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Abstract
AIM: To compare radiofrequency ablation (RFA) and 
transcatheter arterial chemoembolization (TACE) with 
RFA monotherapy in hepatocellular carcinoma (HCC). 

METHODS: We searched PubMed, Medline, Embase 
and Chinese databases (CBMdisc and Wanfang data) 
for randomized controlled trails comparing RFA plus 
TACE and RFA alone for treatment of HCC from January 
2000 to December 2012. The overall survival rate, re-
currence-free survival rate, tumor progression rate, and 
safety were analyzed and compared. The analysis was 
conducted on dichotomous outcomes and the standard 
meta-analytical techniques were used. Pooled odds 
ratios (ORs) with 95%CIs were calculated using either 
the fixed-effects or random-effects model. For each 
meta-analysis, the χ 2 and I2 tests were first calculated 
to assess the heterogeneity of the included trials. For P  
< 0.05 and I2 > 50%, the assumption of homogeneity 
was deemed invalid, and the random-effects model was 

used; otherwise, data were assessed using the fixed-
effects model. All statistical analysis was conducted us-
ing Review manager (version 4.2.2.) from the Cochrane 
collaboration.

RESULTS: Eight randomized controlled trials were 
identified as eligible for inclusion in this analysis and 
included 598 patients with 306 treated with RFA plus 
TACE and 292 with RFA alone. Our data analysis 
indicated that RFA plus TACE was associated a sig-
nificantly higher overall survival rate (OR1-year = 2.96, 
95%CI: 1.84-7.74, P  < 0.001; OR2-year = 3.72, 95%CI: 
1.24-11.16, P  = 0.02; OR3-year = 2.65, 95%CI: 1.81-3.86, 
P  < 0.001) and recurrence-free survival rate (OR3-year 

= 3.00, 95%CI: 1.75-5.13, P  < 0.001; OR5-year = 2.26, 
95%CI: 1.43-3.57, P  = 0.0004) vs  that of RFA alone. 
The tumor progression rate in patients treated with RFA 
alone was higher than that of RFA plus TACE (OR = 
0.60, 95%CI: 0.42-0.88, P  = 0.008) and there was no 
significant difference on major complications between 
two different kinds of treatment (OR = 1.20, 95%CI: 
0.31-4.62, P  = 0.79). Additionally, the meta-analysis 
data of subgroups revealed that the survival rate was 
significantly higher in patients with intermediate- and 
large-size HCC underwent RFA plus TACE than in those 
underwent RFA monotherapy; however, there was no 
significant difference between RFA plus TACE and RFA 
on survival rate for small HCC.

CONCLUSION: The combination of RFA with TACE has 
advantages in improving overall survival rate, and pro-
vides better prognosis for patients with intermediate- 
and large-size HCC.

© 2013 Baishideng. All rights reserved.
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Core tip: This study aimed to compare the effective-
ness and prognosis of combination of transcatheter 
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arterial chemoembolization (TACE) and radiofrequency 
ablation (RFA) with that of RFA alone in hepatocellular 
carcinoma (HCC). To the best of our knowledge, there 
has been no comprehensive comparison on these two 
treatments in terms of small-, intermediate- and large-
size HCC. Our analysis demonstrated that effectiveness 
of TACE combined with RFA was better than that of 
RFA for treatment of intermediate- and large-size HCC. 
We provide important evidence that TACE-RFA for inter-
mediate- and large-size HCC may be performed more 
widely in clinical practice.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most com-
mon malignancies. HCC ranks fifth for men and eighth 
for women and accounts for > 660000 new cases annu-
ally worldwide[1-3]. Due to poor baseline liver function, 
over tumor burden, or hepatic vessel invasion of  HCC 
patients, it is barely possible to perform surgical resec-
tion. Transcatheter arterial chemoembolization (TACE) 
as a palliative therapy has become one of  the most widely 
performed treatments for unresectable HCC[4,5]. Howev-
er, the complete necrosis rate of  tumors after TACE have 
only reached 10%-20%, and the 1-, 3- and 5-year overall 
survival rates range from 49%-71.9% to 23%-62.5% 
and 9%-17% in most studies[6-11]. Radiofrequency abla-
tion (RFA) as a thermal in situ destruction technique has 
been proved to be a safe and effective treatment. RFA 
has been accepted as one of  the best treatment options 
for small HCC[12,13]. However, it is difficult for RFA to 
achieve complete ablation in the treatment of  relatively 
large HCC. Therefore, novel approaches to treating HCC 
patients have been extensively pursued and may offer op-
portunities for longer survival of  patients with HCC. In 
recent years, the combination of  interventional therapies 
has been widely performed for treatment of  HCC. One 
such combined strategy is the combination of  RFA and 
TACE.

