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Background: Previous studies using the Vesical Imaging Reporting and Data System (VI-RADS) to
predict muscle-invasive bladder cancer (MIBC) had some limitations. Most studies were performed with
transurethral resection of bladder tumor (TUR-BT) specimens with few samples. This study was conducted
to address these shortcomings and confirm the accuracy of VI-RADS for bladder cancer.

Methods: This study used data from the Seoul National University Prospectively Enrolled Registry
for Urothelial Cancer-Radical Cystectomy (SUPER-UC-Cx). Patients who underwent multiparametric
magnetic resonance imaging (mp-MRI) before radical cystectomy (RC) were included in this study between
March 2020 and March 2022. All images were reported by radiologists and reviewed by two urologists.
The patient characteristics and clinical information were blinded during the review. The performance of
qualitative and quantitative variables in predicting muscle layer invasion or perivesical fat infiltration was
verified by receiver operating characteristic (ROC) curve analysis.

Results: Of 208 patients, 182 (87.5%) underwent mp-MRI before RC. Twenty-three patients with non-
urothelial carcinoma, inappropriate MRI scans, and bladder filling were excluded. Cut-off for muscle
invasion, VI-RADS score of 4 had the highest area under the curve (AUC) (sensitivity 0.84; specificity
0.93; accuracy 0.90; positive predictive value (PPV) 0.84; negative predictive value (NPV) 0.93, and AUC
0.88). Cut-off for perivesical fat invasion and VI-RADS score of 5 had the highest AUC (sensitivity, 0.78;
specificity, 0.99; accuracy, 0.95; PPV, 0.96; NPV, 0.95; and AUC, 0.89).

Conclusions: VI-RADS is a good predictor of bladder cancer staging before RC and is especially helpful

in predicting muscle invasion and perivesical fat infiltration.
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Introduction

Bladder cancer is the fourth most common cancer among
all cancers in the United States, and its incidence is steadily
increasing. Especially in men, it accounts for approximately
4% of all cancer-related deaths (1). Regarding bladder
cancer, the prognosis and treatment differ depending on
whether the muscle is involved; therefore, it is important
to evaluate whether the muscle is involved (2). The 5-year
survival rate of patients with non-muscular invasive bladder
cancer (NMIBC) is greater than 90%, whereas that of
patients with muscle-invasive bladder cancer (MIBC) is less
than 60% (3).

Most bladder cancers are histologically diagnosed
through transurethral resection of bladder tumors (TUR-
BT), and clinical staging is determined through imaging
tests. If clinically T2 is suspected but pathologically lower
than T1, TUR-BT is performed again for restaging. This
is known as the second TUR-BT (4). Pathological T2
represents muscle involvement, and clinicians must decide
whether to perform radical cystectomy (RC). Computed
tomography (CT) is a widely used imaging technique.
Although this test is useful in examining the entire abdomen
to determine propagation to other organs or lymph
nodes, it has limitations in predicting the depth of tumor
involvement, that is, stage T (5).

Currently, the importance of magnetic resonance
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® There is consensus on the efficacy and accuracy of VI-RADS with
multiparametric magnetic resonance imaging (MRI) for bladder
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© Translational Andrology and Urology. All rights reserved.

imaging (MRI) in bladder cancer is emerging, and
the quantified reporting system is the Vesical Imaging
Reporting and Data System (VI-RADS). Multiparametric
MRI (mp-MRI) is a method of obtaining information about
tumors by comparing T2-weighted images, diffusion-
weighted images, apparent diffusion coefficients, and
dynamic contrast-enhanced images (6). The VI-RADS
identifies the mp-MRI and classifies tumors into five
categories. On a scale of 1 to 5, a score closer to 5 indicates
more severe tumor involvement. In particular, a score of 3
or higher may suggest muscle invasion, and a score of 4 or
higher may strongly suggest muscle invasion (7).

Despite this reporting system, the rate of MRI scans in
patients with bladder cancer remains low. This is because
there were limitations in staging through TUR-BT in
previous studies. Therefore, the researchers retrospectively
evaluated the VI-RADS scores of patients who underwent
RC and patients who underwent preoperative mp-
MRI to confirm whether the VI-RADS score and actual
stage matched using the Seoul National University
Prospectively Enrolled Registry for Urothelial Cancer-
Radical Cystectomy (SUPER-UC-Cx) (8). This is expected
to provide a theoretical basis for mp-MRI imaging in
patients with bladder cancer in the future. We present the
following article in accordance with the STARD reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-704/rc).

