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Conventional imaging techniques such as ultrasonography, CT,
and MRI are able to detect gallbladder abnormalities but are not
always able to differentiate a malignancy from other disease pro-
cesses such as cholecystitis. The purpose of the present study
was to evaluate the efficacy of dual-time-point 18F-FDG PET for
differentiating malignant from benign gallbladder disease.
Methods: The study evaluated 32 patients who were suspected
of having gallbladder tumors. 18F-FDG PET (whole body) was
performed at 62 6 8 min (early) after 18F-FDG injection and was
repeated 146 6 14 min (delayed) after injection only in the
abdominal region. We evaluated the 18F-FDG uptake both visually
and semiquantitatively. Semiquantitative analysis using the stan-
dardized uptake value (SUV) was performed for both early and
delayed images (SUVearly and SUVdelayed, respectively). The reten-
tion index (RI)wascalculatedaccording to theequation (SUVdelayed

2 SUVearly) · 100/SUVearly. The tumor-to-liver ratiowas also calcu-
lated. Results: The final diagnosis was gallbladder carcinoma in
23 patients and benign disease in 9 patients. For visual analysis
of gallbladder carcinoma, delayed 18F-FDG PET images improved
the specificity of diagnosis in 2 patients. When an SUVearly of 4.5,
SUVdelayed of 2.9, and RI of28 were chosen as arbitrary cutoffs for
differentiating between malignant and benign conditions, sensitiv-
ity increased from 82.6% to 95.7% and 100% for delayed imaging
and combined early and delayed imaging (i.e., RI), respectively.
With the same criteria, specificity decreased from 55.6% to
44.4% for delayed imaging and combined early and delayed imag-
ing, respectively. The specificity of 18F-FDGPET improved to 80%
in the groupwith a normal level of C-reactive protein (CRP) and de-
creased to 0% in the group with an elevated CRP level. For gall-
bladder carcinoma, both SUV and tumor-to-liver ratios derived
from delayed images were significantly higher than the ratios
derived from early images (P , 0.0001). Conclusion: Delayed
18F-FDGPET ismorehelpful thanearly 18F-FDGPET for evaluating
malignant lesions because of increased lesion uptake and in-
creased lesion-to-background contrast. However, the diagnostic
performance of 18F-FDG PET depends on CRP levels.
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Gallbladder carcinoma is the most common malignancy
of the biliary system (1,2). Early diagnosis of gallbladder
carcinoma remains difficult because of the nonspecificity
of its clinical manifestations. The ideal treatment for
gallbladder carcinoma is curative surgical resection. When
confined to the gallbladder, the tumor can easily be resected,
but the tumor usually is not detected until it reaches an
advanced stage that has extended beyond the gallbladder
(1–3). Accurate preoperative evaluation of gallbladder tu-
mors is essential for curative resection. The usual imaging
modalities, such as ultrasonography, CT, and MRI, are able
to detect abnormalities of the gallbladder but are not always
able to differentiate a malignancy from another disease
process such as chronic cholecystitis or adenomyomatosis
(4–6).

18F-FDG PET is a well-established functional imaging
technique for diagnostic oncologic imaging that provides
information about glucose metabolism in lesions (7). A few
studies have evaluated the use of 18F-FDG PET in the as-
sessment of biliary system tumors (8–10), and even fewer
studies have evaluated its use in gallbladder carcinoma
(11,12). Furthermore, 18F-FDG is not tumor specific. This
tracer can accumulate in inflammatory lesions and results in
low specificity for 18F-FDG PET in the differentiation of
malignant tumors from benign lesions (13).

PET usually is performed 1 h after 18F-FDG adminis-
tration. In animal experiments, 18F-FDG accumulation in
tumors constantly increases during 2 or 3 h (14). Con-
versely, Yamada et al. (15) reported that 18F-FDG uptake in
inflammatory lesions peaked at approximately 1 h after the
injection. Some human studies have shown that delayed
PET may help in differentiating malignant lesions from
benign ones (16–19).

