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Abstract

Background Vesical Imaging-Reporting and Data System (VI-RADS) based on multiparametric magnetic resonance
imaging (mp-MRI) performed well in diagnosing muscle-invasive bladder cancer (MIBC). However, certain cases may
present challenges in determining the final VI-RADS score using only T2-weighted imaging (T2WI) and diffusion-
weighted imaging (DWI) sequences, especially in the absence of dynamic contrast-enhanced (DCE) imaging. This
study aims to evaluates whether biparametric MRI (bp-MRI) achieve comparable diagnostic performance to mp-MRI
for predicting MIBC and seeks to identify the most suitable bp-MRI criterion by establishing four specific conditions
based on T2WI and DWI.

Methods A retrospective analysis was conducted on 447 patients who underwent preoperative mp-MRI. Images
were evaluated according to the VI-RADS protocol by three independent readers. In the bp-DWI and bp-DWI Plus
criteria, DWI was the primary sequence used for lesion assessment, while T2WI was the primary sequence for bp-T2WI
and bp-T2WI Plus criteria. The Plus criteria (op-DWI Plus and bp-T2WI Plus) assigned a final VI-RADS score of 4 when
both T2WI and DWI scores were 3. The gold standard for diagnosis was histopathological evaluation after surgery.
Diagnostic performance was evaluated by comparing the area under the curve (AUC), sensitivity, specificity, and inter-
reader agreement using Cohen’s kappa analysis.

Results Among 447 patients, 304 confirmed as NMIBC and 143 as MIBC. The kappa values were 0.876, 0.873, 0.873,
0.642, and 0.642 for mp-MRI, bp-DWI, bp-DWI Plus, bp-T2WI, and bp-T2WI Plus, respectively, when VI-RADS cutoff > 2.
Similarly, when cutoff > 3, the kappa values were 0.848,0.811,0.873,0.811, and 0.873. No significant differences were
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compared to bp-DWI Plus, bp-T2WI, and bp-T2WI Plus.

an alternative to mp-MRI.
Trial registration retrospectively.

observed between mp-MRI and bp-DWI (AUC: 0.916 vs. 0.912, p=0.498), but mp-MRI and bp-DWI had higher AUCs

Conclusions Both mp-MRI and bp-DWI demonstrate excellent performance in predicting MIBC, with bp-DWI being

Keywords Bladder cancer, Biparametric MRI, VI-RADS, MIBC, Diagnostic performance

Background

Bladder cancer is a common malignant tumor of the uri-
nary tract [1]. Compared to non-muscle-invasive blad-
der cancer (NMIBC), muscle-invasive bladder cancer
(MIBC) exhibits greater aggressiveness and has a poorer
prognosis [2]. Currently, the diagnosis of MIBC is depen-
dent on diagnostic transurethral resection of bladder
tumor (TURBT), which, however, may underestimate the
tumor stage [3]. Reported studies indicate that diagnos-
tic TURBT misdiagnoses 0%-32% of MIBCs as NMIBCs
[4]. Though repeat-TURBT has been recommended in
the case of high-risk NMIBC when necessary, this will
undoubtedly increase the risk of complications and finan-
cial burden to patients [5].

In 2018, the European Association of Urology pub-
lished the Vesical Imaging-Reporting and Data System
(VI-RADS) based on multiparametric magnetic reso-
nance imaging (mp-MRI) for predicting MIBC [6]. This
system establishes a standardized approach to both mp-
MRI imaging and reporting for patients with bladder
cancer. A previous meta-analysis of 20 studies involving
a total of 2725 patients demonstrated that VI-RADS per-
formed well in predicting MIBC, regardless of whether
the cutoff value of VI-RADS was >2 or >3 [7]. However,
mp-MRI is not without limitations. Compared with bipa-
rametric magnetic resonance imaging (bp-MRI), mp-
MRI demands a longer time for scanning and involves
higher cost [8]. Additionally, bp-MRI can reduce the risks
associated with the intravenous administration of gad-
olinium-based contrast agents, including nephrogenic
systemic fibrosis, renal failure, and tissue accumulation
of gadolinium [9, 10]. Moreover, bp-MRI may be more
accurate than mp-MRI for identifying residual disease
after neoadjuvant chemotherapy [11].

