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Abstract

Background: Urinary bladder cancer is the second most common neoplasm of the urinary tract. Tumor staging
and regional disease spread are the strongest predictors of treatment outcome. Our study aims to compare the
diagnostic performance of conventional and diffusion-weighted magnetic resonance imaging (DW-MRI), using a 3T
MR scanner, in grading and staging of urinary bladder cancer with histopathologic correlation.

Results: The sensitivity, specificity, and accuracy of combined use of HR T2WI and DWI were better than using HR
T2WI only to differentiate T1 stage from further stages (95%, 100%, and 98%, respectively). Differentiating organ
confined bladder cancer (T1 and T2 stages) from tumors with extravesical extension was better when using both
HR T2WI and DWI than using HR T2WI (accuracy 100% and 93%, respectively). Kappa agreement was better when
using both HR T2WI and DWI than HR T2WI only (0.963 and 0.496 respectively). Grade Il lesions showed statistically
significant lower ADC values than grades | and Il with ADC cut off value <0.95 x 10> mm?/s. No statistically
significant difference was found in ADC values between transitional cell carcinoma (TSC) and other cell types.

Conclusion: Combined use of DWI and HR T2WI provides more accurate urinary bladder cancer staging and
prediction of aggressiveness of certain histologic grade (Glll lesions) using ADC values. 3 T scanners have the
potential to achieve higher diagnostic capability in evaluation of urinary bladder cancer.
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Background

Urinary bladder cancer is the second most common
neoplasm of the urinary tract after cancer prostate with
male-to-female ratio of 3:1 and age peak between 50 and
70 years [1]. Bladder cancer is a heterogeneous disease,
with 70% of patients presenting with superficial tumors,
which tend to recur, and 30% presenting as muscle-
invasive disease associated with a high risk of death from
distant metastases [2]. Tumor staging and regional

* Correspondence: msittin@gmail.com

'Diagnostic Radiology Department, Mansoura New General Hospital,
Mansoura, Egypt

Full list of author information is available at the end of the article

@ Springer Open

disease spread are the strongest predictors of treatment
outcome in urinary bladder cancer [3]. The management
and prognosis of bladder cancer are based on T staging,
pathologic grading of the tumor, and the presence or ab-
sence of metastatic disease [4]. Magnetic resonance im-
aging (MRI) is currently the best imaging technique for
loco-regional staging for several malignancies because of
its superior soft tissue contrast resolution with the ad-
vantage of avoiding exposure to ionizing radiation [5].
There are few reports in literature that have compared
anatomic and functional MRI sequences on 3 Tesla (3T)
scanners, in predicting aggressiveness and stage of urin-
ary bladder cancer [6, 7]. Our study aims to compare the
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diagnostic performance of conventional and DW-MR],
using a 3T MR scanner, in grading and staging of urin-
ary bladder cancer with histopathologic correlation.

Methods

Patients

This prospective study was conducted at the radiology
department of Specialized University Center between
April 2018 and April 2020 on 86 patients. An MRI was
done after confirming a bladder lesion on flexible cystos-
copy at an outpatient clinic. Patients included had a pre-
sumed diagnosis of urinary bladder cancer either:
clinically; by urine cytology, digital rectal examination,
and flexible cystoscopy or by other radiologic investiga-
tions including ultrasonography and/or multi-detector
row computed tomography. Exclusion criteria comprised
of patients who had general MRI contraindications as
pacemakers or metallic prosthesis and those who had
claustrophobia. The study was conducted in full accord-
ance with the guidelines for Good Clinical Practice and
the Declaration of Helsinki and has been approved by
our Institutional Research Board (IRB). Data for patients
were collected only after obtaining patients’ informed
consents.