Previous studies have reported that combination of  
RFA and TACE is more effective for induction of  a sig-
nificantly higher complete tumor necrosis rate than RFA 
monotherapy is, and improves overall survival rate in 
patients with HCC[14-16]. However, other studies assessing 
the clinical efficacy of  RFA plus TACE and RFA alone 
for treatment of  HCC have reported conflicting out-
comes[17-19]. Hence, whether RFA combined with TACE 
or RFA monotherapy is the better treatment choice for 
HCC has long been debated. Meta-analysis is a suitable  
method to resolve this conflict. Several randomized 

controlled trials have been published in an attempt to 
answer the above question. A meta-analysis of  these tri-
als to analyze and compare comprehensively the clinical 
efficacy and safety of  RFA combined with TACE and 
RFA monotherapy will provide clinicians with an unbi-
ased opinion and valuable information about the efficacy 
of  these treatment options. Comparison of  these two 
treatments could help stratify the benefits of  treatment 
choices for patients with HCC. Hence, this meta-analysis 
was designed to compare comprehensively the efficacy 
and safety of  combination of  RFA and TACE with RFA 
monotherapy for treatment of  patients with HCC.

MATERIALS AND METHODS
Study selection
A search of  the literature was conducted in PubMed, 
Medline, Embase and Chinese databases (CBMdisc and 
Wanfang data) from January 2000 to December 2012, us-
ing the following MeSH search headings: “hepatocellular 
carcinoma”, “radiofrequency ablation” and “transcath-
eter arterial chemoembolization”. A limit was set on the 
randomized controlled trials, which was conducted to 
identify studies comparing the effectiveness and safety of  
the combination of  RFA and TACE with that of  RFA 
monotherapy for HCC. No language restriction was im-
posed in this search.

Criteria for inclusion and exclusion 
To be eligible for the present meta-analysis, studies were 
required to have an integrated baseline of  patients and 
outcomes: (1) study design: randomized controlled trials 
on RFA plus TACE vs RFA monotherapy in the treat-
ment of  HCC; (2) baseline of  population: randomization 
of  no fewer than 30 formally diagnosed HCC patients 
with average age, percentage male, Child-Pugh class, tu-
mor size, and tumor stage; and (3) results: studies were 
required to have good descriptions of  the results for 
overall survival rate, recurrence-free survival rate, tumor 
progression rate, and major complications. Abstracts, let-
ters, reviews without original data, expert opinions, edito-
rials, case reports and studies lacking control groups were 
excluded from the analysis.

Statistical analysis
All analysis was conducted on dichotomous outcomes 
and the standard meta-analytical techniques were used. 
Pooled odds ratios (ORs) with 95%CIs were calculated 
using either the fixed-effects or random-effects model. 
For each meta-analysis, the χ 2 and I2 tests were first cal-
culated to assess the heterogeneity of  the included trials. 
P < 0.05 and I2 > 50% was considered significant. For 
P < 0.05 and I2 > 50%, the assumption of  homogene-
ity was deemed invalid, and the random-effects model 
was used; otherwise, data were assessed using the fixed-
effects model. The risk of  the publication bias of  the 
included trials was assessed using the symmetry of  the 
funnel plot. Statistical analysis was performed using the 
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software programs Review manager (version 4.2.2.) from 
the Cochrane collaboration. P < 0.05 was considered 
significant.

RESULTS
Selection of trials 
This meta-analysis yielded a total of  129 studies. Based 
on the inclusion and exclusion criteria, we included eight 
randomized controlled trials[14,15,18,20-24] (Figure 1). There 
was a total of  598 patients with 306 treated with RFA 
plus TACE and 292 treated with RFA alone (Table 1). 
Among these studies, there were eight, three, six and two 
studies that reported comparative data for overall survival 
rate at 1, 2, 3 and 5 years, respectively; five, three and two 
studies reported comparative data for recurrence-free sur-
vival rate at 1, 3 and 5 years, respectively (Tables 2 and 3). 
In the small HCC (tumor size ≤ 3 cm) subgroup, there 
were two studies with comparative data on survival rate at 

1 and 3 years, respectively. In the intermediate-size HCC 
(3 cm < tumor size ≤ 5 cm) subgroup, there were four, 
three and two studies with comparative data on survival 
rate at 1, 3 and 5 years, respectively. In the large-size HCC 
(tumor size > 5 cm) subgroup, there were four and three 
studies with comparative data on survival rate at 1 and 3 
years, respectively (Tables 2 and 3). There were six and 
three studies with comparative data on tumor progres-
sion rate and major complications, respectively (Tables 2 
and 3). The quality of  the included studies was detected 
using Review manager (version 4.2.2.) programs, and was 
judged to be high quality (Figure 2A-D).

