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A B S T R A C T

Purpose
Fluorine-18 2-fluoro-2-deoxy-D-glucose (FDG) positron emission tomography (PET)/computed
tomography (CT) has been approved for imaging in many malignancies but not for bladder cancer.
This study investigated the value of FDG-PET/CT imaging in the management of patients with
advanced bladder cancer.

Patients and Methods
Between May 2006 and February 2008, 57 patients with bladder cancer at our center underwent
FDG-PET/CT after CT (n � 52) or magnetic resonance imaging (MRI; n � 5). The accuracy of
FDG-PET/CT was assessed using both organ-based and patient-based analyses. FDG-PET/CT
findings were validated by either biopsy or serial CT/MRI. Clinician questionnaires performed
before and after FDG-PET/CT assessed whether those scan results affected management.

Results
One hundred thirty-five individual lesions were evaluable in 47 patients for the organ-based
analysis. Overall sensitivity and specificity were 87% (95% CI, 76% to 94%) and 88% (95% CI,
78% to 95%), respectively. In the patient-based analysis, malignant disease was correctly
diagnosed in 25 of 31 patients, resulting in a sensitivity of 81% (95% CI, 63% to 93%).
FDG-PET/CT was negative in 15 of 16 patients without malignant lesions for a specificity of 94%
(95% CI, 71% to 100%). Pre- and post-PET surveys revealed that FDG-PET/CT detected more
malignant disease than conventional CT/MRI in 40% of patients. Post-PET surveys showed that
clinicians changed their planned management in 68% of patients based on the FDG-PET/
CT results.

Conclusion
FDG-PET/CT has excellent sensitivity and specificity in the detection of metastatic bladder
cancer and provides additional diagnostic information that enhances clinical management more
than CT/MRI alone. FDG-PET/CT scans may provide better accuracy in clinical information for
directing therapy.

J Clin Oncol 28:3973-3978. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Imaging studies are frequently performed for stag-
ing and re-evaluation in muscle-invasive and more
advanced bladder cancer because of the aggressive
biology and high incidence of metastases. Com-
puted tomography (CT) and/or magnetic resonance
imaging (MRI) are generally used, but they have
limitations in distinguishing between benign and
malignant lesions,1-3 making tumor tissue biopsies
necessary to confirm suspicious findings.

Fluorine-18 2-fluoro-2-deoxy-D-glucose (FDG)
positron emission tomography (PET)/CT provides
anatomic and metabolic information for staging

and restaging and has been incorporated into the
management of many malignancies.4-6 The use of
FDG-PET/CT in patients with bladder cancer may
also help to characterize lesions that are indetermi-
nate by CT and/or MRI. PET imaging in bladder
cancer has not been fully explored, in part because
the urinary excretion of FDG interferes with visual-
ization of the primary bladder tumor and regional
nodes. However, evaluation for metastatic lesions,
including local lymph nodes, using FDG-PET/CT
can potentially aid in staging,7 treatment planning,
and assessment of overall prognosis. This study
sought to determine the accuracy of FDG-PET/
CT in detecting metastatic disease using both a
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patient-based and an organ-based analysis and to identify the extent
to which FDG-PET/CT results affect clinical decisions in patients with
bladder cancer.

PATIENTS AND METHODS

Patient Population

Patients eligible for this study were prospectively registered in the Na-
tional Oncology PET Registry (NOPR) at Memorial Sloan-Kettering Cancer
Center between May 2006 and February 2008. All patients had initial anatomic
imaging with either CT or MRI followed by FDG-PET/CT.

