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Utility of percutaneous radiofrequency ablation alone
or combined with transarterial chemoembolization
for early hepatocellular carcinoma
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Abstract. Percutaneous radiofrequency ablation (RFA)
combined with transarterial chemoembolization (TACE) is
an effective, standard therapy against small hepatocellular
carcinoma (HCC). However, there is debate regarding the effec-
tiveness of RFA combined with TACE (RFA/TACE) compared
with RFA alone. These two approaches were compared for
the treatment of early HCC. The present study examined
83 HCC tumors in 83 patients treated with RFA between April
2007 and August 2014 at three medical institutions. All HCCs
were single hypervascular tumors, with a median diameter of
16 mm (range, 6-30 mm). The overall survival (OS) rate of
all patients (n=83) was 97.5% at 1 year, 82.8% at 3 years and
48.6% at 5 years, and the local recurrence rate of all patients
was 14.3% at 1 year, 32.3% at 3 years and 36.5% at 5 years.
The tumor-free survival (TFS) rate of all patients was 95.1%
at 1 year, 56.3% at 3 years and 23.4% at 5 years. Compared
with RFA alone, RFA/TACE significantly improved OS
(P<0.001), intrahepatic distant recurrence (IDR; P=0.038) and
TFS (P=0.010). A univariate analysis of prognostic indicators
revealed that age <70 years (P=0.008), aspartate transami-
nase <40 IU/1 (P=0.003), alanine aminotransferase <40 IU/1
(P=0.006) and platelet count >10x10%/ul (P=0.05) were associ-
ated with a high survival rate. Multivariate analysis identified
RFA/TACE [hazard ratio (HR), 0.108; P=0.001] as an inde-
pendent prognostic indicator. RFA/TACE was identified as
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the only independent indicator of IDR (HR: 0.467; P=0.042)
and TFS (HR: 0.452; P=0.012). RFA/TACE improved OS rate,
IDR and TFS compared with RFA alone. The data suggested
that RFA/TACE should be considered for the treatment of
single hypervascular HCC.

Introduction

In 2012, there were 782,500 new cases of hepatocellular
carcinoma (HCC) and >745,500 liver cancer-associated
mortalities (1). Liver cancer is the second most common cause
of cancer-associated mortality worldwide and has a poor prog-
nosis (mortality/incidence ratio, 0.95) (1). There are a variety
of treatment guidelines for liver cancer depending on tumor
stage (2-4), and at present, liver resection and localized treat-
ment [percutaneous ethanol injection surgery or radiofrequency
ablation (RFA)] are recommended as curative and localized
treatments for early-stage liver cancer (2-4). However, a number
of patients harbor chronic hepatitis B and C viral infections or
cirrhosis in addition to liver cancer (5). In these patients, who
have decreased liver function, less invasive and more effec-
tive early treatment of liver cancer may be beneficial. Surgical
resection is considered to be the only potentially curative
therapy for HCC (6), but it is a highly invasive procedure. In
contrast, the less-invasive percutaneous RFA is a standardized
and widely used treatment method, which has equal efficacy to
liver resection in terms of localized control (7). However, RFA
monotherapy may increase the risk of relapse in cases where
the HCC is comparatively large, when it exists near the surface
of the liver or near vessels that are hard to treat due to the risk
of coagulation necrosis (8). A variety of methods, including
imaging support such as Real-Time Virtual Sonography (9),
have been devised in the past to counteract these difficulties.
Transarterial chemoembolization (TACE) is often used
prior to RFA in the treatment of early-phase HCC (10).
However, the rate of local and ectopic recurrence and the
long-term effect on prognosis have not been adequately inves-
tigated for this combination. The present study examined the
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long-term effectiveness of RFA/TACE compared with RFA
alone.

