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Abstract
Purposes The indication of endoscopic (laparoscopic and thoracoscopic) hepatic resection (HR) has been expanded in the 
past decade because of its low invasiveness. However, the indications of endoscopic HR and radiofrequency ablation (RFA) 
have not yet been determined.
Methods Among the 906 patients hospitalized for the initial treatment of hepatocellular carcinoma (HCC) between 2000 
and 2017, 77 underwent endoscopic partial HR (E-pHR), and 94 underwent endoscopic RFA (E-RFA). We compared the 
short- and long-term outcomes between the E-pHR and E-RFA groups.
Results The patients in the E-RFA group were characterized primarily by an impaired liver function. Among the patients 
with liver damage B or C, the overall survival (OS) in the E-pHR group was significantly worse than in the E-RFA group 
(3-year OS: 36% vs. 82%, p = 0.003).
Conclusion E-RFA may be recommended for the initial treatment of HCC in patients with a severely impaired liver function. 
However, E-pHR should be avoided as the initial treatment of HCC in such patients.

Keywords Endoscopic surgery · Hepatic resection · Radiofrequency ablation · Hepatocellular carcinoma · Milan criteria

Introduction

Hepatocellular carcinoma (HCC) is the fifth-most com-
mon cancer and the second-most common cause of cancer 
death worldwide [1, 2]. Many treatments are now available 
for HCC, including hepatic resection (HR); local ablation 
therapy, such as radiofrequency ablation (RFA), micro-
wave coagulation (MCT), percutaneous ethanol injection 
(PEI) and cryoablation; liver transplantation; transcatheter 
hepatic arterial chemoembolization (TACE); molecular-
targeted drugs and radiotherapy [3–8]. Laparoscopic HR 

was first reported in 1991 [9], leading to the consensus of 
minor hepatectomy as the standard treatment for HCC in 
2008 [10]. While the superiority of laparoscopic HR is still 
being debated, this approach is considered to have theoreti-
cal advantages over open HR because the laparoscope allows 
for better exposure with a magnified view, and the pneu-
moperitoneum pressure reduces hepatic vein bleeding from 
the cut surface [11]. Furthermore, the recommendation of 
the second International Consensus Conference on Laparo-
scopic Liver Resection includes a difficulty scoring system 
for selecting patients to ensure patient safety [12].

HR, RFA and liver transplantation are therapeutic 
options for the treatment of HCC within the Milan crite-
ria with curative intent. Although the recommendations for 
liver transplantation have not changed [13], HR and RFA 
should remain the first options for curative treatment of HCC 
because liver transplantation requires suitable donors, high 
cost and waiting period [14]. HR or RFA is recommended 
for HCCs with a diameter of ≤ 3 cm in patients with a rela-
tively good liver functional reserve, according to the guide-
lines established by the American Association for the Study 
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of the Liver Disease [15], the European Association for the 
Study of the Liver [16] and Japanese evidence-based guide-
lines [17, 18]. RFA is now being recognized as an alterna-
tive therapy for small HCC tumors (≤ 3 cm) because it is 
efficient, has a low associated mortality rate and is much less 
invasive than HR [19, 20]. Although several studies have 
examined the differences between HR and RFA [21–26] 
and the differences between open HR and laparoscopic HR 
[27–30], few reports have compared laparoscopic HR with 
laparoscopic RFA [31, 32].

In the present study, we compared the short- and long-
term outcomes of endoscopic, including laparoscopic and 
thoracoscopic, HR and RFA as an initial treatment for HCC 
within the Milan criteria.

Methods

Patients

From January 2000 to March 2017, 2948 patients were hos-
pitalized and treated for HCC at the Department of Gas-
troenterological Surgery, Kumamoto University Hospital, 
Kumamoto, Japan. Of these, 906 (30.7%) were treated for 
initial HCC with curative intent, including 632 with HR and 
274 with local ablation therapy (Supplementary Fig. 1). The 
inclusion criterion of the endoscopic partial HR (E-pHR) 
group was laparoscopic or thoracoscopic partial hepatec-
tomy for HCC within the Milan criteria. The exclusion 
criteria were open HR (n = 504), conversion from an endo-
scopic to an open procedure (n = 2), endoscopic anatomi-
cal HR (n = 36), being outside of the Milan criteria (n = 7) 
and combined with RFA (n = 6). Ultimately, 555 patients 
were excluded from this group for not meeting the inclusion 
criterion.

