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Abstract Recent studies have provided new insights into the
diagnostic value of circulating microRNAs (miRNAs) for
breast cancer (BCa). However, the inconsistent results be-
tween studies have prevented the widespread usage of
miRNAs in clinics. To systematically assess the potential
diagnostic value of circulating miRNAs in BCa, we per-
formed a comprehensive meta-analysis. Eligible studies were
retrieved by searching electronic databases. The quality of the
studies was assessed on the basis of quality assessment for
studies of diagnostic accuracy (QUADAS) criteria. The bivar-
iate meta-analysis model was employed to summarize the
diagnostic indices and plot the summary receiver operator
characteristic (SROC) curve. A total of 15 studies were in-
cluded in this meta-analysis, involving 1368 BCa patients and
849 healthy controls. Our bivariate random effects meta-
analysis yielded an area under curve (AUC) value of 0.9217,
with a sensitivity of 0.82 (95 % confidence interval (CI) 0.80–
0.83) and specificity of 0.82 (95 % CI 0.80–0.85) for the use
of miRNAs in differentiating BCa patients from healthy con-
trols. Notably, our subgroup analysis suggested that a combi-
nation of multiple miRNAs (AUC, sensitivity, and specificity
of 0.9518, 0.87, and 0.88, respectively) seemed to harbor
higher accuracy than single miRNA-based assays (AUC, sen-
sitivity, and specificity of 0.8923, 0.79, and 0.77, respective-
ly). Altogether, our data indicate that circulating miRNA
profiling has a potential to be used as a screening test for
BCa, among which, the detection of a combined multiple
miRNAs may be a more comprehensive indicator than indi-
vidual miRNA.
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Introduction

Breast cancer (BCa) is the leading cause of cancer-related
deaths among women worldwide, accounting for about
30 % of all types of cancer cases [1]. Early detection is
important for BCa treatment, as the overall 5-year survival
can reach to 90 % when diagnosed at an early stage as
opposed to 20%when the cancer has already spread to distant
organs [2]. Currently, mammography and ultrasound have
been successful and standard screening tools for identifying
early-stage BCa. Nevertheless, the diagnostic accuracies of
these techniques are subject to various factors, including the
breast density, professional experiences of the examiner, etc.
[3, 4]. In addition, the high examination cost also hampers the
wide application of these procedures. On the other hand,
blood-based screening method characterized by the detection
of circulating tumor biomarkers is easy, convenient, and low
cost. Such biomarkers like carcinoembryonic antigen (CEA),
carbohydrate antigen 15-3 (CA15-3), or tissue polypeptide-
specific antigen (TPS) have gained a lot of recognitions in the
diagnosis or prediction of BCa. Unfortunately, these serolog-
ical tests also yielded low sensitivity and specificity, especially
with respect to their applications in diagnosing BCa in the
early phase [5, 6]. Therefore, there is a need to develop new
and minimally invasive diagnostic approaches to supplement
breast imaging and conventional blood-based tests, so as to
better improve the early detection rates for BCa.

Recently, the discovery of microRNAs (miRNAs) has
opened new opportunities in cancer biology. The miRNAs
are a class of short, single-stranded, approximately 22-
nucleotide noncoding RNAs that have proven to be essential
and indispensable in the regulation of gene expression as well
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as other biological processes [7, 8]. Since their discovery,
abnormal miRNA profiles have been reported to associate
with the diagnosis, prognosis, and even survival in a variety
of neoplastic diseases involving BCa [9–15]. Importantly, it
has been demonstrated that some miRNAs are presented in
body fluids such as plasma, serum, urine, and saliva in a stable
and reproducible fashion, as they are protected from degrada-
tion by association with secreted membrane vesicles and/or
RNA-binding proteins [16–18]. At present, the circulating
miRNA signatures in BCa have been described by numerous
studies, hinting a tremendous prospect to be developed as
useful biomarkers [19–33]. Unfortunately, many of the pub-
lished studies yielded conflicting results, which may be ex-
plained in part by the differences in study design, sample size,
race, sample type, and miRNA profiling. Therefore, the pres-
ent meta-analysis was conduced to estimate the pooled accu-
racy of circulating miRNA detection in diagnosing BCa.

