
icine®

V STUDIES IN EPIDEMIOLOGY
Med
META-ANALYSIS OF OBSER
Diagnostic Value of MicroRNAs for Urologic Cancers

and Meta-Ana
A Systematic Review
, L

carcinoma, SROC = summary receiver operator characteristic

curve, TN = true negatives, TP = true positives.

MicroRNA (miR
noncoding RNAs, with
are reported to be invol

Editor: Giandomenico Roviello.
Received: December 2, 2014; revised: July 7, 2015; accepted: July 9, 2015.
From Department of Immunology, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China (HO, LZ, GS); and
Laboratory of Cardiovascular Immunology, Institute of Cardiology, Union
Hospital, Huazhong University of Science and Technology, Wuhan, China
(YZ).
Correspondence: Guanxin Shen, Department of Immunology, Tongji

Medical College, Huazhong University of Science and Technology,
Wuhan 430030, China (e-mail: shengxhust@yeah.net).

H.O. and Y.Z. contributed equally to this work as first authors.
This study was supported by Natural Science Foundation of China (no.

81373152).
The authors have no funding and conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001272

Medicine � Volume 94, Number 37, September 2015
lysis
Hui Ouyang, MD, Yanzhao Zhou, MD

Abstract: MicroRNAs (miRNAs), particularly those extracted from

the blood or tissues, have become the focus of urologic cancers research.

However, the literature reviews on the accuracy of miRNA detection in

urologic cancers have been inconsistent, leading us to perform this

meta-analysis.

Eligible studies were searched in PubMed and other databases. To

calculate the pooled detection accuracy estimates, we used a bivariate

random-effects meta-analysis model.

According to the exclusion and inclusion criteria, 41 studies were

included. Overall, the results showed sensitivity of 0.77 (95% CI:

0.74–0.80) and specificity of 0.76 (95% CI: 0.72–0.79), with an area

under the SROC curve (AUC) of 0.83 (95% CI: 0.80–0.86). In

addition, further subgroup analyses were also conducted. Firstly, the

multiple miRNAs subgroup has significantly better diagnostic speci-

ficity than single miRNA subgroup among all these cancer types, while

only bladder cancer (BC) and prostate cancer (PC) group with sig-

nificantly greater diagnostic sensitivity with their multiple miRNA

detection. Secondly, none of these cancer types showed significant

differences on diagnostic sensitivity and specificity in their specimen

and sample size subgroups. Thirdly, the diagnostic sensitivity between

Asian (0.791, 95% CI: 0.748–0.827) and Caucasian (0.713, 95% CI:

0.666–0.756) in BC type was shown significant different with the

P-value of 0.011.

The results of our study suggested that miRNAs, particularly the

multiple miRNAs, may play an important role in diagnosis and

monitoring of the urologic cancers as superior biomarkers.

(Medicine 94(37):e1272)

Abbreviations: AUC = area under the SROC curve, BC = bladder

cancer, DOR = diagnostic odds ratio, FN = false negatives, FP =

false positives, NLR = negative likelihood ratio, PC = prostate

cancer, PLR = positive likelihood ratios, RCC = renal cell
i Zhang, MD, and Guanxin Shen, MD

INTRODUCTION

U rologic cancers are abnormal cell growth that occurs in the
kidney, bladder, prostate, and testicles. Overall, about

1,607,602 new cases of urologic cancers were diagnosed world-
wide in 2008, which ranked the second most common group of
human malignancies.1 The main etiological factors of urologic
cancers are considered to be occupational carcinogen exposure
and smoking habit. Renal cell carcinoma (RCC), the most
common neoplasm in kidney, accounts for nearly 3% of adult
malignancies and its mortality rate is over 40%.2,3 RCC can be
divided into several subtypes, such as clear cell (ccRCC),
chromophobe (chRCC), and papillary (pRCC). The 5-year
survival rate of RCC ranges from 15% to 50%, depending
on tumor stage, treatment, and selection.4 For bladder cancer
(BC), most of them are nonmuscle-invasive (NMIBC) lesions.
Muscle-invasive (MIBC) lesions account for about 20% of the
annual incidence of BC, amounting to approximately 15,000
deaths per year in the United States.1 The 5-year survival rate of
BC ranges widely in different stages. The patients at early stage
(I or II) are more likely to survive with a 5-year survival rate of
97%, while the patients at advanced stage (III or IV) have little
chance to survive with only a 5-year survival rate of 6% since
the tumor has already spread or invaded to other organs, which
make it quite difficult to remove or kill cancer cells.5 Further-
more, prostate cancer (PC) is the second most common non-
cutaneous cancer in males. The potential environmental risk
factors of PC were found in previous studies, such as diet. PC,
due to its gradual progression and nonspecific symptoms, is
usually diagnosed advanced stage. However, if PC patients
could be diagnosed at its early stage, the treatment success
rate would be greatly improved. Therefore, early detection of
urologic cancers is both important and necessary for cancer
patients to receive timely treatment.

