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Urinary bladder cancer is a heterogeneous disease with a variety of
pathologic features, cytogenetic characteristics, and natural histories.
It is the fourth most common cancer in males and the tenth most
common cancer in females. Urinary bladder cancer has a high recur-
rence rate, necessitating long-term surveillance after initial therapy.
Early detection is important, since up to 47% of bladder cancer—related
deaths may have been avoided. Conventional computed tomography
(CT) and magnetic resonance (MR) imaging are only moderately ac-
curate in the diagnosis and local staging of bladder cancer, with cys-
toscopy and pathologic staging remaining the standards of reference.
However, the role of newer MR imaging sequences (eg, diffusion-
weighted imaging) in the diagnosis and local staging of bladder cancer
is still evolving. Substantial advances in MR imaging technology have
made multiparametric MR imaging a feasible and reasonably accurate
technique for the local staging of bladder cancer to optimize treatment.
In addition, whole-body CTT is the primary imaging technique for the
detection of metastases in bladder cancer patients, especially those
with disease that invades muscle.

Introduction
Bladder cancer is one of the most common malignancies of the urinary tract, with an
estimated 70,530 new cases per year and accounting for 14,680 cancer-related deaths
in the United States in 2010 (1). It is the fourth most common cancer in males and
the tenth most common cancer in females. Urinary bladder cancer occurs three to
four times more frequently in men than in women (1) and has a high recurrence rate,
necessitating long-term surveillance after initial therapy. Patients with bladder cancer
survive longer than those with most other common cancers. As a result, the lifetime
costs of treatment and follow-up have been estimated at $100,000-$120,000 (2). It is
also estimated that the 5-year cost of treating Medicare patients with this pathologic
condition is about $1 billion, seventh highest among all cancers (3).

Abbreviations: ADC = apparent diffusion coefficient, FIESTA = fast imaging employing steady-state acquisition, FOV = field of view, GRE =
gradient-echo, SE = spin-echo, 3D = three-dimensional, TURBT = transurethral resection of bladder tumor
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In this article, we discuss urinary bladder can-
cer in terms of pathologic features, genetic charac-
teristics, clinical staging and management, treat-
ment, and imaging considerations, with emphasis
on the value of conventional and newer imaging
techniques for diagnosis and local staging.

Pathologic Features
About 90% of bladder tumors are urothelial in
origin (ie, transitional cell carcinomas). Squa-
mous cell carcinomas account for 6%—-8% of all
bladder cancers (4,5). Adenocarcinomas are rare
and typically represent urachal cancer. Up to
25% of urothelial cancers have a mixed histology
that includes small cell neuroendocrine, micro-
papillary (resembling serous papillary cancer of
the ovary), sarcomatoid, and plasmacytoid com-
ponents. These variants have substantially worse
prognoses than do the pure urothelial cancers.
The most common etiologic factors for urothelial
tumors are cigarette smoking and occupational
exposure to chemical carcinogens such as ani-
line dyes (6,7). Cigarette smoking is thought to
be the causative factor in 50%—-60% of men and
one-third of women who develop bladder cancer
(8,9). The relative risk of current smokers for
death from bladder cancer is 3.3 in men and 2.2
in women. latrogenic risk factors for urothelial
tumors are therapeutic irradiation of neighboring
organs and the use of alkylating agents. Although
it is rare, there is a genetic predisposition to the
development of urothelial tumors in some fami-
lies (10,11). Risk factors for squamous cell can-
cer include long-term catheterization, nonfunc-
tioning bladder, urinary tract calculi, and chronic
infection by Schistosoma hematobium.

Urothelial tumors are classified as either invad-
ing muscle (nonpapillary) or not invading muscle
(superficial or papillary). Approximately 80%—
85% of urothelial tumors are non—muscle invasive.
These are low-grade lesions, can be multifocal,
and arise from a hyperplastic epithelium. They
generally have a good prognosis and rarely evolve
into an invasive cancer, although urothelial recur-
rence rates are about 50% (12,13). Approximately
20%-25% of bladder cancers are muscle invasive,
arise from severe dysplasia or carcinoma in situ,
and have a higher histologic grade (14). Non-mus-
cle-invasive urothelial tumors have a higher rate
of recurrence than do the muscle-invasive variety.
If left untreated, they are a precursor of muscle-
invasive tumors. Nearly all cases of squamous
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Figure 1. Chart illustrates the molecular biology of

muscle-invasive and non-muscle-invasive papillary
tumors.

carcinoma and adenocarcinoma of the bladder are
invasive at the time of diagnosis. These two types
of bladder cancer can carry a worse prognosis than
do urothelial tumors, even with aggressive surgical
therapy and chemotherapy.

