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Abstract 

Introduction  Urine-derived exosomes could potentially be biomarkers for bladder cancer (BC) diagnosis. This study 
aimed to systematically evaluate the diagnostic worth of urine-derived exosomes in BC patients through a meta-
analysis of diverse studies.

Methods  A systematic search was carried out in PubMed, Web of Science, Embase, Cochrane, and CNKI data-
bases to obtain the literature concerning the diagnosis of BC via urine-derived exosomes. A literature retrieval 
strategy was devised to pick articles and extract needed data from the literature. QUADS-2 was used to evaluate 
the quality of the included literatures, and the aggregated diagnostic effect was assessed by calculating the area 
under the aggregated SROC curve. All statistical analyses and plots were conducted with STATA 14.0 and RevMan5.3.

Results  A total of 678 articles were retrieved by means of the search strategy of the online database. Through 
screening, 21 articles were obtained, involving 3348 participants and 77 studies. The meta-analysis of the results 
indicated that urinary exosomes had a combined sensitivity of 0.75, a specificity of 0.77, and a combined AUC of 0.83 
for the diagnosis of BC, suggesting that urine-derived exosomes have a relatively satisfactory diagnostic effect 
in the detection of BC. Among the subgroups classified by biomarker, long non-coding RNAs (lncRNAs) had the high-
est comprehensive sensitivity (SEN = 0.78), and miRNAs had the highest comprehensive specificity (SPN = 0.81). In 
other subgroup analyses, the biomarker panel for multiple exosomes combined diagnosis demonstrated the best 
diagnostic efficacy, with a combined the area under the curve ( AUC) of 0.87.

Conclusions  As a novel biomarker, urine-derived exosomes have significant diagnostic prospects in the diagnosis 
of BC. Nevertheless, their application in clinical settings still demands a considerable number of clinical trials to con-
firm their clinical feasibility and practicability.
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Introduction
Bladder cancer (BC) is among the most common malig-
nancies worldwide. According to the 2022 Global Can-
cer Statistics, BC ranks tenth in incidence globally and 
is the second most prevalent and lethal male urologi-
cal malignancy [1]. At initial diagnosis, roughly 75% of 
patients present with non-muscle-invasive bladder can-
cer (NMIBC), while the remainder have muscle-invasive 
bladder cancer (MIBC). Although the five-year survival 
rate for NMIBC is high, recurrence or metastasis often 
leads to poor prognoses [2]. Additionally, 10 to 15% of 
NMIBC patients progress to MIBC within five years, 
and the five-year survival rate for MIBC is only 5% [3, 4]. 
Therefore, effective early diagnostic methods are crucial 
to reduce mortality; however, efficient non-invasive early 
screening options for bladder disorders are currently 
lacking.

The gold standard for BC diagnosis is cystoscopy com-
bined with biopathology. However, cystoscopic tissue 
biopsy is an invasive procedure whose efficacy depends 
heavily on the operator, leading to variability in sensi-
tivity and specificity [5]. Furthermore, cystoscopy can 
cause adverse effects such as urinary tract infections, 
urethral injuries, and difficulties in urination [6, 7]. Since 
BC is typically asymptomatic in its early stages, cystos-
copy is unsuitable for early screening [8, 9]. Currently, 
urine cytology is the most common non-invasive diag-
nostic tool for BC, but it has low sensitivity, particularly 
for low-grade tumors. A recent meta-analysis reported 
combined sensitivity and specificity for urinary cytology 
at 0.42 and 1.0, respectively [10]. Additionally, several 
urine-based biomarkers, such as bladder tumor antigen 
(BTA), nuclear matrix protein 22 (NMP22), and UroVy-
sion fluorescence in situ hybridization (FISH), have been 
approved by the U.S. Food and Drug Administration 
(FDA) for clinical use. However, these biomarkers exhibit 
limited sensitivity and specificity, with false positives 
resulting from benign urinary tract conditions like cys-
titis, hyperplasia, and hematuria [11–13]. Hence, there 
is an urgent need for innovative non-invasive diagnostic 
biomarkers with high sensitivity and specificity.