Currently, the conventional diagnostic methods of urologic
cancers consist of urine-based test, cystoscopy, and upper-tract
imaging. The urine cytology exhibits a high specificity (around
95%) but a low sensitivity (around 30%) for BC.6 The cysto-
scopy achieves the visualization of the internal urethra and
bladder, which facilitates the fast and accurate diagnosis of
urological diseases. But it may cause discomfort on patients
during the process, and the invasiveness of cystoscopy may
affect the life quality of patients. Moreover, the cystoscopy is a
relatively expensive clinical examination.7 Early cancer detec-
tion could help patients manage their cancer in a better way,
thus improve the survival rate of patients. The challenge for
early cancer detection is that nonspecific symptoms could be
observed easily at the early stage of cancer. Therefore, a novel
noninvasive diagnostic biomarker with not only high sensitivity
and specificity, but also friendly nature to patients, is
urgently needed.
NA) is an abundant class of small
20 to 25 nucleotides in length. MiRNA

ved in the biological processes related to
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tumorigenesis, including cell proliferation, differentiation,
and apoptosis.8–10 Since the first miRNA was discovered,
miRNAs had been regarded as transcriptional byproducts for
a long time. Not until miRNAs were found to be specifically
deleted in leukemia did people realize the importance of
them.11 Subsequent studies found that miRNAs are highly
associated with various human cancers, including urologic
cancers. For example, 4 miRNAs (miR-28, -185, -27, and -
7f-2) were found significantly upregulated in RCC patients
compared with healthy people. Overexpression of 10 miRNAs
(miR-223, -26b, -221, -103-1, -185, -23b, -203, -17-5p, -23a,
and -205) was observed as well in BC patients.12 Besides,
miRNA-21 expression distinguished pRCC and ccRCC from
chRCC with 83% sensitivity and 90% specificity.13 MiRNA-
375, -143, and -145 were also found with high level sensitivity
and specificity in PC detection. Furthermore, it is found that
miRNAs exist in blood, urine, and tissue with stable concen-
tration. Therefore, compared with DNA or protein, miRNA
might be a predominant biomarker from the biological
standpoint.

Subsequent studies have indicated that unique miRNA
may lead to the urologic cancers. However, studies with incon-
sistent results have also been reported. In order to further
explore the clinical applicability of miRNAs for urologic
cancers, we conducted this systematic meta-analysis based
on all relevant studies.

MATERIALS AND METHODS

Ethnic Statement
Ethnic approval is not necessary for this meta-analysis.

Search Strategy
We conduct this meta-analysis under the diagnostic meta-

analysis guidelines.14 To retrieve all studies concerning the
diagnostic value of miRNA in urologic cancer, a comprehensive
literature search in Embase, Sinomed electronic databases,
Chinese National Knowledge Infrastructure (CNKI), and the
Medline (updated to May 30, 2015) was performed without
publication date or language restrictions. The following search
terms (‘‘miR�’’ or ‘‘miRNAs’’ or ‘‘microRNAs’’) and (‘‘diag-
nostic value’’ or ‘‘diagnoses’’ or ‘‘receiver operating charac-
teristics’’ or ‘‘ROC curve’’ or ‘‘sensitivity and specificity’’) and
(‘‘urologic cancers’’ or ‘‘kidney neoplasms’’ or ‘‘ureteral neo-
plasms’’ or ‘‘urethral neoplasms’’ or ‘‘urinary bladder neo-
plasms’’ or ‘‘bladder cancer’’ or ‘‘prostate cancer’’ or
‘‘testical cancer’’) were used to retrieve all the relevant articles.
In addition, reference list of each relevant study was manually
searched to obtain other valuable articles.

