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assigned by four readers were significantly higher for the VUC group than for the PUC
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Diffusion that VI-RADS scores achieved high diagnostic performance for detection of muscle inva-
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Urinary bladder neoplasms Patient summary: The Vesical Imaging-Reporting and Data System (VI-RADS) is a stan-
Variant histology dardized system for reporting on detection of muscle-invasive bladder cancer via mag-

netic resonance imaging (MRI) scans. Our study shows that VI-RADS is also highly
accurate for diagnosis for different variants of muscle-invasive bladder cancer, with good

inter-reader agreement.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

Pure urothelial carcinoma (PUC) is the most common type variant urothelial carcinoma (VUC) occurs in 10-25% of all
of bladder cancer (BC). It is estimated that histological BC cases, and VUCs are more frequent in the advanced
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and muscle-invasive stages, with poorer chemotherapy and
radiotherapy responses [1-3].

The Vesical Imaging-Reporting and Data System (VI-
RADS) is a standardized reporting system for detection of
muscle-invasive BC (MIBC) via multiparametric magnetic
resonance imaging (mpMRI) in patients with PUC [4]. VI-
RADS is highly accurate in discriminating MIBC from non-
MIBC (NMIBC) and has good inter-reader agreement in
PUC [5-7]. However, the usefulness of VI-RADS in VUC
remains unknown. We investigated the diagnostic perfor-
mance of VI-RADS for MIBC assessment in VUC.

This bi-institutional study included 360 consecutive
treatment-naive patients who underwent bladder mpMRI
before their first transurethral resection of bladder (TURB)
between August 2011 and September 2019 (Fig. 1). MRI
examinations were performed using a 1.5-T system with
body array coils (Supplementary Table 1).

For each patient, the index tumor was defined as the
tumor with the highest stage and selected for image analy-
sis. The largest tumor was selected if more than one high-
stage tumor were present. Three image sequences (T2-
weighted imaging [T2WI], diffusion-weighted imaging
[DWI], and dynamic contrast-enhanced [DCE]-MRI) were
scored using the VI-RADS five-point scoring system [4] on
a picture archiving and communication system workstation
(Centricity Universal Viewer, GE Healthcare, Chicago, IL,
USA).

Scoring was performed prospectively and independently
by four blinded, board-certified radiologists. The final five-
point VI-RADS overall score was compiled using the individ-
ual T2WI, DWI, and DCE-MRI scores according to the VI-
RADS guideline [4]. The radical cystectomy specimen was
used as the pathological reference standard for muscle

Excluded

- A pathological diagnosis of benign
bladder tumor (n = 5)

+A pathological diagnosis of urachal
carcinoma (n = 4)

- A pathological diagnosis of pure
non-UC BC (n = 11)

+ An interval between mpMRI and
first TURB that exceeded 4 wk

Medical record review

360 consecutive treatment-naive
patients who underwent bladder
mpMRI before undergoing TURB

_ (n=10)
Pre-pair-matched cohort -An inadequate mpMRI examination
324 patients (255 patients with PUC (n=6)
and 69 patients with VUC)

Propensity score-matching
analysis

Sex, diameter of lesion, pathological
muscle-invasion status, and tumor
grade on pathology were used for
the analysis

Pair-matched cohort
122 patients (61 patients with PUC
and 61 patients with VUC)

Fig. 1 - Flowchart of patient inclusion. Patients with a pathological
diagnosis of benign bladder tumor (n = 3 leiomyoma, n = 2 endometriosis),
urachal carcinoma (n = 4), or pure non-UC BC (n = 6 pure squamous cell
carcinoma, three adenocarcinoma, two small cell carcinoma) were
excluded from the analyses. Patients with an interval between mpMRI
and first TURB exceeding 4 wk (n = 10) or an inadequate mpMRI
examination (n = 6 image degradation due to hip replacement) were also
excluded. A total of 324 patients (255 PUC and 69 VUC) fulfilled the
eligibility criteria. mpMRI = multiparametric magnetic resonance imaging;
TURB = transurethral resection of bladder tumor; PUC = pure urothelial
carcinoma; VUC = histological variant of urothelial carcinoma; BC = bladder
cancer.

invasion. If radical cystectomy was not performed or per-
formed with neoadjuvant chemotherapy, TURB was used
as the reference standard.

