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The 5-year survival rate for patients with Stage II
colon cancer is approximately 75%. However, there is
no clinical test available to identify the 25% of pa-
tients at high risk of recurrence. We have previously
identified a 23-gene signature that predicts individual
risk for recurrence. The present study tested this gene
signature in an independent group of 123 Stage II
patients, and the 23-gene signature was highly infor-
mative in identifying patients with distant recurrence in
both univariate (hazard ratio [HR] 2.51) and multivariate
analyses (HR, 2.40). The composition of this represen-
tative patient group also allowed us to refine the 23-gene
signature to a 7-gene signature that exhibited a similar
prognostic power in both univariate (HR, 2.77) and
multivariate analyses (HR, 2.87). Furthermore, we de-
veloped this prognostic signature into a clinically feasi-
ble test with real-time quantitative PCR using standard
fixed paraffin-embedded tumor tissues. When a 110-
patient cohort was evaluated with the PCR assay, the
7-gene signature, demonstrated to be a strong prognos-
tic factor in both univariate (HR, 6.89) and multivariate
analyses (HR, 14.2). These results clearly show the prog-
nostic value of the predefined gene signature for Stage II
colon cancer patients. The ability to identify colon can-
cer patients with an unfavorable outcome may help
patients at high risk for recurrence to seek more aggres-
sive therapy. (J Mol Diagn 2008, 10:346–354; DOI:
10.2353/jmoldx.2008.080011)

There is clearly a pressing need to identify new prognos-
tic factors to determine Stage II colon cancer patients
who are likely to relapse, to help guide their treat-
ments.1–11 This information would allow better informed
planning of treatments by identifying patients who are

more likely to require and possibly benefit from adjuvant
therapy.12–16 However, there is no clinical test available
to provide such prognostic information. Using microarray
analysis, we previously described discovery and initial
validation of a 23-gene prognostic signature for Stage II
colon cancer patients.17 Although our gene signature
was validated using 36 independent patients, the patient
samples in that study were based on a case-control
selection with the sample composition of about half re-
currence cases and half non-recurrence cases. The com-
position of the patient group may not represent a typical
group of Stage II colon tumors. Therefore, the gene sig-
nature needs to be tested in a representative group of
Stage II colon cancer patients to demonstrate its clinical
assay performance.

The clinical applications of genomics in the diagnosis
and management of cancer have been proposed.18–23

As more studies are published, there has been an in-
creasing appreciation of the challenges facing the imple-
mentation of these gene signatures in clinical practices.
The main threat to validity of such genomics-based dis-
covery results comes from chance and bias. The prob-
lems may be avoided by using a totally independent
validation group while holding everything else constant.
Ransohoff24 and Simon et al25 have recently described
the merit of elimination of bias and critical aspects of
molecular marker evaluation. A common unambiguous
requirement for broader acceptance of a molecular sig-
nature is the validation of the assay performance on a
truly independent patient population. Our current study
aims to test the 23-gene signature in a totally indepen-
dent group of patients from multiple sources.

An additional limitation of a microarray-based assay is
that the test requires fresh frozen tissue samples. As a
result, the test cannot readily be applied to standard
clinical material such as fixed paraffin-embedded (FPE)
tissue samples. It has become very clear to us that the
clinical application of the prognostic gene signature must
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use standard clinical material such as FPE tissue sam-
ples to open up the avenue to the clinical application of
such prognostic tests.

In this study, we tested the gene signature in an inde-
pendent group of Stage II patients. The 123 patients
tested were obtained from two sources and selected
based on the eligibility criteria that include all Stage II
patients who did not receive adjuvant chemotherapy after
surgery. The composition of this representative patient
group allowed us to further refine the original 23-gene
signature to a 7-gene signature (part of the 23-gene
signature). Furthermore, we converted this prognostic
assay from the microarray test on frozen tissues into a
real-time quantitative (RTQ)-PCR assay on FPE tumor
tissues. The results provide validation of the pre-speci-
fied prognostic gene signature for Stage II colon cancer
patients and support further development of this prog-
nostic gene signature into a clinically feasible diagnostic
test.