MRI protocol

The procedure was conducted using 3 Tesla scanner
(Ingenia, Philips medical systems, Veenpluis, the
Netherlands) in the radiology department, Urology and
Nephrology center-Mansoura University. Each patient
will be subjected to conventional, mainly high-resolution
(HR) T2-weighted sequences and diffusion-weighted
(DW) MRI study. Before starting the examination, pa-
tients were checked if they had previous operations, es-
pecially pacemakers or any contraindication to MRI
exam. Patients were informed about procedure steps and
were trained how to hold breath and how to listen and
follow the instructions. Patients who failed to hold their
breath were instructed to breath as shallow as possible
during the acquisition. Patients were asked to be calm
and tolerate the procedure.

Patients were scanned in supine position with the
hands beside the body. Body coil was well fitted on the
pelvis. The region of interest was taken from the urinary
bladder to the end of the prostate. Scanning sequences
included HR T2WI and DWI. The parameters that were
used in HR T2WTI are field of view (FOV) 200 mm x
200 mm, TR (repetition time) 5000 ms, TE (echo time)
110 ms, slice thickness 3 mm, and slice interval 0.3 mm.
Regarding (DWIs), the parameters were TE 85 ms, TR
7255 ms, FOV 350 mm, and slice thickness 3 mm. Re-
garding the b values taken, we used low and high b
values (b0 and b1400). The region of interests (ROI) was
placed on lesion to measure ADC values. ADC maps
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Table 1 T staging description on T2WI [10]

T stage Description

T1 or Preserved low signal line of the normal bladder musculosa

less

T2 Disrupted low Sl line focally in the region underlying the
tumor

T3 Lesions extending beyond the low signal line into the
perivesical fat

T4 Lesions extending to the adjacent organs

were obtained from DW images at b0 and b1400 s/mm?
gradients.

Tumor staging

Bladder cancer staging comprises four major categories
according to American Joint Committee on Cancer: T1,
T2, T3, and T4 [8]. On T2 images, intact bladder wall
should appear as a low SI line while being of intermedi-
ate SI on DWI images with no disruption [9]. Tables 1
and 2 and Fig. 1 show bladder cancer staging criteria
using T2WI and DWL

ADC maps

ADC maps were generated automatically by the MRI de-
vice. The urinary bladder lesions showed hypointense
signal. We drew the region of interest (ROI) within the
mass lesion at the most hypointense area. The ADC
values were measured to estimate the degree of
diffusion.

Image analysis

Images reviewed by two independent radiologists with
10 years’ experience in MRI, the first interpreted HR T2
images only while the second interpreted both HR T2
and DWI images. Both readers were blinded to histo-
pathological data. Image sets were reviewed for tumor
location, morphology, extensions, stage, as well as pre-
diction of grade and cell type using ADC values.

Histopathology

The histopathological results were provided from the
transurethral cystoscopy resection or radical cystectomy
and were considered the standard reference of our study.
Histopathological data of interest included tumor cell

Table 2 T staging description on DWI [11]

T stage Description

T1 or A thin, flat, high SI area or high SI mass with a low Sl

less submucosal stalk (stalk sign) or a thickened submucosa

T2 A high SI tumor without a submucosal stalk and with a
smooth margin

T3 Lesion extension into the perivesical fat with an irregular
margin

T4 Lesions extension into adjacent organs
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with submucosal stalk thickened submucosa
without submucosal components bulging with smooth surface
irregular margin extending to adjacent organ

Fig. 1 Schematic diagram that shows diagnostic criteria for using diffusion-weighted imaging for staging bladder cancer. Cancer component,
muscle layer, and submucosa show high, intermediate, and low-signal intensity, respectively. Submucosal stalk or thickened submucosa indicates
T1 or lower stage; smooth tumor margin without submucosal components, T2; irregular margin toward the perivesical fat tissue, T3; and
extension into adjacent organs, T4 [11]

type, T stage of the urinary bladder cancer, and the Table 3 Clinical characteristics of the study cohort (N = 81)

histologic grade. The T stage of the tumor was classified  characteristic Statistic
into four stages as aforementioned. Histologic grades
were G1, the least level of anaplasia; G2, intermediate