In recent years, exosomes have emerged as promis-
ing biomarkers. These membrane-bound nanoparticles, 
secreted by cells into the extracellular environment, 
contain bioactive substances such as DNAs, mRNAs, 
microRNAs (miRNAs), long non-coding RNAs (lncR-
NAs), circular RNAs, lipids, and proteins. Exosomes, 
detectable in various body fluids including blood, urine, 
cerebrospinal fluid, and thoracoabdominal fluid, facili-
tate intercellular communication and regulate numer-
ous physiological and pathological processes [14–16]. 
Research indicates that exosomes play a vital role in 
tumorigenesis, progression, and metastasis through the 

molecules they transport [17, 18]. The diagnostic value 
of these exosome-bound substances in tumors is gaining 
recognition. Studies have shown that BC cells can secrete 
exosomes into urine, reflecting the state of urothelial cells 
and serving as biomarkers for screening and monitoring 
BC patients [19]. Numerous studies have explored the 
accuracy of urine-derived exosomes for diagnosing BC, 
yet these studies often lack consistency and evidence-
based verification. Therefore, this study aims to system-
atically review and conduct a meta-analysis to evaluate 
the accuracy of urine-derived exosomes as biomarkers 
for BC diagnosis.

Materials and methods
In accordance with the PRISMA guidelines, we car-
ried out this study and formulated a systematic review 
and diagnostic test accuracy evaluation scheme (McI-
nnes et  al. [20]). Before publication, we registered a 
review of the system with PROSPERO, with the number 
CRD42024561296 (https://​www.​crd.​york.​ac.​uk/​prosp​ero/​
displ​ay_​record.​php?​ID=​CRD42​02456​1296).

Search strategy
To retrieve all relevant literature related to our research 
objectives, we utilized all keywords concerning 
"exosomes" and "bladder cancer" extracted from Emtree 
and Mesh databases. We conducted a comprehensive 
search of the Chinese and English literature published 
in PubMed, Web of Science, Embase, Cochrane, and 
China National Knowledge Infrastructure (CNKI) data-
bases until April 1, 2024. To ensure the reliability of the 
search, two of our researchers, Long Chunyue and Shi 
Hongjin, independently conducted the literature search, 
while another researcher, Xu Yiheng, compared the 
search results for any differences. To guarantee no rel-
evant articles were overlooked, we manually checked the 
references of each article and the results of the system-
atic screening of the online database. For the complete 
search strategies of PubMed, Web of Science, Embase, 
and Cochrane databases, refer to Table S1.

Inclusion and exclusion criteria
Choice of research:
Chunyue Long and Hongjin Shi independently evalu-
ated all titles and abstracts to filter out references that 
failed to comply with the study’s content. Subsequently, 
they reviewed the full results to determine compliance 
with the inclusion criteria. One investigator made the 
inclusion assessment, which was validated by the sec-
ond. Whenever a disagreement emerged, it was resolved 
through discussion or negotiation with a third researcher.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024561296
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024561296


Page 3 of 16Long et al. World Journal of Surgical Oncology          (2024) 22:285 	

Inclusion criteria:
The diagnostic value of urinary exosomes in patients 
with bladder cancer was summarized based on all 
related studies. ① subjects encompassed patients diag-
nosed with BC as verified by pathology reports; ② 
the study was obligated to incorporate both patients 
with bladder cancer and non-tumor controls; ③ the 
research ought to regard sensitivity and specificity as 
outcome indicators, entail the receiver operating char-
acteristic (ROC) curve, and the data needed to be com-
prehensive. The amounts of true positive (TP), false 
positive (FP), true negative (TN), and false negative 
(FN) could be derived from the data.

Exclusion criteria:
①repeated literature; ②systematic reviews and meta-
analysis, reviews, conference papers, case reports, ani-
mal experiments; ③ research content is not consistent; 
④ the quality of the article is too low.

Data collection process
The subsequent information was collected and sorted 
for each article: the first author, the year of publication, 
the country, the ethnicity, the biomarkers for relevant 
identification, the exosome extraction approach, and 
the biomarker analysis method. Extract the relevant 
data of FP, FN, TP, and TN. If these data were absent in 
the study, calculations were made based on sensitivity 
and specificity. If needed, we reached out to the study 
authors for additional information. When there was a 
disagreement among the data collectors, advice was 
sought from the third author.