Methods
Ethics approval and informed consent

This study was approved by the Seoul National University
Hospital (SNUH) Institutional Review Board (IRB) (approval
number: 2207-194-1345). The prospectively collected cohort
was approved by the SNUH IRB (approval number: 1506-
122-682) for use with clinical data for scientific purposes.
Informed consent was obtained from all participants.

Study design

This study used data from a prospective, multidisciplinary,
and biobank-linked cohort, the SUPER-UC-Cx. Between
March 2020 and March 2022, patients who underwent
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SUPER-UC-Cx
208 patients
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mpMRI before RC
182 patients
(87.5%)
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159 patients
— Retrospective chart review

Exclusion (23 patients)
- Non-UC
- Non-mpMRI
- Inappropriate bladder filling

Figure 1 The flow chart of patient selection process. SUPER-UC-
Cx, Seoul National University Prospectively Enrolled Registry for
Urothelial Cancer-Radical Cystectomy; mpMRI, multiparametric
magnetic resonance imaging; RC, radical cystectomy; UC,

urothelial carcinoma.

mp-MRI before RC were included in this study. Patients
with non-urothelial carcinoma, insufficient bladder filling
during MRI, and inadequate mp-MRI were excluded. Basic
information and imaging information of patients included
in the study were reviewed retrospectively.

VI-RADS scores were noted by two experienced
radiologists. Patients’ basic characteristics and clinical
information were blinded during the review. In cases of
disagreement between the two readers, two urologists
participated in the review and reached a consensus. The
final pathological results were confirmed by an experienced
pathologist.

MRI protocol

A 3-Tesla MRI scanner equipped with a multichannel
phased-array coil was used in this study. Proper bladder
distension is important to prevent false positives and
negatives due to upstaging and downstaging. Patients
were instructed to urinate 1-2 h before imaging and drink
500-1,000 mL of water 30 min before the test, depending
on their tolerance, to reach the optimal bladder volume of
approximately 300 mL. T2-weighted, diffusion-weighted,
and dynamic contrast-enhanced images were all included.
This method is currently the most standardized method
when using VI-RADS (6).

Patients’ clinical data and statistical analysis

The following clinical data were assessed: age, sex, body

© Translational Andrology and Urology. All rights reserved.
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mass index, medical history, tumor location, size, number,
clinical stage, previous urothelial cancer diagnosis,
preoperative chemotherapy, follow-up period, perioperative
outcomes, and MRI findings. The baseline characteristics
were presented as descriptive statistics. The performance of
qualitative and quantitative variables in predicting muscle
layer invasion or perivesical fat infiltration was verified
by receiver operating characteristic (ROC) curve analysis.
This method calculates the positive predictive value (PPV),
negative predictive value (NPV), sensitivity, and specificity
of the diagnostic test and investigate the discriminatory
ability of this diagnostic test through area under the curve
(AUCQ). All statistical analyses were performed using the
R software version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Of 208 patients, 182 (87.5%) underwent mp-MRI before
RC. Nine patients with non-urothelial carcinoma, six who
underwent MRI that did not include all phases, and eight
with insufficient bladder filling were excluded (Figure I).
The median interval between MRI and RC was 17 days
[interquartile range (IQR) 11-24 days]. The patient was
scheduled for RC due to T2 on TUR-BT or Bacillus
Calmette-Guerin (BCQG) unresponsiveness. The median age
of the patients was 70 IQR 63-76) years, and 132 patients
(83%) were men. Forty-seven patients (29.6%) were non-
smokers. Fifty-four patients (34%) received neoadjuvant
chemotherapy and 33 patients (20.8%) had a prior history
of BCG. A total of 99 patients (62.2%) underwent robotic
surgery, and 134 patients (84.2%) underwent urinary
diversion with an orthotopic neobladder. The distribution
of VI-RADS scores on mp-MRI before surgery is shown in
Table 1.

The median interval between TUR-BT and RC was 58
(IQR 43-136) days. Clinical tumor nodes metastases (TINM)
stages of patients considering TUR-BT result and imaging
before RC are shown in Table 2. The median operation
time was 290 (IQR 225-335) min and the median estimated
blood loss was 500 (IQR 357.5-730) mL. The median
number of extracted lymph nodes was 11 (IQR 7-16). Table
3 shows the pathological T and N stages confirmed by an
experienced pathologist.

