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Detection of MicroRNA-21 Expression as a Potential Screening
Biomarker for Colorectal Cancer: a Meta-analysis
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Abstract
Background: Colorectal cancer (CRC) is a major cause of cancer-related death and cancer-related incidence
worldwide. The potential of microRNA-21 (miR-21) as a biomarker for CRC detection has been studied in
several studies. However, the results were inconsistent. Therefore, we conducted the present meta-analysis to
systematically assess the diagnostic value of miR-21 for CRC. Materials and Methods: Using a random-effect
model, the pooled sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative likelihood ratio
(NLR), and diagnostic odds ratio (DOR) were calculated to evaluate the diagnostic performance of miR-21 for
CRC. A summary receiver operating characteristic (SROC) curve and an area under the curve (AUC) were also
generated to assess the diagnosis accuracy of miR-21 for CRC. Q test and I2 statistics were used to assess betweenstudy heterogeneity. Publication bias was evaluated by the Deeks’ funnel plot asymmetry test. Results: A total
of 986 CRC patients and 702 matched healthy controls from 8 studies were involved in the meta-analysis. The
pooled results for SEN, SPE, PLR, NLR, DOR, and AUC were 57% (95%CI: 39%-74%), 87% (95%CI: 78%93%), 4.4 (95%CI: 2.4-8.0), 0.49 (95%CI: 0.32-0.74), 9 (95%CI: 4-22), and 0.83 (95%CI: 0.79-0.86), respectively.
Subgroup analyses further suggested that blood-based studies showed a better diagnostic accuracy compared
with feces-based studies, indicating that blood may be a better matrix for miR-21 assay and CRC detection.
Conclusions: Our findings suggest that miR-21 has a potential diagnostic value for CRC with a moderate level
of overall diagnostic accuracy. Hence, it could be used as auxiliary means for the initial screening of CRC and
avoid unnecessary colonoscopy, which is an invasive and expensive procedure.
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Introduction
Colorectal cancer (CRC) is the third most common
cancer and ranks second to lung cancer, with more than
1.2 million new cases being diagnosed per year worldwide
(Janakiram and Rao, 2008; Jemal et al., 2011). Meanwhile,
it is the fourth most common cause of death from cancer
worldwide (Jemal et al., 2011). It is comforting to know
that CRC is curable by surgical resection if detected
early. The 5-year relative survival rate of CRC patients
reaches over 93% for stage I. As for stage IV disease,
this rate falls to less than 8% (O’Connell et al., 2004).
Unfortunately, there are no significant symptoms of CRC
at the initial stage. Thus, due to the outstanding decline
of the mortality rate of CRC at an early stage, efficient
diagnostic methods by which the cancer can be detected
earlier are urgently needed.
To date, the gold standard for diagnosing CRC
is colonoscopy, which is an invasive and expensive
procedure (Kanaan et al., 2012a). But this method requires
both unpleasant bowel preparation and sedation. What’s

