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Context: A noninvasive multiparametric magnetic resonance imaging (MRI)-based scoring 

system for predicting muscle-invasive bladder cancer (MIBC), the “Vesical Imaging Reporting and 

Data System” (VI-RADS), was recently developed by an international multidisciplinary panel. 

Since then, a few studies evaluating the value of VI-RADS for predicting MIBC have been 

published.

Objective: To review the diagnostic performance of VI-RADS for the prediction of MIBC.

Evidence acquisition: PubMed and EMBASE databases were searched up to November 10, 

2019. We included diagnostic accuracy studies using VI-RADS to predict MIBC using cystectomy 

or transurethral resection as the reference standard. Methodological quality was evaluated with 

Quality Assessment of Diagnostic Accuracy Studies-2. Sensitivity and specificity were pooled and 

plotted using hierarchical summary receiver operating characteristics (HSROC) modeling. Meta-

regression analyses were done to explore heterogeneity.

Evidence synthesis: Six studies (1770 patients) were included. Pooled sensitivity and 

specificity were 0.83 (95% confidence interval [CI] 0.70–0.90) and 0.90 (95% CI 0.83–0.95), and 

the area under the HSROC curve was 0.94 (95% CI 0.91–0.95). Heterogeneity was present among 

the studies (Q = 29.442, p < 0.01; I2 = 87.93%, and 90.99% for sensitivity and specificity). Meta-

regression analyses showed that the number of patients (>205 vs ≤205), magnetic field strength (3 

vs 1.5 T), T2-weighted image slice thickness (3 vs 4 mm), and VI-RADS cutoff score (≥3 vs ≥4) 

were significant factors affecting heterogeneity (p ≤ 0.03).

Conclusions: VI-RADS shows good sensitivity and specificity for determining MIBC. 

Technical factors associated with MRI acquisition and cutoff scores need to be taken into 

consideration as they may affect performance.

Patient summary: A recently established noninvasive magnetic resonance imaging–based 

scoring system shows good diagnostic performance in detecting muscle-invasive bladder cancer.
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1. Introduction

Bladder cancer is common; there are approximately 550 000 new cases each year worldwide 

[1]. Determining the extent of bladder wall invasion by tumor is probably the most important 

component of the initial workup of localized disease, as it directly affects management and 

prognosis. Tumors demonstrating invasion of the muscularis propria layer (muscle-invasive 

bladder cancer [MIBC], stage ≥T2) at transurethral resection (TUR) are usually treated with 

a combination of chemotherapy and radical cystectomy or less frequently radiation. Non-

MIBC (NMIBC; stage ≤T1) is usually managed initially with TUR with or without 

intravesical treatment [2]. Although staging of bladder cancer is established by a 

combination of clinical, pathological, and imaging means, local staging is primarily based 

on pathological specimens obtained by TUR, whereas imaging using computed tomography 

(CT) or magnetic resonance imaging (MRI) has traditionally been more frequently used for 

the identification of disease outside the bladder (regional lymph nodes, upper tract, or 
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metastatic disease) [3,4]. Nevertheless, this staging paradigm is suboptimal. A recent meta-

analysis found that approximately 10% (95% confidence interval [CI] 6–14%) of T1 bladder 

cancers were upgraded to MIBC at repeat TUR [5]. In addition, a large-scale population-

based study using the US National Cancer Data Base of 18 277 patients with high-grade T1 

tumors based on TUR showed that 41% were upstaged at radical cystectomy [6].

The past 2 decades have seen remarkable advances in MRI technology. Implementation of 

multiparametric MRI (mpMRI), which combines anatomical sequences of T1- (T1WI) and 

T2-weighted imaging (T2WI) and functional sequences of dynamic contrast-enhanced 

(DCE) MRI and diffusion-weighted imaging (DWI), has shown incremental value in staging 

of bladder cancer resulting in high sensitivity and specificity [7,8].This has led to the 

development of the Vesical Imaging Reporting and Data System (VI-RADS), which aims to 

standardize acquisition and reporting of mpMRI for bladder cancer staging with focus on 

differentiation between MIBC and NMIBC [9]. Since then, several studies evaluating the 

VI-RADS have been published, but the diagnostic performance of this scoring system is yet 

to be validated systematically. We conducted a meta- analysis on the diagnostic performance 

of VI-RADS for predicting MIBC.

