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ABSTRACT
MiR-141 has gradually demonstrated its value in the diagnosis of prostate cancer. However, the diagnostic
parameters applied in previous studies were different. This systematic review was conducted to explore the diagnostic value of miR-141 in prostate cancer. A comprehensive search of related literature in PubMed, Medline,
the Cochrane Library and Embase databases was performed. Seven studies were included which assessed the
diagnostic value of miR-141 in patients with prostate cancer up to October 31, 2019. Meta-disc version 1.4 and
STATA software version 12.0 were used to analyze the data. The pooled sensitivity and specificity were 0.70 (95%
CI 0.64~0.75) and 0.73 (95% CI 0.64~0.80), respectively. The positive likelihood ratio (PLR) was 2.88 (95% CI
1.40~5.93), and negative likelihood ratio (NLR) was 0.38 (95% CI 0.20~0.71). The pooled diagnostic odds ratio
(DOR) of miR-141 for prostate cancer was observed to be 9.94 (95% CI: 2.55~38.80). The summary area under
the receiver operating characteristic (ROC) curve was 0.83 (95% CI: 0.79~0.86). The results of meta-regression
suggested that heterogeneity was mainly derived from patient age. The Fagan nomogram results showed a significant increase when correlating miR-141 with the diagnosis of prostate cancer. This meta-analysis suggests that
miR-141 has a high diagnostic value for prostate cancer. In future, large-scale prospective studies will be done to
verify and evaluate this result.
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INTRODUCTION
Prostate cancer (PCa) is one of the most common
malignant tumors of the male urinary system. In European and American populations, its incidence rate
ranks first and its death rate ranks second[1,2]. More
than 50% of patients present at an advanced stage or
have metastasis at diagnosis, which seriously affects
their prognosis and quality of life[3]. In addition, due
to poor sensitivity or specificity, it is difficult for currently available prostate-specific antigen(PSA) and

other markers to meet clinical needs[4]. Therefore,
identifying a new tumor marker with good sensitivity
and specificity is important for the clinical diagnosis
and treatment of PCa.
miRNAs are involved in the regulation of many
cellular processes, including the occurrence of tumors[5]. Some miRNAs can inhibit mRNA expression
of recipient cells, leading to aberrant expression of
target genes, thus transforming the microenvironment
and promoting tumor development[6]. A large number
of studies have confirmed the differential expression
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of miRNAs in tumor tissues, suggesting that miRNA
expression profiles can be used as a biomarker for the
early detection, classification and prognosis of tumors[7,8]. A previous study found that miRNA expression profiles were consistent with clinicopathological
data and had better accuracy in distinguishing tumor
tissues from normal tissues[9]. Moreover, miRNA has
high stability, which makes it a good diagnostic tumor marker[10]. In recent years, miR-141 has gradually demonstrated its value in the diagnosis of prostate
cancer and has become a potential new diagnostic
marker[11]. However, the diagnostic parameters varied
among previous studies[12]. Therefore, this systematic
review was conducted to explore the diagnostic value
of miR-141 in PCa.

METHODS
Search strategy
A meta-analysis was performed in accordance
with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline[13]. A
comprehensive search of literature in the PubMed,
Medline, the Cochrane Library, and Embase databases
up to October 31, 2019 was performed. The following search strategy was used: ("microRNA-141" or
"miRNA-141" or "miR-141" or "CTC") and ("prostate cancer" or "prostate carcinoma" or "prostate neoplasm" or "prostate tumor"). Subsequently, eligible
studies were included for further screening.
Study selection
Two researchers independently performed the literature search and study selection. Any disagreements
were resolved by group discussion until a consensus was reached. Studies were included if they met
the following study inclusion criteria: ① miR-141
was involved in the study of patients who were
diagnosed with PCa; ② patients with PCa were
studied using the gold standard test (eg, a histological examination) for diagnosis; ③ serum, plasma or
urine samples from PCa patients were used, and the
control group involved patients with either benign
prostate disease or healthy individuals; ④ sensitivity,
specificity and critical values must be explicitly mentioned in the literature; and ⑤ the validation method
and sufficient patients' information were reported.
The exclusion criteria were as follows: ① reviews,
comments, letters and articles with an indefinite diagnostic threshold; ② incomplete clinical data for
extraction; ③ duplicate records; ④ experiments on
DNA microarray; and ⑤ experiments on animals or
cell lines.

