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A B S T R A C T

Purpose
Novel imaging modalities are needed to detect occult metastatic disease in bladder carcinoma.
Patients with regional lymphatic spread could be targeted for neoadjuvant chemotherapy, and
patients with distant metastatic disease could be spared the unnecessary morbidity of radical
cystectomy. Herein, we report a prospective study of positron emission tomography/computed
tomography (PET/CT) with [18F]fluorodeoxyglucose (FDG) in patients undergoing radical cystec-
tomy for cT2-3N0M0 urothelial carcinoma of the bladder.

Methods
Forty-three chemotherapy-naïve patients underwent FDG-PET/CT before planned cystectomy. All
had negative conventional CT and bone scintigraphy before enrollment. Positive FDG-PET/CT was
confirmed by percutaneous biopsy or open surgical exploration, whereas negative FDG-PET/CT
was confirmed by complete lymphadenectomy. Recurrence-free survival (RFS), disease-specific
survival (DSS), and overall survival (OS) were described using the Kaplan-Meier method and
compared using log-rank test.

Results
Median follow-up was 14.9 months (range, 0.4 to 46.1 months). One patient who did not undergo
lymphadenectomy was excluded from the pathology data analysis (n � 42), whereas another
patient who failed to return for follow-up was excluded from survival analysis (n � 42).
FDG-PET/CT demonstrated a positive predictive value of 78% (seven of nine), a negative
predictive value of 91% (30 of 33), sensitivity of 70% (seven of 10), and specificity of 94% (30 of
32). RFS, DSS, and OS were all significantly poorer in the patients with positive FDG-PET/CT than
in those with negative FDG-PET/CT.

Conclusion
FDG-PET/CT detected occult metastatic disease in seven of 42 patients with negative conven-
tional preoperative evaluations. PET findings were strongly correlated with survival. As such,
FDG-PET/CT may help in making treatment decisions before radical cystectomy.

J Clin Oncol 27:4314-4320. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Urothelial carcinoma of the bladder (UCB) is the
fifth most common malignancy in the United States,
with an estimated 68,810 new cases and 14,100
deaths in 2008.1 The management of UCB is depen-
dent on stage, with more advanced tumors requiring
aggressive therapy. For more than 15 years, the stan-
dard treatment for advanced disease without metas-
tases has been radical cystectomy, whereas the
standard treatment for metastatic disease has been
cisplatin-based combination chemotherapy, with
surgical removal of the bladder reserved for pallia-
tive care.2 Although patients with metastatic disease

limited to regional pelvic lymph nodes may be cured
with radical cystectomy alone,3 these patients gener-
ally undergo neoadjuvant chemotherapy in an effort
to improve their relatively poor cure rates.4-7

Accordingly, accurate pretreatment staging of
bladder carcinoma is an essential ingredient for im-
proving patient care by allowing better selection of
patients needing systemic treatment. However, cur-
rent imaging methods, including computed tomog-
raphy (CT) and magnetic resonance imaging (MRI)
for staging of bladder carcinoma, have not proven
to be highly accurate in identification of patients
with metastatic disease.8-10 CT may miss up to
40% of lymph node metastases. CT and MRI have
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accuracies as low as 55% and 60%, respectively.8,11,12 Novel imaging
methods are needed to detect occult metastatic disease.

Positron emission tomography (PET) performed with the radio-
pharmaceutical [18F]fluorodeoxyglucose (FDG) is a molecular imag-
ing technique that assesses regional glucose metabolism. It is widely
used because most cancers exhibit increased glucose utilization com-
pared with normal tissues.13 Often the metabolic changes detectable
by PET precede morphologic changes detectable by anatomic imaging
methods, leading to greater sensitivity of PET. Conventional PET
imaging is limited by a relative paucity of anatomic information, thus
making it difficult to localize focally increased tracer uptake accurately
and to distinguish pathologic from physiologic tracer uptake. This
limitation has largely been overcome by the introduction of combined
PET/CT, which provides spatially coregistered functional and ana-
tomic images, resulting in increased sensitivity and specificity by com-
parison with PET alone for many different tumor types.14 There are
currently limited data regarding the utility of FDG-PET for preoper-
ative staging of invasive UCB.15-17 Herein, we report the results of a
prospective study of FDG-PET/CT in patients scheduled to undergo
radical cystectomy for muscle-invasive UCB with no evidence of met-
astatic disease by conventional imaging.

