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Abstract
In Japan, the use of 18F-fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET) for some malignant 
tumors came to be covered by the National Health In-
surance in 2002. In 2010, the health insurance coverage 
was expanded to all types of malignant tumors. How-
ever, since PET examination requires a large amount of 
capital investment, facilities at which PET is available 
are still limited. On the other hand, PET equipment has 
rapidly been introduced in large hospitals and in the di-
agnostic imaging centers of major cities during the past 
few years. Although numerous middle-sized and small 
hospitals cannot afford to perform PET, physicians can 
refer their patients to facilities where PET is available. 
Therefore, it is essential for general physicians to gain 
accurate knowledge on PET, including the appropriate 
indications for PET, in order to select patients for re-
ferral to PET facilities. PET is not always a useful tool, 
especially for lesions of the pancreas and hepatobiliary 
system, which is the main topic of this review. The indi-
cations of PET for lesions in these organs vary depend-
ing on the purpose of the examination. In this article, 
we review the indications for PET (or PET/computed to-
mography [CT]) using FDG of the liver, biliary tract, and 
pancreas.
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FDG-PET EXAMINATION FOR LIVER 
CANCER
Liver cancer can be classified as hepatocellular carcinoma 
(HCC), cholangiocellular carcinoma (CCC) or metastatic 
hepatic carcinoma, and the degree of  18F-fluorodeoxy
glucose(FDG) uptake and clinical usefulness of  FDG-
positron emission tomography (PET) differ according to 
the histological type. 

PET FOR HEPATOCELLULAR 
CARCINOMA
HCC is known to show a faint FDG uptake. This can be 
explained based on the mechanism of  FDG uptake in 
tumors. FDG is an analogue of  glucose, and when injected 
into the body, it is taken up by the cells and phosphorylated 
in the same pathway as glucose. The metabolic process of  
FDG is the same as that of  glucose up to this point, but 
the reactions of  FDG do not proceed further (Figure 1). 
In other words, the FDG remains in the cells. On the other 
hand, because dephosphorylating enzyme activity is higher 
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in normal liver cells than in other tissues, it is likely that the 
glucose accumulated by normal cells is dephosphorylated 
again and excreted out of  the cells. Since such enzyme 
activity is retained in well-differentiated HCC, equilibrium 
is reached when the FDG in the cells is also excreted 
out of  the cells. Moreover, the activity of  the glucose 
transporter is known to be weak as compared with that in 
other types of  malignant tumors. Therefore, HCC shows 
relatively weak FDG uptake (Figure 2). On the other hand, 
since the enzyme activity is correlated with the degree 
of  differentiation of  HCC, poorly-differentiated HCC 
shows weak enzyme activity and strong FDG uptake[1,2]. 
Since the FDG uptake appears to vary with the degree 
of  differentiation of  HCC, we may be able to predict, to 
some extent at least, the degree of  differentiation of  HCC 
by the degree of  FDG uptake, even though FDG-PET is 
still not very useful for the diagnosis of  HCC: the lower 
the degree of  histological differentiation of  HCC, the 
higher the FDG uptake level. Furthermore, since poorly 
differentiated HCC is frequently associated with metastasis 
and recurrence, FDG/PET is useful for detecting such 
metastasis/recurrence, as it has the merit of  imaging the 
whole body (Figures 3 and 4)[3]. Moreover, the degree of  
histological differentiation is thought to be correlated with 
prognosis, and the poorer the degree of  differentiation 
of  the HCC, the poorer the prognosis. Thus, FDG-
PET may be a promising and useful tool in the future for 
predicting the prognosis of  HCC[4,5]. On the other hand, 
some reports have mentioned the usefulness of  non-
FDG radiopharmaceuticals such as choline[6] and acetate[7]. 
Although the efficacy and the role of  these drugs in HCC 
are not yet established, it is possible that non-FDG PET 
may also be a promising tool in the future.  

PET EXAMINATION FOR 
CHOLANGIOCELLULAR CARCINOMA 
CCC is histologically classified as adenocarcinoma, 
and usually shows increased FDG uptake (Figure 5)[8,9]. 

