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INTRODUCTION

Hepatocellular carcinoma (HCC) was the sixth most common 

malignancy and the third most common cause of cancer-related 

death in 2020.1 The HCC treatment options depend on many fac-

tors, such as tumor characteristics (size, number, or location), the 

presence or absence of liver cirrhosis (LC), liver function, portal 

vein invasion, comorbidity, performance status, and the presence 

or absence of an extrahepatic metastasis.2

The Barcelona clinic liver cancer system classifies HCC into five 

categories, including very early, early, intermediate, advanced, 

and terminal stage.3 Surgical resection (SR) is the first-line treat-

ment for very early and early-stage patients who not only have 

solitary HCC unaccompanied by LC, but also have cirrhosis with 

sufficient hepatic functional reserve.4 Liver transplantation (LT) is 

the primary treatment choice for patients with single tumor ≤5 cm 

or those with small multinodular tumors (≤3 nodules ≤3 cm) and 

advanced liver dysfunction.5 On the other hand, SR or LT cannot 

be applied to very early or early HCC patients in some cases due 

to associated diseases or shortage of donor livers.5 In these cases, 

radiofrequency ablation (RFA) has been performed as an effective 

nonsurgical curative treatment.5 Based on many guidelines from 

America, Europe, and Asia, RFA can be used for Child-Turcotte-

Pugh (CTP) class A or B patients with very early or early-stage 

HCC who are ineligible for SR.4-6

However, until now, comparative results of the overall survival 

(OS) and recurrence-free survival (RFS) between SR and RFA in 

CTP class A patients with single small HCC according to the pres-

ence of LC remain unclear, particularly for those who are suitable 

candidates for SR. The results from studies that examined the out-

comes of RFA and SR for small HCC have been inconsistent and 

had several limitations.7-10 Huang et al.7 reported that SR provides 

superior survival and lower recurrence rates than RFA in HCC pa-

tients within the Milan criteria (single tumor with diameter ≤5 cm 

or up to 3 tumors, each with diameter ≤3 cm). On the other hand, 

the study was not double-blinded, and the tumor size between 

Background/Aims: We compared the post-treatment overall survival (OS) and recurrence-free survival (RFS) between 
patients with Child-Turcotte-Pugh (CTP) class-A and single small (≤3 cm) hepatocellular carcinoma (HCC) treated by 
surgical resection (SR) and radiofrequency ablation (RFA). 
Methods: We retrospectively analyzed 391 HCC patients with CTP class-A who underwent SR (n=232) or RFA (n=159) as 
first-line therapy for single small (≤3 cm) HCC. Survival was compared according to the tumor size (≤2 cm/2–3 cm) and 
the presence of cirrhosis. Inverse probability of treatment weighting (IPW) method was used to estimate the average 
causal effect of treatment. 
Results: The median follow-up period was 64.8 months (interquartile range, 0.1–162.6). After IPW, the estimated OS 
was similar in the SR and RFA groups (P=0.215), and even in patients with HCC of ≤2 cm (P=0.816) and without cirrhosis 
(P=0.195). The estimated RFS was better in the SR group than in the RFA groups (P=0.005), also in patients without 
cirrhosis (P<0.001), but not in those with HCC of ≤2 cm (P=0.234). The weighted Cox proportional hazards model with 
IPW provided adjusted hazard ratios (95% confidence interval) for OS, and the RFS after RFA versus SR were 0.698 (0.396–
1.232) (P=0.215) and 1.698 (1.777–2.448) (P=0.005), respectively. 
Conclusions: SR was similar for OS compared to RFA, but was better for RFS in patients with CTP class-A and single 
small (≤3 cm) HCC. The RFS was determined by the presence or absence of cirrhosis. Hence, SR rather than RFA should 
be considered in patients without cirrhosis to prolong the RFS, although there is no OS difference. (Clin Mol Hepatol 
2022;28:207-218)
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Study Highlights
1. SR showed a similar OS compared to RFA in patients with CTP class A and single small (≤3 cm) HCC, regardless of the presence of cirrhosis, but pro-
vided a better RFS than RFA, particularly in those without cirrhosis. 
2. RFS was determined by the presence or absence of cirrhosis rather than the tumor size. 
3. SR rather than RFA should be considered in non-cirrhotic patients with CTP class A and single small (≤3 cm) HCC to prolong RFS.
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the SR and RFA groups was different. In addition, the considerable 

loss to follow-up was significantly different between the SR group 

(15.6%) and RFA group (6.1%).7 Feng et al.8 reported that SR was 

more effective in the treatment of small HCCs than RFA, but the 

median follow-up duration was also only 3 years, and there were 

considerable post-RFA residual tumors. Fang et al.9 reported that 

RFA had similar efficacy in local tumor control, but the outcome 

was also reported just as a 3-year survival. A prospective random-

ized trial conducted by Chen et al.10 showed that local ablative 

therapy was as effective as SR in small solitary HCC. Nevertheless, 

approximately 20% of patients withdrew from local ablative ther-

apy, and the study only reported relatively short-term outcomes 

(median follow-up duration of 2 years).10 Therefore, it is still diffi-

cult to confirm whether RFA could be a first-line treatment for CTP 

class A patients with single small (≤3 cm) HCC, regardless of the 

presence of LC. Moreover, no study has compared the long-term 

survival outcomes after SR and RFA in those with and without cir-

rhosis, respectively.

