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Aim: To compare the effectiveness of laparoscopic hepatectomy (LH) with that of radio-

frequency ablation (RFA) for hepatocellular carcinoma (HCC).

Methods: We conducted a literature search without a language restriction to identify

relevant available articles that had been published with the EMBASE and PubMed databases

and the Cochrane Library. Studies comparing the outcomes of LH versus RFA for HCC were

eligible for inclusion.

Results: A total of 10 studies with 1570 patients was included in this meta-analysis. The

pooled results revealed that LH was superior to RFA in terms of the 5-year overall survival

rate (OR=0.53, 95% CI=0.40, 0.69, p<0.001). In the subgroup analysis of small HCCs, there

was still a significantly better 5-year overall survival rate in the LH group compared with the

RFA group (OR=0.47, 95% CI=0.33, 0.66, p<0.001). Additionally, the LH group had better

1- and 3-year disease-free survival rate and a lower local recurrence rate, compared with the

RFA group. However, the complication rate was higher in the LH group than the RFA group

(OR=0.64, 95% CI=0.46, 0.89, p=0.008).

Conclusion: Patients who underwent LH had a better long-term prognosis and a lower

recurrence rate than those who received RFA. However, we did not obtain conclusive

evidence for the superiority of LH over RFA for the treatment of HCCs due to the inclusion

of retrospective studies in the present meta-analysis, and well-designed RCTs are needed.
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Introduction
Hepatocellular carcinoma (HCC), which ranks as the fifth most common malig-

nancy, is the second leading cause of cancer death worldwide due to its highly

malignant nature.1 Several modalities of treatment, including liver transplantation,

hepatic resection, and ablative therapies, have been recommended for use with

curative intention for HCC.2,3 Liver transplantation (LT), which simultaneously

cures the tumor and the underlying cirrhosis, is recognized as the best choice for

patients who met the Milan criteria.4 However, the shortage of donor organs,

difficulty of the transplant operation, and substantial postoperative complications

limit the application of LT.

Hepatic resection remains themainstay of curative treatment for HCC.5 However, the

high incidence of complications and the loss of liver functionmake resection not ideal for

HCC, especially for HCC combined with severe cirrhosis. Therefore, radiofrequency

Correspondence: Huapeng Lin
Department of Intensive Care Unit,
Affiliated Hangzhou First People’s
Hospital, Zhejiang University School of
Medicine, 261 Huansha Road, Hang Zhou,
Zhejiang 310006, People’s Republic of
China
Tel +860 236 369 3626
Fax +860 236 369 3533
Email linhuapeng1991@163.com

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2019:11 5711–5724 5711
DovePress © 2019 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/CMAR.S189777

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


ablation (RFA), which is characterized by its ease of use and

invasiveness, has recently been proposed as an alternative for

resectable small HCC. Several studies and meta-analyses have

shown that RFA has similar long-term outcomes but requires

a shorter hospital stay and has fewer complications compared

to those of open liver resection. Therefore, both RFA and

hepatectomy have been recommended for the treatment of

early stage HCC in the Barcelona Clinic Liver Cancer

(BCLC) staging system.6

With the recent advances of laparoscopic technology,

laparoscopic hepatectomy (LH) has been gradually

adopted for the treatment of HCC, particularly small

HCC. LH is believed to bear the advantages of RFA

(minimally invasive and safe), while it has the features

of open resection (complete removal of tumors, thus redu-

cing the recurrence rate).7 Hence, several studies focused

on the comparison between the LH and RFA for HCC, and

came to conflict conclusions. The study by Casaccia et al

revealed that LH was superior to RFA in terms of overall

survival; nevertheless, the disease-free survival and com-

plication rate were similar.8 Song et al found that the RFA

group had a lower complication rate and that the LH group

had a better disease-free survival, and there was no sig-

nificant difference for overall survival.9 In a recent study

by Yamashita et al, RFA was shown to have a comparable

survival outcome but a lower morbidity compared with

those of LH.10 Therefore, we performed the present meta-

analysis to pool the results of the existing studies and to

compare the efficacy and safety of RFA and LH for the

treatment of HCC.

