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INTRODUCTION
It has been reported that liver cancer is the fifth most 

common malignant tumor worldwide and the fourth most 
common malignant cancer nationwide [1], and according to 
domestic statistics of South Korea, five-year survival rates from 
hepatocellular carcinoma (HCC) was 15.3% [2], a relatively low 
survival rate compared to its high incidence. Liver cirrhosis is 

the factor with the most decisive influence on the incidence 
of HCC, and about 90% of patients with HCC have chronic 
infections of hepatitis B or C virus, known as the basal diseases 
of cirrhosis [3]. 

Hepatectomy, radiofrequency thermal ablation (RFA), 
transcatheter arterial chemoembolization, and liver transplan
tation were conducted for the treatment of HCC, and hepatic 
function reserve is an important consideration in selecting 
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Purpose: The aim of this study was to compare the therapeutic effects of radiofrequency ablation (RFA) and hepatic 
resection (HR) with regards to procedural morbidity, mortality, overall survival (OS) and disease-free survival (DFS) rates in 
hepatocellular carcinoma (HCC) patients. 
Methods: Retrospective studies were performed based on the medical records of 129 patients who underwent curative 
HR, and 57 who patients received RFA for HCC, between 2005 and 2009. The inclusion criteria of HCC were the presence of 
three or fewer nodules 3 cm or less in diameter or a single nodule of 5 cm or less. 
Results: The 1-, 3- and 5-year OS rates in the HR group were 91.3%, 78.8%, and 64.9%, compared to 94.4%, 74.0%, and 
74.0% in the RFA group, with no significant difference between the two groups (P = 0.725). The estimated 1- and 3-year 
DFS rates were 70.0% and 53.0% in the HR group and 65.2% and 24.7% in the RFA group, respectively. The DFS rates of HR 
group were significantly higher than RFA group (P = 0.015). Multivariate analysis identified that recurrence (P = 0.036) and 
portal hypertension (P = 0.036) were associated with OS and that portal hypertension (P = 0.048) and increased serum a-FP 
(P = 0.008) were the factors significantly associated with DFS. 
Conclusion: HCC within Milan criteria should consider hepatectomy as the primary treatment if the patient's liver function 
and general conditions are good enough to undergo surgical operation. But in that RFA revealed similar overall survival to 
HR, RFA can be an alternative therapy for patients who are eligible for surgical resection.
[Ann Surg Treat Res 2014;87(2):72-80]
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treatment methods for HCC. Of the current treatment methods 
of HCC, hepatectomy has been known as a radical treatment 
method [4-6]. RFA had been introduced as an alternative 
therapy for hepatectomy, but recently, it has also been used 
as the primary treatment method of small HCC according to 
the status of patients. Liver transplantation (LT) has been 
recognized as ideal therapy of primary HCC, because it can 
treat basal cirrhosis as well as HCC [7]. But hepatic resection (HR) 
revealed similar survival and recurrence to LT in the setting of well 
compensated cirrhosis and early HCC [8]. Also, thanks to a shortage 
of donors, high medical expenses, and restriction of criteria, LT is 
not generally undergone as the primary therapy of HCC. 

In cases where the possibility of postoperative complication 
caused by hepatic failure induced from cirrhosis is high, where 
HR is impossible due to the development of intrahepatic 
multiple mass at the time of diagnosis of HCC, and where the 
cancer mass is located in an area where surgical approach or 
resection is impossible, an operation cannot be performed [9], 
and just 9%–27% of HCC patients can receive hepatectomy [10-
14]. Thus, several nonsurgical therapies including transcatheter 
arterial chemoembolization, percutaneous ethanol injection 
and RFA have been used as an alternative to surgery. Of 
these therapies, percutaneous ethanol injection and RFA 
were regarded as optimal treatment modalities for small HCC 
[15]. Furthermore, RFA has been reported to achieve the op
timal efficacy of treatment for small HCC [14,16,17]. Since its 
first introduction in 1996, RFA has been used mainly as an 
alternative therapy for the treatment of HCC and recently, it 
considered as first-line treatment of small HCC even when 
eligible for HR. According to recent studies, the pre-eminence 
of HR over RFA for small HCCs was suspected in that HR failed 
to demonstrate superiority in terms of overall survival (OS) 
and disease-free survival (DFS), also higher occurrence of major 
complications after surgery were reported [18,19]. However, 
as rising early detection of small HCC due to generalization 
of ultrasound screening for patients at risk of HCC and the 
preference for noninvasive therapy have been rising, RFA has 
widely been performed as first-line treatment modality of small 
HCC.

