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Abstract. MicroRNA-21 (miR-21) is overexpressed in the 
serum of patients with colorectal cancer (CRC), suggesting 
that miR-21 is a promising diagnostic biomarker for CRC. 
Therefore, a meta-analysis was performed to assess the 
diagnostic value of serum miR-21 in CRC patients. This 
meta-analysis included 9 studies with 746 CRC patients and 
476 healthy controls. Two independent researchers identified 
and extracted study characteristics from eligible studies that 
were searched from literature databases. The quality of the 
eligible studies was assessed in accordance with the Quality 
Assessment of Diagnostic Accuracy Studies. Bivariate and 
hierarchical summary receiver operating characteristic models 
were used in the meta-analysis. The pooled sensitivity and 
specificity were 72% [95% confidence interval (CI), 62‑80] and 
85% (95% CI, 80‑88), respectively. The pooled positive‑ and 
negative‑likelihood ratios were 4.65 (95% CI, 3.42‑6.33) and 
0.33 (95% CI, 0.24‑0.47), respectively. The diagnostic odds 
ratio value was 14.03 (95% CI, 7.65‑25.74), and the area under 
the summary receiver operator characteristic curve was 0.87. 
The present results indicated that miR-21 has a potential diag-
nostic value with moderate sensitivity and good specificity 
for CRC. Further prospective studies must be conducted to 
evaluate the diagnostic accuracy of miR-21.

Introduction

Colorectal cancer (CRC) is a major cause of cancer-related 
fatalities worldwide (1). In 2012, the American Cancer 
Society estimated that 143,460 new cases of CRC would be 
diagnosed, and 51,690 would succumb to this disease (2). The 
majority of CRC-related fatalities can be prevented through 
early diagnosis and surgical removal of early-stage cancer. 
The five‑year survival rates of CRC patients range from <8% 
at stage IV to >93% at stage I (3). However, the majority of 
early-stage CRC patients exhibit no symptoms. In addition, the 
available methodologies for early detection are based on tradi-
tional screening methods, such as the fecal occult blood test 
(FOBT) as the primary screening tool, followed by colonos-
copy for FOBT-positive patients. However, these techniques 
have inherent limitations. Although widely used, FOBT has 
poor sensitivity for detecting early-stage CRC. Colonoscopy, 
despite its specificity and sensitivity, is not suitable for the 
general population due to its high cost, invasiveness, require-
ment for bowel preparation and sedation, and association with 
medical complications. A stool DNA test may be a promising 
alternative in the future, but the widespread application of 
this technique is limited by labor-intensive handling and high 
costs (4). Thus far, indicators that precisely predict the presence 
of early-stage tumors are lacking. Therefore, the development 
of new markers is urgently required for the rapid, noninvasive, 
and highly sensitive screening of CRC patients. 

MicroRNAs  (miRNAs)  are  small  (18‑25  nucleotides) 
noncoding RNAs that regulate the translation of specific 
genes through sequence‑specific binding to the 3' untrans-
lated region of target mRNAs. MiRNAs reportedly have 
important roles in various cellular processes that are 
commonly involved in cancer; these processes include cell 
growth, differentiation, invasion, angiogenesis and epithe-
lial-mesenchymal transition (5,6). Due to their oncogenic or 
tumor-suppressive properties, certain miRNAs participate 
in carcinogenesis (7,8). A previous study revealed the pres-
ence of large quantities of miRNAs in serums. Circulating 
miRNAs can withstand unfavorable physiological condi-
tions, such as extreme variations in pH, temperature, and 
multiple freeze/thaw cycles (9). Furthermore, the profiles of 
circulating miRNAs show consistent expression levels across 
physiologically healthy individuals (10). The diagnostic value 
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of circulating miRNAs for the early detection of cancer has 
been successfully investigated in numerous malignancies, 
including CRC. Therefore, miRNAs are potentially useful 
biomarkers that may be sensitive and specific for the early 
detection of CRC.

MicroRNA-21 (miR-21) is an oncomiRNA that modulates 
the expression of multiple cancer-related target genes, such as 
PTEN, TPM1 and PDCD. miR-21 is overexpressed in various 
human tumors, particularly in the serum and tissue of CRC 
patients (11). This finding indicates that miR‑21 can serve as a 
diagnostic marker for CRC.

