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Abstract

Aim Thick-walled gallbladder is difficult to characterize on conventional imaging. 18F-FDG PET was used to differentiate
benign and malignant wall thickness and compared with histopathology.

Methods Thirty patients with gallbladder (GB) wall thickening (focal >4 mm and diffuse > 7 mm), underwents uspected on
ultrasound, or CT scan, and underwent 18F-FDG PET. Histopathology of the specimen was compared with imaging findings.
Results The mean age was 48.22 +31.33 years with a M:F 1:4 ratio. Twenty patients had diffuse and 10 had focal thickening. On
18F-FDG PET, lesion was benign in 12, malignant in 13, and indeterminate in 5. Histopathology was malignancy in 12; benign in
18-chronic cholecystitis in 11, xanthogranulomatous in 4, IgG4 related in 2, and polyp in 1. The mean GB wall thickness was
7.79 £3.59 mm (10.34 malignant and 6.10 in benign, p = 0.001). At a cutoff of 8.5 mm, the sensitivity and specificity of detecting
malignancy was 94% and 67%. The mean SUV uptake was 7.46 (benign 4.51, malignant 14.26, p = 0.0102). At a cutoff of 5.95,
the sensitivity and specificity of detecting malignancy was 92% and 79%. For 18F-FDG PET, overall sensitivity was 91%,
specificity 79%, PPV 77%, NPV 92%, and diagnostic accuracy was 84%.

Conclusion 18F-FDG PET is a reliable method of differentiation between benign and malignant thickening of the gallbladder
particularly when wall thickness and SUV value is taken into account.
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Introduction

North India is one of the highest incidence regions of carci-
noma gallbladder (GB) worldwide [1]. Early diagnosis and
curative surgery is the only hope for cure [2]. It is difficult to
pick up early lesions on conventional imaging. Commonly,
early GB cancer can present as wall thickening on imaging
without any invasion into the adjacent viscera [3]. Such wall
thickness may also be observed in acute or chronic
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cholecystitis, xanthogranulomatous cholecystitis [4-7]. It is
imperative to differentiate aforementioned conditions from
malignancy as the surgical management will entirely be dif-
ferent in both the situations. Till date, there is no modality
which can reliably differentiate between early GB malignancy
from benign thickening [3—10]. Contrast-enhanced computer-
ized tomogram (CECT) has been widely used in evaluation of
GB mass for staging the tumor [5, 6, 9]. GB thickening, focal
or diffuse as seen on CT, is sometimes difficult to characterize
particularly in the absence of associated findings [4—8]. More
so, tumor with underlying chronic cholecystitis, can further
make this differentiation even difficult [5-9].

The use of 18F-FDG PET, a functional study, has been
found useful for preoperative assessment of patients with bil-
iary tract cancer [11, 12]. The poor anatomic localization by
18F-FDG PET has been overcome by combining 18F-FDG
PET with CECT. There are a few studies regarding the role of
18F-FDG PET-CT scan in staging of gallbladder carcinoma
[13]. However, there is paucity of literature regarding the use
of 18F-FDG PET-CT as a diagnostic modality in evaluation of
GB thickening [14, 15].
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So the present study was planned to discern the role of 18F-
FDG PET-CT to resolve the diagnostic dilemma of thick-
walled gallbladder.

Methodology

From July 2014 to December 2015, 30 adult patients with
gallbladder (GB) wall thickening (less than 20 mm) were pro-
spectively evaluated at Postgraduate Institute of Medical
Education and Research, a tertiary care center in India. GB
wall thickening was defined as diffuse wall thickness of more
than 7 mm or focal thickness of more than 4 mm as seen on
abdominal ultrasonogram (USG) or computerized tomogram
(CT). Patients with definite evidence of malignancy or metas-
tasis on USG or CT were excluded from the study. GB thick-
ening beyond 20 mm was excluded from the study. The study
was approved by the Institute ethics committee. Informed
consent was taken from all the patients prior to enrollment.

Clinical examination, complete hemogram, coagulation
profile, and liver and renal function tests were carried out in
all the patients. Subsequently, whole body scanning was done
in all the patients by acquiring images from base of skull to
mid-thigh using a dedicated 18F-FDG PET-CT scanner
(Discovery 710). 18F-FDG PET-CT was performed in diabet-
ic patients only after the blood glucose level was below
150 mg/dl on the day of study. Patients with acute cholecys-
titis underwent PET-CT 8 weeks after the resolution of acute
episode.

