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Abstract

meta-analysis.

limited number of included studies and heterogeneity.

Objective: There have been a variety of published studies on the expression of serum miR-21 in patients with ovar-
ian cancer associated with the diagnostic value of ovarian cancer, but the conclusions are not clearly elucidated.
This study aims to evaluate the value of serum miR-21 expression in the diagnosis of patients with ovarian cancer by

Methods: Databases, such as PubMed, Embase, Web of Science, Cochrane Library, China National Knowledge Infra-
structure (CNKI), and China WanFang, were searched for relevant studies upon the correlation between the expression
of serum miR-21 and the diagnostic value of ovarian cancer from inception to March 7, 2022. Statistical analysis was
performed using Stata 15.0 software. The pooled sensitivity, specificity, diagnostic odds ratio (DOR), positive likelihood
ratio (PLR), and negative likelihood ratio (NLR) were calculated. The meta-regression analysis and subgroup analysis
were used to explore the sources of heterogeneity. The Quality Assessment of Diagnostic Accuracy Studies-2 (QUA-
DAS-2) system was used to evaluate the quality of the included literature.

Results: A total of 6 articles were included in the meta-analysis. The results showed that the pooled sensitivity, speci-
ficity, PLR, NLR, and DOR were 0.81 (95%Cl: 0.73-0.88), 0.82 (95%Cl: 0.75-0.87), 4.51 (95%Cl: 3.22-6.31), 0.23 (95%Cl:
0.16-0.33), and 19.87 (95% Cl: 11.27-35.03), respectively. The area under the summary receiver operating characteristic
curve was 0.89 (95%Cl: 0.85-0.91). No significant publication bias was found (P> 0.05).

Conclusion: Serum miR-21 has a good diagnostic value for ovarian cancer, which can be an ideal diagnostic bio-
marker for ovarian cancer. However, we should gingerly use miR-21 as a diagnostic reference standard, due to the
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Introduction

Ovarian cancer is a malignant tumor of the female repro-
ductive system, which is characterized by its insidious
onset and rapid progress, among which epithelial ovar-
ian cancer (EOC) accounts for about 90%. According to
the cancer statistics, 70-80% of ovarian cancer patients
have been in the advanced stage before diagnosis, and
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the 5-year survival rate is only 20-30%, while the 5-year
survival rate for initial-stage ovarian cancer is as high
as 90% [1]. Hence, improving the early diagnosis rate of
ovarian cancer is beneficial in the optimal timing of treat-
ment and obtaining a better prognosis. However, at pre-
sent, there is still a lack of specific molecular markers for
the diagnosis of ovarian cancer. Carbohydrate antigen
125 (CA125) is the serum marker most widely applied
for ovarian cancer. Yet, in recent years, it has been found
that there is a certain degree of false-positive rate in
the diagnosis of ovarian cancer. For instance, it can be
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detected in pathological conditions such as endometrio-
sis, uterine leiomyoma, pelvic inflammation, and ovarian
tumors and physiological processes such as menstrua-
tion and pregnancy [2]. Histopathological examination is
the gold standard for the diagnosis of malignant tumors,
whereas it has not been widely applied in cancer diagno-
sis because of its invasiveness and high cost [3]. Based on
the above-mentioned view, it is of great clinical signifi-
cance to discover the diagnostic molecular markers with
high specificity and less trauma.