Recent studies have investigated the diagnostic value 
of miR-21 in CRC and have raised concerns regarding the 
biomarker potential of miR‑21. However, the findings of these 
studies are inconsistent. Therefore, a meta-analysis of these 
studies was conducted to assess the diagnostic value of miR-21 
in CRC.

Materials and methods

Search strategy. Several relevant literature databases (PubMed, 
Embase, OvidSP, The Cochrane Library and Web of Science) 
and three Chinese databases (Chinese National Knowledge 
Infrastructure, Wei Pu DATA and Wan Fang DATA) were 
searched for studies that estimated the diagnostic value of 
miR-21 in CRC. The key words for the literature retrieval 
were ‘microRNA-21,’ ‘miR-21,’ ‘miRNA-21’ or ‘hsa-miR-21;’ 
‘colorectal,’ ‘large intestine,’ ‘large bowel,’ ‘colon,’ ‘colonic,’ 
‘rectal’ or ‘rectum;’ and ‘cancer,’ ‘cancers,’ ‘carcinoma,’ 
‘carcinomas,’ ‘tumor,’ ‘tumors,’ ‘neoplasm’ or ‘neoplasms;’ 
and ‘serum,’ ‘sera,’ ‘serums,’ ‘blood,’ ‘plasma,’ ‘plasmas’ or 
‘circulating.’ To acquire additional relevant studies, conference 
summaries, letters and other types of studies were scanned in 
the initial search and certain authors were even contacted to 
obtain additional information when necessary.

Selection criteria. Two reviewers (Y.W. and W.Z.H.) indepen-
dently assessed the literature extracted by the search strategy. 
Whenever they had different opinions, the reviewers discussed 
until a consensus was reached. The inclusion criteria were as 
follows: i) CRC was diagnosed by pathological confirmation; 
ii) circulating miR-21 concentration was tested; iii) no treat-
ment, such as radiotherapy or chemotherapy, was performed 
prior to blood collection for miR-21 testing; iv) the data were 
sufficient to form two‑by‑two tables; and v) healthy individuals 
or patients with benign disease were included in the control 
group. The exclusion criteria were as follows: i) Duplicate 
publications; ii) unqualified data; and iii) reviews, letters and 
meetings. Studies that met the above criteria were considered 
eligible.

Data extraction and quality assessment. Two investigators 
(Y.W. and W.Z.H.) independently identified and retrieved data 
from each study. The data extracted for this systematic review 
included first author, publication year, number of patients, 
ethnicity, country, test method, diagnostic results and others.

Two investigators (Y.W. and W.Z.H.) scored the quality 
of each study independently in accordance with the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS) (12) 
tool (Table I).

Statistical analysis. For the diagnostic meta-analysis, true 
positive, false positive, true negative and false negative were 
extracted as bivariate data directly or through recalculation on 
the basis of relative data from each eligible study. Subsequently, 
the bivariate model was employed to analyze these data (13). 
A forest plot of sensitivity and specificity was constructed; 
the positive-likelihood ratio (PLR), negative-likelihood ratio 
(NLR), and diagnostic odds ratio (DOR) were calculated; and 
the summary receiver operator characteristic (SROC) curve 
was generated. The accuracy of the results was further veri-
fied by applying the hierarchical summary receiver operating 
characteristics (HSROC) model and subsequently presented 
the HSROC curve (14). The HSROC curve overcomes some 
of the deficiencies of the traditional SROC curve reported by 
Moses et al (15). Furthermore, the HSROC curve is closely asso-
ciated with the bivariate random-effect model. Heterogeneity 
between studies was tested by χ2 and I2 statistics (16). The 
null hypothesis that the eligible studies are homogeneous was 
rejected if P<0.05 or I2 >50% (17). Six factors that may cause 
heterogeneity between studies were incorporated in the bivar-
iate model as covariates to explore the source of heterogeneity 
by meta-regression analysis. Subgroup and sensitivity analyses 
were also conducted to explore the source of heterogeneity 
when necessary. The presence of publication bias was analyzed 
by Deeks' funnel plot asymmetry test. Statistical significance 
was considered, i.e., publication bias was present, at P<0.1. To 
explore the threshold effect, the ROC plane and Spearman 
correlation coefficient were employed. All the analyses were 
conducted by Meta-DiSc and Stata SE12.0 software (18).

