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Background: T stage is closely related to the treatment and prognosis of patients with bladder cancer
(BC). However, preoperative T staging is still challenging. Multiparametric magnetic resonance imaging
(mpMRI) may be valuable. This study was performed to explore the value of the Vesical Imaging-Reporting
and Data System (VI-RADS) and the volumetric apparent diffusion coefficient (ADC) histogram parameters
in detecting T2 stage and below stage (T2 stage) from T3 stage and above stage (>T3 stage) BCs.
Methods: The study included 62 patients (mean age, males vs. females: 62.1+10.9 vs. 61.8£11.7 years) with
BC pathologically confirmed by partial or radical cystectomy. All of the tumors were scored normatively by
two radiologists using the VI-RADS scoring system by two radiologists. The volumetric ADC histogram
of each lesion was obtained from the ADC maps. The Cochran-Armitage test was used to examine the
relevance between VI-RADS scores and T stages. The Mann-Whitney U test was used to compare the
histogram parameters between <T2 stage and >T3 stage BCs. A receiver operating characteristic (ROC)
curve was used to assess the predictive power of each model.

Results: The minimum ADC; mean ADC; median ADC; maximum ADC; and 10th, 25th, 75th, and 90th
percentile ADC of <T?2 stage BCs were significantly higher than those of T3 stage BCs, while skewness and
kurtosis had opposite results. VI-RADS achieved the highest area under the curve (AUC) of 0.834 among all
parameters. The combination of VI-RADS, skewness and kurtosis yield a significantly higher AUC than VI-
RADS alone (0.915 vs. 0.834, P=0.0478).

Conclusions: VI-RADS and volume ADC histogram analysis can effectively discriminate between <12
stage and >T'3 stage BCs, and the volumetric ADC histogram can provide further information to supplement
VI-RADS.
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Introduction

Bladder cancer (BC) is a common malignancy of the
urinary system, and an improved understanding of
molecular biology and genetics has led to the development
of diagnostic and treatment methods for localized and
advanced BC (1). Local invasion depth locally of BC is
a prognostic biomarker and can provide a reference for
clinical strategies. For localized muscle invasive bladder
cancer (MIBC), radical cystectomy (RC) is a curative
treatment (2). The five-year survival rate after RC is
approximately 40% in patients with T2 stage BC, while it
is only approximately 20% in patients with T3 stage and
above (3). Neoadjuvant chemotherapy (NAC) prior to RC
can promote pathological downstaging (4), and provide
overall survival (OS) and disease-free survival (DFS)
benefit (5), and it does not adversely affect the chances of
proceeding with RC (6); therefore, NAC may become an
important treatment modality for patients with localized
MIBC. A study, enrolling 2,673 patients who received NAC
before RC, revealed that stage ¢T2 patients demonstrated
a more complete response on final pathology than stage
¢T3 and ¢T4 patients (7). Additionally, for some patients
with MIBC, especially elderly patients, bladder-sparing
strategies are worthwhile too. Trimodal therapy (TMT)—
maximal transurethral removal of the tumor followed by
chemoradiation—is a bladder-sparing treatment, that has
a similar OS to elderly patients who undergo RC (8,9). T2
stage was significantly associated with better local control
and OS for patients who underwent TMT (9,10). On this
basis, identifying T2 from >T3 stage BC precisely before
treatment shows some clinical significance.

Previously, accurate preoperative evaluation of T stage
mainly relied on transurethral resection of bladder tumors
(TURBT), which is invasive and unable to detect the
invasion of perivesical tissue precisely. In recent years, the
potential of multimodal data analysis in related clinical
applications of BC has captured increasing attention, and
imaging medicine is one of the essential parts (11). With the
rapid development of magnetic resonance imaging (MRI),
more high-resolution images and quantitative parameters,
especially diffusion-weighted imaging (DWI), can be
obtained, which greatly contributes to the estimation of
the clinical stage, local recurrence and therapeutic response
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of BC. To standardize reporting and scanning of bladder
MR, the Vesical Imaging-Reporting and Data System (VI-
RADS) was created by multidisciplinary experts in 2018 (12).
VI-RADS on the basis of multiparametric MRI (mpMRI)
showed considerable value in predicting MIBC and non-
MIBC (NMIBC) in previous studies (13-15). A meta-
analysis by Ye et al. (14), which included 17 studies with a
total of 2,344 patients, concluded that VI-RADS showed
sensitivities and specificities of 0.91 (95% CI: 0.87-0.94)
and 0.86 (95% CI: 0.77-0.91) at a cutoff score of 3, and
0.85 (95% CI: 0.77-0.90) and 0.93 (95% CI: 0.89-0.96)
at a cutoff score of 4. However, the value of mpMRI in
evaluating perivesical tissue invasion which has been shown
to be closely related to poor survival and prognosis (16,17)
is still unclear.

