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Abstract: (1) Background and Objectives: Responding to the need for more optimized biomarkers for
prostate cancer (PCa) diagnosis, a high number of studies have shown that microRNAs (miRNAs) could
serve as novel, more reliable diagnostic tools. The usefulness of these miRNAs in assessing the presence of
PCa is still under debate, given the discrepancies in their diagnostic performances. In this respect, hsa-miR-141
is among the miRNAs of particular interest, being very much investigated in PCa biology. (2) Material and
Methods: Here, we provide a meta-analysis of miR-141 data published until May 2019, whose diagnostic
accuracy was assessed using the Quality Assessment for Diagnostic Accuracy Studies-2 (QUADAS-2) tool,
by analyzing several parameters including sensitivity, speci�city, positive likelihood ratio (LR+), negative
likelihood ratio (LR-), diagnostic odds ratio (DOR) and the area under the curve (AUC). The six studies that
matched our selection and were included in our meta-analysis comprise 283 PCa patients, 114 healthy controls,
with 84 patients su�ering from benign prostate diseases. (3) Results and Conclusions: Our results indicate a
very good diagnostic accuracy for miRNA-141 (0.78 sensitivity, 0.96 speci�city, DOR of 89, LR+ of 21, LR-
of 0.23 and AUC of 0.87), underlying its utility as a PCa diagnostic biomarker.
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Introduction

The 2020 cancer statistics showed that one out of �ve cancer diagnoses are prostate cancers (PCa), which
makes PCa the most common malignancy in males worldwide, therefore explaining the substantial research
e�ort made to better understand its molecular mechanisms [1,2]. However, in spite of the tremendous progress
in PCa research achieved in the last decade, there is still a tremendous amount of inconsistency between
studies aiming to propose novel and accurate diagnostic biomarkers [3,4].

PCa is currently diagnosed based on a combination of clinical symptoms, pathology investigations and a
few biomarkers. The main problem of the current diagnostic strategies is their modest ability to detect early
PCa and their disappointing lack of speci�city, which might ultimately lead to overdiagnosis [5]. The most
widely used PCa biomarker, prostate speci�c antigen (PSA), has been found increased in both malignant
and non-malignant prostate-associated pathologies, such that the US Preventive Services Task Force warned
against using PSA screening in men older than 75 years [6].

Of the wide spectrum of molecules screened as putative PCa biomarkers, the non-coding RNAs in general
and miRNAs in particular stand out as of high interest, given their peculiar stability in basically all biological
�uids [7–10].

MicroRNAs (miRNAs) are small, non-coding RNA molecules that regulate gene expression through
base-pairing to complementary sequences in the 3′ untranslated region of target messenger RNAs, thus
modulating gene expression either by cleavage of mRNA or by inhibiting protein translation [11–14]. MiRNAs
have been found to play key regulator roles in a number of physiological and pathological processes, such as
proliferation, di�erentiation, migration, apoptosis, and metabolism [12]. In addition, the expression level
of an important number of miRNAs has been found to be dysregulated in all phases of PCa. Moreover,
experimental and computational research studies investigating miRNAs and their target roles have categorized
these small endogenous molecules as oncogenes, or tumor suppressor genes. Recent miRNA expression
pro�ling analyses have also indicated the diagnostic potential of several miRNAs, underlying their potential
as novel diagnostic biomarkers, but also as therapeutical targets [15].

Outlined as an oncogene, miR-141 has elicited a particular interest in the PCa research given its association
with both the androgen-dependent and castration-resistant types of PCa [16,17]. However, when investigated
as PCa biomarker, miR-141 has provided inconsistent results, due to di�erences between study designs, lack
of uniformization between protocol methods, specimen types and cohort sizes. Herein, we conducted a
meta-analysis to analyze the overall diagnostic value of miR-141 in PCa.