Results

Included studies. A total of 237 studies were initially retrieved. 
Considering the study type, we excluded 120, including 
39 duplicates, 64 reviews and meta-analyses, and 17 meetings 
and others. A total of 117 studies were retained for the subse-
quent evaluation. A total of 90 manuscripts were excluded on 
the basis of the title and abstract, including 40 studies that did 
not focus on CRC, 19 that did not focus on miR-21, 19 that 
did not focus on blood samples, 6 unrelated to diagnosis, 
and 6 laboratory studies. As a result, 27 adequate studies 
remained for the full text review. Following reading the whole 
text, a further 18 studies were excluded, 8 of which contained 
insufficient information. Finally, 9 studies (19-27) containing 
1,222 samples remained for the meta-analysis (Fig. 1).

Study characteristics and quality assessment. In these 
selected studies, the 746 CRC patients had been pathologically 
confirmed. Furthermore, the 476 control individuals were 
healthy volunteers or patients with benign disease who had 
never been diagnosed with malignancy. The studies enrolled 
in the systemic review were conducted in China, Japan, Iran, 
Germany and the USA. Among the 9 studies included, 6 were 
conducted in Asian populations and 3 in Caucasian popula-
tions. The 9 studies, which were published between 2012 
and 2014, investigated the diagnostic value of miR-21 for 
CRC. Furthermore, 8 of the 9 studies used reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR) to 
assess the expression of miR-21. Among them, 6 used TaqMan 
probe, 2 used the SYBR-Green assay, and 1 used an miRNA 
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microarray. The main characteristics of the eligible studies 
are presented in Table II. The QUADAS assessment tool was 
used to assess the quality of the 9 studies. None of the studies 
conformed to the criteria that the index test results should be 
interpreted without knowledge of the results of the reference 
standard (item 10). One of the 9 studies did not clearly describe 
their selection criteria (item 2) (Table I).

Data analysis. Heterogeneity in sensitivity and specificity was 
detected in the 9 studies (I2=84.91% and I2=46.52%, respec-
tively), suggesting significant heterogeneity in sensitivity 
and mild heterogeneity in specificity (Fig. 2). Therefore, the 
random effects model was employed in this study. The analysis 
results showed that the pooled sensitivity and specificity of 
miR‑21 for CRC diagnosis were 72% (95% CI, 62‑80) and 85% 
(95% CI, 80‑88), respectively.

The PLR and NLR of serum miR-21 were calculated 
for the likelihood ratio; these parameters have been consid-
ered more clinically valuable compared to the specificity 
and sensitivity (28). PLR >10 or NLR <0.1  suggests high 
diagnostic accuracy. In the present study, the pooled PLR is 
4.65 (95% CI, 3.42‑6.33; I2=37.23%), indicating that the CRC 
patients have more than a four-fold probability to express 
miR-21 in comparison to healthy individuals. The pooled 
NLR was 0.33 (95% CI, 0.24‑0.47; I2=85.82%) (Fig. 3). The 
SROC curve of the selected studies is shown in Fig. 4. The 
AUC was  0.87  (95% CI,  0.83‑0.89). The DOR value was 
14.03 (95% CI, 7.65‑25.74), indicating that miR‑21 can be used 
as a good marker for CRC diagnosis (Fig. 5).

The HSROC curve of the selected studies is shown in Fig. 6, 
which is consistent with the results from the bivariate model. 
The summary operating point estimate of sensitivity and 
specificity is also presented. The 95% prediction and 95% CI 
are also plotted. The cut-off point was located near the upper 
left corner of the HSROC curve. The value of β was ‑1.28, and 
the P‑value was 0.152. This result indicates that the HSROC 
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Figure 1. Flow chart of the study selection.
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is symmetrical. The value of γ, which helps distinguish CRC 
patients from healthy individuals, was 3.941 (2.295‑5.588). 
This result indicates that circulating miR-21 is a relatively 
accurate diagnostic marker for CRC. 

Publication bias. Deeks' funnel plots were used to evaluate the 
presence of publication bias in this meta-analysis. The funnel 
plot presents no asymmetry (Fig. 7). The P-value was 0.44, 
indicating the absence of publication bias in the meta-analysis. 
However, concluding whether or not publication bias exists is 
difficult due to the limited number of studies involved in the 
current meta-analysis.