Meta-analysis results
Heterogeneity assessment: In the analysis of  the ef-
fects of  1-, 2- and 3-year overall survival rates (P1-year = 
0.77, I2 = 0%; P2-year = 0.56, I2 = 0%; P3-year = 0.33, I2 = 
13.1%); 1-, 3- and 5-year recurrence-free survival rates 
(P1-year = 0.39, I2 = 3.5%; P3-year = 0.60, I2 = 0%; P5-year = 
0.37, I2 = 0%); tumor progression rates (P = 0.18, I2 = 
34.8%); major complications (P = 0.91, I2 = 0%), the 
meta-analysis data indicated that there was no signifi-
cant heterogeneity among the studies, thus the fixed-
effects model was used to pool the results. However, in 
the analysis of  the effect of  5-year overall survival rates, 
there was significant heterogeneity among the studies 
(P5-year = 0.03, I2= 79.3%), thus the random-effects model 
was used to pool the results (Figures 2 and 3).

Overall survival rate: There was a significant difference 
in 1-, 2- and 3-year overall survival rate between treatment 
with RFA plus TACE and RFA alone, and the meta-anal-
ysis data suggested that RFA plus TACE was associated 
with a significantly higher 1-, 2- and 3-year overall survival 
rate than RFA monotherapy was (OR1-year = 2.96, 95%CI: 
1.84-7.74, P < 0.001; OR2-year = 3.72, 95%CI: 1.24-11.16, 
P = 0.02; OR3-year = 2.65, 95%CI: 1.81-3.86, P < 0.001). 

Studies finally included 
(n  = 8)

Potentially relevant 
references (n  = 20)

References identified 
by search (n  = 129)

Non-randomized controlled 
trials were excluded (n  = 109)

Abstracts excluded because of 
design or failure to deal with 
TACE-RFA vs  RFA (n  = 12)

Figure 1  Flow chart of searching strategy for study inclusion. RFA: Radio-
frequency ablation; TACE: Transcatheter arterial chemoembolization.

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

Ref. Country Design Treatment No. of 
patients

Age 
(yr)

Sex 
(male/female)

Tumor size 
(cm)

Child-Pugh class 
(A/B/C)

Peng et al[14] China RCT TACE + RFA 69   57.5 ± 10.0 60/9 ≤ 5.01 60/9/0
RFA 70 55.1 ± 9.5   55/15 - 59/11/0

Cheng et al[15] China RCT TACE + RFA 96 ≤ 751 NA 3 < TS ≤ 7.51 NA
RFA             100 - - - NA

Yang et al[16] China RCT TACE + RFA 24   59.1 ± 11.4 18/6 6.6 ± 0.6 NA
RFA 12   61.0 ± 10.4   8/4 5.2 ± 0.4 NA

Shibata et al[18] Japan RCT TACE + RFA 46 67.2 ± 8.9   31/15 1.7 ± 0.6 32/14/0
RFA 43 69.8 ± 8.0   33/10 1.6 ± 0.5 33/10/0

Morimoto et al[20] Japan RCT TACE + RFA 19    70 (57-78) 15/4 3.6 ± 0.7 12/7/0
RFA 18    73 (48-84) 12/6 3.7 ± 0.6 16/2/0

Kang et al[22] China RCT TACE + RFA 19 52.2 14/5 6.7 ± 1.1 12/7/0
RFA 18  50.7 14/4  6.2 ± 1.2 12/6/0

Shen et al[23] China RCT TACE + RFA 18 52.7 (20-72)     5/13 5.6 (2.2-15.8) 4/14/0
RFA 16 56.1 (36-75)     3/13 5.0 (2.3-12.3) 6/10/0

Zhang et al[24] China RCT TACE + RFA 15 57.8 (39-72) 12/3 4.6 (2.3-7.1) NA
RFA 15 61.8 (38-78) 13/2 4.1 (2.4-6.0) NA

1Total data of relative study. RCT: Randomized controlled trial; NA: Not applicable; TS: Tumor size; RFA: Radiofrequency ablation; TACE: Transcatheter 
arterial chemoembolization.
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However, there was no significant difference in overall 
survival rate between these two treatments for 5-year 
overall survival rate (OR5-year = 2.78, 95%CI: 0.85-9.12, P 
= 0.09) (Figure 2A-D).

Recurrence-free survival rate: There was a significant 
difference in 3- and 5-year recurrence-free survival rate 
between treatment with RFA plus TACE and RFA alone, 
and the meta-analysis data suggested that RFA plus 
TACE was associated with a significantly higher 3-and 
5-year recurrence-free survival rate than RFA mono-
therapy was (OR3-year = 3.00, 95%CI: 1.75-5.13, P < 0.001; 

OR5-year = 2.26, 95%CI: 1.43-3.57, P = 0.0004). However, 
there was no significant difference in recurrence-free sur-
vival rate between the two treatments at 1 year (OR1-year = 
1.59, 95%CI: 0.99-2.55, P = 0.05) (Figure 2E-G).

Tumor progression rate: There was a significant differ-
ence in tumor progression rate between treatment with 
RFA plus TACE and RFA alone, and the meta-analysis 
data suggested that RFA monotherapy was associated with 
a significantly higher tumor progression rate than RFA 
plus TACE treatment was (OR = 0.60, 95%CI: 0.42-0.88,  
P = 0.008) (Figure 3A).

