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A B S T R A C T

Purpose
This study aims to develop a robust gene expression classifier that can predict disease relapse in
patients with early-stage colorectal cancer (CRC).

Patients and Methods
Fresh frozen tumor tissue from 188 patients with stage I to IV CRC undergoing surgery was
analyzed using Agilent 44K oligonucleotide arrays. Median follow-up time was 65.1 months, and
the majority of patients (83.6%) did not receive adjuvant chemotherapy. A nearest mean classifier
was developed using a cross-validation procedure to score all genes for their association with
5-year distant metastasis–free survival.

Results
An optimal set of 18 genes was identified and used to construct a prognostic classifier (ColoPrint).
The signature was validated on an independent set of 206 samples from patients with stage I, II,
and III CRC. The signature classified 60% of patients as low risk and 40% as high risk. Five-year
relapse-free survival rates were 87.6% (95% CI, 81.5% to 93.7%) and 67.2% (95% CI, 55.4% to
79.0%) for low- and high-risk patients, respectively, with a hazard ratio (HR) of 2.5 (95% CI, 1.33
to 4.73; P � .005). In multivariate analysis, the signature remained one of the most significant
prognostic factors, with an HR of 2.69 (95% CI, 1.41 to 5.14; P � .003). In patients with stage II
CRC, the signature had an HR of 3.34 (P � .017) and was superior to American Society of Clinical
Oncology criteria in assessing the risk of cancer recurrence without prescreening for microsatellite
instability (MSI).

Conclusion
ColoPrint significantly improves the prognostic accuracy of pathologic factors and MSI in patients
with stage II and III CRC and facilitates the identification of patients with stage II disease who may
be safely managed without chemotherapy.

J Clin Oncol 29:17-24. © 2010 by American Society of Clinical Oncology

INTRODUCTION

The American Joint Committee on Cancer TNM
staging system is the current standard for determin-
ing the prognosis of patients with colorectal cancer
(CRC). Patients with stage I CRC have a 5-year sur-
vival rate of approximately 93%, which decreases to
approximately 80% for patients with stage II disease
and to 60% for patients with stage III disease.1 De-
spite numerous clinical trials, the benefit of adjuvant
chemotherapy for patients with stage II CRC is still
debatable.2-4 In Western countries, official guide-
lines give suggestions for risk stratification but no
clear recommendations on the administration of
adjuvant chemotherapy.5 In contrast, adjuvant
treatment is universally recommended for all pa-

tients with stage III disease.6 However, patients with
T1-2N1M0 tumors (stage IIIA) have significantly
higher survival rates than patients with stage IIB
tumors,1 suggesting that adjuvant chemotherapy se-
lection needs optimization.

To date, substantial effort has been put into the
identification of clinicopathologic parameters that
predict prognosis of patients with stage II disease.
The most important factors for predicting the risk of
systemic recurrence (ie, distant metastases) are
emergency presentation, poorly differentiated tu-
mor, depth of tumor invasion, and adjacent organ
involvement (T4).5,7 Inadequate sampling of lymph
nodes is an additional risk factor.8 Among the mo-
lecular factors investigated as prognostic candidates
in early CRCs, microsatellite instability (MSI) is the
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only one that has remained significant both in a meta-analysis and
prospective trials.9-11

During the last decade, gene expression profiling has shown great
promise in predicting the long-term outcome of an individual pa-
tient.12 The power of applying customized microarray technology to
predict the prognosis of patients with breast cancer has led to the
successful development of a US Food and Drug Administration–
approved breast cancer prognostic test (MammaPrint; Agendia, Am-
sterdam, the Netherlands).13,14 Several studies have already described
prognostic gene expression profiles for patients with CRC from tumor
samples10,15-21 and even from adjacent normal mucosa.22 However,
few studies compared the genomic prognosis prediction with tradi-
tional risk factors except for stage.20 In this study, we demonstrate the
development and validation of a new prognosis signature to distin-
guish low- and high-risk patients using gene expression analysis.

