
Redefining high-risk patients with stage II
colon cancer by risk index and microRNA-21:
results from a population-based cohort
T F Hansen*,1,2, S Kjær-Frifeldt2,3,6, R D Christensen4, S Morgenthaler5, T Blondal5, J Lindebjerg3,6,
F B Sørensen2,3 and A Jakobsen1,2,6

1Department of Oncology, Vejle Hospital, part of Lillebaelt Hospital, Kabbeltoft 25, 7100 Vejle, Denmark; 2Institute of Regional
Health Research, University of Southern Denmark, Odense, Denmark; 3Department of Clinical Pathology, Vejle Hospital, part of
Lillebaelt Hospital, Vejle, Denmark; 4Research Unit of General Practice Odense, Institute of Public Health, University of Southern
Denmark, Odense, Denmark and 5Exiqon A/S, Vedbæk, Denmark

Background: The aim of the present study was to analyse the prognostic value of microRNA-21 (miRNA-21) in patients with stage
II colon cancer aiming at a risk index for this group of patients.

Methods: A population-based cohort of 554 patients was included. MicroRNA-21 was analysed by qPCR based on tumour tissue.
An index was created using the coefficients obtained from a collective multiple Cox regression. The entire procedure was cross-
validated (10-fold). The performance of the index was quantified by time-dependent receiver operating characteristics curves.

Results: High miRNA-21 expression was associated with an unfavourable recurrence-free cancer-specific survival (RF-CSS), hazard
ratio 1.35 (95% confidence interval, 1.03–1.76) (P¼ 0.028). The generated RF-CSS index divided the traditional high-risk patients
into subgroups with 5-year RF-CSS rates of 87% and 73%, respectively (Po0.001). The overall survival (OS) index identified three
different subgroups (Po0.001). Cross-validated 5-year OS rates were 88%, 68%, and 50%, respectively.

Conclusions: This population-based study supports miRNA-21 as an additional prognostic biomarker in patients with stage II
colon cancer. Furthermore, the introduction of a risk index may guide the use of postoperative adjuvant treatment in a more
appropriate way compared with current practice.

The 5-year overall survival (OS) rates of patients with stage II
colon cancer (surgical treatment only) is 70–80%, with the majority
of the patients dying from causes other than cancer (Zaniboni and
Labianca, 2004; Niedzwiecki et al, 2011). However, with an
estimated worldwide incidence of 1.2 million new cases of
colorectal cancer (CRC) each year (Ferlay et al, 2010), the fraction
of uncured patients with stage II colon cancer becomes a
considerable problem.

Efficiency of adjuvant fluorouracil-based therapy was docu-
mented in the 1990s for patients operated for stage III colon cancer
(Moertel et al, 1995; O’Connell et al, 1997). A disease-free survival
benefit from adding oxaliplatin was later shown for stage III

disease, whereas the efficiency in stage II colon cancer remained
less clear (Andre et al, 2004, 2009; Kuebler et al, 2007). Selecting
patients with stage II colon cancer for adjuvant chemotherapy is
therefore based on an individual evaluation supported by a panel of
pathologic characteristics related to the risk of disease recurrence
such as pT4 tumours, bowel obstruction, localised perfora-
tion, lymphatic/vascular invasion, perineural invasion, poorly
differentiated histology, and inadequate lymph node assessment
(Schmoll et al, 2012). However, the predictive value of these
criteria, in selecting high-risk patients likely to benefit
from adjuvant chemotherapy, has recently been questioned
(O’Connor et al, 2011).
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MicroRNAs (miRNAs) are short non-coding RNAs with
the ability to modulate protein expression by degrading/
repressing their target mRNAs (Filipowicz et al, 2008). Our
understanding of miRNAs and their role in cancer is rapidly
growing (Esquela-Kerscher and Slack, 2006). MicroRNA-21,
with chromosomal location 17q23.2, is upregulated in virtually
all malignant neoplasms and with oncogenic functions related
to all the hallmarks of a malignant cell (Zhu et al, 2008; Slaby
et al, 2009).