Materials and methods

Patients. The present, retrospective study initially enrolled
192 patients, the median age was 72.0 years old (range
45-91 years old) and 47.7% were female, with a total of
283 HCC tumors treated with RFA between April 2007
and August 2014 at Kagoshima University Medical and
Dental Hospital (Kagoshima, Japan), Kagoshima Teishin
Hospital (Kagoshima, Japan) and Kagoshima City Hospital
(Kagoshima,Japan). Among these patients, 83 patients who met
the following inclusion criteria were selected for final analysis:
Solitary HCC nodules <30 mm in diameter; strong contrast
compared with surrounding liver parenchyma in early-phase
dynamic contrast-enhanced computed tomography (CT) and
low-density areas in the late phase; no imaging evidence of
tumor invasion into the major portal or hepatic vein branches;
no extrahepatic metastasis; a platelet count of >30,000 x10*/ul;
and post-treatment observation for =3 months.

The informed consent was waived due to the retrospec-
tive nature of the study. The study protocol conformed to
the ethical guidelines of the World Medical Association
Declaration of Helsinki and was approved by the Ethics
Committees of Kagoshima University Medical and Dental
Hospital, Kagoshima Teishin Hospital and Kagoshima City
Hospital (Kagoshima, Japan).

Diagnosis of HCC. In all patients, HCC was diagnosed based
on typical results by two or more imaging modalities [ultraso-
nography (US), CT and magnetic resonance imaging (MRI)]
and characteristic serum levels of a-fetoprotein (AFP) and
des-y-carboxy prothrombin (DCP; also termed PIVKA-II).
Abdominal US was performed with a real-time scanner
using a 3.5-MHz transducer (HI VISION 900S; Hitachi, Ltd.,
Tokyo, Japan). The US diagnosis of HCC was based on the
presence of lesions with different echogenicity (hypoechoic,
hyperechoic, isoechoic or a mixed pattern) compared with the
surrounding liver parenchyma. Dynamic CT was performed
with a multi-detector row scanner (Aquilion PRIME; Toshiba
Medical Systems Corporation, Tokyo, Japan). Non-enhanced
CT scans were obtained first, followed by quadra-phase
contiguous CT scans with 5 mm-thick sections. A bolus injec-
tion of 100 ml 65% iopamidol (Iomeron 350; Eisai Co., Ltd.,
Tokyo, Japan) was then administered at a rate of 3 ml/sec.
Arterial-phase CT scans were obtained at 30 sec, portal-phase
CT scans were obtained at 60 sec and late-phase CT scans
were obtained at 90-120 sec. A radiologist diagnosed the CT
results. The CT diagnosis of HCC was based on the pres-
ence of an enhancing lesion on arterial-phase CT scans and
hypoattenuation on late-phase CT scans. AFP and DCP were
performed within the week prior to RFA. Normal limits were
defined as <10 ng/ml for AFP and <40 mAU/ml for DCP. The
term ‘early HCC’ has two meanings, namely clinical early
HCC and histopathological early HCC. However, in the present
study it was used to mean histopathological early HCC. The
Barcelona Clinic Liver Cancer (BCLC) staging system was
followed (11,12), which is commonly used in the United States
and Europe, and early HCC was diagnosed as presenting with
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hypervascularity in the arterial phase by contrast-enhanced
CT and classification as single-site Stage A (early stage).
Patients with multiple existing HCCs and single-site lesions
>5 cm were excluded, according to guidelines on The Japan
Society of Hepatology (4).

Treatment protocol. The treatment selection of RFA/TACE
(with TACE performed prior to RFA) or RFA monotherapy
was performed by specialists in HCC treatment (such as RFA
and TACE) at Kagoshima University Medical and Dental
Hospital, Kagoshima Teishin Hospital and Kagoshima City
Hospital, according to the age, performance status (PS), liver
function, tumor size and tumor location of patients.

