Article published online: 2023-05-04

268 Review Article

THIEME

©0

Imaging Recommendations for Diagnosis,
Staging, and Management of Bladder and
Urethral Malignancies

Jinita Majithia’

Suyash Kulkarni3

1 Department of Radiodiagnosis, Tata Memorial Hospital, Mumbai,

Maharashtra, India

2pepartment of Uro-Oncology, Tata Memorial Hospital, Mumbai,

Maharashtra, India

Gagan Prakash?
Daksh Chandra®

MH Thakur! Palak Popat! Nilesh Sable! Aparna Katdare'

Address for correspondence |inita Majithia, MBBS, DNB, Consultant,
Department of Radiodiagnosis, Tata Memorial Hospital, Mumbai,
Maharashtra 400012, India (e-mail: jinita_10@hotmail.com).

3Department of Radiology, Tata Memorial Hospital, Mumbai,

Maharashtra, India

4Intervention Radiology, Tata Memorial Hospital, Mumbai,

Maharashtra, India

Ind ] Med Paediatr Oncol 2023;44:268-274.

Abstract

Keywords

= bladder cancer
radiology
staging
urethral cancer
urology

\

Y

y

\

Introduction and Epidemiology

Bladder cancer (BCa) is a leading cause of cancer worldwide with high incidence and
mortality across all ages. Early diagnosis and treatment can lead to significantly improved
survival rate and overall prognosis. Smoking is the biggest contributing factor for the
development of BCa. Urothelial carcinoma is the most common histological subtype.
Commonly implemented imaging techniques include computed tomography urography
(CTU) and multiparametric magnetic resonance imaging (mpMRI). CTU is the investigation
of choice for muscle invasive bladder cancer (MIBC) and is best utilized for local assessment
and staging of larger and higher staged tumors, that is, T3b and T4. mpMRI encompasses
T2-weighted imaging, diffusion-weighted imaging, and dynamic contrast-enhanced imag-
ing. It can differentiate <T1 and >T2 tumors based on the Vesicle Imaging-Reporting and
Data System (VI-RADS) assessment as well as differentiate Ta from T1 tumors, and is useful
in post-therapy response assessment of BCa. Positron emission tomography/computed
tomography is used in selected patients of MIBC for metastatic evaluation, particularly
those with deranged renal function. A synoptic reporting template should be used to have
standardization of data. Primary urethral cancer (UCa) is a rare and aggressive malignancy,
accounting for less than 1% of all malignancies. MRI is the investigation of choice for UCa.

it is ranked 17th in incidence and 19th in mortality, having
varying incidence rates across different regions and

As per GLOBOCAN 2020, there were 573,278 new cases with
a total of 212,536 number of deaths associated with bladder
cancer (BCa) across all ages and both sexes in the year 2020."
BCa was ranked 10th in incidence and 13th in mortality
among all cancers, and is estimated to be the 6th most
commonly diagnosed cancer in men worldwide." In India,
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populations.?

As per the SEER statistics (Surveillance, Epidemiology,
and End Results Program of the National Cancer Institute,
US), the 5-year survival rate is as high as 90% for carcinoma in
situ and 70% for localized disease, with a significant drop to
36% for regional and 5% for metastatic disease.> This
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indirectly reflects the success of early diagnosis and poor
prognosis of metastatic disease. Improved understanding of
the disease, superior imaging techniques for diagnosis, and
advances in treatment have contributed to a significant
decrease in the BCa-related mortality rates worldwide.*

A four times higher incidence rate has been observed in
men than women.”> The worldwide age-standardized inci-
dence rate (per 100,000 person/years) is 9.5 for men and 2.4
for women.” Almost 90% of the newly diagnosed cases of BCa
are seen in individuals of age 55 years or older with an average
age of diagnosis of 73 years.® BCa is not typically hereditary;
however, some cancer syndromes can predispose an individu-
al to BCa, like Cowden syndrome and Lynch syndrome.”-8

