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Abstract: Currently, molecular imaging modalities are not recommended in the 
initial workup of hepatobiliary malignancies except in equivocal cases on conven-
tional imaging. But the role of molecular imaging in hepatobiliary tumors is evolv-
ing and the development of new technology and molecular imaging agents has 
renewed the interest in molecular imaging applications in hepatobiliary malignan-
cies. In addition to providing information for tumor staging, treatment planning, 
response assessment, and detection of disease recurrence, molecular imaging pro-
vides additional information on the biological and molecular behavior of the 
tumor to assess disease prognosis and outcome. Recent meta-analysis shows 
promising results favoring molecular imaging over structural imaging in hepato-
biliary malignancies. Molecular imaging agents targeting different metabolic path-
ways (glucose and lipid metabolism) and receptors (somatostatin and fibroblast 
activation protein inhibitors) have been tried in hepatocellular carcinoma, cholan-
giocarcinoma, liver metastasis and neuroendocrine tumors. We explore and 
summarize the current role of molecular imaging in hepatobiliary tumors and its 
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advantages and disadvantages over conventional imaging modalities, along with a 
brief overview of newer PET molecular imaging agents.

Keywords: cholangiocarcinoma; hepatocellular carcinoma; molecular imaging; 
neuroendocrine tumor; positron emission tomography

INTRODUCTION

Malignancies of the liver can be either primary or secondary metastases. The most 
common primary liver cancer is hepatocellular carcinoma (HCC). Worldwide, 
HCC is the fourth most common cause of cancer-related death and is detected in 
over 800,000 new cases each year (1). HCC frequently affects people with chronic 
liver disease secondary to hepatitis or alcoholic cirrhosis. Secondary metastases to 
the liver commonly occur from colorectal cancer and neuroendocrine tumors.

18F-FDG PET IN HEPATOCELLULAR CARCINOMA

The most common currently employed nuclear molecular imaging method for 
detecting liver tumors is fluorine-18 fluorodeoxyglucose positron emission 
tomography (18F-FDG PET), which has demonstrated efficacy in predicting prog-
nosis, staging, response assessment, and recurrence detection (2).

Staging of HCC

The prognosis of HCC is influenced by the disease stage at the time of presenta-
tion. Patients with larger tumors and metastatic disease have worse prognoses. 
While locally advanced HCC without extrahepatic dissemination may be treated 
with intensive local therapy, HCC with extrahepatic metastases has a poor prog-
nosis and limited treatment options. Triple phase computed tomography (TPCT) 
and contrast enhanced magnetic resonance imaging (ceMRI) are modalities of 
choice for detection of HCC, targeting the increased blood supply to HCC via 
hepatic artery. Histopathological sampling is not needed in establishing the diag-
nosis of HCC if characteristic findings are present on TPCT or ceMRI.

Detection of primary HCC using 18F-FDG PET/CT alone is limited, with a rela-
tively low sensitivity (approx. 50–65%) compared to current standard of care imag-
ing. Higher grades of HCC (less differentiated) tend to have higher FDG avidity, 
whereas well-differentiated HCC shows relatively low 18F-FDG uptake (3). This 
results from the varied expression of glucose transporters (GLUT) and increased 
glucose-6-phosphatase activity in well differentiated HCC while poorly differenti-
ated HCC has loss of glucose-6-phosphatase activity. In a study by Torizuka et al., 
the degree of differentiation of HCC was correlated with 18F-FDG uptake, with 
higher-grade tumors showing twice FDG uptake compared to lower-grade 
tumors (4). Dual point imaging can be performed, in addition to the conventional 
imaging 1-hour after FDG injection, to increase the sensitivity of 18F-FDG PET/CT 
to detect HCC (5). Figure 1 shows 18F-FDG PET/CT findings in primary HCC.
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Figure 1.  18F-FDG PET/CT in HCC. A. Maximum Intensity Projection (MIP) image of 18F-FDG 
PET/CT in a patient with well-differentiated HCC shows no abnormal increased tracer uptake in 
the liver. Corresponding CT (B) and fused PET/CT (C) images for the same patient show non-FDG 
avid arterially enhancing lesion in segment VIII of liver, consistent with primary HCC (white 
arrows). D. Maximum Intensity Projection (MIP) image of 18F-FDG PET/CT in a patient with poorly 
differentiated HCC showing areas of increased FDG uptake in the liver. Corresponding CT 
(E) and fused PET/CT (F) images in the second patient show FDG avid (SUVmax 9.4) arterially 
enhancing mass involving the segments VI and VII of liver (yellow arrows). 
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HCC commonly metastasizes to regional lymph nodes, lungs, bone, and rarely 
to peritoneum and other organs. 18F-FDG PET/CT has demonstrated good effi-
cacy in diagnosing distant metastases from HCC. It outperforms conventional 
imaging modalities to detect bone involvement while demonstrating equal detec-
tion rates for lung and nodal disease. Various studies have shown that 18F-FDG 
PET-CT has sensitivity and specificity around 77% and 98%, respectively for 
extrahepatic metastases (6–8). 