Inclusion and Exclusion Criteria
Studies qualified to be included in this meta-analysis had to

fulfill the following criteria: all patients were diagnosed uro-
logic cancers using the diagnostic gold standard; case–control
studies were included; concerned the utility of miRNAs expres-
sion profiles for urologic cancers diagnosis; and including
sufficient data (4 values for false negatives [FN], true negatives
[TN], true positives [TP], and false positives [FP]). The exclu-
sion criteria were as follows: reviews, case reports, and meta-

Ouyang et al
analyses; articles not related to the diagnostic value of miRNAs
for urologic cancers; and studies without valid data (FN, TN,
TP, FP, sensitivity, and specificity).
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Data Extraction and Quality Assessment
The following data and information was extracted by 2

independent reviewers: name of the first author, publication year,
country, characteristics of participants (ethnicity, sample size,
mean/median age, and male ratio), sample source, methods of
miRNAs testing, miRNAs profiled, and the data (FN, TN, TP, FP,
sensitivity, and specificity). The revised Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) criteria were used to
evaluate the methodological qualities of selected studies.15 This
QUADAS-2 tool, containing a 7-item checklist (each of which is
scored as yes, unclear or no), is comprised of 4 key domains:
index test, reference standard patient selection, and flow and
timing. It is specifically developed to assess studies’ applicability
and risk of publication bias. An answer of ‘‘yes,’’ with a score of 1,
means that the bias has a low risk and a high concern. An answer
of ‘‘unclear,’’ given a score of 0.5, means that the bias has a
moderate risk and a moderate concern. In addition, a score of 0
was given for answers of ‘‘no,’’ which means the bias has high risk
and low concern.

Statistical Analysis
The specificity [TN/(TNþFP)], sensitivity[TP/

(TPþFN)], negative likelihood ratio (NLR) [(1-specificity)/
specificity)], positive likelihood ratios (PLR) [(sensitivity/(1-
sensitivity)], and diagnostic odds ratio (DOR) with the 95%
confidence intervals (95% CIs) were performed using the
bivariate random-effects regression model.16 The DOR, com-
bining the strengths of sensitivity and specificity, is a measure-
ment of test performance, ranging from 0 to infinity.17

Simultaneously, summary receiver operator characteristic
(SROC) curve was constructed with the sensitivity and speci-
ficity of each included study, and the area under the SROC curve
(AUC) was calculated.18 The AUC ranges from 0.5 for random
performance to 1.0 for perfect discrimination, which can be
statistically interpreted as the probability of correctly dis-
tinguishing patients from the control. The heterogeneity
between studies was evaluated using a Q test and the I2 statistics.
The sources of heterogeneity were investigated using meta-
regression and stratified analyses (ethnicity, cancer types, miR-
NAs profiling, and sample types). The random-effects model
was applied if a P-value less than 0.05 and the Q test or I2 values
�50%, which indicated substantial heterogeneity.19 In addition,
based on the characteristics of the included studies, we per-
formed subgroup analyses and meta-regression to explore the
sources of heterogeneity between studies. All analyses were
performed using R (version 3.2.0) statistical software.

RESULTS

Search Results
Figure 1 presents the results of our literature research. A

total of 609 records were first identified by our search strategy
without duplicates. After reviewing their abstracts and titles,
475 articles were removed due to unfit literary forms, irrelevant
research topic, and subjects of animal model. The rest 134
articles were left for further full-text evaluation. Among these
articles, 34 articles are irrelevant to the diagnostic value of
miRNAs in urological cancer, 49 articles fail to provide suffi-
cient data for meta-analysis, and 13 articles full texts were not
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found, with a total of 95 articles were excluded. Finally, 39
articles were included in our meta-analysis, 9 on RCC, 18 on
BC, 12 on PC.6,13,20–41 Because none of the articles provided

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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sufficient data for diagnostic value of miRNA for testical
cancer, our meta-analysis did not include testical cancer.

Characteristics of Studies
Table 1, in alphabetical order by surname of first author,

summarizes main characteristics of the 39 included articles. All
of these selected studies, with the publication years ranging
from 2008 to 2015, included a total of 3223 BC, PC, and RCC
patients and 2297 controls. Among the 39 articles, 12 articles
were conducted in Asian, and the rest 27 articles were con-
ducted in Caucasian. The diagnostic performances of single and
multiple miRNA have been investigated among those included
articles. As for the specimen types, blood specimens were
included in 13 studies, urine in 13 studies, and tissue in 8
articles, 3 articles included 2 specimen types.

