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ABSTRACT

Background. Radiofrequency ablation (RFA) has been performed as a first line curative treatment modality
for patients with hepatocellular carcinoma (HCC) within the Milan criteria currently. However, prognosis
of hepatitis B- and hepatitis C-related HCC after RFA remains debatable. This study aimed to assess the im-
pact of viral etiology on the prognosis of HCC patients undergoing RFA. Material and methods. One hun-
dred and ninety-two patients with positive serum HBV surface antigen (HBsAg) and negative serum
antibody against HCV (anti-HCV) were enrolled as the B-HCC group and 165 patients with negative
serum HBsAg and positive anti-HCV as the C-HCC group. Post-RFA prognoses were compared between the two
groups using multivariate and propensity score matching analyses. Results. The B-HCC group had higher
male-to-female ratio and better liver functional reserve than the C-HCC group. After a median follow-up of
23.0 ± 22.7 months, 55 patients died and 189 patients had tumor recurrence after RFA. The cumulative five-
year survival rate was 75.9% and 69.5% in the B-HCC and C-HCC groups, respectively (p = 0.312), while the
five-year recurrence-free survival rate was 19.0% and 26.6%, respectively (p = 0.490). After propensity-score
matching, the B-HCC group still had comparable overall survival rate (p = 0.679) and recurrence-free survival
rate (p = 0.689) to the C-HCC group. For 132 patients with Barcelona-Clinic Liver Cancer stage 0, the five-
year overall survival and recurrence-free survival rates were also comparable between the two groups
(p = 0.559 and p = 0.872, respectively). Conclusion. Viral etiology is not essential for determining outcome
in HCC patients undergoing RFA.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most com-

mon primary liver malignancy in the world and its

incidence rate is still rising in Western countries.1-3

Hepatitis B virus (HBV) and hepatitis C virus

(HCV) infections are the major risk factors4 while

current curative treatment modalities include liver

transplantation, surgical resection, and local abla-

tion therapies.5,6 Although liver transplantation is

closest to cure among these modalities, it is often

hampered by the shortage of donors. Surgical resec-

tion is the choice for patients with early-stage HCC

and well preserved liver function.1,4 However, tumor

recurrence occurs in more than 70% of patients

within 5 years after resection and early recurrence

(within two years post-operatively) is noted in most

cases.7 Surgical resection followed by liver trans-

plantation in cases of tumor recurrence (salvage

transplantation) may be considered,8 but a substan-

tial number of patients fail to adopt this strategy

due to tumor recurrence beyond the Milan criteria

© 2019, Fundación Clínica Médica Sur, A.C. Published by Elsevier España S.L.U. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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or due to co-morbidities that bar further liver trans-

plantation. Consequently, local ablation therapies

have become widely applied as treatment of small

HCC for both treatment-naïve patients and those

with tumor recurrence.

Among local ablation therapies, percutaneous ra-

diofrequency ablation (RFA) is considered the best

because of fewer therapy sessions, better local tumor

control, and higher overall survival rate.9,10 Recent

studies comparing RFA and resection surgery in

HCC patients within the Milan criteria show that

resection is superior to RFA in recurrence-free

survival but may not provide better survival

benefit than RFA in Barcelona-Clinic Liver Cancer

(BCLC) stage 0 patients (single tumor with size

 2 cm).1,11,12 Thus, RFA is suitable as first-line

therapy for small HCC.

Several studies have compared the post-operative

prognosis of HBV-related HCC and HCV-related

HCC. However, whether or not the viral etiology is

an independent prognostic factor of HCC remains

controversial,13-19 mainly because of differences in

demographic data, liver functional reserve, tumor

factors, and treatment modalities. For patients with

small HCC who undergo RFA, tumor size, tumor

number, prothrombin activity, platelet counts,

serum albumin, and serum -fetoprotein (AFP)

levels have been associated with tumor recurrence

and survival.20-23 Unfortunately, there is paucity of

data regarding the impact of viral etiology on long-

term outcome. This study aimed to compare the

prognosis between HBV- and HCV-related HCC pa-

tients who underwent RFA.

