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Abstract

Purpose To determine the clinical, pathological, and radiological features, including the Vesical Imaging-Reporting and
Data System (VI-RADS) score, independently correlating with muscle-invasive bladder cancer (BCa), in a multicentric
national setting.

Method and Materials Patients with BCa suspicion were offered magnetic resonance imaging (MRI) before trans-urethral
resection of bladder tumor (TURBT). According to VI-RADS, a cutoff of >3 or>4 was assumed to define muscle-invasive
bladder cancer (MIBC). Trans-urethral resection of the tumor (TURBT) and/or cystectomy reports were compared with pre-
operative VI-RADS scores to assess accuracy of MRI for discriminating between non-muscle-invasive versus MIBC. Perfor-
mance was assessed by ROC curve analysis. Two univariable and multivariable logistic regression models were implemented
including clinical, pathological, radiological data, and VI-RADS categories to determine the variables with an independent
effect on MIBC.

Results A final cohort of 139 patients was enrolled (median age 70 [IQR: 64, 76.5]). MRI showed sensitivity, specificity,
PPV, NPV, and accuracy for MIBC diagnosis ranging from 83-93%, 80-92%, 67-81%, 93-96%, and 84—89% for the more
experienced readers. The area under the curve (AUC) was 0.95 (0.91-0.99). In the multivariable logistic regression model,
the VI-RADS score, using both a cutoff of 3 and 4 (P <.0001), hematuria (P =.007), tumor size (P =.013), and concomitant
hydronephrosis (P=.027) were the variables correlating with a bladder cancer staged as >T2. The inter-reader agreement
was substantial (k=0.814).

Conclusions VI-RADS assessment scoring proved to be an independent predictor of muscle-invasiveness, which might
implicate a shift toward a more aggressive selection approach of patients’ at high risk of MIBC, according to a novel pro-
posed predictive pathway.
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Background

Bladder cancer (BCa) is the 10th most diagnosed tumor in
the world, and the new 5-years prevalence estimates show
that 1,720,625 people are living with bladder cancer within
five years of a past diagnosis, since it is a highly recurrent

P4 Valeria Panebianco
Valeria.panebianco@uniromal.it

Extended author information available on the last page of the article

tumor [1]. Interestingly, BCa-related costs are caused by the
hospital care and represent 5% of total health care cancer
costs [2]. This is probably linked to the fact that the diag-
nostic pathway for bladder cancer patients has been mostly
unchanged for more than 30 years, with trans-urethral resec-
tion of bladder tumor (TURBT) as the initial diagnostic and
staging tool [3]. Therefore, an adequate, effective, and per-
sonalized management of this disease, from the diagnos-
tic-staging to the therapeutic steps of the work-up, should
be envisioned to bring major beneficial implications on
patients’ well-being. That is why, in the last years, the role
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of MRI for BCa staging has represented a hot topic in the
urological community. A turning point has occurred when
the Vesical Imaging-Reporting and Data System (VI-RADS)
was released in 2018 to improve standardization, reliability
and reproducibility of MR images acquisition and report-
ing, to optimally differentiate non-muscle-invasive from
muscle-invasive BCa (NMIBC vs MIBC) which represents
the diagnostic cornerstone of the disease [4]. Since then, the
VI-RADS assessment score has been validated by different
groups and up to now three meta-analysis have been pub-
lished showing optimal results in terms of VI-RADS diag-
nostic performance and inter-reader reproducibility [5—10].
The most recent meta-analyses showed a pooled weighted
mean k estimate of 0.83 (95% CI 0.78-0.88) and pooled
sensitivity, specificity, and area under the curve (AUC)
value of 0.77-0.90 (95% CI 0.65-0.94), 0.97-0.86 (95% CI
0.71-0.99), and 0.92-0.93 (95% CI 0.89-0.95) for VI-RADS
3—4 as the cutoff value for MIBC [6, 7]. However, while
the accuracy of VI-RADS has been reasonably proven, it is
not clear yet whether clinical and pathological features can
influence VI-RADS categorization, and in turn whether the
VI-RADS can better predict the risk of MIBC alone or rather
in combined models including extra-radiological factors.
With this background, the aim of our study was to deter-
mine the clinical, radiological, and pathological features asso-
ciated with muscle-invasive bladder cancer. We tested the
hypothesis that multi-level variables might improve the cur-
rent treatment paradigm of BCa in the pre-treatment setting.