more, it may lead to some medical complications. So it is
not difficult to understand the reason why many patients
are reluctant to receive a colonoscopy test. Therefore, the
wide application of colonoscopy is hampered although it
is considered reliable and credible. On the other hand, the
fecal occult blood test (FOBT) is also adopted most widely
as the screening test of CRC for now (Wu et al., 2012a).
It is a non-invasive method through detecting fecal blood,
which may leak from disrupted vessels of CRC patients.
However, the low sensitivity of FOBT may result in
missing a large proportion of CRC patients (Imperiale et
al., 2004). As the rapid development of several diagnostic
techniques, various kinds of early detection method
have been proposed. These methods focus on kinds of
biomarkers, including neoplasm-derived proteins, DNA
and RNA markers. Their applications are also restricted
because of low sensitivity. For instance, the sensitivity and
specificity of carcinoembryonic antigen (CEA) screening
in blood for the differentiation of CRC patients from
healthy controls are 74% and 87%, respectively (Fakih and
Padmanabhan, 2006). The researches that Imperiale et al.
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and Ahlquist et al. conducted showed that the sensitivity
of the individual DNA markers varies from 3.2% to 25.8%
while the sensitivity of the combined panel of 23 DNA
markers is 52% (Imperiale et al., 2004; Ahlquist et al.,
2008). Other frequently exploited analytes, such as fecesbased messenger RNA (mRNA), were also suggested
to be able to detect CRC (Wu et al., 2012a). Although
many efforts have been focused on identification of novel
biomarkers for CRC, compliance with them has been far
from adequate. Hence, reliable, precise and noninvasive
biomarkers for diagnosis and prediction of CRC are still
urgently needed.
MicroRNAs (miRNAs) are a family of small and
non-coding RNA molecules with 18-25 nucleotides
in length. MiRNAs function as regulators of gene
expression by binding to the 3’ untranslated regions of
target mRNAs (Koga et al., 2010a; Kanaan et al., 2012a).
Recent researches have demonstrated the important role
of miRNAs in the development and progression of CRC
and consequently make miRNAs as potential biomarkers
for CRC diagnosis. More specifically, miR-221, miR-29a
and miR-92a were suggested to be abnormally expressed
in CRC patients in many studies (Ng et al., 2009; Huang et
al., 2010; Pu et al., 2010). Besides, several studies reported
high expression levels of miR-21, miR-135 and miR-17-92
cluster in CRC patients (Monzo et al., 2008; Nagel et al.,
2008; Diosdado et al., 2009; Yamamichi et al., 2009). The
stability of miRNAs in blood or feces makes them more
promising for the early diagnosis of CRC. Accordingly,
we can reach the conclusion that miRNAs may serve as
biomarkers of CRC screening.
MiR-21, as one of the most extensively studied
oncogenic miRNAs, is supposed to be able to modulate
the expression of multiple cancer-related genes (Meng et
al., 2007; Zhu et al., 2007; Asangani et al., 2008). It’s also
the earliest discovered miRNA in body fluids secreted by
tumor cells (Lawrie et al., 2008). Accumulating evidence
showed the aberrant expression of miR-21 in various
human tumors, including CRC (Xu et al., 2013; Huang
et al., 2013). In addition, expression level of miR-21 was
statistically significantly elevated in CRC patients and
increased during tumor progression (Slaby et al., 2007;
Schetter et al., 2008; Shibuya et al., 2010; Chang et al.,
2011). However, the findings concerning the diagnostic
accuracy of miR-21 as a biomarker for CRC failed to
achieve consensus. As far as we know, there have been
no meta-analysis to systematically evaluate the diagnostic
accuracy of miR-21 for CRC screening currently.
Therefore, a meta-analysis of all the data from the included
studies is of great value. Moreover, conducting a metaanalysis can transcend the limitations of the single study,
such as small sample size, thereby providing a more
precise outcome. Consequently, to systematically evaluate
the value of miR-21 assays in early CRC detection is
exactly the aim of the present study.

Materials and Methods
Search strategy
We conducted a comprehensive literature search to
identify relevant studies prior to March 29, 2014. Sources
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of studies included PubMed, Embase, the Cochrane
Library, Web of Science and Chinese National Knowledge
Infrastructure (CNKI) databases. The following search
terms were adopted: (“microRNA-21” or “miRNA-21”
or “miR-21”) and (“colorectal cancer” or “CRC”)
and (“diagnosis” or “ROC curve” or “sensitivity” or
“specificity”). For further relevant studies, the references
of selected articles were screened manually to identify any
additional relevant studies.
Inclusion and exclusion criteria
A studies was considered eligible if it met the follow
inclusion criteria: (1) concerns the evaluation of miR-21
in the diagnosis of CRC; (2) the sensitivity and specificity
data were presented or can be calculated; (3) matched
healthy controls were included The exclusion criteria
were as follows: (1) studies with duplicate data reported
in other studies; (2) studies that were editorials, letters,
case reports or reviews; (3) studies without complete data
to allow construction of two-by-two tables.
Data extraction
All the included studies were carefully reviewed by
two investigators independently, then the date from these
articles such as author; publication year; country of study;
ethnicity of patients; number, age and gender of patients
and controls; source of control; type of specimen; test
method of miRNA-21 expression; miRNAs expression
change; sensitivity and specificity data were extracted.
When the accurate data of sensitivity and specificity were
not presented in the articles directly, we estimated the
values from the receiver operator characteristic (ROC)
curves manually.
Quality assessment
The methodological quality of each study that included
in the diagnostic meta-analysis was assessed by two
independent investigators using the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria
(Whiting et al., 2011). The QUADAS-2 tool used seven
questions to evaluate the quality of diagnostic accuracy
of the studies and each question should be answered with
‘‘yes’’, ‘‘no’’, or “unclear”. A maximum possible score is
7 while one score was given for each “yes”, and no scores
were given for each “no” and “unclear”.
Statistical methods
The statistical analyses were performed by STATA
12.0 software. The pooled results of the sensitivity (SEN),
specificity (SPE), positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR) with
their 95% confidence intervals (CIs) were calculated using
random-effect model. Among these parameters, PLR is
defined as the odds of positive test results in patients with
CRC, while NLR reflects the odds of positive results in
those without the disease. Correspondingly, DOR, the
value of which ranges from 0 to infinity, is the ratio of
PLR to NLR. In general, higher DOR values indicate
better discriminatory test performance (Glas et al., 2003).
Simultaneously, we plot the summary receiver operator
characteristic (SROC) curve by using the sensitivity and
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specificity of each included study, and the area under the
SROC curve (AUC) was calculated. Besides, Q statistic
and I2 test were used to assess the heterogeneity in the
included studies. P value less than 0.1 for Q statistic and
I2 more than 50% indicated the existence of significant
heterogeneity (Higgins et al., 2003; Dinnes et al., 2005).
Furthermore, meta-regression and subgroup analyses were
conducted to detect the heterogeneity between studies.
Publication bias was also evaluated using Deeks’ funnel
plots (Deeks et al., 2005).

