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Abstract

Context: Hepatocellular carcinoma (HCC) is a common malignant cancer and the second leading cause of cancer-related deaths
around the world. Radiofrequency ablation (RFA) and laparoscopic hepatectomy (LH) have been adopted for the treatment of HCC.
The aim of the meta-analysis was to explore the long-term efficacy of RFA compared with LH for small HCC (sHCC) patients in the
East Asian population.
Evidence Acquisition: We performed a systematic review and meta-analysis by the literature search on PubMed, Cochrane Library,
EMBASE, Chinese Biological Medical Literature (CBM), Chinese National Knowledge Infrastructure (CNKI), and Wanfang from their
inception until October 10, 2019, for comparing the long-term efficacy outcomes of RFA with LH.
Results: Fourteen retrospective studies with 1,390 subjects were included in the meta-analysis. Compared with the LH-treated
group, RFA could raise the local recurrence rate under median follow-up duration and reduce disease-free survival (DFS) rates at
1 - 3 years. However, it failed to affect 5-year overall survival (OS) and DFS rates. In the subgroup analyses, different RFA approaches
had significantly higher local recurrence rates than the LH group. A similar effect on OS and DFS rates within five years for single
early (≤ 3 cm) HCCs and on the 1- and 5-year DFS rates for nodules≤5 cm were observed between the two groups, but RFA approaches
could reduce the 3-y OS and DFS rates for single nodules≤ 5 cm. The percutaneous radiofrequency ablation (PRFA) group had signif-
icantly lower 3- and 5-year OS and the 1- and 3-year DFS rates than the LH group, while no significant difference in OS and DFS rates in
the laparoscopic radiofrequency ablation (LRFA) approach. The RFA approach improved the 3-year OS compared with the LH group
in Japan, but reduced the 3-year OS and DFS rates within 3 years in China.
Conclusions: Our results support that LH treating sHCC had a better long-term efficacy and a lower local recurrence rate than RFA
in the East Asian population. Further high-quality prospective studies are required to confirm the long-term efficacy.

Keywords: Radiofrequency Ablation, Minimally Invasive Surgery, Laparoscopic Hepatectomy, Hepatocellular Carcinomas,
Meta-Analysis

1. Context

Hepatocellular carcinoma (HCC) is a common malig-
nant cancer and the second leading cause of cancer-related
deaths around the world (1, 2). It is prevalent in the Asia-
Pacific Region and increasing in Western countries, which
is predicted to exceed a million cases per year by 2025
worldwide (3, 4). HCC has been the third most common
cause of cancer-related deaths in the Asia-Pacific Region,
and almost half of the patients diagnosed worldwide are
from China (5). The high prevalence of HCC in Asia Regions
is related to the more prevalence of chronic virus infec-

tions (like hepatitis B or hepatitis C virus) in these regions,
and acute viral hepatitis is the major cause of liver-related
deaths in the Asia-Pacific Region (5, 6). Most patients with
HCC were diagnosed with different degrees of liver func-
tion damage, and liver function reserve capacity is poor
that may be due to combined with chronic virus hepati-
tis, liver cirrhosis, aflatoxin, smoking, drinking, and so on
(7). Treatment options for HCC include liver transplanta-
tion, liver resection, and loco-regional therapies such as ra-
diofrequency ablation (RFA) and chemotherapy (8). Theo-
retically, the ideal treatment for patients with sHCC who
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met the Milan criteria is still liver transplantation, but only
a few patients can get this treatment limited by donor
scarcity and high costs (9, 10). The treatment of liver can-
cer should not only completely remove the lesion but also
minimize the trauma to the greatest extent. Therefore,
minimally invasive surgery has been widely used in the
treatment of small liver cancer, among which the efficacy
of radiofrequency ablation and laparoscopic hepatectomy
in the treatment of small primary liver cancer has been rec-
ognized.

