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To prospectively evaluate the ability of diffusion-weighted
(DW) magnetic resonance (MR) imaging to be used to
determine the T stage of bladder cancer and to measure
the correlation between the apparent diffusion coefficient
(ADC) and histologic grade.

This study was approved by the local institutional review
board. All patients gave written informed consent. Forty
patients with a total of 52 bladder tumors underwent MR
imaging that included DW imaging. Histologic grade was
determined for all tumors. Two radiologists interpreted
four image sets (ie, T2-weighted images alone, T2-
weighted plus DW images, T2-weighted plus dynamic con-
trast agent-enhanced images, all three image types to-
gether). Conventional criteria were used for interpreting
T2-weighted and contrast-enhanced images. For DW im-
ages, new staging criterion developed on the basis of the
hypothesis that tumors, submucosal tissue, and muscles
show high, low, and intermediate signal intensity, respec-
tively, was used. The McNemar test was used to examine
differences in accuracy, sensitivity, and specificity. Differ-
ences in the performance were analyzed by comparing the
areas under the receiver operating characteristic curves
(A, values). To compare ADCs between three histologic
grades, analysis of variance was used.

The overall accuracy of T stage diagnosis was 67% for
T2-weighted images alone, 88% for T2-weighted plus DW
images, 79% for T2-weighted plus contrast-enhanced im-
ages, and 92% for all three image types together. The
overall accuracy, specificity, and A, for diagnosing T2 or
higher stages were significantly improved by adding DW
images (P < .01). The mean ADC of G3 tumors was signifi-
cantly lower than that of G1 and G2 tumors (P < .01).

DW images provided useful information for evaluating the
T stage of bladder cancer, particularly in differentiating T1
or lower tumors from T2 or higher tumors. The ADC may
in part predict the histologic grade of bladder cancer.

© RSNA, 2009
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linical management of urinary

bladder cancer is determined pri-

marily on the basis of distinguish-
ing superficial tumors (stage T1 or
lower) from invasive ones (stage T2 or
higher) because the treatment options
differ considerably. Superficial tumors
are treated with transurethral resection
(TUR) with or without adjuvant intra-
vesical chemotherapy or photodynamic
therapy (1), whereas invasive tumors
are treated with radical cystectomy, ra-
diation therapy, chemotherapy, or a
combination (2). Therefore, preopera-
tive imaging studies would play an im-
portant diagnostic role if they could be
used to precisely differentiate between
the two categories of bladder cancer.
Dynamic magnetic resonance (MR) im-
aging appears to be more useful than
computed tomography for staging blad-
der cancer (3-9), but overstaging has
been reported to be a common error
when using dynamic MR imaging (3).
Contrast agents can have adverse ef-
fects, including nephrogenic systemic fi-
brosis (10). Transurethral endoscopic ul-
trasonography is more invasive. Therefore,
further improvement of a diagnostic modal-
ity may be desirable.

Advances in Knowledge

B Submucosal components showed
low signal intensity on diffusion-
weighted (DW) MR images, rep-
resenting a mixture of markedly
edematous submucosa, fibrous
tissue, capillaries, and mild in-
flammatory cell infiltration.

B The accuracy for diagnosing the T
stage of bladder cancer was signif-
icantly improved when DW im-
ages were viewed together with
T2-weighted images (P = .006).

B The specificity for differentiating
T1 or lower tumors from T2 or
higher tumors was significantly
improved when DW images were
viewed with T2-weighted images
(P =.004).

B The apparent diffusion coeffi-
cients (ADCs) of G3 tumors were
significantly lower than those of
G1 and G2 tumors (P < .01).

The usefulness of diffusion-weighted
(DW) MR imaging for depicting malig-
nant tumors (11-16) and an apparent
diffusion coefficient (ADC) (17-23) for
characterizing tumor grades have been
suggested recently. Matsuki et al (24)
reported that the ADCs of urinary blad-
der cancers were lower than those of
surrounding structures and that the tu-
mors were clearly depicted as lesions
with high signal intensity (SI) on DW
images. We conducted this study to pro-
spectively evaluate the usefulness of
DW imaging for determining T stage for
bladder cancers and to measure the cor-
relation between ADC and histologic
grade.