Therefore, this multicenter retrospective cohort study compared 

the long-term therapeutic effectiveness of SR and RFA as a first-

line treatment in patients with CTP class A cirrhosis or non-cirrho-

sis and single small (≤3 cm) HCC by analyzing the post-treatment 

long-term OS and RFS.

MATERIALS AND METHODS

Study subjects

Between January 2005 and December 2015, 651 consecutive 

patients with an initial diagnosis of primary HCC at four university 

hospitals were analyzed respectively. HCC was histologically prov-

en or diagnosed based on the criteria issued by the Korean Liver 

Cancer Study Group and National Cancer Center Korea Practice 

Guideline for the Management of HCC.11 None of the patients had 

been treated previously for HCC. Patients who met the following 

criteria were enrolled in the present study: single tumor ≤3 cm in 

the largest diameter; well-preserved liver function with CTP class 

A; good health status (Eastern Cooperative Oncology Group Per-

formance Status 0); no vascular invasion or extrahepatic metasta-

sis; and first-line treatment with SR or RFA. Those with combined 

other malignancies, CTP class B or C, or aged <18 years were ex-

cluded, and those with HCC sized >3 cm or multiple HCCs, as well 

as extrahepatic, vascular, or lymph node metastasis, were also 

excluded. Of the 651 patients, those who underwent treatments 

other rather than SR or RFA were excluded. Finally, the data of 

391 patients with CTP class A and single small (≤3 cm) HCC, but 

without vascular/lymphatic/extrahepatic metastasis treated by SR 

or RFA were enrolled in this retrospective cohort study. 

The tumor size was recorded as the longest diameter of the tu-

mor lesions in at least one dimension on liver dynamic computed 

tomography (CT) or magnetic resonance imaging (MRI) scans. LC 

was clinically diagnosed based on clinical evidence of portal hy-

pertension (HTN) (encephalopathy, esophageal varices, ascites, or 

splenomegaly), a low platelet count (<100,000/mm3), or radiolog-

ic findings. Of these 391 patients, 232 and 159 patients under-

went SR and RFA, respectively. The Institutional Review Board of 

each hospital approved this study (approval number: 2021-10-

013).

Initial treatment and follow-up after initial 
treatments

SR was carried out under general anesthesia. The surgical ex-

tent was determined anatomically, aiming to remove all macro-

scopic HCC considering the reserved liver function, the subse-

quent remnant liver volume, and tumor-free resection margins of 

at least 1 cm. Percutaneous RFA procedure was performed under 

local anesthesia or conscious sedation using ultrasonographic or 

computed tomographic guidance. Single electrode with a 2–3 cm 

exposed tip (COVIDIEN Valleylab, Boulder, CO, USA) or multitined 

expandable electrode (LeVeen needle Electrode; Boston Scientific, 

Marlborough, MA, USA) was used for tumor ablation. The radio-

frequency current was emitted with a 100–200 W generator set 

for 12 or 15 minutes to deliver the maximum power using the au-

tomatic impedance control method. The RFA procedure was per-

formed to ablate the visible HCC covering a larger area than the 

tumor. The whole course of the surgery and RFA procedures was 

performed by two expert surgeons and two intervention radiolo-

gists, respectively, at each institution, who had at least 5–10 

years of professional experience in conducting the procedures. 

Patients who underwent SR or RFA were followed up regularly 

by liver dynamic CT or MRI at 1 to 3-month intervals for the first 6 

months, and subsequently, at 3 to 6-month intervals for 2 years, 

and then, every 6 to 12 months, if HCC did not recur. The follow-

ups after initial treatments continued until the date of death, re-

currence, last follow-up, or December 31, 2019. SR or RFA is a cu-

rative-intent treatment, but patients were considered to be cured 

if the resection margin was free of tumor or if there was no evi-

dence of enhanced lesions on the liver dynamic CT or MRI scans 
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performed immediately after or 1 month after the treatments.

Statistical analyses 

The primary endpoint of this study was the difference in the OS 

rates in patients with CTP class A and single small (≤3 cm) HCC 

and without vascular/lymphatic/extrahepatic metastasis according 

to the treatment types (SR vs. RFA). The secondary endpoint was 

the RFS differences according to the treatment types (SR vs. RFA). 

The OS and RFS between the two treatment groups were also as-

sessed according to the presence or absence of LC and the tumor 

size (≤2 cm or 2–3 cm), respectively. The prognostic factors asso-

ciated with the OS or RFS in these patients were evaluated. Ad-

verse events (AEs) of each treatment were compared.

