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Background: Circulating microRNAs are novel diagnostic markers for various types of cancer. Several
studies have investigated the diagnostic accuracy of circulating miR-126 for malignant pleural mesothelioma
(MPM), but the results varied. Therefore, we performed a systematic review and meta-analysis to investigate
the diagnostic value of circulating miR-126 for MPM.

Methods: The PubMed database was searched to identify potentially eligible studies published before
October 2020. The studies investigating the diagnostic value of circulating miR-126 for MPM were included
in a systematic review and meta-analysis. A bivariate model was used to pool eligible studies’ sensitivity and
specificity. The revised tool for the quality assessment of diagnostic accuracy studies (QUADAS-2) was used
to assess eligible studies’ quality.

Results: Four studies with 156 MPM patients and 459 controls were included in this systematic review and
meta-analysis. The pooled diagnostic sensitivity and specificity of circulating miR-126 for MPM were 0.71
and 0.69, respectively. A high risk of bias was observed in the domains of patient selection, index test, and
flow and timing.

Conclusions: Circulating miR-126 has limited value for diagnosing MPM. Considering that the
available studies have a high risk of bias, further rigorous studies are needed to assess the diagnostic value of
circulating miR-126 for MPM.
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Introduction stage. The outcome of MPM can be improved by early

Malignant pleural mesothelioma (MPM) is a type of detection and treatment. Currently, image-guided biopsy

cancer originating from the pleura with high mortality. is the gold standard for MPM diagnosis; however, it has
MPM patients are usually diagnosed at a late Stage limitations (1), including inVaSiVeneSS, ObSCrVer-dependent

due to lack of specific symptoms and signs at an early and special training. Therefore, it is of great value to
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develop non-invasive and easy-to-perform diagnostic tools.
Laboratory testing represents a potential diagnostic tool for
MPM because it has advantages of non-invasiveness, easy-
to-perform and low cost. Several diagnostic biomarkers,
either in pleural effusion or blood, have been identified (2,3),
including soluble mesothelin-related peptide (SMRP) (4),
osteopontin (5), cytokeratin 19 fragment (CYFRA 21-1) (3,6)
and fibulin-3 (7). However, these biomarkers’ diagnostic
accuracy was unsatisfactory. Therefore, it is of great value to
develop novel diagnostic markers for MPM (8).

MicroRNAs are a type of non-coding RNAs with
a length of 18 to 25 bp. It regulates the target gene
expression at the post-transcriptional level by binding to
the 3’ untranslated region (UTR) of mRINA. It has multiple
biological functions including but not limited to cancer
development, immune response, and embryogenesis (9).
Previous studies indicated that circulating microRNA is
stable and can be determined (10,11). These circulating
microRNAs can be used as diagnostic markers for various
diseases. Some circulating microRNAs have been identified
for diagnosing MPM, such as miR-29 (12), miR-92 (13),
miR-625-3p (13) and miR-126. Among the reported
circulating microRNAs, miR-126 is the most widely studied
one (14). However, the diagnostic accuracy of circulating
miR-126 in the available studies varied. Hence, we
performed a systematic review and meta-analysis to estimate
the diagnostic accuracy of circulating miR-126 for MPM.
We presented the article in accordance with the Preferred
Reporting Items for a Systematic Review and Meta-analysis
of Diagnostic Test Accuracy Studies (PRISMA-DTA) (15)
reporting checklist (available at http://dx.doi.org/10.21037/
ter-21-104).

Methods
Database and literature search

This study was not registered previously, and its protocol
was not published. We searched the PubMed database
to identify potential studies published before October 1,
2020. The literature search algorithm was: (miR-126 or
microRNA-126 or miR-126-3p or microRNA-126-3p or
“MIRN126 microRNA, human”[nm]) and mesothelioma.
All searched studies were imported into the Endnote
software for study screening.

Inclusion and exclusion criteria

The meta-analysis’s inclusion criteria were: (I) studies
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investigating the diagnostic accuracy of circulating miR-126
for MPM; (II) sensitivity and specificity were reported, and
a two-by-two table can be constructed for meta-analysis.
The exclusion criteria were: (I) animal studies; (II) review,
comment, editorial or letter to the editor; (III) conference
abstract.

Two reviewers independently reviewed the searched
studies. In the first round, we screened the studies’ titles and
abstracts to exclude apparently irrelevant records. A full-text
screening was conducted in the second round to ascertain
the remaining studies’ eligibility. Any disagreement in study
selection was resolved by consensus.