Accordingly, upregulation of miRNA-21 has been demonstrated
in CRC tissue compared with normal colorectal tissue (Slaby et al,
2007, 2009; Kulda et al, 2010), and a role in the CRC
carcinogenesis has been documented as well (Slaby et al, 2007,
2009) with increased miRNA-21 expression detected already at the
precancerous adenoma stage (Yamamichi et al, 2009). Several
reports have later on documented a relationship between miRNA-
21 expression and survival in patients with colon cancer (Schetter
et al, 2008; Kulda et al, 2010; Shibuya et al, 2010; Nielsen et al,
2011; Kjaer-Frifeldt et al, 2012).

The aim of the present study was to elucidate the prognostic
value of miRNA-21 analysed by qPCR and combine the results
with traditional prognostic markers for the calculation of an
individual risk index in patients with stage II colon cancer from a
population-based cohort.

MATERIALS AND METHODS

This study is reported in accordance with the REMARK (McShane
et al, 2005) and BRISQUE (Moore et al, 2011) criteria.

Patient population. The patient population, follow-up, and
sources of data have previously been described in detail Kjaer-
Frifeldt et al (2012). In brief, a population-based cohort of patients
surgically resected for stage II colon cancer was identified in the
Danish Colorectal Cancer Group database, in which surgical and
pathologic data are collected prospectively. The entire cohort from
2003 constituted 764 patients. Participation in the study was high
(B93%) providing a representative cohort of the population
(n¼ 708). Exclusion criteria were as follows: patients who died
within 30 days after the operation (n¼ 66), missing tissue samples
(n¼ 23), incorrectly staged patients (n¼ 14), prior adjuvant
chemotherapy (n¼ 16), and insufficient tissue samples for analyses
(n¼ 7), leaving a cohort of 582 patients to be considered for
analyses. A further 24 patients were excluded in relation to the
qPCR analysis owing to insufficient amount of RNA, and finally, 4
patients were excluded owing to missing values of one or more
tumour characteristics, leaving a final study cohort of 554 patients.
Verified disease recurrence and/or death from colon cancer was
recorded for 116 patients. Death by any cause was recorded for 256
patients. The study was approved by the Regional Scientific Ethical
Committee for Southern Denmark (S-20090049) and the Danish
Data Protection Agency, according to Danish law.

Samples. Histologic samples from the resected colon tumours
followed routine formaldehyde fixation and paraffin embedding
(FFPE) and were stored at room temperature. One FFPE tissue
block containing the deepest invasive front was used from each
patient to assess the pathologic characteristics (Kjaer-Frifeldt et al,
2012). A 6-mm-thick tissue section was used for miRNA analyses.

qPCR analyses of miRNA-21. MicroRNA quantification of 554
samples was carried out by Exiqon A/S (Vedbaek, Denmark).

Initially, 10 ng RNA was reverse transcribed (RT) in 10 ml
reactions, using the miRCURY LNA Universal RT miRNA PCR,
Polyadenylation and cDNA Synthesis Kit (Exiqon). cDNA was
diluted 100� and assayed in 10 ml PCR reactions according to the
miRCURY LNA protocol. MicroRNA-21, miRNA-16, miRNA-103,

and negative controls were assayed by qPCR on the
microRNA Ready-to-Use PCR, Pick-n-Mix panel (Exiqon,
Vedbaek, Denmark). Amplification was performed in a Light-
Cycler 480 Real-Time PCR System (Roche Diagnostics, Basel,
Switzerland) in 384 well plates. Amplification curves were analyzed
using the Roche LC software (Roche Diagnostics), both for
determination of crossing point (Cp) and for melting-curve
analysis.