Data extraction
The data was collected from the included studies
and the following information was extracted: first author, publication year, country performed, age, sample number, sample type, detection method for miR141, area under receiver operating characteristic curve
(AUC), and the sensitivity and specificity of miR-141
for diagnosing PCa.
Quality assessment
The Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool was used to evaluate
the quality of studies included in the meta-analysis,
which was performed independently by the two authors [14]. The method consisted of 4 components:
patient selection, index test, reference standard, and
flow and timing. The risk of bias for each item in
individual studies can be judged as "low", "high" or
"unclear", and is summarized by proportion. All authors agreed to the final determinants of the literature
to be considered.
Statistical analysis
RevMan 5.3 was used to perform the quality
assessment, and statistical software Stata version
12.0 (Stata Corp LP, College Station, TX, USA)
and Meta - disc version 1.4 (version 1.4; Ramony
Cajal Hospital, Madrid, Spain) were used to conduct other analyses. The sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood
ratio (NLR), diagnostic odds ratio (DOR) and corresponding 95% confidence intervals (CIs) were
calculated from TP (true positive), FP (false positive), FN (false negative), and TN (true negative)
cases, which were extracted from each study before
data pooling. A bivariate random effects model [15]
was applied to summarize the sensitivity, specificity, PLR and NLR. A hierarchical regression model
was used to summarize the summary receiver operating characteristic (ROC) curve and the area under
the ROC[16]. The Q statistic and I2 was used to inspect the statistical heterogeneity across the eligible studies (P-values ≤ 0.05 and I2-values ≥ 50%
indicated heterogeneity for the Q statistic)[17]. Meta
regression analyses were conducted on the basis
of age, publication year, country, sample type and
case number[18]. We used Deeks' asymmetry test to
evaluate potential publication bias[19] and Fagan's
nomogram to evaluate the pretest probability and
post-test probability of PLR and NLR[20]. All tests
were two-sided, and a P-value < 0.05 was considered statistically significant.
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due to duplication. Additionally, 50 studies were excluded because they were letters, reviews, comments,
animals or cell line studies, or had incomplete clinical
data. After careful examination, 22 additional studies
were excluded because they had index details missing
or were not case-control studies. Finally, a total of 7
studies were included in the present meta-analysis.

Literature search
The results of the selection process are shown in

Fig. 1. The initial search in the electronic databases

yielded 116 relevant studies using the search strategy
described above, of which 37 studies were excluded
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Fig. 1 Flow chart showing the study selection procedure.

Study characteristics
The features of the enrolled studies are listed in

Table 1. The seven studies were published between

2010 and 2018, including 279 PCa patients and 135
controls. Four studies were conducted in Europe[21-24],

and three studies were conducted in Asia[25-27]. The
quality assessment results of the included studies are
shown in Fig. 2. The results showed that the included
studies were of high quality and suitable for metaanalysis.

Table 1 Characteristics of the eligible studies in the meta-analysis
Author
Pawel
Darina
Christa
Brian
Zhuo
Nassin
Fulya

Year
2018
2015
2014
2015
2015
2018
2010

Country
Poland
Bulgaria
Denmark
Ireland
China
Iran
Turkey

Case(control), n
20(8)
59(27)
31(13)
75(27)
20(20)
23(20)
51(20)

Age, y
68.6
68
64
69.5
68.4
67

Method
PCR
PCR
PCR
PCR
PCR
PCR
PCR

Sample
Serum
Plasma
Serum
Plasma
Serum
Urine
Serum

AUC
0.831
0.567
0.580
0.655
0.869
0.850
0.579

Sensitivity, % Specificity, %
65.0
88.0
56.5
57.1
30.0
100.0
94.0
70.0
80.0
87.1
88.0
93.0
65.0
40.0

PCR = polymerase chain reaction, AUC = area under curve.

Meta-analysis
The summary results for sensitivity, specificity, PLR and NLR are presented in Fig. 3. The pooled
sensitivity was 0.70 (95% CI 0.64~0.75), the specifi
city was 0.73 (95% CI 0.64~0.80), the PLR was 2.88
(95% CI 1.40~5.93), and the NLR was 0.38 (95% CI
0.20~0.71). Further, the pooled DOR of miR-141 for
prostate cancer was 9.94 (95% CI: 2.55~38.80) (Fig.
4). Finally, the summary area under the ROC curve
was 0.83 (95% CI: 0.79~0.86) (Fig. 5).
Heterogeneity analysis
The pooled DOR was 9.94, with significant hetero-

geneity (I2=82.1%, P ≤ 0.05), and meta-regression was
conducted based on patient, age, year of publication,
country, sample type and case number. The results
suggested that heterogeneity was mainly derived from
patient, age (Fig. 6, Table 2).
Clinical diagnostic efficiency
Fagan's nomogram analysis was used to evaluate
changes in pretest probability and post-test probability in
the diagnosis of PGa with miR-141. The pretest probability of PLR was 20%, and the post-test probability
was 48%. The pretest probability of NLR was 20%, and
the post-test probability decreased to 8% (Fig. 7).
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Publication bias
The Deeks' funnel plot asymmetry test was used
to evaluate publication bias. The studies' funnel plots
were symmetrical, and the results of the test showed
no evidence of publication bias (P=0.56, Fig. 8).