Histogram analysis, describing the statistical information
of the MRI parameters, can be used to estimate intratumor
heterogeneity and show more reliable and accurate
parameters (18). According to the above analysis, we
designed this study to explore the value of VI-RADS and
histogram parameters based on mpMRI in predicting the
invasion of perivesical tissue.

Methods
Patient selection

This retrospective study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the institutional medical ethics
committee of Fudan University Shanghai Cancer Center
and written informed consent was waived due to the
retrospective nature of the study. In this study, 195 patients
who underwent bladder MRI examinations from November
2019 to July 2022 were screened retrospectively. Of these,
101 patients were excluded because they did not undergo
RC or partial cystectomy (PC) after MRI examination,
17 patients were excluded due to postoperative pathological
findings of nonurothelial carcinoma, and 15 patients were
excluded due to poor MRI image quality (such as motion
artifacts and bladder underfilling). Ultimately, 62 patients
(84 independent lesions) with pathologically confirmed
urothelial carcinoma were enrolled in this study. A flow
diagram of the population selection process is presented in
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Figure 1 Flowchart showing the patient selection process. MRI, magnetic resonance imaging.

Figure 1.

Pathological T stage was determined according to the 8th
American Joint Committee on Cancer Staging manual (19).
When BC invaded perivesical tissues, including fat, prostatic
stroma, seminal vesicles, uterus, vagina, pelvic wall, and
abdominal wall, the T stage was classified as >T73 stage.

MpMRI examination

Patients were required to first urinate and then drink
500-1,000 mL of water over one and half hours to two
hours before the MRI examination to ensure adequate
filling of the bladder. The supine position was used for MRI
examination. Patients were asked to fast strictly for six hours
before MRI examination to avoid motion artifacts caused by
intestinal motility (12).

All pelvic examinations were performed using a 3.0 T
scanner (Skyra; Siemens Healthcare, Erlangen, Germany)
with a 16-channel phased-array surface coil. The MRI
sequences included the following parameters: (I) T1-
weighted imaging (T1WI): echo time (TE), 2.46 ms;
repetition time (TR), 231 ms; field of view (FOV), 30x30 cmy;
slice thickness (ST), 5.5 mm. (I) Sagittal T2WI: TE,
101 ms; TR, 6,760 ms; FOV, 30x30 cm; ST, 4 mm. (III)
Axial T2WI: TE, 101 ms; TR, 1,500 ms; FOV, 23x23 cmy;
ST, 1.5 mm. (IV) Readout-segmented echo-planar
(RESOLVE) DWI sequence: b values, 0 and 1,000 s/mm’;
TE, 62 ms; TR, 6,210 ms; FOV, 32 cm; ST, 4 mm. (V)
Volumetric interpolated breath-hold examination (VIBE)
dynamic contrast-enhanced (DCE) sequence: TE, 1.39 ms;
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TR, 3.56 ms; FOV, 33x20 cm; ST, 3 mm. All patients
were asked to breathe quietly during the examination
and to place their hands above their heads. A 0.1 mmol/
kg dose of contrast agent (Gd-DTPA, Magnevist,
Bayer HealthCare Pharmaceuticals Inc., Whippany,
NJ, USA) was injected as an intravenous bolus at a
rate of 1.5-2 mL/s, followed by a 10 mL saline flush at
2 mL/s 10 s after the beginning of the DCE sequence.

Imaging reading

All pelvic MRI data were transmitted to our workstation
(AW4.6, GE Healthcare, Milwaukee, WI, USA). All MRI
images for each tumor were used for the VI-RADS scoring
system which strictly complies with the scoring criteria (12).
The final VI-RADS scores were based on anatomical
appearances in T2WI, DWI, and DCE images.

Structural category (SC) 1: uninterrupted low SI line
representing the integrity of the muscularis propria (lesion
size <1 c¢m; exophytic tumor with or without a stalk and/or
a thickened inner layer).

SC 2: uninterrupted low SI line representing the
integrity of muscularis propria (lesion size >1 cm; exophytic
tumor with a stalk and/or a high SI thickened inner layer,
when present, or sessile/broad-based tumor with high SI
thickened inner layer, when present).

SC 3: lack of category 2 findings with the associated
presence of an exophytic tumor without stalk, or a sessile/
broad-based tumor without a high SI thickened inner layer
but with no clear disruption of the low SI muscularis propria.
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SC 4: interruption the of low SI line suggesting extension
of the intermediate SI tumor tissue to muscularis propria.