Materials and Methods

Search Strategy

The search has been devised by two team members (D.N. and A.M.), who interrogated PubMed, Embase and
Web of Knowledge databases (up to May 2019) with the following combination of key words: (“microRNA 141”
or “miRNA-141” or “miR-141”) and (“circulating” or “serum” or “plasma”) and (“prostate”) and (“diagnosis”
or “ROC curve” or “sensitivity” or “speci�city”). The investigators �rst performed an initial screening
of titles and abstracts, followed by full-text article reading, and selection of those �t for the meta-analysis.
Disagreements were solved via discussion with a third member of the team (CM).
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Inclusion and Exclusion Criteria

Research articles inclusion criteria were: (1) involved circulating (serum/plasma/whole blood/PBMCs) miR-141
as diagnostic biomarker for PCa, (2) contained data regarding sensitivity, speci�city, and AUC, (3) involved
a statistical comparison between miRNA levels in PCa patients’ samples vs. healthy controls and/or other
benign prostate-associated diseases, and (4) were published in English language.

Research articles exclusion criteria were: (1) non-original research papers, such as conference abstracts, letters,
and reviews, (2) non-circulating miRNAs for PCa diagnostic, (3) circulating miRNAs other than serum,
plasma or whole blood (e.g., urine, seminal �uid), and (4) insu�cient data to match our interests.

Our study protocol was not prospectively registered.

Data Extraction

The following key data were extracted by two team members (D.N. and A.M.) from all the articles included
in the meta-analysis: author; publication year; country; ethnicity of patients; number of PCa patients, healthy
controls or with other (non-malignant) prostatic pathologies; type of specimen collected (serum/plasma/whole
blood/peripheral blood mononuclear cells (PBMCs)); miRNA expression pro�ling method; sensitivity and
speci�city values; and AUC and 95% CI AUC.

Quality Assessment

QUADAS-2 was used by two investigators to assess the quality of each of the included research articles [18].
The four key domains, all assessed in terms of risk of bias, were: patient selection, index test, reference standard,
�ow and timing. The risk of bias is rated low if all signaling questions are “yes”; if any of the signaling questions
are answered with “no”, a potential for bias exists. “Unclear” is used only with insu�cient or improperly
reported data to permit a judgment. Applicability concerns can be “high”, “low” or “unclear”. The results of
the quality assessment were used to provide an evaluation of the overall quality of included studies and to
investigate potential sources of heterogeneity.

Statistical Analysis

Statistical analyses were performed by Stata MP 15.1 (StataCorp LP, College Station, TX, USA) statistical
software using metandi and midas commands. p < 0.05 denoted statistical signi�cance. Between-study
heterogeneity was evaluated with the I2 index and χ2 test. A value of I2 > 50 % and/or a p < 0.05 indicated
heterogeneity. Overall accuracy of miR-141 assays, sensitivity and speci�city were extracted from each study.
True positives (TPs), true negatives (TNs), false positives (FPs) and false negatives (FNs) were calculated for
each study.

The pooled results of positive and negative likelihood ratios (LR+ and LR−, respectively) and their 95 %
con�dence intervals (CI) were calculated using the random-e�ects model [19,20].

LR+ is the odds of a positive test result in a patient with PCa, whereas LR− is the odds of a positive result in
an individual without the disease.

A pooled summary receiver operating characteristics (SROC) curve was constructed, and the AUC was
calculated. The overall diagnostic accuracy of miR-141 can be estimated based on the aforementioned
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parameters. This plot includes an overall estimate of sensitivity and (1-speci�city) across all studies, a 95%
con�dence region around this estimate and a 95% prediction region taking heterogeneity into account.

Forest plots of sensitivity and speci�city estimates and their 95% CIs were constructed from every study [21,22].

Sensitivity analysis included: quantile plot of residual-based goodness-of �t; Chi-squared probability plot of
squared Mahalanobis distances for assessment of the bivariate normality assumption; a spikeplot for checking
for particularly in�uential observations using Cook’s distance; a scatter plot for checking for outliers using
standardized predicted random e�ects (standardized level-2 residuals).