2. Patients and methods

This meta-analysis was conducted according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. A research question was established 

based on the Patient-Index test- Comparator-Outcome-Study design (PICOS) criteria, which 

is as follows [10]: What is the diagnostic performance of VI-RADS in predicting MIBC, as 

compared with pathological results?

2.1. Literature search

PubMed and EMBASE databases were systematically searched from inception to November 

10, 2019 using a search query established based on keywords of bladder cancer and VI-

RADS: (bladder OR urothelial OR papillary OR transitional) AND (cancer OR carcinoma 

OR tumor OR tumour OR neoplasm) AND (“Vesical Imaging-Reporting And Data System” 

OR “VI-RADS” OR VIRADS). We additionally screened the bibliographies of initially 

obtained articles to search for additionally relevant papers.

2.2. Study selection

We included studies that met the following PICOS criteria (10): (1) patients (P) had bladder 

cancer; (2) index test (I) of VI-RADS based on mpMRI was used to determine MIBC, which 

was the outcome (O) of interest; (3) pathological results based on cystectomy or TUR was 

used as the reference standard or comparator (C); (4) sufficient data were provided in the 

study to reconstruct 2 × 2 tables with regard to sensitivity and specificity; and (5) publication 

type or study design (S) was original article or conference abstract.

The studies were excluded if (1) study population consisted of <10 patients, (2) studies were 

of other publication types (ie, review articles, editorials, etc.), (3) the study dealt with other 

topics (eg, MRI used to assess local staging of bladder without VI-RADS, and VI-RADS 

score for each MRI sequence was provided but an overall VI-RADS score was not tested for 
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diagnostic performance in determining MIBC), (4) studies had overlapping patient 

population, and (5) information to reconstruct 2 × 2 tables was insufficient. Authors of the 

studies were contacted when needed, to request information regarding 2 × 2 tables or other 

relevant information needed for meta-analytical purposes. With regard to studies with 

overlapping populations, we selected the study with a greater number of patients and a 

prospective design (as opposed to a retrospective design).

The literature search and study selection process were performed by two reviewers (initially 

by S.W. and double checked by H.A.V.).

2.3. Data extraction and quality assessment

The following data were extracted from the included studies using a standardized form: 

origin of study (institution and period of enrollment), size of study population, mean age and 

range of patients, number of tumors, percentage of patients with MIBC, histological 

subtypes of tumors, study design (prospective vs retrospective, single- vs multicenter, and 

whether patients were consecutively enrolled or not), reference standard for determining the 

status of MIBC, clinical setting of MRI (before vs after TUR), technical parameters of MRI 

acquisition (including T2WI slice thickness, b values used for DWI, and temporal resolution 

of DCE MRI), details regarding MRI interpretation (number and experience of readers, and 

whether they were blinded or not), and the VI-RADS cutoff value used for determining 

MIBC on MRI.

We rated the quality of the studies based on the revised Quality Assessment of Diagnostic 

Accuracy Studies-2 (QUADAS-2) tool [9]. Data extraction and quality assessment were 

performed by the same two reviewers mentioned above in consensus.

2.4. Data synthesis and analysis

Two-by-two contingency tables were constructed from each study based on provided 

sensitivity and specificity or raw data. For studies that provided diagnostic test accuracy 

results from multiple readers, the mean value was calculated to represent that study. In 

addition, if multiple cutoff values were tested within the study, we used the one that 

provided the highest accuracy or, in other words, the cutoff yielding the least number of false 

negatives and false positives. Pooled sensitivity and specificity estimates were calculated 

with hierarchical logistic regression modeling, including bivariate and hierarchical summary 

receiver operating characteristic (HSROC) modeling, and then graphically presented using 

HSROC curves with 95% confidence and prediction regions [11,12]. Publication bias was 

tested by both visual assessment of the Deeks’ funnel plot and calculation of p value using 

the Deeks’ asymmetry test [13].

