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Abstract

Objectives

To assess the additional detection rate (ADR) of within-patient comparisons of Narrow band

imaging (NBI) and white light cystoscopy (WLC) for non-muscle invasive bladder cancer

(NMIBC) detection and compare the impact of NBI andWLC on bladder cancer recurrence risk.

Methods

We searched relevant studies from PubMed, Embase, Medline, Web of Science and the

Cochrane Library database for all articles in English published beforeJuly26th, 2016. Pooled

ADR, diagnostic accuracy, relative risk (RR) and their 95% confidence intervals (CIs) were

calculated.

Results

Twenty-five studies including 17 full texts and eight meeting abstracts were included for

analysis. Compared to WLC, pooled ADR of NBI for NMIBC diagnosis was 9.9% (95% CI:

0.05–0.14) and 18.6% (95% CI: 0.15–0.25) in per-patient and per-lesion analysis, respec-

tively. Pooled ADR of NBI for carcinoma in situ (CIS) diagnosis was 25.1% (95% CI: 0.09–

0.42) and 31.1% (95% CI: 0.24–0.39) for per-patient and per-lesion analyses, respectively.

The pooled sensitivity of NBI was significantly higher thanWLC both at the per-patient

(95.8% vs. 81.6%) and per-lesion levels (94.8% vs. 72.4%). In addition, NBI significantly

reduced the recurrence rate of bladder cancer with a pooled RR value of 0.43 (95% CI:

0.23–0.79) and0.81 (95% CI: 0.69–0.95) at month three and twelve, respectively.

Conclusions

NBI is a valid technique that improves the diagnosis of NMIBC and CIS compared to stan-

dard WLC either at per-patient or per-lesion level. It can reduce the recurrence rate of blad-

der cancer accordingly.

PLOSONE | DOI:10.1371/journal.pone.0170819 February 13, 2017 1 / 14

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

OPENACCESS

Citation: Xiong Y, Li J, Ma S, Ge J, Zhou L, Li D, et

al. (2017) A meta-analysis of narrow band imaging

for the diagnosis and therapeutic outcome of non-

muscle invasive bladder cancer. PLoS ONE 12(2):

e0170819. doi:10.1371/journal.pone.0170819

Editor: Robert Hurst, University of Oklahoma

Health Sciences Center, UNITED STATES

Received: September 12, 2016

Accepted: January 11, 2017

Published: February 13, 2017

Copyright: © 2017 Xiong et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0170819&domain=pdf&date_stamp=2017-02-13
http://creativecommons.org/licenses/by/4.0/


Introduction

Bladder cancer (BC) is the fourth most common malignancy in men and ninth in women

[1,2].The incidence of BC is rapidly increasing in underdeveloped countries. Approximately

80% of diagnosed bladder tumors are non-muscle invasive bladder cancer (NMIBC) [3].

White light cystoscopy (WLC) is the standard imaging tool to identify suspicious lesions,

detect cancer and tumor recurrence in bladder. Once a lesion is identified, transurethral

resection (TUR), the mainstay of treatment for NMIBC, will be performed to assess histo-

pathologic grade and stage. Despite its central role, WLC has several well recognized limita-

tions. It is difficult to visualize non-papillary bladder cancer using WLC, such as carcinoma

in situ (CIS), and small, or satellite tumors[4].In addition, bladder cancer may be incom-

pletely resected because of understaging[5]. These limitations of WLC contribute to the

high risk of cancer persistence and high recurrence rate (approximately 61% at year one

and 78% at year five) [6,7]. Due to the high prevalence, high recurrence rate, and the need

for long-term cystoscopic surveillance, BC has a tremendous impact on healthcare infra-

structure and costs[8].