PATIENTS AND METHODS

Patients and Tumor Samples

Samples used for classifier training (n � 188) were prospectively col-
lected between 1983 and 2002 at the Netherlands Cancer Institute (Amster-
dam), the Leiden University Medical Center (Leiden), and the Slotervaart
General Hospital (Amsterdam) in the Netherlands. Samples for the validation
set of patients (n � 206) were prospectively collected at the Institut Catala
d’Oncologia in Barcelona, Spain, between 1996 and 2004. Clinical and patho-
logic data were extracted from the medical records and centrally reviewed for
the purpose of this study. Patients with rectal cancer underwent total mesorec-
tal excision controlled surgery. Patients were staged according to the American
Joint Committee on Cancer TNM staging system and monitored for relapse
(development of distant metastases or locoregional recurrence) and overall
survival (median follow-up time: training set, 65.1 months; validation set, 54.8
months). Detailed patient information is listed in Table 1 and Appendix Table
A1 (online only). The study was approved by the medical ethical boards of the
participating medical centers. In all, 71.6% of the patients did not receive
adjuvant chemotherapy (83.6% and 61.9% of patients in the training and
validation sets, respectively).

Mutational and MSI Analysis

Mutations in BRAF V600; KRAS codons 12, 13, and 61; and PI3KCA
exons 9 and 20 were assessed in cDNA by means of direct sequencing of
polymerase chain reaction products using M13 primers after reverse transcrip-
tase polymerase chain reaction. Primers used and experimental conditions are
available on request. In the training set, 5-�m slides were immunohistochemi-
cally stained for the markers MLH1 and PMS2 using standard protocols to
identify MSI-high (MSI-H) patients. In the validation set, the MSI status
analysis was performed as previously described.23

Gene Expression Analysis

RNA isolation, labeling, and hybridization to Agendia customized
whole-genome oligonucleotide high-density microarrays followed procedures
as previously described.14 Samples were hybridized against a colon cancer
reference pool, consisting of primary tumor tissue from 44 patients with CRC.
Raw fluorescence intensities were quantified and normalized using Agilent
Feature Extraction software (Agilent, Santa Clara, CA) according to the man-
ufacturer’s protocols and imported into R/Bioconductor (http://www
.bioconductor.org/) for further analysis.

A supervised training approach was performed to identify a prognostic
CRC gene signature. Using a cross-validation procedure, all 33,834 gene
probes that showed variation across the 188 training samples were scored for
their association (t test) with 5-year distant metastasis–free survival (DMFS).
During each of the leave-one-out cross-validation iterations, the set of genes
with a significant DMFS association [abs(T) � 3.5] was marked. From the
comprehensive pool of genes, an optimal set of 18 nonredundant probes
showed robust DMFS association in more than 50% of all iterations, a selec-

tion criterion suggested by Michiels et al.24 These 18 probes corresponded to
18 unique genes (Appendix Table A2, online only) and were used to construct
a nearest centroid–based classifier (called ColoPrint). This type of classifier has
been proven to be useful for clinical use14 and scores a sample as either low risk
or high risk for development of distant metastasis. The optimal threshold for
the classifier index score was selected to reach optimal sensitivity and specific-
ity in the training set. If a sample’s index exceeded the set threshold, it was
classified as a high-risk sample; if the index of the sample was below the
threshold, the sample was classified as a low-risk sample.

Statistical Analysis

For the analysis of the training set, we defined the probability that pa-
tients remain free of distant metastases as the first event. For the analysis of the
validation set, the primary end point was relapse-free survival (RFS), which
was defined as the probability that patients remain free of recurrence (locore-
gional or metastatic) as the first event; data on all other patients were censored
on the date of the last follow-up visit or date of death. Deaths of no specific
cause were censored to evaluate true prognostic prediction. Data were ana-
lyzed from the date of surgery to the time of the first event or the date on which
data were censored, according to the Kaplan-Meier method, and the curves
were compared with use of the log-rank test. To increase the number of events,
the training set and validation set were combined to analyze the prognostic

Table 1. Patient Demographics and Clinical Characteristics for the
Training and Validation Sets

Demographic or Clinical
Characteristic

Training Set
(n � 188)

Validation Set
(n � 206)

No. of
Patients %

No. of
Patients %

Hospital
LUMC 76 40.4
NKI 52 27.7
Slotervaart 48 25.5
Other 12 6.4
ICO Barcelona 206 100.0