TACE and RFA combination therapy.In the RFA/TACE group,
TACE was first performed using the Seldinger technique (13)
according to the following protocol. Subsequent to introducing
a 3.5- or 4-Fr long sheath (Medikit Super Sheath; Medikit
Co., Ltd., Tokyo, Japan) into the femoral artery, a 3.5- or 4-Fr
pre-shaped catheter (Selecon-PA Catheter; Terumo Clinical
Supply Co., Ltd., Gifu, Japan) was inserted into a superior
mesenteric artery and 30-40 ml 50% iopamidol (Iomeron 350;
Eisai Co., Ltd.) was injected. Computed tomography during
arterial-portography (CTAP) was performed to determine
whether there were one or more HCC lesions, and to assess the
patency of the portal vein. Computed tomography during arte-
riography (CTA) was then performed to detect HCC; 15-20 ml
of 50% iopamidol was injected via the same catheter placed
in a common hepatic artery. In addition, a 2-Fr microcatheter
was selectively placed in the tumor-bearing artery of the HCC
(nutrient artery), and an emulsified formulation of iodized oil
(Lipiodol; Laboratoire Guerbet, AulnaySous-Bois, France)
was injected along with the following three anticancer agents:
20 mg epirubicin hydrochloride (Farmorubicin; Pfizer Japan,
Inc., Tokyo, Japan) and 4 mg mitomycin C (Kyowa Hakko
Kirin Co., Ltd., Tokyo, Japan); miriplatin hydrate (Miripla;
Dainippon Sumitomo Pharma Co., Ltd., Tokyo, Japan); and
cisplatin (Nihon-Kayaku Co., Ltd., Tokyo, Japan). Following
injection of the emulsified formulation, gelatin sponge parti-
cles (Gelpart; Nippon Kayaku, Tokyo, Japan) were injected as
an embolus into the same location. Hepatic arteriography was
performed following the embolus injection to confirm the loss
of blood flow to the tumor through the nutrient artery prior to
performing the surgery. The timing of RFA following TACE
varied according to the onset of side effects, overall patient
condition and degree of post-operative liver dysfunction, but
usually occurred within the week following TACE. RFA was
performed by locally anesthetizing the injection site using 1%
xylocaine (AstraZeneca, Tokyo, Japan) and the liver surface
was assessed by ultrasound. A 17-G internally-cooled elec-
trode with a 2 or 3 cm exposed tip (Radionics, Inc., Burlington,
MA, USA) was then guided to the HCC via ultrasound for the
ablation. An abdominal CT was performed 3-4 days post-RFA
and the RFA treatment effect, in particular the tumor and
cauterization margins, was evaluated. Treatment response
was evaluated by dynamic CT within 1 week. When HCC
remained evident, additional ablation was performed. RFA
was performed so that margins of =5 mm were obtained in all
patients, and additional RFA was performed where possible
when the ablation area was insufficient. Patients with margins
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of 0-5 mm were classified into those where it was possible to
widen the ablation area with additional RFA and those for
whom additional RFA would be difficult due to the radiator
effect of surrounding blood vessels or the original location of
the lesion. For patients where additional RFA was not expected
to return benefits, follow-up observations were performed.
Patients with almost complete ablation with certain lesions
with margins <5 mm were included in the 0-5 mm margin
group. All patients underwent two sessions or fewer.

RFA alone. RFA monotherapy was conducted within 1 week
of hospital admission using the exact procedure aforemen-
tioned. As with the combined therapy, an abdominal CT was
performed 3-4 days post-RFA and the tumor and cauteriza-
tion margins were evaluated along with the RFA treatment
effect. In the RFA alone group, well-differentiated HCC was
excluded, as well as HCC of other sites confirmed by prior
abdominal ultrasonography, gadolinium-ethoxybenzyl-diethy-
lenetriamine pentaacetic acid-MRI, CTAP or CTA.

Clinical characteristics and laboratory markers of patients.
The clinical characteristics and laboratory markers of patients
assessed included age, sex, tumor size, observation period,
number of RFA sessions, TACE, RFA/TACE, previous treat-
ment and virus markers, including hepatitis B virus (HBV),
hepatitis C virus (HCV) and NBNC (HBV and HCV"). Hepatic
function was assessed using the Child-Pugh classification (14)
based on clinical (ascites and encephalopathy) and laboratory
(serum albumin, total bilirubin and prothrombin time) param-
eters, body mass index, aspartate transaminase (AST), alanine
aminotransferase (ALT), y-glutamyl transpeptidase (y-GTP),
serum albumin, total bilirubin, prothrombin time, platelets,
AFP and DCP.