MATERIAL AND METHODS

Patients and follow-up

This cohort study retrospectively reviewed HCC

patients who were unable or refused to undergo re-

section surgery or liver transplantation, and un-

derwent RFA at Taipei Veterans General Hospital

between January 1, 2002 and September 30, 2011.

The choice of RFA was made by the patients after

thorough discussion with their physicians regarding

the advantages, side effects, and prognosis of

various therapeutic modalities, including resection

surgery, liver transplantation, local ablation

therapy, trans-arterial chemo-embolization (TACE),

and chemotherapy.

After review of medical records, 451 consecutive

treatment-naïve HCC patients who fulfilled the diag-

nostic criteria of HCC by the American Association

for the Study of Liver Disease (AASLD consensus,

2005)24 and who underwent RFA as the first treat-

ment modality were enrolled. Consequently, the

diagnosis of HCC in our cohort was established ei-

ther by liver biopsy or by imaging [dynamic compu-

ted tomography (CT) or magnetic resonance

imaging (MRI)]. For imaging diagnosis, HCC was

diagnosed in nodules above 2 cm showing the radio-

logical hallmark of HCC (hypervascular with wash-

out in portal/venous phase) either by CT or MRI. In

the setting of nodules of 1-2 cm in diameters, two

coincidental image modalities (CT and MRI) with

typical HCC vascular pattern were needed. These

diagnostic criteria have been validated in two pros-

pective studies.25,26

The inclusion criteria were tumor size < 5 cm

without extra-hepatic metastasis;3 or less number of

tumors; and grade A or B Child Pugh classification

of liver function. The exclusion criteria were:

� Age < 18 years.

� Terminal illness of a major organ (e.g., severe

heart failure, chronic obstructive pulmonary

disease.

� HCC beyond the Milan criteria.

� Grade C Child Pugh classification.

� Other types of hepatitis (e.g., autoimmune hepa-

titis, Wilson’s disease, hemochromatosis).

� Platelet count < 70,000/mm3.

The device and procedure of RFA were as previ-

ously described.11 The number and size of tumors

was measured by CT or MRI. If two or more tumors

were found, the maximum size of tumors was recor-

ded. This study complied with the standards of the

Declaration of Helsinki and was approved by

the Institutional Review Board (IRB).

Among the 451 patients, 192 were assigned to

the B-HCC group based on positive serum HBV

surface antigen (HBsAg) and negative serum anti-

body against HCV (anti-HCV). Another 165 pa-

tients were enrolled in the C-HCC group based on

negative serum HBsAg and positive serum anti-

HCV. The remaining 94, including 15 who were

positive for serum HBsAg and anti-HCV and 79

who were negative for serum HBsAg and anti-

HCV, were excluded.

Dynamic CT scan was done one month after com-

plete tumor ablation by RFA. MRI was performed in

patients who were allergic to the contrast medium

of CT, those with renal insufficiency, or those with

inconclusive CT scan diagnosis. For confirmed resi-

dual tumors, a second RFA session was conducted.



265
Viral etiology and RFA prognosis. ,     2013; 12 (2): 263-273

Viable tumor persisting after two RFA sessions was

considered treatment failure.

If no viable tumor was detected, the patient was

followed-up with testing for serum liver function,

AFP levels, and ultrasonography every three

months, and CT scan or MRI every 6 months until

December 31, 2011. The starting date of follow-up for

tumor recurrence was the day when all of the tu-

mors ablated by RFA were confirmed by CT or MRI.

Tumor recurrence was suspected if there was ele-

vated serum AFP level > 20 ng/mL) or a new lesion

was detected by surveillance ultrasonography.

These were confirmed and diagnosed by dynamic CT

or MRI.

Biochemical and serologic markers

Serum hepatitis B surface antigen (HBsAg) and

hepatitis B e antigen (HBeAg) were tested using ra-

dio-immunoassay (Abbott Laboratories, North Chi-

cago, IL) while antibody to hepatitis C virus (HCV)

was measured using second-generation enzyme im-

munoassay (Abbott Laboratories, North Chicago,

IL). Serum biochemistry tests were measured by the

Roche/Hitachi Modular Analytics Systems (Roche

Diagnostics GmbH, Mannheim, Germany). Serum

AFP level was measured by radio-immunoassay (Se-

rono Diagnostic SA, Coinsin/VD, Switzerland).

