
Abstract. Aim: To compare the overall survival (OS) in
patients without recurrent hepatocellular carcinoma (HCC)
after initial radiofrequency ablation (RFA) and in those with
recurrence, treated with repeat-RFA. Patients and Methods: We
compared OS between patients without recurrence (group A;
n=150) and those with recurrence treated with repeat-RFA
(group B; n=130). Results: One-, 3- and 5-year OS after initial
RFA was 92.6%, 84.1% and 81.0%, respectively, in group A,
and 99.0%, 84.1% and 61.8% in group B (p=0.296). There was
no significant difference in OS between group A patients and
patients with a single recurrent HCC (p=0.834). On
multivariate analysis, serum albumin >3.5g/dl and first HCC
recurrence, comprising of two or three nodules were significant
predicting factors of poorer OS. Conclusion: Even if HCC
recurs after initial RFA, survival comparable to that of patients
without recurrence can be achieved in patients with a single
recurrent tumor treated with repeat-RFA.

Hepatocellular carcinoma (HCC) ranks fifth among the most
prevalent types of cancer worldwide and is the third most
common cause of cancer-related death (1-4). Liver
transplantation and surgical resection are considered curative
therapies for HCC (2). When surgery is not possible,
percutaneous ablation therapies, such as radiofrequency
thermal ablation (RFA), or percutaneous ethanol injection
(PEI), are usually considered as an alternative (1, 5).

HCC often recurs, even in patients who have undergone
curative therapy, leading to high mortality rates (6).
Recurrent HCC is due to micrometastases in the liver that
are not detected before or during surgery, or to multicentric

carcinogenesis in the underlying liver; in 68-96% of patients,
HCC recurs at intrahepatic sites only (7). Hence, effective
management of intrahepatic recurrent HCC is an important
strategy in improving overall survival (OS) after curative
treatment for HCC (8).

RFA is a minimally-invasive local treatment and an
alternative to PEI that was introduced in Japan in 1999. It
has been widely used as a curative treatment for HCC and
has evolved into an important therapeutic tool (1-3, 9-12).
RFA is less invasive and safer than surgical resection (13),
and a region of ≤3 cm in diameter can be ablated with a
single application. The technique is safe and effective for the
treatment of small HCCs in patients who are unsuitable for
surgical intervention due to insufficient hepatic reserve (1-3,
14). More recently, several investigators have used RFA to
treat selected patients with resectable HCC, with favorable
clinical outcomes, and the technique is gaining popularity in
the treatment of resectable HCCs in many countries (14, 15).
Recurrent HCCs that are confined to the liver may be
amenable to appropriate additional therapies, leading to
improved survival. RFA can be used whenever HCC recurs
and is considered to be a reliable, effective and safe therapy
for intra-hepatic recurrent HCC (16, 17). However, the
impact of RFA treatment of recurrent HCC on survival has
received little attention in previous studies, although the
outcome of the initial treatment, the interval to the first
recurrence of HCC, and OS have all been well-documented
(16-20). The aim of the present study was to compare OS
between patients with HCC who did not have any recurrence
after initial RFA and in those for whom HCC recurred after
initial RFA and who were treated with repeat-RFA.

Patients and Methods

Patients. We performed RFA for 395 treatment-naïve patients
diagnosed with a solitary HCC in the Department of
Gastroenterology and Hepatology at Osaka Red Cross Hospital,
Japan between January 2004 and January 2012. Out of these
patients, 27 who were lost to follow-up and 36 in whom ablation
was incomplete or who had other malignancies that might affect
their prognosis, were excluded from the study. Complete ablation

5059

Correspondence to: Hiroki Nishikawa, MD, Department of
Gastroenterology and Hepatology, Osaka Red Cross Hospital, 5-30
Fudegasaki-cho, Tennoji-ku, Osaka 543-0027, Japan. Tel: +81
667745111, Fax: +81 667745131, e-mail: h-nishikawa@osaka-
med.jrc.or.jp

Key Words: Hepatocellular carcinoma, radiofrequency ablation,
recurrence, survival, repeatability. 