NBI is a valid technique that can improve bladder cancer detection. NBI filters out the red

spectrum of white light, resulting in blue (415 nm) and green (540 nm) bands that can differ-

entially penetrate mucosa to enhance visualization of mucosal vasculature and highlight neo-

plastic neoangiogenesis of urothelial tumors. There is a commercially available NBI system

(Olympus Corp, Tokyo, Japan) used to detect BC. Urologists can change the optical setting on

these devices to toggle between WLC and NBI [9].To date, an increasing number of studies,

which focused on evaluating the additional detection rate (ADR) of NBI for BC compared

with WLC, have been published with a variety of findings. However, there was only one meta-

analysis included seven studies (data search up to April 2012)compared the detection rate of

NMIBC between NBI andWLC [10]. After the previous meta-analysis, many relevant original

studies were published. It is necessary to update the pooled ADR of NBI for BC compared

with WLC with the latest evidences. Besides, there is still lack of evidence from the direct com-

parison of NBI andWLC for same patients, and so it is still unclear whether there is any signif-

icant advantage in the clinical use of NBI compared with WLC.

To achieve a comprehensive analysis in order to guide rational use of NBI based on the lat-

est evidence, we performed a meta-analysis to assess the ADR of within-patient comparisons

of NBI andWLC for NMIBC detection and compare the impact of NBI andWLC on bladder

cancer recurrence risk.

Methods

This meta-analysis was conducted following the guidelines of Preferred Reporting Items for

Systematic reviews and Meta-Analyses (PRISMA)[11].

Literature search

We searched PubMed, Embase, Medline, Web of Science and the Cochrane Library database

from the earliest date available through July26th, 2016 in English. We used following keywords,

separately and in combinations: “bladder tumor”, “bladder cancer”, “urothelial cancer”, “UC”,

“non-muscle invasive bladder cancer”, “NMIBC”, “carcinoma in situ”, “CIS”, “narrow band

imaging” and “NBI”. Forward citation searching and hand searching of reference lists were

also conducted.
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Selection criteria

Studies were included if they met following criteria:(1) they evaluated ADR and/or recurrence

rate of NMIBC; (2) they provided effective comparison groups (NBI vs. WLC); (3)they re-

ported sufficient data including detected and total number of NBI and WLC at a per-patient

or per-lesion level (a lesion was defined as a biopsy specimen or a biopsy location), or total

number of subjects and recurrence rate of NBI andWLC during the follow-up period of at

least three months, or provided sufficient data for their estimation. When there were multiple

publications from the same population during an overlapping time period, only the study with

the largest series patients was included.

Studies were excluded if: (1) they were reviews, editorials, opinions, animal models or case

reports; (2)they only evaluated the ADR and/orrecurrence rate of NBI or WLC for NMIBC;

(3) no sufficient data of ADR and/or recurrence rate could be extracted; (4) patients were

undergoing the procedure without pathological confirmation of lesions.

Data selection and extraction

Citations were merged in EndNote version X7 (Thomson Reuters) to facilitate management.

Two authors (Li JD and Ma SJ) evaluated all retrieved articles by title and abstract in an

unblinded standardized manner, to determine whether a paper met the inclusion criteria.

Studies that fulfilled the inclusion criteria after full-text screening were finally included in

quantitative synthesis. We extracted relevant data from each eligible study for first author,

study year, country of origin, study setting, number of enrolled patients or lesions, sex ratio,

detected and total number of NBI andWLC, recurrence, and total number of patients in NBI-

TUR andWLC-TUR groups. Data for per-patient and per-lesion analyses were extracted sepa-

rately whenever available. Data extraction was by two authors (Li JD andMa SJ) independently

and consensus was reached on all items.

Quality assessment

The quality and risk of bias of included diagnostic studies were assessed using Quality Assess-

ment of Diagnostic Accuracy Studies-2 (QUADAS-2)[12]. The QUADAS-2 tool consists of

four key domains including patient selection, index test, reference standard, flow and timing.

Risk of bias was judged as “low”, “high”, or “unclear”.

Statistical analysis

ADR was defined as the additional number (patients or lesions) of NBI detected divided by the

total number (patients or lesions) of NBI and WLC detected. The between-study heterogeneity

was estimated using the I2 statistic. Significant heterogeneity was defined as I2 exceeding 50%.

