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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

herein by reference in their entirety.

Background 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), and‘ more recentfy TNM staging (Stages
I-IV) as developed by the American Joint Committee on Cancer (AJCC 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 thrpugh 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 Uﬁited 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 S-
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 + leucoyorin
(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 II co]oxjectal 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 anhually diagnosed with Stage III colon
cancer receive S5-FU-based adjuvant. chemotherapy, and the 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 to 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 IVHI 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 arid 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 progﬁostic 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 (ERBB?2) gene is amplified and the HER2 protein is overexpressed in a subset of
breast cancers; HERCEPTIN® (Genentech, Inc.) a drug developed to target HER?2, 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 the 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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[0011a] Itis to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.

Summary of the Invention

[0011b] A first aspect provides a method of predicting clinical outcome for a
human subject diagnosed with colorectal cancer following surgical resection of said cancer,
comprising:

determining a normalized expression level of an RNA transcript of BGN, or an
expression product thereof, in a biological sample comprising cancer cells obtained from said
human subject; and

predicting a likelihood of a positive clinical outcome for said human subject based on
said normalized expression level, wherein normalized expression of the RNA transcript of
BGN, or the expression product thereof, is negatively correlated with an increased likelihood
of a positive clinical outcome.

[0011¢] A second aspect provides a method of predicting in a human subject
diagnosed with Dukes B (stage II) or Dukes C (stage III) colorectal cancer a likelihood of
recurrence of colorectal cancer following surgical resection of said cancer, comprising:

determining a normalized expression level of an RNA transcript of BGN in a
biological sample comprising cancer cells obtained from said human subject; and

predicting the likelihood of recurrence of colorectal cancer for the human subject
based on the normalized expression level, wherein normalized expression of the RNA
transcript of BGN is negatively correlated with decreased likelihood of recurrence of
colorectal cancer.

[0012] The present invention relates to a method for predicting the clinical outcome
in 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
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. 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.

4/253
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[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 Distant Recurrence-Free Interval (DRFI).

[0014] In one embodiment, the cancer is Dukes B (stage II) or Dukes C (stage I1I)
colorectal cancer.

[0015] The invention relates to 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 A, 5A, 1B,
and/or 5B, 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 A or SA, 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.

[0016] The invention relates to 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] The invention relates to 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/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] The invention relates to a method of predicting the duration of Distant
Recurrence-Free Interval (DRF]I) 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 ol one or more predictive RNA transcripts listed in Tables 4A and/or 4B,
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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.

[0019] The invention relates to 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.

[0020] The invention relates to a method of predicting the duration of Recurrence-
Free Interval (RFI) in a subject diagnosed with Dukes B (stage II) or Dukes C (stage 11I)
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 RFI is predicted to be longer.

[0021] The invention relates to 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/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 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] The invention relates to 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
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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 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 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 predicted to be longer.

[0023] The invention relates to 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/or
4.2B, 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 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.

[0024] The invention relates to 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, SA-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.

[0025] The invention relates to 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 more of the genes listed in Table 1A, 1.2A, SA 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, SB
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and/or 5.2B, or the corresponding expression product, indicates that said RF] is predicted to
be longer.

[0026] The invention relates to 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] The invention relates to 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/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 3.2
A, 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] The invention relates to 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/or 4.2B, 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 4A and/or 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 4B and/or 4.2B, or the corresponding expression product,
indicates that said DRFI is predicted to be longer.

[0029] The invention relates to 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, MGATS, MT3, NUFIP1, PRDX6, SIR2, SOSI,
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STATSB, TFF3, TMSB4X, TPS3BP1, WIF, CAPG, CD28, CDC20, CKS1B, DKKI1,
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, PRDXG6,
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.

[0030] The invention relates to 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, DKKI,
HSD17B2, LOX, MMP7, SIR2, ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3,
ICAM2, MADH2, MGATS, MT3, NUFIP1, PRDX6, SOS1, STATSB, TFF3, TMSB4X,
TPS3BP1, 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, CYR®61,
DKKI1, 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.

[0031] 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] 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] The subject preferably is a human patient.

[0034] All methods 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 may further comprise determining evidence of the expression levels of at
least three of said genes, or their expression products. It is also contemplated that the method
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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 may further
comprise determining evidence of the expression levels of at least five of said genes, or their
expression products.