The much higher sensitivity of 18F-FDG PET for detecting distant metastases 
in HCC compared to primary HCC may be due to the higher incidence of metas-
tases in poorly differentiated HCC, which tends to have more 18F-FDG uptake. 
Compared to multidetector computed tomography (MDCT) and bone scintigra-
phy, 18F-FDG PET/CT has a better sensitivity for bone metastases.

Portal vein tumor thrombus (PVTT) also demonstrates high 18F-FDG avidity. 
Imaging findings of PVTT in HCC include contrast enhancement, intraluminal 
filling defect, and 18F-FDG avidity in the thrombus (9). Vascular invasion in 
patients with HCC before liver transplant is one of the major reasons for HCC 
recurrence after transplantation. 18F-FDG PET/CT before liver transplant has a 
good predictive value for vascular invasion in patients with HCC which is helpful 
in determining the prognosis and selecting the suitable candidates for liver trans-
plantation in HCC. Higher intensity of FDG uptake can be a potential indicator of 
vascular invasion. In a study by Lin et al., patients with vascular invasion had 
higher TSUVmax (tumor SUVmax) and TSUVmax/LSUVmax ratio (ratio of tumor SUVmax 
to normal liver SUVmax) compared to patients without vascular invasion (10). 

Response assessment

Surgical resection and locoregional therapies such as trans-arterial chemoemboli-
zation (TACE), radiofrequency ablation (RFA) and trans-arterial radioembolisa-
tion (TARE) using 90Y/radio-labelled microspheres can be used to treat early-stage 
HCC. In unresectable, non-metastatic HCC, liver transplantation is an alternate 
treatment option. Before a liver transplant, patients can be downstaged with 
locoregional treatments (LRT). Hence, determining the tumor’s response to LRT is 
crucial in managing HCC. Locally targeted therapy (LRT) for HCC causes tumor 
cell death through ischemia by reducing blood flow to the tumor and by radiation 
effects. This does not cause the tumor to shrink but causes necrosis and a reduc-
tion in the enhancement pattern. 

Functional imaging techniques like PET/CT and diffusion-weighted magnetic 
resonance imaging (DW MRI) help evaluate HCC patients after treatment inter-
vention. In their study, Nashi et al. compared 18F-FDG PET/CT to DW MRI and 
found DW MRI was more accurate at detecting residual and recurrent hepatic 
tumors due to the addition of a quantitative assessment using the ADC value (11). 
To ascertain residual tumors, 18F-FDG PET/CT showed greater sensitivity than 
conventional imaging techniques such as contrast-enhanced computed tomogra-
phy (CECT), often characterized by a focused eccentric uptake in the periphery. 
According to studies, patients who exhibit a considerable reduction in SUVmax or 
SUV ratio (ratio of tumor SUVmax to liver background SUVmax) after treatment 
have improved survival and event-free rates (12, 13). Low 18F-FDG uptake has 
been found to be associated with prolonged progression-free survival (PFS) and 
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overall survival (OS) in HCC patients receiving chemoradiation therapy. 
Conversely, high 18F-FDG uptake was associated with a higher risk of extrahepatic 
metastasis within six months (14).

Recurrence evaluation 

The long-term prognosis for patients with HCC is poor as HCC has a high recurrence 
rate, ranging from 51–90% after surgical resection. Early detection of recurrent HCC 
is greatly aided by rising serum alpha-fetoprotein (AFP) or protein induced 
vitamin K absence or antagonist II (PIVKA II) measurements, ultrasound, and CT of 
the abdomen. Few studies have evaluated the usefulness of 18F-FDG PET/CT in 
recurrent HCC. A systematic review and metanalysis by Lin et al. showed that the 
sensitivity and specificity of 18F-FDG PET/CT in the detection of recurrent HCC were 
81.7% (95% CI: 71.6–89.4%) and 88.9% (95% CI: 70.8–97.6%) respectively (15).