Currently, a limited number of studies have investi-
gated the value of bp-MRI in evaluating the muscle inva-
sion of bladder cancer [12—-17]. However, in accordance
with the VI-RADS protocol, accurately determining the
VI-RADS score is challenging in some cases when rely-
ing only on T2-weighted imaging (T2WI) and diffusion-
weighted imaging (DWI)/apparent diffusion coefficient
(ADC) images. For example, determining whether the
VI-RADS score is 2 or 3 can be indeterminate when
only T2WI score 3 and DWI score 2 are available [6].
This challenge primarily arises from the lack of dynamic

contrast-enhanced (DCE) images, which is one of the
most urgent issues to address when attempting to replace
mp-MRI with bp-MRI. To date, none of the existing stud-
ies have discussed this specific diagnostic scenario, which
is systematically explored in the current study.

If VI-RADS based on bp-MRI can achieve or even
surpass the diagnostic performance of mp-MRI, it will
have substantial value and significance in clinical prac-
tice. Therefore, the purpose of this study is to evaluate
whether bp-MRI demonstrates comparable diagnostic
performance to mp-MRI in predicting MIBC. Further-
more, we have devised four bp-MRI criteria based on
specific conditions when exclusively using T2WI and
DWTI images. Our goal is to identify the most appropriate
criterion for using bp-MRI to predict MIBC.

Methods

In accordance with the Declaration of Helsinki, the Eth-
ics Committee of Jiangsu Province Hospital reviewed
the study’s design and determined that ethical approval
was not required due to its retrospective nature. Conse-
quently, the committee waived the need for formal ethics
approval.

Patient population

Retrospective analysis on a total of 533 consecutive
patients who underwent TURBT or radical cystec-
tomy from 2013 to 2022 was performed. All the patients
underwent surgery within 6 weeks after receiving mp-
MRI examination. The specimens underwent pathologic
examination. Histologic grade was assessed following the
2004 World Health Organization of urological pathol-
ogy classification [18]. T stage was assessed following the
2017 Union for International Cancer Control of TNM
classification [19]. The following patients were excluded:
(a) 8 patients had an interval between mp-MRI exami-
nation and surgery longer than 6 weeks; (b) 12 patients
received neoadjuvant therapy; (c) 15 patients displayed
poor image quality that could not be accurately analyzed
for reasons such as severe artifacts, inadequate bladder
filling, and an inability to identify tumors; (d) 13 patients
were excluded due to a postoperative pathology diagno-
sis of non-urothelial carcinoma; (e) 7 patients showed
undetermined T stage or grade in postoperative pathol-
ogy; (f) 31 patients could not show detrusor muscle when
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they underwent TURBT. The final study group consisted
of 447 patients in total. The flowchart for selection of the
study population is shown in Fig. 1.

Multiparameter MRI protocol

MRI scans were performed in a 3.0T MRI system (Inge-
nia CX; Philips, Netherland) with the use of a 32-chan-
nel phased-array surface coil. T2W1I were performed with
a turbo spin-echo sequence [repetition time/echo time
(TR/TE): 4690/119 ms, matrix 320, in-plane spatial reso-
lution: 0.75 x 0.75 mm, slice thickness: 3.0 mm, slice gap:
0.3 mm, and field of view (FOV): 240 mm]. DWI/ADC
was conducted with an axial and sagittal/coronal breath-
ing-free spin-echo EPI sequence (TR/TE 4000/61 ms, flip
angle 90, matrix 128 x 128, slice thickness: 3.0 mm, and
FOV: 240 mm). B value was set between 0 and 2000 s/
mm? (0, 50, 700, 1400, and 2000). DCE was performed
with a 3D- THRIVE sequence (TR/TE 3.8/1.2 ms, flip
angle 15, matrix 256 x 256, in-plane spatial resolution
0.9%x0.9 mm, slice thickness 1.0 mm, FOV 240 mm,
temporal resolution 8.3 s, and acquisition time 510 s). A
single body weight-based dose (0.1 mmol/kg) of gadolin-
ium-based contrast agent (Magnevist, Bayer Healthcare)
was intravenously injected at a constant rate of 2.5 mL/
second after the fifth dynamic scan, followed by a flush of
25 mL of saline at a flow rate of 2.5 mL/second.