Literature quality evaluation
The authors utilized the Reference Quality Assessment 
tool (QUADS-2) from the Diagnostic Accuracy test 
in RerMan 5.3 (Nordic Cochrane Centre, Copenha-
gen, Denmark) to evaluate the risk of bias and clinical 
applicability of the literature. The bias assessment was 
categorized into four parts: Patient Selection, Index 
Test, Reference Standard, Flow and Timing. The clini-
cal adaptability of the first three parts was appraised. 
Each item was assessed respectively with "yes", "no" and 
"unclear", and the disputed portion was discussed with 
the third researcher to reach a consensus.

Statistical treatment
The statistical analyses for this study were all imple-
mented in the STATA 14.0 (STATA Corporation, Col-
lege Station, TX, U.S.A.) statistical software. At first, 
relevant indicators including TP, FP, FN, and TN were 
extracted from every study, and sensitivity, specificity, 

positive likelihood ratio (PLR), negative likelihood ratio 
(NLR), and diagnostic odds ratio (DOR) were calcu-
lated from these data. The I2 statistic was utilized to 
discover the heterogeneity among the studies. If I2< 50% 
signified that the heterogeneity was not prominent, the 
fixed effects model was employed for meta-analysis; 
otherwise, the random effects model was adopted [21]. 
Employing the "midas" command in the model to assess 
the merged sensitivity, specificity, corresponding sum-
mary receiver operating characteristics (SROC) curve, 
PLR, NLR, and DOR, the area under the curve (AUC) 
represents the aggregated diagnostic value. Publication 
bias was evaluated by the Deeks funnel plot asymmetry 
test, with P < 0.10 denoting a significant difference [22].

Result
Literature search and study selection
A total of 678 articles were retrieved through the 
search strategy of online databases. Specifically, 107 
were from PubMed, 267 from Web of Science, 216 from 
Embase, 2 from Cochrane, and 83 from CNKI. Addi-
tionally, 3 other records were identified through man-
ual search. After employing EndNote, 418 duplicate 
papers were excluded. Subsequently, 126 reviews, sys-
tematic reviews, and conference papers were removed, 
thereby obtaining 292 papers for preliminary screening. 
After perusing the titles and abstracts, 255 articles that 
were inconsistent with this study were excluded, leav-
ing 37 articles. After meticulously reading the full text 
of all 37 articles in accordance with our inclusion and 
exclusion criteria and eliminating those with incon-
sistent research content, poor quality, and the lack of 
corresponding data, this paper ultimately included 21 
compliant literatures from 7 countries, namely China, 
Iran, South Korea, Japan, the United States, Turkey, and 
Egypt (see Table  1 and Table  2). The literature search 
process and research selection based on PRISMA 
guidelines are depicted in Fig.1.

Quality evaluation
The results of the quality assessment using the QUA-
DAS-2 checklist are presented in Fig. 2 and Table S2. We 
discovered that the trials to be evaluated had the most 
significant impact on reducing the risk of quality bias in 
the articles. Additionally, the lack of clear explanations 
regarding case selection, process, and progress in some 
articles was notable. In the applicability section, case 
selection and tests to be evaluated need to be taken into 
account. Overall, most of the articles were low-risk litera-
ture, suggesting that the overall quality of the included 
studies was satisfactory.
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Meta‑analysis of diagnostic accuracy
Table 3 show the diagnostic value of different biomarkers 
in the included literature, including extraction data for 
TP, FP, FN, TN, SEN, SPE, PLR, NLR, and DOR.

Included literature and features
To explore the diagnostic accuracy of exosomes in 
patients with BC, we conducted a meta-analysis based 
on 77 data from 21 articles, encompassing a total of 
3348 participants (including 1833 BC patients and 1515 

non-tumor controls). There were 58 studies involv-
ing Asian participants and 19 studies involving Cauca-
sian participants. All the studies pertained to exosomes 
derived from urine, among which 40 studies investi-
gated exosome lncRNA, 16 studies investigated exo-
some miRNA, 19 studies investigated exosome mRNA, 
1 study investigated protein, and another study explored 
the combined diagnostic efficacy of lncRNA and mRNA. 
Two methods, namely ultracentrifugation and exosome 
isolation kit, were employed to extract total exosomes 

Table 1  Bibliographic information of included primary studies

No Country Author Year Title

1 Iran Abbastabar,M [23] 2020 Tumor-derived urinary exosomal long non-coding rnas as diagnostic biomarkers 
for bladder cancer

2 China Bian,B [24] 2022 Urinary exosomal long non-coding RNAs as noninvasive biomarkers for diagnosis 
of bladder cancer by RNA sequencing