Median age, years 67.9 69
Median follow-up, months 65.1 54.1
Sex

Male 84 44.7 132 64.1
Female 104 55.3 74 35.9

Localization
Left 92 50.3 115 55.8
Right 74 40.4 67 32.5
Rectum 17 9.3 24 11.7

Stage
I (T2 only) 24 12.8 30 14.6
II 100 53.2 114 55.3
III 56 29.8 62 30.1
IV 8 4.2 — —

Grade
1 11 5.8 90 43.7
2 141 75.0 100 48.5
3 30 16.0 16 7.8
NA 6 3.2 — —

Distant metastasis
No 137 72.9 173 84.0
Yes 51 27.1 33 16.0

Chemotherapy
No 148 78.7 125 60.7
Yes 36 19.1 77 37.4
Unknown 4 2.1 4 1.9

Abbreviations: LUMC, Leiden University Medical Center; NKI, Netherlands
Cancer Institute; ICO, Institut Catala d’Oncologia; NA, not available.
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information of KRAS, BRAF, and PI3KCA mutation in univariate analysis.
MSI status was analyzed in a subset of patients from the training set (n � 90)
and in all patients from the validation set. To determine the independence of
our classifier to clinicopathologic variables in predicting an individual’s risk of
experiencing relapse, we analyzed the validation set using univariate analysis
followed by multivariate analysis. Sex; localization of the tumor; T stage; N
stage; number of lymph nodes assessed; histologic grade; lymphatic, vascular,
and perineural invasion; adjuvant chemotherapy administration; MSI status;
and gene expression profile were included as variables in this analysis. Log-
rank tests were used in the univariate analysis, and a multivariate Cox model
was built including the significant variables from univariate analysis on all
patients in the validation set and on subsets of patients with stage II and III
disease only. In addition, multivariate analysis with American Society of Clin-
ical Oncology (ASCO) clinical risk criteria (defined as T stage of 4, poor grade
tumor, � 13 assessed lymph nodes, or emergency presentation with obstruc-
tion or perforation5) and ColoPrint as independent variables was performed
in patients with stage II disease. All calculations were performed with SPSS
statistical package version 16.0 (SPSS, Chicago, IL).

RESULTS

Profile Development

Unsupervised hierarchical clustering of the 188 tumor tissues of
the training set revealed three main molecular subtypes. Patients with
subtype A showed a good outcome, whereas patients with subtype C
had a relative poor outcome (84% and 58% 5-year disease-free sur-
vival, respectively; hazard ratio [HR], 1.8; P � .015). Most patients
(110 of 188 patients) fell into the intermediate prognosis cluster,
subtype B (Fig 1). Further investigation of these subtypes indicated
that both survival-associated subtypes, A and C, were enriched for
patients with an activating BRAF V600E mutation. In the subtype A
group, 52% of patients had BRAF mutations, and in the poor-
outcome subtype C group, 22% of patients had BRAF mutations;
whereas in the subtype B group, 4% of patients were mutation carriers.
Subtype A was enriched for patients with MSI (MSI-H). Fifteen of 90
patients in the training set with known MSI status were MSI-H. Thir-
teen of these 15 patients belonged to subtype A. The molecular sub-
types had no correlation with stage (data not shown).

Only subtype B (n � 110) was used to develop a prognostic
signature to avoid building a classifier that was mainly based on the
extreme expression patterns of subtypes A and C. An optimal set of 18
genes was identified and used to construct the ColoPrint prognostic

classifier (see Patients and Methods). The classifier was applied to all
samples in the training set (n � 188) using a leave-one-out cross-
validation procedure (Appendix Fig A1, online only). Five-year DMFS
rates were 82% (95% CI, 76% to 89%) and 50% (95% CI, 38% to
66%) for patients with a low-risk and high-risk signature, respectively
(HR, 3.41; 95% CI, 1.95 to 5.91; P � .001). Among the 29 patients who
received adjuvant chemotherapy, 14 (48.3%) were classified as Colo-
Print low risk, and 15 (51.7%) were classified as high risk.