533 patients with suspected Bladder cancer

Underwent multiparametric magnetic resonance imaging
(mp-MRI) examination

Surgery

i l
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VI-RADS evaluation
All images were analyzed using RadiAnt Dicom Viewer
(Version 2021.1, Medixant, Poznan, Poland). The col-
lected images were divided into two sets: one set (Set 1)
included axial, sagittal, coronal T2W1I along with axial
DWTI images, the other set (Set 2) included all these
images plus axial DCE images. Both sets of the images
were evaluated independently by three readers (Reader
1, with more than 2 years of experience; Reader 2, with
more than 5 years of experience; Reader 3, with more
than 10 years of experience) in two reading sessions. Set
1 was evaluated in the first reading session, and set 2 was
in the second. Two reading sessions were separated by
at least 4 weeks to avoid recall bias. Readers evaluated
lesions according to the VI-RADS protocol for score of
T2WI, DWI, and DCE and also for the final VI-RADS
score. Final VI-RADS score was determined by Reader 4
(with more than 30 years of experience) if the reading of
VI-RADS score differed between the three readers. The
readers were blinded to the final pathology results. In
cases where patients presented with multiple tumors, the
tumor with the highest VI-RADS score was selected for
consideration.

Set 1 and set 2 were evaluated according to the VI-
RADS protocol. A summary table of the VI-RADS scor-
ing approach is provided in Supplementary Material

Excluded due to:
¢ Interval between MRI examination date and surgery date
is greater than 6 weeks (n=8)
® Had undergone neoadjuvant therapy (n=12)

* Poor image quality (n=15)

Non-muscle-invasive bladder cancer

(n=304) (n=143)

Muscle-invasive bladder cancer

Excluded due to:

l

447 patients were finally included

Fig. 1 Study flowchart

* Postoperative pathology confirmed non-urethral
epithelial carcinoma (n=13)

® Could not determine pathologic T stage or grade (n=7)

® Could not find detrusor muscle when they underwent

TURBT (n=31)
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[6]. According to the VI-RADS protocol, there are two
scenarios where determining the final VI-RADS score
can be challenging when evaluating set 1 images:

o T2WI score of 3 and DWI score of 2 (T2W1 3 +DWI
2).
« Both T2WI and DWI scores of 3 (T2WI 3+ DWI 3).

To address these situations, we established four bp-MRI
criteria: bp-DWI, bp-DWT Plus, bp-T2W1I, and bp-T2W1
Plus.

bp-DWTI and bp-DW!I Plus prioritize DWTI as the domi-
nant sequence for scoring, meaning DWI is the primary
determinant when there is a discrepancy (T2W1I 3 + DWI
2). bp-T2WT and bp-T2WT Plus prioritize T2WI as the
dominant sequence for scoring. In addition, to address
the case where both T2W1I and DWT scores are 3 (T2W1I
3+DWI 3), we introduced the Plus criteria. The Plus cri-
teria (bp-DWI Plus and bp-T2W1I Plus) assign a final VI-
RADS score of 4 in this situation.

The detailed differences among the four bp-MRI cri-
teria are shown in Fig. 2. Examples of reader evaluations
are shown in Figs. 3 and 4.