Genetic Characteristics
Non-muscle-invasive and muscle-invasive tumors
behave differently because they harbor distinc-
tive genetic defects and arise along two separate
pathways (Fig 1). Non-muscle-invasive tumors
are characterized by activating mutations in the
HRAS gene and fibroblast growth factor. These
genes play a role in modulating the RTK (re-
ceptor tyrosine kinase)/RAS signaling pathway.
Activation of the RTK/RAS pathway leads to the
development of malignancy. Patients with non-
muscle-invasive tumors may benefit from RTK/
RAS pathway inhibition.

Muscle-invasive tumors are characterized by
structural and functional defects in the p53 and
retinoblastoma tumor suppressor pathways. Both
of these proteins play critical roles in cell cycle
control (15,16). These high-grade tumor variants
tend to metastasize despite radical surgery, but
affected patients could potentially benefit from
replacement therapies that restore the functions
of p53 and retinoblastoma.

On the basis of the molecular pathogenesis of
bladder cancer, several U.S. Food and Drug Ad-
ministration—approved biomarkers are available
for predicting disease recurrence and survival
after radical cystectomy (17).To date, however,
none of the approved biomarker assays eliminate
the need for diagnostic or surveillance cystos-

copy (18).
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Figure 2. (a) Photomicrograph (original magnification,
X20; hematoxylin-eosin stain) of the normal bladder

wall shows the urothelium (arrow), submucosa (arrow-
heads), and detrusor muscle (). (b) Drawing illustrates
the layers of the bladder wall and tumor staging based
on depth of invasion. (See Table for T stage definitions.)

Normal Anatomy

of the Urinary Bladder
The urinary bladder is primarily an extraperi-
toneal structure, with peritoneum covering only
the superior surface of the bladder (bladder
dome). The orifices of the ureters at the uretero-
vesical junction are joined by an elevated ridge
covered by mucosa (the interureteric ridge). The
bladder trigone is a triangular region on the infe-
rior wall, marked at its corners by the ureteroves-
ical junction and the urethra. The four defined
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layers of the bladder wall are (a) the urothelium,
which lines the bladder lumen; (b) the highly
vascular lamina propria (submucosa); (¢) the
muscularis propria; and (d) the outermost serosa
(Fig 2a) (6,19). The urothelium is thin relative to
the full thickness of the bladder wall. The thick-
ness of the highly vascular lamina propria varies
with the degree of distention of the bladder. The
muscular layer of the bladder is also referred to
as the detrusor muscle and consists of a complex
network of interlacing smooth muscle fibers.
The inner and outer muscle fibers tend to be
oriented in a longitudinal fashion, but distinct
layers are usually not discernible. The outermost
serosa is formed by a loose layer of connective
tissue.

Clinical Staging and Management
Patients with bladder cancer most commonly
present with painless hematuria (80%—-90% of
cases) (6). The initial evaluation of a patient who
presents with hematuria is not uniform: Some in-
stitutions perform computed tomographic (CT)
urography for triage prior to cystoscopy, whereas
others use cystoscopy as the first line of investiga-
tion. Nevertheless, cystoscopy and CT are com-
plementary and have a definite management role
in patients who present with hematuria. Magnetic
resonance (MR) imaging of the pelvis is usually
performed for T (tumor) staging once bladder
cancer has been diagnosed, although its use is not
widespread.

Cystoscopic staging to evaluate the urinary
bladder and urethral mucosa is an important part
of pretreatment planning. Cystoscopic biopsy of
suspicious-looking bladder lesions is performed
to assess the pathology, grade, and depth of these
tumors. Transurethral resection of bladder tumor
(TURBT) is performed for complete resection
of superficial bladder tumors. TURBT is also
used for deep biopsy to assess for muscle-invasive
tumors. Cross-sectional imaging is usually per-
formed afterward for disease staging in patients
who are thought to have solid tumors. Treatment
decisions and prognosis for bladder cancer are
based on the depth of muscle invasion by the tu-
mor, degree of differentiation of the tumor, and
presence or absence of metastatic disease. Ure-
teroscopy is performed in patients with positive
selective ureteral cytologic findings or evidence
of upper tract disease at CT urography. Biopsy
is performed of all suspicious-looking lesions.
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TNM Guidelines for the Staging of Urinary Bladder Cancer
Descriptor Definition
Tumor
Tx Primary tumor cannot be evaluated
TO No primary tumor
Ta Noninvasive papillary carcinoma
Tis Carcinoma in situ
T1 Tumor invades connective tissue under the epithelium (surface layer)
T2 Tumor invades muscle
T2a Superficial muscle affected (inner half)
T2b Deep muscle affected (outer half)
T3 Tumor invades perivesical fat
T3a Tumor is detected microscopically
T3b Extravesical tumor is visible macroscopically
T4 Tumor invades the prostate gland, uterus, vagina, pelvic wall, or ab-
dominal wall
Node
Nx Regional lymph nodes cannot be evaluated
NO No regional lymph node metastasis
N1 Metastasis in a single lymph node <2 c¢m in size
N2 Metastasis in a single lymph node >2 cm but <5 cm in size, or multiple
lymph nodes <5 cm in size
N3 Metastasis in a lymph node >5 cm in size
Metastasis
Mx Distant metastasis cannot be evaluated
Mo No distant metastasis
M1 Distant metastasis
Source.—Reference 20.