All patients underwent surgery within 8 weeks of PET-CT.
Surgery was tailored as per the PET-CT and operative findings
(Fig. 1). Patients with clear cut evidence of benign disease
underwent cholecystectomy, while those with definite malig-
nancy underwent extended cholecystectomy. Patients with in-
determinate lesion underwent anticipatory extended cholecys-
tectomy wherein a 2-cm liver wedge was resected en-bloc

Fig. 1 PET CT and specimen
photograph for simple
cholecystitis (left),
xanthogranulomatous
cholecystitis (middle), and
carcinoma gallbladder (right)
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with gallbladder and was sent for frozen section. The need
for systemic lymphadenectomy was governed by the findings
on the frozen section. The excised specimen was sent for
histopathology using standard hematoxylin and eosin stain-
ing. Special stains were performed as per the requirement.
Pathological diagnosis was corroborated with imaging
findings.

Statistical Analysis

All the data collected through this study were statistically an-
alyzed and the degree of co relation between 18F-FDG PET-
CT findings and histopathological report was ascertained.
Sensitivity, specificity, accuracy, and positive and negative
predictive value were calculated for 18F-FDG PET scan find-
ings keeping histopathological diagnosis as gold standard.
SUV uptake values and GB wall thickness were analyzed to
determine a cutoff value to distinguish between benign and
malignant GB lesions. For all analysis, P value of less than
0.05 will be considered statistically significant. All the statis-
tical analyses were done using SPSS (Statistical Package for
Social Sciences) software version 20.

Results

The mean age of the patients was 48.22 +31.33 (15-76) years
with male to female ratio of 1:4. Clinical presentation was
abdominal pain in all, anorexia and weight loss in 10
(33.3%), and jaundice in 3 (10%).

Imaging Findings

Diffuse wall thickening was observed in 20 (66.7%) and focal
in 10 (33.3%) patients. The mean wall thickness was 7.79 +
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3.59 (3—17) mm. The mean of diffuse thickening was 6.47 +
1.61 mm, while that of focal thickening was 10.59 £4.16 mm.

The mean SUV uptake was found to be 7.46+6.81 (0—
22.1). The mean SUV uptake of diffuse wall thickening was
5.98+6.52 (0-17.4) while that of focal wall thickening was
10.44 +£6.70 (3.8-22.1).

Lymph node enlargement was seen in 6 (23%) patients on
conventional imaging. However, a total of 16 (53%) patients
showed uptake in the lymph nodes on 18F-FDG PET.

On conventional imaging, the lesion was characterized as
benign in 13 (43%), malignant in 15 (50%), and indeterminate
in 2 (7%). On PET-CT, it was benign in 12 (40%), malignant
in 13(43%), and indeterminate in 5 (17%).

Operative Details

Seven patients had benign disease and underwent cholecys-
tectomy. Eighteen patients had operative suspicion of malig-
nancy; out of which 16 underwent extended cholecystectomy
and two were not resectable due to locally advanced disease at
the time of surgery. Five patients with diagnostic dilemma at
operation underwent en bloc GB resection with 2-cm liver
wedge as per the protocol described above. Frozen section in
all these patients turned out to be benign.

Pathological Findings

Histopathology confirmed gallbladder cancer in 12 (40%) pa-
tients (including biopsy of 2 who could not be resected) and
benign lesion in 18 (60%). Among the benign lesions, chronic
cholecystitis was seen in 11 (37%), xanthogranulomatous
cholecystitis in 4 (13%), [gG4-related cholecystitis in 2
(7%, and polyp in 1 (3%).

Wall Thickness and Pathological Diagnosis

Among the 18 benign lesions, 17 had diffuse and 1 had focal
(patient had polyp) thickening. Of the 12 malignant lesions, 9
had focal and 3 had diffuse thickening.

The mean wall thickness for benign lesions 6.1 =£1.78 mm
and that of the malignant lesions was 10.34 +4.17 mm and the
difference was statistically significant (p = 0.001).

A receiver operator characteristic (ROC) curve was plotted
between wall thickness on CT scan and the histopathological
diagnosis. The area under the curve was 0.796 (p = 0.042). At
a cutoff value of 8.5 mm, the sensitivity and specificity are
94.4% and 66.7% respectively to characterize the lesion
(Fig. 2a).

ROC curves separately for focal and diffuse thickening
failed to show any correlation with the type of the lesion.

18F-FDG Uptake and Pathological Diagnosis

The mean SUV uptake was 7.46 +6.81 (0-22.1). Mean SUV
uptake of diffuse wall thickening was 5.98 +6.52 (0-17.4) and
that of focal wall thickening was 10.44 +6.70 (3.8-22.1) and
the difference was statistically not significant (p =0.92).

