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a b s t r a c t

Aim: Positron emission tomography (PET) using F18-flurodeoxy-glucose (FDG) has been widely used for
reflecting cellular metabolism. However, the feasibility of FDG PET in the diagnosis of hepatocellular
carcinoma (HCC) is limited. The aim of the study was to assess the ability of FDG PET (PET/CT) in the
detection of extrahepatic metastases or recurrent HCC.
Materials and methods: We conducted MEDLINE, EMBASE and COCHRANE searches (last update, April
2011). Eight eligible articles were identified evaluating F18-FDG PET (PET/CT) in extrahepatic metastases
or recurrent HCC. Two authors independently evaluated the methodological quality of each study. We
estimated pooled sensitivities, specificities, summary receiver-operating-characteristic (SROC) curves,
and summary likelihood ratios.
Results: Eight eligible studies were enrolled in this study. The pooled estimates of sensitivity, specificity,
positive likelihood ratio, and negative likelihood ratio of FDG PET (PET/CT) in the detection of metastatic
HCC were 76.6%, 98.0%, 14.68, and 0.28, respectively. The pooled estimates of sensitivity, specificity,
LR+ and LR− of FDG PET (PET/CT) in the detection of recurrent HCC were 81.7%, 88.9%, 4.72, and 0.19,
respectively.
Conclusion: Based on the results of this systematic review, F-18 FDG PET (PET/CT) was useful in ruling in
extrahepatic metastases of HCC and valuable for ruling out the recurrent HCC.

© 2011 Elsevier Ireland Ltd. All rights reserved.

Hepatocellular carcinoma (HCC) is one of the 6th most com-
mon malignancies worldwide. Of all cancers, HCC is the 3rd leading
cause of cancer related death globally. China is the country with the
highest incidence (>20 per 100,000) of HCC globally. The 5-year
survival rate for HCC patients in China is 2–16% [1–4].

Extrahepatic metastases from HCC are not rare. The incidence of
extrahepatic metastases was reported in 37% of patients. Although
the most metastatic HCC occur in patients at the advanced stage,
accurately diagnosis of metastatic HCC is important to manage the
disease and decide the treatment strategy [5–8]. HCC has a high
recurrence rate (51–90%) even after curative resection. Therefore,
accurately early diagnosing recurrence is critical [9–11].
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Positron emission tomography (PET) using F18-flurodeoxy-
glucose (FDG) has been well established as a noninvasive diagnostic
tool for the detection of a variety of malignancies. However, the
feasibility of FDG PET in the diagnosis of hepatocellular carcinoma
(HCC) is limited. Several investigators have reported that the sen-
sitivity of FDG PET in early diagnosis of HCC was about 50–55%
[1,4,12–15].

The aim of the study was to assess the ability of F-18 FDG PET
(PET/CT) in the detection of extrahepatic metastatic or recurrent
HCC.

1. Materials and methods

1.1. Literature search

We conducted MEDLINE, EMBASE and COCHRANE searches (last
update, April 2011). We used the following algorithm: “FDG” AND
“positron emission tomography” AND “hepatocellular” AND “car-
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Table 1
Criteria list used to assess the methodological quality of the studies.

Criteria of validity Positive score

Internal validity
IV 1 Valid reference test Histology, clinical and radiologic follow-up
IV 2 Blind measurement of FDG-PET without knowledge of reference test
IV 3 Blind measurement of reference test without of knowledgement of FDG PET
IV 4 Avoidence of verification bias Assessment by reference test independent of FDG-PET results
IV 5 FDG-PET interpreted indendently of all clinical information Mentioned in publication
IV 6 Prospective study Mentioned in publication
External validity
EV 1 Spectrum of disease Metastatic or recurrent HCC
EV 2 Demographic information Age and sex information given
EV 3 Inclusion criteria Metioned in the publication
EV 4 Exclusion criteria Metioned in the publication
EV 5 Avoidence of selection bias Consecutive series of patients
EV 6 Standard execution of FDG-PET Type of camera, dose FDG, time interval, reconstruction

cinoma”. Searches were limited to human subjects. No language
restriction or date limitation was applied. To be sure that re-
sampling of the same patients did not occur, if overlapping patient
cohort were used among multiple studies, only the latest or the
largest study was included.

1.2. Selection criteria

Studies were eligible for inclusion based on the following crite-
ria: (a) histological assessment, clinical follow-up or radiographic
techniques confirmed metastatic HCC or recurrent HCC, (b) diag-
nostic performed by F-18 FDG PET or F-18 FDG PET/CT, (c) 2 × 2
tables can be derived from the provided data. Abstract presented at
congresses, unpublished data, case report, meta-analysis, reviews,
letter, editorials and comments were excluded. Duplicated studies
with overlapping patient populations as well as studies evaluated
less than 10 patients were excluded. To avoid the potentially useful
papers for the present meta-analysis were lost from the analysis,
the abstracts were doubled checked up by at least two authors to
make sure that they fitted the included criteria or did not related
to the topic of this study.