The following variables were obtained: age, gender, weight and 

height, comorbidity of HTN or diabetes mellitus (DM), HCC etiolo-

gy, aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), albumin, total bilirubin, prothrombin time (PT), alpha-feto-

protein (AFP), CTP class, tumor size, and treatment types. This 

study examined the potential relationships between these factors 

and the primary and secondary outcomes. For evaluation of AE, 

data on abdominal pain, fever, infection, bleeding, blood pressure 

(BP) drop, care at the intensive care unit (ICU), and post-treatment 

death were also collected. Severe AE (SAE) was defined as ab-

dominal pain ≥grade 3–4, fever ≥38°C, bleeding requiring trans-

fusion, systolic BP drop (SBP <90 mmHg) requiring vasopressor, 

Table 1. Baseline characteristics of all study subjects before IPW

Variable SR group (n=232) RFA group (n=159) P-value*

Age (years) 0.002

≥65 40 (17.24) 49 (30.82)

<65 192 (82.76) 110 (69.18)

Sex, male 169 (72.84) 120 (75.47) 0.561

BMI (kg/m2) 24.1±2.9 24.5±3.0 0.229

HTN, presence 75 (32.33) 63 (39.62) 0.138

DM, presence 57 (24.57) 39 (24.53) 0.993

Etiology <0.001

HBV 197 (84.91) 105 (66.04)

HCV 10 (4.31) 20 (12.58)

Others, reference 25 (10.78) 34 (21.38)

Albumin (g/dL) 4.1±0.5 3.8±0.5 <0.001

Bilirubin (mg/dL) 0.8±0.4 0.9±0.4 0.523

PT, INR 1.1±0.1 1.1±0.1 0.114

AST (IU/L) 60.2±92.4 69.6±53.7 0.248

ALT (IU/L) 63.3±136.8 49.0±41.9 0.202

PLT (×103/uL) 139.6±51.9 114.9±48.9 <0.001

LC, presence 116 (50.00) 109 (68.55) <0.001

AFP (ng/dL) 129.2±357.0 101.1±284.9 0.409

Tumor size (cm) <0.001

≤2 108 (46.55) 137 (86.16)

>2 and ≤3 124 (53.45) 22 (13.84)

FU duration (months) 69.0 (0.1–162.6) 62.1 (1.2–153.9) 0.118

Values are presented as mean±standard deviation, median (range), or number (%).
IPW, inverse probability of treatment weighting; SR, surgical resection; RFA, radiofrequency ablation; BMI, body mass index; HTN, hypertension; DM, diabetes 
mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; INR, international ratio; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; PLT, platelet; LC, liver cirrhosis; AFP, alpha-fetoprotein; FU, follow-up.
*P-values were calculated using the t-test for continuous variables and the chi-square test for categorical variables. 
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ICU care, or post-treatment death within 30 days.

Baseline characteristics of the study subjects and HCCs are ex-

pressed as the mean (±standard deviation) for continuous vari-

ables, and as number (percentage) for categorical variables. The 

differences between groups were analyzed using the Student’s t-
test for continuous variables or the chi-square test for categorical 

variables. The average causal effect of treatment was estimated 

by generating the inverse probability of treatment weighting (IPW) 

method based on the propensity score (PS) analysis.12,13 An at-

tempt was made to minimize imbalances of the distributions of 

baseline characteristics between the two treatment groups using 

the stabilized IPW. After using IPW, the distribution between 

groups was well-balanced using the absolute standardized differ-

ences. The balance was considered to be achieved when the ab-

solute standardized difference between the groups was ≤0.1. The 

weighted Cox proportional hazards model was performed using 

IPW after adjusting the variables with the absolute standardized 

difference greater than 0.1. This model was used to estimate the 

hazard ratios (HRs) and 95% confidence intervals (CIs) for mortal-

ity. The two-tailed P-values of <0.05 were considered significant. 

Statistical analyses were performed using SAS ver. 9.4 (SAS Insti-

tute Inc., Cary, NC, USA) and SPSS ver. 19.0 (SPSS Inc, Chicago, 

IL, USA). 

RESULTS 

Baseline characteristics of the study subjects 

Table 1 lists the baseline characteristics of the study subjects 

before IPW. Before IPW, 232 and 159 patients were enrolled in 

the SR and RFA groups, respectively. Compared to the RFA group, 

the SR group showed the following: a higher frequency of young-

er (age <65 years) patients (P=0.002) and hepatitis B virus (HBV) 

infection (P<0.001); higher albumin level (P<0.001) and platelet 

count (P<0.001); less frequency of LC (P<0.001) and smaller (≤2 

cm) HCC (P<0.001). On the other hand, sex, body mass index, 

presence of HTN or DM, serum bilirubin, PT, AST, ALT, and AFP 

level were similar in the SR and RFA groups. The median follow-

up duration of the SR and RFA groups was 69.0 months (inter-

quartile range [IQR], 0.1–162.6) and 62.1 months (IQR, 1.2–

153.9), respectively (P=0.118) (Table 1). 

OS rates of single small HCC patients between SR vs. 
RFA

Before IPW, 43 (18.5%) and 30 (18.9%) patients in the SR and 

RFA groups died, respectively, during the corresponding median 

follow-up of 69 and 62 months. The cumulative OS rates at 2, 4, 

6, and 8 years were 94.9%, 89.6%, 83.0%, and 78.2%, respec-

tively, in the SR group, and 95.5%, 88.0%, 76.6% and 72.1%, re-

spectively, in the RFA group (Fig. 1A). The estimated OS was simi-

Figure 1. OS of patients before and after IPW. The estimated OS was similar in the SR and RFA groups before (P=0.632) (A) and after IPW (P=0.215) (B). 
OS, overall survival; SR, surgical resection; RFA, radiofrequency ablation; IPW, inverse probability of treatment weighting.
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lar in the SR and RFA groups (P=0.632) (Fig. 1A).