The inclusion criterion of the endoscopic RFA group 
(E-RFA) was laparoscopic or thoracoscopic RFA for HCC 
within the Milan criteria. The exclusion criteria were open 
or percutaneous RFA (n = 164) and being outside of the 
Milan criteria (n = 3).

Ultimately, 77 patients (14.5%) were included in the 
E-pHR group, and 94 patients (34.7%) were included in the 
E-RFA group. The scores of the liver damage classification 
were based on the criteria of the Liver Cancer Study Group 
of Japan [33, 34]. Difficulty scores were calculated based 
on the tumor location, tumor size, extent of liver resection, 
proximity to major vessels and the liver function [35]. The 
scores of the extent of liver resection and proximity to major 
vessels in the E-RFA group were defined as zero.

Treatment modalities

The surgical procedure was selected based on the tumor 
location, extent of the tumor, parenchymal liver function 
and patients’ general condition, as described previously 
[18]. In principal, HR was considered the first-choice 
treatment for patients with a good liver functional reserve. 
The reasons for performing RFA rather than HR included 
an unsuitable tumor location that required major hepa-
tectomy, an insufficient liver function, a high operative 
risk associated with the general condition and the patient’s 
refusal to undergo HR.

Laparoscopic HR

For cases of partial HR, an endoscopic approach was typi-
cally selected as the first choice. For laparoscopic HR, 
patients were placed in the dorsal or semi-left lateral posi-
tion according to the tumor location. A 12-mm port for 
the laparoscope was inserted at the umbilical portion, and 
additional 3 or 4 ports of 12 mm in size were inserted 
according to the tumor location. Laparoscopic HR was 
performed as follows: a Harmonic scalpel (Ethicon Endo-
Surgery, USA) was used for the transection of the capsule 
and superficial parenchyma in the clamp-crushing method, 
and a Cavitron ultrasonic surgical aspirator (CUSA) was 
used for the transection of deeper parenchyma. During 
transection of the liver parenchyma, large intrahepatic glis-
sonean pedicle or hepatic veins were exposed, encircled, 
and divided after clipping by a Hem-o-Lok® (Teleflex 
Medical, Japan) or Liga-clip® (Ethicon Endo-Surgery). 
The Pringle maneuver was routinely used except for in 
cases when the hepatoduodenal ligament could not be 
encircled because of severe adhesion.

Thoracoscopic HR

Thoracoscopic HR was selected when the tumor was 
located near the hepatic dome [36]. Patients were placed 
in the semi- or full-left lateral position according to the 
tumor location. For a thoracoscopic approach, left single-
lung ventilation is required to maintain the working space 
of the right thoracic cavity. A 12-mm port for the thora-
coscopy was inserted at the midaxillary line between the 
fourth and seventh ribs, and additional 2 or 3 ports of 
12 mm in size were inserted according to the tumor loca-
tion. After ultrasonography through the diaphragm, the 
diaphragm was incised using the vessel sealing system 
 EnSeal® (Ethicon Endo-Surgery), with direct observation 
made at the surface of the diaphragm to avoid injuring the 
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blood vessels. Transection was performed via the same 
method as laparoscopic HR. At the end of the procedure, 
the incised diaphragm was sutured using non-absorbable 
thread.