Variables No. of studies 
furnishing data 

Results OR (95%CI) P  value I2

RFA-TACE RFA

Efficacy overall survival rate
   1 yr 8 89.20% 76.00%  2.96 (1.84- 7.47) < 0.001   0.00%
   2 yr 3 85.70% 73.40%   3.72 (1.24-11.16)  0.02   0.00%
   3 yr 6 66.70% 45.70%  2.65 (1.81- 3.86) < 0.001 13.10%
   5 yr 2 37.50% 19.40% 2.78 (0.85-9.12)  0.09 79.30%
Recurrence-free survival rate
   1 yr 5 67.60% 60.30% 1.59 (0.99-2.55)  0.05   3.50%
   3 yr 3 46.60% 22.40% 3.00 (1.75-5.13) < 0.001   0.00%
   5 yr 2 50.90% 32.30% 2.26 (1.43-3.57)      0.0004   0.00%
Survival rate (TS ≤ 3 cm)
   1 yr 2 98.90% 91.00%    8.42 (1.01- 70.56)   0.05 NA
   3 yr 2 78.10% 71.90% 1.35 (0.67-2.74) 0.4   0.00%
Survival rate (3 cm < TS ≤ 5 cm)
   1 yr 4 95.30% 84.60% 3.46 (1.29-9.28)  0.01   0.00%
   3 yr 3 78.20% 53.90% 3.58 (1.79-7.15)      0.0003 28.60%
   5 yr 2 49.30% 15.40%   5.34 (2.42-11.75) < 0.001   0.00%
Survival rate (TS < 5 cm)
   1 yr 4 75.90% 52.50% 2.91 (1.60-5.29)      0.0004   0.00%
   3 yr 3 43.10% 10.30%   6.96 (3.01-16.07)        0.00001   0.00%
Tumor progression rate 6 31.60% 42.80% 0.60 (0.42-0.88)    0.008 34.80%
Major complications 3  3.70%  3.10% 1.20 (0.31-4.62)  0.79   0.00%

Table 3  Efficacy and major complications of radiofrequency ablation-transcatheter arterial chemoembolization vs  radiofrequency ab-
lation for treatment of hepatocellular carcinoma

NA: Not applicable; TS: Tumor size; RFA: Radiofrequency ablation; TACE: Transcatheter arterial chemoembolization.

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

Ref. Treatment No. of 
patients

Recurrence- free survival rate Overall survival rate

1 yr 3 yr 5 yr 1 yr 2 yr 3 yr 5 yr 

Peng et al[14] TACE+RFA 69 80.00% 45.00% 40.00% 94.00% NA 69.00% 46.00%
RFA 70 64.00% 18.00% 18.00% 82.00% 47.00% 36.00%

Cheng et al[15] TACE+RFA 96 NA NA 58.00% 83.00% NA 55.00% 31.00%
RFA          100 42.00% 67.00% 32.00%   8.00%

Yang et al[16] TACE+RFA 24 29.00% NA NA 68.00% NA NA NA
RFA 12 34.70% 57.00%

Shibata et al[18] TACE+RFA 46 71.30% 48.80% NA     100.00% 100.00% 84.80% NA
RFA 43 74.30% 29.70%     100.00% 88.80% 84.50%

Morimoto et al[20] TACE+RFA 19 67.00% NA     100.00% 93.00% 93.00% NA
RFA 18 56.00% 28.00% 89.00% 89.00% 80.00%

Kang et al[22] TACE+RFA 19 NA NA NA 84.20% 42.10% 36.80% NA
RFA 18 66.10% 22.20% 16.70%

Shen et al[23] TACE+RFA 18 63.90% 50.00% NA 87.50% NA 73.30% NA
RFA 16 30.00% 18.70% 52.20% 20.40%

Zhang et al[24] TACE+RFA 15 NA NA NA     100.00% NA NA NA
RFA 15 80.00%

NA: Not applicable; RFA: Radiofrequency ablation; TACE: Transcatheter arterial chemoembolization.
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Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Zhang et al [24] 15/15 12/15     1.86%     8.68 [0.41, 184.28] A
Shen et al [23] 16/18   8/16     4.48%   8.00 [1.37, 46.81] A
Kang et al [22] 16/19 12/18     9.25%   2.67 [0.55, 12.88] A
Cheng et al [15] 80/96   67/100   52.01% 2.46 [1.25, 4.86] A
Yang et al [16] 16/24   7/12   14.79% 1.43 [0.34, 5.95] A
Shibata et al [18] 46/46 43/43 Not estimable A
Morimoto et al [20] 19/19 16/18     2.01%     5.91 [0.26, 132.00] A
Peng et al [14] 65/69 57/70   15.60%   3.71 [1.14, 12.01] A

Total (95%CI) 306 292 100.00% 2.96 [1.84, 4.74]
Total events: 273 (RFA-TACE), 222 (RFA)
Test for heterogeneity: χ 2 = 3.32, df  = 6 (P  = 0.77), I2 = 0%
Test for overall effect: Z  = 4.49 (P  < 0.00001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

