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Abstract. - OBJECTIVE: Previous studies
demonstrated the pivotal role of miR-21 in the
pathogenesis and progression of gastric can-
cer. This meta-analysis was designed to confirm
the diagnostic and prognostic value of microR-
NA-21 (miR-21) in gastric cancer and to investi-
gate the influence of samples on the results of
miR-21 detection.

MATERIALS AND METHODS: A literature
search was conducted in PubMed and Embase da-
tabases up to August 2016. The pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR),
and area under the summary receiver-operating
characteristic (AUC) were calculated by Meta-Disc
(version 14.0) or RevMan 5.3 software.

RESULTS: Ten studies including 516 patients
with gastric cancer and 239 healthy controls were
selected. Pooled sensitivity (0.74, 95% CI: 0.69-
0.79), specificity (0.81, 95% CI: 0.76-0.86), PLR
(3.85, 95% CI: 3.00-4.94), NLR (0.22, 95% CI: 0.31-
0.45), and DOR (13.07, 95% CI: 8.81-19.39) as well
as AUC (0.8561 + 0.0204) indicated the good diag-
nostic accuracy of miR-21 in detecting gastric can-
cer. The prognostic value of miR-21 for lymph node
metastasis in gastric cancer was also demonstrat-
ed by the pooled sensitivity (0.56, 95% CI: 0.48-
0.64), specificity (0.62, 95% CI: 0.53-0.71), PLR
(2.02, 95% CI: 0.90-4.54), NLR (0.58, 95% CI: 0.45-
0.75), and DOR (3.50, 95% CI: 1.04-11.83) as well as
AUC (0.6673 +0.0469). Subgroup analyses showed
that the samples used to detect miR-21 were the
source of heterogeneity could affect the diagnos-
tic or prognostic value of miR-21 in gastric cancer.

CONCLUSIONS: miR-21 can be used for the
diagnosis of gastric cancer and prognosis of
lymph node metastasis in gastric cancer.
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Introduction

Although the incidence of gastric cancer
has been decreasing over the years, it still ran-
ks as the 4™ most common malignancy and is
one of the leading causes of cancer death in
recent statistics, especially in less developed
countries'*. Currently, gastroscopy is still the
standard procedure for the clinical diagnosis
of gastric cancer’. However, its invasive nature
influences the wide application of gastroscopy
in the early diagnosis of gastric cancer. More-
over, the clinical symptoms of an early stage
gastric cancer are not specifics enough for an
early diagnosis of gastric cancer. Thus, almost
one-third of gastric cancer cases are diagnosed
at late stages. Moreover, the survival of patien-
ts with late stage (stage III or 1V) gastric can-
cer is still poor despite the progress in medical
technology in recent years®®. Therefore, it is
urgent to further explore new methods for an
early diagnosis of gastric cancer and to impro-
ve its poor prognosis.

Currently, some biomarkers are used for the
diagnosis or prognosis of gastric cancer such
as microRNAs (miRNAs), which are related to
the generation and development of cancer®'%.
Evidence shows that patients with gastric can-
cer present high levels of serum microRNA-21
(miR-21)", which plays a pivotal role in the pa-
thogenesis and progression of gastric cancer'.
A previous meta-analysis'® indicated the good
diagnostic accuracy of miR-21 in detecting ga-
stric cancer. Another meta-analysis showed the
potential of miR-21 as a prognostic factor for
gastric cancer'®. However, subgroup analyses
should be performed to explore the sources of
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heterogeneity and controversies still exist based
on recent studies!”!"?. Therefore, we performed
this updated meta-analysis to further confirm
the diagnostic and prognostic values of miR-21
and explored the sources of heterogeneity by
subgroup analyses. Also, we specifically asses-
sed the predictive accuracy of miR-21 for lym-
ph node metastasis in gastric cancer.

Materials and Methods

Search Strategy

A literature search was conducted in PubMed
and Embase databases up to August 2016. The
following key words were used: (“gastric can-
cer” or “gastric tumor” or “gastric carcinoma”)
and (“microRNA-21” or “miRNA-21" or “miR-
217). Besides, we manually scanned the referen-
ce lists of some relevant reviews to select addi-
tional studies.

Inclusion and Exclusion Criteria

All included studies should meet the fol-
lowing criteria: (1) participants were patients
with gastric cancer; (2) the level of miR-21 in
tissue or blood was detected; (3) the diagnostic
value or prognostic significance of miR-21 in
gastric cancer was assessed; (4) the false positi-
ve (FP), false negative (FN), true positive (TP),
and true negative (TN) values were reported or
could be obtained by calculation.