Pooled results of ADR, relative risk (RR), sensitivity, specificity, positive likelihood ratio

(PLR), negative likelihood ratio (NLR) and corresponding 95% confidence intervals (CIs)

were calculated using the fixed effects model (Mantel and Haenszelmethod) when heterogene-

ity was not significant (I2<50%). Otherwise, a random-effects model was applied. Forest plots

were constructed for visual display of pooled results if necessary. Publication bias was exam-

ined using Egger’s linear regression text and “trim and fill” method. Meta-regression was

applied to detect the potentially important covariates exerting substantial impact on between-

study heterogeneity. Statistical analyses were conducted using Meta-Disc software (version

1.4; Unit of Clinical Biostatistics, Ramony Cajal Hospital, Madrid, Spain) [13] and STATA

12.0 (Stata Corp LP, College Station, TX, USA).
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Results

Description of included studies

Of 856 potentially relevant studies generated by the literature search, 25 studies [14–38]includ-

ing 17 full texts and eight meeting abstracts were eligible for analysis. The selection process is

shown in S1 Fig. The PRISMA checklist was showed in Fig 1. Twenty studies[14–33], covering

a total of 2,806 patients, reported the ADR results of within-patient comparisons of NBI and

WLC for NMIBC detection. The main characteristics of these studies are described in Table 1.

Six studies[16,34–38], covering a total of 1,557 patients, reported the recurrence rates using

NBI compared with WLC. The main characteristics of these six studies are described in

Table 2. Eight studies [14–16,18,21,24,29,33]reported the diagnostic accuracy of NBI and

WLC in detection of NMIBC.

Quality assessment

Results of the assessment of study quality are shown in S1 Table. In three studies[22,26,28],

risk of bias in patient selection was unclear, as unable to determine whether the patients in

these studies were continuously enrolled or not. One study[24] had a high risk of bias in the

patient selection as included patients had confirmed NMIBC before endoscopy. As for the

index test item of NBI in applicability concerns, three studies[15,16,32] scored a high risk of

bias, in which NBI was followed byWLC to identify positive lesions and investigate whether

any additional bladder was available.

Analysis of additional detection rate

Twelve studies [14,15,17,19,21,24–27,30,32,33] involving 1,625 patients reported a per-patient

analysis of NBI for NMIBC detection. The ADR ranged from 0 to 32%. The pooled result for

ADR was 9.9% (95% CI: 0.05–0.14, I2 = 68.2%) (Fig 2). Correspondingly, Seventeen studies

[14–29,31] were included for per-lesion analysis. The ADR ranged from 9% to 35%.Pooled

ADR was 18.6% (95% CI: 0.15–0.25, I2 = 79.1%) (Fig 3).When only considering the prospective

studies, nine studies [14,15,17,19,21,24,26,27,30]involving1167 patients were included for per-

patient analysis and the pooled ADR was 11.3% (95% CI: 0.06–0.17, I2 = 67.4%). Twelve stud-

ies[14,15,17–22,24,26,27,29] were included for per-lesion analysis and the pooled ADR was

19.2% (95% CI: 0.15–0.24, I2 = 81.2%).

In addition, three studies[19,21,25] involving 45 patients reported per-patient analysis of

NBI for CIS detection. The ADR ranged from 9% to 30%.Corresponding pooled results for

ADR was 25.1% (95% CI: 0.09–0.42, I2 = 0.0%) (Fig 4A). Five studies [16,18,19,21,25] involving

225 lesions reported per-lesion analysis of NBI for CIS detection. The ADR ranged from 10%

to 41%.Pooled ADR was 31.1% (95% CI: 0.24–0.39, I2 = 49.0%) (Fig 4B).