The SUV max was high for patients with complicated chole-
cystitis. Three patients with xanthogranulomatous cholecystitis
had SUV max values of 3.95, 7.6, and 17.4 while two patients
with IgG4-related disease had SUV max values of 10.8 and16.9.

Area under ROC curve, plotted for SUV max and the na-
ture of lesion, was 0.857 (p =0.031). At a SUV max value of
5.95, the sensitivity and specificity to characterize the lesion
was 91.7% and 77.8% respectively (Fig. 2b). For diffuse GB
thickening, area under ROC curve was 0.882 (p =0.039). Ata
SUV cutoff of 8.35, the sensitivity was 100% and specificity
was 82% (Fig. 2c). ROC curves for focal thickening failed to
show any correlation with the type of the lesion.

Five (16.7%) lesions were not characterized on PET-CT
and were labeled as indeterminate. However, four (80%) of
the indeterminate lesions were confirmed to be benign on
histopathology. After censoring indeterminate cases, 18F-
FDG PET-CT had sensitivity of 90.91% (CI 58.72%—
99.97%), specificity of 78.57% (CI 49.20%—-95.34%), posi-
tive predictive value 76.92% (CI 46.19%—94.96%), negative
predictive value 91.67% (CI1 61.52%-99.79%), and diagnostic
accuracy of 84%. There was good degree of agreement be-
tween PET-CT and histopathological diagnosis (kappa value
0.682; 95% CI 0.399-0.964).

On inclusion of indeterminate lesions into the benign cate-
gory, the sensitivity, specificity, and positive and negative pre-
dictive values were 83.33% (CI 50.88-97.05), 94.44% (CI
70.62-99.70), 90.90% (CI 57.11-99.50), and 89.47% (CI
64.46-98.15) respectively. The accuracy was 90%. There
was good degree of agreement between the PET CT findings
and pathological diagnosis (Kappa value 0.658, SE 0.139, CI
0.563-1.0, p =0.000).

When the cutoff of both wall thickness of 8.5 mm and SUV
max 5.98 are taken together into account then, the sensitivity,
specificity, and positive and negative predictive values were
58.33% (CI 28.59-83.50), 94.44% (CI 70.62-99.70), 87.50%
(C146.67-99.34), and 77.27% (CI 54.17-91.31) respectively.
The accuracy was 84 %. There was moderate degree of
agreement between the PET CT findings and pathological
diagnosis (Kappa value 0.559, SE 0.153, p=0.001).

Lymph Node Positivity

Without the use of metabolic imaging, only 6 out of 13 path-
ologically positive lymph nodes were identified however with
the addition of uptake value 12 lymph nodes could be correct-
ly identified in 16 patients who underwent oncological
resection.

@ Springer



904 J Gastrointest Canc (2019) 50:901-906
a b c ROC Curve
ROC Curve ROC Curve
1 1 \ WALLTHICKNESS_TYPE_PET: D
084 08
084
0.6+ = 057 |
= s =
9 4 0.4 @ ]
0.2+ 0.2 0.2
0 / T T y T 00+ T T T T 00 T T T T
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity 1 - Specificity

Fig. 2 Receiver operating characteristic curve for a GB wall thickening, b SUV max value, and ¢ SUV max value for diffuse wall thickness

Discussion

The present study has shown the diagnostic potential of PET-
CT in characterizing the GB wall thickening. The strength of
present study is the stringent inclusion criteria; particularly of
only those cases with GB thickening which were difficult to
characterize on conventional imaging. We excluded all the
cases with GB thickening beyond 20 mm, as those are more
likely to harbor malignancy. The diagnostic dilemma is
greatest in patients who have 4-20-mm wall thickening,
which forms only a small fraction of patients with benign or
malignant GB lesions [3—6]. This limited enrollment in the
present study to 30 cases. Contrary to the present study, other
studies have included a wide variety of benign and malignant
lesions of GB [12, 15-17].

Surgery is the only curative treatment for early GB cancer.
There are no specific symptoms of early GB cancer [1-3]. It is
suspected only when GB wall appears thickened on conven-
tional imaging [4—6]. Mere presence of wall thickening is
difficult to characterize with certainty as benign or malignant
[5-9]. However, it is imperative to have the exact knowledge
of the diagnosis prior to surgery so as to offer appropriate
treatment of the underlying condition. India being a high in-
cidence area for GB cancer [1], all suspicious lesions should
be thoroughly evaluated to ascertain the diagnosis. With con-
ventional imaging, it is at times difficult to establish the exact
nature of the lesion [3—10].