SC 5: extension of intermediate SI tumor to extravesical
tissues.

For SC 5 tumors, the clinical T stage was >T'3 stage, or
the clinical T stage was <T2 stage.

The scoring process was conducted independently by
two radiologists with 5 and 11 years radiological diagnostic
experience in the urinary system independently without
knowing the pathological result. If the ultimate VI-RADS
scores of the two readers were different, disagreements
were resolved through negotiation between the two readers.
In addition, apparent diffusion coefficient (ADC) maps
for each tumor were independently analyzed by the same
two urology radiologists mentioned above using FireVoxel
software (NYU Center for Advanced Imaging Innovation
and Research, New York, NY, USA). The regions of
interest (ROIs) of each lesion were obtained by delineating
the boundary of each layer of images on every tumor,
avoiding necroses, and then a 3D model of every tumor
was reconstructed. Finally, the volume ADC histogram of
the lesion was obtained. In our study, the stalks of some
lesions were included in the ROI as it was found by some
researches (20,21) that there may be some association
between the stalk and the depth of tumor invasion.
Figures 2,3 show the processes of delineating ROIs and
computing the ADC histogram.

Statistical analysis

All patient data were calculated by using SPSS version 26
(Chicago, IL, USA). The intraclass correlation coefficient
(ICC) with 95% confidence intervals was calculated to
evaluate the consistency of interobservers. The Cochran-
Armitage test was used to examine the relevance between VI-
RADS scores and T stages. The Mann-Whitney U test was
used to compare each volumetric ADC histogram parameter
between the <172 stage and >T3 stage BC groups. Receiver
operating characteristic (ROC) curves with the area under the
curve (AUC) were used to assess the ability of each parameter
to predict <T2 or >T3 stage of BCs. A two-tailed P value
<0.05 was considered indicative of a significant difference.

Results
Clinical and pathological data

This confirmatory study included a total of 62 patients
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with BC confirmed by RC or PC which included 52 men
and 10 women, with a total of 84 independent lesions.
The median (range) age was 65 (32 to 80) years old. Of the
84 bladder lesions, 69 (82.1%) were high-grade tumors and
15 (17.9%) were low-grade tumors. The characteristics
of the 84 bladder tumors are shown in 7able 1. According
to the pathological results, the number of >T3 stage BC
tumors was 44 (25 T3 stage tumors, 19 T4 stage tumors),
and <T2 stage BC tumors was 40 (15 Tl stage tumors,
25 T2 stage tumors).

VI-RADS and volumetric ADC histogram analyses

As shown in Tiable 2, the ICC values of VI-RADS and ADC
histogram parameters ranged from 0.836 to 0.958, which
indicated that these variables showed good to excellent
interobserver agreement. There was a significant correlation
between VI-RADS and perivesical tissue invasion (P<0.001).
There was no significant difference in entropy between
the <T2 stage and >T3 stage BC groups (P=0.078). The
ADC,;, ADC,, ADC iy ADCgian; ADCoo ADCis,
ADC;s,, and ADCy, values were significantly lower in
the >T73 stage BC group than in the <T2 stage BC group.
However, the skewness and kurtosis of the >13 stage BC
group were much higher, as shown in 7able 2.

ROC analysis

All of the above independent parameters were used to
draw the ROC curve, and it was shown that VI-RADS
alone achieved the largest AUC (AUC =0.834), as shown in
Figure 4 and Tuble 3. Combining each of the above
parameters with VI-RADS, we found that VI-RADS
combined with kurtosis and skewness achieved the largest
AUC, and the model was statistically significantly different
from the AUC produced by VI-RADS alone (AUC =0.915,
P=0.0478), as shown in Figure 5 and Table 4. At the same
time, the AUCs produced by the combinations of VI-
RADS and anyone of ADC,;,, ADC,,,,, ADC,,..., ADC
ADC,y,, ADC,s,,, ADC;s,,, ADCyy,, kurtosis, and skewness
were not observed to be statistically significant compared
with the AUC of VI-RADS alone (P=0.327, 0.180,0.320,
0.364, 0.243, 0.0742, 0.172, 0.144, and 0.057, respectively).

