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ABSTRACT

This study aimed to explore the diagnostic performance of urinary microRNAs (miRNAs) in bladder cancer (BC) in the Asian population.
PubMed, Embase, Web of Science and Cochrane Library were searched for relevant literature on the diagnostic performance of miRNAs
for BC in the Asian population. Subsequently, quality assessment on diagnostic accuracy studies-2 (QUADAS-2) was used for evaluating
the quality of the included literature, and Stata version 15.0 for statistical analysis. Eleven published studies, including 1,220 BC
patients, met the inclusion and exclusion criteria and, therefore, were investigated in this meta-analysis. The pooled sensitivity,
specificity, positive likelihood ratio, and negative likelihood ratio of urinary miRNAs in the diagnosis of BC were 0.80 (95%Cl: 0.74-0.85),
0.76 (95%Cl: 0.69-0.81), 3.28 (95%Cl: 2.63-4.10), 0.26(95%Cl: 0.21-0.33), respectively. Additionally, the area under the curve (AUC) was
0.85 in the summary receiver operating characteristic (SROC) curve, and the diagnostic odds ratio (DOR) was 12.39 (95%Cl: 9.00-17.07).
In conclusion, urinary miRNAs show good performance in diagnosing BC in Asia, and, therefore, can serve as effective biomarkers for

early clinical screening and auxiliary diagnosis of BC.
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INTRODUCTION

Bladdercancer(BC)isacommonmalignancy oftheurinary system,
with an incidence ranking 11th among all malignancies and about
150,000 deaths per year.' In China, about 78,100 new cases
(60,600 malesand 17,500 females) of BC existed in 2014, showing
an incidence of 5.71/100,000 (8.65/100,000 in males and
2.62/100,000 in females) and considered to be the most prevalent
cancerinvolvingtheurinarytract.*Therapid developmentofmolec-
ular biology technology has provided reliable detection indicators
forthe diagnosis of various diseases, and confirmed that the occur-
renceanddevelopmentofmalignanttumorsaretheresultof multi--
factorinteraction. However, thereis still a lack of effective markers
todiagnoseearly BC.

MicroRNAs (miRNAs) are a class of highly conserved non-coding
RNAs with a length of 18-25 nucleotides. In 1993, the first miRNA,
miRNA-1in-4, was discovered in Caenorhabditis elegans, followed
by the discovery of more than 700 human miRNAs in succession.>*
With the deepening of research, scholars have found that miRNAs
play a critical role in cell cycle regulation. Additionally, they can
control cellular activities such as differentiation, growth, prolifera-
tion,and apoptosis by regulatingtarget genes.>®
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According to the urological diseases guidelines, patients with
painless hematuria should be thoroughly examined to detect
potential urological cancers.”® Currently, white-light cystoscopy
is considered a gold standard for the diagnosis and follow-up of
BC.’ However, this diagnostic approach is an invasive procedure
resulting in pain and certain complications. In contrast with it,
urine cytology has the advantages of non-invasive and high
specificity, which has important clinical significance in detecting
early BC."** Down-regulated miRNAs are considered tumor
suppressor genes, while up-regulated ones as oncogenes.
MiRNAs play dual roles in tumor inhibition and carcinogenesis in
BC cells, and can be found in the tumor tissue and in body fluids
such as urine, blood, saliva, and peritoneal fluid.**** Urinalysis
has significant advantages; firstly, the acquisition of urine is
easier than that of blood and non-invasive; secondly, urine has
direct contact with BC tissue, and, therefore, its miRNAs may
betterrepresentthedisease process.

The value of urinary miRNAs in the diagnosis of BC remains
controversial inthe Asian population. Therefore, the objective of
this meta-analysis is to explore the diagnostic value of urinary
miRNAs in BC in Asia, and to provide a medical evidence for the
clinicaldiagnosisof early BCby urinary miRNAs.