Bladder cancer is staged using the TNM (tumor-
node-metastasis) staging system (Table) (20).

In this system, T stage is based on the degree of
invasion of the bladder wall (Fig 2b). TURBT

is usually chosen as the initial treatment for
early-stage urinary bladder carcinoma. Tumors
of stage T2 or greater are treated with partial or
total cystectomy or with adjuvant therapies, since
TURBT for invasive tumors often results in local
tumor recurrence. Therefore, preoperative differ-
entiation between stage T'1 tumors and stage T2
(or greater) tumors is crucial for the appropriate
choice of effective treatment options.

Treatment

Non-Muscle-invasive Disease
Non-muscle-invasive tumors are usually treated
with TURBT. Despite being the primary staging
technique, clinical staging understages 30%-50%

of bladder cancers (21-23). As a result, in pa-
tients with bulky Ta lesions or T'1 tumors, the
current trend is to perform repeat TURBT 2-6
weeks after the first TURBT. At repeat TURBT,
residual disease is seen in one-third to three-
fourths of patients. At many centers, lesions that
carry an increased risk of recurrence are treated
with adjuvant intravesical chemotherapy (eg, with
mitomycin C or gemcitabine) or immunotherapy
(with bacille Calmette-Guérin [BCG]). Although
response rates are about 80%, 70% of patients
with non-muscle-invasive bladder cancer develop
recurrences within 3 years of treatment, 10%—
20% of which are invasive (24).

Muscle-invasive Disease

For muscle-invasive tumors, radical cystectomy

is the established treatment. The 5-year survival
rate for patients who have undergone cystectomy
varies from 27% for stage T4 disease to 66% for
stage T2 disease. There is evidence that the extent
of lymphadenectomy correlates with survival,
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with meticulous lymphadenectomy resulting in

a 30% cure rate for node-positive cancer. The
concept of the sentinel node is not generally ac-
cepted for bladder cancer; thus, extended bilat-
eral lymphadenectomy is required. Robotic cys-
tectomy is increasingly being practiced, although
long-term oncologic outcomes following this sur-
gical technique are not yet available. Up to 50%
of patients with muscle-invasive bladder cancer
eventually develop metastatic disease (25).

Imaging Considerations

Computed Tomography

CT urography has a sensitivity and specificity of
over 90% for the diagnosis of bladder cancer in
patients with hematuria (26). In patients who are
at low risk for cancer, such as those less than 40
years of age or female nonsmokers, CT urogra-
phy may be sufficient for detecting the presence
of bladder cancer. Despite these encouraging
results, CT urography cannot be used as a re-
placement for diagnostic cystoscopy in most
patients with suspected bladder cancer. CT does
not typically allow the confident diagnosis of flat
lesions and lesions at the bladder base adjacent
to the prostate gland, particularly in patients with
benign prostatic hypertrophy. A major difficulty is
differentiating tumor recurrence from inflamma-
tory wall thickening that occurs following endo-
vesical chemotherapy, and from scar tissue after
TURBT.

The general techniques for CT urography
have been previously published (27,28). The
homogeneous opacification of urine has been
claimed to improve bladder cancer detection,
particularly on the nondependent surface of the
bladder. Specialized techniques have been sug-
gested, such as having patients void prior to CT
and then administering intravenous diuretics to
increase bladder filling (13,29,30).