Risk Factors and Etiopathogenesis

Active and passive tobacco smoking has a strong relationship
with BCa and is one of the greatest risk factors that is
quantity and duration dependent. The relative risk for can-
cer-mortality from smoking is second only to lung cancer.’
The attributable risk to smoking is similar between men and
women.>? Exposure to aromatic amines, polycyclic aromatic
hydrocarbons, and chlorinated hydrocarbons from dyes,
paint, metal, rubber, or petroleum industries is another
common preventable risk factor for BCa. Occupational expo-
sures are responsible for approximately 18% of all BCa
cases.'® An environmental factor most commonly implicated
in BCa is arsenic consumption, typically through ingestion of
contaminated water."" Increased rates of secondary BCa have
also been reported following use of external-beam radio-
therapy (EBRT) for gynecological malignancies; however,
lower rates have been observed with use of intensity-modu-
lated radiotherapy for prostate cancer.'>"3 A tropical proto-
zoan schistosomiasis, through generation of N-nitroso
carcinogenic compound,'® and chronic bladder irritation
from indwelling catheters or vesicle stones are responsible
for squamous cell carcinoma (SCC) of the bladder.
Urothelial carcinoma (UC), also known as transitional cell
carcinoma, is the most common subtype of BCa, seen in 90% of
cases.® At presentation, approximately 2% cases with urothe-
lial BCa will have a synchronous upper urinary tract tumor and
approximately 6% will develop a metachronous lesion.'® SCCis
the second most common subtype of BCa, representing 6 to 8%
of all cases. The incidence rate of SCC is disproportionately
higher, up to 50%, in endemic areas of schistosomiasis.'*
Adenocarcinomas are rare, accounting for less than 2% cases.
They may be urachal (one-third) or nonurachal (two-third).
Other histologic types of BCa, such as lymphoma, carcinosar-
coma, small cell carcinoma, pheochromocytoma and sarcoma,
are also extremely rare.'” The presence of some of these
variant histology subtypes increases the chances of distant
metastases even in nonmuscle invasive bladder cancer
(NMIBC), suggesting the need for cross sectional imaging.

Clinical Features

The most common presentation of BCa is painless hematuria,
either gross or microscopic. Other symptoms like urgency,
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dysuria, increased frequency, pelvic pain, and symptoms
related to urinary tract obstruction may also be observed.
Urinary tract infection is a less common presenting symp-
tom. Urine cytology for voided exfoliated cancer cells has
good sensitivity and is a useful indicator of high-grade
malignancy; however, it lacks specificity as it is unable to
localize the origin of the UC in the entire urinary tract. A
negative cytology does not exclude malignancy. Urine cytol-
ogy is not routinely performed for initial evaluation of
hematuria but can be considered when there is suspicion
of BCa, as per NCCN (National Comprehensive Cancer Net-
work) guidelines. 8 The United States Food and Drug Admin-
istration (FDA) has currently approved six urinary assays to
use alongside cystoscopy for diagnosis and surveillance;
these include nuclear matrix proteins 22 and bladder tumor
antigen assays.

Role of Imaging

Imaging plays a key role in the diagnosis, locoregional, and
distant staging, for deciding management protocols and for
follow-up. Various techniques are available for imaging the
urinary tract, commonly used are computed tomography
urography (CTU), magnetic resonance imaging (MRI) pelvis,
and whole body [' oF]Fluorodeoxyglucose positron emission
tomography/computed tomography ('®F-FDG-PET/CT) and
historically intravenous urography. According to NCCN, no
single follow-up plan is suitable or appropriate for all
patients and the follow-up intervals should be individual-
ized. Routine screening for BCa beyond the high-risk popu-
lation is currently not recommended.® The gold standard for
confirmation of BCa is direct visualization of the tumor on
cystoscopy (flexible or rigid) and transurethral resection of
bladder tumor (TURBT). TURBT is performed for pathological
confirmation with the goal to resect all of the visible tumor
up to muscle depth.

Ultrasonography

According to the American College of Radiology “Appropri-
ateness Criteria,” ultrasound is recommended as the initial
diagnostic evaluation for microscopic hematuria.? The spe-
cificities of ultrasonography and CTU are found to be similar;
however, CTU has a higher sensitivity.

