
Oncotarget47794www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 30

Effect of oral antiviral treatment on long-term outcomes of 
radiofrequency ablation therapy for hepatitis B virus-related 
hepatocellular carcinoma

Won Sohn1,2,*, Tae Wook Kang3,*, Sun-Kyu Choi4, Sin-Ho Jung4, Min Woo Lee3, 
Hyo Keun Lim3,5, Ju-Yeon Cho1,6, Sang Goon Shim7, Dong Hyun Sinn1, Geum-Youn 
Gwak1, Moon Seok Choi1, Joon Hyeok Lee1, Kwang Cheol Koh1, Seung Woon Paik1, 
Hyunchul Rhim3,#, Yong-Han Paik1,5,#

1Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
2Department of Hepatology, Bundang Jesaeng Hospital, Sungnam, Korea
3Department of Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
4Department of Biostatistics and Clinical Epidemiology, Samsung Medical Center, Seoul, Korea
5Department of Health Science and Technology, Samsung Advanced Institute for Health Science and Technology, 
Sungkyunkwan University, Seoul, Korea

6Department of Medicine, Chosun University Hospital, Gwang-Ju, Korea
7Department of Medicine, Samsung Changwon Hospital, Sungkyunkwan University School of Medicine, Changwon, Korea
*These authors have contributed equally to this work
#These authors share senior authorship

Correspondence to: Yong-Han Paik, email: yh.paik@skku.edu
Keywords: hepatocellular carcinoma, radiofrequency ablation, chronic hepatitis B, antiviral treatment
Received: January 08, 2016    Accepted: May 28, 2016    Published: June 14, 2016

ABSTRACT

Objectives: This study aimed to investigate the effect of oral antiviral treatment 
on the prognosis of hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) 
after radiofrequency (RF) ablation.

Methods: Between January 2003 and December 2010, 228 patients without a 
history of antiviral treatment were treated with RF ablation for a single HBV-related 
HCC. We divided the patients into two groups, patients who received (n=125) or did 
not receive antiviral treatment (n=103), based on whether oral antiviral treatment 
was administered after RF ablation. The median duration of antiviral treatment was 
60.1 months. HCC recurrence and overall survival were compared in the two groups 
in the full cohort and the propensity score-matched cohort.

Results: In the matched cohort, the probability of HCC recurrence at 5 years was 
43.8% for the non-antiviral treatment group and 14.7% for the antiviral treatment 
group (p<0.001). The probability of overall survival at 5 years was 77.2% for the 
non-antiviral treatment group and 93.5% for the antiviral treatment group (p=0.002). 
Multivariable analysis showed that risk factors for HCC recurrence included large 
tumor size (hazard ratio (HR)=1.30, p=0.022), HBV DNA serum level (HR=1.11, 
p=0.005), and serum AFP level ≥20 ng/mL (HR=1.66, p=0.005). Overall survival 
was associated with larger tumor size (HR=1.86, p=0.001) and Child-Pugh Class 
B (HR=2.13, p=0.019). Oral antiviral treatment after RF ablation was significantly 
associated with a lower risk of tumor recurrence and death (HR=0.33, p<0.001, and 
HR=0.44, p=0.004).

Conclusion: Use of oral antiviral treatment after curative RF ablation was 
associated with favorable outcomes in terms of tumor recurrence and overall survival 
in patients with HBV-related HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most 
common cancers [1]. The preferred means of treatment 
is to detect the tumor at an early stage and to treat with 
a curative therapy, such as surgical resection, liver 
transplantation and local ablation [2]. Radiofrequency 
(RF) ablation is a representative local ablation therapy 
for HCC treatment. It is widely used to treat HCC at an 
early stage when the case is not a candidate for surgical 
therapies. Currently, RF ablation is recommended as a 
curative therapeutic modality for patients with very-early 
stage HCC according to the recently published Barcelona 
Clinic Liver Cancer treatment strategy [3].

The therapeutic outcomes of RF ablation for HCC 
are known to be associated with technical issues (e.g. 
incomplete ablation), tumor characteristics (e.g. tumor 
size, number, and location), and underlying liver status 
(e.g. cirrhosis and hepatic iron accumulation) [4–7]. 
Recent studies, including that carried out by our group, 
show that hepatitis viral load is an independent risk 
factor for prognosis of HCC after surgical resection or 
RF ablation in patients with chronic hepatitis B (CHB) 
[8–11]. High viral load at resection is associated with 
tumor recurrence of hepatitis B virus (HBV)-related HCC 
after resection [8–10]. In addition, our group reported 
that a high level of HBV DNA at RF ablation is a risk 
factor for tumor recurrence in HBV-related HCC after RF 
ablation [11]. Therefore, the control of viral replication 
may be important for prognosis after the treatment of 
HBV-related HCC. Recent studies demonstrate that 
oral antiviral treatment using nucleos(t)ide (nucleoside/
nucleotide) analog results in favorable outcomes in terms 
of tumor recurrence and overall survival of HBV-related 
HCC after surgical resection [12–14]. However, a few 
studies have been carried out to explore on the effect of 
antiviral treatment on the prognosis of HBV-related HCC 
after curative RF ablation [15, 16]. Our group reported 
that the absence of antiviral therapy during follow up 
was associated with poor survival in HCC patients who 
received RF ablation as first-line therapy [15]. Recently, 
Taiwanese investigators reported that nucleos(t)ide analog 
treatment is associated with a decreased risk of HCC 
recurrence using nationwide health insurance database 
[16]. However, previous studies did not provide detailed 
HBV-related data such as pretreatment HBV DNA levels 
or HBeAg status that are known as important factors 
affecting prognosis in HBV-related HCC. Therefore we 
aimed to investigate the precise role of nucleos(t)ide 
analog treatment on the long-term prognosis of HBV-
related HCC after curative RF ablation.

