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Abstract

AIM: To evaluate the ability of *F-fluorodeoxyglucose
positron emission and computed tomography (**F-FDG
PET/CT) in restaging of hepatocellular carcinoma (HCC)
after treatment.

METHODS: We reviewed a database of the diagnostic
performance of *F-FDG PET/CT scan for patients with
HCC following local or regional treatment. The database
consisted of ®F-FDG PET/CT information of 21 male
and 4 female (age range, 27-81 years; mean age, 51.6
years) patients who had received surgical resection and/
or interventional treatments and then underwent °F-
FDG PET/CT scan. All patients had received enhanced
CT scan of the liver two weeks before or after the °F-
FDG PET/CT scan. Intrahepatic recurrence and/or ex-
trahepatic metastases were confirmed by histological
analysis or clinical and imaging follow-up. The accuracy
of '®F-FDG PET/CT study was determined by histopatho-
logical results or by clinical and imaging follow-up.
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RESULTS: F-FDG PET/CT was abnormal in 19 of the
25 (76.0%) patients. In detecting HCC recurrence, ‘°F-
FDG PET/CT scored 17 true positives, 5 true negatives,
2 false positives and 1 false negative. The sensitivity,
specificity and accuracy of *F-FDG PET/CT in detecting
HCC recurrence was 89.5%, 83.3% and 88%, respec-
tively. '®F-FDG PET/CT had an impact on management
of these patients by settling the problem of an unex-
plained increase in alpha-fetoprotein after treatment
(14 patients), by monitoring response to the treatment
and guiding additional regional therapy (12 patients),
by identifying extrahepatic metastases (10 patients),
by identifying tumor growth or thrombosis in the portal
vein (6 patients), or by guiding surgical resection of
extrahepatic metastases (2 patients).

CONCLUSION: OQur results suggest that whole body
F-FDG PET/CT may be useful in the early evaluation
of residual, intrahepatic recurrent or extrahepatic met-
astatic lesions and able to provide valuable information
for the management of HCC recurrence.

© 2009 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common solid malignancies worldwide, with up to 1
million new cases per year. Its mortality is second to lung
cancer in urban and to gastric carcinoma in rural regions
of China". Surgical treatments, including hepatic
resection and liver transplantation, are considered as
the most effective treatment of HCC. However, less
than 20% of HCC patients can be treated surgically”.
Interventional treatments have been applied to patients
with inoperable HCC™, Despite initial remission of
HCC, after surgical and interventional treatments,
recurrence is common. Since patients with recurrent
HCC may be amenable to potentially curative resection,
early detection of intrahepatic recurrence and/or
extrahepatic metastases is extremely important and can
facilitate successful retreatment at an early stage. Late
diagnosis makes retreatment difficult®”.

Conventional computed tomography (CT) and mag-
netic resonance imaging (MRI) are the main techniques
that are used during the follow-up of HCC. However,
these techniques may not be reliable enough in detecting
residual, recurrent or metastatic lesions™”. The reported
increase in sensitivity of "F-fluorodeoxyglucose posi-
tron emission tomography/computed tomography (*°F-
FDG PET/CT) over CT and magnetic resonance imag-
ing (MRI) has been attributed to the ability of *F-FDG
PET/CT to detect metabolic abnormalities that precede
the morphological changes seen by CT". This study was
undertaken to further define the usefulness of "F-FDG
PET/CT imaging in evaluating residual, intrahepatic re-
current or extrahepatic metastatic lesions of HCC after
primary treatment.

MATERIALS AND METHODS

Patients

During the period from January 2007 to Oct July 2008,
thirty BF_.FDG PET/CT scans were performed in
25 patients (age range, 27-81; 21 men and 4 women),
who had undergone both/cither sutrgical resection
and/or interventional therapy for HCC. These patients,
with/without suspicious intrahepatic recurrence and/
or extrahepatic metastases in conventional imaging
or according to clinical findings, were retrospectively
enrolled in our study. All patients had received enhanced
CT scan of the liver during the two weeks preceding or
following the "F.FDG PET/CT scan. The standard for
the ultimate diagnosis of tumor recurrence consisted of
histopathological confirmation or of clinical and imaging
follow-up information for at least 12 mo after the PET/
CT examination.