METHODOLOGY

PubMed, Web of Science, Excerpta Medica Database (Embase),
and Cochrane Library were searched upto March 2021, with an
objective of collecting relevant English articles on the diagnostic
value of urinary miRNAs for BC in the Asian population. The litera-
tureretrieval strategy wasasbelow: ("microRNA" or "miRNA") and
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("bladder cancer") and ("diagnosis"). In addition, related refer-
encesoftheincluded literature were searched manually to collect
comprehensive data and information. The databases were
searchedbytworesearchersatthe sametimeandcross-checked.

The inclusion criteria were patients in the case group who were
were clinically diagnosed with BC; research subjects were Asians;
and studies published in English language; and studied samples
included urine. The exclusion criteria were overlapping publica-
tions; lackofdatainliterature; and low-quality literature.

The detailed data of the included studies were extracted and
cross-checked by two investigators. Any differences produced by
this process were resolved through discussion. The information
extracted were first author, publication year, country, sample
size,sampletype, miRNAs type, miRNAs detection method, sensi-
tivity, and specificity. Quality assessment on diagnostic accuracy
studies-2 (QUADAS-2) was applied to assess the quality of the
included literature, with 11 itemsratedas Yes (1 point), Unclear (0
point), and No (-1 point).* Finally, the total score was used as the
evaluation standard for the quality of the included literature, with
0-6classified aslow-quality and 7-11 as high-quality.

Stata version 15.0 software was adopted to analyse the data. A
bivariate mixed-effects model was applied to estimate the
pooled sensitivity, specificity, diagnostic odds ratio (DOR), posi-
tive likelihood ratio (PLR), and negative likelihood ratio (NLR).
Then, the summary receiver operating characteristic (SROC)
curve was drawn and the area under the curve (AUC) was subse-
quently obtained and served to evaluate the diagnostic signifi-
cance of urinary miRNA for BC detection. Finally, sensitivity anal-
ysis was conducted to verify the robustness of the findings. P
<0.05was consideredtobe of statistical significance.

RESULTS

The detailed literature screening flowchart is displayed in Figure
1, and the basic characteristics of the included studies are shown
in Table I. Eleven articles were finally enrolled in this meta-anal-
ysis, including 1,220 cases and 974 controls.”* The Asian coun-
tries covered were China, South Korea, Japan and Iran. The urine
sampleswere mainly urine supernatant, urine sedimentand urine
shedding. According to the quality assessment (Figure 2A-B), all
theincluded literature was of high quality, all with scores of above
6 points.

Significant heterogeneity could be observed in sensitivity
(’=85.50%), specificity (I°’=82.92%), PLR (I’=66.45%), NLR
(I’=78.42%) and DOR (’=99.78%). The SROC curve (Figure 3) was
notin atypical shoulder-arm shape (Figure 2), with the spearman
correlation coefficient of 0.407 (P=0.105) between the logarithm
of sensitivity and the logarithm of 1-specificity, indicating no
significant threshold effect in this meta-analysis. The bivariate
mixed-effects model results suggested that the pooled sensitivity
was 0.80 (95%Cl: 0.74-0.85), specificity was 0.76 (95%Cl:
0.69-0.81), PLR was 3.28 (95%Cl: 2.63-4.10), NLR was 0.26
(95%Cl: 0.21-0.33), DOR was 12.39 (95%Cl: 9.00-17.07).
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Figure 1: Flowchartofliteratureretrieval.
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Figure 2: Quality assessment of included studies according to QUADAS-2
(A)Riskofbias graph; (B) Riskofbias summary). QUADAS: Quality assess-
mentondiagnosticaccuracystudies.
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Table I: Basic characteristics of the included studies.