Methods

Search strategy and inclusion criteria

For this meta-analysis, we followed the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) statement and methods [34]. We
carefully searched online PubMed and EMBASE databases
for all published articles from 31 December 1993 to 31March
2014. The search terms were utilized as “breast cancer/carci-
noma,” “serum/plasma microRNA/miRNA,” “circulating
microRNA/miRNA,” and “diagnosis/sensitivity/specificity”.
We manually searched the reference lists of eligible studies
identified from the databases as well.

All eligible studies satisfied the following criteria were
firstly included in our analysis: (1) circulating miRNAs were
assessed in breast cancer diagnostic analysis and (2) studies
mentioned the sample number, sensitivity, specificity, area
under curve (AUC), and their 95 % confidence intervals
(CIs) or other more detailed information. Studies were exclud-
ed based on the following criteria: (1) studies evaluating
miRNAs in tissues instead of serum or plasma; (2) studies
failed to explicitly state the control groups, or the controls
enrolled were not healthy cases; and (3) non-English articles,
review articles, letters, commentaries, abstracts presented in
conferences, and studies without complete data.

Data extraction and quality assessment

Two reviewers independently assessed the final set of selected
articles. The extracted data elements of this study for diagnosis
included the author, year of publication, country of origin,
number of patients, control sources, sample types, circulating
miRNA profiles, test method, diagnostic parameters, and

other substantial information. In studies containing both a
training and a validation group, data of each group was
regarded as a single study in the meta-analysis. Any disagree-
ment was resolved by consensus.

According to an evidence-based and critical review check-
list of quality assessment for studies of diagnostic accuracy
(QUADAS) tool [35], a quality index was generated with a
maximum score value of 14. All the 14-item checklists were
evaluated in the included studies, each of which was defined
as “Yes (low risk/high concern),” “No (high risk/low con-
cern),” or “Unclear (unclear risk/unclear concern)”. An an-
swer of “Yes” got a score of 1, while a “No” or “Unclear”
answer gained a score of 0. The quality scores for each study
were finally calculated on the basis of the evaluation standard,
and any scoring discrepancies were resolved through
discussion.

Statistical analysis

Statistical analysis was undertaken utilizingMeta-disc 1.4 (XI
Cochrane Colloquium, Barcelona, Spain) and Stata 12.0
(Stata Corporation, College Station, TX, USA) software.
The bivariate meta-analysis model was employed to summa-
rize the sensitivity, specificity, diagnostic odds ratio (DOR),
positive likelihood ratio (PLR), and negative likelihood ratio
(NLR) and generate the bivariate summary receiver operator
characteristic (SROC) curve with their corresponding 95 %
CIs. For the heterogeneity analysis, Spearman correlation
coefficient was performed to analyze the threshold effect,
while Cochran’s Q test and inconsistency index (I2) test were
used to assess heterogeneity from a non-threshold effect.
P<0.05 for Spearman correlation coefficient, or P<0.01 for
Cochran’s Q test, or I2>50 %, all indicated an existence of
significant heterogeneity [36]. Moreover, influence analysis
and meta-regression were employed to trace potential sources
of study heterogeneity. Deeks’ funnel plot asymmetry test was
applied to estimate the potential publication bias among stud-
ies, and P<0.01 was considered to be representative of a
significant statistical publication bias.

Results

Search results

As shown in Fig. 1, a total of 195 trials were identified by our
electronic database search (n=186) and through other sources
(n=9). After the duplicates were removed, 110 unique ab-
stracts remained. The titles, abstracts, and key words were
then carefully evaluated, and 61 studies were excluded either
because they were unrelated to miRNAs or BCa or the status
of review articles, letters, or non-English papers. The retrieved
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49 studies were conducted for more detailed evaluation, and
31 of them were further excluded due to the investigation of
tissue miRNAs instead of circulating miRNAs in BCa or
unrelated to diagnosis. In the 18 studies left, 2 of them
contained benign BCa cases and 1 had unsufficient data for
further analysis; they were all discarded. Therefore, only 15
publications [19–33] seemed to meet all of the inclusion
criteria and none of the exclusion criteria.