3 China Chen,C [25] 2022 Urinary Exosomal Long Noncoding RNA TERC as a Noninvasive Diagnostic and Prog-
nostic Biomarker for Bladder Urothelial Carcinoma

4 Egypt El-Shal,A.S [26] 2021 Urinary exosomal microRNA-96-5p and microRNA-183-5p expression as potential 
biomarkers of bladder cancer

5 Turkey Güllü Amuran,G [27] 2020 Urinary micro-RNA expressions and protein concentrations may differentiate bladder 
cancer patients from healthy controls

6 China Huang,H [28] 2021 Combination of Urine Exosomal mRNAs and lncRNAs as Novel Diagnostic Biomark-
ers for Bladder Cancer

7 Korea Lee,J.S [29] 2022 Alpha-2-macroglobulin as a novel diagnostic biomarker for human bladder cancer 
in urinary extracellular vesicles

8 China  Lin, H [30] 2021 Urinary Exosomal miRNAs as biomarkers of bladder Cancer and experimental verifi-
cation of mechanism of miR-93-5p in bladder Cancer

9 China Liu,C [31] 2023 The value of urinary exosomal lncRNA SNHG16 as a diagnostic biomarker for bladder 
cancer

10 Japan Matsuzaki,K [32] 2017 MiR-21-5p in urinary extracellular vesicles is a novel biomarker of urothelial carci-
noma

11 China Qiu,T [33] 2022 Comparative evaluation of long non-coding RNA-based biomarkers in the urinary 
sediment and urinary exosomes for non-invasive
diagnosis of bladder cancer

12 Iran Sarfi,M [34] 2021 Increased expression of urinary exosomal LnCRNA TUG-1 in early bladder cancer

13 China Wen,J [35] 2021 Urinary Exosomal CA9 mRNA as a Novel Liquid Biopsy for Molecular Diagnosis 
of Bladder Cancer

14 China Xu,Y [36] 2021 A potential panel of five mRNAs in urinary extracellular vesicles for the detection 
of bladder cancer

15 Iran Yazarlou,F [37] 2018 Urinary exosomal expression of long non-coding RNAs as diagnostic marker in blad-
der cancer

16 America De Long,J [38] 2015 A non-invasive miRNA based assay to detect bladder cancer in cell-free urine

17 China Gao,Y [39] 2023 Exosomal Long Non-Coding Ribonucleic Acid Ribonuclease Component of Mito-
chondrial Ribonucleic Acid Processing Endoribonuclease
Is Defined as a Potential Non-Invasive Diagnostic Biomarker for Bladder Cancer 
and Facilitates Tumorigenesis via the miR-206/G6PD Axis

18 China Zhan,Y [40] 2018 Expression signatures of exosomal long non-coding RNAs in urine serve as novel 
non-invasive biomarkers for diagnosis and recurrence prediction of bladder cancer

19 China Wang X [41] 2024 Urinary exosomal mRNA as a biomarker for the diagnosis of bladder cancer

20 Japan Murakami T [42] 2024 Cross-sectional and longitudinal analyses of urinary extracellular vesicle mRNA mark-
ers in urothelial
bladder cancer patients

21 China Yang FK [43] 2024 The value of urinary exosomal microRNA-21 in the early diagnosis and prognosis 
of bladder cancer
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from urine. There were 39 studies involving ultracentrifu-
gation and 37 studies involving the exosome isolation kit. 
All the included studies utilized quantitative real-time 
reverse transcription polymerase chain reaction (qRT-
PCR) to determine the expression level of exosome ncR-
NAs, and 1 study used enzyme-linked immunosorbent 
assay (ELISA) to determine the protein expression level.

Summary meta‑analysis
Figure  3 presents a forest map of the sensitivity and 
specificity of exosomes employed to distinguish between 
BC patients and non-tumor controls. In the forest plot, 
individual studies are represented as separate lines, and 
the point estimates of sensitivity and specificity along 
with their confidence intervals are plotted. The com-
bined sensitivity (I2 = 88.05 (85.92—90.18)) and specific-
ity (I2 = 83.42 (80.17—86.67)) of the heterogeneity test 
were calculated. A high I2 value indicates significant het-
erogeneity among the studies. It can be observed from 
the map that the wide range and substantial variation in 
the point estimates across studies suggest the presence 
of heterogeneity. To account for this heterogeneity, the 
random effect size model was utilized for meta-analysis. 
This model assumes that the true effect sizes vary among 
studies and incorporates this variation in the analysis.