Materials and Methods

Study Design

Approval for the study was obtained
from the local institutional review board.
Written informed consent was obtained
from all patients. The diagnostic accu-
racy of dynamic MR images for staging
bladder cancer has been reported to be
between 52% and 93% (3-9). If the ac-
curacy of dynamic MR imaging is as-
sumed to be 75%, a total of 40 tumors
was considered to be required to de-
tect differences of 20% between dy-
namic MR imaging alone and dynamic
plus DW MR imaging with a signifi-
cance level of .05 and a statistical
power of 80%.

Patient Population

Between July 2006 and November
2007, 64 consecutive patients who
were suspected of having bladder can-

Implications for Patient Care

B DW imaging may be useful in
treatment planning and in deter-
mining the prognosis in patients
with bladder cancer.

B The excellent specificity of DW
images (97%) for enabling diag-
nosis of muscle invasion would
help guide therapeutic planning.

B The presence of a low (<1 X 1073
mm?/sec) ADC could indicate that
the tumor is more likely to be G3.

cer and who did not have impaired
renal function underwent contrast
agent—enhanced MR imaging. All 64
patients underwent TUR or transure-
thral biopsy after imaging, and seven
patients were excluded because blad-
der cancer was not proved. Seventeen
other patients were excluded because
their cancers appeared to be clinically
noninvasive, but it was not histologi-
cally confirmed whether the tumors
were invasive or noninvasive. The re-
maining 40 patients formed the basis
of this report. Noninvasive bladder
cancer was proved in 23 patients, and
invasive bladder cancer was proved in
17. Four of the 23 patients with non-
invasive cancer and 13 of the 17 pa-
tients with invasive cancer underwent
radical cystectomy (Fig 1). Patients
with tumors invading the muscle or
intravesical chemotherapy-resistant
multiple relapses, good cardiopulmo-
nary function, and good performance
status and without nodal and distant
metastases were considered to be can-
didates for radical cystectomy.
Pathologic stage was determined in
40 patients (age range, 49-85 years;
mean, 70 years). There were 34 men
(age range, 49-83 years; mean, 70
years) and six women (age range,
63-85 years; mean, 73 years). Eight pa-
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tients had multiple tumors (12 addi-
tional tumors), so a total of 52 tumors
were analyzed. All patients underwent
surgery within 41 days (mean, 7 days)
after MR imaging. In patients who under-
went TUR, an additional deep muscle bi-
opsy was performed at the base of the
tumor. When no tumor cells were found,
the pathologic stage was classified as T1
or less. Twelve to 140 days (median, 98
days) before the MR examination, 16
(40%) of 40 patients had undergone
transurethral biopsy intravesical chemo-
therapy, systemic chemotherapy, or a com-
bination of these two methods.

MR Imaging Technique

To moderately distend the bladder, all
patients were prohibited from urinating
for at least 1 hour before examination. To
reduce bowel motion, 18 (45%) of the 40
patients received 20 mg of scopolamine
butylbromide (Buscopan; Boehringer In-
gelheim, Tokyo, Japan), and five (12%)
received 1 mg of glucagon (Glucagon G
Novo; Novo Nordisk Pharma, Tokyo, Ja-
pan). The remaining 17 (42%) patients
had a contraindication to the drug regime
or rejected antispasmodic agents.

MR imaging was performed by using
a 1.5-T imager (Gyroscan Intera; Philips
Medical Systems, Best, the Nether-
lands) with a maximum amplitude of the
gradients of 33 mT/m and a maximum
slew rate of 180 T/m/sec and equipped
with a radiofrequency coil (Quadrature
body coil; Philips Medical Systems) and

a phased-array 5-channel sensitivity en-
coding cardiac coil (Philips Medical Sys-
tems).

Turbo spin-echo T2-weighted im-
ages (repetition time msec/echo time
msec, 4390-5424/120; matrix, 256 X
189; section thickness, 4 mm; gap, 0.4
mm; number of sections, 19-24; acqui-
sition time, 91-117 seconds; field of
view, 23 cm; sensitivity encoding factor,
1.5) and DW images were obtained in
the axial and sagittal planes. We also
evaluated DW images at a plane per-
pendicular to the base of tumors, but we
found that better signal-to-noise ratios
were obtained at axial and sagittal
planes than at the perpendicular plane,
so axial and sagittal images were used
for evaluation. T2-weighted images were
also evaluated in the axial and sagittal
planes, in accordance with the DW im-
ages. The DW images were obtained
by using a single-shot spin-echo echo-
planar sequence with chemical shift—
selective fat-suppression techniques (b,
0 and 1000 sec/mm? [DW gradients ap-
plied in three orthogonal directions];
2790-4560/88; matrix, 128 X 109; sec-
tion thickness, 4 mm; gap, 0.4 mm; field
of view, 25-33 cm; number of sections,
19-24; number of signals acquired, 14;
sensitivity encoding factor, 2; acquisi-
tion time, 146-196 seconds). Prelimi-
narily, various numbers of signal acqui-
sitions were evaluated, and this number
appeared to be appropriate to yield DW
images of sufficient quality. To gain bet-