ANTICANCER RESEARCH 32: 5059-5066 (2012)

Percutaneous Radiofrequency Ablation Therapy 
for Recurrent Hepatocellular Carcinoma

HIROKI NISHIKAWA, YUKIO OSAKI, ERIKO IGUCHI, HARUHIKO TAKEDA, YOSHIAKI OHARA, 
AZUSA SAKAMOTO, KEIICHI HATAMARU, SUMIO SAITO, AKIHIRO NASU, RYUICHI KITA and TORU KIMURA

Department of Gastroenterology and Hepatology, Osaka Red Cross Hospital, Osaka, Japan

0250-7005/2012 $2.00+.40



by RFA was defined as no apparent residual tumor on dynamic
computed-tomography (CT) performed within seven days after the
procedure.

Our criteria for RFA therapy were as follows: (a) patient
ineligible for surgical resection or liver transplantation; (b) patient
refused surgery; (c) tumor size up to approximately 3 cm and tumor
number up to three nodules; (d) absence of uncontrollable ascites;
and (e) no extrahepatic metastases or vascular invasion. Whatever
the type of recurrence, recurrent HCC in patients who met the above
criteria was treated with RFA. PEI was performed for patients with
intrahepatic recurrent HCC who were considered to be at risk or
difficult to treat with RFA. For patients with recurrent tumors that
would have been difficult to treat with either of these ablative
therapies, hepatic resection was performed in those eligible for
surgery; those not eligible for surgery or ablative therapies owing
to liver function, tumor size, tumor location or tumor number
underwent transcatheter arterial chemoembolization (TACE) (21).
For patients with recurrent tumor who had extremely poor liver
function or who refused therapy, no treatment was performed.
Patients with extrahepatic recurrent HCC underwent TACE or
received a systemic chemotherapy agent such as sorafenib (22).

Out of 176 patients with a first intrahepatic recurrence after
initial RFA, 166 (94.3%) underwent additional therapy. RFA was
the most commonly used modality (130/176; 73.9%), followed by
TACE (20/176; 11.4%), PEI (8/176; 4.5%) and surgical resection
(7/176; 4.0%). Out of six patients with extrahepatic recurrence after
initial RFA, four (66.7%) underwent additional therapy; three
underwent systemic chemotherapy and one underwent TACE. The
patient who underwent TACE had recurrent HCC with invasion of
the inferior vena cava. There were 150 patients without recurrent
HCC after initial RFA (no recurrence, group A) and 130 patients
were treated with repeat-RFA for a first recurrence (recurrence,
group B). Thus, data from 280 patients were analyzed (Figure 1).
We compared the OS of these two groups. We also categorized the
group B patients into two subgroups: patients in whom the first
HCC recurrence was a single tumor (group Ba; 83 patients) and
those with recurrence comprising two or three nodules (group Bb;
47 patients). We compared the OS of these groups.

Before RFA, written informed consent was obtained from all
patients. The study was a retrospective analysis of patients’ records
and all treatments were conducted in an open-label manner. The study
protocol complied with all provisions of the Declaration of Helsinki.

HCC diagnosis. Hypervascular HCC was diagnosed using abdominal
ultrasonography and dynamic CT (hyperattenuation during the
arterial phase in all, or some of the tumors and hypoattenuation in
the portal–venous phase). Arterial and portal phase dynamic CT
images were obtained at approximately 30 s and 120 s, respectively,
after the injection of contrast material. In all cases of hypovascular
HCC, percutaneous tumor biopsy was performed according to the
diagnostic criteria for HCC, proposed by the Japan Society of
Hepatology (23). There were 256 hypervascular HCCs and 24
hypovascular HCCs. For all patients, abdominal angiography was
performed before RFA. Before the initial RFA, we confirmed the
presence of solitary HCC with no vascular invasion and no satellite
nodules using CT during hepatic arteriography (CTHA) and arterial
portography (CTAP) (24). CTHA and CTAP were performed again
on all patients in whom HCC recurred.

Definition of recurrent HCC. We defined local tumor progression
(LTP) as the presence on dynamic CT of a recurrent nodule adjacent

to the area ablated by the initial RFA. Recurrence that occurred
distant from the ablated area in the same segment, was defined as
intrahepatic distant recurrence (IDR). Extrahepatic recurrence was
determined using chest CT, whole abdominal CT and bone
scintigraphy.