METHODS

Study Population

This study was approved by the Human Research Protection Office and
the Radioactive Drug Research Committee. After obtaining written informed
consent, we prospectively enrolled patients with cT2/T3N0M0 UCB in whom
radical cystectomy with pelvic lymph node dissection was planned. Patients
with primary urothelial carcinomas with squamous or glandular differentia-
tion were included, but those with other histologic subtypes were excluded. All
patients were required to have no evidence of locoregional or distant meta-
static disease by history and physical examination, conventional abdomi-
nopelvic CT, and bone scintigraphy before enrollment onto the trial. As per
standard practice at our institution, all imaging studies from outside institu-
tions were reviewed before subject enrollment to ensure that our radiologists
agreed there was no metastatic disease. If outside imaging was felt to be
inadequate, it was repeated or supplemented with additional tests. Patients
were only enrolled after all imaging was completed. Patients who had under-
gone chemotherapy or were scheduled to receive neoadjuvant chemotherapy
were excluded. Patients with poorly controlled diabetes, inability to tolerate
PET, or a prior history of malignancy within 5 years were excluded. Patients
were followed clinically in accordance with the treating surgeon’s stan-
dard practice.

PET/CT

PET/CT was performed with a Siemens Biograph LSO 2 scanner (Sie-
mens Medical Solutions, Malvern, PA) approximately 60 minutes after ad-
ministration of 10 to 15 mCi of FDG. To facilitate clearance of urinary activity,
a Foley catheter was placed before injection of FDG, furosemide (20 mg) was
administered intravenously approximately 20 minutes after administration of
FDG, and the patients were hydrated throughout the study. The CT portion of
the study was performed without the administration of intravenous or oral
contrast material. CT images (5-mm slices) were obtained from the base of
skull through the proximal thighs at 130 kVp and 110 effective mAs. PET
images were obtained over the same anatomic extent, with imaging times of 2
to 4 minutes per bed position, depending on patient weight. PET images were
corrected for scatter, random coincidences, and attenuation and were recon-
structed with an ordered-subset expectation maximization iterative algorithm
with the use of a postreconstruction Gaussian filter (5-mm full width at
half maximum).

Each PET/CT study was interpreted by one of two experienced nuclear
radiologists and by a diagnostic radiologist specializing in genitourinary radi-
ology. Specific attention was directed to uptake of FDG in the primary bladder
tumor, pelvic nodes, para-aortic nodes, and distant sites. For the purposes of
this study, we used the final consensus interpretation of each PET/CT scan as
reflected in the clinical report that became part of each patient’s medi-
cal record.

In addition to qualitative evaluation of the images, all PET images
were evaluated semiquantitatively by determination of the maximum stan-
dardized uptake values (SUVmax) of tumor foci.18 Volumes of interest were
drawn around the foci of abnormal FDG uptake, with care taken to exclude
any residual urine in the catheter-drained bladder from the region, and the
SUVmax was obtained.

Identification of Metastatic Disease

The surgical procedure performed included a radical cystoprostatec-
tomy in men or anterior exenteration in women, and bilateral pelvic lymph-
adenectomy. The lymphadenectomy consisted of bilateral removal of all nodal
tissue and skeletonization of all vessels from the bifurcation of the common
iliac artery to the genitofemoral nerve, laterally, to the obturator nerve, medi-
ally and carried down to the angle between Cooper’s ligament and the inferior
aspect of the iliac vein. Additional presacral nodes lying medial to the internal
iliac artery were also removed. The template was modified only if FDG-
PET/CT demonstrated evidence of an intra-abdominal metastasis that was