FDG-PET/CT

All patients were imaged on dedicated PET/CT scanners, including Dis-
covery LS, Discovery ST, Discovery STE (all GE Healthcare, Waukesha, WI),
or Biograph LSO-16 (Siemens Medical Solutions, Malvern, PA). Patients were
asked to fast for 6 hours before the PET/CT scan. Blood glucose was measured
on patient arrival in the nuclear medicine clinic and was less than 200 mg/dL
(our institutional cutoff) in all patients; 12 to 15 mCi of FDG was then injected
intravenously. After an approximately 60- to 90-minute uptake period when
patients drank diluted oral contrast, they were asked to void and were then
positioned on the scanner table. After scout view and low-dose CT (120 to 140
kV, 80 mA), which was used for attenuation correction and anatomic localiza-
tion, PET emission images were obtained for 3 minutes per bed position from
the skull base to the upper thigh. All PET/CT studies were reviewed by board-
certified nuclear medicine physicians using picture archiving and communi-
cation systems workstations that allow for the display of CT, PET emission,
and PET/CT fusion image sets in various orthogonal planes. These studies
were interpreted as part of the daily clinical practice, and so reviewing physi-
cians were aware of the clinical history and findings in other concurrent or
prior imaging studies. PET/CT findings were characterized as normal or ab-
normal/suspicious for malignancy. Maximum standardized uptake values
(SUVs), normalized to patient body weight, were recorded using a three-
dimensional tool placed over sites of abnormal FDG uptake. All findings and
SUVs were catalogued. For the purpose of this retrospective analysis, we used
an arbitrary SUV cutoff of 4.0 to define malignancy. (Note, however, that this
particular threshold is not applied in daily clinical practice in our institution.
Instead, PET/CT interpretation rests primarily on the visual assessment of
findings, and SUV numbers are recorded for future reference.) A PET lesion
was deemed positive if the SUV was � 4 or if the staff physician characterized
the lesion as suspicious for malignancy despite an SUV of less than 4. A PET
lesion was deemed negative if the SUV was less than 4 or if the SUV was more
than 4 but considered benign (eg, associated with bowel uptake or fractures).

Data Analysis

The first goal was to investigate the sensitivity and specificity of FDG-
PET/CT in identifying metastatic lesions in patients with bladder cancer.
Lesions recorded in FDG-PET/CT reports were catalogued and assessed fur-
ther using histopathology from biopsies or serial subsequent imaging studies
as the standard of reference. Biopsies were obtained at the discretion of the
referring oncologist. Two types of correlations were performed, an organ-
based analysis and a patient-based analysis. All FDG-PET/CT findings were
classified as true positive, true negative, false positive, or false negative in both
the organ-specific lesion analysis and the patient-based analysis.

A lesion was considered to be true positive if it was detected on PET/CT
and subsequently confirmed to be cancerous by either biopsy or serial imaging
with CT or MRI. A lesion seen on initial CT or MRI was considered a true
negative if it was not detected on PET/CT and validated as benign by biopsy or
serial imaging with CT or MRI. A finding was considered false positive if
suspicious FDG uptake was described on PET/CT but the biopsy was
negative or subsequent serial imaging studies did not show evidence for
malignancy, such as increase in size. A lesion was considered a false negative
if it was not detected by PET/CT but was initially seen on CT or MRI and
subsequent imaging studies showed increase in size or if biopsy findings
showed malignancy.

Patient-Based Analysis

The patient-based analysis was performed in a manner previously pub-
lished for other studies.8 In brief, all lesions were classified as true positive, true
negative, false positive, or false negative. In the event of a discordant finding, a
true-positive lesion superseded all other lesions including false negative, true
negative, and false positive. Therefore, if a patient had at least one true-positive
lesion, the PET/CT scan was considered true positive. In the absence of a
true-positive lesion, a false-negative lesion superseded a true-negative or a
false-positive lesion. Therefore, if the PET/CT was false negative in at least one
disease site, it was considered to be a false negative overall. This approach
reflects the primary question in the management of these patients: Is recur-
rent/metastatic disease present?

