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Abstract

Purpose of review—Muscle-invasive bladder cancer (MIBC) comprises approximately one-
third of bladder cancers and is associated with significant morbidity and mortality. Accurate
staging of bladder cancer is essential because of significantly different treatment options and the
consequences of inaccurate staging. The current recommended method for staging is transurethral
resection of the bladder tumor followed by contrast- enhanced computed tomography (CT). In this
review, we discuss cross-sectional imaging approaches used to assess local, nodal, and distant
metastases in MIBC.

Recent findings—Determining the most accurate imaging method for staging MIBC is a
contentious issue. CT with contrast is a practical approach; however, there is potential for
understaging of small lymph nodes or foci of metastasis. Multiparametric MRI is emerging as the
imaging modality of choice in tumor staging, with a reported accuracy of more than 90%.
Locoregional lymph node metastasis can also be accurately evaluated using functional MRI and
specific contrast agents with paramagnetic characteristics. PET/CT with conventional radiotracers
is a common imaging modality for staging distant metastases.

Summary—Conventional imaging methods for evaluating MIBC are of limited use. However,
recent advances in molecular imaging, targeted contrast agents, and functional MRI have shown
promising results for the staging of bladder cancer.
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INTRODUCTION

Bladder cancer is the most common type of urothelial malignancy, with over 74 000 new
cases diagnosed each year and more than 15 000 deaths expected in 2015 [1]. About one-
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third of cases will present with invasion into the bladder muscle. These are a biologically
heterogeneous group of cancers with different molecular and histopathologic subtypes and
variable responses to chemotherapy and, thus, variable clinical outcomes [2]. Radical
cystectomy with pelvic lymph node dis-section is the standard treatment for muscle-invasive
bladder cancer (MIBC). However, radical surgery is often associated with significant
morbidity and complications. Recent data suggest comparable survival rates by employing
bladder-preserving methods combined with chemotherapy and radiation therapy in a
selected group of patients with MIBC [3,4]. This is why accurate staging of bladder cancer
is of paramount importance for choosing the best treatment. The current recommendation of
the National Comprehensive Cancer Network for initial staging of MIBC is abdominal and
pelvic computed tomography (CT) or MRI with noncontrast chest CT [5™™]. Here, we
review the various imaging techniques being used to stage known bladder cancer, and
discuss the advantages and disadvantages of each (Tables 1-3) [6-19,20821-25].

COMPUTED TOMOGRAPHY

CT, which is widely available and inexpensive, is considered the gold standard for staging
nodal and distant metastases. Guidelines of the European Association of Urology
recommend CT for initial staging and follow-up of patients with MIBC [26]. However, CT
has several limitations for tumor staging of bladder cancer, mainly lack of visualization of
the bladder wall muscle layers and lack of specificity for early detection of extravesical
invasion of the tumor. Findings suggestive of extravesical invasion of the tumor are
nonspecific and include perivesical fat stranding and adjacent soft tissue nodularity (Fig. 1)
[27]. The other major disadvantage of CT is a lack of functional data and heavy reliance on
morphology for staging of nodal and distant meta-stases, which often leads to understaging
of cancers with small foci of metastases. A retrospective study of 276 patients undergoing
radical cystectomy demonstrated a low rate of overstaging (8.3%) and a high rate of
understaging (29.4%) [6]. Even more troublesome was CT’s inability to accurately predict
the depth of bladder tumor invasion (accuracy rate: 49%), leading to overstaging in 23.4%
and understaging in 24.7% of cases, as confirmed by cystectomy [6]. Despite these
limitations, CT is a reliable and cost-effective method for the initial staging and follow-up of
patients with MIBC who undergo radical cystectomy [26].

PET/COMPUTED TOMOGRAPHY

By itself, CT provides limited functional information. However, when combined with PET,
CT is a powerful tool for detecting local metabolically active foci of cancer that might
otherwise be too small to visualize (Fig. 2) [28]. The most common radiotracer in clinical
practice is fluorine-18 2 fluoro-2-deoxy-D-glucose (18F-FDG). However, use of this
radiotracer to image local bladder cancer is limited because of urinary excretion that leads to
a high concentration of radio-tracer within the bladder [28]. This interferes with
visualization of the bladder tumor and adjacent locoregional lymph nodes, which often have
lower metabolic activity compared with bladder content. Several methods have been
proposed for overcoming this limitation, the most practical being the use of a diuretic,
voiding before the examination, and delayed imaging. In a study of 25 patients with bladder
cancer, forced diuresis with intravenous furosemide was a more sensitive method than
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contrast-enhanced CT for detecting the primary tumor (96 vs. 92%). In addition, PET/CT
was more sensitive than CT for the detection of locoregional lymph node metastasis (78 vs.
44%) [29]. Others have reported similarly promising results. In a study of 11 patients with
bladder cancer in intact bladders [30], PET/CT showed 100% sensitivity and specificity for
detection of bladder wall cancers, and 41% of patients were upstaged following delayed-
phase imaging. Others have proposed using radiotracers such as 11C-meth-ionine and 11C-
choline with minimal urinary excretion. When combined with PET/CT, these radiotracers
have the advantage of minimal urinary excretion and better definition of bladder wall and
lumen.