However, since both poorly differentiated HCC and 
metastatic hepatic carcinoma show marked FDG uptake, 
as stated above, it is difficult to differentiate between the 
two types of  cancer based on the uptake of  FDG alone. 
Thus, other morphological diagnostic imaging techniques 
such as CT or magnetic resonance imaging (MRI) are 
indispensable for reference. 

Moreover, diagnostic “high-resolution” imaging tools, 
such as direct contrast radiography, endoscopic ultrasound 
(EUS), intraductal ultrasound (IDUS), contrast-enhanced 
CT and MRI, are sufficient for diagnosing the stage of  
primary lesions, thus, the clinical significance of  PET is 
of  little value for diagnosis of  the T factor in CCC. On 
the other hand, PET may be used as a complementary 
diagnostic tool for the diagnosis of  lymph node metastases 
when lesions are around 10 mm, when they are difficult 
to assess by CT alone. However, it is difficult to detect 
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Figure 1  Schema of the metabolic pathway of glucose and 18-F-fluorode-
oxyglucose in cells. fluorodeoxyglucose has the same pathway as glucose up 
to the phosphorylation process, and does not progress further. Most malignant 
cells are known to have overexpression of the glucose transporter (*) and low 
activity of phosphatase(**).
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Figure 2  A case of well-differentiated hepatocellular carcinoma. A, B: Arte-
rial and portal phase of dynamic computed tomography. Typical enhancement 
pattern of hepatocellular carcinoma is shown; C: FDG-PET.  There is no fluoro-
deoxyglucose uptake.
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microscopic metastases by PET; thus, PET remains a 
diagnostic imaging procedure with “high specificity but 
low sensitivity”. As in the case of  other cancers, PET is 
expected to be useful for detecting the presence/absence 
of  distant metastases and diagnosing recurrent disease 
in CCC. In particular, PET is useful for the diagnosis 
of  distant metastasis, as demonstrated by a study which 
showed that the treatment policy was determined by PET 
in 17% of  cases[10], and another study which showed 
that PET was helpful in changing the treatment policy 
in 30% of  cases[11]. PET is excellent for diagnosing 
recurrent disease, which is difficult to detect after hepatic 

resection or bile duct resection, due to its excellent contrast 
resolution. However, FDG uptake is reduced even in cases 
of  CCC when recurrent cancer cells grow only gradually; 
thus, one of  the pitfalls of  FDG-PET is its low detection 
rate of  recurrence.

PET EXAMINATION FOR METASTATIC 
LIVER CANCER
The visualization of  liver metastases may depend on the 
histological features of  the primary lesion. In general, 
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Figure 3  A case of mixed-type hepatocellular carcinoma with extrahepatic metastases. A: Arterial phase of dynamic computed tomography (CT); B: Portal 
phase of dynamic CT.  The tumor shows early enhancement which is a feature of hepatocellular carcinoma (HCC), although it also has a lobular border and delayed 
enhancement which are features of cholangiocellular carcinoma. Pathological diagnosis was mixed-type HCC; C: This type of HCC shows strong  accumulation; D, E: 
This case also has lymph node and bone metastases (arrows).  
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Figure 4  A case of recurrent hepatocellular carcinoma after right lobectomy. A, B: Arterial and portal phase of dynamic computed tomography (CT). Although 
tumor shadow was noted at the cut surface of the liver, it is difficult to determine recurrence due to poor enhancement; C: The tumor was diagnosed as recurrence of 
hepatocellular carcinoma because of strong fluorodeoxyglucose deposit (arrows).
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when the primary lesion shows marked FDG uptake, the 
metastases also show increased FDG uptake. However, 
the visualization of  metastases on PET is also influenced 
by other factors, e.g., tumor-related factors, such as tumor 
size, cell density, presence of  bleeding and necrosis, and 
external factors, such as blood glucose level and respiratory 
movements during data acquisition. Thus, the FDG uptake 
may differ between the primary and metastatic lesions 
depending on the aforementioned factors. 