Therefore, this study examined the efficacies of HR and RFA 
for small HCC, conducted at a single hospital, for the same 
period through the comparison of complications, recurrences, 
OS rate, and DFS rate. In addition, it also investigated the 
factors affecting the prognosis of HCC. 

METHODS

Patients
Patients who were diagnosed with HCC and underwent HR 

or RFA as their first treatment modalities at Chonnam National 
University Hospital from Jan. 1, 2005 to Dec. 31, 2009 were 

included in this study. Since the patients who were subject 
to the RFA were limited to the relatively small size of HCC, 
only the cases applicable to RFA were sampled from cases 
that underwent HR for the comparison of two the treatment 
methods. Namely, patients with three or fewer nodules 3 cm or 
less in diameter or a single nodule of 5 cm or less were selected. 
Patients who underwent HR and RFA simultaneously were 
excluded because the influence of the treatment methods on 
recurrences and period of survival could not be distinguished. 
Retrospective study was conducted on the basis of the medical 
records of 129 consecutive patients who underwent HR and 57 
who underwent RFA for the treatment of HCC. 

Written informed consent was obtained from all the 
patients before HR and RFA. This study was approved by 
the Institutional Review Board of the ethical committee of 
Chonnam National University Hospital and also granted waiver 
for individual patient consent in the view point of being 
evaluated retrospectively (2012-173).

The diagnosis of HCC
HCC was diagnosed using liver biopsy, imaging study, and 

serum a-FP. All 129 patients of HR group confirmed HCC 
histopathologically after HR and 5 cases (8.7%) of RFA group 
were diagnosed through ultrasound-guided fine needle aspi
ration cytology before procedure. Of the diagnoses in the 
RFA group through noninvasive approaches [20], (1) 4 cases 
(7.0%) were equivalent to a-FP of the patients with risk factors 
including cirrhosis, chronic hepatitis B, and chronic hepatitis 
C showed an increase of 200 ng/dL or more with typical HCC 
findings of early arterial enhancement and early wash-out at 
portal-delayed phase in dynamic CT or dynamic MRI, (2) 42 
cases (73.9%) reported a-FP of 200 ng/dL or less but typical 
HCC findings both in dynamic CT and dynamic MRI, and (3) 11 
cases (19.3%) indicated typical findings of HCC in dynamic CT 
or dynamic MRI of 2 cm or more in size with cirrhosis. 

Clinical characteristics
Baseline evaluation included gender, age, presence or absence 

of cirrhosis, HBsAg, anti-HCV, albumin, AST, ALT, a-FP, total 
bilirubin, PT, platelet count, indocyanine green retention rate 
at 15 minutes (ICG R-15), Child-Pugh class, presence or absence 
of portal hypertension, size and number of HCC, length of 
hospital stay, complications, and aspects of recurrence of all 
patients. Diagnosis of cirrhosis in HR group was based on final 
histopathologic report. But determination of cirrhosis in RFA 
group was done by integrating radiologic findings suggestive of 
cirrhosis such as diffuse liver nodularity, change of echotexture, 
atrophy or hypertrophy of parenchyma and signs of portal 
hypertension. Of patients diagnosed with cirrhosis, portal 
hypertension was diagnosed when (1) gastric or esophageal 
varix was found by gastroduodenoscopy or conspicuous 
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findings in abdominal imaging study or (2) a conspicuous 
splenomegaly was observed by abdominal imaging study with 
decreased the platelet count below 100,000/mm3 [21]. 

