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Abstract.
BACKGROUND: Vesical Imaging-Reporting And Data System (VI-RADS) was proposed to detect muscle-invasive bladder
cancer (MIBC).
OBJECTIVE: To evaluate the performance of VI-RADS and additional value of apparent diffusion coefficient (ADC) values
measured on diffusion-weighted magnetic resonance imaging (MRI) for detecting MIBC.
METHODS: A total of 176 patients undergoing MRI (multiparametric in 97 [55%] and biparametric in 79 [45%]) before
transurethral resection of bladder tumor for primary bladder cancer were retrospectively identified. MRI findings were scored
according to VI-RADS. The standardized tumor ADC (sT-ADC: tumor ADC/gluteus maximus ADC) was calculated and used
to account for the incompatibility among different MRI protocols. The accuracy of VI-RADS, sT-ADC and their combination
to detect MIBC was assessed using the AUC of the ROC curve.
RESULTS: MIBC was pathologically confirmed in 46 patients (26%). AUC of VI-RADS to detect MIBC was 0.86. When
cut-off of VI-RADS was set at ≥3 and ≥4, sensitivity/specificity were 78%/70% and 63%/96%, respectively. A lower sT-ADC
(≤0.894) was significantly associated with muscle invasion (p < 0.01, AUC 0.79) with sensitivity 78% and specificity 79%.
Combination of VI-RADS and sT-ADC improved the accuracy (AUC 0.94); sensitivity was 100% when VI-RADS ≥ 3 or
sT-ADC ≤ 0.894 was considered positive, and specificity was 99% when VI-RADS ≥ 4 and sT-ADC ≤ 0.894 was considered
positive. Incorporation of sT-ADC reduced under-staging of MIBC as VI-RADS < 3 by 100% and over-staging of non-MIBC
as VI-RADS ≥ 4 by 80%.
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CONCLUSIONS: Incorporation of ADC values into VI-RADS improves accuracy to detect MIBC in primary bladder cancer
patients.

Keywords: Neoplasms, urinary bladder, magnetic resonance imaging, neoplasm invasiveness

INTRODUCTION

Clinical management of bladder cancer (BC)
is determined primarily on the basis of distin-
guishing non-muscle-invasive BC (NMIBC) from
MIBC. NMIBC can be treated conservatively with
transurethral resection of bladder tumor (TURB) and
intravesical instillation. On the other hand, patients
with MIBC require more intensive therapies, includ-
ing radical cystectomy [1]. As radical cystectomy
could compromise patients’ quality of life [2], correct
staging is mandatory in the management of BC.

Magnetic resonance imaging (MRI) has been
reported to be useful for the correct diagnosis of
MIBC [3, 4]. However, there are no standardized cri-
teria of MRI findings for the diagnosis of MIBC.
Recently, the Vesical Imaging-Reporting And Data
System (VI-RADS) was proposed to define a stan-
dardized approach to imaging and reading MRI for
BC, and to evaluate the possibility of MIBC [5].
Recently, several validation studies of VI-RADS
demonstrated its accuracy in differentiating MIBC
from NMIBC and good to excellent interobserver
agreement [6–9].

In addition to anatomical and morphological infor-
mation obtained by T1- and T2-weighted imaging,
MRI provides functional and qualitative information
of tissues using diffusion-weighted imaging (DWI).
The image contrast of DWI is due to differences in the
diffusion of water molecules in tissues and the degree
of diffusion is quantified as an apparent diffusion
coefficient (ADC) value. Tissues with restricted water
diffusion exhibit high signal intensity on DWI and
low ADC values [10]. Therefore, malignant lesions
characterized by dense cellularity, tissue disorganiza-
tion, and decreased extracellular space, all of which
restrict water diffusion, often demonstrate high signal
on DWI and low ADC values. Several studies found
that MIBC exhibit a more intense signal and lower
ADC values than NMIBC [10, 11]. As the ADC value
is a functional biomarker independent of morphologi-
cal features evaluated by VI-RADS, ADC values may
play a complemental role to VI-RADS in detecting
MIBC.

In this study, we validated the accuracy of VI-
RADS to detect MIBC in a single-institutional cohort

of 176 treatment-naïve patients with primary BC and
assessed whether the incorporation of ADC improved
the predictive accuracy.

