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Abstract
AIM: To determine whether combined transarterial 
chemoembolization (TACE) and radiofrequency ablation 
(RFA) improve overall and recurrence-free survival (RFS) 
compared with RFA alone. 

METHODS: We reviewed randomized clinical trials (RCTs) 
comparing overall survival rate as well as recurrence-free 
rate for hepatocellular carcinoma (HCC) between TACE-
RFA therapy and RFA alone published before April 2015 
by conducting a systematic review and meta-analysis. 
Eligible studies were identified by searching PubMed 
and EMBASE up to April 2015. Additional studies were 
retrieved via  China Medical Collections, Google Scholar 
or a hand review of the reference lists of the retrieved 
articles. The summarized relative risks (RRs) with their 
95%CIs were estimated using random-effects model. 
I 2 statistic was calculated to measure the heterogeneity 
of RRs across studies and Cochran’s Q test was used to 
test the statistical significance accordingly. Publication 
bias was assessed primarily based on visual assessment 
using a funnel plot, and secondly by using Egger’s 
regression asymmetry test or Begg’s rank correlation test 
as appropriate. Meta-regression was implemented to 
examine potential effect modifiers. 

RESULTS: Nine single-center RCTs conducted in China 
and Japan were included, with a total of 618 patients 
with HCC; 321 of whom (51.9%) received TACE/RFA 
therapy and 297 received RFA alone. The pooled RRs 
with corresponding CIs comparing combined TACE/RFA 
to RFA alone were 1.12 (1.004-1.26) and 1.20 (1.02-1.41) 
for 1-year and 3-year survival rates, respectively. Simi
lar positive associations were found for 1-year (1.19; 
1.05-1.35) and 3-year (1.44; 1.00-2.07) RFS. The 
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beneficial effect was more evident in patients with 
medium-sized (3-5 cm) tumors and among the Chinese 
population. 

CONCLUSION: Combined TACE/RFA has a beneficial 
effect on survival and recurrence rates compared with 
RFA alone, especially for medium-sized HCC and among 
Chinese patients. 

Key words: Radiofrequency ablation; Hepatocellular 
carcinoma; Transarterial chemoembolization; Meta-
analysis; Randomized clinical trial
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Core tip: A systematic review and meta-analysis were 
conducted to determine whether combined transarterial 
chemoembolization (TACE) and radiofrequency ablation 
(RFA) improve overall and recurrence-free survival 
compared with RFA alone. Nine single-center randomized 
controlled trials were included, with a total of 618 
patients with hepatocellular carcinoma (HCC), 321 of 
whom (51.9%) received TACE/RFA and 297 received 
RFA alone. We found that combined TACE/RFA has a 
beneficial effect on survival and recurrence rates com
pared with RFA alone, especially for medium-sized (3-5 
cm) HCC and among Chinese patients. 

Hu MZ, Li SF. Radiofrequency ablation with or without 
transarterial chemoembolization for hepatocellular carcinoma: 
A systematic review and meta-analysis. World J Meta-Anal 
2015; 3(6): 295-303  Available from: URL: http://www.
wjgnet.com/2308-3840/full/v3/i6/295.htm  DOI: http://dx.doi.
org/10.13105/wjma.v3.i6.295

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most 
common cancer, and one of the leading causes of 
cancer-related deaths throughout the world. More than 
700000 incident cases are diagnosed and > 600000 
deaths are attributed to HCC each year[1]. Surgical 
resection is the first-line therapeutic option for HCC 
patients with small solitary nodules without underlying 
cirrhosis[2-4]; however, its role in treating HCC is limited 
by strict inclusion criteria. Consequently, various non
surgical, liver-directed, locoregional therapies, such as 
radiofrequency ablation (RFA)[5], one of the therapies 
for HCC, and transcatheter arterial chemoembolization 
(TACE)[6], which involves administration of chemotherapy 
directly to the liver tumor via a catheter, have been 
developed as alternatives, particularly for patients 
with nonresectable HCC. Although local therapies may 
have less invasiveness, shorter hospital stay and lower 
associated mortality, their higher recurrence rates and 
lower disease-free survival rates are still major concerns. 