Table 1. Demographic and Clinical Characteristics of 43 Patients

Characteristic No. of Patients Total Patients %

Sex
Male 32 43 74.4
Female 11 43 25.6

Race
White 41 43 95.4
Black 1 43 2.3
Other 1 43 2.3

Age, years
Median 70
Mean 68
Range 32-87

Clinical stage
cT2 40 43 93.0
cT3 3 43 7.0

Clinical grade
1 0 0
2 2 43 4.7
3 41 43 95.3

Pathologic stage�

pT2Nx 21 41 51.2
pT3Nx 16 41 39.0
pT4Nx 3 41 7.3
pTxNxM1 2 43 4.7
pTxN � M0† 8 42 19.0

Pathologic grade�

1 0 41 0
2 1 41 2.4
3 40 41 97.6

�Pathologic stage reflects the consensus stage from transurethral resection of
bladder tumor (TURBT) and cystectomy so as to reflect the true stage of disease
before TURBT. As such, patients who demonstrated lower-stage disease at the
time of cystectomy were classified on the basis of the TURBT pathology.
Cystectomy not performed in two patients with metastatic disease.

†One lymph node dissection was not performed.
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easily accessible during the surgical procedure. If FDG-PET/CT showed le-
sions not easily accessible surgically, percutaneous biopsy was performed un-
der CT guidance.

Pathologic Assessment of Bladder and Lymph Nodes

Pathologic specimens were processed and reviewed in the standard fash-
ion without modifications by a urologic pathologist unaware of the PET
results. Lymph nodes and associated fibroadipose tissue from node dissection
were entirely submitted for pathologic evaluation. Lymph nodes smaller than
1.0 cm were bivalved and then entirely submitted for histologic evaluation.
Lymph nodes more than 1.0 cm were serially sectioned and then entirely
submitted for histologic evaluation. Lymph nodes were grouped as right and
left pelvic lymph nodes. Size of metastatic deposit in lymph node was reported
as maximum diameter of the largest metastatic lesion.

Statistical Analysis

Data analysis of this pilot study was descriptive in nature. The feasi-
bility of using FDG-PET/CT for detection of metastatic disease in UCB was
summarized by sensitivity and specificity, as well as the corresponding
exact binomial 95% CIs, treating pathologic and/or biopsy findings as the
reference standard. This study also explored the association between FDG-
PET/CT and clinical outcomes, including overall survival (OS), disease-
specific survival (DSS), and recurrence-free survival (RFS). A positive
FDG-PET/CT was defined as evidence of metastatic disease either region-
ally in the pelvic lymph nodes or distantly to bone, lungs, viscera, or lymph
nodes outside of the pelvis. OS was defined as the time from date of PET to
the date of death of any cause. DSS was defined as the time from date of
PET to the date of death from disease. RFS was defined as the time from
date of PET to recurrence or death from disease. Survivors were censored at
the date of last contact. OS, DSS, and RFS in FDG-PET/CT-negative and
-positive subgroups were estimated using Kaplan-Meier product-limit
methods and compared using the log-rank test. All analyses were two-

sided, and a P value of .05 was taken to indicate significance. Statistical
analyses were performed using SAS (SAS Institute, Cary, NC).

RESULTS

Patient Population

From June 2004 to September 2008, 43 patients with cT2/
T3N0M0 UCB were prospectively enrolled. Patient characteristics are
described in Table 1. Median age was 70 years (range, 32 to 87 years).
Eighteen patients were Medicare beneficiaries, and their PET studies
were able to be performed via their participation in the National
Oncologic PET Registry.19 Median follow-up was 14.9 months (range,
0.4 to 46.1 months). Forty-one patients were taken to surgery for
planned cystectomy an average of 8.6 days (range, 2 to 36 days) after
FDG-PET/CT. The one patient with no follow-up information was
excluded from the survival analysis (n � 42), and the one patient who
did not undergo lymphadenectomy was excluded from the pathology
data analysis (n � 42). In addition, one patient was found to have
widespread metastatic disease by FDG-PET/CT, confirmed by percu-
taneous biopsy, and was not taken to surgery; one patient was found
intraoperatively to have metastatic disease infiltrating the retroperito-
neum, and cystectomy was not performed; and one patient had biopsy
of a PET-positive pelvic lymph node and received neoadjuvant chem-
otherapy followed by delayed cystectomy.