As compared with other imaging modalities, PET is 
not the most suitable for detecting small lesions because 
of  its poor spatial resolution. Even if  liver tumors show 
FDG avidity, tumor uptake of  FDG must be stronger than 
the physiological liver uptake to be clearly recognized. It 
is evident that the contrast resolution of  PET is superior 
to that offered by plain or contrast-enhanced CT (Figure 
6). However, contrast-enhanced dynamic CT performed 
at an appropriate contrast timing using multi-detector row 
CT may allow the detection of  small lesions that measure 
φ5 mm or less. MRI, which offers a good balance of  both 
contrast resolution and spatial resolution, can also be an 
excellent diagnostic tool for visualizing liver metastases. 
Ruers et al[12] focused on the usefulness of  PET for the 
detection of  metastatic lesions in addition to primary 
hepatic tumors. Another report also emphasized the merit 
of  FDG-PET to identify restaging disease, and FDG-PET 
has additional clinical value in the management of  solitary 
liver metastases[13]. 

CT alone is sometimes inadequate for differentiating 

liver tumors, such as small cysts from hemangiomas or 
hepatic metastases. However, FDG-PET is useful for 
differentiating malignant from benign tumors because of  
its high specificity. Thus, a combination of  modalities, i.e., 
CT with high sensitivity and PET with high specificity, 
may be the most effective combination for the diagnosis 
of  liver metastases. As plain CT alone is inadequate for 
detecting liver metastases, we sometimes perform PET/
contrast-enhanced CT at our facility to avoid performing 
contrast-enhanced CT and PET separately.

PET is expected to play an important role in the future 
for the assessment of  therapeutic response to molecular-
targeted drugs. Molecular-targeted drugs have been reported 
to be less effective in decreasing tumor size compared to 
conventional anticancer drugs. Consequently, the findings 
of  PET have attracted attention as surrogate markers 
for the effects of  molecular-targeted drugs. At present, 
molecular-targeted drugs are widely used in the treatment 
of  lung cancer, breast cancer and gastrointestinal stromal 
tumors, which frequently occur with liver metastases. Since 
PET allows detection of  not only liver metastases but also 
metastases elsewhere in the body, it is expected to play a 
more important role in the future for surrogate markers 
(Figure 7)[14].

PET EXAMINATION FOR BILIARY TRACT 
CANCER 
PET examination for extrahepatic bile duct cancer: Ac-
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Figure 5  A case of cholangiocellular carcinoma. A: Non-contrast computed 
tomography (CT) obtained by PET/CT (low-dose CT); B: FDG-PET. Cholangiocel-
lular carcinoma is usually depicted as an FDG-avid tumor unlike hepatocellular 
carcinoma. 
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Figure 6  Liver metastases due to cervical cancer; A: CECT shows unclear 
low density areas in the liver (arrows). B: FDG-PET clearly depicts two liver me-
tastases (arrows).
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cording to the report of  Petrowsky et al[10] the diagnostic 
accuracy of  FDG-PET was 53% for extrahepatic bile duct 
cancer, indicative of  a poor diagnostic performance. The 
flat “infiltrating” type, which is the most common type of  
extrahepatic bile duct cancer, is characterized by tubular 
adenocarcinoma with abundant fibrosis and endoluminal 
extension. Such histological and morphological features 
are major reasons for the apparently reduced uptake of  
FDG in these tumors. 

On the other hand, the papillary type (one of  the 
minor subtypes of  bile duct cancer) which is character-
ized by a massive form and protruding growth into the 
lumen sometimes shows increased uptake of  FDG. PET 
has been shown to have high sensitivity for the detection 
of  this histological type of  bile duct cancer[11,15].

It is desirable that PET examination for bile duct can-
cer be performed prior to the insertion of  a PTCD tube, 
because stimulation due to the tip of  the inserted tube 
causes cholangitis. It may cause a pseudo-positive result. 

Although FDG also accumulates due to lymph node 
metastases of  extrahepatic bile duct cancer, it is incapable 
of  revealing microscopic metastases. In other words, 
FDG-PET is not useful for the detection of  lymph node 
metastases from extrahepatic bile duct cancer because of  
its low sensitivity[15]. Thus, FDG-PET appears to have 
limited usefulness in the diagnosis of  bile duct cancer.