In the past decade, some evidence[7,8] has suggested 
that combining RFA with TACE improves overall survival 
(OS) rate and reduces recurrence rate, while other 
studies have not shown these[9-15].

One recent review found that combination of RFA 
with TACE increased 1-year survival rate by 114% and 
5-year survival rate by 170%[16], which might have been 
overestimates of the true effect, due to the combination 
of retrospective cohort studies and randomized clinical 
trials (RCTs). Three other meta-analyses used odds 
ratio (OR) as a measure of effect size[17-19], which always 
exaggerates any “effect”, especially when the survival 
rate in the control group is very high[20], in addition to 
its hard interpretability. Of note, RFA is effective in the 
treatment of small but not surgically resectable HCC 
(< 3 cm in diameter)[21], so combining RFA with TACE 
for treating small HCCs may not improve the efficacy 
compared with using RFA alone. It would be important 
for clinical practice to establish whether combination 
therapy improves the survival rate of patients with 
medium-sized (3-5 cm in diameter) or even large (> 5 
cm in diameter) lesions. None of the previous studies 
has answered this question, and none has discussed 
whether combined therapy improves the recurrence-free 
survival (RFS) rate.

Therefore, in this study we investigated whether 
combined TACE/RFA improved OS and RFS rates, 
compared with RFA alone, especially for patients with 
medium-sized (3-5 cm) or large (> 5 cm) HCCs, by 
conducting a systematic review as well as meta-analysis 
of RCTs. 

MATERIALS AND METHODS
Data sources and searches
This meta-analysis was based on a pre-specified pro
tocol - the PRISMA Statement[22]. PubMed and Embase 
were systematically searched up to April 2015, with 
the following terms: “Carcinoma, Hepatocellular”, 
“Liver Tumor”, “Liver Cell Carcinoma”, “Radiofrequency 
Ablation”, “Transcatheter Arterial Chemoembolization” 
and “Clinical Trials”. Studies published in Chinese were 
searched in Wanfang China Medical Collections (1990 
to April 2015) using the corresponding Chinese terms. 
The references of the retrieved articles were also 
reviewed. In addition, Google scholar was used to give 
confirmation of the literature search. 

Study selection
The titles and abstracts of all relevant studies were 
scanned independently by two authors (Hu MZ and Li 
SF). Reviews, case reports and letters to the editor were 
excluded. Studies were included if they met the following 
criteria: (1) RCTs that involved liver cancer patients; 
(2) patients were treated with RFA alone or combined 
with TACE; and (3) OS and/or RFS rate was reported 
in each group, or these data could be derived from the 
presented results.
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Data abstraction
Two authors (Hu MZ and Li SF) independently reviewed 
the literature and extracted the following data from the 
included studies: last name of the first author; publi
cation year; country where the study was conducted; 
number of participants; number of male patients; age; 
Child-Pugh class; tumor size and number; follow-up 
time; and 1-, 3- and/or 5-year OS or RFS rates after 
surgery. If the required data were not available in the 
primary article, we contacted the authors and requested 
de novo data. Disagreement on data extraction was 
resolved by group discussion.

Statistical analysis
The estimate of the principal effect was defined as the 
relative risk (RR) of OS rate or RFS rate, comparing 
the patients that were assigned to combined TACE/
RFA therapy to those who received RFA alone. RR > 
1 indicates that the combined therapy can benefit the 
survival/recurrence-free rate. I2 statistic was calcu
lated and used to define low, moderate, and high 
degrees of heterogeneity with 50% and 75% as the 
cutoffs. Cochran’s Q test was used to test the statistical 
heterogeneity of RRs across studies, using 0.10 as 
the significance level. The summarized RRs with their 
95%CIs were estimated using a random-effects model 
since high heterogeneity was shown in most of the 
pooled analyses[23].

Potential publication bias was assessed primarily 
based on visual assessment using a funnel plot and 
secondarily using Egger’s regression asymmetry test 
(when the number of studies pooled was ≥ 3) or Begg’s 
rank correlation test (when the number of studies pooled 
= 2). Meta-regression was implemented to examine 
potential effect modifiers that may have affected the 
observed effects, including tumor size (< 3, 3-5 and > 
5 cm) or study location (China or Japan)[24]. Sensitivity 
analyses were also conducted to evaluate the influence 
of each study included in the meta-analysis by omitting 
one study at each time, and statistical model selection 
in which we repeated the analyses with I2 < 50% and P 
> 0.10 using a fixed-effects model. 