RFA procedure. The details of our RFA procedure have been
previously described (25). Briefly, we primarily used a cool-tip
needle (Radionics Corp., Burlington, MA, USA) to perform RFA.
Using the intercostal or subcostal approach, a 17-gauge, 2 to 3 cm
long cooled-tip electrode was inserted under real-time ultrasound
guidance. The duration of a single RFA session was 12 min for the
3-cm electrode and 6 min for the 2-cm electrode. All procedures
were performed under ultrasound guidance by one of five operators,
all of whom had at least three years of experience of performing
RFA. We used the artificial ascites technique to prevent collateral
thermal injury when the anticipated RFA zone was in contact with
a critical region, such as the hepatic flexure of the colon. We also
used this technique to improve visibility when the index tumor was
located in the hepatic dome area.

Follow-up. Follow-up after initial RFA comprised of periodic
blood tests and monitoring of tumor markers, including alpha-
fetoprotein and des-γ-carboxy prothrombin, which was measured
using a chemiluminescent enzyme immunoassay (Lumipulse
PIVKAII Eisai; Eisai, Tokyo, Japan). Dynamic CT and/or
magnetic resonance imaging was conducted every 3-4 months after
the initial RFA.

Statistical analysis. Data were expressed as the mean±standard
deviation. Differences between the two groups were analyzed using
the unpaired t-test for continuous variables; categorical variables
were analyzed using Fisher’s exact test. Univariate and multivariate
analyses were used. Time-to-recurrence was defined as the interval
between the initial RFA and the first confirmed recurrence. For
analysis of OS, follow-up ended at the time of death from any
cause, after a census of the remaining patients at the last follow-up
visit. Cumulative OS was calculated using the Kaplan–Meier
method and tested using the log-rank test. The Cox proportional
hazard model was used for multivariate analysis of factors that were
considered significant on univariate analysis. p-Values of <0.05
were considered statistically significant.

Results

Clinical characteristics. The baseline clinical characteristics
of the patients in groups A and B are shown in Table I. The
mean tumor diameter at the initial RFA and the mean
observation period from that date to the last follow-up were
1.87±0.66 cm and 2.6±1.9 years, respectively, for group A and
1.94±0.62 cm and 3.5±1.8 years for group B. There were
significant differences between the two groups in the cause of
liver disease (p=0.005) and the pre-treatment alanine
aminotransferase level (p=0.015). For group B, the mean time
from initial RFA to first recurrence of HCC was 1.6 years, and
the mean maximal tumor diameter at first recurrence was
1.67±0.61 cm for group B, 1.66±0.62 cm for group Ba and
1.68±0.61 cm for group Bb.
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Comparison of OS between groups A and B. One-, 3- and 5-
year OS after initial RFA was 92.6%, 84.1% and 81.0%,
respectively, for group A, and 99.0%, 84.1% and 61.8% for
group B. There was no significant difference between the
two groups (p=0.296) (Figure 2).

Comparison of OS between groups A, Ba and Bb. One-, 3-
and 5-year OS after initial RFA was 100.0%, 89.0% and
69.3%, respectively, for group Ba, and 97.5%, 77.7% and
49.2% for group Bb. There was no significant difference in
OS between group A and group Ba (p=0.834), but a
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Figure 1. Study profile. HCC, Hepatocellular carcinoma; RFA, radiofrequency ablation; TACE, transcatheter arterial chemoembolization; BSC, best
supportive care; PEI, percutaneous ethanol injection.



significant difference between group A and group Bb
(p=0.015) was observed. There was an overall significant
difference between all three groups (p=0.029) (Figure 3).

Univariate and multivariate analysis of factors contributing
to OS. On univariate analysis, cause of liver disease
(p=0.026), serum albumin >3.5 g/dl (p<0.001), platelet
count >10×104/mm3 (p=0.001) and recurrence of HCC
(p=0.029) were significant factors contributing to poorer OS
(Table II). On multivariate analysis of the four factors that
were found to be significant in the univariate analysis, serum
albumin >3.5 g/dl (p=0.001) and first HCC recurrence with
two or three nodules (p=0.047), contributed significantly to
OS. The hazard ratios and 95% confidence intervals for these
factors are shown in Table III.

Patterns of HCC recurrence. HCC recurred as a single-
nodule in 83 of the patients treated with repeat RFA after
initial RFA. Among these patients, LTP-alone was found in
seven and IDR-alone in 76. Forty-seven patients had a first
recurrence comprising of two or three nodules. Among these,
IDR with LTP was found in seven patients and IDR-alone
was found in 40 patients. 