Threshold effect and heterogeneity. Differences in cut-off 
values cause the threshold effect. The ROC plane and Spearman 
rank correlation test is a good approach to assess the threshold 
effect (18). In the present study, the representation of the 
sensitivity against the specificity of each study is shown in an 
ROC space (Fig. 8), which can be used to detect the threshold 
effect. The pattern of the points in this figure does not suggest 
a ‘shoulder-arm’ shape, indicating the absence of the threshold 
effect. A Spearman rank correlation was conducted and the 
absence of heterogeneity was validated from the threshold 
effect  [Spearman  correlation  coefficient=0.033;  P=0.932 
(P>0.05)]. 

The I2 of the heterogeneity test is 59%, suggesting moderate 
heterogeneity. The publication year, test method, RNA extrac-
tion kits, ethnicity, patient number and QUADAS score may 
contribute to heterogeneity. Meta-regression analysis suggests 
that the above factors are not the sources of heterogeneity in 
this study. Subsequently, a subgroup analysis was performed 
on ethnicity, test method and RNA extraction kits; however, the 
sources of heterogeneity could not be identified. A sensitivity 
analysis was also performed, but failed to find the sources of 
heterogeneity.

Discussion

Recent studies have revealed novel diagnostic biomarkers for 
CRC, including miR-21. miR-21 is an important oncogenic 
microRNA that participates in tumor initiation, progression 
and metastasis. Therefore, the present meta-analysis was 

Figure 2. Forest plots of sensitivities and specificities for miR‑21 test accuracy in the diagnosis of colorectal cancer.

Figure 3. Forest plots of positive- and negative-likelihood ratios for miR-21 test accuracy in the diagnosis of colorectal cancer.

Figure 4. Summary receiver operating characteristic curves for miR-21 in the 
diagnosis of colorectal cancer.
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performed to provide an integrated and up-to-date evaluation 
of the diagnostic and clinical values of miR-21 as a serum 
marker for CRC.

In the present meta-analysis, the combined sensitivity 
and specificity were 72% (95% CI, 62‑80) and 85% (95% 

CI, 80‑88),  respectively, which  imply moderate sensitivity 
and good specificity. The 2014 NCCN Guidelines for CRC 
screening highlighted that any positive stool test requires 
follow-up with a colonoscopy. miR-21 can potentially replace 
FOBT or serve as a powerful diagnostic tool for CRC. The 
DOR value reflects the extent of the association between 
the diagnostic results and the disease. DOR >1 means better 
discrimination  of  the  index  test. DOR <1 means  healthy 
individuals are more likely to be diagnosed as positive by 
the index test compared to CRC patients. DOR=1 means the 
index test cannot discriminate healthy individuals and CRC 
patients. In the present meta-analysis, the DOR value was 
14.03, suggesting that miR-21 can serve as a promising diag-
nostic biomarker for CRC. When the threshold effect exists 
among studies, the SROC curve appears to be a better method 
to assess the summary diagnostic accuracy of the test rather 
than pooled sensitivity, pooled specificity, pooled PLR or 
pooled DOR. AUC is usually calculated to assess the accuracy 
of the selected indicator. The closer the value of AUC is to 1, 
the better the diagnostic accuracy of the test. By contrast, the 
closer the value of AUC is to 0.5, the worse the diagnostic 
accuracy of the test. In the present study, the AUC was 0.87, 
which indicates that miR-21 demonstrates good accuracy for 
CRC diagnosis. The HSROC model yields similar sensitivity 
(72.0%) and specificity (84.5%). This result further demon-
strates the reliability of the meta-analysis. Overall, miR-21 has 
a moderate sensitivity and good specificity for CRC diagnosis.

Figure 8. Receiver operating characteristics (ROC) space for the assessment 
of threshold effect in miR-21 assays.

Figure 5. Forest plots of diagnostic odds ratio for miR‑21 test accuracy in the diagnosis of colorectal cancer.

Figure 6. Hierarchical summary receiver operating characteristics (HSROC) 
curve for miR-21 in the diagnosis of colorectal cancer.