A

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Kang et al [22]   8/19   4/18   64.87%   2.55 [0.61, 10.71] A
Shibata et al [18] 46/46 38/43   11.54%   13.29 [0.71, 247.91] A
Morimoto et al [20] 18/19 16/18   23.59%   2.25 [0.19, 27.22] A

Total (95%CI) 84 79  100.00%   3.72 [1.24, 11.16]
Total events: 273 (RFA-TACE), 222 (RFA)
Test for heterogeneity: χ 2 = 3.32, df  = 6 (P  = 0.77), I2 = 0%
Test for overall effect: Z  = 4.49 (P  < 0.00001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23] 13/18   3/16     2.65% 11.27 [2.22, 57.20] A
Kang et al [22]   7/19   3/18     5.85%   2.92 [0.62, 13.76] A
Cheng et al [15] 53/96   32/100   42.22% 2.62 [1.46, 4.69] A
Shibata et al [18] 39/46 36/43    17.03% 1.08 [0.35, 3.39] A
Morimoto et al [20] 18/19 14/18     2.28%   5.14 [0.52, 51.29] A
Peng et al [14] 48/69 33/70   29.98% 2.56 [1.28, 5.14] A

Total (95%CI) 267 265 100.00% 2.65 [1.81, 3.86]
Total events: 178 (RFA-TACE), 121 (RFA)
Test for heterogeneity: χ 2 = 5.75, df  = 5 (P  = 0.33), I2 = 13.1%
Test for overall effect: Z  = 5.04 (P  < 0.00001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Cheng et al [15] 30/96    8/100    47.83%    5.23 [2.25, 12.13] A
Peng et al [14] 32/69 25/70    52.17%  1.56 [0.79, 3.07] A

Total (95%CI) 165 170  100.00%  2.78 [0.85, 9.12]
Total events: 62 (RFA-TACE), 33 (RFA)
Test for heterogeneity: χ 2 = 4.83, df  = 5 (P  = 0.03), I2 = 79.3%
Test for overall effect: Z  = 1.69 (P  = 0.09)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

D

C

B

Ni JY et al . Meta-analysis of combined RFA-TACE
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Safety
Meta-analysis data showed that there was no significant 
difference in major complications between treatment 
with RFA plus TACE and RFA monotherapy (OR = 1.20, 
95%CI: 0.31-4.62, P = 0.79) (Figure 3B).

Comparison of survival rate in small HCCs (tumor size 
≤  3 cm)
The meta-analysis data revealed that there was no sig-
nificant difference in survival rate between the two treat-
ments at 1 year (OR: 8.42, 95%CI: 1.01-70.56, P = 0.05) 
and 3 years (OR: 1.35, 95%CI: 0.67-2.74, P = 0.40) (Figure 
4A and B).

Comparison of survival rate in intermediate-size HCCs 
(3cm < tumor size ≤  5cm)
There was a significant difference in survival rate between 

the two treatments at 1, 3 and 5 years, and the meta-
analysis data indicated that RFA plus TACE was associ-
ated with a significantly higher 1-, 3- and 5-year survival 
rate than RFA monotherapy was (OR1-year = 3.46, 95%CI: 
1.29-9.28, P = 0.01; OR3-year = 3.58, 95%CI: 1.79-7.15, P 
= 0.0003; OR5-year = 5.34, 95%CI: 2.42-11.75, P < 0.001) 
(Figure 4C-E).

Comparison of survival rate in large-size HCCs (tumor 
size < 5 cm)
There was a significant difference in survival rate between 
the two treatments at 1 and 3 years, and the meta-analysis 
data revealed that RFA plus TACE was associated with a 
significantly higher 1- and 3-year survival rate than RFA 
monotherapy was (OR1-year = 2.91, 95%CI: 1.60-5.29, P 
= 0.0004; OR3-year = 6.69, 95%CI: 3.01-16.07, P < 0.001) 
(Figure 4F and G).

Figure 2  Comparison of combination of radiofrequency ablation and transcatheter arterial chemoembolization with radiofrequency ablation alone for he-
patocellular carcinoma in terms of overall survival rates (A-D) and recurrence-free survival rates (E-G). A, E: Meta-analysis of 1-year results; B: Meta-analysis 
of 2-year results; C, F: Meta-analysis of 3-year results; D, G: Meta-analysis of 5-year results. RFA: Radiofrequency ablation; TACE: Transcatheter arterial chemoem-
bolization; OR: Odds ratio.