Materials and methods
Search strategy
We conducted a literature search without a language

restriction to identify relevant available articles that had

been published with the EMBASE, PubMed and the

Cochrane Library databases from their inception to

July 2018. The search terms included “laparoscopic resec-

tion”, “laparoscopic hepatectomy”, “laparoscopy”, “mini-

mally invasive surgical procedures”, “radiofrequency

ablation”, and “hepatocellular carcinoma”. We also

reviewed the reference lists of the included studies for

undetected relevant studies.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) original research

from nonrandomized controlled trials or randomized

controlled trials (RCTs) among adults; (2) the interventions

of interest were laparoscopic hepatectomy (including

laparoscopic or laparoscopic-assisted liver resection or

robotic-assisted liver resection) and radiofrequency ablation

(including laparoscopic or percutaneous RFA); (3) the partici-

pants of interest were patients who were diagnosed with pri-

mary hepatocellular carcinoma; (4) the primary outcomes of

interest were the overall and disease-free survival rate, and the

secondary outcome of interest was the complication rate; (5)

the odds ratio (OR) with the 95% confidence interval (CI) of

the risk of the overall and disease-free survival rate were either

provided or could be calculated; and (6) the most recent and

complete study was included if data from the same population

had been published more than once. The exclusion criteria

were as follows: (1) participants were animals, children, and

pregnant women; (2) patients whose permanent pathology

after the procedure suggested benign focal nodular hyperpla-

sia, inflammatory nodules, metastatic liver cancer, or primary

liver cancer of other pathological types (such as cholangiocar-

cinoma); (3) the absence of data regarding the primary and

secondary outcomes; and (4) the publication type was a case

report, editorial, or a review.

Two investigators searched and independently

reviewed all identified studies. If the two investigators

were not able to reach a consensus about the eligibility

of an article, the dispute was resolved through discussions

with a third reviewer.

Data extraction and quality assessment
The following data were independently extracted from

each study by two investigators: the first author’s name,

publication year, country where the study was performed,

study design, and the baseline characteristics of the

involved patients. The Jadad scale was used to assess the

quality of RCTs. The qualitative assessment of observa-

tional studies was based on the Newcastle–Ottawa Scale

(NOS), which assessed the included studies based on the

population selection, study comparability, and outcome

reporting. Each study was awarded a score from one to

nine points.

Statistical analysis
The meta-analysis was conducted using the RevMan soft-

ware version 5.3 (The Nordic Cochrane Center, Cochrane

Collaboration, and Copenhagen, Denmark). The odds ratio

with the 95% confidence interval was calculated to com-

pare the overall and disease-free survival rates between the

LH and RFA groups. For studies that did not provide the
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overall and disease-free survival rate, the survival data

were extracted from the Kaplan–Meier curves by the

Engauge Digitizer v.4.1 software. Heterogeneity among

the included studies was qualitatively evaluated using

a χ2-based Q test. A p-value of less than 0.05 showed

that there was significant heterogeneity across the studies.

The level of the heterogeneity between studies was eval-

uated with I2 statistics. I2<50% was considered to demon-

strate low or moderate heterogeneity, and a fixed- or

random-effects model was applied; I2≥50% demonstrated

high heterogeneity, and a random-effects model was

applied. The search strategy and statistical analysis meth-

ods were similar to those of our previous study.11

Sensitivity analysis and assessment of the

risk of bias
A sensitivity analysis was performed by sequentially

excluding one study and then recalculating the combined

results of the remaining studies to assess whether the

results had been markedly affected by the studies with

a small sample size. The assessment of the risk of bias

was studied with funnel plot analysis.

Results
Search results and study characteristics
A total of 2723 studies were screened out by searching the

electronic databases and by manually searching the relevant

reference lists, and 629 overlapping articles were identified.

After the duplicates were identified and excluded, 2094

articles remained. We excluded unrelated reviews, case

reports, systematic reviews, and meta-analyses based on

the title or abstract, leaving 420 articles. Finally, the full-

text screening led to the inclusion of 10 studies with 1570

patients (553 for LH and 1017 for RFA) in this meta-

analysis. The detailed steps of our literature search are

shown in Figure 1. There were no RCTs that compared
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Figure 1 Flow chart of study selection.
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LH and RFA for the treatment of hepatocellular carcinoma.

The characteristics of the ten included retrospective studies

are shown in Table 1. The baseline characteristics of the

patients involved in each study are shown in Table 2.

A study by Casaccia et al was published in 2015 and was

updated in 2017, and the perioperative and survival data

were extracted from both studies.8,12 A study by Harada,

Ito, and Lin performed propensity-score matching (PSM)

analysis.13–15 To guarantee a sufficient sample size (the use

of PSM always leads to a decreased sample size), the data

before the PSM was performed were used in our study, and

the data after the PSM was performed were used to confirm

our results by using it to replace the data from before

the PSM.