Study characteristics and quality assessments

In this meta-analysis, the final set of 15 diagnostic studies
included a total of 1368 patients with BCa and 849 healthy
control individuals. The sample size of BCa patients in each
study varied from 20 to 185, with mean/median age varying
from 50 to 62 years. All the BCa patients were diagnosed
based on the histopathological examination, with a proportion
in early stages (ductal carcinoma in situ (DCIS), I, and II) of
74.59 %. Among the 15 studies, 10 studies were conducted in
Asia, 3 in Europe, and 2 in America. The published date was
from 2010 to 2013. Besides, all the 15 studies used the method
of reverse transcription quantitative PCR (RT-qPCR) for the
miRNAs detection, and the specimen type includes serum
([19, 22, 23, 26–30, 32, 33]) and plasma ([20, 21, 24, 25,
31]). The main features of the included studies are described
in Table 1.

We estimated the quality of the 15 included publications
according to the 14-item QUADAS assessment tool [35]. All
of the 15 studies had QUADAS scores more than 10 and
revealed lower risks of bias, suggesting a high quality of the
included investigations (Table 1 and Fig. 2).

Heterogeneity

In this meta-analysis, Spearman correlation coefficient was
performed to analyze the heterogeneity from threshold effect,
while Cochran’s Q and I2 tests were conducted to assess the
heterogeneity caused by non-threshold effect. As displayed in
Table 2, the P values of Spearman correlation coefficient in
the overall pooled analysis and subgroup analyses like single
miRNA profiling, serum, and Asian population-based assays
were all less than 0.05, indicating the existence of heteroge-
neity from threshold effect among these analyses. Moreover,
heterogeneity generated by non-threshold effect appeared in
all the pooled analyses, which the P values of Cochran’sQ test
were all less than 0.1, accompanied by I2>50 %.

Pooled diagnostic performance

As we found significant heterogeneity between studies, the
random effects model was applied in our meta-analysis. Forest
plots of the sensitivity and specificity for circulating miRNAs

Fig. 1 Flow diagram of the
selection process of studies
included in the meta-analysis
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in diagnosing BCa are shown in Fig. 3. The overall pooled
results for sensitivity, specificity, PLR, NLR, and DOR were
0.82 (95 % CI 0.80–0.83), 0.82 (95 % CI 0.80–0.85), 5.53
(95 % CI 3.74–8.20), 0.18 (95 % CI 0.13–0.25), and 34.82
(95 % CI 17.91–67.71), respectively. The SROC curve for the
pooled studies is displayed in Fig. 4a, which the AUC value
was 0.9217, accompanied by a Q value of 0.8553, suggesting
an overall high accuracy for the diagnostic test.

Subgroup analyses and meta-regression

The results of our subgroup analyses are summarized in
Table 3 and Fig. 4b–d. We first performed a subgroup analysis

based on miRNA profiles. The result demonstrated that use of
multiple miRNAs showed promising accuracy, with a sensi-
tivity of 0.87, specificity of 0.88, DOR of 85.93, PLR of 9.98,
NLR of 0.12, and AUC of 0.9518; by contrast, diagnosing
based on single miRNA had an lower accuracy when com-
pared with multiple miRNAs; the data reflected a higher
potential diagnostic value of multiple miRNAs for BCa de-
tection. Furthermore, a comparison of miRNA expression
patterns in serum and plasma showed that the DOR (36.24
versus 32.08), NLR (0.17 versus 0.21), and AUC (0.9225
versus 0.8890) were higher in serum-based assay than in
plasma, providing additional evidences for the use of serum
miRNAs as relatively reliable diagnostic biomarkers. We also