It is possible to visualize bladder wall enhance-
ment and thickness on nephrographic phase CT
scans. Virtual cystoscopy has been performed
with the installation of 300—500 mL of air or car-
bon dioxide into the bladder lumen via a catheter
(31). Although some small series have shown CT
cystoscopy to have a sensitivity of over 90%, it is
probable that any additional diagnostic sensitivity
is outweighed by (a) the invasiveness of the pro-
cedure; (b) the fact that cystoscopy is required
for the detection of small flat lesions; and (¢) the
reduced sensitivity of virtual cystoscopy for de-
pendent lesions, where there may be a pool of
urine obscuring the mucosa.
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MR Imaging

The study of the bladder requires high spatial
resolution, which can be achieved with the use
of a phased-array external surface coil (such
as a cardiac coil), thin sections (3 mm), and

a large matrix (32). Use of a rectangular field
of view (FOV) helps reduce imaging time, but
care should be taken to avoid extensive aliasing,
which is usually reduced by applying presatu-
ration pulses in the phase-encoding direction
within the FOV.

Preliminary localizer sequences are used to
evaluate for appropriate coil placement and
bladder distention. A 28- to 32-cm axial FOV
is usually sufficient to evaluate the bladder and
surrounding soft-tissue structures (33). Optimiz-
ing echo time (usually 60—80 msec) is crucial for
achieving a high contrast-to-noise ratio, which is
important in assessing the depth of bladder wall
involvement.

Significant artifacts in bladder imaging include
lack of bladder distention, motion artifact, and
chemical shift artifact. Lack of bladder disten-
tion may limit the detection of small tumors
secondary to detrusor muscle thickening. On the
other hand, overdistention of the bladder may
result in patient motion and can decrease sen-
sitivity for plaquelike lesions. Optimal bladder
distention is achieved by instructing the patient
to void approximately 2 hours prior to imaging
(34). Artifact from bowel peristalsis, which can
propagate from the abdomen into the pelvis, can
be minimized by administering an intramuscular
antiperistaltic agent and using anterior satura-
tion bands. Motion correction on the imagers
can reduce motion artifact in the area of inter-
est by swapping phase and frequency. Chemical
shift artifact refers to misregistration of spatial
information caused by the difference in the reso-
nant frequencies of water and fat. This artifact is
evident only in the frequency-encoding (readout)
direction and occurs at a water-fat interface (35).
Typically, chemical shift manifests as high- and
low-signal-intensity bands along a water-fat inter-
face perpendicular to the frequency-encoding di-
rection (35). This difference in frequency directly
relates to the main magnetic field. The frequency
difference between fat and water is 220 Hz at
1.5T and 440 Hz at 3.0 T. At a fixed bandwidth,
the pixel width of the bandlike artifact widens
as field strength increases, which can limit the
visualization of disease, particularly around the
bladder wall. This artifact appears as a thickened
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Figure 3. Papillary urothelial carcinoma (stage Ta) in a 76-year-old man. (a) On a CT scan obtained with a split-bo-
lus injection of contrast material to acquire dynamic enhanced and urographic phase images, one can barely make out
the presence of a tumor. It is not possible to differentiate the tumor from the detrusor muscle. (b) Axial high-resolution
T2-weighted MR image shows multifocal bladder tumors (black arrowheads). Note the chemical shift artifact, which
appears as a thickened dark line along the lateral bladder wall (detrusor muscle) (arrow) and as a nearly imperceptible
thin bright line on the contralateral side (white arrowheads). (¢) On an axial three-dimensional (3D) spoiled gradient-
echo (GRE) image obtained 20 seconds after contrast material injection, the multifocal bladder tumors show intense
enhancement (arrowheads), unlike the muscle layer (arrow). (d) Axial 3D spoiled GRE image obtained 60 seconds
after contrast material administration shows delayed enhancement of the muscle layer (arrow). Arrowheads = tumors.
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dark line along the lateral bladder wall on one
side and as a bright line on the contralateral side
(Fig 3b).To reduce this artifact, the bandwidth
must be increased and the frequency-encoding
gradient changed to select the direction that least
interferes with examination of the bladder wall
adjacent to the tumor (33).