1.3. Quality assessment and data extraction

The methodological quality of the selected studies was evalu-
ated by the two authors (C.Y.L. and C.H.K.) independently, discussed
discrepancies, and reach consensus for all items. Cochrane Methods
Working Group on Systematic Review of Screening and Diagnos-
tic Tests was used as the criteria list. Some items on the list were
modified for the specific review. The complete criteria list used
in this study is presented in Table 1. Internal validity criteria (IV)
were scored as positive (adequate methods), negative (inadequate
methods, potential bias, or insufficient information had been pro-
vided on s specific item). Unclear responses were interpreted as the
quality item was not met. External validity criteria (EV) were used
to evaluate generalizability. Standard performance of FDG PET or
PET/CT was scored positive when the type of PET or PET/CT camera,
the dose of FDG, the time between injection and scanning, and the
methods of reconstruction were described. The criteria for exter-
nal validity were score positive when sufficient information was
provided to judge generalizability of findings. Agreement between
both authors was quantified by Cohen’s � [16]. Quality scores were
expressed as a percentage of the maximum score. Subtotals were
calculated for internal (maximum 6) and external (maximum 6)
validity separately.

For each report, we recorded the number of true-positive, false-
positive, true negative, and false-negative findings for F18-FDG PET
(PET/CT) in diagnosing metastatic or recurrent HCC.

1.4. Statistical analysis

Data in the diagnostic performance of F18 FDG PET (PET/CT)
in the detection of metastatic HCC or recurrent HCC were com-
bined quantitatively across eligible studies. First, we combined
independently sensitivities and specificities across studies. Second,
we constructed summary receiver-operating-characteristic (SROC)
curves. Third, we estimated the weighted positive likelihood ratio
(LR +), and negative Likelihood ratio (LR−) across studies using fixed
effects model

For a diagnostic test, the sensitivity and specificity are
related to each other. It is not totally correct to estimate these
two quantities independently. One may use the SROC method
to bypass this problem. The SROC curve shows the trade-off
between sensitivity and specificity across the included studies
[17].

Likelihood ratios are also metrics that combine sensitivity and
specificity in the calculations. The ratio of sensitivity over 1 – speci-
ficity is defined as LR+. The ratio of 1 – sensitivity over specificity is
defined as LR−. The discrimination ability is better with higher LR+
and lower LR−. In the previous papers, a clinically useful test was
defined when a LR+ was greater than 5.0 and LR− was less than 0.2
[18]. Analyses were conducted by free software Meta-DiSc (version
1.4) [19].

2. Results

2.1. Literature search

A total of 149 studies about HCC with F18-FDG PET (PET/CT)
were yielded initially. 136 articles were excluded up front on the
basis of their abstracts. These studies included HCC not related
to metastases or recurrence, duplicated studies, case reports,
reviews, letter, editorials, comments, studies evaluated less than
10 patients, secondary liver tumors, studies reporting on the mech-
anism of varying FDG uptake in human tumor cells, reporting
on the different scanning protocol effects on the image qual-
ity.

We screened 13 articles in full-text. Two studies were excluded
because of insufficient information to construct a 2 × 2 table
[20,21]. One study was excluded because the results of the sen-
sitivity and specificity of this study were lesions-based [22]. Two
studies were excluded because the results of the diagnostic per-
formance of FDG PET in different metastatic lesions of HCC were
analyzed individually, and thus the overall sensitivity and speci-
ficity of these studies cannot be estimated [23,24]. Finally, eight
eligible studies [25–32] were enrolled in this systematic review
(Fig. 1).
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Fig. 1. Flow chart of selection processes for eligible studies.

2.2. Study characteristics

The characteristics of the eligible studies are summarized in
Table 2. One of the studies was prospective, [27] and the others
were retrospective. In all studies, the results of the diagnostic per-
formance were patient-based. Three of the studies were performed
by FDG PET scan, [25,28,30] and five studies were performed by
FDG PET/CT scan [26,27,29,31,32]. The dose of FDG ranged consid-
erably across studies. One study used quantitative methods, which
standardized uptake values (SUVs) > 2.0 as the cut-off for positive
[26].

2.3. Quality assessment

Methodological quality was assessed by 12 items for each
of the 8 selected articles. There was disagreement in 28 of 96
scores with a Cohen’s � of 0.70. Main disagreement was in
the questions of IV5 and EV4. Disagreements were caused by
differences in interpretation and reading errors. The scores for
internal and external validity of the 8 selected studies were
presented in Table 3. All of the selected studies had a valid refer-
ence test, verification bias was avoided because of patients were
selected for assessment by the reference test independently of

Table 2
Study characteristics.