In order to detect the amount of heterogeneity between the studies regarding sample types, meta-regression
analyses was conducted. Deeks’ funnel plot analysis was performed to explore the potential publication
bias [23].

In order to estimate the post-test probabilities, clinical or patient-relevant utility of the diagnostic test was
evaluated with Fagan’s nomogram [24].

Results

Characteristics of Included Studies

After using the search string of interest in the databases, we have identi�ed 30 articles that were relevant. In
total, 17 of these studies did not respect the inclusion criteria: �ve articles were describing new methods of
quantifying gene expression, therefore not being focused on di�erences in expression levels of miR-141, three
papers used other specimen types, such as cell lines, urinary extracellular vesicles, two were review papers, two
showed a downregulation of miR-141 in the serum of PCa patients compared to healthy controls, while all the
others showed upregulation of miR-141, one did not include miR-141 in the analysis, and four did not present
comparative results of PCa patients vs. healthy controls, but with di�erent stages of PCa (such as localized vs.
metastatic). Furthermore, from the remaining 13 publications, seven articles were excluded due to insu�cient
data, and �nally, we selected six articles [17,25–29] for our meta-analysis study.

The six remaining studies comprised an overall number of 481 participants, of which 283 patients, 114 healthy
controls and 84 patients with benign prostate pathologies. The included studies were published between
2008 and 2018 and were conducted in China (two studies), USA, Poland, Russia and Ireland. Among the six
studies, three studies used serum samples, one used plasma, one used PBMCs and one used whole blood. We
have especially selected only blood-based analysis to reduce heterogeneity.

All studies have detected and quanti�ed the expression level of miR-141 by quantitative real-time polymerase
chain reaction, all showing up-regulation of miR-141 in PCa patients’ samples compared to healthy/benign
controls.

Figure 1 summarizes the �ow diagram of study selection, and Table 1 shows the characteristics of the six studies
included in this meta-analysis.
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Figure 1. Flow-chart of the study selection process.

Table 1. Characteristics of the six studies included in our meta-analysis.

Author Year Ethnicity Country Cases Controls Specimen Endogenous
Control

Sens. Spec. AUC

Guo et al. 2018 Asian China 72 34 Serum cel-miR-39
spike-in

0.87 1 0.92

Mao et al. 2018 Asian China 43 57 BPH* PBMCs U6 0.80 0.48 0.62
Porzycki
el al.

2018 Caucasian Poland 20 8 Serum U6 0.65 0.88 0.83

Mitchell
et al.

2008 NA USA 25 25 Serum cel-miR-39
spike-in

0.60 1 0.90

Osipov et al. 2016 Caucasian Russia 48 47 plasma miR-16,
miR-101

0.56 1 0.80

Kelly et al. 2015 Caucasian Ireland 75 27 with
benign
disease

Whole
blood

miR-16,
miR-425

0.94 NA 0.65

Abbreviations: Sens. = sensivity; Spec. = speci�city; AUC = area under the curve; BPH = benign prostatic hyperplasia; PBMCs =
peripheral blood mononuclear cells.

Quality Assessment

There are two studies with a high risk of bias in the selection domain, while two are considered to be at an
unknown risk of bias. Furthermore, on the index domain, there is another study with a high risk of bias. Two
pther studies have an unknown risk of bias, thus a sensitivity analysis can �nd them in a possible scenario with
a high risk of bias, according to the QUADAS-2 system (Table 2). The risk of bias and applicability concerns
graph for the included studies is shown in Figure 2.
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Table 2. Summary of “risk of bias” and “applicability concerns” through judging each domain for each included study.

Study
Risk of Bias Applicability Concerns

Patient
Selection

Index
Test

Reference
Standard

Flow and
Timing

Patient
Selection

Index
Test

Reference
Standard

Guo XJ/2018
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Table 1: Characteristics of the six studies included in our meta-analysis. 