In order to apply the same criteria to both groups, the size of 
the HCC was measured with the maximum diameter of mass 
from the abdominal CT conducted before treatment procedure. 
Complications were confined to cases of surgical complication 
grade II or more, which require medication, surgical and 
radiologic intervention [22].

Recurrence
Local recurrence was defined as the cases in which recurrence 

was found around resection margin in HR group and recurrence 
was found at the periphery of the ablated zone in subsequent 
CT scans after complete ablation was confirmed in RFA group. 
Intrahepatic distant recurrence was defined as the cases in 
which recurrence was observed at a region not adjacent to the 
primary lesion within same segment or in different segments. 

Survival
The concluding time of OS was based on the date of death in 

cases of death and on the date of the most recent follow-up visit 
in cases of survival. The concluding time of DFS was based on 
the date of the confirmation of the recurrence by imaging test 
in cases of recurrence and on the date of the last imaging test 
in cases of nonrecurrence. OS and DFS were computed monthly 
with the period from the date of surgical operation or RFA to 
the concluding date of OS and DFS, respectively. 

Methods of hepatectomy
Of the patients who were diagnosed with clinical HCC 

and eligible to undergo HR considering the location and the 
distribution of tumor, the patients who were not limited in 
hepatic reserve to undergo HR at the preoperative test were 
selected for HR. The range of hepatectomy was determined 
by considering ICG R-15 results and position of tumor, and 
anatomical resection was performed if possible. Forty-four of 
129 patients (34.1%) underwent wedge resection, 29 (22.5%) 
segmentectomy, 33 (25.6%) bisegmentectomy, and 23 (17.8%) 
major HR. Eight of 129 patients (6.2%) underwent laparoscopic 
hepatectomy, and 121 (93.8%) were treated with open hepatec
tomy. All patients were finally diagnosed with HCC by histo
pathological study. Three patients showed no findings of 
residual tumor infiltration at the resection margin grossly, but 
microscopic finding revealed the margin positive at the re
section margin. 

Methods of RFA
Patients with the deterioration of liver function over Child-

Pugh class B, patients belonging to high-risk groups of HR 
due to poor general conditions and patients expressing their 

wishes to reject the surgical operation in spite of recommended 
hepatectomy were selected as the subjects of the study. Fifty 
of 59 patients (84.7%) who underwent RFA were treated 
with percutaneous approach, and 9 patients (15.3%) were 
treated with RFA after laparotomy under general anesthesia, 
which included 8 patients who gave up hepatectomy after 
diagnostic laparotomy and converted to RFA and 1 patient 
treated with RFA after laparotomy for the surgical operation 
of choledocholithiasis. Every procedure of RFA was performed 
by interventional radiologist regardless of place - whether 
operation room or ultrasonography suite. RFA instruments were 
used as: CC-I (Radionics, Burlington, MA, USA) with clustered 
cooled-tip needle (17 gauge, electrode length of 2–3 cm). For 
percutaneous intervention, 2 mL of Fentanyl (Fentanyl, Hana 
Pharmacy, Seoul, Korea) was administered for sedation and 
local anesthesia from skin to hepatic capsule was conducted 
along to expected electrode insertion route with 2% Lidocane 
HCl (Lidocaine, Gwangmyeong Pharmacy, Seoul, Korea) and 
radiofrequency electrode was inserted into the center of tar
geting HCC under real time ultrasound guidance. RFA was 
performed with consecutive activation mode and a 17-G dual 
clustered cooled-tip electrode was introduced to index tumor. 
RF current was conducted through from generator with settings 
to deliver maximal power in the automatic impedance control 
mode. RFA was applied for 8–12 minutes continuously. End 
point of RFA was determined mainly according to ultrasound 
imaging of fully covered of index tumor by hyperechoic ablated 
zone. Tumors larger than a diameter of 3.5 cm required multiple 
overlapping ablations [23]. There was no premature stop of 
procedure caused by pain discomfort. To prevent hemorrhage 
and seeding along the track, the electrode was drawn back with 
thermocoagulation of inserted track.