Materials and Methods

Patient Samples

Frozen tumor specimens from 123 Stage II colon cancer
patients were obtained from Cleveland Clinic Foundation
(CCF; Cleveland, OH) and Aros Applied Biotechnology,
LLC (Aarhus, Denmark) according to the Institutional Re-
view Board-approved protocols at individual sites. The
Cleveland Clinic samples were from 1980 to 2001 with a
median follow-up time of 123 months (ranging from 35 to
270 months), and the Aros samples were from 1995 to
2001 with median follow-up time of 83 months (ranging
from 61 to 93 months). The histopathology of each spec-
imen was reviewed on the H&E-stained tissue section to
confirm diagnosis and tumor content. Tumor content was
estimated in percentage by counting nuclei of epithelial
tumor cells. Patient eligibility criteria include colon pri-
mary Stage II adenocarcinoma; primary treatment of sur-
gery only, without adjuvant or neoadjuvant therapy; at
least 70% of tumor cells in the tissue sample; and at least
3 years of follow-up except for patients who developed
distant relapse before that time.

FPE tumor specimens from 110 Stage II colon cancer
patients were obtained from CCF and Proteogenex, LLC
(Culver City, CA) according to the Institutional Review
Board-approved protocols at individual sites. The Cleve-
land Clinic samples were from 1981 to 2001 with median
follow-up time of 124 months (ranging from 35 to 270
months), and the Proteogenex samples were from 1993
to 2001 with median follow-up time of 59 months (ranging
from 39 to 109 months). The histopathology of each spec-
imen was reviewed to confirm diagnosis and tumor con-
tent. Patient eligibility criteria and follow-up procedures
were the same as for the selection of the frozen samples.

Microarray Analysis

All frozen tumor tissues were processed for RNA isolation
as described in our initial study.17 Biotinylated targets

were prepared using published methods (Affymetrix,
Santa Clara, CA)26 and hybridized to Affymetrix U133a
GeneChips. Arrays were scanned using the standard
Affymetrix protocol. Each probe set was considered a
separate gene. Expression values for each gene were
calculated using Affymetrix GeneChip analysis software
MAS 5.0 and according to the analysis method described
previously.17 All data used for subsequent analysis
passed the quality control criteria.

RNA Isolation from FPE Samples

The FPE samples were either formalin-fixed (n � 45) or
Hollandes-fixed (n � 65) FPE tissue. RNA isolation
from FPE tissue samples was performed according to a
modified protocol using a High Pure RNA Paraffin Kit
(Roche Applied Sciences, Indianapolis, IN). FPE tissue
blocks were sectioned depending on the size of the
blocks (6 to 8 mm � 6 � 10 �m, � 8 mm � 3 � 10 �m).
Sections were deparaffinized as described in the man-
ufacturer’s manual. The tissue pellet was dried in an
oven at 55°C for 10 minutes and resuspended in 100 �l
of tissue lysis buffer, 16 �l of 10% SDS, and 80 �l of
proteinase K. The sample was vortexed and incubated
in a thermomixer set at 400 rpm for 3 hours at 55°C.
Subsequent steps of sample processing were per-
formed according to the Kit manual. The RNA sample
was quantified by OD 260/280 readings using a spec-
trophotometer and diluted to a final concentration of 50
ng/�L. The isolated RNA samples were stored in
RNase-free water at �80°C until use.

RTQ-PCR Analysis

The gene signature and the housekeeping control genes
were evaluated using a one-step multiplex RTQ-PCR as-
say with the RNA samples isolated from FPE tissues. To
minimize the variability of RTQ-PCR, three housekeeping
control genes including �-actin, hydroxymethylbilane
synthase, and ribosomal protein L13 A were used to
normalize the input quantity of RNA. To prevent any con-
taminating DNA in the samples from amplification, PCR
primers or probes for RTQ-PCR assay were designed to
span an intron so that the assay would not amplify any
residual genomic DNA. One hundred ng of total RNA was
used for the one-step RTQ-PCR. PCR amplification was
performed on the ABI 7900HT sequence detection sys-
tem (Applied Biosystems, Fresno, CA) using the 384-well
block format with 10-�l reaction volume. The concentra-
tions of the primers and the probes were 4 and 2.5
�mol/L, respectively. The reaction mixture was incubated
at 48°C for 30 minutes for the reverse transcription, fol-
lowed by an Amplitaq (Applied Biosystems) activation
step at 95°C for 10 minutes and then 40 cycles of 95°C for
15 seconds for denaturing and 60°C for 1 minute for
annealing and extension. A standard curve was gener-
ated from a range of 100 pg to 100 ng of the starting
materials, and when the R2 value was �0.99, the cycle
threshold (Ct) values were accepted. In addition, all prim-
ers and probes were optimized toward the same ampli-