RFA has recently been regarded as one of the estab-
lished treatments for small hepatocellular carcinoma and
is recommended as a first-line treatment for Barcelona
Clinic Liver Cancer (BCLC) early-stage HCC due to its cost-
effectiveness, safety, minimal invasiveness, more rapid re-
covery, and repeatedly operated. Previous studies showed
that RFA has similar long-term efficacy with shorter hos-
pitalization days and fewer complications compared with
open resection (11-13), but it would raise local recurrence
rates, especially for surface HCC, and the risk of develop-
ing severe postoperative complications and hepatic fail-
ure for some cirrhotic patients (14). Meanwhile, compared
with open hepatic resection, LH therapy is characterized
by reducing wounds, improving operation recovery, and
shorter hospitalization, which has been adopted for the
treatment of HCC, especially surface HCC (15, 16). Therefore,
the clinical effects of RFA and LH treatments for sHCC have
been compared in several studies and meta-analyses (11, 14,
17-23). However, the conclusions remain inconsistent that
the superiority of two curative treatments has not been
definitively certificated. Some studies demonstrated that
LH or MIS (minimally invasive liver surgery) were associ-
ated with the highest overall survival and highest disease-
free survival and lower intrahepatic recurrence that would
lead to better long-term prognosis and lower local recur-
rence rate than RFA in patients with sHCC (19-23). Con-
versely, other studies have demonstrated that there are no
significant differences in overall survival, disease-free sur-
vival, or intrahepatic recurrence (17, 24, 25). The discrepan-
cies might be due to the differentials in study design, char-
acteristics of patients, sample sizes, hepatic functional re-
serve at initial treatment, health care system capability,
and follow-up duration. However, few studies have com-
pared RFA and LH therapies for the treatment of primary
HCC in Asia, and some studies from Chinese databases are
not readily accessible limited by languages for the inter-
national readership. Thus, we performed a comprehensive
meta-analysis, including English and Chinese databases, to
explore the long-term efficacy of RFA compared with LH for
small HCC in the East Asian population.

2. Evidence Acquisition

2.1. Search Strategy and Selection Criteria

Relevant articles were found by searching PubMed,
Cochrane Library, EMBASE, Chinese Biological Medical Lit-
erature (CBM), Chinese National Knowledge Infrastructure
(CNKI), and Wanfang from their inception until October
10, 2019. The search terms were used: (“laparoscopic
partial hepatectomy” or “laparoscopic resection” or “la-
paroscopic operation”) and (“radiofrequency ablation” or
“radio-frequency ablation”) and (“small hepatocellular car-
cinoma” or “small liver carcinoma” or “small hepatic carci-
noma”). Besides, we manually searched potentially related
articles in the reference lists of all the selected articles. Our
study was reported and performed according to the pre-
ferred reporting items for the systematic review and meta-
analysis (PRISMA) guidelines (26).

2.2. Inclusion and Exclusion Criteria

We identified eligible studies using the following cri-
teria: (1) primary hepatocellular carcinoma without no re-
currence or metastasis; single HCC nodule ≤ 5 cm in di-
ameter or up to 3 nodules that are each ≤ 3 cm in diam-
eter (27), or a single tumor ≤ 6.5 cm in diameter or up to
3 nodules that are each ≤ 4.5 cm in diameter and 8 cm in
total diameter, with Child-Pugh class A/B (28); (2) radiofre-
quency ablation included percutaneous or laparoscopic
RFA, laparoscopic hepatectomy included laparoscopic or
laparoscopic-assisted or robotic-assisted liver resection; (3)
study outcomes included local recurrence rate or over-
all survival or disease-free survival. The exclusion criteria
were as follows: (1) non-primary HCC, liver distant metas-
tases or recurrence; (2) no quantitative outcomes; (3) ab-
stracts, case reports, editorials, or reviews.

2.3. Data Extraction and Quality Assessment

Two independent reviewers extracted the relevant data
by the blind method with 89% in the Kappa coefficient, and
any disagreements were resolved by the third investigator.
The relative information included first author, publication
year, study period, country of study, sex, age, number of
patients, number of nodules, tumor size, Child-Pugh class,
infection of HBV or/and HCV, and cirrhosis of patients.
The long-term outcomes included local recurrence rates,
survival rates. Two independent reviewers evaluated the
methodological quality of included studies (87% in Kappa
coefficient) based on the population selection, compara-
bility and outcomes using ‘Newcastle-Ottawa scale (NOS)
for assessing the quality of non-randomized studies.
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2.4. Statistical Analysis

R software version 3.6.1 with the “metabin” functions
in the meta-package was used for pooled data assessment.
The odds ratio (OR) with a 95% confidence interval (CI) was
used for estimating the long-term outcomes of RFA com-
pared with LH groups. Engauge Digitizer 12.0 was used to
extract the survival data from Kaplan-Meier curves in eligi-
ble studies, which did not provide survival rate. I2 statis-
tic and Q test were used to detect the heterogeneity of
the study. A random-effect model was applied when the
I2 > 50% and P < 0.05 of the Q test. Otherwise, a fixed-
effect model was used. Subgroup analyses were performed
based on data in patients with different lesion sizes, RFA ap-
proaches, and country of study. Sensitivity analyses were
conducted by subsequently removing each study and then
calculated the effect size based on the remaining studies
for assessing which study markedly affected the pooled re-
sults. Funnel plot and linear regression test were used to
assess publication bias among the included studies. A P
value < 0.05 was considered statistically significant.