Materials and methods
Study design and patients population

This prospective multicenter multireader observational
study received formal approval from the Institutional
Review Board and the Ethical Committee of each partici-
pating center. All patients were notified of the investiga-
tional nature of this study and gave their written informed
consent. The study was conducted in accordance with
the guidelines for good clinical practice in accordance
with ethical principles as reported in the latest version of
the Declaration of Helsinki. All patients with suspicion
of BCa were referred to four different centers (Sapienza
University of Rome [center #1], "Regina Elena" National
Cancer Institute of Rome [center #2], Santa Maria della
Misericordia University Hospital in Udine [center #3] and
the University Hospital of Bologna [center #4]), between
January 2020 and May 2021, and were offered bladder
MRI. The inclusion criteria were a primary diagnosis of
bladder tumor, positive urinary cytology, suspected blad-
der neoplasm identified by ultrasound of the urinary tract
and/or cystoscopy and/or CT scan of the abdomen-pelvis.
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The exclusion criteria were history of prior urinary tract
neoplasms, impossibility of achieving appropriate blad-
der distension, concomitant diagnosis of carcinoma in situ
(CIS), no detectable lesion on MRI and any contraindi-
cation to MRI (low renal function, MR unsafe medical
devices etc.) and to spinal and general anesthesia. No pre-
vious study was conducted on the same population cohort.

MR imaging acquisition protocol and image analysis

MRI of the pelvis was performed using a 3 Tesla magnet
(Discovery MR750, GE Healthcare, Milwaukee, WI) (center
#1 and #2), using a 3 Tesla magnet (Achieva, Philips) (center
#3), both equipped with a 32-channel phased-array body
coil, and a 1.5 Tesla scanner (Signa HDxt; GE Health-
care, Milwaukee, WI) equipped with an 8-channel phased-
array surface coil (center #4). The MR imaging protocol
was in accordance with the original VI-RADS document
[4]. Patients were administered an intramuscular antispas-
modic (n-butyl-scopolamine 20 mg) agent when necessary
to lower bladder wall motion and were instructed to drink
500-1000 ml of water 30 min before the examination to
obtain adequate bladder distension. A summary Supplemen-
tary Table 1 details the MRI acquisition parameters.

Image analysis was performed independently by two radi-
ologists in each center, one more experienced (ME) and one
less experienced (LE), respectively, with 15 and 4 (center #1
and #2), 15 and 5 (center #3) and 10 and 5 years of experience
(center #4), respectively. Cumulative reading experience for
less experienced readers ranged from 20 to 80 cases. MRIs
of patients enrolled in center #2 were acquired and analyzed
by radiologists from center #1. Each reader analyzed images
blindly to clinical data, following the evaluation algorithm of
the VI-RADS system. VI-RADS cutoff scores of 3 or greater
and 4 or greater were used to define muscle invasiveness in
our analysis. For patients with more than one lesion, only the
lesion with the highest VI-RADS score was used.

