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GENE EXPRESSION MARKERS FOR COLORECTAL CANCER PROGNOSIS

Cross-Reference to Related Applications

[0001] This is a non-provisional application filed under 37 C.F.R. 1.53(b) claiming
priority under 35 U.S.C. §119(e) to provisional Application Serial No. 60/758,392 filed January
11, 2006 and to provisional Application Serial No. 60/800,277. filed May 12, 2006 and to
provisional Application Serial No. 60/810,077 filed May 31, 2006 all of which are incorporated 1

herein by reference in their entirety.

Backeground of the Invention

Field of the Invention

[0002]  The present-invention provides genes and gene sets, the expression levels of

which are useful for predicting outcome of colorectal cancer.

Description of Related Art

[0003] Colorectal cancer is the number two cause of cancer-related death in the
United States and the European Union, accounting for 10% of all cancer-related deaths.
Although colon cancer and rectal cancer may represent identical or similar disease at the
molecular level, surgery for rectal cancer is complicated by anatomical issues. Possibly for this
reason, the rate of local recurrence for rectal cancer is significantly higher than for colon cancer,
and so the treatment approach is significantly different. Approximately‘IO0,000 colon cancers
are newly diagnosed each year in the United States, with about 65% of these being diagnosed as
stage II/III colorectal cancer as discussed below.

[0004] ¢ Refining a diagnosis of colorectal cancer involves evaluating the progression
status of the cancer using standard classification criteria. Two classification systems have been
widely used in.colorectal cancer, the modified Duke’s or Astler-Coller staging system (Stages A-
D) (Astler VB, Coller FA., Ann Surg 1954;139:846-52), and4 more recentfy TNM staging (Stages
I-IV) as developed by the American Joint Committee on Cancer (4JCC Cancer Staging Manual,
6th Edition, Springer-Verlag, New York, 2002). Both systems apply measures of the spread of
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the primary tumor through layers of colon or rectal wall to the adjacent organs, lymph nodes and
distant sites to evaluate tumor progression. Estimates of recurrence risk and treatment decisions
in colon cancer are currently based primarily on tumor stage.

[0005]  There are approximately 33,000 newly diagnosed Stage II colorectal cancers
each year in the United States. Nearly all of these patients are treated by surgical resection of the
tumor and, in addition, about 40% are currently treated with chemotherapy based on 35-
fluorouracil (5-FU). The decision whether to administer adjuvant chemotherapy is not
straightforward. The five-year survival rate for Stage II colon cancer patients treated with
surgery alone is approximately 80%. Standard adjuvant treatment with 5-FU + leucovorin
(folinic acid) demonstrates an absolute benefit of only 2-4% in this population and shows
significant toxicity, including a rate of toxic death from chemotherapy as high as 1%. Thus, a
large number of patients receive toxic therapy from which only a few benefit.

[0006] A test capable of prognosis after surgery in Stage I colorectal cancer patients
would be of great beneﬁt for guiding treatment decisions for these patients.

[0007]  The benefit of chemotherapy in Stage III colon cancer is more evident than it
is in Stage II. A large proportion of the 31,000 patients anﬁually diagnosed with Stage III colon
cancer receive 5-FU-based adjuvant' chemotherapy, and thé absolute benefit of 5-FU +
leucovorin in this setting is around 18-24%, depending on the particular regimen employed.
Current standard-of-care chemotherapy treatment for Stage III colon cancer patients (5-FU +
leucovorin or 5-FU + leucovorin + oxaliplatin) is moderately effective, achieving an
improvement in 5-yr survival rate from aboﬁt 50% (surgery alone) to about 65% (5-FU +
leucovorin) or 70% (5-FU + leucovorin + oxaliplatin). Treatment with 5-FU + leucovorin alone
or in combination with oxaliplatin is accompanied by a range of adverse side-effects, including
toxic death in approximately 1% of patients treated. Furthermore, the three-year survival rate for
Stage III colon cancer patients treated with surgery alone is about 47% and it has not been
established whether a subset of Stage III patients exists for which recurrence risk resembles that
observed for Stage II patients.

[0008] A test that would quantify recurrence risk based on molecular markers rather
than tumor stage alone would be useful for identifying a subset of Stage III patients that may not

require adjuvant therapy fo achieve acceptable outcomes.
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[0009]  Staging of rectal tumors is carried out based on similar criteria as for colon
tumor staging, although there are some differences resulting for example from differences in the
arrangement of the draining lymph nodes. As a result, Stage IVII rectal tumors bear a
reasonable correlation to Stage II/III colon tumors as to their state of progression. As noted
above, the rate of local recurrence and other aspects of prognosis differ between rectal cancer
and colon cancer, and these differences may arise from difficulties in accomplishing total
resection of rectal tumors. Nevertheless, there is no compelling evidence that there is a
difference between colon cancer ard rectal cancer as to the molecular characteristics of the
respective tumors. Prognostic tests for rectal cancer would have utility similar in nature as
described for colon cancer progﬂostic tests and the same prognostic markers might well apply to
both cancer types.

[0010] In addition, there is a clear need for safer and more efficacious drugs for the
treatment of colon cancer. Current chemotherapy for colon cancer is based on the relatively
crude approach of administering drugs that generally interfere with the proliferation of dividing
cells. Recent clinical studies have demonstrated the feasibility of developing improved drugs
“based on detailed molecular understanding of particular cancer types and subtypes. For example,
the HER2 (ERBB2) gene is amplified and the HER2 protein is overexpressed in a subset of
breast cancers; HERCEPTIN® (Genentech, Inc.) a drug 'de{/eloped to target HER2, is indicated
only for those patients who have an higher than normal copy number of HER2 as demonstrated
by fluorescent in situ hybridization (FISH) or a high level of HER2 expression as demonstrated
by immunohistochemistry. Genes, whose expréssion is associated with clinical outcome in
human cancer patients, are a valuable resource for selection of targets for drug compound
screening and further drug development activities.

[0011]  Molecularly targeted drugs, such as HERCEPTIN® (Genentech, Inc.) can be
developed and commercialized in conjunction with a diagnostic test that can identify patients
who are likely to benefit from the drug; one aspect of such a test is thé identification of those
patients likely to have a positive outcome without any treatment other than surgery. For
example, 80% of Stage II colon cancer patients survive five years or more when treated with
surgery alone. .Geﬁe markers that identify patients more likely to be among the 20% whose
cancer will recur without additional treatment are useful in drug development, for example in

screening patients for inclusion in a clinical trial.
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Summary of the Invention

[0012] In ‘one aspect, the present invention concerns a method for predicting the
clinical outcome iﬁ a subject diagnosed with colorectal cancer following surgical resection of
said cancer, comprising determining the expression level of one or more predictive RNA
transcripts listed in Tables 1A-B, 2A-B, 3A-B, 4A-B, 5A-B, 6 and/or 7, or their expression
products, in a biological sample comprising cancer cells obtained from said subject wherein: (a)
evidence of increased expression of one or more of the genes listed in Table 1A, 2A, 3A, 4A .
“and/or S5A , or the corresponding expression product, indicates a decreased likelihood of a
positive clinical outcome; and (b) evidence of increased expression of one or more of the genes
listed in Table 1B 2B, 3B, 4B and/or 5B, or the corresponding expression product, indicates an
mcreased likelihood of a posxtlve clinical outcome. It is contemplated that if the likelihood of
positive clinical outcome is predicted to be decreased said patient is subjected to further therapy
following said surgical removal. It is further contemplated that the therapy is chemotherapy
and/or radiation therapy.

[0013] | The clinical outcome of the method of the invention may be expressed, for
example, in terms of Recurrence-Free Interval (RFI), Overall Survival (OS), Disease-Free
Survival (DFS), or Dlstant Recurrence-Free Interval (DRFI)

[0014] In one embodiment, the cancer is Dukes B (stage II) or Dukes C (stage IID)
colorectal cancer.

[0015] In another aspect, the invention concerns a method of predicting the duration
of Recurrence-Free Interval (_RFI) in a subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colorectal cancer following éurgical resection of said cancer, comprising determining
the expression level of one or more predictive RNA transcripts listed in Tables 1A, 5A, 1B,
and/or 5B, or their expressmn products, in a biological sample comprising cancer cells obtamed
from said subject, wherem. (a) evidence of increased expression of one or more of the genes
listed in Table 1A or 5A, or the corresponding expression product, indicates that said RFI is
predicted to be shorter; and (b) evidence of increased expression of one or more of the genes
listed in Table 1B, or 5B, or the corresponding expression product, mdlcates that said RFI is

predicted to be longer.
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[0016] In another aspect, the invention concerns a method of predicting Overall
Survival (OS) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon cancer
following surgical resection of said cancer, comprising determining the expression level of one
or more predictive RNA transcripts listed in Tables 2A and/or 2B, or their expression products,
in a biological sample comprising cancer cells obtained from said subject, wherein: (a) evidence
of increased expression of one or more of the genes listed in Table 2A, or the corresponding
expression product, indicates that said OS is predicted to be shorter; and (b) evidence of
increased expression of. one or more of the genes listed in Table 2B, or the corresponding
expression product, indicates that said OS is predicted to be longer.

[0017]  In another aspect, the invention concerns a method of predicting Disease-Free
Survival (DFS) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon
cancer followmg surgical resection of sald cancer, comprising determining the expression level
of one or more predictive RNA transcrlpts listed in Tables’ 3A, and/or 3B, or their expression
products, in a biological sample comprising cancer cells obtained from said subJect wherein: (a)
evidence of increased expression of one or more of the genes listed in Table 3A, or the
corresponding expression product, indicates that said DFS is predicted to be shorter; and (b)
evidence of increased expression of one or more of the genes listed in Table 3B, or the
corresponding expression product, indicates that said DFS is predicted to be longer.

[0018] In anothél_' aspect, the invention concerns a method of predicting the duration
of Distant Recurrence-Free Interval (DRFI) in a subject diagnosed with Dukes B (stage II) or
Dukes C (stage III) colon cancer following surgical resection of sald cancer, compnsmg
determining the expression level of one or more predictive RNA transcrxpts listed in Tables 4A .
and/or 4B, or their express19n products, in a biological sample comprising cancer cells obtained
from said subject, wherein: (a) evidence of increased expression of one or more of the genes
listed in Table 4A, or the corresponding expression product, indicates that said DRFI is predicted
to be shorter; and (b) evidence of increased expression of one or more of the genes listed in
Table 4B, or the corresponding expression product, indicates that said DRFI is predicted to be
longer. ' .

[0619] In another aspect, the invention concerns a method of predicting clinical
outcome for a subject diagnosed with colorectal cancer following.surgical resection of said

cancer, comprising determining evidence of the expression. level of one or more predictive RNA
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transcripts listed in Tables 1.2A-B, 2.2A-B, 3.2A-B, 4.2A-B, 5.2A-B, 6.2 and/or 7.2, or their

expression products,' in a biological sample comprising cancer cells obtained from said subject,

wherein (a) evidence of increased expression of .one or more of the genes listed in Table 1.2A,

2.2A, 3.2A, 4.2A and/or 5.2A, or the corresponding expression product, indicates a decreased -
likelihood of a positive clinical outcome; and (b) evidence of increased expression of one or

more of the genes listed in Table 1.2B, 2.2B, 3.2B, 4.2B and/or 5.2B, or the col;responding

expression product, indicates an increased likelihood of a positive clinical outcome.

[0020] In another aspect, the invention concerns a method of predicting the duration
of Recurrence-Free Interval (RFI) in a subject diagnosed with Dukes B (stage II) or Dukes C -
(stage III) colorectal cancer following surgical resection of said cancer, comprising determining
the expression level of one or more predictive RNA transcripts listed in Tables 1.2A, 1.2B, 5.2A
and/or 5.2B, or their expression products, in a biological sample comprising cancer. cells
obtained from said subject, wherein (a) evidence of increased expression of one or more of the
genes listed in Table 1.2A or 5.2A, or the corresponding expression product, indicates that said
RFI is predicted to be shorter; and (b) evidence of increased expression of one or more of the
genes listed in Table 1.2B or 5.2B, or the corresponding expression product, indicates that said
REFI is predicted to be longer. |

[0021] In another aspect, the invention concerns a method of predicting Overall
Survival (OS) in a subject diaénosed with Dukes B (stage fI) or Dukes C (stage fII) colon cancer
following surgical resection of said cancer, comprising determining the expression level of one
or more predictive RNA transcripts listed in Tables 2.2A and/or 2.2B, or their expre's'sion
products, in a biological sample comprising cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of theé genes listed in Table 2.2A, or the
corresponding expression product, indicates that said OS is predicted to be shorter; and (b)
evidence of increased expression of one or more of the genes listed in Table 2.2B, or the
corresponding expression product, indicates that said OS is predicted to be longer.

[0022]  In another aspect, the invention concerns a method of predicting Disease-Free
Survival (DFS) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon
cancer following surgical resection of said cancer, comprising determining the expression level
of one or more predictive RNA transcripts listed in Tables 3.2A and/or 3.2B, or their expression

products, in a biological samble comprising cancer cells obtained from said subject, wherein (a)
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evidence of increased expression of one or more of the genes listed in Table 3.24A, or the
corresponding expression product, indicates that said DFS is predicted to be shorter; and (b)
evidence of increased expression of one or more of the genes listed in Table 3.2B, or the
corresponding expression product, indicates that said DFS is predicteci to be longer.

[0023]  In another aspect, the invention concerns 'a method of predicting the duration
of Distant Recurrence-Free Interval (DRFI) in a subject diagno.sed with Dukes B (stage II) or
Dukes C (stage III) colon cancer following surgical resection of said cancer, comprising
determining the expression level of one or more predictive RNA transcripts listed in Tables 4.2A
and/or 4.2B, or their expression products, in a biological sample comprising cancer cells
obtained from sa}d subject, wherein (a) evidence of increased expression of one or more of the
genes listed in Table 4.2A, or the corresponding expression product, indicates that said DRFI is
predicted to be shorter; and (b) e.vidence of increased expression of one or more of the genes
listed in Table 4.2B, or the corresponding expression product, indicates that said DRFI is
predicteci to be longer.

[0024] In another aspect, the invention concerns a method of predicting clinical
outcome for a subject diagnosed with colorectal cancer following surgical resection of said
cancer, comprising determining evidence of the expression level of one or more predictive RNA
transcripts listed in Tables 1A-B, 1.2A-B, 2A-B, 2.2A-B, 3A-B, 3.2A-B, 4A-B, 4.2A-B, 5A-B,
5.2A-B, 6, 6.2, 7 and/or 7.2, or their expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a) evidence of increased expression of one or
more of the genes listed. in Table 1A,1.2A, 2A, 2.2A, 3A, 3.2A, 4A,4.2A, 5A and/or 5.2A, or the
corresponding expression product, indicateé a decreased likelihood of a positive clinical
outcome; and (b) evidence of increased expression of .one or more of the genes listed in Table
1B,1.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B, 5B and/or 5.2B, or the corresponding expression
product, indicates an increased likelihood of a positive clinical outcome.

[0025] In another aspect, the invention concerns a method of predicting the duration .
of Recurrence-Free Interval (RFI) in a subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colorectal cancer following surgical resection of said cancer, comprising determining
the expression level 'of one or more predictive RNA transcripts listed in Tables 1A, 1.2A, 1B,
1.2B, 5A, 5.2A, 5B and/or 5.2B, or their expression products, in a biological sample comprising

cancer cells obtained from said subject, wherein (a) evidence of increased expression of one or
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more of the genes listed in Table 1A, 1.2A, 5A and/or 5.2A, or the corresponding expression
product, indicates that said RFI is predicted to be shorter; and (b) evidence of increased
expression of one or more of the genes listed in Table 1B, 1.2B, 5B and/or 5.2B, or the
corresponding expression product, indicates that said RFI is predicted to be longer.

[0026] In another aspect, the invention concerns a method of predicting Overall
Survival (OS) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon cancer
following surgical resection of said cancer, comprising determining the expression level of one
or more predictive RNA transcripts listed in Tables 2A, 2.2A, 2B and/or 2.2B, or their
expression products, in a biological sample comprising cancer cells obtained from said subject,
wherein (a) evidence of increased expression of one or more of the genes listed in Table 2A
and/or 2.2A, or the corresponding expression product, indicates that said OS is predicted to be
shorter; and (b) evidence of increased expression of one or more of the genes listed in Table 2B
and/or 2.2B, or the corresponding expression product, indicates that said OS is predicted to be
longer.

[0027]  In another aspect, the invention concerns a method of predicting Disease-Free .
Survival (DFS) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon
cancer following surgical resection of said cancer, comprising determining the expression level
of one or more predictive RNA transcripts listed in Tables 3A, 3.24A, 3B and/or 3.2B, or their
expression products, in a biological sample comprising cancer cells obtained from said subject,
wherein (a) evidence of increased expression of one or more of the genes listed in Table 3A
and/or 3.2A, or the corresponding expression product, indicates that said DFS is predicted to be
shorter; and (b) evidence of increased expression of one or more of -the genes listed in Table 3B
and/or 3.2B, or the corresponding expression product, indicates that said DFS is predicted to be
longer.

[0028]  In another aspect, the invention concerns a method of predicting the duration
of Distant Recurrence-Free Interval (DRFD) in a subject diagnosed with Dukes B (stage II) or
Dukes C (stage- III) colon cancer following surgical resection of said cancer, comprising
determining the expression level of one or more predictive RNA transcripts listed in Tables 4A,
4.2A, 4B and/or 4.2B, or their expression products, in a blologlcal sample comprising cancer
cells obtained from said subject, wherein () evidence of increased expression of one or more of

the genes listed in Table 4A and/or 4.2A, or the corresponding expression product, indicates that
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said DRFI is predicted to be shorter; and (b) evidence of increased expression of one or more of
the genes listed in Table 4B and/or 4.2B, or the corresponding expression product, indicates that
said DRFI is predicted to be longer.

[0029] In another aspect, the invention concerns a method of predicting clinical
outcome in a subject diagnosed with Dukes B (stage II) colorectal cancer following surgical
resection of said cancer, comprising determining the expression level of one or more predictive
RNA transcripts selected from the group consisting of ALCAM, CD24, CDHI11, CENPE, CLTC,
CYR61, EMR3, ICAM2, LOX, MADH2, MGATS5, MT3, NUFIP1, PRDX6, SIR2, SOSI,
STATS5B, TFF3, TMSB4X, TP53BP1, WIF, CAPG, CD28, CDC20, CKS1B, DKK1, HSD17B2,
and MMP7, or their expression products, in a biological sample comprising cancer cells obtained
from said subject, wherein: (a) evidence of increased expression of one or more of the genes
selected from the group consisting of ALCAM, CD24, CDH11, CENPE, CLTC, CYR61 , EMR3,
ICAM2, LOX, MADH2, MGATS, MT3, NUFIP1, PRDX6, SIR2, SOS1, STATSB, TFF3,
TMSB4X, TP53BP1, and WIF, or the correspondirig expression product, indicates a decreased
likelihood of positive clinical outcome; and (b) evidence of increased expression of one or more
of the genes selected from the group consistiﬁg of CAPG, CD28, CDC20, CKS1B, DKK1,
HSD17B2, and MMP7, or the corresponding expression product, indicates an increased
likelihood of positive clinical outcome.

[0030] In another aspect, the invention concerns a m.ethod of predicting clinical
outcome in a subject diagnosed with Dukes C (stage III) colorectal cancer following surgical
resection of said cancer, comprising determining the expression level of one or more predictive
RNA transcripts selected from the group consisting of CAPG, CD28, CKS1B, CYR61, DKKI1,
HSD17B2, LOX, MMP7, SIR2, ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3,
ICAM2, MADH2, MGATS5, MT3, NUFIP1, PRDX6, SOS1, STAT5B, TFF3, TMSB4X,
TP53BP1, and WIF, or their expression products, in a biological sample comprising cancer cells
obtained from said subject, wherein: (a) evidence of increased expression of one or more of the
genes selected from the group consisting of CAPG, CD28, CKS1B, CYR61, DKX1, HSD17B2,
LOX, MMP7, and SIR2, or the corresponding expression product, indicates a decreased
likelihood of positive clinical outcome; and (b) evidence of increased expression of one or more
of the genes selected from the group consisting of ALCAM, CD24, CDC20, CDHI11, CENPE,
CLTC, EMR3, ICAM2, MADH2, MGATS, MT3, NUFIP1, PRDX6, SOS1, STATSB, TFF3,
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TMSB4X, TP53BP1, and WIF, or the corr'esponding expression product, indicates an increased
likelihood of positive clinical outcome.

[0031] For all aspects of the method of the invention, determining the expression
level of one or more genes may be obtained, for example, by a method of gene 'expression
profiling. The method of gene expression proﬁling may be, for example, a PCR-based method.

[0032] For all aspects of the invention, the expression levels of the genes may be
normalized relative to the expression levels of one or more reference genes, or their expression
products. |

[0033]  For all aspects of the invention, the subject preferably is a human patient.

[0034] TFor all aspects of the invention, the method may further comprise
determining evidence of the expression levels of at least two of said genes, or their expression
products. It is further contemplated that the method of the invention may further comprise
determining evidence of the expression levels of at least three of said genes, or their expression
products. It is also c.ontemplated that the method of the invention may further comprise
determining evidence of the expression levels of at least four of said genes, or their expression
products. It is also contemplated that the method of the invention may further coniprise
determining evidence of the expression levels of at least five of said genes, or their expression
products.

10035]  For all aspects of the invention, the method may further comprise the step of
creating a report summarizing said prediction.

[0036] For all aspects of the invention, it is contemplated that for every increment of
an increase in the level of one or more predictive RNA transcripts or their expression products, -
the patient is identified to show an incremental increase in clinical outcome.

[0037] For all aspects of the invention, the determination of expression levels may
occur more than one time. For all aspects of the invention, the determination of expression
levels may occur before the patient is subjected to any therapy following surgical resection.

[0038] In a different aspect the invention is directed to a report comprising the
predicted clinical outcome in a subject diagnosed ;)vith colorectal cancer following surgical
resection of said cancer, comprising a prediction of clinical outcome based on information
comprising the expression level of one or more predictive RNA transcripts listed in Tables 1A-B,
2A-B, 3A-B, 4A-B, 5A-B, 6 and/or 7, or their expression products, in a biological sample
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comprising cancer cells obtained from said subject wherein: (a) evidence of increased expression
of one or more of the genes listed in Table 1A, 2A, 3A, 4A , and/or 5A , or the corresponding
expression product, indicates a decreased likelihood of a i)ositive clinical outcome; and (b)
evidence of increased expression of one or more of the genes listed in Table 1B, 2B, 3B, 4B
and/or 5B, or the correspondi'ng expression product, indicates an increased likelihood of a
positive clinical outcome. The clinical outcome of the report of the invention may be expressed,
for example, in terms of Recurrence-Free Interval (RFI), Overall Survival (OS), Disease-Free
Survival (DFS), or Distant Recurrence-Free Interval (DRFI). In one embodiment that cancer is
Dukes B (stage II) or Dukes C (stage II) colorectal cancetr. The prediction of clinical outcome
may comprise an estimate of the likelihood of a particular clinical outcome for a subject or may
comprise the classification of a subject into a risk group based on said estimate. '

[0039] In another aspect the invention is directed to a report predicting clinical
outcome for a subject diagnosed with colorectal cancer following surgical resection of said
cancer, comprising a prediction of clir;ical outcome based on information. comprising the
expression level of one or more predictive RNA transcripts listed in Tables 1.2A-B, 2.2A-B,
3.2A-B, 4.2A-B, 5.2A-B, 6.2 and/or 7.2, or their expression prodlicts, ina bielogical sample
comprising cancer cells obtained from said subject, wherein (a) evidence of increased expreesion
of one or more of the genes listed in Table 1.2A, 2.2A, 3.2A, 4.2A and/or 5.2A, or the
corresponding expression product,’ indicates a decreased likelihood of a positive clinical
outcome; and (b) evidence of increased expression of one or more of the genes listed in Table
1.2B, 2.2B, 3.2B, 4.2B and/or 5.2B, or the corresponding expression product, indieates an
increased likelihood of a positive clinical outcome. The clinical outcome of the report of the
invention ma'y be expressed, for example, in terms of Recurrence-Free Interval (RFI), Overall
Survival (OS), Disease-Free Survival (DFS), or Distant Recurrence-Free Interval (DRFI). In one

"embodiment that cancer is Dukes B (stage II) or Dukes C (stage III) colorectal cancer. The
prediction of clinical outcome may comprise an est'imate of the likelihood of a particular clinical
outcome for a subject or may comprise the classification of a subject into a risk~ group based on
said estimate. |

[0040] In another aspect, the inventiqn concerns a report predicting clinical outcome
for a subject diagnosed with colorectal cancer following surgical resection of said cancer,

comprising a prediction of clinical outcome based on information comprising the expression
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level of one or more predictive RNA transcripts listed i in Tables 1A-B, 1.2A-B, 2A-B, 2.2A-B,
3A-B, 3.2A- B, 4A-B, 4. 2A—B 5A-B, 5.2A-B, 6, 6.2, 7 and/or 7.2, or their expression products,
in a biological sample comprising cancer cells obtained from said subject, wherein (a) evidence
of iricreased expression of one or more of the genes listed in Table 1A,1.2A,2A, 2.2A, 3A, 3.2A,
4A, 4.2A, SA and/or 5.2A, or the corresponding expression product, indicates a decreased
likelihood of a positive clinical outcome; and (b) evidence of increased expression of one or
more of the genes listed in Table lB,1_.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B, 5B and/or 5.2B, or the
corresponding expression product, indicates an increased likelihood of a positive clinical
outcome. The prediction of clinical outcome may comprise an estimate. of the likelihood of a
particular clinical outcome for a subject or may compnse the classification of a subject into a risk
group based on said estimate.

[0041] In another aspect the invention is directed to a report predlctmg clinical
outcome in a subject diagnosed with Dukes B (stage ) colorectal cancer following surgical
resection of said cancer, comprising a prediction of clinical outcome based on mfoqmatmn
comprising the expression level of one or more predictive RNA transcripts selected from the
group éonsisting of ALCAM, CD24, CDH11, CENPE, CLTC, CYR6], EMR3, ICAM2, LOX,
MADH2, MGATS, MT3, NUFIP1, PRDX6, SIR2, SOS]1, STATSB, TFF3, TMSB4X, TP53BPI1,
WIF, CAPG, CD28, CDC20, CKSI1B, DKKI1, HSD17B2, and MMP?7, or their expression
products, in a biological sample comprising cancer cells obtained from said subject, wherein: (@
evidence of increased expression of one or more of the genes selected from the group consisting
of ALCAM, CD24, CDH11, CENPE, CLTC, CYR61, EMR3, ICAM2, LOX, MADH?2,
MGATS5, MT3, NUFIP1, PRDX6, SIR2, SOS1, STAT5B, TFF3 'TMSB4X TP53BP1, and WIF,
or the corresponding expression product, indicates a decreased llkehhood of positive chmcal
outcome; and (b) evidence of increased expression of one ormore of the genes selected from the
group consisting of CAPG, CD28, CDC20, CKS1B, DKK1, HSD17B2, and MMP7, or the
cori‘espbnding expression product, indicates an increased likelihood of positive clinical outcome.
The prediction of clinical outcome may comprise an estimate of the likelihood pf a particular
clinical outcome for a subject or may comprise the classification of a subject into a risk group
based on said estimate. |

[0042] In another aspect the invention is directed to a report predicting clinical

outcome in a subject diagnosed with Dukes C (stage IIT) colorectal cancer following surgical
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resection of said cancer, comprising a prediction of clinical outcome based on information
comprising the expression level of one or more predictive RNA transcripts selected from the
group consisting of CAPG, CD28, CKS1B, CYRS6], DKK1, HSD17B2, LOX, MMP7, SIR2,
ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3, ICAM2, MADH2, MGATS5, MT3,
NUFIP1, PRDX6, SOS1, STATSB, TFF3, TMSB4X, TP53BP1, and WIF, or their expression
products, in a biological sample comprising cancer cells obtained from said subject, wherein: (a)
evidence of increased expression of one or more of the genes selected from the group consisting
of CAPG, CD28, CKS1B, CYR61, DKK1, HSD17B2, LOX, MMP7, and SIR2, or the
corresponding expression product, indicates a decreased likelihood of positive-clinical outcome;
and (b) evidence of increased expression of one or more of the genes selected from the group
consisting of ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3, ICAM2, MADH2,
MGATS, MT3 NUFIP1, PRDX6, SOSI1, STATSB TFF3, TMSB4X, TP53BP1, and WIF, or the
corresponding expression product, indicates an increased likelihood of positive clinical outcome.
The prediction of clinical outcome may comprise an estimate of the likelihood of a particular
clinical outcome for a subject or may comprfse the classification of a subject into a risk group
based on said estimate.

[0043] In a different aspect the invention concerns a kit comprising one or more of
(1) extraction buffer/reagents and protocol; (2) reverse transcription buffer/reagénts and protocol;
and.(3) qPCR buffer/reagents and protocol suitable for performing the methods of this invention.