Comparison. Overall survival (OS) rates were compared using
the time from the beginning of treatment to the last follow-up
CT examination or mortality. RFA of a single HCC may still
result in multiple recurrences and progression to the inter-
mediate stage during follow-up. Post-treatment TACE may
be performed for intermediate-stage HCC, but this was not
confirmed in the present study. Local recurrence was defined
as the presence of one or more recurrent lesions within the
RFA-ablated area. A patient who presented with HCC adjacent
to the site of ablation after several years was excluded, and was
not classified as having local recurrence. Local recurrence rates
in each nodule were compared using the time from the begin-
ning of treatment to the last follow-up CT examination. The
same period was used to compare the intrahepatic distant recur-
rence rate, including multicentric occurrences and intrahepatic
metastases in each nodule. Comparison of tumor-free survival
rates among patients was conducted using the time from the
beginning of treatment to local tumor progression, progres-
sion of other tumors at the last follow-up CT examination or
mortality. Naive and recurrent patients were examined together
in the present study, since the two types of patients exhibited
similar trends (data not shown). The present study included
patients with early HCC, defined at the time of treatment based
on the earliest stage according to each of the following classifi-
cation systems: Tumor-node-metastasis stage (15); Child-Pugh
grade (14); Japan integrated staging score (4); and the Cancer of
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Table I. Clinical characteristics of patients with early, solitary
and hypervascular hepatocellular carcinoma.

Number of patients/
Characteristic mean + SD
Age, years 71.6£9.2
Sex, male/female 41/42
Tumor size, mm 17.2+£5.5
Observation period, months 172455
Number of RFA sessions 1.2+04
RFA/TACE, -/+ 27/56
Previous treatment, -/+ 41/42
Virus marker, HBV/HCV/NBNC 7/60/16
Child-Pugh classification, A/B/C 73/10/0
BMI, kg/m? 24.1£3 4
Biochemical analysis
AST, IU/ 49.9+21.2
ALT, 1U/ 39.8+22
v-GTP, IU/1 24.1£3 4
Serum albumin, g/dl 3.6+£0.5
Total bilirubin, mg/dl 1.1+0.5
Prothrombin time, % 81.5+14.5
Platelets, x10%/ul 10.2+4.8

AFP, ng/ml
DCP, mAU/ml

277.7£1,289.9
419.6£14744

SD, standard deviation; RFA, radiofrequency ablation; TACE, trans-
arterial chemoembolization; RFA/TACE, RFA combined with TACE;
HBYV, hepatitis B virus; HCV, hepatitis C virus; NBNC, HBV (-) and
HCV (-); BMI, body mass index; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; y-GTP, y-glutamyl transpeptidase;
AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin.

the Liver Italian Program score (16). There were also a number
of confounding factors, including tumor size, number and pres-
ence of extrahepatic metastasis. Thus, prognostic factors were
not analyzed using these items.

Statistical analysis. Statistical analyses were performed using
the y*-test or the Mann-Whitney U test, as appropriate. The
Kaplan-Meier method was used to estimate cumulative survival
and progression of local and other tumors, and these distribu-
tion curves were compared using the log-rank test. Univariate
and multivariate analyses of patient outcome risk ratios were
performed using Cox's proportional hazards model. All statis-
tical analyses were conducted using IBM SPSS Statistics version
21.0 (IBM SPSS, Armonk, NY, USA). Results were expressed
as the median, with minimum and maximum values. P<0.05
was considered to indicate a statistically significant difference.