Choline is an integral part of the cell membrane. It incorporates into the tumor cell wall by
final conversion into phosphatidylcholine and becoming a component of the cell membrane.
Choline can be tagged with 11C and used as a radiotracer to detect cellular turnover [31].
The disadvantage of using 11C-choline is its short half-life of 20 min, which limits its use to
imaging centers with an onsite cyclotron. However, 11C-choline can improve visualization of
the primary tumor [32] and aid in preoperative staging [33,18]. In a recent study comparing
11c-choline imaging with histology in 59 patients [20®], 11C-choline detected lymph node
metastasis in 62.7% of patients. Interestingly, the study also reported a reasonably high
detection rate for primary cancer or local relapse in 54.2% of patients. Overall, 11C-choline
yields sensitivity (59%), specificity (90%), positive predictive value (71%), negative
predictive value (84%), and accuracy (81%) for nodal staging. In a study of 20 patients with
bladder cancer who underwent local and metastatic staging with 11C-choline and 18F-FDG
PET/CT, 1C-choline PET/CT showed a high positive predictive value (84.7% in 51 detected
lesions) [34]. However, the positive predictive value of 18F-FDG PET/CT was higher
(90.7%). In addition, the maximum standardized uptake value of 18F-FDG was significantly
higher than that for 11C-choline for bladder and extravesical metastatic lesions. In sum, 11C-
choline did not provide additional benefit for staging of MIBC and was inferior to 18F-FDG
for the detection of extravesical disease.

Another radiotracer proposed for tumor staging in patients with MIBC is 11C-methionine.
Methionine is an amino acid that can be used to detect metabolically active lesions with high
protein metabolism and amino acid transport. 11C-methionine can reliably detect bladder
cancer in patients with large lesions. However, the major limiting factor for use of this
radiotracer is its lack of specificity and increased background uptake, which limits the
evaluation of small lymph node metastases [35]. In a study of 11C-methionine PET in
patients with biopsy-proven urinary bladder carcinoma, 18 of 23 primary tumors were
detected, and higher 11C-methionine uptake was associated with higher tumor grade [36].

The true value of PET/CT, however, is in staging of distant bladder cancer metastasis. A
study investigating the value of 8F-FDG PET/CT imaging in the management of 47 patients
with advanced bladder cancer reported an overall sensitivity and specificity of 87 and 88%,
respectively, in the detection of malignant metastatic lesions [25]. The study demonstrated
superior detection power for 18F-FdG PET/CT compared with conventional MRI or CT
alone, with more lesions detected in 40% of patients. More importantly, patients’ planned
management was altered in 68% of cases based on the 18F-FDG PET/CT results. In a meta-
analysis of six studies, including the previous study, the pooled sensitivity and specificity of
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18F_FDG PET/CT for staging and restaging of bladder cancer was 82 and 89%, respectively
[28].

MRI is an excellent method for detailed evaluation of pelvic anatomy because of its superior
soft-tissue contrast resolution (Fig. 3). In addition, diffusion-weighted MRI (DW-MRI) and
dynamic contrast-enhanced MRI (DCE-MRI) can provide functional information.

