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Abstract

Introduction: It remains unclear which surgery or radiofre-
quency ablation (RFA) is the more effective treatment for
small hepatocellular carcinoma (HCC). We aimed to compare
survival between patients undergoing surgery (surgery
group) and patients undergoing RFA (RFA group). Methods:
We conducted a randomized controlled trial involving 49 in-
stitutions in Japan. Patients with Child-Pugh scores <7, larg-
est HCC diameter <3 cm, and <3 HCC nodules were consid-

ered eligible. The co-primary endpoints were recurrence-
free survival (RFS) and overall survival (OS). The current study
reports the final result of RFS, and the follow-up of OS is still
ongoing. Results: During 2009-2015, 308 patients were reg-
istered. After excluding ineligible patients, the surgery and
RFA groups included 150 and 151 patients, respectively.
Baseline factors did not differ significantly between the
groups. In both groups, 90% of patients had solitary HCC.
The median largest HCC diameter was 1.8 cm (interquartile
range [IQR], 1.5-2.2 cm) in the surgery group and 1.8 cm (IQR,
1.5-2.3 cm) in the RFA group. The median procedure dura-
tion (274 vs. 40 min, p < 0.01) and the median duration of
hospital stay (17 days vs. 10 days, p < 0.01) were longer in the
surgery group than in the RFA group. RFS did not differ sig-
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nificantly between the groups as the median RFS was 3.5
(95% confidence interval [Cl], 2.6-5.1) years in the surgery
group and 3.0 (95% Cl, 2.4-5.6) years in the RFA group (haz-
ard ratio, 0.92; 95% Cl, 0.67-1.25; p = 0.58). Discussion/Con-
clusion: Our study did not show which surgery or RFA is the
better treatment option for small HCC.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the 6th most com-
mon cancer worldwide and the 4th leading cause of can-
cer-related deaths in 2018 [1]. The Barcelona Clinic Liver
Cancer staging classification recommends surgery only
for patients with stage 0 disease [2] (solitary HCC diam-
eter <2 cm and Child-Pugh score A) and with stage A
(solitary HCC) and radiofrequency ablation (RFA) for
stage 0 and stage A patients (patients with the largest
HCC diameter <3 cm and <3 nodules) [3]. The Japanese
clinical practice guidelines for HCC (4th JSH-HCC guide-
lines) recommends both surgery and RFA for patients
with the largest HCC diameter <3 cm, HCC <3 nodules,
and Child-Pugh grade A or B [4]. Over time, advance-
ments in surgery have made safe limited and anatomic
resection of Couinaud’s segments possible [5]. Similarly,
advancements in electrocoagulation have improved the
efficacy of RFA as a curative-intent treatment option [6].

Four relevant randomized controlled trials (RCTSs)
have heretofore been conducted [7-10]. Of the 4 RCTs,
one showed that surgery was associated with better sur-
vival than RFA, whereas the other three did not show sig-
nificant differences in survival between patients undergo-
ing surgery and patients undergoing RFA. The 4 RCTs
had had the following shortcomings: lack of clear hypoth-
esis, insufficient patient’ follow-up, and unknown treat-
ment allocation. To answer this important clinical ques-
tion, we conducted a multicenter RCT to compare out-
comes of patients undergoing surgery and patients
undergoing RFA for small HCC.