PET EXAMINATION FOR GALLBLADDER 
CANCER 
FDG-PET has a sensitivity of  75-100% and specificity of  
80-89% for the detection of  primary gallbladder cancer 
as mentioned in the literature (Figure 8). However, ultra-
sound, MRI, and contrast-enhanced CT are better for the 
detection of  this cancer because of  their high spatial reso-
lution. FDG-PET is reported to be useful for differentiat-
ing benign from malignant gallbladder tumors[16], although 
acute cholecystitis and mass-forming xanthogranuloma-
tous cholecystitis may also show marked FDG uptake 
(Figure 9). Thus, the ability of  this modality to differenti-
ate these tumors remains controversial. Moreover, FDG-
PET appears to be a poor tool for detecting early gall-
bladder cancer because of  its poor spatial resolution. For 
gallbladder cancer, the primary aim of  performing FDG-
PET is to identify distant metastases and recurrence. 

PET EXAMINATION FOR PANCREATIC 
CANCER
PET examination of  the pancreas is covered by the Na-
tional Health Insurance for “differentiating pancreatitis 
from pancreatic cancer.” In 2006, the health insurance 
coverage was expanded to the diagnosis of  metastasis 
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Figure 7  Monitoring therapeutic effect in liver metastases due to GIST gastrointestinal stromal tumor using Gleevec (imatinib mesylate). A, B: Before 
chemotherapy. A: CECT demonstrated bull’s eye like low density in the liver, which was consistent with metastases; B: The metastatic tumor shown as an FDG-avid 
mass; C, D: After chemotherapy. (C) CECT shows similar mass before chemotherapy although (D) fluorodeoxyglucose (FDG)  uptake significantly decreased. FDG-
PET may more correctly reflect the therapeutic effect than CECT.
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and recurrence.
Conventionally, it has been thought that FDG-PET 

would be useful for differentiating pancreatic cancer 
from tumor-forming pancreatitis, as cancers show more 
marked FDG uptake as compared to pancreatitis. Chronic 
pancreatitis can be differentiated from cancer due to its 
lower FDG uptake compared to that of  cancer. However, 
inflammatory cells also show increased FDG uptake be-
cause of  accelerated glucose metabolism, therefore, the 
differentiation between acute pancreatitis and cancer is 
difficult. Accordingly, positive findings obtained in pa-
tients who have clinical symptoms of  pancreatitis or bio-
chemical evidence of  inflammation should be interpreted 
with caution. Imdahl A et al[17] reported that delayed PET 
imaging is useful for the differentiation of  cancer from 
acute pancreatitis as cancer shows increased deposits in 
the delayed phase. However, a controversial study has re-
ported that FDG uptake is enhanced in the delayed phase 
even in cases of  inflammation. Thus, FDG-PET cannot 
be regarded as a reliable imaging tool for differentiating 
between acute pancreatitis and cancer even when delayed 
images are obtained. 

A possible diagnosis of  pancreatitis can be made 
when a tumor shows gradually decreasing FDG uptake 
within a short interval.

FDG-PET has been reported to play a significant role 
in the differentiation of  IgG4-related pancreatitis among 

cases of  pancreatitis. This disease entity has been widely 
recognized in recent years, and an increasing number of  
patients are diagnosed with IgG4-related pancreatitis. This 
disease has been defined as a systemic disease complicated 
by inflammation in various organs other than the pan-
creas. FDG-PET is reported to be an effective tool for 
evaluating these lesions[18] because various organs, such as 
the salivary glands, hilar lymph nodes, lungs (interstitial 
pneumonia), kidney (nephritis) and retroperitoneum are 
sometimes involved simultaneously. In other words, ab-
normal FDG uptake other than in the pancreas may raise 
suspicion of  IgG4-related pancreatitis rather than pancre-
atic cancer (Figure 10).