Dynamic CT was conducted on the day after intervention, 
and when low attenuation shown in the images of arterial and 
portal phases contained enough to cover the index HCC and 
there was no contrast enhancement near the region of thermal 
therapy, patient discharge was planned without additional 
sessions of RFA. But if tumoral enhancement was detected, 
additional sessions were performed for residual tumor. One of 
57 patients (1.7%) showed incomplete necrosis, and one week 
later, RFA was performed again to achieve complete necrosis. 
The completeness of RFA was confirmed with dynamic CT 
performed 1 month after procedure. 

Follow-up
After treatments HR and RFA, dynamic CT, serum a-FP and 

liver function test were regularly conducted every 2–6 months 
after discharge from hospital, and cases of suspected recurrence 
were confirmed by dynamic MRI. In case of recurrence, rehe
patectomy, transcatheter arterial chemoembolization, or RFA 
was performed selectively. 
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Statistical analysis
Comparison of nominal variables was conducted with the chi-

square test and the analysis of continuous variables used the 
independent t-test. The analysis of the survival employedthe 
Kaplan-Meier method and the significance of differences bet
ween groups was compared with the log-rank test. The Cox 
regression model was used for the univariate and the multi
variate analysis of the factors affecting the prognosis of HCC. 
Multivariate analysis was conducted with all factors of P < 0.100 
in the univariate. All statistical analyses were performed with 
the statistical program SPSS ver. 17.0 (SPSS Inc., Chicago, IL, 
USA) and P < 0.05 was considered as a statistically significant 
value. 

RESULTS

Patients' characteristics (Table 1)
The male to female ratio of total HCC cases was 6.4:1, with 

there being more male patients than female patients (P < 0.001), 
and there was no difference in the sex ratio between the two 
groups (P = 0.254). Cirrhosis was found in 96 patients of the HR 
group (74.4%) and 48 of the RFA group (84.2%). In the etiology 
of liver cirrhosis, hepatitis B infection was the most common 
infection in both groups at 69.8% and 52.1%, respectively, 
and there was no significant difference in the percentages of 
hepatitis B infection (P = 0.104). In Child-Pugh class, which 
can estimate the progress of cirrhosis, the entire HR group 
was diagnosed as class A, but 43 of the RFA group (89.6%) was 
diagnosed as class A and 5 (10.4%) as class B, and it was found 
that cirrhosis had progressed further in the RFA group (P = 
0.002). The mean diameters of the HCC were 3.0 ± 1.0 cm and 2.3 
± 1.0 cm in the HR group and the RFA group, respectively, and 
the tumors of the RFA group were smaller than those of the HR 
group (P < 0.001). There was no difference in the serum a-FP 
distributions in the two groups after dividing them into over 
and below serum a-FP 20 ng/mL (P = 0.617) and total bilirubin 
was higher in the RFA group at 1.1±0.6 g/dL than in the HR 
group at 0.9 ± 0.4 g/dL (P = 0.004). There were more patients 
who had portal hypertension in the RFA group (P < 0.001). The 
mean follow-ups between the two groups were 28.2 and 28.3 
months for the HR group and the RFA group, respectively, and 
there was no difference between the two groups (P = 0.964). 
The mean lengths of hospital-stay were 14.5 days in the HR 
group and 6.0 days in the RFA group, demonstrating longer stay 
in the HR group (P < 0.001). 