Efficacy of repeat-RFA for recurrent HCC. In group B, RFA
was incomplete for eight patients (6.2%); reasons included
poor visibility of the targeted tumor, fear of potential
toxicity, poor liver function, technical impossibility and
physical burden. RFA was incomplete for one group Ba
patient and seven group Bb patients.

Causes of death in groups A and B. Sixteen patients in group
A (10.7%) died during the follow-up period; the causes of
death were liver failure in nine and miscellaneous causes in
seven. Forty-four patients in group B (33.8%) died during
follow-up; the causes were progression of HCC in 22, liver
failure in 14 and miscellaneous causes in eight.

Major adverse events related to initial RFA. Major adverse
events related to the initial RFA, as defined by current
guidelines (26) were: biloma (one patient); refractory ascites
(one); intra-abdominal bleeding (two); pneumothorax (one);
and liver abscess (one). All of these problems improved
during the hospitalization in which the RFA was performed.
There was no needle tract seeding or death related to
complications of the initial RFA, and consequently the
mortality was 0%.

Major adverse events related to repeat-RFA for recurrent
HCC. Major adverse events related to repeat-RFA for
recurrent HCC were: biloma (one patient); refractory ascites
(one); intra-abdominal bleeding (one); hemothorax (one); and
hemobilia (one). All of these problems improved during the
hospitalization in which the repeat RFA was performed. There
was no needle tract seeding or death related to complications
of repeat-RFA, and consequently the mortality was 0%.

Discussion

In most patients with HCC, successful RFA for HCC is
followed by recurrence (6). However, recurrent HCCs are
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Table I. Baseline characteristics between the group A and the group B patients.

Variable Group A (n=150) Group B (n=130) p-Value 

Age (years) 69.9±9.7 69.1±8.4 0.450a

Gender, male/female 88/62 77/53 1.000b

Child-Pugh classification
chronic hepatitis/Child-Pugh A/B/C 34/94/19/3 25/92/13/0 0.256b

Cause of liver disease
Hepatitis B/hepatitis C/non B non C 12/109/29 11/111/8 0.005b

Total bilirubin (mg/dl) 0.94±0.57 0.89±0.40 0.352a

Serum albumin (g/dl) 3.83±0.53 3.81±0.50 0.727a
Prothrombin time (%) 84.7±15.9 88.0±14.7 0.079a

Platelets (×104/mm3) 11.5±5.8 10.6±4.4 0.167a

AST (IU/l) 54.6±32.1 61.1±27.7 0.073a

ALT (IU/l) 45.1±29.9 53.7±29.1 0.015a

AFP (ng/ml) 135.2±484.5 64.9±136.1 0.110a

DCP (mAU/ml) 132.5±450.2 267.0±1548.8 0.311a

Tumor size (cm) 1.87±0.66 1.94±0.62 0.348a
Diabetes mellitus, yes/no 46/104 47/83 0.374a

Body mass index (kg/m2) 23.4±3.4 23.2±3.4 0.751a

AST, Aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; aStudent t-test; bFisher’s
exact test.
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Figure 2. Cumulative overall survival (OS) in group A (n=150) and
group B (n=130). One-, 3- and 5-year OS after initial radiofrequency
ablation was 92.6%, 84.1% and 81.0%, respectively, in group A, and
99.0%, 84.1% and 61.8% in group B. There was no significant
difference between the two groups (p=0.296).

Figure 3. Cumulative overall survival (OS) in group A (n=150), group
Ba (single first hepatocellular carcinoma (HCC) recurrence treated with
repeat-radiofrequency ablation (RFA) after initial RFA; n=83) and
group Bb (first HCC recurrence of two or three nodules treated with
repea-RFA after initial RFA; n=47). One-, 3- and 5-year OS after initial
RFA was 92.6%, 84.1% and 81.0%, respectively, in group A, 100.0%,
89.0% and 69.3% in group Ba, and 97.5%, 77.7% and 49.2% in group
Bb. There was no significant difference in OS between group A and
group Ba (p=0.834), but there was a significant difference between
group A and group Bb (p=0.015). There was an overall significant
difference between these three groups (p=0.029).

Table II. Univariate analysis contributing to overall survival after initial
radiofrequency ablation.

