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Abstract
Background: Treatment outcomes of laparoscopic liver re-
section (LLR) and percutaneous radiofrequency ablation (p-
RFA) for small single hepatocellular carcinomas (HCCs) have 
not yet been fully compared. The aim of this study was to 
compare LLR and p-RFA as first-line treatment options in pa-
tients with single nodular HCCs ≤3 cm. Methods: From Janu-
ary 2014 to December 2016, a total of 566 patients with sin-
gle nodular HCC ≤3 cm treated by either LLR (n = 251) or p-
RFA (n = 315) were included. The recurrence-free survival 
(RFS) and cumulative incidence of local tumor progression 
(LTP) were estimated using Kaplan-Meier methods and com-
pared using the log-rank test. Treatment outcome of 2 treat-
ment modalities was compared in the subgroup of patients 
according to the tumor location. Results: There were no sig-
nificant differences in overall survival between LLR and p-
RFA (p = 0.160); however, 3-year RFS was demonstrated to 

be significantly higher after LLR (74.4%) than after p-RFA 
(66.0%) (p = 0.013), owing to its significantly lower cumula-
tive incidence of LTP (2.1% at 3 years after LLR vs. 10.0% after 
p-RFA, p < 0.001). The complication rate of p-RFA was sig-
nificantly lower than that of LLR (5.1 vs. 10.0%, p = 0.026). LLR 
also provided significantly better local tumor control than 
p-RFA for subscapular tumors (3-year LTP rates: 1.9 vs. 8.8%, 
p = 0.012), perivascular tumors (3-year LTP rates: 0.0 vs. 
17.2%, p = 0.007), and tumors located in anteroinfero-lateral 
liver portions (3-year LTP rates: 0.0 vs. 10.7%, p < 0.001). How-
ever, there were no significant differences in LTP rates be-
tween LLR and p-RFA for non-subcapsular and non-perivas-
cular tumors (p = 0.482) and for tumors in postero-superior 
liver portions (p = 0.380). Conclusions: LLR can provide sig-
nificantly better local tumor control than p-RFA for small sin-
gle HCCs in subcapsular, perivascular, and anteroinferolat-
eral liver portions and thus may be the preferred treatment 
option for these tumors. © 2021 The Author(s)
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors and the third most common 
cause of cancer-related death worldwide [1]. For the 
management of this disease, liver resection has been dem-
onstrated to be the most effective and curative treatment 
option, particularly in patients with well-preserved liver 
function and early-stage HCCs [2–5], while percutaneous 
radiofrequency ablation (p-RFA) has emerged as another 
curative local treatment modality that can provide com-
parable overall survival outcomes to liver resection, par-
ticularly for small HCCs ≤3 cm in size [6–8]. Thus, the 
recently updated HCC management guideline proposed 
by the European Association for the Study of the Liver 
(EASL) currently recommends both liver resection and 
p-RFA for patients with very early-stage HCCs [4]. How-
ever, several investigators have since demonstrated that 
the clinical outcomes of liver resection have vastly im-
proved along with several important advances in surgical 
techniques [9–11], and thus an investigation into which 
of the 2 modalities would be the most appropriate treat-
ment option in patients with early-stage HCCs is war-
ranted.

One of the most important recent technological inno-
vations in liver resection is laparoscopic liver resection 
(LLR). LLR is considered to be a safe and effective treat-
ment modality for HCC, and recent studies have reported 
that its overall survival rates as well as recurrence-free 
survival (RFS) rates were nearly identical to that of con-
ventional open liver resection while providing a signifi-
cantly lower rate of complications and hospital stay dura-
tions [12–14]. In LLR, however, tumor location is known 
to be a very important factor for its therapeutic success 
with superficial or anteroinfero-lateral positions of the 
liver regarded to be particularly good for LLR, while the 
postero-superior portion of the liver has been shown to 
be a difficult area for treatment [4, 15]. Although there 
has been 1 previous study comparing the clinical out-
comes of LLR to p-RFA for HCCs located at the liver sur-
face, reporting a significantly lower rate of local recur-
rence after LLR than p-RFA [16], the number of patients 
in the aforementioned study was small, and only superfi-
cial tumors were assessed. Therefore, further studies with 
a larger number of patients including tumors from vari-
ous locations are warranted to better determine which 
modality among LLR or p-RFA would most benefit pa-
tients with small single nodular HCCs. Indeed, clinical 
outcomes including overall survival and RFS as well as 
complication rate of LLR have not been fully compared 

with those of p-RFA. The purpose of this study, therefore, 
was to compare the clinical outcomes of LLR and p-RFA 
for single nodular HCCs ≤3 cm in size, variously located 
across the liver, in a large-scale multicenter study.

