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Abstract

Background: Hepatocellular carcinoma (HCC) is worldwide one of the most common and lethal malignant tumors despite at-
tempts at treatment using various therapeutic modalities. Combination of transarterial chemoembolization (TACE) and radiofre-
quency ablation (RFA) can have expanded indication as curative therapy in patients with larger size HCC (2 - 5 cm) that is unsuitable
for RFA alone, but there are few studies showing long-term survival and larger sample size.

Objectives: The goal of this study was to evaluate the long-term efficacy and safety of combined TACE with RFA, and TACE alone in
hepatocellular carcinoma of 2 to 5 cm.

Patients and Methods: This was a retrospective study including 207 consecutive patients who were enrolled using computerized
hepatocellular carcinoma database consisting of 105 patients who underwent combined TACE with RFA, and 102 patients who un-
derwent TACE alone with long-term follow-up.

Results: The complete remission rate was meaningfully higher in the combination group (97.1%, 102/105) than in the TACE group
(54.9%, 56[102) (P < 0.001). The mean follow-up periods of the combination group and the TACE group were 49.3 % 16.9 months
and 46.3 4= 26.7 months, respectively. The TACE group (90.2%, 92/102) showed significantly higher tumoral recurrence or persistence
than the combination group (59.0%, 62/105) during follow-up periods (P < 0.001). The cumulative survival rates at 1, 2, 3, 4, and 5
years were 88.6, 82.9, 79.0, 75.2, and 74.3%, respectively in the combination group and 93.1, 73.5, 59.8, 50.0, and 45.1%, respectively in
the TACE group. Independent factors associated with improved overall survival were the combination group, Child-Pugh class A,
complete remission at 1 month, negative intrahepatic new tumors, and no adverse event.

Conclusion: Complete local tumor control by combination of TACE with RFA could improve overall survival in comparison with
TACE alone for long-term follow-up. The combination of TACE with RFA should be considered for achieving complete local tumor
control before progression to advanced stage in HCC of 2 to 5 cm.
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1. Background

Hepatocellular carcinoma (HCC) is known worldwide
as one of the most common and fatal malignant tumors
despite attempts at treatment using various therapeutic
modalities (1). The diagnosis of early HCC is increasing
in endemic countries because of regular surveillance us-
ing multidetector computed tomography (CT) or mag-
netic resonance imaging (MRI) in high-risk groups (2). The
choice of treatment is determined with many clinical con-
siderations according to liver function, tumor status like
size, number and vascular invasion, and patient status,
such as performance score. Surgical resection or liver
transplantation (LT) is providing opportunities for com-

plete cure of early hepatocellulcar carcinoma, but because
of the high recurrence rate after surgery and invasiveness
of the modality, it has caused reluctance.

Radiofrequency ablation (RFA) is also safe and effec-
tive for the treatment of small HCC less than 2 cm and
is preferred as a minimal invasive treatment. However,
the role of RFA is limited in patients with a tumor larger
than 2 cm because the rate of local progression is signif-
icantly increased depending on the size of the HCC (3).
Combination of transarterial chemoembolization (TACE)
and RFA has been successful to a local cancer control in
early hepatocellular carcinoma, particularly for patients
with HCC 2 - 5 cm in size (4). Combination of TACE and
RFA can have expanded indication as curative therapy in
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patients with larger size HCC (2 - 5 cm) that is unsuitable
for RFA alone. In many clinical studies, TACE combined
with RFA therapy also demonstrated improved overall sur-
vival and local control rates in comparison to TACE alone
in patients with larger HCC or meeting Milan criteria (5-
9). However, because there are few studies showing long-
term survival and larger sample size, most guidelines in-
cluding Barcelona clinic liver cancer (BCLC) stage recom-
mend TACE monotherapy for patients with HCC over 3 cm
regarded as intermediate stage despite the advantage of
combination treatment for the prognosis of patients.

2. Objectives

The purpose of the current study was to assess long-
term efficacy and safety of TACE combined with RFA and
TACE alone in patients with single or two HCCs of 2 to 5 cm.