“F-FDG PET/CT technique

Patients were asked to fast for at least 4 h before undet-
going "EFDG PET/CT examination. Their blood
glucose level had to be within the normal range (70-120
mg/dL) ptior to the intravenous injection of "F-FDG
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with a radiation dosage within 370 and 666 MBq
(10-18 mCi). Data acquisition was performed within 60
min after the injection with an integrated PET/CT system
(Discovery STE; GE Medical Systems, Milwaukee, W1,
USA). The procedure of data acquisition was as follows:
the CT scan was performed covering the patient from
the head to the pelvic floor, with 110 kV, 110 mA, tube
rotation time of 0.5 s, and 3.3-mm section thickness,
which was matched to the PET section thickness.
Immediately after CT scanning, a PET emission scan,
covering the same transverse field of CT view, was
obtained. Acquisition time was 3 min per table position.
PET image data sets were reconstructed iteratively by
applying the CT data for attenuation correction. Finally,
coregistered images were displayed on a workstation.

PET/CT image interpretation

Reviewer 1 and reviewer 2, who were aware of the
clinical and other imaging data, read the "E.FDG PET/
CT images on a high-resolution computer screen. The
reviewers reached a consensus in cases of discrepancy.
Reviewer 1 had 21 years of experience in both nuclear
medicine and radiology, and reviewer 2 had 6 years of
experience in both expertises. If a focus within the liver
had hypermetabolic activity greater than that of the
adjacent normal liver tissue, it was considered intrahepatic
recurrence. "F-FDG PET/CT scan was considered
positive or suspiciously positive for metastases whenever
abnormal non-physiologic metabolic activity was
identified at extrahepatic sites. Diffuse mild activity in the
intestinal tract was considered normal physiologic uptake.
Quantification of tumor metabolic activity was obtained
using the Standardized Uptake Value (SUV) normalized
to body weight. mean * SD of maximum-pixel SUV
(SUVmax) of the lesions were calculated.

RESULTS

Clinical presentation of recurrent disease

The characteristics of the patients are shown in Table
1. Mean time after treatment to PET/CT exam was
13 mo (10 d-12 year) and mean follow up time after
PET/CT exam was 12 mo. At the time of intrahepatic
recurrence and extrahepatic metastases being suspected,
the mean patients’ age was 51.6 years with a tendency
to a preponderant male gender distribution (84%). The
suspicion of intrahepatic recurrence and/or extrahepatic
metastases leading to a YE_.FDG PET/CT was based on
an unexplained increase in alpha-fetoprotein (AFP) (» =
14) (Figure 1), suspected intrahepatic recurrence routine
follow-up after TACE (# = 8), or suspected extrahepatic
metastases at CT or MRI (# = 7). The features of
recurrent HCC after treatment are summarized in Table 2.

Residual, intrahepatic recurrent or extrahepatic
metastatic lesions

The accuracy of "E_FDG PET/CT detection was
determined by histopathological examination or based

on other clinical evidence. The "F-FDG PET/CT of the
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Figure 1 A 38-year man, who had TACE 1 mo before, underwent PET/CT to monitor response to the treatment. Contrast-enhanced arterial-phase axial CT
image showed the mass with partial accumulation of iodized oil in the right lobe of the liver (arrows, A, B). A filling defect was detected in the left branch during the
portal phases (arrow, C). PET and PET/CT fused images (arrows, D, E and F) revealed residual viable tumor and a highly metabolically active tumor thrombus in the

left branch of the portal vein.

Clinical characteristics Data

Mean age (yr) 51.6 (range 27-81 yr) SR S "
Gender Intrahepatic recurrence 8
Males 21 Intrahepatic recurrence and extrahepatic metastases 5
Females 4 Extrahepatic metastases without intrahepatic recurrence 4
Prior therapy Single intrahepatic recurrence 7
TACE 6 Multiple intrahepatic recurrence 8
Liver resection 9 Lung 4
TACE after surgery 8 Bone 1
TACE + RFA or PEI 2 Omentum and mesentery 3
Unexplained AFP increase after treatment 14 Retroperitoneal lymph nodes 2
Mean time from treatment to recurrence 11.5 mo Adrenal 1

Mean time after treatment to PET/CT exam 10 d - 12 yr; mean 13 mo
Mean follow up time after PET/CT exam 3 mo - 21 mo; mean 12 mo

by monitoring the response to treatment and guiding
additional regional therapy (12 patients), by identifying
extrahepatic metastases (10 patients), by identifying tumor
growth or thrombosis in the portal vein (6 patients), or by
guiding surgical resection of extrahepatic metastases (2