Colon Cancer Prognosis 347
JMD July 2008, Vol. 10, No. 4



fication efficiency according to the manufacturer’s proto-
col. Sequences of the primers and probes for the seven
genes and the three housekeeping control genes are
listed in Table 1, each written in the 5� to 3� direction.

For each sample, �Ct � Ct (target gene) � Ct (av-
erage of three control genes) was calculated. �Ct nor-
malization has been widely used in clinical RTQ-PCR
assay.

Statistical Methods

In our previous study,17 we used gene expression pro-
files of 74 Stage II colon tumors to identify the 23-gene
prognostic signature. Briefly, the patients were first
placed into one of the two subgroups based on the
expression of cadherin 17 (detectable versus undetect-
able on the Affymetrix chip). Each patient subgroup was
then analyzed separately to select markers. The markers
selected from each subgroup were combined to form a
single signature to predict tumor recurrence for all pa-
tients as a whole. Univariate Cox proportional hazards
regression was used to identify genes whose expression
levels were correlated to patient disease-free time. In
addition, a t-test with resampling was used to select
genes that gave the best classification between the re-
lapse and the disease-free patients. Genes found by both
Cox model and t-test were selected to build a signature
for predicting outcome. Relapse Hazard Score was used
to determine each patient’s risk of recurrence. The score
was defined as the linear combination of weighted ex-
pression with the standardized Cox regression coefficient
as the weight. In the case that the markers were from the
patient subgroups, normalization to a target score of 100
was used to create the final score for each patient. Pa-
tients whose scores were equal to or greater than 100
were classified in the high risk of relapse group, whereas
patients whose scores were less than 100 were predicted
as the low risk of relapse group.

Relapse Hazard Score � A � I � �
i�l

7

I � wi xi

� B � (1 � I) � �
j�I

15

(1 � I) � wj xj

where

I � � 1 if cadherin 17 expression is detected
0 if cadherin 17 expression is undetected

A and B are constants
wi is the standardized Cox regression coefficient
xi is the expression value in log2 sacle

For microrray data analysis in the present study, cad-
herin 17 gene expression measurement on the array was
used to determine the assignment of the patient to the
subgroups as described in our previous study.17 Patients
with detectable cadherin 17 were classified as subgroup
I; the outcomes were predicted using the 7-gene subset
of the 23-gene signature. Patients with undetectable cad-
herin 17 were classified as subgroup II; the outcomes
were predicted using the 15-gene subset of the 23-gene
signature. The relapse score was calculated for each
patient and used to classify the patient into high or low
risk groups for developing distant metastasis in 3 years.
Patients with a relapse score �100 were classified as
high risk and patients with a relapse score 	100 were
called low risk. The composition of the subgroup I and
subgroup II patients was determined in the representa-
tive group of Stage II patients to modify the gene signa-
ture and the algorithm for relapse score.