3. Results

3.1. Study Selection and Characteristics

We found 2,369 studies in total and screened 1,719 ref-
erences after removing the duplicates. After reviewing the
titles, abstracts, 56 were remained to reviewing full-texts.
Finally, 14 retrospective studies in Asia with 1,390 patients
(689 for RFA and 701 for LH) were included in the meta-
analysis (Figure 1). All selected studies were published
from 2015 to 2019, 6 studies published in English and 8 in
Chinese, 3 in Japan, and 11 in China. The sample size ranged
from 61 to 175, and the mean age of patients ranged from
32.7 to 74.0 years. More than half of the included studies
had a long follow-up period than three years, and three
studies for more than five years. The total score of quality
assessment ranges from 7 to 9 (Table 1).

3.2. Local Recurrence Rate

Eight studies (14, 24, 25, 29, 30, 33-35) of 963 patients
reported the postoperative local recurrence rates during
median follow-up times. The meta-analysis showed that
RFA approach treatment had relatively higher local recur-
rence rates than the LH-treatment group (OR = 2.97; 95% CI
= 1.58 - 5.59; P < 0.001) (Table 2, Figure 2). Notably, signifi-
cant statistical heterogeneity was observed in the analysis
(I2 = 70%, P < 0.01), and a random-effect model was used.
However, sensitivity analyses by omitting one study in each
turn had no material effect on local recurrence estimates,

Records identified through 
database searching (n = 2369) 

Records after duplicates 
removed (n = 1719) 

Full-text articles assessed for 
eligibility (n = 56) 

14 articles (6 in English, 8 in 
Chinese) included in the meta- 

analysis 

Full-text excluded (n = 42) with reasons: 
reviews/no applicable data/exclusion 
criteria/conference summary 

Records excluded by reviewing 
titles and abstracts (n = 1663) 

Records excluded (n = 650) 

Figure 1. Flowchart for selection of the studies is shown

confirmed the stability of the results (Appendix 1 in Supple-
mentary File). No publication bias was detected by the fun-
nel plot (Appendix 2 in Supplementary File) and linear re-
gression test for the comparison of outcomes in the meta-
analysis (P = 0.46).

3.3. Overall Survival

Ten studies (17, 24, 25, 29-32, 35-37) with 1,059 patients
reported 1-year and 3-year overall survival (OS) rates, while
5-year OS rates were assessed in seven studies. Our meta-
analysis showed that RFA approach treatment failed to af-
fect 1-year (OR = 1.10; 95% CI = 0.66 - 1.84; P = 0.706), 3-year
(OR = 0.79; 95% CI = 0.59 - 1.06; P = 0.117), and 5-year (OR
= 0.42; 95% CI = 0.16 - 1.12; P = 0.082) OS compared with
the LH-treatment group (Table 2, Figure 3). However, there
was no and mild significant heterogeneity for pooling the
1-y and 3-y OS rates (I2 = 0%, I2 = 49%, respectively); thus a
fix-effect model was used. Markedly, significant statistical
heterogeneity was observed in the 5-year OS (I2 = 86%, P <
0.01), and a random-effect model was used. Then, sensitiv-
ity analyses confirmed the stability of the results, found no
material effect on the pooled estimates in every study (Ap-
pendix 3 in Supplementary File). Funnel plot (Appendix 4
in Supplementary File) and linear regression test detected
no publication bias for the comparison of outcomes in the
meta-analysis (1-year OS: P = 0.702; 3-year OS: P = 0.824; 5 -
year OS: P = 0.707, respectively).
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Table 1. Baseline Characteristic of Included Studiesa

Study Country Design Period Treat Size
Sex

(M/F)
Age

Child
(A/B)

HBV/HCV
Infection,

%

Cirrhosis,
%

Tumor Number Tumor
Size,
cm

Follow-Up,
mo

NOS

1 1 - 3

Xu et
al. (29)

China Retrospective
2012 -
2015

LH 30 25/5 52.8 ±
9.4

29/1

87.7 NA 65 0 ≤ 3
28.1 (28.3,

50.5)
8

PRFA 35 27/8 57.1 ±
12.7

32/3

Song et
al. (24)

China Retrospective
2007 -
2013

LH 78 70/8 48.0 ±
11.1

78/0

96.2 96.2 73 83 ≤ 4
31.2 (21.1,

49.5)
9

PRFA 78 70/8 48.0 ±
9.6

76/2

Song et
al. (30)

China Retrospective
2012 -
2014

LH 81 69/12 49.0 ±
10.7

80/1

97.1 87.4 162 13 ≤ 5
39.5 (35.5,

47.0)
7

PRFA 94 82/12 48.0 ±
11.8

88/6

Cui et
al. (31)

China Retrospective
2013 -
2015

LH 48 21/28 53.7 ±
9.2

21/27

NA NA 78 19 ≤ 3 ≥ 3 y 7

PRFA 49 29/20 53.3 ±
9.6

21/28

Zhou
et
al.(32)

China Retrospective
2011 -
2015

LH 45 35/10 59.5 ±
10.4

31/14

NA NA 66 21 ≤ 5 ≥ 3 y 7

LRFA 42 33/9 58.3 ±
10.7

27/15

Zheng
et al.