Diagnostic accuracy

Five studies [14,15,21,24,33] involving824 patients reported the diagnostic accuracy of NBI

andWLC in detection of NMIBC per-patient. Six studies [14,16,18,21,24,29] involving 1518

lesions reported diagnostic accuracy per-lesion. In per-patient analysis, the pooled sensitivity

and specificity of NBI were 95.8% (95% CI: 0.93–0.98, I2 = 80.1%) and 73.6% (95% CI: 0.69–

0.78, I2 = 89.4%), respectively (Table 3). Pooled sensitivity and specificity of WLC were 81.6%

(95% CI: 0.77–0.85, I2 = 87.7%) and 79.2% (95% CI: 0.75–0.83, I2 = 92.2%), respectively

(Table 3).

In per-lesion analysis, pooled sensitivity and specificity of NBI were 94.8% (95% CI: 0.93–

0.96, I2 = 61.5%) and 65.6% (95% CI: 0.62–0.69, I2 = 94.9%), respectively (Table 3). Pooled
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sensitivity and specificity of WLC were 72.4% (95% CI: 0.69–0.76, I2 = 75.1%) and 79.1% (95%

CI: 0.76–0.82, I2 = 93.2%), respectively (Table 3).

Recurrence rate

Six studies[16,34–38]involving1,557 patients reported recurrences rate of NMIBC. Three stud-

ies[16,34,35], five studies[16,34,36–38],and one studies[36],reported recurrence rates of NBI

andWLC at month 3, 12, and 24, respectively. The pooled recurrence rates of the NBI group

at month 3 and 12 were 4.6% (95% CI: 0.02–0.08, I2 = 45.6%) and 26.0% (95% CI: 0.23–0.29,

I2 = 0.0%). Correspondingly, pooled recurrence rates of the WLC group at month 3 and 12

were 16.7% (95% CI: 0.003–0.33, I2 = 94.0%) and 38.6% (95% CI: 0.28–0.50, I2 = 83.4%),

respectively. The pooled RR for NBI when compared to WLC at month 3 and 12 were 0.43

(95% CI: 0.23–0.79, I2 = 0.0%) and 0.81 (95% CI: 0.69–0.95, I2 = 35.7%) (Fig 5).

Heterogeneity analysis

Between-studies heterogeneity of ADR in per-patient and per-lesion analysis was explored by

meta-regression. We included four variables: (1) study design (prospective or retrospective);

(2) study type (full text or abstract); (3) study center (single or multiple) and (4) number of

patients (<50or�50) or lesions (<100 or�100).The meta-regression analysis did not reveal

any factor that contributed to the heterogeneity.

Fig 1. The PRISMA checklist for this meta-analysis.

doi:10.1371/journal.pone.0170819.g001

Table 1. Basic characteristic of the eligible studies for additional detection rate analysis.

Author Year Country Study style Study design Center(n) Patients(n) Age(mean or median) Male (%)

Ye14 2015 China full text prospective eight 103 62 78.4

Herr15 2008 America full text prospective one 427 65 74

Kohei16 2015 Japan full text retrospective one 57 75 84.2

Chen17 2013 China full text prospective one 179 53.6 61.5

Katsunori18 2010 Japan full text prospective four 104 70.6 84.6

Cauberg19 2010 Netherlands/Czech Republic full text prospective two 95 70.6 73.7

Shadpour20 2016 Iran full text prospective one 50 63.8 68

Shen21 2012 China full text prospective one 78 68 79.5

Bryan22 2008 United Kingdom full text prospective one 29 NA NA

Zhu23 2011 China full text retrospective one 12 57 75

Song24 2016 Korea full text prospective one 63 66 61.9

Jecu25 2014 Romania full text retrospective one 253 NA 70

Bryan26 2010 United Kingdom full text prospective one 23 NA NA

Naselli27 2009 Italy full text prospective one 47 62 83

Giulianelli28 2015 Italy abstract NA one 797 NA NA

Dalgaard29 2015 Denmark/Norway/Spain/France abstract prospective four 68 NA NA

Lam30 2013 United Kingdom abstract prospective one 152 NA NA

Saltirov31 2011 Bulgaria abstract NA one 64 NA NA

Jensen32 2012 Denmark abstract NA one 52 NA NA

Drejer33 2016 Denmark abstract NA three 153 NA NA

Note: NA, no data available.