Complications
The percentages of incidence of complications was 17.8% in 

Table 1. Characteristics of patients with HR and RFA

Variable HR (n = 129) RFA (n = 57) P-value

Gender 0.073
Male 116 (89.9) 45 (78.9)
Female 13 (10.1) 12 (21.1)

Age (yr) 57.7 ± 9.0 60.9 ± 11.0 0.037
Cirrhosis 0.200

Present 96 (74.4) 48 (84.2)
Absent 33 (25.6) 9 (15.4)

Etiology of cirrhosis 0.104
HBV 67 (69.8) 25 (52.1)
HCV 10 (10.4) 10 (20.8)
HBV+ HCV 1 (1.0) 2 (4.2)
Alcoholic 4 (4.2) 5 (10.4)
Cryptogenic 14 (14.6) 6 (12.5)

Child-Pugh class 0.002
A 96 (100) 43 (89.6)
B - 5 (10.4)
C - -

Multiplicity of tumors 0.286
Single 119 (92.2) 49 (86.0)
Multiple 10 (7.8) 8 (14.4)

Mean tumor size (cm) 3.0 ± 1.0 2.3 ± 1.0 <0.001
Tumor size (cm) <0.001

≤3 65 (50.4) 46 (80.7)
3.1–5 64 (49.6) 11 (19.3)

Serum a-FP (ng/mL) 0.617
≤20 65 (53.3) 30 (58.8)
>20 57 (46.7) 21 (41.2)

Albumin (g/dL) 4.4 ± 4.0 4.3 ± 0.5 0.769
Total bilirubin (mg/dL) 0.9 ± 0.4 1.1 ± 0.6 0.004
Portal hypertension <0.001

Present 27 (20.9) 26 (45.6)
Absent 102 (79.1) 31 (54.4)

Hospital stay (day) 14.5 ± 7.1  6.0 ± 5.2 <0.001
Follow-up (mo)   28.2 ± 15.7  28.3 ± 13.8 0.964

Values are presented as number (%) or mean ± standard devia
tion.
HR, hepatic resection; RFA, radiofrequency ablation.

Table 2. Complications and mortality of HR and RFA

HR (n = 129) RFA (n = 57) P-value

Complications 23 (17.8%) 6 (10.5%) 0.206
Hemorrhage 5 2
Abscess 5 0
Effusion 4 2
Pneumonia 1 0
Ileus 4 0
Incisional hernia 3 0
PV thrombosis 1 1
Parenchymal infarction 0 1

Mortality 3 (2.3%) 0 (0%) 0.555
Hepatic failure 3 0

HR, hepatic resection; RFA, radiofrequency ablation; PV, portal 
vein.
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the HR group and 10.5% in the RFA group, higher in the HR 
group, but there was no statistical difference (P = 0.206) (Table 
2). Three patients (2.3%) died of hepatic failure and ensuing 
disseminated intravascular coagulation after surgical operation 
(1 right hepatectomy case, 1 segmentectomy case, and 1 wedge 
resection case). 

Recurrence (Table 3)
Fifty-nine of 129 patients (45.8%) treated with HR reported 

recurrence, and remote recurrence was the most frequent 
type of recurrence at 11 cases (39.5%). Thiry-six of 57 patients 
(63.1%) treated with RFA reported recurrence and showed 
higher recurrence rates than the HR group (P = 0.038). Local 
recurrence was found in 17 patients of the RFA group (29.8%) 
and 2 patients of the HR group (1.6%), significantly higher in the 
RFA group (P < 0.001). Of the local recurrence in RFA group, 10 
of 17 recurrence cases (58.8%) reported recurrence within 1 year 
and 7 (41.2%) within 2 years, and 2 local recurrence cases of the 
HR group were within 1 year. 

OS rates and DFS rates (Table 4)
The 1-, 3- and 5-year OS rates in the HR group were 91.3%, 

78.8%, and 64.9%, compared to 94.6%, 74.4%, and 74.4% in the 
RFA group, and the mean OS was 50.7 ± 2.1 and 53.2 ± 3.0 
months, respectively, with no difference in the OS between the 
two groups (P = 0.725) (Fig. 1A). 

The 1- and 3-year DFS rates in the HR group were 70.0% 
and 53.0%, compared to 65.2% and 24.7% in the RFA group, 
respectively. The DFS rates of HR group was significantly higher 
than RFA group in this study (P = 0.015) (Fig. 1B).