China Retrospective
2013 -
2013

LH 31 23/8 64.2 ±
2.2

-

NA NA - - ≤ 5 ≥ 5 years 7

LRFA 31 22/9 64.2 ±
2.2

-

Fan et
al. (33)

China Retrospective
2014 -
2016

LH 31 25/6 58.6 ±
7.2

26/5

100.0 100.0 52 17 ≤ 5 ≥ 5 y 8

LRFA 38 28/10 55.7 ±
6.3

29/9

Wu et
al. (34)

China Retrospective
2010 -
2013

LH 125 81/44 63.7 ±
9.8

107/18

86.7 56.0 166 0 ≤ 3 ≥ 5 y 8

LRFA 41 28/13 65.4 ±
8.7

31/10

Zhang
et al.
(35)

China Retrospective
2012 -
2014

LH 60 34/26 32.7 ±
15.5

55/5

NA NA 88 52 ≤ 5 32.7 (5, 36) 7

PRFA 80 45/35 35.2 ±
17.2

72/8

Lai et
al. (36)

China Retrospective
2006 -

2011

LH 28 24/4 56.5 ±
12.6

28/0

81.9 81.9 56 5 ≤ 5 ≥ 3 y 9

PRFA 33 29/4 62.8 ±
11.3

29/4

Chong
et al.
(25)

China
Retrospective

with PSM
2005 -
2015

LH 59 46/13 57.7 ±
10.5

59/0

88.1 88.1 112 6 ≤ 3 44.7 9

RFA 59 46/13 59.3 ±
11.0

58/1

Harada
et al.
(37)

Japan
Retrospective

with PSM
2008 -
2015

LH 20 9/11 74.0 ±
6.0

-

80.0 80.0 40 0 ≤ 3
29.3 (0.3,

89.2)
8

PRFA 20 11/9 73.0 ±
9.0

-

Ito et
al. (14)

Japan
Retrospective

with PSM
2011 -
2013

LH 27 16/11 69
(66~ 72)

16/11

90.7 92.6 46 8 ≤ 3
LH: 21 (2,

47); RFA: 24
(4, 44)

9

PRFA 27 15/12 71
(68~ 74)

15/12

Yamashita
et al.
(17)

Japan Retrospective
2000 ~

2016

LH 38 25/13 66.9 ±
9.1

33/5

89.0 89.0 74 26 ≤ 3

LH: 37.2 (1.2,
160.8); RFA:

57.6 (2.4,
164.4)

7

RFA 62 40/22 66.5 ±
9.5

54/8

Abbreviations: F, female; LH, laparoscopic hepatectomy; LRFA, laparoscopic radiofrequency ablation; M, male; NOS, Newcastle-Ottawa scale; PRFA, percutaneous radiofrequency ablation; PSM, propensity score matching.
a Values are expressed as mean ± SD.

3.4. Disease-Free Survival

Nine studies (17, 24, 25, 29, 30, 32, 35-37) of 962 patients
reported 1-year and 3-year disease-free survival (DFS) rates,
while 5-y disease-free survival rates were assessed in six
studies. The pooled results indicated that RFA approach
treatment reduced 1-year (OR = 0.63; 95% CI = 0.46 - 0.85;

P = 0.002) and 3-year (OR = 0.48; 95% CI = 0.37 - 0.62; P <
0.0001) DFS rates compared with the LH-treatment group,
but no significant difference was found in 5-year DFS rate
(OR = 0.48; 95% CI = 0.19 - 1.26; P = 0.139) (Table 2, Figure 4).
Notably, moderate or severe heterogeneity in 1-year, 3-year,
and 5-year DFS rates were observed (1-year: I2 = 51%, 3-year:
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Figure 2. Forest plot of postoperative local recurrence between RFA and LH

I2 = 57%, 5-year: I2 = 81%, respectively) and random-effect
model was used. Then, sensitivity analyses confirmed the
stability of the results and did not find any study that sig-
nificantly affected the pooled data (Appendix 5 in Supple-
mentary File). No publication bias was detected by fun-
nel plot (Appendix 6 in Supplementary File) and linear re-
gression test for the comparison of outcomes in the meta-
analysis (1-year OS: P = 0.388; 3-year OS: P = 0.427; 5-year OS:
P = 0.824, respectively).