doi:10.1371/journal.pone.0170819.t001
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Publication bias

Egger’s linear regression text showed no statistically significant publication bias of ADR in

per-patient analysis (p = 0.16) and per-lesion analysis (p = 0.11) (S2 Fig). Publication bias in

per-lesion analysis (p = 0.40) of NBI for CIS detectionwere also not significant. Deek’s test

showed no statistically significant publication bias in diagnostic accuracy of NBI (p = 0.11) and

WLC (p = 0.85) in per-lesion analysis.

Discussion

This meta-analysis synthesized published evidence about the ADR of within-patient compari-

sons of NBI andWLC for NMIBC diagnosis and therapeutic outcome. Our results indicated

that NBI increased NMIBC detection by 9.9% at the per-patient level and 18.6% at the per-

lesion level. The pooled sensitivity of NBI was significantly higher thanWLC both at the per-

patient (95.8% vs. 81.6%) and per-lesion levels (94.8% vs. 72.4%). In addition, NBI significantly

reduced the recurrence rate of BC after TUR with a pooled RR value of 0.43 and 0.81 at month

3 and 12, respectively.

Table 2. Basic characteristic of the eligible studies for recurrencerate analysis.

Author Year Country Study
style

Center(n) Total
patients

(n)

NBI WLC Followed
time (month)Patients

(n)
Age(mean
or median)

Male
(%)

Patients
(n)

Age(mean
or median)

Male
(%)

Naselli34 2012 Italy full text two 148 76 70.8 15.8 72 71.6 23.6 3 and 12

Kohei16 2015 Japan full text one 135 57 75 84.2 78 73 79.5 3 and 12

Cauberg35 2011 Netherlands full text one 158 40 67.9 75 120 67.8 71.7 3

Montanari37 2012 Italy full text one 92 47 NA NA 45 NA NA 12

Lee36 2014 Korea abstract one 68 33 63.8 NA 35 63.03 NA 10 and 25

Naito38 2015 Japan abstract Multicenter 956 484 NA NA 481 NA NA 12

Note: RCT, randomized controlled trial; NBI,narrow band imaging;WLC,white light cystoscopy; NA, no data available.

doi:10.1371/journal.pone.0170819.t002

Fig 2. Forest plot of the pooled additional detection rate (ADR) of Narrow-band imaging (NBI) when
compared toWhite light cystoscopy (WLC) for non-muscle invasive bladder cancer (NMIBC)
detection in per-patient analysis.

doi:10.1371/journal.pone.0170819.g002
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Compared with the previous meta-analysis conducted by Li et al.[10], the pooled ADRs of

NBI for NMIBC diagnosis in our study were lower both at per-patient level [17% (95%

CI:0.10–0.25) vs. 9.9% (95% CI: 0.05–0.14)] and per-lesion level [24% (95% CI:0.17–0.31) vs.

18.6% (95% CI: 0.15–0.25)].Although the pooled ADRs of NBI for NMIBC diagnosis in our

study were lower than the previous meta-analysis[10], the results in our meta-analysis may

more moderate and that could reflected the value of NBI in clinical practice as more original

studies and patients were included in our study.

Because of the higher sensitivity of NBI, more tumors can be detected. Herret al.[15]

reported a higher number of identified tumors per patient visualized on NBI cystoscopy (3.4)

than WLC cystoscopy (2.3). Similar results were shown in a study conducted by Bryan et al.

[26], which indicated that NBI identified 2.6 tumors per patient while WLC identified only

Fig 3. Forest plot of the pooled additional detection rate (ADR) of Narrow-band imaging (NBI)when
compared toWhite light cystoscopy (WLC)for non-muscle invasive bladder cancer (NMIBC) detection
in per-lesion analysis.

doi:10.1371/journal.pone.0170819.g003

Fig 4. Forest plot of the pooled additional detection rate (ADR) of Narrow-band imaging (NBI)when
compared toWhite light cystoscopy (WLC)for carcinoma in situ (CIS) detection in per-patient (a) and per-
lesion analysis (b).

doi:10.1371/journal.pone.0170819.g004
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1.9. However, several other studies showed that the number of tumors identified per patient by

NBI andWLC was similar[21,22,39].