Patients and Methods

Patients
The Institutional Review Boards of each of the 3 participating 

centers approved this retrospective study, and the requirement for 
written informed consent was waived. The inclusion criteria for 
this study were as follows: (a) single nodular HCCs ≤3 cm in size 
treated by either LLR or p-RFA; (b) no previous treatment history 
for HCC; (c) no evidence of macrovascular invasion nor extrahe-
patic metastasis (EM); (d) Child-Pugh class A liver function; (e) no 
concomitant serious medical illnesses such as malignancies other 
than HCC; and (f) available medical records and/or imaging as 
well as laboratory studies before and after treatment. Through a 
search of the databases maintained by the departments of surgery 
and radiology in 3 university-affiliated hospitals between January 
2014 and December 2016, we initially found 625 patients with 
Child-Pugh class A liver function who underwent LLR or p-RFA 
for a single nodular HCC ≤3 cm in size. The exclusion criteria for 
this study were as follows: (a) multiple HCCs or single HCC >3  
cm in size; (b) presence of macrovascular invasion and/or EM;  
(c) Child-Pugh class B or C liver function; (d) concomitant serious 
comorbidities including congestive heart failure, chronic kidney 
disease needing dialysis, and a previous history of malignancies 
other than HCC; and (e) no available medical records or labora-
tory/imaging studies before and after treatment. Among 625 pa-
tients initially enrolled, 59 patients were excluded from this study 
for the following reasons: (a) presence of concomitant serious co-
morbidities (n = 21 [congestive heart failure, n = 3; chronic kidney 
disease on hemodialysis, n = 5; previous history of gastric cancer, 
n = 12; and previous history of lung cancer, n = 1]); (b) lack of pre-
treatment alpha-fetoprotein (AFP) level (n = 12); (c) presence of 
subsegmental portal vein tumor invasion (n = 17); and (d) imme-
diate follow-up loss after treatment (n = 9). Therefore, the remain-
ing 566 patients (LLR, n = 251, and p-RFA, n = 315) constituted 
our final study population (Fig. 1). The baseline characteristics of 
all of the study patients are summarized in Table 1. All HCCs treat-
ed by LLR were diagnosed by histopathology, and HCCs treated 
by p-RFA were diagnosed by either histopathology via percutane-
ous liver biopsy (n = 6) or noninvasive imaging criteria (n = 309) 
according to the Korean Liver Cancer Association-National Can-
cer Center Korea Guidelines [17].

Procedure and Follow-Up after Treatment
Selection of treatment modality for small single HCC between 

LLR and p-RFA was done by clinicians including the liver surgeons 
and hepatologists through the discussion. In general, for patients 
with well-preserved liver function and small peripheral HCC, LLR 
was firstly considered. Patient preference for certain treatment 
modality was also considered for selection of treatment modality. 
All LLR procedures were performed by surgeons with >10 years of 
experience in liver surgery. The decision regarding the type and 
extent of LLR was generally made according to the patient’s his-
tory of previous abdominal operations, tumor location, and the 
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625 patients with single nodular HCC ≤3 cm treated by laparoscopic resection
or percutaneous RFA from January 2014 to December 2016

566 eligible patients analyzed in this study

Non-perivascular
and non-subcapsular

tumor (n = 52)

Perivascular and/or
subcapsular tumor

(n = 199)

Perivascular and/or
subcapsular tumor

(n = 171)

Non-perivascular
and non-subcapsular

tumor (n = 144)

251 patients treated
by laparoscopic

resection

315 patients treated
by percutaneous

RFA

Excluded due to
Concomitant serious medical illness (n = 21)
Immediate follow-up loss after treatment (n = 9)
Lack of pre-treatment alpha fetoprotein level (n = 12)
Presence of subsegmental portal vein tumor invasion (n = 17)

Table 1. Baseline patient characteristics of the 2 treatment methods

Parameters Laparoscopic resection 
(n = 251)

p-RFA 
(n = 315)

p value

Age, years (mean ± SD) 57.5±9.3 60.8±9.6 <0.001
Gender (n, M:F) 199:52 227:88 0.050
Etiology, n (%)

HBV 196 (78.1) 234 (74.3) 0.730
HCV 21 (8.4) 34 (10.8)
Alcoholic 29 (11.5) 40 (12.7)
Others 5 (2.0) 7 (2.2)

Tumor size, cm (mean ± SD) 2.13±1.44 1.69±0.50 <0.001
Albumin, mg/dL (mean ± SD) 4.36±0.38 4.11±0.45 <0.001
Total bilirubin, mg/dL (mean ± SD) 0.76±0.37 0.81±0.44 0.146
Prothrombin activity (INR, mean ± SD) 1.04±0.08 1.10±0.11 <0.001
AFP, ng/mL (mean ± SD) 218.4±904.2 72.9±211.6 0.013
Platelet count, K/mm3 (mean ± SD) 168.4±53.5 130.2±50.9 <0.001
Tumor location, n (%)

Perivascular alone 33 (13.1) 64 (20.3) <0.001
Subcapsular alone 135 (53.8) 93 (29.5)
Non-subcapsular and non-perivascular 52 (20.7) 144 (45.7)
Perivascular and subcapsular 31 (12.4) 14 (4.5)

Tumor in postero-superior portion, n (%) 94 (37.5) 162 (51.4) 0.001

p-RFA, percutaneous radiofrequency ablation; SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis 
C virus; INR, international normalized ratio; AFP, alpha-fetoprotein. Tumor in postero-superior portion of the 
liver includes tumors in segments 1, 7, 8, and 4a.