The kit may comprise data retrieval and analysis software.

Brief Description of Drawings

[0044]  Figure 1 shows a dendrogram representing the expression clustering of 142
genes that were statistically sigﬁificantly rela;ted to recurrence-free interval (Tables 1.2A and
1.2B) in the univariate Cox proportional hazards analysis. The cluster analysis used the
unweighted pair-group average amalgamation method and 1-Pearson r as the distance measure.

The identities of particular genes in clusters of interest are indicated along the x-axis.

Detailed Description of the Preferred Embodiment

A. Definitions
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[0045] Unless defined otherwise, technical and sdient?ﬁc 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 2nd ed., J. 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 applfcation.

[0046] 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 limited to the methods and materials described. For
purposes of the present invention, the following terms are defined below.

[0047] The term "tumor,” as used herein, refers to all neoplastic cell growth and
proliferation, whether malignant or benign, and all pre-cancerous and cancerous cells and tissues.

[0048] The terms "cancer" aﬁd "cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples of
cancer include, but are not limited to, breast cancer, ovarian cancer, colon cancer, lung cancer,
prostate cancer, hepatocellular cancer, gastric cancer, pancreatic cancer, cervical cancer, liver
\ cancér, bladder cancer, cancer of the urinary tract, thyroid cancer, renal cancer, carcinoma,
melanoma, and brain cancer.

[0049] The "pathology” of cancer includes all phenomena that compromise the well-
being of the patient. This includes, without limitation, abnormal or uncontrollable cell growth,
metastasis, interference with the normal functioning of neighboring cells, release of cytokines or
other secretory products at abnormal levels, suppression or aggravation of inflammatory or
immunological response, neoplasia, premalignancy, malignancy, invasion of surrounding or
distant tissues or organs, such as lymph nodes, etc.

[0050] The term “colorectal cancer” is used in the broadest sense and refers to (1) all
stages and all forms of cancer arising from epithelial cells of the large intestine and/or rectum
and/or (2) all stages and all forms of cancer affecting the lining of the large intestine and/or
rectum. In the staging systems used for classification of colorectal cancer, the colon and rectum
are treated as one organ. . ‘

[0051] According to the tumor, node, metasiatis (TNM) staging system of the
American Joint Committee on Cancer (AJCC) (Greene et al. (eds.), AJCC Cancer Staging

14/253



WO 2007/082099 PCT/US2007/000995

Manual. 6th Ed. New York, NY: Springer; 2002), the various stages of colorectal cancer are
defined as follows:

‘ [0052] Tumor: T1: tumor invades submucosa; T2: tumor invades muscularis propria;
T3: tumor invades through the muscularis propria into the subserose, or into the pericolic or
perirectal tissues; T4: tumor directly invades other organs or structures, and/or perforates.

[0053] Node: NO: no regional lymph node metastasis; N1: metastasis in 1 to 3
regional lymph nodes; N2: metastasis in 4 or more regional lymph nodes.

[0054]  Metastasis:MO: mp distant metastasis; M1: distant metastasis present.

[0055]  Stage groupings: Stage I: T1 NO M0; T2 NO MO; Stage II: T3 NO MO; T4 NO
MO; Stage III: any T, N1-2; MO; Stage IV: any T, any N, M1.

[0056] According to the Modified Duke Staging System,y the various stages of
colorectal cancer are defined as follows:

[0057] Stage A: the tumor penetrates into the mucosa of the bowel wall but not
further. Stage B: tumor penetrates into and through the muscularis propria of the bowel wall;
Stage C: tumor penetrates into but not through muscularis propria of the bowel wall, there is
pathologic evidence of colorectal cancer in the lymph nodes; or tum6r penetrates into and
through the muscularis propria of the bowel wall, there is pathologic evidence of cancer in.the

. lymph nodes; Stage D: tumor has spread beyond the confines of the lymph nodes, into other
organs, such as the liver, lung or bone.

[0058] Prognostic factors are those variables related to the natural history of-
colorectal cancer, which influence the recurrence rates and outcome of patients once they have
developed colorectal cancer. Clinical parameters that have been associated with a worse
prognosis include, for example,'lymph node iqv’olvement, , and high grade tumors. Prognostic
factors are frequently used to categorize patients into subgroups with different baseline relapse
risks.

[0059]  The term "prognosis" is used herein to refer to the pre&iction of the likelihood
of cancer-attributable death or progfession, including recurrence, metastatic spread, and drug
resistance, of a neoplastic disease, such as colon carcer.

[0060] The term “prediction” is used herein to refer to the likelihood that a patient
will have a particular clinical outcome, whether positive or negative, following surgical removal

of the primary tumor. The predictive'methods of the present invention can be used clinically to
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make treatment decisions by choosing the most appropriate treatment modalities for any
particular patient. The predictive methods of the present invention are valuable tools in
predicting if a patient is likely to respond favorably to a treatment regimen, such as surgical
intervention. The prediction may include prognostic factors. '

[0061] The term “positive clinical outcome” means an improvement in any measure
of patient status, including those measures ordinarily used in the art, such as an increase in the
duration of Recurrence-Free intervall (RFI), an increase in the time of Overall Survival (OS), an
increase in the time of Disease-Free Survival (DFS), an increase in the duration of Distant
Recurrence-Free Interval (DRFI), and the like. An increase in the likelihood of positive clinical
outcome coiresponds to a decrease in the likelihood of cancer recurrence.

[0062]  The term “risk classification” means the level of risk or the prediction that a
subject will experience a particular clinical outcome. A subject may be classified into a risk
group or classified at a level of risk based on the predictive methods of the present invention. A
“risk group” is a group of subjects or individuals with a similar level of risk for a particular
clinical outcome. ' .

[0063] The term “long-term” survival is used herein to refer to survival for at least 3
years, more preferably for at least 5 years.

[0064] The term “Recurrence-Free Interval (RFI)” is used herein to refer to time in
years to first colon cancer recurrence censoring for second primary cancer as a first event or
death without evidence of recurrence.

[0065]  The term “Overall Survival (OS)” is used herein to refer to time in years from
surgery to death from any cause.

[0066] The term “Disease-Free Survival (DFS)” fs used herein to refer to time in

" years to colon cancer recurrence or death from any cause.

[0067] The term “Distant Recurrence-Free Interval (DRFI)” is used herein to refer to
the time (in years) from surgery to the first anatomicalfy distant cancer recurrence.

[0068]  The calculation of the measures listed above in practice may vary from study
to study depending on the definition of events to be either censored or not considered.

-[0069]  The term "microarray" refers to an ordered arrangement of hybridizable array

elements, preferably polynucleotide probes, on a substrate.
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[0070]  The term "polynucleotide," when used in singular or plural, generally refers to
any polyribonucleotide or polydeoxribonucleotide, which may be unmodified RNA or DNA or
modified RNA or DNA. Thus, for instance, polynucleotides 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-stranded or include single- and doubie;s_tranded regions. In addition, the term
“polynucleotide” as used herein refers to triple-stranded regions cdmprising RNA or DNA or
both RNA and DNA. 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 “polynucleotide” specifically includes cDNAs. The
term includes DNAs (including cDNAs) and RNAs that contain one or more modified bases.
Thus, DNAs or RNAs with backbones modified for stability or for other reasons. are
"polynucleotides” 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 “pdlynucleotide” embraces all
chemically, enzymélticaily 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.

[0071] The term "oligonucleotide" refers to a relatively short polynucleotide,
including, without limitation, single-étranded deoxyribonucleotides, single- or double-stranded
ribonucleotides, RNA:DNA hybrids and double-stranded 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 vitre
recombinant DNA-mediated techniques and by expression of DNAs in cells and organisms.

[0072] The terms “differentially expressed gene,” “differential gene expression” and .
their synonyms, which are used interchangeably, refer to a gene whose expression is activated to
a higher or lower level in a subject suffering from a disease, spg:ciﬁcally cancer, such as colon

cancer, relative to its expression in a normal or control subject. The terms also include genes
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whose expression is activated to a higher or lower level at different stages of the same disease. It
is also understood that a differentially expressed gene may be either activated or inhibited at the
nucleic acid level or protein level, or may be subject to alternative splicing to result in a different
polypeptide product. Such differences may be evidenced by a change in mRNA levels, surface
expression, secretion or other partitioning of a polypeptide, for example. Differential gene
expression may include a comparison of expression between two or more genes or tfxeir gene
products, or a comparison of the ratios of the expression between two or more genes or their
gene.products, or even a comparison of two differently processed products of the same gene,
which differ between normal 'subjects and subjects suffering from a disease, si)ecifically_ cancer, ,
or between various stages of the same disease. Differential expression includes both
quantitative, as well as qualitative, differences in the temporal or cellular expression pattern in a
gene or its expression products among, for example, normal and diseased cells, or among cells
which have undergone different disease events or disease stages. For the purpose of this
invention, “differential gene expression” is considered to be present when there is at least an
about two-fold, preferably at least about four-fold; more preferably at least about six-fold, most
preferably at least about ten-fold diffefence between the expression of a given gene in normal
and diseased subjects, or in various stages of disease development in a diseased subject.

[0073]  The term “over-expression” with regard to an RNA transcript is used to refer
to the level of the transcript determined by normalizatién to the level of reference mRNAs,
which might be all measured transcripts in the specimen or a particular reference set of mRNAs.

[0074]  The phrase "gene amplification" refers to a process by-which multiple copies
of a gene or gene fragment are formed in a particular cell or cell line. The duplicated region (a
stretch of amplified DNA) is often referred to as "amplicon." Usually, the amount of the
messenger RNA (mRNA) produced, i.e., the level of gene expression, also increases in the
proportion of the number of cop.ies rr;ade of the particular gene expressed.

[0075]  "Stringency" of hybridization reactions is readily determinable by one of
ordinary skill 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 reanneal when complementary strands are

present in an environment below their melting temperature. The higher the degree of desired
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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 Biology, Wiley Interscience Publishefs, (1995).

[0076] "Stringent conditions" or "high stringency conditions", as deﬁnled herein;
typically: (1) employ low ionic strength and high temperature for washing, for example 0.015 M
sodium chloride/0.0015 M sodium citrate/0.1% ‘sodium dodecyl sulfate at 50°C; (2) employ
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/éOmM sodium
phosphate buffer at pH 6.5 with 750 mM sodium chléride, 75 mM sodium citrate at 42°C; or (3)
employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
.phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon
sperm DNA (50 ug/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2
x SSC (sodium chloride/sodium citrate) and 50% formamide, followed by a high-stringency
wash consisting of 0.1 x SSC containing EDTA at 55°C.

[0077] "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 strength and %SDS) less stringent that those described above. An example of
moderately stringent conditions is overnight incubation at 37°C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate (pH
7.6), 5 x Denhardt’s solution, 10% dextran sulfate, and 20 mg/ml denatured sheared salmon
sperm DNA; followed by washing the filters in 1 x SSC at about 37-50°C. The skilled artisan
will recognize how to adjust the temperature, ionic strength, etc. as necessary to accommodate
factors such as probe length and the like. -

[0078] In the context of the present invention, reference to "at least one," "at least
two," "at least five," etc. of the genes listed in any particular gene set means any one or any and
all combinations of the genes listed.

[0079] The term "node negative" cancer, such as "node néga}tive" colon cancer, is

used herein to refer to cancer that has not spread to the lymph nodes.
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[0080] The terms “sp.licing” and “RNA splicing” are used interchangeably and refer
to RNA processing that removes introns and joins exons to produce r;lature mRNA with
continuous coding sequence that moves into the cytoplasm of an eukaryotic cell,

[0081] © In theory, the term “exon” refers to any segment of an iﬁterrupted gene that is
represented in the mature RNA product (B. Lewin. Genes IV Cell Press, Cambridge Mass. 1990).
In theory the term “intron” refers to any segment of DNA that is transcribed but removed from
within the transcript by splicing together the exons on either side of it. Operationally, exon
sequences occur in the mRNA sequence of a gene as defined by Ref. SEQ ID numbers.
Operatidnally, intron sequences are the intervening sequences within the genomic DNA of a
gene, bracketed by exon sequences and having GT and AG splice consensus sequences at their 5°
and 3’ boundaries. ' '

[0082]  The term “expression cluster” is used herein to refer to a group of genes which
demonstrate similar expression patterns when stﬁdied within samples from a defined set of
patients. As used herein, the genes within an expression cluster show similar expression patterns
when studied within samples from patients with Stage II and/or Stage III cancers of the colon

and/or rectum.

B.1 General Déscription of the Invention -

[0083] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques), microbiology,
cell biology, and biochemistry, which are within the skill of the art. Such techniques are
explained fully in the literature, such as, “Molecular Cloning: A Laboratory Manual”, 2™ edition
(Sambrook et al., 1989); “Oligonucleotide Synthesis” (M.J. Gait, ed., 1984); “Animal Cell
Culture” (R.I. Freshney, ed., 1987); “Methods in Enzymology” (Academic Press, Inc.);
“Handbook of Experimental Immunology”, 4" edition (D.M. Weir & C.C. Blackwell, eds.,
Blackwell Science Inc., 1987); “Gene Transfer Vectors for Mammalian Cells” (J.M. Miller &
M.P. Calos, eds., 1987); “Currént Protocols in Molecular Biology” (F.M. Ausubel et al., eds.,
1987); and “PCR: The Polymerase Chain Reaction”, (Mullis et al., eds., 1994).

[0084] Based on evidence of differential expression of RNA transcripts in normal and

cancer cells, the present invention provides prognostic gene markers for colorectal cancer. Thus,

ina particular aspect, the invention provides prognostic gene markers of Stage II and/or Stage III
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colorectal cancer, including markers that are specifically prognostic to the outcome of either
Stage II or Stage III disease and those that have prognostic value at both stages, reflecting
underlying differences in tumor cells in the two stages and/or in the extent of tumor progression.
The prognostic markers and associated information provided by the present invention allow
physicians to make more intelligent treatment decisions, and to customize the treatment of
colorectal cancer to the needs of individual patients, thereby maximizing the benefit of treatment
and mmlmlzmg the exposure of patients to unnecessary treatments, which do not prov:de any
S1gmﬁcant benefits and often carry serious risks due to toxic side-effects.

[0085]  Disruptions in the normal functioning of various physiological processes,

including proliferation, apoptosis, angiogenesis and invasion, have been implicated in the

.pathology in cancer. The relative contribution of dysfunctions in particular physiological
processes to the pathology of particular cancer types is not well characterized. Any
physiological process integrates the contributions of numerous gene products expressed by the
various cells involved in the process. For example, tumor cell invasion of adjacent normal tissue
and intravasation of the tumor cell into the circulatory system are effected by an array of proteins
thet mediate various cellular characteristics, including cohesion among tumor cells, adhesion of
tumor cells to normal cells and connective tissue, ability of the tumor cell first to alter its
morphology and then to migrate through surrounding tissues, and ability of the tumor cell to
degrade surrounding connective tissue structures.

[0086] Multi-analyte gene expression tests can measure the expression level of one or
more genes involved in each of several relevant physiologic processes or component cellular
characteristics. In some instances the predictive power of the test, and therefore its utility, can be
improved by using the expression values obtained for individual genes to calculate a score which
is more highly correlated with outcome than is the expression value of the individual genes. For
example, the calculation of a quantitative score (recurrence score) that predicts the likelihood of
recurrence in estrogen receptor-positive, node-negative breast cancer is describe in a co-pendmg
U.S. Patent application (Publication Number 20050048542). The equation used to calculate such
a recurrence score may group genes in order to maximize the predictive value of the recurrence
score. The grouping of genes may be performed at least in part based on knowledge of their
contribution to physiologic functions or component cellular characteristics such as discussed

above. The formation of groups, in addition, can facilitate the mathematical weighting of the
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contribution of various expression values to the recurrence score. The weighting.of a gene group
representing a physiological process or component cellular characteristic can reflect the
confribution of that process or characteristic to the pathology of tile cancer and clinical outcome.
Accordingly, in an important aspect, the present invention also provides specific groups of the
prognostic genes identified herein, that together are more reliable and powerful predictors of
outcome than the individual genes or random combinations of the genes identified.

. [0087] In addition, based on the determination of a recurrence score, one can choose
to partition patients into subgroups at any particular value(s) of the recurrence score, where all
patients with values in a gi‘ven range can be classified as belonging to a particular risk group.
Thus, the values chosen will define subgroups of patients with respectively greater or lesser risk.

[0088]  The utility of a gene marker in predicting colon cancer outcome may not be
unique to that marker. An aitemativg: marker having a expression pattern that is closely similar
to a particular test marker may be substituted for or used in. addition to a test marker and have
little impact on the overall prédictive utility of the test. The closely similar expression patterns
of two genes may result from involvement of both genes in a particular process and/or being
under common regulatory control in colon tumor cells. The present invention specifically
mcludes and contemplates the use of such substitute genes or gene sets in the methods of the
present invention. ’

[0089] The progrostic markers and associated information_ provided by the present
invention predicting the clinical outcome in Stage II and/or Stage III cancers of the colon and/or
rectum has utility in the developrﬁent of drugs to treat Stage II and/or Stage III cancers of the
colon and/or rectum,.

[0090]  The prognostic markers and associated information provided by the present
invention predicting the clinical outcome in Stage II and/or Stage III cancers of the colon and/or
rectum also have utility in screening patients for inclusion in clinical trials that test the efficacy .
of drug compounds for the treatment of patients with Stage II and/or Stage III cancers of the
" colon and/or rectum. In particular the prognostic markers may be uséd on samples collected
from patients in a clinical trial and the resﬁlts of the test used in conjunction with patient
outcomes in order to determine whether subgroups of patients are more or less likely to show a

response to the drug than the whole group or other subgroups.
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[009t] The prognostic markers and associated information provided by the present
invention predicting the clinical outcome in Stage II and/or Stage III cancers of the colon and/or
rectum are useful as inclusion criterion for a clinical trial. For example, a patient is more likely
to be included in a clinical trial if the results of the test indicate a higher likelihood that the
patient will have a poor clinical outcome if treated with surgery alone and a patient is less likely
to be included in a clinical trial if the results of the test indicate a lower likelihood that the patient
will have a poor clinical outcome if treated with surgery alone.

[0092] In a particular embodiment, prognostic markers and associated information
are used to aesign or produce a reagent that modulates the level or activity of the gene’s
transcript or its expression product. Said reagents may include but are not limited to an antisense
RNA, .a small inhibitory RNA, a ribozyme, a monoclonal or polyclonal antibody.

[0093] In a further embodiment, said gene or its transcript, or more particularly, an
expression product of said transcript is used in an (screening) assay to identify a drug coﬁapouﬁd
wherein said drug compounds is used in the development of a drug to treat Stage II and/or Stage
III cancers of the colon and/or rectum. '

[0094] In various embodiments of the inventions, various technological approaches
are available for determination of expression levels of the disclosed genes, including, without
limitation, RT-PCR, mlcroarrays senal analysxs of gene expression (SAGE) and Gene
Expressmn Analysis by Massively Parallel Slgnature Sequencing (MPSS), which will be
discussed in detail below. In particular embodiments, the expression level of each gene may be
determined in relation to various features of the expression products of the gene including exons,
introns, protein epitopes and protein activity. In other embodiments, the expression level of a
gene may be inferred from analysis of the structure of the gene, for example from the analysis of

the methylation pattern of gene’s promoter(s).

B.2 Gene Expression Profiling

[0095]  Methods of gene expression profiling include methods based on hybridization
analysis of polynucle;)tides, methods based on sequencing of polynucleotides, and proteomics-
based methods. The most commonly used methods known in the art for the quantification of
mRNA expression in a sample include northern blotting and in situ hybridization (Parker &
Barnes, Methods in Molecular Biology 106:247-283 (1999)); RNAsq protection assays (Hod,
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 Biotechniques 13:852-854 (1992)); and PCR-based methods, such as reverse transcription
polymerase chain reaction (RT-PCR) (Weis et al, Trends in Genetics 8:263-264 (1992)).
Alternatively, antibodies may be employed that can recognize sequence—épeciﬁc duplexes,
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein
duplexes. Representative methods for sequencing-based gene expression analysis include Serial
Analysis of Gene Expression (SAGE), and gene expression analysis by massively parallel
signature sequencing (MPSS). ’

a. Reverse Transcriptase PCR (RT-PCR)

[0096] Of the techniques listed above, the most sensitive and most flexible

quantitative method is RT-PCR, which can be used to determine mRNA levels in various
_samples. The results can be used to compare gene expression patterns between sample sets, for
example in normal and tumor tissues and in patients with or without drug treatment.

[0097]. The first step is the isolation of mRNA from a target sample. The starting

material is typicaliy total RNA isolated from human tumors or tumor cell lines, and

corresponding normal tissues or cell lines, respectively. Thus RNA can be isolated from a variety -

.of primary tumors, including breast, lung, colon, prostate, brain, liver, kidney, pancreas, spleen,
thymus, testis, ovary, uterus, etc., tumor, or tumor cell lines, with pooled DNA from healthy
donors. If the source of mRNA is a primary tumor, mRNA can be extracted, for example, from
frozen or archived paraffin-embedded and fixed (e.g. formalin-fixed) tissue samples. '

[0098]  General methods for mRNA extraction are well known in the art and are

disclosed in standard textbooks of molecular biology, including Ausubel ef al., Current Protocols

of Molecular Biology, John Wiley and Sons (1997). Methods for RNA extraction from paraffin
embedded tissues are disclosed, for example, ‘in Rupp and Locker, Lab Invest. 56:A67 (1987),
and De Andrés et al., BioTechniques 18:42044‘(1995). In particular, RNA isolation can be
performed using purification kit, buffer set and protease from commercial manufacturers, such as
Qiagen, according to the manufacturer’s instructions. For example, total RNA from cells in
culture can be isolated using Qiagen RNeasy mini-columns. Other commercially available RNA
isolation kits include MasterPure™ Complete DNA and RNA Purification Kit (EPICENTRE®,
Madison, WI), and Paraffin Block RNA Isol.ation Kit (Ambion, Inc.). Total RNA from tissue
samples can be isolated using RNA Stat-60 (Tel-Test). RNA ﬁrepared from tumor can be

isolated, for example, by cesium chloride density gradient centrifugation.
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[0099] As RNA cannot serve as a template for PCR, the first steﬁ in gene expression
profiling by RT-PCR is the reverse transcription of the RNA template into cDNA, followed by
its exponéntial amplification in a PCR feaction. The two most commonly used reverse
transcriptases are avilo myeloblastosis virus reverse transcriptase (AMV-RT) and Moloney
murine leukemia virus reverse transcriptase (MMLV-RT). The reverse transcription step is
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
ﬁanufacturer’s instructions. The derived cDNA can then be used as a template in the subsequent
PCR reaction.

[0100] Although the PCR step can use a variety of thermostable DNA-dependent

- DNA polymerases, it typically employs the Taq DNA polymerase, which has a 5’-3° nuclease
activity but lacks a 3°-5° proofreading endonuclease activity. Thus, TagMan® PCR typically
-utilizes the 5’-nuclease activity of Taq or Tth polymerase to hydrolyze a hybridization probe
bound to its target amplicon, but any enzyme with equivalent 5’ nuclease activity can be used.
Two oligonucleotide primers are used to generate an amplicon typical of a PCR reaction. A third
oligonucleotide, or probe, is designed to detect nucleotide sequeﬁce located betwee;l the two
PCR primers. The probe is non-extendible by Taq DNA polymerase eniyme, and is labeled with
a reporter fluorescent dye and a quencher fluorescent dye. Any laser-induced emissi;an from the

* reporter dye is quenched by the quenching dye when the two dyes are located close together as

they are on the probe. During the amplification reaction, the Taq DNA polymerase enzyme
cleaves the probe in a template-dependent manner. The resultant probe fragments disassociate in
solution, and signal from the released reporter dye is free from the quenching effect of the
second fluorophore. One 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. .

[0101] TaqMan@ RT-PCR’ can be performed using commercially available
equipment, such as, 'for example, ABI PRISM 7700™ Sequence Detection System™ (Perkin-
Elmer-Applied Biosystems, Foster City, CA, USA), or Lightcycler (Roche Molecular
Biochemicals, Mannheim, Germany). In a preferred embodiment, the 5' nuclease procedure is
run on a real-time quantitative PCR device such as-the ABI PRISM 7700™ Sequence Detection
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™. The system consists of a thermocycler, laser, charge-coupled device (CCD), camera

System
and computer. The system amplifies samples in a 96-well format on a thermocycler. During
amplification, laser-induced fluorescent signal is collected in real-time through fiber optics
cables for all 96 wells, and detected at the CCD. The system includes software for running the
instrument and for analyzing the data.

[0102]  5'-Nuclease assay data are initially expressed as Ct, or the threshold cycle. As
discussed above, fluorescence values are recorded during every cycle and fepresent the amount
of product amplified to that point in the amplification reaction. The point when the fluorescent
signal is first recorded as statistically significant is the thr.eshold cycle (CY).

[0103] To minirﬁize errors and the effect of sample-to-sample variation, RT-PCR is
usually performed using an internal standard. The ideal internal standard is expressed at a
constant level among different tissues, and is unaffected by the experimental treatment. RNAs
most frequently used to normalize patterns of gene expression are mRNAs for the housekeepmg
genes glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) and B-actin.

[0104] A more recent variation of the RT-PCR. technique is the real time quantitative
PCR, which measures PCR product accumulation through a dual-labeled fluorigenic probe (i.e.,
TagMan® probe). Real time PCR is compatible both with quantitative competitive PCR, where
internal competitor for each 'target sequence is. used for normalization, and with quantitative
comparative PCR using a normalization gene contained within the sample, or a housekeeping
gene for RT-PCR. For further details see, e.g. Held et al., Genome Research 6:986-994 (1996).

' [0105] The steps of a representative protocol for profiling gene expression using
fixed, paraffin-embedded tissues as the RNA source, including mRNA isolation, purification,
primer extension and amplification are given in various published journal articles (for exampl'e:
T.E. Godfrey et al. J. Molec. Diagnostics 2: 84-91 (2000); K. Specht et al., Am. J. Pathol. 158:
419-29 (2001)). Briefly, a representative process starts with cutting about 10 pm thick sections
of paraffin-embedded tumor tissue samples. The RNA is then extracted, and protein and DNA
are removed. After analysis of the RNA concentration, RNA repair and/or amplification steps
may be included, if necessary, and RNA is reverse transcribed using gene specific promoters
followed by RT-PCR.

b. MassARRAY System
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[0106] In the MassARRAY-based gene expression prdﬁ]ing method, developed by
Sequenom, Inc. (San Diego, CA) following the isolation of RNA and reversé transcription, the
obtained cDNA 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 dephosphbrylation of the remaining
nucleotides.  After inactivation of the alkaline phosphatase, the PCR products from the
competitor and cDNA are subjected to primer extension, which generates distinct mass signals
for the competitor- and cDNA-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 iomization “time-of-flight mass spectrometry (MALDI-TOF MS)
analysis. The cDNA present in the reaction is then quantified by 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).

c. Other PCR-based Methods

[0107] Further PCR-based techniques inchide, for example, differential display
(Liang and Pardee, Science 257:967-971 (1992)); amplified fragment length polymorphism
(iAFLP)"(Kawa'moto et al., Genome Res. 12:1305-1312 (1999)); BeadArray™ technology
(Illumina, San Diego, CA; Oliphant et al., Discovery of Markers for Disease (Subplement to
Biotechniques), June 2002; Ferguson et al., Analytical Chemistry 72:5618 (2000)); BeadsArray

for Detection of Gene Expression (BADGE), using the commercially available Luminex100

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
expfession profiling (HiCEP) analysis (Fukumura et al., Nucl. Acids. Res. 31(16) €94 (2003)).

o d. Microarrays ' :

[0108] Differential gene expression can also be identified, or confirmed using the
microarray technique. Thus, the expression profile of colon cancer-associated genes can be
measured in either fresh or paraffin-embedded tumor tissue, using microarray technology. In this
method, polynucleotide sequences of interest (including cDNAs and oligonucleotides) are plated,
or arrayed, on a microchip substrate. The arrayed sequences are then hybridizéd with specific

DNA probes from cells or tissues of interest. Just as in the RT-PCR method, the source of
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mRNA typically is total RNA isolated from human tumois or tumor cell lines, and corresponding
normal tissues or cell lines. Thus RNA can be isolated from a variety of primary tumors or tumor
cell lines. If the source of mRNA is a primary tumor, mRNA can be extracted, for example,
from frozen or archived paraffin-embedded and fixed (e.g. formalin-fixed) tissue samples, which
are routinely prepared and preserved in everyday clinical practice.