Diagnostic Accuracy of RNA Profiling in Urologic
Cancers

The diagnostic accuracy of miRNAs in urologic cancers
detection is listed in Table 2, pooled from all studies. The
heterogeneities between studies of sensitivity and specificity
were 85.83% (95% CI: 83.05, 88.62) and 82.63% (95% CI:
79.02, 86.25), respectively. Thus, the random-effects model was
used to calculate the pool estimates in this study. Overall, the

FIGURE 1. Flowchart of studies selection in this meta-analysis.
pooled sensitivity and specificity were 0.744 (95% CI: 0.723–
0.763) and 0.724 (95% CI: 0.703–0.744) with an AUC of 0.795.
The SROC curve of different cancer types are shown in

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Figure 2, with AUC values of 0.875 for RCC, 0.808 for BC
and 0.755 of PC.

Subgroup Analyzing
Subgroup analyses based on ethnicity, cancer types,

miRNA profiling, and specimen types and sample size were
also conducted. The pooled sensitivity, specificity, and AUC for
each subgroup are listed in Table 2. As for cancer type, the
pooled sensitivity and specificity for RCC were 0.813 (95% CI:
0.753, 0.861) and 0.804 (95% CI: 0.724, 0.865), for BC were
0.784 (95% CI: 0.712, 0.781) and 0.742 (95% CI: 0.705, 0.776),
and for PC were 0.724 (95% CI: 0.698, 0.749) and 0.690 (95%
CI: 0.665, 0.714), respectively. Figure 2 shows that the diag-
nostic performance of miRNA was greater in RCC group than in
the rest 2 cancer types. Furthermore, for each cancer type, the
sensitivity and specificity were also calculated for their ethni-
city, specimen, and miRNA profiling subgroups. The details are
also presented in Table 2. Each subgroup has a corresponding
AUC value. The miRNA profiling subgroup showed significant
differences in their diagnostic value within each cancer type
(P-value of sensitivity difference in BC and PC subgroup were
0.038 and 0.002, respectively; P-value of specificity difference
in RCC, BC, and PC subgroup were <0.001, 0.028, and 0.016,
respectively), except for the P-value of RCC sensitivity with

0.351. We found the accuracy of miRNA combination assay
significantly higher than that of single miRNA, with their
corresponding values presenting in Table 2. Moreover, the
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TABLE 1. Characteristics and Quality Assessment of Diagnostic Clinical Trials Included in the Meta-Analysis

Case Control

Included Studies Country Ethnicity N
Mean
Age

Male
Ratio N

Mean
Age

Male
Ratio Cancer

MiRNA
Profiling Specimen QUADAS-2

Adam, 2013 USA Caucasian 20 65.0 0.75 18 42.0 0.39 BC miRs panel Plasma 4
Enokida, 2012 Japan Asian 85 n.a. n.a. 74 n.a. n.a. BC miR-96, -183 Urine 4
Eissa, 2015 Egypt Caucasian 276 n.a. 0.77 92 n.a. 0.83 BC miR-210, -10b,29c Urine 5
Hanke, 2010 Germany Caucasian 29 69.5 0.72 11 69.0 0.56 BC miR-126, -152, -182 Urine 5
Hideki, 2010 Japan Asian 54 n.a. n.a. 42 n.a. n.a. BC miR-96, -183 Urine 4
Ichimi, 2009 Japan Asian 104 76.0 0.71 31 70.0 0.87 BC miRs panel

�
Tissue 5

Jiang, 2014 China Asian 120 66.0 0.78 120 63.0 0.79 BC miRs panely Serum 4
110 66.0 0.78 110 66.0 0.86 BC miRs panely Serum

Mengual, 2013 Spain Caucasian 151 72.0 0.79 126 63.0 0.38 BC miRs panelz Urine 4
Miah, 2012 UK Caucasian 68 71.0 0.78 53 58.0 0.66 BC miRs panel§ Urine 4
Michailidi, 2015 USA Caucasian 177 n.a. n.a. 28 n.a. n.a. BC MiR-200a, -200b,

-200c, -205
Urine 5

Puerta-Gil, 2012 Spain Caucasian 37 50.3 0.53 57 50.3 0.53 BC miR-452 Urine 4
Snowdon, 2012 Canada Caucasian 8 76.5 0.88 5 63.0 0.80 BC miR-125b, -126 Urine 4
Tolle, 2013 Germany Caucasian 20 69.0 0.60 20 43.0 0.25 BC miR-26b-5p,