'mediany

Discussion

It is crucial to predict the T stage of patients with BC
preoperatively, because of its value in treatment selection
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Figure 2 A 57-year-old man with T1 stage papillary urothelial carcinoma in the posterior bladder wall. The lesion (white star) had an
intermediate signal on T2WI (A), was obviously enhanced in the DCE image (B) and had a low signal in the ADC map (C), and the stalk
(thin white arrow) of the lesion had a low signal and was seen clearly on T2WI (A). The line signal of the bladder wall adjacent to the lesion
was consecutive. The ADC histogram of the corresponding lesion is shown in (D). A 70-year-old woman with T2 stage papillary urothelial
carcinoma in the left posterior bladder wall. The lesion (thick white arrow) had an intermediate signal on T2WI (E), was obviously enhanced
in the DCE image (F) and had a low signal in the ADC map (G). The line signal of the bladder wall adjacent to the lesion was interrupted.
The ADC histogram of the corresponding lesion was shown in (H). T2WI, T2-weighted imaging; DCE, dynamic contrast-enhanced; ADC,

apparent diffusion coefficient.
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Figure 3 A 55-year-old man with T3 stage papillary urothelial carcinoma in the anterior bladder wall. The lesion (white circle) had an
intermediate signal on T2WI (A), was obviously enhanced in the DCE image (B) and had a low signal in the ADC map (C). The line signal
of the bladder wall adjacent to the lesion was interrupted and perivesical fat was slightly invaded (white triangle). The ADC histogram of the

corresponding lesion is shown in (D). T2WI, T2-weighted imaging; DCE, dynamic contrast-enhanced; ADC, apparent diffusion coefficient.

Table 1 Characteristics of bladder tumors

Characteristics <T2 stage BC (n=40) >T3 stage BC (n=44) Total (n=84)
VI-RADS scores
1 1 0 1
2 0 2
3 3 12
4 24 8 32
5 4 33 37
Diameter of lesion
>3 cm 13 26 39
<3cm 27 18 45
Pathological grade
Low 9 6 15
High 31 38 69
Recurrence
Yes 13 14 27
No 27 30 57

BC, bladder cancer; VI-RADS, vesical imaging-reporting and data system.
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Table 2 Volumetric ADC histogram parameters and VI-RADS in differentiating <T2 stage and =T3 stage BCs, and the ICC values of volumetric

ADC parameters and VI-RADS

Parameters <T2 stage BC (n=40) >T3 stage BC (n=44) P values ICC (95% Cl)

ADC, gy, x107° m?/s 1.06+0.29 0.9+0.24 0.01 0.943 (0.921-0.969)
ADC,sy,, x107° m*/s 1.17+0.31 1.03+0.30 0.04 0.914 (0.879-0.932)
ADC;sy, x107° m*/s 1.48+0.34 1.29+0.36 0.01 0.958 (0.936-0.974)
ADCgqy, x107° m*/s 1.76+0.32 1.48+0.36 <0.001 0.926 (0.879-0.948)
ADC,,, x107° m®/s 0.92+0.27 0.71+0.25 <0.001 0.952 (0.934-0.965)
ADC,eqian x107° m*/s 1.35+0.29 1.18+0.32 0.01 0.905 (0.851-0.934)
ADC, o, x10° m*/s 1.39+0.29 1.17+£0.29 <0.001 0.947 (0.914-0.971)
ADC, ., x10° m*/s 1.94+0.39 1.64+0.33 <0.001 0.836 (0.747-0.893)
Skewness 0.87+0.66 1.11+0.62 0.01 0.865 (0.791-0.908)
Kurtosis 1.84+£2.17 3.26+2.17 <0.001 0.878 (0.817-0.919)
Entropy 3.79+0.21 3.85+0.22 0.078 0.857 (0.779-0.903)
VI-RADS 411, 5] 5183, 5] <0.001 0.954 (0.931-0.971)

Data presented as mean + standard deviation or median [range]. ADC, apparent diffusion coefficient; VI-RADS, vesical imaging-reporting
and data system; BC, bladder cancer; ICC, intraclass correlation coefficient.

ROC curve
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Figure 4 ROC curves of the VI-RADS score and the volumetric
ADC histogram parameters. ROC, receiver operating
characteristic; ADC, apparent diffusion coefficient; VI-RADS,
Vesical Imaging-Reporting and Data System.

and prognosis prediction (3,22). VI-RADS, a popular tool
for predicting MIBC in recent years, has achieved gratifying
results (23-25), but its efficacy in differentiating <T2 and
>T73 stage BCs is still controversial. In this study, we found
that VI-RADS was an excellent tool for predicting >T3

stage BCs, and a volumetric ADC histogram can further

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

enhance its diagnostic performance.

