
Abstract. The study aimed to evaluate the possibility of
applying 18F-fluorodeoxyglucose positron-emission
tomography (FDG PET) for detecting primary urothelial
malignancies in end-stage renal disease (ESRD) patients and
the possible absence of interference by normal physiological
excretory urinary radioactivity. Patients and Methods: Fifteen
consecutive ESRD patients who had undergone preoperative
FDG PET and computed tomography (CT) for their
suspected urothelial malignancies from December 2002 to
March 2004, were retrospectively enrolled for comparison
with the postoperative histological findings. Results: The
histological findings revealed 27 urothelial malignancies.
The sensitivity and positive predictive value of FDG PET (CT
in parentheses) were 67%  (59% ) and 90%  (84% ),
respectively. A tendency was also observed towards a positive
correlation between the sensitivity of FDG PET and the
grade/stage of the urothelial malignancies. Conclusion: FDG
PET may serve as a feasible supplementary method for the
diagnosis of urothelial malignancies in ESRD patients and a
possible indicator of prognosis.

Patients with end-stage renal disease (ESRD) have been found
to have an increased risk of cancer (1). Transitional cell
carcinoma (TCC) is the most common carcinoma in
Taiwanese patients (2-4) with a very high standardized
incidence ratio as compared with the general population and

usually synchronous multiple foci (5). The common
diagnostic imaging procedures include cystoscopy, renal
ultrasonography and retrograde pyelography. In addition,
computed tomography (CT) is used for detailed evaluation of
the entire urinary system as well as detection of lymph node
and distant metastases (6, 7). However, certain ureteral lesions
may sometimes be difficult to distinguish from inflammation,
benign stricture and malignancy. Moreover, the use of contrast
media is also equivocal for uremic patients (8-10).
Traditionally, 18F-fluorodeoxyglucose positron-emission
tomography (FDG PET) had not been appropriate for the
detection of malignancies in the urinary system because of
high physiological urinary radioactivity. Diuresis (11, 12) has
been known to effectively decrease the background
radioactivity in the urinary tract and hence facilitate the
identification of hypermetabolic lesions on FDG PET.
Therefore, FDG PET may be potentially useful for detecting
primary urothelial malignancies in patients who are oliguric
or auric by avoiding the interference of the usual physiological
urinary radioactivity. The following retrospective analysis
attempted to evaluate the validity of this hypothesis and
furthermore, the efficacy of FDG PET for detecting primary
urothelial malignancies in ESRD patients.

Patients and Methods

Patients. In our hospital from December 2002 to March 2004, 15
consecutive ESRD patients (11 females and 4 males; age:
59.93±10.53 years old) had undergone preoperative FDG PET and
abdominal/pelvic CT for suspected urothelial malignancies (clinical
manifestations of painless gross hematuria or atypical cells in
routine urinalysis). All of them subsequently obtained histological
proof through ureteroscopic biopsy or ureteronephrectomy
specimens. Fourteen out of these 15 patients underwent CT first
followed by FDG PET. The other one underwent FDG PET first.
The range of intervals between the two studies was less than 2
months (1 to 47 days; average: 9.4±10.8 days; median: 7 days).
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Patients were retrospectively enrolled for further evaluation with the
postoperative histological findings (Table I).

FDG PET. All the patients fasted for at least 4 hours before the
examination. Whole-body PET images were acquired on a GE Advance
NXi scanner (General Electric Medical Systems, Milwaukee, WI, USA)
with an axial field of view of 15 cm (35 slices per field of view with a
slice thickness of 4.30 mm) 40 minutes to 1 hour after the intravenous
injection of 370 MBq (10 mCi) of 18F FDG. Emission PET images of
the neck, chest, and abdomen were acquired in the 2-dimensional mode,
3 minutes per bed position, followed by 1-minute transmission scans at
selected sites. The images were reconstructed using vendor-provided
software and formatted into transaxial, coronal, and sagittal image sets.
Delayed images were acquired 10 minutes after intravenous
administration of 40 mg furosemide and patient’s voiding, if there was
still noticeable urine radioactivity on the initial whole-body images.

Interpretation. The results of CT were retrospectively reviewed
and classified as positive or negative findings for malignancy
according to the reports of radiologists. The principle
radiological features of urothelial carcinomas were an
identifiable soft tissue mass and contiguity of the lesion with the
urothelium, various degrees of enhancement by contrast media
and the presence or not of proximal obstruction and
enhancement by contrast media. Suspected peri-renal or regional
lymph node metastases were also notified as positive findings.
All the FDG PET images were reviewed separately by at least
two experienced nuclear medicine physicians who were unaware
of the results of CT. Positive findings on FDG PET were defined
as any focalized radioactivity in the urinary system that was
higher than the background radioactivity if there was complete
absence of physiological excretory urinary radioactivity, or any
focalized radioactivity equal to or higher than the hepatic
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Table I. Characteristics of ESRD patients, histological results, FDG PET findings and CT findings.