3. Patients and Methods

3.1. Patient Population

A constructed computerized HCC database was used
to identify 3,125 patients who had visited our hospital be-
tween January 2007 and December 2011. Informed consent
was obtained from each patient before treatment. Diagno-
sis of HCC was based on a-fetoprotein (AFP) levels, stan-
dard clinical and imaging criteria according to the prac-
tice guidelines of the European association for the study
of the liver (EASL) (10). The treatment modalities were sep-
arately decided by three hepatologists with discussion to
an interventional radiologist in patients with HCC 2 - 5cm
in diameter who would be unsuitable for surgical resec-
tion. This was a historical cohort study consisting of 207
consecutive patients who met the following criteria. Of
these, 105 patients who underwent combined TACE with
RFA and 102 patients who underwent TACE alone were in-
cluded in the study (Figure 1). The inclusion criteria were
as follows: i, Number of tumors was single or two; ii, Size
of tumors ranged between 2 cm and 5 cm in the largest
dimension; iii, Child-Pugh class A or B; iv, Duration of fol-
low up was more than 36 months; v, eastern cooperative
oncology group performance status (ECOG) 0 or 1. Exclu-
sion criteria were as follows: i, Other treatment modalities
including initial surgical treatment or RFA only; ii, Child-
Pugh class C; iii, Radiologic evidence of vascular invasion
and metastasis; vi, Severe extrahepatic comorbidities. The
study was approved by the institutional review board.

3.2. Transarterial Chemoembolization (TACE Group)

Interventional radiologist initially performed superior
mesenteric and common hepatic arteriographies to as-
sess tumor burden, patient anatomy, and vascularity. Af-
ter identifying the feeding arteries, chemoembolization
of the feeding arteries was carried out through super-
selective catheterization as near to the hypervascular mass
as possible. A mixture of doxorubicin hydrochloride (Adri-
amycin;lldong Co. Ltd., Seoul, Korea) and an emulsion
of iodized oil (Lipiodol; Laboratoire Guerbet, Aulnay Sous
Bois, France) was used in the chemoembolization. The
amount of iodized oil was determined according to the
size of the HCC (1 cc per icm diameter of the tumor) and the
maximum capacity of the iodized oil was 10 cc. The infu-
sion of the mixture was carried out up to the stagnation of
arterial flow, followed by infusion of Gelfoam powder (Cu-
tanplast; Mascia Brunelli,Milan, Italy).

3.3. Radiofrequency Ablation After TACE (Combined TACE With
RFA Group)

RFA was performed under ultra-sonographic guidance
the next day after TACE. All patients received RFA proce-
dure under sedation and local anesthesia. Amonopolar ra-
diofrequency generator (CC-1, Valleylab,Boulder, CO, USA)
and a 17 G dual clustered internally cooled electrode with
a3 cm exposed tip (STARmed Co. Ltd.; Goyang, Korea) were
used for RFA. If the repeated insertion of electrode was re-
quired because of the geometry of the tumor, 17 G dual clus-
tered, 17 G single and|/or 15 G single internally cooled elec-
trode with 3 cm exposed tip (STARmed Co. Ltd.; Goyang, Ko-
rea) were additionally used. In cases where the tumor was
located close to the diaphragm or the colon, artificial as-
cites using normal saline was routinely implanted in the
process of inserting electrodes. Radiofrequency current
was emitted through the generator set to provide the max-
imal power in the impedance control mode automatically.
Tumor ablation lasted for 8 to 12 minutes at each electrode
placement. RFA was terminated when the complete abla-
tion of the visible tumor was achieved on ultrasound im-
ages. The electrode track was ablated to prevent bleeding
and tumor seeding at the end of the procedure (Figure 2).

Within 3 hours of RFA, contrast-enhanced CT was per-
formed. If tumoral enhancements near the ablation zone
were found, RFA was performed additionally for the resid-
ual tumor.