Author Year Ethnicity Country Cases Controls Specimen Endogenous 
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Table 1: Characteristics of the six studies included in our meta-analysis. 

Author Year Ethnicity Country Cases Controls Specimen Endogenous 
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Sens. Spec. AU
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Table 1: Characteristics of the six studies included in our meta-analysis. 
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Table 1: Characteristics of the six studies included in our meta-analysis. 
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Diagnostic Accuracy of miR-141 in PCa

The test for the heterogeneity among the studies showed signi�cant heterogeneity (I2 = 86.66 and 95.98% for
sensitivity and speci�city, respectively). For this reason, the random-e�ects model was used. Meta-analysis
results showed the pooled sensitivity and pooled speci�city of PCa by miR-141 were 0.78 (95% CI: 0.63–0.88)
and 0.96 (95% CI: 0.28–1.00) in distinguishing PCa from control, respectively (Figure 3), with the area under
receiver operating characteristic curve (AUC) of 0.87 (95% CI: 0.83–0.89) (Figure 4), thereby implying a
relatively high diagnostic accuracy.

The average likelihood ratio of the positive and negative test result was calculated on the basis of the pooled
estimates of sensitivity and speci�city, and the results showed the LR+ and LR− of miR-141 in di�erentiating
PCa from control patients were 21 (95% CI: 0.22–1844) and 0.23 (95% CI: 0.13–0.39), respectively. In addition,
the mean DOR value was 89 (95% CI: 1.21–6547.37).

A meta-regression analysis was used to explore the potential source of heterogeneity in sensitivity and speci�city
based on sample types. Our analysis suggested that sample types (p < 0.001) might be the potential source of
heterogeneity in speci�city. Because of the small number of eligible studies, to fully elucidate the source of the
heterogeneity, further studies would be needed.
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Figure 3: Forest plots of sensitivity and specificity of mir-141 in distinguishing PCa from 
controls. Plots display diagnostic probabilities of included studies, and corresponding 95% 
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sensitivity, respectively. 

 
Figure 4: Receiver operating characteristic graph of mir-141 in distinguishing PCa cases 
from controls, with 95% confidence region and 95% prediction region. Individual study 
estimates are represented as circles. 

The average likelihood ratio of the positive and negative test result was calculated on the 
basis of the pooled estimates of sensitivity and specificity, and the results showed the LR+ 
and LR− of miR-141 in differentiating PCa from control patients were 21 (95% CI: 0.22–

Figure 3. Forest plots of sensitivity and speci�city of mir-141 in distinguishing PCa from controls. Plots display
diagnostic probabilities of included studies, and corresponding 95% con�dence intervals. The rhombus represents the
pooled estimates for speci�city and sensitivity, respectively.
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Sensitivity Analysis and Publication Bias

Goodness-of-�t and bivariate normality analyses (Figure 5a,b) suggested that the random-e�ects bivariate
model was robust for the calculation of the pooled estimates. No outlier was identi�ed by in�uence analysis,
and none appeared in the outlier detection plot (Figure 5c,d).
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Fagan’s Nomogram for the likelihood ratio is shown in Figure 6.
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Figure 6. Fagan’s nomogram for estimating post-test probabilities.

In later steps of this meta-analysis, we repeated the pooled sensitivity and speci�city analysis with each of the
studies removed individually. We found that the �nal results were similar to the initial result, re�ecting stability
and credibility of the results. As shown in Figure 7, Deeks funnel plot asymmetry test was not signi�cant (p =
0.88), and there was no signi�cant publication bias among the studies included in this analysis.
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Discussion

PCa has gained a particular interest in research and clinics, because it is nowadays one of the most
over-diagnosed types of cancer in men (mostly due to the lack of PSA speci�city) [30,31]. Novel biomarkers,
such as miRNAs are being investigated for their potential diagnostic accuracy. Many studies that investigated
the potential role of miRNAs as biomarkers in PCa arose by measuring the di�erences in their expression
level in PCa patients versus healthy controls (or other types of benign prostatic diseases) [32–34].