Computed Tomography

CTU is the most common and preferred imaging modality for
patients in whom intravenous iodinated contrast can be
safely injected without contraindications and has success-
fully replaced the historical fluoroscopy-guided intravenous
pyelography. It has high diagnostic accuracy (91%), sensitivi-
ty (79-93%), and specificity (83-99%).2"->? The high specific-
ity of CTU allows the treating physician to eliminate the use
of a diagnostic flexible cystoscopy in the outpatient depart-
ment and directly do a rigid cystoscopy, often at the same
time as TURBT. CTU can be performed by the “single-bolus
technique” with administration of a full bolus and acquisi-
tion of three phases, that is, noncontrast, urothelial, and
delayed excretory or by the “split-bolus technique” with a
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noncontrast phase and a single urothelial and excretory
phase following administration of a partial bolus. Split-bolus
technique has the advantage of reduced radiation exposure
but comes at the potential cost of missing smaller lesions.

According to the NCCN guidelines, CTU is the investigation
of choice for patients with high suspicion for BCa, for primary
evaluation of diagnosed cases, for staging and restaging, and
for surgical planning.'® It is also the investigation of choice
for metastatic assessment in MIBC.23 It allows macroscopic
characterization (site, size, and number) and extent of le-
sion; T Stage, evaluation of spread to primary/regional
(perivesicle, internal iliac, external iliac, obturator, and pre-
sacral) and secondary/distant (common iliac, para-aortic,
aortocaval, and paracaval) lymph nodes; N Stage, aides in
assessing the involvement of upper urinary tract and distant
organs; M Stage, involvement of lymph nodes above the iliac
chain is considered metastatic disease. Metastasis to the lung
and liver is common and to the bone and brain is rare.

On CT, BCa appears as intraluminal papillary masses with
frond-like appearance or as nodular masses or as focal or
diffuse wall thickening. Early enhancement is observed.
Calcification can be seen in approximately 5% cases, typically
encrusting the surface of the tumor and may be nodular or
arched.?* CTU is suboptimal, as compared with MRI, in the
differentiation of NMIBC from muscle invasive bladder can-
cer (MIBC) and in the local staging of smaller tumors and
cancers less than T3a stage. However, it is best utilized for
local assessment and staging of larger and higher staged
tumors, that is, T3b and T4.2> CT is also used for restaging
high-risk NMIBC and MIBC following treatment. CT is useful
for nodal staging of BCa, as it identifies regional and distant
nodal metastasis. Morphological abnormalities, such as en-
larged size, round shape, irregular borders, central necrosis,
and loss of fatty hilum, are the major criteria for categorizing
lymph nodes. The accepted measurement cutoff for suspi-
cious lymph nodes is 10 mm for abdominal adenopathy and
8 mm for pelvic adenopathy in the short axis?® however, the
accuracy varies widely based on the cutoff used.

Magnetic Resonance Imaging
Growing interest in the application of multiparametric MRI
(mpMRI) for imaging in BCa is a result of its superior soft
tissue resolution. mpMRI has proven to be successful in
differentiating MIBC from NMIBC with a high diagnostic
accuracy; thus, it is the investigation of choice for T-Staging
of BCa. Recent systemic reviews and meta-analysis have
shown a better sensitivity and specificity of mpMRI for
differentiating <T1 and >T2 tumors.2’-28

MRI should be performed before endoscopic management
or at least 2 weeks after cystoscopic procedures and intra-
vesicle treatments and a gap of 2 days should be maintained
after removal of indwelling catheters to minimize artifacts
from intravesicle air. Optimal bladder distention and admin-
istration of antispasmodic agents are methods to reduce
motion artifacts from peristalsis. mpMRI consists of anatom-
ical T2-weighted images (T2WI), functional diffusion-
weighted images (DWI), and dynamic contrast-enhanced
(DCE). Ideally, large field-of-view (FOV) T1W spin echo
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sequence, from the aortic bifurcation to the pubic symphysis,
should also be performed before contrast administration for
the evaluation of metastatic retroperitoneal adenopathy.
mpMRI has limitations in assessment of metastatic disease
because of the smaller FOV; however, there is a paradigm
shift to MRI for metastatic evaluation with the introduction
of PET/MR and whole-body MRI.>3