Results

Characteristics of patients. A total of 83 patients met the
aforementioned inclusion criteria. Table I summarizes the
baseline clinical characteristics of the 83 patients with early,
solitary and hypervascular HCC.
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Rate of OS, local recurrence and tumor-free survival (TFS) in
all 83 patients. The OS rates of all patients during the follow-up
period were 97.5% at 1 year, 82.8% at 3 years and 48.6% at
5 years (Fig. 1), and the local recurrence rates of all patients
(n=83) were 14.3% at 1 year, 32.3% at 3 years and 36.5% at
5 years (Fig. 2). The TFS rates of all patients (n=83) were 95.1%
at 1 year, 56.3% at 3 years and 23.4% at 5 years (Fig. 3).

RFA/TACE compared with RFA alone. A total of 56 patients
with 56 HCC nodules were treated with RFA/TACE, while
27 patients with 27 HCC nodules were treated with RFA alone.
Table IT summarizes the following baseline clinical character-
istics of the two groups with early, solitary and hypervascular
HCC, stratified by treatment categories: Age; sex; virus
markers, including HBV, HCV and NBNC; clinical laboratory
parameters, including prothrombin time, bilirubin, serum
albumin, AST, ALT, y-GTP, platelets, AFP and DCP; previous
treatment; intrahepatic recurrence; tumor size and ablated
size. A significant difference was observed only in tumor size
(P=0.004; Table II). No further statistically significant differ-
ences were observed between the two groups.

OS rate. During the follow-up period, the cumulative survival
rate of patients treated with RFA/TACE was significantly
improved compared with that of patients treated with RFA
alone (P<0.001; Fig. 4).

Intrahepatic distant recurrence rate. During the follow-up
period, the intrahepatic distant recurrence rate in patients
treated with RFA/TACE was significantly improved compared
with patients treated with RFA alone (P=0.038; Fig. 5). No
significant differences were observed in the site of recurrence
between the two groups (data not shown).

TFS rate. During the follow-up period, the TFS rate of
patients treated with RFA/TACE was significantly improved
compared with that of patients treated with RFA alone
(P=0.01; Fig. 6).

Univariate analysis and multivariate statistics for OS rate.
A univariate analysis using the log-rank test revealed that the
survival rate varied significantly with age, AST, ALT, platelet
count (Plt) and RFA/TACE (Table III). Multivariate analysis
using a Cox proportional hazard model for four of these markers
(AST, ALT, Plt and RFA/TACE), as well as age and sex, revealed
that RFA/TACE was the only independent risk factor associated
with good patient prognosis [hazard ratio, 0.108; 95% confiden-
tial interval (CI), 0.029-0.401; P=0.001; Table III].

Univariate analysis and multivariate statistics for intrahepatic
distant recurrence and TFS rate. A univariate analysis using
the log-rank test revealed that the intrahepatic distant recurrence
and TFS rate were only positively associated with RFA/TACE
(data not shown). A multivariate analysis using a Cox propor-
tional hazard model, including age and sex, for six markers
(ALT, y-GTP, PIt, DCP, ablation margin and RFA/TACE)
selected based on P<0.500 in univariate analysis, revealed that
RFA/TACE was the only independent risk factor associated
with intrahepatic distant recurrence factors (odds ratio, 0.467,
95% CI,0.225-0.973; P=0.042; Table IV) and for seven markers
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Figure 1. Overall survival rate of 83 patients with early hepatocellular carci-
noma treated with RFA alone. The overall survival rates during the follow-up

period were 97.5% at 1 year, 82.8% at 3 years and 48.6% at 5 years. RFA,
radiofrequency ablation.