Sex, lesion diameter, pathological muscle invasion sta-
tus, and pathological tumor grade were used for the propen-
sity score matching to select pair-matched patients in the
PUC and VUC cohorts (Supplementary Table 2).

Among the 255 PUC and 69 VUC cases, 61 patients were
selected for each cohort and matched on controlled back-
ground covariates. The median interval between mpMRI
and first TURB was 2 wk (range 1-4). Among the 122
patients in the matched cohort, 34 PUC (55.7%) and 33
VUC (54.1%) had pathologically proven MIBC. Among the
20 high-risk NMIBC cases (9 PUC, 11 VUC), eight in the
PUC group and ten in the VUC group underwent a second
TURB, of which two PUC and three VUC cases were upstaged
after the second TURB; 28 PUC and 34 VUC patients under-
went radical cystectomy without prior chemotherapy. The
clinical and pathological characteristics of the PUC and
VUC cohorts before and after matching are presented in
Supplementary Tables 1 and 3. In the cohort before match-
ing, VI-RADS scores were significantly higher for VUC cases
than for PUC cases for all readers (p < 0.05; Supplementary
Table 4). In the pair-matched cohort, there was no signifi-
cant difference in VI-RADS score distribution between the
PUC and VUC cohorts for all readers (p > 0.05; Supplemen-
tary Table 5). Sessile/broad-based tumors and chemoradio-
therapy were more common for the VUC than for the PUC
cohort (p < 0.05; Table 1).

Scores for the three mpMRI sequences and the overall VI-
RADS score for muscle invasion assessment for the PUC and
VUC cohorts are shown in Supplementary Table 6. The Fleiss
K values for MIBC diagnosis in PUC/VUC for the four readers
were 0.84/0.81 for the overall VI-RADS score, 0.75/0.68 for
T2WI scores, 0.84/0.74 for DWI scores, and 0.84/0.77 for
DCE-MRI scores; thus, reader consistency was good to
excellent in both cohorts.

Cochran-Armitage test results show that for all T2WI,
DWI, DCE-MRI, and overall VI-RADS scores, the proportion
of cases with muscle involvement increased with increasing
score, and the proportion of cases with no muscle involve-
ment decreased with decreasing score (p < 0.05; Supple-
mentary Table 6).

The PUC/VUC area under the receiver operating charac-
teristic curve (AUC) for the overall VI-RADS score for MIBC
diagnosis was 0.94/0.92 for reader 1, 0.94/0.91 for reader
2,0.94/0.91 for reader 3, and 0.93/0.89 for reader 4 (Supple-
mentary Table 7). There were no significant differences in
AUC for overall VI-RADS score between the cohorts for all
readers (p > 0.05). For the less experienced radiologists
(readers 3 and 4), the DWI sensitivity was significantly
lower in the VUC group than in the PUC group. However,
the sensitivity and specificity of the other sequences
(T2WI, DCE-MRI) and the overall score did not significantly
differ between the two groups for all four readers (p > 0.05).
Representative cases are shown in Supplementary Figures 1
and 2.

The higher VI-RADS scores for VUC than for PUC cases in
overall cohort before matching can be attributed to the
trend for more advanced cancers in the VUC group, since
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Table 1 - Clinical and pathological characteristics of the pair-matched PUC and VUC groups®

