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Abstract

Introduction: Accumulating evidences indicate that microRNA-21(miR-21) show significant high concentration in plasma of
gastric cancer (GC) patients compared to normal individuals, suggesting that it may be a useful novel diagnostic biomarker
for gastric cancer. Therefore, we aimed to assess the potential diagnostic value of miR-21 for gastric cancer in this study.

Methods: Literature database including PubMed, Embase, the Cochrane Library, Web of Science, Ovid, SciVerse, Science
Direct, Scopus, BioMed Central, Biosis previews,Chinese Biomedical Literature Database (CBM), Chinese National Knowledge
Infrastructure (CNKI), Technology of Chongging (VIP), and Wan Fang DATA were searched for publications concerning the
diagnostic value of miR-21 for GC without language restriction. The quality of each study was scored with the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS). Then, data were retrieved from any qualified article hits and subject
to meta-analysis. Receiver operating characteristic curves (ROC) were used to check the overall test performance. Evidence
of heterogeneity was evaluated using the Chi-square and /* test.

Results: Five studies with a total 251 GC patients and 184 control individuals were included in this meta-analysis. All of the
included studies are of high quality (QUADAS score$13). The summary estimates revealed that the pooled sensitivity is
66.5% (95% confidence interval (Cl): 55.0%-76.3%) and the specificity is 83.1% (95% Cl: 69.4%-91.5%). In addition, the area
under the summary ROC curve (AUC) is 0.80.

Conclusion: The current evidence suggests that miR-21 has potential diagnostic value with a moderate sensitivity and
specificity for GC. More prospective studies on the diagnostic value of miR-21 for GC are needed in the future.
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mucosa, and lack sufficient sensitivity and specificity for accurate
GC diagnosis.

MicroRNAs are a large family of post-transcriptional regulators
of gene expression that are about 21~24 nucleotides in length and
are abundant in animals, plants and even viruses [5,6]. They play
important roles in the regulation of target genes by binding to their
3'UTR causing targeting deadenylation and destabilization, as

Introduction

Gastric cancer is the fourth commonest malignant tumor in the
world, and it is also the third leading cause of cancer death in men
and the fifth leading cause in women [1]. Furthermore, less than
25% of GC cases are diagnosed at the early stage, and the 5-year
survival rate is only 26% in the United States, 20%-25% in the

Europe and China [1-3]. However, the survival rate for GC can
increase to more than63% [1]. Since the prognosis of GC is closely
related to the extent that how early the disease is diagnosed and
subjected to proper treatment, efficient diagnostic methods and
effective therapeutic strategy are urgently needed in clinic GC
medical care process. Currently, large part of the efforts focuses on
identification of serum biomarkers for GC [4]. However, on the
basis of current evidence, there are few reliable biomarkers for the
diagnosis of GC. Some reported biomarkers (for example,
pepsinogens I and II, gastrin-17, interleukin-8, antibodies against
Helicobactor pylori, CagA and parietal cells, and ghrelin) tend to
be associated with atrophic or inammatory conditions of gastric
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well as translational inhibition [7,8]. Several studies have shown
that microRNAs are involved in tumorigenesis and cancer
progression and can be stably detected in serum or plasma [9—
11]. There is evidence showing that some circulating microRINAs
originate from cancer tissues, and can be quantitatively measured
with established methodology from serum or plasma sample [12—
14]. Compared to normal individual, distinguishable microRNA
expression pattern is observed in GC patients. Therefore,
microRNAs gradually show their advantages in the diagnosis
and prognosis of GG [15-18].

MicroRNA-21 (miR-21) is one of the most frequently studied
oncomiRNAs. It has been proved that phosphatase and tensin
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homologue is the direct target of miR-21 whose expression is
elevated in GC tissues and GC derived cell lines [2,19-21]. Chan
et al. demonstrated that miR-21 was overexpressed in GC tissues
of 92% patients compared to normal counterparts [20]. Taken
together these reported studies, it is proposed that miR-21 could
serve as an efficient diagnostic marker for GC.