Additionally, DFS was estimated in dividing subgroups such 
as HCC of 3 or less centimeters (Fig. 2A) and ranging from 3 to 5 
centimeters (Fig. 2B). Mean DFS was 38.5 ± 3.4 months for HR 
group of 3 or less centimeters of HCC and 22.0 ± 2.6 for the RFA 
group, with significantly longer DFS in the HR group (P = 0.003). 
DFS in the subgroup ranging from 3 to 5 centimeters showed 
higher tendency in the HR group over RFA group, but could not 
reach a significant difference (P = 0.099). OS in the subgroups 
below and over 3 cm of HCC showed no difference between the 
two groups (P = 0.838 and P = 0.682, respectively). 

Table 3. Recurrence of HCC after HR and RFA

HR  
(n = 129)

RFA 
(n = 57) P-value

Recurrence, n (%) 59 (45.8) 36 (63.1) 0.038
Local recurrence 2 (1.6) 17 (29.8) <0.001
Intrahepatic distant recurrence 51 (39.5) 17 (29.8) 0.205
Distant metastases 6 (4.7) 2 (3.5) 0.723

HCC, hepatocellular carcinoma; HR, hepatic resection; RFA, 
radiofrequency ablation.

Table 4. Overall and disease-free survival of HR and RFA

HR (n = 129) RFA (n = 57) P-value

Overall survival (%) 0.725
  1 yr 91.3 94.6
  3 yr 78.8 74.4
  5 yr 64.9 74.4
Disease-free survival (%) 0.015
  1 yr 70.0 65.2
  3 yr 53.0 24.7
  5 yr 20.6 -

HR, hepatic resection; RFA, radiofrequency ablation.

Fig. 1. Overall (A) and disease-free survival (B) of all patients in the two treatment groups. (A) The overall survival were not 
significantly different (P = 0.725), in the two treatment groups. (B) But disease-free survival was significantly higher in hepatic 
resection (HR) group (P = 0.015). RFA, radiofrequency ablation.
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Prognostic factors of HCC
Factors affecting the OS were analyzed based on the entire 

186 subjected patients (Table 5). Univariate analysis reported 
that recurrence (P = 0.021), total bilirubin (P = 0.013), and 
portal hypertension (P < 0.001) were analyzed as significant 
prognostic factors, but multivariate analysis showed that 
recurrence (P = 0.036) and portal hypertension (P = 0.036) 
were independent prognostic factors affecting the OS. 

As a result of univariate analysis of the factors affecting 
DFS, treatment methods (P = 0.009), number of tumor (P = 
0.006), total bilirubin (P = 0.046), portal hypertension (P < 
0.001), and a-FP (P < 0.001) were analyzed as the significant 
prognostic factors, but multivariate analysis reported that 

portal hypertension (P = 0.048) and a-FP (P = 0.008) were the 
significant independent prognostic factors of DFS (Table 6). 

DISCUSSION
Staging of tumors in most solid cancers is deeply related to 

prognosis, but the prognosis of HCC is closely related to basal 
liver state [24,25], as well as HCC stage. In addition, a variety 
of complementary treatment modalities to HR have been used 
due to limitations in treatment methods depending on the 
existence of basal liver diseases including cirrhosis. RFA has 
been widely known as the most effective therapy for small HCC 
among current nonsurgical, locoregional treatment methods [14-

Fig. 2. Disease-free survival of patients with hepatocellular carcinoma (HCC ≤ 3 cm (A) and 3 cm < HCC ≤ 5 cm (B) in the two 
treatment groups. (A) Disease-free survival was significantly higher in resection group (P = 0.003). (B) Disease-free survival was 
higher in hepatic resection (HR) group but the difference did not reach statistical significance (P = 0.099). RFA, radiofrequency 
ablation.

