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Background: The present study aimed to compare the safety and efficacy of minimally invasive hepatic 
resection (HR) and radiofrequency ablation (RFA) in the treatment of single small hepatocellular carcinoma 
via systematic review and meta-analysis. 
Methods: We conducted electronic literature searches of PubMed, Embase, and The Cochrane Library 
databases, A case-controlled trial comparing HR and RFA in the treatment of single small hepatocellular 
carcinoma published between 2010 and January 15, 2022 was searched and reported outcomes were overall 
survival, postoperative complications, intraoperative blood loss, duration of surgery, and recurrence. 
Literature met inclusion criteria were screened out, and the quality of the methodology used in the included 
literature was evaluated using the Newcastle-Ottawa Scale (NOS). Meta-analysis was performed using 
RevMan 5.4 software. 
Results: Eleven articles were included, including 2,001 patients, including 1,071 in the RFA group and 930 
in the HR group. Offset risk assessment results are published offset. Meta-analysis showed that the overall 
survival rate at 1, 3, and 5 years in RFA group was higher than that in HR group, the difference between the 
two groups was statistically significant at 1 year [odds ratio (OR) =1.57, 95% confidence interval (CI): 1.14, 
2.17, P=0.006], 3 years (OR =1.81, 95% CI: 1.42, 2.30, P<0.00001], and 5 years (OR =1.87, 95% CI: 1.47, 
2.37, P<0.00001). The incidence of postoperative complications was significantly lower in the RFA group 
than in the human resources group [risk ratio (RR) =1.75, 95% CI: 1.02, 3.00, P=0.04], and length of hospital 
stay [standard mean difference (SMD) =2.92, 95% CI: 0.54, 5.30, P=0.02], operation time (SMD =2.87, 95% 
CI: 2.57, 3.16, P<0.00001) were shorter than those in HR group. However, the recurrence rate of RFA group 
was higher than that of HR group (OR =0.49, 95% CI: 0.36, 0.66, P<0.00001). 
Conclusions: RFA has the advantage of having more advantages and fewer complications in the treatment 
of small hepatocellular carcinoma. Minimal complications can occur for patients when achieving satisfactory 
treatment results. A new treatment option is available for clinicians in the treatment of small liver cancer.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide (1) Among other 
malignancies, the incidence of HCC ranks fifth in men, 
ninth in women, and second in global cancer deaths (2). 
The national cost of HCC hospitalization in the United 
States increased from 241 million US dollars in 1988 to 
509 million US dollars in 2000. HCC not only seriously 
affects the lives and health of people around the world, but 
also results in a huge burden to people’s lives. With the 
increasing health needs of the population, more attention is 
urgently needed to understand the risk factors of HCC and 
implement preventive measures (3). During the diagnosis 
and treatment patients with HCC, attention should be paid 
to adopting a multidisciplinary diagnostic and treatment 
model, so as to avoid the limitations of a single treatment 
modality (4). 

For patients with early-stage tumors, resection, liver 
transplantation and radiofrequency ablation (RFA) are 
curable treatments, which may lead to a 5-year survival 
rate of approximately 50% (5). Hepatic resection (HR) and 
liver transplantation are considered to be effective methods 
for the treatment of HCC; however, most patients with 
liver cancer have lost the opportunity for surgical resection 
due to complicated liver cirrhosis and multiple tumors 
(6,7). The technique of liver transplantation has been 
severely undermined by the scarcity of donor organs, while 
hepatectomy remains the first-line treatment for HCC. 
However, due to poor hepatic reserve secondary to chronic 
liver disease or the multifocal distribution of tumor nodules, 
only 9–29% of patients are eligible for HR (8,9). 

With the development of science and technology, as well 
as the popularization of minimally invasive technology, local 
ablation represented by microwave and RFA technology 
has been widely applied in the treatment of HCC (10-12). 
RFA has the advantages of small trauma, high safety, and 
reproducibility, and is widely used in the clinical treatment 
of HCC, especially for single small HCC, which can 
achieve the goal of complete radical cure (13,14), and has 
been considered as the third treatment option for liver 
cancer after HR and interventional therapy (15). 