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23] 11/18   5/16     7.49%   3.46 [0.84, 14.30] A
Yang et al [16]   7/24   4/12   13.74% 0.82 [0.19, 3.65] A
Shibata et al [18] 33/46 32/43   34.00% 0.87 [0.34, 2.23] A
Morimoto et al [20] 13/19 10/18   11.80% 1.73 [0.45, 6.63] A
Peng et al [14] 55/69 45/70    32.97% 2.18 [1.02, 4.68] A

Total (95%CI) 176 159 100.00% 1.59 [0.99, 2.55]
Total events: 119 (RFA-TACE), 96 (RFA)
Test for heterogeneity: χ 2 = 4.15, df  = 4 (P  = 0.39), I2 = 3.5%
Test for overall effect: Z  = 1.93 (P  < 0.00001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

E

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23]   9/18   3/16   10.11%   4.33 [0.91, 20.60] A
Shibata et al [18] 22/46 13/43   44.64% 2.12 [0.89, 5.05] A
Peng et al [14] 31/69 13/70   45.25% 3.58 [1.66, 7.70] A

Total (95%CI) 133 129  100.00% 3.00 [1.75, 5.13]
Total events: 62 (RFA-TACE), 29 (RFA)
Test for heterogeneity: χ 2 = 1.03, df  = 2 (P  = 0.60), I2 = 0%
Test for overall effect: Z  = 4.01 (P  < 0.00001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

F

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Cheng et al [15] 56/96  42/100   69.09% 1.93 [1.10, 3.41] A
Peng et al [14] 28/69 13/70   30.91% 2.99 [1.39, 6.47] A

Total (95%CI) 165 170 100.00% 2.26 [1.43, 3.57]
Total events: 84 (RFA-TACE), 55 (RFA)
Test for heterogeneity: χ 2 = 0.80, df  = 1 (P  = 0.37), I2 = 0%
Test for overall effect: Z  = 3.51 (P  < 0.00001)
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Assessment of publication bias 
The publication bias in this study was detected using the 
funnel plot of  the meta-analysis results. All of  the includ-
ed studies reported comparative data on 1-year overall 
survival rate. In the analysis of  the effect of  1-year over-
all survival rate, the symmetry of  the funnel plot shape 
suggested that there was no obvious publication bias in 
this meta-analysis (Figure 5).

DISCUSSION
According to our data analysis, we found that the com-
bination of  TACE and RFA was associated with higher 
overall and recurrence-free survival rates than RFA mo
notherapy was in the treatment of  HCC. Additionally, the 
subgroups analysis indicated that although there were no 
significant differences between TACE plus RFA and RFA 
alone in the treatment of  small-size HCC, combination 
of  TACE and RFA was associated with a higher survival 
rate than was RFA monotherapy for patients with inter-
mediate- and large-size HCC. Thus, our analysis suggest-
ed that TACE combined with RFA was more effective 
than RFA monotherapy for treatment for intermediate- 
and large-size HCC.

Previous studies have reported that RFA combined 
with TACE is more effective than RFA monotherapy 
for treatment of  HCC[14-16]. However, some other studies 
have reported conflicting results[17-19]. Meta-analysis is a 
method that combines data from all eligible studies, and 

has the advantage of  reducing random error, thus ob-
taining more precise estimates and defining the effect of  
clinical interventions more precisely[25,26]. 

Tumor recurrence and progression are the major risk 
factors that affect the prognosis of  HCC patients. A high 
rate of  intrahepatic recurrence and progression after 
RFA plus TACE and/or RFA is the main cause of  late 
death of  patients with HCC. In the current analysis, the 
recurrence-free survival and progression rates were com-
pared and analyzed. Our meta-analysis indicated that the 
1-, 3- and 5-year recurrence-free survival rate was higher 
after RFA plus TACE than after RFA alone. However, 
RFA monotherapy was found to be associated with a 
higher tumor progression rate than RFA plus TACE was. 
The residual tumor tissue after RFA was the main cause 
of  tumor recurrence and progression, which may be at-
tributable to insufficient ablation of  the primary tumor 
after RFA monotherapy. RFA combined with TACE has 
advantages in improving tumor necrosis rate. TACE is 
expected to reduce the cooling effect of  hepatic blood 
flow in RFA by decreasing hepatic arterial flow, and plays 
a primary role in inducing tumor destruction[14,20,21]. Ad-
ditionally, RFA cannot be a suitable treatment for tumors 
with multiple nodules, and TACE after RFA can effec-
tively induce necrosis of  multiple nodules and improve 
the tumor necrosis rate. This may explain the better 
results following RFA plus TACE in the treatment of  
HCC.

As regards the subgroups in our analysis, we found 

Figure 3  Comparison of combination of radiofrequency ablation and transcatheter arterial chemoembolization with radiofrequency ablation alone for 
hepatocellular carcinoma in terms of tumor progression rate (A) and major complications (B). RFA: Radiofrequency ablation; TACE: Transcatheter arterial che-
moembolization; OR: Odds ratio.