Age (years)

Mean = SD 624 +£9
anaplasia; and G3, severe degree of anaplasia. o _

Minimum-Maximum 39-78
Statistical analysis Sex N (%)
Data were entered and analyzed using IBM-SPSS soft-  Male 72 (88.9%)
ware (IBM Corp. Released 2017. IBM SPSS Statistics  Female 9 (11.1%)
for Windows, Version 25.0). Qualitative data were g oiomatic cases 69 (85.2%)
expressed as ?bsolute frequ.er.lc.y [N] and percentage Hematuria 64 (79%)
[%]. Quantitative data were initially tested for normal- o
ity using Shapiro-Wilk’s test with data being normally Imitative LUTS 8 9%
distributed if p > 0.050. Examination for the presence  Obstructive LUTS 5 (6.2%)
of outliers (extreme values) was done by inspecting  Number of lesions N (%)
boxplots. Quantitative data were expressed as mean =  Single 60 (74.1%)
standard deviation (SD) if normally distributed with  \ iicentric 21 (25.9%)

no significant outliers or median and interquartile

. R Location of lesion N (%)
range (IQR) if not. Inter-observer reliability reflects

i 0
the variation between 2 MR imaging sequences that Right lateral wall 9 (111%)
measure the same group of subjects. Cohen’s kappa  Leftlateral wall 11.(13.6%)
(k) agreement was used to compare between results  Posterior wall 23 (28.4%)
of HR T2 and HR T2 plus DWI to histopathological  Anterior wall 13 (16%)
results where histopathological results were consid-  |ferior wall 101.2%)
ered the‘ gold standard in our, study. For qualitative Dome 3 37%)
data, Chi-square test (or Fisher’s exact test) was used.

Multicentric 21 (25.9%)

Z-test was used with Bonferroni method to adjust p



Settein et al. Egyptian Journal of Radiology and Nuclear Medicine

(2021) 52:16

Page 4 of 12

mm2/s). Pathologically proved urothelial carcinoma T1, Gl

Fig. 2 Multiple nodular growths are seen arising from posterior and right lateral wall with no evidence of abnormal signals in overlying muscle
layer. a Axial HR T2 image, b sagittal HR T2 image, ¢ axial DWI image (b 1400), and d ADC map with ADC measured within lesion (1.1 x 10"3

values when comparing column proportions while in
quantitative ~data for two groups, we used
independent-samples ¢ test for normally distributed
data and the non-parametric alternative; Mann-
Whitney U test was used if not. For any of the used
tests, results were considered as statistically significant
if p value <0.050.

Results

This study included 86 patients, 5 of them had patho-
logically proved non-malignant bladder lesions (2 benign
and 3 inflammatory) and they were excluded from statis-
tical analysis. The remaining 81 patients had malignant
bladder lesions. Age and sex frequency distribution are
shown in Table 3. The most common complaint was

Fig. 3 An intravesical soft tissue mass is seen arising from anterior wall with infiltration of the muscle layer. a Axial HR T2 image, b coronal HR T2
image, ¢ sagittal HR T2 image, d axial DWI (b 1400) image, e coronal DWI image (b 1400), and f axial ADC map with ADC measured within lesion
(062 x 1073 mm2/s). Pathologically proved urothelial carcinoma, T2, GllI
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hematuria (64 patients, 79%). Other complaints include
irritative lower urinary tract symptoms (LUTS) (8
patients, 9.9%) and obstructive LUTS (5 patients, 6.2%)
(8 patients of the previous groups had more than one
symptom). Twelve patients (14.8%) were incidentally dis-
covered. Among the patients, there were 21 patients
(25.9%) who had multicentric lesions, in which the lesion
with highest stage was chosen to be included in statis-
tical analysis, the rest of patients had a single lesion (60
patients, 74.1%). Posterior urinary bladder wall was the
most common location of lesions (23 patients, 28.4%).
Regarding lesion morphology, polypoidal lesions were
the most common (40 patients, 49.4%) (Table 3).