Pre and post TARE imaging in HCC

99mTc-macro-aggregated albumin (MAA) scintigraphy is performed during plan-
ning for TARE in HCC to determine targeted 90Y-microsphere delivery to the 
lesion and shunting to lungs and other organs. Post therapy imaging can be done 
in patients undergoing 90Y-microsphere trans-arterial radioembolization by brems-
strahlung imaging utilizing the SPECT/CT scanner or by PET/CT examination 
using positrons emitted by internal pair production from 90Y. Utility of post TARE 
imaging includes demonstrating whether the spheres have localized at the tar-
geted tumor site as planned, and detecting abnormal 90Y-microsphere localization 
to the stomach or elsewhere, which can lead to adverse effects such as ulceration. 
The post-treatment scan also enables the determination of the dose supplied to 
the tumor, which is a predictor of tumor response. 

OTHER PET MOLECULAR IMAGING AGENTS IN HCC

Due to the limitations of 18F-FDG PET in well-differentiated HCCs, many radio-
pharmaceuticals targeting other metabolic pathways or receptors have been devel-
oped and evaluated in HCC.

68Ga-or 18F-PSMA PET

PSMA (prostate specific membrane antigen), a type II transmembrane protein is 
typically expressed in prostate tissue. PSMA can be overexpressed in pathophysio-
logical processes other than prostate cancer, such as the neovasculature of numer-
ous malignant tumours including HCC. This allows the use of PSMA ligand-based 
PET/CT in the evaluation of HCC. In HCC staging, the accuracy of PSMA PET/CT 
is comparable to that of CT for intrahepatic disease detection and more accurate 
than CT for extrahepatic disease detection. Due to is higher accuracy in detecting 
extrahepatic disease, PSMA PET/CT is valuable for early identification of patients for 
systemic therapy (16). PSMA PET/CT also has theranostic potential to select patients 
showing PSMA uptake for treatment with therapeutic radionuclides.
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11C-acetate PET

11C-acetate is one such molecular imaging agent that has been used to overcome the 
low uptake and retention of 18F-FDG in well-differentiated HCCs. Acetate is taken 
up by HCC cells and transformed into acetyl-CoA by acetyl-CoA synthetase. 
Participation in free fatty acid (lipid) synthesis is thought to be the most common 
mechanism of incorporation of radiolabeled acetate in tumors. Fatty acids and cho-
lesterol that have been 11C-labelled are quickly absorbed into the cell membranes by 
tumor cells that overexpress fatty acid synthetase or acetyl-CoA carboxylase, per-
mitting the use of 11C-acetate PET/CT for tumor detection. Thirty-nine HCC patients 
were included in a PET/CT study by Ho et al. comparing uptake of 11C-acetate and 
18F-FDG uptake in HCC lesions. They determined poorly differentiated lesions pre-
dominantly accumulate 18F-FDG, whereas well-differentiated lesions predomi-
nantly accumulate 11C-acetate (17). Park et al. concluded that 11C-acetate PET was 
more sensitive than 18F-FDG PET (75.4% vs. 60.9%) in detecting HCC (18). 11C is 
a cyclotron produced radionuclide with a half-life of 20 minutes. This short half-life 
makes the commercial availability of 11C based PET tracers difficult as a closely 
located cyclotron facility is necessary for widespread adoption.

68Ga-FAPI PET

Fibroblasts associated with malignancy are known to be involved in tumor growth, 
migration, and progression. Fibroblast activation protein (FAP) is a serine protease 
highly expressed in cancer associated fibroblasts (CAF). As CAFs make about 90% 
of the gross tumor mass, targeting FAP inhibitor (FAPI) for imaging can aid in the 
visualisation of the tumor stroma. Guo et al. compared CECT, liver MRI, 68Ga-FAPI 
and 18F-FDG PET/CT in diagnosing primary and metastatic lesions in patients with 
HCC. Thirty-four individuals with hepatic lesions were included in the study and 
underwent concomitant 68Ga-FAPI-04, 18F-FDG PET, and CT scans. In the detec-
tion of primary liver tumors, the sensitivities of CECT, MRI, 68Ga-FAPI-04, and 
18F-FDG PET/CT were found to be 96%, 100%, 96%, and 65%, respectively (19). 
68Ga-FAPI PET/CT also has the potential to open the door for theranostic treatment 
option with therapeutic radionuclides in select patients showing 68Ga-FAPI uptake. 
Figure 2 (A-D) shows comparison of 18F-FDG and 68Ga-FAPI PET in a case of 
HCC.