Materials and Methods

Study Population

The subjects consisted of patients with the largest HCC diam-
eter <3 cm and <3 HCC nodules. Both liver surgeons and gastro-
enterologists reviewed radiographic images of all the patients and
confirmed that they were treatable using both surgery and RFA.
We included patients who had undergone trans-arterial chemo-
embolization (TACE) for the same target lesions within 3 months
before the treatment protocol because sequential treatment (i.e.,
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TACE to surgery or RFA) is commonly performed in clinical prac-
tice on the basis of data supporting lower recurrence after the se-
quential treatment [11]. The inclusion criteria were as follows: age
of 20-80 years, Eastern Cooperative Oncology Group [12] perfor-
mance status of 0-2, Child-Pugh score <7, the absence of extrahe-
patic metastasis, the absence of macrovascular invasion, white
blood cell count of 2,000-10,000/mm?, platelet count >50,000/
mm?, hemoglobin level >8.0 g/dL, serum total bilirubin level 2.0
mg/dL, prothrombin time >50%, serum creatinine level <1.5 mg/
dL, and blood urea nitrogen level <35 mg/dL. The exclusion crite-
ria were as follows: concurrent cancer in other organs, history of
different cancer within 5 years before enrollment, poor cardiac
function, severe respiratory symptoms, contrast media hypersen-
sitivity reactions, renal dysfunction, mental illness, and pregnancy.
Our protocol did not mandate to report other parameters associ-
ated with liver function including indocyanine green retention
rate, the Model of End-stage Liver Disease score, and the presence/
absence of portal hypertension. This study was approved by the
institutional Ethics Committees of the participating institutions
and was conducted in accordance with good clinical practice
guidelines and the Helsinki Declaration. Our study was registered
in the UMIN-CTR (UMIN000001795, https://center.umin.ac.jp/
ctr/index.htm). All the patients provided written informed con-
sent. All the authors had access to the study data and had reviewed
and approved the final manuscript.

Radiographic Definition of HCC

HCC was defined radiographically as lesions (=1 cm) that show
high enhancement in the early phase and washout in the late phase
of the dynamic computed tomography (CT) study with contrast
enhancement [4]. The HCC diameter was measured by either the
early or late phase. Tumor biopsy was not required for the diagno-
sis.

Multidisciplinary Discussion before Enrollment

Before enrollment, the liver surgeons and gastroenterologists
who performed RFA carefully assessed and reviewed the HCC lo-
cation and diameter in all the study participants. The study group
confirmed that all the patients can be treated using both surgery
and RFA. Given the variety of clinical practice in each institution,
the criteria for feasibility of both treatments were not specified in
detail.

Study Design

The multi-institutional RCT was conducted in 118 institutions
in Japan. All eligible patients were randomly allocated (1:1) to ei-
ther the surgery group or the RFA group using the probabilistic
minimization method. For each eligible patient with informed
consent, registration form was sent to the data center by FAX, and
data center staffs registered the patient in the electronic data cap-
turing system. The minimization algorithm was automatically run
in the electronic data capturing system, and the resulted treatment
allocation was informed to the institution. The adjusted factors in
minimization were age (<60 years or 260 years), hepatitis C virus
infection, number of tumors (solitary or multiple), tumor diame-
ter (€2 cm or >2 c¢m), and institutions.

Surgery and RFA for HCC were both performed after preopera-
tive evaluation of liver function and pretreatment according to deci-
sions at each institution. Technical details of both surgery and RFA
were not specified in the protocol. Surgery was performed using ei-
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Fig. 1. Patient flow chart.

ther an open or laparoscopic approach. RFA was percutaneously per-
formed under the guidance of ultrasonography so that unstained,
low-density areas appear widely along the entire margin after RFA
than low-density areas in the late phase of CT observed before RFA.
Additional RFAs performed within 2 weeks after the initial RFA to
lesions which had evidence of incomplete treatment by CT imaging
were considered to be part of the 1 series of treatment. RFA was
deemed successful when the tumor necrotic effect reaches TE4a
(complete response with enough ablative margin) according to the
Response Evaluation Criteria in Cancer of the Liver [13]. TE4b (com-
plete response without enough ablative margin) was also considered
a successful treatment effect. Adverse effects after treatments were
collected but posttreatment complications were not.

