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Abstract The aim of this meta-analysis was to compare the
effectiveness of combination of radiofrequency ablation
(RFA) and transarterial chemoembolization (TACE) with that
of RFA alone in patients with hepatocellular carcinoma
(HCC). Randomized controlled trials comparing RFA plus
TACE with RFA alone for HCC were included into this
meta-analysis, and the search strategy followed the require-
ment of the Cochrane Library Handbook. Overall survival rate
and recurrence-free survival rate were analyzed and compared
by using Review Manager (version 5). We identified 7 ran-
domized controlled trials comprising 571 patients who were
treated by RFA plus TACE versus RFA alone for HCC. Meta-
analyses showed that the combination of RFA and TACE was
associated with a significantly higher overall survival rates
(OR1 year=2.39, 95 % CI, 1.35–4.21, P=0.003; OR3 years=
1.85, 95 %CI 1.26–2.71, P=0.002), and recurrence-free sur-
vival rate (OR1 year=2.00, 95 % CI 1.26–3.18, P=0.003; OR3

years=2.13, 95 %CI 1.41–3.20, P<0.001). Additionally, the
quality of the evidence was high for the 1- and 3-year survival
rate; no evidence of publication bias was observed. The com-
bination of RFAwith TACE can improve the overall survival

rate and the recurrence-free survival rate for patients with
HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide and the third frequent cause of cancer death
[1]. Besides, most patients with HCC are diagnosed at an
intermediate stage, and only approximately 30 % of patients
can benefit from hepatectomy [2, 3] Transcatheter arterial
chemoembolization (TACE) can slow tumor progression,
which has become one of the most widely performed treat-
ments for intermediate-stage HCC [4]. Radiofrequency abla-
tion (RFA), as a locoregional treatment, has been proved to be
a safe and effective for local tumor control in patients with
HCC, and is believed that it can be used as a first-line treat-
ment for early HCC [5–7]. Either RFA or TACE has its own
limitations; neither can achieve a complete control of medium
or large HCC [4, 8]. Therefore, the combined use of RFAwith
TACE is an appealing approach and may offer opportunities
for longer survival of HCCs. However, conflicting results has
been reported by previous studies on assessing the effective-
ness of the combination of RFA plus TACE and RFA alone
[9–13]. A recently published meta-analysis which included
seven randomized controlled trials (RCTs) show that RFA
plus TACE significantly improved the survival rates com-
pared with RFA alone in patients with HCC larger than
3 cm, and no advantage for HCC smaller than 3 cm [14].
However, the meta-analysis result was not precise for one
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included RCT study that has been retracted for a poor desig-
nation of randomized and controlled clinical trial [15].

The purpose of this paper is to present a meta-analysis of
original research studies dealing with RFA plus TACE and
RFA alone of HCC. We carried out an up-to-date meta-
analysis of all RCTs to obtain a more precise estimate on
effectiveness of combination of RFA and TACE with that of
RFA alone in patients with HCC.

Materials and methods

Search strategy

We searched for relevant studies according to the search
strategy of the Cochrane Collaboration. Three of the authors
independently completed an online search of PubMed,
Embase, Web of Science, and CBM databases for studies for
RCTs that compared RFA plus TACE with RFA alone for
HCC. We excluded registry data and case series which inves-
tigated either RFA or TACE for HCC. The literature search
used terms (“radiofrequency ablation” or “RFA”) and
(“TACE” or “Transarterial chemoembolization”) and (“hepa-
tocellular carcinoma” or “liver cancer” or “HCC”). Language
restriction was not imposed in this search. All the results were
limited by “randomized controlled trials”.

Inclusion and exclusion criteria of trials

In the meta-analysis, the following inclusive selection criteria
were set: (a) study design, prospective randomized controlled
clinical trial; (b) the patients were scheduled to undergo TACE
plus RFA vs RFA in the treatment of HCC; and (c) the age of
the patient population should be over 18 years. The following
exclusive selection criteria were set: (a) nonrandomized or
lacking control group studies, (b) no clinical data were col-
lected for primary or secondary outcomes (e.g., overall and
recurrence-free survival rate), and (c) liver metastases or re-
currence of HCC after hepatectomy.

