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Diffusion weighted magnetic resonance imaging in bladder
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Introduction To assess if the apparent diffusion coefficient (ADC) value of magnetic resonance imaging
(MRI) can discriminate between the cell type, histological grade and improve staging of urinary bladder
cancer (BC).

Material and methods 102 patients with urinary bladder masses underwent MRI using a 1.5 T machine.
T2 weighted and diffusion weighted imaging (DW!I) using b values of 0, 150, 500 and 1000 s/mm? were
done. The ADC values of bladder masses were measured. These values were correlated with the histo-
pathologic results. The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy of T2WI, DWI and T2W!I plus DWI for detecting bladder lesions were evaluated.
Results The cut-off ADC value for diagnosing malignant bladder wall pathologies was <1 x 10° mm?2/s with
94.5% sensitivity and 87.5% specificity. The mean ADC value of different malignant cell types was statisti-
cally insignificant. A significant difference in ADC values was found between G1 and G3 (P = 0.000),

G2 and G3 (P = 0.045) but not between G1 and G2 (p = 0.066). Staging accuracy for differentiation
between invasive and non-invasive lesions was nearly the same for all MRI data sets. For differentiation
between organ confined (pT1-pT2) and non-organ confined lesions (pT3—pT4), staging accuracy was
better in T2WI plus DWI (83%) as compared to DWI alone (77%) or T2WI alone (75%).

Conclusions Adding DWI and the ADC value to T2WI improve the accuracy of MRl in BC detection and
staging. However, at this time point, MRI cannot replace transurethral resection (TUR) biopsy or distin-
guish sharply between all different histologic grades and cell types.

INTRODUCTION

Bladder cancer (BC) is one of the more common
cancers in Egypt [1]. Differentiating the histopatho-
logical types, tumor grade and the depth of tumor
invasion are critical for determining the therapeutic
approach and are highly correlated with the progres-
sion, recurrence and patient's survival [2]. Neoadju-
vant chemotherapy followed by radical cystectomy
(RC) with lymphadenectomy is the standard treat-
ment for muscle invasive tumors, whereas trans-
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urethral resection (TUR) *chemo/immunotherapy
is the treatment of choice for non-muscle invasive
tumors [3].

Until now, the only sure method for assessing the
stage and grade of BC is the TUR biopsy, which is inva-
sive and not without hazards and may be risky in pa-
tients with hemorrhagic diathesis. Recent studies are
searching for a less invasive alternative. T2-weighted
and dynamic contrast enhanced MRI (DCE MRI)
are used for staging of BC, which seemed to be supe-
rior to computed tomography urography (CTU)[4].
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In a study evaluating the role of CTU in BC, Helenius
et al. found that the detection rate of CTU was com-
parable to flexible cystoscopy [5]. In another study
comparing CTU and MRU, Gandrup et al. found that
the multiparametric MRI is superior to CTU in the
diagnosis of BC where the sensitivity and specificity
of CTU and MRU were 61.5% and 94.9% and 79.9%
and 93.4% respectively [6].

However, overstaging remains a major drawback
of MRI [4]. In addition, DCE MRI requires the use
of gadolinium-based contrast agents, which should
be avoided in patients with impaired renal function.
To overcome these limitations, diffusion weighted
imaging (DWI) has been investigated for diagno-
sis, staging, grading and assessment of treatment
response in BC [7].

DW MRI tests the mobility of water molecules
(Brownian motion) inside the tissues, by applying
two equally sized but opposite diffusion sensitiz-
ing gradients (with 2 different b-values) to generate
an image contrast [8, 9]. Water molecules' diffusion
is inversely correlated to the tissue cellularity and
the integrity of cell membranes. In malignant lesions
with a high cellular density and intact cell mem-
branes, diffusion is restricted. However, it is less
restricted in areas of low cellular density [10, 11].
Herein, we evaluate the utility of the apparent diffu-
sion coefficient (ADC) values of DW MRI in BC and
its potential role in predicting clinical stage, grade
and cell type.

