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INTRODUCTION

INCREASED GLUCOSE METABOLISM is one of the biochemical
characteristics of cancer cells. Making use of this feature,
attempts have recently been made to diagnose cancer by
PET with FDG, a glucose analogue.1–8

PET is known to have higher sensitivity and specificity
in distinguishing between benign and malignant tumors
than other conventional techniques of diagnostic imag-
ing, including CT, MRI, and US.2,4,9 It has also been

reported that PET is useful in diagnosing gallbladder
cancer.10–19

Gallbladder cancer can be divided into two types: (1)
that presenting as an protuberant lesion and permitting
distinction from benign disease on the basis of size and
other factors; and (2) that presenting with gallbladder wall
thickening, which is difficult to distinguish from benign
disease preoperatively.20 Although attempts at using PET
to distinguish the former type of gallbladder cancer from
benign gallbladder tumors have been reported, very few
reports have been published concerning the distinction of
the latter type of gallbladder cancer from benign gallblad-
der disease using PET.10 We recently performed FDG-
PET in patients exhibiting gallbladder wall thickening,
and correlated the findings of FDG-PET with the course
of these patients.
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Objective: Because thickening of the gallbladder wall is observed not only in patients with
gallbladder cancer but also in those with benign diseases such as chronic cholecystitis and
gallbladder adenomyosis, it is difficult to distinguish between benign and malignant gallbladder
wall thickening by conventional techniques of diagnostic imaging such as computed tomography
(CT), magnetic resonance imaging (MRI), and abdominal ultrasonography (US). In the present
study, we attempted to distinguish between benign and malignant gallbladder wall thickening by
means of fluorine-18-fluorodeoxyglucose (FDG)- Positron emission tomography (PET). Methods:
FDG-PET was performed in 12 patients with gallbladder wall thickening detected by CT or US, to
determine whether it was benign or malignant. Emission scans were taken, beginning 45 minutes
after intravenous administration of FDG, and SUV was calculated as an indicator of glucose
metabolism. Results: Of the 12 patients, 4 showed positive uptake of FDG in the gallbladder wall.
Of these 4 patients, 3 had gallbladder cancer. The remaining one, who had chronic cholecystitis, had
false-positive findings. The other 8 patients had negative uptake of FDG in the gallbladder wall.
Two of these 8 underwent surgical resection, which yielded a diagnosis of chronic cholecystitis.
The other 6 patients exhibited no sign of gallbladder malignancy and have been followed without
active treatment. Conclusions: FDG-PET appears able to distinguish between benign and malig-
nant gallbladder wall thickening.
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Table 1    Patient characteristics

Patient no. Age (yrs) Sex Diagnosis FDG SUV

1 74 M GBC + 5.1
2 84 F GBC + 9.1
3 57 F GBC + 5.5
4 60 F Chronic cholecystitis + 4.7
5 69 M Chronic cholecystitis − ND
6 64 M Chronic cholecystitis − ND
7 60 M ND − ND
8 83 F ND − ND
9 67 M ND − ND

10 65 M ND − ND
11 64 M ND − ND
12 64 M ND − ND

Sex; M = Male, F = Female   GBC = Gallbladder cancer   ND = Not Done   SUV = standardized uptake value

MATERIALS AND METHODS

Patients
This was a retrospective study involving 12 patients with
gallbladder wall thickening who underwent FDG-PET
between November 2001 and August 2006 (Table 1). In
all of these patients, gallbladder wall thickening was
revealed by abdominal ultrasonography (US) or CT scans
prior to PET. There were 8 males and 4 females, with ages
ranging from 57 to 83 years (mean: 67.6 years).

PET imaging protocol
FDG was produced with the NKK-Oxford superconduct-
ing cyclotron and NKK synthesis system. A HEADTOME
IV SET-1400W-10 (Shimadzu Corp., Japan), which has
4 detector rings providing 7 contiguous slices at 13 mm
intervals, was employed for the PET studies. The effec-
tive spatial resolution was 14 mm at full width at half
maximum (FWHM). Before emission scanning, trans-
mission scans were performed with a 68Ge/68Ga ring
source for attenuation correction. Images were obtained
from 40 to 55 minutes after intravenous injection of 185–
370 MBq FDG while fasting.9

Data analysis
Patients exhibiting higher FDG uptake by the gallbladder
in regions with wall thickening than in normal liver were
considered positive. For quantitative evaluation of FDG
accumulation in tumor, we designated regions of interest
(ROIs: circles 8 mm in diameter) in the regions of gall-
bladder wall exhibiting thickening compared to other
images. The mean of the standardized uptake values
(SUV = tissue concentration/activity injected per body
weight) of the ROIs were determined. Disease was rated
benign or malignant on the basis of the findings of histo-
pathologic examination of surgical specimens and the
clinical course of individual patients.