A prespecified quality control removed reactions with several
melting points, reactions with melting points not within assay
specification, with amplification efficacy below 1.6, or with values
within 5 Cp of the negative control. Furthermore, an RNA spike-in
control (Sp6) was added in the RT reaction to evaluate both the RT
reaction and the following qPCR reaction. All samples passed the
quality control, and additionally, the results showed similar Cp
values across all the samples indicating successful RT–qPCR
analyses. The analyses were performed over three working periods
and the results demonstrated comparable sample quality (were
similar in miRNA content), indicating that they had been
processed reproducibly. The initial batch was analysed in duplicate.
The variation in the system was very low (coefficient of variation
(%), miRNA-16 (2.0%), miRNA-21 (1.9%), and miRNA-103
(1.2%)) and the following batches were consequently only analysed
once.

The average of miRNA-16 and miRNA-103 was used as a
normalisation factor (mean 27.7, s.d. 1.21). An alternative
normalisation procedure using ‘global’ miRNA content was also
considered. This ‘global’ miRNA pool consisted of an additional
eight miRNAs with a presumed relationship to CRC carcinogen-
esis. This strategy resulted in a normalisation factor with a higher
degree of diversity (mean 28.3, s.d. 1.29) and was consequently
abandoned. The presented values for normalised miRNA-21
expression constitute a ratio and are thus without a dimension.

Statistics. Median values were compared using the Wilcoxon’s
rank-sum test. Overall survival was defined as time from operation
until death from any course (n¼ 256). Recurrence-free cancer-
specific survival (RF-CSS) was defined as time from operation until
documented tumour recurrence or death from colon cancer.
Censored in this analysis were patients dying from other causes
than colon cancer and patients with later diagnoses of other
malignancies.

Predictors were prechosen according to clinical consensus and
guidelines: T-category, age, gender, localization, þ /� perforation,
differentiation, þ /� nerve involvement, þ /� venous involve-
ment, 4 or o 12 lymph nodes retrieved and microsatellite
instability (MSI). We added miR21 quantified by qPCR, as a new
possible predictor. Hence, we investigated the association of these
11 predictors with outcome, CS-RFS and OS. We adopted the
methodology from the area of high-dimensional genomic data
developed by Simon et al (2011). We selected features by simple
Cox regression, that is, predictors with a Wald test P-value o0.1.
As the total number of predictors is fairly small, we judged that the
risk of overfitting was minimal, and we used a less strict P-level for
selection. This may lead to some noise in the model, but we would
rather accept this than the risk of overlooking an important
predictor. For each outcome, a multiple Cox regression including
the selected predictors was performed, and the resulting coeffi-
cients were combined with the predictors to form a prognostic
index for each outcome. The patient population was a priori
stratified into risk sets by the quartiles of the respective indices.
The resulting stratification was evaluated using Kaplan–Meier
curves, which were compared using the log-rank test. Risk sets with
similar prognoses were combined. The performance of each raw
index was evaluated by subjecting the entire procedure, including
the feature selection, to a 10-fold cross-validation from which we
obtained cross-validated Kaplan–Meier curves (Simon et al, 2011).
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We compared the cross-validated Kaplan–Meier curves, using the
cross-validated log-rank test statistics (Simon et al, 2011), thus
repeating the cross-validation process for 1000 permutation
samples of the survival–time/censoring relationship. Additionally,
we produced time-dependent receiver operating characteristics
(ROC) curves (Heagerty et al, 2000) (http://cran.rproject.org/web/
packages/survivalROC/index.html, February 2013) for the raw and
the cross-validated indices. The ability of the indices to predict
outcome was assessed by comparing the area under the curve
(AUC) for the respective ROC curves. No formal testing was
carried out for the ROC curves. For the cross-validated ROC
curves, we used the rank of the index to predict survival rather than
the index itself. This strategy was chosen, as within the same cross-
validated risk set the index values vary depending on the set of
predictors from which they originate. For example, the scale of an
index changes markedly whether age is in the model or not. The
ROC curve is a two-dimensional graph in which the true-positive
rate is plotted on one axis and the false-positive rate on the other.
Thus, a higher AUC indicates a better model performance with
AUC¼ 0.5 indicating random performance.

All statistical calculations were carried out using STATA 11.2
(Stata Corp., College State TX, USA) and R version 2.15.1 (package
survivalROC). P-values o0.05 were considered significant, and all
tests were two-sided.