3.4. Follow-Up

Dynamic enhanced CT was performed within 1 month
for evaluation of therapeutic response defined by the ab-
sence of an enhanced tumor area. All patients received
CT every three months for two years and every six months
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Figure 1. Flow chart of enrolled hepatocellular carcinoma (HCC) patients who underwent combined transarterial chemoembolization (TACE) with radiofrequency ablation

(RFA), and TACE alone according to tumor size and number.

after two years (Figure 3). Blood tests including a serum
alpha-fetoprotein (AFP), liver function tests, and physical
examination were conducted at each visit. If the lesion
showing early enhancement and late washout was found
in another area of the liver on CT scan, it was diagnosed as
a newly developed HCC. When there was a new tumor lo-
cated in contact with the original tumor, it was defined as
local recurrence of the tumor.

3.5. Statistical Analysis

SPSS18.0 software (SPSS, Chicago, IL) was used for statis-
tical analysis. The groups were compared using the x? test
or Fisher’s exact test for categorical data, and student’s t -
test or the Mann-Whitney U -test for continuous data. The
Kaplan-Meier method and the log rank test were used for
calculation and comparison of overall survival and recur-
rence free survival. Statistical significance was accepted for
Pvalues < 0.05.
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4. Results

4.1. Baseline Characteristics of the Patients

Table 1 shows the baseline characteristics of the pa-
tients. There were no significant differences in terms of
age, sex, etiology, previous treatment, mean tumor size,
tumor number, and alpha-fetoprotein (AFP) between the
two groups. The significant clinical factors affecting deci-
sion of two treatment modalities were the underlying liver
function and tumor location. The TACE group included
more patients with poor liver function (child B, n = 20)
than the combination group (child B, n = 7) and more fre-
quent tumor locationsin the S1,S3,and S5 segments of liver
related to RFA difficulty as approach of RFA tip, vascular
abutting, and surface location (Table 1).

4.2. Clinical Outcomes

The complete remission rates were significantly higher
in the combination group (97.1%,102/105) than in the TACE
group (54.9%, 56/102) by dynamic enhanced CT within 1
month of evaluation of tumor response (P < 0.001). The
mean follow-up periods of the combination group and
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Figure 2. A 70-year-old man with 4 cm hepatocellular carcinoma (HCC), who underwent combined transarterial chemoembolization (TACE) and radiofrequency ablation
(RFA). A, B. MR images shows a 4cm sized, well-defined mass in liver segment 7. The mass was diagnosed with hepatocellular carcinoma due to enhancement on the arterial
phase (A) and washout on the delayed phase with an enhancing capsule (B). C. Post-TACE angiogram shows dense radiopaque mass with accumulated iodized oil in the right
hepatic lobe. D. Ultrasonography image shows mass and echogenic radiofrequency electrode within mass during RFA.

]

Figure 3. Contrast-enhanced CT images obtained 1 month (A), and 5 years (B) after combined therapy show dense iodized oil accumulation in the mass surrounded by ra-
diofrequency induced coagulation without local tumor progression.

TACE group were 49.3 + 16.9 months and 463 + 26.7  or TACE after initial treatment were more frequent in the
months, respectively. The mean numbers of additional RFA ~ TACE group (5.1 & 3.3) than in the combination group (2.3
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Table 1. Baseline Features of the Patients Between Two Groups®

Variables TACE + RFA, (n =105) TACE, (n=102) P-Value
Age,y,” 634497 62.4 102 0.605
Sex 0.817
Male 82 81
Female 23 21
Etiology, (HBV/HCV/alcoholics/other) 71/17/11/6 60/20/19/3 0.181
Primary/recurrent 95/10 88[14 0.345
Positive HBV DNA 41 44 0.510
Antiviral drug for HBV 36 29 0.541
Persist alcohol abuse 8/37 9/41 0.936
Tumor diameter, mm, 283+7.6 287492 0.734
Number of tumors (1/2) 77/28 80/22 0392
Tumor location, (segment 1/2/3/4/5/6/7/8) 0/10/2/9/10/,19/23/32 3/11/7/9/24/, 71724 0.008
Child-Pugh class (AB) 98/7 82[20 0.006
AFP, ng/mL,” 905 =+ 3164 697 £ 2438 0.617
ALT, IUJL, ® 3124215 3414237 0.356
Total bilirubin, mg|/L, D 0.68 & 0.41 1.04 £ 0.55 < 0.001
Albumin, g/dL, b 419 £+ 0.44 3.72 £ 053 < 0.001
PT(INR),? 1.09 +0.13 118 £ 0.15 < 0.001
Platelet, ><103/ul,b 137.2 £ 59.1 110.9 £ 51.9 0.001

Abbreviations: ALT, alanine aminotransferase; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; PT, prothrombin

time; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
*Values are expressed as No. (%).
®Data are expressed as means = standard deviations.