Data extraction

Two reviewers independently extracted the following
data from the eligible studies: the first author, publication
year, country, sample sizes of MPM and control, the
characteristics of non-MPM, type of data collection
(prospective or retrospective), consecutively enrollment,
internal control for miR-126 determination, reference for
diagnosing MPM,, the area under the curve (AUC) of miR-
126, sensitivity, specificity and threshold adopted. With
the sensitivity, specificity and sample sizes of MPM and
non-MPM, a two-by-two table was constructed for meta-
analysis.

Quality assessment

We used the revised tool for the quality assessment of
diagnostic accuracy studies (QUADAS-2) to assess eligible
studies’ quality (16). The QUADAS-2 tool assesses the risk
of bias and applicability concerns of the eligible studies with
four domains: patient selection, index test, reference, flow
and timing. Any disagreement in quality assessment was
resolved by consensus.

Statistical analysis

This meta-analysis was performed with the metaDTA, an
interactive web-based tool for meta-analysis of diagnostic
test accuracy studies (17). The statistical method used in
metaDTA is the bivariate model (18). A summary receiver
operating characteristic (sSROC) was used to estimate the
globe accuracy of circulating miR-126 (19). Because only
four studies were included in this meta-analysis, subgroup
analysis, sensitivity analysis, publication bias analysis, and
meta-regression were not performed.
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Results
Summary of the eligible studies

Figure 1 is a flowchart of the study selection process.
After an abstract and full-text screening, four studies
were included in this systematic review and meta-analysis
(20-23). The characteristics of these included studies are
summarized in Tzble 1. Three studies were from Italy
(20-22), and one was from Germany (23). The sample size
ranged from 66 to 240, and the total sample size of this
meta-analysis was 615, with 156 of them being MPM. The
non-MPM patients in these studies included asbestos-
exposed subjects (AES), healthy control and non-small cell
lung cancer (NSCLC). All of the studies did not enroll
subjects consecutively, and they also did not report whether
the circulating miR-126 level was blinded to clinicians who
diagnosed MPM. The type of data collection (prospective,
retrospective) was also not reported in all studies. Two

Last search date for PubMed: 1 October, 2020;
Number of searched articles: N=17

y

After a title and abstract screening: N=6

\ 4

After a full-text reading: N=4

A4

Number of studies included in meta-analysis
N=4

Figure 1 Flowchart of study selection.

Table 1 Summary of the eligible studies
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studies used U6 as the internal control in detecting
circulating miR-126 with PCR (20,23), while the remaining
two studies used cel-miR-39 (21,22). The biopsy was used
as a gold standard in three studies (20-22), while one study
did not report the gold standard for MPM diagnosis.

Quality assessment

Table 2 lists the quality assessment results of the included
studies. Generally, the quality of the included studies was
low. All studies have a high risk of patient selection because
all subjects were not consecutively enrolled. There were
no uniform inclusion and exclusion criteria for patient
enrollment. The index test domain of all included studies
has a high risk of bias because these studies used a data-
driven method to define the diagnostic threshold of
circulating miR-126. The flow and timing domain in three
studies was labeled “high” because not all subjects received
the same reference, termed as partial verification bias (24).

Meta-analysis

Table 3 shows the diagnostic accuracy of miR-126 in all
included studies. Two studies reported the AUC of miR-126
was less than 0.80, indicating that its diagnostic accuracy
was moderate.

Figure 2 is a forest plot of miR-126. The sensitivity ranged
from 0.59 to 0.76, and the specificity ranged from 0.54 to
0.86. The pooled sensitivity, specificity, negative likelihood
ratio (NLR), positive likelihood ratio (PLR) and diagnostic
odds ratio (DOR) were 0.71 (95% CI: 0.63-0.77), 0.69
95% CI: 0.56-0.80), 2.28 (95% CI: 1.51-3.46), 0.43 (95%
CI: 0.32-0.58) and 5.35 (95% CI: 2.72-10.52), respectively.
Great heterogeneity was observed across all eligible studies,
with an I’ of 76% (95% CI: 48%-100%). All heterogeneity
(100%) was likely due to the threshold effect. Figure 3 is

Author Year Country N (MPM/ Characteristics Data . Consecutive Internal Elinded . Reference
non-MPM)  of non-MPM collection enrollment  control interpretation

Santarelli (20) 2011 Italy 44/196 AES NR No ue NR Biopsy

Tomasetti (21) 2012 Italy 45/76 HC, NSCLC NR No Cel miR-39 NR Biopsy

Santarelli (22) 2015 Italy 45/143 AES, HC NR No Cel miR-39 NR Biopsy

Weber (23) 2017 Germany 22/44 AES NR No u6 NR NR

MPM, malignant pleural mesothelioma; AES, asbestos-exposed subjects; HC, healthy control; NSCLC, non-small cell lung cancer; NR,

not reported.