18F-Fluorocholine PET

The cell membrane consists of phospholipids in which choline is one of the essen-
tial components. Compared to normal liver tissue, HCC cells have a large amount 
of choline. The ability of tumor cells to integrate choline actively to form phos-
phatidylcholine, a component of the cell membrane, and promote quick cell divi-
sion, is what distinguishes them from normal cells. When 18F-fluorocholine enters 
the tumor cell, it is quickly phosphorylated to 18F-phosphorylcholine and trapped 
within the cell membranes. In a prospective study, the ability of 18F-fluorocholine 
and 18F-FDG to detect and stage HCC in patients with chronic liver disease and 
suspicious hepatic nodules was evaluated. According to this study, 18F-fluorocholine 
was significantly more sensitive than 18F-FDG (94 vs. 59%) in detecting HCC, 
particularly in well-differentiated tumors (20). 
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Figure 2.  18F-FDG, 68Ga-FAPI PET/CT in HCC and 68Ga-DOTANOC PET/CT in NET. A. Maximum 
Intensity Projection (MIP) image of 18F-FDG PET/CT showing increased tracer uptake in the 
left lobe of liver in a case of HCC. Corresponding fused 18F-FDG PET/CT (B) image shows a 
non-FDG avid lesion in segment VII of liver (white arrow) and FDG avid lesion in left lobe. 
C. MIP image of 68Ga-FAPI PET/CT in the same patient showing areas of increased FAPI 
uptake in both lobes of the liver with corresponding fused transaxial 68Ga-FAPI PET/CT 
(D) image showing FAPI avidity (SUVmax 9.8) in the same segment VII and left lobe liver 
lesions (green arrow). 68Ga-FAPI PET can detect more lesions with higher tracer uptake 
compared to 18F-FDG PET-CT in HCC. E. MIP image of 68Ga-DOTANOC PET/CT in another 
patient with neuroendocrine tumor showing intense tracer uptake in the liver in 
multiple areas. Corresponding fused axial PET/CT image (F) shows intensely 
somatostatin receptor expressing lesions in both lobes of the liver, consistent with 
metastatic NET. 68Ga- DOTANOC PET/CT is highly specific for neural crest origin tumors.
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Neuroendocrine tumors of the liver

Neuroendocrine neoplasms are relatively less common tumors and can arise from 
neuroendocrine cells present anywhere in the body. Neuroendocrine tumors 
(NETs) frequently originate from the gastrointestinal tract, adrenal glands, and 
lungs, and they metastasize commonly to the liver and bone. NETs of the liver can 
either be primary (rare) or metastatic (common). 

Molecular imaging methods useful in diagnosis, staging and metastasis evalu-
ation of NETs include 111In-pentetreotide somatostatin receptor scintigraphy 
(111In-SRS), 68Ga-DOTATATE, 68Ga-DOTANOC, and 18F-DOPA PET/CT for well-
differentiated tumors and 18F-FDG PET/CT for high grade tumors. Somatostatin 
receptor (SSTR) overexpression is present in 60–90% of these tumors and is an 
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essential mechanism for SRS. Of these, somatostatin receptor subtype 2 is 
expressed by 85% of NETs. Recent experience with 68Ga-labeled somatostatin 
analogue PET imaging shows higher sensitivity as compared to 111In-SRS and 
99mTc-SRS. 111In-SRS and 99mTc-SRS are used less due to lower sensitivity and 
resolution compared to 68Ga-DOTA-NOC/TATE PET/CT. The diagnostic efficacy 
of 68Ga-DOTATATE PET/CT was compared to that of 99mTc-octreotide SPECT/CT 
and CT/MRI by Fallahi et al. In this prospective study, 25 NET patients who had 
been referred for an octreotide scan for suspected or proven NET were included. 
On a patient-based analysis, the sensitivity for CT/MRI, 68Ga-DOTATATE PET/CT, 
and 99mTc-octreotide SPECT/CT, respectively, was 71%, 90%, and 65%. The spec-
ificity of 99mTc-octreotide SPECT/CT, 68Ga-DOTATATE PET/CT, and CT/MRI was 
80%, 80%, and 75%, respectively (21). Figure 2 (E-F) shows 68Ga-DOTANOC 
PET/CT images in a case of metastatic well-differentiated NET.

As primary hepatic NET (PHNET) is uncommon, only after a primary extrahe-
patic source has been ruled out can the presence of PHNET be confirmed. The 
staging and prognosis of PHNETs are not thoroughly understood. The most effec-
tive treatment for PHNET is surgical resection. Liver is one of the common sites 
for metastatic NET and is an important adverse prognostic predictor in entero-
pancreatic NET patients, occurring in 65–95% of cases. 

