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In this chapter we shall discuss the role of positron emission tomography (PET/CT) 
in biliary tract malignancies—i.e., gall bladder cancer (GBC) and cholangiocarci-
noma (CCA). Though carcinoma of ampulla of Vater could also be included here, it 
will be discussed separately in pancreatic malignancies.

8.1	 �Gall Bladder Cancer

Gall bladder cancer (GBC) is an aggressive and lethal malignancy and has a very 
poor outcome. It has a propensity to invade the hepatic parenchyma and the biliary 
tree resulting in high mortality rate with 5-year survival of less than 5%. It 
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metastasizes to the lymph nodes, causes peritoneal implants, and also spreads 
hematogenously. The diagnosis is often delayed due to nonspecific symptoms 
which are common to benign conditions like cholecystitis and cholelithiasis [1–3]. 
Most often GBC is discovered incidentally after surgical exploration for suspected 
benign gall bladder disease. It has been reported that approximately 1% of elective 
cholecystectomies harbor GBC [3]. More than 98% of GBC are of epithelial ori-
gin, and approximately more than 90% are adenocarcinomas. The commonest site 
within the GB is the fundus (approximately 60%), followed by the body (30%) and 
the neck (10%) [1].

8.2	 �Conventional Imaging Modalities for Diagnosis 
and Staging of Gall Bladder Cancer

Though ultrasonography (USG) is the first and commonest modality used for the 
detection of GB masses, CT definitely is a better modality for assessment of GB 
wall thickness and mucosal irregularities [1]. Contract-enhanced CT (CECT) also 
gives critical information regarding resectability of GB tumors, i.e., local, vascular 
and organ invasion, and the presence of lymph node metastases. But MRI is more 
accurate in differentiating benign from malignant GB masses. Magnetic resonance 
cholangiopancreatography (MRCP) and MR angiography help in diagnosing vascu-
lar and biliary invasion which are essential for deciding upon the resectability of GB 
tumors.

8.3	 �Role of FDG PET/CT in the Evaluation of Gall Bladder 
Malignancies

There is paucity of data regarding the use of 18F–fluorodeoxyglucose (FDG) PET/
CT in the evaluation of GBC. GBC concentrates FDG avidly and hence appears to 
have a potential role in staging [4]. FDG PET combined with diagnostic CECT 
helps in evaluation of the primary mass [Fig. 8.1], in evaluation of adjacent organ 
invasion (Fig. 8.2), and in detection of regional and metastatic nodal disease and 
peritoneal and distant metastases (Fig. 8.3). PET/CT is also helpful in demonstrat-
ing benign changes like cholangitis (Fig. 8.4), which are commonly seen coexist-
ing with biliary tract malignancy. Ramos-Font et al., in a recent prospective study, 

Fig. 8.2  18F–FDG PET/CT study of a 62-year-old lady showing hypermetabolic GB mass with 
loss of fat planes with the hepatic flexure of the colon (arrow in a–c) suggesting colonic 
infiltration
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Fig. 8.1  51-year-old lady with suspected gall bladder cancer. 18F–FDG PET/CT shows hyper-
metabolic mass with maxSUV 13.4 involving the fundus and body of the gall bladder (arrow in 
a–c). Histopathology post-radical cholecystectomy was adenocarcinoma of the GB

a b c
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showed an overall diagnostic accuracy of 18F–FDG PET/CT, of 95.9% for the pri-
mary, 85.7% for lymph nodal metastases, and 95.9% for metastatic disease. In the 
restaging setting, the accuracy was 100%. FDG PET/CT led to change in manage-
ment in 22.4% of patients [5]. In another study by Leung et al. done on 63 patients 
with incidental GBC postcholecystectomy, the sensitivity was 56% and specificity 
was 94%. It led to management change in 8% of patients [6]. PET/CT has also 
been used to stratify patients with incidentally detected GBC, to the most appropri-
ate treatment depending on the presence or absence of distant metastatic disease 
[7]. A recent meta-analysis comprising of 13 studies demonstrated a sensitivity of 
87% and specificity of 78% with area under curve (AUC) of 0.88 [8].

a b

c

Fig. 8.3  55-year-old male, a case of GB carcinoma post-cholecystectomy. 18F–FDG PET/CT 
shows hypermetabolic metastatic supraclavicular, mediastinal nodes (block arrows in a), anterior 
abdominal wall deposits (arrow in a, b), and peritoneal deposits (curved arrow in a, c)
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8.4	 �Role of FDG PET/CT in Prognostication

18F–FDG PET/CT has a potential role in prognostication of patients with GBC. It 
has the ability to gauge the aggressiveness of a tumor based on increased glu-
cose uptake in cancer cells. Hwang et  al. demonstrated that maximum SUV 
(maxSUV) values were prognostic and were an independent predictor of overall 
survival (OS). They showed that patients with maxSUV <6 had longer survival 
as compared to patients with maxSUV >6. Also in multivariate analysis, patients 
with lower maxSUV in the pretreatment study and nonmetastatic disease sur-
vived longer [9]. Volume-based metabolic parameters like metabolic tumor vol-
ume (MTV) and total lesion glycolysis (TLG) are also prognostic in GBC. In a 
study by Yoo et al., TLG of the primary GB mass was an independent prognos-
ticator for OS [10]. Also patients with positive FDG PET/CT have a shorter 
median survival as compared to those with a negative PET/CT study [11].

