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KEYWORDS ABSTRACT:

VIRADS. MRI Background: Bladder cancer is the 9th most prevalent cancer globally and the 7th in men. Treatment
bladder c’ancerl depends on muscle invasion status. Traditionally, staging relies on clinical exams, transurethral
staging ADCl resection of bladder tumor specimens (TURB), and imaging. Multiparametric MRI (mp-MRI) is

regarded as the optimal imaging for local staging and can complement TURBT. Vesical Imaging-
Reporting and Data System (VI-RADS) offers a 5-point scoring system based on various MRI
sequences to assess the likelihood of muscle invasion. This study evaluate VI-RADS diagnostic
accuracy and the impact of standardized tumor ADC (sT-ADC) values on its sensitivity and
specificity.

The aim of the study is to evaluate the accuracy of mp-MRI use (adding sT-ADC values) before
TURBT in bladder cancer patients using VI-RADS for discrimination between NMIBC and MIBC.

Materials and methods: This study included 65 patients with suspected bladder cancer who
underwent mp-MRI and transurethral biopsy. Two radiologists independently assessed the images.
Histopathology confirmed tumor grade and muscle invasion. Statistical analysis evaluated VI-RADS
and sT-ADC accuracy for detecting muscle-invasive cancer.

Results: ROC analysis identified a VI-RADS score of >3 as the best predictor for MIBC, with 91.5%
accuracy, 97.3% sensitivity, and 81.8% specificity (AUC 0.98). For sT-ADC, significant differences
were found between NMIBC and MIBC (p < 0.001), with 83.7% accuracy at a cut-off of 0.895 (AUC
88.8%). Combining VI-RADS and sT-ADC yielded 100% sensitivity and NPV when results
conflicted, and 100% specificity and PPV when both tests agreed.

Conclusion: The Vesical Imaging-Reporting and Data System (VI-RADS) is a thorough scoring
system with perfect sensitivity, specificity, and diagnostic value for assessment of deep muscle
invasion in bladder cancer cases with a promising add on value regarding the use of ADC in
assessment.
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Background

Bladder cancer is the 9th most common cancer globally
and the 7th most common in men (1,2). Its treatment
depends on muscle invasion: non-muscle invasive
cancer (T1 or lower) is treated with transurethral
resection (TURBT) and possibly intra-vesical therapy,
while muscle-invasive cancer (T2 or higher) requires
radical cystectomy, chemotherapy, radiation, or a
combination (3,4). Radical cystectomy carries a high
complication rate and decreased quality of life, making
accurate preoperative staging crucial (5).

Traditionally, staging relies on clinical exams,
pathological analysis (via TURBT specimens), and
radiologic methods (CT and MRI) to assess metastases.
However, TURBT quality varies, and it may miss
muscle invasion or cause bladder perforation. This
invasive procedure can delay necessary treatment,
highlighting the need for more accurate and non-
invasive staging methods (6).

Multiparametric MRI (mp-MRI), with its superior
contrast and recent advancements, is now regarded as
the best tool for local staging, complementing rather
than replacing TURBT (6,7). Mp-MRI offers a faster,
non-invasive way to diagnose and stage patients,
especially those unfit for surgery. It provides high
spatial resolution through T2-weighted imaging (T2WI)
for precise anatomical visualization of the bladder wall,
while diffusion-weighted imaging (DWI) and dynamic
contrast-enhanced MRI (DCE) help identify tumors and
distinguish superficial lesions from those invading the
muscle layer (8).

To standardize mp-MRI in clinical practice, the Vesical
Imaging-Reporting and Data System (VI-RADS) was
introduced as a 5-point scoring system to assess muscle
invasion risk in untreated bladder cancer patients (9,10).

Objectives:

Primary objective:

- Evaluation of the accuracy (sensitivity and
specificity) of mp-MRI use before TURBT in bladder
cancer patients using VI-RADS for discrimination
between NMIBC and MIBC.
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Secondary objectives:

- Assess the possibility of using MRI as
complementary tool with TURBT in the evaluation
of cancer bladder patients in the future.

- Assess the concordance between biopsy results and
MRI findings.

- Assess rate of up staging to muscle invasive disease.

Materials and methods

This prospective study included 65 cases from two
different hospitals (50 cases from the first one and 15
cases from the second), referred by the uro-surgery
department to the uro-radiology unit.

Study Population:

Between November 2019 and July 2021, 65 patients
with suspected urinary bladder cancer underwent mp-
MRI.

Clinical trial number:
Not applicable
Inclusion criteria:

- Patients having urinary bladder mass detected on
Ultrasound (U/S) and/or CT examinations.

Exclusion criteria:

- Patients who received treatment (Chemotherapy,
radiotherapy, BCG or operative treatment as
TURBT).