MATERIAL AND METHODS

Between December 2013 and August 2015, 102 pa-
tients who attended our oncological urology out-
patient clinic with bladder wall lesions diagnosed
either clinically or radiologically (other than MRI)
were included in this prospective study. They were
subjected to MRI using a 1.5 T superconducting
imager (Achieva, Philips health care, the Nether-
lands) using a 16 channel pelvic phased-array coil.
Then, all patients underwent cystoscopy and bi-
opsy. This study was approved by the local ethical
committee. Exclusion criteria were contraindica-
tions for MRI (e.g. pacemaker, metallic prostheses
or claustrophobia), contraindications for TUR biopsy
(e.g. hemorrhagic diathesis) and patients with previ-
ous history of transurethral resection of bladder tu-
mor (TURBT).

MRI examination
Patients were advised to drink plenty of fluids

to distend the urinary bladder and to withhold mic-
turition for at least 1 hour before MRI examination.

In those with a fixed urethral catheter, clamping the
catheter 2 hours before the examination or saline in-
fusion into the bladder was done until the patients
perceived the sensation of a full bladder. No bowel
preparation was done.

Pulse sequences and scanning planes

High spatial resolution T2-weighted images
(T2WI) of the bladder were obtained in both ax-
ial and sagittal planes using Repetition Time
(TR) = 4154 ms, Echo Time (TE) = 120 ms, band-
width = 1 kHz, 180 X 170 matrix, slice thickness
of 6 mm, intersection gap of 0.5 mm and field
of view (FOV) = 250 mm.

DWI was then obtained in the axial plane under free
breathing using mono-directional gradients with
a single shot spin-echo-planar sequence with the
following parameters: TR = 1000 ms, TE = 67 ms,
bandwidth = 142 kHz, 128 matrix, slice thickness of
6 mm, intersection gap of 1 mm and FOV = 240 mm,
water excitation with b values of 0, 150, 500 and
1000 s/mm?.

Image analysis and interpretation: it was
divided into:

Qualitative analysis: The site, size, heterogene-
ity, tumor margins, and lymph nodes (LNs) sig-
nal intensity (SI) were assessed on T2WI, DWI,
T2WI plus DWI and the ADC map (Figure 1 and
Figure 2).

Quantitative analysis: The ADC was measured to
estimate the degree of diffusion. It was measured
by drawing a region of interest (ROI) over the most
hypointense area within the tumor in the ADC
map by only one examiner to avoid inter-observer
variations. Malignancy is suggested at ADC value
of 1 x 10°* mm?/s at b value between 0 and 1000 s/mm?
[7-13]. The short axis of the lymph nodes was mea-
sured, and if it was >8 mm or if the lymph node
had a low ADC value, it was considered malignant
[14, 15]. All MR images sets were interpreted blind-
ed to histopathologic information.

T staging on T2WI

Since normal bladder musculosa is seen as a low
SI line, the tumors are considered stage T1 or lower
if this line is preserved. Stage T2 or higher is sug-
gested when this low SI line is disrupted focally
in the region underlying the tumor. Lesions extend-
ing beyond this line into the perivesical fat are con-
sidered T3 and extending to the adjacent organs
as T4 [10-16].
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Figure 1. A 50-years old woman with squamous cell carci-
noma, Gll, pT3. (A) T2-weighted axial imaging shows a tumor
with intermediate signal intensity arising from the left lateral
wall of the bladder (curved arrow). (B) Diffusion-weighted
image (b = 1000 s/ymm?) depicts the tumor as having hyperin-
tense signal intensity with an irregular outline (curved arrow).
(C) Apparent diffusion coefficient map: 0.9 x 10° mm?/s

(D) Moderately differentiated Squamous cell carcinoma infiltrat-
ing the muscularis propria of the urinary bladder, H&E, x200.

weighted imaging shows a tumor with intermediate signal
intensity on the left posterolateral side of the bladder.