MR imaging has been shown to allow more
accurate staging of bladder carcinomas than CT
because of its high soft-tissue contrast resolution,
which allows clear differentiation between blad-
der wall layers (36). MR imaging has also been
shown to better depict intramural tumor invasion
as well as extravesical extension and allows differ-
entiation between muscle-invasive and non-mus-
cle-invasive disease. In addition, MR imaging has

the advantage of involving no ionizing radiation.
Currently, for local staging of bladder cancer,
a multiparametric approach with conventional
and functional sequences is useful. Axial spin-
echo (SE) T1-weighted images with a large FOV
are useful for evaluating the perivesical fat planes
for extravesical tumor infiltration, pelvic lymph-
adenopathy, and bone metastases. The urine
in the bladder has low signal intensity on T'1-
weighted images, whereas the bladder wall has
intermediate signal intensity and the adjacent fat
has high signal intensity. On T2-weighted images,
the urine has high signal intensity and the blad-
der wall has low signal intensity. Non-fat-satu-
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Figure 4. Urothelial carcinoma (stage T2) in a 74-year-old man. (a) CT scan obtained with a split-bolus injection
of contrast material to acquire dynamic enhanced and urographic phase imaging data shows a tumor () on the right
lateral bladder wall. It is not possible to differentiate the tumor from the detrusor muscle. (b) Axial high-resolu-
tion T2-weighted MR image shows the tumor (). Arrow = normal low-signal-intensity detrusor muscle, arrowhead =
interruption of the detrusor muscle by the tumor in keeping with stage T2 disease. (¢) Axial 3D spoiled GRE image
obtained 20 seconds after contrast material administration shows the tumor (), which has enhanced earlier than
the muscle layer (arrow). (d) On an axial 3D spoiled GRE image obtained 60 seconds after contrast material admin-
istration, the detrusor muscle shows delayed enhancement (arrow), as well as interruption (arrowhead) by the tumor
(%), findings that are consistent with stage T2 disease. (¢) Photomicrograph (original magnification, X20; hematoxy-
lin-eosin stain) shows stage T2 tumor (double arrow) with invasion of the detrusor muscle (single arrow).

=

P

the tumor to the underlying detrusor muscle.
High-resolution fast SE T2-weighted images of
the bladder obtained in the three orthogonal
planes with a small FOV and a large matrix are
used to evaluate the detrusor muscle for tumor
depth and invasion of the surrounding organs
(36).The detrusor muscle appears as a hypoin-
tense line on T2-weighted images. In patients
with superficial or papillary tumors, this layer of
detrusor muscle is uninterrupted (Fig 3). In pa-

% W ]'n..\;;‘.{’.’!; tients with muscle-invasive tumors, however, the
i b ,’.:f-;h \,‘—;‘;_':." AL low signal intensity of the detrusor muscle is in-
& terrupted by the tumor (Fig 4). In patients with
extravesical disease spread, a clear extravesical
mass can be seen in stage T3b disease (Fig 5),
rated fast SE T2-weighted images are obtained in and adjacent organ invasion can also be visual-
the three standard orthogonal planes. The plane ized in stage T4 disease (Fig 6).

of acquisition perpendicular to the bladder mass
allows optimal depiction of the relationship of
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Figure 5. Urothelial carcinoma (stage T3b) in an 84-year-old man. (a) CT scan obtained with a split-
bolus injection of contrast material to acquire dynamic enhanced and urographic phase imaging data shows
extravesical tumor spread (arrow). (b) Axial high-resolution T2-weighted MR image shows a bladder tumor.
Arrow = extravesical mass in keeping with stage T'3b disease, arrowhead = normal detrusor muscle. (¢) Axial
3D spoiled GRE image obtained 60 seconds after contrast material administration shows the extravesical
mass (arrow). (d) Photomicrograph (original magnification, X40; hematoxylin-eosin stain) shows stage T3
tumor with extension (arrow) into the extravesical fat.

a. b.

Figure 6. Urothelial carcinoma (stage T'4) in an 80-year-old woman. Axial high-resolution T2-weighted MR
image (a) and 3D spoiled GRE image obtained 60 seconds after contrast material administration (b) show an
extravesical mass (arrows) involving the pelvic wall and cervix. TURBT initially showed stage T2 disease, but
deeper follow-up biopsy helped confirm stage T4 disease.
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The multiplanar capability of MR imaging
allows image acquisition in different planes to
minimize partial volume averaging and optimize
imaging when evaluating the depth of bladder
wall invasion. Coronal images are useful for de-
lineating tumors located in the lateral bladder
wall and dome, whereas sagittal images better
depict lesions of the anterior and posterior wall
and dome.