[0109] . In a specific embodiment of the microarray technique, PCR amplified inserts
of cDNA clones are applied to a éubstrate in a dense array. Preferably at least 10,000 nucleotide
sequences are applied to the substrate. The microarrayed genes, immobilized on the microchip at
10,000 elements each, are suitable for hybridization under stringent conditions. Fluorescently
labeled cDNA probes may be generated through incorporation of fluorescent nucleotides by
reverse transcription of RNA extracted from tissues of interest. Labeled cDNA probes applied to
the chip hybridize with specificity to each spot of DNA on the array. After stringent washing to
remove non-specifically bound -probes, the chip is scanned by confocal laser microscopy or by
another detection method, such as a CCD camera. Quantitation: of hybridization of each arrayed
element allows for assessment of corresponding mRNA abundance. With dual color
fluorescence, separately labeled cDNA probes generated from two sources of RNA are
hybridized pair wise to the array. The relative abundance of the transcripts from the two sources
corresponding to each specified gene is thus determined simultaneously. The miniaturized scale
of the hybﬁdization 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 al., Proc. Natl. Acad. Sci.
US4 93(2):106-149 (1996)). Microarray anaiysis can be performed by commercially available
. equipment, following manufacturer's protocols, such as by using the Affymetrix GenChlp
technology, or Incyte's microarray technology. '

[0110] The development of microarray methods for large-scale analysis of gene
expression makes .it possible to search systematically for molecular markers of cancer
classification and outcome prediction in a variety of tumor types.

e. Serial Analysis of Gene Expression (SAGE)
[0111]  Serial analysis of gene expression .(SAGE) is a method that allows the

simultaneous and quantitative analysis of a large number of gene transcripts, without the need of
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providing an individual hybridization probe for each transcript. First, a short sequence tag (about
10-14 bp) is generated that contains sufficient information to uﬁiquely identify a transcript,
provided that the tag is obtained from a unique position within each transcript. Then, many
transcripts are linked together to form long serial .mplecules, that can be sequenced, revealing the
identity of the multiple tags simultaneously. 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 270:484-487 (1995); and Velculescq et al., Cell 88:243-51 (1997).

f. Gene Expression Analysis by Massively Parallel Signature Sequencing (MPSSQ

[0112] This _fnethod, described by Brenner ef al.,, Nature Biotechnology 18:630-634
(2000), is a sequencing approach that combines non-gel-based signature sequencing with in vitro
cloning of millions of templates on separate 5 um diameter microbeads. First, a microbead
library of DNA templates is constructed by in vitro cloning. This is followed by the assembly of
a planar array of the template-containing microbeads in a flow cell at a high density (typically
greater than 3 x 10° microbeads/om?). The free ends of the cloned templates on each microbead
are analyzed simultaneously, using a ﬂuo'rescénce—based signature sequencing method that does
not require DNA fragment separation. This method has been shown to siniﬁltaneéusly and
accurately provide, in a single operation, hundreds of thousands of gene signature sequences
from a yeast cDNA library.‘

g Immunohistochemistry ,

[0113]  Immunohistochemistry methods are also suitable for detecting the expression
levels of the prognostic markers of the present invention. Thus, antibodies or antisera, preferably
polyclonal antisera, and most preferably monoclonal antibodies specific for each marker are used
to detect expression. 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 is used in conjunction with a labeled 'selc.:ondar).' antibody, comprising antisera,
polyclonal antisera or a monoclonal antibody specific for the primary antibody.
Immunohistochemistry protocols and kits are well known in the art and are commercially
available. '

h. Proteomics
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[0114] 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 inclpdes the following steps: (1)
separation of individual prbteins 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. Proteomics methods are
valuable suppleﬁents to other methods of gene expression profiling, and can be used, alone or in
combination with other methods, to detect the products of the prognostic markers of the present
invention.

1 Promoter Methylation Analysis

[0115] A number of methods for quantization of RNA transcripts (gene expression
analysis) or their protein translation products are discussed herein. The expression level of genes
may also be inferred from information regarding chromatin structure, such as for example the
methylation status of gene promoters and other regulatory elements and the acetylation status of
histones.

- [0116] In particular, the methylation status of a promoter influences the level of ,
expression of the gene regulated by that promoter. Aberrant methylation of particular gene
promoters has been implicated in expression regulation, such as for example silencing of tumor
suppressor genes. Thus, examination of the methylation status of a gene’s promoter can be
utilized as a surrogate for direct quantization of RNA levels.

[0117] Several approaches for measuring the methylation status of particular bNA
elements have been devised, including methylation-specific PCR (Herman J.G. et al. (1996)
Methylation—speciﬁc PCR: a novel PCR assay for methylation status of CpG islands. Proc. Natl
Acad. Sci. USA. 93, 9821-9826.) and bisulfite DNA sequencing (Frommer M. et al. (1992) A
genomic sequencing protocol that yields a positive display of 5-methylcytosine residues in
individual DNA strands. Proc. Natl Acad. Sci. USA. 89, 1827-1831.). More recently,
microarray-based technologies have been used. to characterize promoter methylation status
(Chen C.M. (2003) Methylatio.n target array for rapid analysis of CpG island hypermethylation
in multiple tissue genomes. Am. J. Pathol. 163, 37-45.).

J- Coexpression of Genes
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[0118] A further aspect of the invention is the identification of gene expression
clusters. Gene expression clusters can be identified by analysis of expression data using
statistical analyses known in the art, including pairwise analysis of correlation based‘ on Pearson
correlation coefficients (Pearson K. and Lee A. (1902) Biometrika 2, 357).

[0119] In one embodiment, an expression cluster identified herein includes BGN,
CALDI1, COL1A1, COL1A2, SPARC, VIM and other genes which are known to be synthesized
predominantly by stromal cells and to be involved in remodeling extracellular matrix. This
expression cluster is referred to herein .as the Extracellular Matrix Remodeling/Stromal cluster.

[0120] In another embodiment, an expression cluster identified herein includes
ANXA2, KLK6, KLK10, LAMA3, LAMC2, MASPIN, SLPI, and other genes encoding
epithelial cell secreted products, most of which are secreted predominantly by epithelial cells but
which may be secreted by other cell types. This expression cluster is 'referred to herein as the
Epithelial/Secreted cluster. ‘

[0121]  In still another embodiment, an expression cluster identified herein includes
DUSP1, EGR1, EGR3, FOS, NR4Al, RHOB, and other genes whose transcription is
upregulated early after exposure of cells to c;ertain stimuli. A variety of stimuli trigger
transcription of early response genes, e.g. exposure to growth factor s, which enables cells to
quickly increase their motility and their ability to transport nutrients such as glucose. This
expression cluster is referred to herein as the Early Response cluster.

[0122] In yet another embodiment, an expression cluster identified herein includes
MCP1, CD68, CTSB, OPN, and other genes encoding proteins usually associated with cells of
the immune system. This expression cluster is referred to herein as the Immune cluster.

[0123] In a further embodiment, an expression cluster identified herein includes
CCNE2, CDC20, SKP2, CHK1, BRCA1, CSEL1 and other genes implicated in cell proliferation
and regulation of the cell cycle. This ex.pression cluster is referred to herein as the
Proliferation/Cell Cycle cluster.

k. 'General Description of the mRNA Isolation, Purification and Amplification

[0124] The steps of a representative protocol for profiling gene expression using
fixed, paraffin-embedded tissues as the RNA source, including mRNA isolation, purification,
_primer e;ctenéion and amplification are provided in various published journal articles (for

example: T.E. Godfrey et al,. J. Molec. Diagnostics 2: 84-91 (2000); K. Specht et al., Am. J.

31/253



WO 2007/082099 PCT/US2007/000995

Pathol. 158: 419-29 (2001)). Briefly, a representative process starts with cutting about 10 um
thick sections of paraffin-embedded tumor tissue samples. The RNA is then extracted and
protein and DNA are removed. After analysis of the RNA concentration, RNA repair and/or
amplification steps may be included, if necessary, and RNA is reverse transcribed using gene
specific promoters followed by RT-PCR. Finally, the data are analyzed to identify the best
treatment option(s) available to the patient on the basis of the characteristic gene expression
pattern identified in the tumor sample examined, dependént on the predicted likelihood of cancer
recurrence. .

1. Colon Cancer Gene Set, Assayed Gene Subsequences, and Clinical Application of

Gene Expression Data

[0125]  An important aspect of the present invention is to use the measured expression

of certain genes by colon cancer tissue to provide prognostic information. For this purpose it is
necessary to correct for (normalize away) both differences in the amount of RNA assayed and
variability in the quality of the RNA used. Therefore, the assay typically measures and
incorporates the expression of certain normalizing genes, including well known housekeeping
genes, such as GAPDH and Cypl. Altematively, normalization can be based on the mean or
median signal (Ct) of all of the assayed genes or a large subset thereof (global normalization
approach). On a ger'le-by-gene basis, measured normalized amount of a patient tumor mRNA is
compared to the amount found in a colon cancer tissue reference set. The number (N) of colon
cancer tissues in this reference set should be sufficiently high to ensure that different reference
sets (as a whole) behave essentlally the same way. If this condition is met, the identity of the
1nd1v1dual colon cancer tlssues present in a particular set will have no significant impact on the
relative amounts of the genes assayed. Usually, the colon cancer tissue reference set consists of
at least about 30, preferably at least about 40 different FPE colon cancer tissue specimens.
Unless noted otherwise, normalized expression levels for each m.RNA/tested' tumor/patient will
be expressed as a percentage of the expression level measured in the reference set. More
specifically, the reference set of a sufficiently high number (e.g. 40) of tumors yields a
distribution of normalized ‘levels of each mRNA species. The level measured in a particular
tumor sample to be analyzed falls at some percentile within this range, which can be determined

by methods well known in the art. Below, unless noted otherwise, reference to expression levels
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of a gene assume normalized expression relative to the reference set although this is not always
explicitly stated.
m, Design of Intron-Based PCR Primers and Probes

[0126]  According to one aspect of the present invention, PCR primers and probes are
designed based upon intron sequences present in the gene to be amplified. Accordingly, the first
step in the primer/probe design is the delineation of intron sequences within the genes. This can
be done by publicly available software, such as the DNA BLAT software developed by Kent,
- W.J., Genome Res. 12(4):656-64 (2002), or by the BLAST software including its variations.
Subsequent steps follow well established methods of PCR pﬁmer and probe design.

[0127] In order to avoid non-specific signals, it is important to mask repetitive
sequences within the introns when designing the primers and probes. This can be easily
accomplished by using 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 in which the repetitive elements are masked. The masked intron sequences can
then be uscd to design primer and probe sequences using any commercially or otherwise publicly
available pnmer/probe design packages, such as Primer Express (Applied Biosystems); MGB
assay-by-design (Applied Biosystems); Primer3 (Steve Rozen and Helen J. Skaletsky (2000)
Primer3 on the WWW for general users and for biologist programmers. In: Krawetz S, Misener
S (eds) Bioinformatics Methods and Protocols: Methods in Molecular Biology. Humana Press,
Totowa, NJ, pp 365-386).

[0128] The most important factors considered in PCR primer design include primer
length, melting temperature (Tm), and G/C content, specificity, complementary primer
sequences, and 3’-end sequence. In general, optimal PCR primers are generally 17-30 bases in
length, and contain about 20-80%, such as, for example, abéut 50-60% G+C bases. Tm’s
between 50 and 80 °C, e.g. about 50 to 70 °C are typically preferred.

[0129]  For further guidelines for PCR primer and probe dgéign see, e.g. Dieffenbach,
C.W. et al., “General Concepts for PCR Primer Design” in: PCR Primer, A4 Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York, 1995, Pp. ‘133-155 ; Innis and Gelfand,
“Optimization of PCRs” in: PCR Protocols, A Guide to Methods and Applications, CRC Press,
London, 1994, pp. 5-11; and Plasterer, T.N. Primefselect: Primer and probe design. Methods
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Mol. Biol. 70:520-527 (1997), the entire disclosures of which are hereby expressly incorporated
by reference.
n. Kits of the Invention

[0130] The materials for use in the methods of the present invention are suited for
preparation of kits produced in accordance with well known procedures. The invention thus
provides kits comprising agents, which may include gene-specific or gene-selective probes
and/or primers, for quantitating the expression of the disclosed genes for predicting prognostic
outcome or response to treatment. Such kits may optionally contain reagents for the extraction
of RNA ﬁoﬁ tumor samples, in particular fixed paraffin-embedded tissue samples and/or
reagents fo; 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 may comprise containers (including microtiter plates suitable for use
in an automated implementation of the method), each with one or more of the various reagents
(typlcally in concentrated form) utilized in the methods, including, for example, pre-fabricated
microarrays, buffers, the appropriate nucleotide triphosphates (e.g., dATP, dCTP, dGTP and
dTTP; or ;ATP, rCTP, rGTP and UTP), reverse transcriptase, DNA polymerase, RNA
polymerase, and one or more probes and primers of the present invention (e.g., appropriate
length poly(T) or random primers linked to 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.

0. Reports of the Invention

[0131] The methods of this invention, when practiced for commercial diagnostic
purposes generally produce a report or summary of the normalized expression levels of one or
more of the selected genes. The methods of this invention will produce a report comprising a
prediction of the clinical outcome of a subject diagnosed with colorectal cancer following
surgical resection of said cancer. The methods and reports of this invention can further include
storing the report in a database. AIternatlvely, the method can further create a record in a
database for the subject and populate the record with data. In one embodiment the report is a
paper report, in another embpdlment the report is an auditory report, in another embodiment the
report is an electronic record. It is contemplated that the report is provided to a physician and/or

the patient. The receiving of the report can further include eétablishing a network connection to
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a server compiter that includes the data and report and requesting the data and report from the
server computer.

[0132]  The methods provided by the present invention may also be automated in
w.hole or in part. .

[0133]  All aspects of the present invention may also be practiced such that a limited
number of additional genes that are co-expressed with the’ disclosed genes, for example as
evidenced by high Pearson correlation coefficients, are included in a prognostic or predictive test
in addition to and/or in place of disclosed genes. _

[0134]  Having described the invention, the same will be more réédily understood
through reference to the following Example, which is provxded by way of illustration, and is not

. intended to limit the invention in any way.

Examples . _
A Study to Explore Relationships Between Genomic Tumor Expression Profiles and the

Likelihood of Recurrence in Dukes’ B and Duke’ s C Patients Treated Wlth Resection of the

Colon

[0135] The primary objective of this study was to determine whether there is a
significant relationship between the expression of each of 757 amplicons identified in Table B
and clinical outcome in stage II and stage III colon cancer patlents who receive colon resectlon

(surgery) without chemotherapy.

Study Design

[0136]  This was an exploratory study using tissue and outcome data from National
Surglcal Adjuvant Breast and Bowel Project (NSABP) Studies C-01 and C-02 in up to 400
Dukes B (stage II)-and Dukes C (stage III) patients who received colon resection (surgery) only
or surgery and postoperative Bacillus Calmette-Guerin (BCG).

- Inclusion Criteria

[0137]  Patients enrolled in either NSABP Study C-01: “A Clinical Trial To Evaluate
Postoperative Immunotherapy And Postoperative Systemic Chemotherapy In The Management
Of Resectable Colon Cancer” or NSABP Study C-02: “A Protocol To Evaluate The
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Postoperati've Portal Vein Infusion Of 5-Flourouracil And Heparih In’ Adenocarcinoma Of The
Colon” Details of C-01 and C-02 can be found on the NSABP Website at the following URL:
http://www .nsabp.pitt.edu/NSABP_Protocols. htm#treatment%20closed
[0138]  Tissue samples from the surgery only and surgery -+ postoperative BCG arms
of NSABP CO1 and from the surgery only arm of NSABP C02 s'urgéry were combined into one
sample set.
Exclusion Criteria
[0139]  Patients enrolled in NSABP Study C-01 or NSABP Study C-02 were excluded

from the present study if one or more of the following applied:

No tumor block available from initial diagnosis in the NSABP archlve
* Insufficient tumor in block as assessed by examination of hematoxylin and eosin (H&E)
slide ' .
= Insufficient RNA (<700 ng) recoVer;d from tissue sections fgr RT-PCR analysis.

[0140]  Of 1943 patients enrolled in NSABP Study C-01 or NSABP Study C-02, 270
patient samples were available after application of exclusion criteria and used in the gene
expression study disclosed herein. The overall demographic and clinical characteristics of the
270 included samples were similar to the original NSABP combined cohorts.

Gene Panél

[0141j 1 Seven hundred sixt}_r-one genes, including seven reference genes, were chosen

for expression analysis. These genes are listed in Table A together with the sequences of primers

and probes used in qRT—PCR to determine expression level.

Experimental Materials and Methods
[0142] The expression of 750 cancer-related genes and 7 genes designated for use as
reference genes was quantltatlvely assessed for each patient using TagMan® RT-PCR, which

was performed in singlet with RNA input at 1 nanogram per reaction.

Data Analysis Methods

Reference Normalization
{0143]  For normalization of extraneous effects, cycle threshold (Ct) measurements

obtained by RT-PCR were normalized relative to the mean expression of a set of six reference
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genes. The resulting reference-normalized expression measurements typically range from O to

15, where a one unit increase generally reflects a 2-fold increase in RNA quantity.

Comparison of Study Cohort to Original NSABP Study Populations

[0144] We compared the distribution of clinical and demographic variables for the
current study cohort-of evaluable tissue blocks versus the original NSABP C-01 and C-02 study
populations. There were no clinically meaningful differences in the distributions.

Univariate Analysis

[0145]  For each of the 757 amplicons under study, we used the Cox proportional
hazard model to examine the relationship between gene expression and recurrence free interval
(RFI). The likelihood ratio was used as the test of statistical significance. The method of
Benjamini and Hochberg (Benjamini, Y. and Hochberg, Y. (1995). Controlling the false
discovery rate: a practical and powerful approach to multiple testing. J.R. Statist. Soc. B 57, 289-
300.), as well as resampling and permutation based methods (Tusher VG, Tibshirani R, Chu G
(2001) Significance analysis of microarrays applied to the ionizing radiation response. Proc Natl
Acad Sci USA, 98:5116-5121.; Storey JD, Tibshirani R (2001) Estimating false discovery rates
under dependence, with applications to DNA microarrays. Stanford: Stanford University,
Department of Statistics; Report No.: Technical Report 2001-28.; Korn EL, Troendle J,
McShane L, Simon R (2001) Controlling the number of false discoveries: Application to high-
dimensional genomic data. Technical Report 003. 2001. National Cancer Institute.) were applied
to the resulting set of p-values to estimate false discovery rates. All analyses were repeated for
each of the alternative endpoints: distant recurrence free intefval (DRFI), overall survival (OS),

and disease free survival (DFS).

Multivariate Ana]ysi's‘

{0146]  For each of the 757 amplicons under study, we used the Cox proi;ortional
hazard model to examine the relationship between gene expression and RFI, while controllmg
for the effects of other standard clinical covariates (mcludmg tumor location, surgery type, tumor
grade, number of lymph nodes examined, and number of positive Iymph nodes. The difference

in the log likelihoods of the (reduced) model including only the standard clinical covariates and

37/253



WO 2007/082099 PCT/US2007/000995

the (full) model including the standard clinical covariates plus gene expression was used as the

test of statistical significance.

Non-Linear Analvysis

[0147]  For each of the 757 amplicons under study, we explored alternative functional
relationships between gene expression and recurrence using several different methods. For each
amplicon, we fit a Cox proportional hazards model of RFI as a function of gene expression using
a 2 degree-of-freedom (DF) natural spline (Stone C, Koo C. (1985) In Proceedings of the
Statistical Computing Section ASA. Washington, DC, 45-48). Statistical significance was
assessed by the 2 DF likelihood ratio. test for the model. Functional relationships were also
explored by examining the pattern of (smoothed) Martingale residuals derived from univariate
Cox proportional hazards models of RF] as a strictly linear function of gene expression (Gray RJ
(1992) Flexible methods for analyzing survival data usihg splines, with applications to breast .
cancer prognosis. Journal of the American Statistical Asssociation, 87:942-951.; Gray RJ (1994)
Spline-based tests in survival analysis. Biometrics, 50:640-652.; Gray RJ (1990) Some
diagnostic methods for Cox regression models through hazard smoothing. Biometrics, 46:93-
102.). Additionally, cumulative sums of Martingale residuals from each the same Cox
proportional hazards models were used to detect departures from linearity (Lin D, Wei L, Ying
Z. (1993) Checking the Cox Model with Cumulatlve Sums of Martingale-Based Residuals. Vol.
80, No. 3, 557-572).

Interaction with Stage
[0148] We determined whether there is a significantly different relationship between

gene expression and RFI in stage II and stage I patients. For each of the 757 amplicons, we
tested the hypothesis that there is a significant difference between the (reduced) proportional
hazards model for gene expression and tumor stage versus the (full) proportlonal hazards model
based on gene expression, tumor stage, and their interaction. The difference in the log
likelihoods of the reduced and full models was used as the test of statistical significance.

[0149] Table A shows qRT-PCR probe and primer sequences for all genes included
in the study described in the Example. |
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[0150] Table B shows target amplicons for all genes included in the study described

in the Example.

First Analysis Study Results

[0151] Reference Gene set for the first analysis was CLTC, FZD6, NEDDS, RPLPO,
RPS13, UBB, UBC. .

[0152] Table 1A shows associations for those genes whose increased expression is
predictive of shorter Recurrence-Free Interval (RFI) based on univariate proportional hazards
analysis.

[0153] Table 1B shows associations for those genes whose increased expression is
predictive of longer Recurrence-Free Interval (RFI) based on univariate proportional hazards
analysis.

[0154] Table 2A shows associations for those genes whose increased expression is
predictive of decreased rate of Overall Survival (OS) based on univariate proportional hazards
analysis. .

[01S5] Table 2B shows associations for those genes whose increased expression is
predictive of increased rate of Overall Survival (OS) based on univariate proportional hazards
analysis. .

[0156] Table 3A shows associations for those genes whose increased expression is
predictive of decreased rate of Disease Free Survival (DFS) based on univariate proportional
hazards analysis. ‘

[0157] Table 3B shows associations for those genes whose increased expression is
predictive of increased rate of Disease Free Sufvi‘val (DFS) based on univariate proportional .
hazards analysis. '

[0158] Table 4A shows associations for those genes whose increased expression is
predictive of shorter Distant Recurrence-Free Interval (DRFI) based on univariate proportional
hazards analysis. )

[0159] Table 4B shows associations for those genes whose increased expression is
predictive of longer Distant Recurrence-Free Interval (DRFI) based on univariate proportional

hazards analysis.
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[0160] Table SA shows associations between gene expression and RFI for those
genes whose increased expression is predictive of shorter Recurrence-Free Interval (RFI), based
on a hultivariate analysis controlling for particular demographic and clinical characteristics of
patients included in the analysis.

[0161] Table 5B shows associations between gene expression and RFI for those
genes whose increased expression is predictive of longer Recurrence-Free Interval (RFI), based
on a multivariate analysis controlling for particular demographic and clinical characteristics of
patients included in the analysis. '

[0162] Table 6 shows genes for which an association between _gcne expression and
clinical outcome w‘as identified based on a nonlinear proportional hazards analysis, using a 2
degree-of-freedom natural spline.

[0163] Table 7 shows all genes exhibiting an interaction (p-value < 0.05) with tumor
stage.

[0164] Table 1A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was. applied in combined Stage. II (Duke’s B) and

Stage III (Duke’s C) patients using RFI as the metric for clinical outcome.

Table 1A

. I Hazard ol G
Gene _Ratio - ;| "P Value. . OfficialSymbol .. | Number’ * "
RARB 2.13 0.0252 " RARB NM 016152
ITGBI 1.94 0.0002 ) ITGB1 NM 002211
ALDOA 1.92 0.0853 ALDOA NM_000034
ANXA2 1.90 <.0001 ANXA2 NM 004039
CYP3A4 1.81 0.0038 CYP3A4 NM 017460
KRAS2 1.64 0.0043 KRAS NM_ 004985
Ccox2 1.62 0.0521 PTGS2 - NM_ 000963
RhoC 1.61 0.0034 RHOC NM 175744
TIP1 1.60 0.0554 TIP} NM_ 003257
RhoB 1.57 0.0001 . RHOB NM_ 004040
KIAAO125 1.56 0.0940 KIAA0125 NM 014792
TIMPI 1.52 <,0001 TIMP1 NM_003254
UBC 1.49 0.0031 UBC NM_021009
ANXAS 1.49 0.0084 ANXAS NM 001154
NTNI 1.49 0.0386 NTNI NM_004822
AKT3 1.47 <.0001 AKT3 NM _005465
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CALD1 1.46 0.0007 - CALDI NM_004342
1GFBP7 1.46 0.0019 IGFBP7 NM_001553
VEGFC 1.45 0.0092 VEGFC NM. 005429
BGN 1.44 0.0002 BGN NM_001711
CYP1B! 1.44 0.0180 CYP1BI NM_000104
DLC1 1.43 0.0012 DLC1 NM_ 006094
SI 1.43 0.0063 SI NM 001041
CCNE2 variant 1 1.43 0.0506 CCNE2 NM 057749
LAMC2 1.42 0.0003 LAMC2 NM_ 005562
TIMP2 1.42 0.0018 TIMP2 NM 003255
CDC42BPA 1.42 0.0029 CDC42BPA NM_ 003607
p21 1.41 0.0062 CDKN1A NM_000389
HB-EGF 1.40 0.0105 HBEGF NM_001945
TLN1 1.40 0.0260 TLNI NM_006289
DUSP1 1.39 <.0001 DUSP1 NM_004417
ROCK]1 1.39 - 0.0121 ROCK1 NM_005406
CTSB 1.39 0.0307 CTSB NM_001908
ITGAV 1.38 0.0020 ITGAV NM_002210
HSPG2 1.38 0.0215 HSPG2 NM_005529
GADD45B 1.37 0.0002 GADD45B NM 015675
VCL 1.37 0.0201 VCL NM 003373
SBA2 1.37 0.0250 WSB2 NM 018639
Maspin 1.36 <.0001 SERPINBS NM 002639
CGB 1.36 0.0018 CGB NM_000737
TIMP3 1.36 0.0024 TIMP3 NM_ 000362
VIM 1.36 0.0073 VIM NM_ 003380
S100A1: 1.36 0.0247 S100A1 NM 006271
INHBA 1.35 0.0008 INHBA NM_002192
SIR2 1.35 0.0039 SIRTI NM 012238
TMSB10 1.35 0.0469 TMSB10 NM. 021103
CD68 1.34 0.0036 . CD68 NM 001251
RBX1 1.34 0.0469 RBX1 NM 014248
INHBB 1.34 0.0514 INHBB NM 002193
PKR2 1.34 0.0628 PKM2 NM 002654
FOS 1.33 0.0006 FOS NM 005252
FYN 1.33 0.0036 FYN NM -002037
LOXL2 1.33 0.0064 LOXL2 NM 002318
STC1 1.33 0.0101 STCI NM 003155
DKK1 1.33 0.0208 DKK1 NM 012242
IGFBP5 1.32 0.0064 IGFBP5 NM_000599
EPASI 1.32 0.0270 EPAS1 NM 001430
UNCsC 1.32 0.0641 UNC5C NM 003728
FAP 1.31 0.0017 FAP NM._ 004460
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IGFBP3 1.31 IGFBP3 NM._ 000598
SNAI2 1.31 SNAIR NM 003068
PRKCA 1.31 PRKCA NM 002737
FST 1.31 FST NM_006350
KCNH2 iso a/b _ 1.31 KCNH2 NM_000238
CTHRCI 1.30 CTHRCI NM 138455
PDGFC ' 130 PDGFC NM_ 016205
EGRI1 1.30 EGRI NM 001964
TAGLN 1.30 TAGLN NM_003186
SPARC 1.30 SPARC NM_003118
KLF6 1.30 KLF6 NM._ 001300
GRIK1 1.30 GRIK! NM_000830
CYR61 1.29 CYR61 NM_001554
SLPI 1.29 SLPI NM_003064
COL1A2 1.29 COL1A2 NM_ 000089
MAPK14 1.29 MAPK 14 NM_ 139012
LAMA3 1.28 LAMA3 NM_000227
THBSI 1.28 THBSI NM_003246
NRP2 1.28 NRP2 NM 003872
LOX 1.27 LOX : NM 002317
S100A4 1.27 S100A4 NM._ 002961
CXCR4 1.27 CXCR4 NM._ 003467
CEBPB 1.27 CEBPB NM 005194
AKAPI12 1.26 AKAPI12 NM 005100
ADAMTSI12 1.26 ADAMTS12 NM. 030955
CRYAB 1.25 CRYAB NM 001885
Grbl10 1.25 GRB10 NM 005311
MCP1 1.25 CCL2 NM_ 002982
COL1Al 1.25 COLIAI NM_ 000088
EFNB2 1.25 EFNB2 NM 004093
ANXAL1 . 1.25 ANXA1 NM 000700
ANGPT2 1.25 ANGPT2 NM 001147
EphB6 1.25 EPHB6 NM_ 004445
HSPAIA 1.24 HSPAIA NM_ 005345
TGFB3 1.24 . TGFB3 NM 003239
PTGER3 1.24 PTGER3 NM_ 000957
FXYD5 1.24 FXYD5 NM 014164
CAPG 1.24 CAPG NM_001747
PDGFB 123 PDGFB NM_ 002608
ANTXRI 1.23 ANTXRI ' NM_032208
TGFBI 1.23 TGFBI - NM_000358

| CTGF 1.23 CTGF NM_ 001901
PDGFA 1.23. NM_002607
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P14ARF 1,23 0.0362 $78535
KLKI10 - 1.22 0.0005 KLK10 NM 002776
ITGAS 1.22 0.0178 ITGAS NM._ 002205
GBP2 1.22 0.0201 GBP2 NM 004120
SIAT4A 1.22 0.0231  ST3GALL NM. 003033
GJB2 1.22 0.0271 GJB2 NM._ 004004
LAT 1.22 0.0306 LAT NM. 014387
CTSL 1.22 0.0331 CTSL NM 001912
DAPKI1 1.22 0.0384 DAPK1 NM 004938
SKP1A 1.22 0.0542 SKP1A NM._ 006930
NDRGl! 1.22 0.0712 NDRG1 NM._ 006096
ITGBS 1.22 0.0991 ITGBS NM 002213
KLK6 1.21 0.0034 KLK6 NM_002774
SFRP2 121 0.0037 SFRP2 NM 003013
TMEPAI 1.21 0.0173 TMEPAI NM 020182
D4 1.21 0.0530 D4 NM_001546 -
SFRP4 1.20 0.0077 SFRP4 NM 003014
HOXB7 1.20 0.0274 HOXB7 NM_ 004502
GJAL 1.20 0.0311 GJAI NM._000165
CDHI1 1.20 0.0662 -CDHI11 NM 001797
PAIl 1.19 0.0060 SERPINEI NM._ 000602
S100P 1.19 0.0119 S100P NM._ 005980
EGR3 1.19 0.0164 EGR3 NM._ 004430
EMPI 1.19 0.0460 EMPI NM_ 001423
ABCC5 1.19 0.0536 ABCCS NM_005688
FZDI1 1.19 0.0701 FZD1 NM_ 003505
MAD 1.19 0.0811 MXDI NM 002357
EFNA1 1.19 0.0920 EFNALI NM_004428
OPN_ osteopontin 1.18 0.0028 SPP1 NM_000582
ALDH1Al 1.18 0.0246 ALDHI1A1 NM._ 000689
NR4A1 1.18 0.0277 NR4A1 NM_ 002135
SIAT7B 1.18 0.0301 ST6GALNAC2 NM. 006456
pl6-INK4 1.18 0.0439 127211
TUBB 1.18 0.0761 TUBB2 NM_ 001069
IL6 1.18 0.0939 IL6 NM_000600
RAB32 1.18 0.0948 RAB32 NM_006834
TULP3 1.18 0.0953 TULP3 NM 003324
F3 1.17 0.0561 F3 NM_001993-
PLK3 1.16 0.0792 PLK3 NM_004073
EPHA2 1.16 0.0962 EPHA2 NM 004431
SLC2Al 1.15 0.0745 SLC2A1 NM 006516
CXCL12 1.14 0.0911 CXCL12 NM_ 000609

.| S100A2 1.13 0.0287 S100A2 NM_005978
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FABP4 1.13 0.0340 FABP4 NM. 001442
STMY3 1.13 0.0517 MMP11 NM. 005940
BCASI. 1.13 0.0939 BCASI NM_ 003657
REG4 1.11 0.0026 REG4 NM 032044
pS2 1.09 0.0605 TFF1 NM 003225
MUC2 1.06 0.0626 MUC2 NM. 002457

[0165]

for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox

Table 1B shows associations between clinical outcome and gene expression

Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage ITI (Duke’s C) patients using RFI as the metric for clinical outcome.