The data from the 77 studies are as follows: The sensi-
tivity was 0.75 (95% CI = 0.71—0.78, Fig. 3), the specific-
ity was 0.77 (95% CI = 0.74—0.80, Fig.  3), and the AUC 
was 0.83 (95% CI = 0.79—0.86, Fig. 4a). The PLR was 3.28 
(95% CI = 2.89—3.71, Figure S1), the NLR was 0.33 (95% 
CI = 0.29—0.37, Figure S1), and the DOR was 10.04 (95% 
CI = 8.3—12.15, Figure S2). The results imply that urinary 
exosomes possess superior diagnostic value for BC.

Subgroup analysis
Next, we classified all the studies into meta-analyses in 
accordance with the type of RNA (lncRNA, miRNA, and 
mRNA), the total size of the study sample, ethnicity, the 
method of total exosome extraction, and whether a com-
bined diagnosis was implemented.

Figures  S3—S5 present forest maps summarizing the 
sensitivity and specificity of exosome lncRNAs (lncR-
NAs, Figure S3), exosome miRNAs (miRNAs, Figure 
S4), and exosome mRNAs (mRNAs, Figure S5) as bio-
markers for differentiating BC patients from non-tumor 
controls, along with corresponding 95% confidence inter-
vals. The comprehensive sensitivity of exosome lncR-
NAs was the highest at 0.78 (95% CI = 0.74—0.82). The 
combined sensitivities of exosome mRNAs and exosome 

Table 2  The workflow data from the included studies

qRT-PCR quantitative reverse transcriptase PCR, ELISA Enzyme-linked immunosorbent assay

No Study race Exosomes Source Exosome Isolation Biomarker Analysis

1 Abbastabar, M. [23] Caucasian urine Exosome Isolation Kit qRT-PCR

2 Bian, B. [24] Asian urine Exosome Isolation Kit qRT-PCR

3 Chen, C. [25] Asian urine Ultracentrifugation qRT-PCR

4 El-Shal,A.S. [26] Caucasian urine Exosome Isolation Kit qRT-PCR

5 Güllü Amuran,G. [27] Caucasian urine Ultracentrifugation qRT-PCR

6 Huang,H. [28] Asian urine Exosome Isolation Kit qRT-PCR

7 Lee,J.S. [29] Asian urine Ultracentrifugation/Exosome 
Isolation Kit

ELISA

8 Lin,H [30] Asian urine Ultracentrifugation qRT-PCR

9 Liu,C. [31] Asian urine Ultracentrifugation qRT-PCR

10 Matsuzaki,K. [32] Asian urine Ultracentrifugation Unclear

11 Qiu,T. [33] Asian urine Ultracentrifugation qRT-PCR

12 Sarfi,M. [34] Caucasian urine Exosome Isolation Kit qRT-PCR

13 Wen,J. [35] Asian urine Ultracentrifugation qRT-PCR

14 Xu,Y. [36] Asian urine Ultracentrifugation qRT-PCR

15 Yazarlou,F. [37] Caucasian urine Exosome Isolation Kit qRT-PCR

16 De Long,J. [38] Caucasian urine Ultracentrifugation qRT-PCR

17 Gao,Y. [39] Asian urine Exosome Isolation Kit qRT-PCR

18 Zhan,Y. [40] Asian urine Ultracentrifugation qRT-PCR

19 Wang X [41] Asian urine Ultracentrifugation qRT-PCR

20 Murakami T [42] Asian urine Exosome Isolation Kit qRT-PCR

21 Yang FK [43] Asian urine Ultracentrifugation qRT-PCR
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miRNAs were 0.69 (95% CI = 0.63—0.75) and 0.69 (95% 
CI = 0.60—0.78), respectively. Exosome miRNAs had the 
highest combined specificity of 0.81 (95% CI = 0.74—
0.86), while the specificities of exosome lncRNAs and 
exosome mRNAs were 0.75 (95% CI = 0.71—0.79) and 

0.79 (95% CI = 0.73—0.84), respectively. Figures  4a - d 
depict the SROC curves of the diagnostic accuracy of 
biomarkers in the three groups. It can be observed that 
the area under the curve (AUC) of the panel biomarkers 
of exosome lncRNAs and exosome miRNAs is 0.83 (95% 

Fig. 1  The literature searches and study selection process for systematic review according to PRISMA

Fig. 2  Quality assessment of the studies included in meta-analysis with the QUADAS-2 checklist
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CI = 0.80—0.86, 95% CI = 0.79—0.86). The AUC of exo-
some mRNAs was slightly lower than the former two, at 
0.81 (95% CI = 0.77—0.84).