Recent advances in MR imaging technol-
ogy have made 3D imaging feasible. Relative to
two-dimensional sequences, 3D sequences of-
fer the advantages of shorter acquisition time,
volumetric coverage without intersection gaps,
and an improved signal-to-noise ratio (Fig 7)
(33). Techniques that are useful in rapid pelvic
imaging include non-breath-hold ultrafast SE T2-
weighted sequences (eg, single-shot fast SE and
GRE sequences) and steady-state free precession
imaging sequences (eg, fast imaging employing
steady-state acquisition [FIESTA]) (Fig 7c). Sin-
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Figure 7. Papillary urothelial carcinoma
(stage Ta) in a 46-year-old man with a small
bladder lesion and gross hematuria. (a) T2-
weighted MR image (5-mm section thickness)
shows a poorly depicted lesion (arrow). (b) T2-
weighted MR image (2-mm section thickness
with increased acquisition time) more clearly
depicts the lesion (arrow). (c) On a 3D FIESTA
(steady-state free precession) image (short
acquisition time, higher signal-to-noise ratio),
the tumor (arrow) is clearly visualized.

gle-shot fast SE imaging is excellent for reducing
patient motion artifacts, with the same spatial
resolution as conventional T2-weighted imaging
but with a slightly reduced signal-to-noise ratio.
The FIESTA sequence offers a very high signal-
to-noise ratio, but patient motion is a problem
with this sequence.

Dynamic Contrast Material-enhanced MR
Imaging.—The usefulness of dynamic contrast-
enhanced T1-weighted MR imaging is debatable,
with some studies showing that it is a useful tech-
nique and others showing that it is of no addi-
tional value (31,37).

Three-dimensional fat-suppressed fast spoiled
GRE T'1-weighted images are obtained before
and after contrast material administration. Three-
dimensional acquisition allows multiplanar
reformation. The normal bladder wall does not
enhance avidly on the early gadolinium-enhanced
images, which becomes important in tumor im-
aging. In the early phase (20 seconds after con-
trast material injection), bladder carcinomas tend
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Figure 8. Urothelial carcinoma (stage T'1) in a 58-year-old man. (a) CT scan obtained with a split-bolus injec-
tion of contrast material to acquire dynamic enhanced and urographic phase imaging data shows a tumor (arrow)
close to the left ureteric orifice. It is not possible to differentiate the tumor from the detrusor muscle. (b) Axial
high-resolution T2-weighted MR image shows the tumor (black arrowhead). Note the chemical shift artifact, which
appears as a thickened dark line along the lateral bladder wall on one side (arrow) and as a nearly imperceptible
thin bright line on the contralateral side (white arrowheads) (cf Fig 3b). (¢) On an axial 3D spoiled GRE image
obtained 20 seconds after contrast material administration, the tumor (arrowhead) has enhanced earlier than the
muscle layer (arrow). (d) Axial 3D spoiled GRE image obtained 60 seconds after contrast material administration
shows delayed enhancement of muscle (arrow) and decreased tumor enhancement (arrowhead). (e¢) Photomicro-
graph (original magnification, X100; hematoxylin-eosin stain) shows stage T'1 tumor with early lamina propria inva-
sion (arrows) but no deep muscle invasion.

to enhance more than the surrounding bladder
wall (38). The bladder tumor, mucosa, and sub-
mucosa enhance early, but the muscle layer main-
tains its hypointensity and enhances late (60 sec)
(Figs 3, 4, 8) (36).This early phase of contrast
enhancement also helps distinguish the bladder
tumor from the low-signal-intensity urine. On
delayed (>5 min) postcontrast T'1-weighted im-
ages, urine has high signal intensity and the in-
traluminal portion of the bladder tumor is clearly
depicted, although small bladder wall tumors are
obscured.

e.
Diffusion-weighted MR Imaging.—Diffusion-
weighted MR imaging is increasingly being used
for cancer assessment throughout the body and characterization of other genitourinary malignan-
has shown great promise in the detection and cies (37,39-44). The role of diffusion-weighted

imaging in bladder cancer is evolving and has not
yet been fully established. Diffusion-weighted
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imaging provides both qualitative and quantita-
tive information that reflects changes at the cel-
lular level concerning tumor cellularity and cell
membrane integrity. For most bladder tumors,
increased cellular density manifests as increased
signal intensity on diffusion-weighted images
with a reduced apparent diffusion coefficient
(ADCQC) at quantitative analysis (45). At some in-
stitutions, diffusion-weighted imaging is currently
being used primarily for local staging (Fig 9). A
single-shot SE echoplanar sequence performed
with chemical shift—selective fat-suppression
techniques at b values of 0 and 1000 sec/mm?

is used. Diffusion gradients are applied in the
three orthogonal directions, and images are
obtained in the axial and sagittal planes. These
images are usually evaluated together with the
T2-weighted images. Initial results in the evalua-
tion of diffusion-weighted images demonstrated
reduced ADC in bladder cancer (1.18 £ 0.19 X
1072 mm?/sec) compared with the normal bladder
wall (2.27 £ 0.24 x 102 mm?/sec) (46). There is
substantial interobserver variation in ADC values
obtained in regions of interest in a relatively thin