The presence of heterogeneity was evaluated using several methods: (1) Cochran’s Q test 

with p < 0.05 signifying heterogeneity; (2) Higgins I2 test with inconsistency index (I2) = 0–

40% (heterogeneity might not be important), 30–60% (moderate heterogeneity), 50–90% 

(substantial heterogeneity), and 75–100% (considerable heterogeneity) [14]; and (3) 

threshold effect, a positive correlation between sensitivity and false positive rate among the 

included studies. To explore potential reasons for heterogeneity, meta-regression analyses 

were performed for clinically relevant covariates.
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We used the “metandi” and “midas” modules in Stata 10.0 (StataCorp LP, College Station, 

TX, USA) and “mada” package in R software version 3.2.1 (R Foundation for Statistical 

Computing, Vienna, Austria) for statistical analyses. A p value of <0.05 indicated statistical 

significance except for Deeks’ asymmetry test, where the criterion of <0.1 was used.

3. Results

3.1. Literature search

The literature search initially yielded 125 articles. After removing 11 duplicates, screening 

of the remaining 114 titles and abstracts yielded 20 potentially eligible articles. After full-

text review of these articles, 14 studies were excluded for the following reasons: not in field 

of interest (n = 2), overlapping study population (n = 1), publication type other than original 

research or conference abstracts (n = 9), and duplicate studies (n = 2). Ultimately, six studies 

(five original articles and one conference abstract) including 1770 patients evaluating the 

diagnostic performance of VI-RADS for predicting MIBC were included in this meta-

analysis, as shown in Figure 1 [15–20].

3.2. Characteristics of included studies

The patient, tumor, and study characteristics are summarized in Table 1. The number of 

patients ranged from 50 to 297. The prevalence of MIBC ranged from 25% to 50%. Two 

studies included patients with urothelial cancer only, two included patients predominantly 

with urothelial cancer but also a few other histological subtypes, and details were not 

provided in four. Study design was prospective in two studies and retrospective in four. All 

studies were performed at single centers. All studies used either TUR or a combination of 

TUR and partial or radical cystectomy as the reference standard. No study solely used 

cystectomy as the reference standard. In all but one of the above studies, confirmatory repeat 

TUR was performed for appropriate clinical settings (eg, high- grade NMIBC or insufficient 

muscle tissue in TUR specimen) to reduce underestimation of MIBC. The time interval 

between MRI and the reference standard was provided in two studies. MRI was interpreted 

blinded to the reference standard in all studies.

The MRI characteristics are shown in Table 2. MRI had been performed prior to TUR in all 

included studies except for one, which consisted of a mixture of pre- and post-TUR patients. 

Of the studies, 3-T scanners were used in three, 1.5-T scanners in one, and either 1.5- or 3-T 

scanners in one, and details were not provided in one. All but one study in which details 

were not available generally abided by the recommendations provided in the VI-RADS 

guidelines for image acquisition [9]. For example, T2-weighted images were obtained with a 

slice thickness of 3–4 mm and diffusion-weighted images were acquired with high b values 

of 1000 s/mm2 or higher. Although protocols for DCE MRI varied among studies, temporal 

resolution was sufficient for the depiction of early enhancement of the inner layer followed 

by tumor enhancement required for VI-RADS evaluation [21]. In all studies, MRI was 

interpreted blinded to the pathological findings. A cutoff VI-RADS score of ≥3 or ≥4 was 

used to determine MIBC.
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3.3. Quality assessment

The quality of the studies were moderate to good, with all studies satisfying at least four out 

of the seven QUADAS-2 domains (Fig. 2). Regarding the patient selection domain, none of 

the studies had any risk of bias. In the index test domain, there was a high risk of bias in two 

studies [16,18] as the threshold (VI-RADS cutoff score for determining MIBC) was not 

prespecified, but determined based on receiver operating characteristics curves and partition 

analysis, while in another two [17,19], it was unclear whether they were prespecified or not. 

Regarding the reference standard domain, two studies [18,20] had an unclear risk of bias as 

the reference standard included TUR, but it was not clarified whether a confirmatory or 

secondary repeat TUR was performed in clinically relevant situations (eg, no muscle tissue 

included in the TUR specimen). Regarding the flow and timing domain, three studies had a 

high risk of bias as different reference standards (cystectomy and TUR) were applied to 

patients within the study [15,16,20]. Three were considered to have an unclear risk of bias as 

the interval between mpMRI acquisition used for VI-RADS scoring and reference standard 

was not provided [17–19]. There was low concern for applicability in all QUADAS-2 

domains for all studies.