We compared long-term prognosis including tumor 
recurrence and overall survival between an oral nucleos(t)
ide treatment group and a non-treatment group in HBV-
related HCC after curative RF ablation. In addition, risk 

factors for tumor recurrence and overall survival of HBV-
related HCC after RF ablation were analyzed.

RESULTS

Baseline characteristics

Baseline characteristics of the two groups are 
described in Table 1. While 103 patients did not receive 
antiviral treatment after RF ablation, 125 patients received 
antiviral treatment after RF ablation (entecavir 0.5mg/d, 
n=68; lamivudine 100mg/d, n=45; clevudine 30mg/d, 
n=7; adefovir 10mg/d, n=4; tenofovir 300mg/d, n=1). 
Supplemental Table 1 shows the stratified characteristics 
according to antiviral agents. There was no adverse 
event in patients treated with entecavir, lamivudine, 
and tenofovir. Mild renal insufficiency occurred in one 
patient treated with adefovir that was recovered after 
reducing to half dose. A patient experienced myopathy 
during clevudine use and was fully recovered after 
changing to entecavir. The initiation of antiviral treatment 
was decided according to the KASL guideline in 117 
patients of the 125 patients (94%). However, the antiviral 
agents were administered to 8 patients (6%) who did 
not meet the KASL guideline according to a physician’s 
recommendation. The median follow-up duration of the 
patients was 64.8 (interquartile range: 46.8-90.0) and 
68.4 (interquartile range: 53.3-89.7) months in the non-
antiviral treatment group and the antiviral treatment group, 
respectively. There was no significant difference in follow-
up duration between the two groups. The median duration 
of antiviral treatment was 60.1 (interquartile range, 46.1-
77.9) months. The median interval from RF ablation to 
the beginning of antiviral treatment was 3.4 (interquartile 
range, 0-16.5) months. There was no significant difference 
in age, gender, tumor size, platelet count, PT-INR, liver 
cirrhosis, and Child-Pugh class status between two groups. 
However, the antiviral treatment group had significantly 
higher levels of serum AST, ALT, HBV DNA and 
AFP than the non-antiviral treatment group (p=0.002, 
p=0.003, p<0.001, and p=0.007). Also, the number of 
patients with HBeAg positivity was significantly higher 
in the antiviral treatment group than in the non-antiviral 
treatment group (49% versus 22%, p<0.001). Of the 228 
patients, histologic diagnosis for HCC was done in 28 
patients (12.3%). The differentiation type of HCC was 
Edmondson-Steiner grade I in 10 patients, grade II in 17 
patients, and grade IV in 1 patient.

Tumor recurrence and overall survival according 
to the use of antiviral treatment

Among all 228 patients, tumor recurrence and death 
were observed in 152 (66.7%) and 54 (23.7%) patients, 
respectively. Table 2 shows the comparison of baseline 
characteristics between the two groups after propensity 
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score matching. After matching, 104 patients were 
included in the antiviral treatment group and 62 patients 
were included in the non-antiviral treatment group. There 
was no significant difference in all clinical variables 
including serum AST, ALT, HBV DNA, AFP, and HBeAg 
status between the two groups. In addition, the mean 

standardized difference of each variable indicated very 
small differences between the groups.

We compared the differences in time to recurrence 
and overall survival according to the use of antiviral 
treatment after RF ablation in both the full and matched 
cohorts (Figure 1). In the full cohort, the probability of 

Table 1: Baseline characteristics of all patients (n=228)

Non-antiviral treatment group
(n=103)

Antiviral treatment group
(n=125)

P-value

Age (years) 55.2 ± 8.9 55.0 ± 8.9 0.856

Gender 0.328

 women 23 (22%) 35 (28%)

 men 80 (78%) 90 (72%)

Tumor size (mm) 2.1 ± 0.6 2.2 ± 0.7 0.464

Platelet (x103/mm3) 111.9 ± 48.5 110.2 ± 45.7 0.792

Prothrombin time (INR) 1.21 ± 0.14 1.23 ± 0.16 0.347

Albumin (g/dL) 3.6 ± 0.5 3.6 ± 0.6 0.557

Total bilirubin (mg/dL) 1.0 ± 0.6 1.0 ± 0.6 0.721

AST (U/L) 43.1 ± 21.9 54.2 ± 31.8 0.002

ALT (U/L) 36.9 ± 32.3 52.1 ± 42.5 0.003

Log10HBV DNA ( IU/mL) 2.8 ± 2.6 5.3 ± 2.0 <0.001

AFP (ng/mL) 0.007

 <20 57 (55%) 47 (38%)