High-grade (G3) and poorly differentiated NETs have low expression of SSTRs, 
but high metabolic activity. Therefore, 18F-FDG PET/CT is preferred in evaluating 
poorly differentiated NET tumors as it does not rely on the presence of SSTRs for 
uptake. To summarise, 68Ga-SRS should be considered for molecular imaging of 
well-differentiated NETs with a low Ki67 as these tumors will more likely have a 
higher density of SSTRs compared with poorly differentiated tumors with higher 
Ki67 values. When assessing tumors with a high Ki67, 18F-FDG PET/CT should 
be considered. Finally, these imaging technologies have greatly enhanced the util-
ity of molecular imaging in NETs in comparison to CT or MRI. 18F-DOPA, 11C-5-
hydroxy-tryptophan and 64Cu-DOTATATE are other radiopharmaceuticals that 
can be useful in molecular imaging of liver NET. 

64Cu-DOTATATE PET/CT imaging has few added advantages over 68Ga-SRS. 
64Cu has a longer half-life (t1/2 of 12.7 hours) due to which it has a higher shelf life 
of more than 24 hours and scanning window of more than 3 hours allowing flex-
ibility in patient scheduling. 64Cu is cyclotron-produced radionuclide, hence it 
eliminates the requirement of in-house generator. In a study by Johnbeck et al., 
head-to-head comparison of 64Cu-DOTATATE and 68Ga-DOTANOC PET/CT 
revealed that 64Cu-DOTATATE showed 42 lesions not found on 68Ga-DOTATOC, 
of which 33 were found to be true-positive on follow-up (22). 

Patients with metastatic, inoperable, well-differentiated NETs who exhibit tumor 
uptake higher than liver in SRS imaging are candidates for Peptide Receptor 
Radionuclide Therapy (PRRT). 64Cu-DOTATATE and 68Ga-DOTANOC PET/CT imag-
ing has a vital role in patient selection for radionuclide therapies in NET patients.

HEPATIC METASTASES

Metastases to the liver occur more frequently than primary liver tumors. The pri-
mary malignancies of the GI tract, breast, lung, pancreatic, and sarcomas are 
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common sources of metastatic lesions in the liver. Detecting hepatic metastases 
during tumor staging is crucial as it alters the treatment strategy.

Detection of hepatic metastases during initial staging in malignancy

In a few studies, contrast enhanced MRI (CEMRI) has shown superior results 
compared to CECT and 18F-FDG PET/CT for detecting liver metastases, especially 
for smaller lesions. However, 18F-FDG PET/CT is frequently employed in evaluat-
ing many malignancies since it can simultaneously identify hepatic metastases as 
well as extrahepatic lesions.

The tumor’s differentiation or histopathologic characteristics fundamentally 
determine the extent of 18F-FDG uptake. Metastases typically exhibit a biological 
character comparable to the primary tumor though can be more poorly differenti-
ated compared to the primary tumor in some cases due to selection of aggressive 
phenotypes. Most liver metastases have increased 18F-FDG uptake, which corre-
lates with the increased expression of GLUT-1 in primary tumors of the colorec-
tum, pancreas, breast, and lung. 

Some of the tumors with decreased glucose metabolism include bronchioloal-
veolar carcinoma of the lung, prostate cancer, and low-grade neuroendocrine 
tumors. As with the primary tumor, liver metastases from these tumors can have 
low 18F-FDG uptake. Similarly, since the number of viable cancer cells or meta-
bolically active tumor volume impacts visualization of 18F-FDG uptake, mucinous 
tumors may not demonstrate high 18F-FDG uptake. Hence, hepatic metastases 
from the mucinous GI tract or mucinous ovarian tumors may not show high 
18F-FDG uptake.

Assessing the response of hepatic metastases to therapies

Evidence supports using 18F-FDG PET/CT in evaluating tumor response to treat-
ment. Interestingly, overall survival has been shown to be predicted by SUV from 
18F-FDG PET/CT before treatment, but not by SUV after treatment, according to 
a meta-analysis by Xia et al. (23). The post treatment SUV values are not reliable 
for predicting overall survival because the post treatment inflammatory changes 
may also show FDG uptake. 18F-FDG PET/CT can provide the extra benefit of 
being able to identify a tumor’s metabolic response when compared to anatomi-
cal cross-sectional imaging. Some studies have shown no additional benefit of 
18F-FDG PET over CT or MRI in evaluating liver lesions post-treatment, as neo-
adjuvant therapy may decrease the sensitivity of 18F-FDG PET. In a study by 
Lubezky et al., it was concluded that the sensitivity of 18F-FDG PET in detecting 
hepatic metastasis after neoadjuvant chemotherapy is lower as compared to the 
CECT (49 vs. 65%) (24).