Overall survival
The 1-, 3-, and 5-year overall survival rates were com-

pared in 8 studies (Figure 2).8–10,13,15–17 There were sig-

nificantly better overall survival rates for the patients who

underwent LH than the patients who underwent RFA in

terms of all three overall survival rates. For 1-year overall

survival, 6 of the 7 included studies reported a similar

survival rate for RFA and for LH. Only the study by Lin

et al, which had a relatively large sample size, reported

a significantly better 1-year overall survival rate for LH

than for RFA. Additionally, the sensitivity analysis that

was performed by removing the study by Lin et al showed

that this study significantly affected the results. The same

situation was also observed for the comparison of the

3-year overall survival rate. However, the meta-analysis

showed that there was a significantly better 5-year overall

survival rate in the LH group than in the RFA group

(OR=0.53, 95% CI=0.40, 0.69, p<0.001), and this result

was relatively stable based on the sensitivity analysis test.

The funnel plot for the comparison of overall survival

detected no publication bias (Figure S1).

Disease-free survival
The 1- and 3-year disease-free survival rates were com-

pared in 6 studies, and the 5-year disease-free survival rate

was compared in 5 studies (Figure 3).8–10,13,15,18 There

was a significantly better disease-free survival rate for

LH than for RFA in terms of the 1- and 3-year disease-

free survival rates. For the 5-year disease-free survival

rate, the meta-analysis showed a comparable disease-free

rate for RFA and for LH (OR=0.77, 95% CI=0.55, 1.08,

p=0.130). The sensitivity analysis showed that the resultsT
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of the above three comparisons were stable, and the funnel

plot detected no publication bias (Figure S2).

Local recurrence rate
Local recurrence was defined as intrahepatic recur-

rence, including recurrence at the site of resection or

of the ablated tumor. Only 2 studies were used for the

comparison of the 1-, 2-, and 3-year local recurrence

rates.14,16 There was a significantly lower local recur-

rence rate for LH than for RFA in terms of the 1- to

3-year local recurrence rates (Figure 4). The sensitivity

analysis confirmed the stability of these results, and the

assessment of the risk of bias was not performed

because only two studies were included in this

analysis.

Complications
The surgery-related complications were assessed in 10

studies (Figure 5).9,10,12–19 The present meta-analysis

found that the RFA group had a significantly lower

complication rate compared with that of the LH group

(OR=0.64, 95%CI=0.46, 0.89, p=0.008). Then, the sen-

sitivity analysis confirmed the stability of the results,

and the funnel plot detected no publication bias

(Figure S3).

The subgroup analysis in studies of small

hepatocellular carcinomas
We performed a subgroup analysis of the studies of small

hepatocellular carcinomas. The definitions of “small hepato-

cellular carcinomas”were not completely consistent (Table 1).

Figure 2 The forest plot of the comparison in terms of (A) 1-year, (B) 3-year rate, and (C) 5-year overall survival rate.
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There were 8 small hepatocellular carcinoma-related studies,

and 7 of these studies defined “small hepatocellular carcino-

mas” according to the Barcelona Clinic Liver Cancer staging

system (stage 0 or A) and the Milan criteria.8–10,13,14,18–17 The

results of the subgroup analysis showed that there was no

significant difference between the LH and RFA groups in

terms of the 1- and 3-year overall survival rates (Figure 6).

However, the LH group had a significantly better 5-year over-

all survival rate than the RFA group (OR=0.47, 95% CI=0.33,

0.66, p= p<0.001). Regarding the disease-free survival rate,

there was no significant difference between the LH and RFA

groups in terms of the 5-year disease-free survival rate

(OR=0.83, 95% CI=0.49, 1.40, p=0.480). In contrast, the LH

group had a significantly better 1- and 3-year disease survival

rate than the RFA group (Figure 7). There was still a lower

complication rate in the RFA group than in the LH group

(Figure S4). The assessment of the risk of bias in the subgroup

analysis was not performed because fewer studies were

included.

Discussion
The present meta-analysis revealed that LH was superior to

RFA in terms of the 5-year overall survival rate. Although the

1- and 3-year overall survival rates were also better in the LH

group than in the RFA group, the results were not stable based

on the sensitivity analysis. The subgroup analysis of the small

HCCs confirmed that there was an improved 5-year overall

survival rate for the LH group than for the RFA group, and no

significant difference in the 1- and 3-year overall survival rates

was detected. Additionally, a lower local recurrence rate but

a higher complication rate was detected in the LH group

compared with that of the RFA group.

Open hepatectomy (OH) is a traditional and well-

established method for the curative treatment of HCCs.20

Figure 3 The forest plot of the comparison in terms of (A) 1-year, (B) 3-year rate, and (C) 5-year disease-free survival rate.