In recent years, the role of miR-21 in tumor patho-
genesis has been increasingly clarified, where miR-21
is involved in all known tumor biological processes,
including tumorigenesis, development and metastasis
[4—6]. Multiple studies have found that miR-21 is highly
expressed in various malignant tumors, such as breast
cancer, malignant glioma, hepatocellular carcinoma,
cholangiocarcinoma, lung cancer, tongue squamous cell
carcinoma, esophageal cancer, gastric cancer, colon can-
cer, chronic myeloid leukemia, cervical cancer, prostate
cancer, and ovarian cancer [7—-18]. Hence, miR-21 in the
circulatory system can be adopted as a marker for cancer
diagnosis [19]. There have been numerous related stud-
ies, like ones that suggest extracellular vesicle miR-21 in
cerebrospinal fluid can perform as a biomarker for the
diagnosis of gliomas [20]. MiR-21 is also of great signifi-
cance in the diagnosis of prostate cancer [21], and the
expression of miR-21 in serum and feces can be used as
a potential diagnostic index of colorectal cancer [22]. A
related meta-analysis also showed that exocrine miR-21
was prone to be widely applied as a general marker for
cancer screening [23]. There is a high expression of miR-
21, 92, 93 in the serum of patients with ovarian cancer
before the increase of CA-125, indicating that it can be
used as a marker for early diagnosis [24].

In order to obtain more accurate evidence to prove the
relationship between the high expression of miR-21 and
the diagnosis of ovarian cancer, this study conducted a
comprehensive search of relevant literature and applied
meta-analysis aiming to accurately assess the diagnostic
value of serum miR-21 in ovarian cancer.

Methods

We preformed this meta-analysis according to the guide-
lines of the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) [25].

Retrieval strategy

PubMed, Embase, Web of Science, Cochrane Library,
China National Knowledge Infrastructure (CNKI), and
China WanFang databases were searched about the stud-
ies on the diagnostic value of miR-21 for ovarian cancer.
The retrieve time was from inception to March 7, 2022.
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The search strategy was as follows: (“microRNA-21"
OR “miRNA-21" OR “microRNA21” OR “miR-21” OR
“miRNA21”) AND (“epithelial ovarian cancer” OR “ovar-
ian cancer” OR “OC”). There was no language limitation.
The titles and abstracts were checked by two researchers
to identify all relevant trials, after then full text articles
were scanned. The references of the relative review, and
meta-analysis were also examined to identify the eligible
studies. Two researchers searched each database inde-
pendently, and finally cross-checked. If there were disa-
greements, they were resolved through discussion.

Literature selection criteria
Inclusion criteria: (1) studies aimed at miR-21 in serum
samples of ovarian cancer; (2) studies focused on human
samples; (3) studies were on the correlation between
miR-21 and diagnostic accuracy; (4) studies provided
data to extract or calculate true positive (TP), false posi-
tive (FP), false negative (FN), and true negative (TN).
Exclusion criteria: (1) letters, case reports, reviews,
conference abstracts, animal research; (2) diagnos-
tic sensitivity and specificity could not be extracted; (3)
repeated samples.

Quality evaluation

The Quality Assessment of Diagnostic Accuracy Stud-
ies-2 (QUADAS-2) was applied for quality control of the
included literature [26]. The QUADAS-2 mainly consists
of 11 items, covering four aspects of patient selection,
index test, reference standard, flow and timing, where
the bias risk of each item should be assessed. According
to the answers to the relevant typical questions in each
part, answers determined by Yes (score 1), No (score — 1),
or Uncertainty (score 0) were recorded. The bias risk
level was judged as “low;” “high” or “moderate”” If there
were disagreements between the two researchers, they
resolved them by discussion.

Data extraction

The following information upon the studies of the diag-
nostic value was extracted: (1) first author, year of pub-
lication, country, source of the sample, test method,
number of patients, source of the control group, study
duration, tumor stage, cut-off value, age; (2) sensitivity,
specificity, the number of TP, FP, EN, TN. Data extraction
was carried out independently by two researchers, disa-
greements resolved by discussion.

