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Abstract

Objective: To systematically evaluate the diagnostic efficacy
of confocal laser endomicroscopy (CLE) in detection of blad-
der cancer. Methods: A systematic literature search on CLE
in diagnosing bladder cancer in PubMed, Embase, and the
Cochrane Library databases was performed. A bivariate me-
ta-regression model was used for meta-analysis to evaluate
the pooled diagnostic value of CLE. Results: A total of 5 eli-
gible studies involving 302 lesions were available for this
meta-analysis. In a per-lesion analysis, pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR), diagnostic odds ratio (DOR), and summary re-
ceiver-operating curve (SROC) area under the curve (AUC) of
CLE for malignant lesions were 0.90 (95% confidence interval
[ClI]: 0.85-0.94), 0.72 (95% Cl: 0.59-0.82), 3.20 (95% Cl: 2.14-
4.79), 0.14 (95% CI: 0.09-0.21), 23.27 (95% Cl: 11.71-46.25),
and 0.91 (95% Cl: 0.89-0.94), respectively. For low-grade uro-
thelial carcinomas, pooled sensitivity, specificity, PLR, NLR,
DOR, and AUC for CLE were 0.72 (95% Cl: 0.57-0.84), 0.87

(95% Cl: 0.77-0.93), 5.48 (95% Cl: 3.12-9.62), 0.32 (95% Cl:
0.20-0.50), 17.19 (95% CI: 8.01-36.89), and 0.85 (95% Cl:
0.82-0.88), respectively. For high-grade urothelial carcino-
mas, pooled sensitivity, specificity, PLR, NLR, DOR, and AUC
for CLE were 0.82 (95% Cl: 0.62-0.92), 0.84 (95% CI: 0.73-
0.91),4.96 (95% Cl: 2.58-9.54), 0.22 (95% Cl: 0.09-0.52), 22.49
(95% Cl: 5.33-94.85), and 0.89 (95% Cl: 0.86-0.91), respec-
tively. Conclusion: CLE is a promising endoscopy technique
for real-time tumor grading of bladder cancer.

© 2020 S. Karger AG, Basel

Introduction

Bladder cancer is currently the most prevalent and le-
thal urinary system malignancy, representing the 11th
most commonly diagnosed malignant tumor worldwide
[1]. According to the American Cancer Society estimates,
about 80,470 new bladder cancer cases were diagnosed
and 17,670 bladder cancer deaths occurred in the USA in
2019 [2]. Fortunately, about 75% of the tumors are con-
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fined to the mucosa (pTa, carcinoma in situ [CIS]) or sub-
mucosa (pT1), classified as non-muscle-invasive bladder
cancer (NMIBC) [3]. However, NMIBC is a disease with
a high frequency of early recurrence risk, which can reach
45% at the first follow-up cystoscopy 3 months after
transurethral resection of the bladder tumor (TURBT)
[4]. The relatively high rates of prevalence and recurrence
make NMIBC a large public health burden. Although
current diagnosis of bladder tumor is based on white light
cystoscopy (WLC) with histological assessment of resect-
ed tissue, WLC has several well-documented shortcom-
ings [5]. In fact, overlooked tumors or inadequate initial
resection due to inadequate visualization of WLC signifi-
cantly affects disease management and patient prognosis.

Hence, in order to improve bladder cancer visualiza-
tion and detection for NMIBC, several significant ad-
vances in endoscopic technique have emerged, including
narrow band imaging (NBI), fluorescence cystoscopy, as
well as optical coherence tomography (OCT) [6, 7]. Con-
focal laser endomicroscopy (CLE) is a unique optical im-
aging technology. It can provide real-time imaging of cel-
lular architecture and morphology of mucosal lesions
with high resolution [8-10]. The advantage of providing
histological information during TURBT or cystoscopy to
the surgeon makes CLE a more promising technique for
conservative bladder cancer management. After first be-
ing introduced in 2004, the application of CLE has ex-
panded from gastrointestinal and biliopancreatic diseases
to pulmonology and urology [11-13].