(B) Diffusion-weighted image of the tumor shows restricted
diffusion. (C) Apparent diffusion coefficient map: 1.4 x 10° mm?/s.
(D) Bilharzial cystitis showing multiple bilharzial ova (arrows)
in the lamina propria of the urinary bladder surrounded by
chronic inflammatory cells, H&E, x200.

T staging on DWI

Cancer is reported as a high SI lesion. Hence, T1
or lower stages are considered if: a thin, flat, high SI

area or high SI mass with a low SI submucosal stalk
(stalk sign) or a thickened submucosa was found.
A high SI tumor without a submucosal stalk and
with a smooth margin indicates stage T2; extension
into the perivesical fat with an irregular margin
indicates T3; and extension into adjacent organs
indicates T4 [13].

Histopathologic analysis

All specimens were fixed in 10% formalin, embedded
in paraffin, cut and stained with a hematoxylin and
eosin stain. Specimens were examined histopatho-
logically to assess the type of lesion, type of malig-
nant tumor, its grade and stage. Malignant tumors
were classified and graded according to the World
Health Organization classification [17]. Tumor stag-
ing was identified according to the American Joint
Committee on Cancer/Union for International Can-
cer Control TNM system [18].

Statistical analysis

T-test was used to compare between benign and ma-
lignant bladder lesions. ANOVA with post Hoc test
was used to compare the mean ADCs and the his-
tologic grades. ROC curve was used to determine
the cutoff value of ADC. P value <0.05 is considered
statistically significant. The sensitivity, specific-
ity, positive predictive value (PPV), negative predic-
tive value (NPV) and accuracy of T2WI, DWI and
T2WI plus DWI were evaluated. Diagnostic accuracy
of MRI staging as compared to pathologic staging
was assessed on a stage-by-stage basis. To assess
the three MRI data sets for diagnosing muscle and
perivesical invasion, ROC curve analyses was used.
The area under the curve (AUC) was then compared
for the three data sets.

RESULTS

Malignant lesions were encountered in 94/102 pa-
tients (92.2%) and benign lesions in 8/102 (7.8%).
The latter were excluded from the staging process.
The presenting symptoms, tumour characteristics
and histopathologic analysis are shown in Table 1.

ADC and histological cell types

All malignant lesions (No = 94) and 5/8 of the be-
nign lesions showed restriction in DWI. There was
a statistically significant difference between benign
and malignant bladder wall pathologies (P <0.001).
The cut-off value by the ROC curve for diagnos-
ing malignant bladder wall pathologies according
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to ADC values was <1 x 10 mm?/s with 94.5% sensi-
tivity and 87.5% specificity, P <0.0001, AUC = 0.934,
and 95% confidence interval of 0.867 to 0.974. Table 2
shows the mean ADC of different cell types.

ADC and histological grade

There was an inverse relationship between the tu-
mor grade and the ADC value. According to the
WHO grading system (1998), the majority of the
tumors were G3 [No = 65 (69.2%)]. G2 was found
in 19 patients (20.2%) and G1 in 10 patients
(10.6%). A significant difference in ADC values was
found between G1 and G3 (P <0.001), G2 and G3
(P = 0.045) but not between G1 and G2 (p = 0.066).
According to the WHO grading system (2004),
high-grade tumors [No = 84 (89.4%)] showed
significantly lower ADC than low-grade tumors
[No = 10 (10.6%)] (P = 0.0460, AUC: 0.74, 95%
Confidence interval = 0.641-0.825). The ADC cutoff
<0.9 x 10 mm?/s identified high-grade from low grade
tumors with 91.7% sensitivity and 60% specificity.