Morphologic MRI

Key elements of the MRI imaging protocol at the National Cancer Institute include TI-
weighted imaging without fat suppression, isotropic T2-weighted imaging with and without
fat saturation, DW-MRI, and DCE-MRI. One of the main challenges for imaging of the
bladder is properly distending the bladder at the time of imaging. Compression of
surrounding fat in an overdistended bladder can lead to underestimation of extravesical
extension of the tumor, whereas an underdistended bladder can obscure small lesions due to
bladder wall thickening. Therefore, it is recommended that the patients empty the bladder
approximately 2h before the examination [37]. Tl-weighted imaging is a sound method for
visualizing perivesical fat as the frontline of extravesical tumor extension, with low signal
intensity of the tumor as opposed to the background fat [38™™]. The disadvantage of Tl-
weighted imaging without contrast is lack of differentiation between the tumor and the
bladder wall because of similar signal characteristics. Therefore, evaluating the depth of
bladder wall invasion is severely limited with Tl-weighted imaging. In contrast, T2-weighted
imaging can use the inherently high T2 signal intensity of urine to delineate the intraluminal
portion of the mass. In addition, interruption of low Tl signal detrusor muscle is indicative of
transmurality and extravesical invasion of the tumor [11]. The main disadvantage of
anatomical MRI of the bladder is lack of detailed tissue characterization and, thus, scarce
data on tumor aggressiveness. There is also a risk of overestimating the extent of the tumor
following transurethral resection of the bladder tumor (TURBT) or radiation and
chemotherapy [39].

Dynamic contrast-enhanced MRI

DCE-MRI relies on contrast materials with paramagnetic capabilities to evaluate tumor
vascularity and permeability. DCE-MRI uses Tl-weighted sequences with fast acquisition
capabilities, which yield high-resolution sequential images of the imaging field. DCE curves
can be drawn by measuring signal intensity within the desired volume of mass as an indirect
method of assessing angiogenesis [40]. The normal bladder wall does not enhance
significantly on early postcontrast images; tumors with more vascularity demonstrate higher
signal intensity following injection of contrast. In a study of 122 patients with MIBC, DCE-
MRI demonstrated a high accuracy rate (74%) in differentiating node-negative organ-
confined bladder cancer from non-organ-confined bladder cancer. Yet, despite high accuracy
(80.3%) in detecting positive nodes, DCE-MRI shows low sensitivity (40.7%) in
determining positive nodal disease [23]. Contrast within the bladder lumen on delayed-phase
images helps to delineate the mass’s intraluminal contour.
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One of the more promising recent developments in the use of imaging for staging metastatic
lymph nodes is the use of ultra-small superparamagnetic iron oxide (USPIO) contrast agents.
A USPIO contrast agent, such as ferumoxtran-10, is injected intravenously and ultimately
taken up by macrophages. Deposition of macrophages within normal lymph nodes leads to a
significant signal drop on Tl-weighted and T2-weighted images. Lack of macrophages and
replacement of lymph node cells by metastatic cancer cells mean that metastatic lymph
nodes do not take up the USPIO, leading to higher T1 and T2 signals [41]. USPIO has been
used to evaluate nodal staging of various pelvic malignancies [42—44]. One study involved
75 patients with prostate or bladder cancer who were initially staged as NO by conventional
cross-sectional imaging [21]. Investigators compared the combined USPIO DW-MRI
findings with histopathologic results from extended pelvic lymph node dissection. Three
readers reported rates of sensitivity (65—-75%) and specificity (94-97%) for the combined
imaging method for detection of metastatic lymph nodes.

Diffusion-weighted MRI

DW-MRI makes use of the diffusivity of water molecules in the tumor microenvironment;
more restricted diffusion of water molecules means more signal detection and brighter signal
[45]. Bladder cancer’s high cellularity, high nucleus:cytoplasm ratio, decreased extracellular
space, and tissue disorganization results in increased signal on DW-MRI images [46™H].
The degree of restricted diffusion can be quantified using a calculated apparent diffusion
coefficient (ADC) map and drawing the region of interest over the lesion [45]. The lower the
ADC value, the more restricted diffusivity of water molecules in the tumor
microenvironment.

By the same principle, DW-MRI can detect primary bladder cancer or foci of metastases that
have more restricted diffusion compared with normal background tissue. In a study of 104
bladder cancer patients, DW-MRI showed 90% sensitivity in detecting bladder cancer, which
was comparable with T2-weighted MRI [47]. Similarly, DW-MRI can be used to detect
malignant lymph nodes. Another study showed that because metastatic lymph nodes have
lower ADC values than normal lymph nodes, DW-MRI had a sensitivity of 76% and
specificity of 89% [24]. Several methods have been proposed to increase the sensitivity and
specificity of DW-MRI for the detection of metastatic lymph nodes. One proposed method is
using fusion of stronger b-values (750 ssfmmZ2) with conventional T2-weighted images to
increase the visibility of lymph nodes [48].

