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Clinical usefulness of FDG-PET in patients with hepatocellular
carcinoma undergoing surgical resection
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Backgrounds/Aims: Diagnosis and staging of hepatocellular carcinoma (HCC) is critical because of the variety of treatment
methods and prognosis. [18F]fludeoxyglucose-positron emission tomography/computed tomography ([18F]FDG-PET/CT)
has been suggested as a diagnostic modality in HCC. The purpose of this study is to evaluate the accuracy of FDG-PET
for staging of HCC after surgical resection and histological confirmation. Methods: We retrospectively collected data
of 56 patients that underwent FDG-PET before surgical resection for HCC March 2011-May 2017, all of whom were
suitable for resection by conventional HCC staging. Results of the maximal standardized uptake value (SUVmax) were
compared with histological confirmation. Results: A larger tumor size was related with higher SUVmax (≥4.9). The
serum alpha-feto protein was associated with SUVmax. Recurrence rate was higher in patients with higher SUVmax
and patients with lower SUVmax had a better survival rate. Conclusions: The SUVmax correlates well with tumor size
and factors associated with biological behavior of HCC such as alpha-feto protein, and it could be a beneficial modality
in providing prognostic information for HCC. (Ann Hepatobiliary Pancreat Surg 2017;21:194-198)
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INTRODUCTION

ing modalities in staging and diagnosis of HCC.
Positron emission tomography (PET) is an imaging mo-

Hepatocellular carcinoma (HCC) is one of the most

dality using positron-emitting markers. The most com-

common malignancies and has been ranked 7th and 5th

monly used marker in evaluating cancer patients is

for cancer incidence worldwide and in South Korea,

[18F]fludeoxyglucose (FDG), an analogue of glucose, used

respectively. HCC is the 3rd leading cause of cancer-re-

in processes of glucose metabolism. Glucose metabolism

lated deaths.1 Prognosis of patients with HCC is usually

increases rapidly in dividing and growing cells causing an

poor, and predicting life expectancy is difficult because

increased uptake of FDG. In some cancers, FDG-PET, es-

of variable factors such as portal vein thrombosis, tumor

pecially when merged with CT, is highly sensitive in the

stage, alpha-fetoprotein (AFP), Child–Pugh score, and high

staging of the malignancies, and can be used in manage-

recurrence rate of the tumor.2 Therefore, accurate staging

ment of individual patients. This modality has been estab-

of HCC is crucial. Accurate staging is crucial because only

lished as a diagnostic tool of various cancers.4 However,

patients with small tumors (＜5 cm) without distant meta-

diagnostic accuracy of FDGPET for evaluation of HCC is

stasis would benefit from liver resection or liver trans-

limited due to variable FDG uptake in HCC. Sensitivity of

3
plantation as a curative treatment. Conventionally, dynam-

FDG-PET for detecting HCC is approximately 50%-70%

ic computed tomography (CT), ultrasonography (USG),

and FDG uptake by HCC varies according to histological

and magnetic resonance imaging (MRI) are used as imag-

5
differentiation of the tumor. Poorly differentiated HCC
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reveals an increased uptake of FDG. Given that poorly
differentiated HCC is more likely to metastasize,
6

FDG-PET is useful to detect distant metastasis. Evidence
supports a relationship between FDG-PET imaging and
degree of tumor differentiation. In a study of patients that
underwent surgical resection for HCC, preoperative
FDG-PET imaging was related to tumor differentiation
and appeared to predict tumor recurrence and survival
7

rates. There have been many studies reporting clinical
usefulness of FDG-PET in the primary neoplasm of another group of hepatobiliary system, cholangiocarcinoma. It
is a more accurate modality for distinguishing intrahepatic
duct and common bile duct cancers than CT (88.9% vs.
81.5%) and it is superior to other methods in detecting
8