Variable n p-Valuea

Age >70 years, yes/no 152/128 0.217
Gender, male/female 165/115 0.435
Cause of liver disease
Hepatitis B/hepatitis C/non-B non-C 23/220/37 0.026
Total bilirubin >1.0 mg/dl, yes/no 77/203 0.140 
Serum albumin >3.5 g/dl, yes/no 169/111 <0.001
Prothrombin time >70%, yes/no 240/40 0.079
Platelets >10×104/mm3, yes/no 149/131 0.001
AST >50 IU/l, yes/no 145/135 0.490 
ALT >50 IU/l, yes/no 104/176 0.566
AFP >100 ng/ml, yes/no 47/233 0.966
DCP >100 mAU/ml, yes/no 51/229 0.482
Tumor size >2 cm, yes/no 93/187 0.866
Diabetes mellitus, yes/no 92/188 0.744
Body mass index >25 kg/m2, yes/no 80/200 0.810 
First HCC recurrence
None/with one tumor/with two or three tumors 150/83/47 0.029

AST, Aspartate aminotransferase; ALT, alanine aminotransferase; AFP,
alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; HCC, hepatocellular
carcinoma; alog-rank test.

Table III. Multivariate analysis contributing to overall survival after
initial radiofrequency ablation.

Variable Hazard 95% Confidence p-Valuea

ratio interval

Cause of liver disease
Hepatitis B 1.000 
Hepatitis C 0.526 0.245-1.129 0.129
Non-B non-C 0.317 0.145-1.041 0.096

Serum albumin >3.5 g/dl
Yes 2.765 1.542-4.958 0.001
No 1.000 

Platelets >10×104/mm3

Yes 1.293 0.727-2.299 0.381
No 1.000 

First HCC recurrence
None 1.000 
With one tumor 0.679 0.369-1.248 0.213
With two or three tumors 0.552 0.272-1.121 0.047

HCC, Hepatocellular carcinoma; aCox proportional hazard model.



often confined to the liver for a long period of time and this
offers opportunities for radical elimination of HCC.
Although RFA is effective for the treatment of HCC, to our
knowledge, its repeatability in the management of recurrent
HCCs and the impact of this approach on survival had not
been fully-evaluated until the present study.

In this study, there was no significant difference between
groups A and Ba in terms of OS, although a significant
difference was observed between group A and group Bb. On
multivariate analysis, first recurrence of HCC as a single-
tumor was not significant in terms of OS, but a first
recurrence comprising two or three nodules was a
significant adverse prognostic factor. Preventing recurrence
of HCC is essential in improving survival (27). However,
our results suggest that even if HCC recurs after initial RFA,
a favorable clinical outcome can be achieved by repeat-RFA
for patients with a single recurrent tumor. In group Ba, RFA
of the first recurrence of HCC was incomplete in only one
patient (1.2%), and this may be associated with the
favorable clinical outcome of this approach. Achieving a
sufficient margin of ablation seems to be essential not only
for treatment-naïve patients with HCC, but also for those
with recurrent HCCs (17, 25).

Serum albumin >3.5 g/dl was the strongest predictive
factor linked to OS in our multivariate analysis. The serum
albumin levels reflect liver function, and in our cohort liver
function strongly influenced OS, as previously reported (18,
19). In general, a considerable proportion of patients with
HCC have concurrent liver cirrhosis, and patients with liver
cirrhosis have lower serum albumin levels and can develop
protein-energy malnutrition (PEM) due to increased
catabolism (28). PEM is associated with poor clinical
outcome (29), but branched chain amino acid treatment may
improve this (30).

RFA is a safe procedure. Serious complications related to
RFA were observed in some patients in our study, but all
improved during the hospitalization in which the RFA was
conducted. Repeat-RFA may also be considered safe,
although operators should be always aware of RFA-related
complications and their potential morbidity and mortality.

There are several limitations to the present study. Firstly,
this was a retrospective single-center study. Secondly,
patients in whom ablation was incomplete after the initial
RFA and those who were lost to follow-up were excluded,
leading to bias. Thirdly, the mean observation periods for
group A and group B were not balanced for survival
analysis. Hence, a prospective study is be needed. However,
our results demonstrate that even if HCC recurs after initial
RFA, the survival of patients with a single nodule treated by
repeat-RFA can be comparable to that of those in whom
HCC does not recur. In conclusion, repea-RFA for recurrent
HCC can be useful in optimizing clinical outcome in
selected patients.

Conflicts of Interest

The Authors declare that they have no conflicts of interest.

Acknowledgements

The Authors thank Haruko Takada for data collection.