Figure 7. Deeks' tests for the assessment of publication bias in miR‑21 assays.
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Heterogeneity is a potential problem that can influence the 
incorporation effect and the interpretation of the meta-analysis 
results. Although strict inclusion and exclusion criteria were 
set to gain eligible studies, heterogeneity exists due to the 
existence of certain potential confounding factors. However, 
a broad range of sensitivity and specificity was reported. One 
cause of heterogeneity is the threshold effect, which arises due 
to different cut‑off values used in different studies to define a 
negative or positive test result. Considering that the 9 studies 
used different cut-off values, the ROC plane and Spearman 
rank correlation test were employed to analyze the threshold 
effect. The ROC plane suggests no ‘shoulder-arm’ shape, and 
the Spearman correlation coefficient was 0.033 (P=0.932 and 
>0.05). This result demonstrates that threshold effect is not the 
source of heterogeneity. The patients involved in the present 
meta-analysis were from different ethnicities and popula-
tions. Not all the detection methods for miR-21 are based on 
RT-PCR and RT-qPCR. Ogata-Kawata et al (22) used miRNA 
microarray. Even with RT-qPCR, 6 studies used TaqMan 
probes and 2 used the SYBR-Green assay. The RNA extrac-
tion kits and normalizers also varied. Heterogeneity may result 
from different laboratories using different methods to quantify 
miR-21. Therefore, a meta-regression analysis was conducted 
to evaluate the contribution of the factors above. However, no 
heterogeneity was detected from these factors. Subsequently, a 
subgroup analysis was conducted on the ethnicity, test method 
and RNA extraction kits. In every subgroup, heterogeneity 
remained, indicating that these factors were not the sources of 
heterogeneity.

Zhang et al (26) and Du et al (27) also conducted a 
meta-analysis on the diagnostic value of miR-21 for CTC. 
Zhang et al (26) reported a pooled sensitivity of 76% and a 
pooled specificity of 81%. Du et al (27) reported a pooled 
sensitivity  of  76%  and  a  pooled  specificity  of  82%.  The 
present results were similar to theirs, but not identical. 
They included only 6 studies, whereas 9 were included in 
the present meta-analysis. Du et al (27) retained 2 studies 
of Toiyama et al (24), but 1 of them appears to be a poster 
presentation. Additionally, the 2 studies were published with 
an interval of 1 year, which make them potential duplicates or 
overlapping data. Thus, 1 of these 2 studies was excluded in the 
present meta-analysis. Zhang et al (26) reported that different 
cut-off values of miR-21 expression across studies may be a 
source of heterogeneity. However, they did not demonstrate 
it further. In the present meta-analyses, ROC plane and 
Spearman rank correlation were performed, and verified that 
the threshold effect was not a source of heterogeneity.

miR-21 is overexpressed in numerous other solid types of 
tumor, indicating that its biology is relevant to numerous types 
of cancer (29,30). Zeng et al (31) reported that miR-21 had a 
sensitivity of 66.5% and a specificity of 83.1% in gastric cancer. 
Yang et al (32) summarized that the sensitivity and specificity 
of miR‑21 in lung cancer were 71% and 84%, respectively. 
Other studies reported that miR-21 is upregulated in breast 
cancer, esophageal cancer, pancreatic cancer and glioblas-
toma (20). miR-21 is unlikely to become a useful blood-based 
biomarker for diagnosing CRC as an individual miRNA as it is 
also dysregulated in other diseases (33). Overall, miR-21 is not 
a special biomarker in CRC; it requires to be combined with 
another tool for enhanced specificity.

Certain limitations exist in the present study. First, 
the majority of these studies are retrospective analyses on 
historical cohorts, which limit the conclusions due to inherent 
study bias. Therefore, prospective studies that investigate the 
association between miR-21 and CRC are necessary. Second, 
evidence that demonstrates the existence of publication bias 
(P=0.436 for Deeks' test) by funnel plots is lacking. However, 
the independent patient data of several studies with negative 
results could not be collected, despite extensively searching 
other associated references and contacting authors via fax and 
e-mail. These may have been missed in the meta-analysis, 
indicating that publication bias may remain. However, current 
evidence indicates that circulating miR-21 has moderate sensi-
tivity and good specificity as a diagnostic marker for CRC 
diagnosis. Large-scale prospective studies must be conducted 
in the future for verification. In addition, improving the 
diagnostic accuracy of circulating miR-21 and exploring new 
biomarkers with high diagnostic accuracy in CRC should still 
be considered in the future. miR-21-related diagnostics have 
substantial potential for the prevention and treatment of CRC.
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