 ≥20 46 (45%) 78 (62%)

HBeAg (N, %) <0.001

 negative 80 (78%) 64 (51%)

 positive 23 (22%) 61 (49%)

Liver cirrhosis (N, %)

 absence 17 (17%) 21 (17%) 0.953

 presence 86 (83%) 104 (83%)

Child-Pugh class (N, %) 0.661

 A 86 (83%) 107 (86%)

 B 17 (17%) 18 (14%)

Antiviral therapy (N, %)

 Lamivudine 68 (54%)

 Entecavir 45 (36%)

 Clevudine 7 (6%)

 Adefovir 4 (3%)

 Tenofovir 1 (1%)

Data are presented as the mean ± standard deviation or number of patients (percentages in parentheses).
*Abbreviations: RF, radiofrequency; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; HBV, hepatitis B virus; AFP, alpha-fetoprotein; HBeAg, hepatitis B envelope antigen.
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1-year, 3-year, 5-year, and 10-year recurrence were 18.4%, 
64.7%, 77.3%, and 100%, respectively, in the non-antiviral 
treatment group; and 10.4%, 35.9%, 56.1%, and 78.2%, 
respectively, in the antiviral treatment group (Figure 1A). 
The median time to recurrence was 1.9 (95% CI: 1.4-2.4) 
and 4.0 (95% CI: 3.3-4.7) years in the non-antiviral and 
antiviral treatment groups, respectively. Tumor recurrence 
was significantly different between the two groups 
(p<0.001). The probabilities of 1-year, 3-year, 5-year, and 
10-year overall survival were 100%, 90.3%, 82.3%, and 
60.3%, respectively, in the non-antiviral treatment group, 
and 100%, 96.8%, 90.5%, and 75.7%, respectively, in the 

antiviral treatment group (Figure 1B). The mean duration 
of overall survival was 8.9 (95% CI: 8.1-9.7) and 9.7 
(95% CI: 9.1-10.3) years in the non-antiviral and antiviral 
treatment groups, respectively. Overall survival was 
significantly different between the two groups (p=0.008).

In the matched cohort, the probabilities of 1-year, 
3-year, 5-year, and 10-year recurrence were 27.4%, 71.8%, 
85.3%, and 100%, respectively, in the non-antiviral 
treatment group, and 8.7%, 32.8%, 56.2%, and 77.7%, 
respectively, in the antiviral treatment group (Figure 1C). 
The median time to recurrence was 1.6 (95% CI: 1.2-2.7) 
and 4.0 (95% CI: 3.6-6.8) years in the non-antiviral and 

Table 2: Baseline characteristics of matched patients (n=166)

Non-antiviral treatment group
(n=62)

Antiviral treatment group
(n=104)

P-value Standardized 
mean difference

Age (years) 55.6 ± 9.0 55.5 ± 9.2 0.939 0.012

Gender 0.721 0.063

 women 20 (32%) 31 (30%)

 men 42 (68%) 73 (70%)

Tumor size (cm) 2.3 ± 0.6 2.2 ± 0.7 0.715 0.065

Platelet (x103/mm3) 112.3 ± 47.3 111.4 ± 45.0 0.903 0.019

Prothrombin time (INR) 1.22 ± 0.15 1.22 ± 0.16 0.949 -0.011

Albumin (g/dL) 3.6 ± 0.4 3.6 ± 0.6 0.874 0.025

Total bilirubin (mg/dL) 1.0 ± 0.7 1.0 ± 0.6 0.876 0.025

AST (U/L) 46.9 ± 25.1 47.7 ± 22.3 0.828 -0.039

ALT (U/L) 42.2 ± 39.2 42.4 ± 21.9 0.958 -0.009

Log10HBV DNA ( IU/mL) 4.2 ± 2.5 4.4 ± 2.2 0.504 -0.091

AFP (ng/mL) 0.930 0.013

 <20 28 (45%) 48 (46%)

 ≥20 34 (55%) 56 (54%)

HBeAg (N, %) 0.910 -0.021

 negative 41 (66%) 68 (65%)

 positive 21 (34%) 36 (35%)

Liver cirrhosis (N, %) 0.737 0.048

 absence 7 (11%) 14 (13%)

 presence 55 (89%) 90 (87%)

Child-Pugh class (N, %) 0.971 0.006

 A 52 (84%) 87 (84%)

 B 10 (16%) 17 (16%)

*Abbreviations: RF, radiofrequency; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; HBV, hepatitis B virus; AFP, alpha-fetoprotein; HBeAg, hepatitis B envelope antigen.
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antiviral treatment groups, respectively. Tumor recurrence 
was significantly different between the two groups 
(p<0.001). The probabilities of 1-year, 3-year, 5-year, and 
10-year overall survival were 100%, 87.1%, 77.2%, and 
52.4%, respectively, in the non-antiviral treatment group; 
and 100%, 97.5%, 93.5%, and 82.1%, respectively, in the 
antiviral treatment group (Figure 1D). The mean duration 
of overall survival was 6.1 (95% CI: 5.6-6.7) and 9.4 
(95% CI: 8.9-9.9) years in the non-antiviral and antiviral 
treatment groups, respectively. Overall survival was 
significantly different between the two groups (p=0.002).