Fig. 1. Flow diagram summarizing the pa-
tient enrollment process of this study. 
HCC, hepatocellular carcinoma; p-RFA, 
percutaneous radiofrequency ablation; 
AFP, alpha-fetoprotein.
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patient’s liver function, as well as medical condition. All RFA pro-
cedures were done percutaneously under conscious sedation by 
radiologists with >5 years of experience in ultrasound-guided in-
terventions. Immediately after RFA, all patients underwent con-
trast-enhanced multiphasic liver CT to evaluate successful com-
plete ablation which was defined as complete coverage of index 
tumor by hypoattenuated area without contrast enhancement. 
Among the 315 patients treated by p-RFA, 6 patients (1.9%, 6/315) 
showed incomplete ablation and were treated by repeated ablation 
(n = 3) or transarterial chemoembolization (n = 3) to achieve com-
plete tumor necrosis. After the second session of treatment, com-
plete tumor necrosis was achieved in all of these 6 patients. The 
detailed description for LLR and p-RFA is given in online suppl. 
data (for all online suppl. material, see www.karger.com/
doi/10.1159/000510909). We also evaluated the development of 
complications as well as the duration of their hospital stay after 
treatment using our collective medical records and imaging stud-
ies. Complication after LLR and p-RFA was graded using the 
Clavein-Dindo classification.

One month after treatment, follow-up contrast-enhanced CT or 
MRI and biochemical tests including liver function tests and serum 
AFP levels were performed in all patients. When a patient’s 1-month 
follow-up imaging study showed no residual tumor, follow-up ex-
aminations were done every 3 months in the first year and every 
3–6 months in the second year. If there was no tumor recurrence 
during the 2-year follow-up period after treatment, the follow-up 
schedule was set to be the same as that of the surveillance program 
for liver cirrhosis, that is, ultrasound at 6-month intervals [18].

Development of tumor recurrence during the follow-up period 
was assessed and further defined into 3 categories including local 
tumor progression (LTP), intrahepatic distant recurrence (IDR), 
and EM. LTP was defined as the appearance of any arterial enhanc-
ing tumor tissue showing washout on the portal venous and/or 
delayed phase adjacent to the treated area (i.e., resection margin in 
the case of LLR and ablation zone in the case of p-RFA), and IDR 
was defined as the development of one or more HCCs apart from 
the treated area [19]. Development of recurrence exceeding Milan 
criteria was also assessed and compared between LLR and p-RFA.

Statistical Analysis
To compare the baseline characteristics between LLR and p-

RFA, we used the χ2 or Fisher’s exact test for categorical variables 
and the Mann-Whitney U test for continuous variables. Overall 
survival was defined as the interval between HCC treatment and 
death or the date of their last follow-up visit prior to August 31, 
2018. RFS was defined as the interval between HCC treatment and 
the first date of any type of recurrence (either local and/or distant) 
or the last follow-up date, if there was no recurrence. Patients who 
underwent liver transplantation during the follow-up period after 
HCC treatment were censored from the study at the date of their 
transplantation. Overall survival and RFS were estimated using the 
Kaplan-Meier method and were compared between LLR and p-
RFA using the log-rank test. The cumulative incidence of each type 
of recurrence (i.e., LTP, IDR, and EM) and cumulative incidence 
of recurrence exceeding Milan criteria were also estimated using 
the competing risk model and were compared between LLR and 
p-RFA using the Gray test. After the initial analysis, subgroup 
analyses for RFS as well as the cumulative incidence of each type 
of recurrence were performed according to the tumor location, 
and their results were compared between LLR and p-RFA. Tumor 

location was classified into 4 categories: subcapsular; perivascular; 
non-subcapsular and non-perivascular; and subcapsular and peri-
vascular. Subcapsular HCCs were defined as index tumors located 
within 0.1 cm of the liver capsule [20, 21]. Perivascular tumors 
were defined as index tumors contacting the first- or second-de-
gree branches of portal or hepatic veins 3 mm or greater in axial 
diameter [21]. In addition, tumors located in the postero-superior 
portion of the liver were defined as tumors in liver segments 1, 7, 
8, and 4a, which was considered to be a difficult location for LLR 
[15, 22]. Subsequently, tumors located in the anteroinfero-lateral 
portion of the liver were defined as tumors in liver segments 2, 3, 
4b, 5, and 6.