Figure 9. Urothelial carcinoma (stage T2b) in a 63-year-old
man. (a) Contrast-enhanced CT scan shows a 3.5-cm mass
() along the bladder dome with possible perivesical extension
(arrow). (b) Coronal T2-weighted MR image shows an irregu-
lar hypointense mass () along the bladder dome. It is difficult
to evaluate for perivesical extension (arrows). (c¢) Coronal ex-
ponential ADC diffusion-weighted image shows bladder wall
involvement by the high-signal-intensity tumor (x). There is no
perivesical extension (arrowheads). Results of partial cystec-
tomy confirmed stage T2b disease.

bladder wall. Therefore, changes in signal inten-
sity seen on diffusion-weighted images are more
useful than information from ADC measure-
ments (47). Diffusion-weighted imaging in blad-
der cancer has been evaluated in terms of diag-
nosis, staging, prediction of histologic grade, and
assessment of the efficacy of induction chemo-
therapy (46,48-52). It has shown improved dif-
ferentiation between the tumor, muscle layer, and
thickened submucosa, all of which have different
signal intensities at diffusion-weighted imaging.

Positron Emission Tomography

Positron emission tomography (PET) with
2-[fluorine-18]fluoro-2-deoxy-D-glucose is con-
sidered to be of lesser value in the local staging
of bladder cancer due to urinary excretion of the
radiotracer. A study of 55 patients with bladder
cancer that was performed to evaluate the use-
fulness of PET/CT in preoperatively diagnosing
metastatic disease found a sensitivity, specificity,
positive predictive value, and negative predictive
value of 60%, 88%, 75%, and 79%, respectively
(53). Another prospective study of 43 patients
with muscle-invasive bladder cancer reported that
PET/CT had a sensitivity, specificity, positive-
predictive value, and negative-predictive value
of 70%, 94%, 78%, and 91%, respectively (54).
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Figure 10. Follow-up imaging in a 50-year-old
man who had previously undergone treatment
for low-grade urothelial carcinoma. (a) Axial
T2-weighted MR image shows focal thickening
at the bladder base (arrow), a finding that sug-
gests recurrence. (b) Sagittal diffusion-weighted
image depicts the interureteric ridge as a slightly
elevated smooth surface (arrows). (c) Cystoscopic
image shows a normal interureteric ridge (arrows)
and no malignancy.

PET is not used for staging bladder cancer at
our institutions. Radiotracers such as carbon-11
(11C) methionine or 'C choline are not excreted
in urine and may be of more use as PET agents,
but they have not yet been approved by the U.S.
Food and Drug Administration.

T Staging
In patients with known bladder cancer, the
important staging question is whether there is
muscle invasion (stage T2 or higher) (Figs 4, 5,
9).The accuracy of contrast-enhanced CT in the
local staging of bladder cancer is only 40%—60%
(25,55). MR imaging is considered superior to
CT in demonstrating the extent of bladder wall
invasion (ie, in differentiating between stage T2a
and stage T2b disease).

radiographics.rsna.org

Microscopic perivesical spread (stage T3a
disease) cannot be identified at either CT or MR
imaging. Macroscopic perivesical disease (stage
T3Db) can be confidently diagnosed at CT only
in the presence of moderate tumor volume out-
side the bladder. Perivesical fat stranding may
often be seen following the treatment of bladder
cancer due to surrounding edema or inflamma-
tion and does not necessarily signify stage T3b
disease. Contrast-enhanced MR imaging is only
moderately useful in differentiating stage T'1 or
lower tumors from stage T2 or higher tumors,
with an accuracy of 75%-92% (36,40,56). The
overall accuracy of contrast-enhanced MR im-
aging in determining tumor stage is 52%-93%
(36,37,56-59).

Several recent studies have reported diffu-
sion-weighted imaging to have a high sensitivity
and specificity in the staging of bladder cancer
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(46,48-51). Takeuchi et al (50) reported an ac-
curacy of 92% when a combination of three
different MR imaging techniques (T2-weighted,
contrast-enhanced, and diffusion-weighted
imaging) were used to differentiate stage T'1
tumors from stage T2 and higher disease. Dif-
fusion-weighted imaging has the potential to
complement other sequences in improving the
diagnosis (Figs 10, 11) and staging of bladder
cancer (38-42).