Endpoints

The co-primary endpoints were recurrence-free survival (RES)
and overall survival (OS). OS and RFS were defined as the duration
from the date of enrollment to the date of death of any cause and
the date of the diagnosis of recurrence, respectively. Recurrence or
primary disease-related death without recurrence was defined as
an event for RFS analysis. Local recurrence was defined as follows:
(1) appearance of typical HCC adjacent to the treated area; (2) ap-
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pearance of portal vein tumor thrombus in an area including the
treated area; and (3) appearance of a tumor adjacent to the treated
area and an increase in liver cancer-related tumor markers again.
Patients who died of other diseases without recurrence were cen-
sored at the time of death. At 3 years after the last accrual of pa-
tients, a final analysis of RFS and an interim analysis of OS were
planned because the efficacy of local control (i.e., local recurrence)
is a matter of interest for selecting surgery or RFA. A final analysis
of OS was planned at 5 years after the last accrual of patients. The
follow-up of OS is still ongoing.

Follow-Up

Posttreatment evaluations were performed once every 2
months from the date of enrollment to 3 years after enrollment and
once every 4 months from 3 years after enrollment to the end of
this study (i.e., 5 years after the last enrollment). Dynamic abdom-
inal CT study with contrast enhancement and chest X-ray were
performed once every 4 months. If a patient develops contrast me-
dia hypersensitivity reactions during follow-up, dynamic magnet-
ic resonance imaging study with gadolinium or gadolinium-eth-
oxybenzyl-diethylenetriamine penta-acetic acid, instead of CT, is
used for follow-up assessment.
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Table 1. Demographic and clinicopathologic characteristics of the surgery and RFA groups

Characteristics Surgery group (n=150) RFA group (n=151) pvalue
Patient factors
Age, median (IQR), years 68 (63-74) 69 (63-74) 0.85
Sex, male:female 112:38 108:43 0.54
Performance status, n (%)
0 147 (98) 146 (97)
1 3(2) 4(3) 0.56
2 0 1(1)
Child-Pugh score, n (%)
5 117 (78) 129 (85)
6 22 (15) 20(13) 0.07
7 10(7) 2(1)
Hepatitis C virus infection, n (%) 97 (65) 94 (62) 0.66
Hepatitis B virus infection,* n (%) 27 (18) 33(22) 0.42
Use of antiviral therapy, n (%) 23 (15) 21(14) 0.58
Serum albumin level, median (IQR), g/dL 4.0 (3.7-4.3) 4.1 (3.7-4.4) 0.48
Total bilirubin level, median (IQR), mg/dL 0.7 (0.5-1.0) 0.8 (0.6-1.0) 0.58
Prothrombin time, median (IQR), % 91 (81-99) 94 (86-100) 0.01
Platelet count, median (IQR), 10%/uL 13.0 (9.9-16.8) 13.5(9.8-17.5) 0.62
Creatinine level, median (IQR), mg/dL 0.7 (0.6-0.9) 0.7 (0.6-0.9) 0.73
Absence of ascites,* tn (%) 145 (97) 149 (99) 0.16
History of other cancers,* n (%) 13(9) 7 (5) 0.23
Comorbidity, ischemic heart disease, n (%) 2(1) 2(1) 0.61
Pretreatment TACE* 11(7) 12(8) 0.59
HCC clinical factors
HCCs, n 1(1-1) 1(1-1) 0.97
>2,n (%) 15(10) 15(10) 0.98
Largest HCC diameter, median (IQR), cm 1.8(1.5-2.2) 1.8(1.5-2.3) 0.89
<2.0cm, n (%) 98 (65) 101 (67) 0.78
HCC histopathologic factors, n (%)
HCC 131 (87) 30(20) -
Well-differentiated 39 (26) 10 (7)
Moderately differentiated 85 (57) 16(11)
Poorly differentiated 7 (5) 4(3)
Unknown 19(13) 121 (80)

* Data missing on hepatitis B virus infection for 1 patient, the absence of ascites for 1 patient, history of other
cancers for 1 patient, comorbidity of ischemic heart disease for 1 patient, and pretreatment TACE for 1 patient. tIn-

cluding patients treated with diuretics.