Recently, CLE has been reported to have a great diag-
nostic accuracy for bladder cancer in several studies [9,
14-16]. However, a comprehensive overview of the diag-
nostic performance of CLE of bladder cancer has not been
reported. Therefore, we conducted this review to system-
atically evaluate the diagnostic value of CLE in diagnosis
of bladder cancer.

Materials and Methods

Search Strategies

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses state-
ment [17]. An online search of PubMed, Embase, and the Co-
chrane Library databases for relevant works in the English lan-
guage was conducted using the following search terms: (“confocal
laser endomicroscopy” OR “fibered confocal microscopy” OR
“confocal endoscopy” OR “CLE”) AND (“bladder cancer” OR
“urinary bladder tumor” OR “bladder carcinoma”). The cutoff
date for the database inclusion was January 12, 2020. References
from identified studies were examined for additional eligible pa-
pers.
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Study Selection Criteria

Two independent reviewers (J.W. and Y.-C.W.) conducted the
literature search and study selection. Disagreement was resolved
by a third reviewer (Y.-P.Z.). Studies were included for initial eval-
uation according to the following criteria: (1) the study was either
a clinical trial or an observational study (case-control or cohort);
(2) sensitivity and specificity were provided or contained suffi-
cient data to construct a 2 x 2 contingency table, including true
positive, false positive, false negative, and true negative; and (3)
diagnosis of bladder cancer using histopathology as a reference
standard. Reviews, case reports, letters, or conference abstracts
were excluded.

Data Extraction and Quality Assessment

Two independent investigators extracted the following vari-
ables from each eligible study: the name of the first author, year of
publication, number of enrolled patients, number of included le-
sions, mean age of patients, sex ratio, number of endoscopists and
their experience, and diagnostic procedure. The quality of the in-
cluded studies and the risk of bias were evaluated using the Qual-
ity Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
tool by 2 independent reviewers [18].

Statistical Analysis

STATA version 15.0 (StataCorp2, College Station, TX, USA)
was used to conduct all statistical calculations. Pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood ra-
tio (NLR), and diagnostic odds ratio (DOR) with corresponding
95% confidence intervals (CIs) were calculated to evaluate the di-
agnostic value of CLE in diagnosing bladder cancer. Pooled results
were estimated using a bivariate meta-regression model [19]. Het-
erogeneity across studies was estimated using the Cochrane Q and
inconsistency (I%) tests. Statistically significant heterogeneity
among studies was assumed for Q test p values <0.10 and I? > 50%.
The symmetric summary receiver-operating curve (SROC) was
used to summarize the overall accuracy of CLE in distinguishing
normal tissues from malignant lesions and diagnosing low- and
high-grade urothelial carcinomas. Diagnostic effect was deter-
mined using area under the curve (AUC) calculated from the
SROC curve, where values >0.8 demonstrated a good diagnostic
performance. A funnel plot was constructed to evaluate the poten-
tial publication bias in selected studies using Deeks’ asymmetry
test.

Results

Study Characteristic and Quality Assessment

Figure 1 shows the literature search flow for the report.
Briefly, 69 potentially relevant studies were identified in
the initial search and 64 studies were excluded for a vari-
ety of reasons. A total of 5 eligible studies [9, 14-16, 20],
including 302 lesions, met the inclusion criteria. The
characteristics of the eligible studies are presented in Ta-
ble 1. Quality assessment of each study based on the
QUADAS-2 criteria is presented in Table 2. The overall
quality of the studies was satisfactory.
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Fig. 1. Flow diagram of identifying eligible
studies and exclusion criteria.
Table 1. Basic characteristics of the included studies
Study Year Patients, Lesions, Mean Male/  Endoscopist Endoscopist, Diagnostic procedure Ref

n n age female n
Lucas 2019 53 66 n/a n/a Trained endoscopist 2 Blinded; CLE [20]
Wu 2019 21 21 61 17/4 Trained endoscopist 2 Blinded; WLC + CLE  [16]
Lee 2019 75 119 68 90/29 Trained endoscopist 1 Blinded; CLE [15]
Liem 2020 53 65 70 39/14 Trained endoscopist 3 Blinded; WLC + CLE  [14]
Chang 2013 n/a 31 n/a n/a Experienced endoscopist 2 Blinded; WLC + CLE  [9]

n/a, not available; trained endoscopist, endoscopist who trained with a CLE training program; experienced endoscopist, endoscopist
who involved in the protocol development of CLE for bladder cancer. CLE, confocal laser endomicroscopy; WLC, white light cystos-

copy.