Statistical analysis

Stata 15.0 statistical software (Stata Corp LLC, College
Station, TX, USA) was adopted to analyze the data and
output the graph of bias risk assessment of the included
studies. The diagnostic threshold effect was evaluated by
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the Spearman correlation between the logarithm of sen-
sitivity and the logarithm of 1-specificity and the typical
“shoulder-arm shape” in summary receiver operating
characteristic (SROC) curve. We adopted the bivariate
mixed-effects model to combine and analyze the data
in our meta-analysis. The pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR), and diagnostic odds ratio (DOR) were calculated,
and the corresponding forest plot was drawn. The area
under the curve (AUC) was obtained, where the AUC
value ranged from 0.5 to 1.0. When it was close to 0.5,
it indicated inadequate diagnostic performance. When
it was close to 1.0, it indicated sound diagnostic perfor-
mance. In addition, the inconsistency index (/?) and P
value were used to evaluate the heterogeneity among the
studies [27]. Heterogeneity was judged to be significant
if I>50% or P> 0.05. The relationship between the prior
probability, the likelihood ratio and the posterior test
probability were evaluated by Fagan’s Nomogram plot
[28]. The meta-regression and subgroup analysis were
used to analyze the sources of the heterogeneity across
the included studies. Several groups were conducted for
meta-regression and subgroup analyses, including coun-
try (China or Egypt), consumed time of the study (<2
or >2year), control group (health or benign), case sam-
ple size (<80 or>80 patients), and cut-off value (<1.5
or>1.5). The sensitivity analysis was used to verify the
robustness of the findings. The Deeks’ funnel plot was
used to assess the publication bias.
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Results

Literature retrieval and characteristics of eligible studies

A total of 708 articles were retrieved through the
search strategy, of which the 373 repetitive articles were
removed, 306 irrelevant articles were excluded through
review of their titles and abstracts. After that, 23 articles
were excluded. A total of 6 studies were included in this
meta-analysis after checking full-text and data integrity
[29-34]. A total of 1010 cases were included in the study,
including the case group (n=524) and the control group
(n=486). The specific screening flow diagram is shown
in Fig. 1, and the basic characteristics and more details in
the included literature are shown in Table 1.

Quality assessment of the included studies

following the QUADAS-2 criteria

The quality of the included literature was assessed fol-
lowing the QUADAS-2, shown in Fig. 2A, B. The QUA-
DAS-2 scores of the included studies ranged from 5
to 9 (Table 1). As shown in Fig. 2, the high risk of bias
mainly existed in whether the threshold was pre-speci-
fied, including five studies [29, 30, 32—34]. One item was
whether there was an appropriate interval between index
test and reference standard, with the moderate-high
bias risk accounting for 50% [29, 31, 32]. Apart from the
above two items, the other nine items had low-moderate
risk of bias, with the low risk of bias ranging from 66.6 to
100.0%.

Records identified through databases
searching (n = 708)

A 4

Records after duplicates removed
(n=335)

Records excluded via

A 4

Records screened
(n=29)

titles/abstracts (n = 306)

Full-text articles excluded (n=23):
No available data (n= 3)

Full-text articles assessed for eligibility
(n=6)

A 4

Studies included in quantitative synthesis
(meta-analysis) (n = 6)

Fig. 1 A flow diagram of the study selection process

Unrelated to diagnositc value (n=9)
Not serum miR-21 (n=11)
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All patients included in the analysis
All received same gold standard
An appropriate interval between methods
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Reference standard with blinded method
Reference standards classified diseases

Zeng Y 20164

Mahmoud 2018 =

Tang M 2018

Li HP 20194

YouJ 20194

@ =|®|>|®]|®
UILIEILILIE
@|®|®|~|®|®
ICILILILE
@|=|®|>|®]|®
' ' ' 0<5) . . Threshold was pre-specified

Song KW 20204

(B)

Threshold was pre-specified

Reference standards classified diseases
Reference standard with blinded method
Index text without knowing gold standard
Inappropriate exlusions avoided
Consecutive or random sample enrolled
Case-control design avoided

An appropriate interval between methods

All received same gold standard

All patients included in the analysis

All patients accepted gold standard

0 20 40 60 80 100
percent

|. No  [7] Unclear . Yes

Fig. 2 The quality of included articles according to the QUADAS-2 guidelines. A Risk of bias summary; B Risk of bias graph. QUADAS-2: Quality
Assessment of Diagnostic Accuracy Studies-2