The use of HR T2WT only for tumor staging showed
that 16 patients (19.8%) were T1, 36 patients (44.4%)
were T2, 26 patients (32.1%) were T3, and 3 patients
(3.7%) were T4. While the use of HR T2WI plus DWI
for tumor staging revealed that 35 patients (43.2%) were
T1, 23 patients (28.4%) were T2, 21 patients (25.9%)
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were T3, and 2 were patients (2.5%) T4. ADC values me-
dian was 0.8 x 107> mm?/s. with IQR (0.7-1.0 x 1073
mm?/s) with minimum 0.1 x 10~ mm?/s and maximum
1.4 x 1072 mm?/s (Figs. 2, 3, 4, 5, and 6).

Histopathological data revealed that 37 tumors
(45.7%), 21 tumors (25.9%), 21 tumors (25.9%), and 2 tu-
mors (2.5%) were T1, T2, T3, and T4, respectively. Re-
garding histopathological grade, grade I was found in 5
cancers (6.2%), grade II in 23 cancers (28.4%), and grade
III in 53 patients (65.4%). For cell type, urothelial type
was the most common (72 patients, 88.9%). Non-
urothelial cell types were found in 9 patients (11.1%) in-
cluding adenocarcinoma (4 patients, 4.9%), squamous
cell carcinoma (3 patients, 3.7%), small cell carcinoma (1
patient, 1.2%), and inflammatory myofibroblastic tumor
(1 patient, 1.2%).

The results of T2WI only and T2WI plus DWI were
compared to histopathological results. Using HR T2W1I
only to differentiate non muscle invasive bladder cancer

proved adenocarcinoma, T2, GlI

Fig. 4 A vesical soft tissue mass is seen arising from superior part of posterior wall with muscular invasion and presumably perivesical invasion on
HR T2 images, yet it seems confined to the wall on DWI images. a Axial HR T2 image, b coronal HR T2 image, ¢ sagittal HR T2 image, d axial DWI
image (b 1400), e coronal DWI image (b 1400), and f axial ADC map with ADC measured within lesion (0.93 x 1073 mm2/s). Pathologically
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Fig. 5 An intravesical hypointense soft tissue mass is seen arising from anterior wall, dome and both lateral walls with infiltration of perivesical
fat. a Axial HR T2 image, b coronal HR T2 image, ¢ sagittal HR T2 image, d axial DWI (b 1400) image, e coronal DWI image (b 1400), and f axial
ADC map with ADC measured within lesion (0.23 x 10”3 mm2/s). Pathologically proved small cell carcinoma T3, GllI

(T1) from muscle invasive bladder cancer (T2, T3, and
T4) showed sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accur-
acy of 41%, 98%, 94%, 66%, and 72% respectively. But
when using T2WI plus DWI, we found that sensitivity,
specificity, PPV, NPV, and accuracy in differentiating
non muscle invasive bladder cancer (T1) from muscle
invasive bladder cancer (T2, T3, and T4) were 95%,
100%, 100%, 96%, and 98% respectively (Table 4).

When HR T2WI only was used to differentiate tumors
confined to urinary bladder (T1 and T2 stages) from
those extending beyond the bladder wall (T3 and T4
stages), the sensitivity, specificity, PPV, NPV, and accur-
acy were 90%, 100%,100%, 79%, and 93%, respectively,
while combined use of HR T2WI and DWI to differenti-
ate tumors limited to urinary bladder (T1 and T2) from
tumors with extravesical extension (T3 and T4) showed

sensitivity, specificity, PPV, NPV, and accuracy of 100%,
100%, 100%, 100%, and 100%, respectively (Table 5).

The Kappa agreement was of moderate strength be-
tween HR T2 and histopathological results (Kappa =
0.496) while being of very good strength between HR T2
plus DWT and histopathological results (Kappa = 0.963).