The meta-analysis was performed with STATA stati
stical software version 13.0 (Stata Corporation, College 
Station, TX, United States). All statistical tests were 
two-sided and P ≤ 0.05 was considered statistically 
significant, unless otherwise specified.

RESULTS
Flow of the included studies
Our literature search resulted in an initial set of 1494 
publications from the PubMed database. Of these, 
1366 were excluded at the title screening due to at 
least one of the following reasons: (1) not human 
studies (n = 37); (2) not original studies, for example, 
reviews, meta-analyses, letters to editors, or abstracts 
(n = 467); or (3) not clinical trials (n = 862). Among 

the remaining 128 studies, 115 were excluded after 
abstract review because: (1) they were in vitro studies, 
feasibility studies, or studies of diagnosis with computed 
tomography, magnetic resonance imaging or ultrasound 
(n = 22); (2) they were not RCTs (n = 29); (3) they did 
not compare survival or recurrence rates between RFA 
plus TACE and RFA alone (n = 58); or (4) they focused 
on metastases or complications (n = 6). Among the 
remaining 13 studies, the following were excluded after 
full-text review: five that did not compare efficacy; two 
that did not have a control; and one that was retracted 
by the journal. Four additional studies were found in 
other resources: one from the references of the relevant 
articles; two from China Medical Collections (“Wanfang” 
in Chinese); and one from Embase (Figure 1). Finally, a 
total of nine RCTs were included in the meta-analysis[7-15].

Features of RCTs
The main features of the trials included in the meta-
analysis are shown in Table 1. Of the nine included 
studies, seven were published in English[7,8,10,12-15] and 
two in Chinese[9,11]. All the studies were conducted in 
Asia: six in China[7-11,13], and three in Japan[12,14,15]. The 
nine RCTs included 618 HCC patients; Three hundred 
and twenty-one of whom (51.9%) received combined 
TACE/RFA therapy and 297 RFA alone. The average 
follow-up time was 47.1 mo (range: 24-60 mo) among 
the nine studies. 

All the studies were single-center trials. The majority 
of patients (74.1%) were male, ranging from 23.5%[10] 
to 84.8%[11]. There was no difference in the average 
proportion of male patients between the two groups 
(75.1% for the TACE/RFA group vs 73.1% for the 
RFQ alone group). The average age was 60.0 (range: 
50.7-3.0) years, with no difference between the two 
groups (59.8 years for the TACE/RFA group vs 60.3 
years for the RFA alone group), either. 

According to the available data, the distribution of 
Child-Pugh class A, B and C for liver function was 80.6%, 
18.9% and 0.5%, respectively. There was no significant 
difference in this distribution (80.0%/19.6%/0.4% vs 
81.1%/18.2%/0.7%) across two comparison groups. 
About 23.0% of patients had more than two tumors 
(25.1% for the TACE/RFA group vs 21.0% for the RFA 
alone group). Patients in three studies each had average 
tumor size > 5 cm, 3-5 cm, and < 3 cm. The average 
tumor size among the nine studies was similar between 
the two groups: approximately 4.0 cm in the combined 
TACE/RFA group and 3.7 cm in the RFA alone group. 

OS rate
Eight studies reported 1-year OS rate[7-11,13-15]; six 
presented 3-year OS rate[7,8,10,11,14,15]; and one had 5-year 
OS rate[8]. The pooled RR (95% CI) for 1-year survival 
rate comparing combined TACE/RFA to RFA alone was 
1.12 (1.004-1.26), with high heterogeneity among eight 
studies (I2 = 74.6% and P < 0.01) (Figure 2), which 
could be explained by the fact that one study reported 
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1.02-1.41) was found for 3-year survival rate without 
heterogeneity (I2 = 37.5% and P = 0.16). No evidence 
on publication bias was found (Egger’s test: P = 0.40 for 
1-year survival rate; and P = 0.09 for 3-year survival 