Anti-viral therapy after RFA

National reimbursed anti-viral therapy for chro-

nic viral hepatitis was implemented in Taiwan since

2003. Antiviral therapy could be described for pa-

tients with chronic hepatitis B if fulfill one of the fo-

llowing indications:

� Positive HBsAg with hepatic decompensation de-

fined as prothrombin time prolongs  3 seconds

or bilirubin 2 mg/dL.

� Cirrhosis with serum HBV DNA levels  2,000

IU/mL.

� Positive HBsAg for more than 6 months with po-

sitive HBeAg and ALT  5 times upper limit of

normal (ULN).

� Positive HBsAg for more than 6 months with po-

sitive HBeAg and ALT levels between 2 and 5 ti-

mes ULN for 2 times apart from 3 months and

HBV DNA  20,000 IU/mL.

� Positive HBsAg for more than 6 months with ne-

gative HBeAg and ALT  2 times ULN for 2 ti-

mes apart from 3 months and HBV DNA  2,000

IU/mL.

Regarding patients with chronic hepatitis C, anti-

viral therapy could be prescribed if the patients fulfill

all of the following indications:

� Positive anti-HCV antibody in serum for more

than 6 months.

� Positive sera HCV RNA by PCR method.

� Serum ALT levels larger than ULN for 2 times

apart from 3 months.

� Well compensated liver functional reserve.

Statistical analyses

The baseline characteristics to be evaluated with

outcomes were selected by the 2001 European Asso-

ciation for the Study of the Liver (EASL) guideli-

nes.27 Pearson chi-square analysis or Fisher’s exact

test were used to compare categorical variables,

while the Mann-Whitney U-test was used to compare

continuous variables. The overall survival rate and

recurrence-free survival rate were estimated by the

Kaplan-Meier method and compared using the Cox’s

proportional hazards model.

Propensity scores were used to control for selec-

tion bias.11,28,29 Variables entered in the propensity

model were age, sex, anti-viral therapy, serum albu-

min, bilirubin, creatinine, alanine aminotransferase

(ALT), aspartate aminotransferase (AST), and alka-

line phosphatase (Alk-P) levels, prothrombin time

international normalized ratio (PT-INR), platelet

count, tumor size and number, and AFP. Subse-

quently, a one-to-one match between the B-HCC and

C-HCC groups was obtained using the nearest-

neighbor matching method.28 Survival analysis was

repeated to analyze the overall survival and

recurrence-free survival amended from these con-

founding factors.

Variables with statistical significance (p < 0.05)

or proximate to it (p < 0.1) by univariate analysis

underwent multivariate analysis via forward

stepwise Cox regression model. A two-tailed

p < 0.05 was considered statistically significant.

All statistical analyses were performed using the

SPSS 17.0 for Windows (SPSS. Inc., Chicago, IL, USA).

RESULTS

Comparison of the clinical

demographic data for B-HCC and C-HCC groups

The mean age of the C-HCC group (68.4 ± 9.6

years) had a trend of being older than that of the B-

HCC group (66.1 ± 12.7 years, p = 0.097) (Table 1).
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The proportion of male patients was higher in the B-

HCC group (82.8 vs. 53.3%, p < 0.001), which also had

higher serum albumin level and platelet count, and lo-

wer serum ALT and AST levels. Nevertheless, conside-

ring tumor factors, the B-HCC group had larger tumor

size and lower serum AFP level than the C-HCC group.

Factors associated with overall survival

after RFA stratified by viral etiology

After a median follow-up of 23.0 ± 22.7 months,

55 patients died and 302 were alive by the last visit.

The overall cumulative survival rates at 1, 2, 3, and

5 years were 94.8%, 88.6%, 81.9%, and 75.9%, res-

pectively, in the B-HCC group and 96.6%, 85.0%,

76.5%, and 69.5%, respectively, in the C-HCC group.

The overall survival rates were comparable between

the two groups (p = 0.312) (Figure 1A).