The recurrence events and therapeutic modalities 
until the end of the follow-up were demonstrated in 
Supplementary Figure 1 and Supplementary Table 2. Also, 
we checked the percentage of complete ablation in each 
event. The complete ablation rates were 95.9% (71/74) at 
the 1st event, 96.9% (31/32) at the 2nd event, and 100 % 
(9/9) at the 3rd event.

Risk factors for tumor recurrence

Table 3 shows the risk factors for tumor recurrence 
of HBV-related HCC after RF ablation in the full cohort. 
Univariable analysis revealed that tumor recurrence was 
significantly associated with larger tumor size (hazard 
ratio (HR)=1.35 (95% CI: 1.08-1.68), p=0.008), increased 
PT-INR (HR=3.18 (95% CI: 1.27-7.95), p=0.013), a lower 
level of serum albumin (HR=0.65 (95% CI: 0.49-0.87), 
p=0.003), and serum AFP level ≥20 ng/mL (HR=1.53 
(95% CI: 1.11-2.12), p=0.009). In addition, the use of 
antiviral treatment after RF ablation was associated 
with a significantly lower risk of tumor recurrence 
(HR=0.53 (95% CI: 0.38-0.73), p<0.001). Multivariable 
analysis revealed that tumor recurrence was associated 
with larger tumor size (HR=1.30 (95% CI: 1.04-1.63), 
p=0.022), higher serum HBV DNA level (HR=1.11 (95% 
CI: 1.03-1.20), p=0.005), and serum AFP level ≥20 ng/

Figure 1: Differences in time to recurrence and overall survival according to the use of antiviral treatment after RF 
ablation in the full cohort A & B. and the matched cohort C & D.
*Abbreviation: RF, radiofrequency.
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mL (HR=1.66 (95% CI: 1.17-2.36), p=0.005). Use of 
antiviral treatment after RF ablation was also significantly 
associated with lower risk of tumor recurrence (HR=0.33, 
(95% CI: 0.23-0.48), p<0.001).

In a subgroup analysis based on tumor size, 
multivariable analysis showed that use of antiviral 
treatment after RF ablation was associated with a 
significantly lower risk of tumor recurrence (HR=0.41 
(95% CI: 0.24-0.69), p=0.001) in patients with tumor size 
<2 cm. In patients with tumor size ≥2 cm, multivariable 
analysis showed that tumor recurrence was associated 
with increased PT-INR (HR=8.72 (95% CI: 2.06-36.91), 
p=0.003), and serum AFP level ≥20 ng/mL (HR=1.83 
(95% CI: 1.17-2.86), p=0.009). The use of antiviral 
treatment after RF ablation was associated with a 
significantly lower risk of tumor recurrence (HR=0.44 
(95% CI: 0.28-0.70), p<0.001) (Table 4).

Table 5 demonstrates the risk factors for tumor 
recurrence of HBV-related HCC after RF ablation in 
sub-analysis based on hepatitis B viral load (HBV 
DNA levels ≥2,000 IU/mL or <2,000 IU/mL). The use 
of antiviral treatment after RF ablation was associated 

with a significantly lower risk of tumor recurrence in 
patients with a low viral load (HBV DNA <2,000 IU/mL) 
(HR=0.28 (95% CI: 0.13-0.63), p=0.002) as well as in 
those with a high viral load (HBV DNA ≥2,000 IU/mL) 
(HR=0.32 (95% CI: 0.21-0.50), p<0.001).

Risk factors for overall survival

Table 6 demonstrates the risk factors for overall 
survival of patients with HBV-related HCC after RF 
ablation in the full cohort. Univariable analysis showed 
that unfavorable overall survival was significantly 
associated with larger tumor size (HR=1.65 (95% CI: 1.16-
2.33), p=0.005), lower serum albumin level (HR=0.56 
(95% CI: 0.34-0.93), p=0.025), higher serum AST level 
(HR=1.01 (95% CI: 1.00-1.02), p=0.039), and Child-Pugh 
Class B (HR=1.94 (95% CI: 1.04-3.63), p=0.038). The use 
of antiviral treatment after RF ablation had a significantly 
favorable effect on overall survival (HR=0.48 (95% CI: 
0.28-0.84), p=0.010). Multivariable analysis revealed that 
unfavorable overall survival was associated with larger 
tumor size (HR=1.86 (95% CI: 1.28-2.70), p=0.001) 
and Child-Pugh Class B (HR=2.13 (95% CI: 1.13-4.00), 

Table 3: Univariable and multivariable analyses of risk factors for recurrence of HBV-related HCC patients after RF 
ablation in the full cohort (n=228)