3.5. Subgroup Analysis

Eight studies were included in the subgroup analyses
of the local recurrence rate under median follow-up time
according to the RFA approach and country of study. The
results of subgroup analyses showed that laparoscopic ra-
diofrequency ablation (LRFA) (OR = 2.24; 95% CI = 1.11 - 4.53; P
= 0.025) and percutaneous radiofrequency ablation (PRFA)
(OR = 2.00; 95% CI = 1.37 - 2.92; P < 0.0001) approach treat-
ments increased local recurrence rates compared with the
LH group. Furthermore, the patients with RFA approach
treatment had significantly higher local recurrence rates
than the LH group both in China (OR = 2.74; 95% CI = 1.46 -
5.13; P = 0.002) and Japan (To date, only one study in Japan)
(Table 2).

Moreover, thirteen studies were included in the sub-
group analyses of OS and DFS rates according to the single
nodule size. Our results presented that patients with RFA
approach treatments showed a similar effect on OS and DFS
rates at 1 to 5 years for single nodule size ≤ 3 cm (P > 0.05)
as compared with the LH group. For single nodule size ≤
5 cm, the RFA approach treatment reduced 3-year OS (OR
= 0.67; 95% = CI 0.46 - 0.98; P = 0.037) and DFS (OR = 0.51;
95% CI = 0.37 - 0.70; P < 0.0001) rates compared with the LH

group; however, the comparable OS and DFS rates in 1-year
and 5-year were observed for two groups (P > 0.05) (Table
2).

Besides, ten studies were included in the subgroup
analysis of OS and DFS rates according to RFA approach
treatments. Our results indicated that for LRFA approach
treatments, no significant differences were observed in 1-
year, 3-year, and 5-year OS and DFS rates compared with the
LH group. However, PRFA approach treatment presented
lower 3-y (OR = 0.69; 95% CI = 0.49 - 0.98; P = 0.037), 5-year
(OR = 0.06; 95% CI = 0.03 - 0.14; P < 0.0001) OS rates, and
1-year (OR = 0.64; 95% CI = 0.45 - 0.93; P = 0.018) and 3-year
(OR = 0.48; 95% CI = 0.35 - 0.66; P < 0.0001) DFS rates than
the LH group; however, no significant differences were ob-
served in 1-year OS and 5-year DFS rates (P > 0.05) (Table 2).

Additionally, thirteen studies were included in the sub-
group analysis of OS and DFS rates according to the coun-
try of the study. Our results showed that for study in Japan,
RFA approach treatments improved 3-year (OR = 3.51; 95%
CI = 1.17 - 10.52; P = 0.025) OS rates compared with the LH
group. However, no significant differences were observed
in 1-year, 5-year OS, and DFS rates between RFA and LH
treatments. Comparing RFA and LH treatments in China,
there were no significant differences in 1-year, 5-year OS,
and 5-year DFS rates (P > 0.05); however, the RFA approach
showed lower 3-year (OR = 0.69; 95% CI = 0.51 - 0.94; P =
0.019) OS and 1-3 year (1-year: OR = 0.63; 95% CI = 0.45 - 0.88;
P = 0.006; 3-year: OR = 0.45; 95% CI = 0.29 - 0.72; P = 0.0007,
respectively) DFS rates than the LH group (Table 2).
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Figure 3. Forest plot of 1-y, 3-y and 5-y overall survival rates between RFA and LH

4. Discussion

Previous studies have shown that the LH approach had
a lower incidence of postoperative ascites and liver fail-
ure compared with the open approach and no significant

differences with the oncological results (38, 39). Laparo-
scopic hepatectomy (LH) has been a feasible option to open
surgery and extended the indications to patients with se-
vere cirrhosis and HCCs, mainly for tumors located in the

6 Iran Red Crescent Med J. 2020; 22(7):e102876.
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Figure 4. Forest plot of 1-y, 3-y, and 5-y disease-free survival rates between RFA and LH

peripheral portion of the anterolateral liver segments and
easily accessible lesions (40-43). However, due to the diffi-
culty in controlling bleeding and limited visualization, LH
is considered to be technically challenging for lesions lo-
cated in the posterior or superior region of the liver (43,
44). Meanwhile, RFA has been widely used for HCC as a

commonly used minimally invasive technique, which had
an effective treatment for BCLC stage 0 HCCs with a sim-
ilar prognostic effect at a lower cost and a lower compli-
cation rate than open resection (14). Besides, advantages
of RFA also included less invasiveness, reduced operative-
related complications morbidity, shorter hospitalization