Diagnostic Value of CLE for NMIBC

Diagnostic Value for Malignant Lesions

Data from the 5 studies with 302 lesions were ana-
lyzed. The pooled sensitivity and specificity of CLE for

Meta-Analysis of CLE for the Detection of
Bladder Cancer

malignant lesions were 0.90 (95% CI: 0.85-0.94, I> =
26.88%) and 0.72 (95% CI: 0.59-0.82, I*> = 36.81%),
respectively (Fig. 2a, b). The pooled PLR was 3.20 (95%
Cl: 2.14-4.79, I> = 0.0%), and pooled NLR was 0.14

Urol Int 2020;104:523-532 525
DOI: 10.1159/000508417



a_  Study Sensitivity (95% Cl) b Study Specificity (95% Cl)
Chang, 2013 ———#—  0.89 (0.67-0.99) Chang, 2013 ——%  0.92 (0.62-1.00)
Liem, 2018 —=—  0.90(0.79-0.97) Liem, 2018~ —®—+ 050 (0.23-0.77)
Lee, 2019 —s  0.92(0.84-096) Lee, 2019 —=—  0.74(052-090)
Wu, 2019 ——= 1.00 (0.82-1.00) Wuy, 2019 ——s——  0.50 (0.01-0.99)
Lucas, 2019 ——=—  0.82(0.66-0.92) Lucas, 2019 —#—  0.75(0.55-0.89)
! !
1 |
Combined <> 090(0.85-0.94) Combined <> 072(059-0.82)
| Q = 547, df = 400, p = 0.24 | Q =633, df = 400, p = 0.18
! 12 = 26.88 (0.00-94.66) ! 12 = 36.81 (0.00-99.12)
07 1.0 0 1.0
Sensitivity Specificity

Fig. 2. Meta-analysis of diagnostic performance of CLE for malignant lesions. a Forest plots of the sensitivity.
b Forest plots of the specificity.

a Study DLR positive (95% Cl) b Study DLR negative (95% Cl)
Chang, 2013 ——%—— 1074 (1.63-70.56) Chang, 2013 #— 0.11 (0.03-0.43)
Liem, 2018 -#- 1.80 (1.06-3.07) Liem, 2018 -#— 0.20 (0.07-0.52)
Lee, 2019 - 3.51 (1.76-7.01) Lee, 2019 ® 0.11 (0.06-0.23)
Wuy, 2019 —@— 1.95 (0.63-6.06) Wu, 2019 s———  0.05 (0.01-0.97)
Lucas, 2019 - 3.26 (1.69-6.31) Lucas, 2019  rs— 0.25 (0.12-0.50)
| |
| |
Combined O 3.20 (2.14-4.79) Combined  { 0.14 (0.09-0.21)
| Q=7.03, df = 4.00, p = 0.13 ! Q =398, df = 400, p = 041
w 12 = 0.00 (0.00-100.00) w 12 = 0.00 (0.00-100.00)
0.6 70.6 0 1

DLR positive DLR negative

Fig. 3. Meta-analysis of diagnostic performance of CLE for malignant lesions. a Forest plots of PLR. b Forest plots
of NLR.

Table 2. Quality of articles using the QUADAS-2 tool

Study Year Risk of bias Applicability concerns

patient index test reference flow and patient index test reference

selection standard timing selection standard
Lucas 2019 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Wu 2019 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Lee 2019 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Liem 2020 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Chang 2013 High risk Low risk Low risk Low risk Low risk Low risk Low risk

QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2.