[}

Table 1B

.Gene er
ORCIL 004153
HSPAS 0.62 0.0430 HSPAS NM_006597
E2F1 0.64 0.0009 'E2F1 NM._ 005225
RADS4L 0.65 0.0026 RADS54L NM_ 003579
RPLPO 0.67 0.0150 RPLPO NM_001002
BRCAI 0.68 0.0001 BRCAI NM 007295
DHFR 0.69 0.0096 DHFR NM_000791
SLC25A3 0.69 0.0110 SLC25A3 NM 213611
PPMID 0.71 0.0033 PPMID NM. 003620
SKP2 0.71 0.0098 SKP2 NM_ 005983
FASN 0.72 0.0071 FASN NM 004104
HNRPD 0.72 0.0686 HNRPD NM 031370
ENOI 0.73 0.0418 ENOI NM 001428
RPSI13 0.75 0.0786 RPS13 NM 001017
DDBI 0.75 0.0804 DDBI1 NM_001923
C20 orfl 0.76 0.0122 TPX2 NM_012112
KIF22 0.76 0.0137 KIF22 NM. 007317
Chk1 0.76 0.0174 CHEK 1 NM 001274
TCF-1 0.77 0.0021 TCF1 NM_ 000545
ST14 0.77 0.0446 ST14 NM_021978
RRM]1 0.77 0.0740. RRM]1 NM 001033
BRCA2 0.77 0.0800 BRCA?2 NM._000059
LMNBI 0.78 0.0513 LMNBI " NM_ 005573
CMYC 0.79 0.0086 MYC NM._002467
CDC20 0.79 0.0290 CDC20 NM_001255
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CSELI 0.79 0.0344 CSE1L NM_001316
Bax 0.79 0.0662 BAX NM_004324
NMEI 0.79 0.0742 NMEI NM_000269
c-myb (MYB 0.80

official) 0.0077 MYB NM_005375
CDCA7 v2 0.80 0.0159 CDCA7 NM_145810
EFP 0.80 0.0405 TRIM?25 NM._ 005082
UBE2M 0.80 0.0437 UBE2M NM_003969
RRM2 0.81 0.0168 RRM?2 NM_001034
ABCC6 0.81 0.0373 ABCC6 NM 001171
SURV 0.81 0.0584 BIRCS NM 001168
CKS2 0.81 0.0753 CKS2 NM 001827
RAFI 0.81 0.0899 RAFI1 NM_ 002880
EPHB2 0.82 0.0190 EPHB2 NM_004442
NOTCH1 0.82 0.0232 NOTCH 1 NM 017617
UMPS 0.82 0.0456 UMPS NM. 000373
CCNE2 0.82 0.0544 CCNE2 NM_057749
PI3KC2A - 0.82 0.0916 PIK3C2A NM. 002645
CDso0 0.82 0.0954 -CD80 NM_ 005191
AREG - 0.83 0.0014 AREG NM 001657
EREG 0.83 0.0062 EREG NM 001432
MYBL2 0.83 0.0259 MYBL2 NM._ 002466
ABCBI 0.83 0.0322 ABCBI1 NM 000927
HRAS 0.83 0.0760 HRAS NM_005343
SLC7AS 0.84 0.0585 SLC7AS5 NM_ 003486
MAD2L]1 0.84 0.0590 MAD?2L1 NM 002358
Ki-67 0.85 0.0620 MKI67 NM 002417
MCM2 0.85 0.0700 MCM2 NM 004526
INGS5 0.85 0.0947 INGS5 NM 032329
Cdx2 0.88 0.0476 CDX?2 "NM_ 001265
PTPRO 0.89 0.0642 PTPRO NM._ 030667
cripto (TDGF1 0.20

official) 0.0803 TDGF! NM 003212 .

[0166] Table 2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using OS as the metric for clinical outcome.
Table 2A
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RARB 0.0820 RARB NM 016152
RhoC . 0.0001 RHOC NM 175744
ANXA2 1.64 0.0002 ANXA2 NM_004039
CYP3A4 1.58 0.0064 CYP3A4 NM 017460
p2l 1.54 <0001 CDKNIA NM 000389
ITGBI 1.54 0.0058 ITGBI NM 002211
UBC 1.50 0.0003 UBC NM_021009
TNF 1.46 0.0859 TNF NM_000594
VEGFC 1.44 0.0049 VEGFC NM._ 005429
HMLH 1.44 0.0435 MLH]1 NM_ 000249
RhoB 1.37 0.0015 RHOB NM_ 004040
TGFBRI 1.37 0.0127 TGFBRI NM._ 004612
SPINT2 1.37 0.0235 SPINT2 NM_021102
PFNI1 1.37 0.0842 PEN1 NM_005022
HSPG2 1.36 0.0115 HSPG2 NM 005529
TIMPI 1.35 0.0008 TIMP1 NM 003254
INHBB 1.35 0.0190 INHBB NM. 002193
VCL 1.34 0.0099 VCL NM 003373
KCNH2 iso a/b 1.33 0.0362 KCNH2 NM 000238
LAMC2 1.32 0.0005 LAMC2 NM 005562
FXYD5 131 0.0021 FXYDS5 NM 014164
HLA-G 1.31 0.0458 HLA-G NM 002127
GADD45B 1.30 0.0002 GADD45B NM 015675
CDC42 1.30 0.0120 CDC42 NM._ 001791
LAMB3 1.30 0.0163 LAMB3 NM_ 000228
DKXK1 1.30 0.0209 DKK1 NM._012242
UNC5C 1.30 0.0452 UNCS5C NM 003728
UBLI 1.29 0.0171 SUMOI NM_ 003352
HB-EGF 1.29 0.0262 HBEGF NM_001945
KRAS2 1.29 0.0726 KRAS NM_004985

1 1D3 1.28 0.0023 D3 NM_ 002167
LOXL2 1.28 - 0.0039 LOXL2 NM_002318
EphB6 1.28 0.0322 EPHB6 "~ NM_004445
DUSP1 1.27 0.0003 DUSP! NM 004417
BGN 1.27 0.0040 BGN NM 001711
CALDI 1.27 0.0119 ‘CALD1 . NM 004342
CDC42BPA 1.27 0.0151 CDC42BPA_ NM_ 003607
SBA2 1.27 0.0373 WSB2 NM_018639
INHBA 1.26 0.0018 INHBA NM_002192
NRP1 1.26 0.0113 NRP1 NM_003873
TIMP2 1.26 0.0123 TIMP2 NM_003255
KLF6 1.26 0.0444 KLF6 NM 001300
KLK10 , 1.25 <.0001 KLKI10 NM_002776
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TIMP3 TIMP3 NM 000362
CAPG CAPG NM 001747
IGFBP7 1.25 0.0249 IGFBP7 NM_001553
S100A1 1.25 0.0529 S100A1 NM_ 006271
SHC1 1.25 0.0605 SHCI NM 003029
CTSB 1.25 0.0766 CTSB NM 001908
ANXAS 1.25 0.0787 ANXAS5 NM 001154
PKR2 1.25 0.0800 PKM2 NM_002654
HSPAIA 1.24 0.0003 HSPAIA NM_005345
CGB 1.24 0.0148 CGB NM._ 000737
DLC} 1.24 0.0231 DLCI " NM 006094
TMSBI10 1.24 0.0890 TMSB10 NM 021103
LAMA3 1.23 0.0017 LAMA3 NM 000227
FOS 1.23 0.0028 " FOS NM_ 005252
SNAI2 1.23 0.0123 SNAI2 NM_003068
SPARC 1.23 0.0134 SPARC NM 003118
SIR2 1.23 0.0173 SIRT1 NM 012238
KRTI19 1.23 0.0217 KRTI19 NM_002276
CTSD 1.23 0.0395 CTSD NM_001909
EPASI 1.23 0.0409 EPAS]1 " NM_ 001430
GAGE4 123 0.0468 GAGE4 NM_001474
BMP4 1.22 0.0024 BMP4 . NM_001202
PLK3 1.22 0.0056 PLK3 NM_004073
Geb10 1.22 0.0059 GRBI10 NM._005311
FYN 1.22 0.0120 FYN NM 002037
STCI 1.22 0.0409 STCI NM._003155
G-Catenin 1.22 0.0661 JUP NM._ 002230
HK1 1.22 0.0872 HK1 NM_000188
MADH4 1.22 0.0956 SMAD4 NM._005359
KLK6 1.21 0.0011 KLK6 NM._ 002774
CTHRCI1 1.21 0.0065 CTHRCI NM 138455
LAT 1.21 0.0146 LAT NM 014387
IGFBP3 1.21 0.0149 IGFBP3 NM._000598
AKT3 1.21 0.0212 AKT3 NM_005465
HSPAIB 1.21 0.0262 HSPA1B NM 005346
THY] 1.21 0.0278 THY1 NM 006288
ANXA1 1.21 0.0322 ANXAI1 NM_ 000700
LOX 1.20 0.0067 LOX NM_ 002317
CD68 1.20 0.0223 CD68 NM_001251
EFNB2 1.20 0.0268 EFNB2 NM_ 004093
DYRKIB 1.20 0.0473 DYRKIB NM 004714
PTK2 1.20 0.0889 PTK2 NM. 005607
THBSI 1.19 0.0203 THBS1 NM 003246
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TAGLN

. TULP3 NM_003324
1. SR-Al NM 021228
1. - APC NM_ 000038

1. 711696
VIM 1.19 0.0661 VIM NM_003380
CREBBP 119 0.0802 CREBBP NM_004380
ANGPT2 1.19 0.0860 ANGPT2 NM: 001147
Maspin 1.18 0.0029 SERPINB5 NM_ 002639
PDGFB 1.18 0.0252 PDGFB  NM_002608
S100A4 1.18 0.0270 S100A4 NM: 002961
EGRI1 1.18 0.0334 EGRI NM 001964
.| IGFBPS 1.18 0.0526 IGFBP5 NM_000599
NOTCH2 1.18 0.0527 NOTCH?2 NM._ 024408
PAIl 1.17 0.0036 SERPINEI NM._000602
NR4A1 1.17 0.0110 NR4A1 NM_ 002135
BCASI 1.17 0.0137 BCAS1 NM_ 003657
BRK 1.17 0.0137 PTK6 NM_005975
AKAPI12 1.17 0.0195 AKAPI12 NM. 005100
EMP! 1.17 0.0291 EMP1 NM. 001423
SIAT4A 1.17 0.0304 ST3GALI NM 003033
MRP3 1.17 0.0334 ABCC3 NM._003786
COL1A1 1.17 0.0399 COL1Al NM. 000088
Upa 1.17 0.0588 PLAU NM_002658
UNC3B 1.17 0.0986 UNCS5B NM_ 170744
PDGFC 1.16 0.0355 PDGFC NM_016205
MCP1 1.16 0.0449 CCL2 NM._002982
CTGF 1.16 0.0576 CTGF NM_ 001901
COL1A2 1.16 0.0612 COL1A2 NM_000089
RAB32 1.16 0.0645 RAB32 NM_ 006834
SIN3A 1.16 0.0787 SIN3A . NM 015477
SKP1A 1.16 0.0837 SKP1A NM._ 006930
EFNA1 1.16 0.0957 EFNAI NM_ 004428
S100A2 1.15 0.0040 S100A2 NM_005978
MMP7 1.15 0.0374 MMP7 NM_002423
HOXB7 1.15 0.0405 HOXB7 NM._ 004502
FAP 1.15 0.0455 FAP NM_004460
ANTXR1 1.15 0.0482 ANTXRI NM_032208
TGFBI 1.15 0.0553 . TGFBI NM 000358
TMEPAI 1.14 0.0435 TMEPAI NM 020182
CYR61 114 0.0450 CYR61 NM 001554
SLPI 1.14 0.0724 SLPI1 NM_003064
TP5313 1.14 0.0831 TP5313 NM_004881
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PDGFA 1.14 0.0845 NM 002607
SFRP2 1.13 0.0255 SFRP2 NM 003013
S100A8 1.13 0.0693 S100A8 NM 002964
F3 1.13 0.0708 F3 NM 001993
Bcl2 1.13 0.0962 BCL2 NM 000633
OPN_ osteopontin 1.12 0.0097 SPP1 NM 000582
FZD6 1.12 0.0692 FZD6 NM 003506
OsSM 1.11 0.0744 OSM NM 020530
EGLN3 1.11 0.0884 EGLN3 NM 022073

1 SIAT7B 1.11 0.0938 ST6GALNAC2 NM 006456
FABP4. 1.10 0.0454 FABP4 NM 001442
EFNA3 1.10 0.0958 EFNA3 NM. 004952
MMP2 1.10 0.0969 MMP2 NM_004530
GSTTI1 1.09 0.0737 GSTTI NM_000853
REG4 1.07 0.0286 REG4 NM 032044

[0167]

for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox

Table 2B shows associations between clinical outcome and gene expression

Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using OS as the metric for, clinical outcome.

Table 2B
i
OfficialSymbol” [

HSPAS NM._006597

SKP2 NM_005983

DHFR NM._000791

PRDX4 NM._ 006406

RRM1 NM_001033
SLC25A3 0.75 SLC25A3 NM 213611
RPLPO 0.75 RPLPO . NM_001002
E2F1 0.78 E2F1 NM 005225
SURV 0.79 BIRCS NM 001168
c-myb (MYB 0.80
official) 0.0020 MYB NM_005375
BRCALl 0.80 0.0077 BRCAL1 NM_007295
Chkl 0.80 0.0186 CHEK1 NM_001274
ST14 0.80 0.0407 ST14 NM 021978
TCF-1 0.81 0.0045 TCF1 NM_ 000545
CCNE2 0.81 0.0112 CCNE2 NM: 057749
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PPMID 0.81 0.0194 PPMI1D NM 003620
CDC20 0.81 0.0213 CDC20 NM 001255
EI24 0.81 0.0585 EI24 NM 004879
C20 orfl 0.82 0.0348 TPX2 NM 012112
DUT 0.83 0.0396 DUT NM. 001948
CD44E 0.83 0.0439 X55150
KI1F22 0.83 0.0506 KIF22 NM 007317
PPID 0.83 0.0615 PPID NM 005038
UBE2M 0.83 0.0805 UBE2M NM._ 003969
LMNBI 0.83 0.0868 LMNBI NM 005573
MCM2 0.84 0.0207 MCM2 NM_ 004526
CDCé6 0.84 0.0218 CDC6 NM 001254
MRPL40 0.84 0.0769 MRPL40 NM_ 003776
EPHB2 0.85 0.0253 EPHB2 NM._ 004442
CMYC 0.85 0.0371 MYC NM 002467
AURKB 0.85 0.0375 AURKB NM 004217
CDCA7 v2 0.85 0.0421 CDCA7 NM 145810
ABCBI 0.86 0.0390 ABCBI1 NM_ 000927
SMARCA3 0.86 0.0601 SMARCA3 NM 003071
Cdx2 0.88 0.0166 CDX2 NM_001265
PPARG 0.88 0.0645 PPARG NM_005037
MYBL2 0.88 0.0647 MYBL2 NM 002466
EREG 0.89 0.0411 EREG NM 001432
AREG 0.90 0.0235 AREG NM._ 001657

[0168]

for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox

Table 3A shows associations between clinical outcome and gene expression

Proportional Hazards Regressioﬁ analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DFS as the metric for clinical outcome.

Table 3A

Gene OfficialSymbol.

ANXA2. . ANXA2

CYP3A4 1.69 CYP3A4 NM 017460
RhoC 1.53 RHOC NM_175744
TIPI 1.45 TIP1 NM._003257
UBC 143 UBC * NM_021009
p21 1.42 CDKNI1A NM_000389
HB-EGF 1.39 HBEGF NM._001945
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SPINT2 1.37 0.0154 SPINT?2 NM_021102
HMLH 1.36 0.0711 MLH] NM. 000249
VEGFC 1.35 0.0157 VEGFC NM 005429
PKR2 1.34 0.0187 PKM2 . NM_002654
LAMC2 1.33 0.0002 " LAMC2 NM_ 005562
ITGBI 1.33 0.0499 ITGB1 NM_ 002211
TIMP1 1.32 0.0007 TIMP1 NM. 003254
VCL 1.31 0.0114 VCL NM_003373
INHBB 1.31 0.0302 INHBB NM_002193
GADD45B 1.30 <.0001 GADD45B NM 015675
RhoB 1.30 0.0053 RHOB NM._ 004040
DUSP! 1.28 <,0001 ‘DUSP1 NM_ 004417
HK1 1.28 0.0297 HK1 NM_000188
GRIK1 1.28 0.0364 GRIK1 : NM_ 000830
FOS 1.27 0.0002 ' FOS NM_ 005252
CGB 1.27 0.0126 CGB NM 000737
KLF6 1.27 0.0288 KLF6 NM 001300
ANXAS 1.27 0.0504 ANXAS NM. 001154
KRAS?2 1.27 0.0724 KRAS NM_ 004985
INHBA | 126 0.0009 INHBA NM 002192
DLCI - 126 0.0096 DLC1 NM._ 006094
IGFBP7 1.26 0.0116 IGFBP7 NM_ 001553
BGN : 1.25 0.0039 BGN NM_ 001711
LOXL2 1.25 0.0076 - LOXL2 NM. 002318
STC1 1.25 0.0135 STC1 NM_ 003155
CTSD 125" 0.0208 CTSD NM 001909
HSPG2 1.25 0.0485 HSPG2 NM 005529
KCNH2 iso a/b 1.25 0.0832 KCNH2 NM_000238
TIMP3 1.24 0.0057 TIMP3 NM._ 000362
FXYDs5 124 0.0070 FXYD5 NM_ 014164
A-Catenin _ 1.24 . 0.0447 CTNNAI NM_ 001903
LOX 1.23 0.0013 LOX NM 002317
EGRI 1.23 0.0037 : EGRI1 NM_001964
CAPG . 1.23 0.0191 CAPG NM_001747
LAMB3 1.23 0.0377 LAMB3 - NM._ 000228
GAGE4 1.23 0.0402 GAGE4 NM._001474
SHC1 1.23 0.0640 SHCI NM 003029
MVP 123 0.0726 MVP NM_ 017458
VEGF 1.22 0.0250 VEGF | NM 003376
UNC5B 1.22 0.0256 UNC5B . NM. 170744
CDC42BPA 1.22 0.0297 CDC42BPA NM._ 003607
SBA2 122 0.0614 WSB2 NM_018639
DKK1 1.22 0.0689 DKK1 NM 012242
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EphB6 . . NM. 004445
IGFBP3 1.21 0.0078 IGFBP3 NM_000598
HSPA1B 1.21 0.0167 HSPA1B NM_005346
CALDI1 1.21 0.0277 CALDI1 NM 004342
TIMP2 1.21 0.0309 TIMP2 NM 003255
NR4AL 1.20 0.0023 NR4AI NM 002135
LAMA3 1.20 0.0028 LAMA3. NM 000227
SIAT4A 1.20 0.0082 ST3GAL1 NM 003033
PDGFB 1.20 0.0084 PDGFB NM. 002608
EMP1 1.20 0.0107 EMPI NM. 001423
THBSI 1.20 0.0126 THBSI NM 003246
CDé68 1.20 0.0143 . CD68 NM 001251

| FYN 1.20 0.0151 FYN NM. 002037
TULP3 1.20 0.0213 TULP3 NM 003324
EFNAI 1.20 0.0254 -EFNA1 NM_004428
SIR2 1.20 0.0255 SIRT1 NM 012238
G-Catenin 1.20 0.0689 JUP NM 002230
SI100A1 1.20 0.0998 S100A1 NM_ 006271
Maspin 1.19 0.0013 SERPINBS NM 002639
HSPAIA 1.19 0.0013 HSPAIA NM 005345
SPARC 1.19 0.0359 SPARC NM 003118
PTHRI1 1.19 0.0801 PTHR1 NM 000316
SNAI2 1.18 0.0353 SNAI2? NM_003068
KRT19 I.18 0.0419 KRT19 NM 002276
ERK] 1.18 0.0459 711696
KLK10 1.17 0.0007 KLK10 NM. 002776

BMP4 1.17 0.0121 BMP4 NM 001202
CYR61 1.17 0.0127 CYRS61 NM_ 001554
Grbl0 1.17 0.0216 GRB10 NM 005311
PLK3 1.17 0.0242 PLK3 NM 004073
EFNB2 1.17 0.0403 EFNB2 NM 004093
PI4ARF 1.17 0.0439 S78535
D3 1.17 0.0446 ID3 NM 002167
IGFBP5 1.17 0.0503 IGFBP5 NM_ 000599
THY! 1.17 0.0574 THY1 NM 006288
VIM 1.17 0.0858 VIM NM 003380
EPAS1 1.17 0.0897 EPASI NM 001430
PAIL . 1.16 0.0039 SERPINEI NM._ 000602
F3 1.16 0.0172 F3 NM 001993
CTHRCI 1.16 ~ 0.0181 CTHRCI NM 138455
ANTXRI 1.16 0.0237 ANTXRI1 NM 032208
FAP 1.16 0.0289 - FAP NM_004460
ADAMTSI12 116 0.0350 ADAMTSI12 NM_030955
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CTGF 1.16 0.0424 CTGF NM 001901
PTGER3 1.16 0.0569 PTGER3 NM. 000957
ANXAI 1.16 0.0699 ANXALI NM_000700
NRP1 1.16 0.0797 NRP1 NM. 003873
NDRGlI 1.16 0.0856 NDRG1 NM_006096
KLK6 1.15 0.0092 KLX6 NM. 002774
EGR3 1.15 0.0153 EGR3 -NM 004430
HOXB7 L15 0.0345 HOXB7 NM_004502
PDGFC 1.15 0.0363 PDGFC NM._016205
Herstatin 1.15 0.0403 AF177761
MCPI 1.15 0.0409 CCL2 NM_002982
TGFBI 1.15 0.0437 TGFBI NM_ 000358
TP5313 1.15 0.0438 TP5313 NM_004881
SLPI 1.15 0.0457 SLPI NM_003064
PLAUR 1.15 0.0471 PLAUR NM: 002659
GJB2 1.15 0.0610 GJB2 NM 004004
COL1Al 1.15 0.0647 COL1Al NM 000088
IL6 1.15 0.0790 IL6 NM_000600
APC 1.15 0.0821 APC NM. 000038
S100A2 1.14 0.0048 S100A2 NM. 005978
TMEPAI 1.14 0.0300 TMEPAI NM_ 020182
PDGFA - 1.14 0.0644 NM_ 002607
S100A4 1.14 0.0680 S100A4 NM_002961
TAGLN 1.14 0.0820 TAGLN NM 003186
Upa 1.14 0.0823 PLAU NM_002658
COL1A2 1.14 0.0856 COL1A2 NM_ 000089
OSM 1.13 0.0299 OSM NM_020530
BRK 1.13 0.0479 PTK6 NM_ 005975
SEMA3B 1.13 0.0525 SEMA3B NM_004636
OPN_ osteopontin 1.12 0.0084 SPP1 NM_000582
stoop 1.12 0.0283 S100P NM_005980
SFRP2 1.12 0.0291 SFRP2 NM_ 003013
EGLN3 1.12 0.0465 EGLN3 NM_ 022073
SIAT7B 1.12 0.0570 ST6GALNAC2 NM. 006456
MMP7 1.12 0.0743 MMP7 NM 002423
FABP4 1.11 0.0195 FABP4 NM 001442
AKAPI12 1.11 0.0899 AKAPI12 NM_005100
EFNA3 1.10 0.0684 EFNA3 NM_004952
SFRP4 1.10 0.0684 SFRP4 NM 003014
CRYAB 1.10 0.0987 CRYAB NM_001885
GSTTI 1.09 " 0.0457 GSTTI NM. 000853
REG4 1.08 0.0074 REG4 NM. 032044
pS2 1.08 0.0302 TFF1 NM_003225
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MUC5B 1.08 MUCSB XM_039877
1GFBP2 1.08 IGFBP2 NM_000597
[0169]  Table 3B shows associations between clinical outcome and gene expression

for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox

Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DFS as the metric for clinical outcome.