Standard of reference (TURBT, Re-TURBT and radical
cystectomy)

All enrolled patients underwent primary conventional TURBT
(white light) within 6 weeks after bladder MRI. All endoscopic
resection procedures were performed by a single operator des-
ignated for each enrollment center. Each endoscopic resection
procedure was performed adhering to the dictates of the EAU
guidelines [11]. Patients who were candidates for Re-TURBT
underwent secondary resection of the tumor within 2—6 weeks
of TURBT. The following cases were considered candidates
for Re-TURBT, according to EAU guidelines: incomplete
endoscopic resection at first TURBT, T1 patients histologically
established by TURBT, and patients without detrusor muscle
inclusion in the histologic specimen of the first TURBT except
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for low-grade Ta. All Re-TURBTS were performed by the same
operator who previously performed the TURBT using conven-
tional resection technique with monopolar or bipolar current.
The site of the previous resection area identified as correspond-
ing to the lesion characterized by the highest VI-RADS score
was separately sampled and analyzed. All pathology reports
performed by a dedicated pathologist with more than 10 years
of experience in the field (TURBT, Re-TURBT and RC) defined
staging of the disease according to the TNM classification [12]
and the WHO 2004 classification (grading system) to determine
the degree of cellular anaplasia [13]. Standard of reference was
considered the pathology report of the primary and/or secondary
TURBT, or RC when performed.

Statistical analysis

The performance of MRI was assessed by means of receiver
operating characteristic curve analysis for both the more and less
experienced readers. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy were
calculated to assess the performance of VI-RADS scoring by
each reader. In addition, a per-sequence receiver operating char-
acteristic curve analysis was performed. Inter-reader agreement
analysis between the more and less experienced readers was per-
formed with Cohen’ K statistics for overall VI-RADS assessment
and on a per-sequence basis, to investigate scoring variability.
Correlation between patient demographics, clinical characteris-
tics and VI-RADS was analyzed using Pearson’s Chi-squared
test. The normality of the variables was tested. Two univariable
analyses were performed: the first included clinical/pathologi-
cal features (patient age and sex, history of smoking [number
of cigarettes, years of smoking], Charlson Comorbidity Index
[CCI], body mass index [BMI], presence of hematuria [micro-
and macrohematuria], number of foci at TURBT, grading [low/
high and G1/2/3]), and the overall VI-RADS categories; the sec-
ond included VI-RADS and all radiological features (lesion size,
the presence of tumor peduncle and inner layer, hydronephrosis,
and suspicious lymph nodes). For both analyses, a multivariable
logistic regression model including only significative variables
at univariable analysis adjusted for age and sex was implemented
to determine the features that had independent effect on MIBC
detection. All statistical analyses were performed using Statisti-
cal Package for the Social Sciences (SPSS) version 28. All tests
were two-sided, and statistical significance was set at P<0 0.05.

Results
Patient characteristics

Overall, 151 consecutive patients were enrolled and under-
went MRI (72 patients from center #1, 51 patients from

center #2, 16 from center #3 and 12 from center #4). Out of
these patients, 12 (8%) had at least one exclusion criteria and
were excluded. Thus, 139 patients were included in the final
patient sample. The median ages were 70 years (interquartile
range, 64-76.5 years) among 103 (74%) males and 36 (26%)
female patients. Patient characteristics are shown in Table 1,
according to invasiveness of the disease.

Table 1 Patients’ demographics and baseline characteristics

NMIBC, 7 (%) MIBC, n (%)
No. of patients 97 42
Age (mean)
<70 43 (44.3) 17 (40.5)
>70 54 (55.7) 25 (59.5)
Sex
Male 70 (72) 33 (78.6)
Female 27 (28) 9(21.4)
Smoking history
No 26 (26.9) 12 (28.6)
Yes 71(73.1) 30 (71.4)
Number of cigarettes per day
<15 31 (43.7) 6 (20)
>15 40 (56.3) 24 (80)
Years of smoking
<20 21 (29.6) 5(16.7)
>20 50 (70.4) 25 (83.3)
Charlson comorbidity index
<5 59 (60.8) 19 (45.2)
>5 38 (39.2) 23 (54.8)
Body mass index (kg/m®)
<18 3(3.0) 1(24)
18-25 43 (44.4) 19 (45.2)
>25 51 (52.6) 22 (52.4)
Hematuria
No 25 (25.8) 3(7.1)
Micro 26 (26.8) 5(11.9)
Macro 45 (46.4) 34 (81)
WHO grading (2004)
Low grade 41 (42.2) 12.4)
High grade 56 (57.8) 41 (97.6)
WHO grading (1973)
Gl 14 (14.4) 0(0)
G2 23 (23.7) 3.1
G3 60 (61.9) 39 (92.9)
No. of foci at TURBT
1 64 (65.9) 38 (90.5)
>1 33 (34.1) 4(9.5)