Primary Tumor

In seven of the 41 patients who underwent cystectomy, there was
no residual tumor identified pathologically. A primary tumor focus

Fig 1. Coronal (top row) and transverse
(lower row) computed tomography (CT) im-
ages (left column), positron emission to-
mography (PET)/CT fusion images (middle
column), and PET images (right column)
demonstrate intense [18F]fluorodeoxyglu-
cose uptake in the known primary bladder
carcinoma (long arrow). There is mild
activity in the urinary bladder (arrow-
head). The Foley catheter bulb also is
seen (small arrow).
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was identified pathologically in the remaining 34. Increased FDG
uptake was seen in the primary tumor in 28 (82%) of 34 patients (Fig
1), and the mean (� standard deviation) SUVmax of the primary
lesions was 13.1 (� 10.6).

Lymph Node Metastasis

Of the 42 patients available for analysis, FDG-PET/CT demon-
strated nodal metastasis in nine patients, seven of whom proved to
have nodal metastatic disease by pathologic examination (positive
predictive value, 78%; Fig 2). FDG-PET/CT demonstrated no evi-
dence of nodal metastasis in 33 patients, three of whom proved to have
metastatic disease at surgery by pathologic examination (negative
predictive value, 91%). The corresponding sensitivity and specificity
of FDG-PET/CT were thus 70% (seven of 10) and 94% (30 of 32),
respectively (Table 2).

The size of the metastatic deposits was related to likelihood of
detection on PET images. Of the 10 patients with nodal metastatic
disease, eight patients underwent lymphadenectomy. In two patients,
biopsy was performed to confirm the diagnosis of metastatic dis-
ease, but the size of the metastatic deposits could not be assessed;

one did not undergo surgery because of widespread metastatic dis-
ease, and the other underwent neoadjuvant chemotherapy. The mean
size of the tumor deposits was larger in the five PET-positive pelvic
nodes (2.8 cm; range, 0.4 to 6.5 cm) than in the three PET-negative
lymph nodes (0.6 cm; range, 0.4 to 0.7 cm), although the difference
was not statistically significant (P � .17), likely related to the small
number of observations.

Fig 2. Coronal (top row) and transverse
(middle and lower rows) computed to-
mography (CT) images (left column),
positron emission tomography (PET)/CT
fusion images (middle column), and PET
images (right column) demonstrate in-
creased [18F]fluorodeoxyglucose (FDG)
uptake in a small left pelvic lymph node
(arrowhead) and a small left para-aortic
lymph node (arrow). These foci were
proved to be sites of nodal metastatic
disease at surgery. The PET images also
demonstrate focal uptake of FDG in the
primary tumor at the left ureterovesical
junction (surrounding the stent).

Table 2. Lymph Node Metastasis: Correlation of PET/CT and
Pathologic Results

PET/CT Positive Pathology Negative Pathology Total

Positive PET/CT 7 2 9
Negative PET/CT 3 30 33
Total 10 32 42

NOTE. Sensitivity � 70% (95% CI, 45% to 88%), positive-predictive
value � 78% (95% CI, 51% to 94%), specificity � 94% (95% CI, 84% to
98%), negative-predictive value � 91% (95% CI, 81% to 97%).

Abbreviation: PET/CT, positron emission tomography/computed tomography.
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In two patients, the treatment approach was altered by the PET/
CT. As noted above, one underwent neoadjuvant chemotherapy fol-
lowed by cystectomy, after nodal metastasis demonstrated by PET was
confirmed by biopsy. The metastatic deposit was still present at the
time of surgery; however, he remains free of disease 24 months after
surgery. The second patient was found to have widespread metastatic
diseaseconfirmedbybiopsy.Surgerywascanceledandpalliativechem-
otherapy was performed. He died of metastatic disease 5 months
after PET.