Sample Size

The 3-year RFS rates in patients who underwent initial treat-
ment for HCC in the University of Tokyo Hospital before the start
of this study were 43.3% in patients undergoing surgery and 32.5%
in patients undergoing RFA. The 5-year OS rates were 67.4% in
patients undergoing surgery and 70.3% in patients undergoing
RFA. Under the assumption that 3-year RES rates were 45% in pa-
tients undergoing surgery and 35% in patients undergoing RFA,
the number of subjects needed for statistical significance was 285
per group (with a = 0.05, power of 80%, 2-sided, enrollment pe-
riod of 3 years, and follow-up period of 6 years). Under the as-
sumption that 3-year RFS rates were 45% in patients undergoing
surgery and 30% in patients undergoing RFA (intergroup differ-
ence of 15%), 123 patients per group were needed. For a minimum
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of 10% difference between patients undergoing surgery and pa-
tients undergoing RFA, we planned to enroll 300 patients per

group.

Statistical Analysis

Categorical variables were expressed as numbers and percent-
ages and compared using Fisher’s exact test or x? test. Continuous
variables were expressed as median values with interquartile rang-
es (IQRs) and compared using Wilcoxon’s rank-sum test. Primary
endpoint was assessed based on intention-to-treat analysis. RFS
curves were constructed using the Kaplan-Meier method and
compared using the log-rank test stratified by the allocation factors
except institutions. A Cox proportional hazards model analysis
was performed to assess hazard ratios (HRs) and 95% confidence
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Table 2. Intra-procedure and post-procedure outcomes in the surgery and RFA groups

Surgery group (n = 150) RFA group (n=151)  pvalue

Procedure duration, median (IQR), min 274 (203-341) 40 (24-70) <0.01
Blood loss, median (IQR), mL 285 (103-635) - -
Duration of hospital stay, median (IQR), days 17 (12-23) 10 (7-16) <0.01
Adverse events, n (%) 5(3) 0 -

Ascites 3(2) 0 -

Bile leakage 1(1) 0 -

Abscess 1(1) 0 -

Mortality 0 0 -

intervals (CIs) for each factor after confirming intergroup propor-
tional hazards. The CIs of the 3-year and 5-year RFS of each treat-
ment group were calculated using Greenwood’s formula. p < 0.05
was considered statistically significant. Statistical analysis was per-
formed using the SAS software (SAS Institute, Cary, NC, USA).

Results

Study Population

From April 1, 2009, to August 31, 2015, 1,090 patients
from 49 institutions met the inclusion criteria, and 308
patients (28.3%) were randomized including 197 patients
accrued from 9 institutions and 111 patients accrued in
the other 40 institutions (Fig. 1). Of the 308 patients, 153
and 155 were randomly assigned to undergo surgery and
RFA, respectively. After excluding 7 ineligible patients,
150 patients were eligible for surgery, and 151 were eli-
gible for RFA. In March 2015, an independent data mon-
itoring committee recommended that the study group
stop patient accrual without reaching the targeted num-
ber of patients (n = 600) because the target number of
patients was most likely unachievable on the basis of the
low speed of accrual. Therefore, the 150 patients under-
going surgery (the surgery group) including 5 patients
who did not undergo protocol treatment and 9 patients
(6%) with lost to follow-up within 3 years from random-
ization and the 151 patients undergoing RFA (the RFA
group) including 3 patients who did not undergo proto-
col treatment and 6 patients (4%) with lost to follow-up
within 3 years from randomization were treated in an in-
tention-to-treat fashion (Fig. 1). No significant differenc-
es were observed in demographic and clinicopathologic
characteristics between the 2 groups (Table 1). In both
groups, 90% of patients had solitary HCC, and the me-
dian largest HCC diameter was 1.8 cm. In the surgery
group, 39 patients (26.0%) had well-differentiated HCC,

Surgery versus Radiofrequency Ablation
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85 (56.7%) had moderately differentiated HCC, and 7
(4.7%) had poorly differentiated HCC. In the RFA group,
there was no data on 121 patients (80.1%) regarding HCC
differentiation.