T2WI without fat saturation performed in at least two planes
(axial, coronal and |/ or sagittal) is primarily used for anatomic
characterization of the tumor, like lesion size, growth pattern,
morphology, location, and the degree of interruption of muscle,
all of which are essential for local staging.zz'29 Isotropic three-
dimensional T2W images can serve as an adjunct.29 DWI
provides qualitative and quantitative data regarding cellularity
of the tumor. High cellularity tumors reveal bright signal
intensity on DWI. The apparent-diffusion coefficient (ADC)
map is a quantitative representation of restricted diffusion
showing decreased signal intensity corresponding to the high
cellularity and aggressiveness of the tumor, thus identifying the
possible histological grade of the tumor. The muscularis propria
layer of the bladder wall is identified on T2WI and DWI, showing
low-signal intensity on T2WI and intermediate signal on DWIL
The tumor can be easily distinguished by its intermediate signal
intensity on T2WI and high-signal intensity on DWI. Muscle
invasion can be inferred if interruption in the low signal
intensity is seen on T2WI and intermediate signal intensity on
DWI can be demonstrated, thus making these two sequences
the most useful sequences for identifying MIBC and consequent-
ly for local staging of BCa.?° The infiltration of extravesicle tissue
is also best demonstrated on T2WI as hypo- to intermediate
intensity infiltrative streaks in contrast to the hyperintense
extravesicle fat. Higher b-value sequences improve the detection
of nodal disease and marginally improve the sensitivity and
specificity®’; thus, DWI should be generated with at least two b-
value sequences.

DCE images are multiple, rapidly acquired fat suppressed
gradient echo sequence T1WIs obtained before, during and
after intravenous administration of gadolinium contrast. The
highly vascular inner layer, that is, the urothelium and
lamina propria, which is not well visualized on T2WI and
DWI, can be very well demonstrated on early sequences of
DCE images as an avidly enhancing inner most layer. The
muscularis layer enhances later, slowly, and progressively.
Thus, DCE imaging is best suited for demonstration of the
early enhancing BCa. There is a statistically significant im-
provement in the specificity and accuracy of mpMRI in
differentiating T1 stage BCa from lower-grade tumors T2
stage BCa when DCE imaging supplements DWI and T2WI.*'

Patients in whom TURBT reveals muscle invasion, surgery
becomes only of diagnostic value. There is concern that this
could delay the definitive management of MIBC, which
entails chemotherapy and cystectomy or radiation therapy.
Further, there are also concerns of micro-perforations during
TURBT of large tumors which might potentially upstage the
disease. Based on this apprehension, the BladderPath trial
was designed which is trying to assess if MRI could obviate
the need for TURBT in patients who are likely to be harboring
a muscle invasive disease.3?
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Differentiation of Ta from T1 tumors is also possible with
mpMRI. These tumors present as sessile or pedunculated
masses and the imaging features of the center or stalk of the
tumor can correspond to the stage of the lesion. The phase of
enhancement of the submucosal tissue is usually earlier than
that of the cancer component in Ta cancer; however, the
cancer component usually enhances as strongly as the sub-
mucosal tissue in T1 cancer on DCE imaging.>? Additionally,
difference in the Ta to T1 tumors can also be related to the
size of the tumor in contact with the bladder wall.*3

T2WI has limited application in post-therapy evaluation
of BCa due to presence of inflammation and fibrosis. DWI has
higher specificity and sensitivity compared with T2WI and
DCE for accurately predicting histopathological response.?’
Changes in the ADC value after administration of neoadju-
vant chemotherapy or following chemoradiation is an early
indicator of pathologic response.34 Arecent study (PURE-01)
evaluated the potential use of mpMRI as a tool for assessing
complete tumor response to pembrolizumab, which is an
FDA approved immune checkpoint inhibitor (programmed
cell death protein 1 [PD-1] inhibitor).>*3>