ter signal-to-noise ratios, a larger field
of view was used for DW imaging than
for T2-weighted imaging, and a thicker
section was used for T2-weighted and
DW imaging than for T1-weighted fast
field echo imaging.

T1-weighted fast field-echo images
with a water-selective excitation tech-
nique (9.8-10.4/4.9-5.2; flip angle,
20°; matrix, 224 X 214; section thick-
ness, 3 mm; gapless; field of view, 35
cm; number of sections, 24-27; sensi-
tivity encoding factor, 2; acquisition
time, 26-30 seconds) were obtained
before and after administration of 0.2
mL per kilogram of body weight gado-
pentetate dimeglumine (Magnevist; Bayer
Yakuhin, Osaka, Japan) or gadodiamide
(Omniscan; Daiichi Sankyo Pharmaceu-
ticals, Tokyo, Japan). It was assumed
that the two agents had the same effec-
tiveness for contrast enhancement (25).
Dynamic contrast-enhanced images
were obtained at planes perpendicular
to the base of the tumors. Images were
acquired at 30, 60, 90, and 120 sec-
onds after injection of the contrast
agent. For all imaging, repetition and
echo times were set to be as short as
possible, depending on the number of
sections and the angle between the
body axis and imaging plane; there-
fore, they were variable.

T Staging for Bladder Cancer

Stage Description
MRI ) ] o
n=64 Tis Carcinoma in situ
Ta Papillary noninvasive tumor
TUR or biopsy T Tumor invades subepithelial
n=64 connective tissue
T2a Tumor invades superficial muscle
1 bladd > oT2 bladd Bladder cancer but T2b Tumor invades deep muscle
<p adder cancer 2p adder cancer No bladder cancer . A .
n=23 n=17 invasiveness undetermined a7 T3a Tumor invades perivesical tissue
n=17 microscopically
T3b Tumor invades perivesical tissue
No indication for No indication for macroscopically
] radlcal:zlf;ectomy radical (r:])iatectomy T4a Tumor invades prostate, uterus, or
— vagina
Radical cystectomy Radical cystectormny T4b Tumor invades pelvic or abdominal
n=4 n=13 wall
Figure 1:  Flow diagram of patients. Source.—Reference 26.
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A2
A

flat with submucosal stalk thickened submucosa

without submucosal components bulging with smooth surface

irregular margin extending to adjacent organ

Figure2:  Schematic shows diagnostic criteria for using DW imaging for staging bladder cancer. Cancer
component, muscle layer, and submucosa show high, intermediate, and low SI, respectively. Submucosal
stalk or thickened submucosa indicates T1 or lower stage; smooth tumor margin without submucosal compo-
nents, T2; irregular margin toward the perivesical fat tissue, T3; and extension into adjacent organs, T4.

Table 2

Diagnostic Accuracy for Differentiating Stage Tis to T1 Tumors from T2 to T4 Tumors

Image Set Sensitivity Specificity Accuracy
T2 weighted 15/17 (88) 26/35 (74) 41/52 (79)
T2 weighted plus DW 15/17 (88)* 35/35 (100)" 50/52 (96)"
T2 weighted plus contrast enhanced 16/17 (94) 30/35 (86) 46/52 (88)
All three types 16/17 (94) 35/35 (100)" 51/52 (98)*

Note.—Data in parentheses are percentages.
* Note that sensitivity did not improve when DW images were viewed with T2-weighted images.
T P < .01 compared with T2-weighted images alone.

Table 3

Diagnostic Accuracy for Differentiating Stage Tis to T2 Tumors from T3 to T4 Tumors

Image Set Sensitivity Specificity Accuracy
T2 weighted 5/10 (50) 36/38 (95) 41/48 (85)
T2 weighted plus DW 7/10 (70) 37/38 (97) 44/48 (92)
T2 weighted plus contrast enhanced 8/10 (80) 35/38 (92) 43/48 (90)
All three types 8/10 (80) 37/38 (97) 45/48 (94)

Note.—Data in parentheses are percentages. There were no significant differences in sensitivity, specificity, or accuracy
among the four image sets.