The purpose of the present study was to evaluate whether
18F-FDG PET is more helpful than the usual imaging
modalities in differentiating malignant lesions from
benign gallbladder lesions and whether obtaining delayed
18F-FDG PET images can improve the accuracy of the
technique.
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MATERIALS AND METHODS

Patients
Written informed consent was obtained from each patient. The

research study protocol was approved by the University Hospital
Institution Review Board.

Thirty-two consecutive patients with gallbladder carcinoma
suspected on the basis of conventional radiologic studies (12 men
and 20 women; mean age, 69.9 y; age range, 34–83 y) and who
underwent 18F-FDG PET between August 2002 and August 2005
were retrospectively selected. Conventional radiologic staging was
performed by means of ultrasonography, CT, or MRI. Whenever
possible, C-reactive protein (CRP) levels were measured within
2 wk of the PET examination during the routine laboratory work-up.

18F-FDG PET Image Acquisition and Reconstruction
All images were acquired using a dedicated PET scanner

(ECAT EXACT HR1; Siemens/CTI Inc.). This imaging system
enabled the simultaneous acquisition of 63 transverse PET images
per field of view. In-plane resolution was 4.6 mm, and axial reso-
lution was 3.5 mm in full width at half maximum. PET scans were
acquired in 3-dimensional mode. Transmission scans were ob-
tained using a 68Ge rod source to generate the attenuation map for
attenuation correction. Images were reconstructed with acceler-
ated maximum-likelihood reconstruction and ordered-subset ex-
pectation maximization, which reduce image noise and avoid
reconstruction artifacts resulting from filtered backprojection re-
construction of data with low-count densities.

Patients were instructed to have no caloric intake for at least 5 h
before intravenous administration of 18F-FDG (3 MBq/kg). Serum
glucose concentrations were obtained before the injection. The
blood glucose level was less than 200 mg/dL in each patient. A
tracer uptake phase of 626 8 min was used, and the patients sat in
a quiet room during this phase. After the uptake phase, each pa-
tient was placed on the PET scanner table. The PET emission im-
ages (early images) were acquired from the proximal thigh to the
mid cranium, typically requiring 6–7 bed positions with a 3-min
acquisition at each. This acquisition was immediately followed by
a transmission scan of the same transverse planes, with a 2-min
acquisition at each bed position. Delayed PET emission images of
the upper abdomen were acquired at 146 6 14 min after admin-
istration of 18F-FDG, using 2 or 3 bed positions with a 3-min
acquisition at each. This acquisition was immediately followed by
a transmission scan of the same transverse planes, using a 2-min
acquisition at each bed position.

PET Image Interpretation and Calculation of Related
Parameters

Early and delayed PET images were reviewed on the computer
monitor in the transaxial, coronal, and sagittal planes along with
maximum-intensity-projection images. Two experienced nuclear
medicine physicians independently evaluated 18F-FDG uptake
both visually and semiquantitatively. The evaluating physicians
were unaware of the clinical history, except for the results of CT or
MRI. The PET images were compared with the corresponding CT
or MR images for accurate anatomic identification of the tumor.
Any difference of opinion was resolved by consensus.

The degree of 18F-FDG activity in the tumor was visually scored
using a 4-point grading system: no uptake (grade 0), equivocal up-
take (grade 1), mildly increased uptake (grade 2), or definitely in-
creased uptake (grade 3). Grade 2 or 3 was considered to represent
significant tracer accumulation.