Study Year | Country Specimen Method miRNA profiling Case | Control Sen(sol/:l)wty Spe(coguty QUADAS-2
15 2010 Urine sediment RT-PCT miR-96 100 74 71 89.2 9
apan
Yamada Jap miR-183 74 77.3
Wang G* 2012 | China Urine sediment gRT-PCT miR-200a 51 24 100 52.6 10
Yun S}V 2012 | Korea Urine supernatant | RT-PCT miR-145 207 144 77.8 61.1 8
Urine supernatant | gRT-PCT | miR-99a and miR-125b 90 90
Zhang DZ* 2014 | China miR-99a 50 21 78 85.7 7
miR-125b 84.8 76.2
Zhou XJ*® 2014 | China urine supernatant | gRT-PCT miR-106b 112 78 83 64.1 7
Wang JF* 2015 | China | urine supernatant | qRT-PCT miR-214 192 169 54.7 93.5 8
Zhang X* 2016 | China urine supernatant | qRT-PCT miR-155 162 152 80.2 84.9 9
Urine sediment gRT-PCT | miR-34b and miR-10b 59.1 78.8
Nekoohesh? 2018 | Iran miR-141, miR-34b, 66 53 75 635 8
miR-10b and miR-103 '
Piao XM* 2018 | Korea urine supernatant | RT-PCT miR-6124/miR-4511 117 97 91.5 74.2 9
Urine sediment gRT-PCT miR-21-5p 84 59
Ghorbanmehr™ 2019 Iran miR-141-3p 45 42 71 71 8
miR-205-5p 82 62
Jiang FQ™ 2020 | China Urine sediment qRT-PCT miR-192 118 120 78 76.7 7
gRT-PCR: Quantitative real-time polymerase chain reaction; QUADAS: Quality assessment of diagnostic accuracy studies.
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Figure 3: SROC curve of the diagnostic performance of urinary
miRNAs in Asian patients with bladder cancer. SROC: summary
receiver operating characteristic.

The forest plots of DOR, sensitivity and specificity, PLR and
NLR are shown in Figure 4A-C, respectively. AUC was 0.85
(95%Cl: 0.81-0.88). Fagan's nomogram indicated that, with
the pre-test probability 20%, the post-test probability of PLR

was 45%, while that of NLR was 6% (Figure 4D). This result
suggested that urinary miRNAs had a good diagnostic perfor-
mance for BC in the Asian population. The Deeks’ funnel plot
(Figure 5) showed a p-value of 0.57, indicating no significant
publication bias.

Further, subgroup analysis meta-regression was performed
to figure out the source of heterogeneity. The results indi-
cated that year of publication, the source of urine samples,
miRNA type, and sample size might be the main sources of
heterogeneity (Figure 6). Studies with a joint diagnosis of
multiple miRNAs and a sample size more than 100 showed
high diagnostic sensitivity.

The sensitivity analysis result is shown in Figure 7. The good-
ness-of-fit and bivariate normal distribution (Figure 7A-B)
suggested that the bivariate mixed effects model for meta-a-
nalysis was robust. In addition, through influence analysis
(Figure 7C) and outlier detection (Figure 7D), it was found
that there were two studies that may have a greater impact
on the results.'**® After omitting the two, no significant
change was found in sensitivity (0.80 vs. 0.79), specificity
(0.76 vs. 0.75), PLR (3.28 vs. 3.10), NLR (0.26 vs. 0.28), DOR
(12.39 vs. 11.00), and AUC (0.85 vs. 0.84) between the
overall analysis with and without the outliers. This suggested
that the conclusions obtained in this meta-study were
robust.
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Figure 4: Diagnostic value of urinary miRNAs in Asian patients with bladder cancer (A) Diagnostic odds ratio; (B) sensitivity and specificity;
(C) Positive likelihood ratio and negative likelihood ratio; (D) Fagan's nomogram).
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Figure 6: Univariable meta-regression and subgroup analyses.
DISCUSSION

This meta-analysis was carried out to explore the diagnostic
value of urinary miRNAs for BC in the Asian population. This
diagnostic approach, based on detection of human excreta,
reduces pain due to blood collection and the risk of infectious
diseases, which are promising for the early screening of BC.
This kind of cancer is one of the most common malignant
tumors in the population, especially in males. Currently,
improving the diagnosis rate and treatment level and
reducing the disease burden on patients and society are the
common aims of both BC patients and clinicians.”®
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Figure 7: Sensitivity analysis to evaluate the robustness of the
conclusions (a) Goodness-of-fit; (b) Bivariate normality; (c) Influence
analysis; (d) Outlier detection).