MATERIALS AND METHODS

Study population

An institutional review board approved this ret-
rospective study (IRB protocol nr. 2233). Between
January 2013 and September 2018, 399 treatment-
naïve patients underwent TURB for the primary
(not recurrent) bladder tumor. Of them, 223 patients
were excluded for the following reasons: no MRI
before TURB (159 patients, most of whom had small
and pedunculated papillary tumors presumed as pTa
disease), invisibility on MRI due to small tumors,
including carcinoma in situ (59 patients), and patho-
logical diagnosis other than urothelial carcinoma (5
patients). The remaining 176 patients, who had under-
gone MRI for primary BC prior to TURB, were
subjects for analysis. All BC were histologically con-
firmed urothelial carcinoma. An index tumor, defined
as a tumor with the highest clinical T stage or the
largest tumor among tumors with the same T stage,
was evaluated as a representative in patients with
multiple tumors. Tumor configuration was based on
cystoscopy findings. Tumor location was determined
according to a schematic map of the bladder modi-
fied by the Japanese Urological Association schema
[12]. Histological grade was determined according
to the 1973 World Health Organization classifica-
tion [13]. Pathological T stage was determined using
TURB specimens according to the 2017 TNM sys-
tem [14]. Re-TURB was performed for patients with
T1 or greater disease without sampling the muscular
layer at the first TURB.

Image analysis

MRI was performed at either our institution, our
affiliated clinic or others. At our institution and
affiliated clinic, the images were acquired under
free breathing conditions using a 3.0-Tesla scan-
ner (Magnetom Skyra; Siemens, Berlin, Germany)
with an 18-channel sensitivity-encoding body coil.
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The imaging parameters at our institution and affil-
iated clinic were set as described in Supplemental
Table 1. No intramuscular antispasmodic agent or
catheter was used as preparation. Detailed informa-
tion on MRI protocols at the other institutions was
not available.

Two readers, a radiologist with 9-year experience
(reader 1, SI) and a urologist with 15-year experience
(reader 2, MI) who were blinded to clinicopatho-
logical data independently interpreted the imaging
data and recorded MRI findings according to VI-
RADS [5]. Briefly, VI-RADS scores were defined
to suggest the probability of muscle invasion as fol-
lows: 1, highly unlikely; 2, unlikely; 3, equivocal; 4,
likely; 5, very likely (Fig. 1). When VI-RADS scores
were different between the two readers, consensus on
the final VI-RADS score was obtained. ADC values
were measured by another researcher (KS) who was
blinded to clinicopathological data, as described pre-
viously [15–17]. Briefly, the ADC values of the index
tumor and the gluteus maximus were measured on an
ADC map. A region of interest (ROI) was manually
set in each index tumor to maximally cover the index
tumor on a transverse ADC map at the MRI section of
the largest tumor diameter. Another ROI with an area
of 5 cm2 was set within the gluteus maximus. The

ADC values of all pixels within each ROI were quan-
tified and their mean value was obtained using View R
software, version 1.20 (Yokogawa Medical Solutions
Corporation, Tokyo, Japan). A standardized tumor
ADC (sT-ADC) was calculated by dividing the mean
tumor ADC value by the mean gluteus maximus ADC
value to account for the incompatibility between dif-
ferent MRI protocols [18]. To assess intraobserver
reproducibility of the sT-ADC values, ADC values
were measured intertemporally by KS in 50 ran-
domly selected patients who had taken MRI at our
institution. To assess interobserver reproducibility,
another researcher (MI) completed the same series of
measurement.

Statistical analysis

The predictive accuracy was evaluated using the
area under the curve (AUC) of the receiver oper-
ating characteristic (ROC) curve. The best cut-off
ADC value was determined as that at the point on
the ROC curve with minimum distance from the
left-upper corner of the unit square. Interobserver
agreement was evaluated using the kappa statistics.
Intra- and interobserver reproducibility of sT-ADC
values were assessed using intraclass correlation