Iran Red Crescent Med J. 2020; 22(7):e102876. 7
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and more rapid postoperative recovery that might inter-
act with the socioeconomic and psychological status of pa-
tients, enhancing the life quality of these patients (4, 36).
Additionally, RFA can be repeated subsequently and acts as
an effective supplementary therapy without causing much
damage to the cirrhotic liver. However, few studies in the
Asian region have compared the long-term efficacy of RFA
versus LH in patients with sHCC, and it remains highly con-
troversial.

We primarily performed the comprehensive meta-
analysis to explore the long-term efficacy of RFA compared
with LH therapy for sHCC in the East Asian population. Our
meta-analysis revealed that there were no significant dif-
ferences in OS rates within five years and DFS rates at 5-
years between RFA and LH groups. However, RFA approach
treatment decreased the DFS rates within 3 years that LH
group presented significantly better DFS rates. Meantime,
the RFA approach raised the local recurrence rate during
median follow-up times compared with the LH group. Con-
sidering long-term efficacy, LH was found to be superior to
RFA in terms of treating patients with sHCC. Previous stud-
ies had suggested that LH had better survival outcomes
compared with RFA (11, 22, 23, 45), which was consistent
with our results, and it might have the advantage of on-
cological outcomes for the recurrent patients with sHCC
(23, 45). However, Casaccia et al. (11) only found there was
a significantly higher OS in LH therapy and no significant
differences for DFS between LH and RFA therapies; Chong
et al. (25) only demonstrated that MIS was significantly re-
lated to better DFS rates, but there was no significant dif-
ference in OS rates. Previous studies showed that patients
with sHCC had recurrence usually, and multiple treatment
strategies for the recurrence would cause a slow, gradual
influence on the overall survival of patients (46). Mean-
while, local recurrence is a major tumor-related problem
of RFA due to it is a poor prognostic factor. In our study,
local recurrence rates were found to be more frequent in
patients with sHCC treated with the RFA approach, which
was consistent with previous studies (36) that might be
due to the worse long-term prognosis. Subgroup analysis
results also presented the consistent conclusion that RFA
treatment raised the local recurrence rates during median
follow-up duration compared with the LH-treated group.
Local recurrence following RFA may be attributed to vari-
ous risk factors, including insufficient radiofrequency ab-
lation or malignant cells spread under ablation, incom-
plete necrosis, technically infeasibility due to the danger-
ous location of tumors or the microscopic tumor foci, heat
sink effect, tumor venous invasion (47). Owing to these
drawbacks, the long-term survival outcomes of RFA are in-
ferior to LH. However, underlying molecular mechanisms
responsible for the higher recurrence rate and lower sur-

vival outcome with RFA remain to be determined.
Previous studies reported that several factors would in-

fluent the OS and DFS, involving tumor size, number of
tumor nodules, child class, alpha-fetoprotein (AFP) levels,
and treatment modality (11). Our subgroup analyses ac-
cording to single nodules size presented that RFA and LH
treatments had a similar effect on OS and DFS rates within
five years in patients with single nodules size ≤ 3 cm that
might be explained by the fact that vascular invasion is less
frequent in smaller tumors (48). Therefore, RFA treatments
might be a reliable choice for those patients according to
the RFA approach’s advantages, which is consistent with
previous studies and National Comprehensive Cancer Net-
work (NCCN) guidelines (15, 19, 21). As for a single nodule
size ≤ 5 cm, it showed comparable OS and DFS rates in 1-
and 5-year for RFA and LH groups; however, the LH-treated
group had significantly higher 3-year OS and DFS rates. The
lower 3-year DFS and OS of RFA may be due to the follow-
ing reasons: first, patients who underwent RFA were not el-
igible for the surgery because of the inadequate liver func-
tional reserve, extensive tumor burden, or poor health con-
ditions that would independently lead to lower 3-year sur-
vival. Second, LH allows better pathological evaluation and
in-depth intraoperative exploration, which is not possible
with RFA. Third, patients under RFA are more likely to have
local recurrence due to incomplete ablation of the lesion
or heat sink effect (49).