NMIBC, non muscle-invasive bladder cancer; MIBC, muscle-inva-
sivebladder cancer; WHO, World Health Organization; TURBT,trans-
urethral resection of bladder tumor; G, grade
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Diagnostic performance of VI-RADS assessment

The performance of VI-RADS assessment in detecting
muscle-invasive bladder cancer using VI-RADS 3 and 4 as
cutoff for muscle invasion detection is presented in detail
in Table 2. The AUCs for detecting MIBC of more and less
experienced readers were 0.95 (95% CI 0.91, 0.99) and
0.93 (95% CI 0.88, 0,98), respectively. Figure 1 shows the
receiver operating characteristic curves of overall VI-RADS
assessment for both more and less experienced readers. On a
per-sequence analysis, overall VI-RADS showed the highest
AUC compared to the single sequences (T2WI: 0.94 [95%
CI 0.90, 0.98]; DWI: 0.93 [95% CI 0.87, 0.98]; DCE: 0.94
[95% CI 0.90, 0.98]) for both groups of readers; details are
shown in Supplementary Table 2.

Inter-reader agreement between the more and less experi-
enced radiologists using k statistics was 0,814 (P <0.001) for
overall VI-RADS assessment. Supplementary Tables 2 and 3
summarize the k statistics for each MRI sequence and overall

VI-RADS assessment. Figure 2 shows a case in which there
was no agreement between the readers.

Univariable and multivariable analysis
for determining the clinical, radiological,
and pathological features associated
with muscle-invasive bladder cancer

On univariable analysis performed using clinical features,
pathology data and VI-RADS, the number of cigarettes
smoked per day (< 15 or>15) (P=0.02), concomitant hematu-
ria (either micro or macro) (P=0.002), the number of TURBT
foci (1 or>1) (P=0.002), the WHO scoring grading (low or
high grade) (P <0.0001), the 1973 grading (G1 vs. G2 vs. G3)
(P=0.001), and the VI-RADS assessment using both cutoff
3 and 4 (P <0.0001) correlated with MIBC. In the multivari-
able logistic regression model, the variables showing inde-
pendent correlation with MIBC were concomitant hematuria
(odds ratio [OR]: 11.0 [95% CI 1.93-62.73]; P=0.007) and

Table 2 Diagnostic performance of VI-RADS assessment performed by the more and less experienced readers

AUC (95% CI) VI-RADS  SENS (%) SPEC (%) PPV (%) NPV (%) ACC (%)
cutoff
Experienced readers 0.95 (0.91-0.99)
3 93 (39/42) 80 (78/97) 67 (39/58) 96 (78/81) 84 (117/139)
83 (35/42) 92 (89/97) 81 (35/43) 93 (89/96) 89 (124/139)
Less experienced readers 0.93 (0.88-0.98)
3 95 (40/42) 73 (71/97) 60 (40/66) 97 (71/73) 80 (111/139)
83 (35/42) 86 (83/97) 71 (35/49) 92 (83/90) 85 (118/139)

AUC, area under the curve; CI, confidence interval; VI-RADS, Vesical Imaging-Reporting and Data System; Send, sensitivity; Spec,
specificity;PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy

Fig. 1 ROC analysis for the ROC curve
performance of more and less - : ) More vs less
experienced readers in detecting experienced readers
muscle-invasive bladder cancer. VI-RADS less experisnced
ROC, receiver operating curve; ——WI-RADS more experienced
VI-RADS, Vesical Imaging- - - - Reference
Reporting and Data System
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Fig.2 Case example of a 66-years-old female that was incorrectly
scored as a VI-RADS 4 by the less experienced readers, but correctly
scored as VI-RADS 2 by the more experienced readers. (a—b—c)
Axial, sagittal and coronal T2-weighted imaging showing a pedun-
culated bladder tumor (20 mm) at the right lateral wall; (d—e) diffu-
sion-weighted imaging and ADC map showing the “inchworm sign”,

the VI-RADS assessment with a cutoff of 3 or greater (OR:
55.15[95% CI19.17, 331.54]; P<0.0001). Using a VI-RADS
cutoff of 4, the only independent variable was the VI-RADS
scoring itself (OR: 39.27 [95% CI 8.13, 189.80]; P <0.0001).
On univariable analysis performed using only radiologi-
cal features, MIBC correlated with the VI-RADS assess-
ment using both cutoff 3 and 4 (P <0.0001), with the lesion
size (<2.5 cm or>2.5 cm) (P <0.0001), with the presence
of the vascular peduncle (P <0.0001) and the inner layer
(P=0.001), and with the presence of suspicious lymph
nodes (P <0.0001). In the multivariable logistic regression
model, a VI-RADS score confirmed to be independent pre-
dictor of MIBC using both cutoff of 3 and 4 (cutoff of 3: OR:
15.98 [95% CI 3.90, 65.94]; P <0.0001; cutoff of 4: OR:
22.16 [95% CI 6.12, 80.27]; P <0.0001). In addition, using
both cutoff, lesion size showed independent correlation (cut-
off of 3: OR: 4.32 [95% CI 1.36, 13.65]; P=0.013; cutoff of
4: OR: 4.43 [95% CI 1.27, 15.42]; P=0.02). Instead, only
when applying a VI-RADS a cutoff of 4, also the concomi-
tant presence of hydronephrosis was a predictor of MIBC
(OR: 19.07 [95% CI 1.40, 259.72]; P=0.02). Age and sex,
smoking history alone and total years of smoking, CCI, and
BMI were not predictive of MIBC. Tables 3 and 4 show the
results of both univariable and multivariable analyses.

typical of non-muscle-invasive bladder cancer; (f) dynamic contrast-
enhanced MRI showing integrity of the muscularis propria layer
and enhancement of the “inner layer” (arrow). The lesion should be
classified as VI-RADS 2. VI-RADS, Vesical Imaging-Reporting and
Data System; ADC, apparent diffusion coefficient

Discussion

In recent years, bladder MRI and the VI-RADS assessment
score have gained interests in the scientific community since
they represent the imaging tools that provide the best diag-
nostic performance for bladder cancer local staging, accu-
rately differentiating NMIBC from MIBC.

In our analysis, the VI-RADS score confirmed the high
diagnostic performance already demonstrated in many other
investigations [14-20]. Indeed, we found that assessing blad-
der MRI using the VI-RADS score provided a sensitivity
ranging 83-93%, specificity 80-92%, PPV 67-81%, NPV
93-96%, and accuracy of 84-89% for the more experi-
enced readers; the less experienced readers showed a sen-
sitivity ranging 83-95%, specificity 73-86%, PPV 60-71%,
NPV 92-97%, and accuracy 80-85%. The AUC was 0.95
(0.91-0.99) for the more experienced readers and 0.93
(0.88-0.98) for the less experienced readers. The inter-
reader agreement was substantial (k=0.814). These results
are in line with what found in the other two multicenter
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Table 3 Univariable and
multivariable regression
analyses assessing the
correlation among clinic-
pathological factors and
VI-RADS with muscle invasive
bladder cancer. MIBC, muscle
invasive bladder cancer;
TURBT, trans-urethral resection
of bladder tumor; WHO, World
Health Organization; VI-RADS,
Vesical Imaging-Reporting and
Data System