Fig. 1. Representative MR images of bladder cancer with VI-RADS 2 and 5. A-D, MRI pictures in an 84-year-old man with pT1, G2
urothelial carcinoma. The VI-RADS score is 2. (A) An axial T2-weighted image shows a mass near the left ureteral orifice. (B) An axial
b1000 DWI shows a hyper-intense mass with a hypo-intense central stalk, resembling an inchworm. (C) An ADC map. The mean absolute
tumor ADC and sT-ADC were 1.25 × 10−3 mm2/s and 0.96, respectively. (D) A DCE-MRI shows early enhancement of the tumor but not
the muscular layer. E-H, MRI pictures in a 79-year-old man with ≥pT2, G3 urothelial carcinoma. The VI-RADS score is 5. (E) An axial
T2-weighted image shows a mass arising from the left ureteral orifice. (F) An axial b1000 DWI shows a hyper-intense mass involving the
muscular layer. (G) An ADC map. The mean absolute tumor ADC and sT-ADC were 0.84 × 10−3 mm2/s and 0.54, respectively. (H) A DCE
MRI shows early enhancement of a tumor involving the muscular layer.
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coefficient (ICC). Differences in continuous variables
between groups were assessed using the Wilcoxon’s
rank sum test. The Fisher’s exact test or chi-square
test was applied for comparisons between categori-
cal variables. Statistical analysis was performed using
JMP software, version 14 (SAS Institute, Cary, NC,
USA). p < 0.05 were considered significant.

RESULTS

Patient and tumor demographics

The demographics of the 176 patients and their
index lesions are summarized in Table 1. Seventy-
three patients had multiple BC (41%). MRI was
performed at our institution for 101 patients (57%), at
our affiliated clinic for 56 (32%) and at others for 19
(11%). T2-weighted imaging, DWI, and ADC maps

were available for all patients, whereas dynamic con-
trast enhancement (DCE)-MRI was performed for 97
(55%). MIBC was diagnosed in 46 patients (26%).

Interobserver agreement of VI-RADS

The interobserver agreement was moderate
between two readers (κ score 0.43, Fig. 2A). Consen-
sus on VI-RADS score was obtained for 72 patients
(41%) in which the score was discordant between the
readers. Allocation of VI-RADS score after consen-
sus is listed in Table 1.

Accuracy of VI-RADS to detect MIBC

MIBC was pathologically diagnosed in 0 (0%) / 8
(10%) / 9 (21%) / 13 (72%) / 16 (100%) patients for
VI-RADS 1/2/3/4/5, respectively (p < 0.01, Table 1).

Table 1
Demographics of 176 patients with primary bladder cancer and their index tumors

Variables Categories Number (%) P-values

Total VI-RADS

1 2 3 4 5

Total 176 15 (8) 84 (48) 43 (24) 18 (10) 16 (9)
Age [median (range)] 73 (30–95) 69 (41–95) 73 (30–92) 77 (46–92) 71 (45–84) 70 (43–88) 0.70
Sex Male 125 (71) 13 (87) 58 (69) 29 (67) 13 (72) 12 (75) 0.62

Female 51 (29) 2 (13) 26 (31) 14 (33) 5 (28) 4 (25)
History of UTUC No 174 (99) 15 (100) 83 (99) 42 (98) 18 (100) 16 (100) 0.82

Yes 2 (1) 0 (0) 1 (1) 1 (2) 0 (0) 0 (0)
Tumor multiplicity Solitary 103 (58) 10 (67) 52 (62) 23 (53) 10 (56) 8 (50) 0.77

Multiple 73 (41) 5 (33) 32 (38) 20 (47) 8 (44) 8 (50)
Tumor configuration Papillary 144 (82) 14 (93) 74 (88) 40 (93) 9 (50) 7 (44) <0.01

Non-papillary 32 (18) 1 (7) 10 (12) 3 (7) 9 (50) 9 (56)
Tumor size <1 cm 22 (13) 15 (100) 0 (0) 7 (16) 0 (0) 0 (0) <0.01

1–3 cm 107 (60) 0 (0) 58 (69) 35 (81) 8 (44) 6 (38)
≥3 cm 47 (27) 0 (0) 26 (31) 1 (2) 10 (56) 10 (63)

Tumor location Bladder neck 11 (6) 0 (0) 8 (10) 2 (5) 0 (0) 1 (6) 0.57
Trigone 10 (6) 2 (13) 1 (1) 3 (7) 2 (1) 2 (12)
Posterior wall 17 (10) 1 (7) 7 (8) 6 (14) 2 (1) 1 (6)
Lateral wall 46 (26) 3 (13) 21 (25) 11 (26) 5 (28) 6 (38)
Dome 5 (3) 1 (7) 1 (1) 2 (5) 0 (0) 1 (6)
Anterior wall 22 (12) 2 (13) 10 (12) 6 (14) 3 (17) 1 (6)
Ureteral orifice 65 (37) 6 (40) 36 (43) 13 (30) 6 (3) 4 (25)