Fig. 2 Summary of assessment of the 15 articles analyzed using the quality assessment for studies of diagnostic accuracy (QUADAS) tool: proportion of
studies with low (Yes), mediate (Unclear), and high risk of bias (No)

Fig. 3 Forest plot of the sensitivity and specificity for the overall pooled studies. a pooled sensitivity. b pooled specificity. Only the first author of each
study is given. Sensitivity and specificity were given with confidence intervals (CIs)

Tumor Biol. (2015) 36:829–839 833



conducted an analysis based on ethnicity. Our data exhibited
that Caucasian population group yielded a combined sensitiv-
ity of 0.84 and specificity of 0.81 under the SROC curve,
accompanied by DOR of 49.14, PLR of 6.68, and NLR of
0.15; for the Asian population group, the pooled sensitivity,
specificity, DOR, PLR, and NLRwere 0.80, 0.83, 28.27, 5.21,
and 0.21, respectively. Thus, a difference in diagnostic accu-
racy was displayed between these two ethnicities, with a better
diagnosis accuracy found in Caucasian populations.

Furthermore, we added a total of eight pre-specified covar-
iates (design type, study quality, ethnicity, sample type,
miRNA profiling, reference method, number of cases, and
number of controls) to the bivariate model to assess their
impacts on sensitivity and specificity through meta-regres-
sion. In consideration of the study size of our analysis, we

employed a permute meta-regression module with a check
value of 10,000, and each time only two covariates were
estimated by Stata 12.0 software. Our data exhibited that
miRNA profiling (P=0.022) and reference method (P=
0.039) might introduce significant heterogeneity in both sen-
sitivity and specificity, while design type (P=0.618), ethnicity
(P=0.564), sample type (P=0.528), study quality (P=0.462),
number of cases (P=0.071), and number of controls (P=
0.244) showed low likelihood of sources of inter-study het-
erogeneity (not shown).

Influence analysis and publication bias

Influence analysis was conducted via Stata 12.0 software, as
shown in Fig. 5; the influence analysis and outlier detection

Fig. 4 The SROC curve of the subgroup analyses for the diagnosis of
BCa. Sample size is indicated by the size of the square. The regression
SROC curve indicates the overall diagnostic accuracy. a overall pooled

study. b Single miRNA-based analysis. c Serum-based miRNA assay. d
Ethnicity-based analysis of Asian population. AUC area under curve, Q*
index, SE standard error, SROC curve summary receiver operator curve
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identified one outlier study [23]. After excluding the outlier,
the overall pooled sensitivity increased from 0.82 to 0.83,
sensitivity increased from 0.82 to 0.83, DOR increased from
34.82 to 38.13, PLR increased from 5.53 to 5.77, NLR de-
creased from 0.18 to 0.17, and AUC increased from 0.9217 to
0.9261. Moreover, the P value of spearman correlation coef-
ficient from threshold effect elevated from 0.002 to 0.005, and
I2 for sensitivity declined from 86.9 to 86.4 %, suggesting that
the outlier is likely a source of heterogeneity; however, the P
value of Cochran’s Q test as well as I2 for the overall study
altered inconspicuously, hinting substantial heterogeneity
from non-threshold effect existing among studies.

Publication bias of the included studies was checked by
Deeks’ funnel plot asymmetry test. The slope coefficient was
associated with a P value of 0.119 and 0.142, respectively, for
the overall and outlier excluded analysis, suggesting an
existing low likelihood of publication bias (Fig. 6). For the
subgroup analysis, the slope coefficient presented P values of
0.333, 0.163, and 0.730, respectively, for miRNA profile,
matrix, and ethnicity-based assays, also showing that no ob-
vious publication bias existed (not shown).

Discussion

BCa remains one of the top threats to the health of women
worldwide and early-time identification benefits the outcomes
of treatment as well as the survival rate. However, early BCa
detection remains a major challenge for clinicians. Currently,
mammography is the major diagnostic tool in screening for
early-stage BCa with a high specificity more than 0.90.