Author Reference Year No. of patients Mean age Design Data type Equipment F18-FDG dose Measures

Metastatic HCC
Sugiyama et al. [25] 2004 19 69 years Retrospective Patient-based PET 300–400 MBq Qualitatively
Ho et al. [26] 2007 121 58.6 years Retrospective Patient-based PET/CT 370–550 MBq SUV
Park et al. [27] 2008 99 57.6 years Prospective Patient-based PET/CT 444–740 MBq Qualitatively
Recurrent HCC
Chen et al. [28] 2005 31 60.9 years Retrospective Patient-based PET 370 MBq Qualitatively
Wang et al. [29] 2006 11 47.2 years Retrospective Patient-based PET/CT 259–444 MBq Qualitatively
Paudyal et al. [30] 2007 24 65.8 years Retrospective Patient-based PET 5–6 MBq/kg Qualitatively
Han et al. [31] 2009 18 55.4 years Retrospective Patient-based PET/CT 370 MBq NR
Sun et al. [32] 2009 25 51.6 years Retrospective Patient-based PET/CT 370–666 MBq Qualitatively

Table 3
Quality assessment.

Study Year IV EV Total IV score Total EV score % of maximum score

IV 1 IV 2 IV 3 IV 4 IV 5 IV 6 EV 1 EV 2 EV 3 EV 4 EV 5 EV 6

Metastatic HCC
Sugiyama et al. 2004 + + − + − − + + + − + + 3 5 66.7
Ho et al. 2007 + + − + − − + + + − + + 3 5 66.7
Park et al. 2008 + + + + − + + + + + + + 5 6 91.6
Recurrent HCC
Chen et al. 2005 + + − + − − + + + − + + 3 5 66.7
Wang et al. 2006 + − − + − − + + + − − + 2 4 50.0
Paudyal et al. 2007 + − + + − − + + + − + + 3 5 66.7
Han et al. 2009 + + − + − − + + + − + + 3 5 66.7
Sun et al. 2009 + + − + − − + + + − + + 3 5 66.7
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Fig. 2. Summary ROC curves of diagnostic performance of F-18 FDG PET (PET/CT) in
evaluation of metastatic HCC (upper) and recurrent HCC (lower).

the FDG PET results (IV4). One study was prospective, and in
other seven studies, patients entered the study consecutively.
All of the selected studies described inclusion criteria, but only
one study described exclusion criteria [30]. The total score for
the combined internal and external validity, expressed as a frac-
tion of the maximum score, ranged from 50% to 91.6%, with a
mean of 67.7%. Seven of the eight studies had a total score above
60%.

2.4. Diagnostic performance

The data of each study and the results of the statisti-
cal pooling are presented in Table 4. The pooled estimates
of sensitivity, specificity, positive likelihood ratio, and negative
likelihood ratio of FDG PET (PET/CT) in the detection of extra-
hepatic metastases of HCC were 76.6% (95% CI: 68.7–83.3%),
98.0% (95% CI: 92.8–99.8%), 14.68 (95% CI: 5.5–39.14), and 0.28
(95% CI: 0.20–0.40), respectively. The summary receiver-operating-
characteristic (SROC) curve for metastatic HCC was presented in
Fig. 2 (upper). The pooled estimates of sensitivity, specificity,
LR+ and LR− of FDG PET (PET/CT) in the detection of recurrent
HCC were 81.7% (95% CI: 71.6–89.4%), 88.9% (95% CI: 70.8–97.6%),
4.72 (95% CI: 2.21–10.07), and 0.19 (95% CI: 0.10–0.35), respec-

tively. The SROC curve for recurrent HCC was presented in Fig. 2
(lower).

3. Discussion

PET with F18-FDG is a well known functional diagnostic onco-
logic imaging technique. However, FDG PET is not sensitive enough
in detection of HCC, especially in cases of low-grade HCC. Because
of the enzyme activity of low-grade HCC resembles that of nor-
mal hepatocytes and results in low FDG uptake in these tumors
[33]. If there are no extrahepatic metastases in advanced HCC,
aggressive locoregional intervention is possible. Nevertheless, once
there is extrahepatic spread from HCC, the treatment for is lim-
ited and the prognosis is poor. Extrahepatic metastases of HCC
are not rare. Hence accurate staging of HCC is important [24].
Sun et al. [34] reported that FDG PET is helpful in discrimi-
nating between benign and malignant portal vein thrombi in
HCC patients. Ho et al. [26] reported that FDG PET is useful
in the evaluation of HCC metastases. Park et al. [27] reported
that the overall sensitivity of FDG PET for metastatic HCC was
85.7%.