Photodynamic detection (PDD) is another new diagnostic and imaging tool for establishing

a diagnosis of bladder cancer. Although sufficient evidence indicates that when compared to

WLC, both PDD and NBI can improve diagnosis and reduce the recurrence rate of bladder

cancer[10,40–42],few trials directly compare the two techniques. A preliminary study con-

ducted by Yoshio et al.[43]firstly reported the comparison of PDD and NBI in the same

patients with flat urothelial lesions suspicious of CIS of the bladder. The results indicated that

the sensitivity and specificity of PDD and NBI were similar (91.6% vs 62.5 and 82.7% vs.

87.9%).A network meta-analysis[44], assessing the therapeutic outcome of TUR in patients

with NMIBC assisted by PDD or NBI, showed that resection using NBI and PDD did not differ

significantly in terms of cancer recurrence rate [Hexaminolevulinic acid (HAL)-based PDD

Table 3. Diagnostic accuracy of NBI andWLC in detection of NMIBC.

analysis Number of
studies

(patient or
lesions)

Sensitivity
(95% CI)

Heterogeneity
(I2)

Specificity
(95% CI)

Heterogeneity
(I2)

Positive
LR(95%

CI)

Heterogeneity
(I2)

Negative
LR (95%

CI)

Heterogeneity
(I2)

AUC

Per-
patient

NBI 5 (824) 95.8%
(0.93–0.98)

80.1% 73.6%
(0.69–0.78)

89.4% 2.74
(1.62–
4.63)

90.7% 0.06
(0.01–
0.25)

82.0% 0.849

WLC 5 (824) 81.6%
(0.77–0.85)

87.7% 79.2%
(0.75–0.83)

92.2% 3.01
(1.27–
7.14)

95.8% 0.23
(0.09–
0.61)

86.6% 0.889

Per-
lesion

NBI 6 (1518) 94.8%
(0.93–0.96)

61.5% 65.6%
(0.62–0.69)

94.9% 2.40
(1.42–
4.05)

97.4% 0.09
(0.05–
0.15)

52.9% 0.940

WLC 6 (1518) 72.4%
(0.69–0.76)

75.1% 79.1%
(0.76–0.82)

93.2% 3.15
(1.99–
4.99)

90.7% 0.37
(0.29–
0.48)

68.1% 0.812

Note: AUC, area under the curve; CI, confidence interval.

doi:10.1371/journal.pone.0170819.t003

Fig 5. Forest plot of the pooled relative risk (RR) for Narrow-band imaging (NBI) compared to White light
cystoscopy (WLC) at month three (a) and twelve (b).

doi:10.1371/journal.pone.0170819.g005
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vs. NBI, OR = 1.11, 95% CI (0.55–2.1); 5-aminolevulinic acid (5-ALA)-based PDD vs. NBI,

OR = 0.53, 95% CI (0.26–1.09)].Lacking enough direct evidence, there could not determine

whether the performance of PDD and NBI in BC diagnosis were similar or not.

Higher sensitivity may bring a higher false-positive rate (FPR) and result in additional biop-

sies. The reported FPR of NBI ranged from 21.8% to 50% at per-patient level[14,15,39] and

ranged from 13.6% to 39.1% at per-lesion level.[14,18,19,25,45,46] Cauberget al.[19] found

FPR of NBI was significantly higher thanWLC (31.6% vs. 24.5%, p<0.01) at per-lesion level.