The baseline characteristics of the two treatment groups were 

balanced using IPW to evaluate the OS rates of the two treatment 

groups under the same conditions (Table 2). After IPW, the cumu-

lative OS rates at 2, 4, 6, and 8 years in the SR group were 

95.8%, 89.2%, 79.7%, and 73.8%, respectively, in the SR group, 

and 97.0%, 92.3%, 85.3%, and 80.9%, respectively, in the RFA 

group. The estimated OS was similar in the SR and RFA groups 

(Fig. 1B). Subgroup analysis was performed to determine if a 

smaller (≤2 cm) tumor size or an absence of LC affects the post-

treatment OS in the two treatment groups (Fig. 2). Between the 

RFA and SR groups, the OS was comparable for patients with HCC 

of ≤2 cm (P=0.816) (Fig. 2A) and without LC (P=0.195) (Fig. 2B). 

No difference was observed even in those with HCC of 2–3 cm or 

those with LC (data not shown).

The weighted Cox proportional hazards model using IPW for all 

patients and those with HCC of ≤2 cm or 2–3 cm, those with or 

without LC, and those aged <65 or ≥65 years showed that the 

HR was 0.698 (95% CI, 0.396–1.232) (P=0.215), 0.925 (95% CI, 

0.483–1.774) (P =0.816) or 0.215 (95% CI, 0.042–1.114) 

(P=0.067), 0.648 (95% CI, 0.349–1.205) (P=0.170) or 0.531 

(95% CI, 0.204–1.381) (P=0.195), and 0.603 (95% CI, 0.297–

1.224) (P=0.161) or 0.783 (95% CI, 0.254–2.415) (P=0.670), re-

spectively, after RFA vs. SR therapy (Table 3).

Table 2. Baseline clinical characteristics of all study subjects after IPW

Variable SR group (n=232) RFA group (n=159) P-value* SD

Age (years) 0.678 0.0427

≥65 42.80 (18.67) 32.51 (20.37)

<65 186.44 (81.33) 127.11 (79.63)

Sex, male 171.81 (74.95) 111.47 (69.84) 0.265 -0.1145

BMI (kg/m2) 24.3±2.9 24.4±3.1 0.578 0.0571

HTN, presence 80.52 (35.12) 51.51 (32.27) 0.559 -0.0604

DM, presence 52.16 (22.76) 32.74 (20.51) 0.599 -0.0544

Etiology 0.940 0.0360

HBV 179.89 (78.47) 125.16 (78.42)

HCV 14.80 (6.46) 11.58 (7.25)

Others, reference 34.54 (15.07) 22.87 (14.33)

Albumin (g/dL) 4.0±0.5 4.0±0.5 0.622 0.0513

Bilirubin (mg/dL) 0.8±0.4 0.8±0.4 0.553 -0.0607

PT, INR 1.1±0.1 1.1±0.1 0.913 0.0114

AST (IU/L) 63.7±84 61.2±51.3 0.744 -0.0352

ALT (IU/L) 57.1±112.8 56.4±45.5 0.937 -0.0087

PLT (×103/uL) 130.5±49.5 123.3±47.3 0.156 -0.1471

LC, presence 131.57 (57.39) 92.23 (57.78) 0.939 0.0078

AFP (ng/dL) 113.9±319.8 125.6±296.5 0.716

Tumor size (cm) 0.751 -0.0327

≤2 143.26 (62.49) 102.27 (64.07)

>2 and ≤3 85.98 (37.51) 57.35 (35.93)

FU duration (months) 69.0 (0.1–162.6) 62.1 (1.2–153.9) 0.118

Values are presented as mean±standard deviation, median (range), or number (%).
IPW, inverse probability of treatment weighting; SR, surgical resection; RFA, radiofrequency ablation; SD, standardized difference; BMI, body mass index; HTN, 
hypertension; DM, diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; INR, international ratio; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; PLT, platelet; LC, liver cirrhosis; AFP, alpha-fetoprotein; FU, follow-up. 
*P-values were calculated using the t-test for continuous variables and the chi-square test for categorical variables. 
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Figure 2. OS of patients with HCC of ≤2 cm or without cirrhosis after IPW. The estimated OS was comparable for patients with HCC of ≤2 cm 
(P=0.816) (A) and the absence of LC (P=0.195) (B) after IPW. OS, overall survival; SR, surgical resection; RFA, radiofrequency ablation; HCC, hepatocellular 
carcinoma; IPW, inverse probability of treatment weighting; LC, liver cirrhosis.
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Table 3. OS between groups by weighted Cox proportional hazards regression analysis using IPW

Variable Event HR (95% CI)* P-value*

OS between groups in all patients (n=391)

SR group (n=232) Ref. Ref.

RFA group (n=159) 73 (18.67) 0.698 (0.396–1.232) 0.215

OS between groups with HCC (≤2 cm) (n=245)

SR group (n=108) Ref. Ref.

RFA group (n=137) 43 (17.55) 0.925 (0.483–1.774) 0.816

OS between groups with HCC (>2 and ≤3 cm) (n=146)

SR group (n=124) Ref. Ref.

RFA group (n=22) 30 (20.55) 0.215 (0.042–1.114) 0.067

OS between groups in patients with LC (+) (n=225)

SR group (n=116) Ref. Ref.

RFA group (n=109) 51 (22.67) 0.648 (0.349–1.205) 0.170

OS between groups in patients without LC (n=166)

SR group (n=116) Ref. Ref.