For RTQ-PCR data analysis, the difference between
the average Ct of the three housekeeping control genes
and the Ct of each of the genes in the prognostic signa-
ture was used to calculate the relapse score using the
same algorithm. The relapse score was calculated for
each patient and used to classify the patient into high or
low risk groups for developing distant metastasis in 3
years. Patients with a relapse score �0 were classified as
high risk and patients with a relapse score 	0 were
called low risk. The calculation of the relapse score was
as follows:

Relapse Hazard Score � A � I � �
i�l

7

I � wi xi

where
A is constant
wi is the standardized Cox regression coefficient
xi is the difference between average Ct of the house-
keeping genes and the Ct of the target gene

Table 1. Primer and Probe Sequences for the Seven Genes and Control Genes

Gene symbol Forward primer Probe Reverse primer

EP2MA 5�-CATTATTCAAGGCCGAGTACAGATG-3� 5�-CAGGCGGTGTGCCTGCTGCAT-3� 5�-CACGTACACGATGTGTCCCTTCT-3�
KLF5 5�-CCTGAGGACTCACACTGGTGAA-3� 5�-CAAGTGTACCTGGGAAGGCTGCGACTG-3� 5�-CAGCTCATCCGATCGCG-3�
CAPG 5�-CGCAGCTCTGTATAAGGTCTCTGA-3� 5�-AACCTGACCAAGGTGGCTGACTCCAG-3� 5�-GATATCAGCAGTTCAAGGGCAA-3�
LILRB3 5�-AGATGGACACTGAGGCTGCTG-3� 5�-CCCAGGATGTGACCTACGCCCAG-3� 5�-CTTCCGTCTAAGGGTCAAGCTG-3�
LAT 5�-CTCCCACCGGACGCCATC-3� 5�-CGGGATTCTGATGGTGCCAACAGT-3� 5�-CCTCGTTCTCGTAGCTCGCCA-3�
CHC1 5�-TTTGTGGTGCCTATTTCACCTTT-3� 5�-CCACGTGTACGGCTTCGGCCTC-3� 5�-CGGAGTTCCAAGCTGATGGTA-3�
YWHAH 5�-CCTGTCTCTTGGGAAGCAGTTT-3� 5�-ATCATGGGCATTGCTGGACTGATGG-3� 5�-GCTCCTGTGGGCTCAAAG-3�
�-Actin 5�-CCTGGCACCCAGCACAAT-3� 5�-ATCAAGATCATTGCTCCTCCTGAGCGC-3� 5�-GCCGATCCACACGGAGTACTT-3�
HMBS 5�-CCACACACAGCCTACTTTCCAA-3� 5�-AACGGCAATGCGGCTGCAACGGCGGAA-3� 5�-TACCCACGCGCAATCACTCTCA-3�
RPL13A 5�-GAAGCCTACAAGAAAGTTTGCCTATC-3� 5�-CTGGCTCACGAGGTTGGCTGGAA-3� 5�-AGGGTGGCTGTCACTGCC-3�

Each probe has 5� 5-carboxyfluorescein label and a 3� BHQ label.
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Kaplan-Meier survival plots27 and log-rank tests stratified
by clinical site were used to assess the difference of the
predicted high and low risk groups. Sensitivity was de-
fined as the percentage of the patients with distant re-
currence in 3 years that were predicted correctly by the
gene signature, and specificity was defined as the per-
centage of the patients free of distant recurrence for at
least 3 years that were predicted as being free of
recurrence by the gene signature. Univariate and mul-
tivariate analyses using the Cox proportional hazard
regression stratified by clinical site were performed on
the individual clinical parameters of the patients and
the combination of the clinical parameters and the
gene signature including age, gender, T stage, grade,
and tumor size. The hazard ratio (HR) and its 95%
confidence interval (CI) were derived from these re-
sults. All statistical analyses were performed using S-
Plus 6.1 software (Insightful, Fairfax Station, VA).

Results

Patient and Tumor Characteristics

Clinical and pathological features of the patients and their
tumors are summarized in Tables 2 and 3. All patients
had information on age, gender, TNM stage, number of
lymph nodes examined, grade, and tumor location. The
rectal cancer patient was excluded. TNM staging was