Dovepress Li et al

Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

DovePress
5717

http://www.dovepress.com
http://www.dovepress.com


Nevertheless, the large incision, wide extent of resection,

and the relatively large amount of blood loss of open

surgery always lead to more trauma for patients.21

Therefore, OH was considered suitable for patients with

normal liver function but not for patients with severe

cirrhosis or poor functional reserve. For these reasons,

LH emerged as a viable alternative to open surgery,

while LH has the characteristics of a minimally invasive

approach. A recent pooled analysis showed that a lower

incidence of postoperative ascites and liver failure was

observed in the LH group compared with that in the OH

group, and the oncological results did not show any

significant differences.22 The superiority of LH compared

to OH among selected cirrhotic patients extended the

indications for LH to patients with severe cirrhosis and

HCCs.

RFA, which is a commonly used minimally invasive treat-

ment, has been widely used for HCCs. Several randomized

controlled trials (RCTs) and meta-analyses have compared the

efficacy of RFA and OH.23–25 Radiofrequency ablation was

shown to be an effective treatment for early stage HCCs, with

a comparable prognostic outcome and a lower complication

rate than open hepatectomy. Therefore, surgeons have gradu-

ally started to pay attention to the comparisons of these two

Figure 4 The forest plot of the comparison in terms of (A) 1-year, (B) 2-year rate, and (C) 3-year local recurrence rate.

Figure 5 The forest plot of the comparison in terms of the complications.
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minimally invasive methods for the curative treatment of

HCCs in recent years.

There are still no published RCTs and meta-analyses com-

paring LH and RFA in HCCs. One double-blind RCT

(NCT02243384) and another randomized clinical trial

(NCT02535117) are both recruiting patients. Our electronic

search yielded 10 retrospective studies, and the pooling results

showed that the LH group had a better long-term prognosis

and a lower recurrence rate but a higher complication rate

compared to those of the RFA group. The higher recurrence

rate in the RFA group might be one of the explanations of the

worse long-term prognosis, and the recurrence rate of the RFA

in our study was persistent with the previous studies.16 The

microscopic tumor foci that have not been detected by imaging

or malignant cells that spread during radiofrequency ablation

were believed to be the main reasons of recurrence in the

RFA.26,27 Although the LH was evaluated to be minimal

invasive, less bleeding, shorter length of stay, and recent

evidences showed that the LH had a significantly less compli-

cation rate compared with the OH. The pooling results in our

study found out that the gap in terms of complication rate

between the hepatectomy and RFAwas still not closed.

In the study by Yamashita et al, a multimodal strategy,

in which the surgeons selected a strategy from among

percutaneous RFA, laparoscopic RFA, thoracoscopic

RFA, or a combination according to the locations of

tumors, was used.10 The RFA group was shown to have

a similar overall and disease-free survival rate and

a shorter hospital stay compared with those of the LH

group in this study. However, the multimodal strategy

was only used in the RFA group and not in the LH

group. Therefore, we do not know whether the results

would change if both the RFA and LH groups had used

the multimodal strategy. We were not able to perform

subgroup analysis based on the location of the tumors or

on the surgical approaches in the present meta-analysis.

Figure 6 The forest plot of the comparison in terms of (A) 1-year, (B) 3-year rate, and (C) 5-year overall survival rate (subgroup analysis for small hepatocellular

carcinoma).
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There are several limitations of this meta-analysis that

should be taken into consideration when interpreting our

results. First, all the 10 included studies were retrospective

studies, and some of them were conference abstract which

could not be evaluated by quality assessment. There are

almost certainly election biases based on the retrospective

nature of studies included (technical or patient or liver or

tumor characteristics) that led to one technique being

chosen over the other that might bias results (even with

propensity matching). Second, the heterogeneity of several

results was slightly high. Third, there was heterogeneity in

the laparoscopic operation materials in the LH group and

the various power selections and durations of the ablation

and the definition of complete necrosis in the RFA group,

and the strategy for the treatment of recurrence. Fourth,

publication bias may have influenced the authenticity of

our results.

In summary, the present meta-analysis revealed that

the LH led to a better 5-year overall survival rate and

a lower recurrence rate but a higher complication rate

compared with those of RFA. However, our results

could not provide conclusive evidence for the super-

iority of LH over RFA for the treatment of HCCs due

to the inclusion of retrospective studies. Additional

high-quality RCTs that investigate the long-term effi-

cacy of LH and RFA are needed to provide more reli-

able evidence. The multimodal strategy that comprised

different surgical approaches should be considered for

tumors from different locations in future studies.
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Supplementary materials

Figure S1 The funnel plot for the comparison of overall survival rate.

Figure S2 The funnel plot for the comparison of disease-free survival rate.
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