Univariable HR
(95% CI)

p-value Multivariable HR
(95% CI)

p-value

Age (years) 1.00 (0.97-1.01) 0.547

Men 0.98 (0.68-1.40) 0.908

Tumor size (mm) 1.35 (1.08-1.68) 0.008 1.30 (1.04-1.63) 0.022

Platelet (x103/mm3) 1.00 (0.99-1.00) 0.151

Prothrombin time (INR) 3.18 (1.27-7.95) 0.013

Albumin (g/dL) 0.65 (0.49-0.87) 0.003

Total bilirubin (mg/dL) 1.21 (0.97-1.50) 0.092

AST (U/L) 1.00 (0.99-1.01) 0.142

ALT (U/L) 1.00 (0.99-1.01) 0.793

Log10HBV DNA ( IU/mL) 1.05 (0.98-1.11) 0.171 1.11 (1.03-1.20) 0.005

AFP (≥20 ng/mL) 1.53 (1.11-2.12) 0.009 1.66 (1.17-2.36) 0.005

HBeAg (+) 1.32 (0.95-1.83) 0.094

Liver cirrhosis (+) 1.34 (0.85-2.11) 0.205

Child-Pugh class B 1.43 (0.94-2.18) 0.099

Antiviral treatment after RF ablation (+) 0.53 (0.38-0.73) <0.001 0.33 (0.23-0.48) <0.001

*Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; RF, radiofrequency; HR, hazard ratio; CI, 
confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
AFP, alpha-fetoprotein; HBeAg, hepatitis B envelope antigen.
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p=0.019). The use of antiviral treatment after RF ablation 
was significantly associated with favorable overall 
survival (HR=0.44, (95% CI: 0.25-0.77), p =0.004).

DISCUSSION

Chronic viral hepatitis is the most common cause 
of HCC [28]. High HBV load is associated with a poor 
prognosis in patients treated for HBV-related HCC 
[9, 29]. Multiple lines of evidence indicate that use of 
oral antiviral treatment improves clinical outcomes in 
patients with chronic hepatitis B. Liaw et al. showed 
that lamivudine treatment delays disease progression and 
reduces the incidence of HCC in patients with chronic 
hepatitis B [30]. Hosaka et al. reported that long-term use 
of entecavir decreases the incidence of HCC in chronic 
hepatitis B patients [31]. Also, a significant improvement 
of hepatic fibrosis or cirrhosis was demonstrated in CHB 
patients who received oral antiviral treatment [32, 33].

Thus, previous studies provided a rationale for 
suppressing viral replication using antiviral treatment 
to improve the prognosis of HBV-related HCC patients 
following curative therapy. The use of oral antiviral 
treatment was shown to be associated with a lower risk of 
tumor recurrence and increased overall survival in patients 

with HBV-related HCC that underwent surgical resection 
[12, 13]. However, there are a few studies about the effect 
of oral antiviral treatment on the prognosis of HBV-related 
HCC patients after RF ablation.

In this study, we investigated long-term clinical 
outcomes of tumor recurrence and overall survival after 
RF ablation in HBV-related HCC according to the use 
of antiviral treatment after ablation. Previous studies 
reported that the following risk factors are associated 
with prognosis in HCC patients after RF ablation: age, 
cirrhosis, Child-Pugh class, tumor size, tumor number, 
serum tumor marker, and extrahepatic recurrences [15, 
16, 34]. Our study showed that several baseline factors 
were associated with HCC recurrence and overall survival 
after RF ablation: serum AST, ALT, HBV DNA, AFP, and 
the presence of HBeAg in full cohort. To minimize the 
effect of risk factors other than antiviral treatment between 
the two groups, we analyzed the data using propensity 
score matching. After matching, there was no significant 
difference in risk factors between the two groups and 
analysis using matched cohorts indicated that overall 
survival is associated with Child-Pugh class, tumor size, 
and antiviral therapy. The results of our study indicate 
a clear beneficial effect of oral antiviral treatment on 

Table 4: Multivariable analysis of risk factors for tumor recurrence of HBV-related HCC after RF ablation in a 
subgroup of patients according to tumor size

Tumor size <2 cm Tumor size ≥2 cm

HR (95% CI) p-value HR (95% CI) p-value

Prothrombin time (INR) 8.72 (2.06-36.91) 0.003

AFP (≥20 ng/mL) 1.83 (1.17-2.86) 0.009

Antiviral treatment after RF ablation (+) 0.41 (0.24-0.69) 0.001 0.44 (0.28-0.70) <0.001

*Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; RF, radiofrequency; HR, hazard ratio; CI, 
confidence interval; INR, international normalized ratio; AFP, alpha-fetoprotein.

Table 5: Multivariable analysis of risk factors for tumor recurrence of HBV-related HCC after RF ablation in a 
subgroup of patients according to hepatitis B viral load

HBV DNA <2,000 IU/mL HBV DNA ≥2,000 IU/mL

HR (95% CI) p-value HR (95% CI) p-value

Tumor size (mm) 1.30 (1.01-1.66) 0.043

Prothrombin time (INR) 11.53 (1.53-87.17) 0.018

AST (U/L) 1.01 (1.00-1.03) 0.034

Log10HBV DNA ( IU/mL) 1.30 (1.06-1.59) 0.013

AFP (≥20 ng/mL) 3.16 (1.63-6.13) 0.001

Antiviral treatment after RF ablation (+) 0.28 (0.13-0.63) 0.002 0.32 (0.21-0.50) <0.001

*Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; RF, radiofrequency; HR, hazard ratio; CI, 
confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase ; AFP, alpha-fetoprotein.
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reducing tumor recurrence and improving overall survival 
of HBV-related HCC after RF ablation.