=+1.7) during follow-up periods (P < 0.001). The TACE group
(90.2%, 92/102) showed significantly higher tumoral recur-
rence or persistence than the combination group (59.0%,
62(105) during follow-up periods (P < 0.001). The origi-
nal target tumor progression when detecting first time af-
ter treatment was meaningfully higher in the TACE group
(70.7%, 65/92) than in the combination group (35.5%, 22/62).
Twenty-seven patients (26.5%) in the combination group
and 67 patients (65.7%) in the TACE group had deceased at
the end of the follow-up (P < 0.001) (Table 2).

4.3. Overall Survival and Recurrence Free Survival

The cumulative survival rates at 1, 2, 3, 4, and 5 years
were 88.6, 82.9, 79.0, 75.2, and 74.3%, respectively in the
combination group and 93.1, 73.5, 59.8, 50.0, and 45.1%, re-
spectively in the TACE group. A significantly better over-
all survival rate was observed for the combination group
compared with the TACE group (P = 0.002) (Figure 4). The
rates of recurrence-free survival at1, 2,3, 4, and 5 years were
61.9,54.3,47.6,42.9,and 41.0 %, respectively in the combina-
tion group and 28.4, 18.6, 12.7, 10.8, and 9.8 %, respectively
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in the TACE group. The significantly better recurrence-free
survival rate was also observed for the combination group
compared with the TACE group (P < 0.001) (Figure 5).

4.4. Clinical Factors Associated with Overall Survival

In univariate analysis, therapy group, Child-Pugh class,
tumor size, treatment response at 1 month, and new intra-
hepatic tumors were significantly associated with overall
survival. In multivariate analysis, independent factors sig-
nificantly associated with better overall survival were com-
bination group, Child-Pugh class A, complete remission at1
month, negative new intrahepatic tumors, and no adverse
event (Table 3).

4.5. Complications

The combination group had more frequent occurrence
of procedure related adverse events than the TACE group.
The procedure related severe adverse events were abscess
(1.9%, 2/105), hemoperitoneum (1.9%, 2/105), hepatic failure
(1.0%, 1/105), delayed colon perforation (1.0%, 1/105), pneu-
mothorax (1.0%, 1/105), and segmental hepatic infarction
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Table 2. Comparison of Clinical Outcomes Between Two Groups®

Variables TACE + RFA, n =105 (%) TACE, n =102 (%) PValue
Complete remission in 1 month 102 (97.1) 56 (54.9) < 0.001
Mean duration of follow up (month), ® 493 +16.9 463 £26.7 < 0.001
Mean number of additional TACE or RFA, 23+17 51+33 < 0.001
Total recurrence 62(59.0) 92(90.2) < 0.001

< lyear 40 (64.5) 73(76.1)

1-2 years 8(12.9) 10 (10.9)

2-3years 7(11.3) 6(6.5)

3-4years 5(8.1) 2(22)

4-5years 2(32) 1(11)
The characteristics of recurrence at first timing < 0.001

Target tumor progression 22(35.5) 65 (70.7)

Intrahepatic new lesion 36 (58.1) 20(21.7)

Both 4(6.4) 7(7.6)
Total death 27(26.5) 67(65.7) < 0.001
Death of non- hepatic cause 1(3.7) 4(6.0) 0.816
Abbreviations: RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
*Values are expressed as No. (%).
PData are expressed as means = standard deviations.