For semiquantitative analysis, a circular region of interest (ROI)
was placed over the identified gallbladder lesion and the unin-
volved liver using the transverse PET images. For lesions visual-
ized on PET, ROIs were placed over the entire 18F-FDG–avid
lesion, including the largest amount of radioactivity. When little or
no lesion-related radioactivity was visually discernible, the ROI
was placed at the position of the lesion on CT or MR images. For
the liver ROI, a circular 2-cm ROI was placed on a right liver lobe.
The standardized uptake value (SUV) was calculated using the
following formula:

SUV5 cdc=ðdi=wÞ; Eq. 1

where cdc is the decay-corrected tracer tissue concentration (in
Bq/g); di, the injected dose (in Bq); and w, the patient’s body
weight (in g). The maximal SUV in the lesion ROI and the mean
SUV in the liver ROI were calculated for each ROI. Furthermore,
we evaluated the change in uptake by the lesion as the retention
index (RI) as follows:

RI5 ðSUVdelayed 2 SUVearlyÞ· 100=SUVearly; Eq. 2

where SUVearly is the SUVof the early image and SUVdelayed is the
SUVof the delayed image. As a contrast value, the tumor-to-liver
(T/L) ratio was also calculated by dividing the tumor SUV by the
liver SUV. We referred to the T/L ratio of the early image as the T/
L(E) ratio and the T/L ratio of the delayed image as the T/L(D)
ratio.

Final Diagnosis
The PET findings were correlated with the results of histologic,

clinical, or radiologic follow-up. A hypermetabolic 18F-FDG lesion
was considered true positive for malignant involvement if malig-
nancy was proven by histologic analysis or if the lesion resolved on
follow-up PET after therapy or progressed on follow-up PET or
other imaging (ultrasonography, CT, or MRI). An 18F-FDG–negative
lesion was considered true negative if its size remained stable on
conventional imaging follow-up for least 6 mo.

Statistical Analysis
Differences in semiquantitative parameters were analyzed by

the Mann–Whitney U test and the Wilcoxon signed-rank test for
unpaired and paired observations, respectively. All semiquantita-
tive data were expressed as mean 6 SD. For all analyses, P values
of less than 0.05 were considered statistically significant. The final
diagnosis was also compared with the PET results, and diagnostic
accuracy was determined. For calculation of sensitivity and speci-
ficity, the optimal SUV and RI for differentiating between malig-
nant and benign lesions were chosen retrospectively to yield the
lowest number of false-negative and false-positive results. For
statistical comparison of early and delayed PET, and of groups
according to CRP level, the x2 test was used. Significance was
assumed if the probability of a first-degree error was less than 0.05
(x2 . 3.841).

RESULTS

Twenty-three lesions (14 based on histologic verification;
9 based on clinical or radiologic follow-up) were gallblad-
der carcinoma and the remaining 9 (6 based on histologic
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verification; 3 based on clinical or radiologic follow-up)
were benign gallbladder disease.
Table 1 shows the diagnostic performance of PET for the

detection of gallbladder carcinoma visually and using semi-
quantitative analysis. Two gallbladder carcinomas (both
8 mm in diameter) were visually identified on delayed PET
images but not on early PET images. Two gallbladder
carcinomas (both 10 mm in diameter) were not visually iden-
tified on either early or delayed PET images. When calcu-
lated using visual analysis, sensitivity increased from 82.6%
to 91.3% for delayed PET, whereas specificity did not
change. Overall, for visual analysis of gallbladder carci-
noma, delayed PET improved the specificity of diagnosis in
2 patients (6%). However, diagnostic values did not signif-
icantly differ between early and delayed PET images.
When an SUVearly of 4.5, SUVdelayed of 2.9, and RI of28

were chosen as arbitrary cutoffs for differentiating between
malignant and benign conditions, sensitivity increased from
82.6% to 95.7% and 100% for delayed imaging and com-
bined early and delayed imaging (namely RI), respectively,
whereas specificity decreased from 55.6% to 44.4% for
delayed imaging and combined early and delayed imag-
ing. Overall, diagnosis of gallbladder carcinoma using
semiquantitative analysis of PET images was improved
for delayed imaging and combined early and delayed
imaging—in 3 patients (9%) and 4 patients (13%), respectively.
On the other hand, diagnosis was worsened in 1 patient
(3%) for both delayed imaging and combined early and
delayed imaging, because of visualization of a benign lesion.
However, diagnostic values did not significantly differ be-
tween early, delayed, and combined early and delayed PET.
Figure 1 shows an example of improved visualization of a
gallbladder carcinoma on delayed images.
Table 2 shows the diagnostic value of using semiquan-