(95% CI: 0.09-0.21, I = 0.0%) (Fig. 3a, b). The pooled
DOR and AUC were 23.27 (95% CI: 11.71-46.25, I> =
70.91%) and 0.91 (95% CI: 0.89-0.94), respectively
(Fig. 4, 5).
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Diagnostic Value for Low-Grade Urothelial

Carcinomas

Pooled sensitivity, specificity, PLR, NLR, and DOR for
CLE in diagnosing low-grade urothelial carcinomas are
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a Study Diagnostic score (95% Cl) b Study Odds ratio (95% Cl)
Chang, 2013 ———® 454(1.11-454) Chang, 2013 ——s—> 93.50 (7.54-1,000.00)
Liem, 2018 —= | 2.22 (0.45-2.22) Liem, 2018 —=—+ 9.20 (2.28-37.17)
Lee, 2019 —m 3.44 (1.25-3.44) Lee, 2019 —— 31.17 (9.59-101.33)
Wy, 2019 ——® 3.6 (0.03-3.66) Wu, 2019 ——@—>  39.00 (1.06-1,000.00)
Lucas, 2019 ~ —, 2.59 (0.77-2.59) Lucas, 2019 —w 13.29 (4.06-43.46)
| |
| |
Combined <> 315(246-3.83) Combined 0 23.27 (11.71-46.25)
| Q = 4.10, df = 4.00, p = 0.39 | Q = 13.75, df = 4.00, p = 0.01
w 12 = 2.42 (0.00-100.00) w 2 = 70.91 (43.82-98.00)
0 45 1 1,000
Diagnostic score Odds ratio

Fig. 4. Meta-analysis of diagnostic performance of CLE for malignant lesions. a Forest plots of diagnostic score.

b Forest plots of DOR.

presented in Fig. 6. The pooled sensitivity was 0.72 (95%
CI: 0.57-0.84, I* = 0.0%) and pooled specificity was 0.87
(95% CI: 0.77-0.93, I* = 62.76%) (Fig. 6a). The pooled
PLR was 5.48 (95% CI: 3.12-9.62, I> = 0.0%) and pooled
NLR was 0.32 (95% CI: 0.20-0.50, I* = 0.0%) (Fig. 6b). The
pooled DOR was 17.19 (95% CI: 8.01-36.89, I? = 46.92%)
and AUC was 0.85 (95% CI: 0.82-0.88) (Fig. 6¢, d).

Diagnostic Value for High-Grade Urothelial

Carcinomas

CLE had a pooled sensitivity of 0.82 (95% CI: 0.62-
0.92, I> = 72.82%) and pooled specificity of 0.84 (95% CI:
0.73-0.91, I* = 46.78%) for diagnosing high-grade uro-
thelial carcinomas (Fig. 7a). The pooled PLR was 4.96
(95% CI: 2.58-9.54, I = 26.98%) and pooled NLR was
0.22(95% CI:0.09-0.52, I* = 75.30%) (Fig. 7b). The pooled
DOR was 22.49 (95% CI: 5.33-94.85, I> = 99.83%) and
AUC was 0.89 (95% CI: 0.86-0.91) (Fig. 7c, d).

Publication Bias

The funnel plots based on Deeks’ asymmetry test were
not significantly asymmetrical, indicating that there did
not exist significant publication bias (Fig. 8).