To our knowledge, there have been two studies 
exploring the effect of oral antiviral treatment on the 
prognosis of HBV-related HCC after RF ablation [15, 
16]. Those studies showed that antiviral treatment was 
associated with reduced tumor recurrence in HCC patients 
after RF ablation. However, there was still insufficient data 
regarding the effect of HBV suppression by oral antiviral 
therapy on patients’ survival after RF ablation therapy. 
Recently, Taiwanese investigators reported that nucleos(t)
ide analog therapy is associated with a decreased risk 
of HCC recurrence. However, there was statistically no 
difference in the 3-year overall mortality between oral 
antiviral treatment group and no treatment group [16]. 
Because they used nationwide health insurance research 
database, detailed information of pretreatment HBV viral 
load or HBeAg status is missing. HBV factors including 
HBeAg status and HBV viral load are important known 
risk factors for clinical outcomes of HBV-related HCC. 
Our study performed detailed analysis including HBV 
suppressing effect of oral antiviral treatment in HBV-
related HCC patients after RF ablation. We found that oral 
antiviral treatment not only reduces HCC recurrences but 
also improves patients’ survival after curative RF ablation.

Most clinical guidelines indicate that use of antiviral 
treatment is recommended in CHB patients with both high 
HBV DNA level and increased ALT level [35–37]. We 
analyzed HCC recurrence according to pretreatment HBV 
DNA levels. Interestingly, the use of antiviral treatment 
after RF ablation was associated with a significantly lower 
risk of tumor recurrence in patients with a low viral load 
as well as in those with a high viral load. Based on our 
results, we think that the use of oral antiviral treatment 
is recommended for HBV-related HCC patients harboring 
any grade of HBV replication after RF ablation. Recently, 
Sinn et al. reported that compensated cirrhotic patients 
with low viral load (HBV DNA <2000 IU/mL) were not at 
low risk for HCC, and oral antiviral therapy was associated 
with lower HCC risk, corroborating our findings [38].

In this study, 19 patients were excluded due 
to incomplete ablation (3.4%). These patients were 
considered as a technical RF ablation failure. The causes 
of technical failure were as follows; difficult to approach 
tumor location (i.e. hepatic hilum, gallbladder, and dome 
area) in 14 patients, heat sink effect (because the tumor 
was adjacent to a large vessel) in 4 patients, and poor 
cooperation during the RF ablation procedure in 1 patient. 
For the accurate analysis, we only included the patients 
with complete ablation and excluded patients who showed 

Table 6: Univariable and multivariable analyses of risk factors for overall survival of HBV-related HCC patients 
after RF ablation in the full cohort (n=228)

Univariable HR
(95% CI)

p-value Multivariable HR
(95% CI)

p-value

Age (years) 0.99 (0.96-1.02) 0.621

Men 0.98 (0.68-1.40) 0.439

Tumor size (mm) 1.65 (1.16-2.33) 0.005 1.86 (1.28-2.70) 0.001

Platelet (x103/mm3) 1.00 (0.99-1.00) 0.130

Prothrombin time (INR) 3.05 (0.65-14.24) 0.156

Albumin (g/dL) 0.56 (0.34-0.93) 0.025

Total bilirubin (mg/dL) 1.23 (0.87-1.75) 0.236

AST (U/L) 1.01 (1.00-1.02) 0.039

ALT (U/L) 1.00 (1.00-1.01) 0.247

Log10HBV DNA ( IU/mL) 1.03 (0.93-1.14) 0.561

AFP (≥20 ng/mL) 0.90 (0.53-1.55) 0.706

HBeAg (+) 1.31 (0.76-2.26) 0.335

Liver cirrhosis (+) 2.09 (0.75-5.80) 0.158

Child-Pugh class B 1.94 (1.04-3.63) 0.038 2.13 (1.13-4.00) 0.019

Antiviral treatment after RF ablation (+) 0.48 (0.28-0.84) 0.010 0.44 (0.25-0.77) 0.004

*Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; RF, radiofrequency; HR, hazard ratio; CI, 
confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
AFP, alpha-fetoprotein; HBeAg, hepatitis B envelope antigen.
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a technical RF ablation failure. It is impossible to evaluate 
whether the antiviral treatment influences HCC recurrence 
in patients with a technical failure because we cannot 
regard that those patients received a curative therapy.

Our study has several limitations. First, we 
conducted the study for the patients with a single HCC 
with a maximum diameter <5 cm. Although all guidelines 
recommend RF ablation in HCC with a single nodule 
(<5 cm) or 2-3 nodules (<3 cm), multiple nodules is an 
independent factor for tumor recurrence and overall 
survival [2, 39]. In this study, we aimed to evaluate the 
prognosis of HBV-related HCC cases after RF ablation 
according to the use of antiviral treatment rather than 
tumor characteristics. Therefore, we limited our study to 
patients with a single nodular HCC. Our results could not 
be directly translated to patients who undergo RF ablation 
for multiple HCCs since patients with single tumor were 
solely included in our study. Second, the starting time 
point of oral antiviral treatment after RF ablation was 
not consistent because this study was conducted by a 
retrospective approach using a historical cohort. Third, 
this study could not analyze the clinical outcomes after 
RF ablation according to antiviral agent. The follow-
up duration was so different according to antiviral 
agent because the launch date of each antiviral agent 
was different in Korea. For example, entecavir was not 
available in cohort entry date because it was released in 
2007 in Korea. Finally, we did not take into account the 
biological aggressiveness of the tumor because histologic 
features cannot be obtained in terms of RF ablation 
therapy, unlike in cases of surgical resection.