Clinical, pathological factors and ~ p* Odd ratio** pF*E

VI- RADS correlation with MIBC

Age 0.699

Sex 0.486

Smoking history 0.848

Number of cigarettes per day 0.027  1.44 (0.29-6.26)> 2.76 (0.56—13-45)° 0.709° 0.209°
Years of smoking 0.215

Charlson comorbidity index 0.084

Body mass index 0.957

Hematuria 0.002  11.0(1.93-62.73) 5.14 (0.92-28.58)°  0.007> 0.062°
No. of foci at TURBT 0.002  0.22 (0.03-1.60)° 0.22 (0.03-1.71)° 0.136° 0.148°
WHO grading (2004) <0.0001 2.35(0.16-33.62)> 3.37 (0.25-45.02)°  0.528° 0.358°
WHO grading (1973) 0.001  6.99 (0.86-56.35)> 4.95 (0.58-41.72)°  0.068> 0.141°
VI-RADS cutoft 3t <0.0001 55.15(9.17-331.54) <0.0001
VI-RADS cutoff 4} <0.0001 39.27(8.13-189.80) <0.0001

‘Experienced readers *Univariable analysis **Multivariable analysis >VI-RADS cutoff 3 °VI-RADS cut-

off 4

Table 4 Univariable and multivariable regression analyses assessing the correlation among radiological factors, including VI-RADS assessment
score, with muscle invasive bladder cancer

VI-RADS and additional radiological =~ Muscle invasiveness status p* Odd ratio** p¥*
factor correlation to MIBC

NMIBC, n (%) MIBC, n (%)
No. of patients 97 42
VI-RADS 1t 10 (10.3) 0
VI-RADS 27 68 (70.1) 124
VI-RADS3t 11 (11.3) 4(9.5) <0.0001 15.98 (3.90-65.94) <0.0001
VI-RADS 471 6(6.2) 16 (38.1) <0.0001 22.16 (6.12-80.27) <0.0001
VI-RADS 571 2(2.1) 21 (50)
Tumor size - - <0.0001
<25cm 61 (62.9) 10 (23.8) 4.32 (1.36-13.65)° 0.013°
>2.5cm 36 (37.1) 32 (76.2) 4.43 (1.27-15.42)° 0.020°
Tumor stalk <0.0001
No 37 (38.1) 35 (83.3) 0.26 (0.06-1.03) 0.056°
Yes 60 (61.9) 7 (16.7) 0.32 (0.07-1.39)° 0.129°
Inner layer 0.001
No 44 (45.4) 31 (73.8) 0.67 (0.18-2.45) 0.546°
Yes 53 (54.6) 11 (26.2) 0.75 (0.18-3.08)°! 0.691°
Hydronephrosis 0.001
No 96 (99.0) 35(83.3) 8.82 (0.70-111.49)° 0.0922
Yes 1(1.0) 7 (16.7) 19.07 (1.40-259.72)° 0.027°
Suspicious LNs <0.0001
No 92 (94.8) 31(73.8) 2.31 (0.53-10.01) 0.2632
Yes 562 11 (26.2) 2.23(0.41-12.19)° 0.354°

NMIBC, non-muscle-invasive bladder cancer; MIBC, muscle invasive bladder cancer; TURBT, trans-urethral resection of bladder tumor; VI-
RADS, Vesical Imaging-Reporting and Data System; LN, lymph nodes