RFA procedures

When a patient’s tumor was not close to the liver surface 
and was detected by percutaneous ultrasonography, percu-
taneous ultrasonography-guided RFA was selected. When 
the tumor was located at the liver surface, adjacent to other 
organs that required retraction, or undetectable by percutane-
ous ultrasonography, RFA was performed laparoscopically 
or with laparotomy. When the tumor was located near the 
hepatic dome and was undetectable by percutaneous ultra-
sonography, thoracoscopic RFA was selected [36, 37]. When 
multiple tumors were detected, percutaneous and laparo-
scopic or thoracoscopic RFA were sometimes combined, 
as appropriate.

For tumor ablation, as previously described [20], an elec-
trode with a 2- to 3-cm exposed tip (Radionics, Burlington, 
MA, USA) connected to a 500-kHz RF Generator (Radion-
ics) was used. A tip temperature of 10–20 °C was main-
tained by a chilled saline solution infusion via a peristaltic 
pump. After electrode insertion into the lesion, we gradually 
increased the power to 60 W in a 2-cm-long needle or 80 W 
in a 3-cm-long needle at 20 W/min. After ablation expo-
sure, we stopped the pump and measured the temperature 
of the needle tip. To achieve an accurate and wide tumor 
margin, we ablated not only the tumor nodule but also the 
area surrounding the tumor, especially if the target nodule 
was > 2 cm in diameter. Enhanced computed tomography 
(CT) was performed 7 days after RFA to evaluate the ablated 
region in all patients. Complete ablation was defined as the 
absence of contrast enhancement within the entire tumor. 
The procedure was repeated if a remaining unablated tumor 
remnant was suspected.

Follow‑up

After treatment, all patients underwent regular follow-up 
examinations of their serum alpha-fetoprotein (AFP), lens 
culinaris agglutinin-reactive fraction of AFP (AFP-L3) and 
des-γ-carboxy prothrombin (DCP) levels, and ultrasonog-
raphy (US) and enhanced computed tomography (CT) or 
magnetic resonance imaging (MRI) were performed every 
2–4 months to detect any intrahepatic recurrence or distant 
metastasis, as described previously [18, 38]. When tumor 
recurrence was confined to the remnant liver, various treat-
ment modalities were selected, including repeat HR, RFA, 
TACE, chemotherapy with sorafenib, or a combination of 
these methods, according to the remnant liver function and 
the tumor size, number and location.

Statistical analyses

Continuous variables are expressed as means ± standard 
deviation (SD) and were compared using the Mann–Whit-
ney U test. Categorical variables were compared using the 
χ2 test. Any death that occurred in the hospital after E-HR 
or E-RFA was recorded as a mortality. Grade II or higher 
complications according to the Clavien–Dindo classifica-
tion were recorded as morbidities [39]. The overall survival 
(OS) and recurrence-free survival (RFS) curves were gen-
erated by the Kaplan–Meier method and compared by the 
log-rank test. We subjected variables that exhibited a p value 
of < 0.05 in a univariate analysis to a multivariate analy-
sis using the Cox proportional hazards model. All analyses 
were performed using the  JMP® 13.2.1 software program 
(SAS, Cary, NC, USA). A p value of < 0.05 was considered 
significant.

Results

Patients’ clinicopathological characteristics

The clinical characteristics of the E-pHR (n = 77) and the 
E-RFA (n = 94) groups are summarized in Table 1. Com-
pared with the E-pHR group, the patients in the E-RFA 
group were characterized primarily by increased serum 
concentrations of total bilirubin; a decreased serum concen-
tration of albumin, platelet count and prothrombin activity; 
and an impaired indocyanine green retention rate at 15 min 
(ICG-R15) and uptake ratio of the liver to the liver plus 
heart at 15 min (LHL15), as determined by 99mTc-galactosyl 
human serum albumin (GSA) scintigraphy. These findings 
suggested that the liver function was impaired in the E-RFA 
group.