Statistical analysis

Statistical analyses were performed in IBM SPSS soft-
ware, version 26 (IBM Corporation, Armonk, New York,
USA). VI-RADS score >2 and > 3 served as the cutoff val-
ues for diagnose MIBC, respectively. For the assessment
of VI-RADS score, inter-reader agreement among the
three readers was evaluated using Cohen’s kappa analy-
sis at different cutoff values. Area under the curve (AUC),
sensitivity, specificity, positive predictive value, and nega-
tive predictive value were used to evaluate each criterion.
The AUCs of receiver operating characteristic (ROC)
curve comparison was performed using the DeLong test
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in MedCalc software, version 20 (MedCalc Software Ltd,
Acacialaan, Ostend, Belgium). p<0.05 was considered
significant.

Results

The final study group consisted of 447 patients. Detailed
information is shown in Table 1. Of the 447 patients,
382 (85.5%) were male, and 65 (14.5%) were female. The
median age was 67 years (interquartile range: 26-94
years). A total of 147 patients (32.9%) had multiple
bladder lesions (2 or more), accounting for a total of
321 lesions. Of these, 304 patients (68.0%) underwent
TURBT and 143 (32.0%) underwent radical cystectomy.
304 patients (68.0%) were pathologically confirmed as
NMIBC (Ta-T1) and 143 (32.0%) had MIBC (T2-T4).
Specifically, 171 patients (38.3%) were Ta, 133 (29.8%)
were T1, 73 (16.3%) were T2, 47 (10.5%) were T3 and
23 (5.1%) were T4. 142 patients (31.8%) were low grade
tumor, and 305 patients (68.2%) were high grade tumor.

Five criteria include mp-MRI, bp-DWI, bp-DWT Plus,
bp-T2WI and bp-T2WI Plus. The number of patients
with VI-RADS 1 and 5 evaluated by the five criteria was
88 patients (19.7%) and 50 patients (11.2%), respectively.
VI-RADS 2-4 evaluated by mp-MRI were 173 (38.7%),
63 (14.1%) and 73 (16.3%), respectively. Table 2 shows
detailed scores for the five criteria.

The kappa values for inter-reader agreement among the
three readers were 0.876, 0.873, 0.873, 0.642, and 0.642
for mp-MRI, bp-DWI, bp-DWI Plus, bp-T2WI, and bp-
T2WI Plus, respectively, when using a VI-RADS cutoff
score of >2 (scores 1-2 vs. 3-5). Similarly, the kappa
values were 0.848, 0.811, 0.873, 0.811, and 0.873, respec-
tively, when the cutoff was set at >3 (scores 1-3 vs. 4-5).

Table 3 shows the diagnostic performance of the five
criteria across different cutoff values. There were no
significant differences observed between mp-MRI and

bp-DWI  bp-DWI Plus  bp-T2WI  bp-T2WI Plus
DWI 2

e VI-RADS2  VI-RADS2  VI-RADS3  VI-RADS 3
DWI 3

VI-RADS 3  VI-RADS4  VI-RADS3  VI-RADS 4

Fig. 2 Differences among the bp-MRI criteria of VI-RADS. bp-MRI: biparametric magnetic resonance imaging; VI-RADS: Vesical Imaging-Reporting and

Data System
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Fig. 3 A case demonstrating the use of bp-MRI for determining various scores. A patient over 85 years old with hematuria underwent mp-MRI prior to
the initial TURBT. T2WI revealed two sessile tumors without a high signal intensity thickened inner layer on the right bladder wall, with no clear disruption
of the low signal intensity muscularis propria observed. Tumors with clear stalks were observed on DWI and ADC (Arrow). Based on bp-MRI, all readers
assigned a T2WI category of 3 and a DWI category of 2. However, no clear tumor with stalk was visible on DCE. The final VI-RADS score was determined to
be 3.The T stage after TURBT was T1-high grade. A: T2WI; B: DWI; C: ADC; D: DCE. bp-MRI: biparametric magnetic resonance imaging; mp-MRI: multipara-
metric magnetic resonance imaging; TURBT: transurethral resection of bladder tumor; T2WI: T2-weighted images; DWI: diffusion-weighted imaging; ADC:

apparent diffusion coefficient; DCE: dynamic contrast-enhanced; VI-RADS: Vesical Imaging-Reporting and Data System

bp-DWI (mp-MRI vs. bp-DWI, AUC: 0.916 vs. 0.912,
p=0.498). However, the AUCs for both mp-MRI and bp-
DWI were significantly higher than those for bp-DWI
Plus (mp-MRI vs. bp-DWI Plus, AUC: 0.916 vs. 0.900,
p=0.015; bp-DW1I vs. bp-DWI Plus, AUC: 0.912 vs. 0.900,
p<0.001), bp-T2WI (mp-MRI vs. bp-T2WI, AUC: 0.916
vs. 0.894, p<0.001; bp-DWI vs. bp-T2WI, AUC: 0.912
vs. 0.894, p=0.006), and bp-T2WI Plus (mp-MRI vs. bp-
T2WTI Plus, AUC: 0.916 vs. 0.896, p =0.004; bp-DWT vs.
bp-T2WI Plus, AUC: 0.912 vs. 0.896, p <0.001). The ROC
curves illustrating the diagnostic performance of the five
criteria for predicting MIBC are shown in Fig. 5.

Discussion

Before considering the replacement of mp-MRI with bp-
MR, several critical issues must be addressed. The lack
of DCE in bp-MRI raises concerns when using the VI-
RADS protocol. For instance, VI-RADS scores can vary
if T2W1I scores a 3 and DWI scores a 2, or if both T2W1I
and DWI score a 3 [6]. To identify the optimal criterion
for diagnosing MIBC with bp-MRI, we established four
criteria based on these variations.

In 2021, Delli et al. [12] were the first to to compare
bp-MRI and mp-MRI for diagnosing MIBC, finding no
significant difference in diagnostic performance between
the two, regardless of the reader’s experience. Similarly,
A meta-analysis of 17 studies with 2344 patients showed



Liu et al. BMC Medical Imaging (2025) 25:60 Page 6 of 9

Fig.4 A case demonstrating the use of bp-MRI for determining various scores. A patient over 65 years old with hematuria underwent mp-MRI prior to the
initial TURBT. T2WI revealed a sessile lesion on the left bladder wall, measuring more than 2 cm in diameter. No clear disruption of the low signal intensity
muscularis propria was observed on T2WI, DWI, or ADC. Based on bp-MR, all the readers assigned a T2WI category of 3 and DWI category of 3. However,
early tumor enhancement extending focally to the muscularis propria was observed on DCE (Arrow). The final VI-RADS score was determined to be 4.
The T stage after TURBT was T2-high grade. A: T2WI; B: DWI; C: ADC; D: DCE. bp-MRI: biparametric magnetic resonance imaging; mp-MRI: multiparametric
magnetic resonance imaging; TURBT: transurethral resection of bladder tumor; T2WI: T2-weighted images; DWI: diffusion-weighted imaging; ADC: appar-

ent diffusion coefficient; DCE: dynamic contrast-enhanced; VI-RADS: Vesical Imaging-Reporting and Data System

comparable diagnostic efficacy between bp-MRI and
conventional VI-RADS for MIBC [20]. Our findings also
indicate no significant difference between mp-MRI and
bp-DWI in diagnosing MIBC.