Many research groups have published their findings concerning
the application of miR-21 in the diagnosis of GC with varied
results. Systematic analysis of these data may be valuable to finally
confirm the application potential of miR-21 as biomarker for GC.
So the aim of this meta-analysis is to explore the potential value of
miR-21 in the diagnosis of GC, which, to the best of our
knowledge, has not been previously performed.

Materials and Methods
Search Strategy

We searched several relevant international databases (PubMed,
Embase, the Cochrane Library, Web of Science, Ovid, SciVerse,
Science Direct, Scopus, BioMed Central, Biosis previews) and four
Chinese databases (Chinese Biomedical Literature Database-disc,
Chinese National Knowledge Infrastructure (CNKI), Technology
of Chongging (VIP), and Wan Fang DATA) up to May 29™, 2013.
The key words employed for literature retrieval are “microRNA-
21 or “miR-21" or “miRNA-21" or “hsa-miR-21"" and “gastric”
or ‘“stomach” and ‘“‘cancer” or “carcinoma” or ‘“‘tumor” or
“neoplasm” or “cancer” or “adenocarcinoma’” and ‘“‘serum” or
“sera” or “serums” or “blood” or “plasma”. To obtain additional
relevant articles, we scanned conference summaries and reference
lists of articles identified in the initial search and even contacted
authors to get additional information if necessary.

Selection of Publications

All publications identified by our search strategy were indepen-
dently assessed by two reviewers (Z.Y.Z and J.G.W). Any
disagreement on controversial study was resolved by fullly
discussionto consensus. Studies were included if they meet the
following inclusion criteria: (1) the diagnosis of GC was made
based on histopathological confirmation, which is widely regarded
as the gold standard for GC diagnosis; (2) peripheral blood must
have been collected for miR-21 analysis before any treatment; (3)
the studies detecting miR-21 concentration in peripheral blood
were included; and (4) Studies presenting sufficient data to allow
construction of two-by-two tables, and (5) Patients with benign
disease or healthy people served as the control group. Additionally,
studies exclusion criteria are: (1) duplicate publications; (2)
unqualified data; (3) studies with fewer than 30 patients; and (4)
having no clear cut-off value in literatures. All of the literatures in
line with above criteria are considered to be qualified studies.

Data Extraction

Data were retrieved from each study independently by two
reviewers (£.Y.Z and J.G.W) including the following characteris-
tics: description of study population (age, gender, clinical stage and
node status), study details (first author, year of publication and
country of publication), data for two-by-two table (cut-off,
sensitivity and specificity) and study design.

Quality Assessment

The quality of each study was scored independently by two
reviewers (Z.Y.Z and J.G.W) with the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) [22] tool which features
14 questions and demonstrated to be an efficient tool for the
quality assessment of diagnostic accuracy studies (Table S2). Each
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question should be answered with “yes”, “no”, or “unclear”. An

answer of “yes” will get one score, while the “no” or “unclear”
b

will gain a score of zero with a total score of 14.

Statistical Analysis

The bivariate meta-analysis model was employed to summarize
the sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR) and generate
the bivariate summary receiver operator characteristic (SROC)
curve [23]. The bivariate approach preserves the two-level nature
of the original data, with independent binomial distributions for
true positives and true negatives subject to sensitivity and
specificity in each study [23,24]. Pairs of sensitivity and specificity
are jointly analyzed, incorporating any correlation that might exist
between these two criteria using a random effects approach.
Additionally, explanatory variables can be added to the bivariate
model and lead to separate effects on sensitivity and specificity,
rather than a net effect on the odds ratio scale as in the sSROC
approach [24]. Therefore, the bivariate model is considered as a
more valid statistical model for diagnostic meta-analysis [25—
27].While different studies draw different conclusions, this may
result from random error or heterogeneity as to differences in
clinical or methodological characteristics of studies. Therefore,
Chi-square and I* test for heterogeneity were used to assess the
heterogeneity in studies. A value of P less than 0.05 and of /2 more
than 50% indicated the existence of significant heterogeneity
[28,29].

The publication bias of selected studies was assessed using the
funnel plot with the Begg’s test and Egger’s test. To detect cut-off
threshold effects, the relationship between sensitivity and specific-
ity was evaluated by the Spearman correlation coefficient.
Subgroup analyses and sensitivity analysis were also performed if
necessary to dissect the heterogeneity. All analyses were performed
using stata SE12.0 (Stata Corporation) and Meta-DiSc software
[30].