In cases of  pancreatic cancer, PET is most useful for 
identifying distant metastasis and recurrence. Local recur-
rence is sometimes difficult to evaluate by conventional 
morphological imaging alone because it is associated with 
treatment-related morphological changes, such as fibrosis, 
hemorrhage, etc. Moreover, as pancreatic cancer has poor 
vascularity, it is difficult to evaluate the tumor based on 
the dynamic contrast study. Under these circumstances, 
PET may be of  significant value for visualizing the lesion 
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Figure 8  Gall bladder cancer with lymph node metastases near the pan-
creatic head. A: CE-MRI (coronal section) shows poorly enhanced tumor near 
the pancreatic head (arrow). The tumor was thought to be a primary lesion at 
first; B: PET/CT (with CE) demonstrated two FDG-avid lesions (arrow). Gall 
bladder cancer and its metastases usually show strong FDG deposits.

Figure 9  A case of acute cholecystitis. A: CE-MRI (coronal section) shows 
irregular wall thickening of gall bladder (arrow) with hilar bile duct stenosis; B: 
PET/CT performed after PTC. Gall bladder shows strong FDG accumulation 
(arrow) although pathological diagnosis was acute cholecystitis. Discrimination 
between active inflammation and tumor is difficult using accumulation of 
fluorodeoxyglucose. 

A

B

Murakami K. FDG-PET for hepatobiliary and pancreatic cancer



due to its high contrast resolution.
Another reason for the difficulty in detecting distant 

metastasis based on conventional imaging is that it is hard 
to predict the site of  metastasis. PET whole body imaging 
is of  great value particularly when recurrence is suspected 
by clinical symptoms such as the development of  pain or 
increased serum levels of  tumor markers, etc. (Figure 11). 
Ruf  et al[19] performed PET, CT and MRI in 23 patients with 
clinically suspected recurrence of  pancreatic cancer based 
on the development of  postoperative pain, decreased body 
weight and increased serum levels of  tumor markers, and 
confirmed recurrence by PET in 22 patients (96%) on PET, 
but in only 9 patients (39%) by CT/MRI.

Even PET alone has been shown to be superior to 
CT in previous publications. However, it is difficult to 
differentiate between physiological and pathological ac-
cumulation in the ureter, bladder and intestinal tract by 
PET alone because of  a lack of  anatomical information. 
To resolve this issue, a PET/CT system was developed. 
PET/CT can offer combined images of  PET with CT 
to add anatomical information to FDG uptake. PET/CT 
may replace dedicated PET scanners in the near future. 

CONCLUSION
In this review, we have outlined the usefulness and limita-

tions of  PET for the evaluation of  lesions in the liver, 
gallbladder, and pancreas. Ultrasound and dynamic CT 
are the simplest and most economical imaging modalities 
for the diagnosis of  lesions in these organs. In addition, 
many other imaging tools, such as MRI, EUS and IDUS, 
are also available for detailed evaluation of  these organs. 
All of  these methods are used as “high-resolution” diag-
nostic imaging tools for visualizing “locoregional areas,” 
and PET is unlikely to play an important role in the local 
diagnosis of  these lesions. In contrast, PET (PET/CT) 
involves whole-body imaging and is useful for visualizing 
distant metastases and unexpected recurrences. Therefore, 
PET/CT appears to be of  significance in evaluation of  
the whole body in cases with advanced or atypical tumors. 
Since PET/CT began to be covered by the National 
Health Insurance in 2002, we perform PET/contrast-
enhanced CT in cases of  advanced cancer for evaluation 
of  the presence of  distant metastases, for evaluation of  
therapeutic outcomes, and for the early diagnosis of  re-
currence. I have also recommended performing “PET/
contrast-enhanced CT scans first” for examination of  the 
whole body (except for the head). Simultaneous PET and 
contrast-enhanced CT scanning appears to be an efficient 
method with improved diagnostic accuracy, and it is un-
necessary to perform PET and contrast-enhanced CT 
separately. 
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Figure 10  IgG4 related pancreatitis. A: PET/CT shows strong fluorodeoxyglucose (FDG) accumulation in the whole pancreas with swelling (arrow); B: MIP image 
of PET. Besides diffuse uptake in the pancreas, symmetrical FDG deposits were noted in the bilateral salivary glands and hilar, mediastinal lymph nodes (arrows). 
Distribution in the involved organs is characteristic of this disease.

A B

Figure 11  A case of elevated tumor marker after resection of pancreatic cancer. A: Small nodule (arrow) was missed by initial CECT; B: PET detected the nodule 
much more clearly.
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