYCCAGCCTCCCATTICOA
SPARC NM 2031181 283 | TCTTCCCTGTACACTGGCAGTTS 294  ADCTCOGTGTOOBAGAGGTA 295 | TGGACCAGCACCCCATTIGACGS

SRC NN 054173 257 | TOAGGAGTGETATITTGGCAAGA 298 | CTCTCGGETICTCTGUATIGA 298 | AACCOCTCTGACTCCCGTICTGGTG
SROEAZ NI _D00348.2 301 | GTAGGTCTCCTGGCGTILTG 302§ TCCCTGGAAGOGTAGGAGTAA 203 | AGACACCACTCAGAATCCCCAGGE
STATER MM 0124481 05 | CCASTOGTGGTOATOGTICA 306 | GCAABAGCATIGTCLOAGAGA W7 | CAGCCAGGACAACAATGCGACGG
FGFR1H NM_D01042454.1 308§ GCTACTTTGABCGCTICTCG 310 | GGTCACCATCTYGTOTCGS 311 | CAAGATOTGGCTICTGCAACCAGE
THBS2 NN 003247 .2 313 | CAAGACTGGGIACATLAGAGIGITAGTG | 314 | CASCGTAGOTTIOGTCATAGATAGE 215 | TGAGTCTGCCATGACCTOTTTTICCTICAT
THFRSF108B | NM _003842.2 317 | CTCTOAGACAGTOCTICGATGACT "1 318 | CCATGAGGLCCAACTICCT 218 | CAGACTTGGTGCCCTTITGACTCC
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L TPMZ N 2136741 AGGAGATGCAGCTCGAAGGAG 322 ¢ CCACCTCTTCATATITGOGE 323 {1 COAAGCACATCOCTGAGGATTCAG

| TPX2 NM 012112.2 325 i TCAGCTGTGAGCTGCGGATA 326 1 ACGGTCCTAGOTYTGAGGTTAAGA 327 1 CAGGICCCATIGCCGGEG

. TUBB2A MNAd 0010691 329 ¢ COAGODACGAGGCTTAAAAAL 330 ACCATGCTTGAGGACAACAG 331§ TCTCAGATCAATCGIGLATCCTTAGTGAA
- UBE2T N 014176.1 333§ TGTICTCAAATTGCCACCAA 334 7 AGAGGTCAACACAGTIGLGA 338 1 AGGTOCTTGGAGACCATCCCTCAA

YCL NM 003373.2 337 ¢ GATACCACAACTCCCATCAAGTT 338 3 TCCOTGTTAGGCGCATCAS 339 1 AGTGGCAGCCACGGCGEC

£FP36 Nhd 0034071 341 i CATTAACCCACTCCCCTGA %42 ¢ COCCCACCATCATGAATACT 343 1 CAGGYCCCCAAGTGTGCAAGCTC
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ALDH1AZ ; T TG TG T LT T TAGGBOCOATTTD

ANPEP CCACCTTGGACCAALGTAAAGCGTLOAATCGTTACCGCCTCCLCAACACGCTGAAACCCGATTCCTACCGOGTOACGCTGAGA
AR 12 COACTTICACCGCACCTGATOTIGTOG TACLCTGGLOGLATGETCABCAGAGTGCCLTATCCCAGTCOCACTTGTGTCA

ARF1 16 LAGT BGH R i T L TG TLL L GG ETOACLL TRCAT TUCATAGLCATGTECTTGT

ASPN 20 CATIGCCACTICAACTCTAAGGAATATI T [ TGAGATATCCCTT IGGAAGACCTTGCTTGOAAGAGUCTSCACALTAACAAT

ATPSE 24 | CCOOTTTCGCTACAGCATOGIGGCCTACTGBAGACAGGCTGGACTCAGCTACATCCGATACTCOCA

AZGPY 28 GAGBLOAGCTABGAAGCAAGGETTCGAGGLAATG TRGOATL TCAGACCCAGTAGCTGOLCCTTCCTG

BGN 32 GAGTTCCGCAAGCATGACTTCAAGGGTCTCCABCACCTCTACGLCUTCOTCCTGE TOAACAACAAG

BIN1 36 CCTGCAMMAGGGAACAAGAGCCCTTCGCCTCCAGATEBOTCCCCTGCCGLCACCCCCGAGATCAGAGTCAACCALG

EMPS 40 GTGCAGACCTIGETICACCTTATGAACCCOBAGTATGTCCCCAAALCGTEL TG TGCGCCAACTAAL

7 44 ATGTCTGASTGTCAGGCGGGCGCTCTGAGATGCAGAGGGCAGAGCATCTCTGTCACCAGCATAAGGCCT

CADR1 48 CCACCACCATCCTTACCATCATCACAGATICCUBAGCAGGTGAABAAGGCTCGATCAGGGCAGTGGATC
. CDRT6 52 CCAAAGGATOLOATACACAGACCACTGTOCAGCCTTATTTCTOCARTGGACATGATTICCCAAGTCATCS