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23]   9/18 13/16   9.61% 0.23 [0.05, 1.10] A
Cheng et al [15] 40/96   58/100   46.27% 0.52 [0.29, 0.91] A
Yang et al [16]   7/96   4/12   5.27% 0.82 [0.19, 3.65] A
Shibata et al [18]   8/46   6/43    7.15% 1.30 [0.41, 4.41] A
Morimoto et al [20]   1/19   7/18    9.51% 0.09 [0.01, 0.81] A
Peng et al [14] 21/69 23/70   22.18% 0.89 [0.44, 1.83] A

Total (95%CI) 272 259 100.00% 0.60 [0.42, 0.88]
Total events: 86 (RFA-TACE), 111 (RFA)
Test for heterogeneity: χ 2 = 7.67, df  = 5 (P  = 0.18), I2 = 34.8%
Test for overall effect: Z  = 2.66 (P  = 0.008)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

A

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23]   2/18   1/16   24.25%   1.88 [0.15, 22.88] A
Shibata et al [18]   1/46   1/43   26.06%   0.93 [0.06, 15.40] A
Peng et al [14]   2/69   2/70   49.69% 1.01 [0.14, 7.42] A

Total (95%CI) 133 129 100.00% 1.20 [0.31, 4.62]
Total events: 5 (RFA-TACE), 4 (RFA)
Test for heterogeneity: χ 2 = 0.18, df  = 2 (P  = 0.91), I2 = 0%
Test for overall effect: Z  = 0.27 (P  = 0.008)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE
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Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Cheng et al [15] 35/45 29/47   71.71% 2.17 [0.87, 5.43] A
Morimoto et al [20] 18/19 14/18    8.61% 5.14 [0.52, 51.29] A
Peng et al [14] 19/28 5/24   19.69% 8.02 [2.28, 28.42] A

Total (95%CI) 92 89 100.00% 3.58 [1.79, 7.15]
Total events: 72 (RFA-TACE), 48 (RFA)
Test for heterogeneity: χ 2 = 2.80, df  = 2 (P  = 0.25), I2 = 28.6%
Test for overall effect: Z  = 3.61 (P  = 0.0003)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

D

C

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Cheng et al [15] 25/45 7/47   53.78% 7.14 [2.64, 19.32] A
Peng et al [14] 11/28 4/24   46.22% 3.24 [0.87, 12.04] A

Total (95%CI) 73 71 100.00% 5.34 [2.42, 11.75]
Total events: 36 (RFA-TACE), 11 (RFA)
Test for heterogeneity: χ 2 = 0.89, df  = 1 (P  = 0.35), I2 = 0%
Test for overall effect: Z  = 4.16 (P  < 0.0001)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

E

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Zhang et al [24] 15/15 12/15     8.28%   8.68 [0.41, 184.28] A
Cheng et al [15] 43/45 42/47   38.72% 2.56 [0.47, 13.93] A
Morimoto et al [20] 19/19 16/18    8.97%   5.91 [0.26, 132.00] A
Peng et al [14] 25/28 18/24   44.03% 2.78 [0.61, 12.61] A

Total (95%CI) 107 104 100.00% 3.46 [1.29, 9.28]
Total events: 102 (RFA-TACE), 88 (RFA)
Test for heterogeneity: χ 2 = 0.67, df  = 3 (P  = 0.88), I2 = 0%
Test for overall effect: Z  = 2.47 (P  = 0.01)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shibata et al [18] 46/46 43/43 Not estimable A
Peng et al [14] 40/41 36/46 100.00% 8.42 [1.01, 70.56] A

Total (95%CI) 87 69 100.00% 8.42 [1.01, 70.56]
Total events: 86 (RFA-TACE), 81 (RFA)
Test for heterogeneity: Not estimable
Test for overall effect: Z  = 1.96 (P  = 0.06)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

A

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shibata et al [18] 39/46 36/43 42.30% 1.08 [0.35, 3.39] A
Peng et al [14] 29/41 28/46 57.70% 1.55 [0.63, 3.81] A

Total (95%CI) 87 89 100.00% 1.35 [0.67, 2.74]
Total events: 68 (RFA-TACE), 64 (RFA)
Test for heterogeneity: χ 2 = 0.24, df  = 1 (P  = 0.63), I2 = 0%
Test for overall effect: Z  = 0.85 (P  = 0.40)
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that there was no significant difference in survival rate be-
tween the two treatments for small HCC. However, there 
was a significant difference in survival rate between RFA 
plus TACE and RFA alone for treatment of  intermediate- 
and large-size HCC, and our meta-analysis data showed 
that RFA plus TACE was associated with a significantly 
higher survival rate than RFA monotherapy was. RFA as 
a thermal in situ destruction technique was proved to be 
a safe and effective treatment. It is possible for RFA to 
achieve complete necrosis for treatment of  small HCC. 
In recent years, RFA has been accepted as one of  the 
best treatment options for small HCC. However, due to 
the limitation of  the ablation area, it is barely possible for 
RFA to achieve complete necrosis during treatment of  a 
relatively large HCC[27,28]. RFA combined with TACE can 

resolve this problem effectively. According to the clinical 
studies and experience, we found that there were some 
synergistic effects between RFA and TACE in combined 
treatment: (1) TACE can reduce the cooling effect of  he-
patic blood flow by decreasing hepatic arterial flow, and 
improve the effect of  percutaneous RFA thermal therapy, 
which plays a critic role in inducing tumor necrosis[14,20,21]; 
(2) edematous change in the tumors induced by ischemia 
and inflammation after TACE is expected to enlarge the 
area of  tumor necrosis during RFA treatment; and (3) 
RFA combined with TACE can prevent HCC with he-
patic artery portal fistula from invading the portal vein 
and provides a better prognosis for HCC patients[20,29].