In recent years, minimally invasive HR has developed 
rapidly, but HR and RFA are still controversial in the 
treatment of single small HCC at home and abroad. Huang 
and his colleagues (16) report that HR has more advantages 
(survival and recurrence rates), regardless of tumor size 
(greater than or less than 3 cm; even less than 2 cm), in 
addition, Vivarelli and colleagues (17) believe that RFA is 

as effective as HR in treating small HCC alone. Therefore, 
this study compared the efficacy of HR and RFA in the 
treatment of single small HCC through meta-analysis 
and systematic evaluation, which provided a reference for 
clinical treatment decisions.

We present the following article in accordance with 
the MOOSE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-563/rc).

Methods

Literature inclusion and exclusion criteria

Research design
The search time is from the establishment of the database 
to January 15, 2022. There are studies on hepatectomy and 
RFA in the treatment of small liver cancer, which are not 
limited by sample size, language or national region.

Inclusion criteria
(I) Studies involving patients with single HCC confirmed 

by imaging or needle biopsy according to the Milan 
criteria; 

(II) Articles involving patients that were generally in good 
condition without other organic lesions; 

(III) Studies involving a consistent study baseline of patients; 
(IV) Articles involving patients who agreed to be treated 

with HR or RFA.
(V) Case control study.

Exclusion criteria
(I) Conference abstracts, systematic ratings, and repeated 

publications; 
(II) Studies that did not satisfy the Milan criteria; 
(III) Single studies with a total of less than five cases; 
(IV) Articles involving patients with poor liver function, 

combined with other diseases that affect life expectancy; 
(V) Studies involving simple surgery or RFA treatment.

Interventions
Hepatectomy and RFA were used to treat single small HCC 
that met the Milan criteria. The study group was treated 
with RFA and the control group with HR. There was no 
other adjuvant therapy in either group, such as hepatic 
artery embolization or drug therapy.

Observed indicators
The 1-, 3-, and 5-year overall survival rates, postoperative 
complications, intraoperative blood loss, operation time, and 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-563/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-563/rc
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recurrence were used as the observed outcome indicators.

Literature retrieval

The PubMed, Embase, and Cochrane Library English 
databases were searched for clinical studies published 
between 2010 and January 15, 2022 on RFA and HR in the 
treatment of single small HCC using search terms such as 
RFA, HR, small HCC, and single.

Literature data extraction

Two researchers independently screened the literature for data 
extraction, and performed preliminary screening by reading 
the titles and abstracts of the retrieved articles. For studies 
that were easy to evaluate, literature screening was carried out 
directly; however, for those articles with discrepancies in terms 
of the inclusion criteria, relevant teachers were consulted for 
advice, and the full text was downloaded and read directly 
for screening. In the screening process, the inclusion and 
exclusion criteria were strictly followed, and two researchers 
independently extracted the data of each observed indicator of 
the studies, and cross-checked the extracted data to ensure the 
consistency of the data from the literature. 

Quality evaluation

To assess methodological quality, the two authors jointly 
evaluated the risk of bias in different studies. The 
Newcastle-Ottawa Scale (NOS) was used to assess the 
quality of the cohort or case-control studies. The scale 
consisted of two tables, namely cohort study and case-
control study. The cohort study contained eight items 
from three aspects, including study population selection, 
inter-group comparability, and outcome measurement, 
while the case-control study contained eight items from 
three aspects, including study population selection, inter-
group comparability, and exposure measurement. If the 
requirements were met, one point would be counted, with a 
maximum score of 9 points; a study with ≥5 points would be 
regarded as high-quality literature.