CD44 56 GGCACTACTGCTTATGAAGGAAACTGGAACCCAGAAGCACACCCTOCCCTCATTCACCATGAGCATL
- GRG0 60 AGTGACCTOCACTCGCTOLTTCAGLCTGGATGCACCCATCCCCAATGCACCCCOTOUGLBCTEGCABLCGUAAAGLCAAGGAAGLL
COKN2C G4 TGAAGGGAACCTGCCCTTGLACTIGOLTOLLAAAGAAGGLOACCTCUGGOTGG T GBAGTYCCTEGTGAAGCALA

CLIC 68 ACCGTATGGACAGCCACAGCCTOGLTTTGOGTACAGCATGTCAGATGAAGCGLTGATCLTCTAGTCA

COL1AT 72 GTGGCCATCCAGL TGACCTTCOTGOGOL TGATGTGCALCGAGGCCTCCUAGAACATCACCTACCALCTG

COL1AZ 76 CAGCLAAGAACTGGTATAGGAGCTCCAAGGALAMAGAAACACOGTCTGGCTAGGAGAAACTATCAATGC TGGCAGCCAGTTT
COL3A1 80 GGAGGTICTOBALCTELTGOTCCTCCTEGTCCLCAAGGTOTCAAAGGTCAACG TGGCABTCCTGET

COL4A1 34 ACAAAGGCCTCCCAGGAT I GGATGGCATCLC TGO TG TCAMAGEAGAAGCAGGTCTICCIGGGACTC
COLBAZ 8% GGTCEAGGAALCCAAGGTCCGCCTGGTRLTACAGGATTTCCTGOTTC TGCGGGCACAGTTGGACCTCCAGGE

COLBAT 97 GGAGACLCTGE TGAAGCTGELCCOCAGLGTOATCAGGGAAGAGAAGGCLCCGTTOGTGTLLGTBBAGA
COLEAT 95 TOGTGTICCAGGGCTTCTCOGACC TAAGGGAGAGCCAGBAATCCCAGGGCATCAGGGT ITACAGGG
CSF1 100 TGCAGCOOLTCAT TGACAGTCAGATGRAGACCTCOTGOCAMT TACATTTBAGTITSTAGACCAGGAACAGTTG
CSRP1 104 ACCCAAGACCCTGCCTCTICCACTCOACCCTTCTCCAGGGACCLTTAGATCACATCACTL CACCCCTRE

CYP3A5 408§ TCATTGCCCAGTATGOAGATGTAT TGO TCAGAAALTTCAGGCGGGAAGLAGAGAAAGGCAAGCCTGIC

B 112 | ACTTCTCACTOOCCGACGCGGTOAACCAGGASTTTCTGACCACGCGCACCAACGAGAAGGTGRAGE

DPP4 115 GTCCTGGGATCGGGAABTGGCETETICAAGTOTCGAATAGCCGTGBOGCLTGTATCCCGETGERAGTAL

DUSP1 120 ACACATCAGCTCCTGOTTCAACGAGGCCATTGACTTCATAGACTOCATCAAGAATGCTGGAGGAAGGGTGTTIGTC

EGR1 124 GTCCCUGCTRLAGATCTCTSACCCGTICGGATCCTTICCTCACTCOULCACCATGGACAACTACCCTAAGCTROAG

EGR3 128 COCATGTOOATGAATCGAGGTGTCTCCTTICCATACCCAGTCTCACCTTCTCCCCACCOTACCTCACCTCTICTCAGGEA

ERG 132 COAACACTAGGCTCCOCACCAGCCATATGCCTICTCATCTORGCACTTACTACTAAAGACCTGGLGGAGS

F2R 138 AAGGAGCAAACCATCCAGETOLLCGGGCTCAACATCACTALCTOTCATGATGTGCTCAATGARACLCTOL

FANMITO7A 140 TICTOCCCAGGCCTTCCCACCAGGAATCTCCGAGGCTCCOLAGGGCCCCEGCTTCTCCGTACACCCCAGCTCCT

FAM1I3C 144 ATCTTCAAAGCOGAGAGLGGGARGAGLCACGEAGAAAGTCAGGAGACAGAGCATGTSOYATCCAGE
FAP 148 GTIGGCTCACGTGGETTACTGATGAALGAGTATGT TTGLAGTGGLTAMAAAGAGTCCAGAATGTTTCGGTCCTGTC