[0035] All methods may further comprise the step of creating a report summarizing
said prediction.

[0036] 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] The determination of expression levels may occur more than one time. The
determination of expression levels may occur before the patient is subjected to any therapy
following surgical resection.

[0038] Also disclosed is a report comprising the predicted clinical outcome in 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: (a) evidence of increased expression of one or more of
the genes listed in Table 1A, 2A, 3A, 4A, and/or SA, 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. 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 III) colorectal cancer. 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] The invention relates to 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 (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,
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3.2B, 4.2B and/or 5.2B, or the corresponding 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 III) colorectal cancer. 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.

[0040] The invention relates to 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 2f 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. 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.

[0041] The invention relates to a report predicting clinical outcome in a subject
diagnosed with Dukes B (stage II) 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 ALCAM, CD24, CDH11, CENPE, CLTC, CYR61, EMR3, ICAM2, LOX,
MADH2, MGATS, MT3, NUFIP1, PRDX6, SIR2, SOS1, STATSB, 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, CDHI11, CENPE, CLTC, CYR61, EMR3,
ICAM2, LOX, MADH2, MGATS, 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 MMP7, or the corresponding expression product, indicates

11/253

3883031_1 (GHMatters) P78382. AU 28-Nov-12




2007204826 29 Nov 2012

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
comprise the classification of a subject into a risk group based on said estimate.

[0042] The inyention relates to a report predicting clinical outcome in a subject
diagnosed with Dukes C (stage 11I) 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, CKS1B, CYR61, DKK1, HSD17B2, LOX, MMP7, SIR2,
ALCAM, CD24, CDC20, CDH11, CENPE, CLTC, EMR3, ICAM2, MADH2, MGATS,
MT3, NUFIP1, PRDX6, SOSI1, STATSB, TFF3, TMSB4X, TPS3BP1, 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 af 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
comprise the classification of a subject into a risk group based on said estimate.

[0043] The invention relates to a kit comprising one or more of (1) extraction
buffer/reagents and protocol; (2) reverse transcription buffer/reagents 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 significantly related 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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[0044a) In the claims which follow and in the description of the invention, -
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is used
in an inclusive sense, i.e. to specify the presence of the stated features but not to preclude the
presence or addition of further features in various embodiments of the invention.
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[0045] Unless defined otherwise, technical and séient_iﬁc 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 application.

[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, metastatis (TNM) staging system of the
American Joint Committee on Cancer (AJCC) (Greene et al. (eds.), AJCC Cancer Staging
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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 MO0; 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, 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 tum.or 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.

[00S8] 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 parameteré that have been associated with a worse
prognosis inciude, for example,']ymph node involvement, , 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;iiction of the likelihood
of cancer-attributable death or progr-ession, including recurrence, metastatic spread, and drug
resistance, of a neoplastic disease, such as colon carncer.

[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

15/253



WO 2007/082099 PCT/US2007/000995

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 interval. (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)” is 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, enzyméiticaily 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, sing]e-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 vitro
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, specifically 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 tﬁeir 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 difference 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 norma]izatibn 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 copies 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 deﬁﬁed 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% polyvinylpyrto]idone/éOmM sodium
phosphate buffer at pH 6.5 with 750 mM sodium chlc;ride, 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 pg/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. -

" “at least

[0078] In the context of the present invention, reference to "at least one,
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 néggtive" 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]icing” and “RNA splicing” are used interchangeably and refer
to RNA processing that removes introns and joins exons to produce r;iature 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 iriterrupted gene that is
represented in the mature RNA product (B. Lewin. Genes [V 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” (.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,

in a particular aspect, the invention provides prognostic gene markers of Stage II and/or Stage III
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colorectal cancer, including maricers 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 minimizing the exposure of patients to unnecessary treatments, which do not provide any
significant 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
tha't 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 éstrogen receptor-positive, node-negative breast cancer is describe in a co-pending
U.S. Patent application (Publication Number 20050048542). The equation used to ca]culat.e 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
conﬁ‘ibution 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 al'ternativg 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
includes and contemplates the use of such substitute genes or gene sets in the methods of the
present invention. )

[0089] 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 has utility in the developmént 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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[0091] 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 .design 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 cﬂmpouﬁd,
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, microarrays, serial analysis of gene expression (SAGE) and Gene
E){pression Analysis by Massively farallel Sighature 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 polynucleotides, 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 &
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