3.4. Diagnostic accuracy of VI-RADS for the prediction of MIBC

The pooled sensitivity and specificity for predicting MIBC were 0.83 (95% CI 0.70–0.90) 

and 0.90 (95% CI 0.83–0.95). The area under the HSROC curve was 0.94 (95% CI 0.91–

0.95; Fig. 3). Based on the Cochran’s Q test, heterogeneity was present (Q = 29.442, p < 

0.01). Higgins I2 statistics indicated that there was considerable heterogeneity regarding 

both sensitivity (I2 = 87.93%) and specificity (I2 = 90.99%). There was no threshold effect 

based on visual assessment of the coupled forest plot of sensitivity and specificity (Fig. 4), 

and the calculated correlation coefficient between sensitivity and false positive rate of 0.110 

(95% CI−0.770 to 0.846). Publication bias was not suggested based on the Deeks’ funnel 

plot, with a p value of 0.52 for slope coefficient (Fig. 5).

3.5. Heterogeneity exploration

Meta-regression analyses showed that the number of patients, magnetic field strength, T2WI 

slice thickness, and cutoff value used for determining MIBC were significant covariates 

affecting the heterogeneity (p ≤ 0.03). Among them, only sensitivity stratified to the number 

of included patients showed clinical and statistically significant difference: 0.90 (95% CI 

0.86–0.95) in studies with >205 patients versus 0.67 (0.55–0.78) in studies with <205 

patients (Table 3). The following parameters showed substantial differences in pooled 

estimates with minimal overlap in their 95% CIs: (1) magnetic field strength (3 vs 1.5 T), 

sensitivity of 0.90 (95% CI 0.86–0.94) versus 0.77 (95% CI 0.65–0.88); (2) T2WI slice 

thickness (3 vs 4 mm), sensitivity of 0.90 (95% CI 0.86–0.95) versus 0.84 (95% CI 0.77–

0.90) and specificity of 0.85 (95% CI 0.78–0.93) versus 0.96 (95% CI 0.93–1.00); and (3) 

VI-RADS score cutoff values (≥4 vs ≥3), sensitivity of 0.72 (95% CI 0.61–0.83) versus 0.92 

(95% CI 0.86–0.97) and specificity of 0.96 (95% CI 0.91–1.00) versus 0.84 (95% CI 0.65–

1.00). Other variables were not significant factors related to heterogeneity (p = 0.09–0.76).
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3.6. Discussion

In this meta-analysis, we assessed the diagnostic performance of VI-RADS for predicting 

MIBC. This is the first study to systematically review and meta-analyze the currently 

available evidence in the literature dealing with this new scoring system for bladder MRI. 

We found that the pooled sensitivity and specificity for predicting MIBC were 0.83 and 0.90, 

respectively. This diagnostic performance of VI-RADS is similar to the diagnostic 

performance of bladder MRI in determining MIBC prior to the introduction of VI-RADS 

based on a previous meta-analysis of 24 studies, in which the pooled sensitivity and 

specificity were 0.92 (95% CI 0.88–0.95) and 0.87 (95% CI 0.78–0.93) [7]. VI-RADS offers 

the added value of establishing a standardized approach to both acquisition and reporting of 

mpMRI for bladder cancer. With regard to acquisition, all studies but one conference 

abstract (which did not provide sufficient details) abided by the acquisition guidelines (eg, 

magnetic field strength, slice thickness on T2WI, and temporal resolution of DCE MRI). In 

addition, in most of the included studies, there was substantial inter-reader agreement, with 

kappa values ranging from 0.81 to 0.92 [15– 17,20] and intraclass correlation coefficient of 

0.85 [19]. In addition, standardized interpretation and reporting, which are based on 

accumulated evidence in the literature, could potentially increase the performance of less 

experienced readers, as in the case with Prostate Imaging Reporting and Data System 

compared with Likert scales [22]. This high degree of agreement along with good diagnostic 

performance could potentially be the cornerstone of bladder MRI and VI-RADS to be 

implemented in clinical practice and could, in turn, add incremental value to the currently 

suboptimal staging paradigm, where changes from NMIBC on TUR to MIBC on radical 

cystectomy can be seen up to 41% of patients [6].