The studies were excluded when they were:
(1) duplicated publications; (2) letters, com-
ments, or reviews, (3) studies without available
data.

Data Extraction and Quality Assessment

Two investigators independently reviewed
the full texts of included studies and assessed
their quality. Differences were resolved by di-
scussion to ensure consistency. The following
data should be recorded in a predesigned form:
first author, year of publication, country, ethni-
city, sample size, age, sex, TNM stage of gastric
cancer, method of detecting miR-21, cut-off va-
lue, and outcomes (TP, FP, FN, and TN).

The revised Quality Assessment of Diagno-
stic Accuracy Studies (QUADAS-2) criteria
were used to assess the quality of these inclu-
ded studies?’, which include 4 key domains and

seven questions. Each question is answered by
“yes,” “no,” or “unclear.” A “yes” answer re-
presents the low-risk of bias and is assigned a
score of 1, while a “no” or “unclear” answer
represents a high-risk of bias and is assigned
a score of 0. The studies were considered as
low-quality studies when less than 4 scores

were obtained.

Statistical Analysis

All analyses were performed using Meta-Di-
sc (version14.0) or RevMan 5.3 software. The
X% and I? tests were used to assess the heteroge-
neity among studies. A p-value<0.1 or I* > 50%
indicated the existence of significant heteroge-
neity. An appropriate statistical model (random
or fixed effects model) was used to calculate
the pooled odds radio (OR), sensitivity, speci-
ficity, positive likelihood ratio (PLR), negati-
ve likelihood ratio (NLR), and diagnostic odds
ratio (DOR) as well as the corresponding 95%
confidence interval (CI), based on the results
of heterogeneity testing. In addition, the sum-
mary receiver operating characteristic (SROC)
curves were also plotted to synthetically assess
the diagnostic accuracy of miR-21 in detecting
gastric cancer and its predictive accuracy for
lymph node metastasis in patients with gastric
cancer. Also, subgroup analyses were perfor-
med based on the source of miR-21.

Results

Characteristics of Included Studies

The flow chart of the literature search and
study selection is presented in Figure 1. The
initial literature search identified 439 articles
(331 from PubMed and 108 from Embase). No
additional studies were selected by manual se-
arch. After excluding duplicates, 172 potential-
ly relevant articles remained. Among them, 147
articles were removed by scanning the titles and
abstracts based on the inclusion and exclusion
criteria. After reading the full-texts, 15 articles
were excluded. Finally, 10 articles were inclu-
ded in this meta-analysis!®!7-19-21-26,

The main characteristics of the included ar-
ticles are listed in Table I. Among them, four
studies reported the diagnostic value of miR-21
for gastric cancer'”'*242¢_ five studies analyzed
the prognostic role of miR-21 in patients with
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gastric cancer*2!'»% and one study assessed
both the diagnostic and prognostic values of
miR-21 in gastric cancer'. A total of 516 gastric
cancer patients and 239 healthy controls were
reanalyzed in the present meta-analysis. The
publication years of these included articles ran-
ged from 2008 to 2015. In all included studies,
gastric cancer was diagnosed based on gastro-
scopy screening, which is considered the gold
standard for gastric cancer diagnosis. The de-
tection of miR-21 was performed using a quan-
titative real-time reverse transcription-PCR
(qRT-PCR) method in all studies. The sources
of miR-21 were plasma (n = 2)'72!, serum (n
= 4)!8.1924" peripheral blood mononuclear cel-
Is (PBMC) (n = 1)", and blood or tissue (n =
4)!132223.25 i these studies. The levels of miR-21
in both serum and PBMC were investigated by
Wu et al'. The cut-off values of miR-21 were
different among these included studies. Also,
based on the revised QUADAS-2, no low-qua-
lity studies were included in this meta-analysis
(Table I).

Diagnostic Accuracy of miR-21 for
Gastric Cancer

As shown in Figure 2, significant heteroge-
neity (I*>>50%, p<0.10) among studies was ob-
served when pooling sensitivity, specificity, and
NLR. Thus, the random-effects model was used.
Meanwhile, the fixed effects model was applied
when pooling the PLR and DOR because no
significant heterogeneity was detected among
the included studies (1’<50%, p>0.10). The po-
oled sensitivity (0.74, 95% CI: 0.69-0.79), spe-
cificity (0.81, 95% CI: 0.76-0.86), PLR (3.85,
95% CI: 3.00-4.94), NLR (0.22, 95% CI: 0.31-
0.45), and DOR (13.07, 95% CI: 8.81-19.39) as
well as the area under SROC (AUC = 0.8561 +
0.0204) indicated the good diagnostic accuracy
of miR-21 in detecting gastric cancer.