Positron Emission Tomography
As per the American College of Radiology (ACR) Appropri-
ateness Criteria for pre-treatment staging of MIBC, the use of
PET/CT in BCa is considered as “may be appropriate.”3®
European Association of Urology and the European Society
for Medical Oncology recently issued a consensus statement,
stating that FDG-PET/CT should be used for staging of oligo-
metastatic BCa when radical treatment is considered to
minimize the risk of overtreatment.3” The NCCN guidelines
suggest that PET/CT may be useful for selected patients >T2
tumors of MIBC and can significantly alter the treatment
approach in >T3 tumors. PET/CT has a pooled sensitivity and
specificity for detection of lymph node metastases of 57 and
95%, respectively.>® PET/CT is most often utilized in MIBC
where the incidence of metastasis is much higher compared
with NMIBC, where routine use of PET/CT is not justified.
PET/CT can be utilized for metastatic staging of BCa (not
local staging) and for response assessment and restaging
after neoadjuvant chemotherapy. The greatest strength of
PET/CT is its ability to detect metastasis in lymph nodes that
are not pathologically enlarged. An integrated approach,
with information on the standardized uptake values and
the size criterion of lymph nodes, can improve the accuracy
of PET/CT.39 FDG-PET/CT also serves as a noninvasive indi-
cator of PD-1/PD-L1 expression that is extremely beneficial
especially with introduction of newer targeted immunother-
apy, like pembrolizumab.*® FDG-PET/CT is accurate in dis-
tinguishing primary tumor downstaging from nonresponse
in BCa.*' For the detection of recurrent BCa, the sensitivity
and specificity of PET/CT are 94 and 76%, respectively.*?
PET/MR is a novel hybrid imaging modality that combines
the advantage of superior soft tissue resolution of mpMRI
with the metabolic and functional information of PET, pro-
viding greater accuracy for detecting tumors, pelvic lymph
node metastasis, and nonnodal pelvic malignancy.** It is also
useful for evaluating response to neoadjuvant chemotherapy.
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Two new, alternative, experimental radiotracer agents being
evaluated for use in imaging of BCa are [''C] choline and [1'C]
acetate. Their diagnostic accuracy for lymph node staging
showed a pooled sensitivity and specificity of 66 and 89%,
respectively.44

A significant proportion of patients with MIBC present
with obstructive uropathy and deranged parameters. While
some of them may be eligible for contrast studies following
urinary diversion, an early assessment of the disease burden
in these patients can best be done using FDG-PET-CT.

Image-Guided Interventions

Intractable hematuria in patients with lower urinary tract
malignancies has been successfully treated with selected
transcatheter arterial embolization. Cross-sectional imaging
may depict intravesicle clots; however, CTU and DCE MRI
both can be unsuccessful in accurately locating the site of
bleed. When radical surgery is not feasible or contraindi-
cated, angiography with embolization, as a palliative ap-
proach, provides a minimally invasive means to control
bladder hemorrhage.*®

Percutaneous cryoablation is being explored as a minimal-
ly-invasive technique, which can be used as an adjuvant
therapy with TURBT to eliminate the possibility of residual
tumor in MIBC and high-risk NMIBC to the maximum possible
extent.*® It is also considered in few cases to eliminate the of
systemic chemotherapy and decrease the degree of complica-
tions.*” Very few studies have used CT guidance for cryoabla-
tion; transurethral approach is generally preferred. Although
still under exploration, it shows a promise in the future as an
alternative to the current first-line of treatment, that is, TURBT.

VI-RADS

Vesicle Imaging-Reporting and Data System (VI-RADS), de-
veloped in 2018, is a standardized mpMRI-based scoring
system, incorporating tumor appearances on T2WI, DWI, and
DCE imaging for assessing the overall risk of muscle invasion.
It provides a systemic reporting template for preoperative
staging of BCa. It also provides information on the manage-
ment approach, assessment of therapeutic response, and
prognosis. Multiple retrospective and prospective studies
have investigated the validity and reproducibility of VI-RADS
upon confirmation with TURBT, and demonstrated good
diagnostic accuracy and reliability.*#->0