ADC values when compared to different tumor grades
showed statistically significant negative correlation of
moderate strength between ADC value and tumor grades
being lower in grade III lesions than in grades I and II
ADC cut off value <0.95 x 10 mm?*/s with AUC, sensi-
tivity, specificity, PPV, and NPV of 0.7, 83%, 54%, 77%,
and 63%, respectively, discriminated grade III lesions from
lesions of grades I and II (Table 6) (Figs. 7, 8, 9, and 10).

No statistically significant difference was found in
ADC values between urothelial and non-urothelial cell
types (Table 7).
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Fig. 6 An intravesical soft tissue mass is seen arising from anterior wall with infiltration of anterior peritoneal reflection and anterior abdominal
wall on T2 WI, seems separable from anterior abdominal wall muscles on DWI. a axial HR T2 image, b coronal HR T2 image, ¢ sagittal HR T2
image, d axial DWI (b 1400) image, and e Axial ADC map with ADC measured within lesion (0.71 X 107 mm?/s). Pathologically proved urothelial
cancer, T4, Gl

Table 4 HR T2WI only and HR T2WI plus DWI to differentiate non muscle invasive from muscle invasive bladder cancer

MRI sequence  Sensitivity N = 37, n Specificity N = 44, n Positive predictive value N = Negative predictive value N = Accuracy
used (%) (%) 16, n (%) 65, n (%)

T2WI 15 (41) 43 (98) 15 (94) 43 (66) 72%

MRI sequence Sensitivity N=37,n  Specificity N = 44, n  Positive predictive value N = 35, n  Negative predictive value N = 46, n  Accuracy
used (%) (%) (%) (%)

T2WI plus DWI 35 (95) 44 (100) 35 (100) 44 (96) 98%
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Table 5 HR T2WI vs. HR T2WI plus DWI differentiate tumors confined to urinary bladder from tumors with extravesical extension

MRI sequence  Sensitivity N = 58, n Specificity N = 23, n Positive predictive value N = Negative predictive value N = Accuracy
used (%) (%) 52, n (%) 29, n (%)

T2WI 52 (90) 23 (100) 52 (100) 23 (79) 93%

MRI sequence Sensitivity N =58, n  Specificity N =23,n  Positive predictive value N = 58, n  Negative predictive value N = 23, n  Accuracy
used (%) (%) (%) (%)

T2WI plus DWI 58 (100) 23 (100) 58 (100) 23 (100) 100%
Discussion concordance with histopathological results in our study

Accurate staging is critical, as prognosis and management
of patients with bladder cancer largely depends on the
local tumor stage as well as lymph node (LN) or distant
metastases [12]. However, there is a substantial discrep-
ancy between preoperative clinical staging (combined bi-
manual examination, TUR, and conventional imaging)
and the final pathologic staging based on radical cystec-
tomy and LN dissection with an inaccuracy rate of 23—
50%, mainly due to understaging of both the depth of local
invasion and LN metastatic involvement [13]. Superficial
tumors are treated with transurethral resection (TUR)
with or without adjuvant intravesical chemotherapy or
photodynamic therapy, whereas invasive tumors are
treated with radical cystectomy, radiation therapy, chemo-
therapy, or a combination [10].

Our study was done to compare between conventional
and functional MRI (i.e., HR T2WT and DWI, respectively)
on 3 T scanner to achieve proper staging and grade
prediction. Our essential results showed more accur-
ate staging when using both HR T2WI and DWI than
using HR T2WI only. Also, we found that using ADC
values to predict tumor grade provided better dis-
crimination of highly aggressive tumor grade (GIII)
than earlier grades (GI and GII).