PET/MRI in HCC

Oncologic imaging is one of the main potential uses for hybrid positron emission 
tomography/magnetic resonance imaging (PET/MRI), which is becoming more 
widely available. The soft tissue contrast provided by MRI is used as anatomical refer-
ences for PET measurements. Functional MRI approaches can also support 
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PET-based tumor characterisation. Only few studies are available regarding the utility 
of hybrid PET/MRI in HCC. One such study showed a negative correlation between 
FDG-PET SUV and apparent diffusion coefficient in MRI (25). Further studies with 
large sample size are required to explore the role of hybrid PET/MRI in HCC.

Radiomics in HCC

Radiomics is an evolving field that uses high-dimensional medical imaging to 
extract quantitative data that can be mined but cannot be seen with the human 
eye. Radiomic models in HCC can be used to predict histology (differentiating 
benign and malignant tumours, prediction of histologic grade and microvascular 
invasion), HCC genetic expression (Ki-67, CK-19 and p53), treatment response, 
recurrence, survival and assessing immune status (PD-L1) of the tumour to select 
patient for immunotherapy.

BILIARY TRACT CANCERS (BTCs)

BTCs can arise from the gall bladder (GB cancer) or the biliary ducts (cholangio-
carcinoma). Cholangiocarcinoma (CCA) is further classified as intrahepatic 
(iCCA) and extrahepatic (eCCA) types. The former arises from the biliary tree 
proximal to segmental bile ducts, while the latter can be subdivided into perihilar 
(right and left hepatic ducts or their junction) and distal CCA (distal to cystic duct 
insertion) (26, 27).

Gallbladder carcinoma (GBC)

Histopathological sampling using cytology or biopsy is the gold standard investigation 
for diagnosing GBC. However, imaging modalities have a crucial role, especially in 
patients with repeated negative findings or inadequate sampling, owing to challenges 
in lesion accessibility (28). Staging the disease is the first step in the management of 
BTCs. Owing to its superior soft tissue resolution, magnetic resonance cholangiopan-
creaticography (MRCP) is the imaging modality of choice for tumor (T) staging, while 
CECT is recommended for nodal (N) and metastatic (M) staging (29, 30). 

The role of 18F-FDG PET/ CT in the management of GBC is still evolving and 
there is increasing evidence supporting its critical role in staging and restaging of 
GBC. A recent meta-analysis by Lamarca et. al. reported a pooled sensitivity of 
88.4% (95% CI 82.6–92.8) and specificity of 72.3% (95% CI 60.7–82.1) for 
18F-FDG PET in the diagnosis of primary GBC 28). The primary lesion usually 
presents as a luminal mass, polypoidal lesion or asymmetrical mural thickening 
(31). Many benign and malignant lesions with high 18F-FDG uptake can mimic 
gallbladder carcinoma resulting in lower specificity. Benign lesions such as acute 
cholecystitis or xanthogranulomatous cholecysitits, tuberculosis, adenomyomato-
sis, IgG4 related disease or malignant lesions like hepatocellular carcinoma, chol-
angiocarcinoma and metastatic lesions infiltrating the gallbladder fossa can mimic 
GBC (false positive) and complicate the scan interpretation (32–34). On the other 
hand, smaller lesions (<1 cm) and mucinous variants tend to show low 18F-FDG 
uptake resulting in relatively lower sensitivity. 



Molecular Imaging of Hepatobiliary Cancers 131

Many studies have tried to define standardized uptake values (SUV) for dif-
ferentiating benign from malignant lesions, with benign lesions showing a lower 
mean SUVmax (1.8) than malignant lesions (8.53) (28). However, these results 
are not universally applicable, and many variations and exceptions exist. Dual 
time point imaging can help to differentiate between benign and malignant lesions 
with malignant lesions showing increased uptake and tumor to background ratio 
on delayed 18F-FDG PET images compared to early images (35). 