Statistical analysis

The extracted data were entered into Review Manager 
5.4 software provided by the Cochrane Collaboration for 
analysis. A heterogeneity test was initially performed on 
the data. If P>0.1 and I2≤50%, it was considered that there 

was no statistical heterogeneity, and a fixed-effects model 
was selected for combined analysis. However, if P<0.1 and 
I2>50%, it was considered that statistical heterogeneity 
existed, and a random-effects model was adopted for 
combined analysis. For obvious heterogeneity, subgroup 
or sensitivity analyses were used to explore the cause and 
source of heterogeneity. The weighted mean difference 
(MD) was used as the statistical effect size for continuous 
data, and the odds ratio (OR) was used as the statistical 
effect size for binary data. Both categories of data were 
expressed using 95% confidence interval (CI). P<0.05 was 
considered to indicate a statistically significant difference. 
RevMan 5.4 software was employed to construct funnel 
plots to qualitatively evaluate the publication bias, with a 
symmetrical funnel plot suggesting small publication bias. 
Sensitivity analysis was performed by excluding studies one-
by-one to test the robustness of the results.

Results

Literature retrieval process and results

A total of 378 articles were initially retrieved, and 309 were 
obtained after eliminating duplicates. A further 285 articles 
were excluded after reading the titles and abstracts, and another 
13 were removed due to incomplete results, unavailable data, 
and low literature quality after reading the full texts. Finally, a 
total of 11 (18-28) related articles were included, all of which 
were case-control trials, involving a total of 2,001 patients. The 
retrieval process is shown in Figure 1. 

Basic characteristics and quality evaluation of the included 
literature

All of the 11 included controlled studies on HR and RFA in 
the treatment of small HCC were case-control trials with 
NOS scores ≥6 points. The overall quality of the included 
literature was high, and the studies were representative to 
a certain extent. A total of 2,001 patients were enrolled in 
the 11 studies, including 1,071 patients who underwent 
RFA and 930 patients who underwent HR. Table 1 shows 
the basic characteristics of the included literature, and the 
quality evaluation is presented in Table 2.

Meta-analysis results

Postoperative 1-year overall survival rate
Eight  ar t ic les  (18-21,24-26,28)  reported on the 
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• Cochrane (n=10)
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• Did not report the outcome of 

interest (n=4)
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• Not available data (n=4)

Full-text articles evaluated for eligibility 
(n=24)

Reports assessed for eligibility
(n=11)

Studies included in quantitative 
synthesis (meta-analysis)

(n=11)

Figure 1 Literature retrieval process.

Table 1 The basic characteristics of the included literature

Study
Age (year)

Country
Sex (n)

Number of 
participants Child-A 

(n)

Tumor 
size 
(cm)

Follow-up 
(years)

Outcome 
measures

NOS 
scores

HR RFA M F HR RFA

Cha DI 2020 53.3±10 56.75±9.5 Korea 253 70 145 178 131 <3 10 OS; C 8

Di Sandro S 
2019

66±2.03 65.5±4.06 Italy 48 134 91 91 NA <5 5 OS; TR 9

Hsiao CY 2020 58.8±11.7 62.2±12.3 China 236 151 156 231 NA <2.5 7 OS; TR 9

Kang TW 2015 52±8.78 56.5±8.38 Korea 154 45 99 99 78 <2 8 OS; C; HS 8

Kim GA 2016 55.4±8.3 55.4±10 Korea 240 64 152 152 NA <3 6 RFS; TR 8

Lai C 2016 56.5±12.6 62.8±11.3 China 53 8 28 33 57 <3 3 OT; BL; HS; TR 9

Lin CH 2020 NA NA China 52 23 36 39 NA <2 6 OS 6

Liu PH 2016 60±13 64±12 China 107 51 79 79 NA <2 8 OS; TR 8

Song J 2016 49.25±2.70 49±2.90 China 140 16 78 78 154 <4 8 OT; BL; HS; TR; 
OS

9

Vitali GC 2016 59.45±12.03 66.15±7.78 Switzerland 82 23 45 60 85 <4 12 OT; HS; C 8

Zhou Z 2014 42.2±7.6 46.7±9.8 China 35 17 21 31 26 <3 5 OT; BL; HS; OS; C 8

BL, blood loss; C, complications; F, female; HR, hepatic resection; HS, hospital stay; M, male; NA, not mention; NOS, Newcastle-Ottawa 
Scale; OS, overall survival; OT, operating time; RFA, radiofrequency ablation; TR, tumor recurrence.
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Table 2 Quality evaluation of included literature