By multivariate analysis, age > 65 years (Hazard

ratio [HR] 1.941, 95% confidence interval [95% CI]

1.067-3.529; p = 0.030), serum albumin level  3.7 g/

dL (HR 2.562, 95% CI: 1.409-4.657; p = 0.002), PT-

INR > 1.1 (HR 3.529, 95% CI: 1.992-6.249; p <

0.001), and no anti-viral therapy (HR 3.033, 95% CI:

1.408-6.536; p = 0.005) were independent risk factors

associated with poor overall survival (Table 2).

For patients in the B-HCC group, serum albumin

 3.7 g/dL (p = 0.003) was an independent risk

factor associated with mortality in multivariate

analysis. In the C-HCC group, age > 65 years

(p = 0.019), serum albumin  3.7 g/dL (p = 0.050),

PT-INR > 1.1 (p < 0.001), AST > 45 U/L (p = 0.034),

serum creatinine > 1.2 mg/dL (p = 0.009), AFP

> 20 ng/mL (p = 0.012), and no anti-viral therapy

(p = 0.022) were associated with poor overall survival

in multivariate analysis (Table 3).

Factors associated with recurrence-free

survival after RFA stratified by viral etiology

After RFA, 189 patients had tumor recurrence,

with 10.5 ± 18.0 months median time of develop-

ment. The recurrence-free survival rates at 1, 2, 3,

and 5 years were 58.3%, 41.7%, 27.1%, and 19.0%,

respectively, in the B-HCC group and 57.5%, 42.8%,

31.9%, and 26.6%, respectively, in the C-HCC group.

The recurrence-free survival rates in the B-HCC

and C-HCC groups were not significantly different

(p = 0.490) (Figure 1B). Taken together, the

influence of viral etiology did not impact on the out-

comes of RFA in the whole groups of HCC patients

in terms of overall survival and recurrence-free

survival. T
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Table 2. Multivariate analysis of prognostic factors for overall survival and recurrence-free survival in B-HCC or C-HCC group
(n = 357).

Variable Hazard ratio 95% confidence interval p value

� Overall survival

Age > 65 /  65 y/o 1.941 1.067-3.529 0.03
Albumin  3.7 / > 3.7 g/dL 2.562 1.409-4.657 0.002
PT-INR > 1.1 /  1.1 3.529 1.992-6.249 < 0.001
Anti-viral therapy (no/yes) 3.033 1.408-6.536 0.005

� Recurrence-free survival

Age > 65 /  65 y/o 1.474 1.091-1.991 0.011
Albumin  3.7 / > 3.7 g/dL 1.359 1.004-1.840 0.047
PT-INR > 1.1/  1.1 1.378 1.003-1.893 0.048
AFP > 20 /  20 ng/mL 1.36 1.002-1.846 0.049
Multiple tumor (yes/no) 1.486 1.064-2.075 0.02

Tumor size > 2 cm /  2 cm 1.535 1.132-2.082 0.006

PT: prothrombin time. INR: international normalized ratio. AFP: -fetoprotein.

Figure 1. The overall survival rate (p = 0.312) (A) and recurrence-free survival rate (p = 0.490) (B) between the B-HCC and

C-HCC groups were comparable. After propensity score matching, the overall survival rate (p = 0.679) (C) and recurrence-free

survival rate (p = 0.689) (D) between the two groups were still comparable.

A C

B D
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By multivariate analysis, age > 65 years (HR

1.474, 95% CI: 1.091-1.991; p = 0.011), serum albu-

min level  3.7 g/dL (HR 1.359, 95% CI: 1.004-1.840;

p = 0.047), PT-INR > 1.1 (HR 1.378, 95% CI: 1.003-

1.893; p = 0.048), AFP > 20 ng/mL (HR 1.360, 95%

CI: 1.002-1.846; p = 0.049), multiple tumors (HR

1.486, 95% CI: 1.064-2.075; p = 0.020), and tumor

size > 2 cm (HR 1.535, 95% CI: 1.132-2.082;

p = 0.006) were independent risk factors associated

with recurrence-free survival after RFA (Table 2).