Intra-Procedure and Post-Procedure Outcomes

Table 2 shows the intra-procedure and post-procedure
outcomes. The median (IQR) procedure duration was sig-
nificantly longer in the surgery group than in the RFA
group: 274 (203-341) minutes versus 40 (24-70) minutes.
Surgery was performed using anatomic liver resection in
69 patients (46%) and nonanatomic resection in 57 pa-
tients (38%) with 24 patients (16%) having missing infor-
mation. Additional ablation within 2 weeks after the ini-
tial RFA was performed in 17 patients (11%) including 14
patients (9%) undergoing one additional RFA, 2 patients
(1%) undergoing two additional RFA, and a patient (1%)
undergoing three additional RFA and not in 121 patients
(80%). The median (IQR) duration of the hospital stay was
significantly longer in the surgery group than in the RFA
group: 17 (12-23) days versus 10 (7-16) days. There was
no mortality in any of the groups. In the surgery group,
the following adverse events developed in 5 patients (3%):
ascites (n = 3, 2%), bile leakage (n = 1, 1%), and abscess (n
=1, 1%). Adverse events did not develop in any patient in
the RFA group according to the case report forms.

RFS

The median (range) post-enrollment follow-up period
was 5.04 (0.36-9.49) years in the surgery group and 4.99
(0.00-8.70) years in the RFA group. The median RFS did
not differ significantly between the surgery and the RFA
groups: 3.46 years vs. 3.04 years; HR, 0.92; 95% CI, 0.67-
1.25; p = 0.58) (Fig. 2). In the surgery group, the 3-year
RES and 5-year RFS were 54.6% (95% CI, 45.8%-62.6%)
and 42.7% (95% CI, 33.8%-51.3%), respectively. In the
RFA group, the 3-year RFS and 5-year RFS were 50.5%
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groups.
Table 3. First recurrence and treatments in
o _ _ +
the surgery and RFA groups Characteristics Surgery group (n=82) RFA group (n=86) p value
Site of recurrence, n (%)
Liver* 80 (98) 85 (99) >0.99
Extrahepatic** 1(1) 1(1) >0.99
Bone 0 1(1) >0.99
Lymph node 1(1) 1(1) >0.99
Others 1(1) 0 0.98
Number of recurrences in the liver,” n (%)
Single 49 (60%) 61 (71%) 021
Multiple 31 (38%) 24 (28%) ’
Local recurrence,**n (%)
Absent 66 (80) 61(71) 0.07
Present 12(15) 24 (28) ’
Vascular invasion,™n (%)
Absent 77 (94) 81 (94) 042
Present 1(1) 4(5) ’
Treatments for first recurrence, n (%)
Surgery 13 (16) 7 (8) 0.19
RFA 48 (59) 52 (60) 0.92
TACE 24 (29) 30 (35) 0.54
Others 2(2) 3(3) >0.99

* Liver metastasis was missed in 2 patients in the surgery group. ** Extrahepatic recur-
rence was missed in 2 patients in the surgery group and in 1 patient in the RFA group. # Liv-
er recurrence was missed in 2 patients in the surgery group and in 1 patient in the RFA
group. # Local recurrence was missed in 4 patients in the surgery group and in 1 patient in
the RFA group. tVascular invasion was missed in 4 patients in the surgery group and in 1
patient in the RFA group. * x? test for categorical variables and Wilcoxon'’s rank-sum test for
continuous variables.
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Surgery RFA Hazard ratio
Number of Number of  Number of Number of Estimate 95% ClI
recurrence  patients recurrence  patients
Entire Cohort 82 150 86 151 —— 0.92 (0.67, 1.25)
Age
<60 years 11 29 7 28 1.41 (0.53,3.72)
>60 years 71 121 79 123 — 0.87 (0.63, 1.21)
Hepatitis C virus infection
No 31 53 30 57 —_—— 1.06 (0.63, 1.77)
Yes 51 97 56 94 — 0.85 (0.57,1.25)
Number of HCC
Solitary 72 135 74 136 —— 0.94 (0.68, 1.31)
Multiple 10 15 12 15 0.73 (0.92, 1.81)
Largest HCC diameter
<2.0cm 51 98 53 101 — 1.00 (0.68, 1.49)
>2.0 cm 31 52 33 50 —_—— 0.79 (0.48, 1.31)
Child-Pugh score
5 66 117 71 129 —e— 0.98 (0.69, 1.39)
6-7 16 32 15 22 I—I°—— . . 0.60 (0.26, 1.36)
.25 .5 1 2 4

- e E——
Favors Surgery Favors RFA

Fig. 3. Subgroup analysis of RFS in the surgery and RFA groups.