Results

Included Studies

The initial search returned a total of 298 manuscripts among
which 134duplicated hits and 18 reviews were excluded. The left
146 research articles are subject to the next-step evaluation. And
48 manuscripts were excluded from analysis as the carcinoma was
not gastric cancer, leaving 72 studies available for further full text
review. After carefully reading the text, 33 manuscripts were
excluded as other miRNAs rather than miR-21 were focused. Of
the remained 65 manuscripts, samples of 34 studies were not from
peripheral blood, 25 studies were not diagnostic research, and one
study failed to publish detailed information. Thus, the meta-
analysis was performed on the final 5 studies [31-35] (Figure 1).

Study Characteristics and Quality Assessment

In these eligible articles, all of the 251 GC patients had been
histopathologically confirmed, which is the gold standard for GC
diagnosis. Additionally, the five studies have a well-defined
reference standard for stage classification, which includes the
usage of definitions established by the AJCC/UICC stage
classification (7th edition)[34-36], the tumor node metastasis
(TNM) staging of the International Union Against Cancer [32,33]
and the IGCC/TMN staging system [31,37]. And the 184 control
individuals are all from healthy volunteers who had never been
diagnosed with a malignant tumor. The 5 remaining studies
including 251 patients and 184 control samples reported the
quantity of miR-21 in peripheral blood. The 5 studies were
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Potentially relevant articles
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Manuscripts excluded:
Duplicates 134
Reviews 18
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Manuscripts excluded:
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Not MIR-21 33

146 research articles
retrieved for detailed
evaluation

(

Manuscripts excluded:
Not peripheral blood 34
Not diagnosis 25

65 manuscripts covering
GC results about MIR-21

(

6 potentially high-quality
studies for meta-analysis

Manuscripts excluded:
Can’t getdata 1

(

5 high-quality studies for
meta-analysis

Figure 1. Flow chart of study selection based on the inclusion
and exclusion criteria.
doi:10.1371/journal.pone.0073278.g001

published from 2010 to 2012. In these studies, miR-21 was
detected by reverse transcription Polymerase Chain Reaction (RT-
PCR). But in Zheng et al’s study [32] the levels of miR-21 were
normalized by the ACt method, and in Wang’s study [34] it was
normalized by the 2-AACt method [38]. These results are
reflected in Table 1. The 5 studies were scored by QUADAS by
two independent reviewers (J.G.W and P.H). The QUADAS
scores of analysis show that all studies get a score of 13 indicating
high quality (Table S2).

Data Analysis

Heterogeneity in sensitivity and specificity are observed among
the five studies (I2=71.01% and 12=71.53%), which indicates
significant heterogeneity (Figure 2). Therefore, the random effects
model was selected in this study. The bivariate meta-analysis
shows a pooled sensitivity of miR-21 for the diagnosis of GC of
66% (95%CI, 55%—76%) and a pooled specificity of 83% (95%CI,
69%-91%).

In the present studies, the combined PLR is 3.95 (95%CI: 2.15—
7.24) which indicates that patients with GC have a nearly 4-fold
higher chance of being miR-21 test-positive compared with others
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without GC. In addition, there exists ignoble heterogeneity
between PLRs (I2=37.83). In respect to NLR, the combined
NLR 15 0.40 (95%CI: 0.30-0.54) (Figure S1). The heterogeneity
analysis shows that the chi-squares valve is 11.63 and 17 65.60%.
The SROC curve for the included studies is shown in Figure 3.
The AUC is 0.80 (95%CI: 0.76-0.83), and the DOR is 9.8
(95%CI, 4.6-20.8), indicating a moderate diagnostic accuracy.
This figure also presents the summary operating point estimate of
sensitivity and specificity.

Publication Bias

To assess the publication bias in this study, funnel plots was used
in the meta-analysis. The funnel plot demonstrates a somehow
asymmetric curve which can be explained by the limited number
of included studies (Figure 4). The P-value of Begg’s test and
Egger’s test are 1.0 and 0.361, respectively. Therefore, there is no
evidence showing that publication bias exists. However, for the
limited number of the articles, whether the publication bias exists
in this meta-analysis is still difficult to draw a conclusion.