Considerable degree of heterogeneity was seen among the studies, and meta-regression 

analyses provided some insight regarding potential causes for this heterogeneity. Among 

several potential factors, the number of patients included in each study was the only 

statistically significant factor. Specifically, studies that included a greater number of patients 

demonstrated significantly higher sensitivity: 0.90 (95% CI 0.86–0.95) in studies with >205 

patients versus 0.67 (0.55–0.78) in studies with <205 patients. Part of this may be related to 

experience in VI- RADS or interpretation of bladder mpMRI in general. Capability to 

include a larger number of patients possibly indicates a higher-volume center with 

potentially greater exposure of the affiliated radiologists to bladder MRI. In addition, level of 

experience is shown to affect the diagnostic performance of bladder MRI in differentiating 

MIBC versus NMIBC, with radiologists with greater expertise showing higher accuracy than 

those with lesser experience [23].

A few technical aspects of MRI acquisition were also associated with heterogeneity. 

Although there was minimal overlap in the 95% CIs, (1) studies using only 3-T scanners 

demonstrated substantially higher sensitivity than those using 1.5-T scanners (0.90 vs 0.77) 

and (2) studies using 3-mm slice thickness demonstrate substantially higher sensitivity (0.90 

vs 0.84) and lower specificity (0.85 vs 0.96) than those using 4-mm slice thickness. The use 

of 3-T scanners offers substantially higher signal-to-noise and contrast-to-noise ratios than 

1.5-T scanners, improving differentiation of the layers of the bladder wall, which is essential 

for assigning VI-RADS scores [24]. In addition, the use of thinner slice thickness 
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contributes to reducing partial volume averaging [25]. Such technical factors have 

consistently been shown in previous meta-analyses to affect significantly the diagnostic 

performance of local staging of tumors in the pelvis, including bladder cancer (prior to using 

VI-RADS), cervical cancer, and rectal cancer [7,26,27].

Another important factor affecting heterogeneity was the VI-RADS cutoff score. Albeit 

minimal overlap in 95% CI, sensitivity was substantially higher (0.96 vs 0.72) and 

specificity was lower (0.84 vs 0.92) when using score of 22653 as opposed to ≥4 for 

determining MIBC. This rather intuitive and expected heterogeneity stemming from the 

fundamental nature of all diagnostic tests could be applied differentially according to the 

clinical scenario. For example, a VI-RADS cutoff score of ≥3 (rather than ≥4) may be used 

in situations where greater sensitivity for the detection of MIBC is favored, such as in 

patients with known history of bladder cancer who are at a higher risk of developing MIBC 

(eg, recurrent, multiple, larger [>3 cm], higher T stage [pT1 vs pTa], concomitant carcinoma 

in situ, and higher grade [G3 vs G1 or G2]) [28], or in patients with upper tract urothelial 

cancers under surveillance after nephroureterectomy who are at an increased risk of 

developing MIBC (eg, higher stage [≥pT3 vs Ta or T1] and distal location [distal ureter vs 

renal pelvis]) [29].

There are some limitations in our meta-analysis. First, the number of included studies was 

small (n = 6) as VI- RADS has only recently been introduced, and there is some 

heterogeneity among the included studies. Nevertheless, it included a relatively large 

number of patients (n = 1770) and therefore represents the available evidence as of now 

regarding its diagnostic performance to predict MIBC. Second, all studies were performed at 

single centers and most were retrospective by design. In order to test the validity of VI-

RADS, especially for assessing its potential for greater reproducibility, prospective 

multicenter trials are warranted. Third, only TUR, or either TUR or cystectomy was used as 

the reference standard. Unlike cystectomy, TUR has the potential to undersample the muscle 

layer, resulting in less accurate determination of MIBC. Nevertheless, all but one of the 

studies, which utilized TUR as the reference standard, performed secondary TUR in 

appropriate clinical settings (eg, high-grade MIBC or repeat TUR if no muscle tissue was 

present in TUR sample). Still, additional confirmatory TUR holds the possibility of 

understaging, and studies using only cystectomy as the reference standard or comparing 

TUR, cystectomy, and MRI findings will be of added value in determining the diagnostic 

performance of VI-RADS [30]. Fourth, all but one study was based on patients in the pre-

TUR setting only, which showed sensitivity and specificity of 0.81 (0.70–0.92) and 0.87 

(0.82–0.93), respectively; therefore, we cannot reach a firm conclusion as of whether the 

diagnostic performance of VI-RADS in this meta-analysis will be applicable to patients who 

undergo MRI after TUR. It has been shown that postoperative inflammation and fibrosis in 

the bladder wall after TUR can mimic tumor presence or obscure small recurrent tumors. 