Results
Included studies
The initial search returned a total of 72 manuscripts
and 3 additional records were found though other sources.
Among the 82 records, 4 were excluded for duplicate
data. After manually screening the titles, abstracts and
key words, 45 records were removed because they were
editorials, letters, case reports, or studies irrelevant to
our analysis. The full-text visions of the remained 33
literatures were carefully read and 25 records that did
not correspond to the inclusion criteria were excluded: 21
articles were not diagnostic test studies, and no available
data for the other 4 articles. Thus, 8 high-quality studies
(Koga et al., 2010b; Kanaan et al., 2012b; Kuriyama et al.,
2012; Wu et al., 2012b; Liu et al., 2013; Luo et al., 2013;
Toiyama et al., 2013; Zanutto et al., 2014) were eligible
for our systematic review and meta-analysis.
Baseline characteristics
The main characteristics of the included articles are
listed in Table 1 by order of publication year, which ranges
from 2010 to 2014. The 8 studies included in the present
meta-analysis contains 968 CRC patients who have
been confirmed using histopathology and 702 matched
healthy controls. Overall, 5 studies were conducted in
Asian populations and 3 in Caucasian populations. All the

studies detected the expression level of miR-21 through
quantitative real-time polymerase chain reaction (qRTPCR) assay, while five of them tested it in blood samples
and three in feces. Seven of the eight studies described a
significant increase in the expression level of miR-21 in
CRC patients compared to healthy controls. All in all, the
eligible studies were of very good quality with moderately
high QUADAS-2 scores.
Diagnostic accuracy of miR-21 in CRC
Forest plots of data from the included studies and
mean sensitivity and specificity with corresponding
heterogeneity are shown in Figure 1. There appeared to
be significant heterogeneity between studies in sensitivity
and specificity (I2=96.90% and I2=91.01%, respectively).
Hence, the random-effect model was adopted for the metaanalysis. The pooled results for diagnostic accuracy are
listed in Table 2. The overall sensitivity and specificity
were 0.57 (95%CI: 0.39-0.74) and 0.87 (95%CI: 0.780.93), respectively. Other overall parameters were also
calculated and presented in the table: pooled PLR was 4.4
(95%CI: 2.4-8.0), NLR was 0.49 (95%CI: 0.32-0.74), and
DOR was 9 (95%CI: 4-22). Moreover, we generated the
SROC curve as shown in Figure 2 while the area under
the curve (AUC) was 0.83 and its 95%CI was 0.79-0.86.
The results suggested that miR-21 had a good level of
overall accuracy.
Subgroup analyses and meta-regression
To access the heterogeneity between studies, subgroup
analyses based on ethnicity (Asian or Caucasian) and
sample type (blood-based or feces-based) were conducted.
As a result, studies based on Asian turned out to have a
similar sensitivity and specificity compared to the pooled
estimates. In respect to the subgroup analysis which was
aimed to figure out the difference between blood-based
and feces-based samples, the former showed a better
diagnostic accuracy with sensitivity increased to 0.70.