- Patients with contraindications to MR imaging (e.g.
pacemaker, metallic prostheses, claustrophobic
patients).

- Refusal to consent to the study.

* All 65 patients underwent transurethral cystoscopic
biopsy following MR imaging (1- 4 weeks), and six
patients who showed at MR variable degree of mural
thickening and intra luminal lesions of the urinary
bladder were confirmed as negative for bladder
carcinoma (their histology results showed benign
conditions i.e. cystitis, prostatitis and benign prostatic
hyperplasia). The tumor was histologically confirmed in
the remaining 59 patients, of whom 5 had multiple
lesions. Specifically, 3 patients had 2 lesions, 1 patient
had 2 lesions, and 1 patient had 3 lesions. Total number
of malignant lesions was about 70 lesions.
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MRI technique:

« The patients were fasting 6 hours before examination,
administered intra-muscular antispasmodic agent and
instructed to drink 500-1000 ml of water in 30 minutes
before the examination in order to obtain adequate
distension of the bladder. In case of presence of a
urethral catheter, 250-400 ml of sterile saline was used
to distend the bladder.

* MRI was performed on high field system (1.5 Tesla)
closed magnet unit (Phillips Achieva XR) using Torso
coil (16 channel) and Siemens Aira (1.5 Tesla). All the
patients were imaged in the supine position, adequacy
of bladder distension and correct position of the coil
were checked on localizer images, and the examination
was postponed if the bladder was not adequately
distended.

Imaging Protocol:

A urinary bladder focused protocol (Table 1) with high-
resolution images and high signal-to-noise ratio (SNR)
compatible with VI-RADS scoring was used in both
hospitals. Localizer sequences are used to verify proper
positioning of the surface coil, ensure sufficient bladder
distension, and plan the coverage for the initial high-
resolution imaging sequences.

A suitable field-of-view (FOV) was chosen to
encompass the entire bladder along with adjacent
structures, including pelvic lymph nodes, the proximal
urethra, pelvic bones, the prostate, and seminal vesicles
in male patients, as well as gynecological organs in
female patients.

T2 WI:

2D fast-spin-echo (FSE) T2WI or PROPELLER T2-
weighted sequences (3—4 mm) sequences are acquired
employing a small FOV and a large matrix, in three
orthogonal planes (axial, coronal, and sagittal). The
choice of the optimal imaging plane, which is typically
the one most perpendicular to the bladder wall under
evaluation, is largely determined by the tumor's
location. This approach ensures accurate visualization
of the tumor's relationship with the bladder wall and
perivesical fat while reducing partial volume artifacts.
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Diffusion-weighted imaging (DWI):

DWI was performed using free-breathing spin-echo
echo-planar imaging (EPI) with spectral fat suppression
in two perpendicular planes (axial and either sagittal or
coronal). To generate an apparent diffusion coefficient
(ADC) map, at least two b-value sequences were used,
with one of the b-values being in the range of 500-1000
s/mmz2 to provide adequate contrast resolution relative
to the surrounding tissues.

Dynamic contrast enhancement (DCE):

Single injection of Gadovist administered at a dose of
0.1 mmol/kg at a rate of 3 ml/s.

During the early injection phase (<60 seconds), the
mucosa and submucosal layers (inner layers)
demonstrate enhancement and appear with high signal
intensity (SI) compared to the relatively hypoenhancing
bladder muscle (outer layer), which exhibits low SlI.
Images are obtained 30 seconds after contrast injection,
followed by 4-6 additional acquisitions at 30-second
intervals. This timing helps detect the early
enhancement of tumors and mucosa, as well as any
tumor extension into the hypointense muscle layer,
which typically enhances later (~20 seconds vs. ~60
seconds after contrast administration, respectively).
Delayed phase acquisitions are not necessary for urinary
bladder cancer staging due to the reduced Sl contrast
between the different wall layers and the tumor, as well
as the presence of high Sl contrast agent excreted into
the bladder lumen.

Image interpretation:

All cases from both institutes were assessed and the
scoring was conducted independently by two
uroradiologists, who had 15 and 10 years of experience
in radiology, respectively. They assigned a VI-RADS
score to each patient to evaluate the risk of detrusor
muscle invasion, without knowledge of surgical or
histologic results.

Any discrepancies between the two reviewers were
resolved through discussion and consensus.

T2 WI: was the first sequence to be interpreted in
which the integrity of the muscularis propria appearing
as a continuous low signal line was assessed. The inner
layer couldn’t be assessed in this sequence as it elicits
same signal as that of urine (high signal).
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DCE: the tumor and the intact inner layer showed early
post-contrast enhancement while the intact detrusor
muscle showed late enhancement. Absent early
enhancement of the inner muscle layer suggests its
infiltration. Interruption of enhancement of low signal
of deep muscle layer suggests its infiltration.