We found that LRFA- and LH-treated groups had simi-
lar effects on OS and DFS rates within 5 years, but the re-
sults should be cautioned for only one study compared to
the outcomes with 1 - 3 years between these groups and
included in each subgroup analyses. However, PRFA ap-
proach treatment reduced OS rates at 3 - 5 years and DFS
rates within 3 years compared with the LH group. Previ-
ous studies have also proven that LRFA treatment was su-
perior to the PRFA in tumors that are difficult or impossi-
ble to be treated in such a way or in severe liver disease
(50) that might be due to that the use of laparoscopic ap-
proaches increased the probability of tumor detection by
complete abdominal exploration and intraoperative ultra-
sound assessments, and it could perform the precise treat-
ment by place electrodes at accurate tumor locations or tu-
mors that invading adjacent organs or inaccessible areas
by percutaneously (47).

Our subgroup analysis, according to the country of the
study, indicated that RFA approach improved the 3-year OS
rate compared with the LH group in Japan, which was con-
trary to the results of studies in China. Yamashita et al ap-
plied “multimodal” RFA combining various approaches for
sHCC, such as laparoscopy and thoracoscopy, which gained
the better outcomes of OS and DFS and enabled easy access
to HCC and led to good ablation effects, resulting in good
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oncological outcomes or effects (17), they applied “mul-
timodal” RFA combining various approaches such as la-
paroscopy and thoracoscopy, which gained the better out-
comes of OS and DFS and enabled easy access to HCC and
led to good ablation effects. New prospective studies are
still needed to explore the duration of follow-up to assess
the long-term efficacy of RFA and LH for sHCC.

Nonetheless, there are several limitations to the
present study. First, all studies included in the meta-
analysis were retrospective studies and conducted only in
China and Japan because few studies had been performed
in Asia, which might cause selection bias or unpredictable
confounding bias. Thus, potential bias might affect the
pooled data, and the clinical evidence of the study was
relatively low. Second, characteristics for HBV/HCV infec-
tion and cirrhosis were not fully reported, which were
the major factors that induce HCC in Asians. Third, the
heterogeneity of several results was moderate or severity
and could not be avoided in the present study; however,
subgroup and sensitivity analyses were performed that
might be associated with the different approaches and
systems of RFA therapy, sample sizes, the time interval of
recurrence, the severity of comorbidities, and treatment
modality. The number of samples in total or in subgroup
analyses was limited (8 included studies were less than
100 subjects), which weakened the power of statistical
and affected the reliability of evidence. Fourth, there was
variation in the palliative methods used during the 3-years
follow-up among the studies, including chemotherapy,
traditional Chinese medicine, and others that might have
affected the clinical outcomes.

5. Conclusions

The meta-analysis confirmed the long-term efficacy of
LH treatment for patients with sHCC compared with RFA in
the East Asian population. However, further high-quality
prospective studies are required to confirm the long-term
efficacy.
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Table 2. Subgroup Analyses Based on RFA Approach, Country and Single Nodule Size Between RFA Versus LH

Subgroup Categories Study Patients Statistical
Method

Effect Estimate
(95% CI)

I2 , % P Value

Postoperative
local
recurrence

Total 8 963 OR (M-H,
random)

2.97 (1.58 - 5.59) 70.0 < 0.001

RFA
approach

LRFA 2 235 OR (M-H, fixed) 2.24 (1.11 - 4.53) 0.0 0.025

PRFA 5 610 OR (M-H, fixed) 2.00 (1.37 - 2.92) 0.0 < 0.0001

Mixed 1 118 OR (M-H, fixed) 19.19 (7.57 - 48.63) - < 0.0001

Country

China 7 909 OR (M-H,
random)

2.74 (1.46 - 5.13) 71.0 0.002

Japan 1 54 OR (M-H, fixed) 23.97 (1.31 -
440.35)

- 0.032

Overall
survival

Total

1-y 10 1059 OR (M-H, fixed) 1.10 (0.66 - 1.84) 0.0 0.706

3-y 10 1059 OR (M-H, fixed) 0.79 (0.59 - 1.06) 49.0 0.117

5-y 7 711 OR (M-H,
random)

0.42 (0.16 - 1.12) 86.0 0.082

Single
nodule,
cm

≤ 5

1-y 5 639 OR (M-H, fixed) 1.17 (0.59 - 2.30) 0.0 0.653

3-y 5 639 OR (M-H, fixed) 0.67 (0.46 - 0.98) 48.0 0.037

5-y 3 287 OR (M-H,
random)

0.37 (0.05 - 2.88) 93.0 0.339

≤ 3

1-y 5 420 OR (M-H, fixed) 1.02 (0.47 - 2.23) 0.0 0.954

3-y 5 420 OR (M-H, fixed) 1.04 (0.49 - 2.45) 55.0 0.874

5-y 4 424 OR (M-H,
random)