Additionally, a similar result was found by Katsunoriet al.[18] (29.1% vs. 13.8%, p<0.01). A

previous meta-analysis [10] including four studies showed a slightly higher false positive detec-

tion rate (FDR) of NBI thanWLC in tumor level without significant difference. Our results

showed the specificity of NBI was significantly lower thanWLC at per-lesion level in within-

patient comparisons. However, another meta-analysis [47] showed no significant specificity

difference between NBI andWLC (84.7% vs. 87.0%). Whether the FDR and specificity of NBI

are indeed different to WLC needs to be further explored.

Although NBI provides a subjective impression of abnormal areas of bladder mucosa with-

out the use of dyes, it does not appear to have a significant associated learning curve.[26,48]

Bryan et al.[26] reported that a new NBI user demonstrated a significantly improved detection

rate of urothelial carcinoma (UC) with NBI compared to WLC with an ADR of 35%. When

compared to an experienced user, there was no significant difference in the excess number of

detected UC (p = 0.74). Herr et al.[48] also found no significant difference between new and

experienced users of NBI in the detection rate of recurrent bladder tumors.

Several studies showed that NBI significantly reduced the recurrence rate of BC.[15,16,

19,39] Koheiet al.[16] reported that the recurrence rate at month 12 in the NBI-TUR group

was significantly lower than in the WLC-TUR group (21.1% vs. 39.7%, p = 0.016). A meta-

analysis [44]including four studies showed that NBI-TUR was superior to WLC-TUR, with an

RR of 0.47 (95% CI: 0.31–0.72). However, in this meta-analysis, the author did not show the

short-term or long-term impact of NBI-TUR on the recurrence rate of BC. In our results, the

pooled recurrence rates of NBI and WLC at month 3 and 12 were 4.6% vs. 16.7% and 26.0%

vs. 38.6%, respectively. Pooled RRs for NBI at month 3 and 12 were 0.43 (95% CI: 0.23–0.79)

and 0.81 (95% CI: 0.47–0.77), respectively. Limited by the small number of patients in included

studies, the value of NBI as an aid to TUR in reducing the long-term recurrence rate needs fur-

ther evaluation in randomized controlled trials.

Even though several studies have shown that NBI objectively improves the detection of pri-

mary and recurrent BC, there are still some controversies. One controversial area is potential

observer bias. In instances where WLC and NBI were performed subsequently by the same

urologist, the increased detection rate by NBI may result from the ‘‘second look” inspection

of the bladder. Herret al.[15] reported that subtle tumors recognized first with NBI also

became visible when the image was switched back to WLC in several cases. In order to address

observer bias, Shen et al.[21] performed NBI andWLC to detect BC in a randomized imaging

sequence modality. According to the randomization protocol, the bladder was mapped using

WLC then NBI, or vice versa during the same observation period. The result showedthat NBI

still identified significantly more additional tumors thanWLC, confirming that a “second

look” did not compromise the superiority of NBI over standard WLC for detecting primary

NMIBC including CIS lesions.

This meta-analysis had four limitations. First, there was significant heterogeneity for some

major results. Different inclusion and exclusion criteria and observer experience bias might

contribute to such heterogeneity. Although we used a random-effects model, there was still

some influence on the final results. Second, quality assessment showed that not all the included

studies were high quality, as some indices were labeled as high risk bias diagnostic studies,

Narrow band imaging for the diagnosis of non-muscle invasive bladder cancer

PLOSONE | DOI:10.1371/journal.pone.0170819 February 13, 2017 10 / 14



which might lead to some bias in the final statistical results. Third, studies included to evaluate

the diagnostic accuracy of NBI may be uncomprehensive. Since the main objective of this

study was to perform an analysis of within-patient comparisons of NBI andWLC, studies that

only reported the performance of NBI were excluded. Fourth, the limited number of patients

and lesions of CIS in the pooled analysis mean that the results of NBI for CIS detection should

be interpreted with caution.

Conclusions

In conclusion, our meta-analysis indicated that NBI improved the diagnosis of NMIBC and

CIS compared to standard WLC either at the per-patient or per-lesion level. This diagnostic

test could reduce the recurrence rate of BC accordingly.
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