Study A B C D E F G H Total score

Cha DI 2020 1 1 1 1 2 1 1 1 9

Di Sandro S 2019 1 1 1 1 2 2 1 1 10

Hsiao CY 2020 1 1 1 1 2 2 1 1 10

Kang TW 2015 1 1 1 1 2 1 1 1 9

Kim GA 2016 1 1 1 1 2 1 1 1 9

Lai C 2016 1 1 1 1 2 2 1 1 10

Lin CH 2020 0 1 1 1 0 1 1 1 6

Liu PH 2016 1 1 1 1 2 1 1 1 9

Song J 2016 1 1 1 1 2 2 1 1 10

Vitali GC 2016 1 1 1 1 2 1 1 1 9

Zhou Z 2014 1 1 1 1 2 1 1 1 9

A: definition of cases; B: representativeness of cases; C: selection of controls; D: definition of comparison; E: case and control 
comparability based on design or analysis; F: determination of exposure; G: whether the same determination method was used for case 
and control exposures; H: no response rate.

postoperative 1-year overall survival rate, with 705 cases  
in the HR group and 826 cases in the RFA group. 
The heterogeneity test (I2=45%, P=0.08) showed no 
heterogeneity, so a fixed-effects model was used for 
meta-analysis. The meta-analysis results showed that the 
postoperative 1-year overall survival rate of the RFA group 
was better than that in the HR group in the treatment 
of single small HCC, and the difference was statistically 
significant (OR =1.57, 95% CI: 1.14, 2.17, P<0.05), as 
shown in Figure 2.

Postoperative 3-year overall survival rate
Eight  ar t ic les  (18-21,24-26,28)  reported on the 
postoperative 3-year overall survival rate, including  
705 cases in the HR group and 826 cases in the RFA group. 
The heterogeneity test (I2=37%, P=0.13) showed that there 
was no heterogeneity, so a fixed-effects model was used for 
meta-analysis. The meta-analysis results showed that the 
postoperative 3-year overall survival rate of the RFA group 
was better than that in the HR group in the treatment 
of single small HCC, and the difference was statistically 

Figure 2 Forest plot of the postoperative 1-year overall survival rate. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; 
M-H, Mantel-Haenszel test; RFA, radiofrequency ablation.
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Figure 3 Forest plot of the postoperative 3-year overall survival rate. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; 
M-H, Mantel-Haenszel test; RFA, radiofrequency ablation. 

Figure 4 Forest plot of the postoperative 5-year overall survival rate. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; 
M-H, Mantel-Haenszel test; RFA, radiofrequency ablation. 

significant (OR =1.81, 95% CI: 1.42, 2.30, P<0.05), as 
shown in Figure 3.

Postoperative 5-year overall survival rate
Eight articles (18-21,24-26,28) reported on the postoperative 
5-year overall survival rate, including 705 cases in the HR 
group and 826 cases in the RFA group. The heterogeneity 
test  ( I 2=11%, P=0.35)  showed that  there  was  no 
heterogeneity, so a fixed-effects model was adopted for meta-
analysis. The meta-analysis results showed that postoperative 
5-year overall survival rate of the RFA group was better than 
that in the HR group in the treatment of single small HCC, 
and the difference was statistically significant (OR =1.87, 
95% CI: 1.47, 2.37, P<0.05), as shown in Figure 4.

Complications
Postoperative complications were reported in four studies 
(18,21,27,28), including 704 cases in the RFA group and 

353 cases in the HR group. The heterogeneity test (I2=0%, 
P=0.65) showed no heterogeneity, and so a fixed-effects 
model was used for meta-analysis. The meta-analysis results 
showed that the RFA group had fewer complications in the 
treatment of single small HCC than the HR group, and the 
difference was statistically significant [risk ratio (RR) =1.75, 
95% CI: 1.02, 3.00, P<0.05], as shown in Figure 5.