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2021;10(4):1856-1862 | http://dx.doi.org/10.21037/tcr-21-104



Translational Cancer Research, Vol 10, No 4 April 2021 1859
Table 2 Quality assessment of the eligible studies
Risk of bias Applicability concerns
Author
Patients selection Index test Reference Flow and timing Patients selection Index test Reference
Santarelli (20) High High Low High Low Low Low
Tomasetti (21) High High Low High High Low Low
Santarelli (22) High High Low High High Low Low
Weber (23) High High Unknown Unknown Low Low Low
Table 3 Diagnostic accuracy of circulating miR-126 in included studies
Author AUC Cut-off Sensitivity Specificity TP FN FP TN
Santarelli (20) NR -4.5 0.73 0.74 32 12 51 145
Tomasetti (21) 0.89 -24 0.70 0.60 31 14 30 46
Santarelli (22) 0.71 0.01 0.75 0.54 34 11 66 77
Weber (23) 0.76 30.28 0.59 0.86 13 9 6 38

AUC, the area under receiver operator characteristics curve; TP, true positive; FN, false negative; FP, false positive; TN, true negative; NR,

not reported.

Forest plot of sensitivity

Forest plot of specificity

Santarelli . 0.73[0.58, 0.84]
Santarelli ——a—  0.76[0.61, 0.86]
Tomasetti — 0.69 [0.54, 0.80]
Weber Sw 0.59[0.39, 0.77]

| e —
039 062 0.86

Sensitivity

Figure 2 Forest plot of miR-126.

an sROC plot for miR-126, the AUC was 0.74 (95% CIL:
0.70-0.77).

Table 4 summarizes the evidence regarding the diagnostic
accuracy of circulating or pleural effusion SMRP,
osteopontin, fibulin-3 and miR-126 for MPM. Notably, the
specificity and AUC of miR-126 were the lowest among
these diagnostic markers.

Santarelli —.— 0.74 [0.67, 0.80]
Santarelli i 0.54 [0.46, 0.62]
Tomasetti —— 0.61 [0.49, 0.71]
Weber ——s— 0.86[0.73, 0.94]

| ——
046 0.70 0.94

Specificity

Discussion

As a diagnostic tool, circulating cell-free microRNAs
have gained much attention these years. In this study, we
performed a systematic review and meta-analysis to evaluate
the diagnostic accuracy of circulating miR-126 for MPM.
We found that the diagnostic accuracy of circulating miR-
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126 was low, with both sensitivity and specificity around 0.70
and an AUC of 0.73.

Among the available circulating diagnostic markers for
MPM, SMRP (4), osteopontin (5), and fibulin-3 (7) have
been widely investigated. We found that the sensitivity
of circulating miR-126 was 0.71, which is slightly higher
than that of circulating SMRP and osteopontin but lower
than that of fibulin-3 and PE SMRP. The specificity of
miR-126 is lower than that of circulating or PE SMRP,
osteopontin and fibulin-3, indicating that the diagnostic
accuracy of circulating miR-126 was not superior to that
of traditional biomarkers. Both sensitivity and specificity
are largely affected by the threshold adopted, thus are not

Random Effects Meta-Analysis

1.01
0.8 o
> 0.6 L0
s
.‘“;n‘
fo
[0
D 0.4
0.2
——HSROC curve
= Summary estimate
----95% confidence region
0.0+ = %g:/; predictive region
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate (1-specificity)

Figure 3 Summary receiver operating characteristic (sSROC) of

miR-126 for diagnosing malignant pleural mesothelioma.
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reliable metrics to estimate the diagnostic accuracy of a
given index test. By contrast, AUC of sROC curve is not
affected by the threshold, and thus used as a globe indicator
used to estimate the diagnostic accuracy of an index test.
The AUC of circulating miR-126 was 0.74, lower than that
of SMRP, osteopontin, and fibulin-3, which also support
that the diagnostic accuracy of circulating miR-126 was
inferior to that of these traditional biomarkers. Therefore,
circulating miR-126 does not have the potential to replace
these biomarkers. Future studies are needed to ascertain
whether combining circulating miR-126 with these markers
can improve the diagnostic accuracy of MPM.