Independent Validation

An independent patient cohort of 206 patients was used to eval-
uate the performance of the colorectal prognosis classifier (Table 2).
Most patients in the validation set were patients with stage II disease
(n � 114). In the validation set of all patients, 60% of patients were
identified as low risk, whereas 40% of patients were high risk (Fig 2).
Low-risk patients had a 5-year RFS rate of 87.6% (95% CI, 81.5% to
93.7%), whereas high-risk patients had a 5-year RFS rate of only 67.2%
(95% CI, 55.4% to 79%). Male patients and patients with colon cancer
on the left side were more often classified as high risk than female
patients and patients with cancer in the right colon. High risk was also
positively associated with relapse, time to relapse, and time to death.
Classification as ColoPrint low or high risk was not associated with
grade, age, stage, or number of assessed lymph nodes (Table 2).

When the classifier was applied to patients with stage II and stage
III disease separately, it correctly classified low- and high-risk patients
in both groups (Fig 2). In the analysis of patients with stage II disease,
63.2% were classified as low risk, and 36.8% were classified as high
risk, with 5-year RFS rates of 90.9% (95% CI, 84% to 97.8%) and
73.9% (95% CI, 59.2% to 88.6%), respectively (P � .017).

Comparison to Clinical Factors, Mutational Analysis,

and MSI

In the combined training and validation set, in patients with
known mutation status (n � 381), KRAS mutations were detected in
115 patients (30.2%), PI3KCA mutations were detected in 45 patients
(11.8%), and BRAF mutations were detected in 42 patients (11%). In
our data set, the mutations, either alone or in combination, were not
predictive for relapse or overall survival (data not shown). MSI status
was known for 276 patients (90 patients in the training set, 186 patients
in the validation set), of whom 29 were classified as MSI-H. Patients
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Fig 1. Unsupervised clustering of 188 tumor samples (training set) revealed three molecular subtypes (A, B, and C). BRAF mutation status was known for 179 patients
and is associated with the subtypes.
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Table 2. Association of Clinicopathologic Variables With Assessment of Colon Low- and High-Risk Signature in the Validation Set

Variable

Total (N � 206)

ColoPrint

P

Low Risk (n � 123) High Risk (n � 83)

No. of Patients % No. of Patients % No. of Patients %

Age, years
Median 69 69 69.45 .676
� 70 113 54.9 68 55.3 45 54.2 .880
� 70 93 45.1 55 44.7 38 45.8

Localization .000
Left 115 55.8 57 46.3 58 69.9
Right 67 32.5 54 43.9 13 15.7
Rectum 24 11.7 12 9.8 12 14.5

Grade .386
1 90 43.7 51 41.5 39 47.0
2 100 48.5 60 48.8 40 48.2
3 16 7.8 12 9.8 4 4.8

Sex .085
Male 132 64.1 73 59.3 59 71.1
Female 74 35.9 50 40.7 24 28.9

No. of LNs assessed
Median 17.5 19.0 15.0 .093
� 12 55 26.7 29 23.6 26 31.3 .218
� 12 151 73.3 94 76.4 57 68.7

Stage .405
I 30 14.6 15 12.2 15 18.1
II 114 55.3 72 58.5 42 50.6
III 62 30.1 36 29.3 26 31.3

pT .471
2 33 16.0 17 13.8 16 19.3
3 157 76.2 95 77.2 62 74.7
4 16 7.8 11 8.9 5 6.0

pN .334
0 144 69.9 87 70.7 57 68.7
1 42 20.4 27 22.0 15 18.1
2 20 9.7 9 7.3 11 13.3

DM .027
No 173 84.0 109 88.6 64 77.1
Yes 33 16.0 14 11.4 19 22.9

Median time to DM, months 51.8 60 38.7 .001
Relapse (local, regional, distant) .013

No 166 80.6 106 86.2 60 72.3
Yes 40 19.4 17 13.8 23 27.7

Median time to relapse, months 51.8 60 38.7 .001
Death .846

No 175 85.0 104 84.6 71 85.5
Yes 31 15.0 19 15.4 12 14.5

Median survival time, months 54.1 60.2 49.5 .029
Chemotherapy .971

No 125 61.9 75 62 50 61.7
Yes 77 38.1 46 38 31 38.3

MSI-high .039
No 172 83.5 99 80.0 73 88.0
Yes 14 6.8 12 9.9 2 2.4
NA 20 9.7 12 9.9 8 9.6

Lymphatic invasion .846
No 175 85.0 104 84.6 71 85.5
Yes 31 15.0 19 15.4 12 14.5

Venous invasion .718
No 192 93.2 114 92.7 78 94.0
Yes 14 6.8 9 7.3 5 6.0

(continued on following page)
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with MSI-H were mainly patients with stage II disease (21 of 29
patients; 72%) and had a high frequency of BRAF mutation (15 of 29
patients; 52%). These patients were also mostly classified as ColoPrint
low risk (26 of 29 patients; 90%), indicating that the good prognosis of
the MSI-H patients is identified by the gene classifier. This is also
verified in analysis of the validation set only (Table 2).