Lower ADC value can be helpful in differentiating high-grade from low-grade bladder
cancer. A study evaluating 37 bladder cancer patients showed significantly lower ADC
values in high-grade tumors compared with low-grade tumors [49]. The area under the curve
for differentiating low-grade and high-grade tumors was higher for ADC relative to the size
of the bladder tumor. In another study in bladder cancer, ADC values and tumor markers
were compared with histology and correlated with clinicopathologic prognostic criteria such
as tumor size, grade, and muscle invasiveness. ADC values were also correlated with
immunohistochemically derived biomarkers such as p53, p21, and ki67. Low ADC values
and p53 were associated with tumor stage, pathologic tumor grade, and lymphovascular
invasion [50®]. Significantly, lower ADC values in MIBCs and high-grade T1 bladder
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cancers compared with less aggressive phenotypes with sensitivity of 88%, specificity of
85%, and accuracy of 87% have been reported [47].

DW-MRI is also helpful in differentiating recurrence from post-treatment changes. In a
study of 11 patients with suspected tumor recurrence, DW-MRI was shown to be more
sensitive and specific than DCE-MRI (92.6 and 100% vs. 59.3 and 82.3%, respectively)
[51].

FUTURE DIRECTIONS

MRI can provide valuable morphologic and functional information for staging of MIBC. At
the same time, PET agents have been proven invaluable in tumor, nodal, and metastatic
staging of bladder cancer. Combining these two methods in a hybrid PET/MRI machine is a
powerful modality for local and systemic staging of bladder cancer, with potential
applications for evaluating treatment response. The main advantage of hybrid PET/MRI
scanners is the ability to perfectly coregister PET and MRI data, which is particularly
challenging in bladder imaging because of changes in the size of the bladder during imaging
[52]. Another area of research and potential improvement is new radiopharmaceuticals,
including agents targeted against specific cancer antigens. This technique has shown
promising results in labeling cancer cells for gross visualization by cystoscopy (endoscopic
molecular imaging of bladder cancer using a CD47 antibody). Many other methods for
macroscopic and microscopic labeling of cancer cells are in development [53].

CONCLUSION

Although there is currently no ideal imaging method for diagnosing and staging MIBC,
PET/CT is the preferred modality for initial staging of nodal and distant metastases in
patients with MIBC. In the absence of data from large prospective studies, tumor staging
depends on invasive pathologic assessment via TURBT. There are, however, several
promising areas of research, including high-resolution multiparametric MRI and PET/MRI,
and targeted molecular imaging.
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KEY POINTS

Although CT with or without contrast is not an accurate method for initial
assessment of local bladder tumor invasion, CT after radical cystectomy is the
primary modality for nodal and distant metastases surveillance, although
small nodes and metastatic foci may be understaged.

PET/CT with conventional radiotracers is commonly used for staging distant
metastases. PET/MRI is a newer modality under investigation for local and
systemic staging of bladder cancer, with potential applications for evaluating
treatment response.

Multiparametric MRI is emerging as the imaging modality of choice in tumor
staging, with a reported accuracy of more than 90%.

Locoregional lymph node metastases can also be accurately evaluated using
functional MRI and specific contrast agents with paramagnetic characteristics.
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FIGURE 1.
A 63-year-old woman presented with hematuria. (a) A focal area of wall thickening at the

dome of the bladder was shown on coronal CT postcontrast image of the pelvis (arrow).
(a,b) Areas of fat stranding and nodularity adjacent to focal wall thickening (arrowheads)
were highly suspicious for invasion of bladder wall. TURBT disease showed invasion only
of the lamina propria. CT, computed tomography; TURBT, transurethral resection of the
bladder tumor.
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FIGURE 2.
A 65-year-old man with MIBC underwent screening CT examination of chest, abdomen, and

pelvis (CAP) with contrast. (a) CT showed no evidence of metastasis to the liver. (b)
PET/CT showed foci of increased radiotracer uptake within segments V and VI of the liver,
with SUVmax of 9.2 compatible with metastases (arrows). Restaging follow-up CT CAP 8
weeks after this study confirmed metastasis to the liver. CT, computed tomography; MIBC,
muscle-invasive bladder cancer.
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(a)

PPN

FIGURE 3.
A 37-year-old man presented with a large enhancing mass within the left body of the

bladder. (a) Contrastenhanced pelvic MRI showed fat suppression extending into the trigon
(arrows). (b) There is obliteration of the fat plane between bladder and rectum on nonfat-
saturated T1-weighted images (arrowheads) and (c) Postcontrast T1-weighted images
compatible with extravesical extension of the bladder mass and invasion of the rectum.
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