Histopathologic staging

T stage was pathologically (p) confirmed in 54 pa-
tients by TURBT and partial or radical cystectomy,
while 39 patients underwent TUR biopsy only which
did not allow the differentiation between T2 and
higher lesions (these were excluded from the analy-
sis of organ confined vs. non-organ confined tumors).
One patient had undetermined T stage (Tx) and was
excluded from T stage analysis. The 54 pathological-
ly proven stages were as follows: T1 [No =10 (9.8%)],
T2 [No = 20 (19.6%)]1, T3 [No =16 (15.7%)] and T4
[No = 8 (7.8%)] (Figure 3).

Tumor detection

All lesions identified by DWI were clearly shown
on images obtained at b = 1000 S/mm? as high SI
in relation to the bladder wall and the surrounding
urine. The sensitivity and PPV for T2WI in identi-
fying bladder tumors were 100% and 91.5% respec-
tively, and 98% and 96.6% respectively for DWI alone
or plus T2WI. One false negative case in DWI — which
was proven to be pT1 - decreased the sensitivity
of both DWI and DWI plus T2WI.

Accuracy for differentiation between non-muscle-
invasive bladder cancer (NMIBC) (pTis-pT1) and
muscle-invasive bladder cancer MIBC (pT2-pT4),
was nearly the same for all MRI data sets (96.7%
for DWI alone or T2WI plus DWI and 95.7% for
T2WI). When the stages were grouped as organ con-
fined (pT1-pT2) and non-organ confined (pT3-pT4),

Table 1. Patients’ characteristics

Number 102

Age range, years (mean *SD) 13-80 (56.5 +11.1)

Sex, No. (%) 93 males (91.2%), 9 females (8.8%)
Smoking history 38 (37.2%)
Presenting symptoms

* Hematuria 80%

¢ Dysuria 11%

® Burning micturition 8%

e Others 1%

Operative technique
e Transuretheral resection biopsy 40
e Transuretheral resectionof tumor 18

 Radical/Partial cystectomy 44

Nature of the lesion
e Malignant 94 (92.2%)
¢ Benign 8(7.8%)

Mean size of bladder tumours 4.7 +1.8 cm (range: 1-10 cm)

The histopathologic types
* malignant lesions Transitional cell carcinoma (No = 67)

Squamous cell carcinoma (No = 22)
Adenocarcinoma (No = 4)
Sarcoma (No =1)
¢ Benign lesions

Billharzial cystitis (4)

Non-specific cystitis (4)

Table 2. The mean apparent diffusion coefficient of different
cell types

Meanapparent diffusion

coefficient P values
Benign lesions 1.2 £0.15 x 10 mm?/s
Malignant tumours 0.78 £0.19 x 103 mm?/s P <0.001
Malignant cell types
Transitional cell carcinoma 0.76 £0.21 x 10 mm?/s
Squamous cell carcinoma 0.83 #0.14 x 10° mm?/s
Adenocarcinoma 0.9+0.12 x 10° mm?/s
Sarcoma 0.6 +0 x 10° mm?/s P=0.156

staging accuracy was better in T2WI plus DWI (83%)
as compared to DWI alone (77.4%) or T2WI alone
(75.9%).

There was a statistically significant difference
in diagnosis of invasive tumor depending on ADC
value (P <0.001) with a cutoff <0.8 x 10° mm?/s
with 72.3% sensitivity and 81.8% specificity.

Stage prediction using stalk sign or submucosal
component

Nineteen tumors with a positive stalk sign were
detected by DWI and/or T2WI. Seventeen tumors
(in 10 patients) proved to be pT1, while 2 (in 2 pa-
tients) proved to be pT2.

In DWI: stalk sign was detected in 14 (82.4%) and
was absent in 3 (17.7%) of the pT1 tumors. Also,
it was detected in the 2 pT?2 tumors.
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Figure 3. A flow chart showing the procedures done to the
patients.

In T2WI: stalk sign was detected in 4 (23.5%) and
was absent in 13 (76.5 %) of the pT1 tumors. How-
ever, it was detected in the 2 pT2 tumors.