Institution of MRI Our institution 101 (57) 11 (73) 42 (50) 30 (70) 11 (61) 7 (44) 0.09
performance Affiliated clinic 56 (32) 3 (20) 34 (40) 8 (19) 5 (28) 6 (38)

Others 19 (11) 1 (7) 8 (10) 5 (12) 2 (11) 3 (19)
sT-ADC >0.894 113 (64) 14 (93) 54 (64) 35 (81) 6 (33) 4 (25) <0.01

≤0.894 63 (36) 1 (7) 30 (36) 8 (19) 12 (67) 12 (75)
Pathological T stage Ta 85 (48) 10 (67) 51 (61) 20 (47) 4 (22) 0 (0) <0.01

T1 45 (26) 5 (33) 25 (30) 14 (33) 1 (6) 0 (0)
≥T2 46 (26) 0 (0) 8 (10) 9 (21) 13 (72) 16 (100)

Histological grade 1 14 (8) 2 (13) 8 (10) 4 (9) 0 (0) 0 (0) <0.01
2 89 (51) 9 (60) 49 (58) 23 (53) 5 (28) 3 (19)
3 70 (40) 4 (27) 25 (30) 16 (37) 12 (67) 13 (81)
Unknown 3 (2) 0 (0) 2 (2) 0 (0) 1 (6) 0 (0)

VI-RADS: Vesical Imaging-Reporting And Data System, UTUC: upper tract urothelial carcinoma, sT-ADC: standardized tumor ADC.
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Fig. 2. Validation of the Vesical Imaging-Reporting And Data System (VI-RADS) to detect muscle-invasive bladder cancer (MIBC). (A)
Interobserver agreement of the VI-RADS scores between two readers and the pathological results of non-muscle-invasive bladder cancer
(NMIBC) or MIBC according to the VI-RADS. (B) The ROC curve of VI-RADS to detect MIBC.

Table 2
Detectability of muscle invasion by VI-RADS, sT-ADC, and VI-RADS/ADC

Models Sensitivity Specificity PPV NPV

VI-RADS ≥ 3 78% 70% 48% 90%
VI-RADS ≥ 4 63% 96% 85% 88%
sT-ADC ≤ 0.894 78% 79% 57% 91%
VI-RADS/ADC

VI-RADS ≥ 3 or sT-ADC ≤ 0.894 100% 53% 43% 100%
VI-RADS ≥ 3 & sT-ADC ≤ 0.894 61% 97% 88% 88%
VI-RADS ≥ 4 or sT-ADC ≤ 0.894 91% 76% 58% 96%
VI-RADS ≥ 4 & sT-ADC ≤ 0.894 50% 99% 96% 85%

VI-RADS: Vesical Imaging-Reporting And Data System, sT-ADC: standardized tumor ADC, PPV; positive pre-
dictive value, NPV; negative predictive value.

The AUC of VI-RADS to detect MIBC was 0.86
(Fig. 2B). When cut-off of VI-RADS was set
at ≥3 and ≥4, the sensitivity/ specificity/ positive
predictive value (PPV)/ negative predictive value
(NPV) to detect MIBC were 78%/70%/48%/90%
and 63%/96%/85%/88%, respectively (Table 2). The
AUC of VI-RADS was 0.88 and 0.84 in the 97
patients receiving and the remaining 79 not receiv-
ing DCE-MRI, respectively. Among the 97 patients
receiving DCE-MRI, VI-RADS score changed from
3 to 4 in 2 (2%, pTa and ≥ pT2) and from 2 to 3 in
1 (1%, pTa) by considering the DCE-MRI category.
The AUC of VI-RADS in the 97 patients was 0.84
when the DCE-MRI category was not considered.

Reproducibility of ADC values

Intra- and interobserver reproducibility of sT-ADC
values was excellent with respective ICC of 0.903 and
0.921 (data not shown).

Accuracy of ADC values to detect MIBC

Tumor ADC values according to the presence
of muscle invasion are shown in Fig. 3. In 101
patients who underwent MRI at our institution,
absolute tumor ADC values ranged from 0.87 to
2.00 × 10−3mm2/s (median 1.38 × 10−3 mm2/s).
The absolute tumor ADC values were significantly
lower in 20 MIBC patients (median 1.08 × 10−3

mm2/s, range 0.87 – 1.59 × 10−3 mm2/s) than in
81 NMIBC patients (median 1.45 × 10−3 mm2/s,
range 1.01 – 2.00 × 10−3 mm2/s, p < 0.01; Fig. 3A).
In this subpopulation, sT-ADC values ranged from
0.65 to 1.64 (median 1.08). The difference in sT-
ADC values was significant between NMIBC and
MIBC (p < 0.01) and the distribution was graphi-
cally almost identical to that of absolute tumor ADC
values (Fig. 3B). Similar results were obtained for
56 patients who underwent MRI at our affiliated
clinic (Supplemental Figure 1). When 19 patients
who underwent MRI at other institutions were