tExperienced readers *Univariable analysis **Multivariable analysis >VI-RADS cutoff 3 °VI-RADS cutoff 4
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Fig.3 Proposed predictive pathway based on the clinical and radio-
logical variable showing independent correlation to MIBC. US, ultra-
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multireader studies. Recently, Metwally et al. prospectively
enrolled 331 patients and showed that the VI-RADS score is
reliable (k=0.93) among four readers, and valid (sensitivity
of 84%, and specificity of 92%) when using a cutoff of 3 for
defining muscularis propria invasion [21]. Also, Ueno et al.
showed a moderate to substantial agreement (k=0.55-0.75)
between seven radiologists (experienced and inexperienced
readers), with a pooled AUC of 0.88 (0.82, 0.91) and 0.84
(0.83, 0.85) for experienced and inexperienced readers,
respectively [22]. However, the primary aim of this study
was to provide evidence on this topic beyond validating the
score itself. Indeed, we pursued to identify, among clinical,
pathological, and radiological variables, the factor inde-
pendently correlating with muscle-invasive bladder can-
cer. The logistic regression models showed how VI-RADS
score, using both a cutoff of 3 and 4 (P <0.0001), hema-
turia (P=0.007), tumor size (P=0.013), and concomitant

Reporting and Data System; TURBT, trans-urethral resection of
bladder tumor; BCG, bacillus Calmette-Guérin; TUR, trans-urethral
resection; RC, radical cystectomy; NAC, neoadjuvant chemotherapy

hydronephrosis (P =0.027) were the variables correlating
with a bladder cancer staged as > T2 at either TURBT,
re-TURBT, or radical cystectomy. In the past several dec-
ades, many different prognostic tools have been proposed
in diverse forms, such as risk grouping/stratification [23,
241, artificial neural networks [25, 26], neurofuzzy models
[27, 28], and probability nomogram [29, 30]. Often, such
models were developed to predict either NMIBC recurrence,
response to therapy, or overall survival [31]. However, there
are no tools nowadays that efficaciously incorporate clinic-
pathological data to MRI biomarkers such as the VI-RADS
score, tumor size, and the presence of hydronephrosis, to
preoperatively predict MIBC and to envision a tailored
diagnostic pathway in which patients presenting with such
characteristics would be directed to sampling TUR for con-
firmatory pathology, avoiding the complications related
to deep TURBT, and finally to identify high-risk patients
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who should be directed to early radical treatment. In this
regards, VI-RADS score 5 has been previously correlated
with a significant delay in time to cystectomy (OR 2.81,
95% CI 1.20, 6.62). [32]. This approach might overcome the
issues encountered in the first and sole clinical trial assessing
whether TURBT can be replaced by MRI; indeed, prelimi-
nary results from the BladderPath trial suggested that MRI
causes high rate of false-positivity; however, definitive con-
clusions can be made only once the enrollment of the final
sample size will be done [33]. The proposed pathway might
facilitate the shared decision process, potentially improving
clinical outcomes of patients affected with BCa (depicted
in detail in Fig. 3).

Our analyses are based on data from four institutions,
even though MRIs were acquired and interpreted in three
centers, without a homogeneous patients’ enrollment, thus
limiting the immediate clinical application of our findings.
In addition, MRI does not possess the sufficient spatial reso-
lution to diagnose carcinoma in situ, which are per-defini-
tion high-risk cases. Also, no conclusion can be drawn on
long-term prognosis since no analysis was performed on
patients’ overall survival, nor recurrence rates due to lim-
ited follow-up data. Finally, the proposed predictive pathway
lacks internal and external validation, and assessment of its
clinical utility is warranted before it can be incorporated into
routine clinical practice. Further research will focus on the
independent validation of the findings.

Conclusion

The VI-RADS assessment score was confirmed to be an
accurate preoperative tool in predicting bladder cancer
invasiveness, in a multicentric setting where MRI acquisi-
tion- and reporting-related biases can be overcome. Also, if
considered as an MRI biomarker, and associated with clini-
cal data and additional imaging features, VI-RADS can be
incorporated into a predictive diagnostic pathway to per-
form a tailored patients’ selection to therapy, with the aim
of preventing disease understaging and improving clinical
outcomes of patients affected with bladder cancer.
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