In the B-HCC group, multivariate analysis revea-

led that age > 65 years (p = 0.003), albumin  3.7

g/dL (p = 0.026), PT-INR > 1.1 (p = 0.004), and

multiple tumors (p = 0.010) were independent risk

factors associated with tumor recurrence. For the

C-HCC group, AFP > 20 ng/mL (p = 0.002), mul-

tiple tumors (p = 0.041), and tumor size > 2 cm

(p = 0.003) were related to recurrence-free survival

after RFA (Table 3).

Comparison of prognosis after

propensity score correction with

one-to-one nearest-neighbor matching method

Propensity analysis with one-to-one nearest-neigh-

bor matching method was applied to minimize con-

founding factors like age, sex, anti-viral therapy,

serum albumin, bilirubin creatinine, ALT, AST, and

Alk-P levels, PT-INR, platelet counts, tumor size,

tumor number, and AFP. Eighty-six patients were

matched in each group, with the previously mentio-

ned factors appearing to be well-matched between

these two groups (Table 4). After matching, the

overall survival rate and recurrence-free rate remained

comparable [p = 0.679 (Figure 1C) and p = 0.689

(Figure 1D), respectively].

Comparison of overall

survival rate and recurrence-free

survival rate of the B-HCC

and C-HCC groups in BCLC stage 0

In this cohort, 132 patients with solitary HCC  2

cm in size were defined as very early small HCC and

BCLC stage 0.1 The B-HCC group and C-HCC

groups each had 66 such patients. After a median fol-

low-up of 29.5 ± 23.6 months, 17 patients with

BCLC stage 0 HCC died and 115 were alive. The

overall cumulative survival rates at 1, 2, 3, and 5

years were 96.4%, 93.2%, 85.0%, and 75.8%, respec-

tively. Stratified by viral etiology, the overall cumu-

lative survival rates were 94.1%, 92.0%, 89.0%, and

81.0%, respectively, in the B-HCC group and 98.4%,

94.2%, 81.7%, and 70.7%, respectively, in the C-HCC

group (p = 0.559) (Figure 2A).

Table 3. Multivariate analysis of prognostic factors for overall survival and recurrence-free survival in B-HCC (n = 192) and
C-HCC (n = 165) group.

Variable Hazard ratio 95% confidence interval p value

Overall survival.

� B-HCC.

Albumin  3.7 / > 3.7 g/dL. 3.482 1.513-8.015 0.003
� C-HCC.

Age > 65 /  65 y/o. 3.432 1.229-9.581 0.019
Albumin  3.7 / > 3.7 g/dL. 2.519 0.999-6.350 0.05
PT-INR > 1.1/  1.1. 5.875 2.543-13.572 < 0.001
AST > 45 /  45 U/L. 2.793 1.078-7.246 0.034
Creatinine > 1.2/  1.2 mg/dL. 4.162 1.431-12.106 0.009
AFP > 20 /  20 ng/mL. 3.481 1.310-9.251 0.012
Anti-viral therapy (no/yes). 6.503 1.316-32.142 0.022

Recurrence-free survival.

� B-HCC.

Age, > 65 /  65 y/o. 1.888 1.249-2.853 0.003
Albumin  3.7 / > 3.7 g/dL. 1.644 1.060-2.549 0.026
PT-INR > 1.1 /  1.1. 1.908 1.227-2.966 0.004
Multiple tumors (yes/no). 1.916 1.166-3.147 0.01

� C-HCC.

AFP > 20 /  20 ng/mL. 2.101 1.311-3.366 0.002
Multiple tumors (yes/no). 1.625 1.021-2.585 0.041

Tumor size > 2 cm /  2 cm. 1.906 1.245-2.918 0.003

AST: aspartate aminotransferase. PT: prothrombin time. INR: international normalized ratio. AFP: -fetoprotein.
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Multivariate analysis showed that age > 65 years

(HR 5.206, 95% CI: 1.409-19.236; p = 0.013), serum

albumin level  3.7 g/dL (HR 4.271, 95% CI: 1.342-

13.592; p = 0.014), PT-INR > 1.1 (HR 6.273, 95%

CI: 1.771-22.212; p = 0.004), and no anti-viral

therapy (HR 6.074, 95% CI: 1.507-24.484; p = 0.011)

were independent risk factors associated with poor

overall survival (Table 5).