1-year survival rate of 100% for both groups[14]. After 
excluding this study, the heterogeneity disappeared 
among the other seven studies (I2 = 0.0% and P = 
0.82). A similar positive association (RR = 1.20; 95%CI: 
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1494 related studies found from PubMed database

9 studies included in this meta-analysis
   For overall survival rate (n  = 8)
     1-yr (n  = 7); 3-yr (n  = 6); 5-yr (n  = 1)
   For recurrent-free rate (n  = 7)
     1-yr (n  = 6), 3-yr (n  = 6), 5-yr (n  = 2)

1366 excluded after title screening
   Not human studies (n  = 37)
   Not published in English (n  = 201)
   Review, meta-analysis, letter to editor or abstract (n  = 266)
   Not a RCT (n=862)

115 excluded after abstract review
   In vitro  study, feasibility study, or study on diagnosis of CT, MRX or ultrasound (n  = 22)
   Not a RCT (n  = 29)
   Did not compare survival or recurrent rate between RFA + TACE and RFA alone (n  = 58)
   On metastases or complication (n  = 6)

8 excluded after full text review
   Did not compare survival or recurrent rate between 
   RFA + TACE and RFA alone (n  = 5)
   Single group, no comparison (n  = 2)
   Retraction article (n  = 1)

4 studies identified from other sources
   From the relevant article’s reference (n  = 1) 
   From China Medical Collections (“Wanfang” ) (n  = 2)
   From EMBASE (n  = 1)

128 studies remained for abstract review

13 studies remained for full-text review

5 studies identified from PubMed after full-text review

Figure 1  Flow chart of study screening and selection. RCT: Randomized clinical trial; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; CT: 
Computed tomography; MRX: Magnetic resonance, soft spectrum coupled X-ray laser.
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rate). 

RFS rate
Six studies reported 1-year RFS rate[7,8,10,12,14,15]; six 
presented 3-year RFS rate[7,8,10,12,14]; and two reported 
5-year RFS rate[8,15]. One study reported 1-year RFS 
rate in the combination treatment group[9], and was not 
included in the pooling analysis for this outcome. The 
pooled RR was 1.19 (1.05-1.35) for 1-year RFS rate, 1.44 
(1.0-2.07) for 3-year RFS rate, and 1.05 (0.19-5.75) for 
5-year RFS rate (Figure 3).

There was no heterogeneity among six studies 
for 1-year RFS rate (I2 = 19.5% and P = 0.29). High 
heterogeneity existed among six studies for 3-year RFS 
rate and in two studies for 5-year RFS rate (I2 = 70.7% 
and P < 0.01 for 3-year RFS; I2 = 78.2% and P = 0.03 
for 5-year RFS). No evidence of publication bias was 
found for all the three pooled analyses. 

Subgroup analysis
Table 2 presents the results from the subgroup analysis 
stratified by two predetermined factors: tumor size (< 
3, 3-5, > 5 cm in diameter) and study location (China 
vs Japan). The results were more evident in those with 
medium-sized tumors or among Chinese population.

Sensitivity analysis
First, we replaced the random-effects model with the 
fixed-effects model for the pooled analyses. The findings 
were generally consistent. Second, we omitted one 
study each time from the pooled analyses and found 
that no single study substantially influenced the pooled 
results in the main analyses.

DISCUSSION
Our meta-analysis showed that RFA with TACE had a 
beneficial effect on 1- or 3-year OS rate as well as RFS 
rate, compared with RFA alone, especially for patients 
with medium-sized (3-5 cm) tumors. Based on the 
available evidence, there was no difference between 
the RFA and the TACE + RFA groups in terms of 5-year 
RFS rate. Whether or not there is difference between 
groups in 5-year OS rate remains unclear because only 
a few studies have reported this. A beneficial effect of 
combined TACE/RFA therapy on RFS rate was more 
evident among studies conducted in China.