Survival Analysis

RFS rates at 6 and 24 months for PET-positive patients were 50%
(95% CI, 16% to 79%) and 0% (95% CI, not applicable), respectively,
compared with 89% (95% CI, 69% to 96%) and 55% (95% CI, 27% to
76%) for PET-negative patients (P � .0001). DSS rates at 6 and 24
months for PET-positive patients were 63% (95% CI, 23% to 86%)
and 23% (95% CI, 1% to 62%), respectively, compared with 100%
(95% CI, not applicable) and 62% (95% CI, 32% to 82%) for PET-
negative patients (P � 0003). Lastly, the corresponding OS at 6 and 24
months for PET-positive patients were 63% (95% CI, 23% to 86%)
and 23% (95% CI, 1% to 62%), respectively, compared with 93%
(95% CI, 76% to 98%) and 58% (95% CI, 31% to 78%) for PET-
negative patients (P � .0062; Fig 3).

DISCUSSION

Patients with muscle-invasive UCB have a 10% to 30% risk of lymph
node involvement, depending on the primary tumor stage.20-22 Cur-
rently, staging of patients with UCB depends on CT or MRI to detect
metastatic disease; however, these have limited accuracy,8-12 and thus
imaging methods with improved accuracy are clearly needed. Our
results demonstrate that FDG-PET/CT provides good sensitivity and
excellent specificity for detection of metastatic disease. The extravesi-
cal results of FDG-PET/CT were strongly correlated with RFS, DSS,
and OS. In addition, we detected residual tumor in the bladder in
more than 80% of our cases, demonstrating that UCB is moderately
FDG-avid. Identification of both primary tumor and perivesical
lymph node metastasis was facilitated by placement of a Foley cathe-
ter, the administration of furosemide, and aggressive hydration. These
measures decrease the amount of tracer in the bladder lumen, which
can obscure important findings.

FDG-PET/CT may have identified an additional four patients
with occult metastatic disease. Two patients with pathologically neg-
ative lymph nodes had evidence of distal ureteral involvement on
FDG-PET/CT. Both developed and died of metastatic disease. Al-
though neither patient was categorized or analyzed as having positive
FDG-PET/CT, the fact that they both died of disease raises the possi-
bility that the PET signal identified in the pelvis may have been due to
pelvic lymph node metastasis. In addition, two patients with FDG-
PET/CT–positive scans for pelvic lymph nodes were found to have
pathologically negative lymph nodes. One subsequently died of met-
astatic bladder cancer, whereas the second has only been observed for
5.2 months. This raises the possibility that lymph node metastasis may
have been missed either pathologically or surgically.

The likelihood of identifying positive lymph nodes at surgery is
highly dependent on stage. Lesissner et al20 reported that nodal metas-
tasis was identified at surgery in 12.6% of patients with pT2a, 32%

with pT2b, and 49% with pT3 bladder cancers. In addition, patients
with node-positive disease have dramatically worse survival. The 5-
and 10-year RFS rates of patients with node-negative disease are 85%
and 82%, respectively, versus 35% and 34%, respectively, for those
with node-positive disease. The corresponding 5- and 10-year OS
rates are 78% and 56%, respectively, for node-negative disease and
31% and 23%, respectively, for node-positive disease.3 Even patients
with minimal lymph node-positive disease have poor survival. Pa-
tients with negative preoperative imaging who are found to have
lymph node metastasis pathologically have a median survival of less
than 2 years.22