In the analysis indicating the diagnostic accuracy of
muscle invasion, the cut-off for a VI-RADS score of 4 had
the highest AUC and accuracy (sensitivity 0.84, specificity
0.93, accuracy 0.90, PPV 0.84, NPV 0.93, AUC 0.88)
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Table 2 Preoperative characteristics

Characteristics Total patients (N=159)

Age, median (IQR), years 70.0 (63.0-76.0)

Gender, male (%) 132 (83.0)

BMI (IQR), kg/m? 24.2 (22.4-26.0)

Non-smoker (%) 47 (29.6)
ECOG PS 0 (%) 156 (98.1)
Charlson Comorbidity Index (IQR) 1(0-2)
Neoadjuvant chemotherapy (%) 54 (34.0)
Previous BCG (%) 33 (20.8)
Type of surgery (%)
Open 60 (37.8)
Robot-assisted 99 (62.2)
Type of diversion (%)
Conduit 25 (15.8)
Neobladder 134 (84.2)
VI-RADS score (%)
0 65 (40.9)
1 5(3.1)
2 8 (5.0)
3 32 (20.1)
4 23 (14.5)
5 26 (16.4)

IQR, interquartile range; BMI, body mass index; ECOG PS,
Eastern Cooperative Oncology Group performance status; BCG,
Bacillus Calmette-Guerin; VI-RADS, Vesical Imaging-Reporting
and Data System.

The cut-off for VI-RADS 3 was as follow: sensitivity 0.94,
specificity 0.68, accuracy 0.76, PPV 0.57, NPV 0.96, AUC
0.81. Furthermore, the cut-off values for VI-RADS §
were as follows: sensitivity, 0.51; specificity, 0.99; accuracy,
0.84; PPV, 0.96; NPV, 0.81; AUC, 0.75 (Tuble 4). In the
analysis indicating the diagnostic accuracy of perivesical
fat infiltration, the cut-off for a VI-RADS score of 5 had
the highest AUC and accuracy (sensitivity 0.78, specificity
0.99, accuracy 0.95, PPV 0.96, NPV 0.95, AUC 0.89).
The cut-off for VI-RADS 3 was as follows: sensitivity 0.96,
specificity 0.60, accuracy 0.68, PPV 0.38, NPV 0.99, AUC
0.79. Furthermore, the cut-off values for VI-RADS 4 were
as follows: sensitivity, 0.91; specificity, 0.84; accuracy, 0.86;

© Translational Andrology and Urology. All rights reserved.

Characteristics Total patients (N=159)
From TUR-BT to RC time [IQR], days 58 [43-136]
Clinical T stage (%)
Tis 3(1.9)
Ta 6 (3.8)
T1 43 (27.0)
T2 77 (48.4)
T3 23 (14.5)
T3 7 (4.4)
Clinical N stage (%)
NO 135 (84.9)
N1 12 (7.6)
N2 12 (7.6)
Clinical M stage (%)
MO 158 (99.4)
M1 1(0.6)

TUR-BT, transurethral resection of bladder tumors; RC, radical
cystectomy; IQR, interquartile range; Tis, carcinoma in situ.

PPV, 0.59; NPV, 0.97; AUC, 0.87 (Tble 5).

Discussion

Since VI-RADS was first introduced in 2018, research on
its effectiveness has been continuously conducted. These
studies focused on muscle invasion. It is known to have
excellent diagnostic performance in several studies (9-11).
As muscle invasion in bladder cancer is a major indicator of
treatment direction and patient prognosis, it is natural to
focus on this. Furthermore, VI-RADS is now widely used
worldwide because it is clinically familiar with the reporting
systems used for other cancers, such as prostate and breast
cancers (12). In this study, when the cutoff was set to VI-
RADS 3 or 4, the diagnostic performance of VI-RADS
for muscle invasion was similar to that in previous studies
(13-16). Moreover, this study found diagnostic accuracy
beyond the muscle layer, because it was detected in all RC
specimens.

However, VI-RADS still has some weaknesses. One
of the weaknesses is the role of VI-RADS score of 3 in
predicting muscle involvement. In this study, the sensitivity
of VI-RADS score of 3 was 0.94 and the specificity was 0.68.
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Table 3 Perioperative outcomes

Outcomes

Total patients (N=159)

Operation time (IQR), min
EBL (IQR), mL
Extracted lymph node [IQR], N
Pathologic T stage (%)
TO
Tis
Ta
T1
T2
T3
T4
Pathologic N stage (%)
NO
N1
N2
Nx

290.0 (225.0-335.0)
500.0 (357.5-730.0)
11 [7-16]

43 (27.0)
25 (15.7)
10 (6.3)
33 (20.8)
16 (10.1)
24 (15.1)
8 (5.0)

132 (83.0)
8 (5.0)
12 (7.6)
7 (4.4)

IQR, Interquartile range; EBL, estimated blood loss.