Clinical Impact Analysis

NOPR questionnaires9 on intended patient management, completed by
urologic oncologists in our institution, were collected before and after FDG-
PET/CT to determine how the findings affected patient management. The
pre–FDG-PET/CT survey collected information regarding the indication for
the scan and the clinician’s management plan if FDG-PET/CT was not avail-
able. The post–FDG-PET/CT survey collected information on the clinician’s
planned management with the available scan results and whether the FDG-
PET/CT intervention avoided further testing. The management categories
included observation, additional imaging, tissue biopsy, surgical treatment
withcurative intent,chemotherapytreatmentwithcurative intent,chemother-
apy treatment with palliative intent, radiation therapy, and supportive care.
The data were collected prospectively, and consent was obtained from pa-
tients. The physicians’ answers on the surveys were confirmed by medical
record review. If a discrepancy was found between the planned and the actual
treatment, only the actual treatment was included for analysis.

RESULTS

Fifty-seven patients (median age, 76 years) with urothelial cancer were
included in this study (Table 1). Forty-seven of the 57 patients enrolled
were evaluable for analysis. Ten patients did not have further imaging

Table 1. Patient Demographics and Clinical Characteristics

Demographic or
Clinical Characteristic

No. of Patients
(N � 57) %

Age, years
Median 76
Range 54-91

Sex
Male 38 67
Female 19 33

Primary site
Bladder 51 90
Renal pelvis 6 10

Histology
TCC 50 87
SCC/adenocarcinoma/neuroendocrine 7 13

Stage�

0cis/0a/1 7 12
2/3 25 44
4 25 44

Prior treatment
Chemotherapy 27 47
Radiation therapy 10 18

Abbreviations: TCC, transitional cell carcinoma; SCC, squamous cell carcinoma.
�Stages are defined as follows: 0cis � carcinoma in situ; 0a � noninvasive

papillary carcinoma; 1 � tumor invades subepithelial connective tissue; 2/3 �
invasive tumor, muscle/perivesicular tissue; and 4 � metastatic disease.
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studies after the FDG-PET/CT and were excluded; four of these pa-
tients went on to hospice care, two patients died soon after the PET
scan was obtained, and four patients returned to their primary physi-
cians or were lost to follow-up. The study population involved pa-
tients with superficial (12%), muscle-invasive (44%), and metastatic
(44%) disease. FDG-PET/CT was performed only when findings by
standard diagnostic imaging were uncertain. The clinical indication
for obtaining the FDG-PET/CT was restaging or suspected recurrence
in 72% of patients, initial staging in 21%, and monitoring treatment
with either chemotherapy or radiation therapy in the remaining 7%.
Forty-seven percent of patients had received prior chemotherapy,
and 18% had received prior radiation therapy. Eighty-five percent
of findings considered suspicious for cancer on FDG-PET/CT had an
SUV � 4. In 15% of malignant sites, the SUV was less than 4, but the
radiologist stated the lesion was suspicious for malignancy; these le-
sions had a mean SUV of 3.3. Ninety-seven percent of negative lesions
(structural abnormalities that were noncancerous) had an SUV of less
than 4; 3% had an SUV of more than 4 and were associated with bowel
uptake or bone healing.

One hundred fifty-three sites of suspicious FDG uptake were
identified in the 47 evaluable patients. FDG-avid lesions were seen in
lymph nodes, lung, bone, liver, soft tissue, adrenal, kidney, thyroid,
and primary bladder sites. FDG-avid lesions in the thyroid and blad-
der were excluded from analysis. Bladder lesions were excluded be-
cause FDG is excreted in the bladder, making lesion assessment
difficult. Thyroid lesions were excluded because every lesion detected
in the thyroid was benign on follow-up ultrasound, and these findings
were of little relevance to bladder cancer biology. Thus, the remaining
135 lesions were evaluable. Of these 135 lesions, 22 were verified by
biopsy, and 113 were validated by serial imaging with CT or MRI
within a mean of 3.5 months.

Organ-Based Analysis

Organ-based analysis was performed on 135 lesions in the 47
evaluable patients (Table 2). The predominant site of disease was
lymph nodes (38%), followed by lung (23%), bone (17%), soft tissue
(8%), liver (7%), adrenal (4%), and kidney (3%). For the organ-based
analysis, the overall FDG-PET/CT sensitivity was 87% (95% CI, 76%
to 94%), and specificity was 88% (95% CI, 78% to 95%).