For comparison of performance of ColoPrint and clinical factors,
only results from the validation set were used (Table 2). ColoPrint was
the strongest predictor of RFS in the univariate analysis, where only
stage, T stage, and lymph node status showed a similar magnitude of
statistical significance. Among the 77 patients who received adjuvant
chemotherapy, 46 (59.7%) were classified as ColoPrint low risk, and
31 (40.3%) were classified as ColoPrint high risk; chemotherapy ad-
ministration was not a significant prognostic factor for RFS in this
series (Table 3 and Appendix Table A3, online only). In the multivar-
iate analysis of all samples and of samples from patients with stage III
disease only, ColoPrint remained a strong independent prognostic
factor (Table 4 and Appendix Table A4, online only). Analysis of
DMFS yielded similar results (Appendix Tables A5 and A6, on-
line only).

In the subset of patients with stage II disease (n � 114), ColoPrint
was the strongest predictor for RFS in the univariate analysis (HR,
3.34; 95% CI, 1.24 to 9.00; P � .017) and multivariate analysis (Tables
3 and 4). The analysis of the relative performance of the gene classifier
with conventional clinicopathologic factors revealed that T stage was
also associated with prognosis (HR, 3.15; 95% CI, 1.02 to 9.69;
P � .045). In addition, the classifier performed independently from
the ASCO risk criteria when they were analyzed either individually
(Table 3) or combined (HR, 3.66; 95% CI, 1.24 to 9.08; P � .017;
Appendix Table A7, online only). Interestingly, a high degree of dis-
cordance (48.2%) in risk stratification between ColoPrint and ASCO
criteria was observed (Appendix Table A8, online only). Finally, in the
subgroup of patients with stage II disease, among 40 patients (36%)
who received adjuvant chemotherapy, 28 patients (68%) were classi-
fied as ColoPrint low risk, and 12 patients (32%) were classified as high
risk, and chemotherapy administration was not a significant prognos-
tic factor for RFS (P � .34) or overall survival.

Additional In Silico Validation and Functional Analysis

To further explore the clinical and biologic relevance of Colo-
Print, an additional in silico validation and functional analysis of the
set of genes included was performed. Gene expression data of 322 stage

I to III colorectal tumor samples from three previously published
studies18,20,25 were available for in silico validation of the gene classi-
fier. In the first data set of 100 patients (Gene Expression Omnibus
accession GSE5206),25 ColoPrint risk scores were significantly associ-
ated with development of disease recurrence (Wilcoxon P � .0092),
with an area under the receiver operating curve of 0.68 (data not
shown). This data set was combined with two additional data sets
(GSE10402 and ArrayExpress accession MEXP-1245),18,20 yielding a
total of 322 colorectal tumors. ColoPrint risk outcome was signifi-
cantly associated with RFS (P � .001, McNemar test), with an odds
ratio of 2.8 (95% CI, 1.6 to 4.7). In the analysis of all stages, ColoPrint
low-risk samples (n � 177, 55%) showed a 5-year RFS rate of 83.8%
(95% CI, 79.3% to 87.5%) compared with a 5-year RFS of 64.8% (95%
CI, 60.1% to 70.0%) for ColoPrint high-risk samples (n � 145).

Genes in the classifier were selected in an agnostic, data-driven
way. Nevertheless, some of the selected genes have been shown to play
a role in colon cancer biology (Appendix Table A2), coding for serine/
threonine protein kinases, transcription factors, proteases, and mem-
brane components. The gene ontology analysis (Babelomics software;
http://babelomics.bioinfo.cipf.es/) revealed that the selected genes are
involved in cell proliferation, transforming growth factor � pathway,
immune response, and metabolism. One of the genes is LAM3
(laminin-322), whose abnormal expression, in addition to its integrin
receptors, is believed to promote invasion of colon, breast, and skin
cancer cells. Moreover, LAM3 and its protease degradation products
may induce and/or promote tumor cell migration.26 Another gene,
CTSC (cathepsin C), has also been shown to be involved in invasion.