Table 3. Clinical Factors Associated with Overall Survival in Univariate and Multivariate Analyses
Univariate Analysis Multivariate Analysis
HR (95% CI) P-Value HR (95% CI) P-Value

Age 0.985 (0.967-1.004) 0.985
Sex 1.005 (0.607-1.666) 0.984
Therapy, (TACE only Vs. TACE+RFA) 2.006 (1.273-3.160) 0.003 1.922 (1163 -3.177) 0.011
Child-Pugh class, (A:B) 3.630 (2.307-5.711) < 0.001 2.855 (1.741- 4.680) < 0.001
Tumor number, (1: 2) 1.252 (0.792-1.979) 0.336
Tumor size, (mm; < 30: > 30) 1.684 (1122-2.526) 0.012 1513 (0.993-2306) 0.054
Tumor location 1.033 (0.938-1.138) 0.504 Variables
Complete remission at1 month 2.204 (1.454-3.340) < 0.001 1.782 (1103 -2.881) 0.018
Local tumor progression 1.068 (0.406-2.808) 0.895
Intrahepatic new tumors 1.825 (1.136 - 2.931) 0.013 1.815 (1.095-3.010) 0.021
Severe adverse events 2.257 (0.819-6.215) 0.115 4.032 (1366 -11.903) 0.012

Abbreviations: CI, confidence interval; RFA, radiofrequency ablation; TACE, transarterial chemoembolization

(1.0%,1/105) in the combination group alone. Three patients
who had developed abscess, hepatic failure, and colon per-
foration died within 3 months after combination treat-

ment (2.9%, 3/105). Elevation of aminotransferase and fever
in both groups were common adverse events. However,
the combination group had a significantly higher eleva-

tion of aminotransferase over 5 times (81.9%, 86/105) and
high fever (29.5%, 31/105) compared with the TACE group
(11.8%. 12/105 and 11.8%, 12[102) (Table 4).
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Table 4. Adverse Events of Two Groups®

Variables TACE + RFA Group, n =105 (%) TACE Group, n =102 (%) P-Value
Duration of admission (day), mean + SD 83136 58132 < 0.001
Procedure related mortality 3(2.9) 0(0) 0171
Severe adverse event 8(7.6) 0(0) 0.004
Abscess 2(1.9) 0(0)
Hemoperitoneum 2(1.9) 0(0)
Hepatic failure 1(1.0)
Delayed colon perforation 1(1.0) 0(0)
Pneumothorax (1.0) 0(0)
Segmental hepatic infarction 1(1.0) 0(0)
Elevation of aminotransferase < 0.001
the baseline level < 2 times 5(4.8) 60 (58.8)
2-3 times the baseline level 6(5.7) 21(20.6)
3-5 times the baseline level 8(7.6) 9(8.8)
> 5 times the baseline level 86(81.9) 12 (11.8)
Fever 0.002
None 74 (70.5) 90 (88.2)
Fever (> 38°C) 31(29.5) 12 (11.8)
Use of antibiotics 19 (18.1) 9(8.8) 0.051
Abbreviations: RFA, radiofrequency ablation; SD, standard deviation; TACE, transarterial chemoembolization.
#Values are expressed as No. (%) unless otherwise indicated.
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Figure 4. Kaplan-Meier curves show significant difference of overall survival rates
between patients in two groups with early hepatocellular carcinoma ranging from
2to5cm (P=0.002).

5. Discussion

The initial tumor control that could affect overall clin-
ical outcomes is very important in patients with early HCC
before progressing to advanced stage. Many guidelines
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Follow-Up, Mounths

Figure 5. Kaplan-Meier curves show significant difference of recurrence free sur-
vival rates between patients in two groups with early hepatocellular carcinoma
ranging from 2 to 5 cm (P < 0.001).

uniformly recommend non-curative TACE monotherapy
for early HCC that would be unsuitable for surgery or RFA
(11, 12). Surgical resection has remained discouraging un-
der real clinical practices because of high postoperative re-
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currence rate and invasive modalities. TACE alone has been
reported to be less effective than the combination of TACE
with RFA in patients with early HCC (9, 13-15). However,
there is still controversy for the optimal protocol and indi-
cation of combination therapy. And long term results are
not fully established. The current study was conducted to
assess the long term efficacy and safety of combined TACE
with RFA and TACE alone in patients with single or two
HCCs of 2 to 5 cm in size.