The tumor-related factors and the surgical factors of the 
two groups are also summarized in Table 1. There were no 
significant differences in the tumor markers, tumor size, or 
tumor number between the two groups. There were no sig-
nificant differences in the difficulty score between the two 
groups (3.4 vs. 3.8, p = 0.068). RFA was performed via a 
laparoscopic approach in 65 patients and a thoracoscopic 
approach in 29 patients. The median operating time was 317 
(range 144–660) min in the E-pHR group, which was sig-
nificantly longer than those in the E-RFA group (median, 
188; range 27–375) min, p < 0.0001). The median amount 
of blood loss was 249 g in the E-pHR group, which was 
significantly larger than those in the E-RFA group (55 g, 
p < 0.0001). Red blood cell (RBC) transfusion was per-
formed in 3 patients (3.9%) in the E-pHR group, whereas it 
was not performed at all in the E-RFA group. Local recur-
rence was observed in 0 patients in the HR group versus 9 
patients (9.6%) in the RFA group (p = 0.0008).
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Prognostic factors for the OS and RFS in the whole 
cohort

The median follow-up time of our series was 32.8 months. 
The survival curves related to the OS and RFS are illustrated 
in Fig. 1. The 5-year OS rates of the E-pHR and the E-RFA 
groups were 85% and 76%, respectively (p = 0.064). The 
5-year RFS rates of the E-pHR and the E-RFA groups were 
46% and 11%, respectively (p < 0.0001).

The univariate analysis revealed the following as 
poor prognostic factors for the OS: ≥ 67 years of age, 
Alb < 3.7 g/dl and RBC transfusion (Table 2). The mul-
tivariate analysis revealed that RBC transfusion (hazard 
ratio 38.7, p = 0.002) was the independent poor prognos-
tic factor for OS (Table 2). For the RFS, ≥ 67 years of 
age, HBs-Ag negativity, HCV-Ab positivity, Alb < 3.7 g/
dl, platelet count < 10 × 104/μl, LHL15 < 0.9, multiple 
tumors, E-RFA, Blood loss ≤ 150 g and RBC transfusion 

Table 1  Comparisons of 
background characteristics, 
tumor-related factors and 
surgical factors between the 
E-HR and E-RFA groups

E-pHR endoscopic partial hepatic resection, E-RFA endoscopic radiofrequency ablation, HBs-Ag hepatitis 
B surface antigen, HCV-Ab anti-hepatitis C antibody, ICG R15 indocyanine green retention rate at 15 min, 
99mTc-GSA 99mTc-galactosyl human serum albumin, LHL15 uptake rate of the liver plus heart at 15 min, 
AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, DCP des-γ-carboxy pro-
thrombin, HALS hand-assisted laparoscopic surgery, RBC red blood cell

Variables E-pHR (n = 77) E-RFA (n = 94) p

Age (years) 65.2 ± 10.2 67.4 ± 8.1 0.27
Sex (Male/Female) 53/24 51/43 0.051
HBs-Ag-positive (%) 22 (28.6) 12 (12.8) 0.0099
HCV-Ab-positive (%) 35 (45.5) 64 (68.1) 0.0028
Albumin (g/dl) 3.98 ± 0.49 3.54 ± 0.49  < 0.0001
Total bilirubin (mg/dl) 0.86 ± 0.41 1.11 ± 0.55 0.0021
Platelet count (×104/μl) 14.4 ± 5.3 9.7 ± 4.7  < 0.0001
Prothrombin activity (%) 92.4 ± 20.8 81.0 ± 14.2  < 0.0001
Child–Pugh classification 0.0002
5 58 39
6 13 37
7 4 10
8 2 6
9 0 0
10 0 2
Liver damage classification  < 0.0001
A 66 44
B 11 43
C 0 7
ICG-R15 (%) 15.1 ± 9.4 30.8 ± 16.5  < 0.0001
99mTc-GSA LHL15 0.91 ± 0.04 0.83 ± 0.09  < 0.0001
AFP (ng/ml) 167.6 ± 516.6 56.3 ± 172.0 0.044
AFP-L3 ≥ 10% 12 (15.6%) 9 (9.7%) 0.25
DCP (mAU/ml) 1099.0 ± 5039.6 176.9 ± 588.2 0.60
Tumor size (mm) 22.5 ± 9.0 21.3 ± 6.6 0.41
Tumor number 1.1 ± 0.4 1.2 ± 0.5 0.13
Difficulty score 3.4 ± 1.5 3.8 ± 1.5 0.068
Endoscopic approach (laparoscopy/thoracoscopy) 74/3 65/29  < 0.0001
Type of surgery (Pure/HALS/Hybrid) 28/20/29 90/4/0  < 0.0001
Operating time (min) 317.3 ± 94.0 188.3 ± 70.3  < 0.0001
Blood loss (g) 249.3 ± 331.4 54.7 ± 164.2  < 0.0001
RBC transfusion 3 (3.9%) 0 (0%) 0.028
Morbidity (Clavien–Dindo ≥ II, %) 3 (3.9%) 1 (1.1%) 0.22
30-day mortality (%) 0 (0.0%) 0 (0.0%) –
In-hospital stay (days) 16 ± 7 16 ± 6 0.76
Local recurrence 0 (0%) 9 (9.6%) 0.0008
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were identified as poor prognostic factors in the univari-
ate analysis (Table 3). The multivariate analysis showed 
that RBC transfusion (hazard ratio 10.3, p = 0.004), mul-
tiple tumors (hazard ratio 2.05, p = 0.015), Alb < 3.7 g/