Meta-analysis results and heterogeneity analysis Spearman correlation was 0.143 (P>0.05), indicating
of diagnostic accuracy no threshold effect among the diagnostic test. The DOR
The forest plots and SROC of the diagnostic accuracy of ~ (P<0.001, * =98.43%) (Fig. 3B), sensitivity (P<0.001,
miR-21 are shown in Fig. 3(A, B, C, D). The SROC curve P> =72.03), specificity (P<0.001, > =73.16%) (Fig. 3A),
(Fig. 3D) did not show a typical "shoulder-arm shape”"and ~PLR (P<0.001, I* =48.98%), and NLR (P<0.001,
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Fig. 3 Forest plots of miR-21 for the diagnostic value of ovarian cancer. A sensitivity and specificity. B DOR. C PLR and NLR. D SROC. DOR: diagnostic
odds ratio; PLR: positive likelihood ratio; NLR: negative likelihood ratio; SROC: summary receiver operating characteristic

P =65.86%) (Fig. 3C) showed significant heterogeneity respectively. Besides, the AUC was 0.89 (95%CI: 0.85—
in the pooled analysis. The results of the bivariate mixed- ~ 0.91). The Fagan’s Nomogram showed that, if the pre-
effects model showed that, the pooled sensitivity, speci-  test probability ratio was 20%, the post-test probability of
ficity, PLR, NLR, and DOR were 0.81 (95%CI: 0.73—0.88),  PLR was 53%, while the post-test probability of NLR was
0.82 (95%CIL: 0.75-0.87), 4.51 (95%CI: 3.22—6.31), 0.23 5% (Fig. 4), which indicated that miR-21 has a good value
(95%CI: 0.16—0.33), and 19.87 (95%CI: 11.27-35.03), in the diagnosis of ovarian cancer.
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Fig. 4 Fagan’s plot of PLR and NLR to evaluate the clinical utility of miR-21 in the diagnosis of ovarian cancer. PLR: positive likelihood ratio; NLR:

Meta-regression and subgroup analyses to explore

the sources of the heterogeneity across the included
studies

The results showed that the diagnostic value of miR-21
varied in different races, sample sizes and cut-off values
(P<0.05), which all may be the source of heterogeneity
(Fig. 5). The combined sensitivity of the Egyptian group
was higher than that of the Chinese group, the combined
sensitivity of sample size <80 group was higher than that
of sample size >80 group, and the combined sensitivity of
cut-off value <1.5 group was higher than that of cut-off

value > 1.5 group, which was statistically significant. Sub-
group analysis showed the diagnostic value of that both
the Egyptian group and the control group were healthy
population group, sample size <80 group and cut-off
value <1.5 were higher than that of the corresponding
group.

Sensitivity analysis to verify the robustness of the findings
The sensitivity analysis showed that goodness-of-fit and
bivariate normality fit favorably (Fig. 6A, B). Influence
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Fig. 5 Mate-regression and subgroup analyses

analysis found that there was a document weighted
(Fig. 6C) [30], which might be the source of heteroge-
neity indicated by abnormal value detection (Fig. 6D).
After excluding the abnormal study, the sensitivity
decreased slightly from 0.81 to 0.79, AUC from 0.89 to
0.84, and DOR from 19.87 to 17.00.

Detection of the publication bias

The Deeks’ funnel plot shows that the p-value is 0.39,
which indicates there is no publication bias in this
meta-analysis (Fig. 7).