Nevertheless, the sensitivity of mammography is low and
subject to many restrictions, including the breast density and
professional experience of the examiner [3, 4]. Alternative
method such as ultrasound screening has a very operator-
dependent sensitivity as well. On the other hand, blood-
based biomarkers involve CEA, CA15-3, and TSP that are
also nonspecific and have limited sensitivity and specificity
[5, 6]. Recently, abnormal circulating miRNA signatures in
BCa have been depicted by a number of investigations, indi-
cating a potential diagnostic value for BCa detection [19–33,
37, 38].

Our data showed promising accuracy for circulating
miRNA detection in diagnosing BCa, which the overall
pooled sensitivity was 0.82, and specificity was 0.82, with
an AUC of 0.9217, suggesting that circulating miRNAs
achieved a relatively high overall accuracy for BCa detection.
Diagnostic odds ratio (DOR), defined as the ratio of the odds
of a true positive to the odds of a false-positive, is an important
indicator of diagnostic accuracy [39]; a DOR value less than
1.0 indicates a low discriminating ability in the diagnostic test
[40]. In our data, the pooled DOR was presented as 34.82,
indicating a better discriminatory performance of circulating
miRNAs for BCa. In addition, we determined the combined
PLR and NLR to obtain a more comprehensive view of their
diagnostic accuracy: the PLR of 5.53, which suggested that
BCa patients had a five fold higher chance of being miRNAs
test positive than other individuals without BCa. Meanwhile,
the pooled NLR was found to be 0.18, implying that in a
negative result from the miRNA test, only 18 % is likely to be
false-negative.

As reported, the accuracies of conventional CA15-3 and
CEA in the diagnosis of BCa revealed high volatilities, which

Table 2 Heterogeneity assess-
ment of the individual pooled
analyses

a The value of sensitivity and
?(1-specificity)
bQ value

Analyses Spearman correlation
coefficient

Cochran’s Q
test

I2 test
(%)

Heterogeneity

Threshold
effect

Non-threshold
effect

Overall −0.589a 204.63b 88.3 Yes Yes
P=0.002 P=0.000

Single miRNA −0.496a 79.67b 79.9 Yes Yes
P=0.043 P=0.000

Multiple miRNA −0.833a 100.55b 93.0 Yes Yes
P=0.010 P=0.000

Serum based −0.547a 126.12b 85.7 Yes Yes
P=0.015 P=0.000

Plasma based −0.771a 78.29b 93.6 No Yes
P=0.072 P=0.000

Asian −0.759a 136.05b 91.2 Yes Yes
P=0.003 P=0.000

Caucasian −0.455a 68.55b 84.0 No Yes
P=0.137 P=0.000

Outliers excluded −0.555a 202.46b 88.6 Yes Yes
P=0.005 P=0.0000
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the discrepancy may due to ethnic group, sample size, or
cancer subtype. A study from US researchers reported that
the sensitivities of CA15-3 and CEA for BCa ranged from
0.54 to 0.90 and 0.29 to 0.53, while the specificities ranged
from 0.86 to 0.99 and 0.70 to 0.99, respectively [41]. Yet, two
studies conducted in Asia showed that the sensitivities of
CA15-3 were 0.11 versus 0.16, and CEA were 0.09 versus
0.22 for BCa detection, showing a high volatility among
studies [22, 32]. Besides, Zeng et al. presented the similar
results that the overall sensitivities of CA15-3 and CEA for the

diagnosis of BCa were 0.14 and 0.12 (range 0.07–0.33; range
0.0–0.30) in every TNM stage, with a highest sensitivity of
0.33 presented in DCIS and 0.30 in TNM III, implying that
CA15-3 or CEA detection may be better for advanced BCa
[24]. By comparison, circulating miRNAs seemed to harbor
overall high diagnostic accuracy in diagnosing BCa, which
the pooled sensitivity ranged from 0.80 to 0.83 and specificity
from 0.80 to 0.84 in our study. However, for the diagnosis of
early-stage cases, our BCa patients in early stages (DCIS, I,
and II) only had a proportion of 74.59 %; hence, it is solid to

Fig. 5 Influence and outlier
detection analyses of the overall
pooled study: the intermediate
variable of RR (a) and outlier
detection analysis (b). Influence
analysis was conducted via Stata
12.0 software using the “metan”
and “metainf” commands. RR
relative risk

836 Tumor Biol. (2015) 36:829–839



say that circulating miRNAs is better than conventional bio-
markers in screening BCa in the early stage.