The research results of miRNAs have provided new clues for
the diagnosis and treatment of BC. MiRNAs are single-s-
tranded non-coding small molecular fragments of RNA, and
their physical properties are stable. Under extreme environ-
ments such as strong acid or alkali, high or low temperature,
and even RNA digestive enzymes, the degree of degradation
is low, so the integrity of miRNAs can be assured in the urine
environment.”’ MiRNAs can be used as biomarkers for a
variety of diseases, especially for tumors, such as gastric
cancer, liver cancer, lung cancer, breast cancer.”** Moreover,
miRNAs are also of great value in tumor immunity; they are
expected to become targets for drug treatment of diseases
and to become one of the main approaches for the treatment
of various tumors in the future.>*

On the basis of strict inclusion and exclusion criteria, 11
studies were finally included in this meta-analysis. The
results suggested that urinary microRNAs had good diag-
nostic performance for BC in Asian population, with AUC up
to 0.85. The sensitivity was as high as 0.80, and the
specificity was above 0.7. The DOR is 12.39, with the differ-
ence statistically significant, indicating that urinary miRNAs
are valuable for the diagnosis of bladder cancer in Asian
populations. The PLR and NLR were are 3.28 and 0.26,
respectively, which indicates that the urinary miRNAs in diag-
nosing BC in Asian populations were 3.28 times more likely
to be true positives than false positives, and false negatives
were 23% more likely to be true negatives. Generally,
PLR>10 and NLR<0.1 suggest the possibility of diagnosing
or excluding a disease is significantly increased.” Fagan's
nomogram results showed that at a pre-test probability of
20%, the diagnostic accuracy after urine miRNAs testing
increased to 45% if the result was positive, reduced to 6% if
the result was negative. In practice, relying solely on urinary
miRNAs to diagnose or exclude BC has certain limitations,
and therefore a combination of it with BC clinical manifesta-
tions and other auxiliary examinations is introduced to make
a correct diagnosis. From the results of publication bias, the
funnel plot was basically symmetric, without statistically
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significant difference, indicating no significant publication
bias in this study. In terms of sensitivity analysis, there are
two studies that may have a certain impact on the results,
but the diagnostic performance after excluding these two
studies is not significantly different from the diagnostic perfor-
mance before the elimination, indicating that the conclusions
of this study are relatively robust.

The analysis results of heterogeneity showed that there was
significant heterogeneity in sensitivity, specificity, DOR. The
correlation coefficient between the logarithm of sensitivity and
the logarithm of 1-specificity and SROC shape demonstrated
that the heterogeneity were not from the threshold effect.
Therefore, subgroup analysis and meta-regression analysis
were subsequently conducted to explore the source of hetero-
geneity. The results suggest that year of publication, source of
the urine samples, sample size and miRNA type have different
effects on the heterogeneity. Joint diagnosis of multiple
miRNAs and the sample size greater than 100 showed high
diagnostic sensitivity. Therefore, in clinical practice, in order to
improve the diagnostic performance of urinary miRNAs for BC
in the Asian population, multiple miRNAs can be used for
combined detection and diagnosis.

This study still has some limitations. First, different diagnostic
criteria, such as the types and relative expression levels of
miRNAs, may be a bias in the diagnostic results, and have a
certain impact on the quality of the literature. Second, the
included studies are relatively limited and the sample size is
relatively small, which may affect the robustness of the
results. Third, the Asian countries included in this study are
limited as China, Japan, South Korea, and Iran; but lacking
studies from other Asian countries, which may affect the appli-
cability of the conclusions to the populations in other Asian
countries. Fourth, this study only includes the literature on the
diagnostic accuracy of urinary miRNAs in BC, but no studies
with positive and negative effects on the results.

CONCLUSION

Urinary miRNAs have good diagnostic value on BC in Asian
population, which is promising for the early diagnosis of BC. In
future research, more attention should be paid to the combina-
tion of different miRNAs in the diagnosis of BC, so as to
improve its diagnostic performance. Due to the limitations of
this study, more clinical trials are required to verify the above
conclusions before urinary miRNAs can be used in routine clin-
ical practice.
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