0.48 (0.18 - 1.32) 75.0 0.155

RFA
approach

LRFA

1-y 1 87 OR (M-H, Fixed) 1.43 (0.23 - 9.0) - 0.704

3-y 1 87 OR (M-H, fixed) 0.98 (0.42 - 2.31) - 0.964

5-y 3 297 OR (M-H, fixed) 0.74 (0.45 - 1.22) 0.0 0.236

PRFA

1-y 7 754 OR (M-H, fixed) 0.98 (0.55 - 1.74) 0.0 0.952

3-y 7 754 OR (M-H, fixed) 0.69 (0.49 - 0.98) 23.0 0.037

5-y 2 198 OR (M-H, fixed) 0.06 (0.03-0.14) 34.0 < 0.0001

Mixed

1-y 2 218 OR (M-H, fixed) 2.09 (0.44 - 9.95) 0.0 0.354

3-y 2 218 OR (M-H,
random)

1.63 (0.13 - 19.86) 88.0 0.702

5-y 2 218 OR (M-H,
random)

0.67 (0.08 - 5.96) 90.0 0.722

Country

China

1-y 8 919 OR (M-H, fixed) 1.05 (0.62 - 1.77) 0.0 0.850

3-y 8 919 OR (M-H, fixed) 0.69 (0.51 - 0.94) 21.0 0.019

5-y 5 571 OR (M-H,
random)

0.35 (0.12 - 1.06) 88.0 0.064

Japan

1-y 2 140 OR (M-H, fixed) 5.00 (0.20 -
125.91)

- -

3-y 2 140 OR (M-H, fixed) 3.51 (1.17 - 10.52) 51.0 0.025

5-y 2 140 OR (M-H,
random)

0.65 (0.05 - 7.81) 84.0 0.733
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Disease-free
survival

Total

1-y 9 962 OR (M-H, fixed) 0.63 (0.46 - 0.85) 51.0 0.002

3-y 9 962 OR (M-H, fixed) 0.48 (0.37 - 0.62) 57.0 < 0.0001

5-y 6 642 OR (M-H,
random)

0.48 (0.19 - 1.26) 81.0 0.139

Single
nodule,
cm

≤ 5

1-y 5 639 OR (M-H, fixed) 0.74 (0.51 - 1.08) 5.0 0.116

3-y 5 639 OR (M-H, fixed) 0.51 (0.37 - 0.70) 32.0 < 0.0001

5-y 2 218 OR (M-H, fixed) 0.90 (0.47 - 1.71) 0.0 0.744

≤ 3

1-y 4 323 OR (M-H,
random)

0.45 (0.16 - 1.24) 72.0 0.121

3-y 4 323 OR (M-H,
random)

0.39 (0.14 - 1.09) 76.0 0.074

5-y 4 424 OR (M-H,
random)

0.30 (0.07 - 1.26) 85.0 0.101

RFA
approach

LRFA

1-y 1 87 OR (M-H, fixed) 0.91 (0.34 - 2.48) - 0.86

3-y 1 87 OR (M-H, fixed) 0.85 (0.36 - 1.99) - 0.708

5-y 2 228 OR (M-H, fixed) 0.65 (0.35 - 1.22) 55.0 0.183

PRFA

1-y 6 657 OR (M-H, fixed) 0.64 (0.45 - 0.93) 45.0 0.018

3-y 6 657 OR (M-H, fixed) 0.48 (0.35 - 0.66) 36.0 < 0.0001

5-y 2 198 OR (M-H,
random)

0.30 (0.02-3.70) 67.0 0.345

Mixed

1-y 2 218 OR (M-H,
random)

0.53 (0.10 - 2.73) 84.0 0.446

3-y 2 218 OR (M-H,
random)

0.38 (0.07 - 1.98) 88.0 0.249

5-y 2 218 OR (M-H,
random)

0.36 (0.02 - 6.12) 94.0 0.479

Country

China

1-y 7 822 OR (M-H, fixed) 0.63 (0.45 - 0.88) 40.0 0.006

3-y 7 822 OR (M-H,
random)

0.45 (0.29 - 0.72) 59.0 0.0007

5-y 4 502 OR (M-H,
random)

0.45 (0.15 - 1.35) 84.0 0.154

Japan

1-y 2 140 OR (M-H,
random)

0.43 (0.05 - 3.78) 84.0 0.450

3-y 2 140 OR (M-H,
random)

0.40 (0.07 - 2.47) 74.0 0.326

5-y 2 140 OR (M-H,
random)

0.38 (0.01 - 11.18) 79.0 0.576

Abbreviations: LRFA, laparoscopic; M-H, Mantel-Haenszel method; OR, odds ratio; PRFA, percutaneous.
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