In subgroup analyses, we reanalyzed the dia-
gnostic accuracy of serum miR-21 for gastric
cancer, which showed consistent results with
the overall analyses. A significant heteroge-
neity among studies still existed when pooling
sensitivity, specificity, and NLR in subgroup
analyses, indicating that there were other sour-
ces of heterogeneity among works (Figure 3).

The subgroup analyses for diagnostic accu-
racy of the blood, plasma, PBMC, and tissue
miR-21 could not be performed due to the limi-
ted number of papers.
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Table 1. Characteristics of the studies selected for the meta-analysis.
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*: The study of Wu J et al reported two sources of microRNA-21 and we analyzed them as two trials in this meta-analysis. -: No healthy controls in these studies. NA: not

reported; PBMC: peripheral blood mononuclear cells.
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Pubmed (n = 331), Embase (n = 108)

Articles identified by initial search in databases:

Duplicates removed (n = 267)

172 potentially relevant articles reviewed by

scanning abstracts and titles

Articles excluded (n= 147):

Irrelevant articles (n = 105)
Did not report miRNA-21 (n = 28)
Not about gastric cancer (n= 14)

25 articles reviewed by reading the full-text

Articles excluded (n=15):

Reviews or comments (n = 3)

Did not report microRNA-21 (n = 2)
No available data (n = 10)

Studies included in this meta-analysis (n = 10)

Figure 1.

Prognostic Value of miR-21
in Gastric Cancer

We also assessed the prognosis value of miR-
21 in gastric cancer by meta-analyses (Figure 4).

The test of heterogeneity showed that there
was a significant heterogeneity among studies
in the overall analysis for lymph node metasta-
sis (I*=70%, p=0.01). Thus, the random-effects
model was used. However, in subgroup analy-
sis, the significant heterogeneity was absent
(I>=25%, p=0.26) after excluding the studies
that did not report the miR-21 levels in tissue.
Thus, the fixed effects model was applied when
pooling data. Results indicated that patients
with high-levels of miR-21 showed higher-risk
of lymph node metastasis in the overall analysis
(OR=1.50, 95% CI=1.04-11.83, p=0.04, Figu-
re 4A(a)) and the subgroup analysis (OR=6.34,
95% CI=3.03-13.25, p<0.00001, Figure 4A(b),
which only included the reports that investiga-

ted serum miR-21), suggesting that miR-21 mi-
ght be associated with the occurrence of lymph
node metastasis.

In addition, results showed a significant hete-
rogeneity in the subgroup analysis for lympha-
tic invasion (I’=62%, p=0.10, Figure 4C(b)).
Thus, the random-effects model was applied.
The fixed effects model was used in the other
analyses because no significant heterogeneity
(I’<50%, p>0.10) was detected. No association
was observed between miR-21 level and TNM
stage, lymphatic invasion, liver metastasis, pe-
ritoneal dissemination, and venous invasion in
gastric cancer in this meta-analysis (p>0.05, Fi-
gure 4B-F).

The subgroup analyses for diagnostic accuracy
of serum miR-21 could not be performed due to
the limited number of researches.
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Predictive Accuracy of miR-21 for Lymph
Node Metastasis in Gastric Cancer

Based on the findings presented in Figure 4, we
further assessed the predictive accuracy of miR-
21 for lymph node metastasis in gastric cancer.

As shown in Figure 5, significant heteroge-
neity (I>>50%, p<0.10) was detected among
studies for sensitivity, specificity, PLR, and
DOR. Thus, the random-effects model was
used. Meanwhile, fixed effects model was ap-
plied when pooling the NLR data because no
significant heterogeneity was observed among
the included studies (1°<50%, p>0.10). The po-
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oled sensitivity (0.56, 95% CI: 0.48-0.64), spe-
cificity (0.62, 95% CI: 0.53-0.71), PLR (2.02,
95% CI: 0.90-4.54), NLR (0.58, 95% CI: 0.45-
0.75), and DOR (3.50, 95% CI: 1.04-11.83) as
well as AUC (0.6673 £ 0.0469) indicated that
miR-21 might be a potential marker for predi-
cting lymph node metastasis in gastric cancer.