Because of these relatively poor cure rates for patients with re-
gionally advanced disease, neoadjuvant chemotherapy has been ex-
plored. Although individual trials have generally failed to demonstrate
a survival advantage,4,5 meta-analyses have demonstrated a small,
butstatisticallysignificant,survivalbenefitfromneoadjuvantchem-
otherapy.6,7 Although the studies evaluated were not limited to
patients with cT3-T4 or N� disease, the majority of patients re-
ceiving neoadjuvant therapy had higher-risk disease. Given the higher
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Fig 3. Kaplan-Meier plots of (A) recurrence-free survival, (B) disease-specific
survival, and (C) overall survival for nine [18F]fluorodeoxyglucose positron emis-
sion tomography/computed tomography (FDG-PET/CT) –negative patients (solid
line) and 33 FDG-PET/CT–positive patients (dashed line).
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cure rates with T1-T2N0 disease and the toxicities associated with
neoadjuvant chemotherapy,4,5 many surgeons limit neoadjuvant
therapy to patients with more than cT3 disease and N� disease.
Therefore, the ability to identify occult metastatic disease has the
potential to allow for better selection of patients who benefit from
early systemic therapy.

The value of FDG-PET in assessment of bladder cancer has been
examined in three previous studies. Jadvar et al15 retrospectively com-
pared the results of FDG-PET and CT for 35 patients with recurrent or
metastatic UCB. PET was discordant with CT in four patients; in two
patients, the PET was positive and the CT was negative, and in the
remaining two patients, the PET was negative and CT was positive.
However, no histologic confirmation was obtained. In the majority of
patients, PET confirmed CT findings. Liu et al16 used conventional
FDG-PET to detect metastatic disease in 46 patients with UCB. Al-
though all positive findings on FDG-PET scans were confirmed by
biopsy, the study was not limited to preoperative staging and, there-
fore, patients with negative studies did not necessarily have this con-
firmed histologically. Among patients who had not received previous
chemotherapy, the sensitivity was 77% and the specificity was 94%.
The most relevant previous trial by Driskens et al17 examined 55
patients with conventional FDG-PET and CT. Of the 55 patients, data
on pathologic findings or follow-up were available only in 40 patients
(radical cystectomy in 21 patients, biopsy in seven patients, and radio-
logic follow-up at 12 months to confirm lesions in 12 patients). In
these 40 patients, the combination of CT and PET had a sensitivity of
60%, specificity of 88%, positive-predictive value of 75%, and
negative-predictive value of 79% for detection of metastatic disease.
They also found a statistically significant correlation between overall
survival and PET findings.

Our study differs from these three previous studies in that it was
limited to patients with muscle-invasive UCB who had no evidence of
metastatic disease by conventional staging methods (history and phys-
ical examination, abdominopelvic CT, and bone scintigraphy) and
were planned to undergo radical cystectomy. In all cases, the results of
FDG-PET/CT were confirmed histologically, whether positive or neg-
ative, and patients were observed prospectively to determine whether
they had disease recurrence. Despite our more strict inclusion criteria,
we found the sensitivity, specificity, positive-predictive value, and
negative-predictive value of FDG-PET/CT to be better than those
reported in previous studies. Although this may be due to patient
population, the use of PET/CT may have led to our improved diag-
nostic accuracy.

There are several limitations to our study. These include the
relatively small sample size and the small number of patients with
metastatic disease. Our measurements of the SUV of the primary
tumor were potentially limited by contamination within the measure-
ment region from residual urine in the catheterized bladder and by the
uncertain size of the remaining primary lesions. Additionally, our

study design does not permit us to assess whether PET is best em-
ployed after conventional staging methods have been done versus
earlier in the staging sequence.

In conclusion, combining the anatomic imaging accuracy of CT
with functional information provided by PET may lead to improved
preoperative staging of invasive UCB. More accurate clinical staging
could identify patients most likely to benefit from systemic treatment
before definitive surgical intervention and patients with distant meta-
static disease who could be saved the unnecessary morbidity and
mortality of surgery. We have found that FDG-PET/CT provides good
sensitivity and specificity for detecting occult metastatic UCB and
accurately predicts RFS, DSS, and OS in patients with clinically local-
ized bladder cancer.
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