Furthermore, we conducted subgroup analyses based on
the following variables like miRNA profiling, sample type,
and ethnicity. Interestingly, when according to miRNAs pro-
filing, the result suggested that combinations of multiple
miRNAs are more promising as biomarkers for BCa detection
than single miRNA. Supporting evidence from Mar-Aguilar
et al. demonstrated that combining miR-145, -155, and -382
could be a more powerful diagnostic tool in distinguishing
BCa patients from healthy controls, with a sensitivity of 0.97
and specificity of 1.0 higher than individuals. Meanwhile,
another proof also showed that the efficiency for BCa detec-
tion was enhanced when the circulating miRNAs (miR-148b,
-409-3p, and -801) were combined into diagnostic panels.

However, other researches that validated the diagnostic
value of single miRNA for BCa also presented robust results.
To date, circulating miRNA-21 and -155 have been the most
heavily reportedmiRNAs for BCa research. Lv et al. conducted
a meta-analysis to distinguish the candidates for BCa detection
from spurious circulating miRNAs and suggested that miR-21
and -155 are reliable candidate biomarkers for detection of BCa
[42]. Gao et al. have proved that serum miR-21 has a higher
sensitivity in the diagnosis of BCa, when compared with CEA
and CA15-3 [32]. Another investigation also held the point that
circulating miR-21 could serve as a potential broad-spectrum
serum-based biomarker for the detection of some solid cancers
involving BCa [33]. On the other hand, a newly published
meta-analysis containing three studies for miRNA-155 showed
that circulating miR-155 has the potential diagnostic value with

Table 3 Summary diagnostic accuracy of circulating miRNAs for breast cancer

Analyses Sensitivity
(95 % CI)

Specificity
(95 % CI)

DOR
(95 % CI)

Positive LR
(95 % CI)

Negative LR
(95 % CI)

AUC
(95 % CI)

MicroRNA profile

Single miRNA 0.79 (0.77–0.81) 0.77 (0.73–0.80) 20.09 (10.46–38.60) 3.82 (2.68–5.46) 0.22 (0.16–0.30) 0.8923

Multiple miRNAs 0.87 (0.84–0.90) 0.88 (0.85–0.90) 85.93 (19.60–376.73) 9.98 (3.58–27.81) 0.12 (0.06–0.25) 0.9518

Sample types

Plasma based 0.81 (0.78–0.85) 0.83 (0.79–0.86) 32.08 (7.51–137.15) 6.34 (2.56–15.70) 0.21 (0.11–0.40) 0.8890

Serum based 0.82 (0.80–0.84) 0.82 (0.79–0.85) 36.24 (16.71–78.58) 5.28 (3.39–8.23) 0.17 (0.11–0.24) 0.9225

Ethnicity

Asian 0.80 (0.78–0.83) 0.83 (0.80–0.85) 28.27 (11.72–68.16) 5.21 (3.19–8.50) 0.21 (0.13–0.32) 0.9110

Caucasian 0.84 (0.81–0.86) 0.81 (0.76–0.85) 49.14 (15.84–152.44) 6.68 (2.98–14.97) 0.15 (0.09–0.24) 0.9358

Overall 0.82 (0.80–0.83) 0.82 (0.80–0.85) 34.82 (17.91–67.71) 5.53 (3.74–8.20) 0.18 (0.13–0.25) 0.9217

Outliers excluded 0.83 (0.81–0.84) 0.83 (0.80–0.85) 38.13 (19.11–76.06) 5.77 (3.83–8.68) 0.17 (0.12–0.24) 0.9261