DWI:
a- Quialitative assessment:

- This was done by studying the signal intensity
of different lesions on both the DWIs (at the highest b
value i.e. at 1000 sec/mm2) and the ADC map.

- The lesions usually elicited high signal (in
higher b-values) with corresponding low ADC signal
whilst the tumor stalk and inner muscle layer elicits low
signal intensity.

b- Quantitative assessment:

- Due to technical factors such as insufficient
spatial resolution and motion during scanning, accurate
ADC measurement was hindered in 10 patients out of
59 ones, even with good DWIs, so ADC was measured
in only 49 patients.

- A ROI was manually set in to maximally cover
the index tumor on a transverse ADC map at the MRI
section of the largest tumor diameter, or the ROl was
placed 3 times when possible and then the mean ADC
value for the lesion was calculated.

- ADC values were measured for the gluteus
maximus muscle as well with a ROI of area 5 cm? set
within it.

- 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 different MRI protocols.

Histo-pathologic analysis:

The hematoxylin—eosin stained slides from biopsies
were examined for histopathologic diagnosis, stage, and
muscle invasion. Grading was based on cellularity,
nuclear features, and mitotic activity. Low-grade
urothelial carcinoma shows delicate papillae and
orderly cells with minimal mitosis, while high-grade
urothelial carcinoma displays fused papillae, disordered
cells, nuclear atypia, pleomorphism, and active mitoses.
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A specimen is classified as high grade if it contains at
least 5% of high-grade components.

Statistical analysis

A total sample size of 59 bladder cancer cases will be
needed to provide a two-sided 95% confidence interval
for a single proportion using the large sample normal
approximation with confidence limits 8%. This number
will be increased by 10% to account for expected
losses, so the total number needed will be 65 bladder
cancer cases. Sample size estimation was performed by
Epi Info 7 statistical package.

Data management and analysis were performed using
Statistical Package for Social Sciences (SPSS) vs. 21.
Age was summarized using median and range.
Categorical data were summarized as numbers and
percentages. The associations between the VI-RADS
scores as well as its components and the pathologic
muscle-invasion status were evaluated using chi square
test for linear trend. Comparisons of the two pathologic
invasiveness groups (muscle invasive & non-muscle
invasive) regarding ADC and sT-ADC were done using
Mann-Whitney tests.

The receiver operating characteristic (ROC) curve
analysis and area under the ROC curve (AUC) were
used to assess the VIRADS and sTADC scorings’
abilities to detect a muscle-invasive tumor. The
diagnostic performance of the dichotomized VI-RADS
as well as sT-ADC scores for detecting muscle-invasive
tumors were evaluated by the calculation of sensitivity,
specificity, positive predictive value, negative
predictive value and accuracy. P-values < 0.05 were
considered significant.

Important statistical definitions:

- Sensitivity: Reflects proportion of lesions
categorized as muscle invasive lesions upon the
radiological method out of all pathologically proven
MIBC lesions.

- Specificity: Reflects proportion of lesions
categorized as non-muscle invasive lesions upon the
radiological method out of all pathologically proven
NMIBC lesions

- Positive predictive value: proportions of
radiologically scored lesions as muscle invasive and
pathologically proven to be muscle invasive.
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- Negative predictive value: proportions of
radiologically scored lesions as non-muscle invasive
and pathologically proven to be non-muscle invasive

Figure titles and legends

Casel: Fig. 2: Conventional non-enhanced axial T2 WI
(@), DCI (b), DWI {b values 1000} (c) and ADC map
(d). Internal stalk (red arrow)

> History and clinical data: A 44-year-old
male, presented with painless hematuria.

> MRI findings and VI-RADS scoring:

° Conventional MRI (T2 WI): Two exophytic

polypoidal soft tissue lesions are seen projecting form
the left and right lateral walls of the urinary bladder.
The largest one is seen on the left side measures about
2.2 X 2.6 cm in its maximum axial dimensions, elicits
high T2 WI signal intensity with internal low signal
stalk. Intact low T2 WI signal of the detrusor muscle is
seen. (VI-RADS 2)

° DCI: Heterogeneous post-contrast
enhancement in the early dynamic phases with internal
non-enhancing low signal stalk. No evidence of neither
interruption nor early enhancement of the deep muscle
layer. (VI-RADS 2)

° DWI The lesion shows high signal intensity in
all b values, with internal low signal stalk. (VI-RADS
2)

. Final score: VI-RADS 2.

° ADC map The lesion shows relatively low
signal intensity with mean ADC values of the most
restricted ROIls about 0.82 x 10° mm?s. The mean
ADC value of the Gluteus maximus muscle was 0.54 x
107° mm?/s.

. sT-ADC: 0.82 / 0.54 = 151 (> the cutoff
value 0.895)
> Pathology: Transitional cell carcinoma, low

grade with intact muscularis propria (NMIBC).