RESULTS

Patient characteristics. Patient and pathologic characteristics
according to miRNA-21 expression are shown in Table 1. A
slightly but significantly lower miRNA-21 expression was detected
in patients with right-sided tumours (P¼ 0.048), patients with MSI
tumours (P¼ 0.002), and tumours with a high malignancy grade
(P¼ 0.04).

Risk index by RF-CSS. Predictors for the RF-CSS risk index were
chosen by Cox regression analyses using Po0.1 as the cutoff value
(Table 2). This resulted in six parameters (miRNA-21, T-category,
perforation, malignancy grade, neuronal invasion, and vascular
invasion) to be included. MicroRNA-21 expression was included as
a continuous variable, whereas the remaining parameters were
categorical. The model was fitted and the coefficients and values of
the included parameters were used to define a risk index (Table 2).
The quartiles of the index were used to differentiate the RF-CSS as
shown in Figure 1A. The curves for the two lowest quartiles
demonstrated a minimal diversity and the corresponding groups
were combined. The cross-validated curves showed that the
separation into three groups was biased, and the final stratification
was therefore fitted into two groups, separating the highest quartile
from the rest as shown in Figure 1B. This index partitioned the
patients with 23% at high risk and a 5-year RF-CSS of 64%, and
77% at low risk with a 5-year RF-CSS of 86%. The separation was
obtained at an index value of 2.22 (Table 2). In comparison, if
grouped by traditional risk parameters (as specified in Materials
and Methods), 77% of the patients would have been categorised as
high risk with a 5-year RF-CSS of 78% and only 23% would have
been categorised as low risk with a 5-year RF-CSS of 87%. The
separation was statistically significant with Po0.001 in a cross-
validated log-rank test.

Risk index by OS. Predictors for the OS risk index were chosen
similarly resulting in five included parameters (age, gender,
T-category, perforation, and vascular invasion) (Table 3). The
quartiles of the rounded index were used to differentiate OS
(Figure 2A). The curves for the two middle quartiles were
combined for reasons addressed above as shown in Figure 2B.
The coefficients and cutoff values are shown in Table 3. This index
identified 23% of the patients at high risk, 49% at intermediate risk,

and 28% at low risk with a 5-year cross-validated OS of 51% (95%
CI, 42%–59%), 68% (62%–73%), and 86% (80%–91%), respec-
tively. In comparison, if grouped by traditional risk parameters,
77% of the patients would have been rated as high risk and 23% as
low risk with a 5-year OS of 67% and 74%, respectively. The high-
risk group was characterized by index values above 4.4, Po0.001
(overall cross-validated log-rank test).

Index performance, ROC curves. Time-dependent ROC curves
were calculated for the ‘raw’ as well as the cross-validated index
(Figure 3). The AUC (and the cross-validated AUC) for 1- and
5-year RF-CSS were 0.75 (0.67) and 0.71 (0.68), respectively.
The AUC (and the cross-validated AUC) for 1- and 5-year OS were
0.66 (0.68) and 0.67 (0.69), respectively.

Table 1. Patient and pathologic characteristics according to miRNA-21
expression

Parameter
Number

(n¼554) (%)
miRNA-21 median

(95% CI) P-value

Gender

Male 237 (43) 5.23 (5.16–5.35) 0.24
Female 317 (57) 5.19 (5.10–5.27)

Age, median 74 (years)

X74 279 (50) 5.18 (5.10–5.24) 0.68
o74 275 (50) 5.23 (5.15–5.32)

T-category

T4 72 (13) 5.27 (5.10–5.44) 0.39
T3 482 (87) 5.20 (5.13–5.26)

Malignancy grade

Higha 107 (19) 5.03 (4.92–5.19) 0.04
Mediumþ low 447 (81) 5.23 (5.18–5.32)

Localisation

Right 285 (51) 5.18 (5.07–5.23) o0.05
Left 269 (49) 5.26 (5.16–5.38)