100 4
—— RFA (n=83)
80

60 1

40 1 |

20 4

Local recurrence rate (%)

0 20 40 60 80

Time (months)
Figure 2. Local recurrence rate of 83 patients with early hepatocellular

carcinoma treated with RFA alone. The local recurrence rates were 14.3% at
1 year, 32.3% at 3 years and 36.5% at 5 years. RFA, radiofrequency ablation.
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Figure 3. Tumor-free survival rate of 83 patients with early hepatocellular
carcinoma treated with RFA alone. The tumor-free survival rates were
95.1% at 1 year, 56.3% at 3 years and 23.4% at 5 years. RFA, radiofrequency
ablation.
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Table II. Clinical characteristics of 83 patients with early, solitary and hypervascular hepatocellular carcinoma.
Factor RFA/TACE group, n RFA alone group, n P-value
Total no. of patients 56 27
Age, years 73.0 (45-91) 73.0 (57-89) 0.218
Sex, male/female 30/26 11/16 0.350
Virus marker, HBV/HCV/NBNC 6/39/11 1/21/5 0.538
Prothrombin time, % 82.8 (35-110) 83.4 (51-101) 0.857
Total bilirubin, mg/dl 0.9 (0.3-2.6) 1.1 (0.4-25) 0.205
Serum albumin, g/dl 3.6 (2.8-4.8) 3.6(24-49) 0.934
AST, IU/ 44.0 (19-110) 45.0 (17-84) 0.613
ALT, U/ 350 (13-116) 31.0 (9-84) 0.644
v-GTP,IU 1 81.7 (34.7-110) 83.4 (51-101) 0.166
Platelet count, x10*/ul 9.5 (3.3-27.6) 9.3 (3.1-19.8) 0.637
AFP, ng/ml 13.7 (1.5-7,931) 13.4 (3.6-8,609) 0.996
DCP, mAU/ml 33.5(12-9455) 330 (8.0-2,314) 0.656
Previous treatment, -/+ 29/27 12/15 0.641
Intrahepatic recurrence, -/+ 29/27 12/15 0.641
Tumor size, mm 17.8 (10-30) 13.3 (6-30) 0.004
Ablated size, mm 31.0(19-52) 28.5 (20-48) 0.527

Data are presented as geometric median (range) or number. RFA, radiofrequency ablation; TACE, transarterial chemoembolization; RFA/TACE,
RFA combined with TACE; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, HBV (-) and HCV (-); AST, aspartate transaminase;
ALT, alanine aminotransferase; y-GTP, y-glutamyl transpeptidase; AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin. Previous treatment

included treatment surgery, RFA and TACE.
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Figure 4. Overall survival rate of 83 patients with early hepatocellular carci-
noma treated with RFA/TACE vs. RFA alone. RFA, radiofrequency ablation;
RFA/TACE, RFA combined with transarterial chemoembolization.

(total bilirubin, AST, ALT, y-GTP, tumor size, ablated margin
and RFA/TACE) selected based on P<0.500 in univariate
analysis, revealed that RFA/TACE was the only independent
risk factor associated with tumor-free survival factors (odds
ratio, 0.452; 95% CI, 0.224-0.842; P=0.012; Table IV).

Discussion

In the treatment algorithm for HCC, based on the Japan Society
of Hepatology consensus, liver resection or localized therapy

100 -
—_ —— RFA/TACE (n=56)
=2
< -
% wd =20 RFA alone (n=27)
g
2
o
=
2
= 60 1
8
2
E
40 -
&
2
=
5y 20 1
<
5
=

0 20 40 60 80
Time (months)

Figure 5. Progression rate of other intrahepatic tumors in 83 patients with
early hepatocellular carcinoma treated with RFA/TACE vs. RFA alone. RFA,
radiofrequency ablation; RFA/TACE, RFA combined with transarterial
chemoembolization.

is recommended based on remaining liver function (4). In
contrast, in the treatment algorithm based on the BCLC staging
system, solitary HCCs <2 c¢m in diameter were classified as
very early stage (stage 0) (3). The 5-year OS rate of patients
undergoing liver resection and liver transplant was reported as
80-90%, while it was 70% in those undergoing localized abla-
tion (6,17,18). In addition, patients with single tumors >2 cm
or three nodules <3 cm in diameter were classified as early
HCC (BCLC stage A) with a 5 year OS rate of 50-70% for
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Table III. Evaluation of the prognostic factors in the early, solitary and hypervascular hepatocellular carcinoma cases.