Threshold Effect and Heterogeneity

The threshold effect is due to differences of sensitivity and
specificity, and Spearman correlation coefficient of sensitivity and
specificity is a good approach to evaluate the threshold effect [30].
In this meta-analysis, the Spearman correlation coefficient of
sensitivity and 1-specificity was 0.500 with a P value of 0.391
(p>0.05), suggesting that there is no heterogeneity from threshold
effect.

The F of heterogeneity test is 71.38%, indicating moderate
heterogeneity. Initially, we consider that the test method,
publication country, number of patient and the representation of
the participants (stage I, II %) may contribute to the heterogeneity
(Table S1). However, meta-regression analysis indicates that above
variables were not the sources of heterogeneity for this study.
Sensitivity analysis finds that the meta-analysis is vigorously
influenced obviously by individual study. For example, if the data
of Tsujiura et al. [31] was removed, the analysis results changed
significantly without obvious heterogeneity between remained
studies (chi-squared = 1.81 (p=0.612) and I* = 0.0%). The pooled
DOR of the 4 homogeneity studies were 12.319.

Discussion

As to patients with GC, low early diagnosed rate and low 5-year
survival rate are two key factors that influence the prognosis of this
disease and largely impair their health condition [1,3]. To the best
of our knowledge, there is no effective diagnostic biomarker for
GC with desirable sensitivity and specificity. Accordingly, diag-

Table 1. Summary of studies using miR-21 as a biomarker of GC and study quality assessment.

patients QUADAS Stage Mean or
First author Year (controls) scores 1,1% median age AUC Cut-off Se% Sp%
Tsujiura et al [31] 2010 69(30) 13 739 NR 0.673% 0.0373* amol/ul 60.90% 63.33%
Li et al [33] 2012 70(70) 13 33 54 0.794 0.050 amol/ul 74.29 75.71
Zheng et al [32] 2011 53(20) 13 30.2 NR 0.853 7.73 ACt 83.01 80.53
Wang et al [34] 2012 30(39) 13 36.7 58 0.81 5.63 2-AACt 56.7 94.9
Shen et al [35] 2012 29(25) 13 NR 54 0.750* 0.0595*amol/ul 51.70* 92.00*

operator curve. NR=not report. Se =sensitivity. Sp = specificity.
doi:10.1371/journal.pone.0073278.t001
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Note: *Calculated from independent patient data (IPD) QUADAS = quality assessment for studies of diagnostic accuracy. AUC = Area under the curve of a receiver
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Figure 2. Forest plots of sensitivities and specificities from test accuracy studies of miR-21 in the diagnosis of GC.
doi:10.1371/journal.pone.0073278.g002
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Figure 3. Summary receiver operating characteristic curves for miR-21 in the diagnosis of GC. The smaller region (confidence contour)
contains likely combinations of the mean value of sensitivity and specificity. The wider region (prediction contour) demonstrates more uncertainty as
to where the likely values of sensitivity and specificity might occur for individual studies.
doi:10.1371/journal.pone.0073278.9003
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Figure 4. Funnel plot for the assessment of potential bias in miR-21 assays.

doi:10.1371/journal.pone.0073278.9g004

nosis of GC is based on by histological examination but it only
works at the advanced stage of disease when the effectiveness of
medical care interference is compromised. More and more
attention has been paid to the improvement of early diagnosis of
GC [4,39-43]. Recent studies have brought an explosion of new
diagnostic markers of GC including miR-21. To evaluate the
diagnostic and clinical valve of miR-21as a serological marker, we
conducted this meta-analysis to provide a comprehensive and up-
to-date analysis of the feasibility and accuracy of miR-21 for the
diagnosis of GC. As far as we know, this is the first meta-analysis
about the diagnostic value of miR-21for GC.