Table 5. Analysis of prognostic factors associated with overall survival

Variable
Univariate Multivariate

HRa) 95% CI P-value HRa) 95% CI P-value

Sex (male vs. female) 1.53 0.46–5.03 0.489
Age (>60 yr vs. ≤60 yr) 1.16 0.58–2.33 0.682
Treatment (HR vs. RFA) 0.99 0.47–2.10 0.980
Tumor size (≤3 cm vs. >3 cm) 0.97 0.48–1.97 0.933

Multiplicity (multiple vs. single) 1.12 0.26–4.70 0.883
ALT (≤100 vs. >100) 0.61 0.24–1.60 0.317
Recurrence (yes vs. no) 2.69 1.16–6.26 0.021 2.62 1.08-6.42 0.036
Recurrence pattern (local vs. remote) 0.93 0.35–2.52 0.892
Total bilirubin (>1.5 mg/dL vs. ≤1.5 mg/dL) 2.91 1.26–6.76 0.013 1.85 0.74-4.55 0.188
Portal hypertension (yes vs. no) 3.49 1.74–7.03 <0.001 2.27 1.05-5.05 0.036
a-FP (>20 ng/mL vs. ≤20 ng/mL) 1.91 0.94–3.90 0.076 1.52 0.73-3.13 0.265
Child-Pugh class (A vs. B) 0.54 0.07–4.03 0.548
ICG R-15 (≤10% vs. >10%) 1.03 0.43–2.47 0.948

CI, confidence interval; HR, hepatic resection; RFA, radiofrequency ablation; ICG R-15, indocyanine green retention rate at 15 
minutes.
a)Hazard ratio.
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17], and in particular, it has been reported that its therapeutic 
achievement for HCC of 2 or less centimeters in the size of 
tumor was similar to that of surgical HR [19]. But there are only 
a few studies that compared treatment effects between HR 
and RFA and, in particular, only one randomized controlled 
study was reported. Chen et al. [26] conducted a randomized 
controlled study with 180 patients diagnosed with HCC with 
a single nodule of 5 or less centimeters and reported that the 
treatment efficacies of RFA and HR for 4-year survival was 
similar in the two groups at 68% and 64%, respectively. But 
Ueno et al. [27] questioned the objectivity of the study by Chen 
et al. [26] in that its follow-up period was relatively short at 2 
years and that the 4-year survival from RFA and HR was 70% or 
less. 

Our study demonstrated that HR for HCC of 5 or less cen
timeters showed no significant increase OS compared to RFA, 
but an extension of DFS was expected (P = 0.015). We should 
estimate the reason of this discordance between OS and DFS 
that death from HCC was influenced not only by treatment 
modality or recurrence of malignancy itself but also by another 
factor represented as cirrhosis [28].

RFA has some advantages compared to HR such as being 
less invasive, having a relatively rapid recovery period, and 
short hospital stay. But it also has shortcomings such as more 
frequent local recurrence after treatment than HR [29]. This 
study confirmed three cases of mortality due to postoperative 
complications of hepatectomy although there was no statistical 
significance. Furthermore, HR group indicated higher inciden
ces of complications compared to RFA. In addition, HR has 
weaknesses such as a longer hospital stay and a longer recovery 
period after operation. 

The local recurrence rate of RFA group in this study was 
higher at 29.8% than HR group at 1.6% (P < 0.001). Mulier 

Table 6. Analysis of prognostic factors associated with disease-free survival

Variable
Univariate Multivariate

HRa) 95% CI P-value HRa) 95% CI P-value

Sex (male vs. female) 1.19 0.67–2.10 0.560
Age (>60 yr vs. ≤60 yr) 1.21 0.80–1.84 0.373
Treatment (RFA vs. HR) 1.78 1.15–2.73 0.015 1.49 0.94–2.38 0.096
Tumor size (≤3 cm vs. >3 cm) 0.74 0.49–1.12 0.158
Multiplicity (multiple vs. single) 2.39 1.29–4.44 0.006 1.79 0.93–3.45 0.077
ALT (≤100 vs. >100) 1.05 0.53–2.10 0.885
Total bilirubin (>1.5 mg/dL vs. ≤1.5 mg/dL) 1.82 1.01–3.28 0.046 1.15 0.60–2.22 0.672
Portal hypertension (yes vs. no) 2.18 1.42–3.35 <0.001 1.67 1.01–2.78 0.048
a-FP (>20 ng/mL vs. ≤20 ng/mL) 2.02 1.32–3.07 <0.001 1.79 1.16–2.78 0.008
Child-Pugh class (B vs. A) 2.54 0.80–8.13 0.115
ICG R-15 (>10% vs. ≤10%) 1.18 0.72–1.91 0.515