The summary results of the diagnostic effects of dif-
ferent subgroups are presented in Table  4. It can be 
observed that the combined AUC for exosome detec-
tion of the yellow race was 0.83 (95%CI = 0.79—0.86), 
and the diagnostic efficacy was superior to that of 
the white race (AUC = 0.82 (95%CI = 0.78—0.85)). 
Based on the total sample size of the study, the AUC 
of the group with a total sample size > 100 (AUC = 0.82 
(95%CI = 0.78—0.85)) was marginally smaller than that 
of the group with a total sample size ≤ 100 (AUC = 0.84 
(95%CI = 0.80—0.87)). Regarding the methods utilized 
for extracting total exosomes from urine, the combined 
AUC of the exosome extraction group employing the 
kit (AUC = 0.84 (95%CI = 0.81—0.87)) was superior to 
that of the exosome extraction group using ultracen-
trifugation (AUC = 0.82 (95%CI = 0.78—0.85)). Addi-
tionally, the combined AUC of biomarker panels with 
multiple exosomes for combined diagnosis was 0.87 
(95% CI = 0.84—0.90), significantly surpassing the 

combined AUC of single exosomes (AUC = 0.81 (95% 
CI = 0.78—0.84))

Publication bias
The Deeks funnel plot was utilized to assess the presence 
of publication bias within this study. The results dem-
onstrated that the graph was largely symmetrical, and 
no publication bias was identified in this meta-analysis 
(P = 0.19, Fig.  5a). In the subgroup analysis, Deeks fun-
nel plots for various exosomes RNAs were constructed. 
The findings indicated that the graphs of the exosomes 
lncRNA (P = 0.32, Fig.  5b), exosomes miRNA (P = 0.15, 
Fig. 5c), and exosomes mRNA (P = 0.28, Fig. 5d) groups 
were also essentially symmetrical, with no publication 
bias being detected.

Discussion
BC is a highly aggressive malignancy of the genitouri-
nary system. In the United States, 2023 estimates indicate 
approximately 16,710 deaths from BC, with the death rate 
among men being three times higher than among women 

Fig. 3  The Forest plot shows the sensitivity and specificity of total exosomes in differentiating BC patients from non-tumor controls
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[44]. The poor prognosis of BC is partly due to the lack of 
effective early diagnostic methods. Currently, cystoscopy 
remains the primary method for diagnosing and detect-
ing BC recurrence. However, it is an invasive and costly 
procedure, limiting its use as a routine screening tool for 
BC.Non-invasive tests, such as urine cytology, are avail-
able but have proven ineffective for detecting low-grade 
malignancies [45]. Biomarkers like BTA and NMP22 are 
not only less sensitive but also prone to false positives in 

benign urinary conditions, which significantly hinders 
early diagnosis and treatment of BC [11, 12].

Traditional cancer diagnostic methods have seen lim-
ited progress, resulting in many cases being detected 
too late for effective treatment. This underscores the 
urgent need for novel, faster, and more accurate diag-
nostic techniques to combat cancer [46]. The domain of 
exosome diagnosis is rapidly growing in biomedical sci-
ence. Our understanding of exosomes has significantly 

Fig. 4  Summary receiver operating characteristic curves of studied biomarkers. a) total exosomes, b) exosomes lncRNAs, c) exosomes miRNAs, d) 
exosomes mRNAs
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advanced, and numerous studies have highlighted 
their role in the early detection and prognosis of vari-
ous malignant tumors [47–49]. A recent meta-analysis 

and systematic review investigated the diagnostic value 
of exosomal circRNAs in six types of solid tumors, 
including lung and liver cancer. It reported a combined 

Table 4  Summary estimates of diagnostic efcacy for exosomal profling in bladder cancer detection

CI confdence interval, SEN sensitivity, SPE specifcity, PLR positive likelihood ratio, NLR negative likelihood ratio, DOR diagnostic odds ratio, AUC​ area under the curve