-144-5p, -374-5p
Blood 6

20 70.0 0.60 19 49.0 0.21 BC miRs panel� Urine
Wang, 2012 China Asian 51 73.5 0.82 24 58.9 0.67 BC miR-200a Urine 4
Wang, 2013 China Asian 26 n.a. 0.50 26 n.a. 0.50 BC miR-17-5p Urine 3
Yamada, 2011 Japan Asian 100 75.0 0.67 74 36.0 0.92 BC miR-96, -183 Urine 4
Yun, 2012 Korea Asian 69 63.5 0.80 144 63.8 0.79 BC miR-145, -200a Urine 4

138 63.5 0.80 144 63.8 0.79 BC miR-145, -200a Urine
Zaravinos, 2012 Greece Caucasian 77 72.1 0.88 77 n.a. n.a. BC miRs paneljj Tissue 5
Chen, 2014 China Asian 58 56.0 0.59 58 56.0 0.59 RCC miR-129-3p Tissue 4
Faragalla, 2012 Canada Caucasian 89 62.4 n.a. 14 62.4 n.a. RCC miR-21 Tissue 4
Iwamoto, 2014 Japan Asian 34 66.5 0.76 23 53.5 0.48 RCC miR-210 Serum 5
Redova, 2012 Czech Caucasian 90 66.0 0.62 35 63.0 0.74 RCC miR-378, -451 Serum 6
Silva-Santos, 2013 Portugal Caucasian 120 62.0 0.59 10 65.0 0.70 RCC miR-141, -200b,

-21
Tissue 6

Wach, 2013 Germany Caucasian 21 n.a. n.a. 21 n.a. n.a. RCC miR-145, -200c,
-210, -502-3p

Tissue 4

58 n.a. n.a. 53 n.a. n.a. RCC miR-145, -200c,
-210, -502-3p

Tissue

Wang, 2015 China Asian 28 n.a. n.a. 28 n.a. n.a. RCC miR-193a-3p, -362,
-572, -378, -28-5p

Serum 5

79 n.a. n.a. 79 n.a. n.a. RCC miR-193a-3p, -362,
-572, -378, -28-5p

Serum

Wulfken, 2011 Germany Caucasian 33 62.7 0.82 30 60.2 0.70 RCC miR-1233 Serum 4
84 60.9 0.67 93 63.7 0.73 RCC miR-1233 Serum

Zhao, 2013 France Caucasian 68 64.0 0.68 42 59.0 0.52 RCC miR-210 Serum 4
Bryant, 2012 UK Caucasian 55 70.0 1.00 28 63.0 1.00 PC miR-107 Plasma 5

118 71.0 1.00 17 69.0 1.00 PC miR-107, -574-3p Urine
Chen, 2012 China Asian 80 73.0 1.00 98 72.0 1.00 PC let-7c, let-7e,

miR-30c, -622,
-1285

Plasma 5

Guzel, 2015 Turkey Caucasian 23 66.8 1.00 25 63.9 1.00 PC miR-203, -203,
-361-3p, -133b,
-221

Secretion 4

Haj-Ahmad, 2014 Canada Caucasian 8 n.a. 1.00 12 n.a. 1.00 PC miR-1825, -484 Urine 4
Kachakova, 2015 Bulgaria Caucasian 59 n.a. 1.00 27 n.a. 1.00 PC let-7c, miR-30c,

-141, -375
Serum 5

Mahn, 2011 Germany Caucasian 37 n.a. 1.00 38 n.a. 1.00 PC miR-16, -26a, -32,
-195, -let7i, -39

Serum 5

Mavridis, 2013 Greece Caucasian 73 64.8 1.00 66 69.6 1.00 PC miR-244 Tissue 6
Mitchell, 2008 USA Caucasian 25 n.a. 1.00 25 n.a. 1.00 PC miR-141 Blood 4

Ouyang et al Medicine � Volume 94, Number 37, September 2015
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Case Control

Included Studies Country Ethnicity N
Mean
Age

Male
Ratio N

Mean
Age

Male
Ratio Cancer

MiRNA
Profiling Specimen QUADAS-2

Srivastava, 2013 USA Caucasian 40 59.2 1.00 40 59.5 1.00 PC miR-205, -214,
-221, -99b

Tissue 6

36 66.8 1.00 12 67.6 1.00 PC miR-205, -214,
-221, -99b

Urine

Srivastava, 2014 USA Caucasian 40 70.0 1.00 32 49.3 1.00 PC miR-25, -101,
-628-5p