Table 3B

Gene Ratio <~ .| - OfficialSymbol ' ‘| Number; )
HSPAS 0.70 HSPAS NM._ 006597
SLC25A3 0.71 SLC25A3 NM 213611
E2F1 0.73 E2F1 NM 005225
SKP2 0.73 SKP2 NM_005983
PPM1D 0.75 PPMI1D NM_003620
RRMI 0.76 RRMI NM 001033
RPLPO 0.76 RPLPO NM_ 001002
NPM1 0.78 NPM1 NM 002520
DDBI 0.78 DDB1 NM_001923
PRDX4 0.79 PRDX4 NM_006406
BRCA1 0.80 BRCA1 NM_007295
Chkl 0.80 CHEK1 NM_001274
SURV 0.81 BIRCS NM 001168
C20 orfl 0.81 TPX2 NM 012112
EI24 0.81 EI24 NM 004879
RADS4L 0.81 RADS4L NM 003579
DHFR 0.81 DHFR NM_000791
c-myb (MYB 0.82

official) 0.0029 MYB NM 005375
CCNE2 0.82 0.0109 CCNE2 NM_057749
KIF22 0.82 0.0235 KIF22 NM 007317
HMGBI 0.82 0.0849 HMGBI1 NM_002128
LMNBI 0.83 0.0665 LMNBI NM 005573
CDCA7 v2 0.34 0.0224 CDCA7 NM 145810
CDC20 0.84 0.0461 CDC20 NM 001255
FASN 0.84 0.0797 FASN NM_004104
ABCB1 0.85 0.0157 ABCB! NM_000927
MCM2 0.85 0.0183 MCM2 NM_004526
DUT 0.85 0.0469 DUT NM_001948
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KIF2C 0.85 0.0786 KIF2C NM_006845
MCM6 0.85 0.0791 MCM6 ‘| NM 005915
EIF4E ' 0.85 0.0863 EIFAE NM 001968
EPHB2 0.86 0.0271 EPHB2 NM. 004442
RCC1 0.86 0.0444 - RCC1 NM 001269
EFP 0.86 0.0760 TRIM25 NM_ 005082
AREG 0.87 0.0029 AREG NM_001657
CMYC 0.87 0.0483 MYC NM 002467
GCLC 0.87 0.0824 GCLC NM 001498
TCF-1 0.88 0.0520 TCF1 NM 000545
MYBL2 0.88 0.0527 . MYBL2 NM 002466
EREG 0.89 0.0237 EREG NM 001432
Cdx2 0.90 0.0353 - CDX2 - NM 001265
PTPRO . 0.92 0.0896 PTPRO NM 030667
cripto (TDGF1 0.92

official) 0.0913 TDGF1 NM 003212
HLA-DRBI 0.93 0.0536 HLA-DRBI NM 002124

[0170]  Table 4A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Kegression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DRFI as the metric for clinical outcome.

Table 4A

Gene L Ratio - -} P Value |  -OfficialSymbol: > |-Number: "
ALDOA - 3.37 0.0106 ALDOA NM 000034
DCK 2.74 0.0130 DCK NM_ 000788
ITGBI 2.50 <.0001 ITGBI NM 002211
COX2 2.15 0.0128 PTGS2 NM 000963
TIP1 2.12 0.0072 TIP1 NM_ 003257
STAT3 1.98 0.0062 STAT3 NM_003150
HMLH 1.93 - 0.0087 MLH1 NM 000249
CYP3A4 1.90 0.0092 CYP3A4 NM_ 017460
RhoC 1.89 0.0033 RHOC NM. 175744
ANXA2 1.87 0.0025 ANXA2 NM._004039
TIMP1 1.83 <.0001 TIMP1 NM 003254
WWOX ] 1.81 0.0288 WWOX NM 016373
ANXAS 1.80 0.0029 ANXAS NM_ 001154
FUS 1.79 0.0179 FUS NM_ 004960

55/253



WO 2007/082099

PCT/US2007/000995

“Gene Ratiof: Zalu
PADI4 1.78 0.0168 PADI4 NM 012387
RBX1 1.71 0.0082 RBX1 NM 014248
CRIP2 1.71 0.0343 CRIP2 NM 001312

| HB-EGF 1.69 0.0013 HBEGF NM 001945
‘KCNH2 iso a/b 1.69 0.0070 KCNH2 NM 000238
SBA2 1.68 0.0066 WSB2 NM 018639
RhoB 1.67 0.0010 RHOB NM 004040
VIM 1.66 0.0010 VIM NM. 003380
LILRB3 1.66 0.0227 LILRB3 NM 006864
UBC 1.64 0.0051 UBC NM 021009
p21 1.63 0.0032 CDKN1A NM_ 000389
CCNE2 variant 1 1.62 0.0363 CCNE2 NM._057749
RAB6C 1.61 0.0107 RAB6C NM_ 032144
MSH3 1.61 0.0213 MSH3 NM_002439
AKT3 1.59 0.0003 AKT3 NM._ 005465
PI3K 1.58 0.0552 PIK3C2B NM_002646
RAPIGDSI1 1.57 0.0154 RAP1GDSI NM. 021159
CTSB 1.57 0.0250 CTSB NM._001908
PRDX6 1.57 0.0770 PRDX6 NM_004905
NRP2 1.56 0.0005 NRP2 NM._003872
DLCI 1.56 0.0026 DLCI NM._006094
BGN 1.55 0.0006 BGN NM 001711
SIR2 1.55 0.0016 SIRT! NM 012238
CALDI 1.53 0.0046 CALDI NM_004342
YWHAH 1.53 0.0429 YWHAH NM 003405
CDC42 1.52 0.0207 CDC42 NM 001791
ITGAS 1.51 0.0004 ITGAS NM_002205
KLF6 1.51 0.0197 KLF6 NM_001300
TLN1 1.51 0.0414 TLN1 NM_006289
LAMC2 1.49 0.0017 LAMC2 NM._ 005562
STCI 1.49 0.0040 STC1 NM 003155
CDC42BPA 1.49 0.0109 CDC42BPA NM._ 003607
RBMS5 1.49 0.0184 RBMS NM 005778
INHBB 1.49 0.0310 INHBB NM 002193
TGFBR1 1.49 0.0502 TGFBR1 NM 004612
ADAM10 1.49 0.0819 ADAM10 NM 001110
CEBPB 1.48 0.0399 CEBPB NM 005194
AKTI1 1.48 0.0846 AKT1 NM_ 005163
FYN 1.47 0.0036 FYN NM 002037
ARG 1.47 0.0067 ABL2 NM 005158
HIF1A 1.47 0.0221 HIF1A NM_001530
S100A1 1.47 0.0293 S100A1 NM 006271
KRAS2 1.47 0.0958 KRAS NM 004985
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CTHRC1 1.46 0.0008 CTHRCI NM_138455
IGFBP7 1.46 0.0173 IGFBP7 NM_001553
ROCK1 146 0.0326 ROCK1 NM_005406
VEGFC - 1.46 0.0516 VEGFC NM_005429
EPASI 1.45 0.0316 EPASI NM_001430
DUSPI 1.44 0.0008 DUSPI NM_004417
FST 144 0.0340 FST NM 006350
GADD45B 1.43 0.0013 GADD45B NM_ 015675
FLT4 1.43 0.0663 FLT4 NM_002020
PTEN 1.43 0.0760 PTEN NM_000314
FAP 1.42 0.0017 FAP NM_ 004460
PDGFC 1.42 0.0033 PDGFC NM_ 016205
LOXL2 1.42 0.0115 LOXL2 NM 002318
Pakl 1.42 0.0846 PAKI1 NM_002576
Grb10 1.41 0.0020 GRBI10 NM_005311
INHBA 1.41 0.0036 INHBA NM_002192-
GJAI 1.41 0.0039 GJALl NM_ 000165
CTGF 1.41 0.0053 CTGF NM 001901
COL1A2 1.41 0.0057 COL1A2 NM_000089
PTK2 1.40 0.0496 PTK2 NM 005607
THBS1 1.39 0.0059 THBS1 NM_003246
RANBP9 1.39 0.0333 RANBP9 NM 005493
RANBP2 1.39 0.0988 RANBP2 NM 006267
ITGAV 1.38 0.0210 ITGAV NM 002210
TIMP2 1.38 0.0285 TIMP2 NM_003255
PTHRI 1.38 0.0297 PTHRI NM 000316
GADD45 1.38 0.0340 GADD45A NM 001924
c-abl 1.38 0.0526 ABLI NM. 005157
EGRI1 1.37 0.0097 EGR1 NM 001964
NCAMI1 1.37 0.0657 NCAMI1 NM_ 000615
VCL 1.37 0.0845 VCL NM_003373
LOX 1.36 0.0026 LOX NM 002317
SNAI2 1.36 0.0178 SNAI2 .NM_003068
SPARC 1.36 0.0198 SPARC NM 003118
CDH11 1.36 0.0233 CDH11 NM 001797
NFKBp50 1.36 0.0767 NFKB! NM. 003998
CYR61 1.35 0.0065 CYR61 NM 001554
S100A4 1.35 0.0104 S100A4 NM_ 002961
TAGLN 1.35 0.0168 TAGLN NM 003186
PCAF 1.34 0.0327 PCAF NM 003884
NOTCH2 1.34 0.0390 NOTCH2 NM 024408
LRP5 1.34 0.0722 LRP5 NM 002335
SI 1.34 0.0787 SI NM. 001041

57/253



WO 2007/082099

PCT/US2007/000995

: -7 Hazard [ T foi ‘
iGene - Ratio " |- . P Valuedi ‘Number:..
GBP2 1.33 0.0139 GBP2 NM 004120
Bel2 1.33 0.0143 BCL2 " NM_000633
MCP1 1.33 0.0159 CCL2 NM_ 002982
EPHA2 1.33 0.0184 EPHA2 NM. 004431
PRKCA 1.33 0.0329 PRKCA NM 002737
TIMP3 1.33 0.0337 TIMP3 NM 000362
ANGPT2 1.33 0.0476 ANGPT2 NM_001147
CTSD 1.33 0.0766 CTSD NM_001909
SEMA3F- 1.33 0.093] SEMAG3F NM 004186
BCASI 1.32 0.0044 BCAS1 NM_ 003657
ANXA1 1.32 0.0458 ANXAL1 NM_ 000700
KRT19 1.32 0.0535 KRT19 NM 002276
PTPRJ 1.32 0.0618 PTPRJ NM._ 002843
CAPG . 1.32 0.0641 CAPG NM_ 001747
FOS 1.31 0.0129 FOS NM_ 005252
COLIAL -1.31 0.0236 COLIAl NM_ 000088
CXCR4 131 0.0251 CXCR4 NM_003467
TUBB 1.31 0.0354 TUBB2 NM._001069
PIM1 1.31 0.0373 PIM1 NM_002648
IGFBP5 1.31 0.0477 IGFBP5 NM_ 000599
AP-1 (JUN official) 131 0.0519 JUN NM_002228
GCNT! 1.31 0.0534 GCNTI1 NM_ 001490
MAX 1.31 0.0650 MAX NM_ 002382
PAIL 1.30 0.0017 SERPINE1 NM_000602
SLPI 1.30 0.0176 SLPI NM_ 003064
IGFBP3 1.30 0.0320 IGFBP3 NM_ 000598
DAPKI 1.30 0.0402 DAPK1 NM. 004938
D3 1.30 0.0442 ID3 NM 002167
EFNA1 1.30 0.0623 EFNALI NM 004428
AKAPI12 1.29 0.0162 AKAP12 NM_ 005100
PDGFB 1.29 0.0242 PDGFB NM 002608
CD68 1.29 0.0524 CD68 NM 001251
FGFR] 1.29 0.0709 FGFRI NM 023109
GSK3B 1.29 0.0765 GSK3B NM 002093
CXCL12 1.28 .0.0129 CXCL12 NM._ 000609
DPYD 1.28 0.0186 DPYD NM_000110
LAMA3 1.28 0.0193 LAMA3 NM_000227
MRP3 1.28 0.0384 ABCC3 NM._003786
ABCC5 1.28 0.0402 ABCCS NM 005688
PDGFA 1.28 0.0482 NM 002607
XPA 1.28 0.0740 XPA - NM 000380
NDRG1 1.28 0.0786 NDRG! NM._006096
FES 1.27 0.0458 FES NM_002005
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Gene, " . Ratio’ ‘P Value OfficialSymbol Number *
CTSL 1.27 0.0485 CTSL NM. 001912
IL6 1.27 0.0606 IL6 NM_ 000600
SFRP2 - 1.26 0.0085 SFRP2 NM_003013
Maspin r 126 0.0096 SERPINB5 | NM 002639
TGFBI 1.26 0.0470 TGFBI NM_000358
NOS3 1.26 ~ 0.0978 NOS3 NM_ 000603
HSPAIA 1.25 0.0161 . HSPAIA NM_005345
S100A8 1.25 0.0180 S100A8 ' NM_002964
HOXB7 : 1.25 0.0396 HOXB?7 NM_004502
P14ARF 1.25 0.0697 $78535
WISP1 1.25 0.0712 WISPI1 NM._003882
1D4 1.25 0.0883 D4 NM._001546
SFRP4 1.24 0.0200 SFRP4 NM._ 003014
FZD6 1.24 0.0220 FZD6 NM._ 003506
EGR3 1.24 0.0237 EGR3 NM_ 004430
ALDHIA1 1.24 0.0258 ALDHIAI NM._ 000689
CRYAB 1.23 0.0394 " CRYAB NM_ 001885
TGFB3 - ‘ 1.23 0.0541 TGFB3 NM_003239
ANTXRI 1.23 0.0661 ANTXRI1 NM_ 032208
KLK6 ' 1.22 0.0211 KLK6 NM_ 002774
T2 1.22 0.0676 LILRBI NM_ 006669
EMP1 1.22 0.0871 . EMPI NM_ 001423

| PLAUR 122 0.0943 PLAUR NM 002659
S100A2 1.20 0.0100 , S100A2 NM_005978
MMP7 1.19 0.0810 MMP7 NM 002423
OPN_ osteopontin, 1.17 0.0231 SPP1 NM 000582
FABP4 1.17 0.0325 FABP4 NM_ 001442
KLK10 1.17 0.0452 KLK10 NM_002776
PS2 1.16 0.0140 TFF1 NM_003225
STMY3 115 . 0.0850 MMP11 NM_005940
REG4 1.14 0.0042 REG4 NM._ 032044
MUC2 1.09 0.0370 MUC2 NM_002457

[0171] Table 4B shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was épplied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DRFI as the metric for clinical outcome.

;*:Gene . A ! L) i
HSPAS 0.51 0.0261 HSPAS | NM_006597
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RPS13 0.58 0.0089 RPS13 " NM 001017 -
RPLPO 0.63 0.0324 RPLPO NM 001002
NDUFS3 0.66 0.0142 NDUFS3 NM 004551
LMNBI 0.67 0.0202 LMNB1 NM _005573°
ST14 0.67 0.0206 ST14 NM 021978
BRCAI 0.68 0.0032 BRCAL1 NM 007295
TMSB4X 0.68 0.0075 TMSB4X NM 021109
DHFR 0.68 0.0356 DHFR NM_000791
SKP2 0.69 0.0248 SKP2 - NM_ 005983 .
TCF-1 0.70 0.0015 TCF1 NM_ 000545
CDC20 0.70 0.0067 CDC20 NM 001255
SLC25A3 0.70 0.0418 SLC25A3 ‘NM 213611
NMEI 0.72 . 0.0503 NMEI NM_ 000269
RRM1 0.72 0.0850 'RRM1 NM 001033
MCM2 0.76 0.0168 MCM2 NM 004526
ABCC6 0.76 0.0445 ABCC6 NM 001171
CKS2 0.76 0.0869 CKS2 NM_001827
EPHB2 0.77 0.0174 EPHB2 NM -004442
C20 orfl 0.77 0.0716 TPX?2 NM 012112
CSELI 0.77 0.0725 CSEIL NM_ 001316
NFKBp65 0.78 0.0957 RELA NM_021975
AURKB 0.79 0.0742 AURKB NM_004217
CMYC 0.82 0.0901 MYC NM_ 002467
Cdx2 0.85 0.0510 CDX2 NM 001265
EREG 0.85 0.0730 EREG NM 001432
AREG " 0.86 0.0365 AREG NM_001657

[0172] = Table 5A shows associations between gene expression and RFI, controlling
for particular derriographic and clinical characteristics of patients included in the analysis. All
genes are listed whose expression correlates with RFI (p<0.1) and which demonstrated a Hazard

Ratio >1 in a multivariate analysis including the following variables: tumor location, surgery,

tumor grade, nodes examined, and number of positive nodes.

Table SA
RARB 2.06780 4.23265 1 0.03965
CYP3A4 1.85387 7.99462 1 0.00469
ANXA2 1.80012 10.84166 1 0.00099
COX2 1.79051 4.52307 1 0.03344
RhoC 1.73986 9.97133 i 0.00159
MAPK14 1.68382 8.04253 1 0.00457
UBC 1.67323 11.69444 1 0.00063
RhoB 1.66612 15.92497 1 0.00007
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ITGBI 65796 8.18638 1 0.00422
KRAS2 1.63873 6.80447 1 0.00909
NTNI 1.61833 5.43469 | 0.01974
ATPSE 1.60990 4.93660 1 0.02629
G-Catenin -1.58482 9.24422 1 0.00236
STCI1 1.58163 11.10757 i 0.00086
SPINT2 1.52653 6.17276 1 0.01297
Claudin 4 1.50290 12.29943 1 0.00045
IGFBP7 1.48789: 9.62569 1 0.00192
NCAMI 1.48294 5.11428 1 0.02373
TIMP1 1.46045 9.98492 1 0.00158
CEBPB 1.46025 5.23659 1 0.02212
KCNH2 iso a/b 1.44616 3.97304 1 0.04623
TMSBI10 143107 4.65463 1 0.03097
VEGFC 1.41860 4,66904 1 0.03071
HB-EGF 1.41757 7.00399 1 0.00813
FST 1.41061 5.59674 1 0.0179%
LAMC2 1.40860 11.33997 1 0.00076
GADD45B 1.40671 12.26323 1 0.00046
AKT3 1.40161 10.13028 1 0.00146
EFNAL 1.40048 8.86645 i 0.00290
p21 1.39939 5.42981 1 0.01980
INHBA 1.38204 11.03909 1 0.00089
CALDI 1.38009 6.93406 1 0.00846
DUSP1 1.36464 13.04379 1 0.00030
HSPG2 1.36387 4.11749 1 0.04244
GIB2 1.36358 8.42204 1 0.00371
EPAS1 1.36323 4.74318 1 0.02941
BGN 1.35821 7.66947 1 0.00562
TIMP2 1.35571 5.78791 1 0.01614
A-Catenin 1.35566 4.35623 1 0.03687
LOXL2 1.35470 7.23663 1 0.00714
DKKI1 1.35126 3.88504 -1 0.04872
ITGAV 1.34899 8.03554 1 0.00459
CGB 1.34840 7.06221 1 0.00787
EGR1 1.33424 8.41855 1- 0.00371
TIMP3 1.33197 6.28550 1 0.01217
VIM 1.33196 492198 | 0.02652
TGFBI 1.32511 8.30278 1 0.00396
FXYD5 1.32500 6.22751 1 0.01258
VEGF 1.32291 4.93825 1 0.02627
ADAMTSI12 1.31794 7.46749 1 0.00628
SLPI 1.31565 8.38324 1 0.00379
DLCI1 1.30862 5.51638 1 0.01884
HOXB7 1.30822 8.04076 1 . 0.00457
TMEPALI 1.30395 8.43736 1 0.00368
IGFBPS 1.30260 5.44022 1 0.01968
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& R R R GRS quarel | DED. Viliaesrih:
CDC42BPA 1.30167 4.20771 1 0.04024
PDGFA 1.29760 5.54964 1 0.01848
GSTp 1.29594 3.96268 1 0.04652
FOS 1.29427 8.42847 1 0.00369
PDGFC 1.28813 6.81737 1 0.00903
IGFBP3 1.28701 6.33625 1 0.01183
LOX 1.28433 8.15598 1 0.00429
SPARC 1.28260 4,75876 1 0.02915
EFNB2 1.27720 4.71247 1 0.02994
Maspin 1.27645 10.57657 1 0.00115
THBSI 1.27619 6.61087 1 0.01014
TAGLN 1.26904 5.15123 1 0.02323
VEGF _altsplicel 1.26734 5.29282 1 0.02141
S100P 1.26586 9.88713 1 0.00166
HSPATA 1.26209 8.59704 1 0.00337
MAD 1.26112 3.96163 1 0.04655
ANGPT2 1.25701 - 391148 1 0.04796
PRKCA 1.24853 4.69452 1 0.03026
F3 1.24848 5.06788 1 0.02437
FAP 1.24657 5.19589 1 0.02264
BRK 1.24507 5.44048 1 0.01968
CD68 1.23943 4.02530 1 0.04482
NR4AI1 1.23772 7.09548 1 0.00773
CTHRC1 123465 5.21100 1 0.02244
SLC2A1 1.22967 5.22364 1 0.02228
Grbl0 1.22209 4.12811 1 0.04218
pl6-INK4 1.21325 4.44296 1 0.03505
MDK 121116 5.25025 1 0.02194
CYR61 1.19995 - 4.14452 1 0.04177
LAMA3 1.19794 4,33073 1 0.03743
FOXO3A 1.19557 4.20079 1 0.04041
EFNA3 1.19439 5.51728 1 0.01883
CRYAB 1.17514 3.90435 1 0.04816
CEACAMSG 1.16804 3.96486 1 0.04646
OPN_ osteopontin 1.16112 5.50891 1 0.01892
KLKI10 1.15851 5.65625 1 0.01739
SFRP2 1.15773 " 4,02893 1 0.04473
KLK6 1.15163 4.65953 1 0.03088
S100A2 1.14185 3.94284 1 0.04707
REG4 1.09037 4.16995 1 0.04115

[0173] Table 5B shows associations between ‘gene expression and RFI, controlling
for particular demographic and clinical characteristics of patients included in the analysis. All

genes are listed whose expression correlates with RFI (p<0.1) and which demonstrated a Hazard
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Ratio <1 in a multivariate analysis including the following variables: tumor location, surgery,

tumor grade, nodes examined, and number of positive nodes,

Table 5B

Gene ~ . VHR -V LR GhiSquare | DF [ P-value
BFGF 0.46674 6.95233 1 0.00837
Fasl 047324 4.08714 1 0.04321
KLRK1 0.63331 10.28820 I 0.00134
DHFR 0.64947 764434 1 0.00570
BRCAl - 0.65247 15.21566 1 0.00010
SLC25A3 0.67480 5.72977 1 0.01668
RAD54L 0.68215 5.38684 1 0.02029
PPMID 0.68777 10.02879 1 0.00154
CD80 0.69347 8.70087 1 0.00318
ATP5A1 0.70467 4.06718 1 0.04372
PRKCBI1 0.73152 521950 1 0.02234
KIF22 0.73945 5.13202 1 0.02349
Chkl 0.75865 238139 1 0.03633
TRAIL 0.76430 4.12533 1 0.04225
CDC20 0.77071 5.04557 i 0.02469
DUT 0.78196 4.13381 1 0.04203
ABCBI 0.79434 5.33783 1 0.02087
UMPS 0.80011 4.65425 1 0.03098
NG5 0.80230 2.04085 i 0.04441
CMYC 0.80757 426709 1 0.03886
GBPI 0.83015 398302 1 0.04596
AREG 0.86091 2.94239 1 0.02621

[0174]. Table 6 shows associations between gene expression and clinical outcome
based on a nonlinear proportional hazards analysis, using a 2 degree-of-freedom natural spline.
All gen.es are listed which demonstrated a departure from a strictly linear relationship (p<0.05)
with RFI in combined Stage II (Duke’s B) and Stage III (Duke’s C) patients. The relationship
between gene expression and RFI was not constant throughout the observed ranée of expression
values in the study, e.g. increases in gene expression may have been related io increases in
duration of RFI in one portion of the observed range and with decreases in durafion of RFI in a

different portion of the range.

Table 6 . ’
}‘Gene P *OfficialiSy: i

-PTHLH 0.001 PTHLH NM 002820

CDCA7 v2 0.002 CDCA7 NM 145810
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‘Gene . . P-Value'. " ] Number
CREBBP 0.002 NM_004380
KLF5 0.002 NM 001730
LAMB3 0.004 NM 000228
TGFBRI 0.005 TGFBRI1 NM 004612
NR4Al 0.005 NR4Al NM 002135
Upa 0.005. PLAU NM 002658
Cadl7 0.007 CDH17 NM 004063
S100A4 0.008 S100A4 NM 002961
A-Catenin 0.008 CTNNAI NM 001903
- EPHB2 0.009 EPHB2 NM 004442
‘Axin 2 0.011 AXIN2 NM 004655
PTPRJ 0.011 PTPRJ NM_002843
CAPNI 0.012 CAPNI1 NM 005186
CEGPI1 0.013 SCUBE2 NM 020974
APQCI 0.013 APOCI NM 001645
GBP1 0.015 GBP1 NM 002053
SKP2 0.016 SKP2 NM. 005983
ATPSE 0.016 ATPSE NM 006886
GRIK 1 0.017 GRIK 1 NM._ 000830
PRKR 0.018 EIF2AK2 NM 002759
FUT6 0.020 FUT6 NM_000150
PFN2 0.020 PFN2 NM 053024
ITGB4 0.021 ITGB4 NM 000213
MADH?7 0.021 SMAD7 NM' 005904
RALBP1 0.021 RALBPI NM. 006788
AKTI 0.022° AKT1 NM 005163
KLK6 0.022 KLK6 . NM 002774
PLK 0.023 PLK1 NM_005030
CYP2C8 0.025 CYP2C8 NM_000770
BTF3 0.026 BTF3 NM 001207
CCNE2 variant ] 0.026 CCNE2 NM 057749
STMY3 0.030 MMP11 NM_005940
NRP1 0.030 NRP1 NM 003873
SIAT4A 0.031 ST3GALL NM_003033
SEMA3B 0.033 SEMA3B NM 004636
TRAG3 0.033 CSAG2 NM_004909
HSPEI 0.035' "HSPE! NM_002157
SBA2 0.036 WSB2 NM 018639
TK1 0.036 TK 1 NM_003258
CCNB2 0.037 CCNB2 NM._004701
TMEPAI 0.037 TMEPAI NM 020182
SPRY?2 0.037 SPRY?2 NM 005842
AGXT 0.038 AGXT NM_ 000030
ALCAM 0.038 ALCAM NM 001627
HSPCA 0.038 HSPCA NM 005348
TIMP3 0.038 TIMP3 NM_000362
DET! 0.039 DET1 NM 017996
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mGene ' s Offidial Symbol-'s, :Number-
tusc4 . TUSC4 NM_006545
SNAI2 0.040 SNAI2 NM 003068 .
CD28 0.040 CD28 "NM 006139
RNF11 0,041 RNF11 NM 014372
PAIl 0.042 SERPINE1 NM 000602
XRCC1 0.042 XRCCl1 NM 006297
EGLNI1 0.044 EGLNI NM 022051
EGFR 0.044 EGFR NM 005228
HES6 0.044 HESG6 NM 018645
KCNK4 0.045 KCNK4 - NM 016611
CXCR4 0.047 CXCR4 NM 003467
PTP4A3 0.048 PTP4A3 NM 007079
p27 0.048 CDKNIB NM_ 004064
MADH4 0.049 SMAD4 NM 005359
ICAMI1 0.049 ICAM1 NM 000201

[0175] Table 7 shows all genes exhibiting an interaction (p-value < 0.05) with tumor

stage. The data were modeled using a proportional hazards model of RFI with gene expression,

tumor stage, and their interaction as predictors.

Table 7
Gene ‘. AR Stage IT Uk o HRIStage: LvalueforIntersction -
ICAM2 1.49 0.0019
CD24 1.26 0.0054
PRDX6 229 0.0058
HSD17B2 0.62 0.0072
ALCAM 1.61 0.0088
SIR2 2.02 0.0089
NUFIP1 1.32 0.0093
EMR3 2.14 0.0127
CDC20 0.56 0.0130
MT3 1.37 0.0134
CLTC 1.80 0.0144
CYR61 1.73 0.0145
WIF 1.34 0.0195
TFF3 1.23 0.0209
SOSs1’ 1.46 0.0287
TMSB4X 1.34 0.0293
CENPE 3.05 0.0330
CDHI11 1.49 0.0339
CAPG 0.90 0.0348
TP53BP1 1.54 0.0357
MGATS 1.25 0.0362
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MADH2 1.36 0.70 . 0.0393
LOX 1.58 1.11 ) 0.0396
DKKI 0.87 1.55 0.0415
CKSIB 0.31 1.75 0.0467
MMP7 - 0.92 1.28 0.0471
STATS5B 1.28 0.86 " 0.0471
CD28 0.69 1.25 ‘ 0.0472

Second Analysis Study Results

[0176] Reference Gene Set for the second analysis was ATPSE, CLTC, GPXl,
NEDDS; PGK1, UBB. |

[0177]  Table 1.2A shows associations for those genes whose incredsed expression is
predictive of shorter Recurrence-Free Interval (RFI) based on univariate proportional hazards
analysis. '

[0178]  Table 1.2B shows associations for those genes whose increased expression is
predictive of longer Recurrence-Free Interval (RFI) based on univariate proportional hazards
'analysis.

[0179}  Table 2.2A shows associations for those genes whose increased expression is
predictive of decreased rate of Overall Survival (OS) based on univariate proportional hazards
_ analysis. ' .

. [0180] . Table 2.2B shows associations for those genes whose increased expression is
predictive of increased rate of Overall Survival (OS) based-on univariate.proportional hazards
analysis. ] .

[0181]  Table 3.2A shows associations for those genes whose increased expression is
predictive of decreased rate of Disease Free Survival (DFS) based on univariate proportional
hazards analysis. '

[0182] Table 3.2B shows associations for th(;se genes whose increased expression is
predictive of increased rate of Disease Free Survival (DFS) based on univariate proportional
hazards analysis.