166 K. Sakamoto et al. / VI-RADS/ADC to Detect MIBC

Fig. 3. Distribution of tumor ADC values according to the presence of muscle invasion. (A) Absolute tumor ADC values for 101 patients who
underwent MRI at our institution. (B) Standardized tumor ADC (sT-ADC) values for 101 patients who underwent MRI at our institution.
(C) sT-ADC values for 75 patients who underwent MRI at other institutions (56 patients at our affiliated clinic). (D) sT-ADC values
for all 176 patients. NMIBC, non-muscle-invasive bladder cancer; MIBC, muscle-invasive bladder cancer. The box and bars indicate a
range from 25th to 75th percentile and the minimum, median, and maximum values, respectively. (E) The ROC curve of sT-ADC to
detect MIBC.

combined to the 56, the sT-ADC values were signifi-
cantly lower in 26 MIBC patients (median 0.78, range
0.44 – 1.13) than in 49 NMIBC patients (median
0.99, range 0.49 – 1.58, p < 0.01; Fig. 3C). In a total
of 176 patients, sT-ADC values ranged from 0.44 to
1.64 (median 1.00). The sT-ADC values were signifi-
cantly lower in 46 MIBC patients (median 0.84, range
0.44 – 1.18) than in 130 NMIBC patients (median
1.08, range 0.49 – 1.64, p < 0.01; Fig. 3D). The ROC
curve of sT-ADC to detect MIBC is shown in Fig. 3E.
The AUC was 0.79 and the best cut-off value of sT-
ADC was 0.894. When this cut-off value was used,
the sensitivity, specificity, PPV, and NPV to detect
MIBC were 78%, 79%, 57%, and 91%, respectively
(Table 2).

Combination of VI-RADS and ADC values to
detect MIBC

Incorporation of sT-ADC into VI-RADS improved
accuracy to detect MIBC from AUC 0.86 to 0.94
(Fig. 4A). The improvement of the accuracy was evi-
dent when assessed for the two readers separately
(AUC 0.80 to 0.91 and 0.82 to 0.93 for reader 1 and
2, respectively; Supplemental Figure 2).

When VI-RADS ≥ 3 or sT-ADC ≤ 0.894 were
considered positive, the sensitivity (100%) and NPV
(100%) were highest among the models. When VI-
RADS ≥ 4 and sT-ADC ≤ 0.894 were considered
positive, the specificity (99%) and PPV (96%) were
highest among the models (Table 2).

Eight MIBC (17%) and five NMIBC (4%) were
under-staged as VI-RADS ≤ 2 and over-staged as VI-
RADS ≥ 4, respectively (Fig. 4B). Incorporation of
sT-ADC reduced under-staging of MIBC by 100%
(8/8) and over-staging of NMIBC by 80% (4/5,
Fig. 4B).

DISCUSSION

VI-RADS was proposed in 2018 to define a stan-
dardized approach to imaging and reporting MRI
for BC, particularly to accurately detect MIBC on
MRI. Very recently, several studies demonstrated the
validity of VI-RADS to differentiate MIBC from
NMIBC in BC patients [6–9]. This study confirmed
the validity of VI-RADS. More importantly, incorpo-
ration of ADC into VI-RADS improved the accuracy
to detect MIBC, particularly reducing under-staging
of MIBC as VI-RADS < 3 and over-staging of
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Fig. 4. Incorporation of standardized tumor ADC (sT-ADC) values into the Vesical Imaging-Reporting And Data System (VI-RADS) to
detect muscle invasion. (A) The ROC curve of VI-RADS/ADC. (B) Distribution of muscle-invasive disease (MIBC) according to sT-ADC
for each VI-RADS score.

NMIBC as VI-RADS ≥ 4 by 100% and 80%,
respectively.