The primary difference between bp-DWI and bp-T2W1
is their reliance on different imaging sequences: bp-DW1I
depends on DWI, while bp-T2WT relies on T2WI. Our
results show that bp-DWT outperforms bp-T2W1I in diag-
nostic accuracy. This may be due to the clearer distinc-
tion between lesion and muscle layer on DWI compared
to T2WI, where inflammatory edema can obscure the
evaluation. Tekes et al. [21] reported that 81% of tumors
showed a signal intensity similar to that of the muscle
layer on T2WI. When the bladder wall has inflammatory

edema on T2WI, evaluating the relationship between
lesion and muscle layer becomes more difficult [22]. In
contrast, the lesion shows a high signal intensity and the
muscle layer shows a low and medium signal intensity
clearly on DWI [23, 24]. This indicates that it could be
more easily recognized by readers. Moreover, some stud-
ies have pointed out that T2WI in VI-RADS is mainly
used for assessing tumor morphology, not for determin-
ing muscle invasion [25, 26]. Thus, DWI may provide
more accurate results when T2WI and DW1I scores differ.

While the value of DCE is acknowledged, especially
for early prediction of chemotherapy response and
identifying small lesions, its role in bladder cancer stag-
ing remains debated [12, 13, 27, 28]. Previous studies
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Table 1 Basic patient information

Variable n(%)
Gender

Female 65(14.5)

Male 382(85.5)
Age 67(IQR: 26-94)
Num. of tumor

Single 304(68.0)

Multiple 143(32.0)
Tumor diameter

<3cm 313(70.0)

>3cm 134(30.0)
Surgery

TURBT 304(68.0)

Radical cystectomy 143(32.0)
T stage

Ta 171(38.3)

T 133(29.8)

T2 73(16.3)

13 47(10.5)

T4 23(5.1)
Histological grade

Low grade 142(31.8)

High grade 305(68.2)

considered that DCE was important for the staging of
bladder cancer [29]. However, Panebianco et al. [30] sug-
gested that DCE may not contribute to the identification
of NMIBC and MIBC. In addition, the interpretation of
DCE was not friendly to less experienced readers, and
additional DCE could increase the risk of their false posi-
tive rates in diagnosing MIBC. Delli et al. [12] demon-
strated that less experienced readers would overestimate
DCE because they were more susceptible to interference
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from changes around the lesion, such as inflammation,
fibrosis and edema.

This study has some limitations. First, although we
excluded patients whose TURBT pathology results did
not reveal the detrusor muscle, the majority of patients
still underwent TURBT rather than radical cystectomy.
As a result, the pathological staging from TURBT may
not be as accurate as that from radical cystectomy. In
addition, interval follow-up is necessary for this group
to confirm correct staging and assess potential upstaging
over time. Second, DWI and DCE only had axial images
in this study, and it was necessary to add sagittal and
coronal images to further validate our conclusion. Third,
we did not perform a subgroup analysis for bladder can-
cer. A study demonstrated that bp-MRI can be used as an
alternative to mp-MRI in predicting MIBC located at the
ureteral orifice [31]. However, a recent study indicated
that the diagnostic performance of bp-MRI was inferior
to those of mp-MRI for evaluating muscle invasion with
patients with variant histology urothelial carcinoma [32].
Finally, this study was a single-center retrospective study
with limited evidence, therefore multicenter and pro-
spective studies were still required in the future.

Conclusions

mp-MRI and bp-DWI exhibit equally excellent perfor-
mance in diagnosing MIBC. Furthermore, bp-DWI may
demonstrate superior diagnostic performance compared
to other criteria. This suggests that VI-RADS score 2
might be more appropriate than VI-RADS score 3 if
T2WI scores 3 and DWI scores 2, and VI-RADS score
3 might be more appropriate than VI-RADS score 4 if
T2WI scores 3 and DWI scores 3. Our findings suggest
that supports the integration of bp-DWTI into clinical

Table 2 VI-RADS score for the five criteria in diagnosing muscle-invasive bladder cancer