After the first analysis, we additionally performed propensity 
score analysis so as to reduce potential biases that may have origi-
nated from differences in the baseline characteristics of those who 
underwent LLR and p-RFA [23]. Using multivariate logistic re-
gression models, location, serum albumin level, serum total biliru-
bin level, serum AFP level, and platelet count were evaluated. The 
resultant propensity score model was then used to create a one-to-
one match using the nearest neighbor matching method with a 
caliper width of 0.1 [24, 25]. After propensity score matching, the 
McNemar test for categorical variables and the paired t test for 
continuous variables were used to compare the baseline character-
istics between LLR and p-RFA. RFS, as well as the cumulative in-
cidence of each type of recurrence, was then compared between 
LLR and p-RFA in the one-to-one matched cohort, consisting of 
118 patients each. All statistical analyses were performed using 
SPSS version 25 (SPSS, Chicago, IL, USA).

Results

Baseline Patient Characteristics of the 2 Treatment 
Methods
Baseline characteristics of the study population accord-

ing to the treatment method are summarized in Table 1. 
Distribution of tumor locations in 251 patients treated by 
LLR was perivascular in 33 patients, subcapsular in 135 
patients, non-subcapsular and non-perivascular in 52 pa-
tients, and perivascular and subcapsular in 31 patients. 
Regarding the 315 patients treated by p-RFA, tumor loca-
tions were perivascular in 64 patients, subcapsular in 93 
patients, non-subcapsular and non-perivascular in 144 
patients, and perivascular and subcapsular in 14 patients; 
this difference was statistically significant (p < 0.001). The 
frequency of tumors in the postero-superior portion of the 
liver was also significantly different between the 2 treat-
ment modalities (37.5% [94/215] in the LLR group vs. 
51.4% [162/315] in the p-RFA group, p = 0.001).

Survival and Complication Outcomes of Each 
Treatment Modality
After a mean and median follow-up period of 30.0 ± 

12.5 (standard deviation [SD]) months and 28.0 months, 
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respectively, the estimated 1-, 2-, and 3-year overall sur-
vival rates of the 251 patients who underwent LLR were 
100, 99.5, and 97.9%, respectively. The estimated 1-, 2-, 
and 3-year overall survival rates of the 315 patients who 
underwent p-RFA were 99.0, 98.3, and 97.2%, respective-
ly. There were no significant differences in overall sur-
vival between LLR and p-RFA (p = 0.160). Among the 251 
patients who underwent LLR, 3 patients underwent liver 
transplantation during the follow-up period due to HCC 
recurrence (n = 1) and liver failure (n = 2). Liver trans-
plantation was also done in 9 of 315 patients treated by 
p-RFA for HCC recurrence (n = 6) and liver failure (n = 
3).

Among the 251 patients treated by LLR, 25 patients 
experienced complication (10.0%, 25/251): grade I in 10 
patients (fever, n = 8; wound infection, n = 2); gade II in 
12 patients (ascites, n = 8; minor bile leakage, n = 2; he-
matoma formation, n = 2); and grade IIIa in 3 patients 
(bile leakage needing percutaneous drainage, n = 2; ab-
scess needing drainage, n = 1). After p-RFA, 16 patients 
experienced complication (5.1%, 16/315): grade I in 5 pa-
tients (fever, n = 5); grade II in 8 patients (hemorrhage 
needing transfusion, n = 3; segmental liver infarction, n = 
5); and grade III in 3 patients (active bleeding requiring 
angiographic embolization). The complication rate was 
significantly lower in the p-RFA group than in the LLR 
group (5.1 vs. 10.0%, p = 0.026). Mean and median hos-

pital stays were 8.6 ± 4.8 (SD) days (range; 4–67 days) and 
8 days, respectively, after LLR in 251 patients, and 3.9 ± 
1.7 (SD) days (range; 1–12 days) and 3 days, respectively, 
after p-RFA in 315 patients. This difference was statisti-
cally significant (p < 0.001).

Recurrence Outcomes
The estimated 1-, 2-, and 3-year RFS rates of the 251 

patients who underwent LLR were 89.9, 82.7, and 74.4%, 
respectively, and were significantly higher than 85.4, 73.2, 
and 66.0% observed in the 315 patients who underwent 
p-RFA (p = 0.013) (Fig. 2a). The mean number of inter-
ventional procedures to treat recurred HCC during the 
follow-up period was 0.6 session (range; 0–8 sessions) in 
251 patients who underwent LLR and 1.1 sessions (range; 
0–9 sessions) in 315 patients who underwent p-RFA; this 
difference was statistically significant (p = 0.004). The es-
timated 1-, 2-, and 3-year cumulative incidences of LTP 
were 1.6, 2.1, and 2.1%, respectively, after LLR, while they 
were observed to be 4.5, 8.4, and 9.9%, respectively, after 
p-RFA; this difference was statistically significant (p < 
0.001) (Fig. 2b). The cumulative incidences of IDR (p = 
0.176), EM (p = 0.064), and recurrence exceeding Milan 
criteria (p = 0.153) were not significantly different be-
tween LLR and p-RFA.