Length of hospital stay
Five studies (21,23,26-28) reported on the length of hospital 
stay, with 640 patients in the RFA group and 314 in the 
HR group. The heterogeneity test (I2=99%, P<0.1) showed 
that there was heterogeneity, so a random-effects model 
was employed for meta-analysis. The meta-analysis results 
indicated that the length of hospital stay in the RFA group 
in the treatment of single small HCC was shorter than 
that of the HR group, and the difference was statistically 
significant (SMD =2.92, 95% CI: 0.54, 5.30, P<0.05), as 



Wang et al. Hepatic resection vs. RFA for treatment of single small HCC586

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(3):580-590 | https://dx.doi.org/10.21037/tcr-22-563

Figure 5 Forest plot of the complications. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; M-H, Mantel-Haenszel 
test; RFA, radiofrequency ablation. 

Figure 6 Forest plot of the length of hospital stay. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; M-H, Mantel-
Haenszel test; RFA, radiofrequency ablation; SD, standard deviation. 

Figure 7 Forest plot of recurrence. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; M-H, Mantel-Haenszel test; 
RFA, radiofrequency ablation. 

shown in Figure 6.

Recurrence
Six articles (19,20,22,23,25,26) reported on single small 
HCC recurrence, with 544 cases in the RFA group and 
464 cases in the HR group. Since the heterogeneity test 
(I2=47%, P=0.11) showed no heterogeneity, a fixed-effects 
model was used for meta-analysis. The meta-analysis results 
demonstrated that the recurrence rate of single small HCC 
treated with RFA was higher than that in the HR group, 

and the difference was statistically significant (OR =0.49, 
95% CI: 0.36, 0.66, P<0.05), as shown in Figure 7.

Operation time
Four articles (23,26-28) reported the operation time, 
involving 202 cases in the RFA group and 172 cases in the 
HR group. The heterogeneity test (I2=44%, P=0.15) showed 
no heterogeneity, and a fixed-effects model was used for 
meta-analysis. The meta-analysis results indicated that the 
operation time of the RFA group in the treatment of single 
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Figure 8 Forest plot of the operation time. CI, confidence interval; HR, hepatic resection; LH, liver hepatectomy; M-H, Mantel-Haenszel 
test; RFA, radiofrequency ablation; SD, standard deviation. 
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Figure 9 Funnel plot. (A) OS funnel plot; (B) recurrence funnel plot. OR, odds ratio; OS, overall survival; SE, standard error. 

small HCC was less than that of the HR group, and the 
difference was statistically significant (SMD =2.87, 95% CI: 
2.57, 3.16, P<0.05), as shown in Figure 8.

Publication bias and sensitivity analysis

RevMan 5.4 software was used to draw an inverted funnel 
plot to evaluate the risk of publication bias. The results 
showed that the inverted funnel plot was not bilaterally 
symmetrical, suggesting a high possibility of publication 
bias in the included studies (Figure 9A,9B). The forest 
plot of the meta-analysis showed the observed indicator of 
hospital stay was highly heterogeneous, and the sequential 
removal of articles did not have a significant impact on 
the results. This indicated that the bias caused by a single 
study was small, and the results of this meta-analysis were 
relatively stable. The majority of patients treated with RFA 
for single small HCC had a shorter operation time, which 
did not affect the overall judgment.

Discussion

Liver cancer has a hidden onset, rapid progression, and 

high mortality (29). As a special subtype of liver cancer, 
single small HCC is relatively common and is characterized 
by solitary onset with a diameter <5 cm, although there is 
currently no unified diagnostic standard (30). At present, 
surgical resection is one of the most effective treatments for 
single small HCC. With the continuous development of 
laparoscopic surgical techniques, laparoscopic hepatectomy 
has been increasingly widely used in clinical practice (31). 
Hepatectomy can completely remove the cancerous liver 
tissue and surrounding tissues. With the development of 
surgical techniques, the safety of surgical treatment has also 
been greatly improved, but still has some disadvantages, 
including trauma, long operation time, and excessive 
bleeding. Also, the mortality rate for surgery ranges from 
1.6% to 10% (29,32). 