Although the pooled sensitivity of 18F-FDG PET/CT is high for lymph nodal 
spread in GBC [93.8 (95% CI 82.8–98.7)], false negative scans due to micrometa-
static lymph node disease or mucinous variant of GBC are not uncommon (28). 
However, pooled specificity for lymph node disease is lower [70.4 (49.8–86.2)] 
due to false positive uptake in granulomatous inflammation, reactive nodes and 
other abdominal infections which are difficult to distinguish from metastases 
without pathological confirmation (28). The pooled sensitivity for distant metas-
tasis is 91.1% (95% CI 82.6–96.4) with false negative findings in metastases from 
mucinous variant, micrometastatic peritoneal and liver nodules, while pooled 
specificity is 82.4% (95% CI 71.8–90.3) with false positive findings in patients 
with liver or cholangitic abscesses and granulomatous inflammation (sarcoidosis, 
IgG4 related disease, etc) (28, 36, 37).

18F-FDG PET also proved to be superior to conventional imaging in detecting 
relapse in GBC with a pooled sensitivity of 93.6% (95% CI 82.5–98.7) and pooled 
specificity of 90.9% (95% CI 70.8–98.9) (28, 38). Overall, 18F-FDG PET/CT 
upstaged the disease and changed the management in around 15% patients in a 
study (28). Moreover, high SUV uptake in lesions at baseline (signifying poorly 
differentiated pathology or other aggressive variants) has a prognostic significance 
resulting in a worse progression-free survival and overall survival [28, 39, 40]. 
Similarly, outcome is better if there is a significant reduction in the lesion SUVmax 
after chemotherapy (39, 40).

Current guidelines do not recommend 18F-FDG PET/CT for primary diagnosis 
of GBC, but acknowledge its role in detecting nodal and distant metastases, and 
disease recurrence, especially in equivocal cases on conventional imaging (29, 41). 
Compared to 18F-FDG PET/CT, preliminary results using 68Ga-FAPI PET/CT have 
shown higher sensitivity and specificity for primary and metastatic GBC with 
higher 68Ga-FAPI uptake in neoplastic lesions and a significantly lower average 
SUVmax in inflammatory lesions (42). Results of ongoing studies can validate the 
usefulness of FAPI PET in GBC.

Cholangiocarcinoma

Similar to GBC, MRI remains the imaging modality of choice for the accurate 
diagnosis, staging and assessing resectability in intrahepatic and extrahepatic 
cholangiocarcinoma. CECT of the chest, abdomen and pelvis is recommended to 
evaluate for distant spread of disease (41). The role of 18F-FDG PET in CCA is 
continuously evolving as more multicenter prospective studies are being 
conducted. The pooled sensitivity of 18F-FDG PET/CT for detection of a primary 
lesion in CCA is more than 90%, however the pooled specificity is lower, espe-
cially for eCCA, ranging from 20–35% (28). This is due to a high incidence of false 
positive 18F-FDG uptake in primary sclerosing cholangitis (PSC), acute cholangi-
tis, biliary prosthesis/stent site, benign stricture, biliary adenoma, granulomatous 
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inflammation and infection-related false-positive findings (29, 43). 18F-FDG 
PET/CT should ideally be scheduled before any biliary intervention to avoid any 
inflammatory stent-related 18F-FDG uptake. 

Histologically, the majority of perihilar and distal CCA are mucinous adeno-
carcinomas or papillary tumors (44). Mucin itself does not take up 18F-FDG, thus 
the scant tumor cells present may be insufficient to produce a detectable PET 
signal, especially amidst the surrounding high background liver activity. 
Additionally, these tumors often exhibit desmoplastic stroma reaction, where the 
tumor cells are loosely dispersed within connective tissue, providing insignificant 
volume for PET detection in many cases (45). 

Extrahepatic CCAs present as infiltrative, exophytic or polypoidal lesions (46). 
The most common infiltrative subtype requires careful evaluation and is difficult 
to detect using CECT and 18F-FDG PET. Other pathologies such as cholangitis 
also present with enhancing biliary duct thickening and can be easily misinter-
preted. 18F-FDG PET detection of small and narrow lesions may be obscured by 
the partial volume effect, respiratory movement-related artefacts and the high sur-
rounding liver and intestinal activity (47). 

For lymph node and distant metastatic spread, pooled sensitivity (55.6% and 
72.7% respectively) and specificity (63% and 77.5% respectively) of 18F-FDG 
PET/CT were shown to be moderate in CCA, especially for perihilar CCA (28). 
Dual time point imaging has been shown to be superior to early PET images in 
detecting regional lymph nodal metastasis, with a higher sensitivity, specificity, 
positive and negative predictive value and diagnostic accuracy (47). Dual time 
point imaging was not useful for distant metastatic sites. Nonetheless, the diag-
nostic accuracy of 18F-FDG PET for the detection of lymph node and distant 
metastases is higher compared to CT and it provides additional information for 
equivocal lesions on conventional imaging (42, 46). 