Patient Gender Age Histology Grade Longest Tumor FDG Excretory CT
no. (years) tumor stage PET urinary 

results FDG 
length radioactivity
(mm)

1 F 45 Bladder TCC 2/3 3 T1 N Absent N
Left UPJ TCC 2/3 26 T1 P P

2 F 71 Right lower third ureteral TCC 2/3 1 (biopsy) NA† P Absent N
Left lower third ureter inflammation P N

3 F 70 Right renal pelvic TCC 2/3 10 T2a P Absent P
Right upper/middle third ureteral TCC 2/3 15 T2a N N

4 F 45 Right middle third ureteral TCC 1/3 28 Ta P Absent P
Bladder dome TCC 1/3 5 Ta N N

5 M 65 Right renal pelvic TCC 2/3 30 Ta P Intense P
Right lower third ureteral TCC 1/3 2 Ta N N

Bladder TCC 2/3 7 Ta N N
6 F 62 Right renal pelvic TCC 3/3 8 T1 P Intense P

Left renal pelvic TCC 3/3 5 T1 P P
Bladder TCC 2/3 9 T1 N N

P (Left proximal ureter)
P (Left lumbar para-aortic lymph node)

7 F 37 Left renal pelvic TCC 2/3 50 T3b P Intense¶ P
Left upper/middle third ureteral TCC 2/3 1 (biopsy) Ta P P
Left perirenal lymph node metastasis N N

P (bladder)‡
8 M 60 Left renal pelvic TCC 2/3 30 T3a P Intense P
9 M 59 Bladder TCC 3/3 55 T2b P Absent P

Right renal pelvic TCC 2/3 12 Ta P N
Left renal pelvic TCC 2/3 9 Ta P P

P (Left upper third ureter)
10 F 59 Left renal pelvic TCC 3/3 20 T1 P Moderate P

Left upper third ureteral TCC 2/3 1.5 Ta N N
11 F 68 Right renal pelvic TCC 3/3 110 T3a P Mild P
12 F 68 Left upper third ureteral TCC 2/3 20 T2a P Intense P
13 M 68 Left UPJ TCC 2/3 1 (biopsy) Ta P Absent P
14 F 53 Right renal pelvic TCC 3/3 1 (biopsy) T1 P Moderate P
15 F 69 Left ureteral TCC 2/3 8 Ta N Absent N

†Not available because of too little stroma to evaluate the invasiveness; ‡persistent focalized intense radioactivity; ¶presence of urine FDG
radioactivity in the graft kidney and urinary bladder; TCC: transitional cell carcinoma; UPJ: ureteropelvic junction; M: male; F: female; P: positive;
N: negative.



radioactivity if there was still some physiological excretory
urinary radioactivity persistent after diuresis (Figure 1) . The
final interpretation was achieved by consensus if the initial
interpretations differed. The results of CT and FDG PET were
further compared with the histological findings to verify their
efficacy (Table I) .

Results

The histological findings revealed 27 malignant urothelial
malignancies (26 in the urinary tract and 1 in the perirenal
lymph node). Among the 20 positive findings in the urinary
system by FDG PET, 18 malignancies were identified
(sensitivity: 67% ; positive predictive value: 90% ). The 2
false-positive findings were inflammation in the ureter and
persistent retained urinary bladder focal radioactivity in a
patient who had excretory urinary FDG radioactivity from

the graft kidney. Among the 19 positive findings in the
abdominal/pelvic region in CT, 16 were true malignancies
and 3 were false-positive findings. The sensitivity and
positive predictive value of CT were 59%  and 84% ,
respectively. FDG PET and CT failed to detect 9 and 11
lesions, respectively. There was no distant metastasis
identified in these patients.

FDG urine radioactivity was absent in 7 patients (8
proven malignancies among 9 positive PET findings) and
present in the other 8 patients (10 proven malignancies
among 11 positive PET findings; 7 PET findings among 5
patients had intense urine radioactivity). It was noted that
a tendency for the sensitivity of FDG PET to detect
urothelial malignancies was positively correlated with the
histological malignant grade and tumor stage (Tables II
and III).
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Figure 1. Right middle third ureteral TCC of patient no. 4 arrowed in the transaxial slice of CT, transaxial slice of FDG PET and the maximum
intensity projection (MIP) image of FDG PET. Notice in the MIP image that there is no excretory urinary FDG radioactivity in the urinary system.

Table II. Relation of tumor stages and FDG PET findings.