Perforation

Yes 48 (9) 5.24 (4.98–5.44) 0.48
No 506 (91) 5.20 (5.15–5.27)

Lymph nodes

X12 249 (45) 5.24 (5.14–5.38) 0.13
o12 305 (55) 5.18 (5.10–5.24)

Neuronal invasion

Yes 47 (8) 5.32 (5.03–5.58) 0.47
No 507 (92) 5.20 (5.15–5.27)

Vascular invasion

Yes 67 (12) 5.18 (5.01–5.33) 0.54
No 487 (88) 5.21 (5.15–5.28)

MSI status

MSI 159 (29) 5.05 (4.97–5.17) o0.01
MSS 395 (71) 5.27 (5.20–5.35)

Abbreviations: CI¼ confidence interval; miRNA¼microRNA; MSI¼microsatellite instability;
MSS¼microsatellite stable. Bold numerals are used to emphasize significant P-values.
aIncluding mucinous and signet cell tumours.
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DISCUSSION

The present study investigated the proposed candidature of
miRNA-21 as a prognostic biomarker in an untreated popula-
tion-based cohort of patients with stage II colon cancer and argues
for an alternative approach for handling the impact of existing
prognostic biomarkers.

MicroRNA-21 was analysed by qPCR based on FFPE tumour
tissue sections. Previous reports have demonstrated stable miRNA
expression by qPCR profiling in FFPE tissue samples despite large
differences in fixation and storing time (Xi et al, 2007; Bovell et al,
2012). Analyses on the FFPE tumour tissue in the present study
were not possible on approximately 4% of the samples. However,
analysing FFPE samples holds the advantage of a large-scale
biomarker validation using a generally accepted method, although

Table 2. RF-CSS results from the Cox regression analysis and the parameters included in the risk index model (n¼554)

Cox regression, simple analysis

Parameter HR 95% CI P-value

miR-21 qPCR 1.348 1.032–1.760 0.028

Age 1.014 0.997–1.032 0.112

Gender 1.142 0.791–1.648 0.478

T4 3.733 2.491–5.594 o0.001

Localisation 1.069 0.742–1.538 0.721

Perforation 3.214 2.002–5.160 o0.001

Malignancy grade 1.459 0.953–2.232 0.082

Neuronal invasion 2.100 1.270–3.471 0.004

Vascular invasion 2.041 1.283–3.247 0.003

Lymph nodes 1.212 0.846–1.753 0.288

MSI status 1.420 0.912–2.211 0.121

Risk index model

Parameter Coefficient Rounding off Risk set Indexa (min–max)

miR-21 qPCR 0.324 0.32

T4 1.081 1.08 Low 0.45–2.22

Perforation 0.917 0.92

Malignancy grade 0.417 0.42 High 2.23–4.51

Neuronal invasion 0.416 0.42

Vascular invasion 0.474 0.47

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio; MSI¼microsatellite instability; qPCR¼quantitative polymerase chain reaction; RF-CSS¼ recurrence-free cancer-specific
survival. Bold numerals are used to emphasize significant P-values.
aThe index cutoff is based on the preplanned separation of the index according to quartiles (2.22/2.23 thus mark the separation between high risk and intermediate low as shown in
Figure 1B).
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Figure 1. Recurrence-free cancer-specific survival (RF-CSS) by (A) quartiles of new risk index (N¼ 554) and by (B) a priori and final stratification of
high-risk patients (N¼169 (low), N¼122 (intermediate), and N¼138 (high)) by the new risk index (upper quartile) vs low risk (lower and two
middle quartiles combined) (final cross-validation Po0.001).
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a validated method for normalisation of data in this setting is still
warranted. Chang et al (2010) recommended several suitable
reference genes for normalisation of RT–qPCR data in CRC and
miRNA-16 was the single most suitable reference gene. Normal-
isation in the present study was initially tested by two different
approaches and the average of miRNA-16 and miRNA-103 was
chosen, as this normalisation parameter demonstrated the lowest
variation. RNUs were not considered for normalisation owing to
concerns about their stability in FFPE tissue samples. Their longer
nucleotide sequences might be challenged differently than miRNAs

depending on the quality of the FFPE samples. Furthermore,
reports have argued for a relationship between RNUs and
clinicopathologic characteristics, including prognosis, potentially
leading to the introduction of bias if used as reference genes in this
setting (Gee et al, 2011).