Image Interpretation

All MR image sets were independently
reviewed in a random order by two ra-
diologists (M.I. and S.S., with 21 and 15
years experience, respectively). The ob-
servers were notified of tumor locations
but were blinded to all other informa-
tion. They reviewed four image sets:
T2-weighted images alone, T2-weighted
plus DW images, T2-weighted plus con-
trast-enhanced images, and all three im-
age types together. First, the T2-weighted
alone and T2-weighted plus DW image
sets were interpreted (in that order),
and then the remaining sets (T2-weighted
plus contrast-enhanced and all three
types together) were evaluated after an
interval of 3 weeks. When interpreting
all the three image types together, T2-
weighted and contrast-enhanced images
were mainly used to recognize anatomy,
and DW images were used to evaluate
the extent of the tumor. Differences in
assessment were resolved by means of
consensus.

Tumor Staging

The observers were requested to clas-
sify the tumors into the following four
categories in accordance with the 1997
TNM system of the International Union
Against Cancer (26): T1 or lower, T2
(T2a or T2b), T3 (T3a or T3b), and T4
(T4a or T4b) (Table 1). The staging cri-
teria used were similar to those de-
scribed previously for T2-weighted im-
ages (27-29) and contrast-enhanced
images (4), and we defined a new crite-
rion for DW images in this study.

Since the normal bladder wall can
be seen as a low Sl line on T2-weighted
images, the bladder wall was consid-
ered to be intact (stage T1 or lower)
when the low SI line was present. The
bladder was considered to be invaded
by the tumor (stage T2 or higher) when
the low SI line was disrupted focally in
the region underlying the tumor (27-
30). On contrast-enhanced images, sub-
mucosal linear enhancement (SLE) is
depicted immediately after the injection
of contrast agent, and the SI of the mus-
cle layer remains low. Therefore, an in-
tact SLE adjacent to a tumor was re-
garded as indicative of stage T1 or
lower. When the SLE was disrupted by
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a tumor but there was no infiltration
into the perivesical fat, this was consid-
ered to be stage T2 (4). On both T2-
weighted and contrast-enhanced im-
ages, tumors invading the perivesical fat
were classified as T3, and those extend-
ing into an adjacent organ or the ab-
dominal wall, as T4.

On DW images, bladder cancer has
been reported to show high SI (24). We
assumed that a line of intermediate SI
outlining the bladder lumen and a low SI
area between the tumor and muscle
could reflect a muscle layer and a sub-
mucosal stalk, respectively. We pro-
posed a new staging criterion for DW
imaging as follows (Fig 2): A thin, flat,
high SI area corresponding to the tumor
or a high SI tumor with a low SI submu-
cosal stalk or a thickened submucosa
indicates stage T1 or lower; a high SI
tumor without a submucosal stalk and
with a smooth tumor margin indicates
stage T2; extension into the perivesical
fat with an irregular margin indicates
stage T3; and extension into adjacent
organs indicates stage T4.

ADC and Histologic Grade

ADC maps were generated at each sec-
tion in the 41 tumors that were large
enough (>5 mm) to contain the region
of interest. ADC were measured to esti-
mate the degree of diffusion (31).

Histopathologic Analysis

The specimens were stained with hema-
toxylin-eosin stain for conventional his-
topathologic evaluation. All bladder tu-
mors were staged by a pathologist
(S.T., with 21 years experience) in ac-
cordance with the 1997 International
Union Against Cancer system and were
defined by using the 1973 World Health
Organization classification.

Histologic grading was evaluated
with respect to increased cellularity, nu-
clear crowding, disturbance of cellular
polarity, failure of differentiation from
the base to the surface, polymorphism,
irregularity in the size of cells, varia-
tions of shape, chromatin patterns of
nuclei, displaced or abnormal mitotic
figures, and giant cells. Tumors were
classified into three grades: GI, the
least degree of anaplasia; G2, an inter-

Table 4

Overall Accuracy and Interobserver Agreement

Image Set Accuracy* « Value! P Value
T2 weighted 32/48 (67) 0.70 (0.53-0.87) <.01
T2 weighted plus DW 42/48 (88)* 0.88 (0.75-1.00) <.01
T2 weighted plus contrast enhanced 38/48 (79) 0.55 (0.36-0.72) <.01
All three types 44/48 (92)! 0.87 (0.74-1.00) <.01

* Data in parentheses are percentages.