° The lesion of greater burden was
radiologically suggested to be non-muscle invasive
based on both VI-RADS scoring and ADC values
which was confirmed pathologically to be NMIBC.
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° Case 2: Fig. 3: Conventional non-enhanced
axial T2 WI (a), DCI (b), DWI {b values 1000} (c) and
ADC map (d).

> History and clinical data: A 63-year-old
male, presented with painless hematuria.

> MRI findings and VI-RADS scoring:

° Conventional MRI (T2 WI): An exophytic

sessile soft tissue lesion is seen projecting form the right
posterior wall of the urinary bladder seated on the right
vesico-ureteric  junction  with  consequent  mild
backpressure changes, measures about 1.5 x 3 ¢cm in its
maximum axial dimensions. It elicits high T2 WI signal
intensity with intact low T2 WI signal of the detrusor
muscle seen. (VI-RADS 3)

° DCI: Homogenous post-contrast enhancement
in the early dynamic phases. No evidence of inner layer
enhancement. No evidence of neither interruption nor
early enhancement of the deep muscle layer. (VI-RADS
3)

° DWI The lesion shows high signal intensity in
all b values. (VI-RADS 3)

. Final score: VI-RADS 3.

° ADC map The lesion shows relatively low

signal intensity compared to pelvic muscles with mean
ADC values of the most restricted ROIs about 0.58 x
10 mm?s. The mean ADC value of the Gluteus
maximus muscle was 0.76 x 1073 mm?/s.

. sT-ADC: 0.58 / 0.76 = 0.76 (< the cut off
value 0.895)
> Pathology: Transitional cell carcinoma, high

grade with infiltrated muscularis propria (MIBC).

° Case (3) Fig. 4: Conventional non-enhanced
axial T2 WI (a), DCI (b), DWI {b values 1000} (c) and
ADC map (d)

> History and clinical data: A 69-year-old
female, presented with painless hematuria.

> MRI findings and VI-RADS scoring:

° Conventional MRI (T2 WI): An exophytic

sessile soft tissue lesion is seen projecting form the right
posterior wall of the urinary bladder, measures about
1.5 x 2 cm in its maximum axial dimensions eliciting
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iso/high T2 WI signal intensity with intact low signal of
the detrusor muscle. (VI-RADS 3)

° DCI: Homogenous post-contrast enhancement
in the early dynamic phases. No evidence of inner layer
enhancement. No evidence of neither interruption nor
early enhancement of the deep muscle layer. (VI-RADS
3)

° DWI: The lesion shows high signal intensity
in all b values. (VI-RADS 3)

. Final score: VI-RADS 3.

° ADC map :The lesion shows relatively low

signal intensity compared to pelvic muscles with ADC
value of the most restricted ROI about 0.59 x 1073
mm?/s. The mean ADC value of the Gluteus maximus
muscle was 0.36 x 102 mm?/s.

. sT-ADC: 0.59 / 0.36 = 1.6 (> the cut off
value 0.895)
> Pathology: Transitional cell carcinoma, low

grade with spared muscularis propria (NMIBC).

> The lesion was radiologically equivocal
regarding VI-RADS scoring being of score 3,
however its ADC value raised the possibility of being
non-muscle invasive, which was confirmed
pathologically to be NMIBC.

Case (4) Fig. 5: Conventional non-enhanced axial T2
WI (a), DCI (b), DWI {b values 1000} (c) and ADC
map (d). Focal areas of interruption of low signal
muscularis propria (red arrow)

> History and clinical data: A 61-year-old
male, presented with hematuria and burning micturition.
> MRI findings and VI-RADS scoring:

° Conventional MRI (T2 WI): An exophytic

sessile/flat soft tissue lesion is seen projecting form the
left lateral and posterior walls of the urinary bladder
with encroachment upon the left vesico-ureteric
junction and associated ipsilateral mild backpressure
changes. It measures about 2.1 x 7.4 cm in its maximum
axial dimensions eliciting high T2 WI signal intensity
with focal areas of interruption of low signal muscularis
propria  however with no definite extra-vesical
extension. (VI-RADS 4)
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° DCI: Homogenous post-contrast enhancement
in the early dynamic phases with focal areas of
interruption of the deep muscle layer. (VI-RADS 4)

° DWI: The lesion shows high signal intensity
in all b values with focal areas of encroachment upon
the deep muscle layer (VI-RADS 4)

. Final score: VI-RADS 4.

° ADC map The lesion shows low signal
intensity compared to pelvic muscles with ADC value
of the mean of most restricted ROIs about 0.67 x 1073
mm?/s. The mean ADC value of the Gluteus maximus
muscle was 0.76 x 103 mm?/s.