After removing the work of Komatsu et al*! (in
which the level of miR-21 was detected in pla-
sma), the results showed a visual increase of
specificity, PLR, DOR, and AUC as well as a de-
crease of NLR. Moreover, the significant hetero-
geneity among studies disappeared in the analyses
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when pooling the PLR and DOR data. These data
indicated that the samples used to detect miR-21
might be a source of heterogeneity and could af-
fect the predictive accuracy of miR-21 for lymph
node metastasis in gastric cancer (Figure 6).

The subgroup analyses for diagnostic accu-
racy of serum miR-21 could not be performed
due to the limited number of studies.

Discussion

This meta-analysis confirmed the good dia-
gnostic accuracy of miR-21 for gastric cancer,
which was consistent with a previous meta-a-
nalysis'>. Moreover, we also found that miR-21
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was associated with lymph node metastasis in
gastric cancer and can be used for predicting
lymph node metastasis, which was inconsi-
stent with a previous meta-analysis'®. Also, we
found that, the samples used for detecting miR-
21 are one of the sources of heterogeneity and
affected the diagnostic accuracy of miR-21 for
gastric cancer and its predictive accuracy for
lymph node metastasis in gastric cancer.

A previous report?’ showed that high-expres-
sion of miR-21 in gastric cancer was regulated
by PTEN, which is associated with the growth
and invasion of gastric cancer**3°. Thus, the
role of miR-21 in the pathogenesis of gastric
cancer regulated by PTEN might explain the
good diagnostic accuracy of miR-21 for gastric
cancer. In this meta-analysis, although the AUC

125



J. Ren, T.-H. Kuang, J. Chen, J.-W. Yang, Y.-X. Liu
A: Lymph node metastasis
High Low Odds Ratio Odds Ratio
(a) Study or Subgroup __Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chan SH 2008 13 13 22 24 10.3% 3.00[0.13, 67.29]
Komatsu S 2013 16 46 9 23 25.3% 0.83[0.29, 2.33]
Motoyama K 2010 18 24 13 25 23.7% 2.77[0.82,9.31] T =
Tchernitsa O 2010 8 12 2 8 16.9% 6.00 [0.81, 44.35] T -
Xu'Y 2012 26 30 17 56 23.8% 14.91 [4.51, 49.36] =
Total (95% CI) 125 136 100.0% 3.50 [1.04, 11.83] i
Total events 81 63
Heterogeneity: Tau? = 1.25; Chi? = 13.35, df = 4 (P = 0.010); 12 = 70% f t y y
Test for overall effect: Z =2.02 (P = 0.04) 0.01 Fa%;urs [High] ! Favours [ng] 100
High Low Odds Ratio Odds Ratio
(b) r Subgr Events Total Events Total Weight M-H. Fix % Cl M-H, Fix % Cl
Chan SH 2008 13 13 22 24  94%  3.00[0.13.67.29]
Motoyama K 2010 18 24 13 25 51.8% 2.77[0.82, 9.31] T
Tchernitsa O 2010 8 12 2 8 13.0%  6.00[0.81, 44.35] T -
Xu'Y 2012 26 30 17 56 25.7% 14.91[4.51, 49.36] =
Total (95% Cl) 79 113 100.0%  6.34 [3.03, 13.25] -
Total events 65 54
Heterogeneity: Chi = 3.98, df = 3 (P = 0.26); I2 = 25% ; f t y
Test for overall effect: Z = 4.91 (P < 0.00001) 0.01 Fa%;urs [High] ! Favours [Il?w] 100
B: TNM stage (event: stage III or IV)
High Low Odds Ratio Odds Ratio
(a) tudy or Subgrou Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% CI
Komatsu S 2013 16 46 6 23 30.8% 1.51[0.50, 4.59] =
Motoyama K 2010 12 24 11 25 31.8% 1.27[0.41, 3.92] =
Wu J 2015 26 44 2 4  8.8% 1.440.19, 11.22] -
XuY 2012 11 30 11 56 28.6% 2.37[0.88, 6.39] =
Total (95% Cl) 144 108 100.0% 1.68 [0.93, 3.03] o
Total events 65 30
Heterogeneity: Chiz = 0.75, df = 3 (P = 0.86); I = 0% f f y y
Test for overall effect: Z = 1.71 (P = 0.09) 0.01 Fa(\);;urs [High] 1 Favours [I_1c(>)w] 100
High Low Odds Ratio Odds Ratio
(b) Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed, 95% CI
Motoyama K 2010 12 24 11 25 52.6% 1.27[0.41, 3.92]
Xu'Y 2012 11 30 11 56 47.4% 2.37[0.88, 6.39]
Total (95% Cl) 54 81 100.0% 1.79 [0.85, 3.77]
Total events 23 22
Heterogeneity: Chi? = 0.66, df = 1 (P = 0.42); I?= 0% ' ' J ! !
Test for overall effect: Z = 1.54 (P = 0.12) 0.01 Fa(\);c:urs [High] ! Favours [Ijgw] 100
C: Lymphatic invasion
High Low Odds Ratio Odds Ratio
(a) Study or Subgrou Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
Chan SH 2008 12 13 24 24 17.5% 0.17[0.01, 4.49] -
Komatsu S 2013 20 46 9 23 63.1% 1.20[0.43, 3.32]
Motoyama K 2010 21 24 17 25 194%  3.29[0.76, 14.37]
Total (95% Cl) 83 72 100.0% 1.42[0.65, 3.10]
Total events 53 50
Heterogeneity: Chi? = 2.98, df = 2 (P = 0.23); 2= 33% ' y ' y t
Test for overall effect: Z = 0.89 (P = 0.37) 0.005 Favog'rl [High] L Favours1 ([)Low] 200
(b) High Low Odds Ratio Odds Ratio
tudy or Subgroup vents Tota vents Tota eight -H. Random, 95% - andom, 95
Stud Sub: E Total E Total Weight M-H. Rand 95% Cl M-H. Rand 95% Cl
Chan SH 2008 12 13 24 24  37.4% 0.17 [0.01, 4.49] Ll
Motoyama K 2010 21 24 17 25 62.6% 3.29[0.76, 14.37]
Total (95% Cl) 37 49 100.0% 1.09 [0.06, 18.26]
Total events 33 4
Heterogeneity: Tau? = 2.75; Chi? = 2.64, df = 1 (P = 0.10); I = 62% . ! J ! '
Test for overall effect: Z = 0.06 (P = 0.95) 0005 o1 High o ([)LOW] 200
Figure 4.