T Data in parentheses are 95% confidence intervals.

* P =006 compared with T2-weighted images alone.
§ p = 021 compared with T2-weighted images alone.
I'P < .001 compared with T2-weighted images alone.
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Figure 3: Dot plot of ADC versus histologic grades of urothelial carcinomas. Horizontal tick marks indicate
mean ADC for each grade. Significant differences in mean ADC were observed between G1and G3 (P < .01)
and between G2 and G3 (P < .01) but not between G1 and G2.

mediate degree of anaplasia; and G3,
severe anaplasia (32).

A radiologist (M.T., with 6 years
experience) and the above-mentioned
pathologist (S.T.) discussed the correla-
tion between the DW imaging and his-
topathologic findings.

Statistical Analysis

Interobserver agreement was calculated
by using k statistics. k Scores of 0.41-
0.60, 0.61-0.80, and greater than 0.80
were regarded to be indicative of mod-
erate, good, and excellent agreement,
respectively (33).

Diagnostic accuracy of staging with
MR images as compared with patho-
logic stage was assessed on a stage-by-

stage basis. Differences in diagnostic ac-
curacy for each image set were evalu-
ated by using the McNemar test with
statistical software (SPSS 11.0 for Win-
dows; SPSS Japan, Tokyo, Japan) (34).
To compare the utility of each image set
for diagnosing muscle invasion (T2 or
higher) and perivesical invasion (T3 or
higher), receiver operating characteris-
tic curve analyses were performed, and
confidence level scores (1 = absent, 2 =
probably absent, 3 = possibly present,
4 = probably present, and 5 = present)
were assigned. Differences in perfor-
mance of the four image sets were ana-
lyzed by comparing the corresponding
area under the receiver operating char-
acteristic curves (A,) for the mean
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score of the two observers (35). These
analyses were performed by using soft-
ware (DBM-MRMC; C. E. Metz, Uni-
versity of Chicago, Chicago, IlI).

To compare the mean ADCs and
histologic grade, analysis of variance
was used. The post hoc hypothesis
testing was performed according to
the Fisher protected least significant
difference method by using software
(StatView, version 5; SAS Institute,
Cary, NC).

Tumor Characteristics

Of the 52 tumors, tumor stage was
histologically confirmed in 48. In the

Figure 4

Figure4: Stage pT1 papillary urothelial carcinoma in a 70-year-old man. (a) Transverse T2-weighted MR
image shows oval mass on left bladder wall. (b) Transverse DW MR image shows C-shaped high Sl areawitha
low Sl stalk connecting to left side of bladder wall. (c) Photomicrograph of specimen obtained at TUR shows
papillary cancer (T)with a submucosal stalk (SM)consisting of markedly edematous submucosa, fibrous tissue,
capillaries, and mild inflammatory cell infiltration. (Hematoxylin-eosin stain; original magnification, x2.) (d) An
inchworm creeping along a branch. DW MR imaging finding resembled the archlike shape of an inchworm.

remaining four tumors resected with
TUR, the deep muscle biopsy revealed
the invasion of tumor cells. These
four tumors were classified as “T2 or
higher,” and they were not used for
evaluating the ability to differentiate
T2 and lower tumors from T3 and
higher tumors. The pathologic stage
was between Tis and T1 in 67% (35 of
52) of tumors, T2 in 6% (three of 32),
T3 in 13% (seven of 52), T4 in 6%
(three of 32), and “T2 or higher” in 8%
(four of 52). The tumors measured
0.4-85.2 mm in maximum diameter
(mean, 20.0 mm). Histologic diag-
noses were urothelial carcinoma (n =
50), urothelial carcinoma with adeno-
carcinoma (n = 1), and undifferenti-
ated carcinoma (n = 1). In the undif-

ferentiated carcinoma, the histologic
grade was unclassifiable. Excluding
that tumor, the histologic grade was
G1 in nine (18%) of the 51 tumors, G2
in 28 (55%), and G3 in 14 (27%).