RESULTS

Of the 12 patients, 4 were rated as FDG-positive (SUV
4.7–9.4). Of these 4, 3 had gallbladder cancer (Fig. 1) and
1 had chronic cholecystitis (Fig. 2). Eight patients were
FDG-negative. Of these 8, 2 underwent surgery and were
diagnosed with chronic cholecystitis (Fig. 3). The other 6
were diagnosed with chronic cholecystitis on the basis of
a combination of FDG-PET findings and other test results,
and have been followed without active treatment (Table
1).

When used for the diagnosis of gallbladder cancer,
FDG had a sensitivity of 75%, a specificity of 100%, and
an accuracy of 93%.

DISCUSSION

Gallbladder cancer is a relatively rare disease. At present,
surgical resection is the only means available to treat it.21

However, since this disease lacks specific symptoms and
is often detected in advanced stages, the five-year survival
rate for patients with inoperable gallbladder cancer is
below 10%, and the mean duration of survival of these
patients is 6 months.13 Although early diagnosis and
treatment are desirable when dealing with this cancer,
there are few characteristic clinical symptoms, and it is
difficult at present to detect this cancer in the early stage
with diagnostic imaging.13

FDG-PET has recently been used frequently for the
detection and evaluation of tumors. PET itself has been
used to distinguish between benign and malignant tu-
mors, for staging of tumors, and to follow patients with
tumors. In the past, US, CT, MRI, ERCP, and other
imaging modalities were used for the diagnosis of gall-
bladder cancer. It has recently begun to be reported that
PET is also useful in the diagnosis of gallbladder cancer.18

Rodriguez-Frenandez et al. reported that PET had a
sensitivity of 75% and a specificity of 82% in a study of
16 cases of gallbladder disease (with gallbladder wall
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Fig. 3   Case 5. (a) Abdominal CT scan shows whole wall thickening of the gallbladder. (b) FDG-PET
does not show increased uptake at the gallbladder. This case was diagnosed as chronic cholecystitis.

a b

Fig. 1   Case 2. (a) Abdominal CT scan shows whole wall thickening of the gallbladder and gallstone.
(b) FDG-PET shows increased uptake (SUV 9.1) around the whole wall and at the neck of the
gallbladder. Also a part of the duodenum (arrow) showed increased uptake. This case was diagnosed
as advanced gallbladder carcinoma with duodenal invasion.

a b

Fig. 2   Case 4. (a) Abdominal CT scan shows whole wall thickening of the gallbladder and gallstones.
(b) FDG-PET shows increased uptake (SUV 4.7) at the bed of the gallbladder. This case was diagnosed
as cholecystitis with an excision specimen. The gallbladder wall adhered to the liver due to severe
inflammation.
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thickening observed in 7 cases).10 Anderson et al. evalu-
ated the usefulness of PET in cases of gallbladder carci-
noma and cholangiocarcinoma, as well as in 14 cases of
gallbladder disease, and reported that the sensitivity of
PET in detecting gallbladder cancer was 78%.11 Koh et al.
performed PET on 16 patients with protuberant lesions of
the gallbladder, and reported that PET was superior to CT
in diagnosing gallbladder cancer, with a sensitivity of
75% and specificity of 87.5%.12

Gallbladder cancer can be divided into two types, that
presenting as an protuberant lesion and that characterized
by gallbladder wall thickening. It has been thought that a
protuberant lesion in the gallbladder over 15 mm in size
is very likely to be malignant.22 The protuberant type can
be distinguished between benign and malignant tumors
with the conventional imaging techniques, CT, MRI, US,
and so on. The latter type of gallbladder cancer is more
difficult to distinguish preoperatively from benign gall-
bladder disease, since wall thickening is also noted in
cases of cholecystitis, adenomyomatosis, and other con-
ditions.

In the present study, we performed PET on patients
found only by CT or US to have gallbladder wall thicken-
ing. When used to distinguish between malignant and
benign gallbladder wall thickening, PET had a sensitivity
of 75% and specificity of 100%. There was one case (Case
4) in which the results of PET examination were false-
positive. Acute/chronic cholecystitis and xanthogranu-
lomatous cholecystitis are reported to be sometimes false-
positive in the gallbladder wall thickening type,12,14,16,17

because FDG is taken up by activated inflammatory cells.
Nishiyama et al. stated that false-positive findings are
likely in cases in which CRP > 1, that CRP is a good
predictor of the specificity of PET, and that not only CRP
but also other clinical or laboratory data emphasizing the
exsistence of acute inflammatory conditions might be
helpful.16 In our study the false-positive case had devel-
oped acute cholecystitis one year previously. At the time
of PET, this patient had neither clinical symptoms nor
hematological findings of acute inflammation, with a
CRP of 0.2. But the postoperative pathologic examination
revealed intense inflammation and adhesion of the gall-
bladder wall to the liver, where there was abnormal FDG
accumulation. FDG was thought to be taken up because
there were severe inflammatory lesions at the cell level
even though CRP was negative.

The results of the present study indicate that preopera-
tive distinction between benign and malignant gallblad-
der wall thickening is possible with PET. If PET is used
for this purpose, it may be possible to avoid unnecessary
surgery. Because the number of cases evaluated in this
study was very small, and because very few reports have
been published on this topic, further evaluation is needed
in a larger number of cases.
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