titative analysis of 18F-FDG PET images for the detection
of gallbladder carcinoma in patients with unknown, normal,
or elevated levels of CRP. CRP levels were measured in
all patients except patient 2. The specificity of SUVearly,
SUVdelayed, and RI was significantly higher for patients

with normal CRP levels than for those with elevated CRP
levels (x2 5 4.80 for each comparison). The sensitivity of
SUVearly and SUVdelayed in patients with normal CRP levels
was lower than that in patients with elevated CRP levels,
but the difference was not statistically significant. The accu-
racy of SUVearly, SUVdelayed, and RI in patients with normal
CRP levels was higher than that in patients with elevated
CRP levels, but the difference was not statistically signif-
icant. Figure 2 shows an example of 18F-FDG PET findings
for a patient with xanthogranulomatous cholecystitis and
elevated CRP.

Table 3 shows the mean values of SUV, T/L ratio, and RI
based on semiquantitative analysis of 18F-FDG PET im-
ages. SUVdelayed, T/L(D) ratio, and RI significantly differed
(P , 0.05) between patients with gallbladder carcinoma
and patients with benign disease. SUVearly and SUVdelayed

significantly differed (P , 0.0001) in patients with gall-
bladder carcinoma but not in patients with benign disease.
T/L(E) and T/L(D) ratios significantly differed both in
patients with gallbladder carcinoma (P , 0.05) and in
patients with benign disease (P , 0.0001). Normal liver
tended to show a lower SUVdelayed than SUVearly, and mean
SUVdelayed was significantly lower than mean SUVearly

(P , 0.0001).

DISCUSSION

Although a few reports have indicated that 18F-FDG PET
has value in the diagnosis of biliary system tumors (8–10),
the diagnostic role of this technique for gallbladder carci-
noma has not been evaluated fully. In the present study, we
found good sensitivity and accuracy for differential diag-
nosis of gallbladder carcinoma. These results confirmed the
ability to detect gallbladder carcinoma using 18F-FDG PET.
However, benign inflammatory gallbladder lesions can also
accumulate 18F-FDG and result in false-positive interpre-
tations of PET studies.

Koh et al. (11) reported that the sensitivity of 18F-FDG
PET was 75% for the diagnosis of gallbladder carcinoma.

TABLE 1
Diagnostic Value of 18F-FDG PET Using Visual and Semiquantitative Analysis in 32 Patients Suspected of Having

Gallbladder Carcinoma

Visual analysis Semiquantitative analysis

Parameter Early image Delayed image SUVearly SUVdelayed RI

Sensitivity 82.6% (19/23) 91.3% (21/23) 82.6% (19/23) 95.7% (22/23) 100% (23/23)

Specificity 44.4% (4/9) 44.4% (4/9) 55.6% (5/9) 44.4% (4/9) 44.4% (4/9)
PPV 79.2% (19/24) 80.8% (21/26) 82.6% (19/23) 81.5% (22/27) 82.1% (23/28)

NPV 50.0% (4/8) 66.7% (4/6) 55.6% (5/9) 80.0% (4/5) 100% (4/4)

Accuracy 71.9% (23/32) 78.1% (25/32) 75.0% (24/32) 81.3% (26/32) 84.4% (27/32)

PPV 5 positive predictive value; NPV 5 negative predictive value.