Discussion

Currently, WLC is a crucial technique in bladder can-
cer management and histopathology is still considered to
be the gold standard method in bladder cancer diagnosis
[1]. However, WLC cannot provide histopathological in-
formation and cannot detect fat lesions effectively, espe-
cially discriminating between inflammation and malig-
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Sensitivity

O Observed data

¢ Summary operating point
Sens = 0.90 (0.85-0.94)
Spec = 0.72 (0.59-0.82)

— SROC curve
AUC = 0.91 (0.89-0.94)

- - 95% confidence contour

0 T 1
0.5 0

Specificity

Fig. 5. SROC curve of CLE for malignant lesions. SROC, summary
receiver-operating curve; CLE, confocal laser endomicroscopys;
AUG, area under the curve.

nant lesions [5]. In addition, biopsy requires complicated
and time-consuming procedures and is, thus, not readily
available to provide histopathological information dur-
ing cystoscopy. Thus, it is important to develop novel en-
doscopic techniques to improve the detection and disease
management of bladder cancer. CLE is a high-resolution
optical imaging technology known as “optical biopsy,”
owing to its ability to generate a 500-1,000 magnification
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a Study Sensitivity (95% Cl) Study Specificity (95% Cl)
Chang, 2013 + 0.67 (0.30-0.93) Chang, 2013 —I—?— 0.82 (0.60-0.95)
Liem, 2018 —:—I— 0.79 (0.58-0.93) Liem, 2018 —I—:— 0.78 (0.62-0.89)
Lee, 2019 —®—+ 0.60 (0.36-0.81) Lee, 2019 —*- 0.94 (0.87-0.98)
Wu, 2019 —;—.— 0.86 (0.42-1.00) Wu, 2019 —ﬂ— 0.86 (0.57-0.98)
! !
| |
Combined <> 0.72 (0.57-0.84) Combined <>  087(077-093)
} Q =2.80, df = 3.00, p = 0.42 } Q = 8.06, df = 3.00, p = 0.04
! /2= 0.00 (0.00-100.00) ! 12 = 62.76 (22.21-100.00)
U T T
03 1.0 0.6 1.0
Sensitivity Specificity
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Liem, 2018 —I—T— 3.61 (1.95-6.65) Liem, 2018 —IT— 0.27 (0.12-0.59)
Lee, 2019 —+—®—  9.90 (4.21-23.26) Lee, 2019 o — 0.43 (0.25-0.73)
Wu, 2019 + 6.00 (1.61-22.42) Wu, 2019 —I—;— 0.17 (0.03-1.00)
! !
| |
Combined <> 5.48 (3.12-9.62) Combined <> 0.32 (0.20-0.50)
} Q=491,df =3.00,p =0.18 } Q =199, df =3.00, p = 0.58
! /2= 0.00 (0.00-100.00) ! /2= 0.00 (0.00-100.00)
T T T T
1.3 233 0 1
DLR positive DLR negative
C Study Diagnostic score (95% Cl) Study QOdds ratio (95% Cl)
Chang, 2013 ——= } 2.20 (0.24-2.20) Chang, 2013 + 9.00 (1.55-52.27)
Liem, 2018 —l} 2.60 (0.76-2.60) Liem, 2018 —I‘— 13.51 (3.94-46.31)
Lee, 2019 ——#  3.15(1.06-3.15) Lee, 2019 —fw— 23.25 (6.88-78.54)
Wy, 2019  ————# 3.58(0.55-3.58) Wy, 2019  ——s—— 3600 (2.69-481.21)
! !
| |
Combined <> 284(2.08-361) Combined < 17.19 (8.01-36.89)
} Q= 1.30,df =3.00,p = 0.73 } Q =5.65,df =3.00, p = 0.13
! /2= 0.00 (0.00-100.00) ! 12 = 46.92 (0.00-100.00)
S L
0.2 3.6 2 481
Diagnostic score Odds ratio
d

Sensitivity

T
0.5

Specificity

O Observed data

¢ Summary operating point
Sens = 0.72 (0.57-0.84)
Spec = 0.87 (0.77-0.93)

— SROC curve
AUC = 0.85 (0.82-0.88)