Serum 6

Wach, 2012 Germany Caucasian 26 67.5 1.00 26 67.5 1.00 PC miR-375, -143,
-145

Tissue 5

50 65.0 1.00 50 65.0 1.00 PC miR-375, -143,
-145

Tissue

Yaman Agaoglu,
2011

Turkey Caucasian 51 67.0 1.00 20 n.a. 1.00 PC miR-21, -141,
-221, -21

Plasma 5

�
miR-145, -30a-3p, -133a, -195, -125b, -199a.
ymiR-152, -148b-3p, -3187-3p, -15b-5p, -27a-3p, -30a-5p.
zmiR-187, -18a, -25, -142-3p, -140-5p, -204.
§ miR-135b, -15b, -1224-3p, -15a, -15b, -21, -23b, -24-1, -27b, -100, -133b, -135b, -183, -203, -211, -212, -328, -1224.
� miR-520e, -618, -1255b-5p, -200a, -17-5p.
jjmiR-10b, -19b, -126, -145, -221, -296-5p, -378.BC¼ bladder cancer, miRNAs¼microRNAs, n.a.¼ not available, PC¼ prostate cancer,

¼ r
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SROC curves of each cancer types by miRNA are displayed in

QUADAS¼Quality Assessment of Diagnostic Accuracy Studies, RCC
Figure 3, which visually shows that the AUC values of multiple
miRNA were higher than single miRNA of each cancer type.
The specific values of AUC with each subgroup are listed in

TABLE 2. Summary Diagnostic Performance of miRNAs for Urolo

Cancer Type Group Subgroup Sensitivity (

RCC Overall 0.813 (0.753
Ethnicity Caucasian 0.836 (0.762

Asian 0.732 (0.665
Specimen Blood 0.770 (0.719

Nonblood 0.875 (0.756
MiRNA profiling Single miRNA 0.793 (0.719

Multiple miRNA 0.863 (0.729
BC Overall 0.748 (0.712

Ethnicity Caucasian 0.713 (0.666
Asian 0.791 (0.748

Specimen Blood 0.770 (0.713
Nonblood 0.746 (0.707

MiRNA profiling Single miRNA 0.736 (0.700
Multiple miRNA 0.831 (0.764

PC Overall 0.724 (0.698
Ethnicity Caucasian 0.725 (0.696

Asian 0.727 (0.663
Specimen Blood 0.717 (0.684

Nonblood 0.730 (0.682
MiRNA profiling Single miRNA 0.696 (0.664

Multiple miRNA 0.780 (0.747

AUC¼ area under the SROC curve, BC¼ bladder cancer, CI¼ confiden
cell carcinoma.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Table 2. While the ethnicity subgroup analyses showed the only

enal cell carcinoma.
significant difference of their diagnostic performance in the BC
group between Asian and Caucasian (P-value of sensitivity:
0.011). The specimen and sample size subgroup analyses

gic Cancers

95% CI) P-Value Specificity (95% CI) P-Value AUC

–0.861) 0.804 (0.724–0.865) 0.875
–0.890) 0.095 0.813 (0.699–0.890) 0.915 0.890
–0.790) 0.811 (0.659–0.905) 0.743
–0.814) 0.109 0.771 (0.667–0.850) 0.228 0.816
–0.936) 0.858 (0.718–0.934) 0.927
–0.852) 0.351 0.715 (0.618–0.796) <0.001 0.816
–0.936) 0.876 (0.824–0.915) 0.905
–0.781) 0.742 (0.705–0.776) 0.808
–0.756) 0.011 0.719 (0.665–0.767) 0.548 0.773
–0.827) 0.738 (0.688–0.782) 0.830
–0.819) 0.691 0.740 (0.626–0.828) 0.955 0.814
–0.781) 0.726 (0.687–0.761) 0.797
–0.769) 0.038 0.713 (0.675–0.748) 0.028 0.785
–0.883) 0.831 (0.738–0.895) 0.895
–0.749) 0.690 (0.665–0.714) 0.755
–0.752) 0.834 0.693 (0.664–0.721) 0.504 0.760
–0.783) 0.686 (0.642–0.727) 0.708
–0.747) 0.819 0.697 (0.665–0.726) 0.307 0.758
–0.774) 0.732 (0.691–0.768) 0.789
–0.727) 0.002 0.692 (0.664–0.718) 0.016 0.744
–0.810) 0.774 (0.723–0.817) 0.843

ce interval, miRNAs¼microRNAs, PC¼ prostate cancer, RCC¼ renal

www.md-journal.com | 5
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showed no significant difference in their diagnostic perform-
ance (Supplement Figures, http://links.lww.com/MD/A396).