Analysis SEN(95% CI) SPE(95% CI) PLR(95% CI) NLR(95% CI) DOR(95% CI) AUC(95% CI)

Exosomal ncRNA
types

lncRNA 0.78 0.75 3.13 0.29 10.72 0.83

miRNA 0.69 0.81 3.63 0.38 9.6 0.83

mRNA 0.69 0.79 3.34 0.39 8.63 0.81

Ethnicity Asian 0.75 0.77 3.28 0.32 10.24 0.83

Caucasian 0.73 0.78 3.29 0.35 9.50 0.82

Sample size ＞100 0.74 0.76 3.14 0.34 9.35 0.82

≤100 0.75 0.78 3.51 0.31 11.22 0.84

Exosome extraction methods Exosome isolation kit 0.78 0.76 3.29 0.29 11.50 0.84

ultracentrifugation 0.70 0.79 3.33 0.37 8.89 0.82

Exosomal
panels

Single exosomes 0.73 0.76 3.04 0.35 8.59 0.81

Multiple exosomes 0.79 0.80 4.04 0.26 15.80 0.87

Overall / 0.75 0.77 3.28 0.33 10.04 0.83

Fig. 5  Deek’s funnel plot and asymmetry test for assessing the possibility of publication bias for included studies in meta-analysis. a) total 
exosomes, b) exosomes lncRNAs, c) exosomes miRNAs, d) exosomes mRNAs
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sensitivity of 0.74 (95% CI = 0.70—0.78) and a com-
bined specificity of 0.81 (95% CI = 0.78—0.83) across 21 
studies [50]. Exosomes secreted by bladder cancer cells 
can be directly released into the urine and remain sta-
ble, making it feasible to detect bladder cancer through 
urinary exosome analysis. Currently, numerous studies, 
both domestic and international, have examined the 
differential expression of various exosomes in bladder 
cancer patients. Our study aims to assess the diagnos-
tic value of urine-derived exosomes in bladder cancer 
patients through meta-analysis.

This study aimed to evaluate the accuracy of urine-
derived exosomes as a non-invasive diagnostic tool for 
bladder cancer. To achieve this, we undertook a system-
atic review and meta-analysis, conducting a compre-
hensive search across various databases to identify all 
relevant studies on BC-related exosomal biomarkers, 
including lncRNAs, miRNAs, mRNAs, and proteins. 
Strict inclusion and exclusion criteria were applied, 
resulting in the incorporation of 21 articles involving a 
total of 3,348 subjects. The extracted data revealed that 
urine-derived exosomes had a combined Area Under 
the Curve (AUC) of 0.83 for diagnosing bladder can-
cer, with a sensitivity of 75% and a specificity of 77%. 
The AUC is a crucial metric for assessing diagnostic 
accuracy; a value closer to 1 indicates higher diagnostic 
value. AUC values exceeding 0.75 are generally consid-
ered satisfactory [51], and in this study, the AUC was 
0.84, suggesting that urine-derived exosomes exhibit 
a high level of diagnostic accuracy for bladder can-
cer. Additionally, the combined diagnostic odds ratio 
(DOR) was computed to be 11. The DOR measures 
the effectiveness of a diagnostic test, with higher val-
ues indicating better diagnostic performance [52]. In 
conclusion, urine-derived exosomes show significant 
potential as a diagnostic tool for bladder cancer.

Due to the considerable heterogeneity in this study, a 
subgroup analysis was conducted. We found that exo-
some types (lncRNA, miRNA, or mRNA), total sample 
size, subject ethnicity, and exosome extraction methods 
(using a kit or ultracentrifugation) are potential sources 
of heterogeneity in detecting bladder cancer exosomes. 
In the meta-analysis grouped by exosome type, no sig-
nificant difference in diagnostic efficacy was observed 
between lncRNAs and miRNAs, both showing an AUC 
of 0.83. The diagnostic efficacy for the mRNA group 
was slightly lower with an AUC of 0.81. However, it’s 
important to note that the number of studies on miR-
NAs and mRNAs included in this research was signifi-
cantly smaller than that on lncRNAs, advising caution 
in interpreting these results. Moreover, the combined 
AUC for multiple exosome panels was 0.87, in contrast 
to 0.81 for single-exosome panels. This indicates that 