A previous review by Gandhi ez 4/. (26) mentioned that
mpMRI had a sensitivity and specificity of 0.83 and 0.87
for predicting <T2 and >T3 BC, respectively. The results
of a meta-analysis by Cornelissen et /. (27) showed that
the sensitivity and specificity of mpMRI in differentiating
<T2 and >T3 BC were only 0.71 and 0.77, respectively.
In our study, VI-RADS with a threshold value of 5
obtained similar sensitivity and slightly higher specificity,
which may be because VI-RADS includes multiple MRI
sequences and normalized preparation before examination
and scanning parameters. Since this is the first time that
VI-RADS has been used to predict perivesical tissue
invasion of BC preoperatively, its effect needs to be further
confirmed by prospective studies with a larger sample size.
In addition, compared with the uneven MRI sequences
in previous studies (28-30), VI-RADS can effectively
provide standardized reports that are beneficial for the
communication between doctors and patients.

Previous studies (31-33) have shown that there is
a significant correlation between ADC values and the
pathological grade of BC, and that volumetric ADC
histograms can provide more lesion information than ADC
values. In our study, we found that the ADC values of each
percentile in the >T3 stage BC group were significantly
lower than those in the <T2 stage BC group, which

Quant Imaging Med Surg 2023;13(8):4897-4907 | https://dx.doi.org/10.21037/qims-22-1184
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Table 3 Diagnostic efficacy of VI-RADS and volumetric ADC histogram parameters in differentiating <T?2 stage from =T3 stage BCs

Parameters AUC 95% Cl Cutoff value Sensitivity (%) Specificity (%) Youden index
ADC; 4 0.653 0.541-0.754 1.05 81.82 52.50 0.3432
ADC,sy, 0.630 0.517-0.732 1.12 75.00 55.00 0.3000
ADC;s4, 0.670 0.558-0.768 1.38 72.73 60.00 0.3273
ADCgpq, 0.714 0.605-0.808 1.33 45.45 95.00 0.4045
ADC,;, 0.724 0.616-0.816 0.67 52.27 82.50 0.3477
ADC,cgian 0.677 0.566-0.775 1.15 56.82 80.00 0.3682
ADC,can 0.726 0.618-0.818 1.13 56.82 82.50 0.3932
ADC, . 0.717 0.608-0.810 1.64 54.55 85.00 0.3955
Skewness 0.666 0.554-0.765 0.92 72.73 72.50 0.4523
Kurtosis 0.738 0.631-0.828 1.90 75.00 75.00 0.5000
VI-RADS 0.834 0.737-0.907 5 75.00 90.00 0.6500

VI-RADS, vesical imaging-reporting and data system; ADC, apparent diffusion coefficient; AUC, area under the curve; BC, bladder cancer.

ROC curve
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Figure 5 ROC curves of the VI-RADS score combined with the
volumetric ADC histogram parameters skewness and kurtosis.
ROC, receiver operating characteristic; VI-RADS, Vesical
Imaging-Reporting and Data System; ADC, apparent diffusion

coefficient.

reflected the more restricted diffusion of water molecules
in the former group. In addition to the above quantitative
ADC parameters, our study also showed that the skewness
and kurtosis of the lesions in the >T3 stage BC group were
significantly higher, which was consistent with the findings
of Suo et al. (34). This may be because the fact that higher-
stage tumors have denser cells, denser blood vessels and
more disorganization (35).

Our study shows that the volume ADC histogram can
provide additional diagnostic value for VI-RADS, and
shows good to excellent interreader agreement, which
means that the combination of the volume ADC histogram
and VI-RADS has great practical value.

There are some limitations of our study. First, the
nature of a retrospective study determines its inherent bias.
In addition, this is a single-center study, and the sample
size is limited, which may lead to some deviations in the
results. Finally, we did not have data for OS and DFS, so we

Table 4 Diagnostic performance of VI-RADS score combined volumetric ADC histogram parameters

Variables AUC 95% Cl P values
VI-RADS 0.834 0.737-0.907 -
VI-RADS_Kurtosis 0.861 0.768-0.927 0.1441
VI-RADS_Skewness 0.901 0.817-0.956 0.0569
VI-RADS_Kurtosis_Skewness 0.915 0.833-0.965 0.0478*

*,P<0.05 is considered to have a statistical difference compared with VI-RADS. VI-RADS, vesical imaging-reporting and data system;
ADC, apparent diffusion coefficient; AUC, area under the curve.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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could not investigate the relationship between T stage and
survival. In the future, multicenter studies with large sample
sizes need to be performed.

Conclusions

Both VI-RADS and volumetric ADC histograms exhibited
an excellent ability to distinguish <T2 and >T3 stage
BCs. ADC histogram parameters can further increase the
diagnostic power of VI-RADS, especially skewness and
kurtosis.
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