Univariate Multivariate
Factor (categories) n=83 P-value HR (95% CI) P-value
Age (<70/=70 years) 28/55 0.008 0.459 0.162-1.302 0.143
Sex (male/female) 41/42 0.601 0.601 0.213-1.700 0.337
Total bilirubin, mg/dl (<1.0/=1.0) 37/46 0.066
AST, IU/1 (<50/=50) 49/34 0.003
ALT, TU/1 (<40/=40) 48/35 0.006
v-GTP, IU/I (<45/=45) 54/29 0.162
Serum albumin, g/dl (<3.6/=3.6) 47/36 0.102
Platelet count, x10*/u1 (<10/=10) 47/36 0.05
Prothrombin time, % (<85/=85) 48/35 0.134
AFP, ng/ml (<15/=15) 43/40 0.291
DCP, mAU/ml (<35/=35) 44/39 0.400
Tumor size, mm (<20/=20) 54/29 0.064
Ablated margin, mm (<5/=5) 59/24 0.496
RFA/TACE (-/+) 27/56 <0.001 0.108 0.029-0.401 0.001

Univariate analysis was conducted by employing the log-rank test. Multivariate analysis was conducted by employing the Cox proportional
hazards model. AST, aspartate transaminase; ALT, alanine aminotransferase; y-GTP, y-glutamyl transpeptidase; AFP, a-fetoprotein; DCP,
des-y-carboxy prothrombin; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; RFA/TACE, RFA combined with TACE;

HR, hazard ratio; CI, confidence interval.

Table IV. Multivariate statistics for the intrahepatic distant
recurrence and tumor-free survival factors in the early, solitary
and hypervascular hepatocellular carcinoma cases.

RFA/TACE (-/+) OR 95% CI P-value

The intrahepatic distant 0467  0.225-0973 0.042
recurrence

The tumor-free survival 0.452 0.224-0.842 0.012

Multivariate analysis was conducted by employing the Cox propor-
tional hazards model. OR, odds ratio; CI, confidence interval; RFA,
radiofrequency ablation; TACE, transarterial chemoembolization;
RFA/TACE, RFA combined with TACE.

liver resection, liver transplant and localized ablation (16,19).
Although this was a retrospective study, to reduce bias, only
subjects suspected of having moderately-differentiated liver
cancer identified via imaging as single hypervascular tumors
were included. As a result, patients with single HCC tumors
<3 cm that exhibited early-phase staining were enrolled, and
it was demonstrated that the rates of overall and tumor-free
survival were not inferior to previous studies (20). In addi-
tion, results were obtained during long-term follow-up of over
5 years. In terms of TFS, the 5-year survival rate was slightly
low at 23.4%; however, multiple patients with HCC also had
concomitant HCV infections. Therefore, even if local factors
were controlled, there may still have been patients who relapsed.

At Kagoshima University Medical and Dental Hospital,
Kagoshima Teishin Hospital and Kagoshima City Hospital,
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Figure 6. During the follow-up period, the tumor-free survival rate of patients
treated with RFA/TACE was significantly improved compared with that of
patients treated with RFA alone. RFA, radiofrequency ablation; RFA/TACE,
RFA combined with transarterial chemoembolization.

RFA is often performed as a curative therapy following TACE
in the tumor-bearing area. The main reasons for recom-
mending RFA/TACE are as follows: When performing TACE
in the tumor-bearing area, an antitumor effect is expected
in the primary lesion as well as the surrounding area; lipi-
odol accumulates in the tumor, serving as a marker when
performing the RFA, and the post-treatment identification of
the ablation area is easier (21); expansion of the ablation area
is expected in areas in which lipiodol accumulates following
TACE, making it appropriate for slightly larger HCC (22); and
the combination of TACE and RFA results in improved local
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control even when lesions occur on the surface of the liver or
near blood vessels.