A recent study on evaluation of GB wall thickening to
differentiate malignancy from XGC and acute cholecystitis
using multidetector CT has found it to have moderate sensi-
tivity, poor specificity, and moderate-to-substantial inter-rater
repeatability. They identified disrupted gallbladder mucosa,
gall stones, and wall thickness as the only significant factors
[5]. All these are non-specific and can be found in benign
disease as well. Another recent series has demonstrated the
role of contrast enhanced ultrasonogram in detecting gallblad-
der cancer. Wall thickness more than 16 mm was one of the
predictors of malignancy in addition to early arterial
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enhancement, interrupted inner layer, and early washout [6].
Another recent study has found GB wall thickening as the
second commonest presentation of GB carcinoma [18]. To
exactly define the thick-walled GB with uncertain pathology,
we excluded all the patients with more than 20 mm thickness.

Role of PET-CT in staging of GB cancer is well established
[12, 13, 19]. The diagnostic potential of this modality in pa-
tients with GB cancer is emerging. Ramos-Font et al. [15] ina
study of 49 patients found PET-CT to be 95.9%, 85.7%, and
95.9% accurate in the detection of primary lesion, lymph node
involvement, and metastatic disease. They concluded that
SUV max has a complementary role in addition to visual
analysis. Koh et al. [20] in a small series reported 75% sensi-
tivity and 87% specificity to detect GB cancer in protuberant
lesion of the gallbladder. Anderson et al. have reported 78%
sensitivity of PET-CT to detect GB carcinoma.

Nishiyama et al. [17] reported that sensitivity and specific-
ity of PET-CT to detect GB cancer can be improved by addi-
tion of delayed phase imaging. Furukawa et al. [21] have
demonstrated the prognostic significance of preoperative
PET-CT by defining the cutoff of uptake value. A meta-
analysis of 13 studies including 495 patients reported 87%
sensitivity and 78% specificity in evaluation of cancer GB
[13]. Most of the studies have suggested the reasons for
false-positive results due to inflammatory conditions of GB
while false negative due to small size tumor and a low-grade
malignancy [13—-17, 19-22]. In the present study, we have
specifically looked into this subset of the patients where the
lesions were likely to give erroneous result on imaging.

A study of 12 patients by Oe et al. [14] on defining the role
of PET-CT on GB thickening found FDG uptake in 4 patients
out of which 3 were malignant while those without any uptake
were benign. They did not report any case with complicated
cholecystitis, unlike those observed in the present series.
Moreover, they did not exactly define thick-walled GB. In
the present study, we have defined and classified GB thicken-
ing into diffuse and focal. We did not observe any difference
of diffuse thickening between benign and malignant cases.
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With addition of uptake value to diffuse thickening, benign
and malignant lesions could be differentiated. On the contrary,
only one case with focal thickening without any uptake was
benign while the rest had uptake and were malignant.

In the present study, we observed 16% patients who could
not be classified on PET-CT and were labeled as indetermi-
nate. The high incidence of indeterminate lesions was due to
strict inclusion criteria. Although majority of the indetermi-
nate cases turned out to be benign, we still advocate anticipa-
tory en bloc surgery in such a situation. Others have also
proposed similar approach in such a situation [23]. En bloc
removal of GB with liver wedge gives an advantage of not
breaching the tumor plane and need for lymphadenectomy is
guided by frozen section.

The uptake value in PET-CT is helpful in differentiating
benign and malignant lesions. However, there is no consensus
regarding the absolute cutoff value. The major problem is due
to intense uptake in inflammatory conditions. In the present
study, we observed intense uptake in xanthogranulomatous
cholecystitis and IgG4-related cholecystitis, despite taking
due precautions while performing PET-CT. Rodrigues et al.
[22] in a study of 16 patients found mean SUV of 4.1 in
patients harboring tumor. Another study on 49 patients de-
fined a cutoff value of 3.62 to determine malignant lesions
[15]. Nishiyama et al. [17] described the use of delayed phase
imaging and calculating retention index to determine malig-
nancy. They arbitrarily defined SUV cutoff for early PET to be
4.5 and for delayed to be 2.9. In the present study, we found
higher cutoff values in the entire group and also those with
diffuse thickening probably due to more number of patients
with complicated cholecystitis.

Concluding, PET-CT is a useful tool to characterize be-
tween less than 20-mm lesions of GB. Focal thickening with
uptake in PET is suggestive of malignancy. For diffuse thick-
ening, SUV value should be taken into account to differentiate
between benign and malignant disease.
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