In case of small HCC of 3 cm or less, RFA alone achieves
complete necrosis in more than 90%. However, when the
size of the tumor is more than 2 cm, the possibility of lo-
calrecurrence is higher due to the high incidence of micro-
scopic viable tumor after RFA (16, 17). Combination of TACE
with RFA has several advantages and its indication can be
expanded to alarger size to provide better local tumor con-
trol than RFA alone. The decreased blood flow to an HCC in-
duced by TACE mayreduce the heat sink effect of tumor vas-
culature, resulting in an increased RFA ablation zone (18,
19). Moreover, the hypoxic injury and effect of chemother-
apy induced by TACE increases vulnerability of tumor cells
by high temperature during RFA (20), causing expansion
of the ablated zone (4, 21). Combination of TACE with RFA
therapy is more effective, particularly for HCCs 2 - 5 cm in
size(4,8,20). We previously reported that the effect of com-
bined TACE with RFA is similar to that of surgical treatment
in patients with a single HCC of 2 to 5 cm in size (4).

There has been no standardized protocol for the appro-
priate time interval between TACE and RFA. The time inter-
val was various from the same day to two months in many
studies (4, 16, 20, 22). Theoretically, when RFA is performed
on the same day, the embolization effect of combination of
TACE and RFA may be maximized. In this study, RFAwas per-
formed routinely 24 hours after TACE. We recommend that
a one day interval between TACE and RFA could be helpful
in maintaining balance regarding several concerns about
risk of complications, additional advantages of hyperther-
mia on chemotherapy and decreasing the heat sink effect
in tumor by embolization effect.

Complete local tumor control by initial therapy in pa-
tients with early HCC is very important in preventing pro-
gression to advanced stage concerning the balance of ef-
fects and complications. TACE alone has been used as a
safe and effective treatment for early HCC unsuitable for
curative modalities such as RFA alone or surgical resection.
However, incomplete local tumor control by TACE alone
for early HCCs eventually results in earlier progression to
advanced stage and shows poor clinical outcomes in this
study (9). The complete local tumor control rate was sig-
nificantly higher in combined TACE (97.1%) with RFA than
in TACE alone (54.9%), and significant differences in overall
survival rates and recurrence-free survival were observed

during long term follow-up. In this study, the overall sur-
vival rates at 1, 2, 3, 4, and 5 years were 88.6, 82.9, 79.0, 75.2,
and 74.3%, respectively in combined TACE with RFAand 93.1,
73.5, 59.8, 50.0, and 45.1%, respectively in TACE alone. The
rates of recurrence-free survival at1, 2,3, 4,and 5 years were
61.9,54.3,47.6,42.9,and 41.0 %, respectively in the combina-
tion group and 28.4, 18.6, 12.7, 10.8, and 9.8 %, respectively
in the TACE group. Thus, we believe that combination of
TACE and RFA should be considered as the first line treat-
ment for patients with early hepatocellular carcinoma2-5
cm in size and 1-2 in tumor number.

In terms of safety, the combination group (7.6%) had
more frequent occurrence of severe complications than
the TACE group (0%) because of expanding ablation zone.
We experienced a few major complications including hep-
atic abscess, hemoperitoneum, and hepatic failure in the
combination group. Three patients among the combi-
nation group died by procedure related complications
within 3 months. Because the combination group had fre-
quent elevation of aminotransferase more than 5 times
(81.9%) and complications, combination of TACE and RFA
therapy should be carefully considered in HCC patients
with Child-Pugh B liver function. This study showed more
frequent major complications compared with other stud-
ies (0.4-5%)in the combination group because of the short
interval between TACE and RFA, larger size and number of
tumors, and larger sample size (23-25).

This study has several limitations including retrospec-
tive study, selection bias, and discrepancy of BCLC guide-
lines. However, this study was focused on long term results
and safety compared with TACE only through the expand-
ing indication (2 - 5 cm size) of nonsurgical curative op-
tions. A large randomized multicenter study is required to
verify the clinical implications and precise protocols of the
combined modalities.

In conclusion, combination of TACE and RFA therapy
should be considered for achieving complete local tumor
control before progression to advanced stage in patients
with HCC 2 - 5 cm in size. Complete local tumor control
by combination of TACE with RFA therapy could improve
overall survival compared with TACE alone for long-term
follow-up. A large randomized multicenter study is re-
quired to verify the clinical implications and precise pro-
tocols of the combined modalities.
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