Kim et al. VI-RADS validation using RC specimens

However, the sensitivity rapidly decreased and reached the
optimal specificity in VI-RADS score of 4. Some researchers
use tumor contact length to overcome this limitation of VI-
RADS (17). Another problem is that the three variables
(T2-weighted, diffusion-weighted, and dynamic contrast-
enhanced images) in MRI are sometimes inconsistent. In
this case, a study has shown that using dynamic contrast-
enhanced images is advantageous for predicting muscle
invasion (10). These are ongoing issues and reasons to
modify VI-RADS.

Much research has already been conducted on the inter-
reader agreement of VI-RADS, and consensus has almost
been reached (18-20). In these studies, the differences
between the most experienced radiologists were negligible.
However, the VI-RADS is an objective indicator of
clinical use. The difference between the validators was not
statistically significant (21). In addition, VI-RADS is not
a major hurdle for experienced radiologists and produces
similar results in most cases. This study did not specifically
contribute to the study on inter-reader agreement.

In this study, VI-RADS was confirmed using mp-MRI
immediately before RC. Therefore, patients with conditions
after neoadjuvant chemotherapy, BCG, or TUR-BT

Table 4 Sensitivity, specificity, accuracy, PPV, NPV, AUC for detection of muscle invasion

Cut-off Sensitivity Specificity Accuracy PPV NPV AUC
VI-RADS 3 0.94 0.68 0.76 0.57 0.96 0.81
VI-RADS 4 0.84 0.93 0.90 0.84 0.93 0.88
VI-RADS 5 0.51 0.99 0.84 0.96 0.81 0.75

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; VI-RADS, Vesical Imaging-Reporting and Data

System.

Table 5 Sensitivity, specificity, accuracy, PPV, NPV, AUC for detection of perivesical fat infiltration

Cut-off Sensitivity Specificity Accuracy PPV NPV AUC
VI-RADS 3 0.96 0.60 0.68 0.38 0.99 0.79
VI-RADS 4 0.91 0.84 0.86 0.59 0.97 0.87
VI-RADS 5 0.78 0.99 0.95 0.96 0.95 0.89

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; VI-RADS, Vesical Imaging-Reporting and Data

System.
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were included. Assessing VI-RADS in these patients was
not challenging. For example, a study of VI-RADS after
chemotherapy has been introduced, and attempts are being
made to evaluate its response (22). Moreover, since they
were all RC specimens, the exact pathologic stage could be
determined even if these patients were included. Moreover,
it showed almost identical diagnostic performance in this
Study.

To the best of our knowledge, most of the literature
has confirmed the performance of VI-RADS with TUR-
BT specimens (14,20,23). This is important because the
treatment direction varies according to muscle invasion in
bladder cancer; however, it has limitations in predicting
the overall pathological T stage. Therefore, we attempted
to verify the effectiveness of VI-RADS in patients who
underwent RC and found the effect of VI-RADS in not
only muscle invasion but also a range beyond the muscle.
This is a strength of the present study.

Recently, a new treatment algorithm using VI-RADS
for bladder cancer has been proposed (24). If bladder
cancer is diagnosed by cystoscopy or urine cytology, it is
argued that MRI should be performed before TUR-BT and
approached according to VI-RADS. In particular, VI-RADS
4 recommends performing neoadjuvant chemotherapy and
RC after tissue sampling. This study has the potential to
support this perspective. This might also help reduce the
interval delay between the initial TUR-BT and RC. In
some cases, RC was delayed due to the tight schedule and
time required for pathological confirmation. Longer delays
from bladder cancer diagnosis to RC can significantly
worsen survival outcomes (25). However, this algorithm still
requires further discussion.

This study had some limitations. First, it was a
retrospective, single-center study and did not include
many patients. Therefore, the results of our study must be
confirmed and validated using a prospective, large-scale,
multicenter study. However, the cohort used in this study
was prospectively collected and judged to have less bias
than the original retrospective study. Furthermore, in the
study, whether VI-RADS scores depended on differences
in experience has not been conducted. The two radiologists
had similar experiences and, in most cases, agreed. Further
research is needed on how much VI-RADS scoring can
be performed for inexperienced radiologists or urologists.
Finally, comparisons with conventional and widely used C'T
were not performed. Many factors must be considered in
terms of cost, time, and space; however, the performances
of the two modalities should be compared later.

© Translational Andrology and Urology. All rights reserved.
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Conclusions

Preoperative mp-MRI and VI-RADS scores are good
predictors of bladder cancer staging before RC and are
especially helpful in predicting muscle invasion and
perivesical fat infiltration. However, further well-designed
randomized, multicenter, and larger-scale studies are
needed. We hope that our study supports the efficacy of
mp-MRI and provides a basis for its use.
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