dl (hazard ratio 2.32, p < 0.0001) were independent poor 
prognostic factors for the RFS (Table 3). 

Fig. 1  The overall (a) and recurrence-free survival (b) in patients who underwent endoscopic hepatic resection and endoscopic radiofrequency 
ablation for hepatocellular carcinoma. E-pHR endoscopic partial hepatic resection, E-RFA endoscopic radiofrequency ablation

Table 2  Univariate and 
multivariate analyses of factors 
related to the overall survival

RFA radiofrequency ablation, HBs-Ag hepatitis B surface antigen, HCV-Ab anti-hepatitis C antibody, ICG-
R15 indocyanine green retention rate at 15 min, 99mTc-GSA 99mTc-galactosyl human serum albumin, LHL15 
uptake rate of the liver plus heart at 15 min, AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reac-
tive fraction of AFP, DCP des-γ-carboxy prothrombin, RBC red blood cell, HR hazard ratio, 95% CI 95% 
confidence interval, NS not significant

Variables Univariable analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Sex (male) 1.36 (0.72–2.71) 0.35
Age ≥ 67 years old 1.88 (1.01–3.59) 0.048 NS
HBs-Ag-positive 0.62 (0.25–1.32) 0.22
HCV-Ab-positive 1.32 (0.71–2.52) 0.39
Albumin < 3.7 g/dl 1.90 (1.02–3.59) 0.044 NS
Total bilirubin > 1.0 mg/dl 1.16 (0.58–2.20) 0.66
Platelet count < 10 × 104/μl 1.07 (0.56–1.98) 0.84
Prothrombin activity < 80% 1.00 (0.53–1.84) 0.99
ICG-R15 ≥ 20% 1.68 (0.87–3.27) 0.12
99mTc-GSA LHL15 < 0.9 1.68 (0.89–3.27) 0.11
AFP ≥ 20 ng/ml 1.36 (0.73–2.49) 0.33
AFP-L3 ≥ 10% 0.95 (0.33–2.21) 0.91
DCP ≥ 100 mAU/ml 1.48 (0.76–2.78) 0.24
Tumor size > 2.0 cm 1.01 (0.55–1.89) 0.97
Multiple tumors 1.21 (0.46–2.68) 0.68
Difficulty score > 3 1.53 (0.83–2.88) 0.18
Procedure (E-RFA) 1.85 (0.97–3.69) 0.060
Operating time > 240 min 0.90 (0.48–1.68) 0.75
Blood loss > 150 g 0.76 (0.41–1.41) 0.39
RBC transfusion 46.1 (5.97–285) 0.0013 38.7 (5.01–239) 0.002
Morbidity (Clavien–Dindo ≥ II) 0.65 (0.04–3.03) 0.65
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A subgroup analysis according to the liver damage 
classification