Intrahepatic CCA presents as mass forming, periductal infiltrating or intra-
ductal growth (26). Unlike eCCA, 18F-FDG PET/CT has a higher diagnostic accu-
racy for detection of primary and distant spread of disease in iCCA (28). This may 
be attributed to different tumor metabolic characteristics in lymph node and dis-
tant metastatic sites as compared to eCCA (48). Due to its high sensitivity for 
detection of regional and distant metastatic disease spread, it can be helpful in 
avoiding unnecessary surgery, though pathological confirmation is still required 
for upstaging the disease. In those with locally advanced disease, it helps direct 
the extent of surgical resection and localizes the regional lymph nodes, which may 
require histopathological sampling. However, 18F-FDG PET has some limitations 
in iCCA, similar to eCCA. 

Various PET quantitative parameters such as SUV, metabolic tumor volume 
(MTV) and tumor lesion glycolysis (TLG) accurately detect the baseline tumor 
bulk and total body disease burden and have a significant role in disease progno-
sis and management (48). The primary tumor SUVmax is an independent prog-
nostic factor for survival outcomes in CCA and for predicting metastases on 
follow-up (48). Calculating volumetric parameters is tedious and time consum-
ing, however technological advances in the form of automated volumetric analysis 
and threshold-based segmentation have made it more convenient. Newer acquisi-
tion techniques like dynamic 18F-FDG PET imaging have shown to be superior to 
conventional imaging in detecting and excluding CCA in advanced PSC with 
lesion/liver ratio being significantly higher in parametric images than static 
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PET images (49). Not only can it help to differentiate normal from malignant tis-
sue, kinetic modeling and analysis also helps to differentiate hepatocellular cancer 
from CCA (50). Figure 3 shows 18F-FDG PET-CT findings in common BTCs.

68Ga-FAPI PET overcomes some of the shortcomings of 18F-FDG PET. It has a 
higher tumor uptake and tumor to background ratio. In addition, it can detect 
additional micrometastatic lesions that can be missed on 18F-FDG PET, due to 
higher contribution of fibroblasts to the tumor volume (41,51). Additionally, 

Figure 3.  18F-FDG PET/CT in biliary tract cancers: A) Maximum Intensity Projection (MIP) 
image showing focal intense tracer uptake in the region of the gallbladder fossa (black 
arrow). Corresponding CT (B) and fused PET/CT (C) images show intensely tracer avid 
(SUVmax 28.7) heterogeneously enhancing mass lesion arising from the fundus and body of 
the gallbladder with local invasion (Gallbladder carcinoma) (white arrows). D) MIP image 
showing tracer uptake in the region of the liver (black arrow) with corresponding CT (E) and 
fused PET/CT (F) images showing 18F-FDG avid (SUVmax 11.2) hypodense lesion in the right 
lobe of liver (white arrows) causing intrahepatic biliary radical dilatation suggestive of 
intrahepatic cholangiocarcinoma along with percutaneous transhepatic biliary duct stent in 
situ in the left ductal system (dotted arrows). G) MIP image with no abnormal focus of uptake 
seen anywhere in the region of the liver. Corresponding CT (H) and fused PET/CT (I) images 
show faintly tracer avid biliary ductal thickening (SUVmax 5.1) in the hilar region with tracer 
uptake similar to background liver uptake suggestive of hilar cholangiocarcinoma.
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labeling FAPI with Lutetium-177 (177Lu), Yttrium-90 (90Y) or Holmium-166 
(166Ho), may provide new therapeutic options in patients who have progressed 
despite conventional treatment regimens (52). Further studies with larger sample 
sizes are required to conclude the role of 68Ga-FAPI PET/CT in CCA. 

CONCLUSION

18F-FDG PET/CT and newer promising PET molecular imaging agents as well as 
PET/MRI have an evolving role in the imaging of hepatobiliary tumors with poten-
tial advantages over conventional imaging modalities. 18F-FDG PET performs well 
in poorly differentiated HCC whereas 11C-acetate performs better in well differen-
tiated HCC. In intrahepatic cholangiocarcinoma, 18F-FDG PET shows promising 
role, while 68Ga-FAPI PET/CT has shown good uptake in both HCC and extrahe-
patic cholangiocarcinomas. Novel PET molecular imaging agents also have the 
promise of selecting patients for targeted radionuclide therapy.
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