Several studies assessed the combined use of HR
T2WI and DWI in predicting stage, grade, and possibly
cell type of bladder cancer but usually a 1.5 T scanner
was used. In a study done by Barsoum et al. [8] on a 1.5
T scanner, they found that sensitivity, specificity, and ac-
curacy of T2WT in differentiating T1 or less from T2 to
T4 tumors were 97, 64, and 88% respectively, while com-
bined DWI and T2WI showed sensitivity, specificity,
and accuracy of 100%, 86%, and 96% respectively. Our
study revealed that using only T2WTI to differentiate T1
or less from T2 to T4 tumors had sensitivity, specificity,
and accuracy were 41%, 98% and 72% respectively. Com-
bined use of T2WI and DWI raised the degree of

Table 6 Diagnostic accuracy of ADC cut point in discriminating
grade Il lesions

Cut point AUC 95%Cl Pvalue SN SP
<095 0.7 0.58-0.82 0.003 83% 53.6%

PPV
77.2%

NPV
62.5%

AUC area under the ROC curve, C/ confidence interval, SN sensitivity, SP
specificity, PPV positive predictive value, NPV negative predictive value

when used to differentiate T1 or less from T2 to T4,
where sensitivity, specificity, and accuracy were 95%,
100%, and 98% respectively. There is some difference be-
tween our study and that of Barsoum et al. [8], which
may be due to the difference in number of patients con-
sidering T2WI only for stage assessment. Tekes et al.
[14] reported that 81% of bladder tumors showed SI
similar to bladder wall muscle and overstaging was the
most common error. This may explain relatively de-
creased accuracy of T2WI in our study when evaluating
muscular invasion. In a study done by El-Assmy et al.
[15]—on a 1.5 T scanner—they found that overall sta-
ging accuracy was statistically significantly higher in DW
compared with T2W MRI (P < 0.001). They showed that
T2W MRI could not reliably separate superficial tumors
(T1) from those invading muscle layers (T2) (accuracy
6%) while DWT could diagnose accurately superficial tu-
mors T1 and differentiate them from T2 to T4 tumors
(P < 0.001, accuracy 63.6%). Our study showed an accur-
acy of 72% for T2WI when differentiating T1 from T2-
T4 tumors while combined use of HR T2WI and DWI
showed accuracy of 98%. Higher accuracy staging in our
study than that found in El-Assmy et al.’s study [15] may
be due to the use of 3 T scanner in our study rather
than 1.5 T used in El-Assmy et al’s study [15]. Another
multiobserver study done on 3 T scanner by WU et al.
[7] showed greater accuracy for T2WI and DWI than for
T2WI alone when differentiating T1 or less from T2 to
T4 stages (observer 1, 98% vs. 83% [P < .001]; observer
2, 96% vs. 77% [P < .001]; observer 3, 92% vs. 74% [P <
.001]). Specificity of T2WI and DWI (observer 1,100%;
observer 2, 98%; observer 3, 93%) was greater than that
of T2WI (observer 1, 79%; observer 2, 73%; observer 3,
71%) while sensitivity was not improved even when
T2WI plus DWI were used. This agrees with our study
in terms of specificity and accuracy when using HR
T2WI plus DWI to differentiate the previously men-
tioned staging categories (specificity 100% and accuracy
98%), while using T2WTI only showed specificity and ac-
curacy of 98% and 72% respectively. Meanwhile, sensitiv-
ity in our study was significantly improved when adding
DWI to T2WI unlike the study done by WU et al. [7].
Our study showed T2WI sensitivity of 41% to differenti-
ate T1 or less from T2 to T4 stages, while T2WI plus
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DWTI raised sensitivity to 95% in differentiating T1 or
less from T2 to T4 stages.