Qualitative analysis

The risk of bias in RCTs was assessed following Cochrane
recommendations, considering adequate sequence generation,
allocation concealment, blinding, incomplete outcome data ad-
dressed, free of selective reporting, and free of other bias [16].
Each category was assessed as yes (low risk of bias), nuclear, or
no (high risk of bias), and summarized in a table with plus,
question mark, or minus signs, respectively. Publication bias
was evaluated by funnel plots and Egger’s regression.

Statistical analysis

For each trial, odds ratio (OR) with the 95 % confidence interval
(95 % CI) of the survival rate was derived and calculated using
either the fixed-effects model or the random-effects model [17,
18]. For each meta-analysis, the Cochrane’s Q statistic was first
calculated to assess the heterogeneity of the included trials. For P
values less than 0.1, the assumption of homogeneity was deemed
invalid, and the random effects model was used; otherwise, data
were assessed using the fixed-effects model. In addition, a funnel
plot was used to test a potential publication bias. Statistical
analysis was performed using the software programs Review
manager (version 5).

Results

Study identification and quality assessment

Therewere 605 potentially relevant studies.Most of these studies
were not suitable for the present analysis because they included
nonrandomized cohort studies, retrospective studies, and other
study subjects irrelevant to our question; one study has been
retracted [15]. By limiting the search to only RCTs, 7 studies
involving a total of 571 HCC patients were included into this
meta-analysis [19–25] (Table 1). The quality assessment of
included RCTs was performed using Cochrane Collaboration’s
tool, and the outcome is shown in Fig. 1. The most obvious risk
of bias in the RCTs was the blinding procedure. Meanwhile, all
RCTs had no adequate sequence generation and allocation con-
cealment, thus the risk of bias is apparent. The risk of incomplete
outcome data addressing, selective reporting, and other bias were
not apparent across studies (Fig. 1).

Meta-analysis results

Overall survival rate

Data for 1-year survival rate were reported in seven trials, and
there was no heterogeneity among those trials (P=0.67), thus
the fixed-effects model was used to pool the results. Meta-
analysis showed the combination of RFA and TACE was
associated with a higher 1-year survival rate compared with
the RFA-alone group (OR=2.39, 95%CI 1.35–4.21,P=0.003)
(Fig. 2a). Data for 3-year survival rate were reported in six
studies, and there was no heterogeneity among those trials (P=
0.61), thus the fixed-effects model was used to pool the results.
Meta-analysis showed that the combination of RFA and TACE
was associated with a higher 3-year survival rate compared with
the RFA-alone group (OR=1.85, 95%CI 1.26–2.71,P=0.002)
(Fig. 2b) (Table 2).
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Recurrence-free survival rate

Data for 1-year recurrence-free survival rate were reported in
three trials, and there was no heterogeneity among those trials
(P=0.91), thus the fixed-effects model was used to pool the
results. Meta-analysis showed the combination of RFA and
TACE was associated with a higher 1-year recurrence-free
survival rate compared with the RFA-alone group (OR=
2.00, 95 % CI 1.26–3.18, P=0.003) (Fig. 3a). Data for 3-
year recurrence-free survival rate were reported in three trials,
and there was no heterogeneity among those trials (P=0.20),
thus the fixed-effects model was used to pool the results.
Meta-analysis showed the combination of RFA and TACE
was associated with a higher 3-year recurrence-free survival
rate compared with the RFA-alone group (OR=2.13, 95 % CI
1.41–3.20, P<0.001) (Fig. 3b).

Major complications

Three trials reported relevant data onmajor complications [19,
22, 24], Which included segmental hepatic infarction (n=1),
bile duct stenosis (n=1), gastric hemorrhage (n=1), moderate
ascites (n=1), and liver failure (n=1) in the TACE-RFA
group, subcapsular hemorrhage (n=1), abdominal infection
(n=1), small intestinal obstruction (n=1), severe ascites (n=
1), and persistent jaundice (n=1) in the RFA group. Two trials
reported that there were no major complications observed in
the patients of the two groups [20, 23]. There was no hetero-
geneity among those trials (I2=0 %); thus, the fixed-effects
model was used to pool data. Meta-analysis showed that there
was no difference in terms of major complications between

those two groups (fixed-effects OR=1.00, 95% CI 0.28–3.50,
P=1.00; Fig. 3c).