It has been reported that early re-section correlated with bet-
ter post-recurrent survival rate, so early detection of recurrent
HCC is critical [11]. The previous studies were promising for the
use of FDG PET as an indicator of tumor viability after therapy.
Chen et al [28] reported that when conventional examinations
are normal, FDG PET is a valuable imaging tool in patients with
rising alpha-fetoprotein (AFP) after HCC treatment. Han et al.
[31] also found that FDG PET/CT was valuable to reveal recurrent
tumor in patients with AFP elevation after interventional ther-
apy for HCC. Wang et al. [29] described that with the advantage
of whole body scanning and high sensitivity of tumor detection,
FDG PET/CT can be instrumental in postoperative early detec-
tion of recurrent tumors in patients with liver transplantation for
HCC.

The diagnostic performance of the eight studies discussed in
the present review was patient-based. The pooled estimates of
sensitivity, specificity, positive likelihood ratio (LR+), and nega-
tive likelihood ratio (LR−) of FDG PET (PET/CT) in the detection
of metastatic HCC were 76.6%, 98.0%, 14.68, and 0.28, respec-
tively. Generally speaking, for patients who have a positive result,
LR+ of more than 10 significantly increased the probability of
disease (“rule in” disease) [35]. The pooled estimates of sen-
sitivity, specificity, LR+ and LR− of FDG PET (PET/CT) in the
detection of recurrent HCC were 81.7%, 88.9%, 4.72, and 0.19,
respectively. A low LR− (less than 0.2) is clinically useful for rul-
ing out the chance that a person has the disease [18]. The results
of this systematic review indicated that FDG PET (PET/CT) has
a good diagnostic performance in metastatic HCC or recurrent
HCC.

There are some potential limitations in this study. First, the
number of selected papers is relatively small resulting in the vari-
ability in reported specificity and specificity values are variable
as well as the different interpretation criteria. The little num-
ber of evaluated study and the variability among them may have
impaired the strength of the present meta-analysis study. Second,
the clinical heterogeneity may affect the generalizability of the
results. Third, biopsy results were available in only some lesions.
Other lesions rely on the clinical follow-up which may have vari-
ety of imaging modalities and clinical examinations. Not all of
clinical follow-up were performed in the same manner in all the
studies. Fourth, the variability in the quality of the primary stud-
ies may introduce important limitations for the interpretation of
this review study. Fifth, selection bias may have been introduced
because of the retrospective nature of the studies. In addition,
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Table 4
Diagnostic performance of F-18 FDG PET or PET/CT in detection of metastatic or recurrent HCC.

Study No. of
patients

TP FP TN FN Sensitivity (%) Specificity (%) Likelihood ratios

LR+ LR−

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

Metastatic HCC
Sugiyama et al. 19 11 0 5 3 78.6 49.2–95.3 1.0 47.8–1.00 9.2 0.64–132.64 0.26 0.10–0.66
Ho et al. 121 78 2 20 21 78.8 69.4–86.4 90.9 70.8–0.99 8.7 2.30–32.62 0.23 0.16–0.35
Park et al. 99 19 0 71 9 67.9 47.6–84.1 1.0 94.9–1.00 96.8 6.04–1551.2 0.33 0.20–0.56
Pooled data 76.6 68.7–83.3 98.0 92.8–99.8 14.7 5.50–39.14 0.28 0.20–0.40
Recurrent HCC
Chen et al. 31 22 0 1 8 73.3 54.1–87.7 1.0 2.5–1.0 2.9 0.26–32.33 0.37 0.14–0.98
Wang et al. 11 8 1 2 0 1.0 63.1–1.0 66.7 9.4–99.2 2.5 0.70–9.01 0.09 0.005–1.46
Paudyal et al. 24 11 0 12 1 0.92 61.5–1.0 1.0 73.5–1.0 23.0 1.51–350.92 0.12 0.03–0.54
Han et al. 18 9 0 4 5 0.64 0.35–0.87 1.0 39.8–1.0 6.3 0.44–90.33 0.41 0.20–0.84
Sun et al. 25 17 2 5 1 0.94 0.73–1.0 71.4 29.0–96.3 3.3 1.02–10.72 0.08 0.01–0.55
Pooled data 81.7 71.6–89.4 88.9 70.8–97.6 4.72 2.21–10.07 0.19 0.10–0.35

HCC is not common in the Western, so very few English publica-
tions with enough study cases were found for this meta-analysis
study.

4. Conclusion

Based on the results of this systematic review, F-18 FDG PET
(PET/CT) was useful in ruling in extrahepatic metastases of HCC and
valuable for ruling out the recurrent HCC. F-18 FDG PET (PET/CT)
could contribute to the proper management of HCC patients and
provide useful information about accurate staging to HCC patients
suspected of having extrahepatic metastases or recurrent HCC.
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