25 cases of HCC with a post-treatment follow-up lead to
17 true positive (Figures 2 and 3), 1 false negative, 5 true
negative and 2 false positive results. The 2 false positive
PET/CT findings were later verified as post-operative ¢
inflammation (Figure 4). Regarding the single patient with patients).

a false negative PET/CT, the final diagnosis was low-level Of the cases with positive post-treatment findings,

metabolism metastasis of the left adrenal gland. 90% occurred within the first 1 year, while less than 9%
The sensitivity, specificity and accuracy levels of the occurred after 2 years. Positive findings were frequently

"F-FDG PET/CT in detecting post-treatment HCC detected as both intrahepatic lesions and extrahepatic

recurrence were 89.5%, 83.3% and 88%, respectively. metastases.

"F-FDG PET/CT imaging had an impact on management

of these patients, by solving the problem of an unex- Afp and recurrent disease

plained increase in AFP after treatment (14 patients), "F-FDG PET/CT study was performed in 14 patients,

1494
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Figure 2 A 50-year woman who had HCC resection 2 years before had an intrahepatic HCC recurrence and received combined RFA and TACE treatment.
A highly metabolically active lesion was detected on the top of the lesion by PET and PET/CT fused images (white arrows, A-C and G). Contrast-enhanced CT image
showed the non enhanced mass with faint accumulation of iodized oil in the right lobe of the liver (D-F). PET/CT fused images revealed a low FDG uptake benign
lesion in the right lung (1). All findings were later verified by clinical follow-up.

who had undergone either surgical resection or inter-
ventional therapy for HCC, but who had subsequently
developed increasing serum levels of AFP during routine
follow-up. In 5 of these patients, "F_FDG PET/CT was
carried out due to suspected disease recurrence upon
liver enhanced CT scan. The remaining 9 had high post-
treatment AFP serum levels during routine follow-up, but
liver enhanced CT scan and physical examinations were
normal. "*F-FDG PET/CT findings were abnormal in
11 of the 14 patients with unexplained increase in AFP
after treatment. Intrahepatic lesions were detected in 8
and extrahepatic metastases were found in 3 patients with

abnormal PET/CT findings.

DISCUSSION

Mortality due to HCC ranks as the second highest in
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cancer-related deaths nationwide and its morbidity is
increasing among the male population''!. Tn the past
decades, numerous non-surgical interventional therapies
have been continuously introduced as a result of the
technical developments of locoregional approaches
for HCC. The therapy consisting in surgical resection
combined with interventional treatment has played an
important role in the treatment of HCC", However,
intrahepatic recurrence and extrahepatic metastases are
still the major obstacles to improve further the prognosis
of HCC. The recurrence rate of intrahepatic carcinomas
varies from 36.8% to 82%, while 30% of the recurrences
are extrahepatic'””. The 5-year recurrence rates are,
respectively, 38% and 61.5%, while the 5-year disease-
free survival are 16% or 38.6% after curative resection;
overall, recurrent HCC is the single most important

cause of death after treatment!'”.
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Figure 3 A 55-year woman suffering from HCC received TACE treatment. Extrahepatic metastases (arrows, A) were detected by PET and PET/CT fused images.
Highly metabolic new recurrent lesion of the right lobe (arrows, B-D) and a resident lesion of the left lobe (arrows, E, F) were detected by PET/CT fused imaging.
Contrast-enhanced CT follow-up after 1 mo later confirmed the progression of lesions.