Numbers in parentheses indicate numbers of patients. SUVearly cutoff value was 4.50; SUVdelayed cutoff value was 2.90; RI cutoff value

was 28.
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Rodriguez-Fernandez et al. (12) reported a sensitivity of
80% for this modality. The sensitivity of 18F-FDG PET in
the present study was 82%2100% for the diagnosis of gall-
bladder carcinoma. Our best cutoff SUVs and RI values for
the calculation of sensitivity and specificity were slightly
higher than the mean values for normal liver and much
lower than the mean values for benign disease, possibly
because of the small number of patients in our study. Further
studies involving a larger number of patients are required to
determine the appropriate cutoff values. We performed both
early and delayed PET. Although they did not significantly
differ in diagnostic performance, a 6.3% difference was
observed visually for the same lesions. Also, a 9%213%
difference was observed on semiquantitative analysis. This
effect was semiquantitatively demonstrated by a statisti-
cally significant increase in SUV and T/L ratio. The higher
contrast resolution, which provides a better lesion-to-back-
ground ratio, facilitates visual detection. The usefulness of
dual-time-point PET has previously been reported for
various tumors (16–20). However, to our knowledge, no
reports have described dual-time-point PET of gallbladder
carcinoma.
Although the number of patients studied was small, our

preliminary results show that delayed PET is more sensi-

tive than early PET for detecting gallbladder carcinoma.
Reinhardt et al. (21) reported that delayed 18F-FDG PET
was highly accurate in the detection of malignancy in the
liver hilus, although they evaluated only delayed PET.

Although delayed PET was more sensitive than early
PET for the detection of gallbladder carcinoma, some false-
negative findings also occurred. Two gallbladder carcino-
mas 10 mm in diameter were not visualized even on delayed
imaging. The limited sensitivity of PET for small lesions
may have several causes. Activity in small lesions may be
underestimated because of the partial-volume effect, move-
ment artifacts caused by nongated breath holding, or phys-
iologic liver 18F-FDG uptake. These factors illustrate the
intrinsic limitations of PET resolution for small lesions
even if delayed images are acquired. In patients with mucin-
ous adenocarcinoma of the gallbladder, a false-negative
result has also been reported, probably secondary to poor
cellular density (12). However, in the present study, false-
negative PET findings occurred for patients with tubular
adenocarcinoma and not mucinous adenocarcinoma.

Several studies have reported that malignant disease
showed a higher SUV on delayed images than on early
images—that is to say, malignancy yields positive RI values
(16–19). On the other hand, benign disease showed a lower

FIGURE 1. Radiologic findings in 66-y-old man with gallbladder carcinoma. (A) MR image shows small polypoid lesion projecting
into lumen of gallbladder (arrow). (B) Early 18F-FDG PET image (SUVearly, 2.72; T/L(E) ratio, 1.10) shows slightly increased uptake at
tumor site (arrow). (C) Delayed 18F-FDG PET image (SUVdelayed, 3.21; T/L(D) ratio, 1.52) shows more definite uptake (arrow) than
does early image. CRP was 0.25 mg/dL.

TABLE 2
Diagnostic Value of 18F-FDG PET Using Semiquantitative Analysis in 32 Patients Suspected of Having Gallbladder

Carcinoma with Unknown, Normal, and Elevated Levels of CRP

C-reactive protein level

Unknown Normal (,1.0 mg/dL) Elevated ($1.0 mg/dL)

Parameter SUVearly SUVdelayed RI SUVearly SUVdelayed RI SUVearly SUVdelayed RI

Sensitivity 100% (1/1) 100% (1/1) 100% (1/1) 73.3% (11/15) 93.3% (14/15) 100% (15/15) 100% (7/7) 100% (7/7) 100% (7/7)
Specificity 100% (1/1) 0% (0/1) 0% (0/1) 80%* (4/5) 80%* (4/5) 80%* (4/5) 0% (0/3) 0% (0/3) 0% (0/3)

Accuracy 100% (2/2) 50% (1/2) 50% (1/2) 75% (15/20) 90% (18/20) 95% (19/20) 70% (7/10) 70% (7/10) 70% (7/10)