occult metastasis. However, few studies report accuracy
and clinical aspects of FDG-PET in HCC.
In this study, we retrospectively evaluated the correlation of FDG-PET imaging, characteristics of HCC and the
role of FDG-PET in diagnosis and staging of HCC after
surgical resection and histological confirmation.
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FDG-PET/CT study
Patients fasted for at least 6 hours and were hydrated
intravenously with normal saline (serum glucose level
＜180 mg/dl). Some patients were given sugar-free liquids
orally for stomach expansion before tests. Patients received 0.15 mCi/kg of FDG intravenously and were advised to rest in bed for 60 minutes. PET imaging was conducted for approximately 25 minutes on a scanner using
a combination of contrast-enhanced CT. Whole-body coverage was obtained from the subcranial region to the upper thigh (torso). A low-dose contrast non-enhanced CT
acquisition was initiated first, followed by PET
acquisition. Then, the contrast-enhanced CT scans were
collected. The Discovery ST8 PET/CT instrument (GE
Healthcare) was used in this test. Images were reconstructed in 3.75 mm increments. PET and CT images
acquired by this combined imaging system were viewed
in separate and fused modes using the Fusion software
AW 4.6 version (GE Healthcare). Images were re-evaluated by an experienced, board-certified nuclear medicine
doctor.

MATERIALS AND METHODS
Subjects
We selected and analyzed 68 patients with newly diagnosed HCC that underwent FDG-PET before surgery
March 2011-May 2017 at the Chosun University Hospital.
This single-center study was based on retrospective
analysis. Each patient underwent conventional diagnostic
work-up based on review of the system, a physical examination, serologic studies, dynamic abdomino-pelvic CT
and FDG-PET at diagnosis. Fifty-six patients that underwent surgical resection and had histological confirmation
of HCC were included in this study. Eight patients that
had no HCC in histology were excluded (7 patients with
liver cirrhosis and one patient with angiomyolipoma).
Four patients were excluded due to distant metastasis confirmed during operation. In those cases, no further surgical intervention was conducted. Confirmation of diagnosis
was conducted by permanent histological review after
operation. Informed consent was obtained from all patients prior to enrollment and the institutional review
board at Chosun University Hospital had approved the
study protocol.

Surgical procedures
All patients underwent a scheduled operation under
general anesthesia. Forty-six cases of anatomical resection
and 10 cases of liver transplantation were conducted by
a surgical team specializing in hepatobiliary system and
liver transplantation. During resection, the abdomen was
carefully explored for lymph node involvement distant to
liver, extra-hepatic metastasis and peritoneal seeding.
Such lesions were biopsied by frozen section histology
and after confirmation of distant metastasis, no further
surgical procedures were conducted.
Statistical analysis
We used independent-samples t-test to compare SUVmax
results with tumor size. Pearson’s correlation analysis was
completed to compare SUVmax to AFP and indocyanine
green retention rate at 15 minutes (ICG R15). Disease-free
survival and overall survival curves were analyzed by the
Kaplan Meier method. p-values＜0.05 were statically
significant. All data were analyzed using SPSS version 18.0
(SPSS, Inc., Chicago, IL, USA).
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RESULTS

(62.5%) patients respectively. Liver transplantation occurred in 10 (17.9%) patients (Table 1).

Baseline patient characteristics
Of the 56 patients included 49 were men and 7 were
women. Mean age of the patients was 61±10.7 (range,
33-85). Types of hepatitis considered the most important
cause of hepatocellular carcinoma were as follow:
Hepatitis B in 32 (57.1%) patients, hepatitis C in 9
(16.1%) patients and alcoholic liver disease in 13 (23.2%)
patients. The location of the tumor was 46 on the right
lobe of the liver and 10 on the left lobe. Mean alpha-fetoprotein (AFP) was 188.2±463.4 and ICG R15 was
15.9±9.6. Tumor size measured on preoperative CT was
3.6±2.3 cm and that confirmed on histological report was
3.7±2.7 cm. Mean SUVmax result was 4.9±2.2 cm. Types
of operations conducted were as follow: lobectomy and
segmentectomy of the liver in 11 (19.6%) patients and 35