a cb

d e

Fig. 8.4  18F–FDG PET/CT study of a 52-year-old lady with GB cancer. The study shows a hyper-
metabolic soft tissue mass (maxSUV 9.4) in the neck of the gall bladder (arrow in a–c) with 
bilateral intrahepatic biliary radical dilatation (curved arrow in b). The block arrow in d, e shows 
a focal hypermetabolic area in segment IVB, which was along the biliary radicals suggesting focal 
cholangitis (block arrow)
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8.5	 �Cholangiocarcinoma

Cholangiocarcinomas (CCA) are rare adenocarcinomas (>90%) arising from intra-
hepatic bile ducts, at the bifurcation of the hepatic ducts or from the distal common 
bile duct. The commonest form is that which arises from the bifurcation of the 
hepatic ducts (70%) and is called the Klatskin tumor. They are usually classified as 
intrahepatic or extrahepatic tumors. Intrahepatic can be further divided into mass 
forming, periductal, or intraductal based on the pattern of growth [12]. The patient 
usually is symptomless till an advanced stage is reached, and thus these are often 
diagnosed in late stage of the disease.

8.6	 �Role of Conventional Imaging Modalities

USG, CT, and MRI are the imaging modalities of choice for diagnosis and staging. 
These imaging modalities help in determining the size and extent of the tumor, bili-
ary ductal dilatation, and involvement of regional lymph nodes [13–15]. Endoscopic 
retrograde cholangiopancreatography (ERCP) helps in obtaining brush cytology 
and biopsy.

8.7	 �Role of 18F–FDG PET in Diagnosis of the Primary Lesion

18F–FDG PET/CT has no advantage over these conventional imaging modalities in 
the diagnosis of CCA [16, 17]. The ability of PET/CT to detect a lesion depends on 
the location of the lesion. Studies have shown the highest sensitivity in the range of 
91–95% and specificity ranging from 80 to 100% for intrahepatic bile duct 
lesions [18, 19]. This could be due to large tumor size of intrahepatic cholangio-
carcinoma as compared to extrahepatic lesions. Another possibility is more 
accumulation of FDG in the malignant lesion as compared to the surrounding 
normal hepatocytes, where the turnover of 18F–FDG is faster [20].

The ability of FDG PET to detect cholangiocarcinoma also depends upon the 
pattern of growth of the lesion—whether mass forming or infiltrative. The sen-
sitivity for detection of a lesion is highest for mass-forming/nodular lesion as 
compared to periductal or infiltrating lesions [21, 23, 24]. In a study by Anderson 
et  al., they found a sensitivity of 85% for nodular lesions and only 18% for 
infiltrative lesions [21]. Hilar CCA are well demonstrated on FDG PET/CT and 
also help in demonstrating intrahepatic biliary dilatation (Figs. 8.5 and 8.6).

In patients with benign inflammatory conditions like primary sclerosing 
cholangitis, abscesses, and granulomatous diseases, the results of FDG PET/CT 
should be reported cautiously; these conditions are potential mimics of cholangio-
carcinoma. The ability of PET to detect CCA in patients with primary sclerosing 
cholangitis is debatable [20–22].

A. Agrawal et al.
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Fig. 8.5  18F–FDG PET/CT study of a 61-year-old male, diagnosed case of hilar cholangiocarci-
noma. The study shows hypermetabolic mass at the confluence of right and left hepatic ducts 
(arrow in a–e) (maxSUV 13.51) with bilateral IHBR dilatation
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c

Fig. 8.6  18F–FDG PET/CT study of a male patient, 57  years, a case of cholangiocarcinoma. 
Hypermetabolic mass is seen at the hilar confluence (arrow a–c) (maxSUV 10.38) with multiple 
enlarged periportal lymph nodes (block arrow) (maxSUV 8.1)
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8.8	 �Role of 18F–FDG PET in Detection of Lymph Nodal 
Metastases

PET has a lower sensitivity (38–43%) and greater specificity (95–100%) in detec-
tion of involved nodes, as compared to CECT (SN 43–54%, SP 59–76%) [25, 26]. 
PET has an added advantage of detecting malignant nodes of less than 1 cm size, in 
contrast to conventional imaging, which is size dependent.

8.9	 �Role of 18F–FDG PET in Detection of Distant Metastases

PET is highly accurate for the detection of suspected as well as unsuspected distant 
metastases. It has the ability to detect metastases not detected by conventional 
imaging modalities. It leads to change in management in up to 30% of patients by 
detection of distant metastatic lesions [21, 22].

The role of FDG PET/CT in the prediction of prognosis in CCA is not well 
established.

Key Points

Gall Bladder Cancer

•	 Gall bladder cancer concentrates FDG avidly and hence appears to have a 
potential role in staging.

•	 FDG PET combined with diagnostic CECT helps in evaluation of the pri-
mary mass, evaluation of adjacent organ invasion, and detection of regional 
and nodal and peritoneal and distant metastases.

•	 Diagnostic accuracy of 18F–FDG PET/CT is 96% for the primary, 86% for 
lymph nodal metastases, and 96% for metastatic disease.

•	 18F–FDG PET/CT has a potential role in prognostication of patients with 
GBC.

•	 Maximum SUV (maxSUV) values are reported as an independent predic-
tor of overall survival (OS). (Patients with maxSUV <6 had longer survival 
as compared to patients with maxSUV >6.)

•	 Patients with positive FDG PET/CT have a shorter median survival as 
compared to those with a negative PET/CT study.

Cholangiocarcinoma

•	 18F–FDG PET/CT has no advantage over conventional imaging modalities 
in diagnosis of CCA.

A. Agrawal et al.
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