N Staging
The most common site of nodal metastasis is
the obturator nodes. About one in six patients
presents with lymph nodes above the aortic bi-
furcation, and 8% have presacral adenopathy
(60). According to current TNM guidelines
(Table), common iliac nodes are considered to
be in a secondary drainage region and indicate
stage N3 disease (according to previous TNM
guidelines, they were considered to indicate dis-
tant metastases).
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Figure 11. Urothelial carcinoma (stage T2b) in a
62-year-old woman. (a, b) Axial (a) and sagittal (b)
contrast-enhanced CT scans show an irregular 4.6-cm
hyperattenuating mass at the posterosuperior bladder
wall (arrows). There is a suggestion of small bowel
involvement. (c) Sagittal diffusion-weighted image
shows tumor extension into the bladder wall without
perivesical involvement (arrows). Results of TURBT
confirmed stage T2b disease.

In lymph node staging, CT has an accuracy of
70%-90%, with false-negative rates of 25%—-40%,
whereas MR imaging has an accuracy of 64%-—
92% (53,61). Conventional CT and MR imaging
cannot help identify metastases in lymph nodes
less than 10 mm. Enlarged nodes may be reac-
tive, so that specificity is also limited. Because
extensive lymphadenectomy is increasingly being
performed for muscle-invasive bladder cancer,
there is less need for nodal staging of tumors
in the pelvis. It is more important to identify
nodes in the common iliac chain or in the ret-
roperitoneum. According to recent published
reports, diffusion-weighted imaging has shown
promise in differentiating benign from malignant
lymph nodes (Fig 12). Larger-scale studies will
be required to determine the value of diffusion-
weighted imaging in assessing early lymph node
disease (62,63).
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Figure 12. Metastatic urothelial carcinoma (mi-
cropapillary variant) in a 47-year-old man who had
undergone TURBT 1 year earlier. (a) Axial fat-
suppressed spoiled GRE image shows a left external
iliac lymph node (arrow) with a maximum diameter
of 1.5 cm. (b) On an axial diffusion-weighted im-
age, the left external iliac lymph node (arrow) dem-
onstrates high signal intensity and a low ADC value
of 0.75 X107 mm?/sec, findings that are suggestive
of malignancy. Bilateral lymphadenectomy helped
confirm metastatic transitional cell carcinoma in the

radiographics.rsna.org

left external iliac lymph node chain.

Posttreatment Surveillance
Because of the high rate of local recurrence, pa-
tients with non-muscle-invasive bladder cancer
must be followed up after treatment (Fig 13). Cys-
toscopy, urine cytology, and imaging of the upper
tract with retrograde ureteroscopy are usually per-
formed annually (24). Given the high metastatic
recurrence rate of muscle-invasive bladder cancer,
the National Comprehensive Cancer Network
guidelines for postcystectomy surveillance include
urine cytology, chest radiography, and abdomi-
nopelvic imaging every 3—6 months for the first
2 years. Following this period, imaging studies
are indicated based on clinical status. Metastases
usually occur in pelvic or retroperitoneal nodes.
Less common sites of metastasis include the lungs,
liver, adrenal glands, bones, and kidneys, and even
the peritoneal space.

Conclusions
Early detection of bladder cancer is important,
since up to 47% of bladder cancer-related deaths
may have been avoided (64). Conventional CT
and MR imaging are only moderately accurate in
the diagnosis and local staging of bladder cancer;
cystoscopy and pathologic staging remain the
standards of reference. Whole-body CT is the pri-
mary imaging technique for detecting metastases
in affected patients, especially those with muscle-
invasive disease. The role of newer MR imaging
sequences in the diagnosis and local staging of
bladder cancer continues to evolve. Advances in
MR imaging technology have made multipara-
metric MR imaging feasible for the local staging
of bladder cancer to optimize treatment.
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Page 372
About 90% of bladder tumors are urothelial in origin (ie, transitional cell carcinomas).

Page 372
Urothelial tumors are classified as either invading muscle (nonpapillary) or not invading muscle (superficial
or papillary).

Page 376
MR imaging has also been shown to better depict intramural tumor invasion as well as extravesical exten-
sion and allows differentiation between muscle-invasive and non-muscle-invasive disease.

Page 377

High-resolution fast SE T2-weighted images of the bladder obtained in the three orthogonal planes with
a small FOV and a large matrix are used to evaluate the detrusor muscle for tumor depth and invasion
of the surrounding organs (36).

Page 380 (Figure 3 on page 376. Figure 4 on page 377. Figure 8 on page 380)
The bladder tumor, mucosa, and submucosa enhance early, but the muscle layer maintains its hypointen-
sity and enhances late (60 sec) (Figs 3, 4, 8) (36).