Regarding recurrence, 62 patients with BCLC

stage 0 HCC developed recurrence after RFA in a

median time of 14.7 ± 21.6 months. The recurrence-

free survival rates at 1, 2, 3, and 5 years were

67.3%, 58.9%, 40.8%, and 29.1%, respectively. The

B-HCC and C-HCC groups had similar rates of

developing recurrence after RFA (p = 0.872)

(Figure 2B). By multivariate analysis, only serum

albumin level  3.7 g/dL (HR 2.906, 95% CI: 1.728-

4.889; p < 0.001) was associated with recurrence-

free survival for patients with BCLC stage 0 HCC

after RFA (Table 5).

After propensity score matching, patients in the

B-HCC and C-HCC groups still had similar prognosis

in both overall survival (p = 0.945) (Figure 2C) and

recurrence-free survival (p = 0.544) (Figure 2D).

DISCUSSION

For HCC, HBV and HCV infections represent ma-

jor risk factors.30 There is increasing evidence that

these infections may have different mechanisms of

hepatocarcinogenesis.31,32 In patients with chronic

hepatitis B, HBV DNA can integrate into the host

genome and directly induce HCC without cirrho-

sis.33 In contrast, the persistent chronic inflamma-

tory status induced by viral infection seems to be

the major route of hepatocarcinogenesis in HCV-in-

duced HCC.34 Given the distinct oncogenic pathway

and natural history, differences in the prognosis of

HCC should also be expected according to its etiolo-

gy. However, evidence has remained equivocal be-

cause of heterogeneous selection criteria, treatment

methods, and unbalanced age, liver function, and

cancer stage between these two groups in most stu-

dies.13-19

RFA is an alternative first-line therapy for small

HCC. Unfortunately, there have been very few stu-

dies that compared post-RFA prognosis between B-

HCC and C-HCC. Shiina, et al. reported that C-HCC

was a poor indicator of overall survival and distant

recurrence after RFA.35 This study was from an

area where chronic HCV infection was the predomi-

nant etiology for HCC and 28% of patients in their

cohort were treated with a combination of TACET
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Table 5. Multivariate analysis of prognostic factors for overall survival and recurrence-free survival in B-HCC or C-HCC group in
BCLC stage 0 (n = 132).

Variable Hazard ratio 95% confidence interval p value

� Overall survival.

Age > 65 /  65 y/o. 5.206 1.409 - 19.236 0.013
Albumin  3.7 / > 3.7 g/dL. 4.271 1.342 - 13.592 0.014
PT INR > 1.1/  1.1. 6.273 1.771 - 22.212 0.004
Antiviral therapy (no/yes). 6.074 1.507 - 24.484 0.011

� Recurrence-free survival.

Albumin  3.7 / > 3.7 g/dL. 2.906 1.728 - 4.889 < 0.001

PT: prothrombin time. INR: international normalized ratio. AFP: -fetoprotein.

Figure 2. For patients with BCLC stage 0, the (A) overall survival rate (p = 0.559) and (B) recurrence-free survival rate

(p = 0.872) between the B-HCC and C-HCC groups were comparable (p = 0.752). After propensity score matching, the overall

survival rate (p = 0.945) (C) and recurrence-free survival rate (p = 0.544) (D) between the two group remained comparable.

and RFA as the initial treatment modality.

The impact of viral factors on post-RFA outcomes

still needed to be elucidated.

The current study is the first to directly compare

post-RFA prognosis in patients with HCC caused by

HBV and HCV. As the demographic characteristics

A C

B D
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are quite different between these two groups, it is

difficult to evaluate the true impact of viral etiology

on the outcomes of patients with HCC after RFA

therapy. In this study, both multivariate analysis

and propensity score matching analysis have been

conducted to reduce the influence of confounding

factors on prognosis. Consistent with the result of

multivariate analysis, patients in the B-HCC group

have comparable outcomes to those in the C-HCC

group in overall survival rate and in recurrence-free

survival rate after adjustments by propensity score

matching analysis.