(95% CI, 42.0%-58.4%) and 43.8% (95% CI, 35.3%-
51.9%), respectively.

In patients who did not undergo TACE, the median
RFS did not differ significantly between the surgery group
(n=139) and the RFA group (n = 138): 3.31 years vs. 2.82
years (HR, 0.90; 95% CI, 0.65-1.25; p = 0.52) (online sup-
pl. Fig. 1; for all online suppl. material, see www.karger.
com/doi/10.1159/000521665).

First Recurrence after Procedures

Recurrences were diagnosed in 82 patients (54.7%) in
the surgery group and in 86 patients (57.0%) in the RFA
group (Table 3). In both groups, most recurrences were
found in the liver of 80 patients (53.3%) in the surgery
group and 86 patients (57.0%) in the RFA group. Extra-
hepatic recurrence was found in 2 patients in each group.
The local recurrence rate was lower in the surgery group
than in the RFA group: 15.0% versus 28.0%, p = 0.07. The
type of treatment for recurrence did not differ significant-
ly between the groups. Of the 82 patients in the surgery
group who had recurrences, 13 (15.9%) underwent sur-
gery, 48 (58.5%) underwent RFA, and 24 (29.3%) under-
went TACE. Of the 86 patients in the RFA group who had
recurrences, 7 (8.1%) underwent surgery, 52 (60.5%) un-
derwent RFA, and 31 (36.0%) underwent TACE.

Surgery versus Radiofrequency Ablation
for Hepatocellular Carcinoma

Subgroup Analysis

Figure 3 shows the subgroup analysis, which was strat-
ified by age (<60 years vs. 260 years), hepatitis C virus
infection status, number of HCC nodules (solitary vs.
multiple), largest HCC diameter (<2.0 cm vs. >2.0 cm),
and Child-Pugh score (5 vs. 6-7). RES did not differ sig-
nificantly between the surgery and RFA groups in each
subgroup.

Discussion/Conclusion

In patients with the largest HCC diameter <3 cm and
<3 HCC nodules, our trial did not find significant differ-
ences in RFS between the surgery and RFA groups. The
median RES was 3.5 years in the surgery group and 3.0
years in the RFA group. According to our protocol, as-
sessment of OS is scheduled after August 2020.

Our study is the 5th RCT to compare survival between
surgery and RFA groups. Compared to the 4 previous
RCTs of HCC treatment with surgery or RFA [7-10], our
RCT included the highest number of patients who were
mostly associated with hepatitis C. Three previous RCT's
did not find surgery superior to RFA in terms of patient
OS [7-9]. However, RFS was significantly longer [8, 10]

Liver Cancer 2022;11:209-218
DOI: 10.1159/000521665

215



or tended to be longer [7, 9] in patients undergoing sur-
gery than in patients undergoing RFA. Our study did not
find significant differences in survival between the sur-
gery and RFA groups. This discrepancy can be attributed
to the reasons presented below. First, the tumor statuses
which influences prognosis after treatments [14] were
different (Millan criteria [8, 10], solitary tumor of diam-
eter <5 cm, up to 2 tumors <4 cm in diameter [9], and up
to 3 tumors <3 cm in diameter as in our study), and this
indicates that the relatively small tumor size in our study
is a limitation. Consequently, the advantage of surgery in
this series may be minimal. Second, all the previous RCTs
were based on a single-center trial, and the operative pro-
cedures (anatomical resection [7, 8] or nonanatomical re-
section with surgical margin >1 cm [9, 10]) and RFA
could be integrated. Our study is a multi-institutional
joint research involving 49 institutions; therefore, the
curability of HCC using surgery seemed variable. Third,
the 4 RCTs were conducted in China, and they indicate
that most causes of hepatocarcinogenesis were associated
with hepatitis B viral infection. However, in our study,
more than 60% of the patients had hepatitis C viral infec-
tion. Therefore, based on the multicentric origin, recur-
rence may be more frequent in Japan than in China. The
ratio of local recurrence to second primary lesions after
surgery and RFA may be smaller than that reported in
previous studies.