Discussion

Histopathological examination is the gold standard for
the diagnosis of malignant tumors, whereas it has not
been widely applied in cancer diagnosis because of its
invasiveness and high cost [3]. At present, a variety of bio-
markers such as carcinoembryonic antigen (CEA), cancer
antigen 125 (CA125), cancer antigen 15-3 (CA15-3),
alpha-fetoprotein (AFP) were applied in the clinical diag-
nosis of tumors, whose sensitivity and specificity was low
[35, 36]. Disorders of miR-21 regulation occur in a vari-
ety of cancers, such as breast cancer, colon cancer, lung
cancer, prostate cancer, pancreatic cancer, gastric can-
cer, ovarian cancer, esophageal cancer, and liver cancer,
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which were used as a qualitative and quantitative marker
for potential cancer detection, as well as potential targets
for treatment [37]. Certain miRNAs, such as miR-200
family, let-7 family, miR-21, miR-214 and miR-100, have
the potential diagnostic and prognostic value in ovarian
cancer through the special signaling pathway [38]. MiR-
21 regulates the proliferation and apoptosis of ovarian
cancer cells through the PTEN/PI3K/AKT pathway [39]
and the jagged-1 pathway [40], regulating cell invasion,
migration and colony formation by the miR-21/Wnt/
CD44v6 pathway [41]. The 3-year survival rate with a low
expression of serum miR-21 was higher than that with a
high miR-21 expression of patients with ovarian cancer
[34]. High-level serum miR-21 expression (Overall sur-
vival: HR=2.327, P=0.019) was an unfavorable prognos-
tic factor in the multivariate cox-regression model [42].
Besides, up-regulated miR-21 were observed in tumor
tissue, positively correlated with tumor grade and tumor
stage in ovarian cancer [43]. Multiple studies have shown
that plasma miR-21 is highly expressed in ovarian cancer
and is a potential new molecular marker for the diag-
nosis of ovarian cancer [44—47]. The expression profile
of miRNAs in tissue and serum of patients with ovarian
cancer is related to tumorigenesis and prognosis [48].
However, the above-mentioned detection technique of
tissue samples is complex and traumatic, while the detec-
tion of serum miRNAs is superior in its convenient sam-
pling, simple operation, less trauma, low cost and easy
promotion. Whether miR-21 can be used as a diagnostic

molecular marker for ovarian cancer has spectacular
clinical significance.

The pooled sensitivity and specificity of the six stud-
ies were 0.81 and 0.82, respectively, which suggested that
miR-21 has sound sensitivity and specificity in the diag-
nosis of ovarian cancer. The PLR and NLR were 4.51 and
0.23, respectively, indicating that the possibility of correct
judgment of positive in diagnostic test was 4.51 times
higher than that of misjudgment, while the possibility
of misjudging negative was 23% of that of correct judg-
ment. It is reported that the PLR should be more than 10
and the NLR should be less than 0.1 to ensure convinc-
ing accuracy [49], which suggests that miR-21 has lim-
ited application for diagnosing ovarian cancer. The value
of DOR ranges from 0 to infinity, where a higher value
means better cancer diagnosis [50]. And the DOR value
of this study was 19.87, suggesting that miR-21 can be
used as a biomarker for the diagnosis of ovarian cancer.
AUC is an index to evaluate the overall effectiveness of
the diagnostic experiment, which is considered to have
the accurate diagnostic ability when its value is between
0.93 and 0.96, while it is also effective when its value is
between 0.75 and 0.92 [51, 52]. The AUC of the pooled
ROC curve in this study was 0.89, indicating that miR-
21 has favorable diagnostic accuracy. Considering all the
indicators have more advantages than individual indica-
tors, miR-21 has significant diagnostic value for ovarian
cancer. The researchers collected 15 articles to analyze
the diagnostic value of miR-21 in digestive system cancer.
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The results showed that the pooled sensitivity and speci-
ficity of liver cancer, bile duct cancer, pancreatic cancer,
gastric cancer, esophageal cancer, and colorectal cancer
were 0.76 (95%CI: 0.70-0.82), 0.84 (95%CI: 0.78-0.89),
and the DOR value was 17.15, with AUC 0.87 [53]. The
Meta-analysis also showed that miR-21 was a poten-
tial molecular marker with high sensitivity and speci-
ficity in early breast cancer, whose pooled sensitivity,
specificity, and DOR were 0.79 (95%CI: 0.66—0.87), 0.85
(95%CI: 0.75-0.91), 19.46 (95%CI: 8.74—43.30), respec-
tively, with AUC 0.89. However, another report showed
that, the pooled sensitivity and specificity, PLR, NLR
and DOR of miR-21 in the diagnosis of breast cancer
were 0.72 (95%CI: 0.69-0.75), 0.80 (95%CI: 0.77-0.83),
3.37 (95%CI: 2.24-5.07), 0.30 (95%CI: 0.19-0.50), 11.79
(95%CI: 5.23-26.57), respectively, with AUC 0.8517 [54,
55]. MiR-21 and miR-210 can also be used as diagnostic
tools for non-small cell lung cancer, especially in Cau-
casians and non-smokers [56]. MiR-21 has better diag-
nostic value than miR-125 and miR-222 in gliomas, of
which the pooled sensitivity, specificity, PLR, NLR and
DOR were 0.84 (95%CI: 0.76-0.90), 0.87 (95%CI: 0.63—
0.97), 6.6 (95%CI: 1.9-23.1), 0.18 (95%CI 0.11-0.31), 36
(95%CI: 7-187), respectively, with AUC 0.88 [57]. There-
fore, this meta-analysis shows that the serum miR-21 has
a good diagnostic value in ovarian cancer, suggesting that
miR-21 could be a reference biomarker for the diagnostic
performance in patients with ovarian cancer.