. sT-ADC: 0.67 / 0.76 = 0.881 (< the cut off
value 0.895)
> Pathology: Transitional cell carcinoma, Grade

3 with the first partial TURBT showed spared
muscularis propria (NMIBC), while the completion
TURBT done after one month showed infiltration of
deep muscle layer (MIBC).

> The lesion was radiologically suggested to
be muscle invasive according to the VI-RADS
scoring and ADC values, which was confirmed
pathologically to be MIBC in the 2™ completion
TURBT.

Case (5) Fig. 6: Conventional non-enhanced axial T2
WI (a), DCI (b), DWI {b values 1000} (c) and ADC
map (d). Interruption of the deep muscle layer and focal
area of extra-vesical extension (red arrow).

> History and clinical data: A 61-year-old
male, presented with painless hematuria.

> MRI findings and VI-RADS scoring:

° Conventional MRI (T2 WI): An exophytic

flat soft tissue lesion is seen projecting form the left
lateral wall of the urinary bladder showing maximum
thickness about 1.2 cm eliciting iso T2 WI signal
intensity with interruption of the deep muscle layer and
focal area of extra-vesical extension. (VI-RADS 5)

° DCI: Homogenous post-contrast enhancement
in the early dynamic phases with interruption of the
deep muscle layer and focal area of extra-vesical
extension. (VI-RADS 5)
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° DWI: The lesion shows high signal intensity
in all b values with interruption of the deep muscle
layer and focal area of extra-vesical extension. (VI-
RADS 5)

. Final score: VI-RADS 5.

° ADC map The lesion shows low signal
intensity compared to pelvic muscles with ADC value
of the most restricted ROIls about 0.65 x 102 mm?/s.
The mean ADC value of the Gluteus maximus muscle
was 0.77 x 10 mm?/s.

. sT-ADC: 0.65 / 0.77 = 0.844 (< the cut off
value 0.895)
> Pathology: Transitional cell carcinoma, Grade

3 with infiltration of deep muscle layer (MIBC).

> The lesion was radiologically suggested to
be muscle invasive according to the VI-RADS
scoring and ADC values, which was confirmed
pathologically to be MIBC.

Results
Patient demographics:

Fifty-nine patients were included in this study, 50 of
them were males and 9 were females, their ages ranged
from 0 to 92 years (median age 61).

The most common clinical symptoms were painless
hematuria and fullness in the lower abdomen found in
51 patients (86.4%).

Among the 59 patient, 47 patients only had single
tumors while 5 patients had multiple tumors with total
number of 70 lesions. The highest score lesions were
the ones considered.

Demographics of the lesions:

About 1/3 of lesions were seen involving the trigone
and lateral walls of the urinary bladder with the
majority (about 78%) having exophytic pattern of
growth. About 54.2 % were papillary while 27.1 %
were sessile while the rest were of mixed shape. All of
the lesions were >1cm size.

Histopathological analysis:

All 59 patients underwent transurethral cystoscopic
biopsy within 1-4 weeks, confirming malignancy. Most
lesions (91.5%) were transitional cell carcinoma, 6.8%
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squamous cell carcinoma, and the rest non-small cell
carcinoma. High-grade lesions accounted for 49.2%,
moderate-grade 27.1%, and the rest low-grade. Muscle
invasion was present in 62.7%, with 36 undergoing
radical cystectomy, while 37.3% were non-muscle
invasive, and 20 had TURBT. Three patients were lost
to follow-up.

Radiological analysis:

Radiological assessment and VI-RADS scoring of
lesions were based on T2, DWI, and DCE imaging
(Figurel). Most lesions (76.3%) showed high T2 signal
with 22% of the cases with internal stalk (Figure 2),
94.9% had restricted diffusion in DWI, and 81.4%
exhibited homogenous post-contrast enhancement in
DCE. The inner layers of 88.1% of lesions were not
visible in T2WI/DWI and non-enhancing in DCE
(Figures 3 & 4), suggesting their infiltration. The
detrusor muscle was interrupted in 49.2% of lesions
with extra-vesical extension (Figure 5), while 10.2%
had interruptions only without extra vesical extension
(Figure 6), and the rest were preserved

VI-RADS scoring:

The scores of VI-RADS and the three-image series of
the mp-MRI for the detection of muscle invasion by the
bladder lesions were summarized in (Table 2).

In a study of 59 patients, 37.3% had non-muscle-
invasive cancer and 62.7% had muscle-invasive cancer.
No bladder tumors were scored as VI-RADS 1. For
muscle-invasive tumors, the VI-RADS scores were 1 (1
tumor), 2 (1 tumor), 3 (6 tumors), 4 (6 tumors), and 5
(29 tumors). Chi-square tests showed a significant
linear relationship (P, .001) between T2, DW, and CE
imaging and VI-RADS scores, indicating that higher
VI-RADS scores correlate with increased muscle
invasion.