Tumor Staging with MR Images

Sensitivity, specificity, and overall ac-
curacy of the consensus of the two
observers for differentiating Tis to T1
tumors from T2 to T4 tumors are sum-
marized in Table 2. Specificities ob-
tained by using T2-weighted plus DW
images or all three image types to-
gether were significantly better than
that obtained by using T2-weighted
images alone (P = .004). Accuracies
achieved by using T2-weighted plus
DW images or all three image types
together were also better than that
achieved by using T2-weighted images
alone (P = .004 and .002, respec-
tively). However, sensitivity was not
improved even when DW images were
used. The A, values of T2-weighted
images, T2-weighted plus DW images,
T2-weighted plus contrast-enhanced
images, and all three image types to-
gether were 0.87, 0.98, 0.95, and
1.00, respectively. The A, values of
T2-weighted plus DW images, T2-
weighted plus contast-enhanced im-
ages, and all three image types to-
gether were higher than that of T2-
weighted images alone (P = .02, .04,
and .01, respectively).

Sensitivity, specificity, and accuracy
of the consensus of both observers for
differentiating T2 or lower tumors from
T3 or higher tumors are summarized in
Table 3. There were no significant dif-
ferences among the four image sets. The
A,s of T2-weighted images, T2-weighted
plus DW images, T2-weighted plus con-
trast-enhanced images, and all three im-
age types together were 0.78, 0.93, 0.87,
and 0.95, respectively. A significant dif-
ference in A, was only seen between the
set of all three image types together and
T2-weighted images alone (P = .03).

Interobserver agreement of each in-
terpretation and the overall staging ac-
curacy are summarized in Table 4. In-
terobserver agreement was excellent
for both image sets that included DW
images, good for T2-weighted images
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C.

Figure5:  Transverse MR images of a 49-year-old man with pT1 nonpapillary urothelial carcinoma. (a) T2-weighted image shows tumor with intermediate Sl on left-
posterior side of the bladder. Sl of muscle layer at base of the tumor is slightly elevated (arrowheads). (b) Dynamic contrast-enhanced image shows similarly enhanced
indistinguishable structures consisting of tumors and submucosa (arrowheads). (¢) DW image depicts tumor (arrow) and submucosa (arrowheads) separately, without

extension into surrounding muscle.

alone, and moderate for T2-weighted plus
contrast-enhanced images. The overall
accuracies for diagnosing tumor stage
with T2-weighted plus DW images (42 of
48 [88%], P = .006), T2-weighted plus
contrast-enhanced images (38 of 48
[79%], P = .021), and all the three image
types together (44 of 48 [92%], P < .001)
were significantly better than that ob-
tained by using T2-weighted images alone
(32 of 48 [67%]).

ADC and Histologic Grade

The correlation between ADC and his-
tologic grade is summarized in Figure 3.
The mean ADC of the 41 bladder tu-
mors was (1.07 = 0.27 [standard devia-
tion]) X 107® mm?/sec. The mean
ADCs of G1, G2, and G3 tumors were
(1.29 = 0.21) X 10~* mm?/sec (range,
[0.91-1.56] X 10~% mm?*/sec), (1.13 =
0.24) X 107® mm?*/sec (range, [0.74-
1.61] x 1073 mm?/sec), and (0.81 +
0.11) X 102 mm?*/sec (range, [0.56-
0.99] X 1072 mm?/sec), respectively.
The differences in ADC were significant
between G1 and G3 (P < .01) and be-
tween G2 and G3 (P < .01) but not
between G1 and G2.

Histopathologic Analysis

Forty-one tumors obtained by using
radical cystectomy (n = 19) or TUR
(n = 22) were available for histopatho-

logic correlation. The remaining 11 tu-
mors were not available because these
tumors were resected piece by piece at
TUR. Histopathologically, the high, in-
termediate, and low SI areas on DW
images corresponded well to tumor,
smooth muscle, and edematous submu-
cosa, respectively (Fig 4a-4c). The DW
imaging finding of high Sl bladder can-
cer together with a low SI submucosal
stalk resembled an archlike inchworm
shape and was found in all 28 (100%)
patients with pT1 disease (Fig 4b, 4d).
In 11 (61%) of the 18 tumors that were
diagnosed as pT1 or lower and were
larger than 5 mm, the cancer compo-
nent enhanced as strongly as the sub-
mucosal tissue at all dynamic phases,
and the area of SLE could not be differ-
entiated from the tumor (Fig 5). Three
pT2 tumors showed a smooth or slightly
irregular contour and this correlated
with pathologic findings (Fig 6a-6¢). On
DW images, 86% (six of seven) of pT3
tumors showed irregular margins to-
ward the perivesical fat (Fig 7), and the
remaining large tumor was accompa-
nied by a small nodule protruding into
the perivesical fat.