VI-RADS Score bp-DWI bp-DWI Plus bp-T2WI bp-T2WI Plus mp-MRI

NMIBC MIBC NMIBC MIBC NMIBC MIBC NMIBC MIBC NMIBC MIBC
VI-RADS 1 87 (98.9%) 1(1.1%) 87(989%) 1(1.1%) 87 (98.9%) 1(1.1%) 87 (98.9%) 1(1.1%) 87 (98.9%) 1(1.1%)
VI-RADS 2 180(90.5%) 19(9.5%) 180(90.5%) 19(9.5%) 103(88.8%) 13(11.2%) 103(88.8%) 13(11.2%) 159 (91.9%) 4 (8.1%)
VI-RADS 3 21(553%) 17(44.7%) O 0 98 (81.0%) 23(19.0%) 77 (92.8%) 6 (7.2%) 2 (66.7%) (33 3%)
VI-RADS 4 12(16.7%) 60 (83.3%) 33 (30.0%) 77 (70.0) 12(16.7%) 60(83.3%) 33(30.0%) 77(70.0) 2(164%) 61 (83.6%)
VI-RADS 5 4(8.0%) 46(92.0%) 4 (8.0%) 46 (92.0%) 4(8.0%) 46 (92.0%) 4 (8.0%) 46 (92.0%) 4 (8.0%) 46 (92.0%)

VI-RADS: Vesical Imaging-Reporting and Data System; NMIBC: non-muscle-invasive bladder cancer; MIBC: muscle-invasive bladder cancer

Table 3 Diagnostic performance of the five criteria at different cutoff values

Criteria Sensitivity (95%Cl) Specificity (95%Cl) PPV NPV Area under curve
>2 >3 >2 >3 >2 >3 >2 >3

mp-MRI 89.5(83.3-94.0) 748(669-81.7) 809 (76.0-852)  94.7(916-97.0) 688 870 94.3 889 0916

bp-DWI 86.0 (79.2-91.2) 1(66.1-81.1)  87.8(83.6-91.3)  94.7(91.6-97.0) 769 869 930 886 0912

bp-DWI Plus 86.0 (792 91.2) 860 (79 2-91.2)  87.8(83.6-91.3)  87.8(83.6-91.3) 769 769 930 930  0.900

bp-T2WI 90.2 (84.1-94.5) 1(66.1-81.1)  625(56.8-68.0)  94.7(91.6-97.0)  53. 86.9 93.1 886  0.894

bp-T2WIPlus  90.2 (84.%945) 86.0(79.2-912)  625(56.8-680)  87.8(83.6-91.3)  53.1 769 93.1 930 0896

mp-MRI: multiparametric magnetic resonance imaging; PPV: positive predictive value; NPV: negative predictive value
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Fig. 5 ROC curve in the diagnosis of muscle-invasive bladder cancer for mp-MRI and bp-MRI criteria using VI-RADS. ROC: Receiver Operating Charac-
teristic; mp-MRI: multiparametric magnetic resonance imaging; bp-MRI: biparametric magnetic resonance imaging; VI-RADS: Vesical Imaging-Reporting

and Data System

practice as a reliable and efficient method for diagnosing
MIBC. This approach not only maintains high diagnos-
tic standards but also mitigates the limitations associ-
ated with mp-MRI. Future multicenter and prospective
studies are essential to validate these findings and estab-
lish bp-MRI as a standard diagnostic tool for MIBC. The
potential for bp-MRI to streamline bladder cancer diag-
nosis and reduce healthcare costs underscores its signifi-
cant clinical value.

Abbreviations

NMIBC Non-Muscle-Invasive Bladder Cancer

MIBC Muscle-Invasive Bladder Cancer

TURBT Transurethral Resection of Bladder Tumor

VI-RADS  Vesical Imaging-Reporting and Data System

mp-MRI Multiparametric Magnetic Resonance Imaging

bp-MRI Biparametric Magnetic Resonance Imaging

T2WI T2-Weighted Imaging

DWI Diffusion-Weighted Imaging

DCE Dynamic Contrast-Enhanced

ADC Apparent Diffusion Coefficient (a measure used in DWI to quantify
the diffusion of water molecules in tissue)

AUC Area Under the Curve (a performance measure for diagnostic tests

ROC Receiver Operating Characteristic (a graphical plot illustrating the

diagnostic ability of a binary classifier system)
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