For example, the diagnostic performance of using solely T2WI for differentiating residual 

tumor versus post-TUR inflammation is approximately 50% [31]. Although there is ample 

evidence in the literature showing that the use of mpMRI, incorporating DWI and DCE 

MRI, can detect recurrent tumors with higher diagnostic performance than T2WI [32–34], it 

is not well known whether this extrapolates to good performance in determining MIBC, 

specifically in terms of the application of VI-RADS. Currently, VI-RADS does not 
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specifically address this question, and future studies are warranted to evaluate VI-RADS in 

various clinical settings, including MRI performed after TUR, when considering candidates 

for trimodal bladder-sparing therapy, or when patients are under surveillance for tumor 

recurrence. Finally, it is important to emphasize that the purpose of VI-RADS is to detect 

MIBC; it cannot evaluate for the presence of carcinoma in situ, which is considered an 

important prognostic factor in currently available prediction models.

4. Conclusions

VI-RADS shows good performance for the prediction of MIBC, with pooled sensitivity of 

0.83 and specificity of 0.90. Technical factors such as magnetic field strength and slice 

thickness, and cutoff values may be associated with heterogeneity. Application of these 

results in post-TUR patients is limited due to the paucity of studies done in this setting.
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Fig. 1 –. 
Study selection process.
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Fig. 2 –. 
Grouped bar charts show (A) risk of bias and (B) concerns for applicability of six studies 

included in meta-analysis using QUADAS-2. QUADAS-2 = Quality Assessment of 

Diagnostic Accuracy Studies-2.
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Fig. 3 –. 
Hierarchical summary receiver operating characteristic curve showing diagnostic 

performance of studies using VI-RADS for the prediction of muscle-invasive bladder cancer. 

HSROC = hierarchical summary receiver operating characteristics; VI-RADS = Vesical 

Imaging Reporting and Data System.
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Fig. 4 –. 
Coupled forest plots of sensitivity and specificity. Numbers are pooled estimates with 95% 

confidence intervals (CIs) in parentheses and heterogeneity statistics are shown at bottom 

right. Horizontal lines indicate 95% CIs. df = degree of freedom.
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Fig. 5. 
– Deeks’ funnel plot. A p value of 0.52 indicates absence of publication bias. ESS = 

effective sample size.
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Table 1 –

Patient, tumor, and study characteristics

Author 
(year) 
[reference 
no.]

Patient characteristics Tumor characteristics Study design Reference standard

Period Institution No. Age 
(yr), 

median 
(range)

No. Pathological 
T stage

Histological 
subtype (no.)

Prospective Multicenter Consecutive 
enrollment

Method MRI 
reference 
standard 
intervalRange ≥T2 

(%)

Del 
Giudice et 
al (2020) 
[15]

Sep 
2017–
May 
2019

Sapienza 
University 
of Rome

231 65.5 
(47–79)

103 Ta-T4 27 All urothelial Yes No Yes
TUR 

a
, 

RC

<6 wk

Kim 
(2020) 
[16]

Jan 
2015–
Mar 
2019

Kyungpook 
National 

University 
Hospital

297
65.5 

b 

(58–75)

339 Tis-T4 34 Urothelial 
(320), urothelial 

with 
adenocarcinoma 
differentiation 

(14), 
undifferentiated 

(5)

No No Yes
TUR 

a
, 

PC, RC

NR

Makboul 
et al 
(2019) 
[17]

NR Assiut 
University 
Hospital

50
57.2 

b 

(NR)

50 T1-T4 36 NR Yes No Yes
TUR 

a NR

Sakamoto 
et al 
(2019) 
[18]

2013–
2018

Tokyo 
Metropolitan 
Cancer and 
Infectious 
Diseases 
Center 

Komagome 
Hospital

178 NR 178 NR 26 NR No No Yes TUR NR

Ueno et al 
(2019) 
[19]

2010–
2018

Kobe 
University 
Graduate 
School of 
Medicine

74 NR 74 Tis-
≥T2

50 Urothelial (71), 
small cell (1), 
squamous cell 

(2)