*P , 0.05 compared with elevated-level group (x2 test).
Numbers in parentheses indicate numbers of patients. SUVearly cutoff value was 4.50; SUVdelayed cutoff value was 2.90; RI cutoff value

was 28.
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SUV on delayed images than on early images—that is to
say, benignancy yields negative RI values. In the present
study, all but 2 gallbladder carcinomas showed positive RI
values. However, benign disease also showed positive RI
values in 6 of 9 patients. Patients with acute inflammation
may have false-positive results even if delayed PET is
additionally performed. In the present study, the CRP level
was more than 1 mg/dL at the time of PET in all patients
with false-positive findings. Although the sensitivity of
combined early and delayed PET (i.e., RI) was slightly
higher than that of delayed PET, the accuracy of these
parameters did not significantly differ. Specificity did not
change for combined early and delayed PET. Although the
number of patients studied was small, this observation
suggests that only delayed PET may be sufficient to reduce
imaging time in busy clinical settings.

18F-FDG is taken up not only by tumor cells but also by
activated inflammatory cells (13–15). In most patients
presenting with chronic cholecystitis, inflammatory cells
are few and, typically, do not show increased 18F-FDG uptake.
Nevertheless, in some patients with chronic cholecystitis, acute
episodes of cholecystitis develop, such as elevated CRP, white
blood cell counts, proinflammatory cytokines, or abdominal
pain. The specificity in the present study was low. One cause
of reduced specificity was thought to be the acute inflamma-
tory condition. We also evaluated the correlation between ele-
vated CRP levels and 18F-FDG uptake in gallbladder lesions,
because the systemic response of patients to acute cholecys-

titis can be assessed using CRP levels (22). The specificity of
PET improved to 80% in the group with normal CRP levels.
On the other hand, the specificity of PET decreased to 0% in
the group with elevated CRP levels. These results suggest that
diagnostic difficulties may occur in patients with elevated
CRP levels. CRP is a better predictor of the specificity of PET.
Our results illustrate the relationship between the severity of
inflammation and the specificity of PET. We also should con-
sider the possibility of concomitant inflammatory processes
in gallbladder cancer. The CRP results therefore stress the
importance of proper patient selection. Not only CRP but also
other clinical or laboratory data emphasizing the existence of
acute inflammatory conditions might be helpful in this respect.
A PET examination should be recommended for patients with
nonacute inflammation, such as those with normal CRP levels,
to differentiate malignant lesions from benign lesions.

CONCLUSION

The results of the present study demonstrate the feasi-
bility and clinical potential of 18F-FDG PET for differential
diagnosis of gallbladder carcinoma. Delayed 18F-FDG PET
was more helpful than early 18F-FDG PET in the evaluation
of malignancy, because of the increased uptake by lesions
and the increased lesion-to-background contrast. In order
to minimize false-positive findings, patients with signs of
acute inflammation should be excluded from examination.

TABLE 3
Semiquantitative Analysis of 18F-FDG PET in 32 Patients Suspected of Having Gallbladder Carcinoma

Early image Delayed image

Condition SUVearly T/L(E) ratio SUVdelayed T/L(D) ratio RI

Gallbladder carcinoma 7.35 6 3.71 2.40 6 1.15 9.30 6 4.98*y 3.54 6 1.73*y 24.62 6 13.00*

Benign disease 5.40 6 3.44 1.70 6 1.00 6.27 6 5.02 2.22 6 1.61z 7.32 6 21.29
Normal liver 3.05 6 0.46 2.63 6 0.48y 213.63 6 5.99

*P , 0.05 compared with benign disease (Mann–Whitney U test).
yP , 0.0001 compared with early image (Wilcoxon signed-rank test).
zP , 0.05 compared with early image (Wilcoxon signed-rank test).

Values are mean 6 SD.

FIGURE 2. Radiologic findings in 68-y-old woman with xanthogranulomatous cholecystitis. (A) CT image obtained after
administration of contrast material shows thickening and enhancement of gallbladder wall. (B) Early 18F-FDG PET image (SUVearly,
8.39; T/L(E) ratio, 3.18) shows intense uptake at gallbladder lesion. (C) Delayed 18F-FDG PET image (SUVdelayed, 10.90; T/L(D) ratio,
4.74) shows more definite uptake than does early image. CRP was 9.34 mg/dL.
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