In conclusion, the use of oral antiviral treatment 
was associated with favorable outcomes in terms of tumor 
recurrence and overall survival in patients with HBV-
related HCC after RF ablation therapy.

PATIENTS AND METHODS

Study design and patients

This is a retrospective study that uses a historical 
cohort taken from Samsung Medical Center, Seoul, Korea. 
From January 2003 to December 2010, 551 patients with 
CHB were treated with RF ablation as a first-line treatment 
for a single HCC with a maximum diameter of less than 
5 cm (Figure 2). Our inclusion criteria for RF ablation in 
patients with HCC were the same as described in previous 
studies [15, 17]. Chronic hepatitis B was defined as 
HBsAg positive for at least 6 months. We excluded the 
following patients: other concurrent malignancies (n=8); 
co-infection with hepatitis C virus (n=6); Child-Pugh 
class C (n=5); incomplete ablation for HCC at computed 
tomography (CT) obtained immediately after RF ablation 
(technical failure of RF ablation) (n=19); incomplete data 
on laboratory studies (n=29); HCC recurrence within 6 
months of RF ablation (n=28); lack of follow-up within 

6 months of RF ablation (n=8); and liver transplantation 
without HCC recurrence after RF ablation (n=1). To 
exclude the potential influence of technical factor for RF 
ablation procedure on the patient’s outcome, the patients 
with local tumor progression (LTP) during follow up 
(n=33) were further excluded [18]. In order to evaluate 
the effect of post-RF ablation antiviral treatment on 
the prognosis of HBV-related HCC, 186 patients were 
additionally excluded because of administration of 
antiviral agent prior to RF ablation. We regarded at least 
3 months as a significant duration of antiviral treatment 
before RF ablation. Finally, we selected 228 HCC patients 
who were treated using RF ablation for HBV-related 
HCC. The diagnosis of HCC was done on the basis of 
American Association for the Study of Liver Diseases 
(AASLD) guidelines [19]. The indication for the initiation 
of antiviral treatment was based on Korean Association 
for the Study of the Liver (KASL) guideline: (i) HBV 
DNA ≥20,000 IU/mL and serum aminotransferase level 
(AST or ALT) ≥2 upper limit of normal (ULN) in patients 
who were HBeAg positive; (ii) HBV DNA ≥2,000 IU/
mL and serum aminotransferase level ≥2 ULN in patients 
who were HBeAg negative; and (iii) HBV DNA ≥2,000 
IU/mL and serum aminotransferase level above ULN in 
cirrhotic patients [20, 21]. This study was approved by the 
Institutional Review Board of Samsung Medical Center.

Clinical parameters

We checked the following baseline characteristics 
at the time of RF ablation therapy: age, sex, tumor size, 
platelet count, prothrombin time-international normalized 
ratio (PT-INR), albumin, total bilirubin, aspartate 
transaminase (AST), alanine transaminase (ALT), alpha-
fetoprotein (AFP), HBV DNA level, presence of HBV 
envelope antigen (HBeAg), presence of liver cirrhosis, 
Child-Pugh classification, and use of antiviral treatment 
after RF ablation. Serum HBV DNA level was measured 
using a hybrid capture assay (Digene Corporation, 
Gaithersburg, MD, USA) before 2007. After 2007, the 
COBAS TaqMan hepatitis B virus quantitative test (Roche 
Molecular Systems Inc., Branchburg, NJ, USA) was used 
for HBV DNA level testing. Liver cirrhosis was diagnosed 
histologically (n=32) or clinically according to laboratory 
and ultrasonographic (US) findings [22]. The antiviral 
treatment group after RF ablation was defined as those 
patients who received antiviral treatment for at least 6 
months prior to tumor recurrence.

RF ablation procedure

Before hospitalization for RF ablation, technical 
feasibility of RF ablation in all patients was assessed 
on an outpatient basis with planning US [23]. All RF 
ablation procedures were performed percutaneously 
under real-time US guidance with local anesthesia and 
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conscious analgesic sedation by M.W.L, H.R. and H.K.L. 
all of whom had at least 5 years of experience with this 
procedure prior to the beginning of our study [24]. We 
used an internally cooled electrode system with generators 

(Cool-tip RF System, Covidien, Mansfield, MA; VIVA RF 
ablation System, STARmed, Ilsan, Korea). Either a single 
or multiple straight electrodes or a cluster electrode were 
used depending on tumor size and tumor characteristics. 