So far, several reviews have been published on this 
topic. All of them had some flaws in their statistical 
design. One of them had a combined mixed cohort 
and RCT design and yielded a biased estimation of the 
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Ref. Arms No. of Male Age (yr) Child–Pugh Tumor size, No. of Follow-up OS rate (%) RFS rate, %
patients gender Class cm tumors (mo) 1-yr 3-yr 5-yr 1-yr 3-yr 5-yr

(A/B/C) (1 vs  ≥ 2)
Zhang et al[9] RFA + TACE 15 12 57.8 ± 11.0 -- 4.6 ± 1.3 -- 24 100 NA NA 92.3 NA NA

(39-72) (2.3-7.1)
RFA 15 13 58.3 ± 12.7 -- 4.2 ± 1.1 -- 24 80 NA NA -- NA NA

(38-78) (2.4-6.0)
Shen et al[10] IRFAPA 18 5 52.7 4/14/0 5.6 0/18 28.3 87.5 52.2 NA 63.9 50.0 NA

(20-72) (2.2-15.8) (6-38)
RFA 16 3 56.1 6/10/0 5.0 3/13 19.3 73.3 20.4 NA 30.0 18.7 NA

(36-75) (2.3-12.3) (5-36)
Kang et al[11] RRA + TACE 19 14 52.2 12/7/0 6.7 ± 1.1 -- 36 84.2 36.8 NA -- -- NA

RFA 18 14 50.7 12/6/0 6.2 ± 1.2 -- 36 61.1 16.7 NA -- -- NA
Kobayashi et 
al[12]

RFA + AO 10 7 67 4/5/1 1.7 -- 48 -- -- NA 87.5 25 NA
(50-76) (1.0-2.4)

RFA 10 8 63 3/5/2 2.3 -- 48 -- -- NA 70.0 20 NA
(51-75) (1.0-2.6)

Yang et al[13] RFA + TACE 31 23 60.3 ± 10.9 -- 6.5 ± 0.8 -- -- 81.2 -- -- -- 82.2 --
RFA 12 8 61.0 ± 10.4 -- 5.2 ± 0.4 -- -- 57.6 -- -- -- 65.3 --

Shibata et al[14] RFA + TACE 46 31 67.2 ± 8.9 32/14/0 1.7 ± 0.6 43/3 60 100 84.8 -- 71.3 48.8 --
(45-83) (0.9-3.0)

RFA 43 33 69.8 ± 8.0 33/10/0 1.6 ± 0.5 42/1 60 100 84.5 -- 74.3 29.7 --
(44-87) (0.8-2.6)

Morimoto et 
al[15]

RFA + TACE 19 15 70 18/1/0 3.7 ± 0.6 -- 30 (12-46) 100 93 NA 67 -- 9
(57-78)

RFA 18 12 73 16/2/0 3.6 ± 0.7 -- 32 (15-46) 89 80 NA 56 -- 28
(48-84)

Peng et al[8] RFA + TACE 69 59 57.5 ± 10.0 60/9/0 2.1 ± 0.5 65/4 39.2 94 69 46 80 45 40
(19-75) (0.8-5.0) (5.0-95.0)

RFA 70 55 55.1 ± 9.5 59/11/0 2.1 ± 0.4 65/5 33.6 82 47 36 64 18 18
(22-75) (0.9-5.0) (2.0-87.0)

Peng et al[7] RFA + TACE 94 75 53.3 ± 11.0 90/4/0 3.5 ± 1.4 62/32 60 92.6 66.6 -- 79.4 66.7 --
RFA 95 71 55.3 ± 13.3 90/5/0 3.4 ± 1.4 67/28 60 85.3 59.0 -- 60.6 44.2 --

Table 1  Characteristics of the included studies in this meta-analysis by treatment arms

AO: Arterial occlusion; IRFAPA: Intraoperative radiofrequency thermal ablation with portal vein infusion chemotherapy and transarterial chemoembolization; 
NA: Not applicable; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation.
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true effects of combined therapy[16]. Three other meta-
analyses gave misleading estimation of effect using OR 
instead of RR[17-19]. The other one pooled seven RCTs 
and found that RFA with TACE improved survival in 
patients with HCC > 3 cm[25]. Unfortunately, this review 
included one article that had already been retracted by 
the journal due to scientific misconduct[26], in addition to 
including an abstract[27]. None of these reviews gave a 
stratified analysis by tumor size and location, or reported 
results on RFS rate.