Variable PUC (n = 61) VUC (n = 61) p value”
Sex, n (%) 1.00
Male 50 (82.0) 49 (80.3)
Female 11 (18.0) 12 (19.7)
Median age, yr (range) 73 (32-91) 74 (53-98) 0.33
Median lesion diameter, mm (range) 20 (4-55) 19 (4-61) 0.77
Number of lesions, n (%) 0.15
Single 38 (62.3) 29 (47.5)
Multiple 23 (37.7 32 (52.5)
Tumor shape, n (%) <0.001*
Papillary tumor 39 (63.9) 19 (31.1)
Sessile/broad-based tumor 22 (36.1 42 (68.
Preoperative chemotherapy, n (%) 0.02*
Chemotherapy before radical cystectomy 7 (11.5) 17 (27.9)
Chemoradiotherapy before radical cystectomy 2(3.3) 6(9.8)
Pathological muscle invasion status, n (%) 1.00
Muscle invasion 34 (55.7) 33 (54.1)
No muscle invasion 27 (443 28 (45.9)
Pathological T stage, n (%) 0.74
Ta 5(8.2) 5(8.2)
T1 22 (36.1) 23 (37.7)
T2 25 (41.0) 19 (31.1)
T3 6(9.8) 10 (16.4)
T4 3(4.9) 4 (6.6)
Tumor grade on pathology, n (%) 1.00
High 35 (57.4) 35 (57.4)
Low 26 (42.6 26 (42.6)
Pathological diagnosis, n (%) -
Pure urothelial carcinoma 61 (100) 0 (0.0)
Squamous differentiation 29 (47.5)
Glandular differentiation 18 (29.5)
Micropapillary variant 5(8.2)
Sarcomatoid variant 4 (6.6)
Nested variant 2 (3.3)
Plasmacytoid variant 2(3.3)
Lipid cell variant 1(1.6)

PUC = pure urothelial carcinoma; VUC = histological variant of urothelial carcinoma; TURB = transurethral resection of bladder tumor.
2 Sex, lesion diameter, pathological muscle invasion status, and pathological tumor grade were used for the propensity score matching to select pair-matched

patients in the PUC and VUC groups.

b Age and lesion diameter were compared using a Wilcoxon signed-rank test. Sex, number of lesions, tumor shape, preoperative chemotherapy, pathological
muscle invasion status, pathological T stage, and tumor grade on pathology were compared using Fisher’s exact test.

" p < 0.05, statistically significant.

the VI-RADS score distribution did not significantly differ
between PUC and VUC in the pair-matched cohort after
adjustment for patient background and tumor
characteristics.

Given the good interobserver agreement for VI-RADS
scores and the high diagnostic accuracy for the PUC and
VUC groups, it is appropriate to use VI-RADS scoring for
evaluation of VUC patients.

In our study, less experienced radiologists underesti-
mated the presence of muscle invasion in VUC, which exhi-
bits heterogeneous or equivocal high signal intensity in the
muscle layer on DWI owing to the high proportion of cyto-
plasm with relatively low cell density and microinvasion
into the muscle layer [1,8].

Recent studies assessing VI-RADS based on biparametric
MRI (T2WI, DWI) reported comparable diagnostic perfor-
mance to conventional VI-RADS for patients with PUC
[9,10]. According to our results, however, use of biparamet-
ric MRI by relatively less experienced readers may underes-
timate muscle invasion in VUC cases.

Our study had some limitations. First, the study was ret-
rospective. Second, only one index tumor was chosen per
patient. Third, TURB was used as the reference standard in
49.2% of the patients included. However, a second TURB

was performed in 90.0% of high-risk NMIBC cases who did
not undergo radical cystectomy. Fourth, the impact of the
relative proportion of the variant histology on the VI-
RADS score could not be assessed because 37.7% of VUC
patients underwent chemotherapy before radical cystec-
tomy. TURB could not adequately identify the relative pro-
portion of variant histology in the resected specimen, and
radical cystectomy could not reveal the relative proportion
of variant histology because of systemic therapy receipt.
Lastly, the sample size was relatively small. Future studies
with larger sample sizes are warranted to analyze the diag-
nostic performance of VI-RADS for each VUC subtype. Fur-
ther studies on pure non-UC are also expected.

In conclusion, the overall VI-RADS score had high diag-
nostic performance for detection of muscle invasion in both
PUC and VUC.
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