performed according to the American Joint Committee on
Cancer Staging Manual, sixth edition. Histological grade
or differentiation status was reported by each clinical site.
CCF and Proteogenex reported this information as well,
moderately, or poorly differentiated, whereas Aros re-
ported as high, medium, or low grade. The number of
lymph nodes examined varied among the sites because
the samples came from the archived collections at differ-
ent time periods. The patients were treated by surgery
only and none of the patients received neoadjuvant or
adjuvant treatment. A minimum of 3 years of follow-up
data were available for all of the patients in the study with
the exception of those with relapse in less than 3 years.
The statistical analysis suggested that the majority of the
tumor characteristics did not differ significantly between
the relapse and the non-relapse patients. Tumor location
for the Aros fresh frozen samples showed significant
difference between the relapse and the non-relapse pa-
tients (P value of 0.03), but the combined fresh frozen
sample set (Aros and CCF) did not present significant
difference (P value of 0.11). For the FPE clinical samples,
tumor stage was significantly different between the re-
lapse and the non-relapse patients (P value of 0.03), but
the individual site did not differ significantly (P value of
0.14 for Proteogenex and P value of 0.73 for CCF). The
differences observed may be due to the site-to-site vari-
ation and the sample size in the study.

Table 2. Patient and Tumor Characteristics (Frozen Tumor Tissues)

Factor

Aros CCF Aros � CCF

NR R P value NR R P value NR R P value

Age (yr) 69 63 0.1 69 78 0.1 69 67 0.51
Range (49 to 84) (36 to 83) (31 to 92) (73 to 88) (31 to 92) (36 to 88)

Sex
Male 16 10 0.09 36 1 0.35 52 11 0.51
Female 20 3 33 4 53 7

T stage
T3 31 11 0.74 61 3 0.26 92 14 0.45
T4 5 2 8 2 13 4

No. of LN examined
	6 15 5 0.84 4 0 0.84 19 5 0.21
6 to 12 15 6 15 1 30 7
�12 5 1 49 4 54 5
Unknown 1 1 1 0 2 1

Tumor location
Cecum 0 0 0.03 18 0 0.43 18 0 0.11
Ascending 14 2 14 0 28 2
Hepatic flexure 0 0 6 1 6 1
Transverse 5 0 6 1 11 1
Splenic flexure 1 3 5 0 6 3
Descending 0 0 2 0 2 0
Sigmoid 16 8 18 3 34 11

Metastasis site
Liver 0 4 NA 0 3 NA 0 7 NA
Lung 0 2 0 1 0 3
Other 0 5 0 1 0 6
Multiple* 0 2 0 0 0 2

Grade
Low 7 2 0.53 4 2 0.02 11 4 0.34
Medium 22 10 54 2 76 12
High 7 1 11 1 18 2

NR, non-relapse; R, relapse; LN, lymph nodes.
*Multiple metastasis sites include 1 patient to both liver and lung, and 1 patient to both lung and other sites.
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Analysis of the Gene Signature in the Fresh
Frozen Samples

In the patient sample group of our initial study,17 we
detected two subgroups of tumors representing well and
poorly differentiated tumors, respectively. Cadherin 17
gene expression (detectable or undetectable on the Af-
fymetrix chip) was used to stratify the Stage II tumors into
the two subgroups, and the prognostic gene signature
was designed to include classifiers for subgroup I (7
genes) and subgroup II (15 genes). However, because of
the control-case design of the study, we could not deter-
mine the composition of subgroup I and subgroup II
patients for a typical makeup of the Stage II tumors. In the
present study, we first examined this question and found
that subgroup II (undetectable cadherin 17) only ac-
counted for 2 of the 123 Stage II tumors (1.6%). Therefore,
the prognostic gene signature was refined by removing the
15 genes for subgroup II and only keeping the 7 genes for
subgroup I in the prognostic algorithm. The 7 genes are
listed as follows, with GenBank ID and Affymetrix U133a
chip ID: LILRB3 (NM_006864, 211133_x_at), YWHAH
(NM_003405, 201020_at), CHC1 (NM_001269, 215747_
s_at), KLF5 (NM_001730, 209212_s_at), CAPG (NM_
001747, 201850_at), LAT (NM_014387, 211005_at), and
EPM2A (NM_005670, 210870_s_at).