Patient-Based Analysis

Study participants had evaluable PET/CT scans that were fol-
lowed by either a biopsy (n � 22) or follow-up scan (n � 25). The
sensitivity was 75% in those with a follow-up scan and 84% in those
having a biopsy (Table 3). Malignant disease was correctly diagnosed
in 25 of 31 patients, resulting in a sensitivity of 81% (95% CI, 63% to
93%). FDG-PET/CT was negative in 15 of 16 patients without malig-
nant lesions for a specificity of 94% (95% CI, 71% to 100%). On the
basis of these findings the positive predictive value is 96%, and the
negative predictive value is 71%.

Of the 12 patients who had a PET/CT performed for initial
staging, 10 patients were evaluable with either a biopsy (n � 4) or a
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Fig 1. Physician answers (n �53) to National Oncology Positron Emission
Tomography (PET) Registry questionnaires concerning extent of disease and the
impact of fluorine-18 2-fluoro-2-deoxy-D-glucose (FDG) PET/computed tomogra-
phy (CT) on clinical management. Responses were confirmed by medical record
review. (A) Responses to extent of disease on FDG-PET/CT compared with CT or
magnetic resonance imaging (MRI). (B) Responses to FDG-PET/CT and avoid-
ance of additional tests.

Table 3. Patient-Based Analysis of Suspicious Lesions Reported by
FDG-PET/CT

Validation

No. of Lesions

Sensitivity
(%)

Specificity
(%)Total

True
Positive

False
Positive

False
Negative

True
Negative

Follow-up
scans 25 9 1 3 12 75 92

Biopsy 22 16 0 3 3 84 100
Total 47 25 1 6 15 81 94

Abbreviations: FDG, fluorine-18 2-fluoro-2-deoxy-D-glucose; PET, positron
emission tomography; CT, computed tomography.

Table 2. Organ-Specific Lesion-Based Analysis of Suspicious
FDG-PET/CT Uptake

Site of
Disease

Sites
Sensitivity Specificity

No. % %
95% CI

(%) %
95% CI

(%)

Lymph node 51 38 92 74 to 99 81 61 to 93
Lung 31 23 88 62 to 98 87 60 to 98
Bone 22 17 93 66 to 100 100 63 to 100
Liver 10 7 50 12 to 88 100 40 to 100
Soft tissue 11 8 100 40 to 100 86 42 to 100
Adrenal 6 4 100 25 to 100 100 48 to 100
Kidney 4 3 100 3 to 100 100 29 to 100
Total sites 135 100 87 76 to 94 88 78 to 95

Abbreviations: FDG, fluorine-18 2-fluoro-2-deoxy-D-glucose; PET, positron
emission tomography; CT, computed tomography.

Clinical Value of FDG-PET/CT in Bladder Cancer

www.jco.org © 2010 by American Society of Clinical Oncology 3975



follow-up scan (n � 6). In this group of patients with early disease,
there were five true-positive and five true-negative results.

Clinical Impact Analysis

The pre- and post-PET questionnaires identified the impact of
the FDG-PET/CT on clinical management in 57 patients. Fifty-three
questionnaires were available for interpretation. More patients were
included in this analysis because patients who had not received post–
FDG-PET/CT imaging or biopsy, either because of death or hospice
care, had questionnaires appropriate for inclusion. Surveyed physi-
cians stated that more disease was found on FDG-PET/CT compared
with standard CT or MRI in 40% of patients and less disease in 18% of
patients. In 70% of patients, physicians stated that PET/CT avoided
more tests (Fig 1). Most patients (n � 52) had a baseline CT, and a
small number (n � 5) had an MRI. The additional test planned by
physicians was an MRI in all but one patient, in whom a bone scan
was planned.

On the basis of the FDG-PET/CT results, physicians reported a
change in the treatment plan compared with before scanning in 36
patients (68%). Physicians reported that additional imaging tests were
avoided with the use of FDG-PET/CT, and the need for biopsy was
negated in 21% of patients, thus avoiding an invasive procedure. The
potential biopsy sites in these patients included lymph nodes (n � 4),
lung (n � 3), adrenal (n � 1), kidney (n � 1), liver (n � 1), and a
pelvic mass (n � 1). In patients planned for treatment of organ-
confined muscle-invasive disease, 19% were found to have metastatic
disease on FDG-PET/CT and thus required systemic chemotherapy.