FLNG 152 CAGGACAATGETGATGGCTCATGTGCTGTLAGCTACCTGCCCACGGAGCCTGGCGABTACACCATLA

Fhit 158 GOGAAGTGACAGACGTGAAGK AT CACCGOCTGAGAGTGCAGTGACCGGCTACCHRTGY,
FOS 168G COAGCCOT T TRATGALT 00 GO, CATCCAGGCCCAGTBGUTCTGABGACAGCLOGCTLC

GADDASE 164 ACCCTCGACAAGACCACACTTTGGGACTTGGGAGCTCGGGOLTGAAGTTGCTCTGTAGCCATGAACTCCCA

GPMBR 158 ATGTGCTTGRAGTOOCCTGGCTGGGTOTGTITGGT T TCTCAGCGGTGCLCGTRTTTATGTICTACA
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172 ACTACAADCAGGCTGCCAAGTGCCTCCTGOTGGCTTCCTTTGATCACTGTGACTTCCCTGAGCTGE
GSN 75 G CTT01 60 TAAGCGGTACATCOAGACGGACCCABLCAATCGGGATCGGCGGACGULCATCALLGT GG IGAAGCAAGGCTTIGAGCC
GSTM1 180 AAGCTATGAGGAARAGAAGTACACGATGGGGGACBCTCOTCATTATGACAGAAGCCAG TGGU TGAATGASAAATTCAAGLTGRGCC
GSTMZ 184 CTGCAGGCACTCCCTGAAATGCTGAAGCTCTACTCACAGTITCTGOGGAAGCAGCCATGETTTCTIGS
HLF 188 CACCCTGCAGBTGTCTOAGACTAAGTGATCTGCLO TCLAGGTEBUCATCACCTTCTECTCOTABGTALC
IGF1 192 TCCGGABLTGTGATCTAAGBAGGCTOOAGATGTATTGCGCACCCCTCAAGCCTGCCAAGTLAGCTCGLTCTBTICLS
WOFBP2 198 | GTGGACAGCACCATGAACATGTIGGGCGGGGGAGGCACTGCTGGCOGGAAGCCCCTCAAGTOGGETATGAAGE
H3FBP8 200 | TGAACCGCAGAGALCAACAGAGGAATCCAGGCACCTCTALCACGCCCTCLCAGCCCAATICTOLOBGTGTCCAAGAC
1857 704 | GGCCTAATGTTCCAGATCCTTCAAAGAGTCATATIGCCCAGTGGTCACCTCACACTCCTCCAAGGCACAATTIT
INFBA 208 @ GTOCCOGAGCCATATAGCABGCACCTCCOGETCCTCACTGTOCTTCCACTCAACAGTCATCAACCACTACCG
ITGAT 212 | GATATGATTOOTCGCTGCTTTGTOLTCAGCCAGBAGCTGGCCATCOGGOATGASTIGGATGCTGGGGAATBBAAGTICT
JUN 216 | GACTGCAAAGATGGAAACGACCTICTATOACGATGCCCTCAACGCCTCGTTCCTCLCGTLCGAGAGLGBACCTTATGECTA
. KLK2 220 | AGTCTCGGATIGTGGCAGGOTGGGAGTGTOAGAAGCATTCLCUAACCCTGBLAGGTRAUTATGIACA
L HRTYS 224 GCOTGGTTOT TCAGCAAGACTGAGGAGE TRAACAAAGAGGTEOLCTCOAACACABAAATGATCCAGACCAGCAAG
. KRTS 228 | TCAGTGGAGAAGGAGTTGBACCAGTCAACATCTCTCTIGTCACAAGCAGTGTTTCCTCYGRATATGECA
LAMB3 232 ACTBACCAAGCCTGAGACCTACTGCACCCAGTATGGCCGAGTEGCAGATGAAMTGLTRCAAGTGTGAL
LGALSS 235 | AGCGGAAMAATGGCAGACAATTTTTICGCTCCATCGATGCOTTATCTGGGTCTGGAALCCCAAACCCTCALG
BANME 1 1 240 CCTOGAGOUTGCAACATACCTCAATCCTOTCCCAGGCCGGATCCTCCTGAAGLCCTTT TCGCAGCACTOUTATCOTCUARAGUCATIGTA
- MYEL2 244 GCCGCAGATCGCCAAGATGTTBCCAGGGAGGACAGACAATGCTGTGAAGAATCACTGGAACTCTACCATCAABAG
WNFATS 243 CTGAACCCCTCTCCTGGTCACCBAGARTCAGTLOCCGTGGAGTTCOCOCTOCACCTCBUCATCGTTICCT
- OLFML3 252 TCABAACTGAGGCLGACACCATCTCCGGGAGAGTOCATONTCTGGAGLCGGGAGBGTAGACTATCTRG
PAGES 255 GAATCTCAGCAAGAGGAACCACCAACTGACAATCAGGATATTGAACCTGCACAAGAGAGAGAAGGAACACCTCCGATCBAAGAAL
- POK1 260 AGAGCCAGTIGCTGIAGAALTCARATCTCTGLTGOOUAABBATSTIC TG TTOTTGAAGGACTGTGTAGGCCCAG
PRAP2E 264 ACAAGCACCATCCCASTGATGTICTGGCABBATT TGCTCAABGAGCCCTGGTGGUCTGCTGCATABTITTCTTCGTG
. PPPIR1ZA 268  : COGLAAGGGGTTOATATAGAAGCAGCTCGAAAGGAAGAAGAALGOBATCATGOTTAGAGATGOCAGCA
- PRKCA 272 § CAAGCAATGCGTCATCAATOTCCCCAGCCTCTGCGGAATGGATCACACTGAGAAGASSOOGCGBATITAC
- SDGH 276 | GAAATTGACGAGHERGTGTCTTGGGCABAGCTGELTLTGABCGLCILCATCCAAGGCCAGGTICTCCGTTAGTCeY
. SFRP4 280 ¢ TACAGGATGAGGCTGGGCATTGCCICGRACAGCCTATOTAAGGCCATGTLCCCCTTELCCTAACAAL
. SHAMTZ 284 | AGCGGGTRCTAGAGCTTRTATCCATCACTGCCAACAAGAACACCTGTCCTROAGACCOAAGTGCCAT
T SLC22A3 288 ATCGTCAGCGAGTTTGACCTIGTCTRTGTCAATGLGTGGATGCTGGACCTCACCCAABCCATCCTG
SMAD4 292 GOGACATIACTGGLOGTGT TCACAATGAGCTTGCATICCAGLCTCCCATTICCAATCATCCTGCTCCTRAGTATIGGT
. SPARC 298 | TCTICCCTGTACACTOGCAGTICGGCCAGCTGOACCAGLACCOCATICACGGETACCTCTOCCACACCGAGCT