Among the 566 patients, 362 patients had BCLC stage 
0 HCC treated by either LLR (n = 120) or p-RFA (n = 
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Fig. 4. Estimation of RFS and cumulative incidence of LTP accord-
ing to the tumor location showing no significant difference. a Ka-
plan-Meier estimation of RFS after LLR for non-subcapsular and 
non-perivascular tumor was compared with p-RFA. b Kaplan-
Meier estimation of RFS after LLR for tumor in postero-superior 
portion of the liver was compared with p-RFA. c Cumulative inci-

dence of LTP after LLR for non-subcapsular and non-perivascular 
tumor was compared with p-RFA. d Cumulative incidence of LTP 
after LLR for tumor in postero-superior portion of the liver was 
compared with p-RFA. RFS, recurrence-free survival; LTP, local 
tumor progression; LLR, laparoscopic liver resection; p-RFA, per-
cutaneous radiofrequency ablation.

Fig. 3. Estimation of RFS and cumulative incidence of LTP accord-
ing to the tumor location showing significant difference. a Kaplan-
Meier estimation of RFS after LLR for subcapsular tumor was com-
pared with p-RFA. b Kaplan-Meier estimation of RFS after LLR for 
perivascular tumor was compared with p-RFA. c Kaplan-Meier 
estimation of RFS after LLR for tumor in anteroinfero-lateral por-
tion of the liver was compared with p-RFA. d Cumulative inci-

dence of LTP after LLR for subcapsular tumor was compared with 
p-RFA. e Cumulative incidence of LTP after LLR for perivascular 
tumor was compared with p-RFA. f Cumulative incidence of LTP 
after LLR for tumor in anteroinfero-lateral portion of the liver was 
compared with p-RFA. RFS, recurrence-free survival; LTP, local 
tumor progression; LLR, laparoscopic liver resection; p-RFA, per-
cutaneous radiofrequency ablation.
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Table 3. Baseline patient characteristics between the 2 treatment methods after propensity score matching

Parameters Laparoscopic resection 
(n = 118)

p-RFA 
(n = 118)

p value*

Age, years (mean ± SD) 59.5±8.7 60.5±10.3 0.378
Gender, n (M:F) 91:27 88:30 0.761
Etiology, n (%)

HBV 90 (76.3) 84 (71.2)

0.783HCV 10 (8.5) 12 (10.2)
Alcoholic 16 (13.5) 19 (16.1)
Others 2 (1.7) 3 (2.5)

Tumor size, cm (mean ± SD) 1.84±0.56 1.87±0.51 0.727
Albumin, mg/dL (mean ± SD) 4.27±0.37 4.23±0.37 0.486
Total bilirubin, mg/dL (mean ± SD) 0.76±0.36 0.79±0.45 0.614
Prothrombin activity (INR, mean ± SD) 1.05±0.08 1.07±0.10 0.269
AFP, ng/mL (mean ± SD) 90.2±309.0 67.6±173.4 0.496
Platelet count, K/mm3 (mean ± SD) 148.8±49.4 145.7±55.8 0.622
Tumor location, n (%)

Subcapsular alone 65 (55.1) 65 (55.1)

1.000Perivascular alone 14 (11.9) 14 (11.9)
Non-subcapsular and non-perivascular 39 (33.0) 39 (33.0)
Perivascular and subcapsular 0 (0.0) 0 (0.0)

Tumor in postero-superior portion, n (%) 59 (50.0) 48 (40.7) 0.152

p-RFA, percutaneous radiofrequency ablation; SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis 
C virus; INR, international normalized ratio; AFP, alpha-fetoprotein. Tumor in postero-superior portion of the 
liver includes tumors in segments 1, 7, 8, and 4a. * p value was obtained using the McNemar test for categorical 
variables and the paired t test for continuous variables.