Assessment of publication bias

The publication bias in this meta-analysis was assessed using
the funnel plot of the meta-analysis result. In the analysis of
the effect of 1- and 3-year overall survival rates, and 1- and 3-
year recurrence-free survival rates, the symmetry of the funnel
plot shape suggested that there was no obvious publication
bias in this meta-analysis. The results of Egger’s test did not
show any evidence of publication bias in all comparisons.

Discussion

HCC is a serious fatal disease worldwide and causes serious
damage to human health, and was the third most common
cause of cancer mortality. HCC is a tumor with a highly
variable biology that often occurs in the setting of chronic
liver disease and cirrhosis. Most HCC patients are diagnosed
at an intermediate or late stage, with poor baseline liver
function, intrahepatic metastases, or overtumor burden, and
not suitable for surgical resection. The established
locoregional treatment options for HCC mainly include
TACE, RFA, ethanol injection, and microwave coagulation;
however, the optimal treatment choice continues to be debated
[19, 26–28]. TACE is recommended as the first-line palliative
treatment for inoperable HCC in the 2005 practice guideline
issued by the American Association for the Study of Liver
Disease, which can induce tumor ischemic necrosis by arterial

Table 1 Baseline characteristics of the trials included in the meta-analysis (mean±SD)

Study (year) Country Treatment No. of patients Age (year) Gender (M/F) Tumor size (cm) Child-Pugh class
(A/B/C)

Peng et al. [19] China RFA+TACE 189 53.3±11.0 75/19 3.47±1.4 90/4/0

RFA 55.3±13.3 71/24 3.39±1.35 90/5/0

Peng et al. [22] China RFA+TACE 139 57.5±10 59/9 <5 60/9/0

RFA 55.1±9.5 55/15 <5 59/11/0

Morimoto et al. [23] Japan RFA+TACE 37 70 15/4 3.6±0.7 18/1/0

RFA 73 12/6 3.7±0.6 16/2/0

Shibata et al. [24] Japan RFA+TACE 89 67.2±8.9 31/15 1.7±0.6 32/14/0

RFA 69.8±8.0 33/10 1.6±0.5 33/10/0

Yang et al. [25] China RFA+TACE 36 59.1±11.4 18/6 6.6±0.6 11/5/1

RFA 61.0±10.4 8/4 5.2±0.4 8/6/1

Kang et al. [21] China RFA+TACE 37 52.2 14/5 6.7±1.1 NA

RFA 50.7 14/4 6.2±1.2

Aikata et al. [20] Japan RFA+TACE 44 NA NA <3 NA

RFA <3

RFA radiofrequency ablation, TACE transcatheter arterial chemoembolization, NA not applicable
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injection of chemotherapeutic drugs and embolizing agents.
RFA is typically performed percutaneously by advancing an
electrode or multiple electrodes into the tumor and applying
radiofrequency energy to generate a zone of thermal coagula-
tion necrosis. Previous studies have reported that the combi-
nation of TACE and RFAwas more effective than RFA alone
for HCC [12, 19, 22, 29, 30]. However, some other studies
have reported conflicting results [23, 24], and the number of
patients in those studies were relatively small and failed to
confirm a strong and consistent association.

Previous meta-analysis has shown that the efficacy of
TACE combined with RFA was significantly better than that
of TACE alone in patients with HCC [14]; however, the meta-
analysis result was not precise for one included RCT study
that has been retracted for a poor designation of randomized
and controlled clinical trial. Hence, to provide good-quality

evidence on its efficacy and safety, we carried out this up-to-
date meta-analysis in which eight randomized controlled trials
were finally included. Meanwhile, the overall survival rates
together with recurrence-free survival rates were assessed in
our meta-analysis. The present study showed that the combi-
nation of RFA and TACE was associated with higher survival
rates (fixed-effects OR1 year=2.39, 95 % CI 1.35–4.21, P=
0.003; fixed-effects OR3 years=1.85, 95 %CI 1.26–2.71, P=
0.002) and recurrence-free survival rate (fixed-effects OR1

year=2.00, 95 % CI 1.26–3.18, P=0.003; fixed-effects OR3

years=2.13, 95 %CI 1.41–3.20, P<0.001) compared with RFA
alone. The results of our study suggested that the combination
of TACE and RFAwas better than RFA alone for HCC.