Over the past  decade,  with the emergence and 
continuous improvement of new medical technologies and 
the popularity of minimally invasive and precise treatment 
concepts, RFA technology has achieved rapid development 
and is gradually being favored by clinicians. It has been 
widely used in clinical practice, especially in the treatment 
of single small HCC (33). RFA is a thermal ablation 
technology, which can generate high-speed ion vibration 
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in the liver parenchyma through electroacupuncture with 
high-frequency current, and generate heat energy by 
violent intermolecular collision and friction. This induces 
irreversible changes in tumor cell membranes, increased cell 
membrane permeability, and disorder of the intracellular 
environment. Meanwhile, high temperature affects the 
deoxyribonucleic acid (DNA) metabolism of cells and tumor 
cell reproduction, leading to coagulation necrosis of cancer 
tumors and surrounding blood vessels, thereby destroying 
the tumor lesions (34). 

RFA is currently the most widely used ablation technique 
and has been proven to be a safe and reliable technique. 
Especially under the guidance of ultrasound, the range of 
RFA is more precise, and the damage to the surrounding 
normal liver tissue is minimized. RFA is more effective in the 
treatment of severe liver cirrhosis, reduced liver function, 
and single small HCC in specific parts (35-37). Hasegawa 
et al. (38) reported that although RFA is safer, with fewer 
complications and a shorter operation time, it has a higher 
tumor recurrence rate than HR. This is consistent with 
the results obtained in the present meta-analysis, which 
may be due to the fact that ablation therapy only focuses 
on eliminating existing lesions, while surgical resection will 
remove a certain range of normal liver tissue at the tumor 
site, thereby avoiding residual recurrence of tumor tissue to 
the greatest extent. The high recurrence rate of RFA will 
affect the confidence of patients seeking medical treatment 
to a certain extent, and also reflects the risk of HCC as well 
as the insufficiency of currently available treatment methods. 
Thus, it is still necessary to explore new and effective 
methods for the treatment of HCC (39). 

The results of this meta-analysis showed that single small 
HCC relapse was more likely to occur after RFA treatment, 
which may be attributable to the fact that the range of 
RFA is usually 3–5 cm. If the tumor diameter is greater 
than 5 cm, multiple ablations are required to eliminate 
the lesion, and each damaged area may leave a blind spot, 
thereby leading to incomplete tumor ablation and increased 
likelihood of local recurrence (40). Primary HCC is prone 
to recurrence, with more than 80% of cases recurring in the 
liver. The recurrence of HCC is multi-center growth, with 
many hidden cancer foci. On the premise of ensuring the 
patient’s own needs, liver segment resection and sub-segment 
resection are generally applied in surgery. At present, RFA 
cannot completely remove the small and hidden lesions, so 
the recurrence rate is higher than that of HR (41). However, 
even precise HR for the treatment of single small HCC still 
has a high long-term recurrence rate and poor prognosis (42). 

Song et al. (43) compared the short- and long-term results of 
laparoscopic hepatectomy and percutaneous RFA for a single 
HCC smaller than 4 cm in diameter. The complication rate 
of laparoscopic hepatectomy was significantly higher (28.2%, 
P=0.004) and the length of hospital stay was longer (15 days, 
P<0.0001), which was basically consistent with the results of 
the present study.

RFA has the characteristics of low trauma, few 
postoperative complications, short hospital stay, and 
reproducibility, and is more suitable than HR for recurrent 
small HCCs that meet the Milan criteria. An increasing 
number of patients are actively accepting this treatment 
method. Nevertheless, this study still has some limitations 
that should be noted. Firstly, no randomized controlled 
studies were included. Also, the diameter and number of 
tumors of the included patients varied, and the number of 
RFA implementations was not reported. Therefore, RFA 
cannot be regarded as the first choice for the treatment of 
HCCs meeting the Milan criteria. Therefore, multi-center, 
high-quality, prospective, randomized controlled trials are 
still needed for further validation.

Conclusions

The clinical efficacy of RFA in the treatment of single small 
HCCs meeting the Milan criteria is better than that of 
HR, and has the advantages of being minimally invasive, 
repeatability, fewer complications, and shorter operation 
time. Therefore, RFA can be given priority in the treatment 
of single small HCC.
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