Table 2. Estimated 1-, 2-, and 3-year RFS and cumulative incidence of LTP according to treatment modality

LLR p-RFA p value

1-, 2-, and 3-year RFS
Subcapsulara (n = 273) 89.6, 81.7, 73.9% 85.6, 74.6, 63.7% 0.045
Perivascularb (n = 142) 92.2, 86.4, 68.0% 79.1, 66.6, 57.6% 0.043
Non-subcapsular and non-perivascular (n = 196) 90.2, 83.4, 75.4% 89.4, 77.1, 74.6% 0.547
Anteroinfero-lateral position (n = 310) 91.7, 85.4, 73.8% 82.2, 72.0, 63.1% 0.003
Postero-superior portion (n = 256) 86.8, 78.1, 75.5% 88.4, 74.4, 68.8% 0.659

1-, 2-, and 3-year cumulative incidence of LTP
Subcapsulara (n = 273) 1.2, 1.9, 1.9% 4.8, 8.8, 8.8% 0.012
Perivascularb (n = 142) 0.0, 0.0, 0.0% 5.2, 11.0, 17.2% 0.007
Non-subcapsular and non-perivascular (n = 196) 3.9, 3.9, 3.9% 3.5, 6.0, 6.0% 0.482
Anteroinfero-lateral position (n = 310) 0.0, 0.0, 0.0% 4.6, 8.5, 10.7% <0.001
Postero-superior portion (n = 256) 4.5, 5.7, 5.7% 4.5, 8.6, 9.4% 0.380

RFS, recurrence-free survival; LLR, laparoscopic liver resection; p-RFA, percutaneous radiofrequency 
ablation; LTP, local tumor progression. Tumor in anteroinfero-lateral portion of the liver includes tumors in 
segments 2, 3, 4b, 5, and 6; tumor in postero-superior portion of the liver includes tumors in segments 1, 7, 8, 
and 4a. p values <0.05 are shown in bold and italics. a Subcapular tumors included both subcapsular alone tumors 
and subcapsular and perivascular tumors. b Perivascular tumors included both perivascular alone tumors and 
subcapsular and perivascular tumors.
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242). The estimated 1-, 2-, and 3-year RFS rate of the 120 
patients who underwent LLR for BCLC stage 0 HCC was 
91.6, 84.1, and 77.8%, respectively, and was significantly 
better than 84.7, 72.6, and 67.7% observed in the 242 pa-
tients who underwent p-RFA (p = 0.027). The estimated 
1-, 2-, and 3-year cumulative incidences of LTP were 0.8, 
0.8, and 0.8%, respectively, after LLR for BCLC stage 0 
HCC, while they were observed to be 4.2, 8.9, and 9.5%, 

respectively, after p-RFA; this difference was statistically 
significant (p = 0.003). The cumulative incidences of IDR 
(p = 0.153) and EM (p = 0.650) were not significantly dif-
ferent between LLR and p-RFA for BCLC stage 0 HCC.

Recurrence Outcomes according to Tumor Location
The estimated RFS and cumulative incidences of LTP 

according to tumor location are summarized in Table 2 
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Fig. 5. Estimation of RFS and cumulative incidence of LTP after 
propensity score matching. a Kaplan-Meier estimation of RFS af-
ter LLR in 118 patients was compared with p-RFA in 118 patients 
after propensity score matching. b Cumulative incidence of LTP 
after LLR in 118 patients was compared with p-RFA in 118 patients 
after propensity score matching. c Cumulative incidence of LTP 
after LLR for subcapsular tumor was compared with p-RFA after 

propensity score matching. d Cumulative incidence of LTP after 
LLR for tumor in anteroinfero-lateral portion of the liver was com-
pared with p-RFA after propensity score matching. RFS, recur-
rence-free survival; LTP, local tumor progression; LLR, laparo-
scopic liver resection; p-RFA, percutaneous radiofrequency abla-
tion.
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and Figures 3 and 4. LLR provided significantly better 
RFS than p-RFA for subscapular (3-year RFS: 73.9 vs. 
63.7%, p = 0.045) (Fig. 3a) and perivascular (3-year RFS: 
68.0 vs. 57.6%, p = 0.043) (Fig. 3b) tumors, as well as for 
tumors located in the anteroinfero-lateral portion of the 
liver (3-year RFS: 73.8 vs. 63.1%, p = 0.003) (Fig. 3c). The 
cumulative incidence of LTP after LLR was also demon-
strated to be significantly lower than that after p-RFA for 
subscapular (3-year cumulative incidence of LTP: 1.9 vs. 
8.8%, p = 0.012) (Fig. 3d) and perivascular (3-year cumu-
lative incidence of LTP: 0.0 vs. 17.2%, p = 0.007) (Fig. 3e) 
tumors, as well as for tumors located in the anteroinfero-
lateral portion of the liver (3-year cumulative incidence 
of LTP: 0.0 vs. 10.7%, p < 0.001) (Fig. 3f). However, there 
were no significant differences in RFS between LLR and 
p-RFA for non-subcapsular and non-perivascular tumors 
(3-year RFS: 75.4 vs. 74.6%, p = 0.547) (Fig. 4a) and for 
tumors located in the postero-superior portion of the liv-
er (3-year RFS: 75.5 vs. 68.8%, p = 0.659) (Fig. 4b). There 
were also no significant differences in the cumulative in-
cidence of LTP between LLR and p-RFA for non-subcap-
sular and non-perivascular tumors (3-year cumulative 
incidence of LTP: 3.9 vs. 6.0%, p = 0.482) (Fig. 4c) as well 
as for tumors located in the postero-superior portion of 
the liver (3-year cumulative incidence of LTP: 5.7 vs. 
9.4%, p = 0.380) (Fig. 4d). Finally, there were no signifi-
cant differences in the cumulative incidences of IDR and 
EM between the 2 treatment modalities, regardless of the 
tumor location.