DISCUSSION

In this study, we present the development and validation of a
gene expression signature that is associated with the risk of re-
lapse in patients with stage II or III CRC. ColoPrint identifies
two thirds of patients with stage II colon cancer who are at suffi-
ciently low risk of recurrence who may be safely managed without
adjuvant chemotherapy.

The unsupervised hierarchical clustering in three prognostic sub-
types supports the underlying hypothesis that the transcripts of the
primary tumors yield prognostic information. Of note, the molecular
characteristics and percentage of patients in these three subtypes are

Table 2. Association of Clinicopathologic Variables With Assessment of Colon Low- and High-Risk Signature in the Validation Set (continued)

Variable

Total (N � 206)

ColoPrint

P

Low Risk (n � 123) High Risk (n � 83)

No. of Patients % No. of Patients % No. of Patients %

Perineural invasion .566
No 203 98.5 122 99.2 81 97.6
Yes 3 1.5 1 0.8 2 2.4

Lymphatic, venous, or perineural invasion .925
No 162 78.6 97 78.9 65 78.3
Yes 44 21.4 26 21.1 18 21.7

NOTE. No patient had obstruction/perforation.
Abbreviations: LN, lymph node; DM, distant metastasis; MSI, microsatellite instability; NA, not available.
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reminiscent of the molecular CpG island methylation phenotype sub-
types that are characterized by MSI, BRAF mutation, and methyl-
ation status.27

On the basis of gene expression information in the primary
tumor, ColoPrint can assist in more accurately identifying the 25% to
35% of patients diagnosed with stage II disease who will experience a
recurrence within 5 years after surgery. Our prognostic classifier iden-
tified 36.8% of the validation stage II subset as high-risk patients with
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Fig 2. Kaplan-Meier analysis of relapse-free survival (RFS) in the validation
set. (A) All stages, n � 206; 5-year RFS rate for low-risk patients was 87.6%
(95% CI, 81.5% to 93.7%) and for high-risk patients was 67.2% (95% CI,
55.4% to 79.0%). (B) Stage II, n � 114; 5-year RFS rate for low-risk patients
was 90.9% (95% CI, 84.0% to 97.8%) and for high-risk patients was 73.9%
(95% CI, 59.2% to 88.6%). (C) Stage III, n � 62; 5-year RFS rate for low-risk
patients was 78.2% (95% CI, 49.9% to 90.7%) and for high-risk patients was
47.2% (95% CI, 25.8% to 68.6%).

Table 3. Univariate Analysis for Relapse-Free Survival in Validation Set

Variable P HR 95% CI

All stages, N � 206
ColoPrint, high v low risk .005 2.51 1.33 to 4.73
Age, � v � 70 years .071 1.78 0.95 to 3.33
Localization, right v left .576 0.82 0.43 to 0.16
Grade

Baseline .149 1
Moderate v low 0.89 0.46 to 1.76
High v low 2 0.82 to 5.72

Sex, male v female .739 1.12 0.58 to 2.14
No. of LNs assessed, continuous .036 0.50 0.26 to 0.96
� 12 LNs assessed, binary .036 0.50 0.26 to 0.96
Stage

I v II .004 0.21 0.03 to 1.59
Baseline � II 1
III v II 2.36 1.25 to 4.47

pT
Baseline � T2 .006 1
T3 v T2 2.08 0.64 to 0.68
T4 v T2 6.74 1.74 to 26.11

pT, continuous .003 2.8 1.41 to 5.54
pN

Baseline .000 1
1-3 positive LNs v no positive LNs 1.88 0.88 to 4.01
� 3 positive LNs v no positive LNs 5.73 2.69 to 12.21

Chemotherapy, yes v no .414 0.77 0.40 to 1.46
MSI-H, yes v no .830 1.07 0.59 to 1.92
Lymphatic invasion, yes v no .100 1.87 0.89 to 3.93
Venous invasion, yes v no .101 2.20 0.86 to 5.62
Perineural invasion, yes v no .651 1.58 0.22 to 11.54
Any invasion, yes v no .051 1.93 1.00 to 3.76