5SRO 300 | TOAGGAGTOGOTATTITGGCAAGATCACCAGACGGGAGTCAGAGCGATTACTGCTCAATGUAGAGAACCCGAGAG
SRDSA2 304 GTAGGTCTCCTGGCGTIO TGLCAGCTGECCTGOOBATTCTGAGTGG TG TCTBCTTAGAGTT TACTCCTACCCTTCCAGGGA
STATSE 308 CCACTGGTGOTGATCOT TCATGGCAGCCAGGACAACAATGCGALGOCCACTGTICTCTGGGACAATGCTITIGS
THEB1H 312 GCTACTTIGAGCOCTTCTCGCCAAGATGTOOLTICTCCAALCAGCLCATCCGACACAAGATGGTGACC
THRS2 316 CAACGACTGGCTACATCAGAGTCTTAGTGCATOAAGGAARACAGGTCATGGCAGACTLAGCACCTATC TATCALCAAACCTACGCTS
REFi0D 320 CTCTOAGACAGTGCTTCGATGACTTTGCAGACTTOOTGCCLTTTCACTCCTBGGAGCCGLTCATCGAGGAAGTTIGGGLUTCATRE
M2 324 AGGAGATOCAGCTGAAGOAGGCCAAGCALATCGCTCAGGATTCAGACLGCAAATATGAAGAGGTSS
TEYZ 328 | TCAGCTGTGAGC TGOGGATACCGULOGGCAATGGOACCTOUTCTIAACCTCARACCTAGGACCGT
- TLOEB2A 1 332 CGAGGACGAGGCTTAAAAMACTICTCAGATCAATCGTGCATCCTTAGTOAACTICTGTTGTCCTCAAGCATGGT
UBEZT 336§ TOTTOTLAAAT TGLCACCAAAAGHIGUT TGBAGACLATLCL T CARCATLGLAACTRTGTIGACCTCT
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What is claimed is:
1. A method of predicting a likelihood of a clinical outcome for a patient with prostate
cancer, comprising:
determining g level of one or more RNA {ranscripts, or an expression product thereof, ina
biological sample containing cancer cells obtained from sald patient, wherein the one or more
RNA transcripls, or an expression product thereof, is selected from BINI, IGF1, C7, GSN,
DES, TGFB UL, TPM2, VCL, FLNC, ITGA7, COL6AL, PPPIRIZA, GSTMIL, GSTMZ,
PAGE4, PPAPZB, SRDS5AZ, PRKCA, IGFBP6, GPMeB, OLFML3, HLF, CYP3AS, KRT1S,
KRTS, LAMBS3, sDCIL, BUSPL, EGFRIY, FOS, JUN, EGR3, GADD4SB, ZFP36, FAMI3C,
KLK2, ASPN, SFRP4, BGN, THBS2, INHBA, COLIAL, COL3AL, COLIA2, SPARC,
COLSAL, COL4AL FNL, FAPR, COLSAZ, CDCIH, TPX2, UBE2T, MYBLZ, and CDKN2C;
assigning the one or more RNA transcripts, or an expression product thereof, to one or more
gene groups selected from a cellular organization gene group, basal epithelia gene group, a
stress response gene group, an androgen gene group, a stromal response gene group, and a
proliferation gene group;
calculating a quantitative score for the paticnt by weighting the level of one or more RNA
transcripts, or an expression product thereof, by their contribution to a clinical outcome; and
predicting a likelihood of a clinical outcome for the patient based on the guantitative score,
2. The method of claim 1, further comprising:
determining a level of at least one RNA transcript, or an expression product thereof] in the
biological sample, wherein the at least one RNA transcript, or an expression product thereof
is selected from STATSE, NFATS, AZGPI, ANPEP, IGFBP2, SLU22A3, ERG, AR,
SRDSAZ, GSTMI, and GSTMZ; and
weighting the level of the at least one RNA iranscript, or an expression product thereof, by its
contribution to the clinical outcome to caleulate the quantitative score.
3. The method of claim 1 or 2, wherein an increase in the quantitative score correlates with
an increased likelihood of a negative clinical outcome.
4. The method of any one of claims 1-3, wherein the clinical outcome is upgrading of
prostate cancer,
S. The method of any one of claims 1-3, wherein the clinical outcome is upstaging of
prostate cancer.,
&. The method of any one of claims 1-3, wherein the clinical outcome is recurrence of