- - 95% confidence contour

Fig. 6. Meta-analysis of diagnostic performance of CLE for low-grade urothelial carcinomas. Forest plots of sen-
sitivity and specificity (a), forest plots of PLR and NLR (b), forest plots of diagnostic score and DOR (c), and
SROC curve of CLE for low-grade urothelial carcinomas (d). CLE, confocal laser endomicroscopy; PLR, positive
likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; SROC, summary receiver-operating
curve; AUC, area under the curve.
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Fig. 7. Meta-analysis of diagnostic performance of CLE for high-grade urothelial carcinomas. Forest plots of sen-
sitivity and specificity (a), forest plots of PLR and NLR (b), forest plots of diagnostic score and DOR (c), and
SROC curve of CLE for high-grade urothelial carcinomas (d). CLE, confocal laser endomicroscopy; PLR, positive
likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; SROC, summary receiver-operating

curve; AUC, ar

ea under the curve.
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a Deeks’ funnel plot asymmetry test b Deeks’ funnel plot asymmetry test [4 Deeks’ funnel plot asymmetry test
p value = 0.59 p value = 0.96 p value = 0.39
0.10 0.10 ;@
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Fig. 8. Decks’ funnel plot to evaluate the publication bias of selected studies of malignant lesions (a), low-grade
urothelial carcinomas (b), and high-grade urothelial carcinomas (c).

of high-accuracy dynamic histological tissue imaging
[21]. CLE was the first and now is widely used in gastro-
intestinal endoscopy and has been demonstrated to have
a high diagnostic value [22]. After Sonn et al. [8] first
characterized the CLE features of bladder cancer in 2009,
the application of CLE in tract urothelial carcinoma diag-
nosis has been evaluated and the diagnostic criteria for
bladder urothelium based on CLE have been initially es-
tablished [9, 23, 24].

To our knowledge, this is the first meta-analysis to
summarize the available evidence for the diagnostic value
of CLE in bladder cancer characterization. As mentioned
before, summary sensitivity and specificity of CLE for
malignant lesions were 0.90 and 0.72, respectively. When
compared to other optical imaging techniques, CLE had
a similar sensitivity but a lower specificity. NBI is an opti-
cal image enhancement technique that can differentially
penetrate mucosa to enhance the visibility of mucosal
capillaries and delicate tissue surface structures. A meta-
analysis published in 2012 showed that the pooled sensi-
tivity and specificity of NBI diagnosis of bladder cancer
were 0.94 (95% CI: 0.91-0.96) and 0.85 (95% CI: 0.81-
0.88), respectively, in a per-person analysis [25]. OCT is
a biomedical optical imaging technique that can provide
real-time and cross-sectional images of tissue morphol-
ogy. In a meta-analysis published in 2018, an excellent
diagnostic accuracy of OCT in detection of bladder can-
cer was shown, where the pooled sensitivity and specific-
ity were 0.96 (95% CI: 0.94-0.98) and 0.82 (95% CI: 0.80—
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0.85), respectively, on a per-patient level [26]. In the pres-
ent study, the specificity of CLE was a little disappointing.
Observer subjectivity and deficient diagnostic criteria
may be the main reasons. Nevertheless, the way to assess
a novel diagnostic technique is not only via sensitivity or
specificity but also using the likelihood ratio and SROC.
The pooled DOR and AUC of CLE-based diagnosis were
23.27 and 0.91, respectively. The pooled PLR was 3.20 and
pooled NLR was 0.14. These statistical results indicated
that CLE still had a high diagnostic precision in bladder
cancer.

Moreover, the ability to distinguish the structure of
microstructures or individual cells makes CLE-based re-
al-time tumor grading of urothelial carcinoma possible,
presenting the greatest advantage of CLE. This advantage
could not only confirm the radicality of TURBT, thus re-
ducing the recurrence rate, but also facilitate the follow-
up quality in NMIBC patients. As mentioned above, CLE
pooled sensitivity and specificity for low-grade urothelial
carcinomas were 0.72 and 0.87, respectively. CLE pooled
sensitivity and specificity for high-grade urothelial carci-
nomas were 0.82 and 0.84, respectively. The diagnostic
precision of CLE for bladder carcinoma grading is infe-
rior to that for malignant lesions. However, since system-
ic CLE diagnostic criteria for bladder lesions have not
been established, the diagnostic performance of CLE for
tumor grading of urothelial carcinoma is quite satisfac-
tory. CLE-based bladder cancer diagnosis relies on mi-
croarchitectural and cellular features. Nevertheless,
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translation of images into diagnosis is not straightfor-
ward. However, it was believed that after the accomplish-
ment of multicenter collaborations for larger clinical tri-
als to refine the proposed CLE criteria and develop a di-
agnostic nomogram, the diagnostic performance of CLE
in tumor grading of urothelial carcinoma would be im-
proved and CLE could be routinely used for NMIBC di-
agnosis.