Multiple studies have been conducted on RFA/TACE, and
a systematic review (23) performed a meta-analysis of eight
clinical trials (24-30). However, the majority of these studies
examined HCC tumors >3 cm in diameter, and only one exam-
ined small HCCs (28). The meta-analysis revealed that rate of
local tumor progression, OS, local progression-free survival
and event-free survival were not significantly different between
the combination therapy and RFA alone. There are no details
regarding the inclusion criteria aside from the fact that the
analyzed trials enrolled patients with HCC with three tumors
that were <3 cm in diameter, which differs from the present
study. Kim et al (10) also published retrospective data, but they
reported on a small number of early-stage HCCs of 2-3 cm
diameter. Furthermore, although RFA/TACE demonstrated a
higher rate of local progression-free survival and event-free
survival compared with RFA alone, no significant difference
in OS was observed, which contradicts the results of the
present study. Finally, multivariate analysis was not performed
in this previous study, and therefore it is possible to consider
the present study as the first to demonstrate that RFA/TACE
is an independent determining factor of prognosis and relapse.

Nakashima et al (31) investigated 209 nodules <3 cm in
diameter that were surgically resected, and revealed that
‘single nodular type with extranodular growth’ and ‘confluent
multinodular type’ demonstrated higher frequencies of
portal vein invasion and intrahepatic metastases compared
with ‘single nodular type’. In addition, they reported that
among 149 metastatic lesions, the distance from the primary
tumor was <10 mm in 118 (79.2%) cases. Furthermore,
Nishikawa et al (21) proposed a method for grading HCC based
on ablative margins and its use in predicting local recurrence.
For Grade A (absolutely curative) tumors the ablative margin
around the tumor was >5 mm, for Grade B (relatively curative)
the margin was <5 mm, for Grade C (relatively non-curative)
there was no complete ablative margin although no residual
tumor was apparent, and for Grade D (absolutely non-curative)
the tumor had not been entirely ablated. The cumulative
localized rate of recurrence was significantly improved for
Grades A and B compared with Grades C and D, and it was
extremely important that the ablation range (cauterization
margin) was adequately achieved by RFA. In the present study,
the average tumor size was larger in the RFA/TACE group
compared with the RFA-only group. In addition, multiple
patients had inadequate tumor and ablation margins following
RFA alone. Despite these drawbacks, favorable results for
cumulative survival rate, intrahepatic tumor progression rate
and tumor-free survival were obtained, indicating that even
small HCCs <3 cm in diameter possess microscopic dissemi-
nated disease, depending on gross morphology. Patients with
cirrhosis commonly have fine arterioportal shunts and hepa-
tofugal blood flow (32). Anticancer drugs administered during
TACE are thought to be washed out immediately, except for
Miripla (33), but these drugs are likely to be carried in blood
that flows outside subsegments or the entire liver, via the same
hemodynamic route used in the dissemination of liver cancer
cells. Anticancer drugs may suppress recurrence of micro-level
dissemination of cells during TACE that cannot be detected
at the macro level (34,35). These observations supported the
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idea that treatment with TACE in the tumor-bearing zone not
only affects the primary lesion, but also suppresses local and
ectopic recurrences.

There are several limitations to the present study. First,
it included a small number of patients. Second, there may be
slight biases in treatment approaches and patient selection
due to this being a multicenter study. Third, the study design
was not a prospective randomized controlled trial. Fourth,
propensity matching was not performed for either group
despite the retrospective nature of the study. Tumor size
was significantly larger in patients treated with RFA/TACE,
which was an analytical disadvantage; however, no signifi-
cant differences in baseline characteristics of patients were
observed. Propensity matching may have eliminated the
biases between the groups, but would have reduced the
usable patient population, making adequate analysis diffi-
cult. Furthermore, for more rigorous analysis, a randomized
controlled trial is desirable.

In conclusion, the present study revealed that treatment
with RFA/TACE improved prognosis, the rate of intrahepatic
recurrence and tumor-free survival compared with RFA alone.
The present study therefore demonstrated that RFA/TACE is
effective in patients with small HCC. However, a large-scale
randomized controlled trial is required to compare the results
with those obtained from therapy using RFA alone.
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