No No Yes
TUR 

a NR

Wang et al 
(2019) 
[20]

Nov 
2011–
Aug 
2018

First 
Affiliated 

Hospital of 
Sun Yat-Sen 
University

340 64 (27–
87)

340 Ta-T4 25 All urothelial No No Yes TUR, 
PC, RC

<2 wk

MIBC = muscle-invasive bladder cancer; MRI = magnetic resonance imaging; NR = not reported; PC = partial cystectomy; RC = radical 
cystectomy; TUR = transurethral resection

a
Confirmatory repeat TUR when clinically indicated (eg, high-grade non-MIBC, no muscle tissue in TUR specimen).

b
Mean.
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Table 2 –

MRI characteristics

Author 
(year) 
[reference 
no.]

Setting Technical parameters Reader characteristics

Magnet 
strength 
(Tesla)

T2WI 
slice 

thickness 
(mm)

DWI b 
values 

(s/mm2)

DCE MRI 
temporal 

resolution (s)

Number Consensus Reader 
experience 

(yr)

Blinded

Del Giudice 
et al (2020) 
[15]

Pre-
TUR

3 3–4 0, 800, 
1000, 
2000

Every 5 s 2 Consensus >10, 5 Yes

Kim (2020) 
[16]

Pre-
TUR

3 3 0, 1000 Every 30 s for 
4–6 

acquisitions

2 Consensus 12, 6 Yes

Makboul et al 
(2019) [17]

Pre-
TUR

1.5 3 0, 400, 
800, 
1000

At 20, 70, 180 
s

2 Consensus NR Yes

Sakamoto et 
al (2019) [18]

Pre-
TUR

NR NR NR NR NR NR NR Yes

Ueno et al 
(2019) [19]

Pre-
TUR

1.5, 3 4 0, 1000 At 40, 80, 120, 
160, 200 s

5 Independent NR
Yes 

a

Wang et al 
(2019) [20]

Pre- and 
post-
TUR

3 4 0, 1000 5 acquisitions 
between 20 
and 131 s

2 Consensus 32, 8 Yes

DCE = dynamic contrast enhanced; DWI = diffusion-weighted imaging; MRI = magnetic resonance imaging; NR = not reported; TUR = 
transurethral resection; T2WI = T2-weighted imaging.

a
Blinded to pathological tumor stage but informed on the location of tumor.
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Table 3 –

Meta-regression analysis

Covariate No. of studies Sensitivity (95% CI) Specificity (95% CI) p value

No. of patients >205 3 0.90 (0.86–0.95) 0.90 (0.83–0.97) 0.02

≤205 3 0.67 (0.55–0.78) 0.90 (0.82–0.99)

Proportion of MIBC (%) >30 3 0.84 (0.71–0.97) 0.85 (0.76–0.95) 0.42

≤30 3 0.81 (0.67–0.95) 0.93 (0.88–0.97)

Study design Prospective 2 0.88 (0.74–1.00) 0.90 (0.81–1.00) 0.76

Retrospective 4 0.80 (0.68–0.92) 0.90 (0.84–0.97)

Clinical setting for MRI Pre-TUR 5 0.81 (0.70–0.92) 0.87 (0.82–0.93) 0.09

Pre- and post-TUR 1 0.87 (0.82 – 0.93) 0.97 (0.93 – 1.00)

Magnetic strength 3 T only 3 0.90 (0.86–0.94) 0.90 (0.83–0.98) <0.01

1.5 T used 2 0.77 (0.65–0.88) 0.92 (0.82–1.00)

T2WI slice thickness (mm) 3 3 0.90 (0.86–0.95) 0.85 (0.78–0.93) <0.01

4 2 0.84 (0.77–0.90) 0.96 (0.93–1.00)

VI-RADS cutoff score ≥4 5 0.72 (0.61 –0.83) 0.96 (0.91–1.00) 0.03

≥3 4 0.92 (0.86 –0.97) 0.84 (0.65–1.00)

CI = confidence interval; MIBC = muscle-invasive bladder cancer; MRI = magnetic resonance imaging; TUR = transurethral resection; T2WI = 
T2-weighted imaging; VI-RADS = Vesical Imaging Reporting and Data System.
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