In the current study, CLE was shown to be a reliable
method for the identification of malignant bladder le-
sions. However, it also had several limitations. First, the
diagnostic precision of CLE was a little lower than that of
other novel endoscopic imaging technology or the CLE
applied in other organs [22]. The first reason might have
been due to the lack of diagnostic criteria for CLE in blad-
der cancer. Chang et al. [9] proposed CLE-based diagnos-
tic criteria for bladder lesions in 2013, where architec-
tural and cellular features were shown to be able to effec-
tively identify benign and abnormal lesions. Liem et al.
[14] then validated and improved these criteria in 2018,
suggesting that organization of cells, cellular morpholo-
gy, and definition of cell borders were the differential fea-
tures for tumor grading of bladder cancer. The diagnosis
accuracy of CLE remained unsatisfactory, indicating that
the established CLE criteria needed to be refined. Anoth-
er reason may lie in the experience of the observers. As a
novel technique targeting optical biopsy, images obtained
in CLE are much more complicated and unfamiliar to
most urologists. Systematic training and substantial prac-
tice are needed, since online training provided by the
company is obviously not enough [9]. Third, CIS, a high-
grade malignant lesion confined to the mucosa, contrib-
utes to greater mortality and morbidity due to its high
potential to recur and progress. In that case, accurate di-
agnosis of CIS is particularly important but still remains
challenging [27]. However, there are few studies enrolling
an adequate number of CIS patients to evaluate the diag-
nostic value of CLE in detection of CIS. There was only
one study that evaluated 21 CIS biopsy sites and found
that CIS detection rate using CLE was 83.3%, suggesting
that CLE may be a solution for differential diagnosis be-
tween CIS and inflammatory tissue. More multicenter
randomized studies are required to confirm these conclu-
sions [5]. In addition, CLE may not be cost-effective com-
pared to WLC, which may limit large-scale application of
CLE.

Combination of CLE with other endoscopic tech-
niques could be a better choice and may greatly alter cur-
rent bladder cancer management. Marien et al. [28] eval-
uated the feasibility of using CLE with 2 fluorophores

Meta-Analysis of CLE for the Detection of
Bladder Cancer

(fluorescein and hexyl aminolevulinate) for bladder can-
cer diagnosis and found that sensitivity and specificity of
this combination can reach 80 and 100%, respectively.
However, application of CLE combined with other endo-
scopic techniques is still in the early stages, and the ad-
vantage of various combinations remains to be further
investigated.

Each meta-analysis has some unavoidable limitations.
The main limitation of the current meta-analysis is that it
relied on only 5 studies with limited samples. Therefore,
it might lack the power to illustrate the diagnostic value
of CLE in bladder cancer. Second, in virtue of different
inclusion and exclusion criteria as well as observer experi-
ence bias, there was a statistical heterogeneity in some
pooled analyses. Third, since most data are available on a
lesion level, it was not possible to estimate the diagnostic
value of CLE on a per-patient basis, although data on a
patient level may be more relevant clinically. Finally, non-
English language articles were excluded, which may lead
to a language bias.

In summary, existing evidence demonstrates that CLE
is an effective technique to diagnose bladder cancer with
high precision. CLE could be considered a promising en-
doscopy technique for real-time tumor grading of NMIBC
and a complement to improve the diagnostic accuracy of
WLC. Application of CLE in bladder cancer is still in the
early stages, and further improvement and validation
from prospective multicenter studies with a larger cohort
for CLE diagnosis criteria are expected.
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