The miRNA-21 expression was a significant biomarker
according to the RF-CSS analysis in a highly representative,
untreated, population-based cohort of 554 patients with stage II
colon cancer. No prognostic impact was demonstrated regarding
OS. These results are in accordance with previous studies. In 2008

Table 3. OS: results from the Cox regression analyses and the parameters included in the risk index model (n¼ 554)

Cox regression, simple analysis

Parameter HR 95% CI P-value

miR-21 qPCR 1.075 0.889–1.301 0.455

Age 1.052 1.037–1.067 o0.001

Gender 1.380 1.058–1.802 0.018

T4 1.979 1.404–2.790 o0.001

Localisation 0.933 0.715–1.218 0.611

Perforation 1.610 1.045–2.481 0.031

Malignancy grade 1.223 0.881–1.698 0.229

Neuronal invasion 1.201 0.765–1.883 0.426

Vascular invasion 1.640 1.137–2.366 0.008

Lymph nodes 0.961 0.735–1.256 0.772

MSI status 0.931 0.695–1.249 0.635

Risk index model

Parameter Coefficient Rounding off Risk set Indexa (min–max)

Age 0.054 0.05 Low 1.65–3.50

Gender 0.407 0.41

T4 0.711 0.71 Intermediate 3.51–4.40

Perforation 0.495 0.50

Vascular invasion 0.425 0.43 High 4.41–6.22

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio; MSI¼microsatellite instability; OS¼overall survival; qPCR¼quantitative polymerase chain reaction. Bold numerals are used to
emphasize significant P-values.
aThe index cutoff is based on the preplanned separation of the index according to quartiles (3.50/3.51 and 4.40/4.41 thus mark the separation between low- risk and intermediate, and
intermediate and high risk as shown in Figure 2B).
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Figure 2. Overall survival (OS) by (A) quartiles of new risk index (N¼ 554) and by (B) high-risk patients by new risk index (N¼102 (low), N¼ 216
(intermediate), and N¼ 111 (high)) with the two middle quartiles combined (overall cross-validated log-rank Po0.001).

Risk index and microRNA-21 in stage II colon cancer BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2014.409 1289

http://www.bjcancer.com


Schetter et al (2008) demonstrated an independent prognostic
value, in two independent cohorts, of miRNA-21 (119 patients
with stage II and III colon cancer) analysed by qPCR using RNU6B
for normalisation. In 2010, Kulda et al analysed miRNA-21 by
qPCR in 44 patients with stage I–IV CRC using total RNA for
normalisation, whereas Nielsen et al (2011) used ISH analysis and
image-guided quantification of miRNA-21 in samples from 129
patients with stage II colon cancer. In 2010, Shibuya et al reported
on 156 patients with stage I–IV CRC, in which miRNA-21 was
analysed by qPCR using RNU6B for normalisation. Finally, in 2012
Kjaer-Frifeldt et al published a study originating from the same
population-based cohort as the present study, in which miRNA-21
was analysed by ISH and image-guided quantification in samples
from 520 patients. The relationship between high miRNA-21
expression and poor prognosis is the common denominator of all
these studies despite their methodologic differences. In fact, quite
unusual for a putative prognostic biomarker, no studies have
demonstrated the opposite relationship between miRNA-21 and
prognosis.