Among the patients with liver damage A, the OS and RFS in 
the E-pHR group were significantly better than in the E-RFA 
group (3-year OS: 93% vs. 82%, p = 0.18, Fig. 2a, and 3-year 
RFS: 60% vs. 26%, p = 0.0003, Fig. 2b, respectively). In con-
trast, among the patients with liver damage B or C, the OS in 
the E-pHR group was significantly worse than in the E-RFA 
group (3-year OS: 36% vs. 82%, p = 0.003, Fig. 2c). How-
ever, the RFS was similar between the two groups (3-year 
RFS: 21% vs. 27%, p = 0.69, Fig. 2d).

Among the patients with liver damage A, a univariate 
analysis revealed that male gender and E-RFA were poor 
prognostic factors for the OS (Table 4). In the multivariate 
analysis, E-RFA (hazard ratio 2.56, p = 0.026) was identified 
as independent poor prognostic factors for the OS (Table 4). 
In contrast, among the patients with liver damage B or C, 
a univariate analysis revealed that E-pHR and RBC trans-
fusion were poor prognostic factors for the OS (Table 5). 
In the multivariate analysis, only RBC transfusion (hazard 
ratio 28.7, p = 0.001) was identified as an independent poor 
prognostic factor for the OS (Table 5). 

Discussion

The current study investigated the short- and long-term out-
comes of E-pHR and E-RFA for patients with initial HCC 
within the Milan criteria. The results showed that E-RFA 
resulted in a better long-term outcome in patients with liver 
damage B or C than E-pHR, despite the fact that the E-RFA 
group contained patients with a poorer liver functional 
reserve.

Although several reports have recently examined the 
prognoses after HR compared with those after RFA, the 
results are controversial [21, 23, 26, 40]. Furthermore, few 
reports have compared endoscopic HR with endoscopic 
RFA. A previous report described the therapeutic advan-
tages of HR in patients with a single nodule and preserved 
liver function compared to ablation therapy through a lapa-
roscopic approach [31]. However, that study did not take into 
consideration the background liver function, and the possible 
indications of HR and RFA have thus remained unclear [26].

Previous studies compared the long-term outcomes 
between HR and ablation therapy, including RFA, for 
HCC according to the background liver function [26]. 
Hasegawa et al. reported that HR was recommended for 

Table 3  Univariate and 
multivariate analyses of factors 
related to the recurrence-free 
survival

RFA radiofrequency ablation, HBs-Ag hepatitis B surface antigen, HCV-Ab anti-hepatitis C antibody, ICG-
R15 indocyanine green retention rate at 15 min, 99mTc-GSA 99mTc-galactosyl human serum albumin, LHL15 
uptake rate of the liver plus heart at 15  min, AFP alpha-fetoprotein, AFP-L3 Lens culinaris agglutinin-
reactive fraction of AFP, DCP des-γ-carboxy prothrombin, RBC red blood cell, HR hazard ratio, 95% CI 
95% confidence interval, NS not significant