Prospective validation of VI-RADS score in NMIBC
and MIBC differentiation before TURBT

The VI-RADS scoring system for distinguishing
NMIBC and MIBC before TURBT showed high
sensitivity and specificity. With a cut-off of >3,
sensitivity was 97.3%, specificity 81.8%, PPV 90%,
and NPV 94.7% (Table 3). Raising the cut-off to >4
decreased sensitivity (94.6%) but increased specificity
(100%) and both PPV and NPV to 100% and 91.7%,
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respectively with overall accuracy 96.6% (Table 4).
ROC analysis showed that a VI-RADS score >3 had the
best performance for detecting MIBC with an AUC of
0.98 (Figure 7) and overall accuracy of 91.5%.

Fig. 7: ROC curves for VI-RADS scoring and sT-ADC.
Accuracy of ADC values to detect MIBC

Due to technical limitations, ADC values were only
measured for 49 of the 59 patients (Table 5). In 49 of
59 patients, tumor ADC values ranged from 0.37 to 1.7
x 10—3 mm?/s. MIBC patients had significantly lower
values (median 0.65) than NMIBC patients (median
0.76). The sT-ADC values also differed significantly
between the groups. ROC analysis for sT-ADC
detection of MIBC showed an AUC of 88.8, with a cut-
off of 0.895 (Figure 7) yielding 83.3% sensitivity,
84.2% specificity, and 83.7% accuracy (Table 6).

Fig. 7: ROC curves for VI-RADS scoring and sT-ADC.

Combination of VI-RADS and ADC values to detect
MIBC:

When there was a conflict between VI-RADS scores
and sT-ADC values in predicting muscle invasion (e.g.,
VI-RADS >3 or sT-ADC <0.895), the sensitivity and
NPV were both 100%. This was also true for a VI-
RADS cut-off value of >4. When both VI-RADS and
sT-ADC values agreed in predicting muscle invasion
(e.g., VI-RADS >3 and sT-ADC <0.895), the specificity
and PPV were 100%, which was consistent with a VI-
RADS cut-off of >4. In clinical practice, ADC values
can help refine diagnosis by emphasizing muscle
invasion in VI-RADS 4 and 5 lesions, excluding it in
VI-RADS 2 lesions, and guiding staging in equivocal
VI-RADS 3 lesions (Table 7).

Discussion

This study evaluated the effectiveness of the VI-RADS
scoring system and mp-MRI in assessing muscle
invasion in bladder cancer (BCa). Our results indicated
that all lesions scored as VI-RADS 4 and 5 were
confirmed as muscle-invasive upon pathological
examination, achieving 100% accuracy, which is in line
with findings from previous studies (5, 11). To a large
extent, similarly, (12) reported that all VI-RADS 5
lesions were muscle invasive, and 86.11% of VI-RADS
4 lesions were muscle invasive. These results support
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the high diagnostic accuracy of VI-RADS scores 4 and
5 in detecting muscle invasion.

Our results for VI-RADS 4 and 5 lesions closely align
with those of (13) who reported high percentages of
muscle invasiveness for scores 4 and 5 across seven
readers with varying experience levels. Their findings
ranged from 68.2% to 96.2% for score 4, and 92% to
100% for score 5.
One case in our study demonstrated the potential for
false negative results and understaging with primary
partial TURBT, which initially indicated a non-muscle
invasive lesion. However, VI-RADS scoring of the
lesion as VI-RADS 4 suggested muscle invasion, which
was confirmed by a second TURBT one month later.
This highlights the importance of pre-operative mp-
MRI and VI-RADS scoring in predicting muscle
invasion, particularly for large lesions. Using mp-MRI
can reduce the need for multiple cystoscopies, avoid
delays in diagnosis, and minimize patient exposure to
invasive procedures. Additionally, mp-MRI can help
guide surgeons to the most likely areas of muscle
invasion for biopsy during the initial TURBT.

Our study showed that tumors scored as VI-RADS 2
were predominantly non-muscle invasive, with 94.7%
of the lesions confirmed as non-muscle invasive, which
is consistent with studies by (5) and (12), which
reported 95.2% and 95.08% non-muscle invasive
lesions for VI-RADS 2, respectively.

VI-RADS 3 lesions in our study had a higher rate of
non-muscle invasive tumors (80%), which agrees with
studies by (15) and (14) showing 91.4% and 100 % of
VI-RADS 3 lesions as non-muscle invasive, though (5)
found 66.7% of VI-RADS 3 lesions to be muscle
invasive. This variability highlights the challenges in
relying solely on the VI-RADS 3 score to predict
muscle invasion.