Stage II only, n � 114
ColoPrint, high v low risk .017 3.34 1.24 to 9.00
Age, � v � 70 years .187 0.47 0.15 to 1.44
Localization, right v left .73 0.82 0.15 to 2.46
Grade

Baseline .515
Moderate v low 0.66 0.23 to 1.91
High v low 2.15 0.27 to 16.87

Sex, male v female .175 2.17 0.71 to 6.67
No. of LNs assessed, continuous .553 0.98 0.94 to 1.04
� 12 LNs assessed, binary .776 0.86 0.30 to 2.44
pT, T4 v T3 .045 3.15 1.02 to 9.69
ASCO risk, high v low .200 1.67 0.22 to 12.59
Chemotherapy, yes v no .339 0.60 0.21 to 1.71
MSI-H, yes v no .619 0.77 0.28 to 2.13
Lymphatic invasion, yes v no .689 1.51 0.20 to 11.50
Venous invasion, yes v no .496 2.02 0.27 to 15.41
Perineural invasion, yes v no .237 3.41 0.45 to 26.03
Any invasion, yes v no .209 2.23 0.64 to 7.80

Abbreviations: HR, hazard ratio; LN, lymph node; MSI-H, microsatellite
instability-high; ASCO, American Society of Clinical Oncology.
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higher accuracy than the recommended clinical risk factors, irrespec-
tive of chemotherapy administration. Approximately two thirds of all
patients analyzed received a low-risk classification, 91% of whom did
not experience relapse. Chemotherapy was administered to 36% of
these patients, where it was evenly distributed between ColoPrint
high- and low-risk groups and had no influence in the global prognos-
tic statistical analysis.

The suitability of gene expression profiles to identify high-risk
patients with CRC has been proven in several independent
studies.15-21 Similar to what has been observed in the breast cancer
field, these studies led to the construction of different gene signatures
that may be secondary to differences in patient cohorts, technologic
platforms, and data mining strategies.12,28 Although signatures can
often be validated in silico, the signature presented in this study is the
first prognostic CRC profile, to our knowledge, that has been validated
in independent patient series, using the same technology, gene set, and
analytic approach.

The ColoPrint signature adds value to more conventional prog-
nostic clinicopathologic factors. Routine standardization of genomic
assessment, which includes tissue handling and processing, RNA ex-
traction techniques, and the hybridization process, is a critical issue if
it is to be used in the clinical setting.29 Much progress has been made to
establish high-quality standards for this new technology.14 Of note, it
is often overlooked that more conventional parameters, such as vas-
cular invasion or a precise cutoff number of analyzed lymph nodes,
may not be consistently recorded or evaluated in a significant propor-
tion of tumors,30 and a comparable standardization for clinical factors
should be pursued.

Single molecular markers, such as loss of heterozygosity in 18q,
MSI, thymidylate synthase expression, p53 or p21 expression, or
KRAS or BRAF mutations, provide an additional means of character-
izing individual tumors but are not routinely recommended for prog-
nostic characterization.31 MSI is the most extensively investigated and
validated of these markers. A published meta-analysis showed that
MSI is an independent prognostic predictor of improved survival and

time to recurrence.9 Data coming from the translational studies of the
Quick and Simple and Reliable (QUASAR) trial and Pan-European
Trials in Alimentary Tract Cancers (PETACC-3) have confirmed this
observation in stage II disease.10,11 However, this prognostic factor
identifies only a small subgroup of low-risk patients.23 In our valida-
tion data set, 8% of patients with known MSI status were MSI-H, and
most of the patients (86%) were also identified as low risk by the
ColoPrint classifier.

In this study, the prognostic classifier was validated in an
independent patient set collected from a different country, with
further international validation studies currently underway. Addi-
tionally, for use in routine clinical practice, the prognostic classifier
was translated into a robust and standardized assay with stringent
quality controls following guidelines of the National Committee
on Clinical Laboratory Standards. Using the classifier in a clinical
setting will provide more accurate information on the risk of
recurrence compared with the use of conventional clinicopatho-
logic criteria alone and can facilitate the selection of low-risk pa-
tients who can be spared chemotherapy.
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