In some instances, surveillance was changed to treatment, and local
treatment with radiation therapy was changed to systemic chemother-
apy for more advanced disease in one patient. In summary, 68% of
patients had their treatment changed based on the findings on FDG-
PET/CT (Table 4). Within the group with a change of treatment, eight
patients had a biopsy, and one patient had additional imaging (MRI)
because of the findings on PET/CT.

Including patients for whom the plan before PET/CT was an-
other type of imaging (eg, CT or MRI) may have overestimated the
impact of PET/CT on the change in patient management. It is possible
that if the original imaging test had been performed, then this would
have led to the same management strategy. Previous authors have
described an imaging-adjusted impact10 to try and account for this
concern. Applying the imaging-adjusted impact to our results ex-
cludes 11 patients and changes the percentage of patients who had
their management changed based on the findings on FDG-PET/CT
from 68% to 47%.

The benefit in the change of management caused by FDG-
PET/CT was assessed by medical record review. The change in man-
agement was appropriate in 34 of 36 patients on follow-up. In two
patients, the FDG-PET/CT was a false negative and missed metastatic
disease; this led to attempted curative surgery in one patient and a
delay in chemotherapy for recurrent disease in another.

DISCUSSION

In this study, FDG-PET/CT showed excellent sensitivity and specific-
ity in the detection of metastases in patients with advanced disease.
This approach reflects daily practice in a busy cancer center and may
thus be relevant for routine patient management. The majority of
patients in this study were undergoing restaging or evaluation for
suspected recurrence, a clinical scenario that was ideal for the use of
FDG-PET/CT because these patients represent approximately 25%
of all patients with bladder cancer but have the highest likelihood of
metastases. The sensitivity and specificity of FDG-PET/CT in this
disease were similar to the sensitivity and specificity in other epithelial
malignancies, such as non–small-cell lung cancer.11

In total, over the last 13 years, eight studies have addressed the use
of FDG-PET in 300 patients with bladder cancer (Table 5).7,8,12-17

FDG-PET, rather than FDG-PET/CT, was frequently used, thereby
reducing the reliability of the scan and undermining the utility of this
type of imaging. This body of literature shows wide variability in

Table 4. Patient Management Changes Based on FDG-PET/CT Results

Physician Changes
No. of Patients

(n � 53) %

Biopsy eliminated 11 21
Additional imaging avoided 11 21
Organ-confined treatment changed to

metastatic treatment 10 19
Surveillance changed to treatment 3 6
Local radiotherapy changed to chemotherapy 1 2
Total management changes 36 68�

Abbreviations: FDG, fluorine-18 2-fluoro-2-deoxy-D-glucose; PET, positron
emission tomography; CT, computed tomography.

�The total management change with the imaging-adjusted impact is 47%
(see Results).

Table 5. Previous FDG-PET Studies in Patients With Bladder Cancer

Study
Year of

Publication
No. of

Patients
Prior

Therapy (%)
PET
(%)

PET/CT
(%)

Sensitivity
(%)

Specificity
(%)

Validation (%)

Pathology Imaging

Kosuda et al12 1997 12 0 100 0 NR NR 75 25
Heicappell et al13 1999 8 0 100 0 NR NR 100 0
Bachor et al14 1999 64 0 100 0 67 86 100 0
Drieskens et al8 2005 40 0 0 100 60 88 70 30
Liu et al15 2006 46 22 100 0 77 97 37 63
Jadvar et al16 2008 35 69 49 51 NR NR 4 96
Swinnen et al17 2009 51 0 0 100 46 97 100 0
Kibel et al7 2009 43 0 0 100 70 94 100 0

Abbreviations: FDG, fluorine-18 2-fluoro-2-deoxy-D-glucose; PET, positron emission tomography; CT, computed tomography; NR, not reported.
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sensitivity and specificity. Meaningful interpretation of these studies is
also limited by the large number of patients for whom FDG-PET was
performed in the routine preoperative setting.