Next, we performed the prediction of patient outcome
using the 7-gene signature and compared the results to
that of the original 23-gene signature using the microar-
ray data. In the independent set of 123 patients, the
23-gene signature proved to be highly informative in
identifying patients with distant recurrence, as shown in
the receiver operating characteristic (ROC) curve evalu-
ation (Figure 1A) The univariate analyses of the 123 pa-
tients using the original 23-gene signature produced a
highly consistent outcome in identifying patients who
would develop distant recurrence (HR, 2.51; 95% CI,
0.99 to 6.37) (Figure 1B). The Kaplan-Meier analysis pro-
duced survival curves for the patient groups, and the log
rank test showed a significant difference in the time to
recurrence between the group predicted with good prog-
nosis and the group predicted with poor prognosis (P �
0.045) (Figure 1B). Survival analysis was then performed
as a function of the 7-gene signature. First, the ROC
curve was evaluated (Figure 1C). The area under the
curve was used to assess the performance of a predictor.
The 7-gene predictor gave an area under the curve value
of 0.66. Using the 3-year defining point, the relapse score
calculated from this method correctly predicted 8 of the
13 relapses (8 relapses categorized correctly, whereas 5
relapses were grouped in the non-relapse category, 62%
sensitivity) that occurred within 3 years and 74 of the 108

Table 3. Patient and Tumor Characteristics (FPE Tissues)

Factor

Proteogenex CCF Proteogenex � CCF

NR R P value NR R P value NR R P value

Age (yr) 66 64 0.26 71 71 0.97 69 66 0.24
Range (43 to 83) (40 to 90) (46 to 86) (51 to 88) (43 to 86) (40 to 90)

Sex
Male 6 7 0.22 31 2 0.2 37 9 0.8
Female 20 8 29 7 49 15

T stage
T2 0 2 0.14 0 0 0.73 0 2 0.03
T3 20 11 53 7 73 18
T4 6 2 7 2 13 4

No. of LN examined
	6 NA NA NA 1 1 0.23 1 1 0.23
6 to 12 NA NA 14 1 14 1
�12 NA NA 44 7 44 7
Unknown 26 15 1 0 27 15

Tumor location
Cecum 3 3 0.14 17 0 0.35 20 3 0.15
Ascending 10 2 9 1 19 3
Hepatic flexure 0 0 7 1 7 1
Transverse 4 1 5 2 9 3
Splenic flexure 1 3 5 0 6 3
Descending 0 0 2 0 2 0
Sigmoid 16 8 18 3 34 11

Metastasis site
Liver 0 10 NA 0 5 NA 0 15 NA
Lung 0 3 0 0 0 3
Other 0 1 0 4 0 5
Multiple* 0 1 0 0 0 1

Grade
Low 3 1 0.55 4 2 0.25 7 3 0.74
Medium 15 11 46 5 61 16
High 4 1 10 2 14 3
Unknown 4 2 0 0 4 2

NR, non-relapse; R, relapse; NA, not applicable.
*Multiple metastasis sites include 1 patient to both liver and lung.
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non-relapsers (74 non-relapses categorized correctly,
whereas 34 non-relapses were grouped in the relapse cat-
egory, 69% specificity). Although the frequency of tumor
relapse in 3 years was 11% in this group of 123 patients, the
Kaplan-Meier analysis produced survival curves for the pa-
tient groups and the log rank test showed a significant
difference in the time to recurrence between the group
predicted with good prognosis and the group predicted
with poor prognosis (P � 0.025) (Figure 1D). In the univar-

iate and multivariate analyses of the 123 patients, the
7-gene signature proved to be highly informative in identi-
fying patients who would develop distant recurrence (HR,
2.77; 95%; CI, 1.09 to 7.03), even when corrected for the
traditional prognostic factors in multivariate analysis (HR,
2.87; 95% CI, 1.04 to 7.92) (Table 4). The 7-gene signature
was used for the subsequent RTQ-PCR assay. The microar-
ray data set has been submitted to the NCBI/GenBankGEO
database (series entry pending).