For differentiating between T1 or lower
tumors and T2 or higher tumors, the

accuracy of dynamic contrast-enhanced
MR images has been reported to be
75%-92% (3,4,8), and the overall accu-
racy for diagnosing tumor stage has
been reported to be 52%-93% (3,5-9).
In a study by Hayashi et al (4) that
which employed an endorectal coil, the
diagnostic accuracy of using the crite-
rion of SLE, which we also used, was
87% when differentiating between T1
or lower tumors and T2 or higher tu-
mors, and the overall accuracy for stag-
ing bladder tumors was 83%. In our
study, the overall staging accuracy was
92% when T2-weighted, contrast-en-
hanced, and DW images were used to-
gether. The accuracy was 98% (51 of
52), which was equal to or slightly bet-
ter than that in previous reports, sug-
gesting the incremental usefulness of
DW imaging. Moreover, the accuracy
and specificity we observed when using
DW imaging in combination with other
techniques appear to be higher than
those reported previously. We believe
that this was due to the enhanced visi-
bility of the structures of the tumor,
muscle layer, and thickened submu-
cosa, all of which showed different SI on
DW images. Tsushima et al (11) sug-
gested that the detectability of malig-
nant abdominal tumors would be im-
proved by using DW images when refer-
ence could also be made to other

118

radiology.rsnajnis.org = Radiology: \Volume 251: Number 1—April 2009



>
i

S
=

&
s

GENITOURINARY IMAGING: Bladder Cancer: Diffusion-weighted MR Imaging for Staging and Grading

Takeuchi etal

images. In our study, however, DW im-
aging did not improve the sensitivity for
diagnosing pT2 or higher stages. Our
results can be explained because the
muscle layer was usually depicted as a
thin structure on DW images; there-
fore, the extent of tumor growth into
the muscle layer could not be precisely
evaluated. In addition, the contrast dif-
ference between tumor and muscle lay-
ers was not great on DW images, and,
as a result, it may be difficult to distin-
guish invasive from superficial tumors.
Saito et al (36) reported that the
stalk extending from the bladder wall to
the center of the tumor consisted of fi-
brous tissues, capillaries, inflammatory
cells, and edema. Our histologic evalua-
tion showed that the low SI stalk that
appeared on DW images between the

Figure 6

tumor and muscle layer corresponded
to a mixture of markedly edematous
submucosa, fibrous tissue, capillaries,
and mild inflammatory cell infiltration.
There have been no reports describing
how this stalk is formed, but it is
thought that the reactive inflammation
and edema lift the tumor up and form
the stalk as a result. The characteristic
finding on DW images of the high SI
bladder cancer over the low SI submu-
cosal stalk was an arch-shaped ap-
pearance similar to an inchworm. We
regarded this characteristic finding to
be indicative of a pT1 or lower tumor,
so dynamic contrast-enhanced images
could be skipped.

Tekes et al (3) reported that 81% of
bladder tumors showed an SI similar to
that of muscle on T2-weighted images

' eosin stain; original magnification, x2.)

Figure 6:  Stage pT2b urothelial carcinoma ina 71-year-old man. (a) Transverse T2-weighted MR
image shows tumor extending into perivesical fat with an irregular contour. (b) Transverse dynamic
contrast-enhanced MR image shows tumor bulging into perivesical fat with a slightly irregular con-
tour. (c) Transverse DW MR image shows bulging tumor with a smooth margin on left wall of the blad-
|\ der. (d) Photomicrograph of specimen obtained at cystectomy shows nonpapillary bladder cancer (7)
bulging into perivesical fat (F)without disrupting the muscle layer (M, arrowheads). (Hematoxylin-

and that overstaging was the most com-
mon error when evaluating T stage. We
also believed that the insufficient SI con-
trast between tumor and submucosa
might cause relatively low accuracy and
low levels of interobserver agreement.
In our study, the tumor and submucosa
were of similar SI'in 60% (31 of 52) of
the dynamic contrast-enhanced find-
ings, and SLE was difficult to recognize
in these cases. Therefore, contrast-en-
hanced images might have limitations
for use to correctly distinguish pT1 tu-
mors with intact SLE from pT2 tumors
with disrupted SLE. DW imaging could
reduce overstaging because of its good
contrast resolution.