Table 1. Main Characteristics of 6 Studies Included in Meta-Analysis
First author

Year

Koga et al
Kanaan et al
Kuriyama et al
Wu et al
Liu et al
Luo et al
Toiyama et al
Zanutto et al

2010
2012
2012
2012
2013
2013
2013
2014

Country

Ethnicity

				
Japan
USA
Japan
China
China
Germany
Japan
Italy

Sample size		 Mean age (yr)		 Specimen

Cases Controls Cases Controls

Asian
Caucasian
Asian
Asian
Asian
Caucasian
Asian
Caucasian

197
50
138
88
200
80
186
29

119
50
126
101
80
144
53
29

63
60
NA
67.2
NA
68
67.5
NA

60
61
NA
60.5
NA
62.5
64
NA

Feces
Plasma
Feces
Feces
Serum
Plasma
Serum
Plasma

Sensitivity

14.70%
81.00%
39.00%
55.70%
65.00%
53.00%
82.80%
58.00%

Specificity QUADAS-2

91.60%
94.00%
97.60%
73.30%
85.00%
82.00%
90.60%
58.00%

3
6
7
4
3
6
4
5

*NA, not available; QUADAS, quality assessment of diagnostic accuracy studies

Table 2. Summary Estimates of Diagnostic Criteria and the 95% Confidence Intervals
Analysis
Sensitivity (95% CI)
Specificity (95% CI)
Positive LR (95% CI)
Negative LR (95% CI)
DOR (95% CI)
AUC

Overall

Asian

Blood-based

0.57 (0.39-0.74)
0.87 (0.78-0.93)
4.4 (2.4-8.0)
0.49 (0.32-0.74)
9.0 (4-22)
0.83 (0.79-0.86)

0.51 (0.28-0.74)
0.90 (0.80-0.95)
5.0 (2.4-10.3)
0.54 (0.34-0.88)
9.0 (3-26)
0.85 (0.82-0.88)

0.70 (0.55-0.81)
0.85 (0.75-0.92)
4.7 (2.4-9.3)
0.36 (0.22-0.59)
13.0 (4-42)
0.86 (0.82-0.88)

CI, confidence interval; LR, likelihood ratio; DOR, diagnostic odds ratio; AUC, area under the curve
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Figure 4. Linear Regression Test of Deeks’ Funnel Plot
Asymmetry

Figure 1. Forest Plot Showing Study-Specific (Rightaxis) and Mean Sensitivity and Specificity with
Corresponding Heterogeneity Statistics

Sensitivity analysis and publication bias
In this meta-analysis, we also conduct the sensitivity
analysis. According to the diagrams, each included study
had only minimal influence on the overall estimates
and no outlier studies were found. Hence, the randomeffect bivariate model was robust for the calculation
of the pooled estimates. Finally, the Deeks’ funnel plot
asymmetry test was used to access the publication bias.
As shown in Figure 4, with a P value of 0.66 for the slope
coefficient, the funnel plots are almost symmetric, which
also suggests a low likelihood of publication bias.

Discussion

Figure 2. Summary ROC Curve with Confidence
and Prediction Regions Around Mean Operating
Sensitivity and Specificity Point