RFA group (n=50) 22 (13.25) 0.531 (0.204–1.381) 0.195

OS between groups in patients with age <65 years (n=302)

SR group (n=192) Ref. Ref.

RFA group (n=110) 48 (15.89) 0.603 (0.297–1.224) 0.161

OS between groups in patients with age ≥65 years (n=89)

SR group (n=40) Ref. Ref.

RFA group (n=49) 25 (28.09) 0.783 (0.254–2.415) 0.670

Event: death during follow-up in each group.
OS, overall survival; IPW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; SR, surgical resection; Ref., references; RFA, ra-
diofrequency ablation; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
*Weighted Cox proportional hazards model using IPW.
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RFS rates of single small HCC patients between SR 
vs. RFA

After the initial treatments, 221 (95.3%) and 148 (93.1%) pa-

tients were identified as being cured in the SR and RFA groups, 

respectively, and the RFS was analyzed for these patients using 

IPW (Supplementary Table 1). Of these patients, 106 (48.0%) and 

86 (58.1%) patients of the SR and RFA groups showed HCC recur-

rence, respectively, during a median follow-up of 49.0 and 33.8 

months, respectively. 

Before IPW, the cumulative RFS rates at 2, 4, 6, and 8 years 

were 74.7%, 59.9%, 48.8%, and 45.2%, respectively, in the SR 

group; and 69.6%, 42.1%, 32.7%, and 32.9%, respectively, in the 

RFA group (Fig. 3A). The estimated RFS was similar in the SR and 

RFA groups (P=0.381) (Fig. 3A). After IPW, the cumulative RFS 

rates at 2, 4, 6, and 8 years were 78.5%, 62.1%, 53.3%, and 

Figure 4. RFS of patients with HCC of ≤2 cm or without cirrhosis after IPW. The estimated RFS was comparable for patients with HCC of ≤2 cm 
(P=0.234) (A), but was higher in the SR group than in the RFA group among patients without cirrhosis (P<0.001) (B) after IPW. RFS, recurrence-free sur-
vival; SR, surgical resection; RFA, radiofrequency ablation; HCC, hepatocellular carcinoma; IPW, inverse probability of treatment weighting.
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Figure 3. RFS of patients before and after IPW. The estimated RFS was similar in the SR and RFA groups before IPW (P=0.381) (A), but was better in the 
SR group than in the RFA group after IPW (P=0.005) (B). RFS, recurrence-free survival; SR, surgical resection; RFA, radiofrequency ablation; IPW, inverse 
probability of treatment weighting.
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48.6%, respectively, in the SR group, and 66.3%, 44.5%, 34.4%, 

and 29.4%, respectively, in the RFA group (Fig. 3B). The estimat-

ed RFS were slightly better in the SR group than in the RFA group 

(P=0.005) (Fig. 3B). Subgroup analysis was performed to deter-

mine if a smaller (≤2 cm) tumor size or an absence of LC affects 

the post-treatment RFS of the two treatment groups (Fig. 4). Be-

tween the RFA and SR groups, the RFS was comparable for pa-

tients with HCC of ≤2 cm (P=0.234) (Fig. 4A), but was higher in 

the SR group than in the RFA group among patients without LC 

(P<0.001) (Fig. 4B). No differences were noted in patients with 

HCC of 2–3cm or those with LC (data not shown).

The weighted Cox proportional hazards model using IPW for all 

patients and those without LC showed that the HR of the RFS was 

1.698 (95% CI, 1.777–2.448) (P=0.005) and 2.850 (95% CI, 

1.692–4.801) (P<0.001), respectively, after RFA vs. SR therapy 

(Table 4). On the other hand, the weighted Cox proportional haz-

ards model using IPW for patients with HCC of ≤2 cm or 2–3 cm, 

those with LC, and those aged <65 or ≥65 years showed that the 

HR was 1.293 (95% CI, 0.847–1.973) (P=0.234) or 1.051 (95% 

CI, 0.404–2.738) (P =0.918), 1.129 (95% CI, 0.682–1.870) 

(P=0.638), 1.478 (95% CI, 0.955–2.289) (P=0.079), and 1.329 

(95% CI, 0.446–3.959) (P=0.609), respectively, after RFA vs. SR 

therapy (Table 4). 

AEs

Between the SR and RFA groups, overall AE was more common 

in the SR group (P<0.001), but the frequency of SAE was compa-

rable (P=0.218) (Supplementary Table 2). The frequency of severe 

abdominal pain (≥grade 3–4) was higher in the SR group 

(P=0.027), but the frequency of other AEs, such as fever ≥38°C 

infection requiring antibiotics use >7 days, bleeding requiring 

Table 4. RFS between groups by weighted Cox proportional hazards regression analysis using IPW

Variable Event HR (95% CI)* P-value*

RFS between groups in all patients (n=369)

SR group (n=221) Ref. Ref.

RFA group (n=148) 192 (52.03) 1.698 (1.177–2.448) 0.005

RFS between groups with HCC (≤2 cm) (n=230)

SR group (n=103) Ref. Ref.

RFA group (n=127) 117 (50.87) 1.293 (0.847–1.973) 0.234

RFS between groups with HCC (>2 and ≤3 cm) (n=139)

SR group (n=118) Ref. Ref.

RFA group (n=21) 75 (53.96) 1.051 (0.404–2.738) 0.918

RFS between groups in patients with LC (+) (n=213)

SR group (n=109) Ref. Ref.