CI, confidence interval; HR, hepatic resection; RFA, radiofrequency ablation; ICG R-15, indocyanine green retention rate at 15 
minutes.
a)Hazard ratio.

et al. [29] argued that the diameter of HCC was the greatest 
influential factor on local recurrence, and while HCC of 3 or less 
centimeters in the diameter showed a local recurrence rate of 
3.6% in the first year after RFA, while HCC of 3−5 cm showed 
21.7%.

Ng et al. [30] suggested in their analysis of correlation bet
ween recurrence type and survival that cases of local recur
rence indicated lower OS than that of no recurrence but 
that it showed higher OS than cases of remote recurrence or 
metastasis. However, this study showed no difference in the OS 
between the local recurrence group and the intrahepatic distant 
recurrent or remote metastasis group (P = 0.892).

Ueno et al. [27] conducted a study with patients who met the 
Milan criteria to compare an RFA group that was divided into 
a percutaneous treatment group and a surgical approach group 
with an HR group and found that the surgically approached 
RFA group showed much higher DFS (P = 0.001) and OS (P = 
0.010) than the percutaneously approached group. There was 
no statistical significance in comparison to the HR group, but 
the surgically approached RFA group indicated a higher OS. 
Our study conducted RFA with nine patients through surgical 
approaches, but since the sample size was small, statistical 
analysis was not conducted.

As a result of analyzing the factors affecting OS, recurrence 
and portal hypertension were confirmed as independent risk 
factors (Table 5), and portal hypertension and serum a-FP were 
independent risk factors related to DFS (Table 6). It suggests 
that the prognosis of HCC is involved with the conservation of 
liver function as well as the radical treatment itself. 

However, portal hypertension and a-FP, which were analyzed 
as independent prognostic factors affecting DFS in this study, 
were unfavorably distributed in the RFA group than in the 
HR group as shown in the Table 1 (P < 0.001 and P = 0.617, 
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respectively). Accordingly, patients with a-FP of 20 ng/mL or 
less and no portal hypertension were reselected for subgroup 
analysis, and consequently, the authors could not find any 
statistical difference in DFS between HR and RFA subgroup (P 
= 0.228) (Fig. 3). 

Yet, this study has several limitations; First, this study was 

performed retrospectively and under a nonrandomized design. 
Second, treatment groups were not well matched in terms of 
well admitted prognostic factors of HCC such as a-FP level, 
Child-pugh class, bilirubin level and size of HCC, being biased 
unfavorably for RFA group with exception of size of tumor. 
Third, diagnosis of HCC and cirrhosis of patients in RFA group 
were not based on histopahologic evidence but on radiologic 
and clinical findings. 

In conclusion, when hepatectomy was conducted to treat 
small HCC, a more significant extension of DFS could be ex
pected than RFA. Thus, HCC with three or fewer nodules 3 cm 
or less in diameter or a single nodule of 5 cm or less should 
be performed hepatectomy as the primary treatment if the 
patient's liver function and general conditions are good enough 
to undergo surgical operation. Despite a higher recurrence 
rate, RFA was revealed to have similar OS as HR for the 
treatment of HCC within the Milan criteria. And in terms of 
less invasiveness, RFA has advantages over HR. So, RFA can be 
an alternative therapy for patients who are eligible for surgical 
resection. 
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Fig. 3. Disease-free survival of patients with a-FP below 
20 ng/mL and absence of portal hypertension in the two 
treatment groups: Disease-free survival was higher in hepatic 
resection (HR) group but the difference did not reach 
statistical significance (P = 0.228). RFA, radiofrequency 
ablation.
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