The current panel of prognostic biomarkers used for the
selection of patients with high-risk stage II colon cancer for
adjuvant chemotherapy has been questioned (O’Connor et al,
2011). This inspired us to test the clinical relevance of a risk index
in this setting, whereas simultaneously integrating the prognostic
value of the molecular-based biomarker miRNA-21 into the
already existing panel of biomarkers. Individually, these biomar-
kers may not be powerful enough to identify clinically relevant risk
groups in this group of patients. Consequently, too many patients
with stage II colon cancer are categorised as high risk and treated
with chemotherapy leaving them the adverse events but not the
benefit of adjuvant therapy. Assessing the combined impact of the

included biomarkers might provide a clinically more operative
stratification.

Have we succeeded? The genomic research inspired method we
used to develop the indices ensures that they are robust and
unbiased with respect to stratification of the patient population.
The RF-CSS risk index, which was based only on tumour-related
parameters, identified a group of patients with a significantly
higher risk of disease recurrence than the remaining cohort. The
OS risk index, on the other hand, generated a low-, intermediate-,
and high-risk group and included non-tumour-related parameters
as well, which may not be surprising, as the majority of the patients
die of reasons other than cancer.

First of all, it is evident that a group of the patients is at low risk
of disease recurrence or death of cancer. These patients are not
likely to benefit from any postoperative intervention. Second, the
OS risk index identified an intermediate group with a risk profile
that may be comparable to that of otherwise healthy individuals at
a similar age. An ‘observation-only’ approach seems reasonable for
this group, too. Finally, the RF-CSS high-risk patients demonstrate
a worse prognosis than would normally be expected, which is
translated into a distinct OS high-risk group as well. Consequently,
introducing a risk index for stratifying patients with stage II colon
cancer may lead to the identification of a considerably smaller
group than the traditional approach would have been categorised
as high risk, sparing a large fraction of the patients of adjuvant
chemotherapy with doubtful efficacy.

The cross-validated AUC for the RF-CSS index at 1- and 5-year
survival was 0.714 and 0.667, respectively (Figure 3A and B),
suggesting a slight decrease in the performance of the index over
time, which may be explained by the rather low risk of relapse after
5 years. Thus, our proposed risk index classifies patients correctly
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Figure 3. Time-dependent ROC curves for the initial as well as the cross-validated index according to recurrence-free cancer-specific survival
(RF-CSS) and overall survival (OS): (A) year 1 (RF-CSS), (B) year 5 (RF-CSS), (C) year 1 (OS) and (D) year 5 (OS), respectively.
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(high or low risk) with a probability of approximately 70%. Even
though this is comparable with recent results in breast cancer
applying the same statistics (Volinia and Croce, 2013), one must
still acknowledge that there are issues of prognostic importance not
accounted for by the index, which calls for a continued search for
prognostic biomarkers in this setting.

It is worth noting that although the analyses of miRNA-21 by
the ISH technique, as previously applied to this cohort (Kjaer-
Frifeldt et al, 2012), led to the same conclusions as the ones
presented in this paper, this was not achieved through the
identification of the same patients at risk of recurrence. A linear
regression analyses comparing the two continuous variables
resulted in a correlation coefficient (r) of 0.09 (P¼ 0.053). This
may not be surprising given the two very different techniques, but
it stresses the need for further analyses of miRNA-21 before a
uniform recommendation can be provided for its clinical
application in the current setting.

It is worth mentioning that although miRNA-21 may add to the
identification of patients with high-risk stage II colon cancer, it
may simultaneously pose another question regarding therapy.
Studies have suggested that high miRNA-21 expression causes
downregulation of human mutS homolog 2 resulting in a deficient
mismatch repair system and 5-FU resistance in CRC (Schetter et al,
2008; Valeri et al, 2010). The possible predictive value of miRNA-
21 in patients with colon cancer calls for clarification in a clinical
context.

Referring patients with stage II colon cancer for adjuvant
chemotherapy is a complicated issue. The benefit from adjuvant
chemotherapy is small at best and detrimental at worst. The
present study provides new evidence that allows a better choice on
a rational basis. The results support miRNA-21 as a prognostic
biomarker in patients with stage II colon cancer. Furthermore, the
introduction of a risk index holds the potential of sparing a
considerable fraction of the patients from unnecessary treatments,
thus impacting current clinical practice.
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