RFA group (n=104) 118 (55.4) 1.129 (0.682–1.870) 0.638

RFS between groups in patients without LC (n=156)

SR group (n=112) Ref. Ref.

RFA group (n=44) 74 (47.44) 2.850 (1.692–4.801) <0.001

RFS between groups in patients with age <65 years (n=283)

SR group (n=182) Ref. Ref.

RFA group (n=101) 142 (50.18) 1.478 (0.955–2.289) 0.079

RFS between groups in patients with age ≥65 years (n=86)

SR group (n=39) Ref. Ref.

RFA group (n=47) 50 (58.14) 1.329 (0.446–3.959) 0.609

Event: death during follow-up in each group.
RFS, recurrence-free survival; IPW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; SR, surgical resection; Ref., references; 
RFA, radiofrequency ablation; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
*Weighted Cox proportional hazards model using IPW.



216 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0294

Volume_28  Number_2  April 2022

transfusion, BP drop (SBP <90 mmHg) requiring vasopressor, ICU 

care, or post-treatment death, was comparable between the two 

groups (P-values for all >0.05). However, the mean hospital stay 

(days) was longer in the SR group compared to the RFA group 

(16.5 vs. 7.7 days, P<0.001) (Supplementary Table 2).

DISCUSSION

Our multicenter study analyzed the post-treatment long-term 

OS and RFS of patients with CTP class A and single small (≤3 cm) 

HCC using the IPW method. In the present study, the long-term 

OS was comparable between the SR and RFA groups, regardless 

of the presence of LC or tumor size (≤2 cm or 2–3 cm). On the 

other hand, RFS was better in the SR group than in the RFA 

group, particularly in those without LC. Interestingly, the differ-

ence in RFS between the two treatment groups was determined 

by LC rather than the tumor size in the enrolled patients. There-

fore, in the non-cirrhotic patients with CTP-class A and single 

small (≤3 cm) HCC, SR is better than RFA as a first-line treatment 

to increase the RFS, even though there was no difference in OS. 

The present study is distinctive in that it attempted to avoid relat-

ed confounding variables by selectively analyzing patients who 

met the same criteria (single small HCC sized 3 cm or less) among 

the well-known indications between SR and RFA, even in those 

with and without cirrhosis. Moreover, the long-term treatment OS 

and RFS between SR and RFA treatments were compared using 

the multicenter data and with the IPW method based on PS anal-

ysis to minimize the shortcomings of retrospective observational 

studies. 

SR has been the primary treatment option in many guidelines 

for patients with small HCCs, and it can be preferred in patients 

without severe portal HTN, with peripheral tumors, or with tu-

mors located near other organs, in which thermal ablation may be 

less effective.4-6,14,15 On the other hand, SR for small tumors may 

require resection of a significant portion of normal liver parenchy-

ma, contributing to an increase in treatment-related complica-

tions.14 RFA can be preferred in patients with severe portal HTN or 

centrally located tumors. Moreover, RFA has recently gained pop-

ularity owing to its ease of use, safety, effectiveness, and minimal 

invasiveness for the treatment of small HCC.8 Therefore, the 

choice between SR and RFA as a first-line treatment for single 

small HCC still remains controversial.

The previous studies that examined the survival benefits of SR 

and RFA in the treatment of small HCC reported inconsistent re-

sults.8,14 Feng et al.8 reported that the SR and RFA groups had 

similar OS or RFS for patients with HCC sized less than 4 cm and 

no more than two tumor nodules. However, there was no analysis 

on whether the presence or absence of LC affects the OS or RFS. 

Moreover, unlike the present study, CTP-class B patients consti-

tuted approximately 50% of the enrolled patients, and the medi-

an follow-up duration was only 3 years, which is relatively short.8 

Pompili et al.14 reported that RFA could provide similar OS and RFS 

rates compared to SR in treating patients with single small (≤3 

cm) HCC and compensated LC. These were similar to the results 

of the present study, but the previous study included only cirrhotic 

patients with CTP-class A. Hence, it could not reveal the data for 

those without cirrhosis,14 unlike the current study. The present 

study enrolled patients with CTP class A and single small (≤3 cm) 

HCC, which are tumor characteristics that can be applied equally 

to SR and RFA treatments.4-6 This was different from the registra-

tion criteria of the previous study,8 and may help maintain the ho-

mogeneity of the patient selection criteria between the SR and 

RFA groups.

Some studies reported that the SR group had a better OS and 

RFS compared to the RFA group.7,16 In a previous study, HCC pa-

tients within the Milan criteria were enrolled. As a result, patients 

with HCC >3 cm in size underwent RFA, which is beyond the usu-

al criteria for applying RFA to HCC patients.7 In addition, solitary 

tumors sized <3 cm were more common in the SR group than in 

the RFA group (44/115 vs. 27/115, P=0.021).7 These factors may 

have affected the superiority of the SR group. In another study, 

the therapeutic effects between the two treatments were not 

evaluated in each patient with and without LC, even though the 

study reported that the presence of LC was a poor prognostic fac-

tor for OS or RFS.16 Moreover, the previous study enrolled only pa-

tients with single HCC of <2 cm, without including those with 

HCC of 2–3 cm,16 even though these patients could also be candi-

dates for SR or RFA treatment. Another meta-analysis reported 

that patients in the SR group provided better 5-year OS and were 

less likely to develop recurrence than those in the RFA group for 

small HCC, but it showed similar 1-year and 3-year OS between 

the two treatment groups.17 In addition, the enrollment criteria of 

the meta-analysis were patients within the Milan criteria, includ-

ing those with CTP class A or B.17 This study concluded that the 

indication for RFA as a first-line treatment for early-stage HCC pa-

tients for whom SR is appropriate is unclear.17 Therefore, the pres-

ent study aimed to elucidate the factors affecting the OS or RFS 

by evaluating patients with the same characteristics in the two 

treatment groups.
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The therapeutic choice between SR and RFA in non-cirrhotic 