Figure 1. ROC and Kaplan-Meier survival analysis of the prognostic signatures on 123 independent patients. A: The ROC curve of the 23-gene signature.
B: Kaplan-Meier curve and log rank test of 123 frozen tumor samples using the 23-gene signature. The risk of recurrence for each patient was assessed based
on the gene signature and the threshold was determined by the previous study.17 The high and low risk groups differ significantly (P � 0.045). C: The ROC
curve of the 7-gene signature. D: Kaplan-Meier curve and log rank test of 123 frozen tumor samples using the 7-gene signature. The risk of recurrence for
each patient was assessed based on the gene signature and the threshold was determined by the training set. The high and low risk groups differ
significantly (P � 0.025).

Table 4. Uni- and Multivariate Analysis for Distant Recurrence (Frozen Tumor Tissues)

Univariate analysis Multivariate analysis*

HR (95% CI) P value HR (95% CI) P value

Age 0.99 (0.95 to 1.03) 0.6227 0.99 (0.95 to 1.03) 0.6980
Sex† 1.59 (0.62 to 4.10) 0.3386 1.46 (0.52 to 4.11) 0.4697
T stage‡ 1.83 (0.60 to 5.58) 0.2846 3.11 (0.88 to 11.0) 0.0786
Grade§ 1.62 (0.37 to 7.02) 0.5222 1.72 (0.35 to 8.44) 0.5041
7-Gene signature 2.77 (1.09 to 7.03) 0.0324 2.87 (1.04 to 7.92) 0.0414

*The multivariate model include 123 patients.
†Male versus female.
‡T4 versus T3.
§Low & medium versus high.
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Analysis of the Gene Signature in the FPE
Samples

To demonstrate the value of the prognostic gene signa-
ture in clinically relevant samples, the RTQ-PCR assay
was performed using the 7-gene signature on 110 FPE
samples from Stage II colon tumors. A Relapse Hazard
Score was calculated as follows: RHS � �3.251 � �Ct-
(LILRB3) � 3.156 � �Ct(YWHAH) � 3.035 � �Ct(CHC1)
� 3.002 � �Ct(KLF5) � 2.842 � �Ct(CAPG) � 3.249 �
�Ct(LAT) � 2.835 � �Ct(EPM2A). Survival analysis was
performed. First, the ROC curve was evaluated (Figure
2A). The 7-gene predictor gave an area under the curve
value of 0.76. Using the 3-year defining point, the relapse
score calculated from this method correctly predicted 11
of the 17 relapses (11 relapses categorized correctly,
whereas 6 relapses were grouped in the non-relapse
category, 65% sensitivity) that occurred within 3 years
and 78 of the 92 non-relapses (78 non-relapses catego-
rized correctly, whereas 14 non-relapses were grouped
in the relapse category, 85% specificity). Furthermore,
the Kaplan-Meier analysis and the log rank test both
showed a significant difference in the time to recurrence
between the group predicted with good prognosis and

the group predicted with poor prognosis (P 	 0.0001)
(Figure 2B). In the 110 patients, the 7-gene signature was
confirmed as a strong prognostic factor for the develop-
ment of distant recurrence, and in both univariate (HR,
6.89; 95% CI, 2.93 to 16.2) and multivariate analyses (HR,
14.2; 95% CI, 5.02 to 40.3) (Table 5).

Discussion

We provide the results of an independent validation study
on the prognostic gene for Stage II colon cancer. In
addition, the test results of 123 Stage II colon cancer
patients allow us to refine the gene signature and the
prognostic algorithm from the 23-gene panel to a simpli-
fied 7-gene panel. Furthermore, we report the successful
development of an RTQ-PCR assay on FPE samples. This
study brings us a step closer to the clinical application of
such a molecular prognostic test for colon cancer pa-
tients. The relapse hazard risk score provided by this test
has the potential to have an impact on current clinical
practice by highlighting the efficacy of current treatment
regimens for Stage II colon cancer patients with high risk
of tumor recurrence.

We believe that testing the gene signature in a repre-
sentative patient group is a critical step for clinical appli-
cation. The study not only serves as an independent
confirmation of the gene signature but also demonstrates
the validity and the clinical relevancy of the prognostic
gene signature. For example, in the patient group of our
initial study, two subgroups of tumors were detected.
Because of the control-case study, we could not deter-
mine the typical makeup of the Stage II tumors. In the
present study, we examined an independent group of
representative Stage II patients, which allowed us to re-
fine the prognostic algorithm.