Notably, not all of the included studies were reported
following the Standards for Reporting of Diagnostic
Accuracy (STARD) guideline (25). Therefore, some design
details were unclear, and the corresponding domain in the
QUADAS-2 tool was labeled as unknown. That means the
risk of bias and applicability concerns cannot be assessed
accurately. From the reported detail in the included
articles, the available studies have some design weaknesses
which may negatively affect the eligible studies’ reliability.
Subjects in some eligible studies were not consecutively
enrolled with uniform inclusion and exclusion criteria.
Therefore, the representativeness of the studied cohort may
be affected. One study even included healthy individuals as
a control, leading to an overestimation of circulating miR-
126’ diagnostic accuracy (24,26). In addition, the threshold
used to define positive and negative miR-126 was not
prespecified in all studies, and none of the included studies
used training and validating cohorts to estimate and validate
the diagnostic accuracy of miR-126. This data-driven
approach may lead to an overestimation of the index test’s
diagnostic accuracy, especially in studies with a small sample
size (27). In addition, all studies did not report whether

Table 4 Diagnostic accuracy of circulating or pleural effusion SMRP, osteopontin, fibulin-3 and mir-126 for MPM: evidence from the meta-

analysis studies

Diagnostic marker N MPM/non-MPM  Sensitivity (95% ClI) Specificity (95% Cl) AUC (95% ClI) Reference
Circulating SMRP 30 1,562/5,988 0.61 (0.58-0.63) 0.87 (0.86-0.88) 0.81 (0.75-0.87) (4)

PE SMRP 12 460/1,046 0.79 (0.75-0.83) 0.85 (0.83-0.87) 0.89 (0.85-0.93) (4)
Circulating osteopontin 6 360/546 0.65 (0.60-0.70) 0.81(0.78-0.85) 0.83 (0.79-0.87) (5)
Circulating fibulin-3 9 468/595 0.87 (0.58-0.97) 0.89 (0.77-0.95) 0.94 (0.91-0.98) (7)

PE fibulin-3 5 262/265 0.73 (0.54-0.86) 0.80 (0.60-0.91) 0.83 (0.79-0.86) (7)
Circulating miR-126 4 156/459 0.71 (0.63-0.77) 0.69 (0.56-0.80) 0.74 (0.70-0.77)  Present study

SMRP, including soluble mesothelin-related peptide; MPM, malignant pleural mesothelioma; N, number of included studies; AUC, the area
under summary receiver operator characteristics (SROC) curve; Cl, confidence interval; PE, pleural effusion.
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the control subjects received the same reference as MPM
patients, indicating the possibility of partial verification
bias (28).

Unlike traditional diagnostic markers such as SMRP,
circulating miR-126 in MPM is lower than that of controls.
The mechanisms under the decreased circulating miR-
126 in MPM patients remain unknown. Early studies
with microRNA array indicated that miR-126 was
downregulated in the tumor tissue of MPM (20,29). These
findings allow us to propose two possible mechanisms. The
first mechanism is that circulating miR-126 is released by
a special cell population. During MPM development, this
cell population decreases, and thus the circulating miR-
126 is decreased. Another hypothesis is that during the
development of MPM, the tumor promotes the absorption
of circulating miR-126 by a special cell population. These
two hypotheses, however, need to be validated by future
studies.

Although this is the first meta-analysis investigating the
diagnostic accuracy of circulating miR-126 for MPM,, it has
limitations. The major limitation is the small sample size,
which results in wide 95% confidence intervals of sensitivity,
specificity and AUC. Also, because only four studies were
included, we cannot perform subgroup analysis or meta-
regression to explore the source of heterogeneity. Type of
data collection, characteristic of control, internal control
for PCR, RNA extraction methods are possible sources of
heterogeneity.

Taken together, this meta-analysis suggests that the
diagnostic accuracy of circulating miR-126 was low, and it is
unable to replace the role of traditional markers for MPM
diagnosis. Considering that some of the eligible studies have
design flaws, future studies are still needed to evaluate the
diagnostic accuracy of miR-126 for MPM rigorously.
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