patients with CTP class A and single small HCC has not been well-

established, likely due to the rarity of the disease. Unlike the pre-

vious studies,7-10,14,16 the current study revealed a prolonged RFS 

with SR compared to RFA, but it did not show a benefit in OS in 

these patients with or without LC. The lack of difference in the OS 

rates between the treatment groups in the present study may be 

due to the fact that additional treatments were actively performed 

for recurred HCC even after the RFA treatment, potentially result-

ing in an overestimation of the effectiveness of RFA. Regarding 

RFS, it is believed that tumor recurrence may be affected more by 

a cirrhotic liver itself if the SR or RFA procedure was performed 

successfully with curative intent, resulting in a similar outcome 

between the two treatment groups in cirrhotic patients. On the 

other hand, in patients with non-cirrhotic liver background, SR or 

RFA procedure may affect the tumor recurrence. For example, it 

may be difficult to sufficiently widen the ablation range with RFA 

as much as the SR range for HCC.18 Therefore, it may be reason-

able to apply SR rather than RFA as first-line treatment for pa-

tients with CTP class A and single small (≤3 cm) HCC to improve 

the RFS, particularly in non-cirrhotic patients. On the other hand, 

for cirrhotic patients with CTP class A, RFA may be a comparable 

first-line treatment option to SR. 

According to the current guidelines of HCC management, RFA 

could be an effective treatment option for single nodular HCC ≤3 

cm in diameter.4-6 Previous studies that compared SR and RFA 

based on the tumor size reported varying results.7,19-21 Some stud-

ies reported that SR was better in patients with HCC sized >2 

cm,19,20 or even in those with HCC ≤2 cm,7,21 whereas there were 

no differences between the two groups for HCC sized <2 cm.20 

On the other hand, these results were obtained by analyzing sub-

jects such as patients with HCC >3 cm in diameter or two or more 

tumors, or those with CTP class B or C.7,19-21 Therefore, these data 

may not be applied accurately to patients with CTP class A and 

single HCC ≤3 cm in diameter. In the present study, subgroup 

analysis was performed for patients with HCC of ≤2 cm or 2–3 

cm in size, respectively, and the study found that RFS was unaf-

fected by the tumor size, but by the presence or absence of LC. 

This suggests that when applying SR or RFA in patients with CTP 

class A and single small (≤3 cm) HCC, the presence of LC rather 

than the tumor size should be considered more important.

The present study had several limitations. First, due to the ret-

rospective nature of this study, some confounding factors might 

still be unavoidable even after minimizing the influence of the 

variables using IPW based on PS analysis. A direct comparison 

between SR and RFA in a well‐designed prospective randomized 

controlled trial (RCT) would be the best way. On the other hand, 

RCT would be a challenge for patients with CTP class A and single 

small (≤3 cm) HCC, due to the requirement of a long follow-up 

period until death and a large sample size. Nevertheless, our re-

sults could offer useful data for conducting future prospective 

RCTs. Second, LC was not diagnosed pathologically in all of the 

patients. Unlike patients who underwent SR, it was difficult to 

obtain pathologic tissue from all patients undergoing RFA; and in 

these patients, LC had to be diagnosed clinically. Third, in the 

present study, approximately 85% and 66% of patients in the SR 

and RFA groups, respectively, were infected with HBV. Given that 

the leading cause of HCC is related to the hepatitis C virus (HCV) 

in the Western population,22 unlike South Korea,23 where HBV is 

the main cause of HCC, these results may not be generalized to 

the HCV-endemic areas.

In conclusion, SR showed similar OS rates compared to RFA in 

patients with CTP class A and single small (≤3 cm) HCC regard-

less of the presence of cirrhosis, but provided a better RFS than 

RFA, particularly in those without cirrhosis. RFS was determined 

by the presence or absence of cirrhosis rather than the tumor size. 

Therefore, SR rather than RFA should be considered in non-cir-

rhotic patients with CTP class A and single small (≤3 cm) HCC to 

prolong the RFS, even if there is no difference in the OS.

Authors’ contribution
J Lee, YJ Jin, JH Kwon, and SG Kim were responsible for the 

concept and design of the study, the acquisition, analysis and in-

terpretation of the data, and drafting of the manuscript. YJ Suh 

and Y Jeong helped with the statistical analysis and data interpre-

tation. SK Shin, JH Yu, JW Lee, OS Kwon, SW Nahm, and YS Kim 

helped with the acquisition of the data.

Acknowledgements
This study was supported by fund from Gyeonggi-Incheon study 

group of the Korean Association for the Study of the Liver.

Conflicts of Interest
The authors have no conflicts to disclose.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Clinical and Molecular 

Hepatology website (http://www.e-cmh.org).