We observed that the percentage of Stage II colon
cancer patients that develops recurrence varies from
institution to institution. This difference could be due to
tumor-related variables as well as patient care proce-
dures at each institution. Given these variations, we
chose to use a consecutive series of the eligible patients
at each institution to minimize the bias. In our patient
samples, the 5-year recurrence rate is higher than the
3-year recurrence rate, but not significantly different. The
gene signature performed consistently when predicting
3-year and 5-year recurrence. For FPE samples, the sen-
sitivity was 64% versus 65%, and the specificity was 86%
versus 85% between the 5-year and the 3-year analyses.
For fresh frozen samples, the sensitivity was 56% versus
62%, and the specificity was 67% versus 69% between
the 5-year and the 3-year analyses.

Studies that are aimed at developing molecular gene
signatures must be rigorously validated and cannot be
considered for clinical application until the results are
properly confirmed with regard to methodological, statis-
tical, and clinical aspects. In this respect, several criti-
cisms have been raised concerning published gene ex-
pression profiling studies on issues relating to the
omission of independent validation sets, the sizes of
training and testing sets, or possible confounding effects

Figure 2. ROC and Kaplan-Meier survival analysis of the prognostic signa-
tures on 110 independent patients. A: The ROC curve of the 7-gene signature.
B: Kaplan-Meier curve and log rank test of 110 FPE tumor samples using the
7-gene signature. The risk of recurrence for each patient was assessed based
on the gene signature and the threshold was determined by the training set.
The high and low risk groups differ significantly (P 	 0.0001).
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of treatment to the patient population studied.24,25 Our
present study just aims to take consideration of these
concerns in the field, and uses a totally independent
group of patients from two sources for the validation of a
pre-specified prognostic profile for Stage II colon cancer
patients. The strength of the study relied on the diverse
groups of patients and the use of the standard clinical
FPE materials. The successful conversion from the chip
assay on a fresh frozen sample to the RTQ-PCR assay on
an FPE sample is an important step forward. Not only has
the platform changed, but also the sample type. It is well
known that RNA and DNA extracted from paraffin-em-
bedded tissue blocks are of poor quality, degraded, and
cross-linked to various degrees compared with these
from fresh frozen tissues.28,29 Demonstration of the prog-
nostic value of the 7-gene signature from the RTQ-PCR
assay on an FPE sample further strengthened the biolog-
ical relevance of the 7 genes in Stage II colon cancer. A
recent study has shown that EPM2A is a potential tumor
suppressor, and its inactivation resulted in increased Wnt
signaling and tumorigenesis.30 The tumor specimens
were collected and stored according to institutional pro-
tocols, and the RNA samples were prepared using easily
applicable procedures. Despite the differences in tissue
handling at different institutions, the gene signature
proved to be robust and produced results that were
consistent with our initial analysis. In addition, the 23-
gene prognostic signature was successfully validated by
an independent group.31

Whether postoperative adjuvant chemotherapy will
benefit Stage II colon cancer patients still remains an
open question since 75% of the Stage II patients are
cured by surgery alone. The administration of adjuvant
therapy to all Stage II patients will only be helpful for a
few. The rational approach would be to identify the pop-
ulation with high risk of recurrence by considering all
clinical risk factors, including genetic and/or molecular
risk factors. Molecular tests assessing recurrence risk
and assisting treatment decision making for breast can-
cer patients have been proven informative clinically.32,33

The proven reproducibility of the 7-gene signature and
the development of the RTQ-PCR assay on FPE samples
indicate that the prognostic gene signature can be rec-
ommended for future clinical studies that aim to assess
the benefit of adjuvant therapy for Stage II patients and
potentially be put into clinical practice in the near future.
As approximately 25% of Stage II colon cancer patients

relapse, the prognostic signature will provide a unique
tool in combination with conventional clinical parameters
to select patients at high risk for relapse and recommend
possible additional adjuvant treatment.34–37 This ability to
identify the patients who need intensive clinical interven-
tion may lead to an improvement in patient survival.
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