Prediction of metastatic lymph nodes

T2WI identified suspicious lymph nodes in 17/44 pa-
tients (39.5%) who underwent cystectomy due to
a short axis diameter of 8 mm. DWI identified
18 (41.9%) patients based upon the restriction of
a high b value and low ADC value. Only 2 patients had
pathologically proven lymph-node metastases (ADC
of 0.8 x 10 mm?/s), while other LNs proved to be reac-
tive hyperplasia (mean ADC = 0.4 x 10 mm?/s).

DISCUSSION

Proper staging and grading of BC is important for
choosing a suitable treatment option [18, 19]. Also, dif-
ferentiation between organ-confined and non-organ-
confined BC is essential, as patients with extravesical
tumors show higher recurrence rates and worse sur-
vival than those with organ-confined ones [4, 19].
Several reports investigated the ability of DW MRI
to distinguish the cell type, stage and grade of BC as
a non-invasive method [4, 13]. In our study group,
complications of TUR occurred in 11 (10.7%) pa-
tients. Bleeding occurred in 5 (4.9%) — two required
hemostatic dose of radiotherapy after failure of con-
servative measures — postoperative high grade fever
in 3 (2.9%), ureteric obstruction in 2 (1.9%) and blad-
der perforation which required immediate drainage
occurred in one patient (0.9%). The resultant in-
creased hospital stay and the additional cost of the
TUR biopsy are less cost-effective in comparison
to the less invasive and somewhat expensive MRI.
In the current study, all bladder tumors were clear-
ly visible in DWI at a high b value (1000 s/mm?)
as a bright SI relative to the bladder wall and sur-

rounding tissue with 98% sensitivity as previously
reported by other researchers [12, 20, 21]. Also, and
in accordance with others [22, 23], there was a statis-
tically significant difference between malignant and
benign bladder wall pathologies.

Although ADC cut off values differ between centers
and there is no standard for how to perform DWI, dif-
ferent scanners may give different results. However,
every center performing and reporting on the tech-
nique rely, to a considerable extent, on its validity to
differentiate between benign and malignant lesions.
In the current study, the mean ADC of malignant
tumors was 0.78 x 10° mm?/s which was lower than
other studies, reporting a mean ADC of malignant
tumors of 1 x 10 mm?/s [12, 13, 22, 23]. The cut-
off value in the ROC curve for differentiating ma-
lignant and benign tumors was <1 x 10® mm?s
with 94.5% sensitivity and 87.5% specificity. How-
ever, Avcu et al. reported a higher cut-off ADC value
of 1.5 x 10 mm?/s with nearly the same sensitivity
(94.1%) and a higher specificity (95.7%) [22]. In their
report, they evaluated 17 non-malignant pathologies
including 4 with restricted diffusion (2 polypoidal
masses and 2 eosinophilic cystitis). The other 13 cas-
es with facilitated diffusion included 12 with blad-
der wall thickening due to BPH and 1 eosinophilic
cystitis. This difference in ADC cut-off value may be
explained by the fact that only bladder masses were
evaluated in our study and most of benign masses
(5/8) showed restriction in DWI, hence, the lower
ADC cut-off value. Other studies also reported mild
restriction in benign lesions if compared to the nor-
mal bladder wall [11-24].

Proper T staging of BC in the current study was
improved by adding DWI to T2WI. Both together
showed higher accuracy (68.5%) than T2WI alone
(63%). This was in accordance with other research-
ers. [13, 21, 25, 26].

In our study, the cut-off ADC value that differ-
entiated high grade from low grade tumors was
0.9 x 10 mm?/s. Other studies reported cut-off val-
ues as 0.82 x 10 mm?/s [19] and 1.135 x 10 mm?/s
[22]. In these studies, a smaller sample size may ex-
plain the difference between our cut-off values and
theirs. The inverse relationship between ADC values
and tumor grade was previously reported by others
[13, 27, 28].