218 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0294

Volume_28  Number_2  April 2022

REFERENCES

  1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 

et al. Global cancer statistics 2020: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries. CA 

Cancer J Clin 2021;71:209-249.

  2. Benson AB, D’Angelica MI, Abbott DE, Anaya DA, Anders R, Are C, 

et al. Hepatobiliary cancers, version 2.2021, NCCN clinical practice 

guidelines in oncology. J Natl Compr Canc Netw 2021;19:541-565.

  3. European Association For The Study Of The Liver; European Organ-

isation For Research And Treatment Of Cancer. EASL-EORTC clinical 

practice guidelines: management of hepatocellular carcinoma. J 

Hepatol 2012;56:908-943.

  4. European Association for the Study of the Liver. EASL clinical prac-

tice guidelines: management of hepatocellular carcinoma. J Hepatol 

2018;69:182-236.

  5. Korean Liver Cancer Association; National Cancer Center. 2018 Ko-

rean Liver Cancer Association-National Cancer Center Korea prac-

tice guidelines for the management of hepatocellular carcinoma. 

Gut Liver 2019;13:227-299.

  6. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, Roberts 

LR, et al. AASLD guidelines for the treatment of hepatocellular car-

cinoma. Hepatology 2018;67:358-380.

  7. Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J, et al. A randomized 

trial comparing radiofrequency ablation and surgical resection for 

HCC conforming to the Milan criteria. Ann Surg 2010;252:903-912.

  8. Feng K, Yan J, Li X, Xia F, Ma K, Wang S, et al. A randomized con-

trolled trial of radiofrequency ablation and surgical resection in the 

treatment of small hepatocellular carcinoma. J Hepatol 2012;57:794-

802.

  9. Fang Y, Chen W, Liang X, Li D, Lou H, Chen R, et al. Comparison of 

long-term effectiveness and complications of radiofrequency abla-

tion with hepatectomy for small hepatocellular carcinoma. J Gastro-

enterol Hepatol 2014;29:193-200.

10. Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH, Zhang YQ, et al. A 

prospective randomized trial comparing percutaneous local ablative 

therapy and partial hepatectomy for small hepatocellular carcinoma. 

Ann Surg 2006;243:321-328.

11. Bruix J, Sherman M; American Association for the Study of Liver 

Diseases. Management of hepatocellular carcinoma: an update. 

Hepatology 2011;53:1020-1022.

12. Halpern EF. Behind the numbers: inverse probability weighting. Ra-

diology 2014;271:625-628.

13. Robins JM, Hernán MA, Brumback B. Marginal structural models 

and causal inference in epidemiology. Epidemiology 2000;11:550-

560.

14. Pompili M, Saviano A, de Matthaeis N, Cucchetti A, Ardito F, Federi-

co B, et al. Long-term effectiveness of resection and radiofrequency 

ablation for single hepatocellular carcinoma ≤3 cm. Results of a 

multicenter Italian survey. J Hepatol 2013;59:89-97.

15. Teratani T, Yoshida H, Shiina S, Obi S, Sato S, Tateishi R, et al. Radio-

frequency ablation for hepatocellular carcinoma in so-called high-

risk locations. Hepatology 2006;43:1101-1108.

16. Chu HH, Kim JH, Kim PN, Kim SY, Lim YS, Park SH, et al. Surgical 

resection versus radiofrequency ablation very early-stage HCC (≤2 

cm single HCC): a propensity score analysis. Liver Int 2019;39:2397-

2407.

17. Xu XL, Liu XD, Liang M, Luo BM. Radiofrequency ablation versus 

hepatic resection for small hepatocellular carcinoma: systematic 

review of randomized controlled trials with meta-analysis and trial 

sequential analysis. Radiology 2018;287:461-472.

18. Cho JY, Choi MS, Lee GS, Sohn W, Ahn J, Sinn DH, et al. Clinical 

significance and predictive factors of early massive recurrence after 

radiofrequency ablation in patients with a single small hepatocel-

lular carcinoma. Clin Mol Hepatol 2016;22:477-486.

19. Wakai T, Shirai Y, Suda T, Yokoyama N, Sakata J, Cruz PV, et al. 

Long-term outcomes of hepatectomy vs percutaneous ablation for 

treatment of hepatocellular carcinoma < or =4 cm. World J Gastro-

enterol 2006;12:546-552.

20. Xu Q, Kobayashi S, Ye X, Meng X. Comparison of hepatic resection 

and radiofrequency ablation for small hepatocellular carcinoma: a 

meta-analysis of 16,103 patients. Sci Rep 2014;4:7252.

21. Molinari M, Helton S. Hepatic resection versus radiofrequency abla-

tion for hepatocellular carcinoma in cirrhotic individuals not candi-

dates for liver transplantation: a Markov model decision analysis. 

Am J Surg 2009;198:396-406.

22. Mair RD, Valenzuela A, Ha NB, Ayoub WS, Daugherty T, Lutchman 

GA, et al. Incidence of hepatocellular carcinoma among US patients 

with cirrhosis of viral or nonviral etiologies. Clin Gastroenterol 

Hepatol 2012;10:1412-1417.

23. Kim BH, Park JW. Epidemiology of liver cancer in South Korea. Clin 

Mol Hepatol 2018;24:1-9.