prostate cancer.
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7. The method of any one of claims 1-6, wherein the level of at least three RNA transcripts,
o their expression products, from the stromal response gene group are determined, and
wherein the stromal response gene group comprises ASPN, BGN, COLIAIL SPARC, FNI,
COL3AL, COL4AL INHBA, THBS2, and SFRP4.
8. The method of any one of claims 1-7, wherein the level of at least one RNA transcript, or
its expression product, from the androgen gene group is determined, and wherein the
androgen gene group comprises FAMI3C, KLK2, AZGPI, and SRDSAZ,
8. The method of any one of claims 1-8, further comprising determining the level of at least
three RNA transcripts, or their expression products, from the cellular organization gene
group, wherein the celiular organization gene group comprises FLNC, GSN, GSTMZ,
IGFBPS, PPAPZE, PPPIRIZA, BINI, VCL, IGF], TPMZ, C7, and GSTMI.
10, The method of any one of claims 1-9, further comprising determining the level of at least
one RNA transcript, or ifs expression product, from the proliferation gene group, wherein the
proliferation gene group comprises TPX2, CDC20, and MYBL2.
11. The method of any one of claims 1-10, wherein the level of any one of the gene
combinations shown in Table 4 are determined.
2. The method of any one of claims 1-11, wherein the quantitative score is caleulated based
on any one of the algorithms shown in Table 4.
13, The method of claim 1 or 2, wherein the RNA {ranscripts, or their expression products,
of BGN, COLIAL, SFRP4, FLNC, GSN, TPM2Z, FAMI3C, and KLK2 are assigned to the
following gene groups:

a) stromal response gene group: BGN, COLIAL, and SFRP4

b} cellular organization gene group: FLNC, GSN, and TPMZ2 and

¢} androgen gene group: FAMI3C and KLKZ; and
wherein the level of the RNA transeripts, or thelr expression products, of at least one of a) -
¢} are determined.
{4, The method of any one of claims 1-13, wherein the level of the one or more RNA
transcripts, or an expression product thereof, is normalized relative to the expression level of
one or more reference genes,
15, The method of any one of ¢laims 1-14, wherein the clinical outcome is selected from
adverse pathology, non~organ-confined disease, high-grade disease, and high-grade or non-
organ-confined discase.
16. A method of predicting a likelthood of a clinical outcome for a patient with prostate
cancer, comprising:
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determining a level of one or more RNA franscripts, or an expression produet thereof,
in a biological sample containing cancer celis obtained from said patient, wherein the one or
more RNA transcripts, or an expression product thereof, is selected from BGN, COLIATL,
SFRP4, FLNC, GSN, GSTM2, TPM2, AZGPL, KLK2, FAMI3CE, SRDISAZ, and TPXZ,

normalizing the level of the one or more RNA transcripts, or an expression product
thereof, to obtain a normalized expression level of the one or more RNA transcripts, or an
expression product thereof,

comparing the normalized expression level to gene expression data in reference
prostate cancer sarmples, and

predicting the likelihood of one or more of adverse pathology, non-organ-confined
disease, high-grade disease, or high-grade or non-organ-confined disease in the patient based
on the normalized expression level of the one or more RNA transcripts, or an expression
product thereof]

wherein increased normalized expression levels of BGN, COLIAIL, SFRP4, and
TPX2 correlate with an increased likelihood of adverse pathology, non-organ-confined
disease, high-grade disease, or high-grade or non-organ confined disease, and

wherein increased normalized expression levels of FLNC, GSN, GSTMZ, TPMZ,
AZGPL, KLK2, FAMI3CI, and SRIDSAZ correlate with a decreased likelihood of adverse
pathology, non-organ-confined disease, high-grade disease, or high-grade or non-organ
confined disease.
17. The method of claim 16, further comprising assigning the one or more RNA transeripts,
ot an expression product thereof, {0 one or more gene groups selected from a cellular
organization gene groupan androgen gene group, a stromal response gene group, and a
proliferation gene group;

calculating one or more quantitative scores for the patient by weighting the
normalized expression level of one or more RNA transcripts, or an expression product
thereof, by their contribution o a clinical outcome; and

predicting the likelihood of one or more of adverse pathology, non-organ-confined
discase, high-grade discase, or high-grade or non-organ-confined disease for the patient based
on the one or more quantitative scores;

whereln the quantitative score is selected from a stromal response group score, cellular

organization group score, androgen group score, proliferation group score, and recurrence

SCOIE;
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wherein the stromal response group score comprises the normalized expression levels of
BGN, COL1AIL, and SFRP4; the cellular organization group score comprises the normalized
expression levels of FLNC, GSN, TPM2, and GSTM2; the androgen group score comprises
the normalized expression levels of FAMI3C, LK2, AZGPL, and SRDISAZ2; the proliferation
group score comprises the normalized expression level of TPX2; and the recurrence score
comprises the stromal response group score, celinlar organization group score, androgen
group score, and proliferation group score; and

wherein an increased stromal response group score, proliferation group score, and

recurrence score correlate with an increased likelihood of adverse pathology, non-organ-
confined disease, high-grade disease, or high-grade or non-organ confined disease, and an
increased cellular organization group score and androgen group score correlate with a
decreased likelihood of adverse pathology, non-organ-confined disease, high-grade disease,
ot high-grade or non-organ confined disease.
18. The method of any one of claims 1-17, wherein the biological sample is a tissue sample,
19. The method of claim 18, wherein the tissue sample is fixed, paraffin-embedded, or fresh,
or frozen.
20. The method of any one of claims 1-19, wherein the level of one or more RNA transcripts
is determined by quantitative RT-PCR.
21. The method of any one of claims 1-19, wherein the level of the expression product is
determined by immunohistochemistry or proteomics techuiques.
22. The method of any one of claims 1-21, further comprising creating a report suramarizing
the prediction,
23, The method of any one of claims 1-22, wherein the one or more RNA franscripts, or an
expression product thereof, roay be substituted with a co-expressed gene listed in Tables 8-
i
24, The method of any one of claims 1-23, wherein the levels of the RNA transcripts, or
exprassion products thereof, of BGN, COL1AL, SFRP4, FLNC, GSN, G8TMZ, TPM2,
AZGPL, KLKZ, FAMI3CH, SRDSA2Z, and TPX2, are determined.

197