Tumor stage of urothelial carcinoma†

Ta T1 T2 T3

FDG PET
Positive 6 5 3 3
Negative 5 2 1 0

Total 11 7 4 3

†No T4 tumor in this study.

Table III. Relation of histological malignant grade to FDG PET
findings.

Malignant grade of urothelial carcinoma†

1 2 3

FDG PET
Positive 1 11 6
Negative‡ 2 6 0

†Not including the one metastasizing to the perirenal lymph node; ‡Four
false-negatives in urinary bladders, and another 4 in kidneys and ureters.



Discussion

Unlike the effectiveness of FDG PET in detecting distant and
recurrent urothelial malignancies, results for the evaluation of
locoregional disease are poor (13). Some procedures have been
proposed to improve the efficacy of FDG PET. Kosuda et al.
(14) used retrograde saline irrigation of the urinary bladder to
remove 18F-FDG radioactivity. Leisure et al. (15) and Vesselle
et al. (16) utilized diuretics, intravenous saline infusion and
bladder catheters to eliminate artifacts from the urinary system.
However, the need for transuretheral catheterization was
invasive and uncomfortable and the effectiveness was still
variable. Kamel et al. (17) used furosemide forced diuresis and
parenteral hydration and significantly improved the sensitivity
of FDG PET for detecting ureteral and bladder malignancies.
However, limited improvement was observed when the lesions
were in the renal regions.

Several new PET tracers were developed (9, 18) to address
the great obstacle of physiological urinary FDG radioactivity
in the detection of malignancies in the urinary system and
limited current available solutions. 11C-Methionine PET was
reported to be superior to 18F-FDG PET (9). 11C-Choline was
also tried due to its low level of urinary excretion. Picchio et
al. (19) and Gofrit et al. (20) found better results with 11C-
choline PET and PET/CT than CT alone in the detection of
nodal metastases. However, the relatively short physical half-
life and inconvenience/limited availability of 11C still make
11C-methionine and 11C-choline less clinically practical.

In contrast, owing to the characteristic oliguria or auria of
patients with ESRD, we assumed that FDG PET of urothelial
malignancies would possibly not be interfered with by the
usual abundant physiological excretory urinary radioactivity
of FDG. Our findings revealed little difference of sensitivity
between FDG PET and CT. Nevertheless, excretory urinary
FDG radioactivity was not universally absent even though
these patients had ESRD. However, a true lesion could be
intuitively interpreted if any focalized FDG radioactivity in
the urinary system higher than the background radioactivity
in the routine whole-body images of those patients who did
not have excretory urinary radioactivity was found (only one
false-positive finding that was in reality inflammation but
appeared as a true-positive lesion on FDG PET occurred).
CT was somewhat more complicated because of its various
manifestations in urothelial malignancies.

In addition, a tendency towards a positive correlation
between the sensitivity of detecting urothelial malignancies
by FDG PET and the histological malignant grade or tumor
stage was found. This finding may reflect the fact that the
single most prognostic factor of urothelial malignancies is
the tumor stage and that is also positively correlated with the
histological malignant grade. Therefore, FDG PET might
potentially be able to play a role in prognosis in addition to
its ability to detect urothelial malignancies.

There were 9 false-negative FDG PET findings, including
3 lesions smaller than 5 mm maximum length which were
beyond the image resolution of PET, 2 lesions in the urinary
bladder with the presence of excretory urinary radioactivity
and a small perirenal lymph node metastasis obscured by the
radioactivity of an adjacent huge renal pelvic tumor (50 mm
maximum length). Another lesion in the urinary bladder
without excretory urinary radioactivity which measured 5 mm
maximum length, might still have been influenced partially
by the volume effect. The reason for the other two false-
negative findings was unknown. There were two false-
positive findings, one was an inflammatory lesion and the
other was focal persistent radioactivity in the urinary bladder
where there was excretory urinary FDG radioactivity from the
graft kidney. It seemed that although diuretics were applied,
there was still limited improvement in the interpretation of
the urinary bladder finding if excretory urinary radioactivity
was still present.

Overall, the present study, albeit a small series, showed a
possible feasible supplementary method using FDG PET to
evaluate urothelial malignancies of ESRD patients who have
significantly higher risk than the general population and
whose urothelial malignancies are usually synchronous and
multifocal when they manifest suspicious symptoms (5). The
possibility for FDG PET to play a potential prognostic role
was also revealed. However, FDG PET should still serve as
a supplement to the current standard invasive studies because
a negative FDG PET scan cannot obviate the need for
invasive studies for histological proof, especially when the
lesions may be too small to be detected by FDG PET. On the
other hand, any focalized FDG radioactivity in the urinary
system without excretory urinary radioactivity in a uremic
patient should prompt further investigation of the highly
possible urothelial malignacy.
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