Variables Univariable analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Sex (male) 0.88 (0.58–1.36) 0.57
Age ≥ 67 years old 1.98 (1.31–3.02) 0.0012 NS
HBs-Ag-positive 0.43 (0.24–0.73) 0.0012 NS
HCV-Ab-positive 2.12 (1.39–3.28) 0.0004 NS
Albumin < 3.7 g/dl 2.49 (1.65–3.78)  < 0.0001 2.32 (1.53–3.55)  < 0.0001
Total bilirubin > 1.0 mg/dl 1.03 (0.67–1.57) 0.88
Platelet count < 10 × 104/μl 1.58 (1.06–2.37) 0.027 NS
Prothrombin activity < 80% 1.28 (0.86–1.91) 0.23
ICG-R15 ≥ 20% 1.48 (0.96–2.29) 0.079
99mTc-GSA LHL15 < 0.9 2.08 (1.36–3.23) 0.0007 NS
AFP ≥ 20 ng/ml 1.34 (0.88–2.01) 0.17
AFP-L3 ≥ 10% 0.69 (0.34–1.28) 0.26
DCP ≥ 100 mAU/ml 1.10 (0.72–1.66) 0.64
Tumor size > 2.0 cm 1.11 (0.75–1.67) 0.60
Multiple tumors 2.26 (1.29–3.75) 0.0058 2.05 (1.16–3.43) 0.015
Difficulty score > 3 1.23 (0.82–1.84) 0.31
Procedure (E-RFA) 2.32 (1.53–3.59)  < 0.0001 NS
Operating time > 240 min 0.82 (0.55–1.23) 0.33
Blood loss > 150 g 0.46 (0.30–0.69) 0.0002 NS
RBC transfusion 9.15 (2.16–26.6) 0.0058 10.3 (2.40–30.6) 0.004
Morbidity (Clavien–Dindo ≥ II) 0.37 (0.06–1.19) 0.11
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solitary lesions and HCC of 2–3 cm in size in patients 
with liver damage B according to data collected from a 
Japanese nationwide survey [26]. Utsunomiya et al. also 
reported that HR resulted in a significantly better prog-
nosis than RFA in case of Japan Integrated Staging (JIS) 
score [41] “1” and “2”, including Child–Pugh A/Stage III 
or Child–Pugh B/Stage II in non-B/non-C HCC patients 
[40]. However, our previous study in 104 HCC patients 
with liver damage B showed that RFA produced compa-
rable outcomes to HR, and a subgroup analysis revealed 
that the OS with RFA was significantly better in patients 
with a significantly impaired liver function than the OS 
with HR [42]. In the current study, although there were no 
significant differences in the OS between the two groups, 
the E-RFA group had a significantly poorer prognosis 
than the E-pHR group among patients with liver damage 
A, whereas the E-RFA group had a significantly better 
prognosis than the E-pHR group among patients with liver 

damage B or C. Given that the E-RFA patients in the pre-
sent study had a poorer liver functional reserve than the 
E-pHR group, which only included patients with partial 
hepatectomy, our results suggest that E-RFA may be rec-
ommended as a treatment option for HCC patients with an 
impaired liver functional reserve when anatomical resec-
tion is not required. However, the reasons for the worse 
outcome of E-pHR in patients with liver damage B or C 
than in others are unclear. One possible reason is that sur-
gical invasion due to HR in patients with an impaired liver 
function may lead to further impairment of the remnant 
liver, subsequent limitation of adding surgical intervention 
and a worsened survival. Further studies in a larger cohort 
will be necessary to resolve these issues.

In the current study, the RFS in the E-RFA group was 
significantly worse than in the E-HR group, possibly 
because of more advanced cirrhotic changes in the back-
ground liver. The local recurrence rate in the RFA group 

Fig. 2  The long-term outcomes in patients who underwent endo-
scopic hepatic resection and endoscopic radiofrequency ablation for 
hepatocellular carcinoma according to the liver damage classifica-
tion. a, b The overall (a) and recurrence-free survival (b) in patients 

with liver damage A. c, d The overall (c) and recurrence-free survival 
(d) in patients with liver damage B or C. E-pHR endoscopic partial 
hepatic resection, E-RFA endoscopic radiofrequency ablation
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was 9.6%. Previous studies have reported the local recur-
rence rates of HCC after RFA to be 9.7–15.0% at 1 year and 
19–27% at 3 years [43, 44]. Of note, Hori et al. reported that 
the cumulative local recurrence rate at 3 years reached 50% 
after percutaneous RFA for surface HCC [43]. In contrast, 2 
meta-analyses reported that the rate of local recurrence after 
open HR ranged from 4.0–4.8% [21, 45]. One indication of 
E-RFA at our institution is basically for tumors located on 
the surface of the liver, to avoid cancer cell dissemination 
to the peritoneal cavity. As a result, the local recurrence 
rate after RFA has been kept relatively low, and tumor dis-
semination has not been observed. These findings and the 
comparable RFS rate compared with E-pHR in patients with 
liver damage B or C suggest that E-RFA may be an alterna-
tive to HR in patients with an impaired liver function.