Tumor characteristics according to the SUVmax
Mean SUVmax was 4.9±2.2, and 4.9 was used as a
cut-off value for analysis. SUVmax revealed significant
predictive power for tumor size (Table 2). A larger tumor
size was associated with higher SUVmax result, in CT
findings and histological results (p=0.026, 0.019, respectively). We compared serological factors with
SUVmax and AFP, and both were significantly related to
SUVmax (p=0.012) (Table 3).
Survival rates according to the SUVmax
Among the 56 patients, 14 patients experienced recurrent HCC. Four patients had SUVmax＜4.9 and 10 patients had SUVmax≥4.9. Disease-free survival above and
below the cut-off value (SUVmax 4.9) was different. The
2-year disease-free survival was 37% for patients with
SUVmax of less than 4.9 but was 42% for those with
SUVmax of 4.9 or more. The result was not statistically
significant (p=0.262) (Fig. 1). Nine patients died during
the follow-up period. Overall survival was 81% in the
group with SUVmax of 4.9 or more and 86% for those
with SUVmax of less than 4.9, that was statistically insignificant (p=0.717) (Fig. 2).

Table 1. Demographic characteristics of patients
Variables
Age (yr)
Sex (male:female)
Background liver
Hepatitis B
Hepatitis C
Alcoholic liver disease
Others
AFP
ICG R15
Tumor size on computed tomography
Tumor size on pathology report
Location of tumor (right liver : left liver)
PET SUV
Operation
Lobectomy
Segmentectomy
Transplantation

Total (n=56)
61±10.7
49:7
32 (57.1)
9 (16.1)
13 (23.2)
2 (3.6)
188.2±463.4
15.9±9.6
3.6±2.3
3.7±2.7
46:10
4.9±2.2

Table 3. Standard uptake value (SUV) according to alpha-fetoprotein (AFP) and indocyanine green retention rate at 15
minutes (ICG R15)
SUV

AFP

ICG R15

Pearson coefficient
1
p-value
Pearson coefficient 0.333
0.012
p-value
Pearson coefficient –0.63
p-value
0.645

0.333
0.012
1

–0.63
0.645
0.029
0.831
1

Patients (n)

SUV (mean±SD)

p-value

43
13

4.3±1.4
6.5±3.1

44
12

4.3±1.5
6.8±3.1

11 (19.6)
35 (62.5)
10 (17.9)

SUV
AFP

Values are shown as mean±standard deviation,number (%).
AFP, alpha-fetoprotein; ICG R15, indocyanine green retention
rate at 15 minutes; PET SUV, positron emission tomography
standard uptake value

ICG R15

0.029
0.831

Table 2. Standard uptake value (SUV) according to tumor size

Tumor size on computed tomography
＜5 cm
≥5 cm
Tumor size on pathology report
＜5 cm
≥5 cm

0.026
0.019
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Fig. 1. Disease-free survival rate in group of standard uptake
value (SUV)≥4.9 and SUV＜4.9.

Fig. 2. Over-all survival rate in in group of standard uptake
value (SUV)≥4.9 and SUV＜4.9.

DISCUSSION

prognostic factor of HCC, had significant association with
SUVmax of FDG-PET. A higher SUVmax resulted in a

FDG-PET has increased accuracy of detecting numer-

larger tumor size as determined by our study. A high

ous malignancies, with significant impact on treatment of

SUVmax was significantly associated with serological

cancer patients at different stages. FDG-PET, however, is

factors such as AFP. Disease-free and overall survival

inferior to conventional imaging modalities in terms of lo-

rates were better in patients with SUVmax＜4.9, but none

calization of malignancies. Absence of clear anatomical

of these were statistically significant.