In the previous meta-analysis, it showed that there was no
significant difference between the combination of TACE plus
RFA and RFA monotherapy on 1-year recurrence-free

Fig. 1 Assessment of risk of bias
in this meta-analysis. A Summary
of risk of bias for each trial
assessed by Cochrane
Collaboration’ tool. BRisk of bias
graph about each risk of bias item
presented as percentages across
all included studies
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survival rate [12]. In contrast, in our data analysis, we found
that the combination of TACE plus RFAwas associated with
significantly better 1-year recurrence-free survival rate than
RFA monotherapy was in the treatment of HCC patients. The
results could be explained as follows: first, the blood supply to
a HCC is primarily provided by the hepatic artery, occlusion

of hepatic arterial flow by means of TACE before RFA can
reduce the cooling effect of hepatic blood flow on thermal
coagulation. Thus, the necrotic area induced by RFAwould be
increased. Second, previous s tudy showed that
micrometastasis of HCCwas occurred even at an early Tstage
when the tumor was small and solitary [31]. Lipiodol and

Fig. 2 Comparison of TACE plus RFAwith RFA alone for HCC in terms of overall survival rates (Ameta-analysis of 1-year results, Bmeta-analysis of
3-year results)

Table 2 Prognosis of patients
reported in the trials included in
the meta-analysis

RFA radiofrequency ablation,
TACE transcatheter arterial
chemoembolization, NA not
applicable

Study (year) Treatment No. of
patients

Overall survival rate Recurrence-free survival rate

1 Year
(%)

3 Years
(%)

1 Year
(%)

3 Years
(%)

Peng et al. [19] RFA+TACE 189 92.6 66.6 79.4 60.6

RFA 85.3 59.0 66.7 44.2

Peng et al. [22] RFA+TACE 139 94.0 69.0 80.0 45.0

RFA 82.0 47.0 64.0 18.0

Morimoto et al. [23] RFA+TACE 37 100 93.0 NA NA

RFA 89.0 80.0

Shibata et al. [24] RFA+TACE 89 100 84.5 88.4 74.1

RFA 100 84.8 84.6 69.7

Yang et al. [25] RFA+TACE 36 68.3 NA NA NA

RFA 57.6

Kang et al. [21] RFA+TACE 37 84.2 36.8 NA NA

RFA 66.1 16.7

Aikata et al. [20] RFA+TACE 44 95.2 84.0 NA NA

RFA 100 73.9
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anticancer agents used in TACE can improve the chance of
clearance of micrometastasis. Therefore, an enlarged ablation
zone and the effect of anticancer agents on hepatic cancer cells
during the treatment might reduce the chance of tumor recur-
rence [22]. However, there were only three RCTs included,
thus, they still need to be further confirmed by large sample
randomized controlled trials.

Several limitations in this meta-analysis should be ac-
knowledged. First, the inclusion criteria of HCC patients were
heterogeneity (tumor size and location, number of tumors, and
stage of liver function), which might influence the consistency
of results and cause the between-study heterogeneity, which
could affect the overall quality of our study. Second, the
Cochrane Library’s tool was used to assess the risk of bias
of all RCTs; it showed that the risk of bias was rather obvious
for blinding procedure. However, it is hardly to precede
blinding techniques due to differences between the interven-
tions and the associated adverse effects. Third, the safety,
complication, and adverse effects of the combination of
TACE plus RFAwere not fully assessed in these studies owing
to the lack of data from original researches. Thus, future
researches can further assess the safety, complication, and
adverse effects of the combination of TACE and RFA.

In conclusion, our study indicated that the combination of
RFAwith TACE can improve the overall survival rate and the
recurrence-free survival rate for patients with HCC. In addi-
tion, large-scale RCTs with long-term follow-up are needed to
validate this outcome.
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