' [0183]  Table 4.2A shows associations for those genes whose increased expression is
predictive of shorter Distant Recurrence-Free Interval (DRFI) based on univariate proportibnal

hazards analysis.
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[0184] Table 4.2B shows associations _for‘those genes whose increased expression is
predictiv;a of longer Distant Recurrence-Free Interval (DRFI) based on univariate proportional
hazards analysis. ' '

[0185]  Table 5.2A shows associations between gene expression and RFI for those"
genes whose increased expression is predictive of shorter Recurrence-Free Interval (RFI), based
on a multivariate analysis controlling for particular demographic and clinical characteristics of
patients included in the analysis.

[0186] Table 5.2B shows associations between gene expression and RFI for those
genes whose increased expression is predictive of longer Recurrence-Free Interval (RFI), based
on a multivariate analysis controlling for particular demographic and clinical characteristics of
patienté included in the analysis.

[0187]’ - Table 6.2 shows genes for which an association between gene expression and
clinical outcome was identified based on a nonlinear prdportional hazards analysis, using a 2
degree-of-freedom natural spline.

[0188] Table 7.2 shows all genes exhibiting an interaction (p-value < 0.05) with
tumqr stage. .

[0189]  Table 1.2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in 'combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using RFI as the metric for clinical outcome. -

o . Officia ccess
Gene -’ e Value: “Symbol: 4 er
RARB 0.0294 RARB _ NM_016152
ITGB1 0.0002- ITGB1 NM_0022141
1ANXA2 0.0003 ANXA2 NM_004039
CYP3A4 0.0075. - CYP3A4 NM_017460
cox2 0.0604 PTGS2 NM_000963
KRAS2 0.0064 KRAS NM_004985
TIP1 0.0751 TJP1 NM_003257
KIAAQ125 0.0889 - KIAA0125 NM_014792
RhoB 0.0002 RHOB NM_004040
RhoC 0.0059 © RHOC NM_175744
NTN1 0.0336 NTN1 NM_004822
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ANXAS 1.52 WM_001154'
TIVMP1 1.52 NM_003254
AKT3 1.50 NM_005465
CALD1 1.48 0.0007 CALD1 NM__004342
IGFBP7 1.46 0.0023 IGFBP7 NM_001553
CYP1B1 1.45 0.0222 ' CYP1B1 © NM_000104
BGN 1.44 0.0002 " BGN NM_001711
VEGFC 1.44 0.0151 VEGFC NM_005429
DLCT- 1.44 . 0.0014 DLC1 NM_006094
sl 1.42 0.0086 st NM_001041
TIMP2 1.42 ©0.0022 TIMP2 NM_003255
CDC42BPA . 1.41 ‘0.0038 CDC42BPA NM_003607
LAMC2 1.40 0.0004 LAMC2 NM_005562
ITGAV _ 1.40 0.0019 ITGAV 1 NM_002210
CcTSB - 1.40 0.0357 CTSB NM_001908
DUSP1 1.39 <.0001 DUSP1 NM_004417
TLN1 1.39 0.0335 TLN1 NM_006289
CCNE2 variant 1 1.39 0.0708 CCNE2 NM_057749
TIMP3 : 1.38 0.0023 TIMP3 NM_000362
GHI BRAF mut4 1.38 0.0537 GHI_BRAF_mut4
HB-EGF 1.38 0.0109 HBEGF NM_001945
HSPG2 1.38 ' 0.0258  HSPG2 NM_005529
1Y 1.37 0.0077 VIM NM_003380
ROCK1 1.37 0.0168 . ROCK1 NM_005406
S100A1 1.36 0.0233 S100A1 NM_006271
p21 "1.36 0.0113 CDKN1A NM_000389
CGB 1.36 0.0023 CGB NM_000737
UBC 1.36 0.0137 UBC NM_021009
GADD45B ' 1.36 0.0003 GADD458 NM_015675
INHBA ' 1.35 0.0010 INHBA NM_002192
VCL 1.34 0.0286 VCL - NM_003373
SIR2 ‘ 1.34 0.0049 SIRT1 NM_012238
CcD68 1.34 0.0042 - CD68 NM_001251
Maspin 1.34 <.0001 SERFINB5 NM_002639
FST 1.33 0.0326 FST NM_006350
EPAS1 1.33 0.0306 EPAS1 NM_001430
LOXL2 _ 1.33 0.0076 LOXL2 NM_002318
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STC1 1,33 0.0119 NM_003155
UNCSC 1.32 0.0642 UNC5C NM_003728
IGFBP5 1.32 0.0080 IGFBPS NM_000599
INHBB 1.32 0.0643 INHBB NM_002193
FAP 1.32 0.0017 FAP NM_004460
DKK1 1.31 0.0298 DKK1 NM_012242
FYN 1.31 0.0053 FYN NM_002037
CTHRCH 1.31 0.0017 CTHRC1 NM_138455
FOS 1.31 0.0010 FOS NM_005252
RBX1 1.31 0.0633 RBX1 NM_014248
TAGLN 1.31 0.0058 TAGLN NM_003186
SBA2 1.31 0.0439 WSB2 NM_018639
CYRG1 1.30 0.0018 CYR61 NM_001554
SPARC 1.30 0.0117 SPARC NM_003118
SNAI2 1.30 0.0076 SNAI2 NM_003068
TMSB10 1.30 0.0757 TMSB10 NM_021103
IGFBP3 1.30 0.0056 IGFBP3 NM_000598
PDGFC 1.29 0.0040 PDGFC NM_016205
SLPI 1.29 0.0026 SLP NM_003064
COL1A2 1.29 0.0087 COL1A2 NM_000089
NRP2 1.29 0.0112 NRP2 NM_003872
PRKCA 1.29 0.0093 PRKCA NM_002737
KLF6 1.29 0.0661 KLF6 NM_001300
THBS1 1.28 0.0062 THBS1 NM_003246
EGR1 1.28 0.0067 EGR1 NM_001964
S100A4 1.28 0.0070 S100A4 NM_002961
CXCR4 128 0.0089 CXCR4 NM_003467
LAMA3 1.27 0.0024 LAMA3 NM_000227
LOX 1.26 0.0036 LOX NM_002317
AKAP12 1.26 0.0046 AKAP12 NM_005100
ADAMTS12 1.26 0.0109 ADAMTS12 NM_030955
MCP1 125 0.0122 cCL2 NM_002982
Grb10 1.25 0.0107 GRB10 NM_005311
PTGER3 1.25 0.0240 PTGER3 NM_000957
CRYAB 1.25 0.0035 CRYAB NM_001885
ANGPT2 1.25 0.0566 ANGPT2 NM_001147
ANXA1 1.25 0.0353 ANXA1 NM_000700
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EphB6 0.0960

PDGFB 1.24 0.0139 PDGFB NM_002608
COL1A1 1.24 0.0198 COL1A1 NM_000088
TGFB3 1.23 0.0004 TGFB3 NM_003239
CTGF 1.23 0.0265 CTGF ' NM_001901
PDGFA 1.23 0.0312 NM_002607
HSPA1A 1.23 0.0027 HSPA1A NM_005345
EFNB2 1.23 0.0331 EFNB2 NM_004093
CAPG 1.23 0.0724 CAPG NM_001747
TGFBI 1.22 0.0231 TGFBI NM_000358
SIAT4A 1.22 0.0253 ~ ST3GAL1 NM_003033
LAT 1.22' 0.0307 LAT NM_014387
ITGAS 1.22 0.0224 ITGAS NM_002205
GBP2 1.22 0.0225 GBP2 NM_004120
ANTXR1 1.22 0.0204 ANTXR1 NM_032208
D4 1.22 0.0512 ID4 NM_001546
SFRP2 1.22 0.0039 SFRP2 NM_003013
TMEPAI 1.21 0.0170 TMEPAI NM_020182
CTSL 1.21 0.0388 CTSL NM_001912
KLK10 1.21 0.0007 KLK10 NM_002776
FXYDS 1.21 0.0547 FXYD5 NM_014164
GJB2 1.21 0.0356 GJB2 NM_004004
P14ARF 1.21 0.0451 $78535
DAPK1 1.21 0.0525 DAPK1 NM_004938
SKP1A 1.21 0.0663 SKP1A NM_006930
SFRP4 1.21 0.0078 SFRP4 NM_003014
KLK6 1.20 0.0048 KLK6 NM_002774
GJA1 1.20 0.0345 GJA1 NM_000165
HOXB7 1.20 0.0278 HOXB7 NM_004502
NDRGH1 1.20 0.0948 NDRG1 NM_006096
PAI1 1.19 0.0061 SERPINE1 NM_000602
CDH11 1.19 0.0762 CDH11 NM_001797
EGR3 1.19 0.0149 EGR3 NM_004430
EMP1 1.19 ~ 0.0533 EMP1 NM_001423
FzD1 1.19 0.0671 FzD1 NM_003505
ABCCS . 1.19 0.0631 ABCCS NM_005688
S100P 1.18 0.0160 S$100P NM_005980
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OPN, osteopontin SPP1 NM_000582
p16-INK4 L27211
NR4A1 NR4A1 NM_002135
TUBB TUBB2 NM_001069
SIAT7B ST6GALNAC2 NM_006456
ALDH1A1 ALDH1A1 NM_000689
F3 F3 NM_001993
SLC2A1 SLC2A1 NM_006516
CXCL12 CXCL12 NM_000609
STMY3 MMP11 NM_005940
S100A2 S100A2 NM_005978
FABP4 FABP4 NM_001442
REG4 REG4 NM_032044
pS2 TFF1 NM_003225
MucC2 MUC2 NM_002457

[0190] Table 1.2B shows associations between clinical outcome and gene expression.
for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using RFI as the metric for clinical outcome.

A Get'\e’f - alu Y, mby er
ORC1L 0.41 0.0623 ORC1L NM_004153
E2F1 0.63 0.06006 E2F1 NM_005225
HSPAS 0.63 0.0346 HSPAS8 NM_006597
RADS54L 0.65 0.0026 RADS4L NM_003579
BRCA1 068 0.0001 BRCA1 NM_007295
SLC25A3 0.70 0.0100 SLC25A3 NM_213611
PPM1D 0.71 0.0025 PPM1D NM_003620
DHFR 0.71 0.0106 DHFR NM_000791
SKP2 0.72 0.0087 SKP2 NM_005983
FASN 0.73 0.0070 FASN NM_004104
HNRPD 073 0.0611 HNRPD NM_031370
ENO1 0.74 0.0432 ENO1 NM;001428
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C20 orf1 . 0.74 . 0.0086 : TPX2 NM_012112
BRCA2 0.75 0.0515 " BRCAZ NM_000059
DDB1 . 075 0.0639 DDB1 NM_001923
KIF22 0.76 0.0127 KIF22 NM_007317
RPLPO 0.76 0.0330 RPLPO NM_001002
Chk1 0.76 0.0164 CHEK1 NM_001274
ST14 0.77 0.0392 ST14 NM_021978
Bax 0.77 0.0502 BAX NM_004324
TCF-1 0.78 0.0023 TCF1 NM_000545
LMNB1 0.78 0.0458 LMNB1 NM_005573
RRM1 ’ 0.78 0.0693 RRM1 NM_001033
CSEL1 0.79 0.0261 CSE1IL ‘NM_001316
CDC20 0.79 0.0274 - CDC20 NM_001255
PRDX2 0.79 0.0930 PRDX2 NM_005809
RPS13 ' : 0.79 0.0906 RPS13 NM_001017
RAF1 0.80 0.0717 RAF1 NM_002880
CMYC 0.80 0.0095 MYC _ NM’_ 002467
UBE2M . 0.80 0.0390 UBE2M NM_003969
CKS2 0.80 0.0596 CKS2 NM_001827
NME1 0.80 . 0.0694 NME1 NM_000269
c-myb (MYB official) 0.80 0.0082 MYB NM_005375
CD80 0.80 0.0688 CD80 NM_005191
CDCA7 v2 ‘ 0.81 0.0164 CDCA7 NM_145810
EFP 0.81 0.0387 TRIM25 NM_005082
CCNE2 0.81 0.0405 CCNE2 NM_057749
SURV 0.81 0.0573 BIRC5 NM_001168
RRM2 0.82 0.0181 RRM2 - NM_001034
ABCCS6 0.82 0.0464 ABCCB NM_001171
UMPS 0.82 0.0371 UMPS NM_000373
PI3KC2A 0.82 0.0855 PIK3C2A NM_002645
NOTCH1 0.82 0.0222 NOTCH1 NM_017617
EIF4E 0.82 0.0928 EIF4E NM_001968
EPHB2 0.82 0.0183 EPHB2 NM_004442
AREG 0.83 0.0012 AREG NM_001657
EREG 0.83 0.0059 EREG NM_001432
MYBL2 0.83 0.0234 MYBL2 NM_002466
ABCB1 0.83 0.0342 ABCB1 NM_000927
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HRAS NM_005343
SLC7A5 0.84 0.0547 SLC7A5 NM_003486
MAD2L1 . 0.84 0.0653 MAD2L1 NM_002358 .
ING5 0.85 0.0920 ING5 NM_032329
Ki-67 ' ] 0.85 0.0562 MKI67 - NM_002417
MCM2 0.85 0.0671 MCM2 NM_004526
Cdx2 0.88 0.0430 cDX2 NM_001265
HES6 0.89 0.0966 HES6 NM_018645
PTPRO 0.89° 0.0664 PTPRO NM_030667
cripto (TDGF1 official) 0.90 0.0781 . TDGF1 NM_003212
e e e : e i R A D

[0191] Table 2.2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using OS as the metric for clinical outcome.

o . Official

Gene Symbol
RhoC RHOC
ITGB1 ITGB1 NM_002211
ANXA2 ANXA2 NM_004039
CYP3A4 CYP3A4 . NM_017460
p21 1.49 <.0001 CDKN1A NM_000389
HMLH . 1.42 0.0555 MLH1 NM_000249
VEGFC 1.41 0.0095 VEGFC NM_005429
TGFBR1 1.40 0.0113 TGFBR1 NM_004612
UBC 1.38 0.0013 . * uUBC - NM__021009
RhoB . 1.37 0.0016 ‘RHOB’ NM_004040
HSPG2 137 0.0111 HSPG2 NM_005529
PFN1 . 1.35 ‘ 0.0987 PFN1 NM_005022
TIMP1 1.36 0.0008 TIMP1 NM_003254
VCL 1.33 0.0116 VCL NM_003373
INHBB 1.32 0.0265 INHBB NM_002193
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SPINT2 1.32 0.0358 SPINT2 NM_021102
GHi BRAF mut4 1.31 0.0822 GHI_BRAF_mut4
LAMC2 1.31 0.0007 LAMC2 NM_005562
KCNH2 iso a/b 1.31 0.0474 KCNH2 NM_000238
UNCS5C 1.30 0.0417 UNC5C NM_003728
CDC42 1.30 0.0122 CDC42 NM_001791
UBL1 1.29 0.0169 SUMO1 NM_003352
GADD45B 1.29 0.0003 GADD45B NM_015675
KRAS2 1.29 0.0774 KRAS NM_004985
HB-EGF 1.29 0.0219 HBEGF NM_001945
DKK1 1.28 0.0304 DKK1 NM_012242
FXYD5 1.28 0.0035 FXYDS NM_014164
CALD1 1.28 0.0107 CALD1 NM_004342
ANXAS5 1.27 0.0723 ANXAS NM_001154
HLA-G 1.27 0.0732 HLA-G NM_002127
DUSP1 1.27 0.0004 DUSP1 NM_004417
LOXL2 1.27 0.0050 LOXL2 NM_002318
CDC42BPA 1.27 0.0155 CDC42BPA NM_003607
BGN 1.27 0.0039 BGN NM_001711
LAMB3 1.27 0.0221 LAMB3 NM_000228
EphB6 1.27 0.0373 EPHB6 NM_004445
SHC1 1.27 0.0582 SHC1 NM_003029
TIMP2 1.26 0.0126 TIMP2 NM_003255
CTSB 1 .26 0.0748 CTSB NM_001908
TIMP3 1.26 0.0072 TIMP3 NM_000362
D3 1.26 0.0033 ID3 NM_002167
CAPG 1.26 0.0162 CAPG NM_001747
NRP1 1.26 0.0135 NRP1 NM_003873
INHBA 1.26 0.0021 INHBA NM_002192
KLF6 1.25 0.0477 KLF6 NM_001300

| IGFBP7 1.26 0.0251 IGFBP7 NM_001553
S100A1 1.25 0.0528 S100A1 NM_006271
EPAS1 1.24 0.0382 EPAS1 NM_001430
DLC1 1.24 0.0228 DLC1 NM_006094
KLK10 1.24 <.0001 KLK10 NM_002776
SBA2 1.24 0.0493 wsB2 NM_018639
SPARC 1.24 0.0133 SPARC NM_003118
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GAGE4 1.23 0.0475 NM_001474
HSPA1A 1.23 0.0004 HSPA1A NM_005345
SIR2 1.23 0.0179 SIRT1 NM_012238
cGB 1.23 0.0202 CGB" - NM_000737
Grb10 1.22 0.0059 GRB10 NM_005311
SNAI2 1.22 0.0145 SNAI2 NM_003068
LAMA3 1.22 0.0019 LAMA3 NM_000227
AKT3 1.22 0.0169 AKT3 NM_005465
FYN 1.22 0.0138 FYN NM_002037
FOS 1.22 0.0035 FOS NM_005252
CTHRC1 1.21 0.0056 CTHRC1 NM_138455
CTsD 1.21 0.0506 CTSD NM_001909
THY1 1.21 0.0220 THY1 NM_006288
ANXAT1 1.21 0.0339 ANXA1 NM_000700
CD68 1.21 0.0227 CD68 NM_001251
G-Catenin 1.20 0.0789 JupP NM_002230
PLK3 1.20 0.0081 PLK3 NM_004073
STCH 1.20 0.0577 STC1 NM_003155
TAGLN 1.20 0.0238 TAGLN NM_003186
VIM 1.20 0.0632 ViM NM_003380
HSPA1B 1.20 0.0302 HSPA1B - NM_005346
LAT 1.20 0.0184 LAT NM_014387
KRT19 1.20 0.0309 KRT19 NM_002276
IGFBP3 1.20 0.0167 IGFBP3 NM_000598
BMP4 1.20 0.0035 BMP4 NM_001202
KLK8 1.20 0.0014 KLK6 'NM_002774
THBS1 1.20 0.0206 THBS1 NM_003246
TULP3 1.19 0.0344 TULP3 NM_003324
ERK1 1.19 0.0522 Z11696
CREBBP 1.19 0.0866 CREBBP NM_004380
$100A4 1.19 0.0259 S100A4 NM_002961
PDGFB 1.19 0.0205 PDGFB NM_002608
EFNB2’ 1.19 0.0299 EFNB2 NM_004093
LOX 1.19 0.0104 LOX NM_002317
PTK2 1.18 0.0983 PTK2 NM_005607
IGFBPS 1.18 0.0644 IGFBPS NM_000599
APC 1.18 0.0461 APC NM_000038
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DYRK1B 1.18 0.0681 DYRK1B NM_004714
NOTCH2 1.18 0.0533 NOTCH2 NM_024408
Maspin 1.18 0.0033 SERPINBS NM_002639
AKAP12 1.18 0.0195 AKAP12 NM_005100
COL1A1 147 0.0417 COL1A1 NM_000088
EMP1 147 0.0295 EMP1 NM_001423
SIAT4A 1.47 0.0311 ST3GAL1 NM_003033
PAN 117 0.0036 SERPINE1 NM_000602
NR4A1 1.7 0.0117 NR4A1 NM_002135
EGR1 117 0.0379 EGR1 NM_001964
BRK 1.17 0.0156 PTK6 NM_005975
UNC5B 1.17 0.0956 UNC5B NM_170744
SR-A1 1.7 0.0512 SR-A1 NM_021228
MRP3 1.16 0.0353 ABCC3 - NM_003786
hCRA a 1.16 0.0878 ' U78556
Upa 1.16 0.0630 PLAU NM_002658
BCAS1 1.16 0.0147 BCAS1 NM_003657
PDGFC 1.16 0.0375 PDGFC NM_016205
COL1A2 1.16 0.0620 COL1A2 NM_000089
CTGF 1.16 0.0580 CTGF NM_001901
MCP1 1.16 0.0463 ccL2 NM_002982
RAB32 1.16 0.0686 RAB32 NM_006834
SKP1A 1.16 0.0842 SKP1A NM_006930
FAP 1.16 0.0443 FAP NM_004460
EFNA1 1.16 0.0990 EFNA1 NM_004428
HOX87 1.15 0.0378 HOXB7 NM_004502
CYR61 1.15 0.0452 CYR61 NM_001554
TGFBI, 1.15 0.0591 TGFBI NM_000358 .
TMEPAI 1.15 0.0419 TMEPAI NM_020182
SIN3A 1.15 0.0853 SIN3A NM_015477
S100A2 1.15 0.0038 S100A2 NM_005978

|PDGFA 1.15 0.0840 NM_002607 °
MMP7 115 0.0469 MMP7 . NM_002423
ANTXR1 1.15 0.0520 ANTXR1 NM_032208
SLPI 1.14 0.0755 SLPI NM_003064
SFRP2 1.13 0.0253 SFRP2 NM_003013
S100A8 1.13 0.0795 S100A8 NM_002964
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TP53I3 TP5313 NM_004881
F3 ' F3 NM_001993
OPN, osteopontin SPP1 NM_000582
EGLN3 EGLN3 NM_022073
FZD6 FZD6 NM_003506
OSM OSM NM_020530
FABP4 FABP4 - NM_001442
GSTT1 GSTT1 NM_000853
REG4 REG4 NM_032044

[0192] Table 2.2B shows associations between clinical outcome and gene expression'
for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using OS as the metric for clinical outcome.

ORC1L NM_004153
HSPAS NM_006557
SKP2 . NM_005983
PRDX4 0.74 0.0202 PRDX4 NM_006406
DHFR 0.76 0.0111 DHFR NM_000791
FGF18 0.76 0.0915 : FGF18 " NM_003862
SLC25A3 0.76 0.0391 ' SLC25A3 NM_213611
RRM1 0.77 0.0218 | RRM!1 NM_001033
E2F1 0.78 : 0.0180 E2F1 NM_005225
SURV 0.79 , 0.0098 BIRC5 NM_001168
PPMiD 0.80 0.0154 " PPM1D NM_003620
CCNE2 0.80 0.0090 CCNE2 © NM_057749
BRCA1 0.80 0.0093 BRCA1 NM_007295
ST14 . 0.80 0.0436 ST14 ) NM_021978
c-myb (MYB official) 0.81 0.0027 MYB NM_005375
Chki1 © 081 0.0220 CHEK1 NM_001274
€20 orf1 0.81 0.0305 TPX2 NM_012112
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El24 0.81 0.0574 El24 NM_004879
©DC20 0.82 0.0234 ©DC20 NM_001255
TCF-1 0.82 0.0061 TCF1 NM_000545
PPID 0.83 0.0584 'PPID NM_005038
KIF22 0.83 0.0466 KIF22 NM_007317
UBE2M 0.83 0.0850 UBE2M NM_003969
MRPL40 0.83 0.0716 MRPL40 NM_003776
RPLPO 0.84 0.0087 RPLPO NM_001002
LMNB1 0.84 0.0910 LMNB1 NM_005573
DUT 0.84 0.0401 " DUT NM_001948
CD44E 0.84 0.0483 X55150
MCM2 0.85 0.0214 MCM2 NM_004526
cDC6 0.85 0.0235 coce NM_001254
AURKB 0.85 0.0373 AURKB NM_004217
SMARCA3 0.86 0.0562 SMARCA3 NM_003071
CDCAT7 v2 0.86 0.0435 CDCA7 NM_145810
EPHB2 0.86 0.0281 EPHB2 NM_004442
cMYC 0.86 0.0441 MYC NM_002467
ABCB1 0.86 0.0352 ABCB1 NM_000927
Cdx2 0.87 0.0156 cDX2 NM_001265
PPARG 0.88 0.0655 PPARG NM_005037
MYBL2 0.88 0.0667 MYBL2 NM_002466
EREG 0.89 EREG NM_001432
AREG 0.90 AREG NM_001657
- GEpIE - RN TR

[0193]  Table 3.2A shows associations between clinical outcome and gene expression

‘fo.r those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univariate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DFS as the metric for clinical outcome.

“Gene.

eesesian

ANXA2

NM_004039

CyP3A4

CYP3A4

NM_017460
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RhoC 1,52 0.0010 RHOC NM_175744
TIP1 1.44 0.0951 TIP1 NM_003257
HB-EGF 1.39 0.0023 HBEGF NM_001945
p21 1.39 0.0006 CDKN1A NM_000389
HMLH 1.37 0.0678 MLH 1 NM_000249
ITGB1 1.37 0.0419 ITGB1 NM_002211
UBC 1.34 0.0024 UBC NM_021009
VEGFC 1.33 0.0246 VEGFC " NM_005429
TIMP1 1.33 0.0007 TIMP1 NM_003254
CCNE2 variant 1 1,32 0.0745 CCNE2 . NM_057749
SPINT2 1.32 0.0224 SPINT2 NM_021102
LAMC2 1.32 0.0002 LAMC2 NM_005562
VCL 1.31 0.0119 vCL . NM_003373
RhoB 1.31 0.0049 RHOB .NM_004040
PKR2 1.30 0.0258 PKM2 NM_002654
ANXA5 1.30 0.0406 ANXA5 NM_001154
GADD45B 1.30 0.0001 GADD45B NM_015675
INHBB 1.29 0.0368 INHBB NM_002193
DUSP1 1.29 <.0001 DUSP1 NM_004417"
KRAS2 1.28 0.0686 KRAS NM_004985
KLF6 1.28 0.0284 KLF6 NM_001300
IGFBP7 1.27 0.0103 IGFBP7 NM_001553
GRIK1 1.27 0.0421 GRIK1 NM_000830
DLC1 1.27 0.0084 DLCA NM_006094
FOS 1.26 0.0003 FOS NM_005252
HSPG2 1.26 0.0443 HSPG2 NM: 005529
INHBA 1.26 0.0009 INHBA NM_002192
TIMP3 1.26 0.0045 TIMP3 NM_000362
BGN 1.26 0.0035 BGN NM_001711
CGB 1.26 0.0172 ‘ CGB NM_000737
HK 1.26 0.0352 HK1 NM_000188
SHC1 1.25 0.0562 SHC1 - NM_003029
STCH 1.25 0.0161 sTCH NM_003155
. |LoxL2 1.24 0.0078 LOXL2 NM_002318
CAPG 1.24 0.0161 CAPG NM_001747
UNC5B 1.23 0.0204 UNCS5B NM_170744
MVP 1.23 0.0729 MVP NM_017458 .
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CTSD 1.23 CTSD NM_001909
EGR1 1.23 EGR1 NM_001964
LOX 1.23 LOX NM_002317
CDC42BPA 1.23 CDC42BPA NM_003607
GAGE4 1.23 GAGE4 NM_001474
CALD1 1.22 CALDA1 NM_004342
FXYD5 1.22 FXYD5 NM_014164
EphB6 1.22 EPHB6 NM_004445
LAMB3 1.22 LAMB3 NM_000228
VEGF 1.21 VEGF NM_003376
PDGFB 1.21 PDGFB NM_002608
TiIMP2 1.21 TIMP2 NM_003255
A-Catenin 1.21 CTNNAT1 NM_001903
IGFBP3 1.21 IGFBP3 NM_000598
CcD68 1.21 CD68 NM_001251
S100A1 1.21 S100A1 NM_006271
SIAT4A 1.21 ST3GAL1 NM_003033
HSPA1B 1.21 HSPA1B NM_005346
DKK 1 1.20 DKK1 NM_012242
SBA2 1.20 WSB2 NM_018639
SIR2 1.20 SIRT1 NM_012238
THBS1 -1.20 THBS1 NM_003246
FYN 1.20 FYN NM_002037
TULP3 1.20 TULP3 NM_003324
LAMA3 1.20° LAMA3 NM_000227
NR4A1 1.20 NR4A1 'NM_002135
EFNA1 1.20 EFNA1 NM_004428 .
EMP1 1.20 EMP1 NM_001423
SPARC 1.19 SPARC NM_003118
G-Catenin 1.19 JUP NM_002230
CYR61 1.19 CYR61 NM_001554
Maspin 1.19 SERPINBS NM_002639
HSPA1A 1.18 HSPA1A NM_005345
PTHR1 1.18 PTHR1 NM_000316
EPAS1 1.18 EPAS1 NM_001430
Grb10 1.18 GRB10 NM_005311
ERK1 1.18 211696
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VIM 0.0772 ©VIM
SNAI2 0.0379 SNAI2 NM_003068
IGFBP5 0.0492 IGFBP5 NM_000599
CTHRC1 0.0155 CTHRC1 NM_138455
THY1 0.0562 THY1 NM_006288
NRP1 0.0747 NRP1 NM_003873
PTGER3 0.0493 PTGER3 NM_000957
ID3 0.0437 ID3 NM_002167
F3 0.0157 F3 NM_001993
CTGF 0.0394 CTGF NM_001901
KRT19 0.0517 KRT19 NM_002276
PA}1 1.17 0.0033 SERPINE1 NM_000602
FAP 1.17 0.0260 FAP NM_004460
ANXA1 1.16 0.0688 ANXA1 NM_000700
KLK10 1.16 0.0009 KLK10 'NM_002776
EFNB2 1.16 0.0447 EFNB2 NM_004093
P14ARF 1.16 0.0573 S78535
MCP1 1,16 0.0359 ccL2 NM_002982
PLK3 1.16 0.0296 PLK3 NM_004073
ANTXR1 1.16 0.0243 ANTXR1 NM_032208
ADAMTS12 1.16 0.0346 ADAMTS12 NM_030955
EGR3 1.16 0.0109 EGR3 NM_004430
APC 1.16 0.0733 APC NM_000038
PDGFC 1.16 0.0326 PDGFC NM_016205
BMP4 1.16 0.0151 BMP4 NM_001202
HOXB7 1.15 0.0281 HOXB7 NM_004502
NDRG1 1.15 0.0912 NDRG1 NM_006096
Herstatin 1.15 0.0380 ' AF177761
TMEPAI 1.15 0.0268 TMEPAI NM_020182
iL6 1.15 0.0914 IL6 NM_000600
PDGFA 1.15 0.0599 NM_002607
TGFBI 1.15 0.0439 TGFBI NM_000358
Upa 1.15 0.0740 PLAU NM_002658
S100A4 1.15 0.0621 S100A4 NM_002961
SLPI 1.15 0.0447 SLPI NM_003064
KLK6 1.15 0.0112 KLK6 NM_002774
COL1A1 1.15 0.0637 COL1A% NM_000088
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GJB2 1.156 NM_00400
PKD1 1.15 NM_000296
TP5313 1.15 TP53I13 NM_004881
PLAUR 1.14 PLAUR NM_002659
TAGLN 1.14 TAGLN NM_003186
COL1A2 1.14 COL1A2 NM_000089
S100A2 1.14 S100A2 NM_005978
AKT3 1.14 AKT3 NM_005465
SEMA3B 1.13 SEMA3B NM_004636
BRK N 1.13 PTK6 NM_005975
osm 1.13 OSM NM_020530
SFRP2 . 1.12 SFRP2 NM_003013
MRP3 1.12 ABCC3 NM_003786
EGLN3 - 1.12 EGLN3 NM_022073
SIAT7B 1.12 STEGALNAC2 NM_006456
OPN, osteopontin 1.12 SPP1 NM_000582
S100P 1.12 S100P NM_005980
AKAP12 1.12 AKAP12 NM_005100
MMP7 1.11 MMP?7 © NM_002423
FABP4 1.1 FABP4 NM_001442
CRYAB 1.11 CRYAB NM_001885
SFRP4 1.10 SFRP4 NM_003014
EFNA3 1.10 EFNA3 NM_004952
GSTT1 1.09 GSTT1 NM_000853
pS2 1.08 TFF1 NM_003225
REG4 1.08 REG4 NM_032044
IGFBP2 1.08 IGFBP2 NM_000597
MUCS58 1.08 MuCss XM_039877
g — T e D P
[0194]  Table 3.2B shows associations between clinical outcome and gene expression