Figure 3. Forest Plots of Multivariable MetaRegression and Subgroup Analyses for Sensitivity
and Specificity
For further confirmation, we also conducted the metaregression. The results that presented in Figure 3 indicated
that sample type had a significant influence on sensitivity
with a P value less than 0.05. This in turn approved the
subgroup analysis above.
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Recently, extensive efforts have been taken to identify
the diagnostic value of miR-21, which is located in
chromosome 17q23.1 and is the site of translocation
breakpoints or amplifications in kinds of cancers. During
the past decade, numerous studies have approved the
relationship between miR-21 and tumorigenesis. And
there have been numerous meta-analyses about miR-21
for cancer detection. In the meta-analysis of Wang et
al., the pooled sensitivity and specificity of miR-21 in
cancer diagnosis were 75.7% (95%CI: 67.5%-82.65%)
and 79.3% (95%CI: 74.2%-83.5%), respectively (Wang
et al., 2014). Chan et al. have also demonstrated that
miR-21 was over-expressed in tissues of 92% patients
with gastric cancer (Chan et al., 2008). Concretely, Zeng
et al. have conducted a meta-analysis which showed that
the pooled sensitivity and specificity by using miR-21 to
detect gastric cancer were 0.665 (95%CI: 0.550-0.763)
and 0.831 (95%CI: 0.694-0.915) respectively (Zeng et
al., 2013). Moreover, Li et al. have obtained the result
that the detection of miR-21 expression yielded 78.80%
sensitivity and 100.00% specificity in the diagnosis of
lung cancer at optimum conditions (Li et al., 2011). To
the best of our knowledge, the current study is the first
mate-analysis focusing on the overall diagnostic accuracy
of miR-21 for CRC screening.
Our meta-analysis revealed that utilizing miR-21 as
a biomarker for the detection of CRC yielded an overall
sensitivity of 57% and an overall specificity of 87%. The
57% sensitivity indicated that miR-21 was only able to
identify a little more than half of the CRC patients, which
meant that miR-21 might not be qualified to diagnose
CRC. In addition, the pooled PLR was only 4.4, which also
approved that miR-21 couldn’t confirm CRC. Whereas,
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the specificity was relatively high, implying the usefulness
of miR-21 as a screening biomarker. Moreover, the DOR,
with higher values indicating better discriminatory test
performance, was only 9 in the pooled results. The area
under the curve of the SROC (AUC), which is an indicator
of test performance and accounts for the trade-off between
sensitivity and specificity, was 0.83 in the present metaanalysis, reflecting a relatively high level of diagnostic
accuracy. Taken together, it is encouraging that miR-21
showed a relative moderate diagnostic value. Hence, it
could be used as auxiliary means for the initial screening
of CRC and avoid the unnecessary colonoscopy, which
is an invasive and expensive procedure.
Heterogeneity is an important consideration while
interpreting the results for the meta-analysis and therefore
the subgroup analyses were conducted. However,
there’s no big difference between different ethnicities.
On the other hand, the blood-based samples showed
a significantly higher accuracy than the feces-based
samples. A potential explanation for this outcome is
the different stability of miR-21 in different samples.
Besides, different laboratories may take different sample
size or mean age, which also contributes to sources of
heterogeneity. Correspondingly, a meta-regression was
performed and as a result, neither of the factors is the
source of heterogeneity. Apart from the analyses we have
done, there are other factors causing heterogeneity; for
instance, the threshold effect. Due to individual difference,
different cut-offs or thresholds may be used in different
studies, thus threshold effect arises. What’s more, mir-21
levels of CRC patients in different stages may be different
and this may also influence our results. With regard to
this, further studies are still needed to obtain thorough
evidences.
The present meta-analysis has several advantages.
First of all, our study is the first to demonstrate the
application potential of miR-21 in the early detection of
CRC. Secondly, while retrieving literatures for analysis,
rigorous screening process have been adopted, thus the
included studies were of high quality. What’s more,
comprehensive methods, such as subgroup analyses and
meta-regression (Figure 3), were conducted to minimize
the influence of heterogeneity. In addition, there was no
significant publication bias in our meta-analysis (Figure
4). It is all these merits that make the statistical power of
the meta-analysis stronger.
Despite the above advantages, there are still several
limitations that should be acknowledged in our study.
Firstly, the basic characteristics of included studies
were not coherent, which might limit the quality of
this systematic review. The time of sample collection
might have influences on the sensitivity and specificity,
considering that miRNA levels might decrease after
surgeries. What’s more, in the light of the meta-regression
that presented in Figure 3, the sample based on blood
introduced significant heterogeneity. Furthermore, we
failed to get the full text of an included article, which may
also give rise to the uncertainty of the basic characteristic.
Accordingly, multi-center studies with exhaustive analyses
are needed to probe into heterogeneity. Secondly, despite
we didn’t apply any restrictions about language during our

literature search, some other language publications, like
Japanese and German, may not be included in this study,
which may affect the pooled results. Besides, no studies
conducted in African populations were included in current
review. Finally, since only 8 articles were included in this
meta-analysis, more studies are needed to get a definitive
conclusion. As with all new techniques, the diagnostic
accuracy of miR-21 is expected to improve with the
development of detection technology.
In summary, although a limited sample size was used
in this study, the role of miR-21 as a diagnostic biomarker
for CRC has been assessed in this meta-analysis. Despite
the sensitivity of miR-21 was not excellent, the specificity
and AUC were relatively high, which indicated that miR21 might serve as a promising biomarker for the diagnosis
of CRC. Besides, detection of miR-21 in blood or feces
samples possesses the advantages of noninvasive and
convenience. Nevertheless, further clinical studies are
needed to confirm the diagnostic value of miR-21 for
CRC, and more studies should tend to study the diagnostic
accuracy of CRC in an early stage.
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