References

1 Kudo M: Radiofrequency ablation for hepatocellular carcinoma:
Updated review in 2010. Oncology 78: 113-124, 2010.

2 Livraghi T, Mäkisalo H and Line PD: Treatment options in
hepatocellular carcinoma today. Scand J Surg 100: 22-29, 2011.

3 Allgaier HP, Deibert P, Zuber I, Olschewski M and Blum HE:
Percutaneous radiofrequency interstitial thermal ablation of
small hepatocellular carcinoma. Lancet 353: 1676-1677, 1999. 

4 El-Serag HB: Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 142: 1264-1273, 2012.

5 Cho YK, Kim JK, Kim MY, Rhim H and Han JK: Systematic
review of randomized trials for hepatocellular carcinoma treated
with percutaneous ablation therapies. Hepatology 49: 453-459,
2009.

6 Zhong JH, Li H, Li LQ, You XM, Zhang Y, Zhao YN, Liu JY,
Xiang BD and Wu GB: Adjuvant therapy options following
curative treatment of hepatocellular carcinoma: A systematic
review of randomized trials. Eur J Surg Oncol 38: 286-295,
2012.

7 Zhou WP, Lai EC, Li AJ, Fu SY, Zhou JP, Pan ZY, Lau WY and
Wu MC: A prospective, randomized, controlled trial of
preoperative transarterial chemoembolization for resectable large
hepatocellular carcinoma. Ann Surgery 249: 195-202, 2009.

8 Izumi R, Shimizu K, Iyobe T, Ii T, Yagi M, Matsui O, Nonomura
A and Miyazaki I: Postoperative adjuvant hepatic arterial
infusion of lipiodol containing anticancer drugs in patients with
hepatocellular carcinoma. Hepatology 20: 295-301, 1994. 

9 Lencioni: Locoregional treatment of hepatocellular carcinoma.
Hepatology 52: 762-773, 2010.

10 Lin SM, Lin CJ, Lin CC, Hsu CW and Chen YC: Randomised
controlled trial comparing percutaneous radiofrequency thermal
ablation, percutaneous ethanol injection, and percutaneous acetic
acid injection to treat hepatocellular carcinoma of 3 cm or less.
Gut 54: 1151-1156, 2005.

11 Shiina S, Teratani T, Obi S, Sato S, Tateishi R, Fujishima T,
Ishikawa T, Koike Y, Yoshida H, Kawabe T and Omata M: A
randomized controlled trial or radiofrequency ablation with
ethanol injection for small hepatocellular carcinoma.
Gastroenterology 129: 122-130, 2005.

12 Lencioni RA, Allgaier HP, Cioni D, Olschewski M, Deibert P,
Crocetti L, Frings H, Laubenberger J, Zuber I, Blum HE and
Bartolozzi C: Small hepatocellular carcinoma in cirrhosis:
Randomized comparison of radiofrequency thermal ablation versus
percutaneous ethanol injection. Radiology 228: 235-240, 2003.

13 Nishikawa H, Inuzuka T, Takeda H, Nakajima J, Matsuda F,
Sakamoto A, Henmi S, Hatamaru K, Ishikawa T, Saito S, Nasu
A, Kita R, Kimura T, Arimoto A and Osaki Y: Comparison of
percutaneous radiofrequency thermal ablation and surgical
resection for small hepatocellular carcinoma. BMC Gastroenterol
11: 143, 2011.

ANTICANCER RESEARCH 32: 5059-5066 (2012)

5064



14 Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C
and Rossi S: Sustained complete response and complications
rates after radiofrequency ablation of very early hepatocellular
carcinoma in cirrhosis: Is resection still the treatment of choice?
Hepatology 47: 82-89, 2008.

15 Tiong L and Maddern GJ: Systematic review and meta-analysis
of survival and disease recurrence after radiofrequency ablation
for hepatocellular carcinoma. Br J Surg 98: 1210-1224, 2011.

16 Choi D, Lim HK, Rhim H, Kim YS, Lee WJ, Paik SW, Koh KC,
Lee JH, Choi MS and Yoo BC: Percutaneous radiofrequency
ablation for early-stage hepatocellular carcinoma as a first-line
treatment: Long-term results and prognostic factors in a large
single-institution series. Eur Radiol 17: 684-692, 2007.