Despite the high recurrence rate of HCC, long-term
survival can be achieved after treatment by eatly detection.
This is critical, because recurrences confined to the liver
may be amenable to treatment with an additional survival
benefit. Surgical resection for isolated extrahepatic
recurrence of HCC is also recommended to increase
long-term survival' ™" So far, contrast enhanced CT or
MRI are considered as the most sensitive test for assessing
therapeutic efficacy. These imaging examinations play a
crucial role in the follow-up of HCC treated by surgical
resection and interventional procedures, since local
treatment efficacy, recurrent disease and some of therapy-
induced complications can be evaluated"™"™. However, CT
and MRI have both advantages and disadvantages in the
evaluation of local treatment efficacy, recurrent disease
and some of the therapy-induced complications, while
local CT or MRI have also limitations in the detection of
extrahepatic HCC"™".,
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Major advantages of whole body "F-FDG PET/CT
are the capability to perform full-body examinations,
the potential to detect intrahepatic recurrence and
extrahepatic metastases in one single examination and
the possibility of distinguishing new active disease from
scar ot necrotic tissue”. The whole-body nature of the
"F.FDG PET/CT study also contributes to the increased
sensitivity through detection of distant metastatic
lesions™. Tumors with increased *F-FDG uptake are
more metabolically active and biologically aggressive. The
degree of "EFDG uptake and its distribution within the
tumor and the surrounding hepatic parenchyma could
provide useful information for specifying the degree of
tumor necrosis and working out strategies for subsequent
additional locoregional therapym’zﬂ.

AFP is a useful marker for monitoring treatment
effects on HCC patients. It is considered a relatively
specific test for HCC among high-risk patients, particu-
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Figure 4 A 48-year man who had HCC resection 2 mo before the imaging, followed by TACE 40 d later. PET and PET/CT fused images revealed highly
metabolic lesions (arrows, A-C). Both contrast-enhanced axial CT imaging and arteriography failed to show lesions in the right lobe of the liver (arrows, D-F). These
findings of PET/CT were later verified as inflammatory by post-operative tissue examination.

larly those with advanced disease and with levels tend-
ing to increase in follow-up examinations. However,
measurements of AFP have been demonstrated to have
limited value for detecting recurrence at an early stage.
In addition, elevated AFP level may also be transiently
present in patients with cirrhosis and/or hepatitis[ZS’%J.
In some patients with elevated serum level of AFP, no
tumors can be detected by conventional enhanced CT and
MRI scanning. Our results suggest that "E.FDG PET/
CT is a valuable imaging tool in patients who have rising
AFP levels after HCC treatment, even when conventional
examinations are normal. Whole-body "F-FDG PET/CT
scan provides also an important and valuable imaging
study for detecting extrahepatic metastases.

lodized oil is widely used in transcatheter arterial
chemoembolization (TACE). It is difficult to completely
kill the tumor cells with TACE in only one session, and
it is very important to objectively assess the viability and
necrosis of the tumors after TACE, in order to assess
the indication to additional treatment sessions, with the
aim to improve the general therapeutic effects and the
survival rate””. Generally, the CT follow-up of patients
treated with TACE alone could be affected by artifacts
produced by high local concentrations of lipiodol, making
it difficult to evaluate the characteristics of the lesion.
On the other hand, the homogeneous and complete
deposition of lipiodol within the lesion would indicate
a high degree of necrosis of the tumors: however, it is
difficult to estimate correctly the viability and necrosis
of the tumors in case of inhomogeneous deposition,

144

Jgn?s:iﬁmg"‘ WJH | www.wjgnet.com

95

because lipiodol-negative areas do not correspond
to viable areas of the tumors™. On the contrary,
whole-body "F-FDG PET/CT scan may represent an
important and valuable imaging tool to detect residual,
intrahepatic metastatic or extrahepatic metastatic lesions.
In particular, the capability of detecting residual lesions
is not affected by high concentrations of lipiodol.

The same diagnostic criteria described above for
lesions treated with TACE can be applied to assess the
therapeutic responses to percutaneous ethanol injection
(PEI) and radio-frequency ablation (RFA). The imaging
appearances of the lesions after these two treatments
are very similar. However, the absence of contrast
enhancement within the ablated lesion at CT and MRI
performed during follow-up after treatment cannot
always indicate a successful treatment, as later follow-
up studies may demonstrate tumor regrowth at the
periphery of the ablated lesion™. "F-FDG PET/CT is
useful to assess residual HCC after treatment with RFA
and to guide its further local treatment.