Figure 2: Flow diagram of enrolled patients.
*Abbreviation: RF, radiofrequency; HCC, hepatocellular carcinoma; HBV, hepatitis B virus.
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We followed the manufacturer’s recommended protocol 
as an algorithm for energy deposition. Strategies for RF 
ablation concerning optimal electrode type and ablation 
technique were discussed at an RF ablation team meeting 
and were based on matching pre-procedural imaging 
findings with the results of planning US before each 
treatment. Our therapeutic goal for RF ablation was to 
achieve an ablative margin of at least 0.5 cm in the normal 
liver tissue surrounding the tumor, with the exception of 
subcapsular and perivascular tumors [25]. Procedures 
were finished when the hyperechoic ablation zone on the 
US was large enough to cover the entire tumor and the 
expected ablative margin. For assessment of technical 
success of the ablation procedure and immediate 
complications, CT was performed immediately after 
RF ablation. We followed proposed standardization of 
terminology and reporting criteria for image-guided tumor 
ablation throughout the manuscript [26].

Follow-up after RF ablation

All patients underwent contrast material-enhanced 
multiphase CT (arterial, portal, and delayed phases) with or 
without magnetic resonance imaging (MRI) and laboratory 
tests including tumor marker for assessment of therapeutic 
outcomes after RF ablation. Tests were performed at 1 
month after initial treatment, every 3 months during the 
first two years after RF ablation, and every 4-6 months 
thereafter with visits to the outpatient clinic as part of our 
follow-up protocol. If extrahepatic recurrence (ER) was 
clinically suspected or unexplained elevation of tumor 
marker was observed, chest CT, brain MRI, and whole 
body bone scintigraphy with or without positron emission 
tomography-CT were performed. If recurrent tumor was 
identified during the follow-up period, patients were 
treated with RF ablation, transarterial chemoembolization, 
sorafenib, radiation therapy, or conservative treatment, 
based on the results of a multidisciplinary discussion 
for HCC treatment that depended on the characteristics 
of the tumor recurrence, liver function, and the general 
condition of the patient. Tumor recurrence after initial 
RF ablation was classified into three subtypes according 
to the reporting guidelines [26]: LTP, intrahepatic distant 
recurrence (IDR), and ER. In our study, IDR and ER were 
defined as tumor recurrence, whereas LTP was excluded 
because our aim was to investigate the role of antiviral 
treatment on HCC recurrence after RF ablation.

Statistical analysis

Categorical variables are described as frequencies 
and percentages. Continuous variables are presented 
as mean ± standard deviation (SD) and median with 
interquartile range for parametric and non-parametric 
variables, respectively. The probabilities of tumor 
recurrence and overall survival were assessed according 

to the use of antiviral treatment. The full cohort consisted 
of 125 patients who received antiviral treatment and 103 
patients who did not. We used a 1-to-n propensity score 
matching from a logistic regression to minimize the 
difference in baseline covariates between two groups. We 
performed propensity score matching in consideration of 
all variables in Table 1 (age, gender, tumor size, platelet 
count, prothrombin time, albumin, total bilirubin, AST, 
ALT, Log10HBV DNA, AFP, HBeAg status, LC, and 
Child-Pugh class). Propensity score matching was done 
using the caliper matching, and the caliper width was 0.2 
of the standard deviation of the logit of the propensity 
score. To assess the balance of variables used matching, 
standardized mean difference was checked. A value <0.10 
indicates a very small difference, 0.1–0.3 indicates a small 
difference, 0.3–0.5 indicates a moderate difference, and 
>0.5 indicates a large difference [27]. The matched cohort 
consisted of 103 patients from the antiviral treatment 
group and 62 from the non-antiviral treatment group. 
Kaplan-Meier curves of the two patient groups were 
used to estimate time to recurrence and overall survival, 
and were compared using a log-rank test and a weighted 
log-rank test for the full cohort and the matched cohort, 
respectively. The follow-up duration for survival analysis 
was defined as the interval between the first RF ablation 
and either the incidence of event or the last visit to the 
outpatient clinic before August 31, 2014. Univariable and 
multivariable Cox proportional hazards models were used 
to assess the risk factors for tumor recurrence and overall 
survival after RF ablation in the full cohort. The variables 
used for multivariable analysis were selected on the 
basis of statistical significance in the univariable analysis 
(p<0.20) or clinical significance. Multivariable analysis 
was performed using a forward conditional stepwise 
procedure to avoid multicollinearity. A p-value less than 
0.05 in a 2-sided test is regarded as statistically significant. 
These analyses were conducted using SAS version 9.4 
(SAS Institute, Cary, NC) and R 2.10.0 (Vienna, Austria; 
http://www.R-project.org).

What is current knowledge

Recent studies show that the use of oral antiviral 
treatment improves clinical outcomes in patients with 
chronic hepatitis B. In particular, oral antiviral treatment 
has a favorable outcome on the prevention of hepatitis 
B virus (HBV)-related hepatocellular carcinoma (HCC). 
Oral antiviral treatment results in favorable outcomes in 
terms of tumor recurrence and overall survival of HBV-
related HCC after surgical resection.

What is new here

Oral antiviral treatment reduces tumor recurrence 
and improves overall survival in patients with HBV-related 
HCC after radiofrequency (RF) ablation. Virological 
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suppression by antiviral treatment is important for the 
prognosis of HCC patients with chronic hepatitis B after 
RF ablation.
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