Patients with muscle-invasive disease and a normal CT before
cystectomy have an approximately 25% chance of lymph node metas-
tasis; in most cases, these lymph node metastases are microscopic. The
NOPR allows physicians to order FDG-PET/CT when there is a rea-
sonable risk of nodal involvement or suspicion for lymph node in-
volvement on CT scan. In this study, 10 patients fell into this category,
with organ-confined disease diagnosed on CT but more extensive
disease noted by FDG-PET/CT. These patients were planned for cur-
ative treatment with radical cystectomy but had their surgery cancelled
and instead were treated with systemic chemotherapy for more ad-
vanced disease as a result of the findings on FDG-PET/CT.

This study includes few patients with superficial disease. Prior
literature does not support routine PET/CT in this setting because
nodal involvement or metastatic disease to other sites is so rare in
superficial disease that FDG-PET/CT would not offer a benefit.

A unique feature in this study is the NOPR questionnaire used to
determine physicians’ assessment of the clinical utility for PET/CT.
Thirty-six of the 57 patients in this study were deemed by treating
physicians to have derived direct benefit from FDG-PET/CT over that
achievable with routine MRI or CT. Physicians reported that 11 biop-
sies were avoided. Although pathologic confirmation of suspected
metastatic disease remains the gold standard, biopsy is not always
possible in this disease because of the risk involved with lesions deep in
the pelvis near vascular structures, a medical contraindication to bi-
opsy such as anticoagulation, or patient refusal. In these instances,
FDG-PET/CT may serve as an acceptable substitute to assess the
extent of disease and to direct treatment.

On the basis of these findings, a cost analysis of FDG-PET/CT in
bladder cancer is warranted because FDG-PET/CT could make it
possible to avoid further testing, unnecessary invasive procedures, or
inadequate therapy, as has been observed in other malignancies.18

Costs can be contained if an FDG-PET/CT is performed only when the
findings with standard diagnostic imaging are uncertain, as was the
case in this study.19 Although FDG-PET/CT is a high-cost diagnostic
study, further testing and/or invasive procedures such as curative
surgery in a patient with metastatic disease are potentially more ex-
pensive and, more importantly, wrong management.

A limitation of FDG-PET/CT is the detection of disease in lesions
less than 1 cm. Eight of the patients had lesions less than 1 cm (four
lesions were 9 mm, and four lesions ranged from 5 to 8 mm). A study

focusing on small lesions is needed to examine the accuracy of PET in
lesions less than 1 cm.

In practice, there is no specific SUV number that distinguishes
between benign and malignant FDG uptake. Various authors have
suggested numbers ranging from 2.5 to 5.0.20-22 In this study, the SUV
value of � 4 was chosen arbitrarily as the cutoff point for a malignant
finding, well within the ranges reported in other studies.

Selection bias may have occurred because only patients with a
likelihood for recurrent/metastatic disease were referred for a PET/CT
scan. However, this reflects appropriate patient management, in that
scans are not ordered widely and unselectively but only if and when
there is clinical suspicion or abnormality on standard cross-sectional
imaging tests such as CT or MRI.

Another potential limitation of this study is the relatively small
number of patients. Nevertheless, this is one of the larger series con-
ducted during the past decade in the use of FDG-PET/CT in patients
with bladder cancer.

In summary, this study demonstrated that FDG-PET/CT accu-
rately detects metastatic disease and can be used as a clinical tool in
advanced bladder cancer. FDG-PET is already approved for use in
nine other malignancies (ie, breast, cervical, colorectal, esophageal,
head and neck, non–small-cell lung, and thyroid cancer, lymphoma,
and melanoma). We found the accuracy of FDG-PET/CT comparable
to that in other malignancies for which it has already been approved.23

On the basis of the results of this study, further research of FDG-
PET/CT as a management tool is warranted in bladder cancer.
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