Tekes et al (3) reported a sensitivity
and specificity of 86% and 84%, respec-
tively, for discriminating between pT2

C.
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Figure 7

C.

Figure7: MR images of a 72-year-old man with pT3b urothelial carcinoma. (a) Transverse T2-weighted image shows large nonpapillary tumor on deformed muscle
layer with hydroureter (arrowhead). SI of muscle layer at base of the tumor is elevated, but there is no evidence of perivesical invasion. (b) Dynamic contrast-enhanced
image of oblique section perpendicular to base of tumor does not depict tumor contour because microvessels surrounding the tumor are also enhanced (arrowhead).
(c) Transverse DW image shows large tumor with irregular margin spreading toward surrounding fat tissue (arrowhead).

or lower tumors and pT3 or higher le-
sions. Narumi et al (8) reported an
overall accuracy of 92%. In our study,
the diagnostic accuracy achieved by us-
ing all three techniques together for di-
agnosing pT3 or more advanced tumors
was 94% (45 of 48), which is similar to
that of previous reports. Tekes et al (3)
speculated that the improvement in im-
age resolution might lead to an improve-
ment in the detection of perivesical
stranding, which frequently represents
reactive or inflammatory changes, rather
than a metastatic lesion, but has been
occasionally described in the literature
as representative of the perivesical spread
of tumors. It was also thought that tu-
mor contours could be evaluated more
accurately by using DW images because
the microvessels or reactive tissue adja-
cent to the tumor could be enhanced to
a level similar to that of a cancer compo-
nent on contrast-enhanced images but
could be distinguished from tumors with
the contrast of DW images. In our
study, however, the accuracy for differ-
entiating pT2 or lower tumors from pT3
and higher tumors was not improved,
even when DW images were evaluated
together with T2-weighted images. Nev-
ertheless, DW images could depict smooth
or slightly irregular contours in all three

pT2 tumors and irregular contours in six
of the seven pT3 tumors.

ADCs representing the degree of
water molecular diffusion and the de-
gree of restriction to water diffusion in
biological tissues are inversely corre-
lated to the tissue cellularity and the
integrity of the cell membranes (37,38).
Several authors have already reported
decreased ADC among various malig-
nant lesions due to dense cellularity and
large cellular size (16-23,37,38). Mat-
suki et al (24) also reported that ADCs
of urinary bladder cancers were lower
than those of the surrounding struc-
tures. In our study, the mean ADC of G3
tumors was significantly lower than that
of G1 and G2 tumors, and all G3 tumors
had an ADC less than 1.0 X 107 mm?/
sec. Because both ADC and histologic
grade are independently influenced by
several factors other than the cellular
density, the correlation between the
two could be limited, but the ADC may
still in part predict the histologic grade
of bladder cancer.

Our study had a number of limita-
tions. Tumors were divided into only
four grades, whereas previous investi-
gators classified them into five or more
groups. This difference in classification
might have led to higher accuracy in our

study compared to that in previous re-
ports (3-9). In addition, the distribution
of T stages was uneven, with a large
number of T1 or lower tumors and a
small number of pT2 tumors; therefore,
larger studies are warranted to more
fully define the role of DW imaging in T
staging of bladder tumors. However,
our primary objectives were to discrim-
inate T1 or lower tumors from T2 or
higher tumors and to assess the sensi-
tivity, specificity, and accuracy of MR
imaging, so the sample sizes were con-
sidered acceptable. There is a possibil-
ity that inflammatory changes due to
prior treatment or biopsy before MR
imaging affected evaluation in some cases
(39). Finally, the radiologic-pathologic
correlation was not perfect because
some of the specimens obtained by TUR
were not available, and the cut surfaces
on surgical specimens were not always
completely identical to those seen on
MR images.

In conclusion, DW images appear to
provide useful information for evaluat-
ing T stage in patients with bladder can-
cer, particularly for differentiating T1
or lower tumors from T2 or higher tu-
mors, and a low ADC appears to sug-
gest that the tumor is more likely to be
G3. Because DW imaging does not re-
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quire a contrast agent and images be-
come available quickly, it could be a
useful adjunct to preoperative evalua-
tion with MR imaging.
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