Multivariate analyses in the current study revealed that 
RBC transfusion was an independent poor prognostic fac-
tor for the OS in the whole cohort as well as in patients 
with liver damage B/C. No patients with liver damage 
A received RBC transfusion. In addition, only patients 
who underwent E-pHR received RBC transfusion. It is 
well known that blood transfusion is significantly asso-
ciated with adverse clinical outcomes for HCC patients 

undergoing surgery, including short- and long-term out-
comes [46, 47]. These findings suggested that surgeons 
should reduce blood loss during surgery and avoid RBC 
transfusion, especially in patients with a severely impaired 
liver function.

The retrospective data analysis and small sample size 
from a single institution are the main limitations of this 
study. In addition, considerable bias may be present due to 
patients’ selection and the choices of their treatment. Indeed, 
the patients in the E-RFA group were characterized primar-
ily by an impaired liver function, although the tumor factors 
were comparable to those of the E-pHR group. However, 
despite their impaired liver function, the survival after sur-
gery was significantly better in the E-RFA group than in the 
E-pHR group among the patients with liver damage B or 
C. Larger cohort studies or randomized control studies are 
needed to confirm the results of this study.

In conclusion, E-RFA resulted in a better survival than 
E-HR in HCC patients with liver damage B or C. E-RFA 
may therefore be considered as an alternative in select 
patients, especially those with a severely impaired liver 
function. However, E-pHR should be avoided for the initial 
treatment of HCC in such patients.

Table 4  Univariate and 
multivariate analyses of factors 
related to the overall survival 
in patients with liver damage A 
(n = 110)

RFA radiofrequency ablation, HBs-Ag hepatitis B surface antigen, HCV-Ab anti-hepatitis C antibody, ICG-
R15 indocyanine green retention rate at 15 min, 99mTc-GSA 99mTc-galactosyl human serum albumin, LHL15 
uptake rate of the liver plus heart at 15 min, AFP alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-
reactive fraction of AFP, DCP des-γ-carboxy prothrombin, RBC red blood cell, HR hazard ratio, 95% CI 
95% confidence interval, NS not significant

Variables Univariable analysis Multivariate analysis

Hazard ration (95% CI) p Hazard ration (95% CI) p

Sex (male) 2.82 (1.07–9.70) 0.035 NS
Age ≥ 67 years old 1.84 (0.81–4.25) 0.14
HBs-Ag-positive 0.53 (0.15–1.40) 0.21
HCV-Ab-positive 1.56 (0.71–3.62) 0.27
Albumin < 3.7 g/dl 1.83 (0.76–4.14) 0.17
Total bilirubin > 1.0 mg/dl 1.20 (0.46–2.79) 0.69
Platelet count < 10 × 104/μl 1.44 (0.61–3.22) 0.39
Prothrombin activity < 85% 0.93 (0.38–2.12) 0.87
ICG-R15 ≥ 20% 1.53 (0.60–3.68) 0.35
99mTc-GSA LHL15 < 0.9 1.48 (0.64–3.39) 0.36
AFP ≥ 20 ng/ml 0.82 (0.33–1.86) 0.65
AFP-L3 ≥ 10% 0.96 (0.23–2.78) 0.94
DCP ≥ 100 mAU/ml 1.75 (0.74–4.00) 0.20
Tumor size > 2.0 cm 1.07 (0.47–2.42) 0.87
Multiple tumors 1.43 (0.34–4.19) 0.58
Difficulty score > 3 1.47 (0.66–3.25) 0.34
Procedure (E-RFA) 2.69 (1.18–6.63) 0.018 2.56 (1.12–6.34) 0.026
Operating time > 240 min 0.67 (0.29–1.51) 0.34
Blood loss > 150 g 0.74 (0.33–1.66) 0.46
RBC transfusion – –
Morbidity (Clavien–Dindo ≥ II) – –
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