Several studies have demonstrated the ADC value
to be a quantitative biomarker associated with patho-
logical phenotypes, including histological grade and
T stage in BC [11, 19, 20]. Kobayashi et al. reported
an inverse correlation of ADC values with the inva-
sive and proliferative potential of BC [10]. The
present study confirmed that ADC values serve as
a functional biomarker to differentiate MIBC from
NMIBC. ADC values corroborate the morphological
properties of VI-RADS from the qualitative aspect.
Indeed, despite the low incidence of MIBC (8%)
and NMIBC (15%) among BC with VI-RADS < 3
and ≥4, respectively, incorporation of ADC values
avoided under-staging of MIBC and over-staging
of NMIBC in the majority of cases. In the similar
concept to ours, an Egyptian group is conducting
a prospective study to evaluate if incorporation of
ADC values improves the MIBC-predictive accuracy
of VI-RADS [21].

Unlike men with suspected prostate cancer who
undergo pre-biopsy MRI, BC patients cannot avoid
TURB for the therapeutic purpose regardless of the
results of pre-TURB MRI. What does pre-TURB
MRI substantially benefit BC patients? First, assess-
ment of the depth of invasion may reduce the risk
of bladder perforation during TURB. Patients with
low probability of MIBC may avoid unnecessary
resection of the deeper muscle layer, consequently
reducing the risk of perforation. Second, pre-TURB
MRI can provide prognostic information in NMIBC
patients. Lower ADC values were associated with
recurrence after TURB in NMIBC patients [22]. In
addition, the absence of an inchworm sign on DWI
was significantly associated with progression of T1

BC [23]. Third, ADC values may be useful for thera-
peutic decision making of MIBC patients who desire
bladder preservation. Lower ADC values of MIBC
were predictive of favorable response to chemoradi-
ation, which is a prerequisite for successful bladder
preservation [16]. Thus, pre-TURB MRI with ADC
measurement may have potential roles in the man-
agement of BC patients.

A major limitation of the clinical utility of ADC
values is incompatibility among different MRI pro-
tocols. As ADC values depend on the MRI systems
and imaging protocols, comparison of absolute ADC
values across different MRI protocols is impossible.
Nishizawa et al. proposed a concept of standardized
ADC values to overcome this incompatibility and
demonstrated that differences in absolute tumor ADC
values among different MRI protocols were negated
by using sT-ADC for BC [18]. The present study con-
firmed the validity of sT-ADC for detecting MIBC
independent of MRI protocols. Conceptually, the cut-
off sT-ADC value of 0.894 determined in this study is
applicable irrespective of MRI protocols. However,
external validation studies are needed to assess the
general applicability.

There are several limitations in this study. First,
this was a single-institutional retrospective study. A
multi-institutional prospective study with an inde-
pendent larger patient cohort is required to confirm
and validate the predictive accuracy of the VI-
RADS/ADC. Second, although we used sT-ADC to
overcome the incompatibility of different MRI pro-
tocols, absolute tumor ADC values may give better
results than sT-ADC. However, such a difference was
not observed in our study. Considering the practical
use of ADC values across MRI systems and protocols,
standardization of ADC values is needed to over-
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come the incompatibility among different protocols.
Third, there was a possible selection bias because all
patients with primary BC did not undergo pre-TURB
MRI. However, the proportion of MIBC patients
in our cohort (26%) represented that of the gen-
eral population of primary BC patients [24]. Fourth,
DCE-MRI was not performed for approximately half
of the patients in the study population. According
to the original VI-RADS criteria, VI-RADS scores
can change in some instances by considering the
DCE-MRI category. However, such changes in the
VI-RADS score were observed only in 3 patients
(3%) among the 97 patients receiving DCE-MRI. In
addition, the accuracy of VI-RADS to detect MIBC
was comparable whether the DCE-MRI category was
considered or not among the 97 patients. Fifth, in
the present study, the interobserver agreement of VI-
RADS score was not better than that of the published
validation studies [6–9] in most of which experienced
radiologists read MRI. A urologist scored VI-RADS
4/5 in less patients than a radiologist (Supplemental
Table 2) and tended to diagnose large NMIBCs more
correctly. The difference in the background and expe-
rience of readers could be attributed to our lower κ

score. However, our study may reflect the real-world
practice of using VI-RADS. Fifth, pathological T
stage was evaluated using TURB but not cystectomy
specimens. For correct T staging, Re-TURB was
routinely performed for patients with T1 or greater
disease without sampling the muscular layer at the
first TURB.

CONCLUSIONS

The incorporation of ADC values improves the
accuracy of VI-RADS to detect MIBC. External val-
idation is needed to confirm the accuracy of the
VI-RADS/ADC.
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