for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox

Proportional. Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DFS as the metric for clinical outcome.
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SLC25A3 0.73° 0.0126 SLC25A3 NM_213611
E2F1 0.73 0.0019 E2F1 NM_005225
IFIT1 0.74 0.0820 IFIT1 NM_001548
PPM1D 0.74 0.0007 PPM1D NM_003620
SKP2 0.75 0.0049 SKP2 NM_005983
RRM1 0.78 0.0224 RRMH NM_001033
DDB1 0.79 0.0720 " DDB1 NM_001923
NPM1 0.79 0.0255 NPM?1 NM_002520
PRDX4 0.80 0.0570 PRDX4 NM_006406
BRCA1 0.80 0.0064 BRCA1 NM_007295
€20 orf1 0.81 0.0180 TPX2 NM_012112
Chk1 0.81 0.0148 CHEK1 NM_001274
El24 0.81 0.0417 El24 NM_004879
CCNE2 0.81 0.0094 CCNE2 NM_057749
HMGB1 0.82 0.0852 HMGBH1 NM_002128
SURV 0.82 0.0185 BIRC5 NM_001168
KIF22 0.82 0.0264 KIF22 NM_007317
RADS4L 0.82 0.0674 RADS54L NM_003579
c-myb (MYB official) 0.82 0.0038 MYB NM_005375
DHFR 0.82 0.0669 DHFR NM_000791
TNFRSF5 0.83 0.0855 CD40 NM_001250
LMNB1 0.83 0.0741 LMNB1 NM_005573
CDC20 0.85 0.0538 cDC20 NM_001255
CDCA7 v2 0.85 0.0277 CDCA7 NM_145810
FASN 0.85 0.0919 FASN NM_004104
MCM2 0.85 0.0194 MCM2 NM_004526
ABCB1 0.85 0.0169 ABCB1 . NM_000927
EIF4E 0.85 0.0902 EIF4E . NM_001968
DUT 0.86 0.0535 DUT NM_001948
C200RF126 0.86 0.0932 PDRG NM_030815
MCM6 0.86 0.0970 MCM6 NM_005915
EFP 0.87 0.0850 TRIM25 NM_005082
EPHB2 0.87 0.0314 EPHB2 NM_004442
GCLC 0.87 0.0862 GCLC NM_001498
RCC1 0.87 0.0540 RCC1 NM_001269
AREG 0.87 0.0028 AREG NM_001657
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NM_002467

NM_002466

NM_000545
NM_001432
NM_001265
NM_030667
NM_003212
NM_002124

cripto (TDGF1 official)
HLA-DRB1

[0195] . Table 4.2A shows associations between clinical outcome and gene expression
for those genes which demonstrated a Hazard Ratio>1.0 and for which p<0.1. Univarjate Cox
Proportional Hazards Regression analysis was applied in combined Stage II (Duke’s B) and

Stage III (Duke’s C) patients using DRFI as the metric for clinical outcome.

i Géne N ? Value -
ALDOA 0.9189 NM_000034
DCK " 0.0248 DCK NM_000788
iITGB1 0.0002 ITGB1 NM_002211
COX2 0.0198 PTGS2 NM_000963
TJIP1 0.0122 TJIP1 NM_003257
STAT3 0.0148 STAT3 NM_003150
ANXAS 0.0043 ANXAS5 NM_001154
GHI BRAF mut4 1.82 0.0024 GHI_BRAF_mut4
TIMPA 1.80 <,0001 TIMP1 NM_003254
hMLH 1.80 0.0242 MLH1 NM_000249
PADI4 1.74 0.0288 PADI4 NM._012387
rhoC 1.74 ‘ 0.0093 RHOC NM_175744
CYP3A4 1.73 0.0219 ] CYP3A4 NM_017460
WWOX 1.72 0.0467 WWOX * NM_016373
ANXA2 1.70 0.0081 - ANXAZ - NM_004039
LILRB3 1.70 0.0295 LILRB3 NM_006864
VIM 1.66 0.0015 ' vim NM_003380
FUS 1.65 0.0432 FUS NM_004960
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KCNH2 iso a/b 1.64 0.0111 KCNH2 NM_000238
RhoB. 1.63 0.0019 RHOB NM_004040
CRIP2 1.62 0.0455 CRIP2 NM_001312
AKT3 1.60 0.0004 AKT3 NM_005465
RBX1 1.60 . 0.0195 RBX1 NM_014248
HB-EGF 1.69 0.0032 HBEGF NM_001945
NRP2 1.55 0.0007 NRP2 NM_003872
MSH3 1.56 0.0353 MSH3 NM_002439
PI3K 1.54 0.0651 PIK3C2B NM_002646
BGN 1.54 0.0009 BGN NM_001711
RAB6C 1.54 0.0210 RAB6C NM_032144
CTSB 1.53 0.0415 CTSB . NM_001908
DLCH 1.53 0.0047 DLCH NM_006094
p21 1.53 0.0085 CDKN1A NM_000389
CCNE2 variant 1 1.52 0.0647 CCNE2 NM_057749
CALD1 1.51 0.0069 CALD1 NM_004342
SBA2 1.51 0.0202 WSB2 NM_018639
SIR2 1.51 0.0028 SIRT1 NM_012238
ITGAS 1.50 0.0006 ITGAS NM_002205
RAP1GDS1 1.50 0.0317 RAP1GDS1 NM_021159

|eTHRre1 1.46 0.0010 CTHRC1 NM_138455
STC1 1.46 0.0083 STCH NM_003155
KLF6 1.46 0.0362 KLF6 NM_001300
CDC42BPA 1.45 0.0187 CDC42BPA NM_003607
CEBPB 1.45 0.0605 CEBPB NM_005194
LAMG2 1.45 0.0031 LAMC2 NM_005562
TGFBR1 1.45 0.0824 TGFBR1 NM_004612
TLNA 1.45 0.0730 TLNA NM_006289
cDC42 1.44 0.0387 CcDC42 NM_001791
FYN 1.43 0.0070 FYN NM_002037
IGFBP7 1.43 0.0283 IGFBP7 NM_001553
ARG 1.43 0.0119 ABL2 NM_005158
HIF1A 1.42 0.0397 HIF1A NM_001530
FST 1.42 0.0460 " FST NM_006350
S100A1 1.42 0.0473 S100A1 NM_006271
FAP 1.42 0.0023 FAP NM_004460
DUSP1 1.42 0.0014 DUSP1 NM_004417
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EPAS1 1.41 0.0494 NM_001430
Grb10 1.41 0.0027 NM_005311
VEGFC 1.41 0.0894 NM_005429
INHBB 1.41 '0.0710 INHBB NM_002193
GADD45B 1.40 0.0023 GADD45B NM_015675
UBC 1.40 0.0368 uasc NM_021009
GJA1 1.40 0.0053 GJA1 NM_000165
COL1A2 1.40 0.0086 COL1A2 NM_000089
RBM5 1.40 0.0423 RBMS NM_005778
ROCK1 1.39 0.0604 ROCK1 NM_005406
CTGF 1.39 0.0081 CTGF NM_001901
FLT4 1.39 0.0078 FLT4 NM_002020
PDGFC 1.39 0.0052 PDGFC NM_016205
INHBA 1.39 0.0058 INHBA NM_002192
LOXL2 1.38 0.0209 LOXL2 NM_002318
THBS1 1.37 0.0090 THBS1 NM_003246
ITGAV 1.37 0.0298 ITGAV NM_002210
NCAM1 1.36 0.0714 NCAM1 NM_000615
PTHR1 1.35 0.0410 PTHR1 NM_000316
TIMP2 1.35 0.0446 TIMP2 NM_003255
LOX 1.35 0.0041 LOX NM_002317
SPARC 1.35 0.0292 SPARC NM_003118
TAGLN 1.34 0.0222 TAGLN NM_003186
CYR61 1.34 0.0086 CYRB1 NM_001554
RANBP9 1.34 " 0.0553 RANBP9 NM_005493
GADD45 1.34 0.0604 GADD45A NM_001924
S100A4 1.34 0.0141 S100A4 NM_002961
SNAI2 1.33 0.0263 SNAI2 NM_003068
EGR1 1.33 0.0174 EGR1 NM_001964
CDH11 1.33 0.0355 CDH11 NM_001797
Sl 1.33 0.0967 sl NM_001041
1PTK2 1.33 0.0911 PTK2 NM_005607
MCP1 1.32 0.0215 cCL2 NM_002982
PCAF 1.32 0.0463 PCAF * NM_003884
c-abl 1.32 0.0868 ABL1 NM_005157
TIMP3- 1.32 0.0455 TIMP3 NM_000362
ANGPT2 1.31 0.0711 ANGPT2 NM_001147
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NOTCH2 1.30 0.0645 NOTCH2 NM_024408
GBP2 1.30 0.0218 GBP2 NM_004120
PAI1 1.30 0.0022 SERPINE1 NM_000602
CXCR4 1.30 0.0341 CXCR4 NM_003467
BCAS1 1.30 0.0060 BCAS1 NM_003657
COL1A1 1.29 0.0349 COL1A1 NM_000088
PIM1 1.29 0.0507 PIM1 NM_002648
PDGFB 1.29 0.0288 PDGFB NM_002608
Bel2® 1.29 0.0270 BCL2 NM_000633
SLPI 1.29 0.0222 SLPI NM_003064
IGFBPS 1.29 0.0676 IGFBP5 NM_000599
| ANXA1 1.29 0.0690 ANXA1 NM_000700
FGFR1 1.28 0.0790 FGFR1 NM_023109
CAPG 1.28 0.0987 CAPG NM_001747
PRKCA 1.28 0.0548 PRKCA NM_002737
EPHA2 1.28 0.0339 EPHA2 NM_004431
AKAP12 1.28 0.0215 AKAP12 NM_005100
FOS 1.28 0.0219 FOS NM_005252
CXCL12 1.27 0.0169 CcXcLi2 NM_000609
GCNT1 1.27 0.0875 GCNTH1 NM_001490
IGFBP3 1.27 0.0499 IGFBP3 NM_000598
DPYD 1.27 0.0259 DPYD NM_000110
CD68 1.27 0.0752 CcD68 NM_001251
EFNA1 1.27 0.0890 EFNA1 NM_004428
ABCCS 1.26 0.0536 ABCCS NM_005688
TUBB 1.26 0.0635 TUBB2 NM_001069
PDGFA 1.26 0.0676 NM_002607
DAPK1 1.26 0.0701 DAPK1 NM_004938
SFRP2 1.25 0.0109 SFRP2 NM_003013
D3 1.25 0.0744 D3 NM_002167
CTSL 1.25 0.0679 CTSL NM_001912
LAMA3 1.25 0.0299 LAMA3 NM_000227
KRT19 1.25 0.0982 KRT19 NM_002276
S100A8 1.25 0.0228 S100A8 NM_002964
IL6 1.25 0.0933 L6 NM_000600
MRP3 1.25 0.0538 ABCC3 NM_003786
FES 1.25 0.0694 FES NM_002005
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AP-1 (JUN official) 1.25 JUN NM_002228
WISP1 1.24 WISP1 '~ NM_003882
SFRP4 1.24 SFRP4 NM_003014
TGFBI 1.24 . TGFBI NM_000358
Maspin 1.24 SERPINB5S NM_002639
HOXB7 1.23 HOXB7 NM_004502
P14ARF 1.23 S78535

HSPA1A 1.23 HSPA1A NM_005345
EGR3 1.22 EGR3 NM_004430
CRYAB 1.22 CRYAB NM_001885
ALDH1A1 1.22 ALDH1A1 'NM_000689
TGFB3 1.22 TGFB3 NM_003239
KLK6 1.21 KLK6 NM_002774
ANTXR1 1.21 ANTXR1 NM_032208
FZD6 1.20- FZD6 NM_003506
-2 1.20 LILRB1 NM_006669
S100A2 1.20 S100A2 NM_005978
MMP7 1.18 MMP7 NM_002423
FABP4 1.17 FABP4 NM_001442
OPN, osteopontin 117 SPP1 NM_000582
KLK10 1.16 KLK10 NM_002776
pS2 1.15 TFF1 NM_003225
REG4 1.14 REG4 NM_032044
Muc2 1.09 MUC2 NM_002457

R R TR 3 B

[0196]

for those genes which demonstrated a Hazard Ratio<1.0 and for which p<0.1. Univariate Cox

Table 4.2B shows associations between clinical outcome and gene expression

Proportional Hazards Regression analysis was applied in combined Stage II (Duke s B) and

Stage III (Duke’s C) patlents using DRFI as the metric for clinical outcome.

Gene

HSPAS

0.48

NM_006597

RPS13

0.64

NM_001017
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NDUFS3 0.66 0.0096 NDUF83 NM 004551
ST14 0.66 0.0132 ST14 NM_021978
LMNB1 0.66 0.0135 LMNB1 NM_005573
TMSB4X 0.67 0.0039 TMSB4X NM_021109
DHFR 0.68 0.0260 DHFR NM_000791
BRCA1 0.68 0.0029 BRCA1 NM_007295
skP2 0.68 0.0151 SKP2 NM_005983
SLC25A3 0.69 0.0265 SLC25A3 NM_213611
CDC20 0.69 0.0048 CDC20 NM_001255
RPLPO 0.70 0.0320 RPLPO NM_001002
TCF-1 0.70 0.0013 TCF1 NM_000545
RRM1 0.71 0.0598 RRM1 NM_001033
ATP5A1 0.71 0.0827 ATP5A1 NM_004046
NME1 0.73 0.0378 NME1 NM_000269
CKS2 0.74 0.0537 CKS2 NM_001827
El24 0.74 0.0639 El24 NM_004879
C20 orf1 0.74 0.0435 TPX2 NM_012112
SDC1 0.74 0.0930 sDCt NM_002997
CSEL1 0.75 0.0443 CSE1L NM_001316
ABCC6 0.76 0.0416 ABCCS NM_001171
MCM2 0.76 0.0136 MCM2 NM_004526
|NFKBp65 0.77 0.0672 RELA NM_021975
EPHB2 0.77 0.0133 EPHB2 NM_004442
FASN 0.78 0.0980 FASN NM_004104
AURKB 0.78 0.0528 AURKB NM_004217
VDR 0.79 0.0832 VDR NM_000376
UMPS 0.80 0.0721 UMPS NM_000373
UBE2C 0.81 0.0860 UBE2C NM_007019°
cMyc 0.82 0.0742 MYC NM_002467
MYBL2 0.83 0.0780 MYBL2 NM_002466
Cdx2 0.84 0.0392 CcDX2 NM_001265
MX1 0.85 0.0786 MX1 NM_002462
EREG 0.85 0.0638 EREG NM_001432
AREG 0.85 0.0295 AREG NM_ 001657

S
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[0197] Table 5.2A shows associations between gene expression and RFI, controlling
for particular demographic and clinical characteristics of patients included in the analysis. All
genes are listed whose expression correlates with RFI (p<0.1) and which demonstrated a Hazard
Ratio >1 in a multivariate analysis including the following variables: tumor location, year of
éurgery, tumor grade, treatment protocol (C-01 or C-02), BCG treatment (yves or no), and
classification of patients according to Iymph node status as follows: 0 positivé nodes and <12

nodes examined, O positive nodes and =12 nodes examined, 1-3 positive nodes, and =4 positive

nodes.

Gené o . F il - o e o T
RARB 1 0.0644 RARB ' NM_016152
cox2 1 0.0768 PTGS2 NM_000963
RhoC 1 0.0032 RHOC NM_175744
CYP3A4 1 0.0233 CYP3A4 NM_017460
RhoB 1 0.0004 - RHOB NM_004040
ANXAZ2 1 0.0081 ANXA2 NM_004039
ITGB1 1 0.0186 . ITGB1 NM_002211 -
NTN1 1 0.0568 NTN1 NM_004822
KRASZ2 1 0.0279 KRAS NM_004985
IGFBP7 1 0.0035 IGFBP7 .NM_001553
TIMP1 1 0.0027 TIMP1 NM_003254
WWOX 1 0.0988 WWOX NM_016373
CYP1B1 1 0.0548 CYP1B1 NM_000104
KCNH2 iso a/b 1 0.0723 KCNH2 NM_000238
STC1 1 0.0105 STCA1 NM_003155
ITGAV 1 0.0022 ITGAV NM_002210
VEGFC 1 0.0571 VEGFC NM_005429
G-Catenin 1 0.0287 JUP NM_002230
S100A1 1 0.0423 S100A1 NM_006271
GADD45B 1 0.0019 GADD45B NM_015675
NCAM1 1 0.0832 NCAM1 NM_000615
CALD1 1 0.0139 CALD1 NM_004342
FST 1 0.0396 FST NM_006350
INHBA 1 0.0019 INHBA | NM_002192
BGN 1 0.0070 BGN NM_001711
Claudin 4 1 0.0076 CLDN4 NM_001305
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CEBPB 1.33 2.96 1 0.0851 CEBPB NM_005194
LAMC2 1.32 8.62 1 0.0033 LAMC2 NM_005562
SPINT2 1.32 3.14 1 0.0762 SPINT2 NM_021102
AKT3 1,32 7.54 1 0.0060 AKT3 NM_005465
TIMP3 1.32 6.33 1 0.0119 TIMP3 NM_000362
MAPK14 1.31 2,75 1 0.0972 MAPK14 NM_139012
HB-EGF 1.31 4.74 1 0.0294 HBEGF NM_001945
DUSP1 1.30 11.34 1 0.0008 DUSP1 NM_004417
EFNA1 1.30 5.87 1 0.0154 EFNA1 NM_004428
PTK2 1.29 3.60 1 0.0576 PTK2 NM_005607
DLCH 1.29 5.19 1 0.0227 DLC1 NM_006094
EPAS1 1.28 3.30 1 0.0693 EPAS1 NM_001430

THBS1 1.28 7.51 1 0.0061 THBS1 “NM_003246 °
TIMP2 1.28 4.20 1 0.0404 TIMP2 NM_ 003255
.| TGFBI 1.27 6.68 1 0.0098 TGFBI NM_000358

DKK1 1.27 3.05 1 0.0806 DKK1 NM_012242 -
SPARC 1.26 4.37 1 0.0366 SPARC NM_003118
PDGFC 1.26 6.74 1 0.0094 PDGFC NM_016205
RAB6C 1.26 3.27 1 0.0704 RABEC NM_032144
LOXL2 1.26 4.48 1 0.0343 LOXL2 NM_002318
CcD68 1.25 4.68 1 0.0305 CD68 NM_001251
LOX » 1.25 7.16 1 0.0075 LOX NM_002317
CDC42BPA 1.25 3.35 1 0.0671 CDC42BPA | NM_003607
TAGLN 1.25 4.83 1 0.0279 TAGLN NM_003186
CTHRC1 1.25 5.96 1 0.0146 CTHRC1 NM_138455
PDGFA 1.25 4.63 1 0.0314 NM_002607
TMEPAI 1.24 5.63 1 0.0176 TMEPAI NM_020182
RAB32 1.24 4.48 1 0.0343 RAB32 NM_006834
HSPA1A 1.24 8.19 1 0.0042 HSPA1A NM_005345
" vim 1.24 2.97 1 0.0848 VIM "NM_003380
IGFBPS 1.23 3.69 1 0.0549 IGFBPS NM_000599
EGR1 1.23 5.12 1 0.0236 EGR1 NM_001964
ANGPT2 1.23 2.96 1 0.0852 ANGPT2 NM_001147
NDRG1 1.22 2.91 1 0.0879 .NDRG1 NM_006096
VEGF_altsplice1 1.22 4.08 1 0.0433 ' ' AF486837
SLPI 1.22 4.94 1 0.0262 SLPI NM_003064
FOS 1.22 5.67 1 0.0172 FOS NM_005252
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VEGF 1.22 2.80 1 0.0942 VEGF NM_003376
ADAMTS12 1.22 4,40 1 0.0359 ADAMTS12 NM_030955
Maspin 1.22 7.60 1 0.0058 SERPINBS NM_002639
cGB 1.22 3.25 1 0.0713 cGB NM_000737
CYRE61 1.21 5.22 1 0.0224 CYR61 NM_001554
GJB2 1.21 3.77 1 0.0522 GJB2 NM_004004
IGFBP3 1.21 4,24 1 0.0396 IGFBP3 NM_000598
PRKCA 1.21 3.81 1 0.0508 PRKCA NM_002737
S100P 1.21 6.98 1 0.0082 S100P NM_005980
NRP2 1.21 3.25 1 0.0714 NRP2 NM_003872
EFNB2 1.21 3.00 1 0.0834 EFNB2 NM_004093
COL1A2 1.21 3.59 1 0.0581 COL1A2 NM_000089
VEGFB 1.20 2.80° "1 0.0942 VEGFB NM_003377
HOXB7 . 1.20 4.37 1 0.0367 HOXB7 NM_004502
Grb10 1.20 3.91 1 0.0480 GRB10 NM_005311
FAP 1.20 4.12 1 0.0425 FAP NM_004460
GJA1 1.20 4.80 1 0.0285 GJA1 NM_000165
CTGF 1.19 3.38 1 0.0660 CTGF NM_001901
NR4A1 1.18 5.13 1 0.0235 NR4A1 NM_002135
COL1A1 1.18 277 1 0.0961 COL1A1 NM_000088
ABCCS5 1.17 2.80 1 0.0945 ABCCS NM_005688
EMP1 1.17 3.06 1 0.0804 EMP1 NM_001423
SFRP2 1.147 4.89 1 0.0270 SFRP2 NM_003013
SLC2A1 1.17 3.52 1 0.0606 SLC2A1 NM_006516
F3 117 3.10 1 0.0783 F3 NM_001993
S100A4 1.17 2.87 1 0.0800 S100A4 NM_002961
BRK 1.17 2.81 1 0.0935 PTK6 NM_005975
CRYAB 1.17 3.77 1 0.0523 CRYAB NM_001885
MDK 1.16 3.84 1 0.0500 MDK NM_002391
OPN, osteopontin 1.16 6.07 1 0.0138 SPP1 NM_000582
SFRP4 1.16 4.09 1 0.0432 SFRP4 NM_003014
SIAT4A 1.16 2.76 1 0.0969 ST3GAL1 NM_003033
LAMA3 1.16 3.23 1 0.0725 LAMA3 NM_000227
AKAP12 1.15 274 1 0.0976 AKAP12 NM_005100
KLK10 1.15 5.23 1 0.0221 KLK10 NM_002776
EGR3 1.14 3.16 1 0.0755 EGR3 NM_004430
PAl1 1.13 3.39 1 0.0655 SERPINE1 NM_000602
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CEACAMG6 1 0.084 CEACAMSG NM_002483 .
KLK6 1 0.0532 KLK6 NM_002774
Nkd-1 1 0.0674 ‘NKD1 NM_033119
IGFBP2 . 1 0.0758 1GFBP2 NM_000597
REG4 1.08 3.51 1 0.0610 REG4 NM_032044
N .:“ff’-”i“" “1”}'1{‘."}:“35“'«.!:‘;1}‘;‘1: WL N ‘““%f‘%i?zv & !ur,;‘gisﬁrﬂ.::ig"i-:;f&?‘ AT D T A DT T T

[0198] Table 5.2B shows associations between gene expression and RFI, controlling
for particular demographic and 'clinical characteristics of patients included in the analysis. All
genes aré listed whose expression correlates with RFI (p<0.1) and which demonstrated a Hazard
Ratio <1 in a multivariate analysis including the following variables: tumor location, year of
" surgery, tumor -grade, treatment protocol (C-01 or C-02), BCG treatment (yes or no), and
classification of patients according to lymph node status as follows: 0 positive nodes and <12

nodes examined, 0 positive nodes and =12 nodes examined, 1-3 positive nodes, and =4 positive

nodes.
RPN f 'ci
Gene Val mk w5 NUn
Fasl 0.43 5.57 1 0.0183 FASLG NM_000639
BFGF 0.57 4.68 1 0.0306 NUDT6 NM_007083
EstR1 0.57 3.22 1 0.0726 ESR1 NM_000125
IFIT1 0.60 4.30 1 0.0381 IFIT1 NM_001548
KLRKA1 0.64 10.81 1 0.0010 KLRK1 NM_007360
E2F1 0.65 7.49 1 0.0062 E2F1 NM_005225
BRCA1 0.66 16.33 1 <.0001 BRCA1 NM_007295
RADS4L 0.67 6.36 1 0.0117 RADS54L NM_003579
ATP5A1 0.67 5.50 1 0.0190 ATP5A1 NM_004046
MCM3 0.68 2.84 1 0.0922 MCM3 NM_002388
DHFR 0.68 7.44 1 0.0064 DHFR NM_000791
HSPAS 0.68 2.96 1 0.0855 HSPAS8 NM_006597
APG-1 0.71 5.86 1 0.0155 ' HSPA4L NM_014278
BRCA2 0.71 4.69 1 0.0304 BRCA2 NM_000059
TRAIL 0.71 7.27 1 0.0070 TNFSF10 NM_003810
SLC25A3 0.71 5.56 1 0.0184 SLC25A3 NM_213611
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PPM1D 0.72 8.02 1 PPM1D NM_003620
Chk1 0.73 6.61 1 CHEK1 NM_001274
CcD8o 0.73 6.85 1 CD8o NM_005191
MADH2 0.73 3.93 1 SMAD2 NM_005901
KIF22 0.75 5.77 1 KIF22 NM_007317
TNFRSF5 0.76 3.52 1 CD40 "NM_001250
€20 orf1 0.76 4.82 1 TPX2 NM_012112
ENO1 0.76 2.88 1 ENO1 NM_001428
PRKCB1 0.77 4,25 1 PRKCB1 NM_002738
RAF1 . 0.77 417 1 RAF1 NM_002880
RRM1 0.78 3.07 1 RRM1 NM_001033
UBE2M 0.78 4,43 1 UBE2M NM_003969
SKP2 0.79 3.42 1 SKP2 NM_005983
DUT 0.79 4.38 1 DUT NM_001948
El24 0.80 2.85 1 El24 NM_004879
UMPS 0.80 4.96 1 UMPS NM_000373
EFP 0.81 3.83 1 TRIM25 NM_005082
HRAS 0:81 3.80 1 HRAS NM_005343
CDC20 0.81 3.78 1 . CDC20 NM_001255
CSF1 0.82 2.86 1 CSF1: NM_000757
CKS2 0.82 2.90 1 CKS2 NM_001827
ABCB1 0.82 4.02 1 ABCB1 NM_000927
CDC6 0.83 4.23 1 CcDCB NM_001254
GBP1 0.83 4,34 1 GBP1 NM_002053
SURV 0.83 2.91 1 BIRC5 NM_001168
CCNE2 0.83 2.75 1 CCNE2 NM_057749'
RRM2 0.83° 4.19 1 RRM2 NM_001034
CMYC 0.84 3.34 1 MYC NM_002467
TCF-1 0.84 3.96 1. TCF1- NM_000545
c-myb (MYB official) 0.84 372 1 MYB NM_005375
NOTCH1 0.85 3.39 1 NOTCH1 NM_017617
MCM2 0.85 3.30 1 MCM2 NM_004526
ING5 0.85 2.84- 1’ ING5 NM_032329
AREG 0.88 3.72 1 AREG NM_001657
HLA-DRB1 0.90 3.84 1 HLA-DRB1 NM_002124
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[0199] Table 6.2 shows associations between gene expression and clinical outcome
based on a nonlinear proportional hazards analysis, using a 2 degree-of-freedom natural spline.
All genes are listed which demonstrated a departure from a strictly linear relationship (p<0.05)
with RFI in comibined Stage II (Duke’s B) and Stage III (Duke’s C) patierits. The relationship
between gene expression and RFI was not constant throughout the observed range of expression
values in the study, e.g. increases in gene expression may have been related to increases in
duration of RFI in one portion of the observed range and with decreases in duration of RFI in a

different portion of the range.