This study has found that the heterogeneity of the
pooled effect is not caused by the threshold effect, which
means heterogeneity results from other factors. It was
meta-regression analysis that discovered such factors as
different sample sizes of ovarian cancer patients, differ-
ent national populations and different cut-off values were
probably important sources of heterogeneity. The reason
might be that the demographic characteristics varied
among different regions, and so did the detection rate of
positive results under different sample sizes and differ-
ent cut-off values. The subgroup analysis showed that the
diagnostic value of Egypt group, control group, sample
size <80 group and cut-off value <1.5 group were higher
than that of the corresponding groups. The result is sig-
nificant in guiding further data collection of the follow-
up research, and more than that, it provides a subgroup
basis for the subsequent subgroup analysis. The results of
sensitivity analysis show that the results of this study are
stable. No significant publication bias was found in this
meta-analysis.

Indeed, this meta-analysis was limited by the follow-
ing factors. Firstly, the time when miR-21 was used as
a molecular marker of tumor was short, with relatively
a few samples included. Accordingly, more studies are
needed with larger sample size. Secondly, early detection
of ovarian cancer means a lot to clinically significance. In
this study only one article discussed the diagnostic value
of miR-21 in early ovarian cancer [32], two articles [29,
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31] mentioned that there are differences in miR-21 lev-
els between early and late patients. More researches are
needed to study different clinical stages, tissue differen-
tiation, and miR-21 diagnosis in lymph node metastasis
of ovarian cancer. Thirdly, the included literature showed
that miR-21 combined with other molecular markers or
diagnostic methods could improve the sensitivity of diag-
nosis, such as miR-203 [29], PDCD4 [30], miR-200b [31],
HE, Finkler ultrasound score [32], CA125 [33], miR-26b
[58], We couldn’t analyze the combined effect due to the
limited information, which is significant in guiding fur-
ther research. Fourthly, the relationship between miR-21
and the prognosis of ovarian cancer is also very impor-
tant but pooled analysis of the prognostic value of miR-
21 in ovarian cancer couldn’t be performed in this study
due to the limited information of the current literature.

In conclusion, serum miR-21 has a good diagnostic
value in ovarian cancer, which we can consider combin-
ing with other biomarkers or other diagnostic methods
to improve the diagnostic accuracy of patients with ovar-
ian cancer. Given the heterogeneity of the research, more
samples with larger sizes are still needed to verify the
findings prospectively in the future.
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