HCC carries a high risk of invasion of the portal
vein. The detection and etiologic characterization of
these thrombi are essential for treatment planning,
particularly in patients with hepatic tumors, because
malignant thrombosis is a negative prognostic factor. The
management of HCC with portal vein tumor thrombosis
is complicated and controversial. In our group, five
consecutive patients with biopsy-proven HCC, and
thrombosis of the main portal vein and/or left/right
portal vein on ultrasound (US), CT or MRI were identified
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by "F-FDG PET/CT. ""F-FDG PET/CT showed a
highly metabolically active thrombus in 4 of the 5 patients.
“F.FDG PET/CT scoted a true positive result in all 4
patients, and a true negative result in the other patient. No
false positive results were observed using "E.FDG PET/
CTP

Resection of isolated extrahepatic HCC metastases
has been advocated to obtain long-term survival. Accurate
re-staging plays the most important role in making a
decision on extrahepatic metastases resection. In our
study, in a 60-year old woman with increasing AFP levels
after HCC resection, conventional chest and abdominal
CT did not find any evidence of intrahepatic recurrence
or extrahepatic metastases. "F_FDG PET/CT detected
a lymph node with high metabolic activity at the level
of the omentum. After excision of this lymph node,
histopathological examination revealed a metastatic HCC
and AFP level returned to normal. This case shows that
"F-FDG PET/CT may provide a highly significant,
additional information regarding the accurate detection of
extrahepatic spread of tumors and additional important
information in patients with presumably resectable
extrahepatic metastases” . This test should be used for
patients at high risk of extrahepatic disease and should
be evaluated prospectively in all patients considered for
resection of intrahepatic recurrence and extrahepatic
metastases” .

The diagnostic contrast-enhanced multiphase CT, as
part of the combined ""F-FDG PET/CT protocol, has the
potential to provide considerable added value in specific
clinical conditions leading, as a result, to a change in the
management of a substantial proportion of patients. The
greatest benefit of the diagnostic CT lies in the possibility
of localizing a pathological FDG uptake and of correctly
delineating the tumor boundaries, leading to changes in
the interpretation of "E_FDG PET/CT, at least in some
patients.

Our study has some limitations. First, it was a
retrospective analysis. Second, we recognize that not all of
the extrahepatic lesions had evidence for metastatic HCC
at biopsy. However, in a patient with a known HCC and
with no other primary tumor, the development of a new
lesion (e.g. a new bone lesion) or the increase over time of
previously diagnosed extrahepatic lesions strongly suggest
metastatic HCC. These criteria for metastatic disease are
used by oncologists and surgeons in planning therapy.

In conclusion, High recurrence rates after treatment
of HCC indicate that there is substantial room for
improvement of current imaging strategies for the early
detection of recurrent lesions. Whole body ""F-FDG
PET/CT scan may provide valuable information for the
early detection and guide salvage treatment for recurrent

HCC.

COMMENTS

Background
Despite initial remission of hepatocellular carcinoma (HCC) after surgical and
interventional treatments, recurrence is common. Since patients with recurrent
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HCC may be amenable to potentially curative resection, early detection of
intrahepatic recurrence and/or extrahepatic metastases is extremely important
and can facilitate successful retreatment at an early stage. Late diagnosis
makes retreatment difficult. This study was undertaken to further define
the usefulness of "*F-fluorodeoxyglucose positron emission and computed
tomography (“*F-FDG PET/CT) imaging in evaluating residual, intrahepatic
recurrent or extrahepatic metastatic lesions of HCC after primary treatment.

Research frontiers

"F-FDG PET and, particularly, *F-FDG PET/CT are widely accepted imaging
methods in the management of a wide variety of cancers. The reported
increase in sensitivity of "°F-FDG PET/CT over CT and MRI has been attributed
to the ability of °F-FDG PET/CT to detect metabolic abnormalities that precede
the morphologic changes seen by CT. However, the usefulness and limitations
of ®F-FDG PET/CT in evaluating residual, intrahepatic recurrent or extrahepatic
metastatic lesions of HCC after primary treatment still need further clinical
evaluation.

Innovations and breakthroughs

Whole body "°F-FDG PET/CT was effective in detecting relapse in evaluating
residual, intrahepatic recurrent or extrahepatic metastatic lesions of HCC after
primary treatment and also had important clinical impacts on the management
of recurrent HCC.

Applications

High recurrence rates after treatment of HCC indicate that there is substantial
room for improvement of current imaging strategies for the early detection of
recurrent lesions. Whole body "F-FDG PET/CT scan could provide valuable
information for early detection and might guide salvage treatment for recurrent
HCC.

Peer review

This is an interesting report of PET and PET/CT for HCC. Whereas it is of
clinical significance, the presentation of the paper needs some modification. It
deserves some comments for further consideration.
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