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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)
Keywords: Hepatocellular carcinoma; Operation; Radiofrequency ablation; Survival

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 provided 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.

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 factors, 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 treatment 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
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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-TurcottePugh (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 presence of LC remain unclear, particularly for those who are suitable
candidates for SR. The results from studies that examined the outcomes 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 patients 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
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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 randomized 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 therapy, and the study only reported relatively short-term outcomes
(median follow-up duration of 2 years).10 Therefore, it is still difficult 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 cirrhosis, respectively.
Therefore, this multicenter retrospective cohort study compared
the long-term therapeutic effectiveness of SR and RFA as a firstline treatment in patients with CTP class A cirrhosis or non-cirrhosis 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 proven 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 Performance Status 0); no vascular invasion or extrahepatic metastasis; and first-line treatment with SR or RFA. Those with combined
other malignancies, CTP class B or C, or aged <18 years were excluded, 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
http://www.e-cmh.org

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 tumor 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 hypertension (HTN) (encephalopathy, esophageal varices, ascites, or
splenomegaly), a low platelet count (<100,000/mm3), or radiologic findings. Of these 391 patients, 232 and 159 patients underwent SR and RFA, respectively. The Institutional Review Board of
each hospital approved this study (approval number: 2021-10013).

Initial treatment and follow-up after initial
treatments
SR was carried out under general anesthesia. The surgical extent was determined anatomically, aiming to remove all macroscopic HCC considering the reserved liver function, the subsequent 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 radiofrequency current was emitted with a 100–200 W generator set
for 12 or 15 minutes to deliver the maximum power using the automatic impedance control method. The RFA procedure was performed 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 radiologists, 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 followups after initial treatments continued until the date of death, recurrence, last follow-up, or December 31, 2019. SR or RFA is a curative-intent treatment, but patients were considered to be cured
if the resection margin was free of tumor or if there was no evidence 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 assessed according to the presence or absence of LC and the tumor
size (≤2 cm or 2–3 cm), respectively. The prognostic factors associated 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 etiology, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), albumin, total bilirubin, prothrombin time (PT), alpha-fetoprotein (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 abdominal pain ≥grade 3–4, fever ≥38°C, bleeding requiring transfusion, 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)

≥65

40 (17.24)

49 (30.82)

<65

192 (82.76)

110 (69.18)

Age (years)

P-value*
0.002

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)

DM, presence

57 (24.57)

39 (24.53)

Etiology
HBV

0.138
0.993
<0.001

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

60.2±92.4

69.6±53.7

0.248

AST (IU/L)
ALT (IU/L)
PLT (×103/uL)

63.3±136.8
139.6±51.9

49.0±41.9

0.202

114.9±48.9

<0.001

LC, presence

116 (50.00)

109 (68.55)

AFP (ng/dL)

129.2±357.0

101.1±284.9

Tumor size (cm)
≤2
>2 and ≤3
FU duration (months)

<0.001
0.409
<0.001

108 (46.55)
124 (53.45)
69.0 (0.1–162.6)

137 (86.16)
22 (13.84)
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 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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ICU care, or post-treatment death within 30 days.
Baseline characteristics of the study subjects and HCCs are expressed as the mean (±standard deviation) for continuous variables, and as number (percentage) for categorical variables. The
differences between groups were analyzed using the Student’s ttest 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 attempt 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 differences. The balance was considered to be achieved when the absolute 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 mortality. The two-tailed P -values of <0.05 were considered significant.
Statistical analyses were performed using SAS ver. 9.4 (SAS Institute 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 younger (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 followup duration of the SR and RFA groups was 69.0 months (interquartile 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%, respectively, in the SR group, and 95.5%, 88.0%, 76.6% and 72.1%, respectively, in the RFA group (Fig. 1A). The estimated OS was simi-
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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 cumulative 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 posttreatment 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), respectively, 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

0.678

0.0427

Age (years)
≥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

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

0.940

0.0360

BMI (kg/m2)

Etiology
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

61.2±51.3

0.744

-0.0352

AST (IU/L)
ALT (IU/L)

63.7±84
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

Tumor size (cm)
≤2
>2 and ≤3
FU duration (months)

0.716
0.751

143.26 (62.49)

102.27 (64.07)

85.98 (37.51)

57.35 (35.93)

69.0 (0.1–162.6)

62.1 (1.2–153.9)

-0.0327

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 aminotransferase; 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.
Table 3. OS between groups by weighted Cox proportional hazards regression analysis using IPW

Variable

Event

HR (95% CI)*

SR group (n=232)

Ref.