Two types of recurrence should be considered when
addressing recurrence after local therapy of HCC. The
first type is recurrence near treated areas. HCC is report-
ed to advance into the portal vein, and recurrence may
occur in the same Couinaud segment as the treated HCC
[15]. Two previous meta-analyses reported that the local
recurrence rate was significantly higher in patients un-
dergoing RFA than in patients undergoing surgery [16,
17], and this is consistent with our study. This indicates
that surgery may be associated with low local recurrence
as surgery can remove HCC and surrounding liver paren-
chyma [18]. RFA has advantages over surgery with regard
to procedure duration and duration of the hospital stay.
The second type is de novo intrahepatic recurrence (i.e.,
multicentric HCC). This type of recurrence accounts for
30-40% of recurrences after HCC treatments [19, 20].
The second type of recurrence limit efforts aimed at ad-
dressing treatment efficacy between surgery and RFA.
Analysis of RFS includes both types of recurrence; how-
ever, the second type of recurrence is likely not related to
the type of local therapy but to background liver function.

Our study should be understood in the context of the
limitations. First, the target number of patient was not
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reached because the speed of patient accrual was low. This
may further decrease the number of patients for subgroup
analysis. Nevertheless, as the RFS curves of both groups
overlapped, we assumed that the result may have been the
same if we registered the target number of patients. Using
the current data, we calculated conditional power (i.e., the
probability that statistically significant RFS results would
have been observed if a total of 570 patients which is the
initially planned number of patients had been enrolled
and if the HR was 0.90), and the calculated conditional
power was less than 8%. Although the current study had
approximately 15% of lost-to-follow-up patients in each
group, the survival outcome was investigated with the
support of hospitals where the patients moved. Second,
more than 90% of the patients in our study had solitary
HCC nodule and approximately 65% of the patients had
the largest HCC diameter <2.0 cm. This tumor character-
istic may have influenced our study results. In fact, the
3-year RES rate of the surgery group in our study was
comparable to the 3-year RFS rate of the RFA group. In
contrast, the 3-year RFS rate of the RFA group was high-
er than the 3-year RFS rate of patients undergoing RFA
in our retrospective cohort. We used our retrospective
cohort for sample size estimation; however, compared to
the RFA group of our current cohort, the patients under-
going RFA of the retrospective cohort had multiple and
large HCC:s. This most likely explains the difference in the
3-year RFS rate between the RFA group of our current
cohort and patients undergoing RFA of our retrospective
cohort. Third, the success of RFA was not clearly defined
as shown by the International Working Group on Image-
Guided Tumor Ablation (i.e., 5-10 mm ablation margin)
[21]. Last, the primary endpoint of our study was REFS,
even though the European Association for the Study of
the Liver recommends time to recurrence as the primary
endpoint. We reckon that this did not impact our results
as there was no treatment-related death in our study, and
primary disease-related death without recurrence was de-
fined as an event for recurrence.

In conclusion, this RCT showed that, for patients with
largest HCC diameter <3 cm and <3 HCC nodules, RFS
did not differ significantly between the surgery and RFA
groups. We recommend carefulness when RFA is per-
formed for HCC:s in difficult locations because such tu-
mors were excluded from our study and when RFA is per-
formed for HCCs with the largest diameter >2 cm as the
largest HCC diameter >2-2.5 cm was a risk factor for lo-
cal recurrence and OS after ablation [14, 22, 23]. OS will
be assessed after August 2020 as scheduled in our proto-
col.
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