Results after Propensity Score Matching
After propensity score matching, we confirmed that 

there were no significant differences in baseline charac-
teristics between the patients in the 2 treatment modality 
groups (Table 3). With this matched cohort, our analysis 

revealed that there were no significant differences in 
overall survival between the LLR and p-RFA groups (p = 
0.496). The estimated 1-, 2-, and 3-year RFS rates were 
87.0, 77.7, and 65.5%, respectively, in the 118 patients 
who underwent LLR, which were also not significantly 
different from that of 85.1, 73.6, and 62.9%, respectively, 
in the 118 patients who underwent p-RFA (p = 0.339) 
(Fig. 5a). However, the cumulative incidence of LTP was 
significantly lower in the 118 patients who underwent 
LLR compared to those who underwent p-RFA (2.6% 3 
years after LLR vs. 11.6% 3 years after p-RFA, p = 0.017) 
even after propensity score matching (Fig. 5b). Finally, 
although the cumulative incidences of IDR (p = 0.864), 
EM (p = 0.320), and recurrence exceeding Milan criteria 
(p = 0.454) were not significantly different between the 
LLR and p-RFA groups, LLR provided a significantly low-
er cumulative incidence of LTP than p-RFA for subcap-
sular tumors (Fig. 5c) and for tumors located in the an-
teroinfero-lateral portion of the liver (Fig. 5d) even after 
propensity score matching (Table 4).

Discussion

Our study demonstrated that both LLR and p-RFA 
were effective and safe treatment modalities for small sin-
gle nodular HCCs ≤3 cm in size, providing >90% 3-year 
overall survival after treatment. However, in contrast to 
the lack of a significant difference in overall survival be-
tween the 2 treatment modalities, RFS was shown to be 
significantly higher after LLR than after p-RFA (74.4% 3 
years after LLR vs. 66.0% after p-RFA, p = 0.013) along 
with a significantly lower LTP rate (2.1% 3 years after LLR 
vs. 10.0% after p-RFA, p < 0.001). Owing to the lower rate 
of recurrence, the mean number of interventional proce-

Table 4. The estimated cumulative incidence of LTP according to treatment modalities after propensity score 
matching

1-, 2-, and 3-year cumulative incidence of LTP LLR p-RFA p value

Subcapsular alone (n = 130) 1.6, 1.6, 1.6% 8.0, 11.3, 11.3% 0.033
Perivascular alone (n = 28) 0.0, 0.0, 0.0% 5.2, 7.1, 20.4% 0.279
Non-subcapsular and non-perivascular (n = 78) 5.2, 5.2, 5.2% 2.6, 9.9, 9.9% 0.407
Anteroinfero-lateral position (n = 129) 0.0, 0.0, 0.0% 5.8, 10.8, 13.5% 0.011
Postero-superior portion (n = 107) 5.3, 5.3, 5.3% 4.5, 9.2, 9.2% 0.376

p-RFA, percutaneous radiofrequency ablation; LTP, local tumor progression; LLR, laparoscopic liver resection. 
Tumor in anteroinfero-lateral portion of the liver includes tumors in segments 2, 3, 4b, 5, and 6; tumor in postero-
superior portion of the liver includes tumors in segments 1, 7, 8, and 4a. p values <0.05 are shown in bold and 
italics.
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dure to treat recurred HCC after initial therapy was sig-
nificantly lower in the LLR group than in the p-RFA group 
(0.6 session in the LLR group vs. 1.1 sessions in the p-RFA 
group, p = 0.004). Our study results are in good concor-
dance with the results of previous studies regarding LLR 
[16] as well as conventional open liver resection [6, 26, 27], 
in which they reported comparable overall survival after 
p-RFA to LLR, albeit with higher recurrence. The compli-
cation rate of p-RFA was significantly lower than that of 
LLR (5.1 vs. 10.0%), and the hospital stay duration after 
p-RFA was significantly shorter than LLR (8.6 days after 
LLR vs. 3.9 days after p-RFA, p < 0.001), indicating the less 
invasiveness of p-RFA compared to LLR. Furthermore, 
our subgroup analyses revealed that LLR was able to pro-
vide superior results regarding RFS and LTP than p-RFA 
for tumors in subcapsular, perivascular, and anteroinfero-
lateral locations, while there were no significant differenc-
es for tumors in postero-superior portions of the liver. 
Thus, based on our study results, we suggest that although 
p-RFA can provide comparable treatment effectiveness to 
LLR for small single nodular HCC ≤3 cm, albeit with a 
higher LTP rate, LLR would be the preferred treatment 
option for tumors in subcapsular, perivascular, or antero-
infero-lateral portions of the liver.