Moreover, in patients with HCC in BCLC stage 0
(very early stage), there is still no difference in post-
RFA prognosis between the two groups. This is si-
milar to results of our previous study in which the
long-term outcomes were shown to be comparable
between patients with HBV- and HCV-related HCC
undergoing resection surgery.19 This also suggests
that viral etiology is not crucial in determining the
prognosis of patients with early stage HCC re-
ceiving curative therapies, regardless of resection
surgery or RFA.

Regarding host factors, patients in the C-HCC
group in the present cohort have a trend of older
age, lower male-to-female ratio, lower platelet count
and serum albumin, and higher ALT and AST levels
than those in the B-HCC group. These data are simi-
lar to those of previous reports in Taiwan.13,14,17,19

In Taiwan, HCV exposure is usually acquired in
adulthood whereas HBV infection is through verti-
cal transmission during delivery or acquired in early
childhood.36 As the process of hepatocarcinogenesis
is complex and requires time to accumulate suffi-
cient mutations, it is reasonable that patients in the
C-HCC group are older than those in the B-HCC
group. Furthermore, HCC is more prevalent in
males than in females in the B-HCC group. This male
predominance in HBV-related HCC has been propo-
sed to be related to the higher blood testosterone
levels and more active androgen receptor.37 A recent
study has further demonstrated that the HBx pro-
tein can interact with the androgen receptor signa-
ling pathway to enhance hepatocarcinogenesis.38

The higher serum ALT and AST levels and lower

platelet count and serum albumin level may reflect

more hepatic inflammation and advanced liver fibro-

sis in C-HCC.39 Such findings imply that patients in

the C-HCC group have relatively poorer liver func-

tional reserve than those in the B-HCC group.

However, total bilirubin levels and prothrombin

time are similar between these two groups. This

may be due to the selection criteria for RFA, which

exclude patients with jaundice and coagulopathy.

Liver functional reserve, as well as pro-

thrombin time and serum albumin, are strong

predictors of overall survival and recurrence-free

survival rates, similar to results of previous

studies.20,21,23,35 While tumor factors like serum

AFP level, tumor number, and tumor size are pre-

dictors of recurrence-free survival, they are not

associated with overall survival. This was proba-

bly because recurrent tumors are small, can be de-

tected by close surveillance, and can be completely

ablated by repeat local ablation therapy.40 Con-

sequently, the outcome of patients with tumor

recurrence after RFA remains acceptable if they

are followed-up regularly.

The effect of anti-viral therapy on reducing HCC

recurrence after curative treatment remains contro-

versial.41-43 In the present cohort, patients receiving

anti-viral therapy after RFA have better overall sur-

vival than those without therapy, although this has

no effect on recurrence-free survival. The use of

anti-viral therapy after RFA may improve clinical

outcomes due to the restored liver functional reserve,

which substantially influences overall survival

in patients with small HCC undergoing RFA.

Nevertheless, the administration of anti-viral thera-

py in Taiwan should fulfill the rules of National

Health Insurance which anti-viral therapy is given

while persistent viral activity and hepatitis is evi-

denced by liver biochemistry data and molecular as-

says. It implied that patients without anti-viral

therapy may not have evidence of persistent viral ac-

tivity. However, patients in the C-HCC group with

high HCV viral loads and active hepatic necro-inflam-

mation may not receive pegylated interferon and riba-

virin combination therapy due to the concern of side

effects and compliance. Consequently, these may have

bias in evaluating the true effect of anti-viral therapy

due to retrospective analysis. Further large-scale pros-

pective studies are warranted to investigate the impact

of anti-viral therapy on tumor recurrence after RFA.

This study has several limitations. First, this is a

retrospective study and some confounding factors

like alcoholism were not evaluated. Second, the

prognosis of HCC with HBV and HCV dual infections,

and non-HBV, non-HCV related HCC were not com-

pared due to the small case numbers. Third, the

effects of anti-viral therapy after RFA warrant fur-

ther large-scale trials with longer observation times.

In conclusion, viral etiology does not impact on

the outcome of small HCC patients who undergo

RFA. Liver functional reserve is, however, crucial in

determining post-RFA prognosis in HCC patients.

Anti-viral therapy may improve overall survival.
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