17 Rossi S, Ravetta V, Rosa L, Ghittoni G, Viera FT, Garbagnati F,
Silini EM, Dionigi P, Calliada F, Quaretti P and Tinelli C:
Repeated radiofrequency ablation for management of patients
with cirrhosis with small hepatocellular carcinomas: A long-term
cohort study. Hepatology 53: 136-147, 2011.

18 N’Kontchou G, Mahamoudi A, Aout M, Ganne-Carrié N,
Grando V, Coderc E, Vicaut E, Trinchet JC, Sellier N, Beaugrand
M and Seror O: Radiofrequency ablation of hepatocellular
carcinoma: Long-term results and prognostic factors in 235
Western patients with cirrhosis. Hepatology 50: 1475-1483,
2009.

19 Shiina S, Tateishi R, Arano T, Uchino K, Enooku K, Nakagawa
H, Asaoka Y, Sato T, Masuzaki R, Kondo Y, Goto T, Yoshida H,
Omata M and Koike K: Radiofrequency ablation for
hepatocellular carcinoma: 10-Year outcome and prognostic
factors. Am J Gastroenterol 107: 569-577, 2012. 

20 Peng ZW, Zhang YJ, Liang HH, Lin XJ, Guo RP and Chen MS:
Recurrent hepatocellular carcinoma treated with sequential
transcatheter arterial chemoembolization and RF ablation versus
RF ablation alone: A prospective randomized trial. Radiology
262: 689-700, 2012. 

21 Takayasu K, Arii S, Ikai I, Omata M, Okita K, Ichida T,
Matsuyama Y, Nakanuma Y, Kojiro M, Makuuchi M and
Yamaoka Y; Liver Cancer Study Group of Japan: Prospective
cohort study of transarterial chemoembolization for unresectable
hepatocellular carcinoma in 8510 patients. Gastroenterology
131: 461-469, 2006. 

22 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M,
Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF,
Borbath I, Häussinger D, Giannaris T, Shan M, Moscovici M,
Voliotis D and Bruix J; SHARP Investigators Study Group:
Sorafenib in advanced hepatocellular carcinoma. N Engl J Med
359: 378-390, 2008.

23 Kudo M, Izumi N, Kokudo N, Matsui O, Sakamoto M,
Nakashima O, Kojiro M and Makuuchi M; HCC Expert Panel
of Japan Society of Hepatology: Consensus-Based Clinical
Practice Guidelines proposed by the Japan Society of
Hepatology (JSH) 2010 updated version. Dig Dis 29: 339-364,
2011.

24 Hayashi M, Matsui O, Ueda K, Kawamori Y, Gabata T and
Kadoya M: Progression to hypervascular hepatocellular
carcinoma: Correlation with intranodular blood supply evaluated
with CT during intraarterial injection of contrast material.
Radiology 225: 143-149, 2002.

25 Nishikawa H, Inuzuka T, Takeda H, Nakajima J, Sakamoto A,
Henmi S, Matsuda F, Eso Y, Ishikawa T, Saito S, Kita R, Kimura
T and Osaki Y: Percutaneous radiofrequency ablation therapy for
hepatocellular carcinoma: a proposed new grading system for the
ablative margin and prediction of local tumor progression and
its validation. J Gastroenterol 46: 1418-1426, 2011.

26 Sacks D, McClenny T, Cardella J and Lewis C: Society of
Interventional Radiology clinical practice guidelines. J Vasc
Interv Radiol 14: S199-S202, 2003. 

27 Izumi N: Recent advances of radiofrequency ablation for early
hepatocellular carcinoma. J Gastroenterol Hepatol 26(Suppl 1):
115-122, 2011.

28 Lautz HU, Selberg O, Körber J, Bürger M and Müller MJ:
Protein-calorie malnutrition in liver cirrhosis. Clin Investig 70:
478-486, 1992.

29 Italian Multicentre Cooperative Project on Nutrition in Liver
Cirrhosis: Nutritional status in cirrhosis. J Hepatology 21: 317-
335, 1994.

30 Ishikawa T, Michitaka I, Kamimura H, Higuchi K, Kubota T, Seki
K, Ohta H, Yoshida T and Kamimura T: Oral Branched-chain
amino acids administration improves impaired liver dysfunction
after radiofrequency ablation therapy for hepatocellular carcinoma.
Hepatogastroenterology 56: 1491-1495, 2009. 

Received July 25, 2012
Revised September 24, 2012

Accepted September 26, 2012

Nishikawa et al: RFA for Recurrent HCC

5065