VI-RADS score incorporates three categories; structural
category (SC) that is assessed on T2WI, contrast-enhanced
category (CE) assessed on DCE imaging and the diffusion-
weighted category (DW) assessed on DWI which have been
tabulated in Tables 1, 2 and 3, in an attempt to simplify the
different assessment categories.?°

The final score is firstly based on T2WI based on morphol-
ogy, because of its high spatial resolution in evaluating the
integrity of muscularis propria. However, the presence of
definitive muscle invasion is decided by DWI and DCE
imaging, which are the dominant sequences for risk assess-
ment. In case of discordance between T2WI and DCE images,
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DWI improves the accuracy.’’>? An algorithm for approach
to final VI-RADS category of BCa is provided in Table 4. A
schematic diagram of mpMRI appearances of VI-RADS cate-
gories has been presented in Figure 1.

Approach to Reporting

The American Joint Committee on Cancer (AJCC) Staging
Manual, 8th edition, provides structured guidelines for the
staging of BCa (Table 5.1 and 5.2). ATNM Stage; T (tumor), N
(node) and M (metastasis); of the tumor is provided which
stratifies patients into different stages of cancer allowing
prognostication and guiding patient management.

A synoptic template for reporting is also proposed, elabo-
rating primary tumor characteristics and nodal and metastatic
disease, making it simpler for a radiologist and the treating
physician and surgeon to follow a checklist which includes all
relevant clinical and radiological information that can poten-
tially influence patient management (Figure 2).

Urethral Cancer

Primary urethral cancer (UCa) is a rare and aggressive malig-
nancy. Secondary UCa is a recurrent carcinoma, following a
treated primary in the urinary tract, usually reported after
radical cystectomy in a case of BCa.”> Primary UCa accounts for
less than 1% of all malignancies®® and as per the SEER analysis,
the incidence is highest above the age of 75 years (0.76/lakh)
and almost negligible in less than 55 years (0.02/lakh),>> with a
male preponderance. The common predisposing risk factors
for UCa include urethral strictures, chronic irritation after
intermittent catheterization/urethroplasty, external-beam ra-
diation therapy (EBRT) to the pelvis, radioactive seed implan-
tation, and chronic urethral inflammation or urethritis
following sexually transmitted diseases (like HPV16) in men
and urethral diverticula and recurrent urinary tract infections
inwomen. UC is the predominant histologic subtype, followed
by SCC and adenocarcinoma. Clear cell adenocarcinoma has a
congenital cause.

The most common location for UCa in men is the bulbo-
membranous urethra, whereas in women the anterior ure-
thra, comprising of the distal one-third, is the most common
location. Conventional imaging techniques, like voiding cys-
tourethrography and retrograde urethrography, are helpful
for urethral imaging in men, however, and are invasive and
unable to evaluate extraluminal spread or periurethral con-
ditions.”® High-resolution, transvaginal, transperineal, and
transurethral ultrasound have also been explored; however,
MRI is the mainstay for urethral imaging in both sexes.

MRI is useful for diagnosis and characterization of tumor
and local staging of UCa. The commonly performed sequen-
ces include T1IWI, T2WI, and post-contrast TIWI in small
FOV. Larger FOV is used for imaging the pelvic and inguinal
lymph nodes that constitute the route for metastatic spread
of UCa. Relative to the normal corporal tissue, Uca appears
hypointense on T1WI, hypointense on T2WI, and progres-
sively enhances on post-contrast TIWI In men, invasion of
the corpus spongiosum, prostate and periurethral muscle,
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upstages UCa with further upstaging following invasion of
corpus cavernosa. Anterior urethral lesions can metastasize
to the inguinal group of lymph nodes and eventually external
iliac group, whereas posterior UCa extends to the deep pelvic
lymph nodes.

The differential diagnosis for UCa includes complex cystic
periurethral lesions like inflamed urethral diverticulum,
amyloidosis, and rarely hematogenous metastasis to corpus
spongiosum in men with melanoma, prostate, bladder, colon,
testicular, and renal cancers.>’

The extent of surgical clearance of disease may vary from only
urethrectomy to total penectomy to cysto-prostato-urethrec-
tomy and MRI is the cornerstone imaging for surgical planning.
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