landmarks is a disadvantage of PET, hampering diagnostic

Lin et al.13 evaluated the predictive value of FDG-PET

usefulness.9 Identification of regions of normal bio-

for vascular invasion in 65 patients with HCC before liver

distribution of FDG is usually beneficial for anatomical

transplantation 2010-2012. Patients with vascular in-

orientation but is neither optimal nor as accurate as CT.

vasion, associated with high risk of tumor recurrence and

FDG retention in malignant cells is dependent on intra-

low survival rates in liver transplantation, exhibited sig-

cellular glucose-6-phosphatase enzymatic activity. Normal

nificantly higher serum AFP, larger tumor size, higher

liver cells contain high level of glucose-6-phosphatase and

SUVmax and higher ratio of tumor SUVmax to normal

a small amount of hexokinase, but this ratio is reversed

liver SUVmax or the normal liver SUVmean.

for HCC cells. This inconsistency enables FDG to accu-

In our study, SUVmax was evaluated as a prognostic

10

factor in HCC. In addition to the single value of SUVmax,

HCCs contain varying levels of this enzyme, and therefore

ratios between the SUVmax of the tumor and the normal

reported sensitivity of FDG-PET/CT scans in detecting

liver or between the SUVmax of the tumor and the mean

mulate in HCC but not in normal parenchymal cells.

hepatocellular carcinoma ranges between 50-70%.

11

Low

sensitivity and variation in FDG uptake have been the
main reasons for not routinely undergoing FDG-PET/CT

uptake value of normal liver, SUVmean could be considered a prognostic factor.14
Boussouar et al.15 analyzed SUVs by FDG-PET-CT in

in HCC work up. Despite accuracy in diagnosing HCC,

native

CT and MRI cannot distinguish well differentiated HCC

transplantation. They demonstrated the ratio of the tumor

from poorly differentiated HCC. Since most HCCs are not

SUV to normal liver SUV is associated with AFP levels,

biopsied, FDG PET may play a role in predicting tumor

tumor size and poor differentiation, and should be in-

characteristics and behavior non-invasively, as the varia-

tegrated as a co-variable in a predictive outcome model.

bility of FDG uptake has been related to HCC’s differ-

There are many staging systems designed to date, in-

12

entiation, and proliferative activity of HCC.

HCC

patients

on

a

waiting-list

for

liver

cluding typical staging for the tumor-node-metastasis

In our study, we evaluated usefulness of FDG-PET in

(TNM), and the Barcelona clinic liver cancer (BCLC)

predicting prognosis of HCC. The tumor size, a poor

staging. Since many hepatocellular carcinomas are present
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in many cases. Additionally, because of advantages and
disadvantages of each staging system, prognosis and treatment policy of the patient cannot be completely
determined. These staging systems are designed based on
prognostic factors; thus, finding prognostic factors in hepatocellular carcinoma patients is vital. Prognostic factors
of hepatocellular carcinoma include tumor size, the number of tumors, microvascular and main vascular invasion,
liver function status, systemic condition, and host factors
16

such as AFP.

17

Vauthey et al.

analyzed prognosis factors

of 557 patients with hepatocellular carcinoma that had undergone surgical resection. Results were as follows: major
vessel invasion, microvascular invasion, severe liver fibrosis, cirrhosis, multiple tumor, and large size of tumor
(≥5 cm). There have been few reports of prognostic factors related to tumor metabolism in hepatocellular
carcinoma. Results of this study suggest that glucose metabolism activity of SUV is a critical predictor of prognosis and results of this study are significant.
There are several limitations in this study. First, this
study was not a prospective study and there was selection
bias related to patients’ baseline clinical characteristics.
Second, our study could not reveal the comparison between the groups of patients that underwent FDG-PET or
only CT and MRI. Additionally, we could not compare
diagnostic differences between FDG-PET and other conventional imaging modalities. This study was focused on
the beneficial effect of the FDG-PET. Further data from
multiple centers and with long-term follow-up after operations will be needed to validate this approach.
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