CI Confidence interval, LR Likelihood ratio, DOR Diagnostic odds ratio, AUC Area under the curve

Fig. 6 Funnel plot test for the assessment of potential bias for the overall
study and outlier assays. a Deeks’ funnel plot asymmetry test for total
circulating miRNAs assays, P=0.119. b Deeks’ funnel plot asymmetry

test for outlier excluded assays, P=0.142. A P value less than 0.1 was
considered to be representative of a significant statistical publication bias
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a high pooled sensitivity (0.79) and specificity (0.85) for BCa
[43]. However, more studies are required to confirm the actual
diagnostic value of circulatingmiRNA-21 or -155 for BCa, and
other biomarkers are also expected.

In addition, we traced the pooled diagnostic accuracy based
on different sample types. As the data indicated, serum-based
assay seemed to undergo a higher combined DOR, NLR, and
AUC than plasma-based test. Our results provided evidence
that serum may be a better matrix for diagnostic profiling of
miRNAs in BCa. Shen et al. similarly observed a diagnostic
difference between serum and plasma miRNA assays in lung
cancer [39]. Research from Wang et al. demonstrated that the
coagulation process may affect the spectrum of extracellular
miRNAs in the blood, implying that different matrices may
harvest different diagnostic accuracies for miRNA detection
[44]. Notwithstanding, the plasma specimen group only in-
cluded five studies, and large-scale prospective studies are
needed to provide more accurate results.

It has been reported that different racial expression profiles
are associated with circulating miRNA concentrations, hinting
that circulating miRNA signature varies among ethnicity [45,
46]. Our findings also reached similar results that Caucasian
population-based miRNA test yielded an overall higher accu-
racy against that of Asian: the pooled DOR was 49.14 versus
28.27, and PLR was 6.68 versus 5.21, accompanied by a lower
NLR of 0.15 in Caucasians, suggesting that circulating miRNA
assay may be more precise in Caucasian populations. However,
our findings do not agree with the results fromLi et al. in which,
miRNAs assay seemed to be more precise in Asian populations
when used in the diagnosis of hematologic malignancies [47].

Heterogeneity is a latent problem when interpreting the
results of any meta-analysis. In our study, heterogeneity from
threshold effect existed in the overall and subgroup analyses.
The threshold effect is mainly generated by the different cut-
off value settings or thresholds used in different studies. In our
study, the cut-off values for miRNAs were not uniformed
among studies, which may further contribute to the heteroge-
neity from the threshold effect. On the other hand, the pooled
DOR is often used to discuss the heterogeneity caused by non-
threshold effects [40]. We found that the DOR of each study
did not distribute along a straight line with the pooled DOR in
the forest plots, and the P values in Cochran’s Q test were all
less than 0.01, accompanied by an I2 of more than 50 %, also
indicating substantial heterogeneity from non-threshold effect
in studies. For its causes, different ethnicities, measurement
methods, or sample types may contribute to heterogeneity
sources. In our study, although the detecting methods for
circulating miRNAs were all based on RT-qPCR, the ethnic-
ities, sample types, and reference methods were different
among studies. Additionally, the participants enrolled in the
tests were not unified for their BCa stages, disease conditions,
or other concomitant diseases (unclear information). There-
fore, we further conducted influence and meta-regression

analyses to assess the contribution of the factors above and
found that the outlier studies, miRNA profiles, as well as
different reference methods used among studies were the
sources of heterogeneity.

Taken together,our results identified the potential value of
circulating miRNAs as biomarkers for BCa detection, in par-
ticular finding that miRNA panels could be more powerful
tools than a single one. Therefore, we suggest that further
investigations into circulating miRNAs might open avenues
for prospective trials of a noninvasive diagnostic test for BCa.
However, we found substantial heterogeneity among the
pooled studies as well as in the subgroup analyses. In conse-
quence, the combined diagnostic indices of circulating
miRNAs in this study are unable to completely mirror their
actual diagnostic value for BCa, and further, large cohort
studies are still warranted.
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