% raNumberss S

. . NM_oozazo
TGFBR1 : : 0.0011 - TGFBR1 NM_004612
CDCAT7 v2 0.0020 CDCA7 NM_145810
S100A4 0.0034 S100A4 NM_002961
‘CREBBP 0.0040 CREBBP NM_004380
Upa , 0.0040 . PLAU ' NM_002658
KLF5 ~0.0048 KLF5 NM_001730
CcYP2C8 . 0.0070 CYP2C8 NM_000770
HES6 0.0090 . HES6 NM_018645
Cad17 0.0093 CDH17 NM_004063
CEGP1 0.0100 SCUBE2 NM_020974
GHI k-ras mut3 0.0100 - GHI_k-ras_mut3
AKT1 0.0104 AKT1 NM_005163
LAMB3 0.0111 LAMB3 NM_000228
CAPG - 0.0120 ) CAPG NM_001747
FUT6 ‘ 0.0130 FUT6 NM_000150
A-Catenin . 0.0141 CTNNA1 NM_001903
CAPN1 0.0167 CAPN1 - NM_005186
HSPE1 0.0180 HSPE1 NM_002157
MADH4 T 0.0180 SMAD4 “NM_005359
STMY3 0.0190 MMP11 NM_005940
TRAG3 0.0200 CSAG2 NM_004909
GBP1 0.0200 GBP1 NM_002053
EFNA1 0.0210 EFNA1 "NM_004428
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Gene. . . P Value. K2 Symbol Number.
SEMA3B 0.0210 SEMA3B NM_004636
CLTC 0.0216 CLTC NM_004859
BRK 0.0240 PTK6 NM_005975
Fas 0.0240 FAS - NM_000043 .
CCNE2 variant 1 - 0.0243 CCNE2 NM_057749
TMEPAI 0.0246 TMEPAI NM_020182
PTPRJ 0.0260 PTPRJ NM_002843
SKP2 0.0261 SKP2 NM_005983
AGXT 0.0273 AGXT NM_000030
MAP2 0.0320 MAP2 - NM_031846
PEN2 0.0330 PFN2 " NM_053024
ATP5E 0.0350 ATPSE NM_006886
NRP1 0.0352 NRP1 NM_003873
MYH11 0.0360 MYH11 NM_002474
clAP2 0.0369 BIRC3 NM_001165
INHBA 0.0370 INHBA NM_002192
EGLN1 0.0371 EGLN1 NM_022051
GRIK1 0.0380 GRIK1 NM_000830
KDR 0.0380 KDR NM_002253
KLK6 0.0388 - KLK6 NM_002774
APOC1 0.0390 APOCH1 NM_001645
EP300 0.0380 EP300 NM_001429
DET1 0.0390 DET1 NM_017996

ITGB4 0.0394 ITGB4 NM_000213 .
CD3z 0.0400 cD3z NM_000734
MAX 0.0400 MAX NM_002382
PAI 0.0407 SERPINE1 NM_000602
MADH7 0.0430 SMAD7 NM_005904
SIR2 0.0440 SIRT1 NM_012238
NEDDS8 0.0440 NEDDS8 NM_006156
EPHB2 0.0445 EPHB2 NM_004442
BTF3 0.0460 BTF3 NM_001207
CD34 . 0.0470 CcD34 NM_001773
VEGF_altsplice2 0.0480 AF214570
wnit-5b 0.0480 WNT5B NM_032642
RXRA 0.0482 RXRA NM_002957
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[0200] Table 7.2 shows all genes exhibiting an interaction (p-value < 0.1) with tumor
stage. The data were modeled using a proportional hazards model of RFI with gene expression,
tumor stage, and their interaction as predictors. Patients who had 0 positive nodes but <12 nodes

examined were excluded from these analyses.

BpVAlbe for Officia
eraction fifibe ]

0.81 0.0008 SOS1 NM_005633

0.94 0.0020 ALCAM NM_001627

1.04 0.0040 TFF1 NM_003225

0.95 0.0064 TGFB2 NM_003238
TFF3 0.90 0.0066 TFF3 NM_003226
KLF6 1,34 0.0092 KLF6 NM_001300
SNRPF 1.16 0.0106 SNRPF NM_003095
CENPA 0.94 0.0106 CENPA NM_001808
HES6 0.86 0.0119 HES6 NM_018645
CLDN1 0.95 0.0124 CLDN1 NM_021101
FGF2 0.97 0.0125 FGF2 NM_002006
LEF 0.94 0.0141 LEF1 NM_016269
MADH2 0.74 0.0145 SMAD2 NM_005901
TP53BP1 0.91 0.0153 TP53BP1 NM_005657
CCR7 0.98 0.0182 CCR7 NM_001838
MRP3 1.08 0.0204 ABCC3 .NM_003786
UPP1 1.02 0.0208 UPP1 NM_003364
PTEN 1.00 0.0216 PTEN NM_000314
ST14 0.66 0.0223 sT14 NM_021978
FYN 1.10 0.0241 FYN NM_002037
CD24 0.84 0.0260 CcD24 NM_013230
LMYC 0.82 0.0275 RLF NM_012421
CDC42BPA 1.12 0.0315 CDC42BPA NM_003607
CAV1 0.95 0.0364 CAV1 NM_001753
CHFR 0.99 0.0382 CHFR NM_018223
MGAT5 0.72 0.0383 . MGAT5 NM_002410
FPGS 0.71 0.0402 FPGS NM_004857
EMR3 0.57 0.0488 EMR3 NM_032571
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SIR2 217 0.0538 NM_012238
PTK2B 1.44 0.0542 NM_004103
Axin 2 1.38 0.0549 NM_004655
TRAG3 0.46 0.0570 NM_004909
MMP7 0.78 0.0608 NM_002423
PFN2 1.33 0.0610 NM_053024
PTPRJ 2.05 0.0632 NM_002843
CXCR4 1.96 0.0644 NM_003467
CCNA2 1.55 0.0661 NM_001237
MMP12 0.74 0.0685 NM_002426
KRTS 0.64 0.0694 NM_002273
ABCCS 2.06 0.0704 NM_005688
PRDX6 2.09 0.0711 NM_004905
WIF . 154 0.0738 NM_007191
cdc25A 248 0.0769 CDGC25A NM_001789
KLF5 1.87 0.0772 KLF5 NM_001730
LRP5 1.92 0.0783 LRP5 NM_002335
PTPD1 0.54 0.0789 PTPN21 NM_007039
RALBP1 2.20 0.0791 RALBP1 NM_006788
TP53BP2 1.82 0.0819 TP53BP2 NM_005426
STATSB 1.57 0.0822 STATSB NM_012448
PPARG 1.32 0.0844 PPARG NM_005037
HB-EGF 0.50 0.0845 HBEGF NM_001945
. |RARA 1.77 0.0848 RARA NM_000964
GCNT1 1.86 0.0883 GCNT1 NM_001490
Ki-67 1.53 0.0885 MKI67 NM_002417
EFNB2 176 0.0895 EFNB2 NM_004093
LGMN 0.59 0.0900 LGMN NM_001008530
DKK1 0.68 0.0922 DKK1 NM_012242
MADH4 2.04 0.0964 SMAD4 NM_005359
BIK 1.53 0.94 0.0966 BIK NM_001197
CD44v3 1.58 0.97
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WHAT IS CLAIMED:

1. A method of predicting clinical outcome for a subject diagnosed with colorectal
cancer following surgical resection of said cancer, comprising determining evidence of the
expression level of one or more predictive RNA transcripts listed in Tables 1A-B, 2A-B, 3A-B,
4A-B, 5A-B, 6 and/or 7, or their expression products, in a biological sample comprising cancer
cells obtained from said subject, wherein

(a) " " evidence of increased expression of one or more of the genes listed in

Table 1A, 2A, 3A, 4A and/or 5A, or the corresponding expression
product, indicates a decreased likelihood of a positive clinical outcome;
and

(b) evidence of increased expression of one or more of the genes listed in

Table 1B, 2B, 3B, 4B and/or 5B, or the corresponding expression product,
indicates an increased likelihood of a positive.clinical outcome.

2. The method of claim 1 wherein said subject is a human patient.

3. The method of claim 2 wherein evidence of said expression level is obtained by a
method of gene expression profiling.

4. The method of claim 3 wherein said method is a PCR-based method.

5. The method of claim 4 wherein said expression levels are normalized relative to
the expression levels of one or more reference‘ genes, or their expression products.

6. The method of claim 2 wherein said clinical outcome is expressed in terms of
Recurrence-Free Interval (RFI), Overall Survival (OS), Disease-Free Survival (DFS), or Distant
Recurrence-Free Interval (DRFI). .

7. The method of claim 2 wherein said cancer is Dukes B (stage II) or Dukes C
(stage III) colorectal cancer.

8. The method of claim 7 wherein said cancer is Dukes B (stage II) or Dukes C
(stage III) colon cancer.

9. The method of claim 2 comprising determining evidence of the expression levels
of at least two of said genes, or their expression products.

10. The method of claim 2 comprising determining evidence of the expression levels

of at least three of said genes, or their expression products.
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11, The method of claim 2 comprising determining evidence of the expression levels
of at least four of said genes, or their expression products.

12. The method of claim 2 comprising determining evidence of the expression levels
of at least five of said genes, or their expression products.

13. The method of claim 2 further comprising the step of creating a report
summarizing said prediction.

14, A method of predicting the duration of Recurrence-Free Interval (RFI) in a
subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colorectal cancer following
surgical resection of said cancer, comprising determining the expression level of one or more
predictive RNA transcripts listed in Tables 1A and 1B, or their expression products, in a

biological sample comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in
Table 1A or 5A, or the corresponding expression product, indicates that
said RFI is predicted to be shorter; and

(b) ~ evidence of increased expression of one or more of the genes listed in
Table 1B or 5B, or the corresponding expression product, indicates that

said RFI is predicted to be longer.

15. The method of claim 14 wherein said subject is 2 human patient.

16. The method of claim 15 wherein evidence of said expression level is obtained by
a method of gene expression profiling.

17. The method of claim 16 wherein said method is a PCR-based method.

18. The method of claim 17 wherein, if said RFI is predicted to be shorter, said
patient is subjected to further therapy following said surgical removal.

19. The method of claim 18 wherein said further therapy is chemotherapy and/or
radiation therapy.

20. The method of claim 15 further comprising the step of creating a report
summarizing said prediction. )

21. The method of claim 15 comprising determining evidence of the expression levels

of at least two of said genes, or their expression products.
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22.  The method of claim 15 comprising determining evidence of the expression levels
of at least three of said genes, or their expression products.

23, The method of claim 15 comprising determining evidence of the expression levels
of at least four of said genes, or their expression products.

24, The method of claim 15 comprising determining evidence of the expression levels
of at least five of said genes, or their expression products.

25. A method of predicting Overall Survival (OS) in a subject diagnosed with Dukes
B (stage I1) or Dukes C (stage III) colon cancer following surgical resection of said cancer,
comprising determining the expression level of one or more predictive RNA transcripts listed in
Tables 2A and 2B, or their expression products, in a biological sample comprising cancer cells

obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in
Table 2A, or the corresponding éxpression product, indicates that said OS
is predicted to be shorter; and

®) evidence of increased expression of one or more of the genes listed in
Table 2B, or the corresponding expression product, indicates that said OS

is predicted to be longer.

26. A method of predicting Disease-Free Survival (DFS) in a subject diagnosed with
Dukes B (stage II) or Dukes C (stage III) colon cancer following surgical resection of said
cancer, comprising determining the expression level of one or more predictive RNA transcripts
listed in Tables 3A and 3B, or their expression products, in a biological sample comprising

cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in
Table 3A, or the corresponding expression product, indicates that said
DFS is predicted to be shorter; and

(b) evidence of increased expression of one or more of the genes listed in
Table 3B, or the corresponding expression product, indicates that said

DFS is predicted to be longer.
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27. A method of predicting the duration of Distant Recurrence-Free Interval (DRFI)
in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon cancer following
surgical resection of said cancer, comprising determining the expression level of one or more
predictive RNA transcripts listed in Tables 4A and 4B, or their expression products, in a

biological sample comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in
Table 4A, or the corresponding expression product, indicates that said
DRFI is predicted to be shorter; and

b) evidence of increased expression of one or more of the genes listed in
Table 4B, or the corresponding expression product, indicates that said

DRFI is predicted to be longer.

28. A method of predicting clinical outcome in a subject diagnosed with Dukes B
(stage II) colorectal cancer following surgical resection of said cancer, comprising determining
the expression level of one or more predictive RNA transcripts selected from the group
consisting of ALCAM, CD24, CDH11, CENPE, CLTC, CYR61, EMR3, ICAM2, LOX, -
MADH2, MGATS5, MT3, NUFIP1, PRDX6, SIR2, SOS1, STATSB, TFF3, TMSB4X, TP53BP1,
WIF, CAPG, CD28, CDC20, CKS1B, DKK1, HSD17B2, and MMP?7, or their expression

products, in a biological sample comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes selected
from the group consisting of ALCAM, CD24, CDH11, CENPE, CLTC,
CYR61, EMR3, ICAM2, LOX, MADH2, MGATS5, MT3, NUFIP1,
PRDX6, SIR2, SOS1, STATSB, TFF3, TMSB4X, TP53BP1, and WIF,
or the corresponding expression product, indicates a decreased likelihood
of positive clinical outcome; and

(b) evidence of increased expression of one or more of the genes selected

from the group consisting of CAPG, CD28, CDC20, CKS1B, DKK1,
HSD17B2, and MMP?7, or the corresponding expression product,

indicates an increased likelihood of positive clinical outcome.
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29. A method of predicting clinical outcome in a subject diagnosed with Dukes C
(stage III) colorectal cancer following surgical resection of said cancer, comprising determining
the expression level of one or more predictive RNA transcripts selected from the group
consisting of CAPG, CD28, CKS1B, CYR61, DKK1, HSD17B2, LOX, MMP7, SIR2, ALCAM,
CD24, CDC20, CDH11, CENPE, CLTC, EMR3, ICAM2, MADH2, MGATS, MT3, NUFIPI,
PRDXS6, SOS1, STATSB, TFF3, TMSB4X, TP53BP1, and WIF, or their expression products, in

a biological sample comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes selected from
the group consisting of CAPG, CD28, CKS1B, CYR61, DKK1, HSD17B2,
LOX, MMP7, and SIR2, or the corresponding expression product, indicates a
decreased likelihood of positive clinical outcome; and

(b) evidence of increased expression of one or more of the genes selected from
the group consisting of ALCAM, CD24, CDC20, CDH11, CENPE, CLTC,
EMR3, ICAM2, MADH2, MGATS, MT3, NUFIP1, PRDX6, SOS1,
STATSB, TFF3, TMSB4X, TP53BP1, and WIF, or the corresponding
expression product, indicates an increased likelihood of positive clinical

outcome.

30. A method of predicting clinical outcome for a subject diagnosed with colorectal
cancer following surgical resection of said cancer, comprising determining evidence of the
expression level of one or more predictive RNA transcripts listed in Tables 1.2A-B, 2.2A-B,
3.2A-B, 4.2A-B, 5.2A-B, 6.2 and/or 7.2, or their expression products, in a biological sample
comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in

Table 1.2A, 2.2A, 3.2A, 4.2A and/or 5.2A, or the corresponding
expression product, indicates a decreased likelihood of a positive clinical
outcome; and

(b) evidence of increased expression of one or more of the genes listed in

Table 1.2B, 2.2B, 3.2B, 4.2B and/or 5.2B, or the corresponding expression

product, indicates an increased likelihood of a positive clinical outcome.
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31. A method of predicting the duration of Recurrence-Free Interval (RFI) in a
subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colorectal cancer following
surgical resection of said cancer, comprising determining the expression level of one or more
predictive RNA transcripts listed in Tables 1.2A, 1.2B, 5.2A and 5.2B, or their expression
products, in a biological sample comprising cancer cells obtained from said subject, wherein

() evidence of increased expression of one or more of the genes listed in

Table 1.2A or 5.2A, or the corresponding expression product, indicates
that said RFI is predicted to be shorter; and

(b) evidence of increased expression of one or more of the genes listed in

Table 1.2B or 5.2B, or the corresponding expression product, indicates
that said RFI is predicted to be longer.
32. A method of predicting Overall Survival (OS) in a subject diagnosed with Dukes
B (stage II) or Dukes C (stage III) colon cancer following surgical resection of said cancer,
comprising determining the expression level of one or more predictive RNA transcripts listed in
Tables 2.2A and 2.2B, or their expression products, in a biological sample comprising cancer
cells obtained from said subject, wherein
(a) evidence of increased expression of one or more of the genes listed in
Table 2.2A, or the corresponding expression product, indicates that said
OS is predicted to be shorter; and

(b) evidence of increased expression of one or more of the genes listed in
Table 2.2B, or the corresponding expression product, indicates that said
OS is predicted to be longer.

33. A method of predicting Disease-Free Survival (DFS) in a subject diagnosed with
Dukes B (stage II) or Dukes C (stage III) colon cancer following surgical resection of said
cancer, comprising determining the expression level of one or more predictive RNA transcripts
listed in Tables 3.2A and 3.2B, or their expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in

Table 3.2A, or the corresponding expression product, indicates that said

DEFS is predicted to be shorter; and
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(b) | evidence of increased exﬁression of one or more of the genes listed in
Table 3.2B, or the corresponding expression product, indicates that said
DFS is predicted to be longer.

34, A method of predicting the duration of Distant Recurrence-Free Interval (DRFI)
in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon cancer following
surgical resection of said cancer, comprising determining the expression level of one or more
predictive RNA transcripts listed in Tables 4.2A and 4.2B, or their expression products, in a
biological sample comprising cancer cells obtained from said subject, wherein

() evidence of increased expression of one or more of the genes listed in

- Table 4.2A, or the corresponding expression product, indicates that said
DRFI is predicted to be shorter; and
(b) evidence of increased expression of one or more of the genes listed in
Table 4.2B, or the corresponding expression product, indicates that said
DRFI is predicted to be longer.

35. A method of predicting clinical outcome for a subject diagnosed with colorectal
cancer following surgical resection of said cancer, comprising determining evidence of the
expression level of one or more predictive RNA transcripts listed in Tables 1A-B, 1.2A-B, 2A-B,
2.2A-B, 3A-B, 3.2A-B, 4A-B, 4.2A-B, 5A-B, 5.2A-B, 6, 6.2, 7 and/or 7.2, or their expression
products, in a biological sample comprising cancer cells obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes listed in

Table 1A,1.2A, 2A,2.2A, 3A, 3.2A, 4A, 4.2A, 5A and/or 5.2A, or the
corresponding expression product, indicates a decreased likelihood of a
positive clinical outcome; and

(b) evidence of increased expression of one or more of the genes listed in

Table 1B,1.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B, 5B and/or 5.2B, or the
corresponding expression product, indicates an increased likelihood of a
positive clinical outcome.

36. A method of predicting the duration of Recurrence-Free Interval (RFI) ina
subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colorectal cancer following
surgical resection of said cancer, comprising determining the expression level of one or more

predictive RNA transcripts listed in Tables 1A, 1.2A, 1B, 1.2B, SA, 5.2A, 5B and 5.2B, or their
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expression products, in a biological sample comprising cancer cells obtained from said subject,

wherein
(a) evidence of increased expression of one or more of the genes listed in
Table 1A, 1.2A, 5A or 5.2A, or the corresponding expression product,
indicates that said RFI is predicted to be shorter; and
(b) evidence of increased expression of one or more of the genes listed in

Table 1B, 1.2B, 5B or 5.2B, or the corresponding expression product,
indicates that said RFI is predicted to be longer.
37. A method of predicting Overall Survival (OS) in a subject diagnosed with Dukes
B (stage IT) or Dukes C (stage III) colon cancer following surgical resection of said cancer,
comprising determining the expression level of one or more predictive RNA transcripts listed in
Tables 24, 2.2A, 2B and 2.2B, or their expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein
(a) evidence of increased expression of one or more of the genes listed in
Table 2A or 2.2A, or the corresponding expression product, indicates that
said OS is predicted to be shorter; and
(b) evidence of increased expression of one or more of the genes listed in
Table 2B or 2.2B, or the corresponding expression product, indicates that
said OS is predicted to be longer.
38. A method of predicting Disease-Free Survival (DFS) in a subject diagnosed with
Dukes B (stage II) or Dukes C (stage III) colon cancer following surgical resection of said
cancer, comprising determining the expression level of one or more predictive RNA transcripts
listed in Tables 3A, 3.2A, 3B and 3.2B, or their expression products, in a biological sample
comprising cancer cells obtained from said subject, wherein
(a) evidence of increased expression of one or more of the genes listed in
Table 3A or 3.2A, or the corresponding expression product, indicates that
said DFS is predicted to be shorter; and
(b) evidence of increased expression of one or more of the genes listed in
Table 3B or3.2B, or the corresponding expression product, indicates that

said DFS is predicted to be longer.
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A method of predicting the duration of Distant Recurrence-Free Interval (DRFI)

in a subject diagnosed with Dukes B (stage II) or Dukes C (stage III) colon cancer following

surgical resection of said cancer, comprising determining the expression level of one or more

predictive RNA transcripts listed in Tables 4A, 4.2A, 4B and 4.2B, or their expression products,

in a biological sample comprising cancer cells obtained from said subject, wherein

@

(b)

40.

evidence of increased expression of one or more of the genes listed in
Table 4A or 4.2A, or the corresponding expression product, indicates that
said DRFI is predicted to be shorter; and

evidence of increased expression of one or more of the genes listed in
Table 4B or 4.2B, or the corresponding expression product, indicates that

said DRFI is predicted to be longer.

A report predicting clinical outcome for a subject diagnosed with colorectal

cancer following surgical resection of said cancer, comprising a prediction of clinical outcome

based on information comprising the expression level of one or more predictive RNA transcripts

listed in Tables 1A-B, 2A-B, 3A-B, 4A-B, 5A-B, 6 and/or 7, or their expression products, in a

biological sample comprising cancer cells obtained from said subject, wherein

(2)

(®)

41.

evidence of increased expression of one or more of the genes listed in
Table 1A, 2A, 3A, 4A and/or 5A, or the corresponding expression
product, indicates a decreased likelihood of a positive clinical outcome;
and

evidence of increased expression of one or more of the genes listed in
Table 1B, 2B, 3B, 4B and/or 5B, or the corresponding expression product,

indicates an increased likelihood of a positive clinical outcome.

A report predicting clinical outcome for a subject diagnosed with colorectal

cancer following surgical resection of said cancer, comprising a prediction of clinical outcome

based on information comprising the expression level of one or more predictive RNA transcripts
listed in Tables 1.2A-B, 2.2A-B, 3.2A-B, 4.2A-B, 5.2A-B, 6.2 and/or 7.2, or their expression

products, in a biological sample comprising cancer cells obtained from said subject, wherein

@

evidence of increased expression of one or more of the genes listed in

Table 1.2A, 2.2A, 3.2A, 4.2A and/or 5.2A, or the corresponding
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expression product, indicates a decreased likelihood of a positive clinical
outcome; and
(b) evidence of increased expression of one or more of the genes listed in
Table 1.2B, 2.2B, 3.2B, 4.2B and/or 5.2B, or the corresponding expression
product, indicates an increased likelihood of a positive clinical outcome.
42. A report predicting clinical outcome for a subject diagnosed with colorectal
cancer following surgical resection of said cancer, comprising a prediction of clinical outcome
based on information comprising the expression level of one or more predictive RNA. transcripts
listed in Tables 1A-B, 1.2A-B, 2A-B, 2.2A-B, 3A-B, 3.2A-B, 4A-B, 4.2A-B, 5A-B, 5.2A-B, 6,
6.2, 7 and/or 7.2, or their expression products, in a biological sample comprising cancer cells
obtained from said subject, wherein
(a) evidence of increased expression of one or more of the genes listed in
Table 1A,1.2A, 2A, 2.2A, 3A, 3.2A, 4A, 4.2A, 5A and/or 5.2A, or the
corresponding expression product, indicates a decreased likelihood of a
positive clinical outcome; and
(b) evidence of increased expression of one or more of the genes listed in-
Table 1B,1.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B, 5B and/or 5.2B, or the
corresponding expression product, indicates an increased likelihood of a
positive clinical outcome.
43. A report predicting clinical outcome in a subject diagnosed with Dukes B (stage
IT) colorectal cancer following surgical resection of said cancer, comprising a prediction of
clinical oixtcome based on information comprising the expression level of one or more predictive
RNA transcripts selected from the group consisting of ALCAM, CD24, CDH11, CENPE, CLTC,
CYR61, EMR3, ICAM2, LOX, MADH2, MGATS5, MT3, NUFIP1, PRDX6, SIR2, SOS1,
STATSB, TFF3, TMSB4X, TP53BP1, WIF, CAPG, CD28, CDC20, CKS1B, DKK1, HSD17B2,
and MMP?7, or their expression products, in a biological sample comprising cancer cells obtained

from said subject, wherein

(a) evidence of increased expression of one or more of the genes selected
from the group consisting of ALCAM, CD24, CDH11, CENPE, CLTC,
CYR61, EMR3, ICAM2, LOX, MADH2, MGATS, MT3, NUFIP1,
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PRDX6, SIR2, SOS1, STATSB, TFF3, TMSB4X, TP53BP1, and WIF, or
the corresponding expression product, indicates a decreased likelihood of
positive clinical outcome; and

(b) evidence of increased expression of one or more of the genes selected
from the group consisting of CAPG, CD28, CDC20, CKS1B, DKK1,
HSD17B2, and MMP7, or the corresponding expression product, indicates

an increased likelihood of positive clinical outcome.

44, A report predicting clinical outcome in a subject diagnosed with Dukes C (stage
I1I) colorectal cancer following surgical resection of said cancer, comprising a prediction of
clinical outcome based on information comprising the expression level of one or more predictive
RNA transcripts selected from the group consisting of CAPG, CD28, CKSIB, CYR61, DKK1,
HSD17B2, LOX, MMP7, SIR2, ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3,
ICAM2, MADH2, MGATS5, MT3, NUFIP1, PRDX6, SOS1, STATSB, TFF3, TMSB4X,
TP53BP1, and WIF, or their expression products, in a biological sample comprising cancer cells

obtained from said subject, wherein

(a) evidence of increased expression of one or more of the genes selected from
the group consisting of CAPG, CD28, CKS1B, CYR61, DKK1, HSD17B2,
LOX, MMP7, and SIR2, or the corresponding expression product, indicates a
decreased likelihood of positive clinical outcome; and

(b) evidence of increased expression of one or more of the genes selected from
the group consisting of ALCAM, CD24, CDC20, CDH11, CENPE, CLTC,
EMR3, ICAM2, MADH2, MGATS, MT3, NUFIP1, PRDX6, SOS1,
STATSB, TFF3, TMSB4X, TP53BP1, and WIF, or the corresponding
expression product, indicates an increased likelihood of positive clinical

outcome.
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