Regarding the histological subtypes of BC, we didn't
encounter a statistically significant difference be-
tween mean ADC values of different cell types.
However, a larger case study may find a significant
difference between different cell types. Other inves-
tigators had similar results but with a very small
number of urothelial squamous cell carcinoma (SCC)
[23, 28]. Daggiilli et al., reported on 22 patients with
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transitional cell carcinoma (TCC) and 13 with uro-
thelial SCC. They found a significantly lower mean
ADC for SCC at b 100 and b 600 [24]. This differ-
ence may be related to the small number of patients
and lower b value used in his study in comparison
to ours.

MIBC patients showed significantly lower ADC val-
ues than those with NMIBC, with a cut-off ADC
value of 0.80 x 10®* mm?/s. This was similar to other
studies. [10, 26, 27] DWI alone and DWI plus T2WI
had a higher accuracy (96.7% and 96% respectively)
than T2WI in differentiating between NMIBC and
MIBC. These results are in accordance with other
investigators [13, 25, 26, 29]. However, El-Assmy's
et al., [30] and Abdel-Rahman et al. [20] reported ac-
curacy of DWI alone of 63.6% and 75% respectively.
Abdel-Rahman et al., reported accurate staging in
30 patients (75%), under-staging in 8 (20%) and
over-staging in 2 patients (5%) [20]. This was compa-
rable to our study where DWI staging was accurate
in 37 (68.5%) patients.

Regarding differentiation of organ confined from
non-organ confined BC, staging accuracy of DWI
alone was 77.4% which was higher than El-Assmy's
et al. (69.6%) [30] and lower than Abdel-Rahman et
al. [20] and Wu et al. [29] who reported accuracy be-
tween 90-95%. DWI plus T2WI had a higher accura-
cy (83%) in differentiating organ confined from non-
organ confined tumors as compared to T2WI alone
(75.9%) or DWI alone (77.4%). Also, other studies
reported a higher accuracy for combined modalities
ranging between 87-99%. [11-26, 29].

Most of the tumors with a stalk in T2WI and DWI
were pT1l. DWI alone had 82.4% accuracy while
T2WI alone had 23.5% accuracy in the diagnosis
of pT1 using the stalk sign. This corresponded with
other studies [11, 13]. Although the stalk sign is seen
more in pT1, it was also present in pT2 [11].

In the current study, only 2/18 LNs proved to be
malignant; the other 16 had reactive hyperplasia.

REFEICNCES ...

The marked overlap of ADC values in our study
between benign and malignant lymph nodes can
be explained by the increased restriction of the
water molecules' movement in the reactive hyper-
plastic nodes. Papalia et al., 2012, reported a mean
ADC of metastatic LNs of 0.85 x 10°® mm?/s and
1 x 10 mm?/s for benign LNs, with a cutoff point
of 0.86 x 10 mm?/s. However, the small number in
their study (36 patients) and the nature of reactive
hyperplasia which restricts the water molecules'
movement undermines these results [31].

The inherent limitations to MRI are its availability
as a basic diagnostic tool and the artifacts that might
occur due to the mobility of the examined organs
with breathing, a corrugated mucosa in a poorly
distended bladder, a very thinned out bladder wall
due to overfilling or susceptibility artifacts that can
occur next to gas-filled bowel or post-cystoscopy gas
bubbles within the bladder [32]. To minimize these
artifacts, suitable bladder filling and performing
cystoscopy after MRI examination were adopted.
The artifacts due to mobility are probably minimal
in the bladder in relation to other organs due to its
pelvic location. The susceptibility artifact usually
gives a false positive test or may lead to upstaging.
While there was no false positive diagnosis of a blad-
der mass, some of our patients didn't perform cys-
tectomy, leaving upstaging to non-organ confined
disease a possibility.

CONCLUSIONS

Adding DWI and ADC value to T2WI improves the
accuracy of MRI in BC detection and staging. How-
ever, at this point in time, MRI cannot replace TUR
biopsy or distinguish sharply between all different
histologic grades and cell types.
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