A plasma-based diagnostic test is inherently more attractive in a
solid-organ malignancy diagnosis. In this meta-analysis, we show
that the pooled sensitivity and specificity are 0.665 (95% CI:
0.550-0.763) and 0.831 (95%CI: 0.694-0.915) respectively. Thus,
miR-21 enjoys it has higher sensitivity and specificity compared to
conventional serum biomarker such as CEA (sensitivity of 26.8%)
andCA19-9 (sensitivity of 33.8%) [44,45]. it has higher sensitivity
and specificity in effectively diagnosing of GC. Glas et al. [46]
found that the diagnostic odds ratio (DOR) combines the strengths
of sensitivity and specificity as prevalence in dependent indicators
and has the advantage of accuracy over a single indicator. The
value of DOR ranges from 0 to infinity with higher values
indicating better discriminatory test performance [46]. The DOR
value of 9.791 indicates that the miR-21 could be a useful
biomarker for GC patients’ diagnosis. SROC is usually used to
summarize overall test performance, and AUC i1s calculated to
evaluate accuracy of the selected indicator. To demonstrate
excellent accuracy, the valve of AUC should be more than 0.97.

PLOS ONE | www.plosone.org

An AUC of 0.93 to 0.96 is considered to be very good and 0.75 to
0.92 is good. However, a value of less than 0.75 can be still
reasonable, while the test will have obvious deficiency in its
diagnostic accuracy, approaching a random test [47,48]. In these
studies, we show that miR-21 demonstrates good accuracy in the
diagnosis of gastric cancer, with an area under the ROC curve of
0.80. Overall, although the sensitivity is compromised, miR-21 has
a good specificity in the diagnosis of GC.

Heterogeneity is a potential problem when interpreting the
results for all meta-analysis. One of the primary causes of
heterogeneity in test accuracy studies is threshold effect, which
arises when differences in sensitivities and specificities occur due to
different cut-offs or thresholds used in different studies to define a
positive or negative test result. As different cut-off values were used
among the 5 studies, we used the Spearman correlation coefficient
to analyze the threshold effect. The Spearman correlation
coefficient  of  sensitivity and  l-specificity is  0.500
(»=0.391<0.05), which indicates that there is no heterogeneity
from threshold effects. Although the detecting methods for miR-21
are all based on reverse transcriptional PCR (RT-PCR) and real-
time quantification PCR (qPCR), there are no unified primers and
no reference miRNAs for qPCR analysis. Therefore, different
laboratories take different measures to quantify the miR-21, which
may contribute to sources of heterogeneity. With regard to this, we
performed a meta-regression analysis to assess the contribution of
factors above and find that none of these variables are the sources
of heterogeneity. However, sensitivity analysis determines that the
heterogeneity is from Tsujiuria et al’s study [31] for when it was
removed, there shows no heterogeneity among remained four

September 2013 | Volume 8 | Issue 9 | 73278



studies (chi-squared =1.81 (p=0.612) and I?=0.0%).Thus, we
conclude that the heterogeneity at least partially come from the
publication area bias.

Although we tried to avoid the biases in the process of meta-
analysis, there were still several limitations to our study. Firstly,
miR-21 as a novel marker in GC diagnosis just looms in recent
years, and still limited research work was done on the diagnosis
value of miR-21. So, the study size obtained in this meta-analysis is
relatively small. Secondly, although we have tried our best to cover
all the involved literatures by a comprehensive method without
language restriction, we may still miss some of them during the
screen process. Thirdly, despite of our best efforts such as by
searching other related references, e-mail, and fax to all authors,
we could not acquire the independent patient data(IPD) of Wang
et al’s [34] study for further study. Fourthly, there is no evidence
that publication bias exists (p=0.541) by funnel plots, however,
these studies are either from China or Japan indicating that the
publication area bias may still exist. The reason for this may be
that miR-21 is a new biomarker for gastric cancer, and more
prospective studies about the diagnostic value of miR-21 for GC
are needed in future. Furthermore, the highest mortality rates of
GC are estimated in Eastern Asia [49], this may inspire more
researchers to study the early diagnosis and treatment of GC. In
conclusion, despite of the limitations mentioned above, the current
evidence suggests that miR-21 has potential diagnostic value with
good specificity and considerable moderate sensitivity for GC.
Larger-scale prospective studies are needed in future. In addition,
how to improve the accuracy should be considered and novel GC
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