DISCUSSION

Fig. 2 Quality assessment of the included studies.












































































































































































































































In 2019, the estimated number of new cases of
prostate cancer was 174,650 in the United States, accounting for 20% of all cases in men[28]. The early
screening of prostate cancer can aid the early diagnosis and treatment of the disease, ultimately benefitting
patients' prognosis[29]. The serum PSA test combined
with digital rectal examination (DRE) is a widely recognized screening method for prostate cancer. Despite
their widespread use, these tests have some limitations
and drawbacks in the diagnosis of prostate cancer[30].
Compared with the traditional detection method, microRNAs have shown better sensitivity and specificity in the diagnosis of prostate cancer[31]. In particular,
miR-141 is considered to be the most effective biological marker for prostate cancer, wherein its expres




















































 






















































































 











 




























































































































































































































































 











 









































































 











 








































































Fig. 3 Forest plots for sensitivity, specificity, PLR and NLR. PLR=positive likelihood ratio; NLR=negative likelihood ratio.

sion level was found to be 46 times higher than that of
a normal control group[32].
This meta-analysis evaluated the diagnostic value
of miR-141 for prostate cancer and included 7 studies
involving a total of 414 patients. The results showed
that the pooled sensitivity and specificity were 0.70
and 0.73, respectively, which showed that the diagnostic efficiency was high. In this study, the pooled
PLR and NLR of miR-141 for prostate cancer were

2.88 and 0.38, respectively, and the results showed
an acceptable detection rate. These results suggest
that the overall accuracy of prostate cancer detection by miR-141 is relatively good. Also, the pooled
diagnostic odds ratio was 9.94, suggesting that miR141 has outstanding discrimination ability for prostate
cancer. Furthermore, the area under the ROC curve
was used to evaluate the overall diagnostic efficiency.
The summary area under the ROC curve was 0.83,
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Table 2 Meta-regression




















































 











 





















































 




Variable Coefficient Std.Err. P-value
Case
-0.03
0.03
0.25
Age
1.94
1.41
0.01
Year
-1.98
1.56
0.27
Country
0.52
0.12
0.24
Sample
-0.81
1.13
0.51

Fig. 4 Forest plot for DOR. DOR=diagnostic odds ratio.





















































   
   



   


































Fig. 5 sROC of miR-141 for the diagnosis of prostate cancer in all studies. sROC=summary receiver operating characteristic.








 



RDOR
0.97
6.96
0.14
1.68
0.44

95%CI
0.90~1.04
0.14~344.15
0.00~10.54
1.21~2.34
0.02~10.34
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Fig. 7 Fagan's nomogram.
P

Fig. 8 Publication bias.
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Fig. 6 Meta-regression analyses for DOR. DOR = diagnostic odds ratio.

and the results indicated a high diagnostic value.
The I2 value of the heterogeneity test of DOR was
82.1%, which indicated high heterogeneity. Therefore,
meta-regression analysis was used to explore the possible sources of heterogeneity. The P-value of age was
0.01, and the remaining P-values were all > 0.05. This
suggested that the patients' age was the main source
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of heterogeneity. The Deeks' funnel plot asymmetry
test showed no evidence of publication bias (P=0.56).
The Fagan nomogram results showed a significant
increase when using miR-141 for diagnosing prostate
cancer. Upregulated miR-141 is suspicious for lung
cancer, increasing the pretest probability of the PLR
from 20% to a post-test probability of 48%. Furthermore, upregulated miR-141 decreased the pretest
probability from 20% to 8%. Since miRNAs were
first identified in 1993, many studies have examined
whether the expression of certain miRNAs in prostate cancer is associated with tumor risk and progre
ssion[33,34]. Based on the results of the current metaanalysis, we believe that the detection of miR-141
combined with conventional methods can help doctors
treat and monitor disease progression. The detection
of miR-141 is helpful for the diagnosis and treatment
of prostate cancer. Studies of miRNAs are however,
still at the design stage and there are still many cha
llenges in its clinical application. The next step will
undoubtedly need to involve a large number of studies, in order to further improve the detection sensiti
vity and specificity of miR-141, and provide a wider
scientific basis for clinical practice.
This meta-analysis study suggests that miR-141 has
a high diagnostic value for prostate cancer. In future,
large-scale prospective studies will be done to verify
and evaluate this result.
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