126




The diagnostic and prognostic values of microRNA-21 in patients with gastric cancer: a meta-analysis
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Figure 4.

(>0.80) and specificity (>0.80) of miR-21 for
gastric cancer was high enough, the low-sen-
sitivity (<0.80) indicated a high false negative
rate. These results indicated that the diagnostic
accuracy of miR-21 for gastric cancer should
be further investigated and improved by defi-
ning the most appropriate cut-off value and the
sample type for detecting miR-21.

The miR-21/PTEN pathway is also associa-
ted with the differentiation, angiogenesis, and
metastasis of gastric cancer?®*’. Thus, the pro-
gnostic significance of miR-21 in gastric can-
cer has been demonstrated in many studies?>3!,
In the present paper, we determined the poten-
tial role of miR-21 in predicting lymph node
metastasis. However, despite removing the
study from Komatsu et al’ (in which the level
of miR-21 was detected in the plasma) in the
subgroup analyses, the values of diagnostic
parameters were still not high (sensitivity, spe-
cificity, PLR, DOR, and AUC) or low (NLR)
enough, which may be explained by the diffe-
rent cut-off values among the included studies.

Favours [High] Favours [Low]

Odds Ratio
M-H, Fix
3.93[1.25, 12.37]
0.88 [0.26, 2.95]

Odds Ratio
1 M-H, Fix

1.99 [0.90, 4.42]
0.1 1 10
Favours [High] Favours [Low]

The predictive accuracy of miR-21 for lymph
node metastasis in gastric cancer should be
further investigated in the future.

This meta-analysis presents some limita-
tions. Firstly, the number of included studies
and the sample size were small. Thus, the re-
sults of this meta-analysis should be verified
in a study with a large sample size. Secondly,
although we found that the samples used for
detecting miR-21 were a source of heteroge-
neity, the heterogeneity still existed in the
subgroup analyses. The confounding factors
such as cut-off values, race, and age might
be the other sources of heterogeneity and af-
fected the results of this meta-analysis. Also,
the subgroup analyses by plasma and serum
miR-21 were not performed due to the limited
number of studies. Thus, we could not con-
firm the diagnostic value of plasma or tissue
miR-21 or the prognostic value of plasma or
serum miR-21 in gastric cancer. Further re-
searches should be conducted to investigate
these in details.
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Conclusions

This meta-analysis confirmed the diagnostic
accuracy of serum miR-21 for gastric cancer and
the prognostic value of tissue miR-21 for lymph
node metastasis in gastric cancer. The diagnostic
or prognostic value of serum, plasma, and tissue
miR-21 should be further investigated in future
studies with a large sample size.
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