Ref.

RFA group (n=159)

73 (18.67)

0.698 (0.396–1.232)

SR group (n=108)

Ref.

Ref.

RFA group (n=137)

43 (17.55)

0.925 (0.483–1.774)

SR group (n=124)

Ref.

Ref.

RFA group (n=22)

30 (20.55)

0.215 (0.042–1.114)

Ref.

Ref.

51 (22.67)

0.648 (0.349–1.205)

SR group (n=116)

Ref.

Ref.

RFA group (n=50)

22 (13.25)

0.531 (0.204–1.381)

SR group (n=192)

Ref.

Ref.

RFA group (n=110)

48 (15.89)

0.603 (0.297–1.224)

SR group (n=40)

Ref.

Ref.

RFA group (n=49)

25 (28.09)

0.783 (0.254–2.415)

P-value*

OS between groups in all patients (n=391)
0.215

OS between groups with HCC (≤2 cm) (n=245)
0.816

OS between groups with HCC (>2 and ≤3 cm) (n=146)
0.067

OS between groups in patients with LC (+) (n=225)
SR group (n=116)
RFA group (n=109)

0.170

OS between groups in patients without LC (n=166)
0.195

OS between groups in patients with age <65 years (n=302)
0.161

OS between groups in patients with age ≥65 years (n=89)
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, radiofrequency 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%) patients 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
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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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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 survival; SR, surgical resection; RFA, radiofrequency ablation; HCC, hepatocellular carcinoma; 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 estimated RFS were slightly better in the SR group than in the RFA group
(P =0.005) (Fig. 3B). Subgroup analysis was performed to determine if a smaller (≤2 cm) tumor size or an absence of LC affects
the post-treatment RFS of the two treatment groups (Fig. 4). Between the RFA and SR groups, the RFS was comparable for patients 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 comparable (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)*

SR group (n=221)

Ref.

Ref.

RFA group (n=148)

192 (52.03)

1.698 (1.177–2.448)

SR group (n=103)

Ref.

Ref.

RFA group (n=127)

117 (50.87)

1.293 (0.847–1.973)

SR group (n=118)

Ref.

Ref.

RFA group (n=21)

75 (53.96)

1.051 (0.404–2.738)

SR group (n=109)

Ref.

Ref.

RFA group (n=104)

118 (55.4)

1.129 (0.682–1.870)

SR group (n=112)

Ref.

Ref.

RFA group (n=44)

74 (47.44)

2.850 (1.692–4.801)

SR group (n=182)

Ref.

Ref.

RFA group (n=101)

142 (50.18)

1.478 (0.955–2.289)

SR group (n=39)

Ref.

Ref.

RFA group (n=47)

50 (58.14)

1.329 (0.446–3.959)

P-value*

RFS between groups in all patients (n=369)
0.005

RFS between groups with HCC (≤2 cm) (n=230)
0.234

RFS between groups with HCC (>2 and ≤3 cm) (n=139)
0.918

RFS between groups in patients with LC (+) (n=213)
0.638

RFS between groups in patients without LC (n=156)
<0.001

RFS between groups in patients with age <65 years (n=283)
0.079

RFS between groups in patients with age ≥65 years (n=86)
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.
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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 difference in RFS between the two treatment groups was determined
by LC rather than the tumor size in the enrolled patients. Therefore, 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 related 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 analysis 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 tumors 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 parenchyma, contributing to an increase in treatment-related complications.14 RFA can be preferred in patients with severe portal HTN or
centrally located tumors. Moreover, RFA has recently gained popularity 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-
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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 constituted approximately 50% of the enrolled patients, and the median 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 registration criteria of the previous study,8 and may help maintain the homogeneity 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 patients within the Milan criteria were enrolled. As a result, patients
with HCC >3 cm in size underwent RFA, which is beyond the usual 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 factor for OS or RFS.16 Moreover, the previous study enrolled only patients with single HCC of <2 cm, without including those with
HCC of 2–3 cm,16 even though these patients could also be candidates 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, including 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 patients for whom SR is appropriate is unclear.17 Therefore, the present 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 wellestablished, likely due to the rarity of the disease. Unlike the previous 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 resulting 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 reasonable to apply SR rather than RFA as first-line treatment for patients 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 studies 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 subjects 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 unaffected 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 retrospective 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
http://www.e-cmh.org

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 results 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 regardless 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-cirrhotic patients with CTP class A and single small (≤3 cm) HCC to
prolong the RFS, even if there is no difference in the OS.
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