Our study also revealed the effect of tumor location on 
local tumor control outcomes of both LLR and p-RFA, 
which may help clinicians in selecting the most appropri-
ate therapy for early-stage HCCs. According to our re-
sults, all LTP cases after LLR occurred in tumors located 
in the postero-superior portion of the liver although 
when we focused on the tumors, we found that the cumu-
lative incidence of LTP and RFS rates after LLR were not 
significantly different from those after p-RFA. This may 
be attributed to the difficulty in obtaining a sufficient free 
tumor resection margin compared to tumors located in 
the anteroinfero-lateral tumor portion owing to the lim-
ited trocar sites in the postero-superior portion of the liv-
er and the laparoscopic instruments’ lack of flexion, re-
sulting in LTP after treatment. To the contrary, however, 
LLR was able to provide significantly better RFS and low-
er cumulative incidence of LTP than p-RFA for subcap-
sular and perivascular tumors. The major reasons for the 
higher LTP rate after p-RFA for subcapsular tumors have 
previously been described as stemming from the difficul-
ty in inserting the electrode as well as in obtaining a suf-
ficient ablative margin along the liver capsule [28, 29]. In 
addition, perivascular tumor location has been another 
well-known risk factor for the development of LTP after 
RFA mainly due to the insufficient ablative margin cre-
ated with RFA resulting from the heat-sink effect [30–32]. 

Indeed, previous surgical studies have shown that sub-
capsular tumor location was particularly favorable for 
LLR [4, 15]. Our study results are well matched with those 
of a recent study published by Lee et al. [32], showing that 
liver resection would provide better long-term tumor 
control than p-RFA for small perivascular tumors.

After open liver resection of small HCCs, the mean 
hospital stay duration has been reported to range from 
11.4 to 19.7 days and its complication rate from 11.1 to 
27.8% [33]. In our study, the mean hospital stay after LLR 
was 8.6 days, and the major complication rate with equal 
to or more than grade II after LLR was 6.0%. Interpreting 
these results, we can infer that LLR appears to be a less 
invasive treatment modality for HCCs than open liver re-
section. In comparison, the mean hospital stay after p-
RFA was only 3.9 days, which is even significantly short-
er than that after LLR in our study. Furthermore, the ma-
jor complication rate after p-RFA for HCC was only 3.5%, 
which would also be significantly lower than after open 
liver resection. In addition, the overall survival rate after 
LLR or p-RFA for single nodular HCCs ≤3 cm in size is 
comparable to that after open liver resection. Therefore, 
either LLR or p-RFA should be preferred to open liver 
resection for small HCCs as it would provide comparable 
survival outcomes, yet with less invasiveness.

There are several limitations in our study that warrant 
mention. First, our study was of retrospective design, and 
therefore the possibility of selection bias cannot be easily 
ruled out. Especially, the distribution of tumor location 
between LLR and p-RFA was significantly different, and 
this difference in tumor location might affect the result of 
our study. However, to reduce the potentiality of bias re-
sulting from the different distribution of baseline charac-
teristics between the 2 treatment modalities, we per-
formed propensity score matching and found that local 
tumor control was consistent even after propensity score 
matching. Nevertheless, our study results need to be vali-
dated by other studies using a prospective design and a 
larger number of patients, especially in Western popula-
tions, as the main etiology of HCC would be different 
from that of our study population (i.e., hepatitis B virus 
related in our study vs. alcohol or hepatitis C virus related 
in Western countries). Second, we were able to evaluate 
only the midterm clinical outcomes of both LLR and p-
RFA, and the median follow-up period of this study was 
only 28.0 months, as LLR has been regularly used for 
small HCCs in our hospitals since only 2014. Therefore, 
the long-term results of LLR and p-RFA for small single 
nodular HCCs need to be evaluated and compared in fu-
ture studies. Third, we did not analyze cost-effectiveness 
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of p-RFA and LLR for management of small single HCC. 
Although LLR provided significantly lower cumulative 
incidence of LTP than p-RFA for small HCCs in subcap-
sular, perivascular, and anteroinfero-lateral portion of 
the liver, the complication rate and hospital stay were sig-
nificantly lower in the p-RFA group than in the LLR 
group. Therefore, further studies with large number of 
patients including meta-analyses are warranted to ad-
dress the issue of cost-effectiveness of p-RFA and LLR for 
small single HCC. In conclusion, our study demonstrated 
that LLR provided significantly better local tumor control 
than p-RFA for small single nodular HCCs in subcapsu-
lar, perivascular, and anterolateral portions of the liver 
and thus may be the preferred treatment option for these 
tumors.
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