Several strengths of this meta-analysis should be 
mentioned. First, this was a meta-analysis of multiple 
RCTs, which provided strong evidence for casual 
inference. Second, this meta-analysis answered whether 
combined therapy is beneficial to medium-sized tumors 
in addition to small-sized ones, which is more meaningful 
in clinical practice. In addition, we found that combined 
therapy benefited the OS and RFS rates of HCC.

This meta-analysis had some limitations. First, we 
only included articles published in English and Chinese. 
Any bias caused by excluding studies published in other 

languages could not be ruled out. Second, our results 
were based on unadjusted RRs that were calculated 
according to the data derived from the original studies. 
The potential confounding effect could not be completely 
excluded. However, this meta-analysis included only 
RCTs, which substantially alleviated this concern. Indeed, 
there were no significant differences found in age, sex 
ratio, Child-Pugh class, and tumor size between TACE/
RFA and RFA alone. In addition, there was insufficient 
information to conduct a quality assessment of the 
included studies. Any inherit limitation in the original 
studies may have biased our results. Moreover, due 
to the small number of studies included, we could not 
comment on the benefit of the combined therapy on 
5-year OS and RFS rates. 

Surgical resection, liver transplantation and local 
ablation are currently considered to be the three best 
and curative treatments for early-stage HCC[28]. However, 
only 10%-30% of early-stage HCC is suitable for surgery 
due to poor liver reserve, comorbidity, and shortage of 
liver donors. Therefore, local ablation plays an important 
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Author Year Country RR (95%CI) Weight, %

1-yr survival rate

Zhang 2002 China 1.24 (0.94, 1.63) 5.77

Shen 2005 China 1.19 (0.85, 1.64) 4.06

Kang 2007 Japan 1.38 (0.91, 2.09) 2.49

Yang 2008 China 1.38 (0.83, 2.30) 1.68

Morimoto 2010 Japan 1.12 (0.93, 1.36) 12.18

Peng 2012 China 1.12 (0.99, 1.26) 31.70

Peng 2013 China 1.09 (0.98, 1.20) 42.13

Summary (I 2 = 0.0%, P  = 0.82) 1.12 (1.05, 1.20) 100.00

3-yr survival rate

Shen 2005 China 1.63 (0.78, 3.39) 4.29

Kang 2007 Japan 2.21 (0.67, 7.26) 1.72

Shibata 2009 Japan 1.01 (0.85, 1.21) 30.03

Morimoto 2010 Japan 1.22 (0.93, 1.59) 20.37

Peng 2012 China 1.48 (1.10, 1.98) 18.34

Peng 2013 China 1.14 (0.91, 1.42) 25.25

Summary (I 2 =37.5%, P  = 0.16) 1.20 (1.02, 1.41) 100.00

5-yr survival rate

Peng 2012 China 1.30 (0.87, 1.94) 100.00

Summary (I 2 =., P  =.) 1.30 (0.87, 1.94) 100.00

0.5                      1                      2                      4

Figure 2  Relative risks and 95%CIs for risk of overall survival rate of hepatocellular carcinoma comparing combined therapy (radiofrequency ablation/
transarterial chemoembolization) with radiofrequency ablation alone. The overall estimates were obtained by using a random-effects model. The dots indicate 
the RRs. The size of the shaded square is proportional to the weight of each study. The horizontal lines represent 95%CIs. The diamond data markers indicate the 
summary RRs. RRs: Relative risks.
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role in the treatment of unresectable or resectable early-
stage HCC. Among the various local ablative modalities, 
RFA is a curative treatment with minimal invasiveness 
and high efficacy for small HCC that is generally defined 
as maximal diameter no larger than 3 cm[29]. Efficacy 
of RFA is reduced as the tumor size increases, which 
could be due to incomplete ablation and increased blood 
flow in larger lesions, resulting in heat loss. Therefore, 
as to the treatment for medium- or large-sized tumors, 
RFA alone may not be a first choice. Then, combining 
RFA with TACE may overcome the limitations of each 
of them used alone and provide better local control of 
HCCs > 3 cm. In particular, RFA is more efficient when 
the blood flow is reduced or cells are dying because of 
chemoembolization and the retained iodized oil after 
TACE can transfer heat fast.