Regarding the ROC analysis, we found that a VI-RADS
cutoff value >3 had an AUC of 0.98 (95% CI: 0.94-1),
with sensitivity of 97.3%, specificity of 81.8%, PPV of
90%, and NPV of 94.7% and over all accuracy of
91.5%, suggesting that VI-RADS can well reflect the
muscle-invasive condition when the VI-RADS score is
> 3 with high statistical significance of p-value <0.001.
These findings align with those of (16), who showed a
sensitivity of 91.2% and specificity of 78.8%, and (17),
who reported an AUC of 0.83 with a sensitivity of 78%,
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specificity of 88% PPV 78%, NPV 88% and over all
accuracy 84% with high statistical significance as p-
value <0.001. A meta-analysis (18) also found similar
results, with pooled sensitivity of 0.87 and specificity of
0.86 for a cutoff >3.

Our study found that using sT-ADC alone with a cutoff
of 0.895 for detecting muscle invasion had lower
accuracy compared to VI-RADS scoring, with an AUC
of 88.8%, sensitivity of 83%, and specificity of 84.2%,
compared to the AUC of 98.2%, sensitivity of 97.3%,
and specificity of 81.8% for VI-RADS scoring. These
findings were similar to those of previous studies, such
as (19), which showed a slight decrease in accuracy
using sT-ADC alone compared to VI-RADS scoring.

When combining VI-RADS >3 and sT-ADC < 0.895,
specificity improved to 100%, eliminating false
positives. However, this led to under-staging 20% of
cases as non-muscle invasive, increasing false
negatives, with a sensitivity of 80%. This result aligns
with (19), where specificity improved from 70% to
97%, but sensitivity decreased from 78% to 61%.

Our study showed that when there was a conflict
between VI-RADS scoring and sT-ADC values,
prioritizing the higher tumor burden (VI-RADS >3 or
sT-ADC < 0.895) resulted in 100% sensitivity,
detecting all muscle-invasive lesions, though specificity
dropped to 68.2%, leading to 31.8% over-staging. This
finding is consistent with (19), which reported an
increase in sensitivity from 78% to 100% and a
decrease in specificity from 70% to 53% when using the
same criteria.

These results emphasize the importance of ADC as a
functional biomarker for differentiating MIBC from
NMIBC, with potential to improve muscle invasion
detection in higher VI-RADS lesions, and to guide
staging of equivocal lesions. However, further studies
with larger sample sizes are needed to validate the
addition of ADC values to the VI-RADS scoring
system.

Additionally, mp-MRI showed potential in follow-up
for NMIBC patients, detecting small recurrent lesions,
which could reduce the need for invasive cystoscopy.
However, post-surgical changes in MRI may pose
challenges, which could be overcome using DCE-MRI
and DWIs, as demonstrated in other studies (20).
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Our study underscores the importance of incorporating
ADC values alongside VI-RADS scoring to enhance
diagnostic accuracy, especially in equivocal cases. It
also emphasizes the potential of mp-MRI in reducing
the need for multiple cystoscopies, particularly in
follow-up care.

Limitations:

There are some limitations in our study that warrant
mentioning;

1. Conducting the study in tertiary referral
hospitals limited early-stage (VI-RADS 1) cases.

2. The small sample size led to fewer cases in
certain categories, like VI-RADS 3.

3. CIS, a high-risk type, is difficult to assess with
mpMRI.
4. Using 1.5T MRI scanners reduced detail

compared to 3T scanners.
Recommendation:

1. Studies on larger sample sizes are needed to
support the importance of ADC values in the VI-RADS
scoring system.

2. The role of VI-RADS in following up patients
after TURBT needs to be reinforced as it would play an
important role in decreasing invasive follow up
cystoscopy procedure especially for those patients who
are incompatible to cystoscopy as those unfit for
anesthesia or with urethral stricture.

Conclusion

Our study proved the great effectiveness of the Vesical
Imaging-Reporting and Data System (VI-RADS) as a
thorough scoring system with perfect sensitivity,
specificity, and diagnostic value for assessment of deep
muscle invasion in bladder cancer cases, with a
promising add on value regarding the use of ADC in
assessment

We suggest using VI-RADS scoring for assessment of
muscle invasion in bladder cancer cases pre-operatively
but with cautious interpretation for lesions scored as VI-
RADS 2 and 3.
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Magnetic resonance imaging
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Muscle invasive bladder cancer
National Cancer Institute

Negative Predictive Value
Non-muscle invasive bladder cancer
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Receiver operating characteristic
Region of interest

Short tau inversion recovery

Signal intensity

Signal to noise ratio

Squamous cell carcinoma
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Statistical Package for Social Sciences
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Transitional cell carcinoma
Transuretheral resection

Transurethral resection of bladder tumor
Vesical Imaging-Reporting and Data system
World Health Organization
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Fig. 1: Schematic illustration of mpMRI appearances of VI-RADS scores 1-5 using T2, DCE MRI, DWI, and ADC
weighted images. Source: Based on Panebianco et AP and Lateral views 2018.
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Fig. 2: Case 1: Conventional non-enhanced axial T2 WI (a), DCI (b), DWI {b values 1000} (c) and ADC map (d).
Internal stalk (red arrow)