diagnostic performance for bladder cancer is significantly 
enhanced when using multiple exosome combined pan-
els compared to a single panel. Additionally, diagnostic 
efficacy appears slightly higher in individuals of Asian 
descent compared to those of European descent. This 
could be attributed to varying genetic polymorphisms, 
environmental factors, and lifestyle habits across differ-
ent regions. The heterogeneity in exosome content might 
also be influenced by the diverse extraction and purifica-
tion methods used [53]. To explore this, we categorized 
the included studies based on the methods of exosome 
extraction: ultracentrifugation or commercial extraction 
kits. The findings showed that the AUC for the kit group 
(AUC = 0.84) was marginally higher than that of the 
ultracentrifugation group (AUC = 0.82). However, further 
research is needed to confirm the stability and efficacy of 
the kit method in exosome extraction.

In [54], Su et  al. assessed the diagnostic significance 
of exosome-derived lncRNAs for bladder cancer based 
on 23 studies across 10 articles (6 focused on urine and 
4 on blood), demonstrating an overall AUC of 0.74 [54]. 
In [55], Zhao L et al. evaluated the diagnostic efficacy of 
exosome-derived ncRNAs (lncRNAs and miRNAs) for 
bladder cancer, analyzing 46 studies within 15 articles (11 
on urine and 4 on blood), and reported a total AUC of 
0.84 [55]. Both studies included exosomes derived from 
urine, plasma, and serum. Our report, however, exclu-
sively evaluated the diagnostic significance of exosomes 
from urine, encompassing exosome-derived miRNAs, 
lncRNAs, mRNA, and proteins, which distinguishes it 
from the studies by Su and Zhao L. While Su and Zhao 
L conducted subgroup analyses based on sample sources, 
their studies incorporated a limited number of articles 
and did not cover the variety of urine exosomes as com-
prehensively as ours. Moreover, they did not perform 
subgroup analyses based on exosome extraction meth-
ods or sample sizes, making our report more extensive in 
these aspects. Additionally, we conducted a meticulous 
subgroup analysis of urine-derived exosomes. Our find-
ings indicated that urinary exosome lncRNA and miRNA 
exhibited the same diagnostic value, with a combined 
AUC of 0.83, which was higher than that of urinary exo-
some mRNA. Furthermore, we demonstrated that pan-
els combining multiple exosomes had higher diagnostic 
efficacy than single exosomal markers, consistent with 
the findings of Su and Zhao L. Finally, we evaluated the 
diagnostic efficiency of two distinct exosome extraction 
methods. Our analysis revealed that commercial kits pro-
vided superior diagnostic efficiency compared to ultrafast 
centrifugation. These comprehensive evaluations suggest 
that our study offers a more extensive and detailed analy-
sis of urine-derived exosomes for diagnosing bladder 
cancer compared to previous reports.
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Although we conducted a comprehensive systematic 
review and meta-analysis in line with the latest diagnostic 
guidelines, this study has some limitations. Firstly, despite 
a meticulous search, the current literature on exosomal 
diagnosis of bladder cancer (BC) is scarce. The num-
ber of included studies and subjects is relatively small, 
indicating a need for more research to verify the role of 
exosomes in BC diagnosis. Secondly, most of the studies 
in our analysis were conducted in Asia, potentially limit-
ing the generalizability of our findings to other popula-
tions. Thirdly, the heterogeneity of biomarkers presents 
a significant constraint. The statistical heterogeneity of 
exosome types, races, sample sizes, and extraction meth-
ods inevitably affects our results. Additionally, although 
the control group included patients with benign diseases 
exhibiting similar symptoms to bladder cancer, the small 
sample size limits our ability to differentiate cancer from 
other diseases with similar symptoms. Despite these 
limitations, our study found that urine-derived exosome 
detection has a high predictive power for BC. Increasing 
evidence suggests that exosome biomarkers can be effec-
tively utilized for cancer diagnosis. We hope that future 
studies by other scholars will further verify these results.

Conclusions
After screening 675 major research papers on exosomes 
and bladder cancer (BC), we included 77 studies from 21 
articles in our meta-analysis. Our findings revealed that 
urine-derived exosomes, as novel biomarkers, exhibit 
high sensitivity and specificity in diagnosing BC. In con-
clusion, urine-derived exosomes have significant diag-
nostic potential for BC. However, their clinical feasibility 
and applicability still require validation through extensive 
clinical trials.
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