The main goal of this meta-analysis was to investigate the true diagnostic value for miR-141 in PCa, by analyzing
the studies published until 2018 regarding this particular miRNA. We have mainly focused on predicting the
diagnostic accuracy of miR-141 for PCa, by pooling together a total number of six studies that investigated the
di�erences in expression levels of circulating miR-141 from PCa patients’ samples (serum, plasma, whole blood
or PBMCs) compared to healthy controls, or patients with BPH. The pooled values for sensitivity, speci�city,
and AUC (0.78, 0.96 and 0.87, respectively) prove that miR-141 has a relatively high overall diagnostic accuracy
for PCa, and it holds great promise for the future diagnosis of this malignancy. The overall accuracy of miR-141
in PCa diagnosis is surprisingly high, as demonstrated by the DOR value of 89.

MiR-141 is an oncogenic type of miRNA, therefore its expression level is higher in malignant tissues
compared to healthy prostatic tissues and benign prostatic hyperplasia (BPH) [35,36]. In addition, transfecting
pre-miR-141 into Lymph Node Carcinoma of the Prostate cells increased cells proliferation, while anti-miR-141
transfection suppressed their growth. Interestingly, miR-141 is expressed signi�cantly higher in androgen
receptor (AR) positive xenografts compared to negative AR xenografts [37].
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Brase et al. described up-regulation of circulating miR-141 in patients with metastases, suggesting it could
di�erentiate metastatic PCa from healthy subjects [38]. Interestingly, Mitchell et al. showed that miR-141 is
highly expressed in prostate epithelial cells and absent in stromal cells [17].

MiR-141 was shown to be an ideal candidate as a circulating biomarker, due to its distribution in plasma,
serum, whole blood, or PBMCs. The liquid biopsy technique is one of the most minimally invasive types of
analysis, and it is of high interest for miRNA biomarker research, given the important amounts of circulating
miRNAs speci�c to their area of origin that can be found in biological �uids [39].

This is the �rst meta-analysis to ever assess the true diagnostic value of miR-141 in PCa in similar sample
specimens (blood-based), without the inclusion of other biological samples (tissue biopsy, urine, etc.), in order
to reduce heterogeneity as much as possible. We strongly believe that this might represent a major strength of
our research, as future minimally invasive biomarkers for these types of malignancies might be screened rather
from blood specimens or other circulating samples, than from tissue samples that involve invasive procedures.
Nevertheless, there still remains some degree of heterogeneity among sample types that could induce bias, as
there might be di�erences in miRNA expression between acellular samples such as serum and plasma samples,
and samples containing blood cells. This aspect will need to be further addressed by future studies.

Nonetheless, our meta-analysis encompassed some limitations as well, which are worth acknowledging.
First, the control group was not the same between the studies, as we have retrieved articles with either
healthy or with benign disease controls (that might have by itself di�erent values for miR-141), which might
introduce a selection bias. Secondly, we found it quite challenging to �nd studies with similar research designs,
methodology and sample specimens, and therefore the search has been considerably narrowed down in order
to include articles as similar as possible. Thirdly, the selection of patients and/or the patient �ow might have
introduced bias, although we cannot know for sure, as patients’ clinical information was quite scarce in some
of the articles. A threshold value was used, at least in some articles, while others lacked this information, so we
decided to remove that data for all. Moreover, the wide con�dence intervals are due to the small number of
included studies. Last but not least, by performing this meta-analysis, we have observed that there is a lack of
uniformization and standardization of research protocols and methodologies, with considerable discrepancies
between studies with similar scopes, which would need further discussion in future research.

Conclusions

The results of this meta-analysis study suggest that miR-141 might represent a potential biomarker for PCa
diagnosis. However, future large-scale studies are needed to de�nitely evaluate the reliability of miR-141 as
biomarker in PCa diagnosis.
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