No strictly designed crossover RCT has been 
conducted to validate which should be used first in 
the combination of RFA with TACE. However, it is 
hypothesized that using TACE before RFA may enhance 
subsequent RFA because: (1) TACE partially kills some 

tumor cells through chemotherapy and hypoxic injury, 
which could reduce tumor size; and (2) TACE decreases 
arterial blood flow and reduces or even eliminates the 
heat loss mediated by tissue perfusion[30], which will 
enlarge ablation and heat coagulation zone. In addition, 
whether an additional TACE regimen should be used to 
consolidate the treatment effect after combined TACE/
RFA therapy deserves further research.

In this meta-analysis, the beneficial effect of 
combined TACE/RFA therapy was found to be more 
pronounced in studies conducted in China than those 
studies conducted in Japan. This phenomenon might 
be explained by the fact that HCC etiology in China 
is different from that in Japan, although the detailed 
mechanism is not clear. HCC in China is mostly related 
to hepatitis B virus, while HCC in Japan is associated 
with alcoholic fatty liver disease. 

In conclusion, our meta-analysis found a 12% and 
20% increase in 1-year and 3-year OS rate, as well as a 
19% and 44% increase in 1-year and 3-year recurrence 
rate, respectively. The beneficial effect is more evident 
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Figure 3  Relative risks and 95%CIs for risk of radiofrequency ablation rate of hepatocellular carcinoma comparing combined therapy (radiofrequency 
ablation/transarterial chemoembolization) with radiofrequency ablation alone. The overall estimates were obtained by using a random-effects model. The 
dots indicate the RRs. The size of the shaded square is proportional to the weight of each study. The horizontal lines represent 95%CIs. The diamond data markers 
indicate the RRs. RRs: Relative risks.

Author Year Country RR (95%CI) Weight, %

1-yr recurrence-free rate

Shen 2005 China 1.96 (0.87, 4.42) 2.35

Kobayashi 2007 Japan 1.14 (0.69, 1.90) 5.75

Shibata 2009 Japan 1.01 (0.85, 1.21) 31.51

Morimoto 2010 Japan 1.23 (0.74, 2.06) 5.68

Peng 2012 China 1.24 (1.00, 1.53) 25.38

Peng 2013 China 1.31 (1.08, 1.58) 29.33

Summary (I 2 = 19.5%, P  = 0.29) 1.19 (1.05, 1.35) 100.00

3-yr recurrence-free rate

Shen 2005 China 2.67 (0.87, 8.17) 7.69

Kobayashi 2007 Japan 1.50 (0.32, 7.14) 4.55

Yang 2008 China 1.21 (0.78, 1.87) 20.40

Shibata 2009 Japan 0.90 (0.70, 1.18) 25.13

Peng 2012 China 2.42 (1.39, 4.22) 17.22

Peng 2013 China 1.52 (1.16, 1.98) 25.01

Summary (I 2 = 70.7%, P  < 0.01) 1.44 (1.00, 2.07) 100.00

5-yr recurrence-free rate

Morimoto 2010 Japan 0.38 (0.08, 1.71) 41.79

Peng 2012 China 2.19 (1.24, 3.85) 58.21

Summary (I 2 = 78.2%, P  = 0.03) 1.05 (0.19, 5.75) 100.00

1.25      0.25       0.5         1          2          4           8
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in medium-sized tumors and among the Chinese 
population. Further RCTs with large tumors, long-term 
follow-up, and assessment of the combination model 
of RFA and TACE, for example, TACE-RFA-TACE, are 
needed.
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concerns. In the past decade, some evidence has suggested that combining 
RFA with TACE improves overall survival (OS) rate and reduces recurrence 
rate, while other studies have not shown these.

Innovations and breakthroughs
To investigate whether combined TACE/RFA improved OS and recurrence-free 
survival rates, compared with RFA alone, especially for patients with medium-
sized (3-5 cm) or large (> 5 cm) HCCs, by conducting a systematic review as 
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