Fig. 3: Case 2: Conventional non-enhanced axial T2 W1 (a), DCI (b), DWI {b values 1000} (c) and ADC map (d).
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Fig. 4: Case 3: Conventional non-enhanced axial T2 WI (a), DCI (b), DWI {b values 1000} (c) and ADC map (d)

Fig. 5: Case 4: Conventional non-enhanced axial T2 W1 (a), DCI (b), DWI {b values 1000} (c) and ADC map (d).
Focal areas of interruption of low signal muscularis propria (red arrow)
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Fig. 6: Case 5: Conventional non-enhanced axial T2 WI (a), DCI (b), DWI {b values 1000} (c) and ADC map (d).
Interruption of the deep muscle layer and focal area of extra-vesical extension (red arrow).
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Fig. 7: ROC curves for VI-RADS scoring and sT-ADC.
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Table 1: Summary of imaging protocol.

T2W DWI DCE
TR (ms) 5352 2779 4.4
TE (ms) 115 72 2.2
Flip angle (degree) 90 90 10
FOV (cm) 26 32 27
Matrix 236 x 155 120 x 125 260 x 245
Slice thickness (mm) 3.9 3.9 1
Slice gap (mm) 0-0.4 0.3-0.4 0
Number of signal average 2-3 4-10 1
B Value (s/mm?) 0-500-1000

Table 2: Different MRI scores in relation to pathologic muscle invasiveness in bladder cancer patients

Pathologic muscle invasiveness
Non-muscle invasive (n = 22) | Muscle invasive (n = 37) | P Value
Imaging and Scoring System | n (%) n (%)
Scoring T2WI 2 17 (77.3) 1(2.7)
3 5(22.7 1(2.7
( ) 2.7 <0.001
4 0 6 (16.2)
5 0 29 (78.4)
Scoring DWIs 2 18 (81.8) 1(2.7)
3 4(18.2 1(2.7
( ) 27 <0.001
4 0 6 (16.2)
5 0 29 (78.4)
Scoring DCE 2 18 (81.8) 1(2.7)
3 4(18.2 1(2.7
( ) 27 <0.001
4 0 6 (16.2)
5 0 29 (78.4)
Final score (VI- |2 18 (81.8) 1(2.7)
RADS) 3 4(18.2) 1(2.7)
<0.001
4 0 6 (16.2)
5 0 29 (78.4)

Table 3: Diagnostic accuracy of VI-RADS scoring

if cut off value >3

Overall
Cutoff Sensitivity Specificity PPV NPV accuracy
value (%) (%) (%) (%) (%) AUC (95% ClI) p value
>3 97.3 81.8 90.0 94.7 915 98.2(94.7 - 1.0) <0.001

PPV: Positive Predictive Value, NPV: Negative Predictive Value, AUC: Area under the curve, ClI:
Confidence Interval
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Table 4: Diagnostic accuracy of VI-RADS scoring cut off value >4

Overall
Cutoff value Sensitivity (%) Specificity (%) PPV (%) NPV (%) accuracy (%)
>4 94.6 100.0 100.0 91.7 96.6

Table 5: ADC and sT-ADC among the 2 pathologic groups (n= 49)

Pathologic muscle invasiveness
Muscle invasive Non-muscle invasive p value
(n=30) (n=19)
ADC* 0.65 (0.37 - 1.70) 0.76 (0.57 - 0.99) <0.025
sT-ADC* 0.77 (0.40 - 1.30) 1.06 (0.64 - 1.74) <0.001
*Data are presented as median (range)
Table 6: Diagnostic accuracy of sT-ADC scoring
Overall
Sensitivity Specificity PPV | NPV accuracy AUC  (95%
Cutoff value | (%) (%) (%) (%) (%) CI) p value
88.8 (789 -
<=0.895 83.3 84.2 89.3 |76.2 83.7 98.6) <0.001
PPV: Positive Predictive Value, NPV: Negative Predictive Value, AUC: Area under the curve, CI:
Confidence Interval
Table 7: Detectability of muscle invasion by VI-RADS, sT-ADC and VI-RADS/ADC
Models Sensitivity Specificity PPV NPV
VI-RADS >3 97.3 81.8 90.0 94.7
VI-RADS >4 94.6 100.0 100.0 91.7
sT-ADC <= 0.895 83.3 84.2 89.3 76.2
VI-RADS/ADC
VI-RAD >3 and sT-ADC <= 0.895 80.0 100.0 100.0 76.0
VI-RAD >3 or sT-ADC <= 0.895 100.0 68.2 84.1 100.0
VI-RAD >4 and sT-ADC <= 0.895 76.7 100.0 100.0 73.1
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