The risk of  publication bias in this meta-analysis was 
assessed by the symmetry of  the funnel plot[30,31]. All the 
studies included in the current meta-analysis had compar-
ative data for 1-year overall survival rate. In the analysis 
of  the effect of  1-year overall survival rate, we found that 
the level of  the symmetry of  the funnel plot was judged 
to be high, which indicated that there was no significant 
publication bias in this meta-analysis. Eight randomized 
controlled trials were included in this study. The overall 
quality of  the studies was detected using Review Manager 
from the Cochrane Collaboration and was judged to be 
high. This suggests that the studies included in the study 
had strong evidence to support the results of  our meta-
analysis.

To the best of  our knowledge, no meta-analysis has 
been performed to compare the efficacy and safety of  
RFA combined with TACE and RFA monotherapy in 
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Figure 5  Funnel plot in the analysis of the effect of 1-year overall survival 
rate. OR: Odds ratio.

Figure 4  Comparison of combination of radiofrequency ablation and transcatheter arterial chemoembolization with radiofrequency ablation alone for 
small hepatocellular carcinoma in terms of survival rates. A, B: Tumor size ≤ 3 cm; C-F: 3 cm < tumor size ≤ 5 cm; G, H: Tumor size > 5 cm; A, C, F: Meta-
analysis of 1-year results; B, D, G: Meta-analysis of 3-year results; E: Meta-analysis of 5-year results.

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23] 16/18 8/16     7.39% 8.00 [1.37, 46.81] A
Kang et al [22] 16/19 12/18   15.29% 2.67 [0.55, 12.88] A
Cheng et al [15] 37/51 25/53   52.88% 2.96 [1.31, 6.71] A
Yang et al [16] 16/24 7/12   24.44% 1.43 [0.34, 5.95] A

Total (95%CI) 112 99 100.00% 2.91 [1.60, 5.29]
Total events: 85 (RFA-TACE), 52 (RFA)
Test for heterogeneity: χ 2 = 2.23, df  = 3 (P  = 0.53), I2 = 0%
Test for overall effect: Z  = 3.35 (P  = 0.0004)

0.1   0.2     0.5   1     2       5     10
   RFA                  RFA-TACE

F

Study or sub-category RFA-TACE RFA OR, fixed, 95%CI Weight OR, fixed, 95%CI Quality

Shen et al [23] 13/18 3/16    18.65% 11.27 [2.22, 57.20] A
Kang et al [22] 7/19 3/18   41.12% 2.92 [0.62, 13.76] A
Cheng et al [15] 18/51 3/53   40.23% 9.09 [2.48, 33.32] A

Total (95%CI) 88 87 100.00% 6.96 [3.01, 16.07]
Total events: 38 (RFA-TACE), 9 (RFA)
Test for heterogeneity: χ 2 = 1.71, df  = 2 (P  = 0.43), I2 = 0%
Test for overall effect: Z  = 4.54 (P  < 0.00001)
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terms of  overall survival rate, recurrence-free survival 
rate, tumor progression, and major complications. Our 
meta-analysis is believed to be the first report to assess 
comprehensively combination of  TACE and RFA com-
pared with RFA alone for treatment of  HCC. Addition-
ally, we also analyzed and compared the effectiveness of  
RFA plus TACE and RFA monotherapy for treatment 
of  small-, intermediate- and large-size HCC. The analysis 
of  these studies is important and useful for precise and 
objective statistical assessment of  the clinical efficacy of  
RFA plus TACE and RFA alone for treatment of  HCC.

Our study had several limitations. First, the heteroge-
neity of  the inclusion criteria (Child-Pugh class, number 
of  tumors, tumor size, tumor stage, and treatment design) 
might have affected the consistency of  the results and 
caused between-study heterogeneity, which could have 
affected the overall quality of  our study. Second, the etio-
logical factors of  HCC such as viral hepatitis, alcoholic 
liver disease, and autoimmune liver disease, were not con-
sidered in the trials. Whether HCC patients with different 
etiological factors could obtain similar outcomes from 
treatment with RFA plus TACE needs further research.

In conclusion, this meta-analysis suggests that com-
bination of  RFA with TACE is more effective than RFA 
monotherapy in the treatment of  patients with intermedi-
ate- and large-size HCC, with significantly higher survival 
rates achieved with the combined methods. The combi-
nation of  interventional therapies may be applied more 
widely in the treatment of  HCC. 
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