DISCUSSION
Although great progress occurred in diagnostic techniques,

the accurate and convenient diagnosis for urologic cancers still
remains clinical challenges. Subsequently, a growing number of
studies have reported the potential of miRNAs as accurate
biomarkers in urologic cancers diagnosis.28,32,33 Since the
existing biomarkers do not have a high sensitivity and speci-
ficity in urologic cancer detection, the miRNAs which showed
high accuracy in urologic cancer diagnosis attract much atten-
tion.26,42 MiRNAs have more advantages as powerful bio-

FIGURE 2. SROC curve of miRNA assay for the diagnosis of
urologic cancers.
marker in urologic cancer detection than other biomarkers:
they are reproducibly and remarkably stable in body fluids,
such as blood and urine; the dysregulation of miRNA are closely
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associated with certain types of cancer; and no invasive pro-
cedure is needed. The high stability of miRNAs is possibly due
to the combination with other molecules like protein or lipids,
which protected themselves from RNase degradation.43

Besides, a number of studies imply that miRNAs are specifi-
cally correlated with urologic cancers. Wang et al29 reported
that the downexpression of miRNA-200a was positively corre-
lated with BC risk. Faragalla et al13 found that miRNA-21 was
significantly upregulated in RCC tissues. Moreover, Wulfken
et al23 identified an aberrant expression of miR-1233 in cancer
patients, compared with healthy controls. Similarly, Chen and
his colleagues first identified the different plasma miRNA
expression level between PC and controls in China. They have
found let-7e, let-7c, and miR-30c were downregulated in PC
patients, while miR-622 and miR-1285 were upregulated in PC
patients.44 The mechanisms that miRNAs involve in urological
tumorigenesis could be attributed to the ability of miRNAs,
which inhibit translation of oncogenes and tumor suppression.
MiRNAs in body fluids may also have functional roles associ-
ated with the surrounding tissues. More details and further
insight into the mechanisms of carcinogenesis are still
urgently needed.

However, due to the different study designs and study
subjects, the wide ranges of diagnostic performance were
difficult to be compared. Therefore, this study aims to sum-
marize the result of individual studies, and to investigate the
diagnostic value of miRNAs for urologic cancers detection.
After analyzing and plotting all included data, we found the
overall sensitivity and specificity of miRNAs were 0.744 and
0.724 with an AUC value of 0.795.

To explore the potential sources of heterogeneity, sub-
group analyses were conducted based on ethnicity, cancer types,
specimen types, and sample size. The results of subgroup
analysis based on ethnicity suggest that the miRNA expression
profile test have no significant difference between Asian and
Caucasian group. As for the subgroup analysis of cancer types,
we found that RCC assay has a higher accuracy compared with
BC and PC assay, the sensitivity, specificity, and AUC of RCC
are 0.813, 0.804, and 0.875, which indicated that the miRNAs
have the highest diagnostic performance in RCC patient. As for
single and multiple RNA, multiple-miRNA shows a superior
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performance than single-miRNA within each cancer type.
Although we made every effort to limit the bias, there are

still several limitations should be noticed in our study. First of
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all, during our literature search, several valuable studies may be
missed although we have already performed a comprehensive
search strategy to retrieve all the relevant studies. In addition,
some publications in other languages, such as German and
French, are not included in this study, which may have influence
on publication bias. Furthermore, there were only Asian and
Caucasian included in this meta-analysis. Therefore, the associ-
ation between miRNA expression and urologic cancer in other
ethnicities, such as Spanish, African or African-American, might
need further research. Secondly, although miRNA is stable in
body fluid, the expression level of miRNA might decrease after
surgeries. Therefore, the time of sample collection may affect the
detection results. Thirdly, the small sample size in our subgroup
analysis may lead to the bias in the results. Finally, most of the
included publications did not provide the follow-up study, thus
made it unable to verify whether controls would be at the risk of
developing urological cancers or not later.

In summary, the results of our study shown that miRNAs,
particularly the combination usage of miRNAs, have a great
potential to be an accurate biomarker to diagnose
urologic cancer.
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