Barsoum et al. [8] found that using T2WT only to dif-
ferentiate stages T2 or less from T3 to T4 tumors
showed sensitivity, specificity, and accuracy of 92%, 92
%, and 94% while adding DWT to T2WTI showed sensitiv-
ity, specificity, and accuracy of 100%, 100%, and 100%
respectively. This in strong concordance with our study
that showed HR T2WT sensitivity, specificity, and accur-
acy of 90%, 100%, and 93% respectively, but adding DW1I
to HR T2WI showed sensitivity, specificity, and accuracy
of 100%, 100%, and 100%, which matched Barsoum
et al’s results [8]. While in El-Assmy et al’s study [15],

when the stages were grouped as T1-T2 and T3-T4,
staging accuracy for organ-confined disease (<T2) was
significantly higher in DW compared with T2 MRI
(69.7% and 15.1%, respectively; P < 0.001). In non-organ
confined disease (>pT2), staging accuracy was 92.5%
and 80.1% for DW and T2W MRI, respectively (P >
0.05).

From the previous comparisons between our results
and previous studies, we can explain the significant in-
crease in accuracy levels especially when differentiating
non muscle invasive (T1) from muscle invasive (T2-T4)
tumors by the use of 3 T instead of 1.5 T scanners as
well as the combined use of HR T2WI and DWI instead
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of HR T2WI or DWI alone. This agrees with the meta-
analysis study done by Huang et al. [16], which revealed
that studies that used a 3.0-T device and DWI pulse se-
quence had the highest sensitivity and specificity for
bladder cancer T staging in all studies and also agrees
with Abou El-Ghar et al.’s study [17], which addressed
that addition of DWI improves tumor staging by MRIL
Several authors had reported decreased ADC value
among malignant lesions due to dense cellularity and
large cellular size [18]. In the study done by Abd elsalam

and Abdelbary [10], the mean ADC of G1 tumors was
significantly higher than that of G2 and G3 tumors.
Meanwhile, there was an inverse relationship between
the mean ADC values and the histological grade of the
tumor. This agrees with results in our study that showed
statistically significant negative correlation of moderate
strength between ADC value and tumor grades, where
GIII lesions showed lower ADC values than in GI and
GIIL. However, in our study, there was no statistically sig-
nificant difference in ADC values that could differentiate
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Fig. 10 A box plot that shows median and interquartile range (IQR) of ADC values of Glll lesions and those of grades I/Il lesions
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Table 7 Comparison of ADC values between urothelial and
non-urothelial cell types

Statistic Urothelial Non-urothelial Z value P value
N 72 9 —0.747 0455
Median 0.8 08

IQR 0.7-1.0 0.7-1.0

P value: Mann-Whitney U test

between GI and GII lesions. This may be due to rela-
tively small proportion of GI and GII patients in our
study (28 patients) while 53 patients were GIII lesions.

Dynamic contrast-enhanced MRI is an imaging modal-
ity used in the staging of bladder cancer via assessment
of tumor vascular behavior and angiogenesis that can
affect therapy planning with antiangiogenic therapy [19].

Multiparametric MRI (mPMRI) is also considered an
important tool to assess response to chemotherapy and
radiotherapy for bladder cancer patients [20]. mpMRI in-
cludes T2WIs, DWI, and dynamic contrast-enhanced
study [12] and its findings are used to provide guidelines
for detection of muscle invasion through Vesical
Imaging-Reporting and Data System (VI-RADS) [20].

DWI showed many advantages regarding acquisition
such as being a sequence of short duration, non-
invasive, and of course does not use ionizing radiation.
Also, it provided much data regarding staging and grade
of bladder cancer without the need to administer con-
trast medium, particularly useful in patients with renal
impairment. The acquisition was done either breath hold
or with shallow respiration, which is helpful to severely
ill or obese patient.

Our study had some limitations in aspects of a rela-
tively small number of G1 and GII patients. In addition,
the use of non-contrast studies only did not evaluate the
role of dynamic contrast studies in comparison to HR
T2WI and DWI as we focused on the role of these two
entities representing conventional and functional se-
quences, respectively.

Conclusion

3T scanners have the potential to achieve higher capabil-
ity in evaluation of urinary bladder cancer. Combined
use of DWI and HR T2WI provides more accurate urin-
ary bladder cancer staging and prediction of aggressive-
ness of certain histologic grade (GIII) lesions using ADC
values.
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